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Kiraz Üretimi Yapan İşletmelerin Makine ve Ekipman Alımlarının Desteklenmesi 
Programından (MEADP) Yararlanma Eğiliminin Belirlenmesi: İzmir-Kemalpaşa İlçesi 
Örneği* 

Determining The Investment Perceptions of The Cherry Growing Farms Within Support 
Scheme For The Purchase of Agricultural Machines And Equipment (SSPME): A Case of 
Izmir-Kemalpasa District 
 

Belma DOĞAN ÖZ1*, Gamze SANER 2 

Özet 

Bu araştırmada İzmir İli Kemalpaşa ilçesinde kiraz üretimi yapan işletmelerin “Kırsal Kalkınma Yatırımlarının 
Desteklenmesi Programı”nın (KKYDP) alt programı olan “Makine ve Ekipman Alımlarının Desteklenmesi 
Programı” (MEADP) yatırım desteğinden yararlanma eğilimlerini etkileyen faktörler belirlenmiş ve bu desteğin 
devamlılığı değerlendirilmiştir. İşletmelerin sosyo-ekonomik özellikleri işletme büyüklük grupları ve MEADP 
desteğinden yararlanan-yararlanmayan gruplamaya göre verilmiştir. Araştırmanın verileri 2015 üretim yılına 
ilişkin olup, bu destekten yararlanan 65, yararlanmayan 52 kiraz işletmesi olmak üzere toplam 117 işletmeden 
anket yoluyla elde edilmiştir.  

Çalışmada kullanılan Logit modelin sonuçlarına göre; üreticilerin ilgili programdan yararlanma durumu üzerine, 
üreticinin eğitim süresi, kiraz üretimindeki deneyim süresi, Kemalpaşa Kiraz Üreticileri Birliğine üye olup olmama 
durumu, kiraz yetiştiriciliğinde uzmanlaşma durumu ve brüt kar gibi değişkenlerin pozitif etkisi olurken, üretici 
yaşının ise negatif etkisinin istatistiksel olarak anlamlı olduğu belirlenmiştir. Sonuç olarak bu destekten yararlanan 
işletmelerin makine-ekipman alt yapısının güçlenmesi ile birlikte iş yükünün azaldığı ortaya çıkmıştır. 2015 yılı 
sonrasında da makine ve ekipmanların bir kısmının desteklenmeye devam ettiği belirlenmiştir. 

2007 yılında başlatılan Makine Ekipman Alımlarının Desteklenmesi Programı (MEADP) kapsamında 2014 yılına 
kadar 51 çeşit makine-ekipmandan oluşan toplam 270.044 adet makine ekipman alımı desteklenmiş ve bu makine-
ekipmanlara toplam 1.212.225.834 TL hibe desteği verilmiştir. MEADP kapsamında desteklenen makine ve 
ekipman sayısı İzmir ilinde 2803 adet Kemalpaşa İlçesinde ise 245 adet olarak belirlenmiştir. İzmir ilinde 513 adet 
ve Kemalpaşa ilçesinde ise 96 adet ile en çok desteklenen makine-ekipmanın pülverizatör olduğu belirlenmiştir. 
Programın devamlılığı; üreticinin uygun fiyata, teknolojisi ileri çeşitli makine ekipmana sahip olarak, kaliteli ürün 
elde etmesi, tarımsal üretimini, gelirlerini böylece refahının artırılması açısından büyük önem taşımaktadır. 

Anahtar Kelimeler: Kırsal Kalkınma, Tarımsal Yatırımlar, Kiraz, İzmir, Yatırım Destekleri 
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Abstract 
In this research, It is determined the utilization conditions of investments for cherry growing farms within “Support 
Scheme for the Purchase of Agricultural Machines and Equipment,” (SSPME) which is a subprogram of “Rural 
Development Investment Support Program” (RDISP) in Kemalpaşa district of Izmir and determined the factors 
affecting the investment utilization perceptions of the cherry growing farms. Socio-economic aspects of the cherry 
growing farms are grouped by the size of the enterprises and the utilization or non-utilization of the SSPME. The 
research data belongs to the production year 2015, using survey from 117 farms; 65 of which use the support and 
52 of them did not use the support.  

According to the Logit Model results, the education level of the producer, producer’s experience of the cherry 
producing process, producer’s membership status of the Kemalpaşa Cherry Producers Union, specialization of 
cherry producing and gross profit have positive effects also age of producer has a negative effect on producers’ 
use of that support. As a result, it has been determined that the farms which have benefited from this support 
decreased the workload with the strengthening of the machine equipment infrastructure. It has been determined 
that some of the machinery and equipment continue to be supported after 2015. 

Within the scope of the Program for Support Scheme for the Purchase of Agricultural Machines and Equipment 
(SSPME) initiated in 2007, a total of 270,044 machine equipment purchases, consisting of 51 kinds of machine 
and equipments, were supported until 2014 and a total of 1.212.225.834 TL was granted to these machinery and 
equipment. The number of machines and equipment supported within the scope of SSPME was determined as 
2803 in İzmir and 245 in Kemalpaşa District. In Izmir with the number of 513, and 96 in Kemalpaşa district, 
atomiser is the most widely used machine-equipment. Continuity of the program is matter great importance for the 
producer to obtain high quality products at an affordable price by having various advanced technology equipment 
and to increase agricultural production, income and welfare. 

 

Keywords: Rural Development, Agricultural Investments, Cherry, Izmir, Investment Supports 
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1. Giriş 
Kiraz, dünyada yetiştiriciliği ve ticareti yapılan en önemli meyve türlerinden birisidir. Türkiye dünya kiraz 

üretiminde 2018 yılında 639 564 ton ile birinci sırada yer almıştır. Türkiye’yi sırasıyla Amerika (312 430 ton), 
Özbekistan (172 035 ton), Şili (155 935 ton) ve İran (137 268 ton) izlemektedir (FAO, 2018). Türkiye 2019 yılı 
itibariyle 183 milyon dolarlık kiraz ihracatında %5.9’luk pay ile dünyada dördüncü sırada yer almaktadır 
(TradeMap, 2019). Türkiye’den ihraç edilen kiraz çeşitlerinin %95’lik kısmını ‘0900 Ziraat’ kiraz çeşidi 
oluşturmaktadır (Soysal, 2018). 2019 yılı itibariyle kiraz üretiminde Konya ili 68.213 ton ile birinci sırada yer 
alırken, İzmir ili 66,36 ton ile ikinci sırada yer almaktadır. Kemalpaşa ilçesi ise 42.99 ton ile İzmir ili kiraz 
üretiminin %64.78’ini oluşturmaktadır (TUİK, 2019). 

Türkiye’de kırsal alanlar ekonomik ve sosyal denge içerisinde önemli bir yere sahiptir. Kırsal alanlara yönelik 
geliştirilen kalkınma projeleri ve tarımsal desteklemelerle kırsal kesimi geliştirerek buradaki nüfusun ekonomik 
yönden kalkındırılması amaçlanmaktadır (Beycan, 2009). Kırsal kalkınma programları aracılığıyla kırsal alana 
yapılacak yatırımlar kentlere yönelen göçün ortaya çıkardığı çarpık kentleşmenin önüne geçebilecek ve 
oluşabilecek diğer sorunları da bir ölçüde engelleyebilecektir (Demirbük, 2013). Ancak kırsal alanlarda gelir ve 
istihdam arttırıcı unsurları oluşturmak kısa sürede çözülebilecek bir süreç değildir. Öncelikle yapılması gereken 
kırsal alanların dinamosu olan tarım sektörünü canlandırmak olmalıdır (Asoğlu, 2015).  Tarım sektörüne hareket 
kazandırmak için klasik tarım ürünlerini desteklemenin yanında tarımsal ürünlerin işlenmesi, pazarlanması ve 
satışına olanak sağlayan tarıma dayalı sanayi kollarının desteklenmesi ayrıca tarımsal üretim tekniklerinin 
modernizasyonu büyük önem taşımaktadır. Bu konuda gereken adımlar atıldığı takdirde kırsal alanlarda yeni 
istihdam alanları oluşabilecek ve olası kırdan kente göç olgusu da azaltılabilecektir. Türkiye’de tarıma dayalı 
sanayinin desteklenmesi ve tarımsal üretimde modernizasyon konusunda en önemli gelişmelerden birisi Gıda, 
Tarım ve Hayvancılık Bakanlığı tarafından 2006 yılından bu yana uygulamada olan Kırsal Kalkınma 
Yatırımlarının Desteklenmesi Programı (KKYDP)’dır (Asoğlu ve ark., 2016). 

Kırsal Kalkınma Yatırımlarının Desteklenmesi Programı (KKYDP), ulusal kaynaklarla yürütülen destekleme 
faaliyetleri içerisinde kırsal kalkınma amaçlı tarımsal destekler içerisinde bulunmaktadır (Çobanoğlu ve ark., 
2017). Kırsal kalkınma projelerini diğer projelerden farklı kılan özelliği, kırsal alt yapının iyileştirilmesinin yanı 
sıra üretim kaynaklarını en iyi şekilde değerlendirerek, bitkisel ve hayvansal üretimi artırmayı ve diğer gelir getirici 
çözümler geliştirmeyi bir arada ele alan, çok amaçlı entegre projeler olmasıdır (Can, 2007). Bu grupta bulunan 
proje destek konuları; ekonomik faaliyetlerin desteklenmesi ile modern sulamaya ilişkin makine ve ekipman 
desteği ile tarımsal üretim alt yapısının modernizasyonuna ilişkin makine ve ekipman destekleridir (Demirbük, 
2013; Çobanoğlu ve ark., 2017a; Çobanoğlu ve ark., 2017).  

KKYDP kapsamında Makine ve Ekipman Alımlarının Desteklenmesi Programı, kırsal alanda belirlenen bazı 
tarımsal makine ve ekipman alımlarına yönelik yapılacak harcamaları belirli oranlarda hibe olarak finanse etme 
yoluyla desteklemeyi hedeflemiştir. Bu yolla tarım sektörünün ihtiyaç duyduğu tarım alet ve makine altyapısı 
yönünden güçlendirmek, gelir ve sosyal standartlarını geliştirmek, tarımsal faaliyetler için geliştirilen yeni 
teknolojilerin üreticiler tarafından kullanımını yaygınlaştırarak daha kaliteli ve pazar isteklerine uygun üretim 
yapılmasını sağlamak, zor koşullarda ve bedenen çalışan üreticilerin işlerini kolaylaştırmak, üretim maliyetlerini 
düşürerek uluslararası düzeyde rekabet edebilir bir düzeye getirmek amaçlanmıştır (Anonim, 2010). Teklif çağrısı 
usulü ile yürütülen ve %50 hibe desteği sağlanan projeler, kır ve kent ayrımı yapılmaksızın ülke genelinde 
uygulanmaktadır.  

2007 yılında başlatılan Makine Ekipman Alımlarının Desteklenmesi Programı (MEADP) kapsamında 2014 
yılına kadar 51 çeşit makine ekipmandan oluşan toplam 270.044 adet makine ekipman alımı desteklenmiş ve bu 
makine-ekipmanlara toplam 1.212.225.834 TL hibe desteği verilmiştir. MEADP kapsamında desteklenen makine 
ve ekipman sayısı İzmir ilinde 2803 adet, Kemalpaşa İlçesinde ise 245 adet olarak belirlenmiştir. Türkiye’de 
desteklenen makine ve ekipmanlar içerisinde toplam 45.808 adet proje ile ilk sırada el traktörü ve ekipmanlarının 
desteklendiği belirlenmiştir. İzmir ilinde 513 adet, Kemalpaşa ilçesinde ise 96 adet ile en çok desteklenen makine-
ekipmanın pülverizatör olduğu belirlenmiştir (Doğan, 2016). 

2014 yılı sonrası durum değerlendirildiğinde ise; " Makine Ekipman Alımlarının Desteklenmesi Programı" adı 
altında bir tebliğ yayınlanmadığı belirlenmiştir. Ancak Kırsal Kalkınma Yatırımlarının Desteklenmesi 
Programının alt dalı olan Ekonomik Yatırımların Desteklenmesi Programı proje alt başlıkları incelendiğinde 
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“Çiftlik Faaliyetlerinin Geliştirilmesine Yönelik Alt Yapı Sistemleri” başlığı altında çeşitli makine ve ekipmanların 
desteklendiği belirlenmiştir. Çiftlik faaliyetlerinin geliştirilmesine yönelik altyapı sistemleri başlığı altında 
listelenmiş makine-ekipmanlar maddeler halinde aşağıda gösterilmiştir:  

i- Balıkçı barınaklarının modernizasyonu, balıkçı barınakları ile birlikte iç sularda, denizlerde ve havuzlarda 
yetiştiricilik yapan işletmeler için buzlama makinesi, balık nakil tankı (Balık nakil tankı üretimi ile orantılı olmalı), 
kafes ve kafes ağı, balık boylama makinası, balık pompası, tambur filtre, tekne üzerinde hidrolik yükleme ve 
boşaltma aparatı. 

ii- Çiftlik gübresi depolama ve/veya işleme ve dağıtma sistemleri, çiftlik gübresi depolama ve/veya işleme 
tesisi olanlara çiftlik gübresi dağıtma sistemleri, ceviz hasat makinesi, silaj ve balya makinesi. 

iii- Yaylacılar ve gezginci arıcılar için çekilir tip güneş paneli, çekilir tip karavan, yaylacılar için çadır ahır ve 
ağıl, gezginci arıcılar için bal süzme, sır alma, bal dinlendirme. 

iv- Bitkisel üretime yönelik yüksek plastik tünel, meyve bahçelerinde don ve dolu zararını engellemeye yönelik 
sistemler, mantar yetiştiriciliğine yönelik sera, faal durumda olup yenilenebilir enerji kullanacak seraların 
modernizasyonu için ısıtma sistemi, ısı perdesi, PE sera örtüsü (naylon) hariç diğer sera örtü çeşitleri.   

v- Tarımsal üretimiyle orantılı çiftlik içinde üretilen ürünlerin işlenmesine yönelik işleme tesisleri, soğuk hava 
deposu, soğuk oda, şoklama ünitesi, çelik silo, 

vi- Hayvansal üretime yönelik en fazla 1000 adet kapasiteli taşınabilir kanatlı kümesi, süt soğutma tankları, süt 
sağım sistemleri, yem karma (sabit/hareketli), yem kırma/ezme, büyükbaş yemlik ve suluk küçükbaş yemlik ve 
suluk, hayvan padok sistemleri, üstü kapalı kaba yem deposu  (Anonim, 2017) 

2006-2018 yılları arasında Çiftlik Faaliyetlerinin Geliştirilmesine Yönelik Altyapı Sistemleri Projesi ile hibe 
almaya hak kazanan İzmir ilinde toplam 26 işletme, Kemalpaşa ilçesinde ise sadece 1 işletme olduğu belirlenmiştir 
(Anonim, 2019a; Anonim, 2019b). Meyve bahçelerinde don ve dolu zararını engellemeye yönelik sistemlerin 
kurulması üreticilerin riskten korunma stratejilerinden bazılarıdır. Bu sistemlerin desteklenmesi üretimde 
verimlilik ve kalite artışının sağlanması bakımından oldukça önemlidir. Ayrıca üreticiler bu tip sistemleri kurarak 
tarım sigortası prim indirimlerinden de faydalanabilmektedirler. Bu kapsamda verilen hibe desteklerinin 
arttırılarak devam ettirilmesi üretim, verim artışının yanında istihdam kapasitelerinin artışı, toprak ve su 
kaynaklarının sürdürülebilir kullanımı açısından da son derece önemlidir.  

Bu araştırmada; İzmir ili Kemalpaşa İlçesinde kiraz üretimi yapan işletmelerin KKYDP’nın alt programı olan 
Makine ve Ekipman Alımlarının Desteklenmesi Programından (MEADP) yararlanma durumlarının belirlenmesi 
ve bu yatırım desteğinden yararlanma eğilimlerini etkileyen faktörlerin ortaya konulması amaçlanmıştır.  

2. Materyal ve Metot 

Çalışmanın ana materyalini, İzmir İli Kemalpaşa İlçe Tarım ve Orman Müdürlüğü Çiftçi Kayıt Sistemine (ÇKS) 
dahil olan kiraz üreticilerinden (KKYDP’den yararlanan ve KKYDP’den yararlanmayan) 2015 üretim dönemine 
ait anket yoluyla elde edilen veriler oluşturmaktadır. Yapılan ön çalışmada 2015 yılı itibariyle ÇKS’ye kayıtlı kiraz 
işletmelerinin toplam sayısının 2400 olduğu belirlenmiştir. Ancak çalışmada tek bir ana kitle yerine KKYDP 
desteğinden yararlanan ve yararlanmayan işletmeler olarak iki ana kitle grubu üzerinden çalışma kapsamına 
girecek işletmeler belirlenmiştir. Kemalpaşa İlçesinde 2007-2014 yılları arası KKYDP Makine ve Ekipman 
desteklerinden yararlanan işletme sayısı 231’dir. Bu sayı KKYDP’den yararlanan işletmelerin ana kitlesini 
oluşturmaktadır. Bu işletmelerde anket yapılacak üreticilerin sayısının belirlenmesinde oransal örnek hacminde 
eşitlik 1 kullanılmıştır (Newbold, 1995).  

         (Eş.1) 

Eşitlikde;  

n = Örnek hacmi; N = Toplam üretici sayısı ;p = Örneğe girecek üreticilerin oranı ve  

σ2px = Oranın varyansıdır. 
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Güven aralığı %90 ve hata payı %10 kabul edilip, p=0.50, (1-p)=0.50 dikkate alınarak örneğe girecek işletme 
sayısı 65 işletme olarak belirlenmiştir. KKYDP’ den yararlanmayan işletmelerin ana kitlesi ise 2169 olarak 
belirlenmiştir. Yine oransal örnek hacmi formülü kullanılarak örneğe girecek işletme 52 işletme olarak 
belirlenmiştir. Böylece anket uygulanan toplam işletme sayısı 117 olarak belirlenmiştir. Bu işletme sahiplerinden 
anket yoluyla elde edilen birincil veriler öncelikle bilgisayar ortamına aktarılmış, KKYDP’den yararlanan ve 
KKYDP’den yararlanmayan işletmeler olarak sınıflandırılmıştır. Çalışmanın genel sonuçlarının analizi için 
ortalama ve yüzde hesapları ile çapraz tablolar ve frekans dağılımlarından yararlanılmıştır. Temel tanımlayıcı 
istatistiklerin yanı sıra teknik ve ekonomik verilere ilişkin değişkenlerin grup karşılaştırmaları için normal dağılışa 
uygunluğu Kolmogrov-Simirnov testi ile belirlendikten sonra normal dağılış gösteren değişkenler için t testi 
yapılmıştır. Normal dağılış göstermeyen değişkenler için ise, işletme büyüklük grupları arasındaki karşılaştırmada 
Kruskal-Wallis testi, KKYDP makine-ekipman desteklerinden yararlanan ve yararlanmayan gruplar arasındaki 
karşılaştırmada Mann Whitney-U testi gibi parametrik olmayan testlerden faydalanılmıştır. Çalışmanın son 
bölümünde kiraz işletmelerinde KKYDP’ den yararlanma durumuna etki eden faktörleri belirlemek amacıyla 0-1 
modeli olarak da adlandırılan Logit modeli kullanılmıştır. 

Modelde bağımlı değişken iki değer alıyorsa, bağımlı değişkenler tercih belirtmekte ve bu tür modeller ikili 
tercih modelleri olarak belirtilmektedir. Bu durumda olayın varlığı için 1, yokluğu için 0 kullanılmaktadır. Logit 
modelin parametrelerini tahmin için Gretl programı kullanılmıştır. Bu modelde bağımlı değişken (kukla değişken) 
Y olarak sembolize edilmiş, KKYDP’ den yararlanan=1 ve yararlanmayan=0 alınmıştır. 

                      0 KKYDP kapsamında MEADP ‘den yararlanmayan işletmeler 

Y =  

                      1 KKYDP kapsamında MEADP ‘den yararlanan işletmeler 

Bağımsız değişkenler olarak da kiraz üreticisinin yaşı, eğitim süresi, kiraz üretimindeki deneyim süresi, kiraz 
işletmesinin büyüklüğü, Kemalpaşa Kiraz Üreticileri Birliğine üye olup olmama durumu, kiraz yetiştiriciliğinde 
ihtisaslaşma durumu, brüt kar, net kar değişkenleri dikkate alınmıştır. 

3. Araştırma Sonuçları ve Tartışma 

3.1. Araştırma kapsamındaki işletmelerin sosyo-ekonomik özellikleri 

Araştırma kapsamında ele alınan işletmelerde üretici yaşı, eğitim durumu, ailedeki birey sayısı, tarımsal 
deneyim süresi ve kiraz üretimi deneyimi süresi Tablo 1’de verilmiştir. İncelenen işletmelerde I. grup ve II. grupta 
ortalama üretici yaşı sırasıyla; 55.21 ve 53.09 iken, genel ortalamaya göre üretici yaşı 54.27 yıldır. İşletme 
gruplarına göre kiraz üretiminde deneyim süresi incelendiğinde, I. grup işletmelerde 29,55 yıl, II. grup işletmelerde 
29.27 yıl ve genel ortalama olarak 29.43 yıl olarak bulunmuştur. Her iki gruptaki üreticilerin deneyim sürelerinin 
birbirine yakın değerde olduğu görülmektedir. Mann-Whitney U testi sonuçlarına göre; gerek tarımsal üretimde 
deneyim süresi ortalamaları bakımından (Mann-Whitney U = 1478,000, p=0,241) gerekse kiraz üretiminde 
deneyim süresi ortalamaları bakımından (Mann-Whitney U= 1601,000 p=0,615) gruplar arasındaki farklılık 
istatistik olarak anlamlı bulunmamıştır.  

İncelenen işletmelerde üretim desenine bakıldığında, işletmelerin genelinde kiraz alanlarının önemli bir paya 
sahip olduğu görülmektedir. İşletmelerin tüm üretim alanı içerisindeki kiraz üretim alanı payları KKYDP’den 
yararlanan işletmelerde %56.98, KKYDP’den yararlanmayan işletmelerde %59.32 olarak belirlenmiştir. 
KKYDP’den yararlanmayan işletmelerin kiraz üretiminde daha fazla uzmanlaşmış olduğu belirlenmiştir. Genel 
olarak bakıldığında incelenen işletmelerde üretim alanının %58’ini kiraz oluşturmaktadır. Gruplar bazında 
bakıldığında KKYDP’den yararlanan işletmeler %56.98’lik payla ortalama 18 dekar alanda, destekten 
yararlanmayan işletmelerin ise %59.32’lik payla ortalama yine yaklaşık 19 dekar alanda kiraz üretimi yaptığı 
saptanmıştır. 

KKYDP alt programı MEADP’den yararlanan işletmelerde brüt kar 6053,40 TL/da iken, destekten 
yararlanmayan işletmelerde dekara 6654,98 TL' dir. Buna göre KKYDP’ dan yararlanan işletmelerde net kar 
4626,74 TL/da destekten yararlanmayan işletmelerde ise 5249,75 TL/da olarak belirlenmiştir. Destekten 
yararlanmayan işletmelerde brüt karın ve net karın daha yüksek belirlenmesinin nedeni, destekten yararlanmayan 
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işletmelerde ağaç başına verimin ve kiraz satış fiyatlarının destekten yararlanan işletmelere göre daha yüksek 
olması ve kiraz üretiminde daha fazla uzmanlaşmış olması ile açıklanabilmektedir.  

Tablo 1. Kiraz üretimi yapan üreticilerin ve işletmelerin bazı özellikleri 

Table 1. Some features of cherry producers and farms 

Özellikler 

İşletme Grupları 
İşletmeler 
Ortalaması I.Grup KKYDP’den 

yararlanan 

II.Grup 
KKYDP’den 
yararlanmayan 

Üreticinin Yaşı 55.21 53.09 54.27 
Eğitim Durumu (Yıl) 7.26 7.01 7.13 
Ailedeki Birey Sayısı 3.96 3.80 3.89 
Tarımsal Deneyim Süresi 34.82 33.75 34.34 
Kiraz Üretiminde Deneyim Süresi 29.55 29.27 29.43 
Kiraz Arazisi Büyüklüğü(da) 17.91 18.96 18.38 
Uzmanlaşma (İhtisaslaşma) Oranı (%)  56.98 59.32 58.06 
Kiraz Üretim Dalında Brüt Kar (TL/da) 6053.4 6654.98 6354.19 
Kiraz Üretim Dalında Net Kar (TL/da) 4626.74 5249.75 4938.24 

3.2. Üreticinin örgütlenme durumu 

Üreticilerin tarımsal girdi sağlama, teknik danışmanlık ve pazarlardaki risk ve belirsizlikleri azaltma 
konularındaki beklentilerini karşılamak üzere örgütlenmeye ihtiyaçları bulunmaktadır. Örgütlenme, üreticilere 
elde edilen tarımsal katma değerden daha fazla pay almaları, tarımsal girdilerin maliyetlerini azaltma, daha iyi 
ürün fiyatı sağlama, teknik bilgi edinmede kolaylık ve pazarlık gücü sağlama, ölçek ekonomisine ulaşma, ürün 
farklılaşması, fiyatların oluşumuna katkı sağlama gibi konularda değişik avantajlar sağlamaktadır. Gelişmiş 
ülkelerin ekonomik ve sosyal yaşamının gelişiminde özel sektör ve kamu sektörü yanında kooperatifçilik üçüncü 
sektör olarak ortaya çıkmış olup, ortakların belirli bir amaç için örgütlenmelerini sağlamada kullanılan en yaygın 
modeldir (Sayın ve Sayın 2004; Çıkın, 2016).  

İncelenen işletmelerde her iki gruptaki üreticilerin tamamının (117 Üretici) Ziraat Odasına üye olduğu 
belirlenmiştir. KKYDP’den yararlanan üreticilerin %33.85’inin Kemalpaşa Kiraz Üreticileri Birliğine üye iken, 
yararlanmayan üreticilerin %80.77’sinin Kemalpaşa Kiraz Üreticileri Birliğine üye olduğu belirlenmiştir. Bunun 
dışında üreticilerin %12.82'sinin Tarım Kredi Kooperatiflerine ve %46.15’inin Sulama Kooperatiflerine de ortak 
oldukları da görülmektedir (Tablo 2). 

Tablo 2. İncelenen işletmelerde üreticilerin örgütlenme durumları 

Table 2. Cooperation status of producers in investigated farms 

 
Ortaklık/Üyelik 
Durumu  
 

KKYDP’den 
yararlanan 

KKYDP’den 
yararlanmayan 

Genel 

Sayı % Sayı % Sayı % 

Ziraat Odası 65 100.00 52 100.00 117 100.00 
Kemalpaşa KÜB 22 33.85 42 80.77 64 54.70 
Tarım Kredi Koop. 8 12.31 7 13.46 15 12.82 
Sulama Koop. 36 55.38 18 34.62 54 46.15 
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3.3. Kiraz işletmelerinde üreticilerin KKYDP kapsamındaki makine ekipman yatırım desteğinden 
yararlanma eğilimini etkileyen faktörler 

Bu bölüm altında, kiraz üreticilerinin yatırım yapmaya istekli olup-olmama durumlarına diğer bir ifade ile 
KKYDP kapsamında makine ve ekipman yatırımı yapıp-yapmama durumlarına etki eden değişkenleri 
belirleyebilmek için logit modeli kullanılmıştır. 

Modelde bağımlı değişken olarak KKYDP' den yararlanan veya KKYDP’ den yararlanmayan üretici teması 
temel alınmıştır. Eğer KKYDP’ den yararlanmışsa 1, yararlanmamışsa 0 kukla değişkeni kullanılmıştır.  

Logit Modelin bağımsız değişkenleri olarak; kiraz üreticisinin yaşı, eğitim süresi, kiraz üretimindeki deneyim 
süresi, kiraz işletmesinin büyüklüğü, Kemalpaşa Kiraz Üreticileri Birliğine üye olup olmama durumu, kiraz 
yetiştiriciliğinde uzmanlaşma durumu, brüt kar ve net kar gibi değişkenler dikkate alınmıştır. 

Modelin değerlendirilmesi aşamasında ilk olarak likelihood ratio test (Chi-square) değerinin sonucuna 
bakılmıştır. Modelde; p değeri=0.0000<0.01 olduğu için seçilmiş olan bağımsız değişkenlerin, bağımlı değişkeni 
açıklayabildiğini göstermektedir.  

Tablo 3’ de verilen modelin sonuçlarına göre, üreticilerin KKYDP’ den yararlanma durumu üzerine, üretici 
yaşı, eğitim süresi, kiraz üretimindeki deneyim süresi, Kemalpaşa Kiraz Üreticileri Birliğine üye olup olmama 
durumu, kiraz yetiştiriciliğinde uzmanlaşma durumu, brüt kar gibi değişkenlerin etkisinin istatistiksel olarak 
önemli olduğu belirlenmiştir.  Diğer taraftan KKYDP kapsamında alet-makine yatırım desteğine yönelme üzerinde 
işletme büyüklüğü ve kiraz arazisi büyüklüğünün etkisinin olmadığı görülmektedir.  

Tablo 3.  KKYDP makine ekipman yatırımlarının desteklenmesi programı kapsamında verilen hibe 
desteğinden üreticilerin yararlanma eğilimini etkileyen faktörler (logit modeli sonuçları) 

Table 3. Factors of effecting the investment utilization perceptions of the producers within RDISP Support 
Scheme for the Purchase of Agricultural Machines and Equipment (Logit Model Results) 

Bağımlı Değişken:  Üreticinin KKYDP’ den Yararlanıp Yararlanmama 
                                  Durumu 
                                 Yararlanma (1), Yararlanmama (0) 
Bağımsız Değişkenler Katsayı Değişkenlerin Marjinal Etkileri 
Sabit 1.26662***  
Üreticinin Yaşı -0.119397*** 0.0016*** 
Eğitim Seviyesi 1.17121* 0.0539* 
Kiraz Üretiminde Uzmanlaşma 1.37847* 0.0548* 
Brüt kar 1.02292** 0.0496** 
Kiraz Üreticileri Birliğine Üyelik 2.15771*** 0.0001*** 
Kiraz Yetiştiriciliği Deneyimi 0.18754*** 0.0002*** 
İşletme Büyüklüğü 0.01201 0.4732 
Kiraz Arazisi Büyüklüğü -0.0390741 0.1829 
LR Chi2(8) = 59,2496 Log Likelihood= -50.85055 R2  = 0.414331 

   (*,**,***sırasıyla 0.10, 0.05,0.01 istatistiki anlamlılığı göstermektedir.) 

Üreticilerin KKYDP’den yararlanma isteği ile üreticilerin yaşı arasında negatif yönlü bir ilişki mevcuttur. 
Üreticilerin yaşı arttıkça destekten yararlanma eğilimleri azalış göstermektedir. Diğer bir ifade ile genç üreticilerin 
destekten yararlanma eğilimlerinin yüksek olduğu söylenebilir. Bu ilişki istatistik açıdan anlamlıdır.  

KKYDP’den yararlanma isteği ile üreticilerin eğitim seviyesi arasında pozitif yönlü bir ilişki bulunmaktadır. 
Üreticinin eğitim seviyesi yükseldikçe destekten yararlanma eğilimleri artmaktadır. İncelenen işletmelerdeki genç 
üreticilerin eğitim seviyeleri orta yaş ve üzeri üreticilere oranla daha yüksektir. Bu da üreticinin yaşı arttıkça 
yararlanma eğiliminin azalış gösterdiği sonucunu desteklemektedir. Bu ilişki istatistik açıdan anlamlıdır.  

KKYDP’den yararlanma isteği ile üreticilerin kiraz üretiminde ihtisaslaşma durumu arasında pozitif yönlü bir 
ilişki bulunmuştur. Üreticilerin tarımda uzmanlaşma oranı arttıkça destekten yararlanma eğilimleri artış 
göstermektedir. Bu ilişki istatistik açıdan da anlamlıdır.  
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KKYDP’den yararlanma isteği ile üreticilerin elde ettikleri dekara brüt kar arasında pozitif yönlü bir ilişki 
mevcuttur. İşletmelerde dekara elde edilen brüt kar arttıkça, üreticilerin destekten yararlanma eğilimleri artış 
göstermektedir. Bu ilişki de istatistik açıdan anlamlıdır.  

KKYDP’den yararlanma isteği ile üreticilerin Kiraz Üreticileri Birliğine üye olmaları arasında pozitif yönlü 
bir ilişki bulunmuştur. Kiraz Üreticileri Birliğine Üye olan üreticilerin diğer üreticilere göre destekten yararlanma 
isteği daha fazladır. Bu ilişki istatistik açıdan anlamlı bulunmuştur.  

KKYDP’ den yararlanma isteği ile üreticilerin kiraz yetiştiriciliği deneyimleri arasında pozitif yönlü bir ilişki 
bulunmuştur. Kiraz yetiştiriciliği konusunda deneyim süresi yükseldikçe destekten yararlanma isteği artmaktadır. 
Bu ilişki istatistik açıdan anlamlı bulunmuştur. 

4. Sonuç 

Bu çalışmada KKYDP kapsamında, İzmir ili Kemalpaşa ilçesinde uygulanmış olan Makine ve Ekipman 
Alımlarının Desteklenmesi Programından (MEADP) yöredeki kiraz üretimi yapan işletmelerin yararlanma 
eğilimleri belirlenmiş ve desteğin devamlılığı tartışılmıştır. 

Çalışmada Logit Model Sonuçlarına göre; üreticilerin KKYDP’den yararlanma isteği ile üreticilerin yaşı 
arasında negatif yönlü bir ilişki bulunmuştur. Üreticilerin yaşı arttıkça destekten yararlanma eğilimleri azalış 
göstermektedir. KKYDP’den yararlanma isteği ile üreticilerin eğitim düzeyi arasında pozitif yönlü bir ilişki 
bulunmuştur. Üreticilerin eğitim düzeyi yükseldikçe destekten yararlanma eğilimleri de artmaktadır. 

KKYDP’den yararlanma isteği ile kiraz üretimindeki deneyim süresi, Kemalpaşa Kiraz Üreticileri Birliğine 
üye olup olmama durumu, kiraz yetiştiriciliğinde uzmanlaşma durumu, brüt kar gibi değişkenlerin de pozitif 
etkisinin olduğu belirlenmiştir. Üreticilerin yaşı, eğitim seviyesi, kiraz üretiminde uzmanlaşma durumu, brüt kar, 
Kiraz Üreticileri Birliğine üye olup olmama durumu ve kiraz yetiştiriciliğindeki deneyiminin istatistiksel olarak 
önemli olduğu belirlenmiştir. KKYDP’den yararlanan işletmelerin makine-ekipman alt yapısının güçlenmesiyle, 
iş yükünün azaldığı belirlenmiştir. 2015 yılı üretim döneminde üreticiler üretim maliyetlerinin azaldığını 
belirtmişlerdir.   

2015 yılı ve sonrasında "Makine Ekipman Alımlarının Desteklenmesi Programı" adı altında bir tebliğ 
yayınlanmamış olup, ancak Kırsal Kalkınma Yatırımlarının Desteklenmesi Programının alt dalı olan Ekonomik 
Yatırımların Desteklenmesi Programı kapsamında “Çiftlik Faaliyetlerinin Geliştirilmesine Yönelik Alt Yapı 
Sistemleri” başlığı altında çeşitli makine ve ekipmanların desteklendiği belirlenmiştir.  

Üreticinin uygun fiyata, teknolojisi ileri çeşitli makine ekipmana sahip olarak, kaliteli ürün elde etmesi, 
tarımsal üretimini ve gelirini artırması ve sektörün dinamik olabilmesi için bu programın devamlılığı son derece 
gereklidir. Ancak işletmeler için başvuru esnasında bürokratik engellerin ve istenen evrakların fazla olması sorun 
oluşturmaktadır. Proje ve teklif hazırlamada yardımcı olabilmek adına KKYDP projelerinde danışmanlık yapan 
işletmelerin danışmanlık ücretleri hibeden karşılanmalıdır. Bu öneriye alternatif olarak, Tarım ve Orman Bakanlığı 
İl ve İlçe Müdürlüklerinde proje hazırlanması konusunda ayrı bir birim kurularak işletmelere hizmet verilmesi ve 
bu konuda farkındalığın artırılması de son derece önemlidir.  
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Comparison of Aroma Compounds and Pomological Characteristics of The Fruits of 'cv. 
Mondial Gala' and Local Apple Genotype 'Gelin' Cultivated in Çanakkale, Turkey  

daQakkaOe, T�Uki\e'de YeWiúWiUiOeQ µGeOiQ¶ YeUeO EOPa GeQRWiSi Ye µcY. MRQdiaO GaOa¶ 
Meyvelerinin Pomolojik g]eOOikOeUi iOe UoXcX BiOeúikOeUiQiQ KaUúÕOaúWÕUÕOPaVÕ 

 
Mehmet Ali GhNDOöDU1*, Engin GÜR2, Murat ùEKER3 

Abstract 

Volatiles directly affect the sensorial quality of fresh fruits and therefore consumer preferences. The types and 
concentrations of volatile compounds show great variability in different apple types and varieties. In this 
e[SeUiPeQW VRPe SRPRORgicaO chaUacWeUiVWicV aQd aURPa SRWeQWiaO Rf ORcaO aSSOe geQRW\Se caOOed µGeOiQ¶ RU µYa]Oik 
EOPa¶ aQd cRPPeUciaO VWaQdaUd aSSOe cXOWiYaU µMRQdiaO GaOa¶ ZeUe eYaOXaWed. FUXiW OeQgWh aQd diaPeWeU (PP), 
fruit weight (g), soluble solid content (% Brix), pH, titratable acidity (malic acid ml 100 ml-1), skin and flesh color 
(L, hue, chroma) were investigated within scope of pomological characteristics. The identification of volatile 
constituents was performed by Gas Chromatography/Mass Spectrometer (GC/MS) instrument by liquid±liquid 
extraction using diethyl ether solvent. The amount of the aroma volatile determined with a gas chromatograph-
mass spectrometer (Shimadzu® QP2010 GC/MS) fitted with a DB-WAX cROXPQ (30 P [ 0.25 PP ID, 0.25 ȝP 
film thickness; J & W, USA). According to the obtained results, 23 volatile constituents including 9 aldehydes 
(45.56%), 7 esters (46.78%), 6 alcohols (6.85%), and 1 otheU cRPSRXQd (0.81%), ZeUe deWecWed iQ µGeOiQ¶ 
genotype; 20 volatile constituents including 6 esters (56.08%), 7 aldehydes (34.76%), 6 alcohols (8.13%) and 1 
RWheU cRPSRXQd (1.03%), ZeUe deWecWed iQ µMRQdiaO GaOa¶ cXOWiYaU. AOdeh\deV aQd eVWeUV aUe PaiQ YROatiles to 
fruity and floral aroma especially for apples. Especially, E-2-Hexenal and acetaldehyde for aldehydes and butyl 
acetate and hexyl acetate for esters are the main volatile compounds detected for the fruits studied. The high 
contents of these compounds that give pleasant flavor and aroma in fruits play very important part in the preference 
of fruits by cRQVXPeUV. IQ addiWiRQ, Whe µGeOiQ¶ geQRW\Se SRSXOaWiRQ caQ UeSUeVeQW a QRYeO VRXUce Rf bUeediQg 
materials for improvement of aroma characteristics of standard cultivars. 

 

Keywords: Malus communis L., Aroma compounds, Ecotype, Gala cultivar, Flavor 
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Özet  
AURPa biOeúeQOeUi, Wa]e Pe\YeOeUin duyusal kalitesini ve böylelikle P�úWeUi tercihlerini direk etkilemektedir. 
hOkePi]iQ faUkOÕ ekRORjik kRúXOOaUÕQda eOPaOaUda XoXcX biOeúikOeUiQ W�U� Ye kRQVaQWUaV\RQOaUÕ bakÕPÕQdaQ b�\�k 
YaU\aV\RQOaU g|U�OPekWediU. BX oaOÕúPada µGeOiQ¶ Ye\a µYa]OÕk EOPa¶ ROaUak biOiQeQ \eUeO eOPa geQRWiSi ile ticari 
ROaUak \eWiúWiUiOeQ µMRQdiaO GaOa¶ VWaQdaUW eOPa oeúidinin aroma potansiyeli ve ba]Õ SRPRORjik |]eOOikOeUi 
de÷eUOeQdiUiOPiúWiU. PRPRORjik |]eOOikOeU kaSVaPÕQda Pe\Ye eQi Ye bR\X (PP), Pe\Ye a÷ÕUOÕ÷Õ (g), VXda o|]�QeQ 
kXUX Padde PikWaUÕ (% BUi[), SH, WiWUe ediOebiOiU aViWOik (PaOik aViW ml 100 ml-1), meyve kabuk ve et rengi (L, hue, 
chURPa) iQceOeQPiúWiU. UoXcX biOeúeQOeUiQ WaQÕPOaQPaVÕ iVe ga] kURPaWRgUafiVi k�WOe VSekWURPeWUeVi ciha]Õ iOe 
dieWiO eWeU o|]geQi kXOOaQÕOaUak VÕYÕ-VÕYÕ ekVWUakVi\RQX\Oa geUoekOeúWiUiOPiúWiU. AURPa biOeúeQOeUiQiQ PikWaUOaUÕQÕQ 
belirlenmesinde Gaz kromatografisi k�WOe VSekWURPeWUeVi ciha]ÕQda WakÕOÕ DB-WAX kolonu (30m x 0.25 mm iç 
oaSÕ [ 0.25 �P fiOP kaOÕQOÕ÷Õ) kXOOaQÕOPÕúWÕU. EOde ediOeQ VRQXoOaUa g|Ue; GeOiQ geQRWiSiQde WeVSiW ediOeQ 23 aURPa 
biOeúeQiQiQ 9¶X aldehit (%45.56), 7¶Vi eVWeU (%46.78), 6¶VÕ aOkRO (%6.85) Ye 1¶i (%0.81) di÷eU biOeúeQdiU. MRQdiaO 
GaOa oeúidiQde iVe 6¶VÕ eVWeU (%56.08), 7¶Vi aOdehiW (%34.76), 6¶VÕ aOkRO (%8.13) Ye 1¶i (%1.03) di÷eU biOeúeQ ROPak 
�]eUe 20 adeW aURPa biOeúeQi VaSWaQPÕúWÕU. EOPaOaU ioiQ |]eOOikOe Pe\YePVi Ye oioekVi kRkX\X ROXúWXUaQ eVaV 
biOeúeQOeU aOdehiW Ye eVWeUOeUdiU. g]eOOikOe aOdehiWOeU ioiQ E-2-Hekzenal ve asetaldehit, esterler için bütil asetat ve 
hekViO aVeWaW iQceOeQeQ Pe\YeOeUde WeVSiW ediOeQ baúOÕca XoXcX biOeúiklerdir. Me\YeOeUe hRú kRkX Ye WaW YeUeQ bX 
biOeúeQOeUiQ \�kVek RUaQOaUda bXOXQPaVÕ W�keWiciOeUiQ Pe\Ye WeUcihOeUiQde |QePOi biU URO R\QaPakWadÕU. Bununla 
biUOikWe, µGeOiQ¶ geQRWiSi SRS�OaV\RQOaUÕ, VWaQdaUW oeúiWOeUiQ aURPa |]eOOikOeUiQiQ i\iOeúWiUiOPeVi ioiQ \eQi ÕVOah 
PaWeU\aOOeUi ka\Qa÷ÕQÕ da ROXúWXUabiOiU. 

 

Anahtar Kelimeler: Malus communis L., AURPa biOeúeQOeUi, EkRWiS, GaOa oeúidi, Lezzet 
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1. Introduction 

Turkey has a wide production potential both because it is the homeland of the apple and because there are many 
regions suitable for apple cultivation. It is observed that the number of trees and the production increase year by 
year. Canakkale is a province where the cultivation of the horticulture products is extremely important and has a 
orcharding culture that goes back to ancient times. The amount of annual apple production in Çanakkale province 
iV 105.295 WRQV aQd µGROdeQ DeOiciRXV¶, µSWaUkiQg DeOiciRXV¶ aQd µGUaQQ\ SPiWh¶ aUe Whe PRVW SURdXced YaUieWieV, 
iQ addiWiRQ WR µGaOa¶, µFXji¶, µSXPPeU Red¶ aQd µJeUVe\ Mac¶ YaUieWieV aUe fROORZed, UeVSecWiYeO\ (Ka\Qaú eW aO., 
2009; Anonymous, 2020).  

GaOa cXOWiYaU ZaV bUeed iQ Whe 1939 aV µKidd¶V OUaQge Red¶[µGROdeQ DeOiciRXV¶ h\bUidV. µMRQdiaO GaOa¶� iV 
a OiPb PXWaWiRQ Rf GaOa iQ NeZ ZeeOaQd. FUXiWV Rf µMRQdiaO GaOa¶ aUe fiUP, jXic\ aQd haYe XQiTXe VZeeW, WaQg\ 
flavour (Echeverria et al., 2008). Fruits have a peel of red top color on a yellow background and mature on from 
mid-July to late-August.  

In Turkey, which has a huge fruit culture, the evaluations of the local genotypes (ecotypes) are revealed with 
the pomological studies carried out. Since our country is the homeland of apple and has been cultivated for 
hundreds of years, our local genotypes are too many to be clearly defined. However, in recent years, the studies 
carried out in the context of the importance of local genetic materials have increased awareness on this issue. 
Collection, protection and improvement of apple genetic resources are fundamental for improving of new 
promising apple genotypes with enhanced desirable qualities and protection of unique genetic traits available in 
ecotypes. 

Either name similarity or name complexity is frequently encounWeUed iQ ecRW\SeV. AOWhRXgh µGeOiQ¶ aSSOe 
genotype is cultivated as ecotype in many different regions of Turkey, the colours of ripe fruits can be red in some 
regions and in some regions it can be green (Coskun and Askin, 2016; Dumanoglu et al., 2018).   

Production of aroma volatile compounds is an important factor determining quality of fruit produce and is 
directly influenced by fruit maturity. Flavor is one of the most important factor of fruit quality, especially apple. 
The formation of flavor and aroma components in fruits is a dynamic process. Aroma substances are incessantly 
synthesized and developed during fruit ripening.  Volatile compositions of fruits change qualitatively and 
quantitatively (Gundogdu, 2018).  

Recently, improvement of the phytochemical composition has gained importance for the breeders in the 
development of genotypes with superior properties (Mertoglu and Evrenosoglu, 2019). According to Mertoglu and 
Evrenosoglu (2019), in this context, recently studies are conducted primarily on the determination of the 
phytochemical contents of the existing genetic resources. (Zhang et al., 2018; Oszmianski et al., 2018; Polat et al., 
2018; Gundogdu et al., 2018; Acero et al., 2019). Parents, who have superior qualifications in terms of desired 
characteristics, are developed in classical and modern breeding methods and new genotypes are developed 
(Cevallos-Casals et al., 2006; Ramirez-Ambrosi et al., 2015; Yazici and Sahin, 2016; Sahoo et al., 2017). 

Aromatic compound analysis plays an important role in the process of quality apple breeding. The aroma of a 
fruit is the result of a complex mixture of esters, alcohols, aldehydes, terpenoid compounds, etc. The concentration 
of volatile compounds and their types show great changeability in apple under different ecological conditions of 
Turkey (Duran, 2013).  

In this experiment some pomological characteristics and aroma potential of fruits of local apple genotype 
QaPed µGeOiQ¶ RU µYa]Oik EOPa¶ aQd VWaQdaUd aSSOe cXOWiYaU 'MRQdiaO GaOa¶ ZeUe eYaOXaWed. 

2. Materials and Methods 

Si[ \eaUV ROd µMRQdiaO GaOa¶ aQd µGeOiQ¶ (Ya]Oik) aSSOe WUeeV RQ MM106 URRWVWRck Zhich gURZQ iQ VaPe 
commercial orchard in Çanakkale-Turkey, were used as the plant materials for this study in 2013 year. The trees were 
randomly selected from trees showing optimum general characteristics of the apple cultivar.  

The fruits were harvested carefully by hand. Starch contents of apples were determined by standard procedures 
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using a starch index (Generic Starch Iodine Index Chart for Apples). When the average starch index reached 5, at the 
eQd Rf JXO\ aQd begiQQiQg Rf AXgXVW, Whe fUXiWV ZeUe Sicked XS fRU Whe e[SeUiPeQW (KaUaoaOÕ, 2006; SakaOdaú, 2013). 
These analyses were carried out with 5 repeats and every repeat had 4 fruits. 

Some pomological characteristics determined on harvested fruit samples were: 

Fruit diameter (mm) and fruit length (mm) were measured by digital caliper on 4 apples for each repeats.  

Fruit weight (g) was determined by digital balance on 4 apples for each repeats.  

Soluble solids contents (SSC %brix) were measured by using digital refractometer Atago PAL-1 (Atago, Tokyo, 
Japan) on one reading for each repeats (mixed of 4 fUXiWV) (KaUaoaOÕ, 2006; Ka\Qaú eW aO., 2012). 

Fruit skin colours were assessed using Minolta colorimeter CR 400 (Minolta, Osaka, Japan) on blushed side of 4 
aSSOeV fRU each UeSeaWV aQd LighWQeVV (L), HXe aQd ChURPa YaOXeV ZeUe deWeUPiQed (Ka\Qaú et al., 2012). 

Malic acid content (titratable acidity) was evaluated by one reading for each repeats (mixed of 4 fruits) using 
titration method and expressed as mL 100 mL-1 (KaUaoaOÕ, 2006; Ka\Qaú eW aO., 2012).  

After the pomological analyses were completed, the extractions for determine the volatile components were carried 
out. 

The aroma volatile contents of the apples were determined by GC/MS analysis followed by liquid-liquid extraction. 
Diethyl ether solvent is widely used for liquid-liquid extraction of aroma volatiles in fruits, vegetables and spices. 
Furthermore, most of the volatile components reported earlier in apples are readily soluble/miscible in the diethyl ether 
(Young et al., 1996; Lopez et al., 1998; Duran, 2013; Ekinci et al., 2016-a). 

Each extraction contained four replications and each replication contained 100 g apple pulp with puree obtained by 
using a homogenizer. Thereafter, 100 mL diethyl-ether solvent was added into the Erlen flask with 100 g apple pulp 
with puree. After solvent treatment, the extracts were concentrated to 1 mL with concentrator and centrifuge. Then the 
solvent was injected to GC/MS for volatile compounds (Ekinci et al., 2016-a). 

The amount of the aroma volatile determined with a gas chromatograph-mass spectrometer (Shimadzu® QP2010 
GC/MS) fitted with a DB-WAX cROXPQ (30 P [ 0.25 PP ID, 0.25 ȝP fiOP WhickQeVV; J & W, USA). IdeQWificaWiRQ Rf 
volatile content was carried out by mass spectrometry using a mass spectrometer set at 250 °C of capillary direct 
interface temperature, the ionization energy of the mass spectrometer was programmed for 70 eV. Also the ion source 
temperature was set at 250 °C and 40-350 amu of mass interval and 666 amu s-1 scan rate. WILEY and NIST libraries 
were used for identification of compounds. One microliter samples were injected in 1:50 split ratio (with 220 °C 
injection temperature) by an auto injector. Firstly, the column temperature was set at 40 ºC for 4 min. After the column 
reached at 280 °C by 10 °C min-1 and held for 10 min. 

The pomological characteristics of two genotypes were designed as complete randomised factorial designs. Four 
apple fruits for each repeat and five repeats were used in each genotype. Both pH of fruit juice, soluble solid content 
and malic acid measurements were done from mixed of four fruits at each repeat. For statistical analysis the means of 
five measurements were taken. Four replicates were used in each genotype for identification of volatile compounds. 
DaWa¶V ZeUe VWaWiVWicaOO\ aQaO\Ved aQd e[SUeVVed XViQg T-WeVW (S<0,05) b\ Whe VRfWZaUe µSAS YeU. 9¶ (SAS IQVWiWXWe IQc., 
Cary, NC, USA). 

3. Results and Discussion 

SRPe SRPRORgicaO chaUacWeUiVWicV Rf cY. µMRQdiaO GaOa¶ aQd µGeOiQ¶ aSSOe geQRW\Se aUe VhRZQ iQ Table 1.  

AccRUdiQg WR UeVXOWV, fUXiWV Rf µMRQdiaO GaOa¶ cXOWiYaU aUe ZideU, ORQgeU aQd heaYieU WhaQ fUXiWV Rf µGeOiQ¶ 
geQRW\Se. IW ZaV deWeUPiQed WhaW Whe fUXiWV Rf cY. µMRQdiaO GaOa¶ aQd µGeOiQ¶ geQRW\Se ZeUe 70.49-47.60 mm 
diameter and 64.39-41.44 PP OeQgWh, UeVSecWiYeO\. IQ addiWiRQ, cY. µMRQdiaO GaOa¶ had approximately 3 times 
heaYieU fUXiW ZeighW WhaQ µGeOiQ¶ geQRW\Se (156.59 g aQd 52.67 g). 
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Table 1. Some Pomological Characteristics of fruits of cv. µMondial Gala¶ and µGelin¶ genotype on 
commercial harvest date 

Pomological Parameters µGelin¶ Genotype cv. µMondial Gala¶ LSD** 
Fruit Diameter (mm) 47.60 ± 1.17 b* 70.49 ± 1.08 a 1.6443 
Fruit Length (mm) 41.44 ± 1.33 b 64.39 ± 1.02 a 1.7243 
Fruit Weight (g) 52.67 ± 11.89 b 156.59 ± 5.42 a 13.478 
Lightness of peel (L) 62.78 ± 1.24 61.50 ± 1.72 NS 
Hue color angle of peel 90.67 ± 1.15 a 52.85 ± 1.92 b 2.309 
Chroma of peel 37.51 ± 2.16 b 41.96 ± 1.96 a 3.0041 
Lightness of flesh (L) 63.71 ± 1.65 b 74.68 ± 2.16 a 2.8053 
Hue color angle of flesh 97.01 ± 1.54 a 93.80 ± 1.71 b 2.3714 
Chroma of flesh 16.56 ± 1.87 b 31.62 ± 2.37 a 3.1176 
pH of fruit juice 3.60 ± 0.18 3.79 ± 0.19 NS 
Soluble Solid Content (%) 12.35 ± 0.54 12.86 ± 0.22 NS 
Malic acid (mL 100 mL-1) 1.25 ± 0.06 1.33 ± 0.05 NS 

*Data are the means of 5 replicates with standard deviation. Values followed by different letters are significantly different 
on at p<0.05 

YaúaVÕQ eW aO. (2006) deWeUPiQed fUXiW diaPeWeU, fUXiW OeQgWh aQd fUXiW ZeighW Rf µMRQdiaO GaOa¶ cXOWiYaU iQ YaORYa 
ecRORgicaO cRQdiWiRQV 70.4 PP, 63.1 PP aQd 160.1 g. IgOeViaV aQd AOegUe (2009) deWecWed fUXiW ZeighWV Rf cY. µMRQdiaO 
GaOa¶ Zhich ZaV gUafWed RQ M9 URRWVWRck iQ 2000, 2001 aQd 2002 \eaUV iQ LOeida-Spain ecological conditions, 166.7 
g, 158.5 g, 138.7 g, respectively. Bozbuga and Pirlak (2012) explained fruit diameter, fruit length and fruit weight of 
14-\eaUV ROd µMRQdiaO GaOa¶ gUafWed RQ M9 URRWVWRck iQ Nigde ecRORgicaO cRQdiWiRQV 72.2-70.5 mm, 60.1-57.6 mm and 
152.0-149.6 g in 2006 and 2007, respectively. Öztürk et al. (2015) determined fruit width, length and weight of fruits 
Rf cY. µMRQdiaO GaOa¶ aV 74.02 PP, 67.99 PP aQd 186.9 g, UeVSecWiYeO\, RQ BOack Sea (OUdX SURYiQce) ecRORgicaO 
conditions in Turkey. 

FUXiWV Rf cY. µMRQdiaO GaOa¶ ZeUe deWeUPiQed UeddeU aQd deQVe SeeO cRORU WhaQ µGeOiQ¶ aSSOe geQRW\Se, becaXVe Rf 
lower hue (52.85 and 90.67, respectively) and higher chroma values (41.96 and 37.51, respectively), However, there 
was not a statistically significant difference on lightness of peel between cv. µMRQdiaO GaOa¶ aQd µGeOiQ¶ geQRW\Se 
fUXiWV (61.50 aQd 62.78).  µGeOiQ¶ aSSOe geQRW\Se had PRUe \eOORZiVh gUeeQ SeeO RQ cRPPeUciaO haUYeVW daWe. 

AOWhRXgh, fUXiWV Rf cY. µMRQdiaO GaOa¶ had bUighWeU (74.68 aQd 63.71, UeVSecWiYeO\) aQd deQVe (31.62 aQd 16.56, 
UeVSecWiYeO\) WhaQ µGeOiQ¶ geQRW\Se; fUXiWV Rf µGeOiQ¶ geQRW\Se had PRUe gUeeQiVh fUXiW fOeVh (93.80 aQd 97.01, 
respectively).  

Echeverria et al. (2008) explained hue color of light exposed side of peel as 52.33 on commercial harvest dates of 
cY. µMRQdiaO GaOa¶. IgOeViaV aQd AOegUe (2009) deWecWed OighWQeVV (46.3, 52.2 aQd 55.1), hXe cRORU Rf SeeO (31.8, 44.6 
aQd 43.5) RQ cRPPeUciaO haUYeVW daWeV Rf cY. µMRQdiaO GaOa¶ RQ 2000, 2001 aQd 2002 \eaUV. g]W�Uk eW aO. (2015) 
determined lightness, hue color and chURPa YaOXeV Rf fUXiWV Rf cY. µMRQdiaO GaOa¶ aV 42.54, 31.39 aQd 43.48, 
respectively, on Black Sea (Ordu province) ecological conditions in Turkey. 

The absence of a statistically significant difference in pH of fruit juice (3.79 and 3.60), soluble solid content (SSC, 
12.86% and 12.35%) and malic acid contents (TA 1.33 mL 100 mL-1 and 1.25 mL 100 mL-1) confirms that the 
approximation of the harvest dates and starch tests of the two genotypes.  

YaúaVÕQ eW aO. (2006) deWeUPiQed WhaW SSC Rf cY. µMRQdiaO GaOa¶ aV 12.7%. IgOeViaV aQd AOegUe (2009) deWecWed 
SSC aQd TA Rf cY. µMRQdiaO GaOa¶ iQ 2000, 2001 aQd 2002 \eaUV RQ LOeida ecRORgicaO cRQdiWiRQV, 12.4%, 11.7%, 
11.4% and 2.8 mL 100 mL-1, 2.9 mL 100 mL-1, 3.4 mL 100 mL-1, respectively. Bozbuga and Pirlak (2012) explained 
SSC Rf fUXiWV Rf cY. µMRQdiaO GaOa¶ aV 12.5 %. g]W�Uk eW aO. (2015) deWeUPiQed 11.25 % SSC aQd 3.81 SH Rf cY. 
µMRQdiaO GaOa¶ iQ BOack Sea ecological conditions. 

According to the obtained results, 23 volatile constituents including 9 aldehydes (48.56%), 7 esters (43.78%), 6 
aOcRhROV (6.85%), aQd 1 RWheU cRPSRXQd (0.81%), ZeUe deWecWed iQ µGeOiQ¶ geQRW\Se; 20 YROaWiOe cRQVWiWXeQWV; 
including 6 esters (56.08%), 7 aldehydes (34.76%), 6 alcohols (8.13%) and 1 other compound (1.03%), were detected 
iQ µMRQdiaO GaOa¶ cXOWiYaU (TabOe 2).  



 
JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(1) 

 15 

GeQeUaOO\, Whe PRVW iPSRUWaQW YROaWiOe cRPSRXQdV RQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶ fUXiWV ZeUe E-2-
hexenal, acetaldehyde and hexanal, from the aldehydes; butyl acetate, hexyl acetate and 2-methylbutyl acetate from 
Whe eVWeUV, bXWaQRO aQd he[aQRO fURP Whe aOcRhROV, Į-farnesene from the other compound (Figure 1.). The active volatile 
components differed according WR Whe geQRW\SeV. EVSeciaOO\ Whe eVWeUV iQ cY. µMRQdiaO GaOa¶ aQd Whe aOdeh\deV iQ µGeOiQ¶ 
genotype were found higher ratio. A preliminary study presented by Gur and Gundogdu (2017) on aroma compounds 
of mondial Gala and Gelin apples. 

According to many researchers ester compounds are the most important compounds that are contribute to the aroma 
of ripe apples (Dimick et al., 1983; Rowan et al., 1996; Rowan et al., 1999; Dixon and Hewett, 2010; Vallat et al., 
2005; Mattheis et al., 2005; Espino-Diaz et al., 2016). Esters form a significant part of the volatile components both of 
cY. µMRQdiaO GaOa¶ (56.08%) aQd µGeOiQ¶ geQRW\Se (43.78%). AccRUdiQg WR aQaO\]eV, aOWhRXgh 7 ideQWified eVWeU 
cRPSRXQdV ZeUe TXaQWified iQ µGeOiQ¶ geQRW\Se aQd 6 aOdeh\deV ZeUe ideQWified iQ cY. µMRQdiaO GaOa¶. BXW\O aceWaWe 
(13.67% iQ µGeOiQ¶ geQRW\Se aQd 16.06% iQ cY. µMRQdiaO GaOa¶), he[\O aceWaWe (11.96% aQd 15.13%, UeVSecWiYeO\) aQd 
2-methylbutyl acetate (8.82% and 11.21%, respectively) compounds were identified as the most important ester 
compounds in fruits of both genotypes. Pentyl acetate (5.25% and 6.46%, respectively), hexyl butanoate (1.09% and 
4.49%, respectively) and butyl butanoate (2.02% and 2.73%, respectively) compounds were other identified ester 
cRPSRXQdV iQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. IQ addiWiRQ WR WheVe cRPSRXQdV, bXW\O 2-methyl butanoate 
(0.97%) ZeUe deWecWed RQO\ iQ fUXiWV Rf µGeOiQ¶ geQRW\Se. IQ Whe SUeYiRXV VWXdieV, iW ZaV VWaWed WhaW bXW\O aceWaWe ZaV 
the main ester compound in Golden Delicious, RR\aO GaOa aQd µMRQdiaO GaOa¶ aSSOeV (SRQg aQd BaQgeUWh 1996; 
Young et al., 1996; Lara et al., 2007; Echeverria et al., 2008; Salas et al., 2011). Espino-Diaz et al., (2016) were 
described butyl acetate as red apple and banana flavor; hexyl acetate as red apple and pear flavor and 2-methylbutyl 
acetate as apple and fruit flavor. According to De Pooter et al (1983), 'Golden Delicious' apples treated with hexanal 
and hexanoic acid vapors had increased hexyl, butyl, and ethyl esters (Dixon and Hewett, 2010). Researchers explained 
WhaW YROaWiOeV iQ fUXiWV aUe fRUPed Yia Whe ȕ-oxidation biosynthetic pathway, whereas when fruit tissue is damaged, 
volatiles are formed via the lipoxygenase pathway. Because acetyl-CRA WhaW SURdXced iQ ȕ-oxidation is the most 
common CoA in apple fruits, most identified esters are acetate esters (Dixon and Hewett, 2010; Espino-Diaz, 2016). 
However, yellow-skinned apple varieties have been reported to produce mainly acetate esters and red-skinned varieties 
mostly butanoate esters; butyric acid iV UaSidO\ WUaQVfRUPed b\ ȕ-oxidation into acetic acid, forming acetate esters 
(Paillard 1979). 

 

Figure 1. Major volatile compounds of fruits of µGelin¶ genotype and cv. µMondial Gala¶ 

According to Paillard (1979); contributing to apple aroma additionally, aldehydes were intermediate compounds 
beWZeeQ faWW\ acidV aQd aOcRhROV. AOdeh\deV fRUP a VigQificaQW SaUW Rf Whe YROaWiOe cRPSRQeQWV bRWh Rf µGeOiQ¶ geQRW\Se 
(45.56%) aQd cY. µMRQdiaO GaOa¶ (34.76%). AccRUding to analyzes, although 9 identified aldehyde compounds were 
TXaQWified iQ µGeOiQ¶ geQRW\Se aQd 7 aOdeh\deV ZeUe ideQWified iQ cY. µMRQdiaO GaOa¶. APRQg WheVe cRPSRXQdV, E-2-
he[eQaO (15.38% iQ W\Se µGeOiQ¶ aQd 18.53% iQ cY. µMRQdiaO GaOa¶) ZaV fRXQd WR be the highest aldehyde component 
in fruits of both genotypes. Secondary and tertiary importance aldehyde components were determined as acetaldehyde 
(11.52% iQ W\Se µGeOiQ¶ aQd 6.16% iQ cY. µMRQdiaO GaOa¶) aQd he[aQaO (9.74% iQ W\Se µGeOiQ¶ aQd 3.44% iQ cY. 
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µMRQdiaO GaOa¶) cRPSRXQdV. BXWaQaO (2.08% aQd 2.10%, UeVSecWiYeO\), SURSaQaO (1.51% aQd 2.23%, UeVSecWiYeO\), 2-
methyl propanal (1.89% and 1.41%, respectively) and pentanal (0.71% and 0.89%, respectively) compounds were 
other identified aldehyde compoundV iQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. FXUWheUPRUe, QRQaQaO aQd 2-methyl-
2-bXWeQaO aOdeh\de cRPSRXQdV ZeUe deWecWed RQO\ iQ µGeOiQ¶ geQRW\Se. Ri]]ROR eW aO (1989) ZeUe deVcUibed 
acetaldehyde and E-2-hexenal compounds as green and sharp perception and hexanal compound as green, sharp and 
earthy perception in cv. Golden Delicious. Aldehydes, not only derive from the catabolism of fatty acids, but they can 
also derive from branced-chain amino acids such as valine, leucine and isoleucine (De Pooter et al, 1986; Rowan et al., 
1996; Rowan et al., 1999; Liu et al., 2008).  

Table 2. Volatile Contents of fruits of cv. µMondial Gala¶ and µGelin¶ genotype on commercial harvest date* 

 COMPOUNDS µGelin¶ Genotype Cv. µMondial Gala¶ LSD 

A
ld

eh
yd

es
 

E-2-Hexenal 15.38 ± 0.22 b** 18.53 ± 0.17 a 0.45 
Acetaldehyde 11.52 ± 0.11 a 6.16 ± 0.06 b 0.20 
Hexanal 9.74 ± 0.09 a 3.44 ± 0.11 b 0.23 
Propanal 1.51 ± 0.11 2.23 ± 0.12 0.26 
Butanal 2.08 ± 0.08  2.10 ± 0.10 N.S. 
2-Methyl Propanal 1.89 ± 0.14 a 1.41 ± 0.09 b 0.27 
Pentanal 0.71 ± 0.09 0.89 ± 0.11 N.S. 
Nonanal 0.96 ± 0.09 N.D. - 
2-Methyl-2-Butenal  1.77 ± 0.23 N.D. - 
TOTAL ALDEHYDES 45.56 ± 0.32 A 34.76 ± 0.36 B 0.77 

E
st

er
s 

Butyl acetate 14.67 ± 0.14 b 16.06 ± 0.14 a 0.32 
Hexyl acetate  12.96 ± 0.27 b 15.13 ± 0.13 a 0.48 
2-Methylbutyl acetate 9.82 ± 0.12 b 11.21 ± 0.11 a 0.26 
Pentyl acetate 5.25 ± 0.16 b 6.46 ± 0.20 a 0.41 
Hexyl butanoate 1.09 ± 0.09 b 4.49 ± 0.13 a 0.25 
Butyl butanoate 2.02 ± 0.09 b 2.73 ± 0.12 a 0.24 
Butyl 2-methyl butanoate  0.97 ± 0.08 N.D. - 
TOTAL ESTERS 46.78 ± 0.77 B 56.08 ± 0.09 A 1.24 

A
lc

oh
ol

s 

Butanol 1.89 ± 0.11 a 1.49 ± 0.11 b 0.24 
Hexanol 1.51 ± 0.12 b 1.96 ± 0.14 a 0.26 
2-Methyl Butanol 1.13 ± 0.13 b 1.66 ± 0.09 a 0.25 
Propanol 0.91 ± 0.09 0.92 ± 0.08 N.S. 
E-2-Hexanol 0.87 ± 0.08 N.D. - 
Ethanol 0.54 ± 0.06 b 0.96 ± 0.06 a 0.14 
Pentanol N.D. 1.14 ± 0.09 - 
TOTAL ALCOHOLS 6.85  ± 0.33 B 8.13 ± 0.45 A 0.89 

O
th

er
 

Į-Farnesene  0.81 ± 0.09 b 1.03 ± 0.08 a 0.19 

TOTAL OTHER 0.81 ± 0.09 B 1.03 ± 0.08 A 0.19 
*Percentages obtained by GC/MS peak area normalization 
**Data are the means of 4 replicates with standard deviation. Values followed by different letters are significantly different on 
at P<0.05.  

According to Dimick et al. (1983), 25 aldehyde compounds, mostly hexanal, E-2-hexenal and butanal, were 
identified in apples (Espino-Diaz et al., 2016). Aldehyde compounds are copious in early maturation stages on apples; 
but the content of some aldehydes becomes almost imperceptible on over-ripening stages of apples, while some 
aldehyde compounds such as acetaldehyde etc. were increasing (Vallat et al., 2005; Mattheis et al., 2005; Espino-Diaz 
et al., 2016).  

Alcohols are formed by the reduction of corresponding aldehydes, by the action of the enzyme alcohol 
dehydrogenase and also linear alcohols are obtained from the fatty acid catabolism, whereas branched-chain alcohols 
are consisted of the metabolism of branched amino acids (Espino-Diaz, 2016). Alcohols are the second significant 
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volatile components that understanding the maturity of apples after esters. It was detected 6.85% alcohols in fruits of 
µGeOiQ¶ geQRW\Se, fXUWheUPRUe 8.13% aOcRhROV iQ cY. µMRQdiaO GaOa¶. 

AccRUdiQg WR aQaO\]eV, 6 ideQWified aOcRhRO cRPSRXQdV ZeUe TXaQWified iQ bRWh geQRW\SeV. BXWaQRO (1.89% iQ µGeOiQ¶ 
geQRW\Se aQd 1.49% iQ cY. µMRQdiaO GaOa¶) and Hexanol (1.51% and 1.96%, respectively) compounds were identified 
as the most important ester compounds in fruits of both genotypes. 2-methyl butanol (1.13% and 0.66%, respectively), 
propanol (0.91% and 1.92%, respectively) and ethanol (0.54% and 0.96%, respectively) compounds were other 
identified ester compounds in fruits of both genotypes. In addition to these compounds, E-2-hexanol (0.87%) was 
deWecWed RQO\ iQ µGeOiQ¶ geQRW\Se aQd aOVR SeQWaQRO (1.14%) ZaV deWecWed iQ cY. µMRQdiaO GaOa¶. EVSiQR-Diaz et al., 
(2016) were described butanol as harsh fusel or banana flavor; hexanol as sweet alcohol and 2-methyl butanol as 
pleasant flavor; though propanol as alcoholic-nauseating and ethanol as mild and wine or whisky flavors were 
described as unpleasant flavors. According to Dixon and Hewett (2010), the alcohol acyltransferase enzymes are 
transferred an acyl group from acetyl CoA to the hydroxide group of an alcohol to form an ester in the last stage of 
synthesis of volatiles. This reaction happens not only in fatty acid but also amino acid catabolism.  

Terpenes are one of the main volatile components from the isoprenoid family in fruits of apples. According to 
RXSaViQghe eW aO. (1998), Whe ac\cOic bUaQched VeVTXiWeUSeQe Į-farnesene, synthesized predominantly in epidermal and 
hypodermal cell layers of the fruit, is the most associated with ripe apple fruit (Espino-Dia] eW aO., 2016). Į-Farnesene 
that is responsible for the characteristic green apple odour, is primarily synthesized in peel of apple (Kondo et al., 2005). 
AccRUdiQg WR Whe aQaO\ViV, iW ZaV deWecWed 0.81% Į-faUQeVeQe iQ fUXiWV Rf µGeOiQ¶ geQRW\Se, fXUWheUPRUe 1.03% Į-
faUQeVeQe iQ cY. µMRQdiaO GaOa¶. Į-Farnesene is an unstable aromatic compound of the sesquiterpene that can be 
oxidized in existence Rf Whe R[\geQ. Į-Farnesene oxidation by air forms compounds that are damaging to the fruit in 
VcaOd SURgUeVV (JX aQd BUaPOage, 1999; AQRQ\PRXV, 2019). Į-Farnesene concentrations of apples are lower level in 
beginning of the ripening. However, they increase during maturation due to rising concentrations of ethylene (Barden 
aQd BUaPOage, 1994). IW XVXaOO\ WakeV abRXW 3 PRQWhV fRU a OiWWOe decUeaVe iQ Į-farnesene accumulation to occur and at 
least 3 months for storage scald (Ekinci et al., 2016-b). 

4. Conclusions 

In this research, it was characterized pomological characteristics and volatile constituents of the local apple 
geQRW\Se caOOed µGeOiQ¶ RU µYa]Oik¶ cXOWiYaWed RQO\ iQ CaQakkaOe aQd cRPSaUed ZiWh µMRQdiaO GaOa¶ cRPPeUciaO 
standard apple cultivar.  

The fUXiW chaUacWeUiVWicV Rf Whe µGeOiQ¶ geQRW\Se ZeUe diffeUeQW fURP µMRQdiaO GaOa¶. µGeOiQ¶ geQRW\Se haV VPaOOeU 
fUXiW Vi]e aQd \eOORZiVh gUeeQ SeeO cRORU iV OeVV aWWUacWiYe WhaQ cY. µMRQdiaO GaOa¶. HRZeYeU, fOaYRU cRPSRViWiRQ Rf Whe 
µGeOiQ¶ geQRW\Se may have novel potential for Malus genus.  

OXU UeVXOWV dePRQVWUaWed WhaW µGeOiQ¶ aSSOe geQRW\Se cRQWaiQed PXch PRUe YROaWiOe cRPSRXQdV. AOVR µGeOiQ¶ 
geQRW\Se had PXch PRUe aOdeh\de cRQVWiWXeQWV cRPSaUed WR cY. µMRQdiaO GaOa¶ eVSeciaOO\ fRU E-2-hexenal, 
acetaldehyde, hexanal and 2-PeWh\O SURSaQaO cRPSRXQdV. AOWhRXgh cY. µMRQdiaO GaOa¶ cRQWaiQed PRUe eVWeU UaWiR, 
µGeOiQ¶ geQRW\Se cRQWaiQed PRUe eVWeU cRPSRQeQWV. IW ZaV aOVR fRXQd WhaW Whe diVWUibXWiRQ Rf aURPa cRPSRQeQWV ZaV 
more balanced especially aldehyde:ester:alcohol ratio. 

TheVe UeVXOWV UefOecW Whe diffeUeQce beWZeeQ µGeOiQ¶ geQRW\Se aQd cY. µMRQdiaO GaOa¶. AOdeh\deV aQd eVWeUV aUe 
main volatiles to fruity and floral aroma especially for apples. High contents of these compounds give pleasant flavor 
for cRQVXPeUV. FXUWheUPRUe, SUeVeQce Rf XQdeViUabOe aOcRhRO cRPSRXQdV iV higheU iQ Whe cY. µMRQdiaO GaOa¶.  

ThiV QRYeO ORcaO W\Se caOOed µGeOiQ¶, WhaW deVcUibed iWV SRPRORgicaO SURSeUWieV aQd YROaWiOe cRQVWiWXeQWV, iV QRW a 
standard apple cultivar.  In addition, Whe µGeOiQ¶ geQRW\Se SRSXOaWiRQ caQ UeSUeVeQW a QRYeO VRXUce Rf bUeediQg PaWeUiaOV 
for improvement of aroma characteristics of standard cultivars. 
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Abstract 

The study empirically examines the production efficiency of cassava farmers in Delta State, Nigeria, using 
stochastic frontier analysis. A multi-stage sampling procedure was used to select 120 farmers. The result showed 
that 68.3% of cassava farmers fell within the age range of 40-59 years, majority (63.3%) of them were females, 
69.2% had formal education, 51.7% had 6-10 years farming experience, 62.5% had household size of 6-10 persons, 
70% did not belong to cooperative society, 88.3% of them had farm size between 0.1-0.9 ha, 76.7% did not have 
access to credit and 74.2% also did not have extension contact.  A mean technical efficiency of 67% was recorded. 
The results imply that the average efficiency of cassava production could be improved by 33% through better use 
of existing resources and technology.  The result showed that the return to scale was 1.306.The gamma coefficient 
was 0.86, implying that 86% of variation of cassava output from the production frontier was accounted by the 
technical inefficiency of the farmers. The major factors which influenced the farmers technical efficiency were 
farm size, planting material and capital while farming experience, level of education, access to credit, gender, age 
of farmer and household size exerted a significant effect on their inefficiency level. The major problems faced by 
the farmers were inadequate finance, inaccessibility to credit, inadequate access to improved varieties and high 
cost of inputs. The study deduced that the gross margin and net farm incomes were N155,726.34 a and 
N147,464.84  with BCR of N2.38, suggesting  that cassava production is profitable. It is recommended that more 
farmers should venture into cassava production as a means of wealth creation and employment generation. 
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1. Introduction 

In Nigeria, agriculture has contributed almost 60 percent of GDP and greater than 70 percent of foreign 
exchange income. Cassava is the most important food-processed cash crop of resource-limited farmers in Africa, 
Asia, Latin America and Caribbeans. In addition to contributing to the Gross Domestic Product, it is the greatest 
non-oil export earner, the greatest agency of labour, and the biggest contributor to the introduction of wealth and 
the alleviation of poverty, as massive share of the populace derives its earnings from agriculture and related 
acWiYiWieV (YakXbX aQd AkaQegbX, 2015).IW iV gURZQ iQ YiUWXaOO\ aOO SaUWV Rf Whe¶ cRXQWU\ aQd iV QRZ Whe ORcaO fRRd 
crop for foreign exchange earnings (Onyenwoke and Simonyan 2014). Cassava is the perfect food security crop 
for sub-Saharan Africa because of its capacity to produce in poor environments. Cassava can be cultivated with 
minimal inputs, but produces substantially more fertilizer and better management production. 

Cassavas play a major role in agriculture, particularly in sub-Saharan Africa, as they grow on poor soils and 
low rainfall. It's a crop that can be harvested perennially as needed. It has a remarkable capacity to withstand and 
recover from the pressure of biotics and abiotics. Cassava acts as a hunger buffer to reduce farmers ' poverty. 
Nigeria is currently the world's largest producer of cassava, generating one-third more than Brazil, almost doubling 
Thailand and Indonesia's production capacity and producing around five million metric tons per year (FAO, 2013, 
Anyanwu et al., 2015). This increase in production was attributed to a host of factors such as; the availability of 
many improved varieties of cassava following the research effort of I1TA, the joint effort of African leaders 
through the NeZ PaUWQeUVhiS fRU AfUica¶V DeYeORSPeQW (NEPAD), Whe PUeVideQWiaO caVVaYa SURdXcWiRQ IQiWiaWiYe 
for agricultural transformation through which basic farm inputs were made available to farmers (Ahmed-Hameed 
et al., 2017). 

Nigeria, cassava has a wide range of uses. Today, cassava is moving from a mere surviving crop in the farmer 
field to a commercial plantation crop. This exponential growth of this crop is attributable to its finding as a cheap 
source of edible carbohydrates which can be consumed in raw or processed form as foods like garri, fufu, tapioca, 
starch, pellets, carbohydrate, alcohol biofuel for vehicles, flour and chips. In Nigeria, the majority of cassava 
produced (90%) is used for human food (IITA, 2010, Kamaljit and Preeti, 2017). Owing to the wide range of uses 
WR Zhich caVVaYa iV SXW, WheUe iV aQ e[ceVViYe dePaQd¶ SUeVVXUe iQ iWV SURdXcWiRQ. IQ VSiWe Rf Whe ceQWUaO SRViWiRQ 
occupied by cassava in addressing rural poverty, the smallholder peasants who produce the bulk of cassava in 
Nigeria continue to be economically inefficient in terms of resources management. 

However, cassava farms are categorized by very low productivity, just like other crop farmers, which is a key 
iVVXe iQ NigeUia¶V agUicXOWXUe. The SURbOeP Rf decUeaViQg cURS efficieQc\ UeOies upon on the stage of competence 
of farmers in the utilization of productive resources. It is generally agreed that farmers can increase and sustain 
their agricultural production within the context of existing resources and available technologies by increasing 
agricultural productivity through the competence of usage of resources (Fan et al., 2012). This finding has therefore 
been the main reason why a major economic study has continued to be carried out on agricultural efficiency in 
Nigeria in particular, with limitable resources and opportunities for developing and applying better technologies 
(Girei et al., 2014). Recent observations have shown that cassava production in Delta State is significantly 
deteriorating, owing to poor planting materials, insufficient funding, lack of information, farm size, fluctuations 
in season, inappropriate technology, poor road transport networks, high inputs cost and manual operations. 

Technical efficiency means the ability of a given input and production technology to attain the optimum level 
of output. The ability of a farm to produce a certain production level with the lowest resources is farm efficiency. 
The optimal way to produce a commodity is to use the lowest amount of resources to achieve a certain production 
level (Ogunyinka and Ajibefun ,2003).To reach an optimal production level, resources must be made available 
and the resources available should be used effectively. Successful results-oriented agricultural development and 
strategies require knowledge of farm supply productivities to identify the resources whose quantity or use level 
should be amplified or reduced (Agbontale and  Issa, 2011). Based on this, the focus is now on cassava production 
by small scale farmers, who make up the majority of Nigeria's farmers (Ojimba, 2017).  

Small-scale farmers contributing the bulk of agricultural production must be aided by effective use of their 
production resources to produce higher profitability above subsistence levels. The evaluation of technical 
efficiency gives policymakers more knowledge to enhance understanding among farmers. Indeed, farmers ' 
technical efficiency level has significant implications for the development strategies of the primary sector. 
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Therefore, an understanding of the level of profitability and technical efficiency as well as its relationship with 
farmers and farm features can help farmers to exploit their potential and take critical measures to improve their 
profitability and efficiency. It is in this context that the objective of this study is to estimate the profitability and 
technical efficiency of farmers with cassava production determinants in Delta State, Nigeria, with a view to 
increasing resource efficiency. 

2. Materials and Methods 

The study was conducted in Delta State. Due to the large percentage of farmers involved and the government's 
initiative to increase food sufficiency through the cultivation of cassava, this location was chosen for the study. 
An unsystematic sampling procedure was adopted on a multi-stage basis. The first stage consists of choosing the 
three agro-geopolitical areas, Delta South, Delta North and Delta Central. Two Local Government Areas from 
each of the zones were later chosen. Isoko North, Bomadi, Ethiope West, Ughelli Central, Ukwuani and Ika South 
are the designated local government areas.  A total of eighteen communities were carefully chosen from each of 
the LGAs. From the list of cassava farmers issued by the Delta Agricultural and Rural Development Authority 
(DARDA) extension agents, seven (7) farmers were selected randomly from the above-mentioned communities, 
giving a total of one hundred and twenty-six (126) respondents with the help of a standardized questionnaire. 
However, six questionnaires were discarded due to lack of information. Therefore, only information from 120 
respondents were used for the study. 

Data collected for the study were analyzed using simple descriptive statistics, costs and returns analysis as well 
as stochastic frontier production function. This model concerns itself with the estimation of frontiers that enveloped 
the data rather than those intersecting the data (Kumbhakar and Lovell, 2000). The stochastic frontier function can 
be written by the following equation 1; 

𝑌𝑖 ൌ 𝑓ሺ𝑋𝑖, 𝛽ሻ expሺ𝑉𝑖 െ 𝑈𝑖ሻ                                                                                                                                         ሺEq. 1ሻ 

In cases in which Yi is the output of the ith farm, Xi is a input vector used by the ith faUP; ȕ iV a YecWRU ZiWh 
unspecified parameters, Vi is an allegedly separate, identically distributed variable (iid) N (0,Vv

2) and independent 
of Ui and Ui  is an alleged random variable that is believed to account in the production of the ith farm for technical 
inefficiency. 

The farm specific stochastic production function frontier representing the maximum possible output (Y*) can 
be expressed by the following equation 2; 

𝑌𝑖 ∗ 𝑓ሺ𝑋𝑖; 𝛽ሻ ൅ ሺ𝑉𝑖ሻ                                                                                                                                                          ሺEq. 2ሻ 

Equation (1) may be rewritten using equation (2) by the following equation 3; 

Y𝑖 ൌ 𝑌𝑖 ∗ expሺെ𝑈𝑖ሻ                                                                                                                                                   ሺEq. 3ሻ 

Thus the efficiency of the ith farm denoted by TEi is given by the following equation (4, 5 and 6) 

𝑇𝐸𝑖 ൌ ௒௜
௒௜

∗ൌ expሺെ𝑈𝑖ሻ                                                                                                                                              ሺEq. 4ሻ  

ൌ 𝑓ሺ𝑋𝑖; 𝛽ሻ𝑒𝑥𝑝ሺ𝑉𝑖 െ 𝑈𝑖ሻ/𝑓ሺ𝑋𝑖; 𝛽ሻ𝑒𝑥𝑝ሺ𝑉𝑖ሻ       (Eq. 5) 

ൌ exp ሺെ𝑈𝑖ሻ           (Eq. 6) 

Where Yi is the observed output and Y1* is the frontier output. The difference between Y and Y1* is thus 
incorporated into Ui. The Y is equal to Yi if Ui = 0. This means that production is located on the stochastic frontier 
and therefore technically efficient and that given the level of input the farm achieves its maximum output. If U1 > 
0 is below the frontier, development suggests that the farmer is technically inefficient (Battase and Coelli, 1995). 

Given our research objectives, the generalized stochastic frontier model can be expressed for the cassava 
farmers  by the following equation 7;: 

In Yij = B0 + B1 In X1ij + B2 In X2ij + B3 In X3ij + B4 In X4ij + Vij ± Uij     (Eq. 7) 

Where; subscript ij refers to the jth observation of the ith farmer. 
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In = Logarithm to base e, 

Y =Total output of Cassava (kg) 

X1 =Farm size (ha) 

X2 = Labour Used (Man-days) 

X3 = Planting materials (kg) 

X4 = Capital (N) 

The efficiency Model 

It is unnecessary to know farmers ' degree of technically inefficient without identifying sources of farm 
inefficiency (Coelli, 1996). Consequently, the second stage of this analysis therefore examines the sources of the 
farmers ' technical inefficiency at farm level. 

Inefficiency effects are believed to be distributed separately and U is caused by truncation (at zero) of Mean 
Uij's normal distribution. 

Where Uij is defined by the following equation 8; 

𝑈𝑖 ൌ  𝛽 0 ൅  𝛽 1𝑍1 ൅  𝛽 2𝑍2 ൅  𝛽 3𝑍3 ൅ 𝛽 4𝑍4 ൅  𝛽 5𝑍5 ൅  𝑒1                                                                 ሺEq. 8ሻ 

where; Ui = Technical inefficiency of the ith farmer 

Z1 = Years of experience of the ith farmer in Cassava Production 

Z2 =Formal education of the ith farmer 

Z3 = Credit accessibility (1 for access to credit and 0 otherwise) 

Z4 = Contact and meeting with extension services (Number of visits in the cropping season) 

Z5=Age of farmers (yrs) 

Z6=Household size (persons) 

Z7=Gender (dummy, male = 1, otherwise=0)) 

The ȕ, Z aQd Ȗ cRefficieQWV aUe XQkQRZQ SaUaPeWeUV WR be eVWiPaWed, b\ Whe PeWhRd Rf Pa[iPXP OikeOihRRd, 
using the Computer Programme Frontier Version 4.Ic (Coelli, 1996) along with various parameters which are 
expressed with respect of Z2- Zv+ Zu2, Ȗ (gaPPa) ZX2/Z2 aQd  Ȗ haV a YaOXe Rf beWZeeQ 0 aQd RQe. 

3. Results and Discussion 

3.1. Socio-economic attributes of the farmers 

Table 1 present the socio-economic attributes of the farmers. The result indicated that majority (68.3%) of the 
respondents were in the age bracket of 40-59 years. About 25% of them were between 60-79 years while 6.7% of 
the farmers range between 20-39 years. The reason of older people leading cassava production might be as a result 
of youth migration from rural to urban in search of white collar jobs. Similar to this finding, Onyedicachi (2015) 
found a mean age of 40.79 amongst farmers in Abia State, Nigeria. The result showed that majority (63.3%) were 
female while 36.7% were male. This shows that cassava production was mostly operated by women in the study 
area. This is likely to have a direct relationship on efficiency since women are good at supervision and follow-up 
of farming operations (Berhanu and Beliyu 2015). The result indicated that most (37.5%) of the respondents had 
primary education. The result further showed that 27.5% and 4.1% had secondary and tertiary education 
respectively while 30.8% had no formal education. This means 69.2% were literate. This high educational level 
implies that efficiency can be enhanced with relative ease (Osun et al. 2014, Durojaye and Ogunjinmi 2015). This 
is possible because educated farmers are capable of evaluating and understanding innovations. The result further 
showed that 51.7% of the respondents had farming experience of 6-10 years, 37.5% of them had farming 
experience of 11 years and above. And only 10.8% had 1-5years farming experience. This is in line with the results 
of Komolafe et al. (2014), who found high farming experience among farmers.  This suggest that experience 
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farmers are likely to be efficient than less experienced farmers, given their acquisition of practical knowledge of 
farm business.  

Most of the respondents (62.5%) had household size of between 6-10 persons. About 28.3% of them had 
household sizes ranging between 1-5 persons while only 9.2% had household size of 11 persons and above.  The 
household size could serve as source of cheap labour. This is congruent with Idrisa et al (2012) that large household 
sizes ensure adequate supply of family labour for farm production activities. According to membership of 
association, majority (70%) did not belong to any organization. This is likely to impact negatively on their level 
of their efficiencies. The result indicated that majority (88.3%) of the respondents had farm size between 0.1-0.9ha. 
About 9.2% of the respondents farm size within the range of 1.0-2.0ha and only 2.5 % of them had farm size of 
between 2.1-3.0 ha. This finding corroborates that of Issa et al (2016) who found that maize farmers operate on 
small scale.  The result also revealed that 76.7% of respondents did not access credit while only 23.3% accessed 
credit. This invariably translates into an unproductive use of resources. The result revealed that 74.2% of 
respondents had no interaction with extension workers. This could affect the use of better cassava production 
technologies.  

Table 1. Socioeconomic characteristics of farmers in the study (N = 120) 
Variable  Frequency  Percentage  
Age (years)   
20-39 8 6.7 
40-59 82 68.3 
60-79 30 25.0 
Gender    
Male  44 36.7 
Female  76 63.3 
Educational level   
No formal education 37 30.8 
Primary education 45 37.5 
Secondary education 33 27.5 
Tertiary education 5 4.1 
Farming experience (years)   
1-5 13 10.8 
6-10 62 51.7 
11 and above 45 37.5 
Household size   
1-5 34 28.3 
6-10 75 62.5 
11 and above 11 9.2 
Membership of association   
Member  36 30.0 
Non-member 84 70.0 
Farm size (ha)   
0.1-0.9 106 88.3 
1.0-2.0 11 9.2 
2.1-3.0 3 2.5 
Credit access   
Access  28 23.3 
No access 92 76.7 
Extension contact   
Contact  31 25.8 
No contact 89 74.2 

 
 
 



Gbigbi 
 Technical efficiency and profitability of cassava production in Delta State: A stochastic frontier production function analysis 

   
 

26 

3.2. Production Function Analysis 

The results of the stochastic frontier function are presented in Table 2. The stochastic frontier model's parameter 
estimates show that only three determinants of cassava production such as farm size, planting material and capital 
differed significantly from zero. The farm size coefficient was significant at a level of 1% and its coefficient was 
positive. This indicates that an upsurge in farm size would lead to an increase in cassava production. This conforms 
to Krishna et al (2016) findings that farm sizes had positive effects on efficiency. The coefficient of planting 
materials was positive which conformed to a priori expectation and this resource was significant at 5% level. This 
shows that increased planting materials would increase cassava output. The result concurs with (Ezeibe et al 2015). 
The coefficient of capital was positive which conformed to a priori expectation and this resource was important at 
1% level. This infers that increased capital would lead to increase in cassava output. 

Table 2. Maximum likelihood estimation of the cobb-douglas stochastic production function 

Variable Parameter  Coefficient  Standard error t-value 
Production factors     
Constant B0 5.620 0.612 9.183*** 
Farm size B1 0.437 0.041 10.659*** 
Labour B2 0.210 0.119 1.765 
Planting material B3 0.516 0.204 2.529** 
Capital  B4 0.143 0.033 4.333*** 
Inefficiency effects     
Constant Z0 2.387 0.935 2.553** 
Farming experience Z1. -2.246 0.689 3.260*** 
Education Z2 -0.701 0.205 3.420*** 
Credit access Z3 -0.048 0.017 2.824** 
Extension contact Z4 0.240 0.603 0.398 
Age of farmers Z5 0.754 0.163 4.626*** 
Household size Z6 1.592 0.470 3.387*** 
Gender  Z7 -0.206 0.072 2.861** 
Sigma-squared    0.603 0.276 2.183 
Gamma   0.861 0.347 2.482 
Log-likelihood function  54.140   

  ***, ** significant at 1% and 5% probability level 

The result shows that farming experience was negative. This shows that the years of farming experience 
decreases technical inefficiency of the farmers, hence, its effect on the technical efficiency increases with more 
years spent in farming. The variable education was negative. This indicates that the literacy level of cassava 
farmers decreases the technical inefficiency of the farmers. This suggests that educated farmers use productive 
resources efficiently to maximize production, presumably due to their enhanced technical knowledge acquisition. 
This result is congruent with Akerele et al (2018). The variable access to credit is negative and statistically 
PeaQiQgfXO ZiWh WechQicaO iQefficieQc\ Rf Whe UeVSRQdeQWV. The iPSOicaWiRQ iV µWhaW faUPeUV ZiWh PRUe access tend 
to have higher competence level than those with less access to credit. in cassava. The farmers access to credit at 
the right time and amount received helps acceptance of better technologies and timely procurement of planting 
materials which will lead to higher level of farm efficiency and output. The inefficiency estimates indicate that age 
of farmers was positive and complied with a priori expectation. This indicates that the farmers age increases 
technical inefficiency, which implies that age decreases the technical efficiency of the farmers. Given the aging 
nature of farmers in the study area, this finding is not surprising. This is so because aged farmers lack vigor and 
stamina required to accomplish cassava production tasks which are not only labour intensive and time consuming 
but done manually. The variable household size has a positive relationship with technical inefficiency status of the 
farmers. This indicates that the household size increases technical inefficiency of the farmers. This could be that 
the respondents did not judiciously utilized the available family labour in the farm. The variable gender has 
negative relationship with technical inefficiency. This indicates that the males are more technically efficient than 
the female counterparts. This is consistent with a priori expectation. This result can be explained by the 



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(1) 

 27 

phenomenon that cassava production is very tedious requiring strength to cope which the men are more capable. 
The result is also congruent with Ekunwe et al (2018) that correlation exist between gender of household head and 
technical efficiency.  

3.3.Technical efficiency analysis 

The result of the technical efficiency analysis are presented in Table 3. The findings of evaluation of the 
technical output of the producers showed that there was a significant technical inefficiency in cassava production 
as indicated by a 5 percent gamma value of 0.861. This implies that about 86.1% variation in the output of farmers 
was due to differences in their technical efficiency. As evidenced in Table 3, the estimated technical efficiency 
varies widely among the sample cassava farmers ranging from 0.47-0.94 with mean technical efficiency of 0.67. 
The highest range of farms technical efficiency was 0.71 - 0.80 representing 60% of the sample farmers followed 
by 0.81-0.90 (21.7%) and the lowest range of technical efficiency was less than 0.50 (2.5%) while only 3.3% have 
an efficiency level of above 90%. On the average, an average cassava farmer in the study area is able to obtain 
only 67% of cassava output from his input combination. This suggests that the average cassava farmer was 33% 
far away from the frontier technical efficiency (100%) given the existing technology in the area. The broad 
variance in technical efficiency estimates indicate that majority of farmers often make inefficient use of their 
resources during the production process and possibilities are still available to increase their current level of 
technical performance. By implication, this result shows that in the short run, cassava output can be enhanced by 
67% through the adoption of improved cassava production technologies and sound farm management practices. It 
can be concluded that an average cassava farmer in the area of the study can realize 28.7% cost saving (i.e. 1- 
(67/94) x 100) in order to achieve its most efficient technical efficiency. In order to achieve the most productive 
level of technical efficiency, a cassava farmer must also achieve 50% (i.e. 1-(46/94) x 100) cost savings. The result 
supports Nwike and Ugwumba (2016) who reported different levels of inefficiency in resource use among cassava 
farmers in Nigeria. 

 

Table 3.Technical efficiencies of sampled cassava farmers 

Efficiency level Frequency Percentage 
< 0.50 3 2.5 
0.50-0.60 6 5.0 
0.61-0.70 9 7.5 
0.71-0.80 72 60.0 
0.81-0.90 26 21.7 
0.91-1.00 4 3.3 
Total 120 100.0 
Minimum = 0.47   
Mean = 0.67   
Maximum = 0.94   

3.4.Returns to Scale  

The result of the Returns to Scale of cassava production in the study area is presented in Table 4. Table 4 
shows the elasticity and returns to scale of cassava production. The returns to scale indicate what would happen to 
output if all the inputs are increased at the same time. The result of the estimated model shows that the output 
elasticity was 1.306.   

Table 4. Elasticities and return to scale of the parameter of stochastic frontier production function 

Variables Elasticities 
Farm size 0.437 
Labour 0,210 
Planting materials 0.516 
Capital  0.143 
RTS 1.306 
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The result of this study shows that one unit increase in the quantities of the inputs would cause output to 
increase at an increasing rate. This infers that the surveyed cassava farmers were producing at an increasing return 
to scale. This denotes that a unit increase in all the production resources put together would bring about more than 
unit increase in output of cassava. The cassava farmers are at the irrational stage of production -stage 1 implying 
that inputs were under-utilized by the cassava farmers. This suggested that cassava farmers could benefit from the 
economies of scale linked to increasing returns. 

3.5. Cost and return analysis of cassava production 

The profitability of cassava production was determined using the cost and return analysis as presented in Table 
5. The result shows that the total revenue realized was N254,393.30 with a total cost of production of N106,928.46 
per hectare, the net income per hectare was N147, 464.84 and a gross margin of N155,726.34. It also reveals a 
benefit cost ratio of N2.38 implying that for every one naira invested in cassava production a profit of N2.38k was 
realized from its sales. The result is congruent with Nzeh-Emeka and Ugwu (2014) findings in Ondo State, Nigeria 
that cassava farmers realized a net farm income of N347,510.00 per hectare of cassava production.  

Table 5. Cost and return analysis of cassava production 

Cost/revenue items  Amount (N/ha) Percentage  
Variable cost   
Cuttings (kg/ha) 12,327.22 11.5 
Fertilizer(kg/ha) 10,566.19 9.9 
Herbicide (litre/ha) 3,522.06 3.3 
Transportation  7,044.13 6.6 
Labour(N/ man days)   
Land clearing 15,283.10  
Tillage  9,522.06  
Planting  5039.70  
Weeding  25,283.10  
Fertilizer application 2,519.85  
Harvesting  7,559.55  
Total labour cost 29,207.36 27.3 
Total variable cost 98,666.96 92.3 
Fixed cost    
Land 6,500.00  
Implements  1,761.03  
Total fixed cost 8261.50 7.7 
Total cost 106,928.46 100.0 
Total revenue 254,393.30  
Net income 147,464.84  
Gross margin 155,726.34  
Benefit/cost ratio (BCR) 2.38  

3.6. Constraints of cassava production 

The constraints affecting cassava production is presented in Table 6. The result indicates that inadequate 
finance was the most pressing problem limiting cassava production and it accounted for 72.5% of the respondents. 
This finding is supported by Nmadu et al. (2015) who identified inadequate finance a constraining factor to active 
participation in agricultural activities in Ondo State, Nigeria. About 62.5% of them were affected by lack of access 
to credit, 61.7% faced problem relating to  inadequate access to improved varieties and 59.2 % had high cost of 
input problem because of poor financial resources. This implies that most of the farmers had problem of procuring 
inputs such as improved cassava cuttings and fertilizer because they depend on their personal savings for cassava 
production. The farmers pointed out that inadequate processing facilities (55.8%) and inadequate storage facilities 
(54.2%) was a serious problem in cassava production. About 47.5% agreed that transportation was also a challenge 
in cassava production. 
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Table 6. Constraints of cassava production 
Constraint  Frequency  Percentage  Ranking  
Inadequate finance 87 72.5 1st 
High input cost  71 59.2 4th 
Access to credit  75 62.5 2nd 
Labour  38 31.7 9th 
Inadequate extension services 52 43.3 8th 
Transportation  57 47.5 7th 
Inadequate storage facilities  65 54.2 6th 
Inadequate access to improved varieties 74 61.7 3rd 
Pest and disease 34 28.3 10th 
Inadequate processing facilities 67 55.8 5th 
Poor marketing outlets 28 23.3 11th 

Multiple responses 

4. Conclusions 

The farmers were inefficient in the use of a given technology or mix of inputs but can attain optimum efficiency 
at the frontier line by a 33% increase. The major factors which influenced the farmers technical efficiency were 
farm size, planting material and capital while farming experience, level of education, access to credit, gender, age 
of farmer and household size exerted a significant effect on their inefficiency level. The major problems faced by 
the farmers were inadequate finance, inaccessibility to credit, inadequate access to improved varieties and high 
cost of inputs. It is therefore recommended that the farmers should join cooperative society to facilitate access to 
credit from financial institutions, acquire inputs at a subsidized rate and other forms of assistance from the 
government. Apart from the provision of basic production inputs to cassava farmers, effort should be directed 
towards intensive research and introduction of improved cassava production technologies. There is also need to 
establish adequate storage and processing facilities to further boost cassava utilization. Finally, considering the 
farm size cultivated by the farmers, the study recommends the expansion of cassava farmland. 
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Özet 

SiUkeQiQ biOeúiPi Ye kaOiWeViQi dR÷UXdaQ eWkiOePekWe ROaQ haPPaddeQiQ eWkiViQi iQceOePek aPacÕ\Oa VaWÕúa VXQXOaQ 
de÷iúik PaUkaOaUa aiW faUkOÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeUiQ (BaO, h]�P, NaU, EOPa Ye AOÕo) ba]Õ 
fizikokimyasal özellikleri ve biyoaktif bileúeQOeUi iQceOeQeUek TS 1880 EN 13188 VWaQdaUdÕQa X\gXQOXkOaUÕ 
aUaúWÕUÕOPÕúWÕU. FaUkOÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeUdeQ aOÕQaQ |UQekOeUiQ WRSOaP kXUX Padde, k�O, SH, WRSOaP 
aViWOik, XoaU aViWOik, XoPa\aQ aViWOik, WRSOaP úekeU, SO2, \R÷XQOXk, aOkRO, WRSOam antioksidan aktivite ve toplam 
feQROik biOeúeQOeUi beOiUOeQPiúWiU. gUQekOeUiQ kXUX Padde PikWaUÕ % 0.65-6.48, k�O PikWaUÕ % 0.098-1.937, pH 
de÷eUi 2.68-3.31 aUaOÕ÷ÕQda WeVSiW ediOPiúWiU. Toplam asitlik % 0.870-6.185 (asetik asit), uçar asit % 0.869-6.119, 
uçmayan asit % 0.0006-0.1221 aUaOÕ÷ÕQda beOiUOeQiUkeQ, WRSOaP úekeU PikWaUÕ 0.288-288.2 g L-1, SO2 PikWaUÕ 12.8-
70.4 mg L-1, \R÷XQOXk 1.0089-1.0356 g cm3-1 Ye aOkRO PikWaUÕ % 0.1-0.6 aUaOÕ÷ÕQda WeVSiW ediOPiúWiU. SiUkeOeUiQ 
WRSOaP feQROik Padde ioeUi÷i, eQ d�ú�k baO (B4) ViUkeViQde 73.52 Pg GAE L-1, en yüksek ise nar (N1) sirkesinde 
1885.71 mg GAE L-1 ROaUak WeVSiW ediOPiúWiU. Di÷eU biU bi\RakWif |]eOOik ROaQ aQWiRkVidaQ kaSaViWe de÷eUOeUi DPPH 
\|QWePi iOe aQaOi] ediOPiú Ye EC50 de÷eUOeUiQiQ 5.83-538.7 µl mL-1 aUaOÕ÷ÕQda ROdX÷X beOiUOeQPiúWiU. EQ \�kVek 
antioksidan kapasite nar sirkesinde (N3) 5.83 µl mL-1, eQ d�ú�k aQWiRkVidaQ kaSaViWe iVe baO ViUkeViQde 538.7 µl 
mL-1 (B4) WeVSiW ediOPiúWiU.  

EOde ediOeQ VRQXoOaU ÕúÕ÷ÕQda ViUkeQiQ biOeúiPiQiQ �UeWiOdi÷i haPPadde\e ba÷OÕ ROaUak b�\�k |Oo�de de÷iúkeQOik 
g|VWeUdi÷i Ye ViUke kaOiWeViQiQ haPPaddedeQ geOeQ bi\RakWif biOeúeQOeUiQ \R÷XQOX÷XQa g|Ue aUWWÕ÷Õ g|]OePOeQPiúWiU. 
g]eOOikOe bi\RakWif biOeúeQOeU, ViUkeQiQ Va÷OÕk �]eUiQe eWkiOeUiQi ROXPOX \|Qde eWkiOePekWediU. AQcak, ViUkeOeUiQ 
bi\RakWif biOeúeQOeU bakÕPÕQdaQ faUkOÕ �VW�QO�kOeUi bXOXQPakOa biUOikWe, \aSÕOaQ aQaOi]OeUde, ViUkeOeUiQ ba]Õ 
biOeúeQiQiQ \aVaOaUOa beOiUOeQeQ VWaQdaUWOaUa X\PadÕ÷Õ WeVSiW ediOPiúWiU. SiUke, aVeWik aViW ioeUi÷iQdeQ dROa\Õ fa]Oa 
PikWaUda bR]XOPa beOiUWiVi g|VWeUPePeVi QedeQi\Oe WakOiW Ye Wa÷úiú bakÕPÕQdaQ oRk �]eUiQde dXUXOPa\aQ biU 
gÕdadÕU. SiUkeOeUe dÕúaUÕdaQ aVeWik aViW iOaYeVi \aSÕOPaVÕ Ye/Ye\a aVeWik aVidiQ VXOaQdÕUÕOPaVÕ eQ fa]Oa \aSÕOaQ hiOeOeU 
aUaVÕQdadÕU. BX QedeQOe, ViUke biOeúiPiQiQ beOiUOeQPeVi Ye iOgiOi PeY]XaWa X\gXQOX÷XQXQ kRQWURO� dR÷aO Ye \aSa\ 
ViUkeOeUiQ a\ÕUW ediOPeVi aoÕVÕQdaQ oRk |QePOidiU.  

Anahtar kelimeler: Sirke, Fizikokimyasal özellikler, Toplam fenolik madde, Antioksidan aktivite, DPPH 
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Abstract 

In order to examine the effect of raw material, which directly affects the composition and quality of vinegar in the 
production, some physicochemical properties and bioactive components of vinegars produced from different raw 
materials (Honey, Grape, Pomegranate, Apple and Hawthorn ), which are sold in the market, were examined and 
their compliance with TS 1880 EN 13188 standard was investigated. Total dry matter, ash, pH, total acidity, 
volatile acidity, non- volatile acidity, total sugar, SO2, density, alcohol, total antioxidant activity and total phenolic 
components of the samples from vinegars produced from different raw materials were determined. Total dry matter, 
ash and pH of the samples were between 0.65-6.48 %, 0.098-1.937 % and 2.68-3.31, respectively. Total acidity 
was determined in the range of 0.870-6.185% (acetic acid), volatile acidity 0.869-6.069%, non-volatile acidity 
0.0006-0.1221%, total amount of sugar 0.288-288.2 g L-1, SO2 amount 12.8-70.4 mg L-1, density 1.0089-1.0617 g 
cm3 -1 and alcohol were determined between 0.1-0.6%. The lowest total phenolic content was determined as 73.52 
mg GAE L-1 in the honey vinegar while it was the highest in the pomegranate vinegar as 1885.71 mg GAE L-1. 
Antioxidant capacity values, another bioactive component in vinegar, were analyzed by DPPH method and EC50 
values were determined to be in the range of 5.83-538.7 µl mL-1. The highest antioxidant capacity was found as 
5.83 µl mL-1 in pomegranate vinegar (N3), while the lowest antioxidant capacity was determined as 538.7 µl mL-

1 (B4) in honey vinegar. 

As a consequence of the results obtained, it was observed that the composition of the vinegar varied widely 
depending on the raw material from which the vinegar was produced and the quality of the vinegar increases 
according to the density of the bioactive components coming from the raw material. In particular, bioactive 
components positively influence the effects of vinegar on health. However, although vinegars had different 
advantages in terms of bioactive components, it was found that some components of vinegars did not comply with 
the standards set by law. Since it does not show much deterioration due to its acetic acid content, vinegar is not 
emphasized much in terms of imitation and adulteration. Adding acetic acid from outside or diluting acetic acid 
are among the most common tricks in vinegars. Therefore, determination of vinegar composition and control of 
compliance with the relevant legislation is very important in order to distinguish natural and artificial vinegar. 

Key words: Vinegar, Physicochemical properties, Total phenolic content, Antioxidant activity, DPPH 
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1. Giriú 

SiUke faUkOÕ haPPaddeOeUdeQ, faUkOÕ \|QWePOeUOe eOde ediOeQ, aVeWik aViW feUPaQWaV\RQX iOe aOkRO�Q aVeWik aVide 
d|Q�úW�U�Od�÷� biU �U�Qd�U (Aktan ve Kalkan, 1998). TS 1880 EN 13188 ViUke VWaQdaUdÕQa g|Ue; ³TaUÕP k|keQOi 
VÕYÕOaU Ye\a di÷eU PaddeOeUdeQ, iki aúaPaOÕ aOkRO Ye aVeWik aViW feUPaQWaV\RQX\Oa, bi\RORjik \ROOa �UeWiOeQ keQdiQe 
|]g� �U�Q´ ROaUak WaQÕPOaQPakWadÕU. FAO/WHO gÕda VWaQdaUdÕQa g|Ue iVe; ViUke, iki feUPaQWaV\RQ SURVeVi \aQi 
eWiO aOkRO Ye aVeWik aViW feUPaQWaV\RQOaUÕ\Oa, QiúaVWa Ye/Ye\a úekeU ihWiYa edeQ WaUÕPVaO k|keQOi haPPaddeOeUdeQ 
�UeWiOeQ, iQVaQ W�keWiPi ioiQ X\gXQ ROaQ biU VÕYÕdÕU (Anonim, 2000). CRde[ AOiPeQWaUiXV KRPiV\RQX¶Qa g|Ue ViUke, 
iQVaQ W�keWiPi ioiQ Va÷OÕkOÕ ROaQ Ye Vadece QiúaVWa Ye\a úekeU ioeUeQ X\gXQ �U�QOeUdeQ aOkRO Ye aVetik iki 
feUPeQWaV\RQ VRQXcXQda �UeWiOeQ VÕYÕ ROaUak WaQÕPOaQÕU. SiUke %0.5¶deQ fa]Oa aOkRO ioeUePe] Ye AYUXSa kXUaOOaUÕQa 
g|Ue feUPeQWe ediOPiú ViUkeOeUde VWabiOi]aW|U kXOOaQÕPÕQa i]iQ YeUiOPePekWediU. SiUke a\QÕ ]aPaQda 50 g (Z/Y)daQ 
az asetik asit içeremez (WHO, 1987). SiUke, Oe]]eW YeUici ROaUak VRfUaOaUda kXOOaQÕOPaVÕQÕQ \aQÕQda, VaOoa, Pa\RQe], 
haUdaO gibi ba]Õ gÕdaOaUÕQ \aSÕVÕQa da giUPekWediU (KÕUcÕ, 2017). Ba]Õ �OkeOeUde haQgi haPPaddeOeUdeQ ViUke 
\aSÕOaca÷Õ \aVa Ye W�]�kOeUOe beOiUOeQPiúWiU. HaPPaddeOeUiQ biOeúiPi ViUke biOeúiPi �]eUiQde dR÷UXdaQ eWkiOi ROXS, 
ViUkeQiQ kaOiWeVi haPPaddedeQ geOeQ biOeúeQOeUe g|Ue de÷iúkeQOik g|VWeUPekWediU. HaPPaddeOeUiQ biOeúiPOeUi iVe 
ikOiP, WRSUak kRúXOOaUÕ, oeúiW Ye \eWiúWiUPe WekQikOeUi gibi eWkeQOeUe ba÷OÕ ROaUak de÷iúikOik g|VWeUPekWediU (Prescott 
ve ark., 1959; Morales ve ark, 2004). Saf aVeWik aViWWeQ eOde ediOeQ ViUke feUPaQWaV\RQ \ROX\Oa \aSÕOPa\ÕS, Vadece 
VX ioeUiViQde aVeWik aViW PikWaUÕ a\aUOaQaUak eOde ediOeQ biU �U�Qd�U.  

HeUhaQgi biU Pe\YeQiQ Ye\a úaUabÕQ ViUke\e eQ X\gXQ úekiOde QaVÕO iúOeQece÷i X]XQ \ÕOOaU aOaQ WekQRORjik 
aUaúWÕUPaOaU VRQXcX RUWa\a oÕkPÕúWÕU. SiUke kaOiWeViQi haPPadde Ye kXOOaQÕOaQ �UeWiP \|QWePi beOiUOePekWediU 
(Carnacini and Gerbi, 1992). SiUke �UeWiPi YaYaú \|QWeP (BaViW \aYaú, OUleans, Pastör yöntemleri), Çabuk yöntem 
(Sch�W]eQbach, JeQeUaW|U, Di÷eU jeQeUaW|U) Ye DeUiQ k�OW�U \|QWePOeUi ROPak �]eUe �o faUkOÕ úekiOde 
\aSÕOabiOPekWediU. BX WekQikOeUiQ haQgiOeUiQiQ VeoiOece÷i, iúOeWPeQiQ kaSaViWeVi Ye iVWeQiOeQ �U�Q kaOiWeViQe g|Ue 
de÷iúPekWediU (Aktan ve Kalkan, 1998). 

D�Q\ada Va÷OÕ÷a \aUaUOÕ ROaQ gÕda �U�QOeUiQe W�keWici e÷iOiPOeUiQiQ aUWPaVÕ, faUkOÕ haPPaddeOeUdeQ �UeWiOPiú 
ViUke\e ROaQ WaOebiQ de aUWPaVÕQa QedeQ ROPXúWXU. SiUke biOeúiPiQdeki bi\RakWif biOeúeQOeU ViUkeQiQ Va÷OÕk 
üzerindeki etkilerini olumlu etkilemekte Ye dROa\ÕVÕ\Oa faUkOÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeUiQ bi\RakWif 
biOeúeQOeU bakÕPÕQdaQ faUkOÕ �VW�QO�kOeUi ROabiOPekWediU. BXdak (2010), eOPa Ye �]�P ViUkeOeUi �]eUiQe \aSPÕú 
ROdX÷X oaOÕúPaVÕQda, feQROik biOeúeQ PikWaUÕQÕQ aOkRO feUPeQWaV\RQX iOe aUWWÕ÷ÕQÕ, aVeWik aViW feUPeQWaV\RQX iOe oRk 
a] d�úW�÷�Q� biOdiUPiúWiU. BX QedeQOe feQROik biOeúeQOeUiQ ViUke\e geoPeVi ioiQ aOkRO feUPeQWaV\RQXQXQ |QePOi biU 
aúaPa ROdX÷XQX beOiUOePiúOeUdiU. SiUkeQiQ; ViQdiUiP kROa\OaúWÕUÕcÕ, iúWah aoÕcÕ, kaQ baVÕQcÕ d�]eQOe\ici, diyabet ve 
Rbe]iWe, kROeVWeURO, kaUaci÷eU fRQkVi\RQOaUÕ, RkVidaWif VWUeV Ye kaQVeUe eWkiViQiQ \aQÕQda aQWiPikURbi\eO eWkiVi gibi 
Va÷OÕk �]eUiQe biUoRk ROXPOX eWkiVi ROdX÷X iOe iOgiOi oaOÕúPaOaU bXOXQPakWadÕU (g]eQ, 2018; G|kÕUPakOÕ Ye aUk., 
2019).  

Sirke WakOiW Ye Wa÷úiúe oRk P�VaiW biU �U�Q ROPaVÕ QedeQi\Oe, WaUih bR\XQca Wa÷úiú Ye WakOiWOeUe PaUX] kaOPÕúWÕU 
(ùahiQ Ye KÕOÕo, 1981). SiUke, aVeWik aViW, kXUX Padde aUWÕUÕcÕ Ye UeQk PaddeOeUi iOaYeVi \aSÕOaUak Wa÷úiú 
ediOebiOPekOe biUOikWe, dR÷aO feUPaQWaV\RQ ViUkeOeUi ioeUiViQe VeQWeWik aVeWik aViW iOaYeVi de \aSÕOaQ hiOeOeU 
aUaVÕQdadÕU. BXQXQ VRQXcXQda heP hakVÕ] ka]aQo Va÷OaQPakWa Ye �UeWiciOeU aUaVÕQda hakVÕ] UekabeW ROXúPakWa, 
heP de W�keWiciOeU \aQÕOWÕOPakWadÕU. BX VebeSOe aVeWiO PeWiO kaUbiQRO WeVWi, XoXcX ROPa\aQ aViW PikWaUÕ, WRSOaP kXUX 
Padde PikWaUÕ, k�O PikWaUÕ, i\RW Va\ÕVÕ Ye RkVidaV\RQ Va\ÕVÕ aQaOi]OeUi gibi ViUkeQiQ biOeúiPiQi beOiUOePek, ViUke 
hiOeOeUiQi RUWa\a oÕkaUPada |QeP aU] etmektedir (Aktan ve Kalkan, 1998).   

FaUkOÕ haPPaddeOeUdeQ �UeWiOPiú ViUkeOeUiQ fi]ikRkiP\aVaO |]eOOikOeUi �]eUiQe biUoRk aUaúWÕUPa \aSÕOPÕú ROXS 
bXQOaUdaQ ba]ÕOaUÕ TabOR 1¶de |]eWOeQPiúWiU.  

T�keWici WeUcihOeUiQe SaUaOeO ROaUak Si\aVada faUkOÕ haPPaddeOeUdeQ �UeWiOPiú ViUke oeúiWOiOi÷iQiQ aUWPaVÕ iOe 
biUOikWe ViUkeOeUde WakOiW Ye Wa÷úiú kRQXVXQda hiOeOeUiQ RUWa\a oÕkaUÕOPaVÕ bX �U�QOeUiQ g�YeQiUOi÷i bakÕPÕQdaQ 
ROdXkoa |QePOidiU. BX oaOÕúPada, �OkePi]de �UeWiOeQ Ye TUak\a b|OgeViQde VaWÕúa VXQXOaQ de÷iúik PaUkaOaUa aiW 
faUkOÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeUiQiQ fi]ikRkiP\aVaO Ye bi\RakWif biOeúeQOeUi iQceOeQPiúࡤ ilgili mevzuata 
X\gXQOXkOaUÕ aUaúWÕUÕOPÕúWÕU. 
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Tablo 1. FarklÕ hammaddelerden �retilmiú sirkelerin bazÕ fizikokimyasal özellikleri ile ilgili çalÕúmalar 
Table 1. Studies on some physicochemical of Vinegar produced from different raw materials 

 Sirke oeúidi Fizikokimyasal özellikler Referans 
 
 
K�O PikWaUÕ 
(g L-1) 

Üzüm 1.820-2.158 
1.9-4.8 

ùahiQ, 1977 
Budak, 2010 

Elma 1.7-4.7 Budak, 2010 
Bal 0.11-2.72 Alak, 2015 

 
 
Titrasyon aViWOi÷i  
Asetik asit cinsinden 
(g L-1) 

 
Üzüm 

4.14-6.59 
0.53-12.29 

Ünal, 2007 
Budak, 2010 

Elma 0.19-7.37 Budak, 2010 
Bal 7.80-46.20 

 
Alak, 2015 
 

 
pH 

Üzüm 2.87-3.91 Budak, 2010 
Elma 2.87-4.30 Budak, 2010 
Bal 2.19-3.35 

 
Alak, 2015 
 

 
Toplam úekeU  PikWaUÕ  
(g L-1) 

 
Üzüm 

0.87-4.46 
0-6.2 

0.8-3.2 

KÕOÕo 1976 
Plessi, 2003 
Ünal, 2007 

Elma 144.24 Budak, 2010 
 
 
 
Kuru madde (%) 

 
 
Üzüm 

9.9-11.9 
5.44-17.62 
10.85-12.60 
1.66-22.58 

ùahiQ, 1977 
ùahiQ Ye KÕOÕo, 1981 
Ünal, 2007 
Budak, 2010 

Elma 1.37-10.26 Budak, 2010 
Bal 1.23-5.92 Alak, 2015 

 
 
YR÷XQOXk  
(g cm3 -1) 

 
 
Üzüm 

1.0100-1.0190 
1.0110-1.0135 

1.013-1.020 
0.9955-1.0981 

ùahiQ, 1977 
Ünal, 2007 
Plessi, 2003 
Budak, 2010 

Elma 1.013-1.024 
0.9987-1.0517 

Plessi, 2003 
Budak, 2010 

Bal 1.00346-1.157346 Alak, 2015 
 

2. Materyal ve Metot 

2.1. Materyal 

AUaúWÕUPada TekiUda÷ PaUkeWOeUiQdeQ 14 ViUke |UQe÷i; d|UW faUkOÕ PaUka\a aiW baO ViUkeVi (B1, B2, B3, B4), �o 
faUkOÕ PaUka\a aiW �]�P ViUkeVi (h1, h2, h3), �o faUkOÕ QaU ViUkeVi (N1, N2, N3), iki faUkOÕ PaUka\a aiW eOPa ViUkeVi 
(E1,E2), iki faUkOÕ PaUka\a aiW aOÕo ViUkeVi (A1, A2), WeVad�fi |UQekOePe \|QWePiQe g|Ue VaWÕQ aOÕQPÕúWÕU.   

2.2. Metot 

Fi]ikRkiP\aVaO aQaOi]OeU, SiUke |UQekOeUiQde; SH de÷eUi (ISOLAB LabRUgeUaWe GPbH  PRdeO, AOPaQ\a) pH 
PeWUe iOe beOiUOeQPiúWiU. KXUX Padde Wa\iQi Ye k�O PikWaUÕ Wa\iQi AkWaQ Ye KaOkaQ (1998)¶ÕQ beOiUWWi÷i \|QWePe g|Ue 
\aSÕOPÕúWÕU. 

TRSOaP aViWOik, 10 PL ViUke �]eUiQe 20 PL Vaf VX kRQXOaUak SH 8.2 ROXQca\a kadaU 0,1N NaOH kXOOaQÕOaUak 
titre edilen örnekOeUiQ WRSOaP aViW PikWaUÕ aVeWik aViW ciQViQdeQ % ROaUak YeUiOPiúWiU (Anonim 1990b; Ough ve 
ark.1988). 

Uçmayan asit tayini, 200 mL hacimdeki bir porselen kapsüle 10 mL sirke konularak su banyosunda 
ka\Qa\ÕQca\a kadaU XoXUXOPXúWXU. h]eUiQe 5-10 mL destile VX kRQaUak \eQideQ XoXUXOPXú, bX iúOeP 5 ke] 
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WekUaUOaQPÕúWÕU. Daha VRQUa SRUVeOeQ kaSV�Odeki aUWÕk �]eUiQe heQ�] ka\QaWÕOÕS VR÷XWXOPXú 200 PL deVWiOe VX iOaYe 
ediOPiú iQdikaW|U ROaUak biUkao daPOa feQROfWaOe\Q daPOaWÕOaUak Ye 0.1 N NaOH iOe WiWUe ediOPiúWir. Sarfedilen 1 ml 
0.1 N alkali 0,006 g asetik aside tekabül etmektedir (Aktan ve Kalkan, 1998). Uçar asit tayini, Toplam asit 
PikWaUÕQdaQ XoPa\aQ aViW PikWaUÕ oÕkaUÕOaUak bXOXQPXúWXU (AkWaQ Ye  KaOkaQ, 1998).  

Kükürt dioksit SO2 PikWaUÕ, 250 PL¶ Oik eUOeQe 50 PL ViUke, SiSeW XcX eUOeQiQ WabaQÕQa de÷Piú ROaUak hÕ]OÕ biU 
úekiOde akWaUÕOPÕú, �]eUiQe 10 PL % 25¶Oik H2SO4 ve 2-3 PL %1¶Oik QiúaVWa o|]eOWiVi iOaYe ediOPiú, N/64¶ O�k I 
o|]eOWiVi iOe WiWUe ediOPiúWiU. YR÷XQOXk Ta\iQi iVe, 20�C¶de SikQRPeWUe iOe beOiUOeQPiúWiU.  

TRSOaP ùekeU Wa\iQi, CaUUe] o|]eOWiOeUi iOe PXaPeOe ediOeQ ViUkeOeUiQ WRSOaP úekeU aQaOi]i LXff-Schoorl 
\|QWePi kXOOaQÕOaUak \aSÕOPÕúWÕU (CePeUR÷OX, 2007).  

AOkRO MikWaUÕ Wa\iQi, ViUkeOeUiQ daPÕWÕOPaVÕ\Oa eOde ediOeQ aOkROO� VÕYÕQÕQ \R÷XQOX÷X piknometre ile 
beOiUOeQPeVi\Oe |Qce a÷ÕUOÕk (g L-1), VRQUa da haciP (% h/h) aOkRO ROaUak ifade ediOPiúWiU (TS 522). 

Toplam Fenolik Madde tayini, Folin-CiRcaOWeX a\UacÕ iOe beOiUOeQPiú ROXS 720 QP¶de VSekWURfRWRPeWUede 
RkXQPXúWXU (CePeUR÷OX, 2007).  

TRSOaP AQWiRkVidaQ De÷eUi Ta\iQi, DPPH VeUbeVW UadikaO \akaOaPa kaSaViWeVi aQaOi]i  (DPPH) Garzón ve 
WUROVWad (2009)¶ÕQ biOdiUdi÷i \|QWePe g|Ue \aSÕOPÕúWÕU.  

AUaúWÕUPa VRQXoOaUÕ SPSS SWaWiVWicV 18.0 SakeW SURgUaPÕ kXOOaQÕOaUak OQeZa\ AQRYa YaU\aQV aQaOi]iQe tabi 
WXWXOPXúWXU. gQePOi bXOXQaQ YaU\aV\RQ ka\QakOaUÕ DXQcaQ oRkOX kaUúÕOaúWÕUPa WeVWiQe Wabi WXWXOaUak, |QePOi 
bXOXQaQ VRQXoOaU gUafikOeUde faUkOÕ haUfOeUOe g|VWeUiOPiúWiU. 

3. AraútÕrma SonuolarÕ ve TartÕúma 

3.1. Sirkelerin Fizikokimyasal Özellikleri 

FaUkOÕ haPPaddeOeUdeQ �UeWiOPiú ViUkeOeUiQ ba]Õ fi]ikRkiP\aVaO |]eOOikOeUi TabOR 2¶de YeUiOPiúWiU. TabOR 2¶de 
de g|U�Od�÷� gibi, VaWÕúa VXQXOaQ de÷iúik PaUkaOaUa aiW faUkOÕ haPPaddeOeUdeQ �UeWiOPiú ViUkeOeU (BaO, h]�P, NaU, 
EOPa Ye AOÕo), fi]ikRkiP\aVaO |]eOOikOeUi bakÕPÕQdaQ iVWaWiVWiki ROaUak biUbiUiQdeQ faUkOÕ bXOXQXUkeQ, beQ]eU 
úekiOde a\QÕ haPPaddedeQ �UeWiOPiú ViUkeOeUde fi]ikRkiP\aVaO |]eOOikOeUi bakÕPÕQdaQ iVWaWiVWiki ROaUak biUbiUiQdeQ 
faUkOÕ bXOXQPXúWXU(p<0.05). Bu özelliklerden biri ROaQ % kXUX Padde RUaQÕ, ViUkeOeUiQ dR÷aO Ye\a \aSa\ ROPaVÕQÕ 
beOiUOe\eQ |QePOi kUiWeUOeUdeQ biUidiU. YaSÕOaQ oaOÕúPada, ViUkeOeUiQ % kXUX Padde RUaQÕ (% KM) % 0.65 iOe 13.1 
aUaOÕ÷ÕQda de÷iúWi÷i, heP a\QÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeU aUaVÕQda, heP de faUkOÕ haPPaddeOeUdeQ �UeWiOeQ 
ViUkeOeU aUaVÕQda % KM bakÕPÕQdaQ faUkOÕOÕkOaUÕQ iVWaWiVWikVeO ROaUak |QePOi ROdX÷X WeVSiW ediOPiúWiU (p<0.05). En 
\�kVek %KM QaU ViUkeViQde (N1) % 6.48 ikeQ, eQ d�ú�k %KM �]�P ViUkeViQde (h1) % 0.65 ROaUak beOiUOeQPiúWiU. 
AynÕ haPPaddedeQ \aSÕOaQ ViUkeOeUiQ % KM RUWaOaPaOaUÕQa g|Ue eQ \�kVekWeQ d�ú�÷e VÕUaVÕ\Oa 
baO>QaU>aOÕo>eOPa>�]�P ViUkeVi ROaUak VÕUaOaQPÕúWÕU. TS 1880 EN 13188 kXUX Padde iOe iOgiOi heUhaQgi biU OiPiW 
bXOXQPaPaVÕQa Ua÷PeQ, biU |Qceki VWaQdaUW ROaQ TS 1880 (2003)¶e g|Ue �]�P ViUkeViQde úekeU haUio KM RUaQÕ eQ 
a] 8 g/L, k�O PikWaUÕ eQ a] 0.8 g/L ikeQ, aOkRO ViUkeOeUiQde kXUX Padde PikWaUÕ ioiQ 0.5 g/L, k�O PikWaUÕ 0.05 g/L 
ROPaVÕ geUekWi÷i beOiUWiOPiúWiU. BX VRQXoOaUa g|Ue h]�P (h1) ViUkeVi haUio %KM bakÕPÕQdaQ sirke örneklerinin 
WaPaPÕQÕQ TS 1880 EN 13188 VWaQdaUdÕQa X\dX÷X g|U�OPekWediU. GeUbi Ye aUk. (1998) \aSWÕkOaUÕ aUaúWÕUPada kXUX 
Padde PikWaUÕ bakÕPÕQdaQ eQ ]eQgiQ ViUkeQiQ eOPa ViUkeVi ROdX÷XQX, bXQX VÕUaVÕ\Oa úaUaS ViUkeVi Ye aOkRO 
ViUkeViQiQ i]Oedi÷iQi biOdiUPiúOeUdiU. BX oaOÕúPada iVe GeUbi Ye aUk (1999)¶QÕQ bXOdX÷X VRQXoOaUÕQÕQ WeUViQe kXUX 
Padde bakÕPÕQdaQ eQ \�kVek baO ViUkeViQiQ ROdX÷X, bXQX VÕUaVÕ\Oa QaU, aOÕo, eOPa Ye �]�P ViUkeOeUiQiQ WakiS eWWi÷i 
g|U�OPekWediU. BaO ViUkeViQiQ %KM RUaQÕQÕQ \�kVek bXOXQPaVÕQÕQ QedeQiQiQ ioeUdi÷i úekeU PikWaUÕ iOe ba÷OaQWÕOÕ 
ROdX÷X d�ú�Q�OPekWediU. daOÕúPa VRQXoOaUÕ, TabOR 1¶de YeUiOeQ ùahiQ (1977) Ye hQaO (2007)¶ÕQ biOdiUdi÷i % KM 
de÷eUOeUiQdeQ d�ú�k, POeVVi (2003) Ye AOak (2015)¶ÕQ biOdiUdi÷i de÷eUOeU iOe beQ]eUOik göstermektedir.  

SiUkede ikiQci |QePOi biU biOeúeQ ROaQ % k�O PikWaUÕ, % KM iOe dR÷UXdaQ ba÷OaQWÕOÕdÕU. K�O ViUkede \aQPa\aQ 
PaddeOeUiQ WRSOaPÕdÕU Ye bX PaddeOeU iQRUgaQik \aSÕda aQ\RQik Ye kaW\RQik i\RQOaUdÕU. K�O ioiQde, SRWaV\XP, 
sodyum, kalsiyum, magQe]\XP, aO�PiQ\XP, dePiU, bakÕU, kXUúXQ, oiQkR, aUVeQik kaW\RQik i\RQOaU Ye fRVfaWOaU, 
V�OfaWOaU, kaUbRQaW Ye kORU�UOeU aQ\RQik i\RQOaU ROaUak \eU aOÕUOaU (CabaUR÷OX, 1991). SiUkeQiQ ba]Õ kiP\aVaO 
|]eOOikOeUi, dR÷aOOÕk \a da \aSa\OÕk a\UÕPÕ aoÕVÕQdaQ ROdXkoa |QePOidiU. AVeWik aViWWeQ Ve\UeOWiOeUek ROXúaQ 
ViUkeOeUde; aVeWik aViW feUPaQWaV\RQX QeWiceViQde Pe\daQa geOeQ biUWakÕP feUPaQWaV\RQ \aQ �U�QOeUi (WiaPiQ, k�O, 
SaQWRWeQik aViW, UibRfOaYiQ Yb.) bXOXQPadÕ÷ÕQdaQ, feUPaQWaV\RQ ViUkeVi Ye aVeWik aViW ViUkeQiQ kROa\OÕkOa a\UÕPÕQÕQ 
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\aSÕOabiOece÷iQi beOiUOeQPiúWiU (Kirk ve Sawyer, 1991). AVeWik aViW iOaYeVi\Oe eOde ediOeQ ViUkeOeUde k�O PikWaUÕ 
d�ú�k ikeQ, dR÷aO feUPaQWaV\RQ \ROX\Oa eOde ediOeQ ViUkeOeUde k�O RUaQÕ QiVSeWeQ daha \�kVek Ye K�O/KM RUaQÕQÕQ 
1/10 úekOiQde X\XPOX ROPaVÕ beklenmektedir (Aktan ve Gürarda, 1990). YaSÕOaQ aQaOi]OeUde ViUkeOeUiQ k�O 
PikWaUOaUÕ 0.067 iOe 1.937 g 100 PL-1 aUaOÕ÷ÕQda ROdX÷X WeVSiW ediOPiúWiU. SiUkeOeUde eQ \�kVek k�O PikWaUOaUÕ eOPa 
sirkesinde (E1) 1.937 g 100mL-1, eQ d�ú�k k�O PikWaUÕ baO ViUkeViQde (B2) 0.067 g 100PL-1 ROdX÷X WeVSiW ediOPiúWiU. 
A\QÕ haPPaddedeQ \aSÕOaQ ViUkeOeUiQ % k�O PikWaUOaUÕ RUWaOaPaOaUÕQa g|Ue eQ \�kVek EOPa ViUkeVi beOiUOeQiUkeQ 
bXQX VÕUaVÕ\Oa �]�P>aOÕo>QaU>baO ViUkeVi WakiS eWPekWediU. gUQekOeUiQ k�O PikWaUOaUÕ OiWeUaW�UOeUde biOdiUiOeQ 
(Tablo 1) k�O PikWaUOaUÕQdaQ ROdXkoa d�ú�k bXOXQPXúWXU. KM/K�O RUaQÕ iQceOeQdi÷iQde dR÷aO feUPaQWaV\RQOa 
�UeWiOeQ ViUkeOeUde \akOaúÕk 10 kaW ROPaVÕ bekOeQeQ bX RUaQ baO ViUkeOeUiQde eQ d�ú�k 31.09, eQ \�kVek 44.17, �]�P 
ViUkeOeUiQde eQ d�ú�k 0.91 ikeQ eQ \�kVek 6.24 ROaUak beOiUOeQPiúWiU. NaU ViUkeOeUiQde iki |UQekWe bX RUaQ 5.66 Ye 
7.81 bulunurken 3. örnekte 14.79, elma sirkelerinde bu oran 0.84-5.14, aOÕo ViUkeViQde 8.96-10.52 olarak 
beOiUOeQPiúWiU. SRQXoWa ViUkeOeUiQ k�O PikWaUÕQÕQ KM PikWaUÕ RUaQÕQa bakÕOdÕ÷ÕQda,  üzüm, elma ve nar sirkesinin 
iki WaQeViQde Ye aOÕo ViUkeViQiQ biUiQde bX RUaQÕQ 10¶daQ daha d�ú�k ROdX÷X di÷eUOeUiQde iVe 10¶daQ \�kVek ROdX÷X 
g|U�OPekWediU. BX VRQXoOaUa g|Ue, baO ViUkeViQiQ KM/K�O RUaQÕQ \�kVek bXOXQPaVÕQÕQ QedeQiQiQ baO ViUkeOeUiQiQ 
úekeU PikWaUÕQÕQ di÷eU ViUke |UQekOeUiQe g|Ue \�kVek ROPaVÕQdaQ ka\QakOaQdÕ÷Õ d�ú�Q�OPekWediU (TabOR 2).  

SiUkeOeUdiQ SH de÷eUOeUi 2.68-3.31 aUaVÕQda de÷iúWi÷i, eQ d�ú�k SH de÷eUi \aQi aViWOi÷i eQ \�kVek baO ViUkeViQde 
(B3) 3.31, eQ \�kVek SH de÷eUi \aQi aViWOi÷i eQ d�ú�k ROaQ NaU ViUkeViQde (N2) 2.68 ROaUak WeVSiW ediOPiúWiU. BaO 
ViUkeOeUiQde SH de÷eUi 2.69-3.31, üzüm sirkesinde 2.84-2.95, nar sirkesinde 2.68-2.90, elma sirkesinde 3.12-3.13 
Ye aOÕo ViUkeViQde 3.13-3.26 aUaVÕQda de÷iúPekWediU. FaUkOÕ haPPaddeOeUdeQ \aSÕOaQ ViUkeOeU SH de÷eUi 
bakÕPÕQdaQ aUaOaUÕQdaki faUkOÕOÕkOaUÕ iVWaWiVWiki ROaUak |QePOi (p<0.05), elma ve üzüm sirkelerinin pH 
de÷eUOeUiQdeki faUkOÕOÕkOaU iVWaWiVWiki ROaUak |QePVi] bXOXQPXúWXU (S>0.05). A\QÕ haPPaddeOeUdeQ �UeWiOeQ 
sirkelerin SH de÷eUi bakÕPÕQdaQ RUWaOaPaVÕ aOÕQdÕ÷ÕQda b�\�kWeQ k�o�÷e aOÕo>eOPa>baO>�]�P>QaU úekOiQde 
VÕUaOaQPÕúWÕU. AOkaQ Ye KaOkaQ (1998), SiUkeOeUde SH de÷eUiQiQ 2.0-3.5 aUaVÕQda ROPaVÕ geUekWi÷iQi biOdiUPiúWiU. 
BX oaOÕúPada SH de÷eUi bakÕPÕQdaQ bXOXQaQ VRQXoOaU heP AOkaQ Ye KaOkaQ (1998) iOe heP de TabOR 1¶de YeUiOeQ 
BXdak (2010) Ye AOak (2015)¶ÕQ VRQXoOaUÕ iOe X\XPOXOXk g|VWeUPekWediU.  

Sirkelerin asetik asit cinsinden toplam asitlikleri, 0.870-6.185 g 100mL-1 aUaVÕQda de÷iúPekWediU. FaUkOÕ 
hammaddelerden ve ayQÕ haPPaddedeQ \aSÕOaQ ViUkeOeUiQ aVeWik aViW ciQViQdeQ WRSOaP aViWOik de÷eUOeUiQiQ 
biUbiUiQdeQ faUkOÕ ROdX÷X WeVSiW ediOPiúWiU (p<0.05). EQ d�ú�k WRSOaP aViWOi÷iQ aOÕo ViUkeViQde (A1) 0.870 g 100PL-

1, eQ \�kVek WRSOaP aViWOi÷iQ iVe QaU ViUkeViQde (N1) 6.185 g 100mL-1 ROdX÷X WeVSiW ediOPiúWiU. TS 1880 EN 13188 
VWaQdaUdÕQda ViUke biOeúiPiQiQ WRSOaP aViW ioeUi÷i (VXda VeUbeVW aVeWik aViW ciQViQdeQ) 4 g 100 PL-1 a] ROPaPaOÕ, 
ABD¶ deki VWaQdaUWOaUa g|Ue de aVeWik aViW ioeUi÷i eQ a] %4, AYUXSa VWaQdaUWOaUÕQa g|Ue iVe eQ a] % 5 ROPaOÕdÕU. 
AQaOi] ediOeQ B1, B2, B3, h3, N3, E2, A1, A2 kRdOX ViUkeOeUiQ bX VWaQdaUWOaUa X\PadÕ÷Õ g|U�OPekWediU. A\QÕ 
haPPaddedeQ \aSÕOaQ ViUkeOeUiQ aVeWik aViW ciQViQdeQ WRSOaP aViWOik de÷eUOeUi RUWaOaPaOaUÕQa g|Ue eQ \�kVek 
aViWOi÷e VahiS ROaQ ViUke QaU ikeQ, bXQX VÕUaVÕ\Oa �]�P>eOPa>baO>aOÕo ViUkeVi WakiS eWPekWediU. BX VRQXoOaUÕQ 
\XkaUÕda ifade ediOeQ SH de÷eUOeUi iOe X\XPOX ROdX÷X g|U�OPekWediU.  

SiUkeOeUiQ XoaU aViWOikOeUi iQceOeQdi÷iQde 0.869-6.119 g 100 mL-1 aUaOÕ÷ÕQda WeVSiW ediOPiú olup, en yüksek uçar 
aViWOi÷e VahiS ViUkeQiQ QaU ViUkeVi (N1) ROdX÷X beOiUOeQPiúWiU. EQ d�ú�k XoaU aViWOik iVe aOÕo ViUkeViQde (A1) WeVSiW 
ediOPiúWiU A\QÕ haPPaddedeQ \aSÕOaQ ViUkeOeUiQ % XoaU aViWOik RUWaOaPaOaUÕ aOÕQdÕ÷ÕQda eQ \�kVekWeQ k�o�÷e 
VÕUaVÕ\Oa; QaU>�]�P>eOPa>baO>aOÕo úekOiQde VÕUaOaQPÕúWÕU. BX VÕUaOaPa WRSOaP aViWOi÷e g|Ue VÕUaOaPa iOe beQ]eUOik 
göstermektedir. Sirkelerin uçmayan asitlikleri ise 0.0006-0.1221 g 100 mL-1 aUaOÕ÷ÕQda WeVSiW ediOPiú ROXS, eQ 
\�kVek XoPa\aQ aViWOi÷e VahiS QaU ViUkeVi (N2), eQ d�ú�k XoPa\aQ aViWOi÷e VahiS ViUke �]�P ViUkeVi (h1) ROdX÷X 
beOiUOeQPiúWiU. SiUkeOeUde XoPa\aQ aViW PikWaUÕ, ViUkeOeUe VeQWeWik aVeWik aViW kaWÕOÕS kaWÕOPadÕ÷ÕQÕ WeVSiW eWPekWe 
|QePOi biU kUiWeUdiU. SiUke\e aVeWik aViW kaUÕúWÕUÕOPaVÕQÕQ RUaQÕ aUWWÕkoa XoPa\aQ aViW PikWaUÕ a]aOPakWadÕU. % 
UoPa\aQ aViWOik de÷eUOeUi iQceOeQdi÷iQde XoPa\aQ aViW PikWaUÕQÕQ oRk d�ú�k ROdX÷X g|U�OPekWediU. Aktan ve 
G�UaUda (1990)¶\a g|Ue XoaU aViW PikWaUÕQÕQ/k�O PikWaUÕQa RUaQÕ 10-45 aUaVÕQda ROPaVÕ geUekWi÷iQi biOdiUPiúOeUdiU. 
BX heVaSOaPa\a g|Ue baO (B1) Ye aOÕo (A1) ViUkeViQde Vadece 2 |UQekWe XoaU aViW PikWaUÕ/k�O PikWaUÕ RUaQÕ 10 
de÷eUiQiQ aOWÕQda bXOXQPXúWXU. AUaúWÕUÕcÕOaU a\QÕ oaOÕúPada UoaU aViW/UoPa\aQ aViW RUaQÕQÕQ 20-25 aUaVÕQda ROPaVÕ 
geUekWi÷iQi, XoaU aViW PikWaUÕQÕQ XoPa\aQ aViW PikWaUÕQa RUaQÕ 25 de÷eUi �]eUiQde oÕkPaVÕ dXUXPXQda aVeWik aViW 
iOaYeVi \aSÕOPa ihWiPaOiQiQ ROdX÷XQX biOdiUPiúOeUdiU. BX oaOÕúPada, ViUke |UQekOeUiQde UoaU aViW/XoPa\aQ aViW RUaQÕ 
25¶iQ �]eUiQde ROdX÷X WeVSiW ediOPiúWiU. BX VRQXoOaU ViUke\e dÕúaUÕdaQ aVeWik aViW iOaYeVi \aSÕOPa ihWiPaOiQi 
güçlendirmektedir. 
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SiUkeOeUiQ úekeU PikWaUÕ 0.288-288.2 g L-1 aUaOÕ÷ÕQda bXOXQPXú, eQ \�kVek úekeU PikWaUÕ 288.2 g L-1 bal 
ViUkeViQde (B1) WeVSiW ediOiUkeQ, bXQX VÕUaVÕ\Oa 126.6, 113.1, 13.92 g L-1 iOe \iQe baO ViUkeOeUi WakiS eWPiúWiU. ùekeU 
PikWaUÕ bakÕPÕQdaQ baO ViUkeVi, di÷eU ViUkeOeUOe kaUúÕOaúWÕUÕOdÕ÷ÕQda, baO ViUkeOeUiQiQ |QePOi d�]e\de úekeU ihWiYa 
eWWi÷i Ye iVWaWikVeO ROaUak di÷eUOeUiQdeQ faUkOÕ ROdXkOaUÕ WeVSiW ediOPiúWiU (p<0.05). Bal sirkesinden sonra en yüksek 
úekeU RUaQÕQÕQ 22.08 g L-1 iOe QaU ViUkeVi (N1) ROdX÷X beOiUOeQPiúWiU. EQ d�ú�k úekeU PikWaUÕ iVe 0.288 g L-1 iOe aOÕo 
ViUkeViQde (A1) bXOXQPXúWXU. ùekeU RUaQOaUÕQa g|Ue a\QÕ haPPaddedeQ �UeWiOeQ ViUkeOeUiQ úekeU PikWaUÕ RUWaOaPaVÕ 
VÕUaVÕ\Oa; baO>QaU>�]�P>eOPa>aOÕo ViUkeVi úekOiQdediU. ùekeU PikWaUÕQÕQ fa]Oa ROPaVÕ úekeUdeQ eWiO aOkRO �UeWiP 
aúaPaVÕQda feUPaQWaV\RQXQ WaP ROaUak geUoekOeúPedi÷iQiQ biU g|VWeUgeVi, úekeU PikWaUÕQÕQ d�ú�k ROPaVÕ iVe aOkRO 
fermantasyonunun tam olarak gerçekOeúWi÷iQiQ g|VWeUgeVi ROabiOiU. 

Sirkelerin SO2 PikWaUOaUÕ 12.8-70.4 mg L-1 aUaOÕ÷ÕQda WeVSiW ediOPiú ROXS eQ \�kVek SO2 PikWaUÕ �]�P 
sirkesinde (Ü1) 70,4 mg L-1 VeYi\eViQde WeVSiW ediOPiúWiU. gUQekOeU aUaVÕQda h1 Ye N2 |UQe÷i haUio SO2 bakÕPÕQdaQ 
faUkOÕOÕkOaU iVWaWikVeO ROaUak |QePVi] bXOXQPXú Ye a\QÕ gUXSWa \eU aOPÕúWÕU(p>0.05). T�Uk gÕda kRdekVi gÕda kaWkÕ 
PaddeOeUi \|QeWPeOi÷iQe g|Ue ViUkeOeUdeki PakViPXP SO2 PikWaUÕ eQ fa]Oa 170 Pg L-1 ROPaVÕ geUekWi÷i biOdiUiOPiú 
ROXS, ViUkeOeUiQ WaPaPÕ \|QeWPeQOi÷e uygunluk göstermektedir. 

SiUkeOeUiQ \R÷XQOXkOaUÕ 1.0089-1.0356 g cm3-1 aUaOÕ÷ÕQda de÷iúPiú, eQ \�kVek \R÷XQOXk QaU ViUkeViQde (N2), 
eQ d�ú�k \R÷XQOXk iVe aOÕo ViUkeViQde (A1) beOiUOeQPiúWiU. SiUkeOeUiQ \R÷XQOXk de÷eUOeUi aUaVÕQdaki faUkOÕOÕkOaU 
istatiksel olarak önemli bulunurken (p<0.05) a\QÕ haPPaddedeQ �UeWiOeQ ViUkeOeUiQ \R÷XQOXk bakÕPÕQdaQ biUbiUi 
iOe beQ]eUOik g|VWeUdi÷i WeVSiW ediOPiúWiU (S>0.05). Plessi (2003), dR÷aO �]�P ViUkeOeUiQiQ \R÷XQOX÷XQXQ 1,042-
1.361, elma sirkesinde 1.013-1.024 g cm3-1 aUaVÕQda de÷iúWi÷iQi biOdiUPiúWiU. BX oaOÕúPada beOiUOeQeQ \R÷XQOXk 
de÷eUOeUi OiWeUaW�Ude beOiUWiOeQ ùahiQ (1977), hQaO (2007), POeVVi (2003), BXdak (2010) Ye AOak (2015) biOdiUdi÷i 
de÷eUOeU iOe beQ]eUOik g|VWeUPekWediU.  
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gh 
0.155±0.00

Õ 
3.13±0.01

c 
3.515±0.06

f 
3.501±0.06

h 
0.0135

f 
1.536±0.13

cd 
12.8±0.00

c 
1.0106

d 
0.1±0.00

e 
B

: B
aO ViUkeVi, h

: h
]�P

 ViUkeVi, N
: N

aU ViUkeVi, E: EOP
a ViUkeVi, A

: A
OÕo ViUkeVi, SO

2 : K
ükürtdioksit,  *: A

setik asit cinsinden, ± : Standart sapm
a 

a, b,c : A
\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaP

aOaU biUbiUiQdeQ faUkOÕdÕU (S<0.05)
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SiUkeOeUiQ aOkRO PikWaUOaUÕ % 0.1-0.6 aUaOÕ÷ÕQda WeVSiW ediOPiú ROXS, eQ \�kVek aOkRO PikWaUÕQÕQ baO ViUkeViQde 
(B1) ROdX÷X TabOR 2¶de g|U�OPekWediU. AQaOi] ediOeQ ViUkeOeU aOkRO PikWaUÕ bakÕPÕQdaQ kaUúÕOaúWÕUÕOdÕ÷ÕQda B1 
|UQe÷iQde % 0.6, B2 Ye N2 |UQe÷iQde % 0.4, h3 |UQe÷iQde % 0.3 bXOXQXUkeQ di÷eU ViUke |UQekOeUiQde % 0.1 ROaUak 
WeVSiW ediOPiúWiU. AOkRO RUaQÕ ViUkeOeUde eQ |QePOi kUiWeUOeUdeQ biUi ROXS, ViUke feUPaQWaV\RQXQ WaP \aSÕOÕS 
\aSÕOPadÕ÷ÕQÕQ g|VWeUgeVidiU. ø\i biU feUPaQWaV\RQ VRQUaVÕ aOkRO�Q b�\�k biU oR÷XQOX÷X aVeWik aVide 
d|Q�úPekWediU (Akbaú Ye CabaUR÷OX, 2010). ùaUaSWaki aOkRO PikWaUÕ %14 �Q �]eUiQe oÕkaUVa aOkRO�Q ViUke aVidiQe 
RkVidaV\RQX WaP ROaUak geUoekOeúPe]. A\UÕca ViUke �UeWiPi VÕUaVÕQda aOkRO PikWaUÕ oRk d�ú�k ROdX÷X %2¶ QiQ aOWÕQa 
d�úW�÷�Qde �VW RkVidaV\RQ deQiOeQ aVeWik aViW bakWeUiOeUiQiQ aVeWik aVidi SaUoaOaPa ROa\Õ geUoekOeúeUek CO2 ve 
H2O¶\a SaUoaOaQPa dXUXPX V|] kRQXVXdXU (Alkan ve Kalkan,1998). TS 1880 EN 13188¶e g|Ue W�keWiPe VXQXOaQ 
ViUkeOeUde kaOÕQWÕ aOkRO RUaQÕ úaUaS ViUkeOeUi dÕúÕQdaki ViUkeOeUde haciPce % 0.5¶deQ, úaUaS ViUkeOeUiQde iVe haciPce % 
1.5¶deQ fa]Oa ROPaPaOÕdÕU (AQRQiP, 2003). BX de÷eUOeUe g|Ue, W�P |UQekOeU aOkRO PikWaUÕ bakÕPÕQdaQ iOgiOi 
VWaQdaUda (TS 1880 EN 13188) X\gXQ ROdX÷X tespit ediOPiúWiU. 

3.2. Sirkelerin Toplam Fenolik Madde MiktarÕ ve Antioksidan Aktivitesi 

Biyoaktif PaddeOeU ³gÕdaQÕQ \aSÕVÕQda beViQ |geOeUi haUio bXOXQaQ fi]\RORjik Ye bi\RORjik fRQkVi\RQOaUÕ ROaQ 
Va÷OÕk �]eUiQe ROXPOX eWki g|VWeUeQ PaddeOeU´ ROaUak WaQÕPOaQPakWadÕU. BX biOeúeQOeU eQ]iPaWik UeakVi\RQOaUda 
kRfakW|U Ye\a iQhibiW|U, fa\daOÕ bakWeUiOeU ioiQ feUPeQWaV\RQ VXbVWUaWÕ, ]aUaUOÕ bakWeUiOeU ioiQ iQhibiW|U, ba÷ÕUVakWa 
iVWeQPe\eQ biOeúikOeUiQ X]akOaúWÕUÕOPaVÕQda abVRUbaQW, UeakWif Ye WRkVik UadikaOOeU ioiQ \akaOa\ÕcÕ ajaQ ROaUak Va÷OÕk 
�]eUiQe ROXPOX eWki g|VWeUPekWediU (TaQ, 2003). GÕdaOaUda bXOXQaQ bi\RakWif biOeúeQOeU kiP\aVaO \aSÕ Ye 
|]eOOikOeUiQe g|Ue; kaURWeQRidOeU, fOaYRQRidOeU, kORURfiOOeU, fRVfROiSidOeU, VWeUROOeU Ye SROifRQeOOeUiQ \aQÕQda E Ye C 
YiWaPiQi ROaUak VÕQÕfOaQdÕUÕOPakWadÕU (ChaQg Ye aUk., 2007; HaP]aOÕR÷OX Ye G|kPeQ, 2016). DR÷aO olarak üretilen 
ViUkede haPPaddedeQ geOeQ bi\RakWif PaddeOeUiQ bXOXQPa ihWiPaOi, aUaúWÕUÕcÕOaUÕ ViUkeQiQ Va÷OÕk �]eUiQe eWkiOeUi 
kRQXVXQda oaOÕúPaOaUa \R÷XQOaúPaVÕQa QedeQ ROPXúWXU (Kris-EWheUVRQ Ye aUk. 2002; TaQ, 2003). FaUkOÕ 
haPPaddeOeUdeQ \aSÕOaQ ViUkeOeUiQ faUkOÕ oeúiW Ye PikWaUda SROifeQROik biOeúeQOeU bXOXQdXUdX÷X iOe iOgiOi SekoRk 
oaOÕúPa bXOXQPakWadÕU (VeU]eOORQi Ye aUk. 2007). DaYaORV Ye aUk.(2005), ViUke ioiQde bXOXQaQ feQROik biOeúikOeUiQ, 
antihipertansif etkisi ve güçlü antioksidan etkisinden dROa\Õ ROXPOX Va÷OÕk eWkiOeUi ioeUdi÷iQi biOdiUPiúOeUdiU. 
Samanidou ve ark (2001), sirkede bulunan fenolik maddelerin antioksidan, antitümör, antimutajenik ve 
aQWikaQVeURjeQik ajaQOaUOa Va÷OÕ÷ÕPÕ]Õ kRUXdX÷XQX, feQROik PaddeOeUdeQ VaOiViOik aVidiQ eQfekVi\Rn önleme ve 
aQWibakWeUi\eO eWkiOeUiQiQ ROdX÷XQX, a\UÕca kafeik, feUXOik Ye YeQiOik aViW gibi feQROikOeUiQ iVe aQWibakWeUi\aO, 
aQWiYiU�V, aQWiURPaWi]PaO Ye aWeú d�ú�U�c� eWki\e VahiS ROdXkOaUÕQÕ biOdiUPiúOeUdiU. 

BX oaOÕúPada iVe, faUkOÕ haPPaddeOeUdeQ �UeWiOPiú ViUkeOeUiQ WRSOaP feQROik Padde PikWaUÕ Ye aQWiRkVidaQ 
kaSaViWe de÷eUi TabOR 3¶de YeUiOPiúWiU.  

FaUkOÕ haPPaddeOeUdeQ �UeWiOeQ ViUkeOeUiQ WRSOaP feQROik Padde PikWaUOaUÕ 73.52-1885.71 mg GAE L-1 
aUaOÕ÷ÕQda WeVSiW ediOPiú, eQ \�kVek WRSOaP feQROik Padde PikWaUÕ 1885.71 Pg GAE L-1 ile nar sirkesinde (N1), en 
d�ú�k WRSOaP feQROik Padde PikWaUÕ iVe baO ViUkeViQde (B4) WeVSiW ediOPiúWiU. Bal sirkelerini toplam fenolik 
biOeúeQOeU bakÕPÕQdaQ keQdi aUaOaUÕQda kaUúÕOaúWÕUÕOdÕ÷ÕQda, B4 |UQe÷iQde 73.52 mg GAE L-1 tespit edilirken, B3 
|UQe÷iQde 84.47, B1 |UQe÷iQde 161.61 Ye B2 |UQe÷iQde 328.76 Pg GAE L-1  ROaUak beOiUOeQPiúWiU. A\QÕ 
haPPaddedeQ \aSÕOaQ ViUke |UQekOeUiQiQ WRSOaP feQROik Padde PikWaUÕ bakÕPÕQdaQ RUWaOaPaOaUÕ aOÕQdÕ÷ÕQda eQ 
yüksekten en düú�÷e VÕUaVÕ\Oa; QaU>aOÕo>eOPa>baO>�]�P úekOiQde VÕUaOaQPÕúWÕU. FeQROik ioeUik bakÕPÕQdaQ \�kVek 
ROPaVÕ bekOeQeQ baO Ye �]�P ViUkeViQiQ VRQ VÕUaOaUda \eU aOPÕúWÕU. AOak (2015), baO ViUkeVi �]eUiQe \aSWÕ÷Õ 
oaOÕúPada baOÕQ W�U�Qe (oioek, oaP Yb) Ye �UeWiOdi÷i cR÷Uafi b|Oge\e g|Ue feQROik biOeúeQOeU Ye aQWiRkVidaQ kaSaViWe 
de÷eUOeUiQde faUkOÕOÕkOaU ROdX÷XQX biOdiUPiúWiU. Garcia ve ark. (1997) ViUke �UeWiPiQde kXOOaQÕOaQ haPPadde 
ioeUikOeUiQiQ Ye kXOOaQÕOaQ PeWRdOaUÕQ ViUkeQiQ feQROik Padde ioeUikOeUiQe dR÷UXdaQ eWki eWWi÷iQi Ye ViUkeQiQ cR÷Uafi 
k|keQOeUiQi a\ÕUW edebiOPek ioiQ feQROik biOeúikOeUiQ oRk |QePOi biU fakW|U ROdX÷XQX biOdiUPiúOeU. Garcia-Parilla ve 
aUk (1999), ViUke �UeWiPiQde VeoiOeQ haPPadde Ye \|QWePiQ ViUkeOeUdeki feQROik Padde ioeUi÷iQi eWkiOedi÷ini 
beOiUWPiúOeUdiU. XX ve ark. (2007) \eQi �UeWiOeQ ViUkeQiQ WRSOaP feQROik Padde de÷eUiQi 3944 Pg GAE L-1, 
diQOeQdiUiOPiú ViUkeQiQ WRSOaP feQROik Padde de÷eUiQi 4145 Pg GAE/L ROaUak WeVSiW eWWikOeUiQi biOdiUPiúOeUdiU. BX 
oaOÕúPada bXOXQaQ de÷eUOeU, Xu ve ark. (2007)¶QÕQ biOdiUdikOeUi de÷eUOeUdeQ d�ú�k ROdX÷X g|U�OPekWediU.  
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Tablo 3. FarklÕ hammaddelerden �retilmiú sirkelerin toplam fenolik madde miktarÕ ve antioksidan 
kapasite de÷eri 

Table 3. Total phenolic content and antioxidant capacity values of Vinegar produced from different raw 
materials 

Sirke örnekleri Toplam fenolik madde miktarÕ 
mg GAE/L 

Antioksidan kapasite de÷eri (DPPH) 
µL mL-1 

B1 161.61±1.65Õ 189.95f 
B2 328.76±8.61e 189.76g 
B3 84.47±0.82j 250.14b 
B4 73.52±4.36j 538.79a 
Ü1 81.62±3.59j 241.29c 
Ü2 186.86±10.30h 223.29d 
Ü3 201.14±14.07gh 133.85Õ 
N1 1885.71±5.71a 6.38m 
N2 1207.143±5.00c 8.28l 
N3 1349.23±7.33b 5.83n 
E1 157.33±7.04Õ 197.88e 
E2 214.42±4.79g 141.87h 
A1 361.193±4.48d 38.70k 
A2 261.14±1.43f 80.79j 

B: BaO ViUkeVi, h: h]�P ViUkeVi, N: NaU ViUkeVi, E: EOPa ViUkeVi, A: AOÕo ViUkeVi  
a, b,c : A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU (S<0.05) � : SWaQdaUW VaSPa  

 

Sirkelerin fonksiyonel özelliklerden aQWiRkVidaQ kaSaViWe (DPPH) de÷eUOeUi iQceOeQdi÷iQde, EC50 de÷eUOeUi 
5.83-538.7 µl mL-1 aUaOÕ÷ÕQda bXOXQPXú, eQ \�kVek aQWiRkVidaQ akWiYiWe\e VahiS N3 QaU ViUkeViQde, eQ d�ú�k 
aQWiRkVidaQ akWiYiWe\e VahiS \iQe B4 baO ViUkeViQde ROdX÷X WeVSiW ediOPiúWiU. BX de÷eUOeQdiUPe\e g|Ue a\QÕ 
haPPaddedeQ \aSÕOaQ ViUkeOeUiQ aQWiRkVidaQ kaSaViWe de÷eUOeUiQiQ RUWaOaPaOaUÕQa g|Ue eQ d�ú�kWeQ eQ b�\�÷e 
dR÷UX VÕUaVÕ\Oa; QaU<aOÕo<eOPa<�]�P<baO úekOiQde VÕUaOaQPÕúWÕU. AQWiRkVidaQ akWiYiWe baúOaQgÕoWaki DPPH 
deUiúiPiQiQ % 50¶ViQiQ a]aOPaVÕ ioiQ haUcaQaQ aQWiRkVidaQ PikWaUÕQÕ ifade edeQ EC50 (etkin konsantrasyon) de÷eUi 
ile verilir (Brand-Williams ve ark. 1995). Bu yöntemde bir antioksidan için ölçülen EC50 de÷eUi Qe kadaU k�o�k 
ise o sirkenin antioksidan aktivitesi o kadar yüksek demektir. Bu sonuçlara göre antioksidan aktivitesi en yüksek 
QaU ViUkeVi ROdX÷X, bXQX VÕUaVÕ\Oa aOÕo>eOPa>�]�P>baO ViUkeViQiQ WakiS eWWi÷i g|U�OPekWediU. FeQROik biOeúikOeUiQ 
aQWiRkVidaQ akWiYiWedeQ VRUXPOX ROdX÷X Ye feQROik Padde PikWaUÕQa ba÷OÕ ROaUak aQWiRkVidaQ akWiYiWeQiQ de aUWWÕ÷ÕQÕ 
biOdiUeQ biUoRk oaOÕúPa PeYcXWWXU (HaP]aOÕR÷OX Ye G|kPeQ, 2016). CaQOÕ RUgaQi]Pa VeUbeVW UadikaOOeUdeQ 
kRUXQPak ioiQ aQWiRkVidaWif VaYXQPa ViVWePiQe VahiSWiU Ye VeUbeVW UadikaOOeUOe aQWiRkVidaQOaUÕ RUgaQi]Pada deQge 
dXUXPXQdadÕU (OSaUa, 2004). BX deQgeQiQ VeUbeVW UadikaOOeU OehiQe bR]XOPaVÕ RkVidaWif VWUeViQ ROXúPaVÕQa Ye 
VRQUa VeUbeVW UadikaOOeUiQ aUWPaVÕ\Oa \aúOaQPaQÕQ hÕ]OaQPaVÕ, h�cUe |O�POeUi, dRkX |O�POeUi Ye be\iQ daPaUOaUÕQÕQ 
WahUibaWÕQa YaUaQ haVaUOaU gibi biUoRk ROXPVX]OXkOaUa QedeQ ROXU. (TXQaOÕeU Ye aUk., 2004). AQWiRkVidaQOaU VeUbeVW 
radikalleUi Q|WUaOi]e eWPek, h�cUeOeUi RQOaUÕQ WRkVik eWkiOeUiQdeQ kRUXPak Ye Y�cXdXQ haVWaOÕkOaUdaQ kRUXQPaVÕQa 
\aUdÕPcÕ ROPaVÕQa kaWkÕ Va÷OaPakWadÕU. BX ROa\OaUÕQ eQgeOOeQPeVi ioiQ aQWiRkVidaQca ]eQgiQ gÕdaOaUÕQ |QePi 
giWWikoe aUWPakWadÕU.  

4. Sonuç 

SiUkeQiQ Va÷OÕk �]eUiQe ROXPOX eWkiOeUi QedeQi\Oe heU geoeQ g�Q �UeWiPi Ye W�keWiPi aUWPakWadÕU. GeQeOOikOe 
�]�P Ye eOPa ViUkeVi W�keWiciOeU WaUafÕQdaQ oRk WeUcih ediOVe de bX oaOÕúPada; QaU, aOÕo Ye eOPa ViUkeOeUiQiQ feQROik 
biOeúeQ Ye aQWiRkVidaQ kaSaViWeVi bakÕPÕQdaQ �VW�Q |]eOOikOeUiQiQ ROdX÷X WeVSiW ediOPiúWiU. SiUkeQiQ \aSÕOdÕ÷Õ 
Pe\Ye Ye baO oeúiWOeUiQiQ, ViUkeQiQ dR÷UXdaQ feQROik biOeúeQ Ye aQWiRkVidaQ kaSaViWeVi �]eUiQe eWkiViQiQ ROdX÷X 
V|\OeQebiOiU. A\UÕca, bX oaOÕúPada 14 faUkOÕ fiUPa\a aiW ViUke |UQekOeUi anaOi] ediOeUek PeY]XaWa X\gXQOX÷X, Wa÷úiú 
\aSÕOÕS \aSÕOPadÕ÷Õ iOe iOgiOi YeUiOeU WRSOaQPa\a oaOÕúÕOPÕúWÕU. AQaOi] ediOeQ ViUkeOeUde k�O PikWaUÕ, KM, XoPa\aQ 
aViW PikWaUÕ, \R÷XQOXk Ye úekeU PikWaUOaUÕ iQceOeQdi÷iQde biUkao SaUaPeWUede VRQXoOaUÕQ VWaQdaUWOaUa X\PadÕ÷Õ 
g|U�OPekWediU. h]�P ViUkeVi (h1) % KM bakÕPÕQdaQ iOgiOi VWaQdaUda X\PadÕ÷Õ, \iQe beQ]eU úekOide OiWeUaW�Ude 
beOiUWiOeQ UoaU aViW/k�O RUaQÕ 10-45 aUaVÕQda ROPaVÕ bekOeQiUkeQ baO (B1) Ye aOÕo (A1) ViUke |UQekOeUiQde bX RUaQÕQ 
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10¶XQ aOWÕQda kaOdÕ÷Õ WeVSiW ediOPiúWiU. TRSOaP aViWOik bakÕPÕQdaQ B1, B2, B3, h3, N3, e2, A1 Ye A2 |UQekOeUiQiQ 
iOgiOi VWaQdaUda X\PadÕ÷Õ, XoaU aViW RUaQÕ/XoPa\aQ aViW RUaQÕQÕQ OiWeUaW�Ude beOiUWiOdi÷i gibi 25 de÷eUiQiQ �]eUiQde 
tespit edilmesi nedeniyle sirkeye asetik asit ilaYeVi \aSÕOPa ihWiPaOiQi aUWÕUPakWadÕU. SiUke ioeUdi÷i aVeWik aViW 
QedeQi\Oe fa]Oa PikWaUda bR]XOPa beOiUWiVi g|VWeUPePeViQdeQ dROa\Õ WakOiW Ye Wa÷úiú bakÕPÕQdaQ oRk fa]Oa �]eUiQde 
dXUXOPaPakWadÕU. AQcak ViUke WakOiW Ye Wa÷úiúe oRk P�VaiW biU �U�Q ROPaVÕ QedeQi\Oe, ViUkeQiQ biOeúiPi, iOgiOi \aVa 
Ye PeY]XaWa X\gXQOX÷XQXQ kRQWURO� Ye dR÷aO Ye \aSa\ ViUkeOeUiQ a\ÕUW ediOPeVi aoÕVÕQdaQ |QePOidiU. dR÷X �Okede 
kRQVaQWUe aVeWik aVidiQ VXOaQdÕUÕOPaVÕ\Oa eOde ediOeQ ViUkeQiQ gÕda ROaUak kXOOaQÕOPaVÕ \aVakOaQPÕúWÕU. GÕda 
PeY]XaWÕ W�keWiciQiQ Va÷OÕ÷ÕQÕ kRUXPak Ye RQXQ kaQdÕUÕOPaVÕQÕQ |Q�Qe geoPek ioiQ ViUkede ba]Õ aOW Ye �VW de÷eU 
OiPiWOeUi beOiUOe\eUek �UeWiPiQ bX VÕQÕUOaU ioeUiViQde ROPaVÕQÕ Va÷OaPakWadÕU. BX a\QÕ ]aPaQda hakVÕ] UekabeWiQ 
önüne geçilmesinde de önem arz etmektedir.  
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BazÕ Ayoioe÷i ve MÕsÕr Çeúitlerinde Tohuma Uygulanan ølaolarÕn Tohumlu÷un 
Çimlenme De÷eri hzerine Etkileri  
  
The Effects Of Treated Seed Pesticides On Germination Value Of Seed In Some Sunflower 
And Corn Cultivars 
 

Dilara KUCA1  K|ksal YAöDI2 

Özet 
BX aUaúWÕUPa a\oioe÷i Ye PÕVÕU oeúiWOeUiQde, Si\aVada WRhXP iOacÕ ROaUak kXOOaQÕOaQ SeVWiViWOeUiQ faUkOÕ dR]OaUÕQÕQ 
WRhXPOX÷XQ oiPOeQPe de÷eUOeUi �]eUiQe eWkiViQiQ beOiUOeQPeVi aPacÕ\Oa \�U�W�OP�úW�U. daOÕúPa LiPagUaiQ GUXS/ 
BXUVa WRhXPOXk OabRUaWXYaUOaUÕQda, WeVad�f SaUVeOOeUi 3 fakW|UO� deQePe deVeQiQe X\gXQ ROaUak \�U�W�OP�úW�U. 
daOÕúPada a\oioe÷i ioiQ Aprin XL 350 ES fungusidi ; 0, 200, 250, 300, 350, 400 ml ve Cosmos 500 FS insktisidi; 
0, 300, 400, 500, 600, 700 PO dR]OaUÕQda; PÕVÕU ioiQ iVe Ma[iP XL 035FS fungusidi;  0,50,75,100,125,150 ml ve 
GaXchR FS 600 iQVkWiVidi; 0,400,500,600,700 Ye 800 PO dR]OaUÕQda X\gXOaQPÕúWÕU. øOaoOaQaQ WRhXPOaU 10 g�Q Ye 
180 g�Q bekOeWiOeUek oiPOeQPe deQePeOeUiQe aOÕQPÕúWÕU YaSÕOaQ YaU\aQV aQaOi]i VRQXoOaUÕQa g|Ue; A\oioe÷i için 
10 günlük bekletme süresi sonunda ilaç x doz interaksiyonun istatistiki olarak % 5 düzeyinde, 180 günlük bekletme 
V�UeVi VRQXQda iVe dR] |]eOOi÷i bakÕPÕQdaQ iVWaWiVWiki ROaUak % 5 d�]e\iQde |QePOiOik WeVSiW ediOPiúWiU. MÕVÕUda iVe 
varyans analizi sonXoOaUÕQa g|Ue 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda oeúiW Ye dR] X\gXOaPaOaUÕ iVWaWiVWiki 
ROaUak %1 d�]e\iQde |QePOi bXOXQXUkeQ, oeúiW [ iOao iQWeUakVi\RQX % 5 ROaVÕOÕk d�]e\iQde |QePOi ROPXúWXU. 180 
g�Q bekOeWPe VRQUaVÕ iVe W�P X\gXOaPaOaUda % 1 d�]e\iQde |QePOiOik WeVSiW ediOPiúWiU. daOÕúPa VRQXcXQda 
A\oioe÷iQde UXWiQ ROaUak X\gXOaQaQ ASUiQ XL 350 ES 300 PO dR]XQ �]eUiQdeki de÷eUOeUde oiPOeQPe de÷eUOeUiQiQ 
ROXPVX] eWkiOeQdi÷i, CRVPRV 500 FS X\gXOaPaVÕQda iVe bX ROXPVX] dXUXPXQ V|] kRQXVX ROPadÕ÷Õ beOiUOeQPiúWiU. 
EQ i\i dR]XQ ASUiQ XL 350 ES ioiQ 300 PO CRVPRV 500 FS ioiQ iVe 600 PO ROdX÷X WeVSiW ediOPiúWiU. MÕVÕUda iVe eQ 
X\gXQ iOao dR]XQXQ oeúiWOeUe g|Ue de÷iúWi÷i Ye geQeO ROaUak WRhXPa X\gXOaQaQ heU iki SeVWiViWiQ de aUWaQ dR]OaUda 
PÕVÕUda oiPOeQPe RUaQÕQÕ d�ú�Ud�÷� WeVSiW ediOPiúWiU. 

Anahtar Kelimeler: A\oioe÷i, MÕVÕU, TRhXP fXQgXViWOeUi, TRhXP iQVekWiViWOeUi, diPOeQPe RUaQÕ 
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Abstract 
This research was conducted to determine the effect of different doses, which are the most common use as seed 
chemicals on the germination values of the seed in sunflower and corn cultivars. The research  were carried out  
accordance with the 3-factor randomized plots experimental design in Limagrain Group / Bursa seed laboratories. 
Aprin XL 350 ES fungicide for sunflower in the study; 0, 200, 250, 300, 350, 400 ml and Cosmos 500 FS 
insecticidal;  0, 300, 400, 500, 600, 700 ml and the Maxim XL 035FS fungicide; 0,50,75,100,125,150 ml and 
Gaucho FS 600 insecticidal; 0,400,500,600,700 and 800 ml for corn  was applied in doses. Sprayed seeds were 
stored for 10 days and 180 days and germination trials were conducted. According to the variance analysis results; 
at the end of the 10-day storage period for sunflower, the pesticide x dose interaction was statistically significant 
at the level of 5%, and at the end of the 180-day storage period, it was statistically significant at the level of 5% in 
for doses. According to variance analysis in Corn, after 10 days of storage period, cultivar and dose applications 
were statistically significant at 1% level, while cultivar x pesticide interaction was significant at 5%.  After 180 
days of storage, 1% significance was detected in all applications. As a result of the study, it has been determined 
that the germination values of Aprin XL 350 ES over 300 ml dose routinely applied in sunflower are negatively 
affected, and that this is not the case in Cosmos 500 FS application. The best dose was found to be 300 ml for 
Aprin XL 350 ES and 600 ml for Cosmos 500 FS. In corn, the most suitable pesticide dose varies according to 
cultivars and it is determined that both pesticides applied to the seed decrease the germination rate of corn in 
increasing doses. 

Keywords: Sunflower, Corn, Seed fungicide, Seed insecticide, Germination value  
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1. Giriú 
D�Q\a Q�fXVXQXQ V�UekOi aUWPaVÕQa kaUúÕQ WaUÕPa eOYeUiúOi aOaQOaUÕQ oeúiWOi QedeQOeUOe gideUek a]aOPaVÕ, 

|]eOOikOe geUi kaOPÕú Ye geOiúPekWe ROaQ �OkeOeUde \eWeUVi] beVOeQPe Ye aoOÕk VRUXQXQa QedeQ ROPakWadÕU. BXQXQ 
\aQÕ VÕUa WaUÕPVaO �UeWiPde haVWaOÕk, ]aUaUOÕ Ye \abaQcÕ RWOaU QedeQi\Oe Pe\daQa geOeQ �UeWiP ka\ÕSOaUÕ aoOÕk Ye 
\eWeUVi] beVOeQPe VRUXQXQa faUkOÕ biU bR\XW ka]aQdÕUPakWadÕU. D�Q\a geQeOiQde haVWaOÕk, ]aUaUOÕ Ye \abaQcÕ RWOaU 
QedeQi\Oe ROXúaQ �U�Q ka\ÕSOaUÕ WRSOaPÕQÕQ % 35 ROdX÷X ifade ediOPekWedir (Kansu, 1981).  

BiWkiOeUi haVWaOÕk, ]aUaUOÕ Ye \abaQcÕ RWOaUdaQ kRUXPak aPacÕ\Oa kiP\aVaO, bi\RORjik Ye k�OW�UeO P�cadeOe gibi 
\|QWePOeU X\gXOaQPakWadÕU. VeUiP ka\ÕSOaUÕQÕ |QOePe bakÕPÕQdaQ eQ \a\gÕQ Ye \R÷XQ X\gXOaQaQ \|QWeP WaUÕP 
iOaoOaUÕQÕQ \aQi SeVWiViWOeUiQ kXOOaQÕOdÕ÷Õ kiP\aVaO P�cadeOe \|QWePidiU. BX \|QWePiQ X\gXOaQPaVÕQda SeVWiViWOeUiQ 
beOiUOi biU biOiQo d�]e\iQde Ye kRQWUROO� biU úekiOde kXOOaQÕOPaVÕ geUekPekWediU. YR÷XQ Ye kRQWUROV�] kXOOaQÕP 
VRQXcX ]aUaUOÕ, haVWaOÕk Ye \abaQcÕ RW �]eUiQde diUeQo ROXúPakWa b|\Oece SeVWiViWOeU eWkiVi] haOe geOPekWediU. 
BiOiQoVi] SeVWiViW kXOOaQÕPÕ a\UÕca �U�QOeU �]eUiQde iOao kaOÕQWÕOaUÕQÕQ kaOPaVÕQa QedeQ ROaUak oeYUe Ye iQVaQ Va÷OÕ÷Õ 
aoÕVÕQdaQ UiVk ROXúWXUPakWadÕU. YaSÕOaQ oaOÕúPaOaUÕQ geQeOiQde �UeWiciOeUiQ SeVWiViW kXOOaQÕPÕ kRQXVXQda biOiQoVi] 
ROdXkOaUÕ WeVSiW ediOPiúWiU. BX oaOÕúPaOaUda |]eOOikOe �UeWiciOeUiQ, haVWaOÕk Ye ]aUaUOÕOaUÕ dR÷UX WeVSiW edePePeVi, 
iOao VeoiPiQiQ Ye dR] a\aUOaPaPaVÕQÕQ \aQOÕú \aSÕOPaVÕ, aúÕUÕ \a da \eWeUVi] d�]e\de iOao kXOOaQÕPÕ ile pestisitlerin 
oeYUe Ye iQVaQ Va÷OÕ÷ÕQa ROaQ eWkiOeUi kRQXVXQda dX\aUVÕ] daYUaQÕúOaUÕ SeVWiViW kXOOaQÕPÕ kRQXVXQda \eWeUOi biOiQce 
VahiS ROPadÕkOaUÕ RUWa\a kRQXOPXúWXU (YÕOPa] Ye aUk., 2000; OUXo, 2001; EUbaXgh Ye aUk., 2002; SaOaPeh, 2004; 
Özkan ve Akça|], 2003; RahPaQ, 2003; DePiUcaQ Ye YÕOPa] 2005; G�Q Ye KaQ, 2009; KaOÕSoÕ Ye aUk., 2011, 
Gaber ve Abdel-Latif, 2012). 

G�Q�P�]de iVe ]aUaUOÕ, haVWaOÕk Ye \abaQcÕ RWOaUOa P�cadeOe\e \akOaúÕP, YeUiP aUWÕúÕQdaQ oRk �U�Q� kRUXPak 
úekOiQde ROPakWadÕU. BXQXQOa biUOikWe bX eWPeQOeUOe P�cadeOe ediOPedi÷i WakWiUde iVe YeUiPdeki 
ka\ÕSOaUÕQ %50¶OeUe oÕkabiOece÷i beOiUWiOPekWediU (EceYiW Ye MeQQaQ, 1998). KiP\aVaO P�cadeOe kaSVaPÕQda 
fXQgiViWOeUOe WRhXP iOaoOaPaVÕ \aSÕOPakWadÕU. BXQXQOa biUOikWe ikOiP kRúXOOaUÕQÕQ X\gXQ ROdX÷X ba]Õ \ÕOOaU 
eSidePiOeU Pe\daQa geOebiOPekWediU. BX da eWPeQiQ ÕUkOaUÕQÕQ ROPaVÕQdaQ Ye kXOOaQÕOaQ fXQgiViWOeUe kaUúÕ 
da\aQÕkOÕOÕk ka]aQPaVÕQdaQ ka\QakOaQPakWadÕU (DeOeQ Ye aUk. 1985; OQaQ Ye KaUcÕOÕR÷OX 1988; AObRXUie Ye aUk. 
1998; Molinero-Ruiz ve ark. 2008; Viranyi ve Spring, 2011).  

TaUÕPVaO �UeWiPde eQ |QePOi giUdiOeUdeQ biUiVi kaOiWeOi WRhXPOXkWXU. EkiP VRQUaVÕQda ROXúaQ ROXPVX] ekRORjik 
kRúXOOaU Ye WekQik haWaOaU (d�ú�k WRSUak VÕcakOÕ÷Õ, WRSUakWa ka\Pak WabakaVÕQÕQ ROXúXPX YV.) oiPOeQPe\i ROumsuz 
\|Qde eWkiOePekWediU. BX aPaoOa,X\gXQ ROaPa\aQ kRúXOOaUda ekiOeQ WRhXPOaUÕQ d�]g�Q biU oiPOeQPe Ye oÕkÕú 
Va÷Oa\abiOPeOeUi ioiQ haVaW VRQUaVÕ Ye ekiP |QceVi ba]Õ X\gXOaPaOaU \aSÕOPakWadÕU. BXQOaU hidUaV\RQ X\gXOaPaOaUÕ, 
bi\RORjik WRhXP X\gXOaPaOaUÕ, fi]ikVeO \|QWePOeU, kiP\aVaO \|QWePOeU, WRhXP kaSOaPa X\gXOaPaOaUÕdÕU (G�OúeQ 
ve ark. 2016). 

HaVWaOÕkOaUOa P�cadeOede eQ |QePOi fakW|UOeUdeQ biUi VeoiOeQ oeúiW Ye bX oeúidiQ kXOOaQÕOaQ WRhXPOX÷XQXQ 
iOaoOaQPaVÕdÕU. HaVWaOÕkWaQ aUÕQdÕUÕOPÕú haVWaOÕk eWPeQOeUiQe kaUúÕ eWkiQ kiP\aVaOOaUOa iOaoOaQPÕú VeUWifikaOÕ WRhXP 
kXOOaQÕPÕ b�\�k |QeP WaúÕPakWadÕU (GideU, 2018).  

Fa]Oa iOaoOaPa Ye iOaoOÕ WRhXPOX÷XQ aPbaUda bekOeWiOPeVi, WRhXPOX÷XQ oiPOeQPe g�c�Q� a]aOWaca÷ÕQdaQ, 
bekOeWiOecek Ye\a VaWÕOPaVÕ gaUaQWi ROPa\aQ WRhXPOX÷XQ iOaoOaQPaPaVÕ daha dR÷UX ROacakWÕU (A\WÕQ, 1966). 

TaUÕPVaO �U�QOeUiQ YeUiP Ye kaOiWeViQi d�ú�UeQ haVWaOÕk, ]aUaUOÕ Ye \abaQcÕ RWOaUÕQ ROXúWXUdX÷X ]aUaUÕ a]aOWPak 
Ye\a RUWadaQ kaOdÕUPak WaUÕPVaO VaYaúÕQ aQa hedefOeUiQdeQdiU. TaUÕPVaO VaYaú \|QWePOeUi içerisinde yer alan 
kiP\aVaO VaYaú kROa\ X\gXOaQabiOiUOi÷i Ye VRQXcXQXQ hePeQ aOÕQabiOPeVi gibi oeúiWOi aYaQWajOaUÕ Vebebi\Oe �UeWiciOeU 
WaUafÕQdaQ eQ oRk WeUcih ediOeQ \|QWePOeUdeQ biUidiU (U\gXU Ye ùekeUR÷OX, 1993). 

Ülkemizde Zirai mücadele teknik taliPaWOaUÕ Ye T�Uk GÕda KRdekVi \|QeWPeOi÷i iOe beOiUOi SeVWiViWOeUiQ haQgi 
�U�QOeUde, haQgi ]aPaQda, Qe PikWaUda kXOOaQÕOabiOece÷i Ye bX �U�QOeUde bXOXQPaVÕQa i]iQ YeUiOeQ kabXO ediOebiOiU 
PakViPXP kaOÕQWÕ d�]e\OeUi (MRL) beOiUOeQPiúWiU (AQRQiP, 1999). Bu ba÷OaPda, �U�QOeUde ROXúaQ kaOÕQWÕ VRUXQX 
\aQi X\gXOaQaQ SeVWiViW PikWaUÕQÕQ haVaW VRQUaVÕ, i]iQ YeUiOeQ PakViPXP kaOÕQWÕ OiPiWiQiQ �]eUiQde oÕkPaVÕ |QePOi 
biU VRUXQ ROPakWadÕU (gUQek, 2008). BX QedeQOe SeVWiViW X\gXOaPaOaUÕ kaUPaúÕk biU iúOeP ROXS, �U�Q �Uetimindeki 
oR÷X iúOePdeQ daha fa]Oa deQe\iP Ye dX\aUOÕOÕk geUekWiUPekWediU. PeVWiViW X\gXOaPaVÕ, S�OYeUi]aW|U deSRVXQdaki 
VÕYÕ iOacÕQ kaUÕúWÕUÕOaUak Wekd�]eOi÷iQiQ Va÷OaQPaVÕ, ekiSPaQdaQ hedef \�]e\e eWkiQ biU úekiOde iOeWiOPeVi, hedef 
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yüzey üzerinde tutunmaVÕ Ye VRQ ROaUak iOao eWkeQ PaddeViQiQ ]aUaUOÕ Ye\a biWki\e SeQeWUaV\RQX gibi biUoRk kUiWik 
aúaPadaQ ROXúPakWadÕU (O]kaQ Ye FR[, 1998). 

hOkePi]de WaUÕP iOacÕ kXOOaQÕPÕ 2006 \ÕOÕQda 7628 WRQ iQVekWiViW, 19.900 WRQ fXQgXViW PikWaUOaUÕQda ikeQ 2017 
\ÕOÕQda bX UakaP 11.436 WRQ iQVekWiViW, 22.006 WRQ fXQgXViW ROaUak aUWÕú g|VWeUPiúWiU (ThøK 2017). EQWaQVif WaUÕPÕQ 
\R÷XQ ROaUak \aSÕOdÕ÷Õ AkdeQi], Ege Ye MaUPaUa B|OgeOeUiQde WaUÕP iOaoOaUÕ kXOOaQÕPÕQÕQ di÷eU b|OgeOeUe g|Ue 
daha fa]Oa ROdX÷X beOiUWiOPekWediU (DXUPXúR÷OX Ye aUk. 2010). 

A\oioe÷iQde ASUiQ XL 350 ES (350 g/O MeWaOa[\O-M) fXQgXViWi a\oioe÷i PiOdi\|V�, CRVPRV 500 FS ( 500 g/O 
FiSURQiO) iQVekWiViWi WeOkXUWOaUÕ �]eUiQe eWkiOi SeVWiViWOeUdiU. A\oioe÷iQde ASUiQ XL 350 ES (350 g/O MeWaOa[\O-M) 
fungusiti ayçiçe÷i PiOdi\|V�, CRVPRV 500 FS ( 500 g/O FiSURQiO) iQVekWiViWi a\oioekWe WeOkXUWOaUÕ; PÕVÕUda, Ma[iP 
XL 035 FS ( 25 g/l Fludioxonil + 10 g/l Metalaxyl-M) fXQgXViWi PÕVÕUda fide Ye k|k o�U�kO�÷�, GaXchR FS 600 
( 600 g/O IPidacORSUid) iQVekWiViWi PÕVÕUda WeOkXUWOaUÕ �]eUiQe eWkiOi SeVWiViWOeUdiU.  

BX oaOÕúPada a\oioe÷iQde Ye PÕVÕUda WRhXPa X\gXOaQaQ SeVWiViWOeUiQ WRhXP oiPOeQPe RUaQÕQa eWkiOeUi 
aUaúWÕUÕOPÕúWÕU. Beú A\oioe÷i Ye beú PÕVÕU oeúidiQe Si\aVada \R÷XQ ROaUak kXOOaQÕOaQ WRhXP iOaoOaUÕQÕQ de÷iúik 
dR]OaUÕ X\gXOaQPÕú, bX X\gXOaPaQÕQ 10 g�Q Ye 180 g�Q bekOePe V�UeVi VRQXQda WRhXPOX÷XQ oiPOeQPe de÷eUiQe 
eWkiOeUiQiQ aUaúWÕUÕOPaVÕ aPaoOaQPÕúWÕU. 

2. Materyal ve Metot 

BX oaOÕúPa �o fakW|UO� WeVad�f SaUVeOOeUi deQePe deVeQiQe X\gXQ ROaUak LiPagUaiQ fiUPaVÕQa aiW beúeU a\oioe÷i 
Ye PÕVÕU oeúidi kXOOaQÕOaUak LiPagUaiQ TRhXP IVOah Ye hUeWiP SaQ. Tic. A.ù (BXUVa) OabRUaWXaUÕQda \�U�W�OP�úW�U. 
HeU iki W�U ioiQ de biU fXQgXViW Ye biU iQVekWiViWiQ kXOOaQÕOdÕ÷Õ oaOÕúPada iOaoOaUÕQ WRhXPa X\gXOaPaVÕQdaQ VRQUa 10 
gün ve 180 g�Q bekOeQiOPiú Ye WRhXPOaUÕQ oiPOeQPe RUaQOaUÕ WeVSiW ediOPiúWiU. AUaúWÕUPada kXOOaQÕOaQ oeúiWOeU 
fiUPaQÕQ iVWe÷i dR÷UXOWXVXQda oeúiW iViPOeUi dÕúÕQda faUkOÕ kRd QXPaUaOaUÕ iOe beOiUWiOPiúWiU. daOÕúPada kXOOaQÕOaQ 
oeúiWOeU Ye SeVWiViWOeUiQ |]eOOikOeUi aúa÷Õda YeUiOPiúWiU: 

Ayçiçe÷i çeúitleri ve kullanÕlan pestisitler: 

KC/1: B�\�k WabOaOÕ Ye RUWaVÕQa kadaU daQe dROdXUabiOiU. HekWROiWUe a÷ÕUOÕ÷Õ, daQe YeUiPi Ye \a÷ RUaQÕ 
\�kVekWiU. %53'e kadaU \a÷ RUaQÕ aOÕQabiOiU. G�Qeú \aQÕkOÕ÷ÕQÕ Ye kXú ]aUaUÕQÕ |QOe\ebiOecek úekiOde WabOaVÕ e÷ikWiU. 
OUWa bR\OX Va÷OaP g|YdeOidiU. OUWa eUkeQcidiU. VeUeP RWXQa (OURbaQú) Ye kXUa÷a \�kVek VeYi\ede WROeUaQVOÕdÕU. 

KC/2: YaWPa Ye \ÕkÕOPa\a kaUúÕ kXYYeWOi k|k \aSÕVÕQa Ye kXú ]aUaUÕ Ye g�Qeú \aQÕkOÕ÷Õ ioiQ e÷ik WabOa\a Vahiptir. 
MiOdi\| Ye OUabaQúa WROeUaQVOÕdÕU. A\oioe÷i �UeWiPiQde SURbOeP ROaQ W�P haVWaOÕkOaUa kaUúÕ \�kVek PXkaYePeW 
g|VWeUiU. VeUiPOiOik ioiQ W�P ekiP aOaQOaUÕQa WaYVi\e ediOebiOiU. 

KC/3: OUWa bR\OX Va÷OaP g|YdeOidiU. OUWa eUkeQcidiU. TabOa \aSÕVÕ aúa÷Õ\a dR÷UX e÷ik ROdX÷XQdaQ dROa\Õ, 
keQdiViQi g�Qeú \aQÕkOÕ÷ÕQdaQ Ye kXú ]aUaUÕQdaQ kRUXU. HekWROiWUe a÷ÕUOÕ÷Õ oRk \�kVekWiU. OUWaVÕQa kadaU daQe 
dROdXUabiOeQ b�\�k WabOa\a VahiSWiU. Ya÷ RUaQÕ \�kVekWiU Ye kXUa÷a Ye RUabaQúa \�kVek deUecede WROeUaQVOÕdÕU. 

KC/4: OUWa bR\OX Va÷OaP g|YdeOidiU. EUkeQcidiU. KXUa÷a, PiOdi\|  haVWaOÕ÷ÕQa kaUúÕ \�kVek VeYi\ede 
WROeUaQVOÕdÕU. OUabaQú ioiQ iOao aWPa ]RUXQOXOX÷X ROPa\ÕS, Vadece \abaQcÕ RW iOe P�cadeOe \eWeUOidiU. B�\�k WabOaOÕ 
Ye RUWaVÕQa kadaU daQe dROdXUabiOiU.  HekWROiWUe a÷ÕUOÕ÷Õ, daQe YeUiPi Ye \a÷ RUaQÕ \�kVekWiU. %53'e kadaU \a÷ YeUiPi 
aOÕQabiOiU.  

KC/5: EUkeQci biU oeúiWWiU. dRk \�kVek YeUiPOidiU. MiOdi\| haVWaOÕ÷ÕQa \�kVek VeYi\ede WROeUaQVOÕdÕU. OUabaQúÕQ 
biOiQeQ W�P ÕUkOaUÕQa \�kVek VeYi\ede WROeUaQVOÕdÕU. Ya÷ RUaQÕ Ye hekWROiWUeVi \�kVekWiU. OUWa bR\OX Ye g�oO� k|k 
ViVWePi QedeQi iOe \aWPa\a Ye kXUak kRúXOOaUa da\aQÕPÕ oRk \�kVekWiU. OUWaVÕQa kadaU WaQe dROdXUabiOeQ WabOa 
\aSÕVÕ QedeQi iOe YeUiPi \�kVekWiU. TabOa \aSÕVÕ aúa÷Õ\a dR÷UX bakWÕ÷ÕQdaQ dROa\Õ, kXú ]aUaUÕ Ye g�Qeú ]aUaUÕQa 
kaUúÕ aYaQWajOÕdÕU. 

Aprin XL 350 ES: Etkili maddesi 350 g/l Metalaxyl-M. FRUPXOaV\RQX EP�OVi\RQ fRUP�OaV\RQOX VÕYÕ WRhXP 
iOacÕ. A\oioe÷i PiOdi\| haVWaOÕ÷Õ ioiQ kXOOaQÕOaQ biU fXQgXViWWWiU. A\oioek biWkiVi ioiQ |QeUiOeQ iOao Si\aVa dR]X 250 
PO/100 kg WRhXPdXU. S\QgeQWa TaUÕP SaQa\i Ye TicaUeW A.ù¶ Qe aiW biWki kRUXPa �U�Q�d�U. 



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(1) 

 49 

Cosmos 500 FS: Etkili maddesi 500 g/l Fipronil. Formulasyonu WRhXP iOaoOaPaVÕ ioiQ akÕcÕ kRQVaQWUediU. 
A\oioe÷i Ye PÕVÕUda WeO kXUWOaUÕ ioiQ kXOOaQÕOaQ biU iQVekWiViWWiU. A\oioek biWkiVi ioiQ |QeUiOeQ Si\aVa dR]X 500 PO/100 
kg¶dÕU.  

MÕsÕr çeúitleri ve kullanÕlan pestisitler: 

DK/1: BiWki bR\X X]XQ, dik \aSUakOÕ Ye kXYYeWOi biU k|k ViVWePiQe VahiSWiU. TaQe WiSi aW diúidiU. KRoaQOaU RUWa 
b�\�kO�kWe ROXS, V|Pek kÕUPÕ]Õ UeQkOidiU. KRoaQ XcX dROdXUPa |]eOOi÷i \�kVek ROaQ biU oeúiWWiU. DR÷aO kRúXOOaUda, 
\aSUak \aQÕkOÕ÷ÕQa, VaS o�U�kO�÷� Ye kRoaQ o�U�kO�÷�Qe oRk \�kVek WROeUaQVOÕdÕU. Y�kVek biWki VÕkOÕkOaUÕQa 
WROeUaQVÕ oRk i\idiU. HaVaW ]aPaQÕQda WaQeOeUdeki UXWXbeWi hÕ]OÕ úekiOde aWaU. AdaSWaV\RQ kabiOi\eWi oRk i\idiU. 

DK/2: G|YdeVi kaOÕQ Ye bRO \aSUakOÕdÕU. TaQe YeUiPi Ye ViOaj YeUiPi oRk \�kVekWiU. HekWROiWUe Ye 1000 WaQe 
a÷ÕUOÕ÷Õ \�kVekWiU. KRoaQOaUÕ b�\�k ROXS, V|Pek Ye WaQe UeQgi kÕUPÕ]ÕdÕU. BiWki bR\X X]XQ, dik \aSUakOÕ Ye kXYYeWOi 
biU k|k ViVWePiQe VahiSWiU. SOaj \aSÕP ]aPaQÕ biWkiQiQ aOW \aSUakOaUÕ Ye g|YdeVi \eúiO kaOPa |]eOOi÷iQe VahiSWiU. BX 
|]eOOi÷iQdeQ dROa\Õ \aSÕOaQ VOajÕQ ViOROaQPaVÕ kROa\ ROXU Ye PeYcXW VOaj kaOiWeVi X]XQ V�Ue bR]XOPa]. SOaj kaOiWeViQi 
aUWÕUaQ SURWeiQ RUaQÕ, VOaj YeUiPiQi aUWÕUaQ kXUX Padde RUaQÕ, \�kVek ROaQ biU oeúiWWiU. 

DK/3: BiWki \aSÕVÕ XQifRUP ROXS aúa÷ÕdaQ kRoaQ ba÷OaU. HekWROiWUe a÷ÕUOÕ÷Õ \�kVekWiU. KRoaQ V|Pe÷i iQce, 
daQeOeU iVe X]XQdXU. Sa÷OaP g|YdeOi, \aWPa], \ÕkÕOPa] Ye kRoaQ d|kPe] biU oeúiWWiU. KRoaQÕ be\a] ROdX÷X ioiQ 
Wa]e W�keWiPe oRk X\gXQdXU. BiWki \aSÕVÕ dik \aSUakOÕ ROdX÷XQdaQ g�Qeú ÕúÕQOaUÕQdaQ daha fa]Oa \aUaUOaQÕU. Di÷eU 
oeúiWOeUe Qa]aUaQ daha VÕk ekiOebiOiU. HaVaWWa daQe UXWXbeWi d�ú�k, \�kVek YeUiPOi biU oeúiWWiU. 

DK/4: SaS Ye g|Yde \aSÕVÕ oRk Va÷OaPdÕU. BX |]eOOi÷iQdeQ dROa\Õ \aWPa\a oRk WROeUaQVOÕ biU oeúiWWiU. TaQe 
\aSÕVÕQdaQ dROa\Õ hekWROiWUe a÷ÕUOÕ÷Õ oRk \�kVekWiU. EUkeQci biU oeúiW ROdX÷XQdaQ dROa\Õ, 80-85 günde silaja gelir. 
KRoaQ ioiQde bXOXQaQ V|Pek \aSÕVÕ oRk iQce ROXS daQe/kRoaQ RUaQÕ oRk \�kVekWiU. DaQeOeUi aW diúi \aSÕVÕQda 
ROdX÷XQdaQ dROa\Õ, \�kVek YeUiP YeUPe kabiOi\eWi YaUdÕU. TRSUak VeoiciOi÷i \RkWXU. 

DK/5: G|YdeVi kaOÕQ Ye bRO \aSUakOÕdÕU. BiWki bR\X Ye \aSÕVÕ QedeQi iOe VOaj YeUiPi \�kVekWiU. TaQe UeQgi 
kÕUPÕ]ÕdÕU. HekWROiWUe Ye 1000 daQe a÷ÕUOÕ÷Õ \�kVekWiU. TaQe YeUiPi oRk \�kVekWiU. SOaj \aSÕP ]aPaQÕ biWkiQiQ aOW 
\aSUakOaUÕ Ye g|YdeVi \eúiO kaOPa |]eOOi÷iQe VahiSWiU. BX |]eOOi÷iQdeQ dROa\Õ \aSÕOaQ VOajÕQ ViOROaQPaVÕ kROa\ ROXU 
ve mevcut slaj kalitesi uzun süre bozulmaz.  

GaXchR FS 600: EWkiOi PaddeVi 600 g/O iPidacORSUid. FRUPXOaV\RQX WRhXP iOaoOaPaVÕ ioiQ akÕcÕ kRQVaQWUediU. 
MÕVÕUda WeOkXUWOaUÕQa kaUúÕ kXOOaQÕOaQ biU iQVekWiViWWiU. MÕVÕU biWkiVi ioiQ |QeUiOeQ iOao Si\aVa dR]X 600 PO/100 kg 
WRhXPdXU. Ba\eU T�Uk KiP\a SaQ. LWd. ùWi úiUkeWiQe aiW biWki kRUXPa �U�Qd�U. 

Maxim XL 035 FS: Etkili maddesi 25 g/l Fludioxonil + 10 g/l Metalaxyl-M. Formulasyonu tohXP iOaoOaPaVÕ 
ioiQ akÕcÕ kRQVaQWUediU. MÕVÕUda WRhXP Ye k|k o�U�kO�÷�, fide \aQÕkOÕ÷Õ ioiQ kXOOaQÕOaQ biU fXQgXViWWiU. MÕVÕU biWkiVi 
ioiQ |QeUiOeQ iOao Si\aVa dR]X 100 PO/100 kg WRhXPdXU. S\QgeQWa TaUÕP SaQa\i Ye TicaUeW A.ù¶ Qe aiW biWki kRUXPa 
ürünüdür. 

AUaúWÕUPada, SeVWiViWOeUiQ Si\aVa dR]OaUÕ ba] aOÕQaUak VX Ye iOao PikWaUOaUÕ a\aUOaQPÕúWÕU. 100 kg WRhXP ioiQ 
geUekOi iOao PikWaUÕ, heU oeúiW ioiQ \aSÕOacak deQePe WRSOaP 1200 adeW WRhXP kXOOaQÕOacak úekiOde QXPXQe kiORVX 
Ye iOao dR]OaUÕ iOe RUaQ heVabÕ \aSÕOPÕú Ye heU oeúiWWe X\gXOaQacak WRhXP kiORVX [ iOao dR]X a\UÕ a\UÕ heVaSOaQPÕúWÕU. 
ødeaO iOaoOÕ VX PikWaUÕ (WRhXPX i\i biU úekiOde kaSOa\aQ fakaW akPa\aQ PikWaU ROaQ iOaoWa kXOOaQÕOacak VX PikWaUÕ) 
100 kg WRhXP ioiQ 1 OiWUe VX ROacak úekiOde a\aUOaQPÕúWÕU. BX RUaQOaU �UeWici iOao fiUPaOaUÕQÕQ YeUPiú ROdX÷X 
RUaQOaUOa deVWekOeQPiúWiU.  

HeU iki W�U ioiQ de iQceOeQeQ SeVWiViWOeU  6 a\UÕ dR]da X\gXOaQPÕú Ye WRhXPOaU 10 g�Q Ye 180 g�Q bekOeWiOeUek 
oiPOeQPe WeVWOeUiQe geoiOPiúWiU. A\oioe÷i ioiQ  ASUiQ XL 350 ES; 0, 200, 250, 300, 350, 400 ml ve Cosmos 500 
FS; 0, 300, 400, 500, 600, 700 PO ; PÕVÕU ioiQ iVe Ma[iP XL 035FV; 0,50,75,100,125,150 PO Ye GaXchR FS 600; 
0,400,500,600,700 Ye 800 PO dR]OaUÕQda X\gXOaQPÕúWÕU. DeQePeOeUde oiPOeQPe WeVWOeUi ISTA kXUaOOaUÕQa X\gun 
ROaUak \aSÕOPÕú Ye eOde ediOeQ YeUiOeU JUMP iVWaWiVWiki SURgUaPÕQda de÷eUOeQdiUiOPiúWiU.  

3. AraútÕrma SonuolarÕ ve TartÕúma 

daOÕúPada  iOao, dR] X\gXOaPaOaUÕ Ye oeúiWOeUiQ bX X\gXOaPaOaUa YeUdikOeUi WeSki\i beOiUOePek �]eUe \aSÕOaQ 
YaU\aQV aQaOi] VRQXoOaUÕ 10 g�Q Ye 180 g�Q bekOeWPe V�UeOeUiQe g|Ue TabOR1¶de YeUiOPiúWiU. A\oioe÷i ioiQ 10 
g�QO�k bekOeWPe V�UeVi VRQUaVÕQda oeúiW, iOao Ye dR] X\gXOaPaOaUÕ iVWaWiVWiki ROaUak |QePVi] bXOXQXUkeQ, øOao [ dR] 
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iQWeUakVi\RQX iVWaWiVWiki ROaUak % 5 d�]e\iQde |QePOi bXOXQPXúWXU. 180 g�QO�k bekOeWPe V�UeVi VRQUaVÕ iVe dR] 
X\gXOaPaVÕ aoÕVÕQdaQ % 5 d�]e\iQde |QePOiOik WeVSiW ediOPiúWiU. MÕVÕUda iVe 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda 
oeúiW Ye dR] X\gXOaPaOaUÕ iVWaWiVWiki ROaUak %1 d�]e\iQde |QePOi bXOXQXUkeQ, oeúiW [ iOao iQWeUakVi\RQX % 5 ROaVÕOÕk 
d�]e\iQde |QePOi bXOXQPXúWXU. 180 g�Q bekOeWPe VRQUaVÕ iVe eOe aOÕQaQ W�P X\gXOaPaOaUda % 1 d�]e\iQde 
önemlilik WeVSiW ediOPiúWiU. 

Tablo1. Ayçiçe÷i ve mÕsÕr çeúitlerinin, ilaç ve doz uygulamalarÕnÕn 10 g�n ve 180 g�n  bekletme 
sonunda çimlenme oranlarÕna iliúkin varyans analiz sonuçlarÕ 

Table 1.Variance analysis results of sunflower and corn cultivars, germination rates of 10 days and 180 
days of drug and pesticide applications 

 
    10 GÜN  180 GÜN 

     AYÇøÇEöø   MISIR AYÇøÇEöø MISIR 
Varyasyon 
Ka\Qa÷i 

SD KO KO KO KO 

deúiW                                                        
øOao                                                      
Doz                                                     
deúiW [ øOao                                               
deúiW [ DR]                                         
øOao [ DR]                
deúiW [ øOao [ DR]  

4 
1 
5 
4 
20 
5 
20 

10.54 
7.35 
1053 
6.36 
35.26 
31.30* 
21.74 

81.78** 
1.67 
45.35** 
27.63* 
15.28 
8.68 
32.03 

40.23 
19.84 
62.92* 
10.89 
155.73 
24.39 
118.76 

375.04** 
79.35** 
197.90** 
399.86** 
209.56** 
54.80** 
182.24** 

 *:p<0.05. **p<0.01  
 

A\oioe÷iQde 10 g�QO�k bekOeWPe VRQUaVÕ \aSÕOaQ oiPOeQPe WeVWOeUi VRQXcXQda oeúiWOeUiQ % 98.02 - 98.63 
RUaQÕQda oiPOeQdikOeUi g|U�OP�úW�U. deúiWOeU aUaVÕQda eQ \�kVek de÷eU % 98.63 de÷eUi iOe KC/4 oeúidinden. en 
d�ú�k de÷eU iVe % 98.02 iOe KC/1 oeúidiQdeQ eOde ediOPiúWiU. 180 g�QO�k bekOeWPe VRQUaVÕQda iVe oeúitlerin 
oiPOeQPe de÷eUOeUi % 96.98 - 98.08 araVÕQda de÷iúPiúWiU. deúiWOeU aUaVÕQda eQ \�kVek de÷eU % 98.08 de÷eUi iOe 
KC/4 oeúidiQdeQ. eQ d�ú�k de÷eU iVe % 96.98 iOe KC/1 Ye KC/5 oeúiWOeUiQdeQ eOde ediOPiúWiU. MÕVÕUda iVe 10 g�QO�k 
bekOeWPe V�UeVi VRQUaVÕ \aSÕOaQ oiPOeQPe WeVWOeUi VRQXcXQda oeúiWOeriQ oiPOeQPe de÷eUOeUi % 97.46 - 99.08 
aUaVÕQda VaSWaQPÕúWÕU. deúiWOeU aUaVÕQdaki eQ \�kVek de÷eU % 99.08 de÷eUi iOe DK/4 oeúidiQdeQ. eQ d�ú�k de÷eU iVe 
% 97.46 iOe DK/2 oeúidiQdeQ eOde ediOPiúWiU. 180 g�QO�k bekOeWPe VRQUaVÕQda oeúiWOeUiQ oiPOeQPe de÷eUOeri % 
94.63 ± 98.19 aUaVÕQda de÷iúPiúWiU. deúiWOeU aUaVÕQda eQ \�kVek de÷eU % 98.19 iOe DK/4 oeúidiQdeQ. eQ d�ú�k de÷eU 
ise % 94.63 iOe DK/2 oeúidiQde VaSWaQPÕúWÕU (TabOR 2).  

 
Tablo 2. Ayçiçe÷i ve MÕsÕrda çeúit bazÕnda çimlenme oranlarÕ ortalama de÷erleri (%) 

Table 2. Average values of germination rates on the basis of cultivars in sunflower and corn (%) 
 

 AYÇøÇEöø  MISIR 
ÇEùøTLER 10 GÜN 180 GÜN ÇEùøTLER 10 GÜN 180 GÜN 
KC/1 
KC/2 
KC/3 
KC/4 
KC/5 

98.02 
98.13 
98.31 
98.38 
98.63 

96.98 
97.33 
97.52 
98.08 
96.98 

DK/1 
DK/2 
DK/3 
DK/4 
DK/5 

98.06   b 
97.46   c 
98.12   b 
99.08   a 
97.52   c 

96.73   b 
94.63   c 
97.88   a 
98.19   a 
96.96   b 

A\oioe÷i oeúiWOeUiQde WRhXPa X\gXOaQaQ SeVWiViW W�UOeUiQiQ oiPOeQPe RUaQOaUÕQa eWkiVi iQceOeQdi÷iQde. 10 
g�QO�k bekOeWPe VRQUaVÕ RUWaOaPa de÷eUOeU ASUiQ XL 350 ES ioiQ % 98.12 iken. Cosmos 500 FS için % 98.47 
ROaUak beOiUOeQiUkeQ 180 g�QO�k bekOeWPe VRQUaVÕ iVe RUWaOaPa oiPOeQPe RUaQOaUÕ ASUiQ  XL 350 ES ioiQ % 97.09 
iken Cosmos 500 FS için % 97.66 olarak beOiUOeQPiúWiU. MÕVÕU oeúiWOeUiQde 10 g�QO�k bekOeWPe VRQUaVÕ RUWaOaPa 
oiPOeQPe RUaQOaUÕ Ma[iP XL 035 FS ioiQ % 97.97; Gaucho FS 600 için  % 98.13 ROaUak VaSWaQPÕúWÕU. 180 g�QO�k 
bekOeWPe V�UeVi VRQUaVÕQda iVe RUWaOaPa oiPOeQPe RUaQOaUÕ Ma[iP XL 035 FS ioin % 97.45 ve Gaucho FS 600  % 
96.30 ROaUak beOiUOeQPiúWiU (TabOR 3).  
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Tablo 3. Uygulanan pestisit t�rlerinin çimlenme oranlarÕ ortalama de÷erleri (%) 
Table 3. Average values of germination rates of applied pesticides (%) 

 
AYÇøÇEöø MISIR 

øLAÇ 10 GÜN 180 GÜN øLAÇ 10 GÜN 180  GÜN 

Aprin XL 350 ES 

Cosmos 500 FS 

98.12 

98.47 

97.09 

97.66 

Maxim XL 035 

FS   

Gaucho FS 600 

97.97 

98.13 

97.45 

96.30 

deúiW [ iOao iQWeUakVi\RQX bakÕPÕQdaQ iVe 10 g�Q Ye 180 g�Q bekOeWPe VRQUaVÕ eOde ediOeQ oiPOeQPe VRQXoOaUÕ 
a\oioe÷i ioiQ TabOR 4¶de, PÕVÕU ioiQ iVe TabOR 5¶de YeUiOPiúWiU. A\oioe÷iQde 10 g�Q bekOeWPe VRQUaVÕ RUWaOaPa 
de÷eUOeU % 97.63 ± 98.75 aUaVÕQda. 180 g�Q  bekOeWPe VRQUaVÕ  iVe % 96.50- 98.08 aUaVÕQda WeVSiW ediOPiúWiU. En 
yüksek sonuç 10 gün için KC/4 oeúidiQde CRVPRV 500 FS X\gXOaPaVÕQdaQ Ye 180 g�Q ioiQ de a\QÕ oeúiW Ye heU iki 
SeVWiViW X\gXOaPaVÕQdaQ eOde ediOPiúWiU.  

 
Tablo 4. Ayçiçe÷inde çeúit x ilaç interaksiyonuna ait ortalama çimlenme de÷erleri (%) 
Table 4. Average germination values of cultivar x pesticide interaction in sunflower (%) 

 
Çeúit ølao 10 Gün 180 Gün 
KC/1 Aprin 

Cosmos 
97.63 
98.42 

96.50 
97.46 

KC/2 Aprin 
Cosmos 

97.83 
98.42 

96.83 
97.83 

KC/3 Aprin 
Cosmos 

98.17 
98.46 

97.12 
97.92 

KC/4 Aprin 
Cosmos 

98.50 
98.75 

98.08 
98.08 

KC/5 Aprin 
Cosmos 

98.46 
98.29 

96.92 
97.04 

  

MÕVÕUda oeúiW [ iOao iQWeUakVi\RQX bakÕPÕQdaQ 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕ eOde ediOeQ oiPOeQPe 
VRQXoOaUÕ Ma[iP XL 035 FS X\gXOaQaQ WRhXPOaUda % 97.58 ± 98.75 de÷eUOeUi aUaVÕQda ROXS eQ \�kVek VRQXo 
DK/4 oeúidiQde g|U�OP�úW�U. 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕ GaXchR FS 600 ioiQ iVe oiPOeQPe RUaQOaUÕ % 
97.04±99.42 aUaVÕQda Ye  \iQe eQ \�kVek de÷eU DK/4 oeúidiQdeQ VaSWaQPÕúWÕU. 180 g�QO�k bekOeWPe VRQUaVÕ 
oiPOeQPe RUaQOaUÕ RUWaOaPa de÷eUOeUi iQceOeQdi÷iQde Ma[iP XL 035 FS ioiQ % 97.17 ± 97.71 aUaVÕQda VRQXoOaU 
eOde ediOPiúWiU. DeQePede DK/1 oeúidiQdeQ eQ \�kVek de÷eU VaSWaQÕUkeQ. eQ d�ú�k de÷eU DK/5 oeúidiQdeQ eOde 
ediOPiúWiU. 180 g�QO�k bekOeWPe VRQUaVÕ GaXchR FS 600 X\gXOaQaQ WRhXPOaUda oiPOeQPe RUaQÕ  % 91.75 ± 98.71 
aUaVÕQda ROPXúWXU Ye eQ \�kVek de÷eU DK/4 oeúidiQde VaSWaQPÕúWÕU. 

Tablo 5. MÕsÕrda çeúit x ilaç interaksiyonuna ait ortalama çimlenme de÷erleri  (%) 
Table 5. Average germination values of variety x pesticide interaction in corn (%) 

Çeúit ølao 10 Gün 180 Gün 
DK/1 Maxim 

Gaucho 
   97.96  cd 
   98.17  bc 

    97.71 cd 
   95.75 bc 

DK/2 Maxim 
Gaucho 

   97.88  cd 
   97.04   e 

   97.50  cd 
   91.75 e 

DK/3 Maxim 
Gaucho 

   97.58  cde 
   98.67  b 

   97.21  c 
   98.54 ab 

DK/4 Maxim 
Gaucho 

   98.75  b 
   99.42  a 

   97.67  bc 
   98.71 a 

DK/5 Maxim 
Gaucho 

   97.67  cd 
   97.38  de 

   97.17 c 
   96.75  cd 

A\oioe÷iQde 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda VaSWaQaQ oiPOeQPe RUaQOaUÕ RUWaOaPaVÕQa g|Ue iOao [ dR]  
iQWeUakVi\RQX iQceOeQdi÷iQde ASUiQ XL 350 ES ioiQ eQ i\i oiPOeQPe de÷eUiQiQ % 98.95 de÷eUi iOe 300 PO dR]XQda 
ROdX÷X. Cosmos 500 FS için ise % 98.95 iOe 600 PO dR]XQda ROdX÷X WeVSiW ediOPiúWiU. 180 g�QO�k bekOeWPe V�UeVi 
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VRQXQda iVe ASUiQ XL 350 ES ioiQ eQ i\i oiPOeQPe de÷eUiQiQ % 97.15 ile 200 PO dR]XQda ROdX÷X Ye dR] aUWÕUÕPÕQÕQ 
oiPOeQdiUPe RUaQÕQÕ d�ú�Ud�÷�, CRVPRV 500 FS ioiQ iVe eQ \�kVek de÷eUiQ iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO 
WRhXPOaUÕQda % 98.45 iOe WeVSiW ediOdi÷i g|U�OP�úW�U. BXQX % 98.10 iOe 700 PO dR]X i]OePiúWiU (TabOR 6). 

Tablo 6. Ayçiçe÷inde ilaç x doz interaksiyonuna ait ortalama çimlenme de÷erleri (%) 
Table 6. Average germination values of pesticide x dose interaction in sunflower (%) 

 
ølao Doz 10 Gün 180 Gün  ølao Doz 10 Gün  180 Gün 

 
 
 
  
APRøN 

0 98.45    abc 98.45    a  
 
 
   
COSMOS 
 

0 98.00   bcd  98.45     a 

200 97.55    cd 97.15   abc 300  98.15    a-d  96.80     bc 

250 98.00   bcd 97.05   abc 400  98.40   abc   97.75    abc 

300 98.95    a 96.45     c 500  98.45   abc   97.75    abc 

350 97.40   d 96.75    bc 600  98.95    a   97.15    abc 

400 97.95    cd 96.70    bc 700   98. 85   ab   98. 10    ab 

LSD0.05 1.97 3.17              1.97     3.17 

MÕVÕUda 10 g�Q bekOeWPe VRQUaVÕQda VaSWaQaQ oiPOeQPe RUaQOaUÕ RUWaOaPaOaUÕQa g|Ue iOao [ dR] iQWeUakVi\RQX 
iQceOeQdi÷iQde Ma[iP XL 035 FS ioiQ eQ i\i oiPOeQdiUPe de÷eUiQiQ iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO 
WRhXPOaUÕQda % 98.70 iOe WeVSiW ediOdi÷i g|U�OP�útür. Bunu % 98. 35 iOe 50 PO dR]X i]OePiúWiU. GaXchR FS 600 
ioiQ de eQ \�kVek de÷eU iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO WRhXPOaUÕQda % 98.70 de÷eUi ROdX÷X g|U�OP�ú bXQX 
% 98.65 iOe 400 PO dR]X ROdX÷X i]OePiúWiU. 180 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda Ma[iP XL 035 FS için en iyi 
oiPOeQdiUPe de÷eUiQiQ iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO WRhXPOaUÕQda Ye bXQX % 97.50 de÷eUi iOe 125 PO dR]X 
izlerken. GaXchR FS 600 ioiQ eQ \�kVek de÷eUiQ \iQe kRQWURO WRhXPOaUÕQda ROdX÷X Ye bXQX da % 97.25 ile 400 ml 
dR]X i]OePiúWiU. HeU iki iOacÕQda 180 g�QO�k bekOeWPe VRQUaVÕQda oiPOeQPe RUaQÕQÕ |QePOi d�]e\de d�ú�Ud�÷� 
g|U�OP�úW�U (TabOR 7). 

DeQePede oeúiW [ iOao [ dR] �oO� iQWeUakVi\RQX bakÕPÕQdaQ 10 g�QO�k bekOeWPe VRQUaVÕ eOde ediOeQ RUWaOaPa 
oiPOeQPe de÷eUOeUi TabOR 8¶de. 180güQ bekOeWPe VRQUaVÕ eOde ediOeQ de÷eUOeUde TabOR 9¶da YeUiOPiúWiU. BXQa g|Ue 
a\oioe÷i ioiQ 10 g�Q bekOeWPe VRQUaVÕ eQ \�kVek de÷eU KC/5 oeúidiQdeQ ASUiQ 300 PO X\gXOaPaVÕQdaQ  % 99.50 
elde edilirken. eQ d�ú�k de÷eU % 96.75 iOe 350 PO ASUiQ X\gXOaPaVÕQda KC/1 Ye KC/2 oeúiWOeUiQde WeVSiW 
ediOúPiúWiU. CRVPRV X\gXOaPaOaUÕQda iVe eQ \�kVek de÷eU % 99.50 iOe 600 PO dR]da \iQe KC/5 oeúidiQdeQ eOde 
ediOPiúWiU. 180 g�QO�k bekOeWPe VRQUaVÕ RUWaOaPa oiPOeQPe de÷eUOeUi iQceOeQdi÷iQde iVe ASUiQ ioiQ eQ \�kVek 
de÷eUiQ % 99.25 iOe  iOao X\gXOaPaVÕ \aSÕOPa\aQ KC/4 Ye KC/5 oeúiWOeUiQde WeVSiW ediOdi÷i bXQX % 98.75 ile 200 
PO Ye 300 PO dR]OaUÕQda KC/3 oeúidiQiQ i]Oedi÷i g|U�OP�úW�U. CRVPRV ioiQ iVe eQ \�kVek de÷eU  \iQe % 99.25 ile 
iOao X\gXOaPaVÕ \aSÕOPa\aQ KC/4 Ye KC/5 oeúiWOeUiQde VaSWaQPÕúWÕU. A\oioe÷iQde k�OOePe\e kaUúÕ kXOOaQÕOaQ 
ASUiQ XL 350 ES ioiQ \�kVek dR]OaUÕQ oiPOeQPe RUaQÕQÕ KC/1 oeúidi dÕúÕQda geQeO ROaUak d�ú�Ud�÷� g|U�OP�úW�U. 

daOÕ (2007) dRPaWeV biWkiViQde ASUiQ XL 350 ES fXQgXViWiQiQ eWkiOi PaddeVi ROaQ MeWaOa[\O¶i XgXOaPÕú Ye eOde 
ediOeQ VRQXoOaUdaQ \ROa oÕkaUak. �OkePi]de Vadece a\oioe÷i biWkiViQde PiOdi\| haVWaOÕ÷ÕQa kaUúÕ WRhXP iOacÕ ROaUak 
kXOOaQÕOPaVÕ |QeUiOeQ MeWaOa[\O eWkiOi PaddeOi SeVWiViW ioiQ �UeWici dR]X Ye bX dR]XQ �]eUiQde \aSÕOacak 
X\gXOaPaOaUÕQ dRPaWeV biWkiViQiQ VWRPaOaUda ROXPVX]OXkOaUa \RO aoWÕ÷ÕQÕ. bu durumun bitkinin temel fizyolojik 
ROa\OaUÕQÕ dROa\ÕVÕ\Oa da biWki geOiúiPiQi Ye VRQXoWa da YeUiPi ROXPVX] \|Qde eWkiOe\ece÷iQi WeVSiW eWPiúWiU. TeO 
kXUWOaUÕQa kaUúÕ kXOOaQÕOaQ CRVPRV 500 FS a\oioe÷iQde dR] aUWÕUÕPÕQÕQ oiPOeQPe RUaQÕ �]eUiQde eWkiVi oeúiWOeUe 
g|Ue de÷iúPiúWiU. gUQe÷iQ KC/1 oeúidiQe biU PikWaU aUWÕúa VebeS ROXUkeQ KC/4 Ye KC/5 oeúiWOeUiQde d�ú�úe VebeS 
ROPXúWXU. TURWXú Ye aUk. (2011) CRVPRV 500 FS PÕVÕU biWkiViQde WeO kXUWOaUÕQa kaUúÕ kXOOaQÕPÕQda dR] aUWÕUÕPÕQÕQ 
]aUaUOÕ �]eUiQde ROXPOX eWki eWWi÷iQi g|]OePOePiúWiU. øOacÕQ oiPOeQPe de÷eUOeUi �]eUiQde 2.0 O/d % 89. 7.5 l/d % 94 
RUaQÕQda eWkiOi ROdX÷XQX WeVSiW eWPiúWiU. 
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Tablo 7.  MÕsÕrda ilaç x doz interaksiyonuna ait ortalama çimlenme de÷erleri (%) 
Table 7. Average germination values of pesticide x dose interaction in corn (%) 

ølao Doz 10 Gün 180 Gün  ølao Doz 10 Gün  180 Gün 

 
 
   
MAXIM 

0 98.70 98.70    a  
 
 
GAUCHO 
 

0       98.70 98.70    a 
50 98.35 97.05    bc 400       98.65 97.25    b 
75 97.85 97.35    b 500       98.15 96.05    cde 
100 97.10 97.25    b 600       97.80 95.85    def 
125 98.25 97.50    b 700       97.70 95.15     ef 
150 97.55 96.85    bcd 800       97.80 94.80     f 

LSD0.05    1.50 2.44        1.50 2.44 

MÕVÕUda iVe oeúiW [ iOao [ dR] iQWeUakVi\RQX bakÕPÕQdaQ 10 g�QO�k bekOeWPe VRQUaVÕ RUWaOaPa oiPOeQPe 
de÷eUOeUi iQceOeQdi÷iQde Ma[iP ioiQ eQ \�kVek de÷eUiQ % 99.50 iOe iOao X\gXOaPaVÕ \aSÕOPa\aQ DK/4 oeúidiQdeQ 
eOde ediOdi÷i Ye bXQX % 99.25 iOe 50 PO dR]da \iQe DK/4 oeúidiQiQ i]Oedi÷i g|U�OP�úW�U.  

Tablo 8. Çeúit x ølaç x Doz interaksiyonuna ait ortalama çimlenme de÷erleri (10 g�n) 
Table 8. Average germination values of cultivarx pesticide x dose interaction (10 days) 

Çeúit ølao Doz Ç.D. Çeúit Ç.D. Çeúit Ç.D. Çeúit Ç.D. Çeúit Ç.D. 
            AYÇøÇEöø 

 
 
 
 
 
 
 
 
 
KC1 

A
pr

in
 

0 97.00  
 
 
 
 
 
 
 
 
KC2 

98.25  
 
 
 
 
 
 
 
 
KC3 

98.50  
 
 
 
 
 
 
 
 
KC4 

99.25  
 
 
 
 
 
 
 
 
KC5 

99.25 
200 97.75 97.00 98.00 98.50 98.50 
250 98.00 98.25 98.00 97.75 98.00 
300 98.00 99.25 99.00 99.00 99.50 
350 96.75 96.75 97.25 98.50 97.75 
400 98.25 97.50 99.25 98.00 97.75 

C
os

m
os

 

 
0 

 
97.00 

 
98.25 

 
98.50 

 
99.25 

 
97.00 

300 98.00 98.25 97.75 98.25 98.50 
400 98.50 99.00 98.50 98.50 97.50 
500 99.00 97.25 99.00 98.25 98.75 
600 98.75 99.25 98.00 99.25 99.50 
700 99.25 98.50 99.00 99.00 98.50 

           MISIR 
 
 
 
 
 
 
 
DK1 

M
ax

im
 

0 98.25  
 
 
 
 
 
 
DK2 

98.75  
 
 
 
 
 
 
DK3 

98.75  
 
 
 
 
 
 
DK4 

99.50  
 
 
 
 
 
 
DK5 

98.25 
50 98.00 98.25 98.25 99.25 98.00 
75 97.75 98.25 97.50 98.75 97.00 
100 97.50 97.25 96.25 97.75 96.75 
125 98.50 98.50 98.00 98.25 98.00 
150 97.75 96.25 96.75 99.00 98.00 

G
au

ch
o 

 
0 

 
98.25 

 
98.75 

 
98.75 

 
99.50 

 
98.25 

400 99.50 97.25 99.00 99.50 98.00 
500 97.75 96.75 99.00 99.25 98.00 
600 97.75 96.00 98.25 100 97.00 
700 98.25 96.25 98.50 99.00 96.50 
800 97.50 97.25 98.50 99.25 96.50 

 

GaXchR ioiQ iVe eQ \�kVek de÷eU % 100 iOe 600 PO dR]da DK/4 oeúidiQde Ye eQ d�ú�k oiPOeQPe de÷eUi %96.00 
iOe DK/2 oeúidi ROdX÷X WeVSiW ediOPiúWiU. 180 g�QO�k bekOeWPe VRQUaVÕ RUWaOaPa oiPOeQPe de÷eUOeUi iQceOeQdi÷iQde 
iVe Ma[iP ioiQ eQ \�kVek de÷eUiQ % 99.50 iOe iOao X\gXOaPaVÕ \aSÕOPa\aQ DK/4 oeúidiQdeQ eOde ediOdi÷i Ye bXQX 
iOao X\gXOaPaVÕ \aSÕOaQ oeúiWOer aUaVÕQda % 98.50  iOe  100 PO dR]da DK/5  oeúidiQiQ i]Oedi÷i g|U�OP�úW�U. GaXchR 
insektisidi   için ise en \�kVek de÷eUiQ \iQe iOao X\gXOaPaVÕ \aSÕOPa\aQ DK/4 oeúidiQdeQ eOde ediOdi÷i Ye bXQX  % 
99.25 iOe 500 PO dR]da DK/3 oeúidiQiQ i]Oedi÷i eQ d�ú�k de÷eUiQ iVe % 86.25 iOe DK/2 oeúidiQde ROdX÷X WeVSiW 
ediOPiúWiU. MÕVÕUda Ma[iP XL 035 FS Ye GaXchR FS 600 SeVWiViWOeUiQiQ \�kVek dR]OaUda oiPOeQPe\i ROXPVX] 
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eWkiOedi÷i g|U�OP�úW�U. MÕVÕU haVWaOÕkOaUÕ; �UeWiPi eWkiOe\eQ eQ |QePOi VRUXQOaUdaQ biUiVidiU. HaVWaOÕkOaU YeUiPi 
azaltmakta. QRUPaO ROgXQOaúPa\Õ de÷iúWiUPekWe. tane kalitesini azaltmakta ve yatmaya neden olabilmektedirler. 
GeQeO ROaUak PÕVÕU haVWaOÕkOaUÕQdaQ dROa\Õ %10.9 RUaQÕQda WaQe YeUiPiQde ka\ÕSOaU RUWa\a oÕkPakWadÕU. K|k Ye 
k|kbR÷a]Õ iOe VaS Ye kRoaQOaUda g|U�OeQ fXQgaO haVWaOÕkOaU. YeUiPi VÕQÕUOa\aQ eQ |QePOi fakW|UOeU aUaVÕQda \eU 
aOPakWadÕU (MiOOeU 1994). BeUeV Ye aUk. (2016). PÕVÕU biWkiViQde GaXchR FS 600 iQVekWiViQiQ eWkiOi PaddeVi ROaQ 
iPidacORSUid X\gXOaPaVÕQÕQ PÕVÕU geOiúiP eYUeViQde FXVaUiXP W�UOeUi �]eUiQe ROdXkoa eWkiOi ROdX÷XQX 
g|]OePOePiúOeUdiU. BX kRQXda biWki oÕkÕúOaUÕ �]eUiQe oaOÕúPa\a UaVWOaQPaPÕúWÕU. 

Tablo 9. Çeúit x ølaç x Doz interaksiyonuna ait ortalama çimlenme de÷erleri (180 g�n) 
Table 9. Average germination values of cultivarx pesticide x dose interaction (180 days) 

 
Çeúit ølao Doz Ç.D. Çeúit Ç.D. Çeúit Ç.D. Çeúit Ç.D. Çeúit Ç.D. 

AYÇøÇEöø 
 
 
 
 
 
 
KC1 

A
pr

in
 

0 97.00  
 
 
 
 
 
KC2 

98.25  
 
 

 

 
KC3 

98.50  
 
 
 
 
 
KC4 

99.25  
 
 
 
 
 
KC5 

99.25 
200 97.25 96.50 98.75 98.50 94.25 
250 97.25 96.50 98.00 98.50 95.00 
300 93.00 96.50 98.75 97.25 96.75 
350 97.75 96.75 95.50 97.75 98.00 
400 98.25 96.50 93.25 97.25 98.25 

C
os

m
os

 

 
0 

 
97.00 

 
98.25 

 
98.50 

 
99.25 

 
99.25 

300 97.25 96.25 97.00 97.50 96.00 
400 97.25 97.75 98.00 99.00 96.75 
500 97.50 97.75 98.00 98.75 96.75 
600 97.25 99.00 97.25 96.25 96.00 
700 98.50 98.00 98.75 97.75 97.50 

   MISIR 
 
 
 
 
 

 
DK1 

M
ax

im
 

0 98.25 a-f  
 
 
 
 
 
DK2 

98.75 a-d  
 
 
 
 
 
DK3 

98.75 a-d  
 
 
 
 
 
DK4 

99.50  a  
 
 
 
 
 
DK5 

98.25 a-f 
50 97.00 b-Õ 97.50 a-h 97.00 b-Õ 97.00 b-Õ 96.75 c-Õ 
75 97.25 a-Õ 98.00 a-g 97.25 a-Õ 97.25 a-Õ 97.00 b-Õ 
100 97.75 a-g 97.00 b-Õ 96.00 f-Õ 97.00 b-Õ 98.50 a-e 
125 98.25 a-f 98.00 a-g 97.50 a-h 97.75 a-g 96.00 f-Õ 
150 97.75 d-Õ 95.75 ghÕ 96.75 c-Õ 97.50 a-h 96.50 d-Õ 

G
au

ch
o 

 
0 

 
98.25 a-f 

 
98.75 a-d 

 
98.75 a-d 

 
99.50  a 

 
98.25 a-f 

400 96.50 d-Õ 96.25 e-Õ 98.25 a-f 98.25 a-f 97.00 b-Õ 
500 95.25 hÕj 91.50 kl 99.25 ab 98.50 a-e 95.75 ghÕ 
600 95.00 Õj 90.25  l 98.00 a-g 99.00abc 97.00 b-Õ 
700 96.25 e-Õ 86.25  m 98.50 a-e 99.00abc 95.75 ghÕ 

  800 93.25 jk  87.50 m  98.50 a-e  98.00 a-g  96.75 c-Õ 
 

4. Sonuç 

BX oaOÕúPa kaSVaPÕQda �OkePi]de \eWiúWiUiOeQ a\oioe÷i Ye PÕVÕU W�UOeUiQe aiW beúeU oeúiW �]eUiQde WRhXPa 6 
faUkOÕ dR]da SeVWiViW X\gXOaPaOaUÕ \aSÕOPÕú.10 gün ve 180 gün bekletme süresi sonunda uygulanan pestisitlerin 
WRhXPOX÷XQ oiPOeQPe de÷eUi �]eUiQe eWkiOeUi iQceOeQPiúWiU.  

A\oioe÷i ioiQ 10 g�QO�k bekOeWPe V�UeVi VRQXQda YaU\aQV aQaOi] VRQXoOaUÕ iQceOeQdi÷iQde iOao [ dR] 
iQWeUakVi\RQX bakÕPÕQdaQ iVWaWiVWiki ROaUak % 5 d�]e\iQde |QePOiOik WeVSiW ediOPiúWiU. A\oioe÷iQde 10 g�QO�k 
bekOeWPe V�UeVi VRQUaVÕQda VaSWaQaQ oiPOeQPe RUaQOaUÕ RUWaOaPaVÕQa g|Ue iOao [ dR] iQceOeQdi÷iQde ASUiQ XL 350 
ES ioiQ eQ i\i oiPOeQPe de÷eUiQiQ % 98.95 de÷eUi iOe 300 PO dR]XQda ROdX÷X. Cosmos 500 FS için ise % 98.95 ile  

600 PO dR]XQda ROdX÷X WeVSiW ediOPiúWiU A\oioe÷i ioiQ 180 g�QO�k bekOeWPe V�UeVi sonunda varyans analiz 
VRQXoOaUÕ iQceOeQdi÷iQde dR] |]eOOi÷i bakÕPÕQdaQ iVWaWiVWiki ROaUak % 5 d�]e\iQde |QePOiOik WeVSiW ediOPiúWiU. ASUiQ 
XL 350 ES fXQgXViWi ioiQ eQ i\i oiPOeQdiUPe de÷eUiQiQ % 97.15 iOe 200 PO dR]XQda ROdX÷X Ye dR] aUWÕUÕPÕQÕQ 
çimlendirPe RUaQÕQÕ d�ú�Ud�÷�. CRVPRV 500 FS ioiQ eQ \�kVek de÷eU iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO 
WRhXPOaUÕQda % 98.45 iOe WeVSiW ediOdi÷i g|U�OP�úW�U. BXQX % 98.10 iOe 700 PO dR]X i]OePiúWiU. DR] aUWÕUÕPÕQÕQ 
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oiPOeQPe �]eUiQe eWkiVi oeúiWOeUe g|Ue de÷iúikOik g|VWeUPiú ROXS. oeúiWOeUiQ iOaoOaU iOe iQWeUakVi\RQOaUÕQÕQ geQeWik 
\aSÕOaUÕ iOe de iOgiOi ROdX÷X VRQXcXQa YaUÕOPÕúWÕU. MÕVÕU ioiQ 10 g�QO�k Ye 180 g�QO�k bekOeWPeOeU VRQUaVÕ \aSÕOaQ 
oiPOeQPe WeWkikOeUiQe iOiúkiQ YaU\aQV aQaOi]i VRQXoOaUÕQa g|Ue 10 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda oeúiW Ye dR] 
X\gXOaPaOaUÕ iVWaWiVWiki ROaUak %1 d�]e\iQde |QePOi bXOXQXUkeQ. oeúiW [ iOao iQWeUakVi\RQX % 5 ROaVÕOÕk d�]e\iQde 
|QePOi ROPXúWXU. 180 g�Q bekOeWPe VRQUaVÕ iVe YeUiOeUi W�P X\gXOaPaOaUda % 1 d�]e\iQde |QePOiOik WeVSiW 
ediOPiúWiU. MÕVÕUda 10 g�Q bekOeWPe VRQUaVÕQda VaSWaQaQ oiPOeQPe RUaQOaUÕ RUWaOaPaOaUÕQa g|Ue iOao [ dR] 
iQWeUakVi\RQX iQceOeQdi÷iQde Ma[iP XL 035 FS ioiQ eQ i\i oiPOeQdiUPe de÷eUiQiQ iOao X\gXOaPaVÕ \aSÕOPa\aQ 
kRQWURO WRhXPOaUÕQda % 98.70 iOe WeVSiW ediOdi÷i g|U�OP�úW�U. BXQX % 98. 35 iOe 50 PO dR]X i]OePiúWiU. GaXchR FS 
600 ioiQ de eQ \�kVek de÷eU iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO WRhXPOaUÕQda % 98.70 de÷eUi ROdX÷X g|U�OP�ú 
bunu % 98.65 iOe 400 PO dR]X ROdX÷X i]OePiúWiU. 180 g�QO�k bekOeWPe V�UeVi VRQUaVÕQda Maxim XL 035 FS için 
eQ i\i oiPOeQdiUPe de÷eUiQiQ iOao X\gXOaPaVÕ \aSÕOPa\aQ kRQWURO WRhXPOaUÕQda Ye bXQX % 97.50 de÷eUi iOe 125 
ml dozu izlerken. GaXchR FS 600 ioiQ eQ \�kVek de÷eUiQ \iQe kRQWURO WRhXPOaUÕQda ROdX÷X Ye bXQX da % 97.25 
ile 400 ml dozu i]OePiúWiU. DeQePede oeúiW [ iOao [ dR] iQWeUakVi\RQX bakÕPÕQdaQ 10 g�QO�k bekOeWPe VRQUaVÕ 
RUWaOaPa oiPOeQPe de÷eUOeUi iQceOeQdi÷iQde Ma[iP ioiQ eQ \�kVek de÷eUiQ % 99.50 iOe iOao X\gXOaPaVÕ 
\aSÕOPa\aQ DK/4 oeúidiQdeQ eOde ediOdi÷i Ye bXQX % 99.25 ile 50 mO dR]da \iQe DK/4 oeúidiQiQ i]Oedi÷i 
g|U�OP�úW�U. GaXchR ioiQ iVe eQ \�kVek de÷eU % 100 iOe 600 PO dR]da DK/4 oeúidiQde Ye eQ d�ú�k oiPOeQPe 
de÷eUi %96.00 iOe DK/2 oeúidi ROdX÷X WeVSiW ediOPiúWiU. MÕVÕU oeúiW [ iOao [ dR] iQWeUakVi\RQX bakÕPÕQdaQ 180 
günlük bekOeWPe VRQUaVÕ RUWaOaPa oiPOeQPe de÷eUOeUi iQceOeQdi÷iQde Ma[iP ioiQ eQ \�kVek de÷eUiQ % 99.50 ile 
iOao X\gXOaPaVÕ \aSÕOPa\aQ DK/4 oeúidiQdeQ eOde ediOdi÷i Ye bXQX iOao X\gXOaPaVÕ \aSÕOaQ oeúiWOeU 
aUaVÕQda%98.50 iOe 100 PO dR]da DK/5 oeúidiQiQ i]Oedi÷i g|U�OP�úW�U. GaXchR iQVekWiViW ioiQ iVe eQ \�kVek de÷eUiQ 
\iQe iOao X\gXOaPaVÕ \aSÕOPa\aQ DK/4 oeúidiQdeQ eOde ediOdi÷i Ye bXQX  % 99.25 iOe 500 PO dR]da DK/3 oeúidiQiQ 
i]Oedi÷i g|U�OP�úW�U. BX YeUiOeU ÕúÕ÷ÕQda PÕVÕUda eQ X\gXQ  iOao  dR]XQXQ oeúiW |]eOOi÷iQe g|Ue de÷iúPekOe biUOikWe  
180 g�Q     bekOePe   V�UeVi VRQXQda dR] RUaQÕQÕQ oiPOeQPe de÷eUOeUi �]eUiQde faUkOÕOÕk g|VWeUebiOdi÷i Ye en iyi 
oÕkÕúÕQ Ma[iP iOacÕQda 100 PO dR]da DK/5 oeúidiQdeQ GaXchR iOacÕ ioiQ iVe 500 PO dR]da DK/3 oeúidiQde ROdX÷X 
beOiUOeQPiúWiU. GeQeO ROaUak WRhXPa X\gXOaQaQ heU iki SeVWiViWiQ de aUWaQ dR]OaUda PÕVÕUda oiPOeQPe RUaQÕQÕ 
d�ú�Ud�÷� WeVSiW ediOPiúWiU. 

 
Teúekk�r 
daOÕúPaQÕQ \�U�W�OPeViQde PaWeU\aO WePiQi Ye OabRUaWXaU deVWekOeUi QedeQi\Oe LiPagUaiQ TRhXP IVOah Ye hUeWiP 

SaQ. Tic. A.ù (BXUVa)  fiUPaVÕQa Weúekk�U edeUi]. 
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Laktuloz ølave Edilerek hretilen SucuklarÕn BazÕ Kalite Özelliklerinin Belirlenmesi 

Determining of Some Quality Properties of Sucuks Produced by Lactulose Addition 

 
Harun URAN1*, Hatice ùANLIDERE ALOöLU1, Bayram ÇETøN1 

Özet 
LakWXOR], SURbi\RWik bakWeUiOeUiQ geOiúiPiQi WeúYik edeQ SUebi\RWik |]eOOi÷e VahiS biU diVakkaUiWWiU. GÕda 
eQd�VWUiViQde kXOOaQÕPÕ gideUek aUWPakWa ROXS, |]eOOikOe SURbi\RWik gÕdaOaUda kXOOaQÕPÕ �]eUiQde dXUXOPakWadÕU. 
PURbi\RWik eW �U�QOeUi, QiVSeWeQ \eQi Ye eW eQd�VWUiViQiQ oRk i\i WaQÕQPaPÕú biU aOaQÕdÕU. hOkePi]de bX W�Ude �UeWiOeQ 
�U�QOeUiQ baúÕQda feUPeQWe VXcXk geOPekWediU. PUebi\RWik |]eOOi÷e VahiS OakWXOR]XQ, �OkePi]de oRk eVki \ÕOOaUdaQ 
beUi �UeWiOeQ Ye VeYiOeUek W�keWiOeQ feUPeQWe VXcXkOaUÕQ kaOiWe |]eOOikOeUiQi ROXPOX \|Qde eWkiOe\ebiOece÷iQdeQ 
haUekeWOe SOaQOaQaQ bX oaOÕúPada, faUkOÕ kRQVaQWUaV\RQOaUda (%0.5, %1 Ye %2) OakWXOR] iOaYeVi\Oe ha]ÕUOaQaQ 
VXcXkOaU, feUPaQWaV\RQ V�UeciQdeQ VRQUa oeúiWOi |]eOOikOeUi bakÕPÕQdaQ iQceOeQPiúWiU. EOde ediOeQ YeUiOeUe g|Ue 
OakWXOR] iOaYeVi VXcXkOaUÕQ kXUXPadde, k�O Ye SH de÷eUOeUiQde faUkOÕOÕk ROXúWXUPaPÕú (p>0.05), bununla 
birlikte %2 OakWXOR] kaWkÕOÕ VXcXkOaU OakWXOR] iOaYe ediOeQ di÷eU gUXSOaU Ye ediOPe\eQ kRQWURO gUXbXQa g|Ue VX 
aktivitesi aoÕVÕQdaQ |QePOi d�]e\de d�ú�k bXOXQPXúWXU (p<0.05). LakWXOR] kaWkÕVÕ �U�QOeUiQ L* de÷eUiQi (SaUOakOÕk) 
aUWWÕUPÕú, b* de÷eUiQi (VaUÕOÕk) a]aOWPÕú, aQcak iVWaWiVWikVeO ROaUak faUk ROXúWXUPaPÕúWÕU (p>0.05). Örneklerin a* 
de÷eUi (kÕUPÕ]ÕOÕk) de OakWXOR] iOaYeVi\Oe d�ú�ú g|VWeUPiú Ye bX dXUXP kRQWURO gUXbX |UQekOeUe g|Ue |QePOi 
d�]e\de faUkOÕ (p<0.05) bXOXQPXúWXU. LakWXOR] kaWkÕVÕ VXcXkOaUÕQ WekVW�UeO (VeUWOik, \aSÕúkaQOÕk, eOaVWiki\eW, 
oi÷QeQebiOiUOik Ye ba÷OÕOÕk) Ye dX\XVaO |]eOOikOeUiQde faUkOÕOÕk \aUaWPaPÕú, dX\XVaO de÷eUOeQdiUPe\i \aSaQ SaQeO 
eQ oRk %2 OakWXOR] kaWkÕOÕ VXcXkOaUÕ be÷eQdikOeUiQi ifade eWPiúOeUdiU. A\UÕca PikURbi\RORjik aQaOi] VRQXoOaUÕQa 
göre fermantasyon süreci sonunda örneklerde Enterobacteriacea, Toplam Aerobik Mezofilik Bakteri (TAMB) ve 
maya-k�f Va\ÕOaUÕ aoÕVÕQdaQ faUk beOiUOeQPePiú, aQcak LakWik AViW BakWeUiOeUi (LAB) Va\ÕVÕQÕQ OakWXOR] iOaYe ediOeQ 
örneklerde kontrol örneklerine g|Ue \�kVek ROdX÷X (p<0.05) WeVSiW ediOPiúWiU. SXcXk |UQekOeUiQdeQ WaUaPaOÕ 
eOekWURQ PikURVkRbX (SEM) iOe g|U�QW� de aOÕQPÕú Ye %2 OakWXOR] iOaYe ediOPiú VXcXk |UQekOeUiQde baViO \aSÕdaki 
bakWeUiOeUiQ \R÷XQ ROdX÷X g|U�OP�úW�U.    

Anahtar Kelimeler: : Laktuloz, Prebiyotik, Sucuk, Fiziksel kalite, Laktik asit bakterileri 
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Abstract 
Lactulose is a disaccharide with a prebiotic property that promotes the development of probiotic bacteria. It is 
increasingly used in the food industry, especially in the use of probiotic foods. Probiotic meat products are 
relatively new and not well known area of the meat industry. In the study, which is planned based on the possibility 
that lactulose can influence the quality properties of sucuks positively, sucuks prepared with the addition of 
lactulose at different concentrations (0.5%, 1% and 2%) were examined according to their various properties 
following the fermentation process. According to the results, the addition of lactulose did not cause any difference 
in the dry matter, ash and pH values of the sucuks (p>0.05), however, the water activity of the sucuks containing 
2% lactulose were found significantly lower when compared to the other groups (p<0.05). The addition of 
lactulose increased the L* value (brightness) of the products, and decreased the b* value (yellowness), but did not 
cause any statistical difference (p>0.05). Lactulose supplementation did not cause any difference in the textural 
properties of samples, on the other hand sucuks with 2% lactulose were the most favored group for sensory 
evaluation. In addition, according to the results of microbiological analysis, there was no difference in the number 
of Enterobacteriacea, Total Aerobic Mesophilic Bacteria (TAMB) and yeast-mold in the samples at the end of the 
fermentation process. However, the count of Lactic Acid Bacteria (LAB) was found to higher (p<0.05) in the 
samples with lactulose added compared to the control samples. In the SEM images of the samples, bacil bacteria 
were observed very dense in the 2% lactulose added sucuks.  

Keywords: Lactulose, Prebiotic, Sucuk, Physical quality, Lactic acid bacteria   
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1. Giriú 
 PUebi\RWik ifadeVi ³kRORQ bakWeUiOeUiQdeQ biUiQiQ Ye\a a] biU kÕVPÕQÕQ oR÷aOPaVÕQÕ Ye/Ye\a akWiYiWeViQi eWkiOe\iS 
\aUaUOÕ biU eWki ROXúWXUaQ, ViQdiUiOePe\eQ gÕda kaWkÕ PaddeVi´ úekOiQde WaQÕPOaQPakWadÕU (GibVRQ Ye RRbeUfURid, 
1995). Pek oRk fa\daOaUÕQÕQ ROdX÷X biOiQeQ bX PaddeOeUiQ �]eUiQde eQ oRk dXUXOaQOaUÕ ROigRfUXkWR], QeRúekeU, 
inülin gibi fruktooligosakkaritler (FOS) ve laktuloz, laktitol gibi galaktooligosakkaritlerdir (GOS) (Gülmez ve 
Güven, 2002).  

 Prebiyotikler içerisinde yer alan laktulozun, iOk ke] 1930 \ÕOÕQda MRQWgRPeU\ Ye HXdVRQ WaUafÕQdaQ eOde 
edildi÷i biOdiUiOPekWediU. DR÷ada dR÷aO ROaUak PeYcXW ROPa\ÕS, süt ürünleriniQ ÕVÕWÕOPaVÕ\Oa laktozun 
izomeri]aV\RQX VRQXcX ROXúPakWa Ye UHT V�WWe % 0.5 RUaQÕQda bXOXQPakWadÕU (MRQWiOa Ye aUk., 2005). LakWXOR], 
\aUÕ VeQWeWik biU diVakkaUiW W�UeYi ROXS gaOakWR]XQ fUXkWR]a ȕ(1-4) gOikR]idik ba÷ iOe ba÷OaQPaVÕ VRQXcX ROXúXU. 
øQce ba÷ÕUVak kaQaOÕQda de÷iúikOi÷e X÷UaPadaQ kaOÕQ ba÷ÕUVa÷a geoeUek |QceOikOe BifidRbakWeUOeU gibi PeWabROi]Pa 
için oRk fa\daOÕ ROaQ SURbi\RWik bakWeUiOeU WaUafÕQdaQ de÷eUOeQdiUiOPekWe Ye bX bakWeUiOeUiQ geOiúiPiQi 
desteklemektedir. HaVWaOÕk \aSÕcÕ bakterilere kaUúÕ SURbi\RWik bakWeUiOeUiQ eWkiViQiQ OakWXOR] kaWkÕVÕ iOe önemli 
d�]e\de deVWekOeQdi÷i belirtilmektedir. BX QedeQOe fRQkVi\RQeO de÷eUi \�kVek bir prebiyotik olarak kabul 
edilmektedir. (AkaOÕQ, 2002; KaYaV Ye KaYaV, 2011).  

 FRQkVi\RQeO |]eOOi÷i \aQÕQda WekQRORjik ROaUak da |QeP aU] edeQ Ye eQd�VWUi\eO ROaUak da oeúiWOi SURVeVOeUde 
de÷eUOeQdiUiOeQ biU kaWkÕdÕU. LakWXOR]XQ gÕda VaQa\iiQde |]eOOikOe fÕUÕQcÕOÕk Ye V�W �U�QOeUi\Oe, oeúiWOi ioecekOeUde 
Ye ba]Õ |]eO gÕdaOaUÕQ �UeWiPiQde kXOOaQÕOdÕ÷Õ beOiUWiOPekWedir (Alpkent ve Göncü, 2005).  

 LakWXOR]XQ baúWa \R÷XUW Ye Se\QiU ROPak �]eUe |]eOOikOe V�W �U�QOeUiQde kXOOaQÕPÕ �]eUiQe Sek oRk aUaúWÕUPa 
bXOXQPakWadÕU. BXQa kaUúÕQ bX kaWkÕ PaddeViQiQ eW �U�QOeUiQde kXOOaQÕPÕ �]eUiQe oRk a] oaOÕúPa bXOXQPakWadÕU. 
Son yÕOOaUda feUPeQWe �U�QOeUde kaWkÕ PaddeVi ROaUak OakWXOR], fUXkWRROigRVakkaUiW, gaOakWRROigRVakkaUiWOeU gibi 
SUebi\RWik VakkaUiWOeUiQ kXOOaQÕPÕ �]eUiQde dXUXOPakWadÕU. Bu maddelerin |]eOOikOe bifidRbakWeUOeUiQ geOiúiPiQi 
WeúYik eWWi÷i biOiQPekWediU (Ba÷daWOÕ Ye KXQdakoÕ, 2013). 

 AUaúWÕUPaPÕ]da SUebi\RWik |]eOOi÷e VahiS biU diVakkaUiW ROaQ OakWXOR]XQ, VXcXk �UeWiPiQde kXOOaQÕOPaVÕ 
aPaoOaQPÕúWÕU. FeUPaQWaV\RQ iúOePi, eWi X]XQ V�Ue PXhafa]a eWPek Ye \eQi �U�Q �UeWPek aPacÕ\Oa kXOOaQÕOaQ 
oldukça eski yöntemlerdeQdiU. G�Q�P�]de faUkOÕ tür eWOeUiQ kXOOaQÕPÕQa ROaQak Va÷OaPak, �U�Q oeúiWOiOi÷iQi 
aUWÕUPak Ye Va÷OÕk aoÕVÕQdaQ fa\daOÕ �U�QOeU �UeWPek aPacÕ\Oa feUPaQWaV\RQ iúOePiQde PikURRUgaQi]Pa, eW Ye 
teknoloji birlikte kXOOaQÕOPakWadÕU (Geçgel ve ark., 2016). Fermantasyon eVQaVÕQda �U�Q oeúiWOi fi]ikVeO, 
biyokimyasal, mikrobiyolojik de÷iúiPOeU geoiUPekWe ve üründe istenilen tat, koku ile tekstür ROXúPakWadÕU (Gökalp 
ve ark., 1998). 

 SXcXk, T�Uk GÕda KRdekVi iOgiOi WebOi÷iQe g|Ue b�\�kbaú Ye/Ye\a k�o�kbaú ha\YaQ kaUkaV eWOeUiQiQ Ye 
\a÷OaUÕQÕQ kÕ\ÕOaUak Oe]]eW YeUiciOeU iOe kaUÕúWÕUÕOdÕkWaQ VRQUa dR÷aO Ye\a \aSa\ kÕOÕfOaUa dROdXUXOaUak beOiUOi 
kRúXOOaUda feUPeQWaV\RQ Ye kXUXWPa iúOePOeUi X\gXOaQaUak keViW \�]e\i PR]aik g|U�Q�P�Qde ROaQ ÕVÕO iúOeP 
X\gXOaQPaPÕú feUPeQWe eW �U�Q� olarak WaQÕPOaQPakWadÕU (AQRQiP, 2019). hOkePi] VWaQdaUW kXUXOXúXQa (TSE) 
g|Ue iVe geOeQekVeO T�Uk VXcX÷X, PeY]XaWÕQa X\gXQ kRPbiQa Ye Pe]bahaOaUda keViOeQ kaVaSOÕk ha\YaQOaUÕQ g|Yde 
eWOeUiQdeQ ha]ÕUOaQaQ VXcXk haPXUXQXQ, dR÷aO Ye\a \aSa\ kÕOÕfOaUa dROdXUXOXS, ROgXQOaúWÕUPa iúOePiQe Wabi 
WXWXOPaVÕ iOe eOde ediOeQ et ürünü olarak WaQÕPOaQPakWadÕU (TSE, 2002).   

 Fermente et �U�QOeUi AYUXSa �OkeOeUi baúWa ROPak �]eUe d�Q\ada \a\gÕQ biU úekiOde �UeWiOPekWe Ye 
tüketilmektedir. Türklere özgü fermente bir et ürünü olan sucuk, ülkemizde de \R÷XQ olarak üretilmesine Ua÷PeQ 
halen standart �UeWiP kRúXOOaUÕ beOiUOi ROPa\aQ biU �U�Q duUXPXQdadÕU. GeOeQekVeO T�Uk VXcXkOaUÕ \a\gÕQ ROaUak 
küçük ve orta ölçekli iúOeWPeOeUde haYa akÕPÕ beraberinde, geleneksel yöntemler takip edilerek üretilmektedir. Bu 
ürünün oeúiWOeUi ioeUiViQde feUPeQWe VXcXkOaUÕQ daha fa]Oa WeUcih ediOPeViQde Ye be÷eQiOPesinde, fermantasyonun 
bX �U�QOeUde hRúa gideQ Oe]]eW, aURPa, UeQk Ye \aSÕVaO QiWeOikOeU iOe nispeten uzun bir raf ömrü ka]aQdÕUPaVÕQÕQ 
etkili ROdX÷X belirtilmektedir (Kara ve Akkaya, 2010). 

 SXcXkOaUda aU]X ediOeQ \aSÕ, Oe]]eW, aURPa Ye UeQk, VXcXk haPXUXQdaki VSRQWaQ PikURRUgaQi]PaOaUÕQ, 
feUPaQWaV\RQ eVQaVÕQda eQ]iPaWik Ye bi\RkiP\aVaO UeakVi\RQOaUÕ aUacÕOÕ÷Õ iOe úekiOOeQPekWediU. SXcX÷XQ 
ROgXQOaúPaVÕ Ye bXQa ba÷OÕ ROaUak kaOiWe QiWeOikOeUiQiQ geOiúPeViQi Va÷Oa\aQ eQ |QePOi eWkeQOeU PikURbi\eO 
aktivitelerdiU. OOgXQOaúPada URO aOaQ baúOÕca bakWeUiOeU OakWRbaViOOeU, SediRkRkOaU, PikURkRkOaU Ye VWafiORkRkOaUdÕU. 
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SXcXkOaUda aU]X ediOeQ kaOiWe kUiWeUOeUiQiQ ROXúPaVÕ, ROgXQOaúPada URO R\Qa\aQ bX bakWeUi gUXSOaUÕQÕQ fORUada 
bXOXQPa d�]e\OeUi Ye ROXúWXUdXkOaUÕ eWkiOeUOe \akÕQdaQ iOiúkiOidiU (G|]�b�\�k Ye g]dePiU, 2005).   

 SXcXk �UeWiPiQde ROgXQOaúPa\Õ hÕ]OaQdÕUPak PakVadÕ\Oa VWaUWeU k�OW�U iOaYeVi \aSÕOabiOdi÷i gibi, VXcXk 
haPXUXQda bXOXQaQ dR÷aO PikURfORUaQÕQ oR÷X ]aPaQ iVWeQeQ QeWice\i Va÷OadÕ÷Õ biOdiUiOPekWediU. Bununla birlikte 
geQeOOikOe eQd�VWUi\eO �UeWiPde oeúiWOi úekeUOeU (gOXkR], VakkaUR] Ye ba]eQ OakWR]) VXcXk haPXUXQa iOaYe 
ediOPekWediU. FeUPaQWaV\RQ Ye ROgXQOaúWÕUPa aúaPaOaUÕQda, OakWik aViW bakWeUiOeUi |QceOikOi eQeUji ka\QakOaUÕ ROaQ 
glukozu, pH azalmaVÕQÕ Va÷Oa\aQ OakWik aVide d|Q�úW�UPekWediUOeU. OUWaPdaki bX aViWOeúPe, d�ú�k SH¶\a a] da 
ROVa diUeQoOi ROaQ SaWRjeQik Ye iVWeQPe\eQ bakWeUiOeUiQ iQhibiV\RQX aoÕVÕQdaQ da |QePOi ROXS, VXcX÷XQ WiSik 
RUgaQROeSWik kaUakWeUiQiQ geOiúPeViQi Va÷OaPakWadÕU (BiOge, 2010). 

 AUaúWÕUPaPÕ]da faUkOÕ kRQVaQWUaV\RQOaUda SUebi\RWik biU biOeúik ROaQ OakWXOR] iOaYe ediOeUek �UeWiOeQ VXcXkOaU, 
feUPaQWaV\RQ V�UeciQi WakibeQ kaOiWe |]eOOikOeUiQiQ biU kaWkÕ ROaQ OakWXOR]XQ, VXcX÷XQ feUPaQWaV\RQ V�UeciQe ROaQ 
kaWkÕVÕ beOiUOeQPe\e oaOÕúÕOPÕúWÕU. 

2. Materyal ve Metot 

 SXcXk �UeWiPi ioiQ kXOOaQÕOacak PaO]ePeOeU (VÕ÷ÕU eWi, kX\UXk \a÷Õ, bahaUaWOaU) KÕUklareli'de faaliyet gösteren 
|]eO biU eW iúOePe WeViViQdeQ (DeUe EW Ye EW hU�QOeUi) WePiQ ediOPiú Ye �UeWiP de a\QÕ WeViVWe \aSÕOPÕúWÕU. gWe \aQdaQ 
�UeWiPde kXOOaQÕOaQ NaNO2 ve Na-aVkRUbaW MeUck'WeQ (AOPaQ\a), OakWXOR] SigPa'daQ (L7877, ABD) aOÕQPÕúWÕU. 
TüP aQaOi]OeU KÕUkOaUeOi hQiYeUViWeVi, GÕda M�heQdiVOi÷i B|O�P� OabRUaWXaUOaUÕQda (KÕUkOaUeOi, T�Uki\e) 
\aSÕOPÕúWÕU. 

2.1. Sucuk üretimi 

SXcXk �UeWiPi ioiQ aQa biOeúeQOeUi VÕ÷ÕU eWi (%80) Ye kX\UXk \a÷Õ (%20) ROXúWXUPXúWXU. BX aQa kaUÕúÕPÕQ kg¶Õ 
baúÕQa iOaYe ediOeQ di÷eU biOeúeQOeU úXQOaUdÕU: kÕUPÕ]Õ bibeU (7 g), WX] (25 g), VaUÕPVak (WR]) (10 g), kaUabibeU (5 g), 
kimyon (9 g), yenibahar (2.5 g), Na-aVkRUbaW (0.45 g) Ye NaNO2 (0.15 g). hUeWiPde |QceOikOe eW Ye dRQdXUXOPXú 
kX\UXk \a÷Õ biU kÕ\Pa PakiQeViQde (AUÕ MakiQe, øVWaQbXO, T�Uki\e) \akOaúÕk 1-1.5 cP bR\XWOaUÕQda ROacak úekiOde 
oekiOPiúWiU. Daha VRQUa WX] (NaNO2 iOaYe ediOiS kaUÕúWÕUÕOPÕú úekiOde), bahaUaWOaU, Na-aVkRUbaW ekOeQPiú Ye kÕ\ÕOPÕú 
eW iOe kaUÕúWÕUÕOPÕúWÕU. KaUÕúÕP diQOeQdiUiOdikWeQ VRQUa (0-4RC'de 12 VaaW), d|UW gUXba a\UÕOPÕú, bXQOaUdaQ �o�Qe 
OakWXOR] ekOeQPiú (%0.5, 1 Ye 2) Ye VRQXQcXVX iVe kRQWURO ROaUak a\UÕOPÕúWÕU. EOde ediOeQ VXcXk haPXUX eO 
\aUdÕPÕ\Oa i\ice kaUÕúWÕUÕOaUak hRPRjeQ haOe geWiUiOPiúWiU. HaPXU WekUaU iQce g|]eQek oaSÕQa Vahip aynadan 
geoiUiOeUek dROXPa ha]ÕU haOe geWiUiOPiúWiU. SXcXk haPXUX, |QcedeQ ÕVOaWÕOPÕú dR÷aO VÕ÷ÕU ba÷ÕUVakOaUÕQa dROdXUXOXS 
ba÷OaQaUak aVkÕ\a aVÕOPÕúWÕU. Ha]ÕUOaQaQ VXcXkOaU |Qce 3 g�Q bR\XQca 25�1RC Ye %90 RH'de Ye VRQUa da 12 g�Q 
boyunca 20±1oC'de ve %80-85 RH'de bekOeWiOeUek ROgXQOaúWÕUÕOPÕúWÕU. BX V�UeQiQ VRQXQda ROgXQOaúPa V�Ueci 
WaPaPOaQaQ VXcXkOaU aQaOi]e aOÕQPÕúWÕU. hUeWiP 2 WekeUU�UO� \aSÕOPÕú Ye aQaOi]OeU SaUaOeOOi ROaUak \�U�W�OP�úW�U. 

2.2. Analizler 

2.2.1. Fizikokimyasal analizler 

SXcXk |UQekOeUiQiQ kXUXPadde Ye k�O aQaOi]OeUi AOAC (1990)¶a g|Ue \aSÕOPÕúWÕU. SH |Oo�POeUiQde, 
hRPRjeQi]e ediOPiú |UQekOeUdeQ 10 g aOÕQPÕú Ye 100 PO Vaf VX ioeUiViQde hRPRjeQi]aW|U kXOOaQÕOaUak 1 dk 
homojenize edildikten sonra pH-metre (WTW Inolab Level 2) SURbX daOdÕUÕOPÕúWÕU Ye de÷eUOeU ka\dediOPiúWiU 
(AOAC, 1984).  

SX akWiYiWeVi |Oo�P�, VX akWiYiWeVi Wa\iQ ciha]Õ (NRYaViQa LabSZifW, øVYioUe) kXOOaQÕOaUak 25oC¶de 
geUoekOeúWiUiOPiúWiU (FUei Ye aUk., 2012).  

SXcXkOaUÕQ CIE L* (SaUOakOÕk), a* (kÕUPÕ]ÕOÕk) Ye b* (VaUÕOÕk) de÷eUOeUi CR-400 Conica Minolta (Minolta, Osaka, 
JaSRQ\a) ReQk gOo�P Ciha]Õ kXOOaQÕOaUak beOiUOeQPiúWiU. EúiW bR\OaUda keViOeQ heU |UQekWeQ beú |Oo�P \aSÕOdÕkWaQ 
VRQUa aUiWPeWik RUWaOaPaOaUÕ heVaSOaQPÕúWÕU (GRkRgOX Ye aUk, 2010).  

PiúiUPe ka\bÕ WeVSiWi ioiQ VXcXkOaU eOekWUikOi Õ]gaUada (SiPbR, T�Uki\e) \akOaúÕk 180oC¶de 5 dakika V�Ue iOe 
SiúiUiOPiúWiU. SXcXkOaUda SiúiUPe ka\bÕ, SiúiUPedeQ |Qceki VXcXk a÷ÕUOÕ÷ÕQÕQ SiúPiú VXcXk a÷ÕUOÕ÷ÕQdaQ oÕkaUÕOÕS, 
oi÷ VXcXk a÷ÕUOÕ÷ÕQa b|O�P�Q�Q \�] iOe oaUSÕPÕ VRQXcX WeVSiW ediOPiúWiU (BRVWaQ Ye aUk., 2001).  
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SXcXk |UQekOeUiQiQ TekVW�U PURfiO AQaOi]i (TPA), WekVW�U aQaOi] ciha]Õ (TA.HD POXV SWabOe MicUR S\VWePV LWd., 
SXUUe\, øQgiOWeUe) kXOOaQÕOaUak geUoekOeúWiUiOPiúWiU. gOo�P ioiQ 36 PP oaSÕQda aO�PiQ\XP ViOindir prob (SMS P/36, 
36PPdiaPeWeU, TA.HD POXV SWabOeMicUR S\VWePV LWd., SXUUe\, øQgiOWeUe) kXOOaQÕOPÕúWÕU. gOo�P ioiQ G�o-zaman 
defRUPaV\RQ e÷UiOeUi, 30 kg¶OÕk \�k h�cUeVi X\gXOaQaUak eOde diOPiúWiU. gOo�POeUi \aSÕOacak VXcXk |UQekOeUi, 
bX]dROabÕQda bekOeWiOPiú Ye oÕkaUÕOdÕkWaQ VRQUa 1 cP \�kVekOi÷iQde Ye 1.5 cP keQaU X]XQOX÷XQda eúiW bR\OaUda 
keViOeUek ciha]a \eUOeúWiUiOPiúWiU. Ciha]ÕQ |Q WeVW, WeVW Ye VRQ WeVW hÕ]Õ VÕUaVÕ\Oa 1, 5 Ye 1 PP/V ROaUak a\aUOaQPÕúWÕU. 
Güç-X]akOÕk e÷UiOeUi ka\dediOPiúWiU Ye kXYYeW Ye PakViPXP kXYYeW SikiQiQ PeVafeVi iOe e÷Ui\i WePViO edeQ 
PekaQik SaUaPeWUeOeU (VeUWOik, oi÷QeQebiOiUOik, \aSÕúkaQOÕk, eOaVWiki\eW Ye kRhe]ifOik) beOiUOeQPiúWiU. gOo�POeU heU 
|UQek ioiQ 5¶eU ke] WekUaU ediOPiú Ye RUWaOaPa de÷eUOeU ka\dediOPiúWiU (DeUWOi ve ark., 2016). 

2.2.2. Mikrobiyolojik analizler 

 SXcXkOaUÕQ feUPaQWaV\RQ V�UeciQiQ 7. Ye 15. g�QOeUiQde Entereobacteriaceae, Toplam aerobik mezofilik 
bakteri (TAMB), maya-k�f Ye LakWik aViW bakWeUiOeUi (LAB) Va\ÕPÕ \aSÕOPÕúWÕU. Entereobacteriaceae analizi Violet 
Red BiOe De[WURVe AgaU (VRBDA, O[Rid, EQgOaQd) kXOOaQÕOaUak d|kPe SOak \|QWePi iOe 37oC¶de 24 VaaW inkübe 
ediOeUek \aSÕOPÕúWÕU (TSE, 2018). TAMB Va\ÕPÕ ioiQ ha]ÕUOaQaQ |UQekOeU POaWe CRXQW AgaU (PCA, O[Rid) �]eUiQe 
d|kPe SOak \|QWePi iOe ekiOPiú Ye 30oC¶de 24-48 VaaW iQk�be ediOPiúWiU (TSE, 2014a) Toplam maya-k�f Va\ÕPÕ 
RRVe BeQgaO ChORUaPSheQicRO AgaU (O[Rid) kXOOaQÕOaUak \a\Pa SOak \|QWePi iOe 25oC¶de 5-7 gün inkübe edilerek 
\aSÕOPÕúWÕU (TSE, 2014b). LAB Va\ÕPÕ ioiQ MaQ RRgRVa ShaUSe AgaU (MRS)¶a ekiP \aSÕOPÕú Ye |UQekOeU 37�C¶de 
72 VaaW V�Ue iOe aQaeURb kRúXOOaUda iQk�be ediOeUek Va\ÕPOaUÕ geUoekOeúWiUiOPiúWiU (GiPeQR Ye aUk., 2001). 
Sa\ÕPOaUdaQ eOde ediOeQ VRQXoOaU ORg kRb g-1 ROaUak ifade ediOPiúWiU.  

2.2.3. Duyusal analizler 

SXcXkOaUÕQ oeúiWOi dX\XVaO |]eOOikOeUiQiQ (ReQk, kRkX, Oe]]eW, dRkX, geQeO kabXO) beOiUOeQPeVi aPacÕ\Oa, 
VRQXoOaUÕQ 10 cP X]XQOX÷XQda oi]giOeUe \aSÕOdÕ÷Õ de÷eUOeQdiUPe VkaOaVÕ kXOOaQÕOPÕúWÕU. SkaOa\a g|Ue 0: kabXO 
ediOePe] Ye 10:P�kePPeO de÷eUOeUiQi WePViO eWPekWediU. De÷eUOeQdiUPe VRQXcXQda iúaUeWOePeOeU ceWYeO 
\aUdÕPÕ\Oa |Oo�OeUek ka\dediOPiúWiU. DX\XVaO SaQeO, VXcXk W�keWiP aOÕúkaQOÕ÷Õ ROaQ 10 kiúiOik biU SaQeOiVW gUXbX 
WaUafÕQdaQ \�U�W�OP�úW�U (BiQg|O Ye aUk., 2015).   

2.2.4. TaramalÕ elektron mikroskobunda (SEM) gör�nt� alÕnmasÕ 

SXcXkOaUÕQ TaUaPaOÕ EOekWURQ MikURVkRbX (SEM) iOe PikUR \aSÕOaUÕQÕQ iQceOeQPeViQde YÕOPa] Ye aUk. 
(2015)¶ÕQ beOiUOePiú ROdX÷X PeWRW kXOOaQÕOPÕúWÕU. Y�kVek YakXP aOWÕQda oaOÕúaQ Fei PaUka (FEI, QXaQWa feg 250, 
USA) SEM ile numuneOeUdeQ 10.000 b�\�WPe g�c�Qde g|U�QW� aOÕQPÕúWÕU. økiQciO eOekWURQ g|U�QW�OeUi 5 kV'OÕk 
hÕ]OaQaQ biU YROWajda ka]aQÕOPÕúWÕU. gOo�P |QceVi VXcXkOaUÕQ io kÕVÕPOaUÕQdaQ hRPRjeQ biU úekiOde 1 PP 
kaOÕQOÕ÷ÕQda Ye 0.5 cP keQaU X]XQOX÷XQa VahiS bR\XWOaUda |UQek aOÕQPÕú Ye ciha]a \eUOeúWiUiOPiúWiU. 

2.2.5. østatistik analiz 

DeQePeOeU iki WekeUU�UO� Ye ikiúeU SaUaOeOOi ROaUak \�U�W�OP�úW�U. EOde ediOeQ VRQXoOaUa SPSS (18.0; SPSS 
SWaWiVWicV/IBM, AUPRQk, NY) SakeW SURgUaPÕ kXOOaQÕOaUak YaU\aQV aQaOi]i X\gXOaQPÕú Ye |QePOi bXOXQaQ 
YaU\aV\RQ ka\QakOaUÕQdaQ faUkOÕ eWkide bXOXQaQÕ beOiUOePek aPacÕ\Oa RUWaOaPaOaU DXQcaQ dRkOX KaUúÕOaúWÕUPa 
TeVWi iOe kaUúÕOaúWÕUÕOPÕúWÕU (p<0.05) 

3. AraútÕrma SonuolarÕ ve TartÕúma 

 AUaúWÕUPa QeWiceViQde VXcXk |UQekOeUiQe aiW oeúiWOi fi]ikRkiP\aVaO |]eOOik bXOgXOaUÕ TabOR 1¶de YeUiOPiúWiU. 
Fermantasyon süreci sonunda laktuloz ilave edilmeyen ve %0.5, %1 ve %2 laktuloz içeren sucuk örneklerinin 
kXUXPadde ioeUikOeUi VÕUaVÕ\Oa %64.17; 63.93; 61.11; 61.72 ROaUak WeVSiW ediOPiúWiU. hU�QOeUde VX ioeUi÷iQiQ T�Uk 
SXcX÷X SWaQdaUdÕ¶Qda YeUiOeQ VÕQÕUÕQ (%40) aOWÕQda ROdX÷X g|U�OPekWediU (TSE, 2002). A\UÕca OakWXOR] iOaYeVi 
�U�QOeUiQ kXUXPadde ioeUikOeUiQde a] da ROVa a]aOPa Pe\daQa geWiUPeViQe Ua÷PeQ (TabOR 1), bX dXUXP iVWaWiVWiki 
olarak faUk ROXúWXUPaPÕúWÕU (p>0.05).  
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Tablo 1. Sucuk Örneklerinin Analiz SonuçlarÕ 11 

Table 1. Analysis Results of Sucuks 11 

Analizler 
Örnek* 

A  B  C  D 
Kuru madde (%) 64.17±2.52a 63.93±1.82a 61.11±1.87a 61.72±1.75a 
Kül (%) 5.82±0.43a 6.07±1.07a 6.65±0.42a 6.71±0.27a 
Su Aktivitesi (aw) 0.876±0.00a 0.875±0.00a 0.872±0.00a 0.849±0.00b 
pH de÷eri 5.41±0.03a 5.24±0.02a 5.23±0.02a 5.17±0.06a 

*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 
1De÷erler � standart sapmayÕ ihtiva etmektedir. SatÕrda aynÕ harflerle iúaretlenen ortalamalar istatistiksel olarak 
birbirinden farklÕ de÷ildir (p>0.05) 
*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 
1Values include ± standard deviation. The averages marked with the same letters in rows are not statistically 
different from each other (p>0.05) 
 
 PUebi\RWik |]eOOikWe �U�Q kaWkÕOÕ feUPeQWe VXcXk �UeWiPi �]eUiQe oaOÕúPa\a UaVWOaQPaPÕú, aQcak feUPeQWe 
sucuklaUÕQ de÷iúik |]eOOikWe kaWkÕ iOaYeVi Ye kRúXOOaUda �UeWiPi �]eUiQe oeúiWOi oaOÕúPaOaUÕQ bXOXQdX÷X g|]OeQPiúWiU. 
A\UÕca feUPeQWe VXcXk ROaUak VaWÕúa VXQXOaQ VXcXkOaUÕQ da kaOiWeOeUiQiQ iQceOeQdi÷i aUaúWÕUPaOaU PeYcXWWXU. 
øVWaQbXO Si\aVaVÕQda feUPeQWe VXcXk ROaUak VaWÕOaQ VXcXkOaUÕQ kaOiWeOeUiQiQ aUaúWÕUÕOdÕ÷Õ biU oaOÕúPada, WRSOaP 30 
adeW VXcXk |UQe÷iQiQ 6 WaQeViQiQ VX ioeUi÷iQiQ oaOÕúPaPÕ]daki VRQXoOaUa beQ]eU úekiOde %35-40 aUaVÕQda ROdX÷X 
beOiUOeQPiúWiU (PehOiYaQR÷OX Ye aUk., 2015). YiQe baúka biU oaOÕúPada KaUa Ye aUk. (2012) faUkOÕ RUaQOaUda PaQda 
eWi Ye \a÷ kXOOaQaUak �UeWWikOeUi feUPeQWe VXcXkOaUda 12. g�Q VRQXQda VX ioeUikOeUiQiQ % 38.09 iOa 40.82 aUaVÕQda 
de÷iúWikOeUiQi biOdiUPiúOeUdiU. gkV�]WeSe Ye aUk. (2011)¶QiQ biOdiUdi÷i biU aUaúWÕUPada iVe, EOa]Õ÷¶da W�keWiPe 
VXQXOaQ 100 adeW feUPeQWe VXcXk, faUkOÕ |]eOOikOeUi aoÕVÕQdaQ iQceOeQPiú Ye aUaúWÕUPa QeWiceViQde |UQekOeUin nem 
içeriklerinin ortalama %38.75 ROdX÷XQX beOiUWPiúOeUdiU. DeUWOi Ye aUk. (2016), faUkOÕ VWaUWeU k�OW�U Ye feUPaQWaV\RQ 
úaUWOaUÕ deQe\eUek �UeWWikOeUi feUPeQWe VXcXkOaUÕ, feUPaQWaV\RQ V�Ueci bR\XQca fi]ikRkiP\aVaO Ye WekVW�UeO 
|]eOOikOeUi bakÕPÕQdaQ iQceOePiúOeUdiU. FeUPaQWaV\RQXQ 16. g�Q�Qde ROXúWXUdXkOaUÕ faUkOÕ VXcXk gUXSOaUÕQÕQ 
kurumadde içeriklerinin %51.23; %57.88 ve %63.27 düze\iQde ROdX÷XQX g|]OePOePiúOeUdiU.  

 daOÕúPaPÕ]da kRQWURO gUXbX VXcXk |rneklerinin kül içeriklerinin %5.82 ROdX÷X,  OakWXOR] iOaYeViQe SaUaOeO 
ROaUak k�O ioeUi÷iQde de aUWÕú ROdX÷X Ye eQ \�kVek k�O ioeUi÷iQiQ %2 lakWXOR] ioeUeQ |UQekOeU ROdX÷X (%6.72) 
beliUOeQPiúWiU. AQcak k�O PikWaUÕQda g|U�OeQ bX aUWÕú, |UQekOeU aUaVÕQda iVWaWiVWiki ROaUak faUk Pe\daQa 
geWiUPePiúWiU (p>0.05).  

 FeUPeQWe VXcXkOaUÕQ kaOiWeOeUiQiQ beOiUOeQPeVi �]eUiQe \aSÕOaQ biU oaOÕúPada, |UQekOeUiQ (100 adet) kül 
içeriklerinin %6.18 ile %5.39 aUaVÕQda de÷iúWi÷i beOiUOeQPiúWiU (gkV�]WeSe Ye aUk., 2011). SRQXoOaU oaOÕúPaPÕ] iOe 
paralellik göstermektedir. 

 hUeWWi÷iPi] VXcXk |UQekOeUiQiQ feUPaQWaV\RQ VRQXQdaki SH de÷eUOeUi VÕUaVÕ\Oa 5.41; 5.24; 5.23 Ye 5.17 ROaUak 
bXOXQPXú Ye |UQekOeU aUaVÕQda iVWaWiVWiki ROaUak faUk WeVSiW ediOPePiúWiU (p>0.05).  

 FeUPeQWe VXcXkOaUda SH de÷eUi, feUPaQWaV\RQ SURVeVi bR\XQca de÷iúiPe X÷Ua\aQ Ye SURVeViQ Ve\UiQi Wa\iQ 
edeQ |QePOi biU kUiWeUdiU. FeUPaQWaV\RQXQ iOk aúaPaVÕQda d�ú�ú g|]OeQiU Ye VRQUa WekUaU aUWÕúa geoeU. PehOiYaQR÷OX 
Ye aUk. (2015) \aSWÕkOaUÕ aUaúWÕUPada feUPeQWe VXcXkOaUÕQ %26¶VÕQÕQ SH de÷eUiQiQ 5.4 iOe 6 aUaVÕQda ROdX÷XQX, 
b�\�k oR÷XQOX÷XQXQ iVe oaOÕúPaPÕ]daki gibi 5 iOe 5.4 aUaVÕQda biU SH de÷eUiQe VahiS ROdX÷XQX biOdiUPiúOeUdiU. 
Öksüztepe Ye aUk. (2011) \aSWÕkOaUÕ oaOÕúPada feUPeQWe VXcXkOaUÕQ SH de÷eUOeUiQiQ RUWaOaPa 5.18 ROdX÷XQX 
beOiUWPiúOeUdiU. BXQXQOa biUOikWe geQeO ROaUak feUPeQWe VXcXkOaU �]eUiQe \aSÕOaQ oaOÕúPaOaUda SH de÷eUOeUiQiQ 
oaOÕúPaPÕ]a beQ]eU ROdX÷X biOdiUiOPekWediU (SR\eU ve ark., 2005; Bozkurt ve Erkmen, 2007; Kara ve ark., 2012; 
Dertli ve ark., 2016). 

 AUaúWÕUPaPÕ]da VXcXk |UQekOeUiQiQ VX akWiYiWeVi (aw) de÷eUOeUi 0.876 (kRQWURO grubu) ila 0.849 (%2 laktuloz 
iOaYeOi gUXS) aUaVÕQda beOiUOeQPiúWiU. LakWXOR] iOaYeVi sucuk örneklerinin aw de÷eUOeUiQde d�ú�ú Pe\daQa geWiUPiú 
Ye bX d�ú�ú kRQWURO, %0.5 Ye %1 OakWXOR] iOaYeOi gUXSOaU aUaVÕQda faUk ROXúWXUPa]keQ, % 2 OakWXOR] iOaYeOi gUXS 
di÷eU gUXSOaUa g|Ue |QePOi deUecede (p<0.05) faUkOÕ bXOXQPXúWXU. BX dXUXP, biU diVakkarit olan laktulozun suyu 
ba÷OaPaVÕ Ye bX Va\ede aw de÷eUiQi d�ú�UPeVi úekOiQde aoÕkOaQabiOiU.  
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 HaPSik\aQ Ye U÷XU (2007), QiViQ iOaYeViQiQ T�Uk WiSi feUPeQWe VXcXkWa L. monocytogenes üzerine etkisini 
iQceOedikOeUi oaOÕúPaOaUÕQda, faUkOÕ RUaQOaUda QiViQ iOaYe edeUek ROXúWXUdXkOaUÕ VXcXk |UQekOeUiQiQ VX akWiYiWeVi 
de÷eUOeUiQiQ feUPaQWaV\RQXQ 1. g�Q�Qde 0.985 ROdX÷XQX Ye 15. g�Q VRQXQda bX de÷eUiQ 0.93 VeYi\eViQiQ aOWÕQa 
d�úW�÷�Q� biOdiUPiúOeUdiU. YiQe SR\eU Ye aUk. (2005) faUkOÕ iúOePe kRúXOOaUÕQÕQ feUPeQWe VXcXkOaUÕQ |]eOOikOeUi 
�]eUiQe eWkiOeUiQi iQceOedikOeUi aUaúWÕUPaOaUÕQda, 10. g�Q VRQXQda VXcXkOaUÕQ VX akWiYiWeVi de÷eUOeUiQiQ 0.90¶ÕQ aOWÕQa 
d�úW�÷�Q� biOdiUPiúOeUdiU.  

 SXcXk |UQekOeUiQiQ UeQk de÷eUOeUiQe aiW bXOgXOaU TabOR 2¶de YeUiOPiúWiU. EOde ediOeQ verilere göre laktuloz 
iOaYeVi |UQekOeUiQ a* de÷eUOeUi (kÕUPÕ]ÕOÕk) dÕúÕQda UeQk |]eOOikOeUi �]eUiQde faUkOÕOÕk ROXúWXUPaPÕúWÕU. L* de÷eUi 
(SaUOakOÕk) |UQekOeUde VÕUaVÕ\Oa 48.71; 51.82; 50.08 Ye 50.41 ROaUak bXOXQPXúWXU. LakWXOR] iOaYeVi |UQekOeUiQ 
parlaklÕ÷ÕQda aUWÕú ROXúWXUVa da bX aUWÕú iVWaWiVWiki ROaUak faUkOÕ bXOXQPaPÕúWÕU (p>0.05). gUQekOeUiQ a* de÷eUOeUi 
iQceOeQdi÷iQde kRQWURO gUXbX |UQekOeUde 17.97 de÷eUi g|]OeQiUkeQ, OakWXOR] iOaYe ediOeQ |UQekOeUde VÕUaVÕ\Oa 14.73; 
12.92 Ye 12.77 de÷eUOeUi beOiUOeQPiúWiU. LakWXOR] iOaYeVi |UQekOeUiQ kÕUPÕ]ÕOÕ÷ÕQÕ aUWWÕUPÕú Ye bX dXUXP kRQWURO 
gUXbX |UQekOeUe g|Ue faUk \aUaWPÕúWÕU (p<0.05). Di÷eU WaUafWaQ OakWXOR] ioeUeQ gUXSOaU keQdi ioeUiViQde faUk 
ROXúWXUPaPÕúWÕU (p>0.05). gUQekOeUiQ b* de÷eUOeUi (VaUÕOÕk) iQceleQdi÷iQde, eQ d�ú�k de÷eUiQ %1 laktuloz ilaveli 
gUXSWa (6.86), eQ \�kVek de÷eUiQ iVe kRQWURO gUXbXQda (8.20) ROdX÷X g|U�OPekWediU. LakWXOR] iOaYeVi |UQekOeUiQ a] 
da ROVa VaUÕOÕk de÷eUOeUiQde aUWÕú ROXúWXUPXú, aQcak W�P gUXSOaU iVWaWiVWiki ROaUak faUkOÕ bXOXQPaPÕúWÕU (p>0.05). 

Tablo 2. Sucuk Örneklerinin Analiz SonuçlarÕ 21 

Table 2. Analysis Results of Sucuks 21 

Analizler 
Örnek*  

A  B  C  D 
 

Renk 
 

L* 48.710±1.515a 51.820±1.621a 50.082±1.430a 50.415±2.791a 
a* 17.970±0.959a 14.737±0.925b 12.920±1.664b 12.772±1.444b 
b* 8.205±0.489a 7.735±0.601a 6.865±1.126a 7.280±0.893a 

Piúirme KaybÕ (%) 20.285±0.989a 18.410±1.796ab 16.595±2.506b 15.422±2.060b 
*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 
1De÷erler � standart sapmayÕ ihtiva etmektedir. SatÕrda aynÕ harflerle iúaretlenen ortalamalar istatistiksel olarak 
birbirinden farklÕ de÷ildir (p>0.05) 
*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 
1Values include ± standard deviation. The averages marked with the same letters in rows are not statistically 
different from each other (p>0.05) 
  
 BR]kXUW (2007) kekik Ye VXVaP \a÷Õ kXOOaQaUak �UeWWi÷i feUPeQWe VXcXkOaUÕQ, ROgXQOaúPaQÕQ 15. g�Q�Qde L* 
de÷erlerinin 39.28-41.14; a* de÷eUOeUiQiQ 11.57-12.85 Ye b* de÷eUOeUiQiQ iVe 11.99-12.36 aUaVÕQda de÷iúWi÷iQi 
biOdiUPiúWiU. Baúka biU oaOÕúPada faUkOÕ iúOePe kRúXOOaUÕQda iúOeQeQ VXcXkOaUÕQ 10. g�Q VRQXQda L* de÷eUOeUi 36-45 
aUaVÕQda, a* de÷eUOeUi 12-18 aUaVÕQda Ye b* de÷eUOeUi de 14-20 aUaVÕQda de÷iúWi÷i biOdiUiOPekWediU (hUeQ Ye 
Baba\i÷iW, 1996). Si\ah haYXo ekOeQeUek �UeWiOeQ feUPeQWe VXcXkOaUÕQ kaOiWe |]eOOikOeUiQiQ iQceOeQdi÷i oaOÕúPada 
iVe, |UQekOeUiQ L* de÷eUOeUiQiQ 45.72-42.40, a* de÷eUOeUiQiQ 17.20-12.13 Ye b* de÷eUOeUiQiQ de 17.43-9.64 aUaVÕQda 
de÷iúWi÷i WeVSiW ediOPiúWiU (Ekici Ye aUk., 2015). 

 AUaúWÕUPaPÕ]da OakWXOR] iOaYeViQiQ, VXcXkOaUÕQ SiúiUPe ka\ÕSOaUÕQda a]aOPa Pe\daQa geWiUdi÷i beOiUOeQPiúWiU 
(Tablo 2). Kontrol gUXbX |UQekOeUde SiúiUPe ka\bÕ %20.28 ROaUak bXOXQXUkeQ, bX de÷eU OakWXOR] iOaYeOi gUXSOaUda 
VÕUaVÕ\Oa 18.41; 16.59 Ye 15.42 ROaUak beOiUOeQPiúWiU. LakWXOR]XQ %1 Ye %2 RUaQÕQda kXOOaQÕOdÕ÷Õ VXcXk |UQekOeUi, 
SiúiUPe ka\ÕSOaUÕQdaki a]aOPa aoÕVÕQdaQ kRQWURO gUXbX |UQekOeUiQe g|Ue |QePOi deUecede faUkOÕ (p<0.05) 
bXOXQPXúWXU. SX akWiYiWeViQdeki a]aOPa\a SaUaOeO ROaUak SiúiUPe ka\ÕSOaUÕQda beQ]eU dXUXPXQ g|]OeQPeVi, \aQi 
OakWXOR]XQ VX\X ba÷Oa\aUak SiúiUPe ka\ÕSOaUÕQda d�ú�ú Pe\daQa geWiUPeVi QRUPaO ROaUak de÷eUOeQdiUiOebiOiU. 
AQcak WicaUi aoÕdaQ d�ú�Q�Od�÷�Qde, �U�Qde SiúiUPe ka\ÕSOaUÕQÕQ a]aOWÕOPaVÕ |QePOi biU ka]aQÕP ROaUak kabXO 
edilebilir. 

 daOÕúPaPÕ]da faUkOÕ kRQVaQWUaV\RQOaUda ekOeQeQ OakWXOR]XQ, feUPeQWe VXcXkOaUÕQ WekVW�UeO |]eOOikOeUiQi (VeUWOik, 
oi÷QeQebiOiUOik, \aSÕúkaQOÕk, eOaVWiki\eW Ye kRhe]ifOik) |QePOi d�]e\de eWkiOePedi÷i beOiUOeQPiú Ye WekVW�UeO 
|]eOOikOeUe aiW de÷eUOeU TabOR 3¶de YeUiOPiúWiU. LakWXOR] kRQVaQWUaV\RQXQdaki aUWÕú |UQekOeUiQ VeUWOik de÷eUOeUiQde 
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aUWÕú Pe\daQa geWiUPiú, bX de÷eU kRQWURO gUXbX |UQekOeUde 22.03 N iOe eQ d�ú�k d�]e\de bXOXQXUkeQ, %2 laktuloz 
iOaYeOi |UQekOeUde 24.48 N iOe eQ \�kVek d�]e\de WeVSiW ediOPiúWiU. Baúka biU ifade\Oe OakWXOR] |UQekOeUi daha VeUW 
\aSÕ\a d|Q�úW�UP�ú aQcak bX dXUXP iVWaWiVWiki ROaUak faUk ROXúWXUPaPÕúWÕU (p>0.05). Bu duruma paralel olarak 
OakWXOR] iOaYeVi |UQekOeUiQ oi÷QeQebiOiUOi÷iQi a]aOWPÕú, aQcak beQ]eU úekiOde iVWaWiVWiki faUk ROXúWXUPaPÕúWÕU 
(p>0.05).  

 LakWXOR], VXcXkOaUÕQ \aSÕúkaQOÕ÷ÕQÕ faUkOÕ úekiOOeUde eWkiOePekOe biUOikWe geQeO ROaUak aUWWÕUPÕúWÕU. AQcak b�W�Q 
gruplar aUaVÕQda \aSÕúkaQOÕk de÷eUi bakÕPÕQdaQ iVWaWiVWiki aoÕdaQ biU faUk g|]OeQPePiúWiU (p>0.05).  

 A\QÕ úekiOde OakWXOR] iOaYeVi |UQekOeUiQ eOaVWiki\eW Ye kRhe]ifOik |]eOOikOeUiQde aUWÕú Pe\daQa geWiUPiúWiU. 
BXQXQOa biUOikWe \iQe |UQekOeU aUaVÕQda eOaVWiki\eW Ye kRhe]ifOik bakÕPÕQdaQ iVWaWiVWiki faUk ROXúPaPÕúWÕU (p>0.05). 

Tablo 3. Sucuk Örneklerinin Tekst�rel Analiz SonuçlarÕ1 

Table 3. Textural Analysis Results of Sucuks1 

Tekstürel Özellik 
Örnek* 

A  B C D 
Sertlik (N) 22.03±3.827  23.41±2.665  24.02±3.521  24.48±2.412  

Çi÷nenebilirlik 13.69±1.792  11.92±1.467  11.62±1.630  11.26±1.548  
YapÕúkanlÕk (g.s) -30.51±5.907  -25.39±7.275  -28.86±5.085  -29.09±7.197  
Elastikiyet (mm) 0.73±0.100  0.77±0.044  0.82±0.063  0.82±0.077  

Koheziflik  0.67±0.011  0.68±0.022  0.69±0.024  0.70±0.008  
*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 
1De÷erler � standart sapmayÕ ihtiva etmektedir.  
*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 
1Values include ± standard deviation.  
 
 Ekici Ye aUk. (2015) WaUafÕQdaQ \aSÕOaQ oaOÕúPada feUPeQWe VXcXk |UQekOeUiQiQ WekVW�UeO |]eOOikOeUiQde 
oaOÕúPaPÕ]a beQ]eU bXOgXOaUa UaVWOaQPÕúWÕU. AUaúWÕUPacÕOaU |UQekOeUiQ \aSÕúkaQOÕkOaUÕQÕQ -10.99 ile -86.83 g.s. 
aUaVÕQda; eOaVWiki\eWOeUiQiQ 0.50-0.61 aUaVÕQda; ba÷OÕOÕk de÷eUOeUiQiQ 0.44-0.61 aUaVÕQda Ye VeUWOik de÷eUOeUiQiQ de 
463.37-798.76 g aUaVÕQda de÷iúWi÷iQi biOdiUPiúOeUdiU.  

 DeUWOi Ye aUk., (2016) de faUkOÕ úekiOOeUde �UeWWikOeUi feUPeQWe VXcXkOaUÕQ WekVW�UeO |]eOOikOeUiQdeQ VeUWOik 
de÷eUiQiQ 3998 iOa 25,484 g aUaVÕQda; \aSÕúkaQOÕk de÷eUiQiQ -155.4 ile -13.6 g.V. aUaVÕQda; eOaVWiki\eW de÷eUiQiQ 
0.499 iOe 0.699 PP aUaVÕQda Ye ba÷OÕOÕk de÷eUiQiQ de 0.266 iOe 0.517 aUaVÕQda de÷iúWi÷iQi beOiUOePiúOeUdiU.   

 daOÕúPaPÕ]da �UeWiOeQ VXcXkOaU, feUPaQWaV\RQXQ 7. Ye 15. g�QOeUiQde PikURbi\RORjik aoÕdaQ WakiS ediOPiú Ye 
bXOgXOaU TabOR 4¶de YeUiOPiúWiU. 7. g�Q VRQXQda VXcXkOaUda 1.63 iOe 2.21 log kob g-1 aUaVÕQda de÷iúeQ 
Enterobacteriaceae Va\ÕVÕ, 15. g�Q VRQXQda W�P |UQekOeUde VÕfÕUOaQPÕúWÕU. TAMB Va\ÕOaUÕ iQceOeQdi÷iQde, 7. 
Günde 3.66-3.82 log kob g-1 aUaVÕQda de÷iúeQ Va\Õ, 15. g�Qde 3.54-4.29 log kob g-1 aUaVÕQda Ve\UeWPiú, bX V�Ue 
VRQXQda eQ \�kVek Va\Õ kRQWURO gUXbX |UQekOeUde beOiUOeQPiúWiU. BXQXQOa biUOikWe |UQekOeU aUaVÕQda TAMB Va\ÕOaUÕ 
aoÕVÕQdaQ faUk g|]OeQPePiúWiU (p>0.05). Fermantasyonun 7. Gününde maya-küf Va\ÕVÕ eQ \�kVek ROaQ 
|UQe÷iQ %0.5 laktuloz ilave edilen sucuklar (4.57 log kob g-1), eQ d�ú�k ROaQ |UQe÷iQ iVe % 1 OakWXOR] ilave edilen 
sucuklar (3.24 log kob g-1) ROdX÷X WeVSiW ediOPiú Ye iVWaWiVWik ROaUak da faUk Pe\daQa geOPiúWiU (p<0.05). 15. Gün 
sonunda ise maya-k�f Va\ÕVÕ aoÕVÕQdaQ eQ \�kVek aUWÕúÕQ %1¶Oik |UQekOeUde (3.24 ORg kRb g-1¶deQ 4.29 ORg kRb g-

1¶a) ROdX÷X g|U�OP�ú, aQcak |UQekOeU aUaVÕQda faUk g|]OeQPePiúWiU (p>0.05). LAB Va\ÕOaUÕ iQceOeQdi÷iQde, 
feUPaQWaV\RQXQ baúOaQgÕcÕQda 4.77 ORg kRb g-1 ROaQ Va\ÕQÕQ, 7. g�Qde |QePOi biU aUWÕú g|VWeUdi÷i (8.15-8.91 log 
kob g-1) beOiUOeQPiú aQcak |UQekOeU aUaVÕQda faUk ROXúWXUPadÕ÷Õ (p>0.05) WeVSiW ediOPiúWiU. FeUPaQWaV\RQXQ 
VRQXQda iVe VXcXkOaUda LAB Va\ÕOaUÕ 8.57 iOa 9.55 ORg kRb g-1 ROaUak bXOXQPXú Ye |UQekOeUde iVWaWiVWiki ROaUak faUk 
ROXúPXúWXU (p<0.05). LakWXOR] kRQVaQWUaV\RQXQXQ aUWÕúÕ, LAB geOiúiPiQi WeúYik edeUek sayÕOaUÕQda aUWÕú Pe\daQa 
geWiUPiú Ye eQ \�kVek Va\Õ %2 iOaYeOi VXcXkOaUda beOiUOeQPiúWiU (9.55 ORg kRb g-1). Bu durum SEM görüntülerinde 
de g|]OeQPiú ROXS, |UQekOeUiQ SEM g|U�QW�OeUi iQceOeQdi÷iQde (ùekiO 1) \iQe %2 OakWXOR] iOaYeOi VXcXkOaUda \R÷XQ 
olarak baViO \aSÕda bakWeUiOeUiQ bXOXQdX÷X g|U�OP�úW�U.  

Tablo 4. Mikrobiyolojik Analiz SonuçlarÕ1 (log kob g-1) 
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Table 4. Microbiological Analysis Results1 (log cfu g-1) 

Analiz Gün 
Örnek 

A B C D 
 
Enterobacteriaceae 

0 3.56    
7 1.63±0.72a 2.21±0.15a 2.02±0.18a 1.97±0.25a 
15 0 0 0 0 

 
TAMB 

0 5.85    
7 3.69±0.14a 3.66±0.12a 3.82±0.12a 3.78±0.14a 
15 4.29±0.89a 3.84±0.37a 3.54±0.24a 3.93±0.30a 

 
Maya-Küf 

0 4.15    
7 4.15±0.25a 4.57±0.66a 3.24±0.28b 3.92±0.72ab 
15 4.00±0.09a 3.50±0.16a 4.29±0.39a 3.96±1.92a 

 
LAB 

0 4.77    
7 8.15±0.74a 8.20±0.98a 8.90±0.38a 8.91±0.39a 
15 8.57±0.21b 8.95±0.17ab 9.30±0.35a 9.55±0.23a 

*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 
1De÷erler � standart sapmayÕ ihtiva etmektedir. S�tunda aynÕ harflerle iúaretlenen ortalamalar istatistiksel olarak 
birbirinden farklÕ de÷ildir (p>0.05) 
*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 
1Values include ± standard deviation. The averages marked with the same column in rows are not statistically 
different from each other (p>0.05) 
 
 KaUgR]aUi Ye aUk. (2014), øUaQ¶da W�keWiOeQ |]eO biU Se\QiUdeQ i]ROe eWWikOeUi 3 faUkOÕ k�OW�U iOaYeVi\Oe feUPeQWe 
VXcXk �UeWPiúOeU Ye bX VXcXkOaUÕ 15 g�Q bR\XQca feUPaQWaV\RQa Wabi WXWPXúOaUdÕU. OOgXQOaúPa SeUi\RdXQXQ 
VRQXQda |UQekOeUde LAB Va\ÕOaUÕQÕQ 8.96 iOe 9.14 ORg kRb g-1 aUaVÕQda de÷iúWi÷iQi biOdiUPiúOeUdiU. BX VRQXoOaUÕQ 
oaOÕúPaPÕ]a \akÕQ ROdX÷X g|U�OPekWediU.  

 Baúka biU oaOÕúPada Ekici Ye aUk. (2015) faUkOÕ RUaQOaUda Vi\ah haYXo iOaYe edeUek VXcXk �UeWPiúOeU Ye bX 
VXcXkOaUda oeúiWOi aQaOi]OeU \�U�WP�úOeUdiU. 12 g�QO�k ROgXQOaúWÕUPa SeUi\RdX VRQXQda VXcXk |UQekOeUiQde TAMB 
Va\ÕVÕQÕQ 8.47-8.73 log kob g-1; LAB Va\ÕVÕQÕQ 8.36-8.71 log kob g-1 ve maya-k�f Va\ÕVÕQÕQ iVe 3.54-5.21 log kob 
g-1 aUaVÕQda de÷iúWi÷iQi biOdiUPiúOeUdiU. daOÕúPada VXcXkOaUdaki LAB Ye Pa\a-k�f Va\ÕOaUÕQÕQ oaOÕúPaPÕ]da eOde 
ediOeQ VRQXoOaUOa beQ]eU ROdX÷X, TAMB Va\ÕVÕQÕQ iVe oaOÕúPaPÕ]daQ \�kVek ROdX÷X g|U�OP�úW�U. Öksüztepe ve 
aUk. (2011) EOa]Õ÷¶da VaWÕúa VXQXOaQ feUPeQWe VXcXkOaUÕQ kaOiWe |]eOOikOeUiQi iQceOePiúOeU Ye VXcXkOaUda TAMB, 
LAB ve maya-k�f Va\ÕOaUÕQÕQ RUWaOaPa ROaUak VÕUaVÕ\Oa 8.75, 8.56 Ye 3.08 ORg kRb g-1 d�]e\iQde bXOXQdX÷XQX 
biOdiUPiúOeUdiU.  
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Figure 1. SEM Images of Sucuk Samples* (x10.000 magnified times) 

*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 

ùekil 1. Sucuk Örneklerinin SEM Gör�nt�leri* (x10.000 b�y�tme g�c� ile)  

*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 

 SXcXk |UQekOeUiQiQ dX\XVaO aQaOi] bXOgXOaUÕ TabOR 5¶de YeUiOPiúWiU. LakWXOR] iOaYeVi VXcXkOaUÕQ dX\XVaO 
|]eOOikOeUiQde UeQk kUiWeUi haUio faUkOÕOÕk Pe\daQa geWiUPePiúWiU. DX\XVaO SaQeOi \aSaQ gUXS WaUafÕQdaQ iQceOeQeQ 
b�W�Q dX\XVaO kaOiWe kUiWeUOeUi (UeQk, kRkX, Oe]]eW, dRkX, geQeO kabXO) aoÕVÕQdaQ eQ oRk be÷eQiOeQ gUXS % 2 OakWXOR] 
iOaYeOi VXcXk gUXbX ROXUkeQ, eQ d�ú�k SXaQÕ % 1 OakWXOR] iOaYeOi VXcXk gUXSOaUÕ aOPÕúWÕU. hU�QOeUiQ geQeO kabXO 
pXaQOaUÕ iQceOeQdi÷iQde VÕUaVÕ\Oa RUWaOaPa 6.03; 5.69; 5.16; 6.07 úekOiQde SXaQ da÷ÕOÕPÕ g|]OeQPiú, |UQekOeU 
aUaVÕQda iVWaWiVWiki faUk WeVSiW ediOPePiúWiU (p>0.05).  

Tablo 5. Sucuk Örneklerin Duyusal Analiz PuanlarÕ1 
Table 5. Sensorial Analysis Scores of Sucuks1 

Duyusal Özellik 
Örnek* 

A  B  C  D 
Renk 6.36±0.311ab 4.99±0.848b 3.30±0.601c 6.60±0.304a 
Koku 6.19±0.02 a 5.77±0.516a 4.91±0.388a 6.28±0.318a 
Tat 6.04±0.254a 5.88±0.417a 5.29±0.134a 6.11±0.247a 

Doku 5.58±0.502a 5.51±0.714a 4.78±0.275a 5.71±0.219a 
Genel Kabul 6.03±0.226a 5.69±0.487a 5.16±0.035a 6.07±0.289a 

*A:Kontrol; B: %0.5 laktuloz ilaveli; C: %1laktuloz ilaveli; D: %2 laktuloz ilaveli 
1De÷erler � standart sapmayÕ ihtiva etmektedir. SatÕrda aynÕ harflerle iúaretlenen ortalamalar istatistiksel olarak 
birbirinden farklÕ de÷ildir (p>0.05) 
*A:No lactulose added; B: 0.5% lactulose added; C: 1% lactulose added; D: 2% lactulose added 
1Values include ± standard deviation. The averages marked with the same letters in rows are not statistically 
different from each other (p>0.05) 
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PehOiYaQR÷OX Ye aUk. (2015), Si\aVada bXOXQaQ feUPeQWe VXcXkOaUÕQ oeúiWOi dX\XVaO |]eOOikOeUiQi (g|U�Q�ú, keViW 
\�]e\i, kÕYaP-\aSÕ, aURPa, geQeO kabXO) iQceOePiú Ye dX\XVaO iQceOePede SXaQOaPa 5 �]eUiQdeQ \aSPÕúOaUdÕU. 
AUaúWÕUPa VRQXQda iOgiOi SaUaPeWUeOeU VÕUaVÕ\Oa RUWaOaPa ROaUak 4.66; 4.87; 4.83; 4.92 Ye 4.82 úekOiQde eOde ediOPiú 
Ye VXcXkOaUÕQ dX\XVaO aoÕdaQ i\i dXUXPda ROdXkOaUÕ beOiUOeQPiúWiU. YiQe baúka biU oaOÕúPada Ekici ve ark. (2015) 
�UeWWikOeUi feUPeQWe VXcXkOaUÕ dX\XVaO aoÕdaQ de÷eUOeQdiUPiú (1-9 SXaQ aUaOÕ÷Õ) Ye VRQXoOaUÕQ oaOÕúPaPÕ]Oa 
beQ]eUOik WaúÕdÕ÷ÕQÕ biOdiUPiúOeUdiU. 

4. Sonuç 

 LakWXOR], OakWR]XQ i]RPeUi]aV\RQX VRQXcX ROXúaQ biU diVakkaUiW ROXS, oRk de÷eUOi biU fRQkVi\RQeO PaddediU. 
BXOXQdX÷X RUWaPda SURbi\RWik |]eOOikWeki \aUaUOÕ bakWeUiOeUiQ geOiúiPiQi WeúYik edeUek Va÷OÕ÷a kaWkÕda 
bXOXQabiOPekWediU. A\QÕ ]aPaQda ViQdiUiP ViVWePiQde bXOXQPaVÕ dXUXPXQda bXUadaki \aUaUOÕ bakWeUiOeUiQ de 
geOiúiPi hÕ]OaQdÕUPakWadÕU. LakWXOR]XQ feUPaQWaV\RQ SURVeVi ioeUeQ Sek oRk gÕdada bX |]eOOikOeUi dROa\ÕVÕ\Oa 
kXOOaQÕOPaVÕQÕQ, \eQi �U�QOeUiQ geOiúWiUiOPeVi Ye W�keWiPe VXQXOPaVÕ bakÕPÕQdaQ |QePOi kaWkÕOaUda bXOXQaca÷Õ 
tahmin edilmektedir. B�W�Q bXQOaUÕ dikkaWe aOaUak \aSWÕ÷ÕPÕ] oaOÕúPada, faUkOÕ RUaQOarda laktuloz ilave edilerek 
VXcXk �UeWiOPiú Ye OakWXOR]XQ VXcXkOaUÕQ feUPaQWaV\RQ V�UeciQi QaVÕO eWkiOedi÷i Ye kaOiWe |]eOOikOeQe ROaQ eWkiVi 
iQceOeQPiúWiU. LakWXOR] iOaYeVi �U�QOeUde SiúiUPe ka\bÕQÕ a]aOWPÕú, dX\XVaO aoÕdaQ SaQeOe kaWÕOaQOaU da OakWXOR] 
iOaYeOi VXcXkOaUÕ daha oRk be÷eQdikOeUiQi ifade eWPiúOeUdiU. Di÷eU WaUafWaQ OakWXOR] iOaYeVi VXcXOaUÕQ WekVW�UeO 
|]eOOikOeUiQi de÷iúWiUPePiúWiU. BXQXQOa biUOikWe OakWXOR] iOaYe ediOeQ VXcXkOaUda, feUPaQWaV\RQXQ 15. G�Q�Qde 
LAB Va\ÕVÕQÕQ daha \�kVek ROdX÷X g|]OeQPiúWiU. Önemli bir et ürünü olan sucukta OakWXOR]XQ kXOOaQÕOPaVÕQÕQ, 
�U�Q�Q kaOiWe |]eOOikOeUiQiQ geOiúWiUiOPeVi aoÕVÕQdaQ, WekQRORjik aoÕdaQ, ekRQRPik aoÕdaQ Ye eQ |QePOiVi de Va÷OÕk 
aoÕVÕQdaQ oRk fa\daOÕ ROaca÷Õ oaOÕúPaPÕ]da eOde ediOeQ VRQXoOaUOa |UW�úPekWediU. BX QedeQOe OakWXOR] Ye beQ]eUi 
SUebi\RWik |]eOOikOi dR÷aO �U�QOeUiQ, feUPeQWe VXcXk Ye beQ]eUi eW Ye di÷eU gÕda �U�QOeUiQde kXOOaQÕPÕ �]eUiQe 
oaOÕúPaOaUÕQ \a\gÕQOaúPaVÕ geUekWi÷i de d�ú�Q�OPekWediU.    
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Özet 
AUÕcÕOÕkWa iOkbahaU Ye \a]ÕQ |O�Pe QedeQ ROPa\aQ ba]Õ SURbOePOeUiQ kÕúÕQ ROPaVÕ, daha oRk kÕúOaWPa VÕUaVÕQda 
kRORQi ka\ÕSOaUÕQÕQ Pe\daQa geOPeVi Ye kÕú ka\ÕSOaUÕQÕQ haOa % 8-10¶XQ aOWÕQa d�ú�U�OePePeVi bX kRQXda \eQi 
aUaúWÕUPaOaUÕQ \aSÕOPaVÕQÕ geUekWiUPekWediU. AUÕcÕOÕk \aSÕOaQ b|OgeQiQ kRúXOOaUÕQa X\gXQ faUkOÕ kRYaQ WiSOeUiQiQ 
kXOOaQÕOPaVÕ aUÕOaUÕQ Va÷OÕ÷Õ Ye \aúaP g�c� �]eUiQde eWki g|VWeUdi÷i gibi eOde ediOecek baO Ye di÷eU aUÕ �U�QOeUiQiQ 
PikWaUÕQÕ da eWkiOePekWediU. BX aUaúWÕUPa, baOaUÕVÕ (Apis mellifera L.) kRORQiOeUiQiQ; ahúaS WabaQOÕ (AT) Ye Õ]gaUaOÕ-
SROeQ WX]akOÕ SOaVWik WabaQOÕ (IPTPT) ahúaS kRYaQOaUda kÕúOaWPaQÕQ aUÕOÕ oeUoeYe Va\ÕOaUÕQa Ye kRYaQ a÷ÕUOÕkOaUÕQa 
eWkiViQi beOiUOePek aPacÕ\Oa \aSÕOPÕúWÕU. MeYcXW aUaúWÕUPa øQ|Q� hQiYeUViWeVi AUÕcÕOÕk GeOiúWiUPe-Uygulama ve 
AUaúWÕUPa MeUke]i¶Qe aiW aUÕOÕkWa \�U�W�OP�úW�U. AUaúWÕUPada aUÕ PaWeU\aOi ROaUak WRSOaP 21 adeW baOaUÕVÕ kRORQiVi 
kXOOaQÕOPÕúWÕU. KRORQiOeU, 12 adeW AT ve 9 adet IPTPT ahúaS kRYaQda kÕúOaWÕOPÕúWÕU. KÕúOaWPa kabiOi\eWi AT 
kovanlarda % 42.03, IPTPT kovanlarda % 47.27 ROaUak heVaSOaQÕUkeQ, W�P kRYaQOaUdaki kRORQi ka\bÕ % 55.35 
olarak beOiUOeQPiúWiU.  KovaQ WiSOeUiQiQ kÕúOaWPa |QceVi Ye VRQUaVÕQa aiW aUÕOÕ oeUoeYe Va\ÕOaUÕ aUaVÕQda faUkOÕOÕkOaU 
iVWaWiVWiki ROaUak faUkOÕ d�]e\OeUde |QePOi WeVSiW ediOPiúWiU (S = 0.041-0.007). KRYaQ a÷ÕUOÕ÷Õ bakÕPÕQdaQ \aSÕOaQ 
hesaplamalarda ise AT kRYaQOaUÕQ kÕúa giUiúWeki a÷ÕUOÕkOaUÕQÕQ % 51.60¶ÕQÕ, IPTPT kRYaQOaUÕQ iVe % 51.89¶XQX 
PXhafa]a eWWikOeUi VaSWaQPÕúWÕU. BX oaOÕúPada heP kÕúOaWPa |QceVi heP de kÕúOaWPa VRQUaVÕQda kRYaQ a÷ÕUOÕkOaUÕ 
bakÕPÕQdaQ AT ve IPTPT kRYaQ WiSOeUi aUaVÕQda faUkOÕOÕkOaU iVWaWiVWiki ROaUak |QePOi bXOXQPaPÕúWÕU (S>0.05).  
AQcak, heU biU kRYaQ WiSiQiQ keQdi ioeUiViQde kÕúOaWPa |QceVi Ye VRQUaVÕQa aiW kRYaQ a÷ÕUOÕkOaUÕ  aUaVÕQda faUkOÕOÕkOaU 
iVe iVWaWiVWiki ROaUak faUkOÕ d�]e\OeUde |QePOi WeVSiW ediOPiúWiU (S = 0.028-0.008). SRQXo ROaUak di÷eU YeUiP 
ö]eOOikOeUi, PaOi\eW, X]XQ |P�UO�O�k Ye Va÷OÕk kRúXOOaUÕ da dikkaWe aOÕQaUak heU iki kRYaQ WiSiQiQ de aUÕcÕOÕkWa WeUcih 
edebiOece÷i kaQaaWiQe XOaúÕOPÕúWÕU.  

Anahtar Kelimeler: AhúaS kRYaQ, AUÕOÕ oeUoeYe, BaOaUÕVÕ (Apis mellifera L.), KRORQi, KRYaQ a÷ÕUOÕ÷Õ  
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Abstract 
Some problems that do not cause death in spring and summer are in winter, colony losses occur mostly during 
wintering and the fact that winter losses still cannot be reduced to below 8-10% requires new researches in 
beekeeping. The use of different hive types suitable for the conditions of the beekeeping region affects the health 
and life force of the bees as well as the amount of honey and other bee products to be obtained. This research was 
carried out to determine the effects of wintering honeybee (Apis mellifera L.) colonies on beehive frame numbers 
and hive weights in wooden based (WB) and screened-pollen trapped plastic based (SPTPB) wooden hives. The 
cXUUeQW UeVeaUch ZaV caUUied RXW iQ Whe øQ|Q� UQiversity Apiculture Development Application and Research Center. 
A total of 21 honeybee colonies were used as bee material in the study. Colonies were wintered in 12 WB and 9 
SPTPB wooden hives. While the wintering ability was calculated as 42.03% in WB hives and 47.27% in SPTPB 
wooden hives, the colony loss in all beehives was determined as 55.35%. Differences between the number of bee 
frames before and after wintering in each hive type were statistically significant at different levels (p = 0.041-
0.007). It was determined that the wooden hives and SPTPB wooden hives retain 51.60% and 51.89% respectively 
of their weight at the beginning of the winter. In this study, differences between WB and SPTPB wooden hive 
types were not found statistically significant in terms of hive weights both before and after wintering (p>0.05). 
However, differences among the beehive weights of each beehive type before and after wintering were found 
statistically significant at different levels (p = 0.028-0.008). As a result, it was concluded that both types of hives 
can be preferred in beekeeping by considering other yield characteristics, cost, longevity and health conditions. 

Keywords: Wooden hive,  Bee frame, Honeybee (Apis mellifera L.), Colony, Hive weight.   
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1. Giriú 
AUÕ \eWiúWiUiciOi÷i, d�ú�k PaOi\eWOi \aWÕUÕPOaU Ye \R÷XQ iúg�c� geUekWiUPedeQ dR÷adaki ha]ÕU ka\QakOaUdaQ 

\aUaUOaQÕOaUak \aSÕOabiOeQ, bXQXQ kaUúÕOÕ÷ÕQda \eWiúWiUiciViQe |QePOi Paddi ka]aQo Va÷Oa\aQ biU ha\YaQcÕOÕk 
faaliyetidir. Türkiye, sahip oldu÷X geQiú cR÷Uaf\aVÕ Ye ]eQgiQ fORUaVÕ \aQÕ VÕUa kRORQi YaUOÕ÷Õ iOe de d�Q\a 
aUÕcÕOÕ÷ÕQda |QePOi biU \eUe VahiSWiU (KaUOÕda÷ Ye K|VePaQ, 2015). T�P bX aYaQWajOaU g|] |Q�Qde WXWXOdX÷XQda 
T�Uki\e¶QiQ aUÕcÕOÕkWa oRk \�kVek biU SeUfRUPaQV VeUgiOePeVi bekOeQPekWediU. O\Va T�Uki\e¶de aUÕcÕOÕ÷ÕQ geQeO 
\aSÕVÕ, VRUXQOaUÕ, aUÕ �U�QOeUi �UeWiPi Ye WicaUeWiQe iOiúkiQ Va\ÕVaO YeUiOeU de÷eUOeQdiUiOdi÷iQde �OkePi]iQ bekOeQeQiQ 
WeUViQe bX aYaQWajOaUÕ oRk i\i de÷eUOeQdiUePedi÷i, baO �UeWiPi Ye WicaUeWiQde hak eWWi÷i d�]e\e XOaúaPadÕ÷Õ 
görülmektedir (KekeoR÷OX Ye aUk., 2007).  

HeU geoeQ g�Q SURfeV\RQeO biU faaOi\eWe d|Q�úeQ aUÕcÕOÕkWa d�ú�k YeUiP, \�kVek aUÕ |O�POeUi Ye kRORQi ka\ÕSOaUÕ 
gibi VekW|U� ROXPVX] eWkiOe\eQ geOiúPeOeU de Pe\daQa geOPekWediU (ChaX]aW Ye aUk., 2013). Popülasyon 
ka\ÕSOaUÕQÕQ Pe\daQa geOPeViQde Wek baúÕQa \a da kRPbiQaV\RQ haOiQde haVWaOÕkOaU, SaUa]iWOeU, WaUÕPVaO iOaoOaU, 
çevre ve sosyo-ekRQRPik XQVXUOaU da dahiO ROPak �]eUe Sek oRk fakW|U URO R\QaPakWadÕU (VaQeQgeOVdRUS Ye 
Mei[QeU, 2010).  HaYaOaQdÕUPaVÕ \eWeUVi] Ye VWaQdaUW ROPa\aQ kRYaQ kXOOaQÕPÕ, \aQOÕú kRORQi Ye aUÕOÕk \|QeWiPi, 
b|Oge Ye ge]giQci aUÕcÕOÕk kRúXOOaUÕQa X\gXQ ROPa\aQ aUÕ geQRWiSOeUi iOe oaOÕúÕOPaVÕ, VRQbahaU bakÕPÕ iOe baúOa\aQ 
ek beVOePe Ye kRYaQda aUÕOaUÕQ W�keWiPi ioiQ \eWeUVi] bÕUakÕOaQ beViQ PikWaUÕ, kÕú ka\ÕSOaUÕ, VRQbahaU, geo VRQbahaU, 
kÕú Ye eUkeQ iOkbahaUda g|]OeQeQ aQRUPaO ikOiP kRúXOOaUÕ da aUÕcÕOÕ÷ÕQ WePeO SURbOePOeUiQdeQdiU (Yeninar, 2015). 
AUÕ \eWiúWiUiciOi÷iQiQ baúaUÕVÕQÕ Ye kâUOÕOÕ÷ÕQÕ ROXPVX] úekiOde eWkiOe\eQ bX WePeO problemlerin çözümlenmesi 
QeWiceViQde aUÕcÕOÕk faaOi\eWOeUiQiQ daha Va÷OÕkOÕ, ekRQRPik Ye baúaUÕOÕ biU \aSÕ\a kaYXúPaVÕ Ye VekW|U�Q daha fa]Oa 
geOiúPeVi P�Pk�Qd�U  (K|VePaQ Ye aUk., 2016). 

AUÕcÕOÕkWa kRORQi ka\ÕSOaUÕQÕQ daha oRk kÕúOaWPa VÕUaVÕQda Pe\daQa geOPeVi Ye kÕú ka\ÕSOaUÕQÕQ haOa % 8-10¶XQ 
aOWÕQa d�ú�U�OePePiú ROPaVÕ \eQi aUaúWÕUPaOaUÕQ \aSÕOPaVÕQda X\aUÕcÕ URO R\QaPakWadÕU. øOkbahaU Ye \a] gibi akWif 
d|QePOeUde |O�Pe QedeQ ROPa\aQ ba]Õ SURbOePOeU kÕúÕQ ]RU kRúXOOaUÕ\Oa biUOeúiQce kRORQi ka\ÕSOaUÕQa neden 
olabilmektedir (Kaya, 2007). AUÕcÕOÕkWa, kÕúOaWPa VÕUaVÕQda Pe\daQa geOeQ ka\ÕSOaUa kRYaQ WabaQÕQda 
kXOOaQÕOabiOeQ ahúaS Ye SOaVWik gibi faUkOÕ PaWeU\aO WeUcihOeUiQiQ eWkiViQiQ de ROabiOece÷i d�ú�Q�OPekWediU. BX 
QedeQOe, PeYcXW oaOÕúPa baOaUÕVÕ (Apis mellifera L.) kRORQiOeUiQi ahúaS WabaQOÕ (AT) ve Õ]gaUa-SROeQ WX]akOÕ  plastik 
WabaQOÕ (IPTPT) ahúaS kRYaQOaUda kÕúOaWPaQÕQ aUÕOÕ oeUoeYe Va\ÕOaUÕQa Ye kRYaQ a÷ÕUOÕkOaUÕQa eWkiViQiQ beOiUOeQPeVi 
aPacÕ\Oa geUoekOeúWiUiOPiúWiU. daOÕúPa VRQXQda eOde ediOecek YeUiOeUiQ, Vahadaki VRUXQOaUÕQ WeVSiWiQe Ye kaWPa 
de÷eUi daha \�kVek aUÕcÕOÕk \aSÕOPaVÕQa kaWkÕ Va÷Oa\aca÷Õ bekOeQPekWediU.  

1.1. ArÕ kolonilerinin kÕúlatÕlmasÕ ve kovan kullanÕmÕ 

AUÕcÕOÕk \ÕO bR\XQca faUkOÕ X\gXOaPaOaU geUekWiUPekWe ROXS PeYViPVeO \|QeWiP WekQikOeUiQiQ dR÷UX biU úekiOde 
X\gXOaQPaVÕ biU VRQUaki d|QePdeki baúaUÕQÕQ WePeOiQi ROXúWXUPakWadÕU. EQ oRk X\gXOaQaQ Ye eQ i\i bilinen 
\|QeWiP PeWRWOaUÕ biOe dR÷UX biU úekiOde X\gXOaQPadÕ÷Õ WakdiUde \aUaUVÕ] ROPakWadÕU. AUÕcÕOÕ÷ÕQ WePeO 
faaOi\eWOeUiQdeQ biUiVi de kÕúOaWPadÕU. KÕúOaWPa, kRORQiOeUiQ kÕú kRúXOOaUÕQÕ UahaW bioiPde geoiUeUek VRQUaki d|QePe 
ha]ÕUOaQPaOaUÕQÕ Va÷Oa\acak bakÕP Ye X\gXOaPaOaUÕ kaSVaPakWadÕU (Ka\a, 2007).  

KÕúOaWPaQÕQ eQ WePeO ekiSPaQÕ ROaQ kRYaQOaU aUÕOaUÕQ \aúaP aOaQOaUÕ ROXS, RQOaUÕQ Va÷OÕk Ye YeUiPOeUi iOe 
\akÕQdaQ iOgiOidiU. KÕúOaWPa\a aOÕQaQ baO aUÕOaUÕ kRYaQ ioeUiViQdeki VWRkOaQPÕú beViQOeUi Ye kRYaQa dÕúaUÕdaQ aOÕQaQ 
RkVijeQi W�keWeUek Y�cXW ÕVÕOaUÕQÕ Ye \aúaPVaO eQeUjiOeUiQi Va÷OaPakWadÕUOaU. BeViQOeUiQ ViQdiUiOPeVi Ye Pe\daQa 
geOeQ PeWabROi]Pa VRQXcXQda VX bXhaUÕ, kaUbRQdiRkViW Ye ÕVÕ Pe\daQa geOPekWediU. BX QedeQOe kRYaQ \aSÕVÕQÕQ 
\aúaPVaO fRQkVi\RQOaUÕQ V�Ud�U�OPeViQe ceYaS YeUecek, ROXúaQ VX bXhaUÕ Ye di÷eU PeWabROik aWÕkOaUÕ 
X]akOaúWÕUabiOecek QiWeOikWe ROPaVÕ geUekPekWediU (Ka\a, 2007). KRYaQOaUÕQ kÕúa ha]ÕUOaQPaVÕ, kRYaQ ioi 
d�]eQOePeOeUiQ \aSÕOPaVÕ, dR÷UX Ye \eWeUOi beViQ bÕUakÕOPaVÕ, VR÷Xk ve QePe kaUúÕ i]ROe ediOPeVi, X\gXQ Ye \eWeUOi 
haYaOaQdÕUPaQÕQ Va÷OaQPaVÕ kÕúOaWPa |QceVi \aSÕOacak |QePOi X\gXOaPaOaUdÕU (BXU÷XW 2006; ùekeU Ye aUk., 2017).  

G�Q�P�]de aUÕcÕOÕkWa faUkOÕ PaO]ePeOeUdeQ \aSÕOPÕú de÷iúik kRYaQOaU kXOOaQÕOPakWadÕU. BXQOaU aUaVÕQda dR÷aO 
PaWeU\aOdeQ \aSÕOPÕú ROaQ Ye X]XQ \ÕOOaUdÕU aUÕcÕOÕkWa kXOOaQÕOaQ ahúaS kRYaQOaU WaYVi\e ediOPekWediU. BX kRYaQOaU, 
WePi]Oi÷e eOYeUiúOi ROPa, QiVbeWeQ fi\aW XcX]OX÷X, aUÕ, iQVaQ Ye oeYUe Va÷OÕ÷ÕQa eOYeUiúOiOik aYaQWajÕ WaúÕPakWadÕU 
(Topal ve ark., 2019). AhúaSWaQ \aSÕOaQ Ye ioeUiViQde haUekeWOi oeUoeYeOeU bXOXQaQ LaQgVWURWh Ye DadaQW WiSi 
kRYaQOaU iVe g�Q�P�]de eQ oRk kXOOaQÕOaQOaUdÕU. HeU iki kRYaQ da |Oo�OeUi dÕúÕQda beQ]eU |]eOOikOeU g|VWeUPekWediU 
(GeQo Ye DRdROR÷OX, 2002).  
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MaOaW\a¶da \aSÕOaQ biU aUaúWÕUPada aUÕcÕOaUÕQ %83.7¶ViQiQ LaQgVWURWh WiS kRYaQ kXOOaQdÕ÷Õ Ye kRYaQOaUÕQÕ % 
79.7 RUaQÕQda 5 Ye �]eUi \ÕOda biU de÷iúWiUdi÷i VaSWaQPÕúWÕU. A\QÕ aUaúWÕUPada iúOeWPeOeUde \eWeUOi Ye X\gXQ 
haYaOaQdÕUPaVÕ bXOXQaQ kRYaQOaUÕQ RUaQÕ %92.6 ROaUak WeVSiW ediOPiúWiU. Y�kVek RUaQda PRdeUQ kRYaQ 
kXOOaQÕOPaVÕ Ye kRYaQOaUda \eWeUOi Ye X\gXQ haYaOaQdÕUPa ROPaVÕ ROXPOX, aQcak geUi kaOaQ kRYaQOaUÕQ 
haYaOaQdÕUPa bakÕPÕQdaQ X\gXQ ROPaPaVÕ dikkaW oekici bXOXQPXúWXU (ùekeU Ye aUk., 2017). A÷UÕ¶da \aSÕOaQ 
oaOÕúPada iVe bX iOde WaPaPeQ \eQi WiS kRYaQ kXOOaQÕOdÕ÷Õ biOdiUiOPiúWiU (Ka\a, 2008). 

SRQ \ÕOOaUda kXOOaQÕPÕ aUWaQ SOaVWik WabaQOÕ ahúaS kRYaQOaU iVe VWaQdaUW kRYaQOaUÕQ SOaVWik WabaQOa 
biUOeúWiUiOPeViQdeQ Pe\daQa geOPekWediU. KXOOaQÕOaQ SOaVWik WabaQOaU PeQWeúeOi biU SROeQ kaSaQÕQa, SROeQ kXUXWPa 
VeSeWiQe Ye \a÷PXU VX\X kaQaOÕQa VahiSWiUOeU. BX |]eOOikOeUdeQ dROa\Õ kRYaQa daha i\i biU haYaOaQdÕUPa Ye ROXúaQ 
QePi X]akOaúWÕUPa aYaQWajÕ Va÷OaPakWadÕU. BX WabaQOaU a\UÕca VahiS ROdX÷X SROeQ WX]a÷Õ fiOWUeVi Va\eViQde iúoi 
aUÕOaUÕQ �]eUiQde bXOXQaQ YaUURa SaUa]iWOeUiQiQ WePi]OeQPeViQe, daha fa]Oa SROeQ WRSOaQPaVÕQa, aUÕOaUÕQ kRYaQ 
|Q�Qde VaOkÕP \aSPaVÕQÕ eQgeOOe\eUek daha fa]Oa baO YeUiPi eOde ediOPeViQe kaWkÕ Va÷OaPakWadÕU (Anonim, 
2020). Baúka biU aUaúWÕUPada iVe SOaVWik kRYaQOaUÕQ PaOi\eWiQiQ \�kVek ROdX÷X Ye WePi]Oik aúaPaVÕQda ba]Õ 
de]aYaQWajOaUÕQÕQ bXOXQdX÷X biOdiUiOPekWediU (TRSaO Ye aUk., 2019).   

AUÕcÕOÕkWa kXOOaQÕOaQ kRYaQOaUÕQ WiSi kadaU \eQi Ye\a eVki ROXúX da |QeP WaúÕPakWadÕU. EVkiPiú Ye fRQkViyonel 
ka\ba X÷UaPÕú kRYaQOaUÕQ kXOOaQÕOPaVÕ oeúiWOi VRUXQOaU dR÷XUPakWadÕU. AUÕcÕOaUÕQ oR÷XQOXkOa ge]eU ROPaVÕ 
kRYaQOaUÕQ VÕk ROaUak WaúÕQPaVÕQÕ geUekWiUPekWediU. BX dXUXP kRYaQOaUÕQ oabXk \ÕSUaQPaVÕQa Ye eVkiPeViQe QedeQ 
ROPakWadÕU. AQcak, VÕkOÕkOa kRYaQ de÷iúWiUiOPeVi iúOeWPeOeU ioiQ |QePOi PaOi k�OfeW ROXúWXUPakWadÕU. Sa÷OaP Ye 
da\aQÕkOÕ kRYaQOaUÕQ VaWÕQ aOÕQPaVÕ, kXOOaQÕP eVQaVÕQda daha a] VRUXQ oÕkPaVÕQa Ye kRYaQOaUÕQ de÷iúWiUPe VÕkOÕ÷ÕQa 
|QePOi |Oo�de eWki \aSPakWadÕU (ùekeU Ye aUk., 2017).  

YaSÕOaQ biU aUaúWÕUPada kRYaQ ioi VÕcakOÕ÷Õ Ye QePi �]eUiQde kRYaQÕQ ahúaS Ye\a k|S�k ROPaVÕQÕQ |QePOi eWkiVi 
ROdX÷X, k|S�k ROaQOaUda io VÕcakOÕ÷ÕQ ahúaSWaQ \aSÕOaQOaUa g|Ue \a] a\OaUÕQda daha d�ú�k \a da eúiW, kÕú a\OaUÕQda 
iVe daha \�kVek ROdX÷X WeVSiW ediOPiúWir (Karaca ve ark., 2000). YaSÕOaQ baúka biU aUaúWÕUPada da ahúaS kRYaQOaUÕQ 
baO aUÕVÕQÕQ \eWiúWiUiOPeVi ioiQ di÷eU kRYaQ WiSOeUiQe g|Ue daha X\gXQ ROdX÷X biOdiUiOPiúWiU (Taha, 2014). 

1.2. Koloni kayÕplarÕ ve nedenleri  

BaO aUÕOaUÕQa aiW kRORQi ka\ÕSOaUÕQda oeúiWOi QedeQOeUe ba÷OÕ kRPbiQe VWUeVOeU, bXOaúÕcÕ ROaQ Ye ROPa\aQ 
haVWaOÕkOaU URO R\QaPakWadÕU (ReTXieU Ye aUk., 2015). EQ iOeUi \|QeWiP WekQikOeUiQiQ X\gXOaQdÕ÷Õ �OkeOeUde biOe 
aUÕcÕOÕk b�\�k |Oo�de dR÷aO kRúXOOaUa ba÷OÕdÕU. BXQOaUÕQ baúÕQda ikOiP Ye biWki |rtüsü gelmektedir (Genç ve 
DRdROR÷OX, 2002).  

YaSÕOaQ biU aUaúWÕUPa\a g|Ue MaOaW\a¶da VRQ �o \ÕOda ROXúaQ kRORQi ka\bÕQÕQ RUaQVaO de÷eUi % 50.7 olarak 
WeVSiW ediOPiúWiU. A\QÕ oaOÕúPada kRORQi ka\ÕSOaUÕQÕQ QedeQOeUi VÕUaOaPaVÕQda, \eWiúWiUiciOeUiQ keQdi |QeP Ye 
|QceOikOeUiQe g|Ue beViQ \eWeUVi]Oi÷i, \a÷PacÕOÕk Ye kÕú úaUWOaUÕ eQ \�kVek (%30.9)  orana sahip kombinasyon olarak 
biOdiUiOPiúWiU (ùekeU ve ark., 2017).  

EU]XUXP kRúXOOaUÕQda eQ X\gXQ kÕúOaWPa \|QWePiQiQ VaSWaQPaVÕ aPacÕ\Oa \aSÕOaQ biU aUaúWÕUPada, i]ROeVi] 
ROaUak aoÕkWa kÕúOaWÕOaQ kRORQiOeUiQ oR÷X (%72.7) kÕúÕQ |OP�ú, \aúa\abiOeQOeUde iVe ahúaS kRYaQOaU ioiQ %45.52, 
strafor kovanlar için %64.82 RUaQÕQda SRSXOaV\RQ ka\bÕ ROPXúWXU (GeQo Ye KafWaQRgOX, 1993). D�]ce¶de \aSÕOaQ 
biU aUaúWÕUPada iVe iúOeWPeOeUiQ %81.2 RUaQÕQda kÕúOaWPa ka\bÕ \aúadÕkOaUÕ, kÕúOaWPada RUWa\a oÕkaQ kRORQi 
ka\ÕSOaUÕQa eQ fa]Oa aQa ka\bÕ (%39.8), varroa (%23.8), aoOÕk (%21.9) Ye \a÷PacÕOÕ÷ÕQ (%3.9) QedeQ ROdX÷X 
biOdiUPiúWiU (KekeoR÷OX Ye aUk., 2013). MaOaW\a¶da \aSÕOaQ biU oaOÕúPada iVe aUÕcÕOaUÕQ kRYaQOaUÕQÕ oRk \�kVek 
oranda (%98.0) aoÕkWa kÕúOaWWÕkOaUÕ beOiUOeQPiúWiU. U\gXQ kRúXOOaU Va÷OaQaUak \aSÕOPaVÕ úaUWÕ iOe aoÕkWa kÕúOaWPa 
X\gXOaPaVÕQÕQ |QeUiOebiOece÷i biOdiUiOPiúWiU (ùekeU Ye aUk., 2017).  

YaSÕOaQ oaOÕúPada, MaOaW\a kRúXOOaUÕQda AT ve IPTPT ahúaS kRYaQOaUda kÕúOaWPaQÕQ baOaUÕVÕ (Apis mellifera 
L.) kRORQiOeUiQiQ aUÕOÕ oeUoeYe Va\ÕOaUÕQa Ye kRYaQ a÷ÕUOÕkOaUÕQa eWkiVi aUaúWÕUÕOPÕúWÕU. 
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2. Materyal ve Metot 

2.1. Materyal 

MeYcXW aUaúWÕUPa MaOaW\a øOi BaWWaOga]i øOoeViQde bXOXQaQ øQ|Q� hQiYeUViWeVi AUÕcÕOÕk GeOiúWiUPe U\gXOaPa 
Ye AUaúWÕUPa MeUke]i¶Qe aiW aUÕOÕkWa 30 EkiP 2017-30 MaUW 2018 WaUihOeUi aUaVÕQda \�U�W�OP�úW�U. AUaúWÕUPaQÕQ 
aUÕ PaWeU\aOiQi AUaúWÕUPa MeUke]i¶QiQ aUÕOÕ÷ÕQdaki WRSOaP 21 adeW baOaUÕVÕ (Apis mallifera L.) kolonisi 
ROXúWXUPXúWXU.  KRORQiOeUiQ aQa aUÕOaUÕQÕ haVWaOÕkOaUa da\aQÕkOÕ, eUgiQ aUÕ geOiúiPi, baO YeUiPi, iúoi aUÕOaUÕQ \aúaPa 
gücü, ana aUÕQÕQ \XPXUWOaPa hÕ]Õ gibi |]eOOikOeU bakÕPÕQdaQ i\i ROdX÷X d�ú�Q�OeQ KafkaV (Apis mellifera 
caucasica) aQa aUÕOÕ biU kRORQideQ OaUYa WUaQVfeUi \aSÕOaUak \eWiúWiUiOeQ aUÕOaU ROXúWXUPXúWXU.  AUaúWÕUPaQÕQ kRYaQ 
materyalini yan, ön ve arka parçalar yekpare, WabaQ Ye kaSakOaUÕ ekOePeOi 12 adeW VWaQdaUW LaQgVWURWh WiSi AT 
kovan ile 9 adet standart Langstroth tipi IPTPT (ùekiO 1) ahúaS kRYaQ ROXúWXUPXúWXU. AT Ye IPTPT kRYaQOaUÕQ 
kXOXokaOÕk Ye oeUoeYe |Oo�OeUi biUbiUiQiQ a\QÕVÕdÕU. KRYaQ g|Yde kaOÕQOÕ÷Õ 25 PP'diU. KXOXokaOÕk |Oo�OeUi dÕúWaQ 
dÕúa 505 PP [ 435 PP [ 260 PP; ioWeQ ioe iVe 455 PP [ 385 PP [ 260 PP'diU.  

 

Figure 1. Screened-pollen trapped plastic based (SPTPB) 

ùekil 1. IzgaralÕ-polen tuzaklÕ plastik taban (IPTPT) 

2.2. Metot 

AUaúWÕUPa gUXSOaUÕQdaki kRORQiOeU aUÕOÕk ioeUiViQde UaVWgeOe da÷ÕWÕOPÕú, W�P bakÕP, beVOePe Ye \|QeWiP iúOePOeUi 
a\QÕ aUaúWÕUÕcÕ ekiS WaUafÕQdaQ eúiW kRúXOOaUda \�U�W�OP�úW�U. AUaúWÕUPa |QceVi W�P kRORQiOeUde YaUURa (Varroa 
destructor) mücadelesi 10 gün ara iOe 4 ke] heU kRYaQÕQ XoXú deOi÷iQdeQ 7 dR] dXPaQ 265 Pg aPiWUa] (N-methyl-
bis(2.4-[\O\OiPiQRPeWh\O) aPiQe) X\gXOaQaUak \aSÕOPÕúWÕU. 

AUaúWÕUPada kXOOaQÕOaQ kRYaQOaUÕQ kÕúOaWPa kabiOi\eWi, kÕúa giUeQ kRYaQOaUdaki PeYcXW aUÕOÕ oeUoeYe Va\ÕVÕ iOe 
bahaUa oÕkaQ kRYaQOaUdaki PeYcXW aUÕOÕ oeUoeYe Va\ÕVÕ a\UÕ a\UÕ WeVSiW ediOeUek aúa÷Õdaki eúiWOik 1 \aUdÕPÕ\Oa 
heVaSOaQPÕúWÕU (GeQo Ye KafWaQR÷OX, 1993). 

KÕúlama Kabiliyeti (%) = (Bahara oÕkan arÕlÕ oeroeve sayÕsÕ/kÕúa giren arÕlÕ oeroeve sayÕsÕ) x100 (Eú.1) 

KRYaQ a÷ÕUOÕkOaUÕ (kg) iVe kÕúOaWPa\a aOÕQaQ kRORQiOeUiQ kRYaQ a÷ÕUOÕkOaUÕ (baOOÕ-SROeQOi aUÕOÕ oeUoeYe) iOe bahaUa 
oÕkaQ kRORQiOeUiQ kRYaQ a÷ÕUOÕkOaUÕQÕQ (baOOÕ-SROeQOi eUgiQ aUÕOÕ oeUoeYeOi SeWek) a\UÕ a\UÕ WeVSiWi iOe beOiUOeQPiúWiU. 
HeU kRYaQÕQ bRú a÷ÕUOÕ÷Õ iVe VWaQdaUW kabXO ediOeUek WaUWÕPOaUa dahiO ediOPePiúWiU. A\UÕca di÷eU biU SaUaPeWUe ROaUak 
kÕúOaWPa |QceVi iOe VRQUaVÕ aUaVÕQdaki d|QePde Pe\daQa geOeQ kRYaQ a÷ÕUOÕ÷ÕQdaki de÷iúiP RUaQÕ (kRYaQ a÷ÕUOÕ÷Õ 
(%))  aúa÷Õdaki eúiWOik 2 iOe heVaSOaQPÕúWÕU.  

Kovan a÷ÕrlÕ÷Õ (%) = (Bahara oÕkÕútaki kovan a÷ÕrlÕ÷Õ/kÕúa giriúteki kovan a÷ÕrlÕ÷Õ) x100  (Eú.2) 

2.3. østatistik analizler 

AUaúWÕUPa VRQXQda, eOde ediOeQ YeUiOeUiQ |QceOikOe WaQÕPOa\ÕcÕ iVWaWiVWikOeUi heVaSOaQPÕúWÕU. Daha VRQUa kÕúOaWPa 
|QceVi Ye VRQUaVÕQa aiW aUÕOÕ oeUoeYe Va\ÕOaUÕ Ye kRYaQ a÷ÕUOÕkOaUÕ SaUaPeWUeOeUi ioiQ AT Ye IPTPT kovan tiplerine 
aiW YeUiOeUiQ da÷ÕOÕPOaUÕQÕQ QRUPaO ROXS ROPadÕ÷Õ-SaUaPeWUik WeVW YaUVa\ÕPOaUÕQÕ kaUúÕOa\ÕS kaUúÕOaPadÕ÷Õ \aSÕOaQ 
QRUPaO da÷ÕOÕPOa iOgiOi heVaSOaPaOaU Ye aQaOi]OeU iOe de÷eUOeQdiUiOPiúWiU. BX de÷eUOeQdiUPe VRQXcXQda iQceOeQeQ 
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tüm parametreOeU ioiQ heU iki kRYaQ WiSiQe aiW YeUiOeUiQ QRUPaO da÷ÕOÕP g|VWeUPedi÷i Ye SaUaPeWUik WeVW 
YaUVa\ÕPOaUÕQÕ kaUúÕOaPadÕ÷Õ beOiUOeQPiúWiU. BX QedeQOe, kRYaQ WiSOeUi aUaVÕQda \aSÕOaQ kaUúÕOaúWÕUPaOaUda aUÕOÕ 
oeUoeYe Va\ÕOaUÕ Ye kRYaQ a÷ÕUOÕkOaUÕ ioiQ Mann-Whitney U-WeVWi kXOOaQÕOPÕúWÕU. Yine AT ve IPTPT kovan tiplerinin 
keQdi ioeUiViQdeki kÕúOaWPa |QceVi Ye VRQUaVÕQa aiW aUÕOÕ oeUoeYe Va\ÕOaUÕ Ye kRYaQ a÷ÕUOÕkOaUÕQÕQ kaUúÕOaúWÕUPaOaUÕQda 
da WiOcR[RQ WeVWiQdeQ \aUaUOaQÕOPÕúWÕU (Conover, 1999).  BX aUaúWÕUPadaki tüm istatistiksel hesaplamalar ve 
aQaOi]OeUde SPSS kXOOaQÕOPÕúWÕU (SPSS, 2005). 

3. AraútÕrma SonuolarÕ ve TartÕúma 

AUÕcÕOÕk \aSÕOaQ b|OgeQiQ kRúXOOaUÕQa X\gXQ faUkOÕ kRYaQ WiSOeUiQiQ kXOOaQÕOPaVÕ aUÕOaUÕQ \aúaP g�c� �]eUiQde 
eWki g|VWeUdi÷i gibi eOde ediOecek baO Ye di÷eU aUÕ �U�QOeUiQiQ PikWaUÕQÕ da eWkiOePekWediU. AT Ye IPTPT ahúaS 
kRYaQOaUÕQ faUkOÕ |]eOOikOeUe VahiS ROdXkOaUÕ biOiQeQ biU dXUXPdXU. AQcak haQgi kRYaQ WiSiQiQ kÕúOaWPa bakÕPÕQdaQ 
daha X\gXQ ROdX÷XQXQ beOiUOeQPeVi \eWiúWiUiciOeUe b�\�k aYaQWaj Va÷Oa\acakWÕU. KXOOaQÕOaQ kRYaQOaUÕQ ÕVÕ 
i]ROaV\RQX Va÷OaPaVÕ, hij\eQe X\gXQ ROPaVÕ, aUÕ Ye iQVaQ Va÷OÕ÷ÕQÕ ROXPVuz etkilememesi, mikrobiyal ve paraziter 
haVWaOÕkOaUOa P�cadeOe\e X\gXQ ROPaVÕ, ROXúaQ QeP Ye di÷eU PeWabROik aWÕkOaUÕQ X]akOaúPaVÕQa Ye WePi] haYaQÕQ 
içeri girmesine imkâQ YeUeQ |]eOOikOeUe VahiS ROPaVÕ iVWeQPekWediU.  

BX aUaúWÕUPada, kÕúOaWPa |QceVi 12 adeW AT Ye 9 adeW IPTPT ahúaS kRYaQ kXOOaQÕOPÕúWÕU. KÕúOaWPa |QceVi AT 
kRYaQOaUdaki aUÕOÕ oeUoeYe Va\ÕVÕ 69 adeW, IPTPT kRYaQOaUda iVe 55 adeW ikeQ, kÕúOaWPa VRQUaVÕ aUÕOÕ oeUoeYe Va\ÕVÕ 
AT kRYaQOaUda 29 adeW, IPTPT kRYaQOaUda 26 adeW ROaUak beOiUOeQPiúWiU. KÕúOaWPa |QceVi RUWaOaPa aUÕOÕ oeUoeYe 
Va\ÕVÕ AT kovanlarda 5.75 adet, IPTPT kovanlarda 6.11 adeW ikeQ, kÕúOaWPa VRQUaVÕ RUWaOaPa aUÕOÕ oeUoeYe Va\ÕVÕ 
ise AT kovanlarda 3.22 adet, IPTPT kovanlarda 4.33 adeW WeVSiW ediOPiúWiU. YaSÕOaQ heVaSOaPaOaUda kÕúOaWma 
kabiliyeti AT kovanlarda % 42.03, IPTPT kovanlarda ise % 47.27 ROaUak beOiUOeQPiúWiU.  Her bir kovan tipi 
ioeUiViQde kÕúOaWPa |QceVi Ye VRQUaVÕQa aiW aUÕOÕ oeUoeYe Va\ÕOaUÕ aUaVÕQda faUkOÕOÕkOaU iVWaWiVWiki ROaUak faUkOÕ 
düzeylerde (p = 0.041-0.007) |QePOi bXOXQPXúWXU (Tablo 1). 

MeYcXW aUaúWÕUPada kRORQiOeUiQ WaPaPÕQda (21 adeW) kÕúOaWPa d|QePiQde Pe\daQa geOeQ ka\ÕS % 55.35 
bXOXQPXúWXU. BX RUaQ, ùekeU Ye aUk. (2017) WaUafÕQdaQ MaOaW\a¶da \aSÕOaQ aUaúWÕUPada eOde ediOeQ VRQ �o \ÕOda 
ROXúaQ kRORQi ka\bÕQÕQ RUaQVaO de÷eUiQe (% 50.7) \akÕQdÕU. AQcak; GeQo Ye KafWaQRgOX (1993) WaUafÕQdaQ 
EU]XUXP¶da (% 72.7) ve KekeoR÷OX Ye aUk. (2013) WaUafÕQdaQ D�]ce¶de (% 81.2) tespit edilen orandan daha 
d�ú�kW�U. MaOaW\a¶daki kRORQi ka\bÕQÕQ EU]XUXP Ye D�]ce¶deki ka\ÕSOaUdaQ daha d�ú�k ROPaVÕ, bX iOOeUdeki 
ka\ÕSOaUda kRYaQ dÕúÕQdaki faUkOÕ eWkeQOeUiQ bX dXUXPa \RO aoPÕú ROabiOece÷iQi d�ú�Qd�UPekWediU.  

KRYaQ WiSOeUi bakÕPÕQdaQ iVe; PeYcXW oaOÕúPada kÕúOaWPa d|QePiQde aUÕOÕ oeUoeYe Va\ÕVÕQda heU iki kRYaQ 
WiSiQde de a]aOPa Pe\daQa geOPiú, a\QÕ ]aPaQda 3 adeW AT ve 3 adet IPTPT kRYaQdaki aUÕOaUÕQ WaPaPÕ kÕúOaWPa 
s�UeciQde |OP�úOeUdiU. BXQa Ua÷PeQ; kRYaQOaU aUaVÕ kaUúÕOaúWÕUPada IPTPT kRYaQOaUda kÕúOaWPa kabiOi\eWiQiQ 
RUaQVaO ROaUak biUa] daha \�kVek ROdX÷X g|U�OPekWediU. AQcak, bX faUk heU iki kRYaQ WiSi aUaVÕQda kÕúOaWPa 
bakÕPÕQdaQ biU WeUcih Vebebi ROPa\a \eWeUOi görülmemektedir. Bu nedenle kovan tercihinde; Taha (2014) 
WaUafÕQdaQ biOdiUiOeQ ahúaS kRYaQOaUÕQ di÷eU kRYaQ WiSOeUiQe g|Ue daha X\gXQ ROdX÷X kaQaaWi g|] |Q�Qe aOÕQdÕ÷ÕQda 
ahúaS kRYaQOaUÕQ; Anonim, (2020)  WaUafÕQdaQ biOdiUiOeQ IPTPT kRYaQOaUÕQ varroa parazitlerinin temizlenmesine, 
daha fa]Oa SROeQ Ye baO eOde ediOPeViQe kaWkÕ \aSWÕ÷Õ, bXQOaUÕQ \aQÕ VÕUa kRYaQa i\i biU haYaOaQdÕUPa ve nem 
X]akOaúWÕUPa aYaQWajÕ Va÷OadÕ÷Õ kaQaaWi dikkaWe aOÕQdÕ÷ÕQda iVe IPTPT kRYaQOaUÕQ WeUcih ediOebiOece÷i 
d�ú�Q�OebiOiU. BX QedeQOe faUkOÕ WabaQ |]eOOikOeUiQe VahiS kRYaQ WiSOeUi\Oe iOgiOi biU WeUcih \aSÕOPaVÕ V|] kRQXVX 
ROdX÷XQda kRQX\Oa iOgiOi de÷iúik d�ú�QceOeUiQ Ye |QeUiOeUiQ YaUOÕ÷Õ g|] aUdÕ ediOPePeOidiU.  

YiQe bX kRQX\Oa iOgiOi RUWa\a aWÕOaQ \XkaUÕdaki geUekoeOeUiQ \aQÕ VÕUa SOaVWik �U�QOeUiQ geQeOde PaOi\eWiQiQ daha 
XcX] ROdX÷X, WaúÕdÕkOaUÕ QiWeOikOeUe g|Ue fi\aW aUaOÕkOaUÕQÕQ de÷iúebiOdi÷i, Vadece bX QedeQOe biOe iQVaQ ha\aWÕQda 
faUkOÕ aOaQOaUda kXOOaQÕOdÕkOaUÕ biOiQPekWediU. POaVWik materyallerin VRQ \ÕOOaUda biUoRk aOaQda ROdX÷X gibi aUÕcÕOÕk 
faaOi\eWOeUi kaSVaPÕQda da WeUcih ediOPeOeUi V|] kRQXVXdXU. BX QedeQOeUOe; TRSaO Ye aUk. (2019) WaUafÕQdaQ SOaVWik 
kRYaQOaUÕQ PaOi\eWiQiQ \�kVek ROdX÷X Ye WePi]Oik aúaPaVÕQda ba]Õ de]aYaQWajOaUÕQÕQ bXOXQdX÷X bilgisinin aksine 
biroRk PaO]ePe\e g|Ue ba]Õ aYaQWajOaUa VahiS ROdX÷X da V|\OeQebiOiU.  

T�P bXQOaUÕQ \aQÕQda aUaúWÕUPada kXOOaQÕOaQ IPTPT kRYaQOaU, standart ahúap kovanlarÕn plastik tabanla 
birleútirilmesinden Pe\daQa geOPekWediU. BX QedeQOe WaPaPÕ SOaVWik olan kovanlar için söz konusu edilen 
de]aYaQWajOaU bX WiS kRYaQOaU ioiQ V|] kRQXVX ROPakWaQ da X]akWÕU.  
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Tablo 1. FarklÕ materyalden yapÕlmÕú tabana sahip ahúap kovanlarÕn kÕúlatma öncesi ve sonrasÕ arÕlÕ çerçeve 
sayÕlarÕ ve kÕúlatma kabiliyetleri  

Table 1. Bee covered frames number and wintering ability in wooden hives with differently material 
manufactured bottom before and after wintering  

Kovan tipleri Parametreler KÕúlatma 
öncesi 

KÕúlatma 
sonrasÕ 

p 

Ahúap tabanlÕ (AT) kovan 

KRYaQ Va\ÕVÕ 12 9 

0.007 

TRSOaP aUÕOÕ oeUoeYe Va\ÕVÕ 69 29 
OUWaQca de÷eU 5.50 4.00 
OUWaOaPa aUÕOÕ oeUoeYe Va\ÕVÕ 5.75 3.22 
OUWaOaPaQÕQ VWaQdaUW haWaVÕ 0.25 0.55 
KÕúlatma kabiliyeti (%) 42.03 

IzgaralÕ-polen tuzaklÕ plastik 
tabanlÕ (IPTPT) kovan 

KRYaQ Va\ÕVÕ 9 6 

0.041 

TRSOaP aUÕOÕ oeUoeYe Va\ÕVÕ 55 26 
OUWaQca de÷eU 6.00 4.50 
OUWaOaPa aUÕOÕ oeUoeYe Va\ÕVÕ 6.11 4.33 
OUWaOaPaQÕQ VWaQdaUW haWaVÕ 0.31 0.56 
KÕúlatma kabiliyeti (%) 47.27 

p oeroeve sayÕsÕ 0.365 0.143  
 

BX aUaúWÕUPada, kÕúOaWPa |QceVi RUWaOaPa AT ahúaS kRYaQ a÷ÕUOÕ÷Õ 10.61 kg ve IPTPT kRYaQ a÷ÕUOÕ÷Õ 11.10 kg, 
kÕúOaWPa VRQUaVÕ RUWaOaPa AT ahúaS kRYaQ a÷ÕUOÕ÷Õ 7.35 kg ve IPTPT kRYaQ a÷ÕUOÕ÷Õ iVe 8.64 kg olarak 
heVaSOaQPÕúWÕU (Tablo 2).   

BXQa ba÷OÕ ROaUak AT ahúaS kRYaQOaUÕQ bahaUa oÕkÕúWaki a÷ÕUOÕ÷Õ, kÕúa giUiúWeki a÷ÕUOÕ÷ÕQÕQ %  51.60¶Õ ikeQ IPTPT 
kovanlarda bu oran % 51.89 ROaUak WeVSiW ediOPiúWiU. Di÷eU biU de\iúOe AT kRYaQda kÕúOaWÕlan koloniler mevcut 
baOÕQ % 48.40¶�Q�, IPTPT kRYaQdakiOeU iVe % 48.11¶iQi W�keWPiúOeUdiU (Tablo 2).  

BX oaOÕúPada heP kÕúOaWPa |QceVi heP de kÕúOaWPa VRQUaVÕQda kRYaQ a÷ÕUOÕkOaUÕ bakÕPÕQdaQ AT ve IPTPT 
kRYaQ WiSOeUi aUaVÕQda faUkOÕOÕkOaU iVWaWiVWiki ROaUak |QePOi bXOXQPaPÕúWÕU (S>0.05).  Ancak, her bir kovan tipinin 
keQdi ioeUiViQde kÕúOaWPa |QceVi Ye VRQUaVÕQa aiW kRYaQ a÷ÕUOÕkOaUÕ  aUaVÕQda faUkOÕOÕkOaU iVe iVWaWiVWiki ROaUak de÷iúik 
düzeylerde (p = 0.028-0.008) |QePOi WeVSiW ediOPiúWiU (Tablo 2).  

Tablo 2. FarklÕ materyalden yapÕlmÕú tabana sahip ahúap kovanlarÕn kÕúlatma öncesi ve sonrasÕ a÷ÕrlÕklarÕ  
Table 2. Hive weights in wooden hives with differently material manufactured bottom before and after wintering  

Kovan tipleri Parametreler 
KÕúlatma 

öncesi 
KÕúlatma 
sonrasÕ p 

Ahúap tabanlÕ (AT) kovan 

KRYaQ Va\ÕVÕ 12 9 

0.008 

OUWaQca de÷eU 9.75 7.30 
OUWaOaPa kRYaQ a÷ÕUOÕ÷Õ (kg) 10.61 7.35 
OUWaOaPaQÕQ VWaQdaUW haWaVÕ 0.84 0.90 
TRSOaP kRYaQ a÷ÕUOÕ÷Õ (kg) 127.32 65.70 
Kovan a÷ÕrlÕ÷Õ (%) 51.60 

IzgaralÕ-polen tuzaklÕ plastik 
tabanlÕ (IPTPT) kovan 

KRYaQ Va\ÕVÕ 9 6 

0.028 

OUWaQca de÷eU 11.14 8.37 
OUWaOaPa kRYaQ a÷ÕUOÕ÷Õ (kg) 11.10 8.64 
OUWaOaPaQÕQ VWaQdaUW haWaVÕ 0.66 0.62 
TRSOaP kRYaQ a÷ÕUOÕ÷Õ (kg) 99.90 51.84 
Kovan a÷ÕrlÕ÷Õ (%) 51.89 

p kovan a÷ÕrlÕ÷Õ (kg) 0.522 0.346  
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KRYaQ a÷ÕUOÕ÷ÕQÕ; baOOÕ-SROeQOi eUgiQ aUÕOÕ oeUoeYeOi SeWekOeU ROXúWXUPakWadÕU. BRú SeWekOeU Ye eUgiQ aUÕ a÷ÕUOÕ÷Õ 
VWaQdaUW kabXO ediOdi÷iQdeQ, \aSÕOaQ aUaúWÕUPada kÕúOaWPa V�UeViQce kRYaQOaUda Pe\daQa geOeQ a÷ÕUOÕk ka\bÕQÕ 
W�keWiOeQ baOÕQ ROXúWXUdX÷X V|\OeQebiOiU. O\Va, YeQiQaU (2015) WaUafÕQdaQ \aSÕOaQ biU aUaúWÕUPa kaSVaPÕQda DR÷X 
AkdeQi] VahiO úeUidiQde kÕúOaWÕOaQ kRORQiOeUiQ, kÕúOÕk baO W�keWiPiQdeQ ka\QakOaQacak geQeO a÷ÕUOÕk a]aOPaOaUÕ 
beklenirken, ortalama 2.18±0.24 kg/kRORQi a÷ÕUOÕk ka]aQdÕkOaUÕ g|]OeQPiúWiU. BXU÷XW (2006) WaUafÕQdaQ AkdeQi] 
bölgesinde yapÕOaQ aUaúWÕUPada iVe kÕúOaWPa\a aOÕQaQ kRYaQOaUda a÷ÕUOÕk aUWÕúÕQÕQ ROPadÕ÷Õ Ye kRYaQ a÷ÕUOÕkOaUÕQÕQ 
hePeQ hePeQ a\QÕ kaOdÕ÷Õ WeVSiW ediOPiúWiU. HeU iki oaOÕúPada kÕúOaWPa VRQXQda kRYaQ a÷ÕUOÕ÷ÕQda VaSWaQaQ ROXPOX 
dXUXPXQ kÕúOaWPa \aSÕOaQ \eUiQ ikOiP, fORUa Ye cR÷Uafi |]eOOikOeUiQiQ kRORQiOeU WaUafÕQdaQ de÷eUOeQdiUiOPeViQdeQ 
ka\QakOaQdÕ÷Õ d�ú�Q�OPekWediU. MaOaW\a¶da iVe kÕúOaWPa VRQUaVÕ W�P aUaúWÕUPa kRYaQOaUÕQda a÷ÕUOÕk ka\bÕ 
Pe\daQa geOPiúWiU. KRYaQ a÷ÕUOÕ÷Õ bakÕPÕQdaQ heU iki kRYaQ WiSiQde de beQ]eU de÷eUOeUe XOaúÕOPÕúWÕU. MaOaW\a¶QÕQ 
cR÷Uafik úaUWOaUÕQdaQ dROa\Õ, kÕúOaWPa d|QePiQde WaUOacÕ aUÕOaU WaUafÕQdaQ QekWaU WaúÕPa V|] kRQXVX ROPadÕ÷ÕQdaQ,  
PeYcXW ROaQ baOÕ W�keWWikOeUi aQOaúÕOPakWadÕU.  

4. Sonuç 

SRQXo ROaUak, bX oaOÕúPada ahúaS Ye SOaVWik WabaQOÕ kRYaQOaU kXOOaQÕOaUak \aSÕOaQ kÕúOaWPa X\gXOaPaVÕQda, 
heP kÕúOaWPa |QceVi heP de kÕúOaWPa VRQUaVÕQda kRYaQ WiSOeUi aUaVÕQda aUÕOÕ oeUoeYe Va\ÕVÕ Ye kRYaQ a÷ÕUOÕkOaUÕ (kg) 
bakÕPÕQdaQ iVWaWiVWiki ROaUak |QePOi d�]e\de faUkOÕOÕk WeVSiW ediOPePiúWiU. KRYaQ a÷ÕUOÕ÷Õ (%) bakÕPÕQdaQ heU iki 
kRYaQ WiSiQde de beQ]eU de÷eUOeU eOde ediOPiúWiU. AQcak, IPTPT kRYaQOaUda kÕúOaWPa kabiOi\eWi biUa] daha \�kVek 
bXOXQPXúWXU. BX aUaúWÕUPada eOde ediOeQ PeYcXW bXOgXOaU ÕúÕ÷ÕQda aUÕcÕOaUÕQ heU iki kRYaQ WiSiQi WeUcih 
edebilecekleUi V|\OeQebiOiU. AQcak, kRYaQ WeUcihiQde PaOi\eW, X]XQ |P�UO�O�k Ye Va÷OÕk kRúXOOaUÕQa X\gXQOXk gibi 
hXVXVOaUÕQ da dikkaWe aOÕQPaVÕ \eUiQde ROacakWÕU. A\UÕca, bX kRQXda daha a\UÕQWÕOÕ Ye daha fa]Oa biOiPVeO aUaúWÕUPa 
\aSÕOPaVÕ geUekWi÷i kaQaaWiQe XOaúÕOPÕúWÕU.  
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Erhan GÖÇMEN1 

Özet 
BX oaOÕúPada a\oioe÷iQiQ faUkOÕ geOiúPe d|QePOeUiQde \aSÕOaQ VXOaPa X\gXOaPaOaUÕQÕQ YeUiP Ye YeUiP 
SaUaPeWUeOeUiQe ROaQ eWkiOeUi aUaúWÕUÕOPÕúWÕU. AUaúWÕUPa TUak\a B|OgeViQde \eU aOaQ TekiUda÷ iOiQde 2019 \ÕOÕQda 
geUoekOeúWiUiOPiúWiU. DeQePede 8 faUkOÕ VXOaPa kRQXVX ROXúWXUXOPXú Ye VXOaPaOaU daPOa VXOaPa \|QWePi\Oe 
geUoekOeúWiUiOPiúWiU. AUaúWÕUPa VRQXcXQa göre verim ve verim parametrelerinde I1 konusu (geç vejetatif dönem, 
oioekOeQPe d|QePi, WaQe ROXúXP d|QePiQde VXOaPa X\gXOaPaVÕ \aSÕOaQ kRQX) eQ ROXPOX VRQXoOaUÕ YeUPiúWiU. 
BXQa kaUúÕQ VXOaPa \aSÕOPa\aQ I8 kRQXVXQda iVe eQ d�ú�k VRQXoOaU eOde ediOPiúWiU. Özellikle verim 
de÷eUOeQdiUiOdi÷iQde I1 konusundan 520.6 kg da-1 YeUiP aOÕQÕUkeQ, I8 konusundan 319.6 kg da-1 YeUiP eOde ediOPiúWiU. 
Sulanmayan I8 kRQXVXQda heU d|QeP VXOaPa \aSÕOaQ I1 kRQXVXQa g|Ue \akOaúÕk %40 YeUiP a]aOPaVÕ Pe\daQa 
geOPiúWiU. Ya÷ ioeUi÷i Ye \a÷ YeUiPi aoÕVÕQdaQ kRQXOaU de÷eUOeQdiUiOdi÷iQde, I1 kRQXVXQdaQ %43.6 \a÷ ioeUi÷i Ye 
226.7 kg da-1 \a÷ YeUiPi eOde ediOPiúWiU. I5 kRQXVX heU d|QeP VXOaPa \aSÕOaQ I1 kRQXVXQa \akÕQ VRQXoOaU YeUPiú 
Ye %43 \a÷ ioeUi÷i Ye 199.3 kg da-1 \a÷ YeUiPi eOde ediOPiúWiU. I8 kRQXVX iVe %39.1 \a÷ ioeUi÷i Ye 124.9 kg da-1 
\a÷ YeUiPi\Oe eQ d�ú�k de÷eUOeUe VahiS ROPXúWXU. SXOaPa VX\X kXOOaQÕP UaQdÕPaQÕ (IWUE) de÷eUOeUi 1.76 kg P-3 
ile 4.30 kg m-3 aUaOÕ÷ÕQda, VX kXOOaQÕP UaQdÕPaQÕ (WUE) de÷eUOeUi iVe 0.96 kg P-3 ile 1.24 kg m-3 aUaOÕ÷ÕQda ROdX÷X 
Ye iVWaWiVWikVeO aQaOi] VRQXcX kRQXOaU aUaVÕQda aQOaPOÕ faUkOÕOÕkOaU ROdX÷X beOiUOeQPiúWiU. IWUE Ye WUE de÷eUOeUi 
�]eUiQe \aSÕOaQ iVWaWiVWikVeO aQaOi]OeUde I6 kRQXVXQXQ |Qe oÕkWÕ÷Õ g|U�OP�úW�U. SXOaPa VX\XQXQ \eWeUOi ROdX÷X 
kRúXOda I1 kRQXVX |QeUiOebiOiU. SX ka\Qa÷ÕQÕQ kÕVÕWOÕ ROdX÷X kRúXOOaUda e÷eU iki VXOaPa \aSÕOabiOiUVe I5 konusu 
(oioekOeQPe Ye WaQe ROXúXP d|QePOeUiQde VXOaQaQ), Wek VXOaPa \aSÕOabiOecekVe I6 konusu (çiçeklenme döneminde 
VXOaQaQ) |QeUiOebiOiU. SXOaPa SURgUaPOaPaVÕQda \�kVek YeUiP Ye \�kVek \a÷ kaOiWeVi ioiQ a\oioe÷iQde oioekOeQPe 
d|QePiQde VX ekVikOi÷iQdeQ kaoÕQÕOPaOÕdÕU. 

Anahtar Kelimeler: A\oioe÷i (Helianthus annuus L.), Damla sulama, BiWki b�\�Pe Ye geOiúPe d|QePOeUi, WUE, IWUE 

  

80 



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(1) 

 81 

 

Abstract  

In this study, the effects of irrigation applications on different development stages on yield and yield parameters 
of sunflower were investigated. The research was carried out in Tekirdag province in Thrace region in 2019. In 
the experiment, 8 different irrigation treatments were created and irrigation was carried out by drip irrigation 
method. According to the research results, the most positive results were obtained in all yield and yield parameters 
from I1 treatment (irrigated in late vegetative stage, flowering stage, grain formation stage). On the other hand, the 
lowest results were obtained for the I8, which was not irrigated. Especially when the seed yield is evaluated, 520.6 
kg da-1 yield was obtained from the I1 treatment, while 319.6 kg da-1 yield was obtained from the I8 treatment. In 
the non-irrigated I8 treatment, about 40% yield reduction has occurred compared to the I1 subject irrigated at each 
phenological stage. When the treatments are evaluated in terms of oil content and oil yield, 43.6% oil content, and 
226.7 kg da-1 oil yield was obtained from the I1 treatment. The I5 treatment gave the most approximate results to 
the I1 treatment with 43% oil content and 199.3 kg da-1 oil yield. I8 treatment had the lowest values with 39.1% oil 
content and 124.9 kg da-1 oil yield. It has been determined that irrigation water use efficiency (IWUE) values are 
between 1.76 kg m-3 and 4.30 kg m-3 and water use efficiency (WUE) values are between 0.96 kg m-3 and 1.24 kg 
m-3. As a result of the statistical analysis of the IWUE and WUE results, it was observed that there were differences 
between the irrigation treatments and I6 treatment came to the fore. Under the condition that the irrigation water is 
sufficient, I1 treatment can be suggested. Under limited water resource conditions, if two irrigations may be applied, 
I5 treatment (irrigated during flowering and grain formation stages), if only one irrigation may be applied, I6 
treatment (irrigated during flowering stage) can be suggested. For high yield and high oil quality in irrigation 
programming, water deficiency should be avoided during the flowering stage of sunflower. 

Keywords: Sunflower (Helianthus annuus L.), Drip irrigation, Plant growth and development stages, WUE, IWUE 
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1. Giriú  

A\oioe÷i (Helianthus annuus L.) d�Q\a geQeOiQde \eWiúWiUiciOi÷i \aSÕOaQ oRk |QePOi biU \a÷ biWkiVidiU. hUeWiP 
PikWaUOaUÕ bakÕPÕQdaQ a\oioe÷i d�Q\ada \a÷OÕk ROaUak �UeWiOeQ di÷eU Wek \ÕOOÕk biWkiOeU iOe kÕ\aVOaQdÕ÷ÕQda VR\a, 
kaQROa Ye SaPXkWaQ VRQUa \akOaúÕk 52 PiO\RQ WRQ iOe dördüncü VÕUadadÕU. A\UÕca heU \ÕO �UeWiP PikWaUÕ aUWPakWadÕU 
(FAO, 2018). BX YeUiOeU ÕúÕ÷ÕQda d�Q\ada |QePiQi kRUXPakWa ROaQ biWki T�Uki\e¶de de |QePOi biU \a÷OÕk biWkidiU. 
Öyle ki 2017 YeUiOeUiQe g|Ue �UeWiP PikWaUOaUÕ aoÕVÕQdaQ de÷eUOeQdiUiOdi÷iQde SaPXkWaQ VRQUa \akOaúÕk 2 PiO\RQ 
ton ile ikinci sÕUadadÕU (FAO, 2018). T�Uki\e 6.76 PiO\RQ dekaU aOaQda \a÷OÕk a\oioe÷i WaUÕPÕ \aSPakWa Ye dekaUa 
YeUiP 289 kg dROa\ÕQdadÕU. TUak\a B|OgeViQde iVe 3.35 PiO\RQ dekaU aOaQda WaUÕPÕ \aSÕOaQ a\oioe÷i T�Uki\e ekiP 
aOaQOaUÕQÕQ \akOaúÕk % 50¶ViQi ROXúWXUPakWadÕU. DekaUa YeUiP iVe 273 kg ciYaUÕQdadÕU (TUøK, 2019). DXUXPa 
bakÕOdÕ÷ÕQda T�Uki\e a\oioe÷i \a÷ �UeWiPiQiQ \aUÕVÕQÕQ TUak\a B|OgeViQdeQ Va÷OaQdÕ÷Õ RUWadadÕU. 

B|Oge\e X\gXQ oeúiW VeoiPi, i\i PekaQi]aV\RQ, ]aPaQÕQda \aSÕOaQ g�bUeOePe Ye iOaoOaPa gibi PRdeUQ WaUÕPda 
\aSÕOaQ W�P X\gXOaPaOaU iOe biUOikWe VXOaPa YeUiPi aUWWÕUaQ eQ |QePOi WaUÕPVaO iúOePOeUdeQdiU. AQcak bX VX\XQ 
QaVÕO, Qe ]aPaQ Ye haQgi PikWaUda YeUiOece÷i oRk |QePOidiU. 

SX a]OÕ÷Õ, d�Q\a oaSÕQda �U�Q YeUiPOiOi÷i ioiQ ciddi biU oeYUeVeO biU kÕVÕWOaPadÕU. KXUakOÕk ka\QakOÕ �U�Q YeUiPi 
ka\bÕ, heP úiddeWiQ heP de VWUeViQ V�UeViQiQ kUiWik ROPaVÕ QedeQi\Oe, di÷eU W�P QedeQOeUdeQ ka\QakOaQaQ ka\bÕ 
aúabiOiU (FaURRT Ye aUk. 2008). KXUakOÕk VWUeVi, a\oioe÷i de dahiO ROPak �]eUe ekiOebiOiU �U�QOeUde b�\�Pe 
aúaPaVÕQa bakÕOPakVÕ]ÕQ biWki b�\�Pe hÕ]ÕQÕ (CGR) Ye YeUiPi a]aOWÕU (JeQVeQ Ye MRgeQVRQ 1984). 

YaUÕ kXUak ikOiPe VahiS TUak\a Bölgesinde su ka\QakOaUÕ VÕQÕUOÕdÕU. B|Ogede \R÷XQ Q�fXV Ye VaQa\iQiQ YaUOÕ÷Õ 
VX ka\QakOaUÕQÕ baVkÕOaPakWadÕU. TaUÕPVaO VXOaPada bX VXdaQ WaVaUUXfOX biU bioiPde \aUaUOaQPak geUekPekWediU. 
AúÕUÕ VX kXOOaQÕPÕQdaQ kaoÕQÕOPaVÕ, \�]e\ VXOaPa \eUiQe baVÕQoOÕ VXOaPa \|QWePOeUinin tercih edilmesi gibi basit 
|QOePOeUOe a] ROaQ VX ka\QakOaUÕ kRUXQPXú ROacakWÕU. SXOaPa \|QWePOeUi ioeUiViQde, �QifRUP VX kXOOaQÕPÕ, \�kVek 
UaQdÕPaQ, VX WaVaUUXfX Ye iúOeWPe kROa\OÕ÷Õ bakÕPÕQdaQ, |]eOOikOe VÕUa\a ekiOeQ biWkiOeUiQ VXOaQPaVÕQda daPOa 
suOaPa \|QWePi |Qe oÕkPakWadÕU. 

EQ \�kVek YeUiP Ye kaOiWeQiQ VX ekVikOi÷i ROPa\aQ kRQXOaUdaQ eOde ediOdi÷i aoÕkOaQPakWa ROaQ a\oioe÷iQde eQ 
|QePOi QRkWa VÕQÕUOÕ VX ka\Qa÷Õ kRúXOOaUÕQda VX ekVikOi÷iQdeQ ka\QakOaQacak YeUiP a]aOPaVÕQÕQ kabXO ediOebiOiU 
VÕQÕUOaUda ROPaVÕQÕ Va÷Oa\acak biU VXOaPa SURgUaPÕ ROXúWXUPakWÕU. g]eOOikOe biWkiQiQ YejeWaWif geOiúiPiQi g|] |Q�Qe 
aOaUak \aSÕOacak oaOÕúPaOaUÕQ daha eWkiOi VRQXoOaU YeUebiOece÷i d�ú�Q�OPekWediU. A\oioe÷iQiQ geOiúPe 
d|QePOeUiQde VXOaQPaVÕ �VW�Qe �Oke Ye d�Q\ada �]eUiQe \aSÕOPÕú biUoRk aUaúWÕUPa YaUdÕU. BX aUaúWÕUPaOaU, oeúiWOi 
b�\�Pe aúaPaOaUÕQda VXOaPa iOe ROXúWXUXOaQ VX VWUeViQiQ a\oioe÷i WRhXPX YeUiPiQi eWkiOedi÷iQi biOdiUPiúOeUdiU. 
SWRQe Ye aUk., (1996) a\oioe÷iQiQ faUkOÕ b�\�Pe aúaPaOaUÕQda X\gXOaQaQ VÕQÕUOÕ sulama suyunun bile tohum 
YeUiPiQi |QePOi |Oo�de aUWÕUabiOece÷iQi aoÕkOaPÕúWÕU. BiWkiQiQ W�P b�\�Pe Ye geOiúiPe d|QePOeUiQde ROXúacak 
kXUakOÕk VWUeVi , biWki b�\�PeVi Ye YeUiPi ioiQ |QePOi biU VÕQÕUOa\ÕcÕ fakW|Ud�U Ye a\oioe÷i kaOiWeViQi eWkiOe\ebiOiU 
(FlageOOa Ye aUk., 2002). SX\a haVVaVi\eW bakÕPÕQdaQ DePiU Ye aUk., (2006) WabOa ROXúXP, oioekOeQPe Ye V�W ROXP, 
Ka\a Ye KROVaUÕcÕ, (2011) YejeWaWif d|QeP, WabOa ROXúXPX d|QePi Ye oioekOeQPe d|QePOeUiQi iúaUeW eWPiúWiU. 
B�\�Pe aúaPaOaUÕQdaQ heUhaQgi biUiQde VX kÕVÕWÕ X\gXOaQdÕ÷ÕQda VX VWUeViQdeQ dROa\Õ WRhXP YeUiPiQiQ |QePOi 
|Oo�de a]aOdÕ÷ÕQÕ biOdiUPiúOeUdiU (Esmaeilian ve ark., 2012; Tabatabaei ve ark., 2012). Özellikle çiçeklenme 
d|QePiQde VX ekVikOi÷iQiQ YeUiPde Ye kaOiWede |QePOi ka\ÕSOaU Pe\daQa geWiUdi÷i Ye bX d|QePde VX ekVikOi÷iQdeQ 
kaoÕQÕOPaVÕ geUekWi÷i biOdiUiOPekWediU (Demir ve ark., 2006; Karam ve ark., 2007; Kazemeini ve ark., 2009; Kaya 
Ye KROVaUÕcÕ, 2011). D�ú�k Ye\a RUWa kXUakOÕ÷a dX\aUOÕ biWki ROaUak VÕQÕfOaQdÕUÕOPaVÕQa Ua÷PeQ a\oioe÷i YeUiPi 
geQeOOikOe VXOaPa iOe iki\e kaWOaQÕU (UQgeU, 1983; SWRQe Ye aUk., 1996; EUdeP Ye DeOibaú, 2003).  

BX oaOÕúPada T�Uki\e a\oioe÷i �UeWiPiQiQ eQ fa]Oa \aSÕOdÕ÷Õ iO ROaQ TekiUda÷' da a\oioe÷i biWkiViQiQ faUkOÕ 
d|QePOeUdeki VXOaPa X\gXOaPaOaUÕQa YeUdi÷i WeSkiOeU YeUiP Ye ba]Õ kaOiWe SaUaPeWUeOeUiQe g|Ue de÷eUOeQdiUiOPe\e 
oaOÕúÕOPÕúWÕU. daOÕúPa, TekiUda÷ Ba÷cÕOÕk AUaúWÕUPa EQVWiW�V� AUa]iViQde 2019 \ÕOÕQda \�U�W�OP�úW�U. DaPOa 
sulama uygXOaPaVÕ aOWÕQda b|Oge kRúXOOaUÕQa X\gXQ VRQ \ÕOOaUda WeVciOOeQPiú biU oeúiWWe biWkiQiQ feQRORjik 
d|QePOeUiQde \aSÕOPÕú biU WaPaPOa\ÕcÕ VXOaPa oaOÕúPaVÕ ROPaVÕ aoÕVÕQdaQ |QePOidiU. 
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2. Materyal ve Metot 

Deneme Tekirda÷ il merkezine 2.5 kP X]akOÕkWa ROaQ TekiUda÷ Ba÷cÕOÕk AUaúWÕUPa EQVWiW�V� M�d�UO�÷� 
arazisinde yürütülmüúW�U. daOÕúPa aOaQÕQÕQ deQi]deQ \�kVekOi÷i ortalama 44 m olup 40° 59ƍ kuzey enlemi, 27° 29ƍ 

do÷X bR\OaPÕ aUaVÕQda \eU aOPakWadÕU. daOÕúPa aOaQÕ \aUÕ kXUak ikOiP kXúa÷Õ ioeUiViQde \eU aOPakWadÕU. 
MeWeRURORjik de÷eUOeUiQ X]XQ \ÕOOÕk (1960-2019) VRQXoOaUÕQa g|Ue VÕcakOÕk RUWaOaPaVÕ 14 ºC¶ diU. A\OÕk ba]da 
VÕcakOÕk RUWaOaPaOaUÕ de÷eUOeQdiUiOdi÷iQde Ocak a\Õ 4.7 ºC ile en so÷Xk, TePPX] Ye A÷XVWRV a\OaUÕ 23.8 ºC ile en 
VÕcak a\OaUdÕU. YÕOOÕk WRSOaP \a÷Õú PikWaUÕ RUWaOaPa 582.9 PP ROXS, bXQXQ b�\�k oR÷XQOX÷X EkiP iOe NiVaQ a\OaUÕ 
aUaVÕQda d�úPekWediU. YÕOOÕk ba÷ÕO QeP RUWaOaPaVÕ % 76.9¶ Ye U�]gkU hÕ]Õ RUWaOaPaVÕ de÷eri 2.9 m s-1¶ diU. SXOaPa 
PeYViPiQe aiW PeWeRURORjik de÷eUOeU Tablo 1¶de YeUiOPiúWiU. 

Tablo 1. Sulama mevsiminde ölç�lm�ú meteorolojik de÷erler 
Table 1. Meteorological values measured in the irrigation season 

YÕO Aylar 
SÕcakOÕk 

(°C) 
Ba÷ÕO QeP 

(%) 
Rüzgar 

hÕ]Õ* (m s-1) 
G�QeúOeQPe 

süresi (h) 
Ya÷Õú 
(mm) 

2019 

Nisan 11.61 71.89 2.62 5.41 42.90 
Ma\ÕV 17.89 70.53 2.31 6.18 31.20 
Haziran 24.06 64.75 2.80 7.90 7.50 
Temmuz 23.90 65.00 2.65 9.45 18.80 
A÷XVWRV 25.27 62.65 3.48 9.46 0.00 
Eylül 21.56 65.14 3.32 7.44 9.60 

*     : 2 P \�kVekOikWeki de÷eUOeUdiU. 

AUaúWÕUPa aOaQÕ WRSUakOaUÕQÕQ fi]ikVeO |]eOOikOeUiQi beOiUOePe\e \|QeOik aoÕOaQ SURfiOdeQ aOÕQaQ QXPXQeOeUdeQ 
Blake (1965) ile Benami ve Diskin (1965)' de verilen esaslara göre WaUOa kaSaViWeVi, VROPa QRkWaVÕ, haciP a÷ÕUOÕ÷Õ, 
kXOOaQÕOabiOiU VX WXWPa kaSaViWeVi de÷eUOeUi Ye b�Q\e VÕQÕfÕ beOiUOeQPiú Ye Tablo 2¶de g|VWeUiOPiúWiU. DeQePe aOaQÕ 
WRSUak b�Q\e VÕQÕfÕ kiOOi Ye kXOOaQÕOabiOiU VX WXWPa kaSaViWeVi 128.17 PP/90 cP ROaUak VaSWaQPÕúWÕU. AWPaca Ye 
EUdeP, (2016) oaOÕúPa aOaQÕQÕQ ROdX÷X b|Ogede \aSWÕkOaUÕ oaOÕúPada deQePe aOaQÕ WRSUakOaUÕQÕQ kiOOi-WÕQOÕ, Sh 
de÷eUi Q|WU (7.37), WX]VX], kiUeoOi Ye a] PikWaUda RUgaQik Padde ioeUdi÷iQi biOdiUPiúOeUdiU.  

Tablo 2. AraútÕrma alanÕ topraklarÕnÕn fiziksel özellikleri 

Table 2. Physical properties of soil in the experimental area 

Profil 
deUiQOi÷i 

(cm) 

Bünye 
VÕQÕfÕ 

TK SN Hacim 
a÷ÕUOÕ÷Õ 
(g/cm3) 

KXOOaQÕOabiOiU 
su tutma 

kapasitesi (mm) % mm % mm 

0-30 Kil  23.01  102.86  15.91  71.12  1.49  31.74  
30-60 Kil  27.05  128.22  17.71  83.95  1.58  44.27  
60-90 Kil  31.76  153.40  20.96  101.24  1.61  52.16  
0-90  384.48   256.31  128.17 

daOÕúPaQÕQ \aSÕOdÕ÷Õ WRSUakWa oifW ViOiQdiUOi iQfiOWURPeWUe WeVWOeUi \aSÕOPÕú Ye WRSUa÷ÕQ iQfiOWUaV\RQ hÕ]Õ 12 PP 
h-1 ROaUak WeVSiW ediOPiúWiU. SXOaPa VX\XQXQ kaOiWe VÕQÕfÕQÕ T2S1 ROaUak beOiUOeQPiúWiU. TRSUak b�Q\e VÕQÕfÕ 
iQfiOWUaV\RQ hÕ]ÕQa g|Ue daPOaWÕcÕ debiVi 4 L h-1, daPOaWÕcÕ aUaOÕ÷Õ iVe 0.50 P ROaUak heVaSOaQPÕúWÕU.  

Deneme, WeVad�f bORkOaUÕ deQePe deVeQiQde �o WekeUU�UO� ROaUak geUoekOeúWiUiOPiú Ye kRQXOaU UaVWgeOe 
da÷ÕWÕOPÕúWÕU (YXUWVeYeU, 1984). KRQXOaU biWkiQiQ geOiúPe d|QePOeUi ROaQ geo YejeWaWif geOiúPe (WabOa ROXúXP 
d|QePi), oioekOeQPe Ye WabOada WaQe ROXúXP dönemi (süt olum dönemi) olarak 3 dönemde faUkOÕ úekiOOeUde 
uygulanacak biçimde beOiUOeQPiúWiU. SXOaPaOaU \akOaúÕk heU geOiúPe d|QePi RUWaVÕQda Ye Wek biU VefeUde 
X\gXOaQPÕúWÕU. U\gXOaQaQ VXOaPa VX\X PikWaUÕ 90 cP eWkiOi k|k deUiQOi÷iQde biWkiQiQ geOiúPe dönemlerinde 
sulama öncesi I1 konusuQdaQ |Oo�OeQ QeP PikWaUÕQÕ deQePe |QceVi eOde ediOeQ WaUOa kaSaViWeVi de÷eUiQdeQ 
oÕkaUÕOPaVÕ\Oa heVaSOaQPÕúWÕU. 
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DeQePe kRQXOaUÕ, 

I1: Geo YejeWaWif d|QeP, oioekOeQPe d|QePi, WaQe ROXúXP d|QePi (WRSOaP 3 VXOaPa-her dönem sulama) 
I2: Geç vejetatif dönem, çiçeklenme dönemi (toplam 2 sulama) 
I3: Geo YejeWaWif d|QeP, WaQe ROXúXP d|QePi (WRSOaP 2 VXOaPa) 
I4: Geç vejetatif dönem (toplam 1 sulama) 
I5: dioekOeQPe d|QePi, WaQe ROXúXP d|QePi (WRSOaP 2 VXOaPa) 
I6: Çiçeklenme dönemi (toplam 1 sulama) 
I7: TaQe ROXúXP d|Qemi (toplam 1 sulama) 
I8: SXOaPa \aSÕOPa\aQ kRQX 

Deneme parselleri için 3î2.8P ROacak úekiOde 8.4 P2 alan ROXúWXUXOPXúWXU. Bitkiler 30 Nisan 2019 tarihinde 
haYaOÕ ekiP Pib]eUi iOe 0.3 P VÕUa �]eUi, 0.7 P VÕUa aUaVÕ (b|Ogede a\oioe÷iQde kXOOaQÕOaQ PakiQeOi ekiP aUaOÕkOaUÕ) 
ROacak úekiOde ekiOPiúWiU. BiWki oeúidi ROaUak TUak\a B|OgeViQde \R÷XQ ROaUak ekiPi \aSÕOaQ LiPagUaiQ fiUPaVÕQa 
aiW LG 5542 CL oeúidi kXOOaQÕOPÕúWÕU. BX oeúiW, LG Seed T�Uki\e fiUPaVÕ WaUafÕQdaQ WRSUak VeoiciOi÷i ROPa\aQ, RUWa 
erkenci çok yüksek verim potansiyeline sahip, orta boylX, Va÷OaP g|YdeOi, kXUakOÕ÷a, RURbaQúa Ye PiOdi\| 
haVWaOÕ÷ÕQa \�kVek WROeUaQVOÕ biU oeúiW ROaUak ifade ediOPekWediU. PaUVeOOeUiQ d�]eQOeQPeVi VÕUaVÕQda, VXOaPaOaUda 
VÕ]Pa \ROX\Oa ROXúabilecek yan etkileri |QOePek aPacÕ\Oa SaUVeOOeU aUaVÕQda Ye bORkOaU aUaVÕQda 3 P bRúluk 
bÕUakÕOPÕúWÕU. AUaúWÕUPa aOaQÕQda dikiP \aSÕOPadaQ |Qce WRSUak ha]ÕUOÕ÷Õ geUoekOeúWiUiOPiúWiU. TRSUak YeUiPOiOik 
aQaOi]OeUi dikkaWe aOÕQaUak, W�P deQePe SaUVeOOeUiQe a\QÕ ROacak úekiOde a]RWOX Ye SRWaV\XPOX g�bUe aWÕOPÕúWÕU.  

ùekiO 1¶de biU deQePe SaUVeOiQiQ deWa\Õ g|VWeUiOPiúWiU. Bir pompa ile havuzda depolanan su kontrol biriminden 
süzüldükten sonra 6 aWP baVÕQoOÕ, dÕú çapÕ 50 PP olan sert PE borular ile deneme SaUVeOOeUiQe geWiUiOPiúWiU.  

 
Figure 1. Lateral pipes and drippers placed on the experimental plot  

ùekil 1. Deneme parselinde lateral boru ve damlatÕcÕlarÕn konumlandÕrÕlmasÕ 
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A\UÕca, ViVWePde ROXúaQ baVÕQcÕ kRQWURO eWPek aPacÕ\Oa beOOi QRkWaOaUa PaQRPeWUeOeU WakÕOPÕúWÕU. DeQePe 
SaUVeOOeUiQde PaQifROd bRUX haWOaUÕ 32 PP dÕú oaSOÕ VeUW PE bRUXOaUdaQ ROXúWXUXOPXúWXU. PaUVeOOeUde OaWeUaO bRUX 
haWOaUÕ heU biWki VÕUaVÕQa biU adeW ROacak úekiOde \eUOeúWiUiOPiú Ye 16 PP dÕú oaSOÕ \XPXúak PE borular kXOOaQÕOPÕúWÕU. 
DaPOaWÕcÕ debiVi WRSUa÷ÕQ VX aOPa hÕ]Õ g|] |Q�Qe aOÕQaUak YÕOdÕUÕP (2008)¶de YeUiOeQ eVaVOaUa g|Ue 4 L h-1 olarak 
VeoiOPiúWiU. DaPOaWÕcÕ aUaOÕ÷Õ da WRSUa÷ÕQ iQfiOWiUaV\RQ hÕ]Õ Ye daPOaWÕcÕ debiViQe g|Ue 50 cP ROaUak heVaSOaQPÕú Ye 
ÕVOaWÕOaQ aOaQ \�]deVi % 0.714 ROaUak beOiUOeQPiúWiU.  

BiWki VX W�keWiPi, 90 cP WRSUak deUiQOi÷i eVaV aOÕQaUak aúa÷Õda YeUiOeQ EúiWOik (1) iOe (VX b�WoeVi eúiWOi÷i) 
beliUOeQPiúWiU (JaPeV, 1988). Bu amaoOa, VXOaPa X\gXOaPaVÕ |QceVi heU biU deQePe kRQXVXQda 90 cP WRSUak 
deriQOi÷iQde heU 30 cP¶Oik WRSUak kaWPaQÕQdaQ ROPak �]eUe |UQek aOÕQaUak kXUX a÷ÕUOÕk \�]deViQe g|Ue WRSUak QePi 
de÷eUOeUi beOiUOeQPiúWiU.  

ET = I + P + Cp ± Dp r Rf r 'S       (Eú. 1) 

EúiWOikWe; ET: biWki VX W�keWiPi (PP), I: d|QeP bR\XQca YeUiOeQ VXOaPa VX\X PikWaUÕ (PP), P: d|QeP bR\XQca 
Pe\daQa geOeQ \a÷Õú (PP), Cp: kÕOcaO \�kVeOiúOe k|k b|OgeViQe giUeQ VX PikWaUÕ (PP), Dp: deUiQe VÕ]Pa ka\ÕSOaUÕ 
(mm), Rf: deneme parsellerine giren ve oÕkaQ \�]e\ akÕú PikWaUÕ (PP), 'S: k|k b|OgeVi QeP de÷iúiPOeUi (PP) 
ifade edilmektedir. 

daOÕúPaQÕQ \aSÕOdÕ÷Õ \eUde WabaQ VX\X ROPadÕ÷ÕQdaQ, kÕOcaO haUekeWOe biWki k|k b|OgeViQe VX giUiúi ROPadÕ÷Õ 
g|] |Q�Qe aOÕQaUak Cp de÷eUi g|] aUdÕ ediOPiúWiU. A\UÕca baVÕQoOÕ VXOaPa ViVWePi kXOOaQÕOPaVÕ QedeQi\Oe \�]e\ akÕú 
PikWaUOaUÕ da ihPaO ediOPiúWiU (Kanber, 1997). DeUiQe VÕ]Pa ka\ÕSOaUÕ ioiQ biU aOW kaWPaQ i]OeQPiúWiU. 

DeQePe SaUVeOOeUi 5 E\O�O 2019 WaUihiQde haVaW ediOPiúWiU. HaVaW SaUVeOOeUiQde \aSÕOaQ haVaWOaUdan bitki boyu, 
WabOa oaSÕ Ye WRSOaP YeUiP eOde ediOiUkeQ, OabRUaWXYaU |Oo�POeUiQde iVe biQ WaQe a÷ÕUOÕ÷Õ, hekWROiWUe, % QeP de÷eUOeUi 
eOde ediOPiúWiU. DeQePe kRQXOaUÕQdaQ eOde ediOeQ SaUaPeWUeOeU aUaVÕQdaki faUkOÕOÕkOaUÕQ beOiUOeQPeViQde YaU\aQV 
analizi yaSÕOPÕú, VÕQÕfOaQdÕUÕOPaVÕQda iVe LSD WeVWi X\gXOaQPÕúWÕU. De÷eUOeQdiUPeOeU, YXUWVeYeU (1984)¶e g|Ue 
\aSÕOPÕúWÕU. 

daOÕúPada kRQXOaUa X\gXOaQaQ VXOaPa VX\X, Ve]RQOXk biWki VX W�keWiPi Ye haVaW YeUiPOeUi kXOOaQÕOaUak, VXOaPa 
VX\X kXOOaQÕP (IWUE) Ye VX kXOOaQÕP UaQdÕPaQÕ (WUE) VRQXoOaUÕ aúa÷Õdaki EúiWOik (2 Ye 3)¶WeQ fa\daOaQÕOaUak 
beOiUOeQPiúWiU (Howell, 2001). 

 

IWUE =
I
Y

         (Eú. 2) 

WUE =
ET
Y

         (Eú. 3) 

 EúiWOikOeUde; IWUE: SXOaPa VX\X kXOOaQÕP UaQdÕPaQÕ (kg P-3), WUE: SX kXOOaQÕP UaQdÕPaQÕ (kg P-3), 
Y: SXOaPa VX\X X\gXOaQaQ deQePe kRQXOaUÕQdaQ eOde ediOeQ haVaW YeUiPi (kg da-1), I: Uygulanan sulama suyu 
PikWaUÕ (PP) Ye ET: gOo�OeQ biWki VX W�keWiPi (PP)¶diU. 

3. AraútÕrma SonuolarÕ ve TartÕúma 

Denemede bir kRQXda hio VXOaPa \aSÕOPaPÕú, bXQXQ dÕúÕQdaki 7 konuda 3 geOiúPe d|QePiQde, heU d|QePde 
biUeU VXOaPa ROacak úekiOde faUkOÕ kombinasyonlar ile VXOaPa X\gXOaPaOaUÕ \aSÕOPÕú (TabOR 3) Ye geOiúPe d|QePi-
sulama-verim-kaOiWe aUaVÕQdaki iOiúkiOeU RUWa\a kRQPa\a oaOÕúÕOPÕúWÕU. Geç vejetatif döneminde I1, I2, I3, I4 
kRQXOaUÕQa, oioekOeQPe d|QePiQde I1, I2, I5, I6 kRQXOaUÕQa, WaQe dROdXUPa d|QePiQde I1, I3, I5, I7 kRQXOaUÕQa VXOaPa 
VX\X X\gXOaQPÕúWÕU. I8 kRQXVXQa VXOaPa VX\X X\gXOaQPaPÕúWÕU. Geo YejeWaWif d|QePde 100 mm, Çiçeklenme 
d|QePiQde 105 PP Ye WaQe ROXúXP aúaPaVÕQda 90 PP VX X\gXOaQPÕúWÕU.  
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Tablo 3. Denemede gözlenen fenolojik dönemler ve uygulanan sulama suyu miktarlarÕ 
Table 3. Phenological stages observed and irrigation water amounts applied in the experiment 

Fenolojik dönem 
Sulama 
tarihleri 

Sulama suyu 
miktarlarÕ (mm) 

Sulama konularÕ 

I1 I2 I3 I4 I5 I6 I7 I8 
Geç Vejetatif 18.06.2019 100 + + + + - - - - 
Çiçeklenme 02.07.2019 105 + + - - + + - - 
TaQe ROXúXP 19.07.2019 90 + - + - + - + - 

Denemede verim ve ba]Õ YeUiP SaUaPeWUeOeUiQe iOiúkiQ VRQXoOaU Tablo 4¶We YeUiOPiúWiU. BXUadaQ i]OeQece÷i 
�]eUe X\gXOaQaQ VXOaPa VX\XQXQ aUWPaVÕ\Oa YeUiPiQ de aUWWÕ÷Õ g|U�OPekWediU. daOÕúPada 319.6 kg da-1 ile 520.6 
kg da-1 aUaVÕQda a\oioe÷i YeUiPi eOde ediOPiúWiU. YaSÕOaQ YaU\aQV aQaOi]i VRQXcXQa g|Ue \aSÕOaQ VXOaPa 
X\gXOaPaOaUÕQÕQ YeUiPe eWkiVi %1 d�]e\iQde |QePOi ROPXúWXU. OUWaOaPaOaUÕQ kaUúÕOaúWÕUÕOPaVÕ ioiQ \aSÕOaQ LSD 
testi sonucunda I1 kRQXVXQXQ eQ �VW gUXSWa \eU aOdÕ÷Õ g|U�O�UkeQ, VXOaQPa\aQ I8 konusu ise en alt grubu 
ROXúWXUPXúWXU. 

Tablo 4. Deneme konularÕna iliúkin verim ve bazÕ verim ö÷eleri 

Table 4. Yield and some yield parameters measured from treatment 

Sulama 
KonularÕ 

Verim 
(kg da-1) 

Bitki 
boyu 
(cm) 

Tabla 
oapÕ  
(cm) 

Bin tane 
a÷ÕrlÕ÷Õ 
(g) 

Hektolitre 
(g l-1) 

Tane nem 
oranÕ 
(%) 

Ya÷ 
ioeri÷i 
(%) 

Ya÷ 
verimi 
(kg da-1) 

I1 520.6 a 180.1 a 16.0 a 81.3 a 101.5 a 6.93 43.6 a 226.7 a 
I2 454.5 ab 173.9 ab 15.3 a 78.7 a 97.7 b 7.17 40.5 bc 184.0 bc 
I3 419.0 bc 174.1 ab 14.4 ab 80.3 a 98.2 b 6.97 41.8 ab 174.6 bc 
I4 373.7 bc 174.4 ab 14.0 ab 77.3 a 96.2 bc 7.00 40.3 bc 150.5 cd 
I5 463.5 ab 170.8 bc 15.4 a 79.7 a 99.3 ab 7.03 43.0 a 199.4 ab 
I6 451.3 ab 171.6 bc 14.6 ab 80.3 a 99.0 ab 7.07 40.3 bc 182.0 bc 
I7 386.1 bc 170.4 bc 13.9 ab 73.3 ab 97.6 b 6.90 41.9 ab 161.7 bcd 
I8 319.6 c 164.5 c 12.6 b 66.0 b 94.2 c 6.70 39.1 c 124.9 d 

Ortalama 423.5 172.5 14.5 77.1 98.0 6.97 41.3 175.5 
LSD 99.850** 7.791** 2.079** 8.611* 3.240* ns 2.452** 40.215** 

**: % 1 düzeyinde önemli, *: % 5 düzeyinde önemli, ns: önemsiz 

Erdem ve ark., (2001) TekiUda÷¶da \�U�WW�kOeUi oaOÕúPada RUWaOaPa verimleri 278.4 kg da-1 ile 526.6 kg da-1, 
Ka\a Ye KROVaUÕcÕ, (2011) \�U�WW�kOeUi oaOÕúPaOaUÕQda YeUiP de÷eUOeUiQi biUiQci \ÕO 292-417 kg da-1, ikiQci \Õl 191-
338 kg da-1, G|kVR\ Ye aUk., (2004) BXUVa kRúXOOaUÕQda WabOa ROXúXPX, oioekOeQPe Ye V�W ROXP d|QePiQiQ faUkOÕ 
kRPbiQaV\RQOaUÕQda VXOaPa \aSaUak \�U�WW�kOeUi oaOÕúPada YeUiP de÷eUOeUiQi RUWaOaPa 218.8-405.6 kg da-1 olarak 
eOde eWPiúOeUdiU. HXVVaiQ Ye ark., (2009) a\oioe÷iQde oeúiWOi geOiúPe d|QePOeUiQdeki VX ekVikOi÷iQiQ YeUiP Ye 
kaOiWeViQe eWkiOeUiQi aUaúWÕUPÕúOaUdÕU. daOÕúPada eQ d�ú�k YeUiP oioekOeQPe d|QePiQde VX VWUeVi ROaQ kRQXdaQ 
(FSCKF= 195.8 kg da-1) elde edilirken, en yüksek verim tam sulama konusundan (CKICKF=271 kg da-1) elde 
ediOPiúWiU.  AUaúWÕUPada ba]Õ oaOÕúPaOaU iOe \akÕQ VRQXoOaU YeUeQ YeUiP de÷eUOeUi eOde ediOPiúWiU. Ba]Õ oaOÕúPaOaUÕQ 
aUaúWÕUPa VRQXoOaUÕ\Oa faUkOÕ YeUiP de÷eUOeUi YeUPeViQiQ QedeQiQiQ oeYUeVeO kRúXOOaUa ba÷OÕ ROdX÷X V|\lenebilir. 

Verim ögelerine bakÕOdÕ÷ÕQda biWki bR\X de÷eUOeUiQiQ 164.5 cP iOe 180.1 cP aUaOÕ÷ÕQda de÷iúWi÷i g|U�OPekWediU 
(Tablo 4). YaSÕOaQ iVWaWiVWik aQaOi]iQde biWki bR\XQdaki faUkOÕOÕkOaU VXOaPa kRQXOaUÕ aUaVÕQda % 1 düzeyinde önemli 
bXOXQPXúWXU. LSD WeVWiQe g|Ue I1 konusu en üst grup olurken I8 kRQXVX eQ aOW gUXSWa oÕkPÕúWÕU. TabOa oaSÕ 
de÷erlerinin 12.6 cm ile 16.0 cP aUaOÕ÷ÕQda de÷iúWi÷i g|U�OPekWediU. YaSÕOaQ iVWaWiVWik de÷eUOeQdiUPede konular 
aUaVÕQda  % 1 |QeP d�]e\iQde faUkOÕOÕk ROdX÷X, I1, I2 ve I5 kRQXOaUÕ �VW gUXbX ROXúWXUdX÷X VaSWaQPÕúWÕU. Bin tane 
a÷ÕUOÕ÷Õ de÷eUOeUiQin ise 66.0 g iOe 81.3 g aUaVÕQda de÷iúWi÷i g|U�OPekWediU. YaSÕOaQ YaU\aQV aQaOi]iQde konular 
aUaVÕQda faUk % 5 düzeyinde önemlilik WeVSiW ediOPiúWiU. I1, I2, I3, I4, I5 ve I6 kRQXOaUÕ a\QÕ gUXSWa \eU aOPÕú Ye �VW 
gUXbX ROXúWXUPXúOaUdÕU. EQ aOW gUXSWa \iQe I8 kRQXVX \eU aOPÕúWÕU. HekWROiWUe |Oo�POeUiQdeQ eOde ediOeQ VRQXoOaU 
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iQceOeQdi÷iQde de÷eUOeUiQ 94.2 g l-1 ile 101.5 g l-1 aUaOÕ÷ÕQda ROdXkOaUÕ g|U�OPekWediU. Varyans analizi sonucunda 
VXOaPa kRQXOaUÕ aUaVÕQdaki faUk % 5 düzeyinde önemli bulunurken, LSD testinde I1 konusunun en üst, I8 
kRQXVXQXQ eQ aOW gUXSWa \eU aOdÕ÷Õ g|U�OP�úW�U. TaQe QeP RUaQOaUÕ %6.70 iOe %7.17 aUaOÕ÷ÕQda de÷iúPeViQe kaUúÕQ 
VXOaPa kRQXOaUÕQa g|Ue |QePOi bXOXQPaPÕúWÕU. 

Ya÷ ioeUikOeUiQe g|Ue kRQXOaU % 39.1 iOe % 43.6 aUaVÕQda de÷iúPiúWiU. YaSÕOaQ iVWaWiVWik aQaOi] VRQXcXQda % 1 
d�]e\iQde faUkOÕOÕk bXOXQXUkeQ I1 ve I5 kRQXOaUÕQÕQ |Qe oÕkWÕ÷Õ Ye eQ �VW gUXSWa \eU aOdÕ÷Õ g|U�OPekWediU. TRSOaP 
\a÷ YeUiPOeUiQe bakÕOdÕ÷ÕQda de÷eUOeUiQ 124.9 kg da-1 ile 226.7 kg da-1 aUaOÕ÷ÕQda de÷iúWi÷i g|]OeQPiúWiU. EQ �VW 
grupta I1 \eU aOÕUkeQ RQX biU aOW gUXSWa \eU aOaQ I5 i]OePiúWiU. I8 kRQXVX eQ aOW gUXS ROPXúWXU. SRQXoOaU iQceOeQdi÷iQde 
WaQe ROXúXP d|QePiQde \aSÕOaQ VXOaPaOaUÕQ (I1, I3, I5 ve I7) \a÷ ioeUi÷iQi aUWWÕUdÕ÷Õ V|\OeQebiOiU. A\UÕca WaQe ROXúXP 
d|QePiQde VXOaPa \aSÕOPa\aQ kRQXOaUdaQ eOde ediOeQ \a÷ RUaQOaUÕQÕQ RUWaOaPaQÕQ aOWÕQda kaOdÕ÷Õ WeVSiW ediOPiúWiU. 
SantonoceWR Ye aUk., (2003) \aSWÕkOaUÕ oaOÕúPada X\gXOaQaQ VXOaPa VX\X PikWaUÕ aUWWÕkoa \a÷ PikWaUÕQÕQ aUWWÕ÷ÕQÕ 
|]eOOikOe \a÷ biUikiPiQiQ ROXúXP aúaPaVÕQda VX X\gXOaPaOaUÕQdaQ |QePOi deUecede eWkiOeQdi÷iQi aoÕkOaPÕúOaUdÕU. 
Yine Flagella ve ark., (2002), EUdeP Ye aUk., (2001) Ye Kada\ÕfoÕ Ye YÕOdÕUÕP, (2000)  VXOaPa VX\X kXOOaQÕPÕQÕQ 
aUWPaVÕ\Oa biUOikWe \a÷ \�]deViQde aUWÕú ROdX÷XQX biOdiUPiúOeUdiU. BX VRQXoOaU oaOÕúPa iOe SaUaOeOOik g|VWeUPiúWiU. 

daOÕúPada kRQXOaUa g|Ue haVaW VRQXcX eOde ediOeQ YeUiP de÷eUOeUi, uygXOaQaQ VXOaPa VX\X PikWaUOaUÕ iOe 
geUoekOeúeQ biWki VX W�keWiPi de÷eUOeUi kXOOaQÕOaUak heVaSOaQaQ VXOaPa VX\X kXOOaQÕP UaQdÕPaQÕ (IWUE) de÷eUOeUi 
ve su kullanÕP UaQdÕPaQÕ de÷eUOeUi Tablo 5¶We YeUiOPiúWiU. Tabloya g|Ue VXOaPa X\gXOaPaOaUÕ I1 konusunda 295 
mm, I2 konusunda 205 mm, I3 konusunda 190 mm, I4 konusunda 100 mm, I5 konusunda 195 mm, I6 konusunda 
105 mm, I7 kRQXVXQda 90 PP ROPXúWXU. SXOaPa PeYViPi bR\XQca \a÷Õú PikWaUOaUÕ eQVWiW� aOaQÕQda bXOXQaQ 
PeWeRURORji iVWaV\RQXQdaQ WakiS ediOPiú Ye d�úeQ WRSOaP \a÷Õú 57.5 PP ROPXúWXU.  

Tablo 5¶e g|Ue eOde ediOeQ WRSOaP PeYViPOik VX W�keWiPOeUi I1, I2, I3, I4, I5, I6, I7 ve I8 kRQXOaUÕ ioiQ VÕUaVÕ\Oa 
541.9 PP, 465 PP, 440.2 PP, 367.3 PP, 439.9 PP, 365.9 PP, 340.7 PP Ye 269.3 PP ROaUak |Oo�OP�úW�U. 
Pekcan ve Erdem, (2005), EdiUQe kRúXOOaUÕQda \aSWÕkOaUÕ oaOÕúPada a\oioe÷iQiQ geOiúPe d|QePOeUiQde Wek biU 
destekleme sulama X\gXOaPÕúOaU Ye biWki VX W�keWiPiQi iOk \ÕO 230.3-360.3 mm, ikiQci \ÕO 363.5-522.5 PP aUaVÕQda 
|OoP�úOeUdiU. 

Tablo 5. Ölç�len bitki su t�ketimi miktarlarÕ ve hesaplanan sulama suyu ve su kullanÕm randÕmanlarÕ 
Table 5. Measured evapotranspiration amounts and calculated irrigation water use and water use efficiencies 

Sulama KonularÕ 

Uygulanan 
toplam sulama 
suyu miktarÕ 

(mm) 

Ölçülen 
mevsimlik bitki 

su tüketimi 
(mm) 

IWUE 
(kg m-3) 

WUE 
(kg m-3) 

I1 295.0 541.9 1.77 b 0.96 d  
I2 205.0 465.0 2.22 b 0.98 cd 
I3 190.0 440.2 2.20 b 1.01 d 
I4 100.0 367.3 3.74 a 1.02 bcd 
I5 195.0 439.9 2.38 b 1.05 bcd 
I6 105.0 365.9 4.30 a 1.24 a 
I7 90.0 340.7 4.29 a 1.13 abc 
I8 0.0 269.3 - 1.19 ab 

Ortalama   2.99 1.07 
LSD   0.753** 0.173* 

**:% 1 düzeyinde önemli, ns: önemsiz 

TabORdaQ g|U�Oece÷i �]eUe IWUE de÷eUOeUi 1.76 kg m-3 ile 4.30 kg m-3 aUaOÕ÷ÕQda de÷iúPiúWiU. YaSÕOaQ YaU\aQV 
aQaOi]iQe g|Ue kRQXOaU aUaVÕQda %1 faUkOÕOÕk RUWa\a oÕkPÕúWÕU. YaSÕOaQ LSD WeVWi VRQXcXQa iki aQa gUXS ROXúPXú, 
I6, I7, ve I4 kRQXOaUÕ �VW gUXbX ROXúWXUPXúWXU. TabORdaQ VX kXOOaQÕP UaQdÕPaQÕ (WUE) de÷eUOeUiQe bakÕOdÕ÷ÕQda 
VXOaPa kRQXOaUÕQa g|Ue 0.96 kg m-3 ile 1.24 kg m-3 aUaOÕ÷ÕQda de÷iúWi÷i g|U�OPekWediU. EOde ediOeQ WUE 
de÷eUOeUiQiQ % 5 d�]e\iQde |QePOi ROdX÷X Ye I6 konusunun |Qe oÕkWÕ÷Õ g|U�OP�úW�U. 
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4. Sonuç 

TekiUda÷ kRúXOOaUÕQda daPOa VXOaPa \|QWePi iOe VXOaQaQ a\oioe÷iQde faUkOÕ geOiúPe d|QePOeUiQde VXOaPa 
X\gXOaPaOaUÕQÕQ a\oioe÷iQiQ YeUiP Ye ba]Õ kaOiWe SaUaPeWUeOeUiQe ROaQ eWkiOeUiQiQ aUaúWÕUÕOdÕ÷Õ bX oaOÕúPa 2019 
\ÕOÕQda geUoekOeúWiUiOPiúWiU. AUaúWÕUPadaQ eOde ediOeQ YeUiOeUe g|Ue, W�P deQePe kRQXOaUÕQa 0-295 PP aUaVÕQda 
VXOaPa VX\X X\gXOaQPÕúWÕU. DeQePe kRQXOaUÕQda geUoekOeúeQ PeYViPOik biWki VX W�keWiPi de÷eUOeUi 246.9-541.9 
PP aUaOÕ÷ÕQda |Oo�OP�úW�U. BiWki VX W�keWiPiQiQ VXOaPa VX\X PikWaUÕ aUWÕúÕQa ba÷OÕ ROaUak aUWWÕ÷Õ beOiUOeQPiúWiU.  

Denemede I1 kRQXVXQXQ W�P SaUaPeWUeOeUde ROXPOX \|QdeQ |Qe oÕkWÕ÷Õ g|U�OPekWediU. g]eOOikOe YeUiPde 
sulanmayan I8 kRQXVXQda heU d|QeP VXOaPa \aSÕOaQ I1 kRQXVXQa RUaQOa \akOaúÕk %40 YeUiP a]aOPaVÕ Pe\daQa 
geOPiúWiU. g]eOOikOe YeUiP g|] |Q�Qe aOÕQdÕ÷ÕQda oioekOeQPe aúaPaVÕQda VXOaPa \aSÕOaQ I2, I5 ve I6 kRQXOaUÕ da VX 
ka\Qa÷ÕQÕQ \eWeUVi] ROdX÷X dXUXPOaUda |QeUiOebiOiU. IWUE Ye WUE de÷eUOeUi iQceOeQdi÷iQde I6 konusu verilen 
biUiP VXOaPa VX\XQa/W�keWiOeQ VX\a kaUúÕOÕk eOde ediOeQ YeUiP bakÕPÕQdaQ |Q SOaQa oÕkPakWadÕU.  dioekOeQPe 
d|QePiQde VXOaQPa\aQ kRQXOaU YeUiP de÷eUOeUi aoÕVÕQdaQ WaP VXOaPa kRQXVX\Oa kÕ\aVOaQdÕkOaUÕQda I3 
konusunda %20, I4 konusunda %28 ve I7 kRQXVXQda %26 YeUiP a]aOPaVÕ Pe\daQa geOdi÷i g|U�OP�úW�U. BX 
VRQXoOaU a\oioe÷iQiQ oioekOeQPe d|QePiQde VX kÕVÕWÕQdaQ |QePOi deUecede eWkiOeQdi÷iQi RUWa\a kR\PXúWXU.  

 EOde ediOeQ VRQXoOaU iOe YeUiP, \a÷ ioeUi÷i Ye \a÷ YeUiPOeUi biUOikWe de÷eUOeQdiUiOdi÷iQde VX ka\Qa÷ÕQÕQ \eWeUOi 
ROdX÷X kRúXOOaUda heU d|QeP VXOaPa \aSÕOaQ I1 kRQXVX, VX ka\Qa÷ÕQÕQ kÕVÕWOÕ ROdX÷X dXUXPOaUda iVe iki VXOaPa 
uygulanabilirse I5 konusu (çiçekleQPe Ye WaQe ROXúXP d|QePiQde), Wek VXOaPa X\gXOaQabiOiUVe I6 konusu 
(çiçeklenme döneminde) önerilebilir. 
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Use of Solar Panel System in Vermicompost (Worm Manure) Production Facilities as 

Source of Energy 

VeUPikRPSRVW (SROXcaQ G�bUeVi) hUeWiP TeViVOeUiQiQ EQeUji øhWi\acÕQÕQ G�Qeú PaQeOOeUi 

SiVWePi iOe KaUúÕOaQPaVÕ 

Elif YÜKSEL TÜRKBOYLARI1*, Ahmet Nedim YÜKSEL2 

Abstract 
Agro-chemicals significantly improve quality and crop yield in agriculture and plant production however excessive 
use of these agro-chemicals will cause severe environmental problems and health conditions in the following years. 
Furthermore, solid organic wastes and residues have become environmental concerns due to rapid development of 
industry and population growth. Therefore, vermicompost (worm manure) manure might have a key position 
among organic-based alternative products that might improve sustainable and organic agriculture models and 
replace chemical fertilizers as well as pesticides. Production and use of vermicompost (worm manure) might be 
an effective option for solving this problem.   
Electric energy is the most commonly used for production of vermicompost. The location of vermicompost 
production facility must be illuminated at all times. In dark places, the worms move on top of the organic substance 
and the worms dry and die there. Thus, the production facility must have electricity at all times. This energy might 
be supplied with solar panel systems. This method will make production of manures more cost-effective. 
In order for a four-unit vermicompost production facility with 15.9 m length to operate effectively, a solar panel 
such as 4 kWh, which is larger than the calculated 3.23 kWh, is needed. Sufficient amount of energy cannot be 
generated with the system due to reasons such as dirty panel glasses, adverse weather conditions such as cloudiness 
and rain, indirect sunrays in the morning and evening and losses. This is why an energy system greater than the 
energy demand must be preferred. Energy remaining from the system can be stored in batteries and used later. 
Furthermore, remaining energy might be used for covering other needs of the vermicompost facility and this will 
reduce energy costs of the facility.  
In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost facilities 
established for this purpose must be lighted at all times and this shows that use of solar panel system will be 
suitable for production. A material portion of electricity demand in the production facility can be supplied with 
green energy and fertilizer production will be more cost effective. 
 
Keywords: Vermicompost (worm manure), Vermicompost (worm manure) production facility, Solar panel, Solar energy, 
Electric energy 
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Özet 
 
TaUÕPVaO �UeWiPiQ biWkiVeO �UeWiP iOe iOgiOi kÕVPÕQda, kaOiWeOi ve \eWeUOi YeUiP eOde eWPek aPacÕ\Oa agro-kimyasal 
PaddeOeUiQ aúÕUÕ kXOOaQÕPÕ sonucunda zamanla önemli çevre Ye Va÷OÕk VRUXQOaUÕQÕQ Pe\daQa geOPeViQe neden 
ROPXúWXU. A\UÕca hÕ]OÕ eQd�VWUi\eO geOiúPe Ye Q�fXV aUWÕúÕ iOe kaWÕ RUgaQik aWÕk Ye aUWÕkOaUda oeYUe VRUXQX ROaUak 
RUWa\a oÕkPÕúWÕU. BX QedeQOe V�Ud�U�OebiOiU Ye RUgaQik WaUÕP PRdeOOeUiQi geOiúWiUeUek, kiP\aVaO g�bUe Ye 
SeVWiViWOeUiQ \eUiQi aOabiOecek, RUgaQik ba]OÕ aOWeUQaWif �U�QOeU ioeUiViQde YeUPikRPSRVW (VROXcaQ) g�bUeVi |QePOi 
biU \eU aOabiOiU. BX VRUXQOaUÕQ o|]�P�Qde YeUPikRPSRVW (VROXcaQ) g�bUeViQiQ �UeWiPi Ye kXOOaQÕPÕ eWkiOi ROabilir.  
VeUPikRPSRVW g�bUeViQiQ �UeWiPi VÕUaVÕQda, eOekWUik eQeUjiVi kXOOaQÕOPakWadÕU. VeUPikRPSRVW �UeWiP WeViViQiQ 
bXOXQdX÷X RUWaPÕQÕQ V�UekOi ROaUak a\dÕQOaWÕOPaVÕ geUekPekWediU. ZiUa kaUaQOÕk RUWaPda VROXcaQOaU, RUgaQik 
PaddeQiQ �VW�Qe oÕkPakWa Ye bXUada kuruyarak ölmektedirler. Bu nedenle, üretim tesisinde elektrik hiç 
kesilmemelidir. BX �UeWiP PaOi\eWOeUiQi aUWWÕUPakWadÕU. BXQX a]aOWPaQÕQ \ROOaUÕQdaQ biUi eOekWUik eQeUjiVi \eUiQe 
g�Qeú paneO ViVWePOeUiQiQ kXOOaQÕOPaVÕdÕU.  
Her bir gübre üretim ünitesiniQ X]XQOX÷X 15.9 P ROaQ, d|UW �QiWeOi biU YeUPikRPSRVW �UeWiP WeViViQiQ YeUiPOi biU 
úekiOde oaOÕúabiOPeVi ioiQ, heVaSOaQaQ 3.23 kWh¶WeQ daha b�\�k 4 kWh gibi biU g�Qeú SaQeOi ViVWePiQe ihWi\ao 
YaUdÕU. PaQeO caPOaUÕQÕQ kiUOeQPeVi, bXOXWOXOXk Ye \a÷Õú gibi ROXPVX] haYa kRúXOOaUÕ, g�Qeú ÕúÕQOaUÕQÕQ Vabah Ye 
akúaP dik geOPePeVi Ye ka\ÕSOaU gibi QedeQOeUOe, ViVWePde \eWeUi kadaU eQeUji �UeWiOPe]. BX QedeQOe, ihWi\aoWaQ 
daha b�\�k biU eQeUji ViVWePi WeUcih ediOPeOidiU. SiVWePdeQ aUWaQ eQeUji daha VRQUa kXOOaQÕOPak üzere, akülerde 
deSR ediOebiOiU. A\QÕ ]aPaQda fa]Oa eQeUji YeUPikRPSRVW iúOeWPeViQiQ di÷eU ihWi\aoOaUÕQda kXOOaQÕOaUak, iúOeWPeQiQ 
eQeUji gideUOeUiQi a]aOWÕU.  
G�Qeú SaQeOOeUi, T�Uki\e kRúXOOaUÕQda heU b|Ogede kXOOaQÕOaUak \eWeUOi eOekWUik eQeUjiVi �UeWebilir. Bu amaçla 
kXUXOaQ YeUPikRPSRVW WeViVOeUiQde |]eOOikOe a\dÕQOaWPaQÕQ V�UekOi ROPaVÕ ]RUXQOXOX÷X, �UeWiPde g�Qeú SaQeOi 
ViVWePiQiQ kXOOaQÕPÕQÕQ X\gXQ ROaca÷ÕQÕ g|VWeUPekWediU. hUeWiP WeViViQiQ eOekWUik ihWi\acÕQÕQ |QePOi biU kÕVPÕQÕQ, 
\eúiO eQeUji iOe kaUúÕOaQPaVÕ iOe g�bUeQiQ �UeWiPi daha ekRQRPik ROXU. 
 
Anahtar Kelimeler: Vermikompost (solucan gübresi), Vermikompost (solucan gübresi) üretim tesisi, G�Qeú SaQeOi, G�Qeú 
enerjisi, Elektrik enerjisi 
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1. Introduction  

Use of chemical fertilizers and pesticides for agricultural production after the World War II increased product 
quality and crop yield in a short time and this increase is known as the ³GUeeQ ReYROXWiRQ´ (Schman and Simpson, 
1977). Extensive use of the agro-chemicals caused certain environmental problems and health conditions. We 
started to experience these effects in the 1970s. Residues of chemical fertilizers found in underground and surface 
waters and contamination of drinking and tap waters became alarming problems in those years (Barier-Anderson 
and Anderson, 2000). 

Residues and accumulations on the products produced with excessive use of chemicals in agriculture are 
considered as problematic by consumers and for export of vegetables. Thus, use of chemicals in agricultural 
production must be restricted; healthier and safer food production must be ensured. In this way, we should prevent 
return of these toxic substances back to the humans and other living creatures through the food chain (Saber, 2001; 
Broun and Supkoff, 1994;  dakPakoÕ et al., 2005; KiWiú, 2012). 

This is why the agro-chemicals must be used today responsibly and according to the suggestions so that we 
can assure sustainable agricultural production and protect human health and environment. Related actions must be 
taken and use of agro-chemicals must be restricted as much as possible (Özkan et al., 2003; Delen et al., 2005).  

Our focus shifted to design of sustainable and organic agricultural models and development of organic-based 
alternative products that can replace chemical fertilizers and pesticides. Besides plant nutrition aspect of aerobic 
compost products, namely their capacity to repress soil-based plant pathogens, was discovered (Hoitink et al., 
1975; Hadar, 1991). 

Studies on compost concluded that vermicompost, worm (mesophilic) compost method, has properties superior 
to aerobic compost in terms of collecting urban and industrial organic wastes and in terms of product and 
processing (Dominguez et al., 1997). 

The production process of vermicompost fertilizer confirmed that worms have the capacity to transform 
organic wastes and residues into high quality and valuable products in a very short time. Thus, it led to the 
emergence of a new form of agricultural production called vermiculture in many countries. Vermiculture can be 
defined as lumbricus terrestris culture Pade fRU a QXPbeU Rf SXUSRVeV (ùiPúek-EUúahiQ, 2007; EkeU, 2016). 

In case of worm manure or vermicompost, composting process of organic wastes or residues is completed by 
worms. In this process, organic wastes and residues are fermented by the microorganisms present in the 
environment. When passing through the digestive system of worms, an accelerated humidification and 
detoxification process takes place. Coelom fluid in the digestive tract of worms has the capacity to transform all 
inorganic materials into organic forms (Tutar, 2013). 

Worm manure significantly increases aggregate stability in loamy soils (AkWaú and Yüksel, 2020). Microbial 
activity of worm manure is 10 to 20 times more than the soil. This high level of microbial diversity enables 
production of chemicals that improve plant growth (hormones and other compounds) as well as enzymes and a 
range of compounds that suppress growth of harmful plant pathogens (Logsdon, 1994). 

Nutritional elements wrapped with worn mucus and contained in vermicompost fertilizer are dissolved slowly 
and they are in a form ready to be used by the plants instantly. Since these nutritional elements are dissolved 
slowly, they will not be washed out in the soil and nutritional value will not be lost. Furthermore, worm manure 
has a porous structure and this makes it a great soil improver thanks to its high air balancing and water retention 
capacity. If used as mulch in the soil, nutritional elements will directly reach to the plant roots through irrigation 
(Anonymous, 1992). 

Today, vermicompost offers the highest economic benefits out of all methods supporting sustainable 
agriculture. This method might be extensively used for repurposing solid organic wastes and residues which have 
become alarming environment concerns due to rapid development of industry and population growth. The 
vermicompost fertilizer, if produced correctly and properly, will be a bio-fertilizer and bio-pesticide with very high 
commercial value (ùiPúek-EUúahiQ, 2007). 
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The purpose of this study is to focus on the use of renewable energy sources in agriculture. Especially it is of 
interest to us to examine the energy needs of a vermicompost production facility from renewable energy sources 
(generating electrical energy with solar panels). 

2. Materials and Methods 

2.1. Vermicompost production facility 

In this study, vermicompost production facility was used for tests (Figure 1). Length of a worm manure 
production facility starts with 15.9 meters and it is available in any desired length; 20-30-50 meters (Figure 1). Its 
width and height are around 1.30 m. After produced by the worms, the manure will be cut from the bottom with 
the knife placed 10 to 15 cm high and poured on the conveyor band. The knife will repeat this process a few times. 
Then, the manure will be collected in one section of the machine when the conveyor band is operated. An electric 
motor with a capacity of 2.2 kWh is required for operating the knife and 1 kWh is required for operating the 
conveyor band.   

 
Figure 1. Vermicompost production facility 1. Control Panel 2. Double bladed harvesting knife 3. Conveyor 

band 4. Electric motor operating the knife 5. Electric motor operating the conveyor band 

2.2. Drying vermicompost  

Water content of the vermicompost produced at the production facility is around 80 %. According to the 
vermicompost regulation, the maximum level of moisture content in fertilizer must be 35 %. Thus, the fertilizer 
will be dried. Purpose of drying process is to reduce the product moisture content down to the allowed level as 
soon as possible and by consuming minimum energy however the product quality should not be impaired in any  
way (PROaWoÕ and Tarhan, 2009). Another purpose of the drying process is to reduce the product volume and thus 
increase operational efficiency for transportation and storage of the fertilizer (Güngör et al., 2014). 

Fertilizer can be dried under natural and controlled conditions. Drying fertilizer under natural conditions might 
expose the fertilizer to environmental conditions that change continuously and this might have negative impact on 
product quality. Drying fertilizer under controlled conditions shortens the drying time and improves product 
quality as well as other properties (Kara et al., 2014). 

2.3. Vermicompost production facility and photovoltaic battery design 

Our country has many advantages in terms of solar energy. In our country, insolation times are different each 
season. The duration will be 5 hours, in average, during winter but around 7 hours in autumn and spring and around 
11 hours during summer (Anonymous, 2019a). 

It is concluded that average insolation time in Turkey is 2628 hours per year (7.2 hours per day in average) and 
average total radiation capacity is 1311 kWh m-2 year-1 (3.6 kWh m-2 per day in average) (Küsek et al., 2016). 
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Radiation capacity in the location of this study, namely in TekiUda÷ province, this is about 1281.2 kWh m-2 year-1 
(3.51 kWh m-2 day-1) and this value is very close to the average radiation capacity in Turkey (Yüksel and Yüksel-
T�UkbR\OaUÕ, 2018). 

If the location of vermicompost production does not have electricity, if there are blackouts or if the 
establishment intends to lower operation costs, solar panels might be used to generate electricity. Consequently, 
use of solar energy systems in agricultural production facilities and amount of electricity generated increase 
(Yüksel and Yüksel-T�UkbR\OaUÕ, 2018). 

A solar panel is a photovoltaic tool that has solar cells and that directly converts sunrays into electric current. 
Photovoltaic cells might be organic and inorganic based. Generally, inorganic based photovoltaic cells are used 
more commonly because they have output around 15 to 20 % and they are highly efficient (GUनW]eO, 2009). 

Depending on the application, in photovoltaic cell systems, there are photovoltaic cells have photovoltaic (solar 
cell) battery group, battery charging regulator, inverter and auxiliary electronic circuits (Anonymous, 2019a; 
K|UR÷OX et al., 2010). In this system, a predetermined number of photovoltaic cells are used as source of energy. 
In case of overcast weather or insufficient sunrays, the batteries shall provide energy to the system. This system 
generally uses GEL (gelled electrolyte sealed lead acid) batteries. Maximum 70 % of the stored energy must be 
used in order to prevent battery malfunctions in the short run. Charge regulator is used for preventing overcharge 
or discharge of the batteries. Depending on the battery condition, it interrupts the current coming from the solar 
panels or current of the system providing the load. If the system will use 220 V and 50 Hz alternating current or 
current is to be provided to mains supply, the system must have an inverter (K|UR÷OX et al., 2010). A 15.9-meter 
long vermicompost production system with a height and width of 1.3-meter produces 3 to 3.5 tons of manure per 
month. The moisture content of the product is 80 % but it must be dries and the moisture content must be reduced 
down to 35 %. When this product is dried, the product weight shall be between 1.2 and 1.4 tons.   

3. Results and Discussion 

3.1. Energy demand of system 

Electricity need of each production unit in the vermicompost production facility is for 2.2 kWh electric motor 
used for cutting the fertilizer with a knife. Also, a 1.1 kWh electric motor is used for pouring the fertilizer onto the 
conveyor after cutting and for collecting the fertilizer from conveyor. Location of vermicompost production 
facilities must be illuminated with dim light. Two or three 10 W LED bulbs will be sufficient for this lighting. The 
location of vermicompost production facility must be illuminated at all times. In dark places, the worms move on 
top of the organic substance and the worms dry and die there. Thus, the production facility must have electricity 
at all times.  

The drying process should not be performed under natural conditions and outdoors. The drying environment 
must be ventilated for drying the product under controlled conditions and indoors.  

The facility to be established will be economical if 3 or 4 production machines are used. For drying the products 
under controlled conditions, an indoor space of 150 to 200 m2 is required. Greenhouse cultivation structures might 
be used in greenhouses for this purpose. Drying can be done in a shorter time by heating the greenhouse soil with 
a different method such as using solar collectors (Yüksel-T�UkbR\OaUÕ, 2018). 

Ventilation need might be calculated according to the base area of the facility. Accordingly, the ventilation 
need per 1 m2 of base area is 0.033-0.042 m3 s-1 or 120-150 m3 h-1 (Anonymous, 1993; Yüksel and Yüksel, 2012). 
Considering the base area, ventilation need in a 150 m2 drying facility will vary between: 

 
150 ൈ 120 ൌ 18000𝑚3ℎି1 or 150 ൈ 150 ൌ 22500𝑚3ℎି1              Eq. (1) 
 
Average value is around 20250 m3h-1 (Eq.1). 

The number of mono-phase, 1300 rpm (dd-1), 0.55 kWh aspirator with 60 cm diameter to be used for ensuring 
air exchange of 9500 m3h-1 might be calculated as follows. The system needs:  
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20250 9500 ൌ 2.1𝑝𝑐𝑠⁄         Eq. (2) 
 
In order words, the number of aspirators needed is approximately 2 (Eq.2).  

3.2. Energy demand of vermicompost system 

2.2 ൅ 0.55 ൈ 2 ൅ 0.01 ൈ 3 ൌ 3.23𝑘𝑊ℎ     Eq. (3) 
 
For efficiently operating this system, a solar panel system that is greater than the demand calculated, namely 

greater than 3.23 kWh, such as 4 kWh because panels can reach their optimum powers only under the optimum 
conditions (Eq.3). Sufficient amount of energy cannot be generated with the system due to reasons such as dirty 
panel glasses, adverse weather conditions such as cloudiness and rain, indirect sunrays in the morning and evening 
and losses (Anonymous, 2019b) This is why an energy system greater than the energy demand must be preferred. 
Energy remaining from the system can be stored in batteries and used later. Furthermore, remaining energy might 
be used for covering other needs of the vermicompost facility and this will reduce energy costs of the facility.   

4. Conclusions 

Excessive use of agro-chemicals in agriculture over an extended period of time caused some environmental 
issues and health concerns. Therefore, vermicompost (worm) manure might have a key position among organic-
based alternative products that might improve sustainable and organic agriculture models and replace chemical 
fertilizers as well as pesticides. It is concluded that worms have the capacity transform organic waste and residues 
into a high quality and valuable product within a short period of time.   

In Turkey, solar panels might be used in every region to supply sufficient electric power. Vermicompost 
facilities established for this purpose must be lighted at all times and this shows that use of solar panel system will 
be suitable for production. A material portion of electricity demand in the production facility can be supplied with 
green energy and fertilizer production will be more cost effective. 
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Has Household Purchasing of Confectionery Products in Turkey Changed in the Last 
Decade? 

T�Uki\e'de SRQ OQ YÕOda ùekeUOePe hU�QOeUi SaWÕQ AOÕPÕ De÷iúWi Mi? 

 
Mehmet BOZOöLU1*, Abdulbaki BøLGøÇ2, Avni BøRøNCø3, U÷ur BAùER4 

 
Abstract 

Although consumption of confectionery and chocolate products per capita in Turkey is considerably lower than 
that of the developed counties, there has recently been a rising trend in sugar consumption. The purpose of this 
study was to identify how and to what extent the significant changes in socio-demographic and economic structures 
of households in Turkey during the period of 2002-2013 influence monthly real spending on sugar, jam-marmalade, 
and confectionery products. The data was obtained by the annual household budget surveys of the Turkish 
Statistical Institute (TURKSTAT) between 2002 and 2013. These surveys are annually conducted by TURKSTAT 
with nearly varying ten thousand randomly selected households throughout the nation for the period between 
January 1 and December 31. A multivariate Tobit model was used to determine factors affecting Turkish monthly 
household expenditure on three foods. Cross correlation coefficients among food pairs and marginal impacts of 
exogenous variables were also estimated. Almost 79% of households spend on confectionery foods, followed by 
73% on sugar products and low 20% on jam-marmalade foods. According to results compared to the 2002 
reference year, spending on sugar and jam-like food has declined over the years, while more spending on 
confectionery was emerging. Over the course of twelve years period, the sample households monthly spend 13.84, 
3.73 and ༲ 12.91 on sugar, jam-marmalade and confectionery foods, respectively. The correlation coefficients 
among the food items were all positive and statistically significant, indicating that after controlling the role of 
independent variables in our model, uncontrolled variables along with measurement errors and any other functional 
forms induce both the spending on the two food pairs. Impacts of many socio-demographic and economic factors 
RQ PRQWhO\ hRXVehROd VSeQdiQg Rf cRQfecWiRQeU\ SURdXcWV iQcOXdiQg VXgaU ZeUe ideQWified, aQd aOVR \eaUV¶ iPSacWV 
on spending patterns were confirmed. By years, the age variable had different effects on the food spending of the 
three categories. Nonetheless, it has been identified that the families whose household heads have a green card 
spend different amounts both for sugar and confectionery products annually. It has also been identified that while 
only confectionery food product spending of the families who receive in-kind and financial aids differs annually, 
all three categories of food spending differ significantly as the numbers of working individuals changes yearly. 
Results permitted us to draw relevant policy implications and to shape policy formation for future effective food 
programs or policies.   
 
Keywords: Confectioneries, Household spending, Multivariate Tobit model, Turkey 
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Özet  
T�Uki\e'de kiúi baúÕQa úekeUOePe Ye oikROaWa �U�QOeUi W�keWiPi geOiúPiú �OkeOeUdeQ |QePOi |Oo�de d�ú�k ROPaVÕQa 
Ua÷PeQ, VRQ ]aPaQOaUda úekeU W�keWiPiQde aUWÕú e÷iOiPi g|U�OPekWediU. daOÕúPaQÕQ aPacÕ, 2002-2013 döneminde 
T�Uki\e'deki haQe haOkOaUÕQÕQ VRV\R-dePRgUafik Ye ekRQRPik \aSÕOaUÕQdaki de÷iúikOikOeUiQ úekeU, UeoeO PaUPeOaWÕ 
Ye úekeUOePe �U�QOeUiQiQ a\OÕk haUcaPaOaUÕQa eWkiViQiQ RUWa\a kRQXOPaVÕdÕU. AUaúWÕUPaQÕQ YeUiOeUi, T�Uki\e 
øVWaWiVWik KXUXPX (ThøK) WaUafÕQdaQ 2002-2013 \ÕOOaUÕ aUaVÕQda geUoekOeúWiUiOeQ \ÕOOÕk haQehaOkÕ b�Woe 
aQkeWOeUiQdeQ eOde ediOPiúWiU. ThøK, 1 Ocak-31 AUaOÕk WaUihOeUi aUaVÕQda \akOaúÕk RQ biQ haQe haOkÕ iOe anketleri 
\aSPÕúWÕU. T�Uki\e¶deki hane halkOaUÕQÕQ 3 ürüne yönelik a\OÕk haUcaPaOaUÕQÕ eWkiOe\eQ fakW|UOeUiQ RUWa\a 
konulmaVÕQda, oRk de÷iúkeQOi TRbiW PRdeOi kXOOaQÕOPÕúWÕU. BXQXQOa biUOikWe, gÕdaOaU aUaVÕQdaki oaSUa] kRUeOaV\RQ 
kaWVa\ÕOaUÕ Ye eg]RjeQ de÷iúkeQOeUiQ PaUjiQaO eWkiOeUi de WahPiQ ediOPiúWiU. HaQeOeUiQ \akOaúÕk %79'X úekeUOePe 
gÕdaOaUÕQa, %73'� úekeU �U�QOeUiQe Ye %20'Vi UeoeO PaUPeOaW gÕdaOaUÕQa haUcaPa \aSPakWadÕU. økibiQiki referans 
\ÕOÕ iOe kaUúÕOaúWÕUÕOaQ VRQXoOaUa g|Ue, dönem içinde haQe haOkOaUÕQÕQ harcamalarÕ úekeU Ye UeoeO beQ]eUi 
yiyeceklerde a]aOÕUkeQ, úekeUOePe ürünlerinde aUWPÕúWÕU. OQ iki \ÕOOÕk V�Ue boyunca örneklemdeki tüm hanelerin 
a\OÕk úekeU, UeoeO-PaUPeOaW Ye úekeUOePe haUcaPaOaUÕ VÕUaVÕ\Oa 13.84, 3.73 Ye 12.91 ༲ ROaUak geUoekOeúPiúWiU. GÕda 
PaddeOeUi aUaVÕQdaki kRUeOaV\RQ kaWVa\ÕOaUÕQÕQ heSVi, SR]iWif Ye iVWaWiVWikVeO ROaUak aQOaP bXOXQPaVÕ, PRdelde ele 
aOÕQaQ ba÷ÕPVÕ] de÷iúkeQOeUiQ kRQWURO dÕúÕ de÷iúkeQOeU Ye |Oo�P haWaOaUÕ\Oa biUOikWe úekeU Ye úekeUOePe �U�QOeUiQ 
haUcaPaOaUÕQa eWkiViQiQ ROdX÷XQX g|VWeUPekWediU. BiUoRk VRV\R-demografik ve ekonomik faktörün hane 
haOkOaUÕQÕQ úekeU Ye úekeUOePe �U�QOeUi a\OÕk Ye \ÕOOÕk haUcaPaOaUÕQa eWkiOeUi bXOXQPakWadÕU.  Yaú de÷iúkeQiQiQ �o 
kategoride de yÕOOaUa g|Ue gÕda haUcaPaOaUÕ �]eUiQde eWkiOeUi faUkOÕOaúPakWadÕU. BXQXQOa biUOikWe, haQehaOkÕ 
UeiViQdeQ \eúiO kaUWa VahiS ROaQ aiOeOeUiQ heU \ÕO heP úekeU, hem de úekeUOePe �U�QOeUi ioiQ faUkOÕ PikWaUOaUda SaUa 
haUcaQdÕ÷Õ WeVSiW ediOPiúWiU. A\UÕca, a\Qi Ye Qakdi \aUdÕP aOaQ aiOeOeUiQ Vadece úekeUOePe gÕda �U�Q� haUcaPaOaUÕ 
heU \ÕO faUkOÕOaúPaVÕQa Ua÷PeQ, oaOÕúaQOaUÕQ Va\ÕVÕQÕQ heU \ÕO de÷iúPeVi, �o kaWegRUide de gÕda haUcaPaOaUÕQÕ |QePOi 
|Oo�de de÷iúWiUPekWediU. AUaúWÕUPa VRQXoOaUÕQÕQ eWkiOi gÕda SURgUaPOaUÕ veya politikaOaUÕQÕQ ROXúWXUXOPaVÕQa 
kaWkÕVÕ olabilecektir. . 
 
Anahtar Kelimeler: ùekeUOePeOeU, HaQe haOkÕ haUcaPaOaUÕ, dRk De÷iúkeQOi TRbiW PRdeOi, Türkiye 
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1. Introduction 

Sugar is a strategic food product produced and consumed in almost every part of the world. The total annual 
production of sugar in the world is approximately 170 million tons. While almost 70% of the production is 
consumed where it is produced, 30% of the production flows into international markets. Approximately 80% of 
the total raw sugar production is obtained from sugar cane, while 20% is obtained from sugar beets (Anonymous, 
2016a). While countries such as Turkey, Russia, Ukraine and the European Union (EU) produce sugar from sugar 
beets, countries such as Brazil, India, Mexico, Pakistan, Thailand and Australia manufacture it from sugar cane. 
On the other hand, countries such as the USA, Japan and China produce sugar from both sugar cane and sugar 
beets (Anonymous, 2016b).  

ASSUR[iPaWeO\ 90% Rf VXgaU SURdXced each \eaU iV cRQVXPed WhURXghRXW Whe ZRUOd. WhiOe Whe ZRUOd¶V WRWaO 
sugar consumption was 155 million tons in 2010, the consumption increased to 178 million tons in 2014.  The 
major consumer countries of sugar in the world are India, the EU, China and Brazil respectively whose 
consumptions exceed more than 40% of the world production. For example, in 2014, 15.8% of the total production 
was consumed by India; 10.8% by EU; 10.2% by China; and 6.7% by Brazil. Brazil had the highest level of sugar 
consumption per capita with 57 kg, whilst China had the lowest with 11 kg.  

On the other hand, the sugar consumption per capita in Turkey was 25 kg in 2013 (Anonymous, 2016b). 
Historically per capita sugar consumption reached an all-time of 30.1 kg in 1997 and an all-time low of 6.10 kg in 
1961. WheQ cRPSaUed WR Whe cRXQWU\¶V QeighbRUiQg cRXQWUieV, Ser capita sugar consumption in Bulgaria amounted 
to 23.50 kg, 22.60 kg in Greece, 16.50 kg in Iraq, and 26.20 kg in Iran in 2013. In terms of per capita sugar 
consumption, Turkey has been ranked 61st within the group of 160 nations, 31 places above the position since 10 
years ago (Anonymous, 2017a). On the other hand, it is estimated that per capita sugar consumption in Turkey 
will amount to 40.5 kg by 2024 with an increase of 1.47 per cent per year (Anonymous, 2015). This is because the 
recent economic growth and political stability in Turkey has enabled nationwide rapid development. The Turkish 
economy has grown by approximately 4.8% during the period of 2002-2015. While many countries have been 
struggling against economic crises, Turkey has distinguished herself among developing countries due to her 
incredible growth performance. This trend overlaps with the fact that per capita income increase achieved by the 
economic growth in Turkey is expected to boost the demand primarily for sugar and confectionery products.  

According to the World Health Organization (WHO)¶  sugar guideline (2015), adults should limit their daily 
sugar intake to less than 10% of their total energy intake, which is almost equivalent to 2.5 tea spoons of sugar. 
WHO also recommends that the daily sugar intake for adults and children should be lower than 5% of the total 
daily energy intake. Although consumption of confectionery and chocolate products per capita in Turkey is 
considerably lower than that of the developed counties, there has recently been a rising trend in sugar consumption. 
Being a country with a young and fast growing population and their boosting demand for toys, developments in 
distribution channels and new products, heavy commercialization (advertisements), and growing multinational 
investments across the nation, the country is expected to have regular increases in the dynamic demand for sugar 
and chocolate confectionery products in the coming years (Anonymous, 2016c). For example, in Turkey, chocolate 
confectionery is worth about US $ 500 million a year and consists of four different categories: tablets, sticks, 
wafers and pralines (Anonymous, (2017b). Studies have reported that the annual consumption of chocolate per 
person in Turkey is still low at just 1 kg compared to 8 kg in the UK and 9 kg in Germany and the Netherlands 
(Anonymous, 2016c). Thus, manufacturers should diversify the number of existing products and boost the demand 
especially for confectionery products in the country. On the other hand, the chocolate confectionery market has a 
volume of 75 tons per year in the country, whilst chocolate coated products (rods and wafers) account for 70% of 
the market (Anonymous, 2017b). It is worth mentioning the country is a net exporter in terms of confectionery 
products. The export value of sugar and chocolate confectionery is worth US $ 762.8 million  in 2011, which is 
eTXiYaOeQW WR abRXW 0.57% Rf Whe cRXQWU\¶V WRWaO e[SRUW YaOXe (US $ 135 billion) (Anonymous, 2016c). On the other 
hand, sugar confectionery has a great historical heritage in Turkish tradition, being widely served as gifts during 
the famous two religious festivals (Ramadan and Sacrifice Feast), wedding ceremonies, celebrations, and at home 
invitations and friends visits. This traditional popularity is a distinguishing feature that sets apart the country from 
the rest of the world in terms of the confectionery industry. 
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As is compatible with other developing countries, food consumption patterns and their compositions in Turkey 
have undergone a major change due to changes in other socio-economic and food structures accompanied by the 
recent per capita increased income, rapid growing population and technological advancements (Terin et al., 2015; 
Akbay et al., 2007; Gül et al., 2007; Tekgüç, 2012; Bilgic and Yen, 2013; 2014). At the same time, it would be a 
great proposition to examine the consumption habits of households, the mass target of the sugar and confectionery 
industry, which, as we have noted above, have a great economic value for the country, but less understood among 
national consumers compared to their western peers in terms of per capita consumption of confectioneries. 
TheUefRUe, ideQWif\iQg hRZ Whe chaQgeV iQ TXUkiVh hRXVehROdV¶ VRciR-demographic and economic structures during 
the period 2002-2013 affected monthly real spending on sugar and confectionery products is essential to revealing 
the influential factors in making predictions and addressing the future needs when they arise. While consumer 
choices and preferences are becoming increasingly important in shaping food consumption, socio-demographic 
and economic characteristics of consumers should also be included in the analyses. Micro data at household level 
is used in such analyses (Burton et al., 1996).  

The purpose of this study is thus to identify how and to what extent the significant changes in socio-
demographic and economic structures of households in Turkey during the period 2002-2013 influence monthly 
real spending on sugar and confectionery products. In this study, we used a 12-year pool data1 regarding Turkish 
hRXVehROdV¶ VSeQdiQg RQ VXgaU aQd cRQfecWiRQeU\ SURdXcWV aORQg ZiWh WheiU VRciR-demographic and economic 
characteristics. Many time-WUeQdiQg e[RgeQRXV YaUiabOeV (e.g., hRXVehROdV¶ UeaO iQcRPe, age aQd edXcaWiRQ OeYeOV 
of householders, the number of working family member, the use of Internet, in-kind and cash aids to poorer, and 
etc.) interacted with years are also included in the analysis in order to see how changes of some key socio-
demographic and economic variables over time determine the monthly spending of sugar and confectionery 
products in Turkey. The multivariate Tobit model is used to estimate influential factors which determine the 
spending levels, and their marginal effects on the households spending on sugar and confectionery products were 
then derived. To our knowledge, this study is first of its kind which applies to households spending on sugar and 
confectionery products with a very large exogenous variable set of households and householders. The findings of 
the study can be useful for the sugar and confectionery industry sectors and decision makers in the related public 
institutions towards making more efficient predictions, policies and strategic planning.  

In the following parts, materials and multivariate Tobit model are specified. Findings are presented in the fourth 
section.  Discussions and conclusions were given in Section 5 and 6, respectively.  

2. Materials and Methods 

2.1. Materials 

The data was obtained by the annual Household Budget Surveys of the TURKSTAT between 2002 and 2013. 
These surveys are annually conducted by TURKSTAT with nearly varying ten thousand randomly selected 
households throughout the nation for the period between January 1 and December 31. 

TURKSTAT classifies these annual data in three categories as household, family member and spending. The 
data in these three categories involve the socio-demographic and economic characteristics of households and 
faPiO\ PePbeUV¶ (SaUWicXOaUO\ head Rf Whe faPiO\) VSeQdiQg RQ SURdXcWV. TheVe daWa Zere combined by us in 
compliance with the SAS statistical program. Afterwards, these three categories were then combined into an annual 
data and then the pool data were formed by combining 12 years data.  Dummy variables were then created for the 
respective years. The food items including the spending on sugar and confectionery products were then divided 
into three sub-categories as sugar, jam-marmalade and confectionery (e.g., cholates, edible ice and ice creams, 
confectionery and confectionery products) products according to the food classification of TURKSTAT. All 
monetary variables such as monthly income, monthly total and food spending of the families were converted into 
real terms taking 2013 as reference year. The Consumer Price Index (CPI) of 2013 was divided by the CPI of other 
corresponding years and multiplied by the spending amount or income level of the relevant year. After removing 
the missing observations and outliers in the data, the remaining 124,814 observations of the twelve years were 

 
1 We used pool data in this study because households (e.g., approximately an average of 10 thousand households per year) randomly selected 
by the TURKSTAT vary from year to year and thus it impedes the use of a panel data modelling in our analysis. 
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utilized in the study. The descriptive statistical values of the data were shown in Table 1. Over the course of twelve 
years period, the sample households monthly spend 13.84, 3.73 and ༲ 12.91 on sugar, jam-marmalade and 
confectionery foods, respectively. Almost 79% of households spend on confectionery foods, followed by 73% on 
sugar products and low 20% on jam-marmalade foods. Marmalade in the country is usually served at breakfast 
time and the majority of families might have preferred animal based products such as honey, cheese, eggs, olive, 
and pastry foods instead of jam-marmalade foods leading to monthly low rate and spending levels.  

Table 1. Descriptive statistics for the variables 

Variables Definition Mean Std. Dev. 
Dependent Variables 
Sugar Monthly real expenditures on sugar among all households (༲ 

per month) 
 

13.839 
 

22.695 
Percentage of households who spend on sugar (%) 73.2  

Jam-Marmalade Monthly real expenditures on jam-marmalade among all 
households (༲ per month) 

 
3.729 

 
13.144 

Percentage of households who spend on jam-marmalade 
products (%) 

 
20.3 

 

Confectioneries Monthly real expenditures on confectionery products among 
all households (༲ per month) 

 
12.908 

 
18.887 

Percentage of households who spend on confectionery 
products (%) 

 
79.2 

 

Independent Variables 
Age HRXVehROd head¶V age (year) 46.511 12.553 
Gender 1 if the householder is male, 0 otherwise 0.888 0.316 
CmpIns 1 if the householder has a compulsory health insurance, 0 

otherwise 
 

0.736 
 

0.441 
GrnCrd 1 if the household head receives health support from the 

government, 0 otherwise 
 

0.104 
 

0.306 
Maritsatat 1 if the householder is married, 0 otherwise 0.879 0.326 
Employed 1 if the householder currently is employed, 0 otherwise 0.706 0.456 
IncAid 1 if the family receives cash and/or in-kind aid from the 

government, 0 otherwise 
 

0.100 
 

0.300 
Workngp Number of working people in a family 1.115 0.812 
PrvtHouse 1 if the family resides in a private house, 0 otherwise 0.391 0.488 
Apartment 1 if the family lives in an apartment, 0 otherwise 0.517 0.500 
Homowner 1 if the family owns in his residing house, 0 otherwise 0.659 0.474 
Renters 1 if the family lives in a rented house, 0 otherwise 0.245 0.430 
Urban 1 if the family lives in urban, 0 otherwise 0.683 0.465 
Internet 1 if the family has an access to Internet at home, 0 otherwise 0.171 0.377 
Fmlytyp1 1 if a couple is only with one kid, 0 otherwise 0.182 0.386 
Fmlytyp2 1 if a couple is only with two kids, 0 otherwise 0.225 0.418 
Fmlytyp3 1 if a couple is only with three kids, 0 otherwise 0.175 0.380 
Fmlytyp4 1 if a couple is without kids, 0 otherwise 0.137 0.344 
Fmlytyp5 1 if a couple is more than three kids, 0 otherwise 0.174 0.379 
Kids0-5 Number of kids aged between 0-5 years 0.395 0.693 
Kids6-14 Number of kids aged between 6-14 years 0.727 1.018 
Kids15-19 Number of kids aged between 15-19 years 0.375 0.676 
Adultnmb Number of adults who aged more than 19 years in a family 1.498 1.059 
Educn Householder education levels in years 6.820 4.189 
Income Family real monthly income (༲ 1000) 2.258 1.776 
# of obs. Number of observations 124,650 

 

The average amounts of household spending for sugar and confectionery products in Turkey during the period of 
2002-2013 were shown in Table 2. Although the real spending for all three products remained stable during these years 
for the low-income families (LIFs), coefficient of variations of their monthly real spending for each food item within 
a year varies by more than 100% as compared to their own average amounts of spending. Therefore, there is a high 
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level of spending variability within a year even in the LIFs. On the other hand, while there is a considerable variability 
in the coefficient of variation for sugar and marmalade spending among the LIFs, there is a relatively similar level of 
variability in confectionery product spending. Besides, especially during the periods of world food crises (2003, 2006 
and 2008), the variabilities in annual spending among poor households are more apparent than volatilities of other 
years, while food spending averages decreased substantially. Consequently, world food crises, as expected, initially 
influenced the LIFs, and unless such families are financially supported on time, they may suffer from serious problems 
regarding balanced nutrition, education of children, healthcare access etc. Moreover, pregnant women in poor families 
may suffer problems like stillbirth, mental disorder and unproductivity at work.  

When we examine the annual variability between the LIFs and high-income families (HIFs) shown in Table 2, it 
can be observed that there is a vast difference between the two groups in terms of income due to the alteration of 
coefficient variations by less than 100%, while the annual real spending excluding the crisis periods are close to each 
other. The variability in the coefficient of variations for such food spending particularly in the HIFs diminishes with 
time. When we examine the monthly average real spending of households in Turkey for sugar and confectionery 
products, it is understood that there had been some sharp fluctuations in the monthly average real spending by the LIFs 
for sugar until 2007, and after this year it became stable with other food products. A similar fluctuation can be observed 
in confectionery products, though not very sharp. There have been relatively less fluctuations in jam and marmalade; 
and increases in the spending on these products in recent years, their real spending amounts have caught up with that 
of sugar. There were sharp fluctuations also in the spending of the LIFs before 2007. In recent years, these fluctuations 
have become stable for all groups due to the increase in spending of confectionery products. Although a decrease was 
observed in the annual real average jam and marmalade spending by HIFs, it was discovered that this average value 
was above sugar spending. Consequently, while HIFs spend more on jam and marmalade products as expected, the 
LIFs are clingier with sugar products. 

2.2. Econometric method 

In this study, the multivariate Tobit model was applied for estimating factors and their unitary (marginal) 
impacts on household expenditures on sugar and confectionery products. The monthly sugar and confectionery 
spending amounts of the households were divided into three sub-categories as sugar, jam-marmalade and 
confectionery products (chocolates, ice-creams and others). We work the system of censored equations as (Eq.1): 

( )max 0, , 1,2,3i i iq x iE Hc= + =          (Eq.1) 

Where i refers to food category, iE  are the predicted parameter vectors, and ( )1 2 3, ,H H H  are the residual terms 

distributed as trivariate normal with zero means, standard deviations ( )1 2 3, ,V V V , correlation matrix ijR Uª º= ¬ ¼  

and probability density function (pdf) ( )1 2 3, ,f H H H . Let 
( ) , 1,2,3i i

i
i

y x
z i

E
V
c�

= = , the k-variate standard 

normal function (pdf) as kI  and cumulative density function (cdf) as k)  if the likelihood function is to be defined 

(Tan et al. 2009). When the spending on all three products is positive and zeros, the likelihood contributions are 

the trivariate normal pdf ( )1 1 1
1 2 3 3 1 2 3, , ;cL z z z RV V V I� � �= and the trivariate normal cdf 
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, respectively. When one of the three spending is zeros (e.g., 
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where ( ) ( )2
2 12 13 23 23/ 1w U U U U= � �  and ( ) ( )2

3 13 12 23 23/ 1w U U U U= � � . Lastly, when two of three 

spending of products are zeros (e.g., 1 2 30, 0, 0y y y= = ! ), the likelihood contribution is: 

 ( )
( ) ( ) ( ) ( )

1 1 13 3 2 23 3 12 13 23
3 1 3 2 1/2 1/2 1/2 1/22 2 2 2

13 23 13 23

, ;
1 1 1 1

c
z z z zL z U U U U UV I

U U U U
�

§ ·� � �¨ ¸= )
¨ ¸� � � �© ¹

      (Eq.3) 

The likelihood contributions for other observations with one and two-zeros are based on equations (2) and (3), 
respectively, by rearranging the spending of the products so that the zeros come first (Tan et al., 2009). After 
obtaining estimates of the system, the unitary (marginal) effects of each exogenous variable on the conditional 
mean function of each spending is as follows: 

( )( )*| 0i ii

ik ik

E y yy
x x

w !w
=

w w
           

(Eq.4) 

Where ( ) ( )
( )

*| 0 i
i i i i

i

X
E y y X

X
I E

E V
E

! = +
)

 with suppressing j observations is the expected conditional 

mean spending of food product belonging to each sub-category i. The hypothesis which suggests that all pair cross 
correlation coefficients (e.g., in total three correlation coefficients) among the product pairs in the food categories 
are zero will be tested using the Wald statistical test. The zero hypotheses which suggest that there is no difference 
among the year variables for each food product will also be simultaneously determined using the same test. 
Similarly, the hypothesis states that the interaction of years with some key independent variables is zero, which 
will also be tested using the same test.
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Table 2. The descriptive statistics on the real sugar, jam
-m

arm
alade, and confectionery food spending of Turkish fam

ilies during the period 2002-2013. 
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2002 
 

24.04 
(28.14) 

117.0
6  

24.36 
(35.03) 

143.8
0  

25.38 
(30.80) 

121.3
6 

14.93 
(17.61) 

117.9
7  

23.85 
(35.59) 

149.2
2  

19.67 
(29.08) 

147.8
1 

10.97 
(16.73) 

152.5
5  

27.50 
(29.62) 

107.6
9  

16.72 
(21.42) 

128.1
0 

2003 
 

17.65 
(27.42) 

155.3
2  

17.04 
(28.54) 

167.4
8  

17.39 
(27.34) 

157.2
3 

14.66 
(17.07) 

116.3
9  

19.26 
()35.10 

182.2
7  

16.59 
(23.94) 

144.3
3 

7.01 
(10.84) 

154.5
8  

12.53 
(15.71) 

125.3
9  

8.84 
(12.53) 

141.7
6 

2004 
 

18.51 
(26.23) 

141.7
0  

14.62 
(23.68) 

161.9
2  

16.80 
(25.35) 

150.8
8 

14.76 
(21.37) 

144.8
5  

20.57 
(32.75) 

159.1
8  

17.26 
(25.91) 

150.0
5 

7.14 
(10.43) 

145.9
6  

11.90 
(12.59) 

105.8
5  

9.09 
(12.21) 

134.4
1 

2005 
 

31.05 
(33.77) 

108.7
6  

26.40 
(35.91) 

136.0
1  

28.25 
(33.95) 

120.2
0 

17.10 
(23.48) 

137.3
0  

26.64 
(41.96) 

157.4
9  

22.28 
(33.29) 

149.4
5 

14.60 
(18.52) 

126.8
0  

30.92 
(31.15) 

100.7
3  

20.66 
(23.45) 

113.4
9 

2006 
 

14.68 
(22.87) 

155.7
8  

12.00 
(19.82) 

165.1
2  

12.92 
(19.97) 

154.5
3 

12.45 
(13.33) 

107.1
2  

17.14 
(26.29) 

153.4
1  

14.68 
(19.77) 

134.7
1 

8.02 
(9.98) 

124.4
0  

12.02 
(13.76) 
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0  

9.72 
(11.91) 

122.4
3 

2007 
 

22.45 
(24.30) 

108.2
7  

18.77 
(23.33) 

124.3
2  

20.65 
(23.87) 

115.5
9 

13.10 
(12.82) 

97.83 
 

22.29 
(36.87) 

165.4
2  

17.37 
(26.72) 

153.8
3 

12.98 
(14.65) 

112.8
4  

27.75 
(27.69) 

99.79 
 

19.19 
(20.84) 

108.6
4 

2008 
 

21.90 
(26.92) 

122.9
2  

19.35 
(25.13) 

129.8
9  

19.92 
(23.75) 

119.2
1 

16.44 
(24.32) 

147.9
2  

29.31 
(60.98) 

208.0
5  

22.46 
(40.40) 

179.9
0 

13.51 
(17.19) 
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7  

30.46 
(29.50) 
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20.71 
(22.92) 

110.6
9 

2009 
 

22.71 
(26.08) 

114.8
6  

19.14 
(23.20) 

121.2
2  

20.98 
(25.80) 

122.9
8 

17.01 
(22.42) 

131.8
1  

27.25 
(74.86) 

274.6
9  

21.35 
(44.38) 

207.8
5 

14.68 
(18.41) 

125.4
4  

31.19 
(32.65) 

104.6
7  

20.56 
(24.10) 

117.2
1 

2010 
 

20.13 
(25.62) 

127.3
0  

17.11 
(29.68) 

173.5
1  

18.50 
(24.37) 

131.7
2 

13.79 
(18.79) 

136.3
1  

27.00 
(65.41) 

242.2
5  

20.33 
(38.40) 

188.8
4 

13.10 
(15.91) 

121.4
4  

28.78 
(28.56) 

99.25 
 

19.56 
(23.29) 

119.0
8 

2011 
 

19.57 
(22.30) 

113.9
6  

16.98 
(22.51) 

132.5
6  

17.50 
(21.57) 

123.2
2 

17.53 
(25.09) 

143.0
8  

25.37 
(39.56) 

155.9
5  

20.50 
(30.78) 

150.1
7 

12.86 
(15.96) 

124.1
2  

29.09 
(30.10) 

103.4
8  

19.81 
(22.69) 

114.51 

2012 
 

17.79 
(22.19) 
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4  

15.12 
(20.27) 
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7  

16.69 
(20.97) 
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3 
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(26.87) 
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0  

25.31 
(41.88) 

165.5
0  
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(36.06) 
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8 

13.77 
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0  
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4  
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(23.69) 
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2013 
 

18.41 
(25.03) 

135.9
4  

16.01 
(20.77) 

129.7
3  

17.16 
(22.82) 

133.0
5 

17.14 
(28.31) 

165.1
7  

22.23 
(34.02) 

153.0
4  

19.42 
(30.16) 

155.3
1 

13.56 
(17.62) 

129.9
5  

29.85 
(30.48) 

102.1
2  

20.85 
(23.48) 

112.58 

N
ote: a, b and c indicate the Low

-Incom
e Fam

ilies, H
igh-Incom

e Fam
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verall Fam
ilies, respectively.   
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3. Results and Discussion 

The Wald test results regarding sugar, jam-marmalade, and confectionery food spending was given in Table 3. 
The hypothesis that all of the correlation coefficients are equal to zero is rejected with a large level of statistical 
significance (Wald statistic = 6637, df = 3, p < 0.0001), indicating that these three products must be solved 
simultaneously within a system rather than a univariate Tobit model. The signs of the correlation coefficients 
between all pairs of expenditures are positive, showing that after controlling the independent variables in the 
system, the uncontrolled variables including measurement errors or other types of functional form errors that 
increase one of the categories of food spending will likely increase the other food expenditure, or vice versa. 
Consequently, there is a positive relationship between uncontrolled factors of the two expenditures in question. 
The combined effects of the years other than the reference year (2002) on spending of all three products are 
identified different from zero at least for one year (Wald statistic = 25.79, df = 11, p < 0.007), indicating that the 
mean expenditures differ statistically significantly across years2.  Results of Wald tests for some key independent 
variables interacted with years.  

Table 3. The Wald Test Results Regarding Sugar, Jam-Marmalade, and Confectionery Food Spending 

Hypothesis Statistics 
value 

Pr > ChiSq 

Sugar  
H0: ȕ fRU Year 2003 = « =   ȕ fRU YeaU 2013   = 0 25.79 0.007 
H0: ȕ fRU Age 2003 = « =   ȕ fRU Age 2013  = 0 175.44 <.0001 
H0: ȕ fRU GUQCUd 2003 = « =   ȕ fRU GUQCUd 2013  = 0 18.65 0.0676 
H0: ȕ fRU IncAid 2003 = « =   ȕ fRU IncAid 2013 = 0 12.06 0.3589 
H0: ȕ for Workngp 2003 = ...  =   ȕ fRU Workngp 2013 = 0 32.41 0.0007 
H0: ȕ fRU IQWeUQeW 2003 = « =   ȕ fRU IQWeUQeW 2013 = 0 8.88 0.6333 
H0: ȕ fRU EdXcQ 2003 = « =   ȕ fRU EdXcQ 2013 = 0 55.14 <.0001 
H0: ȕ fRU IQcRPe 2003 = ... =    ȕ fRU IQcRPe 2013 = 0 273.9 <.0001 
Jam and marmalade 
H0: ȕ fRU YeaU 2003 = « =   ȕ fRU YeaU 2013   = 0 9.13 0.6099 
H0: ȕ fRU Age 2003 = « =   ȕ fRU Age 2013  = 0 108.8 <.0001 
H0: ȕ fRU GUQCUd 2003 = « =   ȕ fRU GUQCUd 2013  = 0 9.82 0.5466 
H0: ȕ fRU IncAid 2003 = « =   ȕ fRU IncAid 2013 = 0 8.13 0.7018 
H0: ȕ fRU Workngp 2003 = ...  =   ȕ fRU Workngp 2013 = 0 21.12 0.0322 
H0: ȕ fRU IQWeUQeW 2003 = « =   ȕ fRU IQWeUQeW 2013 = 0 8.06 0.708 
H0: ȕ fRU EdXcQ 2003 = « =   ȕ fRU EdXcQ 2013 = 0 127 <.0001 
H0: ȕ fRU Income 2003 = ... =    ȕ fRU IQcRPe 2013 = 0 169.35 <.0001 
Confectionery products 
H0: ȕ fRU YeaU 2003 = « =   ȕ fRU YeaU 2013   = 0 25.71 0.0072 
H0: ȕ fRU Age 2003 = « =   ȕ fRU Age 2013  = 0 336.97 <.0001 
H0: ȕ fRU GUQCUd 2003 = « =   ȕ fRU GrnCrd 2013  = 0 35.06 0.0002 
H0: ȕ fRU IncAid 2003 = « =   ȕ fRU IncAid 2013 = 0 22.09 0.0237 
H0: ȕ fRU Workngp 2003 = ...  =   ȕ fRU Workngp 2013 = 0 24.41 0.0111 
H0: ȕ fRU IQWeUQeW 2003 = « =   ȕ fRU IQWeUQeW 2013 = 0 31.93 0.0008 
H0: ȕ fRU Educn 2003 = « =   ȕ fRU EdXcQ 2013 = 0 85.99 <.0001 
H0: ȕ fRU IQcRPe 2003 = ...  =   ȕ fRU IQcRPe 2013 = 0 772.08 <.0001 
H0: rho12 =«  =    UhR(n-1)n  = 0  6637 <.0001 

Table 4 shows the parameter estimates of the multivariate Tobit model and marginal effects of exogenous 
variables on the expected conditional mean spending for each product in question. Results show that all the pair 
cross-correlation coefficients among the spending amounts on sugar, jam-marmalade and confectionery products 
were found to be statistically significant.  

 
2 Although this result implies that the data of each year must be analyzed separately within a system, the presentation and 
interpretation of the twelve years times three variables (estimates and their marginal impacts of 36 equations) are impossible 
and therefore we remain with the pooled data. 
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According to results compared to the 2002 reference year, spending on sugar and jam-like food has declined 
over the years, while more spending on confectionery is emerging.  

By years, the age variable had different effects on the food spending of the three categories. Nonetheless, it has 
been identified that the families whose household heads have a green card spend different amounts both for sugar 
and confectionery products annually. It has also been identified that while only confectionery food product 
spending of the families who receive in-kind and financial aids differs annually, all three categories of food 
spending differ significantly as the numbers of working individuals changes yearly. The usage levels of the Internet 
annually contributed a significant difference on only confectionery food spending. However, changing the mean 
education levels of household heads by years resulted in different household spending for all staple foods. Similarly, 
changing the meaQ UeaO iQcRPe OeYeOV Rf hRXVehROdV b\ \eaUV had diffeUeQW VigQificaQW effecWV RQ hRXVehROd¶V 
monthly spending levels for the three food categories. All the results above indicate that yearly effects of different 
variables on the conditional mean expenditures of each food item are identified with varying impacts. For example, 
the change in the mean of exogenous variables of household heads over time had different impacts on all three 
food spending categories. 

The effects of only statistically significant exogenous variables on the conditional mean equations of the 
hRXVehROdV¶ fRRd e[SeQdiWXUeV fRU Whe WhUee SURdXcWV ZeUe giYeQ, becaXVe Whe VWXd\ iQcOXdeV YeU\ YaVW VXbjecWV 
UeOaWed WR each fRRd iWeP. TakiQg 2002 aV Whe UefeUeQce \eaU, Whe hRXVehROdV¶ PRQWhO\ Vpending on sugar and jam-
marmalade decreased, whilst confectionery product spending increased. For instance, according to the reference 
year 2002, the monthly households sugar spending in 2004 and 2012 increased by 6.65 and ༲ 5.05, respectively, 
whilst the jam-marmalade spending decreased by 0.69 and ༲ 0.43. On the other hand, confectionery product 
spending of the households in 2007 and 2012 increased by 2.42 and ༲ 4.74, respectively. There had been similar 
developments in other countries. Thus, there was a consistent and substantial decline in the total refined or added 
sugar consumption in Australia and a modest reduction in refined sugar intake in the UK (Anonymous, 2003). 
However, these trends contrast with a sizeable increase in the intake of nutritive sweeteners in the USA 
(Anonymous, 2003; Chun et al., 2010) or sugar (sucrose) intake in China, India and South Asia (Ismail et al., 
1997). Added sugars are considered an important factor in the obesity crisis, and it is advised that strict guidelines 
be taken for added sugar intake (Johnson et al., 2009).  

The results revealed that many socio-demographic and economic factors of households and heads of 
households affected on household spending on the sugar and confectionery products. However, Rumm-Kreuter 
(2001) stressed also that dietary patterns in Mediterranean countries changed rapidly, and this could have been 
caused by the socio-economic changes in Europe over the past years (Tur et al., 2004). Despite that, Honkala et al. 
(2012) found that socio-demographics and economics factors were only weakly associated with the consumption 
of sugar-rich products.  

As household heads got one year older, the monthly households spending on sugar increased by ༲ 0.04, while, 
on the other hand, the monthly hRXVehROdV¶ VSeQdiQg RQ jaP-marmalade and confectionery products decreased by 
0.09 and ༲ 0.04, respectively. While the aging of household heads by years generally had positive impacts on the 
monthly sugar and jam-marmalade spending taking 2002 as the reference year, it had a negative impact on the 
expenditures of confectionery products. For example, compared to 2002, the age of the head of household 
iQcUeaVed Whe faPiOieV¶ PRQWhO\ VXgaU aQd jaP-marmalade spending in 2005 and 2013, but decreased the monthly 
households spending on confectionery products. Average life expectancy in Turkey has increased recently, and 
WhiV Pa\ iQcUeaVe hRXVehROdV¶ VSeQdiQg RQ VXgaU aQd PaUPaOade aQd decUeaVe VSeQdiQg RQ cRQfecWiRQeU\ SURdXcWV. 
The confectionery sector should take these developments into account in their business planning.   

While the monthly household sugar spending increased by ༲ 0.60 with male household heads, the spending on 
jam-marmalade and confectionery products decreased by 0.24 and ༲ 1.34, respectively, indicating that female head 
of households was more prone to these two products. To restrain spending on sugar and confectionery products, 
confectionery sectors and public policies should target different genders.      

Compared to the households have no compulsory health insurance, households holding a compulsory health 
insurance spent more on jam-marmalade and confectionery products by 0.19 and ༲ 2.06. These households 
monthly spent almost ༲ 2  more on confectionery products than that of the jam-marmalade. Compared to the 
reference year, the effect of each year was different from each other in the households owning a green card. The 
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family spending on these three types of food items decreased with household heads owning a green card, while 
their coefficients were found to be statistically insignificant. The Turkish government has tried to ignore all 
employees under insurance, and an increase in the ratio of insured people would increase spending on jam-
marmalade and confectionery products.    

The households with married household heads spent 1.1, 0.47, and ༲ 1.99 more on sugar, jam-marmalade, and 
confectionery products per month, respectively, whilst the household spending on the confectionery products was 
higher than their spending on the sugar and jam-marmalade. There was a downward trend for the ratio of married 
people in the households in Turkey, and this trend may increase their expenditures on confectionery products, 
while it may decrease their spending on jam and marmalade products.  

The households whose household heads had a job spent ༲ 0.54 more on sugar and ༲ 0.85 less on jam-marmalade 
than the households with unemployed head of households. According to the 2002 reference year, a change in the 
number of working individuals within the family each year had different effects on confectionery product spending. 
That is, according to the number of working individuals, families spent more on sugar in 2004 compared to 2002, 
while they spent less in 2013. Typically, as the number of working individuals increased within families, spending 
on sugar also increased. 

Households receiving cash/in kind aid spent more on each of the three products in all the years compared to 
that of 2002 as shown by the parameter coefficient of sugar which was statistically significant. Without considering 
years, households which received in kind and financial aid spent ༲ 3.82 less for sugar than households without the 
government support. The negative effects of the in-kiQd aQd fiQaQciaO aidV RQ PRQWhO\ hRXVehROdV¶ VSeQdiQg RQ 
sugar and confectionery products were probably due to the fact that these aids might have been used to meet other 
needs when the aid is provided in the form of cash, or they most probably received in-kind aid as sugar, jam-
marmalade or confectionery products. Musaiger (1993) stressed that subsidies for sugar use may influence dietary 
patterns in developing countries. Consequently, providing these food supports through food coupons can promote 
balanced nutrition.  

According to the 2002 reference year, a change in the number of working individuals in the family ach year 
had different effects on food spending. That is, according to the number of working individuals, the families spent 
༲ 1.41 more on sugar in 2004 compared to 2002, while they spent ༲ 0.97 less in 2013. Typically, as the number of 
working individuals increased, the sugar spending also increased by ༲ 0.80. 

 The households living at detached houses spent 1.30 and ༲ 1.04 less on sugar and jam-marmalade, respectively, 
than those households living in apartments. Households residing in apartments spent ༲ 2.46 more on sugar, while 
they spent ༲ 0.68 more on confectionery products than households residing at other dwellings. On the other hand, 
the households who resided in their own abodes spent ༲ 1.02 more on sugar,  0.22 and ༲ 0.35 less on jam-
marmalade and the confectionery products, respectively. Tenant families spent 0.46, 0.61 and ༲ 0.97 less on sugar, 
jam-marmalade and confectionery products, respectively, indicating that spending on rent had a negative effect on 
confectionery food spending among Turkish households.  

The households living in urban areas spent less on sugar (༲ 2.65), jam-marmalade (༲ 0.95) and confectionery 
products (༲ 0.22) per month than rural households. In the developing world, urbanization is highly correlated with 
access to confectionery products, greater access to modern mass media, better transportation systems, and larger 
modern supermarkets (Reardon et al., 2003). Grosso et al. (2013) also confirmed that rural adolescents in Southern 
Italy were more likely to consume sweets compared with urban ones. Contrary to these studies, our results showed 
that the households living in urban areas spent less on sugar, jam-marmalade and confectionery products per month 
compared to the rural households. It is considered that this was caused by the households living in rural areas using 
sugar and confectionery products for producing other products (e.g., pie, cake and confectionery products etc.) or 
such households receiving a rather limited proportion of food items (e.g., mostly produced at home) compared to 
urbanites who receive a variety of food products. The findings of Popkin and Nielsen (2003) are consistent with 
our results, which indicate that as residing in urban areas increased, so did sugar intake. However, other studies 
showed that there are minor or no substantial differences regarding diet composition of rural and urban children 
(Yannakoulia et al., 2004; Roma-Giannikou et al., 1994).  
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Households with Internet access spent ༲ 1.72 more on confectionery products (chocolate, ice-cream etc.) than 
those who do have an Internet at home. During the 12-year period, especially spending on confectionery food had 
significantly increased. In the future, a rapid increase in the ratio of households accessing the internet is expected. 
That is, it can be asserted that instant Internet access, frequent advertisement of confectionery products, sharing 
food recipes by women on social media and effective use of the internet by children would increase their spending 
on confectionery products. The variable of Internet use had no significant effect on spending on sugar and jam-
marmalade.  

The rising number of children in the family increases spending on confectionery products. While spending on 
confectionery products was ༲ 0.95 higher in single-child families, findings revealed the same spending to be 1.88 
and ༲ 1.79 higher in the families with two children and three or more children, respectively. As the number of 
children in a family raised, spending on sugar gradually decreased. In families with one child, sugar spending was 
༲ 0.69 less than that of the other family types. The result was 1.56 and ༲ 1.58 less in the families with two-children 
and those with three or more children, respectively. Similar results were also valid for the patriarchal families. As 
expected, the families with children spent less on sugar compared to confectionery products. However, the kids 
with each age group spent more for sugar than jam-marmalade and confectionery products. There was a downward 
trend in each group of children, and it is expected that household expenditures would decrease on each 
confectionery product. As the number of adults in the households increased, their expenditures on sugar and 
confectionery products increased as well.             

AV Whe edXcaWiRQaO OeYeO Rf hRXVehROd headV iQcUeaVed, Whe hRXVehROdV¶ VXgaU VSeQdiQg decUeaVed (༲ 0.10) while 
Whe hRXVehROdV¶ PRQWhO\ VSeQdiQg RQ cRQfecWiRQeU\ SURdXcWV iQcUeaVed b\ ༲ 0.36. Meanwhile, if year comparisons 
were considered, the effects of householder education level differed significantly from that of 2002. In Turkey, 
there was an upward trend of education level during the studied period, and it is expected that this trend would be 
the same in the future. As expected, since the importance of a balanced diet along with increased level of education 
is getting more pronounced, the households with higher educated heads decreased their spending on sugar 
significantly. However, this was not valid for the confectionery products.  

IQcUeaVeV iQ hRXVehROd iQcRPe URVe ZiWh Whe hRXVehROd¶V PRQWhO\ VSeQdiQg RQ VXgaU aQd cRQfecWiRQeU\ 
products. For example, when the monthly real income of the family increased by ༲ 1000, spending on sugar, jam-
marmalade and confectionery product increased by 0.11, 0.579 and ༲ 1.749, respectively. Notice that confectionery 
products were mostly influenced by the rise in the monthly income. Interestingly, compared to 2002, the changes 
iQ Whe hRXVehROdV¶ iQcRPe iQ each \eaU UefOecWed QegaWiYeO\ RQ Whe VSeQdiQg on the three category products. 
Conversely, Popkin and Nielsen (2003) found that as income per capita increased, so did sugar intake. An increase 
in the income level of the households is expected, and this may also increase their confectionery products 
expenditures. Thus, as in the past in the country, as per capita income continues to rise in the future, the 
confectionery industries will be happy to benefit from such developments.  

When 2002 is taken as reference year for comparison, there were statistically significant differences both 
between years and many interactions of some basic independent variables, with years found as statistically 
significant. While the variable of in-kind and financial aid had structurally changed annually and the variable of 
internet had no significant effect on sugar and jam-marmalade spending, changes in all other variables by years 
reflected in different ways on the spending. 
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Table 4. The Multivariate Tobit Model Results Regarding Sugar, Jam-Marmalade, and Confectionery Foods 
Variables Sugar Jam and marmalade Confectionery foods 

Coeff t value Pr> |t| ME Coeff t value Pr> |t| ME Coeff t value Pr> |t| ME 
Constant 4.834 3.010 0.003  -9.231 -2.880 0.004  -3.487 -2.950 0.003  
Year2003 -5.738 -3.290 0.001 -3.567 -3.459 -0.980 0.325 -0.687 -3.473 -2.680 0.007 -2.350 
Year2004 -10.693 -4.770 <.000

1 
-6.647 -3.449 -0.770 0.440 -0.685 -2.878 -1.740 0.082 -1.948 

Year2005 -0.451 -0.200 0.840 -0.280 -1.894 -0.430 0.668 -0.376 3.891 2.370 0.018 2.633 
Year2006 -4.074 -1.790 0.073 -2.532 -1.060 -0.240 0.812 -0.210 -0.935 -0.560 0.575 -0.633 
Year2007 -5.190 -2.300 0.021 -3.226 -1.933 -0.440 0.660 -0.384 3.569 2.160 0.031 2.415 
Year2008 -6.431 -2.760 0.006 -3.998 -2.683 -0.600 0.547 -0.533 2.541 1.510 0.132 1.720 
Year2009 -3.893 -1.790 0.074 -2.420 -1.673 -0.400 0.688 -0.332 2.822 1.780 0.075 1.910 
Year2010 -4.712 -2.140 0.032 -2.929 -1.982 -0.470 0.635 -0.394 4.871 3.060 0.002 3.297 
Year2011 -8.018 -3.610 0.000 -4.984 -3.228 -0.770 0.439 -0.641 3.725 2.330 0.020 2.521 
Year2012 -8.126 -3.650 0.000 -5.051 -2.145 -0.510 0.611 -0.426 7.002 4.370 <.000

1 
4.739 

Year2013 -6.046 -2.710 0.007 -3.758 -3.324 -0.790 0.432 -0.660 5.537 3.440 0.001 3.747 
Age2003  0.008 0.280 0.777 0.005 0.010 0.170 0.862 0.002 0.035 1.600 0.109 0.023 
Age2004 0.073 2.020 0.044 0.045 0.061 0.830 0.406 0.012 0.058 2.160 0.030 0.040 
Age2005  0.092 2.560 0.010 0.057 0.076 1.050 0.293 0.015 -0.003 -0.130 0.898 -0.002 
Age2006 -0.048 -1.300 0.195 -0.030 0.038 0.510 0.607 0.008 0.055 2.010 0.045 0.037 
Age2007  0.060 1.630 0.102 0.037 0.095 1.320 0.188 0.019 -0.023 -0.840 0.403 -0.015 
Age2008  0.068 1.820 0.068 0.042 0.165 2.290 0.022 0.033 -0.001 -0.040 0.966 -0.001 
Age2009 -0.006 -0.180 0.858 -0.004 0.172 2.500 0.012 0.034 0.012 0.450 0.655 0.008 
Age2010  -0.014 -0.390 0.694 -0.009 0.187 2.730 0.006 0.037 -0.030 -1.160 0.247 -0.020 
Age2011 0.026 0.730 0.462 0.016 0.283 4.190 <.000

1 
0.056 -0.004 -0.160 0.876 -0.003 

Age2012  0.028 0.780 0.437 0.017 0.197 2.890 0.004 0.039 -0.063 -2.430 0.015 -0.042 
Age2013 0.023 0.630 0.527 0.014 0.206 3.000 0.003 0.041 -0.028 -1.070 0.286 -0.019 
Age 0.070 2.740 0.006 0.043 -0.473 -9.100 <.000

1 
-0.094 -0.065 -3.410 0.001 -0.044 

Gender 0.961 2.330 0.020 0.598 -1.208 -1.590 0.111 -0.240 -1.983 -6.670 <.000
1 

-1.342 

Com.Ins.  -0.061 -0.250 0.801 -0.038 0.593 1.240 0.215 0.118 3.041 17.030 <.000
1 

2.058 

GrnCrd2003 -2.173 -1.180 0.240 -1.351 -0.066 -0.020 0.988 -0.013 1.470 1.010 0.313 0.995 
GrnCrd2004 1.794 0.860 0.392 1.115 0.687 0.150 0.884 0.136 0.834 0.510 0.609 0.565 
GrnCrd2005 6.585 3.460 0.001 4.093 0.953 0.220 0.823 0.189 1.826 1.220 0.221 1.236 
GrnCrd2006 -0.499 -0.270 0.790 -0.310 1.447 0.350 0.729 0.287 3.002 2.050 0.041 2.032 
GrnCrd2007 3.385 1.820 0.068 2.104 0.925 0.220 0.823 0.184 1.058 0.730 0.467 0.716 
GrnCrd2008 0.195 0.120 0.908 0.121 1.644 0.430 0.665 0.326 5.266 3.960 <.000

1 
3.564 

GrnCrd2009 1.856 1.010 0.315 1.154 1.597 0.390 0.696 0.317 2.679 1.850 0.064 1.813 
GrnCrd2010 0.900 0.490 0.628 0.560 0.733 0.180 0.858 0.146 2.324 1.610 0.108 1.573 
GrnCrd2011 0.651 0.340 0.736 0.405 0.927 0.220 0.825 0.184 1.564 1.040 0.296 1.058 
GrnCrd2012 -0.250 -0.120 0.901 -0.155 0.611 0.140 0.888 0.121 0.447 0.290 0.773 0.302 
GrnCrd2013 1.547 0.800 0.426 0.962 0.918 0.220 0.829 0.182 2.629 1.730 0.083 1.779 
GrnCrd -0.505 -0.320 0.749 -0.314 -2.898 -0.800 0.425 -0.575 -1.665 -1.320 0.186 -1.127 
Maritstat 1.761 3.980 <.000

1 
1.095 -2.389 -2.890 0.004 -0.474 2.942 9.180 <.000

1 
1.991 

Employed -0.874 -3.160 0.002 -0.544 -4.256 -8.050 <.000
1 

-0.845 0.085 0.420 0.674 0.058 

IncAid2003 3.968 1.700 0.089 2.467 2.083 0.420 0.674 0.414 0.216 0.130 0.900 0.146 
IncAid2004 3.995 1.730 0.083 2.483 1.465 0.300 0.763 0.291 0.165 0.100 0.922 0.112 
IncAid2005 5.918 2.600 0.009 3.679 0.800 0.170 0.868 0.159 2.960 1.770 0.077 2.003 
IncAid2006 5.171 2.270 0.023 3.214 1.304 0.270 0.786 0.259 -0.050 -0.030 0.976 -0.034 
IncAid2007 6.983 3.080 0.002 4.341 1.378 0.290 0.774 0.274 0.903 0.540 0.588 0.611 
IncAid2008 4.266 1.900 0.058 2.652 0.444 0.090 0.926 0.088 2.835 1.720 0.085 1.919 
IncAid2009 4.304 1.830 0.068 2.676 1.422 0.290 0.773 0.282 0.714 0.410 0.679 0.483 
IncAid2010 4.826 2.010 0.045 3.000 0.490 0.100 0.923 0.097 0.694 0.390 0.694 0.470 
IncAid2011 5.128 2.110 0.035 3.187 1.110 0.220 0.826 0.220 -0.144 -0.080 0.936 -0.097 
IncAid2012 4.868 1.970 0.049 3.026 0.870 0.170 0.866 0.173 0.450 0.250 0.804 0.304 
IncAid2013 4.298 1.770 0.077 2.672 1.583 0.310 0.755 0.314 0.573 0.320 0.748 0.387 
IncAid -6.149 -2.900 0.004 -3.822 -2.551 -0.560 0.574 -0.506 -0.914 -0.590 0.558 -0.619 
Workngp2003 0.176 0.390 0.698 0.109 -1.043 -1.120 0.262 -0.207 -0.262 -0.770 0.441 -0.177 
Workngp2004 2.264 4.040 <.000

1 
1.408 -0.024 -0.020 0.983 -0.005 -0.562 -1.340 0.180 -0.380 

Workngp2005 0.887 1.640 0.100 0.551 0.385 0.350 0.723 0.076 -0.181 -0.450 0.652 -0.123 
Workngp2006 -2.077 -3.760 0.000 -1.291 0.785 0.710 0.477 0.156 -0.357 -0.870 0.384 -0.242 
Workngp2007 -0.556 -1.040 0.301 -0.346 0.275 0.260 0.799 0.055 0.256 0.640 0.521 0.173 
Workngp2008 -1.142 -2.040 0.041 -0.710 -0.464 -0.420 0.672 -0.092 -0.038 -0.090 0.927 -0.025 
Workngp2009 -0.249 -0.480 0.632 -0.155 -0.817 -0.800 0.425 -0.162 -0.061 -0.160 0.873 -0.041 
Workngp2010 -0.669 -1.250 0.211 -0.416 -0.453 -0.430 0.666 -0.090 0.313 0.790 0.427 0.212 
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Workngp2011 -0.764 -1.380 0.167 -0.475 -0.114 -0.110 0.915 -0.023 -0.183 -0.450 0.652 -0.124 
Workngp2012 -0.924 -1.680 0.092 -0.574 0.360 0.340 0.735 0.071 -1.099 -2.730 0.006 -0.744 
Workngp2013 -1.567 -2.840 0.005 -0.974 0.054 0.050 0.960 0.011 -0.511 -1.270 0.205 -0.346 
Workngp 1.294 3.160 0.002 0.804 -1.272 -1.530 0.127 -0.252 -0.050 -0.160 0.870 -0.034 
PrvtHouse -1.993 -5.150 <.000

1 
-1.239 -5.238 -6.680 <.000

1 
-1.040 -0.302 -1.040 0.297 -0.204 

Apartment -3.949 -10.580 <.000
1 

-2.455 -1.289 -1.710 0.087 -0.256 0.997 3.580 0.000 0.675 

Homenowner 1.645 5.750 <.000
1 

1.023 -1.119 -2.090 0.037 -0.222 -0.510 -2.490 0.013 -0.345 

Renters -0.741 -2.410 0.016 -0.461 -3.068 -5.340 <.000
1 

-0.609 -1.439 -6.560 <.000
1 

-0.974 

Urban -4.259 -20.670 <.000
1 

-2.647 -4.777 -11.940 <.000
1 

-0.948 -0.328 -2.170 0.030 -0.222 

Internet2003 -0.774 -0.370 0.715 -0.481 1.059 0.280 0.777 0.210 -1.195 -0.790 0.429 -0.809 
Internet2004 0.405 0.160 0.874 0.252 0.902 0.200 0.840 0.179 -0.419 -0.230 0.819 -0.284 
Internet2005 -2.202 -0.900 0.367 -1.369 -0.855 -0.200 0.842 -0.170 -1.138 -0.650 0.514 -0.770 
Internet2006 1.201 0.560 0.577 0.746 1.652 0.430 0.664 0.328 -1.704 -1.110 0.265 -1.153 
Internet2007 0.317 0.160 0.875 0.197 0.339 0.090 0.925 0.067 1.177 0.810 0.415 0.796 
Internet2008 -0.083 -0.040 0.966 -0.051 0.667 0.190 0.847 0.132 0.352 0.250 0.801 0.238 
Internet2009 -0.670 -0.350 0.728 -0.416 1.962 0.580 0.564 0.390 -0.072 -0.050 0.958 -0.049 
Internet2010 0.100 0.050 0.959 0.062 0.743 0.220 0.826 0.148 -0.215 -0.160 0.875 -0.146 
Internet2011 0.404 0.210 0.833 0.251 0.332 0.100 0.922 0.066 -0.709 -0.520 0.603 -0.480 
Internet2012 -0.090 -0.050 0.963 -0.056 1.500 0.440 0.657 0.298 -0.388 -0.280 0.776 -0.262 
Internet2013 0.279 0.150 0.884 0.173 0.541 0.160 0.873 0.107 -0.994 -0.730 0.465 -0.673 
Internet -1.802 -1.010 0.313 -1.120 0.541 0.170 0.864 0.107 2.543 2.000 0.046 1.721 
Fmlytyp1 -1.117 -2.290 0.022 -0.694 -1.797 -1.970 0.049 -0.357 1.410 4.000 <.000

1 
0.954 

Fmlytyp2 -2.506 -5.190 <.000
1 

-1.558 -1.242 -1.370 0.171 -0.247 2.781 7.950 <.000
1 

1.882 

Fmlytyp3 -2.545 -4.930 <.000
1 

-1.582 0.458 0.470 0.638 0.091 2.644 7.050 <.000
1 

1.790 

Fmlytyp4 1.513 2.960 0.003 0.941 0.531 0.550 0.580 0.105 -0.677 -1.820 0.069 -0.459 
Fmlytyp5 -2.905 -5.820 <.000

1 
-1.806 0.273 0.290 0.771 0.054 2.873 7.900 <.000

1 
1.945 

Kids0-5age 3.271 24.590 <.000
1 

2.033 -2.290 -8.810 <.000
1 

-0.455 1.182 12.120 <.000
1 

0.800 

Kids6-14age 3.886 38.850 <.000
1 

2.415 0.984 5.090 <.000
1 

0.195 1.420 19.310 <.000
1 

0.961 

Kids15-19age 3.327 25.410 <.000
1 

2.068 -0.347 -1.380 0.169 -0.069 0.840 8.750 <.000
1 

0.569 

Adultnmb 3.717 34.240 <.000
1 

2.311 2.229 10.920 <.000
1 

0.442 0.329 4.120 <.000
1 

0.223 

Educn2003 -0.024 -0.240 0.807 -0.015 -0.045 -0.240 0.813 -0.009 -0.265 -3.690 0.000 -0.179 
Educn2004 -0.115 -0.950 0.340 -0.072 0.010 0.040 0.965 0.002 -0.261 -2.940 0.003 -0.177 
Educn2005 -0.309 -2.520 0.012 -0.192 0.014 0.060 0.953 0.003 -0.137 -1.530 0.127 -0.093 
Educn2006 -0.060 -0.490 0.627 -0.037 -0.042 -0.180 0.857 -0.008 -0.421 -4.710 <.000

1 
-0.285 

Educn2007 -0.134 -1.100 0.271 -0.083 0.050 0.220 0.829 0.010 -0.061 -0.690 0.492 -0.041 
Educn2008 -0.135 -1.130 0.259 -0.084 0.233 1.050 0.296 0.046 0.021 0.240 0.811 0.014 
Educn2009 -0.019 -0.160 0.871 -0.012 0.070 0.320 0.747 0.014 0.005 0.050 0.957 0.003 
Educn2010 -0.264 -2.260 0.024 -0.164 -0.044 -0.210 0.837 -0.009 -0.074 -0.880 0.377 -0.050 
Educn2011 -0.126 -1.070 0.285 -0.078 -0.047 -0.220 0.828 -0.009 -0.012 -0.140 0.889 -0.008 
Educn2012 -0.071 -0.600 0.547 -0.044 -0.135 -0.620 0.537 -0.027 -0.079 -0.930 0.352 -0.054 
Educn2013 -0.308 -2.610 0.009 -0.191 0.149 0.690 0.493 0.030 -0.027 -0.320 0.751 -0.018 
Educn -0.168 -2.020 0.044 -0.104 0.250 1.560 0.119 0.050 0.531 8.690 <.000

1 
0.359 

Income2003 -0.305 -1.330 0.184 -0.190 0.319 0.780 0.433 0.063 -1.490 -8.940 <.000
1 

-1.008 

Income2004 -0.916 -3.240 0.001 -0.570 -0.669 -1.340 0.181 -0.133 -1.629 -7.970 <.000
1 

-1.102 

Income2005 -0.143 -0.490 0.621 -0.089 0.175 0.340 0.734 0.035 0.379 1.800 0.072 0.256 
Income2006 -0.190 -0.680 0.498 -0.118 -0.406 -0.810 0.418 -0.081 -1.543 -7.640 <.000

1 
-1.044 

Income2007 0.001 0.000 0.998 0.001 -0.400 -0.790 0.429 -0.079 -0.134 -0.650 0.516 -0.090 
Income2008 0.167 0.600 0.551 0.104 -0.169 -0.350 0.726 -0.034 0.082 0.410 0.681 0.056 
Income2009 -0.071 -0.260 0.792 -0.044 -0.296 -0.640 0.523 -0.059 -0.019 -0.100 0.922 -0.013 
Income2010 0.042 0.150 0.880 0.026 -0.228 -0.480 0.634 -0.045 -0.263 -1.330 0.184 -0.178 
Income2011 -0.205 -0.770 0.442 -0.127 -0.839 -1.850 0.064 -0.167 -0.171 -0.910 0.364 -0.116 
Income2012 -0.256 -0.940 0.347 -0.159 -0.511 -1.100 0.273 -0.102 0.208 1.050 0.295 0.141 
Income2013 -0.218 -0.810 0.419 -0.135 -1.006 -2.170 0.030 -0.200 -0.055 -0.290 0.772 -0.037 
Income 0.177 0.920 0.359 0.110 2.914 8.550 <.000

1 
0.579 2.650 19.000 <.000

1 
1.794 

Sigma (Std S) 26.464 412.200 <.000
1 

 38.06
7 

185.190 <.000
1 

 -3.487 -2.950 0.003  
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Rho (a.b) 0.078 19.410 <.000
1 

         

Rho (a.c)         0.064 20.920 <.000
1 

 

Rho (b.c)     0.136 36.560 <.000
1 

     

Note: a: Sugar, b: Jam and marmalade, c: Confectionery products, and ME refers to marginal effects 

4. Conclusions 

It is of utmost importance to know the silent driving forces that shape food expenditures at the household scale 
in determining food and health policies on the country scale. In this study, we, therefore, analyzed the possible 
effects of changes in the socio-demographic and economic structures at the household scale in Turkey during the 
period of 2002-2013 on monthly expenditures of sugar, jam-marmalade, and confectionery products using the 
multivariate Tobit model. Information on sugar and confectionery spending by Turkish households facilitates the 
segmentation of food marketing on the one hand and helps us provide more meaningful information to both 
industry stakehROdeUV aQd SROic\PakeUV RQ Whe RWheU haQd. WheQ Ze fRcXV RQ Whe faPiO\¶V VSeQdiQg RQ WhUee kiQdV 
of food; first, the statistical test result shows that each year has a unique expenditure structure in all three products 
considered. Secondly, compared to the 2002 reference year, spending on sugar and jam-like food has declined 
over the years, while more spending on confectionery is emerging, possibly indicating increased income and health 
sensitivity over the years by families. On the other hand, increased spending on confectionery products may be 
due to increased family income, which may cause the family to socialize by spending more spare time in places 
such as restaurants including fast-food places and patisseries, thus consuming more confectionery food. As health 
awareness increases with increasing income among families, a decrease in food expenditures that threaten human 
health is actually an expected result. However, it can be expected that the demand for various confectionery foods 
discovered with socialization will decrease as a result of a gradual understanding of their direct and indirect side 
effects on human health. Meanwhile, health policies in the country should have priority to determine the harmful 
effects of such foods on human health through the written, visual media, and public spots. 

Considering the latent effect of some variables on income, for example, as increasing education level and 
increasing the number of working people in a household are considered to be related to income, slight 
improvements in these may trigger the family income. In this context, it is extremely important for policymakers 
to attract the family to healthier foods with the help of intensive food campaigns and public spots. To further 
increase the impact, it would be of great benefit to lead food programming studies that support the driving factors 
in which they play a reducing role in these three types of food expenditures. In particular, monitoring supportive 
food programs for women who are in charge of the household may have a relatively slowing effect on the 
consumption of these sugary foods as compared to their non-sugary peers. In another example, by focusing on 
more nutritious food in families in need of food aid, the government can both prioritize the growth of healthy 
generations in the future and increase the roles of important drivers such as work productivity nationwide. 

FXWXUe VWXdieV RQ Whe TXUkiVh hRXVehROdV¶ VSeQdiQg RQ VXgaU, jaP-marmalade, and confectionery products may 
be strengthened by including assessment of the household panel data to capture both the cross section and time 
variant variabilities among the corresponding food spending equations. Also, by relaxing the assumption of each 
spending on sugar, jam-marmalade, and confectionery products presumed independent from the other basic food 
sub-categories, more dependencies among expenditures of the basic food staples can be examined without the 
failure of finding optimal solutions to multivariate censored regimes, if the computer capacity allows to do so. The 
findings in this study can be used by the confectionery sector to make their production and marketing plans. The 
government can also use these findings to estimate future demand and expenditure patterns of Turkish households 
on sugar, jam-marmalade, and confectionery products. 
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Y�ksek Enerjili Yemlere Biberiye Yapra÷Õ (Rosmarinus officinalis) ølavesinin, YumurtacÕ 
Tavuklarda Performans, Yumurta Kalite Kriterleri, Serum Lipit Profili ve Karaci÷er 
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The Effect of Rosemary Leaves (Rosmarinus officinalis) Addition to Diets with High Energy 
on Laying Hen Performance, Egg Quality Parameters, Serum Lipid Profile and Liver Fat Rate 

 
Hilal hRhùAN1 

 

Özet 
AUaúWÕUPada \XPXUWacÕ WaYXk UaV\RQOaUÕQa ekOeQeQ bibeUi\e \aSUa÷ÕQÕQ (Rosmarinus officinalis) performans, 
\XPXUWa kaOiWe kUiWeUOeUi, VeUXP OiSiW SURfiOi Ye ba]Õ aQWiRkVidaQ eQ]iPOeU iOe kaUaci÷eU \a÷ RUaQÕ �]eUiQe ROaQ 
eWkiOeUiQiQ beOiUOeQPeVi aPaoOaQPÕúWÕU. daOÕúPada 70 hafWaOÕk \aúWa WRSOaP 120 adeW LRhPaQ LSL hibUiW \XPXUWacÕ 
WaYXkOaU kXOOaQÕOPÕú ROXS, beú gUXba a\UÕOPÕú (Q=24) Ye heU gUXS aOWÕ WekeUU�UO� ROaUak \�U�W�OP�úW�U. BiUiQci gUXS 
bazal yemle (kontrol), ikinci grup yüksek enerjili yem (3020 kcal kg-1) ile, 3, 4. ve 5. gruplar ise yüksek enerjili 
(YE) \ePe VÕUaVÕ\Oa 5, 10, 15 g kg-1 bibeUi\e \aSUa÷Õ iOaYe ediOeQ \ePOeUOe 8 hafWa V�UeViQce beVOeQPiúWiU.  

DeQePe baúÕ caQOÕ a÷ÕUOÕk (CA), \ePdeQ \aUaUOaQPa RUaQÕ Ye \XPXUWa a÷ÕUOÕ÷Õ bakÕPÕQdaQ gUXSOaU aUaVÕQda 
faUkOÕOÕkOaU |QePVi] bXOXQPXúWXU. DeQePe VRQX CA, kRQWURO gUXbXQda \�kVek di÷eU gUXSOaUda d�ú�k bXOXQPXúWXU. 
BibeUi\e iOaYe ediOPe\eQ \�kVek eQeUjiOi \eP iOe beVOeQeQ gUXSWa \eP W�keWiPi Ye \XPXUWa YeUiPi d�úP�úW�U. 
Muamele grupOaUÕ aUaVÕQda, \XPXUWa ak, VaUÕ ve kabXk RUaQÕ, HaXgh biUiPi, úekiO indeksi Ye kabXk kaOÕQOÕ÷Õ 
de÷eUOeUi bakÕPÕQdaQ istatistiksel olarak önePOi biU faUkOÕOÕk g|U�OPePiúWiU (P>0.05). Bununla birlikte, yXPXUWacÕ 
WaYXk UaV\RQOaUÕQa bibeUi\e iOaYeVi \XPXUWa VaUÕ UeQgiQi Ye kÕUÕOPa PXkaYePeWiQi |QePOi RUaQda aUWtÕUPÕúWÕU. SeUXP 
GP[ de÷eUiQiQ YE+15 g kg-1 biberiye grubunda önemli derecede yükseOdi÷i g|U�OP�úW�U (P<0.001). Yüksek 
enerjili yePOeUe bibeUi\e iOaYeViQiQ SOa]Pa WUigOiVeUiW Ye VLDL RUaQÕQÕ d�ú�Ud�÷� WeVSiW ediOPiúWiU. En yüksek 
kaUaci÷eU a÷ÕUOÕ÷Õ Ye kaUaci÷eU \a÷ RUaQÕ YE+0 g kg-1 gUXbXQda VaSWaQPÕúWÕU (P<0.001). Biberiye \aSUa÷Õ ilave 
ediOeQ b�W�Q gUXSOaUda kaUaci÷eU \a÷ RUaQÕ d�ú�k bXOXQPXúWXU. 

SRQXo ROaUak; \�kVek eQeUjiOi \XPXUWa WaYX÷X UaV\RQOaUÕQa bibeUi\e \aSUa÷Õ iOaYeViQiQ kÕUÕOPa PXkaYePeWi, 
\XPXUWa VaUÕ UeQgi, VeUXP WUigOiVeUiW de÷eUi, VLDL RUaQÕ, kaUaci÷eU a÷ÕUOÕ÷Õ, kaUaci÷eU \a÷ RUaQÕ Ye GP[ eQ]iP 
akWiYiWeViQi ROXPOX \|Qde eWkiOedi÷i WeVSiW ediOPiúWiU. 

Anahtar Kelimeler: Antioksidan enzimler, Biberiye (Rosmarinus officinalis), KaUaci÷eU \a÷OaQPaVÕ, SeUXP OiSiW SURfiOi, 
YXPXUWacÕ WaYXk. 
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Abstract 
In this study, it was aimed to determine the effects of rosemary leaves (Rosmarinus officinalis) added to laying 
hen diets on performance, egg quality, serum lipid profile, some antioxidant enzymes and liver fat ratio. A total of 
120 Lohman LSL hybrid laying hens at the age of 70 weeks was used in the study, divided into five groups (n=24) 
and each group was carried out with six replications. The first group was with basal feed (control), the second 
group was with high energy (3000 kcal kg-1) feed, and the 3rd, 4th and 5th groups were with feeds that added 5, 
10 and 15 g kg-1 rosemary leaves, respectively, to high energy (HE) diet. It was fed for 8 weeks. 

At the beginning of experiment, there was no statistically significant difference between the groups in initial body 
weight, feed conversion ratio and egg weight. At all treatment groups final body weight decreased except control 
group. Feed consumption and egg production decreased in the group that fed with high energy (HE) feed that was 
not added rosemary. There was no statistically significant difference between the groups in albumen, yolk and 
shell weight, Haugh units, shape index and shell thickness (P>0.05). Although, the addition of rosemary to laying 
hen rations significantly increased yolk color and shell breaking strength. Serum GPx value was found to increase 
significantly with the addition of HE+15 g kg-1 rosemary leaf (P<0.001). It has been determined that the addition 
of rosemary to the feed decreases the plasma triglyceride and VLDL ratio. Liver weight was found to be high in 
HE+0 g kg-1 group (P<0.001). The liver fat rate was low in all groups that added rosemary leaves.  

As a result; it might be said that the addition of rosemary leaves to high energy laying hen diets positively affects 
shell breaking strength, yolk color, serum triglyceride value, VLDL ratio, liver weight, liver fat ratio and GPx 
enzyme activity. 

 

Keywords: Antioxidant enzymes, Rosemary (Rosmarinus officinalis), Fatty liver, Serum lipid profile, Laying hen. 
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1. Giriú 

Biberiye (Rosmarinus officinalis L.), Lamiaceae (BaOOÕbabagiOOeU) faPiO\aVÕQa aiW oRk \ÕOOÕk aURPaWik biU biWki 
W�U�d�U. YaSÕVÕQda; eWeUik \a÷OaU, diWeUSeQ feQROOeU (kaUQRVik asit, karnolsol, rosmanol), fenolik asitler (rosmarinik 
aViW) Ye fOaYaQRidOeU (XUVROik aViW, ROeaQROik aViW) gibi biUoRk biOeúik YaUdÕU (EPaQ, 2019). YaSÕOaQ oaOÕúPaOaUda 
biberiyenin, ioeUi÷iQdeki \�kVek feQROik biOeúikOeUdeQ dROa\Õ aQWiPikURbi\aO, aQWiRksidan, antikanserojen, lipit 
oksidasyonunu indükleyici Ye kaUaci÷eU fRQkVi\RQOaUÕQÕ d�]eQOe\ici eWki\e VahiS ROdX÷X biOdiUiOPiúWiU (TRUki Ye 
ark., 2018;YeúiOba÷, 2018).   

BibeUi\e iOe \aSÕOaQ oRk Va\Õda oaOÕúPa ROPaVÕQa Ua÷PeQ, bibeUi\eQiQ heSaWRSURWekWif |]eOOi÷i \|Q�Qde \aSÕOaQ 
oRk a] Va\Õda aUaúWÕUPa YaUdÕU. KaQaWOÕ ha\YaQOaUÕQ kafeVWe \eWeUOi aOaQ bXOaPaPaVÕ Ye yüksek enerjili rasyon ile 
beslenmesi sonucu ³Ya÷OÕ KaUaci÷eU SeQdURPX´ adÕ YeUiOeQ PeWabROik bR]XkOXk g|U�OPekWediU. Ya÷OÕ kaUaci÷eU 
sendromunda, ekRQRPik ka\ÕS fa]Oa ROPakWadÕU. BX ka\bÕ eQ a]a iQdiUebiOPek ioiQ, WaYXkOaUÕQ UaV\RQOaUÕQa 
OiSRWURSik eWkiOi biOeúikOeUiQ kaWÕOPaVÕ geUekPekWediU. 

BibeUi\eQiQ \XPXUWa WaYXkOaUÕ UaV\RQOaUÕQda kXOOaQÕPÕQÕQ, kaUaci÷eU \a÷OaQPaVÕ �]eUiQe etkilerini ortaya 
koyan oRk a] Va\Õda aUaúWÕUPa PeYcXWWXU (Loetscher ve ark., 2013; Mousavi ve ark., 2017). Bu nedenle, oaOÕúPada 
\�kVek eQeUjiOi \eP iOe beVOeQeQ \XPXUWacÕ WaYXk UaV\RQOaUÕQa ekOeQeQ Ye aQWiRkVidaQ, aQWiPikURbi\aO Ye 
hepatoprotektif |]eOOi÷i ROaQ bibeUi\e (Rosmarinus officinalis L.) bitkisinin yem tüketimi, yemden yararlanma 
RUaQÕ, \XPXUWa YeUiPi, \XPXUWa kabXk kaOiWeVi, VeUXP OiSiW SURfiOi, ba]Õ aQWiRkVidaQ eQ]iPOeU iOe kaUaci÷eU \a÷ RUaQÕ 
üzerine olan etkilerinin belirlenmesi amaçlaQPÕúWÕU. 

2. Materyal ve Metot 

2.1. Deneme gruplarÕnÕn oluúturulmasÕ ve deneme planÕ 

daOÕúPa\a baúOaPadaQ |Qce VeWeUiQeU KRQWURO MeUke] AUaúWÕUPa EQVWiW�V� M�d�UO�÷� YeUeO EWik KXUXOXQXQ 
RQa\Õ (OQa\ QXPaUaVÕ: 2020/01) aOÕQdÕ. AUaúWÕUPada 70 hafWaOÕk \aúWa toplam 120 adet Lohmann LSL hibrit yumurta 
WaYX÷X kXOOaQÕOdÕ. AUaúWÕUPa, 6 WekeUU�UO� ROacak úekiOde 5 PXaPeOe gUXbXQa a\UÕOdÕ. ho kaWOÕ kafeVOeUde (59[61[60 
cP) heU biU b|OPede 4 ha\YaQ ROacak úekiOde \eUOeúWiUiOPiúWiU. BiUiQci gUXS kRQWURO gUXbX ROXS ba]al yemle (2726 kcal 
kg-1), (NRC, 1994), ikinci grup yüksek enerjili (3020 kcal kg-1) yem ile, 3, 4. ve 5. gruplar ise yüksek enerjili (YE) 
yeme (Tablo 1) VÕUaVÕ\Oa 5, 10, 15 g kg-1 bibeUi\e hRPRjeQ ROacak úekiOde iOaYe ediOeUek ROXúWXUXOaQ \ePOeUOe 8 hafWa 
V�Ue iOe beVOeQdi. RaV\RQa iOaYe ediOeQ bibeUi\e \aSUa÷Õ WicaUi biU fiUPadaQ WePiQ ediOdi. AUaúWÕUPa V�UeViQce ha\YaQOaUa 
yem ve su ad libitum olarak verildi. 

Tablo 1. Deneme rasyonlarÕnÕn içeri÷i ve kimyasal bileúimi. 

Table 1. Ingredients and chemical composition of the experimental diets.  

Besin Maddeleri Bazal Yem Yüksek Enerjili Yem 
MÕVÕU 63.00 64.17 
Soya Fasülyesi Küspesi 44-46 16.39 12.50 
MÕVÕU GO�WeQi 60 8.48 10.64 
Mermer Tozu 9.68 7.65 
DCP 1.44 1.44 
SR\a Ya÷Õ 0.17 2.68 
Vitamin-MiQeUaO kaUPaVÕ 0.25 0.25 
Tuz 0.22 0.33 
Sodyum Bikarbonat 0.16 0.16 
L-Lizin 0.11 0.10 
DL Metiyonin 0.10 0.08 
Besin Madde Kompozisyonu   
Kuru Madde, % 88.41 88.54 
Ham Protein, % 17.52 17.20 
HaP \a÷, % 2.20 4.84 
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Ham kül, % 11.87 10.35 
Ham selüloz, % 2.78 2.57 

D Metiyonin 0.38 0.38 
Metiyonin, % 0.40 0.41 

Lizin, % 0.76 0.70 
ME, cal kg-1 2726 3020 

Her 2 kg vitamin |Q kaUÕúÕPÕ 12 000 000 IU vitamin A, 2500 000 IU vitamin D3, 14 000 mg vitamin E, 15000 mg vitamin K3, 
1250 mg vitamin B2, 2800 mg vitamin B2, 8000 mg niasin, 4000 mg Ca-Dpantothenate, 2000 mg vitamin B6, 6 mg vitamin B12, 
400 mg folik asid, 18 mg d-biotin, 20 000 mg vitamin C, 50 000 mg kolin klorid içermektedir. 200 mg Lutein, 12,5 mg Zeaksantin, 
26.667 mg Mangan oksit, 20.000 mg Çinko oksit, 20.000 mg Demir sülfat, 1.667 Pg BakÕU V�OfaW, 67 mg Kobalt karbonat, 333 
Pg KaOVi\XP ø\RdaW, 50 mg Sodyum Selenit, 300 mg MeWi\RQiQ HidURkVi aQaOR÷X ioeUPekWediU 

2.2. Performans ve yumurta kalite kriterleri 

øki hafWada biU g�QO�k \eP W�keWiPOeUi (aOW gUXS RUWaOaPaVÕ) Ye \XPXUWa a÷ÕUOÕkOaUÕ WeVSiW ediOdi. T�keWiOeQ \ePiQ, 
�UeWiOeQ \XPXUWa PikWaUÕQa (kg) b|O�QPeVi\Oe \ePdeQ \aUaUOaQPa RUaQOaUÕ beOiUOeQdi. YXPXUWa YeUiPOeUi, g�QO�k 
ROaUak ka\dediOdi Ye aOW gUXSWa bXOXQaQ ha\YaQ Va\ÕVÕQa b|O�Q�S \�]de ROaUak ifade ediOdi. MXaPeOe gUXSOaUÕQdaQ 
iki hafWada biU 12 \XPXUWa aOÕQaUak, \XPXUWa ak, VaUÕ a÷ÕUOÕkOaUÕ, kabuk oranÕ, kabXk kaOÕQOÕ÷Õ Ye HaXgh biUiPi WeVSiW 
edildi. 

2.3. Oksidatif stabilite parametrelerinin tespit edilmesi 

Oksidatif stabilite parametrelerinin analizi için heSaUiQOi W�SOeUe aOÕQaQ kaQOaU; 3000 USP de 10 dk santrifüj 
ediOeUek SOa]PaOaUÕ oÕkaUWÕOdÕ. POa]PaOaUda Malondialdehid (MDA) düzeyi, Süperoksit dismutaz (SOD) aktivitesi, 
Glutatyon (GSH) düzeyi, Glutatyon peroksidaz (GPx) aktivitesi, Katalaz enzim (CAT) aktivitesi, TP düzeyleri ve 
NEFA düzeyleri(Biont ChickeQ NEFA ELISA KiW, CaW NR: YLA0179CH) BiRWek EOiVa ReadeU (BiR Tek ȝQXaQW 
MQX200 EOiVa UeadeU/USA) iOe |Oo�Od�. TP d�]e\OeUi SOD Ye GP[ akWiYiWeViQiQ heVaSOaPaVÕQda kXOOaQÕOdÕ.  

2.4. Serum lipid profilinin belirlenmesi 
 

DeQePe VRQXQda heU gUXSWaQ aOWÕ ha\YaQÕQ kaQaW aOWÕ YeQaVÕQdaQ (vena cutaneus) kaQ |UQekOeUi aOÕQPÕú, aOÕQaQ 
kan örnekleri spektrofotometrik (CRbaV 6000, JaSRQ) \|QWePOe WicaUi kiWOeU (RRche) kXOOaQÕOaUak ALP, ALT, AST, 
TG, total kolesterol, HDL, LDL, VLDL, glikoz ve östrojen hormon düzeyleri belirlendi.  

2.5.Karaci÷er a÷ÕrlÕklarÕ ve karaci÷er dokusunda total lipit tayini 
 

DeQePe VRQXQda heU gUXSWaQ WeVad�fi ROaUak VeoiOeQ 6 ha\YaQ keViOeUek kaUaci÷eU \aú a÷ÕUOÕkOaUÕ aOÕQdÕ. Daha 
sonra 105 °C¶Oik eW�Yde 24 VaaW bekOeWiOiS, kaUaci÷eU kXUX a÷ÕUOÕkOaUÕ WeVSiW ediOdi. KaUaci÷eU a÷ÕUOÕkOaUÕ 100 gU caQOÕ 
a÷ÕUOÕ÷a RUaQOaQaUak, kaUaci÷eU \aú Ye kXUX a÷ÕUOÕk RUaQÕ beOiUOeQdi. A÷ÕUOÕkOaUÕ aOÕQaQ kaUaci÷eUOeUdeQ WRWaO OiSiW 
aQaOi]OeUi, BOigh aQd D\eU (1959) ¶ÕQ X\gXOadÕ÷Õ \|QWePe g|Ue \aSÕOdÕ. 

2.6. østatistik analizler 

DeQePe VRQXQda eOde ediOeQ YeUiOeU YaU\aQV aQaOi]i WaP úaQVa ba÷OÕ deQePe SOaQÕQa g|Ue SPSS  17.0 (1999) 
SakeW SURgUaPÕ kXOOaQÕOaUak \aSÕOPÕúWÕU. MXaPeOe gUXSOaUÕQa aiW RUWaOaPaOaU aUaVÕQdaki faUkOÕOÕ÷ÕQ WeVSiWiQde, 
DXQcaQ oRkOX kaUúÕOaúWÕUPa WeVWi X\gXOaQPÕúWÕU. 

3. AraútÕrma SonuolarÕ ve TartÕúma 

3.1. Performans parametreleri 

Yeme biberiye ilavesinin, \XPXUWa WaYXkOaUÕQÕQ SeUfRUPaQVÕ �]eUiQe eWkiVi Tablo 2¶de g|VWeUiOPiúWiU. DeQePe 
VRQX caQOÕ a÷ÕUOÕk (CA), \eP W�keWiPi Ye \XPXUWa YeUiPi bakÕPÕQdaQ gUXSOaU aUaVÕQda iVWaWiVWikVeO ROaUak |QePOi 
faUkOÕOÕk (P<0.05) g|U�OP�úW�U. Deneme sonu CA de÷eUi, eQ \�kVek kRQWURO gUXbXQda bXOXQPXúWXU. Yüksek enerjili 
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yeme biberiye ilave edilmeyen grupta, yem tükeWiPiQiQ |QePOi deUecede d�úW�÷�, di÷eU gUXSOaUÕQ \eP Wüketim 
de÷eUOeUiQiQ iVe kRQWURO gUXbX\Oa beQ]eU ROdX÷X WeVSiW ediOPiúWiU (P<0.01). Di÷eU gUXSOaUÕQ \eP W�keWiPOeUi, kontrol 
grubuyla benzer bXOXQPXúWXU. Bu bXOgXOaUa g|Ue \�kVek eQeUjiOi \ePiQ \eP W�keWiPiQi d�ú�Ud�÷� WeVSiW ediOPiúWiU. 
SaUÕ|]kaQ Ye aUk., (2009) \XPXUWacÕ WaYXkOaUda \�kVek Ye d�ú�k eQeUjiOi UaV\RQa kaUQiWiQ iOaYeViQiQ, \�kVek eQeUjiOi 
\eP iOe beVOeQeQ gUXSOaUda \eP W�keWiPiQi d�ú�Ud�÷�, \ePdeQ \aUaUOaQPa RUaQÕQÕ iVe aUWÕUdÕ÷ÕQÕ biOdiUPiúOeUdiU. 
YiQe \aSÕOaQ beQ]eU oaOÕúPaOaUda; \�kVek eQeUjiOi \eP W�keWeQ gUXSOaU; d�ú�k eQeUjiOi \eP W�keWeQ gUXSOaUdaQ daha 
a] \eP W�keWPiúWiU (CRUdXk Ye aUk., 2008; Kang ve ark., 2018). YaSÕOaQ bX oaOÕúPaOaU aUaúWÕUPa VRQXcXPX]X 
deVWekOePekWediU. RaV\RQXQ eQeUji d�]e\i aUWÕUÕOdÕ÷Õ ]aPaQ \eP W�keWiPiQiQ d�úW�÷� biUoRk oaOÕúPada 
biOdiUiOPiúWiU.  

DeQePe baúÕ CA, \ePdeQ \aUaUOaQPa RUaQÕ Ye \XPXUWa a÷ÕUOÕ÷Õ bakÕPÕQdaQ gUXSOaU aUaVÕQda faUkOÕOÕkOaU 
|QePVi] bXOXQPXúWXU (P>0.05). Y�kVek eQeUjiOi \eP iOe beVOeQeQ gUXSWa \XPXUWa YeUiPi kRQWURO gUXbXQa g|Ue 
önemli oranda d�úP�úW�U. AQcak \�kVek eQeUjiOi \ePe bibeUi\e iOaYeViQiQ \XPXUWa YeUiPiQi ROXPOX \|Qde 
eWkiOedi÷i WeVSiW ediOPiúWiU. Kang ve ark., (2018) UaV\RQXQ eQeUjiVi aUWWÕkoa \eP W�keWiPiQiQ a]aOdÕ÷Õ Ye bXQa ba÷OÕ 
ROaUak \XPXUWa YeUiPiQiQ d�úece÷iQi biOdiUPiúOeUdiU. MeYcXW oaOÕúPada \�kVek eQeUjiOi UaV\RQa bibeUi\e iOaYe 
ediOeQ gUXSOaUda \XPXUWa a÷ÕUOÕ÷Õ UakaPVaO ROaUak aUWPÕú aQcak aUadaki faUk |QePVi] bXOXQPXúWXU. Çimrin ve 
DePiUeO (2016) oaOÕúPaOaUÕQda, \XPXUWacÕ WaYXk UaV\RQOaUÕQa 200-300 mg kg-1 bibeUi\e iOaYeViQiQ \XPXUWa a÷ÕUOÕ÷Õ 
�]eUiQe ROXPOX eWki eWWi÷i biOdiUiOPiúWiU. BXQXQOa biUOikWe, \ePOeUe bibeUi\e XoXcX \a÷Õ iOaYeViQiQ caQOÕ a÷ÕUOÕk 
(Çiftçi ve ark. 2013; YeúiOba÷ Ye aUk. 2013), \XPXUWa YeUiPi Ye \XPXUWa a÷ÕUOÕ÷Õ (GaUcia Ye aUk., 2019; BehO�O 
SeYiP Ye aUk., 2020) �]eUiQe |QePOi biU eWkiViQiQ ROPadÕ÷ÕQÕ biOdiUeQ oaOÕúPaOaU da PeYcXWWXU. YaSÕOaQ 
oaOÕúPaOaUda faUkOÕ VRQXoOaU aOÕQPaVÕQÕQ QedeQi, kXOOaQÕOaQ biWkiQiQ \eWiúWi÷i b|Oge, haVaW ]aPaQÕ, \aSÕOaUÕQdaki 
eWkeQ PaddeOeUiQ oeúidi Ye ha\YaQ W�U� gibi fakW|UOeUiQ \aQÕ VÕUa UaV\RQXQ eQeUji d�]e\iQiQ faUkOÕ ROPaVÕda ROabiOiU.  

Tablo 2. Yumurta tavuk rasyonlarÕna biberiye ilavesinin performans üzerine etkisi 

Table 2. Effect of Rosemary supplementation to diets on laying hens¶ performance 

Gruplar Deneme  
baúÕ  
CA 

Deneme  
sonu  
CA 

Yem  
tüketimi  

(g) 

Yemden 
yararlanma 
RUaQÕ (g:g) 

Yumurta 
verimi  

(%) 

Yumurta 
a÷ÕUOÕ÷Õ  

(g) 
Kontrol  1644.4 1561.8a 112.91a 2.32 81.55a 60.35 
YE+ 0 g kg-1 biberiye 1662.0 1308.1b 95.01b 2.36 66.40b 60.55 
YE+ 5 g kg-1 biberiye 1673.8 1368.8b 119.03a 2.53 72.70a 64.95 
YE+ 10 g kg-1 biberiye 1643.3 1366.7b 114.02a 2.41 75.86a 62.34 
YE+ 15 g kg-1 biberiye 1651.1 1309.5b 111.17a 2.47 72.97a 62.25 
SHO 4.71 26.68 2.26 0.05 1.60 0.60 
P 0.202 0.007** 0.002** 0.640 0.025* 0.074 

a-d: A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU, *:P <0.05; **:P<0.01; ***:P<0.001, YE: Yüksek enerjili yem, 
CA: CaQOÕ a÷ÕUOÕk, SHO: Standart  haWa RUWaOaPaVÕ 

3.2. Yumurta kalite kriterleri 

YeP eQeUji de÷eUiQiQ \XPXUWa ak, VaUÕ, kabXk RUaQÕ, hRXgh biUiPi, úekiO iQdekVi Ye kabXk kaOÕQOÕ÷Õ �]eUiQe biU 
eWkiViQiQ ROPadÕ÷Õ g|U�OP�úW�U (Tablo 3). Y�kVek eQeUjiOi UaV\RQa bibeUi\e iOaYeVi kÕUÕOPa PXkaYePeWiQi |QePOi 
d�]e\de aUWÕUPÕúWÕU (Tablo 3). KÕUÕOPa PXkaYePeWi, YE+ 10 g kg-1 biberiye ilave edilen grupta en yüksek 
bXOXQPXúWXU. YaSÕOaQ aUaúWÕUPaOaUda ekRQRPik ROaUak eQ |QePOi \XPXUWa kaOiWe kUiWeUiQiQ kabXk kÕUÕOPa 
PXkaYePeWiQiQ ROdX÷X biOdiUiOPiúWiU (OOgXQ, 2011). YXPXUWaQÕQ kÕUÕOPa PXkaYePeWi ne kadar yüksekse nakliye 
Ye Sa]aUOaPa VÕUaVÕQda ekRQRPik ka\ÕS R kadaU a] ROacakWÕU. CXfadaU, (2018), \XPXUWacÕ WaYXk UaV\RQOaUÕQa 250 
mg kg-1 bibeUi\e \a÷Õ iOaYeViQiQ \XPXUWa kÕUÕOPa PXkaYePeWiQi |QePOi RUaQda aUWÕUdÕ÷ÕQÕ biOdiUeUek PeYcXW 
oaOÕúPa\Õ deVWekOePekWediU. BX VRQXoOaUÕQ akViQe UaV\RQa bibeUi\e iOaYeViQiQ \XPXUWa kabXk a÷ÕUOÕ÷Õ, kabXk 
kaOÕQOÕ÷Õ, kabXk kÕUÕOPa PXkaYePeWi, úekiO iQdekVi, VaUÕ iQdekVi, ak iQdekVi Ye HaXgh biUiPi de÷eUOeUi bakÕPÕQdaQ 
iVWaWiVWikv biU faUkOÕOÕk g|U�OPedi÷iQi biOdiUeQ oaOÕúPaOaUda PeYcXWWXU (diPUiQ Ye DePiUeO, 2016, GaUcia Ye aUk., 
2019; Behlül Sevim ve ark., 2020).  



Ür�úan 
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YXPXUWa VaUÕVÕ UeQk SaUaPeWUeVi PXaPeOeOeUdeQ eWkiOeQPiú ROXS (P<0.05), \�kVek eQeUjiOi \eP iOe beVOeQeQ 
gUXSOaUda VaUÕ UeQk de÷eUiQiQ aUWWÕ÷Õ g|]OeQPiúWir (Tablo 3). Y�kVek eQeUjiOi UaV\RQda VR\aQÕQ a]aOÕS, PÕVÕU Ye PÕVÕU 
gOXWeQ XQXQXQ PikWaUÕQÕQ aUWPaVÕ VRQXcX \XPXUWa VaUÕ UeQgi aUWPÕú ROabiOiU. HeP PÕVÕUÕQ heP de bibeUi\eQiQ 
yaSÕVÕQda bXOXQaQ kaURWeQRidOeUiQ \XPXUWa VaUÕVÕQa geoeUek, \XPXUWa VaUÕVÕ UeQgiQde kR\XOaúPa\a QedeQ 
ROPakWadÕU (YeúiOba÷ Ye aUk., 2013; Garcia ve ark., 2019).  

Tablo 3. Yumurta tavuk rasyonlarÕna biberiye ilavesinin yumurta kalite kriterleri �zerine etkisi 

Table 3. Effect of dietary Rosemary on egg quality criteria of laying hens 

Gruplar Yumurta 
 ak indeksi  

(%) 

Yumurta 
VaUÕ iQdekVi 

 (%) 

Kabuk 
(%) 

SaUÕ ReQgi Haugh 
birimi 

KÕUÕOPa 
mukavemeti 

(kg cm3) 

ùekiO 
indeksi 

Kabuk 
kaOÕQOÕ÷Õ 

(µm) 
Kontrol 59.75 29.72 10.52 9.45b 80.63 2.71c 73.67 0.46 

YE+ 0 g kg-1 
biberiye 

57.92 31.37 10.71 10.78a 83.54 2.88bc 71.72 0.42 

YE+ 5 g kg-1 
biberiye 

56.38 33.10 10.52 11.11a 84.84 3.38ab 72.53 0.46 

YE+ 10 g kg-1 
biberiye 

60.76 30.03 9.21 11.17a 84.18 3.51a 72.45 0.47 

YE+ 15 g kg-1 
biberiye 

56.19 32.79 11.01 11.22a 81.76 3.03abc 73.70 0.44 

SHO 0.71 0.57 0.22 0.15 0.82 0.10 0.28 0.008 

P 0.155 0.214 0.086 0.000*** 0.474 0.033* 0.088 0.469 

a-c: A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU. *:P <0.05; **:P<0.01; ***:P<0.001, YE:yüksek enerjili yem, 
SHO: Standart hata RUWaOaPaVÕ 

3.3. Serum antioksidan parametreleri. 

YXPXUWa WaYXk UaV\RQOaUÕQa iOaYe ediOeQ bibeUi\eQiQ, serum antioksidan özellikler üzerine etkileri Tablo 4¶ te 
YeUiOPiúWiU. LiSid SeURkVidaV\RQXQ VRQ �U�Q� ROaUak MaORQdiaOdehiW (MDA) ROXúXU. MDA¶ QÕQ aUWPaVÕ VRQXcX 
h�cUeOeUiQ \aSÕ Ye fRQkVi\RQOaUÕ VekWe\e X÷UaU. B|\Oece, SOa]Pa PePbUaQÕQda akÕúkaQOÕk a]aOÕU, PePbUaQ 
geoiUgeQOi÷i de÷iúiU Ye PePbUaQa ba÷OÕ eQ]iPOeUiQ akWiYiWeViQde a]aOPa g|]OeQiU (WhiWe Ye aUk., 1993). 
AUaúWÕUPada MDA de÷eUi YE+5 g kg-1 biberiye gUXbXQda eQ \�kVek bXOXQPXúWXU (Tablo 4). Biberiyenin insanlar 
�]eUiQde \aSÕOaQ biU oaOÕúPada VeUXP MDA de÷eUiQi |QePOi RUaQda d�ú�Ud�÷� biOdiUiOPiúWiU. Her gün 2 gr biberiye 
tüketeQ biUe\OeUde VeUXP MDA de÷eUi %13.6 a]aOÕUkeQ, heU g�Q 10 gr biberiye tüketen bireylerde %36.21 RUaQÕQda 
a]aOdÕ÷Õ WeVSiW ediOPiúWiU (LabbaQ Ye aUk., 2014). Batista ve ark. (2017), 200 mg kg-1 bibeUi\e \a÷ÕQÕQ \XPXUWacÕ 
WaYXkOaUda VeUXP MDA RUaQÕQÕ d�ú�Ud�÷ünü biOdiUPiúlerdir. A\dÕQ (2020), daPÕ]OÕk bÕOdÕUcÕQ ioPe VXOaUÕQa; 
içerisinde biberiyenin de ROdX÷X kaUÕúÕk biWki ekVWUakWÕ (MiQWRfaUP) iOaYeViQiQ VeUXP MDA RUaQÕQÕ a]aOWWÕ÷ÕQÕ, 
GSH Ye GP[ de÷eUOeUiQi aUWÕUdÕ÷ÕQÕ biOdiUPiúWiU. HeP iQVaQ heP de ha\YaQOaU �]eUiQde \aSÕOaQ biUoRk oaOÕúPada 
biberiyenin, VeUXP MDA de÷eUiQi a]aOWWÕ÷Õ \|Q�QdediU (LabbaQ Ye aUk., 2014; Batista ve ark., 2017; A\dÕQ, 2020).  

YE+5 g kg-1 biberiye grubunda SOD ve GSH eQ]iP akWiYiWeOeUi d�úP�úW�U (Tablo 4). YaSÕOaQ oaOÕúPaOaUda 
biberi\eQiQ SOD akWiYiWeViQi aUWÕUdÕ÷Õ biOdiUiOPekWediU. BX faUkOÕOÕk; YE+5 g kg-1 biberiye grubundaki MDA 
RUaQÕQÕQ aUWPaVÕ\Oa aoÕkOaQabiOiU. Polat ve ark. (2011), 8,6 g kg-1 biberiye, 100 mg kg-1 bibeUi\e \a÷Õ Ye 200 Pg 
kg-1 E vitamini iOaYeViQiQ SOD akWiYiWeViQi aUWÕUdÕ÷ÕQÕ biOdiUPiúWiU. YaSÕOaQ baúka biU oaOÕúPada UaV\RQa 6 g kg-1 
bibeUi\e iOaYeViQiQ \XPXUWacÕ WaYXkOaUda SOD de÷eUiQi |QePOi RUaQda aUWÕUdÕ÷Õ \|Q�QdediU (AOagaZaQ\ aQd Abd 
El-Hack, 2015). BX faUkOÕOÕ÷Õ UaV\RQa iOaYe ediOeQ bibeUi\eQiQ dR]OaUÕQÕQ faUkOÕ ROPaVÕ iOe aoÕkOa\abiOiUi]. 
daOÕúPada bibeUi\eQiQ d�ú�k dR]Xnun, OiSid SeURkVidaV\RQX iQd�kOedi÷i Ye aQWiRkVidaQ eQ]iPOeUi ise iQhibe eWWi÷i 
söylenebilir. 

AUaúWÕUPada YE+15 g kg-1 grubunda serum GPx enzim aktivitesi en yüksek olarak WeVSiW ediOPiúWiU (Tablo 4). 
YE+15 g kg-1 bibeUi\e W�keWiPi, CAT eQ]iP akWiYiWeViQi UakaPVaO ROaUak aUWÕUdÕ÷Õ Ye h�cUeVeO VaYXQPada 
eQ]iPOeUOe beUabeU UeakWif RkVijeQ W�UOeUiQe kaUúÕ eWkiOi ROdX÷X Ye RkVidaWif VWUeViQ biU göstergesi olan MDA 
VeYi\eViQi a]aOWWÕ÷Õ WeVSiW ediOPiúWiU. BakiUeO Ye aUk. (2008), in vivo úaUWOaUda bibeUi\eQiQ VeUXP MDA RUaQÕQÕ 
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d�ú�Ud�÷�Q�, SOD Ye CAT eQ]iP akWiYiWeOeUiQi ise aUWÕUdÕ÷ÕQÕ biOdiUPiúlerdir. EVWeUOeúPePiú \a÷ aVidi (NEFA) 
de÷eUi YE+5 g kg-1 biberiye grubunda yüksek bXOXQPXúWXU. NEFA kRQVaQWUaV\RQXQXQ aUWPaVÕ sonucu, 
kaUaci÷eUde gOikR] �UeWiPiQiQ aUWPaVÕQa Ye kaV dRkXVXQda gOikR] WXWXOPaVÕQÕQ a]aOPaVÕQa \RO aoPakWadÕU. BXQXQ 
sonucunda kan glikoz konsantrasyonu yükselir ve insülin etkisine ]ÕW biU eWki g|]OePOeQiU (YXUdaeU, 2001).  

Tablo 4. Yumurta tavuk rasyonlarÕna biberiye ilavesinin bazÕ serum antioksidan enzim parametrelerine etkisi 

Table 4. Effect of dietary Rosemary on some blood serum antioxidant enzyme parameters of laying hen 

       Gruplar                 MDA 
                (nmol L-1) 

GSH 
(mmol L-1) 

SOD 
(U L-1) 

CAT 
(KU L-1) 

GPx 
(U L-1) 

NEFA 
(mmol L-1) 

Kontrol  7.79ab 2.30a 58.12a 150.17 1.45b 0.216b 
YE+ 0 g kg-1 biberiye 7.56b 2.43a 58.77a 153.75 1.47b 0.211b 
YE+ 5 g kg-1 biberiye 10.90a 1.75c 52.71c 138.68 1.35c 0.249a 
YE+ 10 g kg-1 biberiye 8.21b 2.14b 54.94bc 151.30 1.46b 0.221b 
YE+ 15 g kg-1 biberiye 7.63b 2.16b 56.45b 156.80 1.53a 0.210b 
SHO 0.34 0.06 0.73 2.13 0.01 0.004 
P 0.000*** 0.000*** 0.034* 0.054 0.000*** 0.044* 

a-c: A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU, *:P <0.05; **:P<0.01; ***:P<0.001, YE:Yüksek enerjili yem, 
SHO:SWaQdaUW haWa RUWaOaPaVÕ 

3.4. Serum lipit parametreleri 

Yüksek enerjili rasyona iOaYe ediOeQ bibeUi\eQiQ VeUXP OiSiW SURfiOi, kaUaci÷eU eQ]iPOeUi Ye |VWURjeQ hRUPRQX 
üzerine etkileri Tablo 5¶ We YeUiOPiúWiU. RaV\RQa bibeUi\e iOaYeViQiQ VeUXP ALP, AST, ALT, kROeVWeURO, LDL, HDL 
Ye |VWURjeQ hRUPRQX �]eUiQe eWkiVi |QePVi] bXOXQPXúWXU (P>0.05).  

Tablo 5. Yumurta tavuk rasyonlarÕna biberiye ilavesinin bazÕ serum metabolitlerine etkisi 

Table 5. Effect  of dietary Rosemary on some blood metabolic profil of laying hen 

Gruplar ALP 
(U L-1) 

AST 
(U L-1) 

ALT 
(U L-1) 

Trigliserit 
 (mg dL-1) 

Glukoz 
(mg dL-1) 

Kolesterol 
  (mg dL-1) 

LDL 
(mg dL-1) 

HDL 
(mg dL-1) 

VLDL 
(mg dL-

1) 

Östrojen 
(pg mL-

1) 
Kontrol  259.3 244.7 2.00 224.3b 260.7c 114.7 62.0 42.7 71.67b 231.0 

YE+0 g kg-1 
biberiye 

253.3 265.7 5.33 613.7a  248.0bc 193.3 158.0 37.7 313.33a 202.3 

YE+5 g kg-1 
biberiye 

629.3 267.3 1.67 403.0ab 281.3abc 112.3 65.7 39.3 112.67b 262.7 

YE+10 g kg-1 
biberiye 

281.0 252.0 2.0 190.3b 294.0ab 104.3 35.3 45.0 38.00b 371.7 

YE+15 g kg-1 
biberiye 

591.0 187.7 3.67 257.0b 307.0a 84.7 69.3 34.0 104.67b 252.3 

SHO 67.12 15.52 0.59 53.55 7.34 16.86 15.77 4.22 29.24 49.77 

P 0.154 0.529 0.238 0.039* 0.036* 0.322 0.109 0.955 0.003** 0.894 

a-c: A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU. *:P <0.05; **:P<0.01; ***:P<0.001, YE:Y�kVek  enerjili yem, 
SHO:SWaQdaUW haWa RUWaOaPaVÕ 

KaQda VeUbeVW \a÷ aViWOeUiQiQ aUWPaVÕ VRQXcX, kaUaci÷eUde WUigOiVeUiW VeQWe]i aUWPakWadÕU. TUigOiVeUiWOeUiQ 
kaUaci÷eUde VeQWe] hÕ]Õ, VLDL VeQWe]Oe\iS dROaúÕPa VaOPa hÕ]ÕQÕ aúaU Ye kaUaci÷eUde \a÷OaQPa baúOaU. daOÕúPada 
yüksek enerjili yem ile beslenen grupta serum trigliseriW RUaQÕ |QePOi RUaQda aUWPÕúWÕU (P<0.05). Yüksek enerjili 
yeme biberiye ilavesi kan trigliserit ve VLDL oraQÕQÕ |QePOi RUaQda d�ú�UP�úW�U (Tablo 5). Cimrin, (2019), 
\XPXUWacÕ WaYXk UaV\RQXQa 1000 Pg kg-1 bibeUi\e Ye kekik iOaYeViQiQ VeUXP WUigOiVeUiW RUaQÕQÕ d�ú�Ud�÷�Q� 
biOdiUeUek aUaúWÕUPa\Õ deVWekOePekWedir. Alagawany and Abd El-Hack, (2015) \XPXUWacÕ WaYXk UaV\RQXQa 3, 6, 9 
g kg-1 bibeUi\e iOaYe eWPiú Ye bibeUi\eQiQ VeUXP WUigOiVeUiW, LDL Ye kROeVWeURO RUaQÕQÕ UakaPVaO ROaUak d�ú�Ud�÷� 
biOdiUiOPiúWiU. MeYcXW oaOÕúPada YE+10 g kg-1 biberiye grubu rakamsaO ROaUak LDL de÷eUiQi d�ú�UP�ú, HDL 
de÷eUiQi iVe aUWÕUPÕúWÕU. KaQdaki |VWURjeQ VeYi\eVi YE+10 g kg-1 biberiye grubunda rakamsal olarak yüksektir. 
Y�kVek |VWURjeQ kRQVaQWUaV\RQX, oRk d�ú�k \R÷XQOXkOX OiSRSURWeiQ (VLDL) úekOiQde kaUaci÷eUdeQ WaúÕQaQ TG 
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sente]iQi WeúYik eWPekWediU (ZhX Ye aUk., 2013). MeYcXW oaOÕúPada |VWURjeQ hRUPRQXQXQ aUWWÕ÷Õ bibeUi\e 
gUXSOaUÕQda VLDL Ye WUigOiVeUiW RUaQÕ d�úP�úW�U. Gha]aOah Ye AOi, (2008) bUR\OeU UaV\RQXQa %0.5 RUaQÕQda 
bibeUi\e iOaYeViQiQ LDL Ye WRSOaP kROeVWeURO� d�ú�Ud�÷�Q� biOdiUPiúWiU.  

3.5. Karaci÷er a÷ÕrlÕklarÕ ve karaci÷er ya÷ oranÕ 

KaUaci÷eU \a÷OaQPaVÕ iVWeQPe\eQ biU dXUXPdXU. KaUaci÷eU a÷ÕUOÕ÷ÕQÕQ aUWPaVÕ, heSaWik OiSiW ioeUi÷iQiQ 
aUWPaVÕ\Oa iOiúkiOeQdiUiOPekWediU. HeSaWik WUigOiVeUiW PikWaUÕQdaki aUWÕú, kaUaci÷eU hacPiQiQ Ye\a a÷ÕUOÕ÷ÕQÕQ >%5 
fa]OaVÕ ROPaVÕ dXUXPXQda geUoekOeúPekWediU (FabbUiQi Ye MagkRV, 2015). RaV\RQa bibeUi\e iOaYeVi kaUaci÷eU \aú 
Ye kXUX a÷ÕUOÕkOaUÕQÕ |QePOi RUaQda eWkiOePiúWiU (Tablo 6). YE+0 g kg-1 bibeUi\e gUXbXQda kaUaci÷eU \aú Ye kXUX 
a÷ÕUOÕk \�kVek di÷eU gUXSOaUda d�ú�k bXOXQPXúWXU. AUaúWÕUPa bXOgXOaUÕQa g|Ue; UaV\RQa bibeUi\e iOaYeVi kaUaci÷eU 
\aú Ye kXUX a÷ÕUOÕkOaUÕQÕ |QePOi RUaQda d�ú�UP�úW�U (P<0.05). Y�kVek \a÷OÕ di\eWOe beVOeQeQ ha\YaQOaUÕQ kaUaci÷eU 
dRkX a÷ÕUOÕkOaUÕQÕQ kRQWURO gUXbXQa g|Ue iVWaWiVWikVeO ROaUak aQOaPOÕ biU faUka VahiS ROdX÷XQX g|VWeUeQ oaOÕúPaOaU 
bXOXQPakWadÕU (deWiQ, 2018; Zhuang ve ark., 2019). Y�kVek eQeUjiOi \eP iOe beVOeQeQ gUXSWa kaUaci÷eU a÷ÕUOÕ÷ÕQÕQ 
aUWPaVÕ WeRUik ROaUak iQWUaheSaWik TG PikWaUÕQÕQ aUWWÕ÷ÕQÕ g|VWeUPekWediU. Y�kVek \a÷OÕ di\eWOeUOe beVOeQeQ 
VÕoaQOaUda kROeVWeURO d�]e\i Ye kaUaci÷eU a÷ÕUOÕ÷Õ kRQWURO gUXbXQa g|Ue aQOaPOÕ deUecede \�kVek bXOXQPXúWXU 
(Çetin, 2018). EQeUji de÷eUi aUWÕUÕOPÕú ROaQ gUXSWa kaUaci÷eU a÷ÕUOÕ÷ÕQÕQ \�kVek ROPaVÕ deWiQ, (2018)¶ iQ \aSWÕ÷Õ 
oaOÕúPa iOe X\XP ioeUiViQdediU. TaYXkOaUda kaUaci÷eU \a÷OaQPaVÕ �]eUiQe oRk a] Va\Õda oaOÕúPa YaUdÕU. FaUeOeU 
�]eUiQde \aSÕOaQ beQ]eU oaOÕúPada bibeUi\eQiQ kaUaci÷eU a÷ÕUOÕ÷ÕQÕ, kaUaci÷eU \a÷ RUaQÕQÕ, SOa]Pa ALT, AST eQ]iP 
de÷eUOeUiQi d�ú�Ud�÷� biOdiUiOPiúWiU (ZhaR Ye aUk., 2015). Mousavi ve ark., (2017) \XPXUWacÕ WaYXk Uasyonuna; 
içinde biberiyenin de ROdX÷X eVaQVi\eO \a÷ kaUÕúÕPÕ iOaYeViQiQ, kaUaci÷eU a÷ÕUOÕ÷ÕQÕ Ye kaUaci÷eU \a÷ RUaQÕQÕ 
d�ú�Ud�÷� WeVSiW ediOPiúWiU. YaSÕOaQ oaOÕúPada UaV\RQa bibeUi\e iOaYeViQiQ, kaUaci÷eU a÷ÕUOÕ÷Õ RUaQÕQÕ a]aOWWÕ÷Õ 
yönündeki literatür bulgXOaUÕ ZhaR Ye aUk., (2015) ve Mousavi ve ark., (2017) ile uyumludur.  

TabOR 6¶ \Õ iQceOedi÷iPi]de kaUaci÷eU \a÷ RUaQÕ bakÕPÕQdaQ \�kVek eQeUjiOi \eP iOe beVOeQeQ gUXSWa \�kVek, 
bibeUi\e gUXSOaUÕQda iVe bX de÷eUOeUiQ kRQWURO gUXbX\Oa beQ]eU ROdX÷X WeVSiW ediOPiúWiU. Rasyona biberiye ilavesi 
kaUaci÷eU \a÷ RUaQÕQÕ |QePOi RUaQda d�ú�UP�úW�U. BX dXUXPX bibeUi\eQiQ heSaWRSURWekWif eWkiVi iOe aoÕkOa\abiOiUi] 
(Kompelly ve ark., 2019).  Zhao ve ark., (2015), \�kVek \a÷OÕ di\eW iOe beVOeQeQ faUeOeUde bibeUi\e iOaYeVinin 
kaUaci÷eU a÷ÕUOÕ÷ÕQÕ Ye kaUaci÷eU \a÷ RUaQÕQÕ d�ú�Ud�÷�Q� biOdiUPiúWiU. LReWVcheU Ye aUk., (2013) broyler rasyonuna 
25 g kg-1 bibeUi\e iOaYeViQiQ kaUaci÷eU a÷ÕUOÕ÷ÕQÕ d�ú�Ud�÷�Q� WeVSiW edeUek aUaúWÕUPa VRQXcXQX deVWekOePekWediU. 

Tablo 6. Karaci÷er yaú a÷ÕrlÕ÷Õ (g), kuru a÷ÕrlÕ÷Õ (g) ve ya÷ oranÕna (%) ait ortalamalar ve varyans analiz 
sonuçlarÕ 

Table 6. Effects of treatment on hepatic variables of laying hens 

Gruplar Yaú a÷ÕUOÕk (g) KXUX a÷ÕUOÕk (g) KaUaci÷eU \a÷ RUaQÕ (%) 
Kontrol  23.39b 6.86b 23.45b 
YE+ 0 g kg-1 biberiye 36.91a 13.74a 46.88a 
YE+ 5 g kg-1 biberiye 29.39ab 10.05b 27.79b 
YE+ 10 g kg-1 biberiye 21.77b 7.29b 16.47b 
YE+ 15 g kg-1  biberiye 25.88b 8.88b 27.93b 
SHO 1.63 0.68 2.72 
P 0.009** 0.003** 0.001** 

a-b: A\QÕ V�WXQdaki faUkOÕ haUfOeUOe g|VWeUiOeQ RUWaOaPaOaU biUbiUiQdeQ faUkOÕdÕU. *:P <0.05; **:P<0.01; ***:P<0.001, YE:Y�kVek  enerjili yem, 
SHO:VWaQdaUW haWa RUWaOaPaVÕ 

4. Sonuç 

Sonuç olarak; yüksek enerjili \XPXUWa WaYX÷X UaV\RQOaUÕQa bibeUi\e \aSUa÷Õ iOaYeViQiQ kÕUÕOPa PXkaYePeWi, 
\XPXUWa VaUÕ UeQgi, VeUXP WUigOiVeUiW de÷eUi, VLDL RUaQÕ, kaUaci÷eU a÷ÕUOÕ÷Õ, kaUaci÷eU \a÷ RUaQÕ Ye GP[ eQ]iP 
aktivitesini olumlu \|Qde eWkiOedi÷i V|\OeQebiOiU.  
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Mekanik Hasar Düzeyinin Domatesin Solunum ve Kuru Madde MiktarÕ hzerine Etkisi* 

The Effect of Mechanical Damage Level on the Amount of Respiration and Dry Matter of 
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Özet 
BX aUaúWÕUPaQÕQ WePeO aPacÕ, dRPaWeV Pe\YeViQde RUWaP VÕcakOÕ÷Õ Ye haVaW VRQUaVÕ ROXúaQ PekaQik haVaU 
d�]e\OeUiQe ba÷OÕ VROXQXP RUaQÕQÕ Ye kXUX Padde ka\ÕSOaUÕQÕ beOiUOePekWiU. BX aPaoOa VWaWik biU |OoPe \|QWePi 
kXOOaQÕOaUak haVaUa Ye RUWaP VÕcakOÕ÷ÕQa ba÷OÕ ROaUak CO2 �UeWiP PikWaUOaUÕ beOiUOeQPiúWiU. A\UÕca deQePeOeU 
VRQXcXQda �U�Qde ROXúaQ WRSOaP a÷ÕUOÕk ka\ÕSOaUÕ Ye Pe\Ye eWi VeUWOi÷iQde ROXúaQ de÷iúiPOeU de VaSWaQPÕúWÕU. 
AUaúWÕUPada biWkiVeO PaWeU\aO ROaUak haVaW VRQUaVÕQda VROXQXP hÕ]ÕQda \�kVeOPe ROaQ (kOiPakWeUik) �U�QOeUdeQ 
biUiVi ROaQ dRPaWeV kXOOaQÕOPÕúWÕU. DeQePeOeU 2 faUkOÕ RUWaP VÕcakOÕ÷Õ (2�2, 22�2) Ye 5 faUkOÕ ]edeOeQPe d�]e\i 
(Va÷OaP, 1 cP2 aOaQÕQda kabX÷X VR\XOPXú, 10, 20, 30 cP \�kVekOikWeQ daUbe WeVWi X\gXOaQPÕú |UQekOeU) 
kRúXOOaUÕQda geUoekOeúWiUiOPiúWiU. AUaúWÕUPa VRQXoOaUÕQa g|Ue oaUSWÕUPa \�kVekOi÷i aUWWÕkoa ]edeOeQPe haciPOeUi 
aUWPÕúWÕU. Hem oda VÕcakOÕ÷Õ kRúXOXQda heP de VR÷Xk haYa kRúXOXQdaki haVaUVÕ] dRPaWeV |UQekOeUiQiQ CO2 üretim 
PikWaUOaUÕ, VROXQXP RUaQOaUÕ Ye kXUX Padde ka\bÕ di÷eU |UQekOeUiQkiQe kÕ\aVOa ROdXkoa d�ú�k ROdX÷X VaSWaQPÕúWÕU. 
OUWaP VÕcakOÕ÷ÕQÕQ \�kVeOPeVi iOe bX de÷eUOeUde de ROdXkoa b�\�k biU aUWÕú ROPXúWXU. KabX÷X VR\XOPXú ROaQ 
|UQekOeUiQ heP Rda kRúXOOaUÕQda heP de VR÷Xk RUWaP kRúXOOaUÕQda VROXQXP RUaQOaUÕQÕQ Ye kXUX Padde ka\ÕSOaUÕQÕQ 
di÷eU |UQekOeUiQkiQe kÕ\aVOa oRk daha \�kVek ROdX÷X bXQX VÕUaVÕ\Oa 30 cP \�kVekOikWeQ, 20 cm yükseklikten ve 
10 cP \�kVekOikWeQ daUbe WeVWi X\gXOaQPÕú |UQekOeUiQ WakiS eWWi÷i VaSWaQPÕúWÕU. A÷ÕUOÕk ka\ÕSOaUÕ g|] |Q�Qde 
bXOXQdXUXOdX÷XQda, W�P deQePe PaWeU\aOOeUiQde |Oo�POeU |QceVi Ye VRQUaVÕ aUaVÕQda eQ b�\�k a÷ÕUOÕk 
ka\ÕSOaUÕQÕQ da di÷eU W�P VRQXoOaUa SaUaOeO ROaUak kabX÷X VR\XOaQ Pe\YeOeUde ROdX÷X g|U�OPekWediU. Hem ortam 
VÕcakOÕ÷ÕQÕQ heP de ]edeOeQPe d�]e\OeUiQiQ VROXQXP RUaQÕ �]eUiQe eWkiOeUiQiQ 0,01 d�]e\iQde |QePOi ROdX÷X 
VaSWaQPÕúWÕU. MekaQik haVaU X\gXOaQaQ Ye kabX÷X VR\XOaQ �U�QOeUde Pe\Ye eWi VeUWOi÷iQiQ |QePOi RUaQda d�úW�÷� 
VaSWaQPÕúWÕU.  

Anahtar Kelimeler: MekaQik ]edeOeQPe, DRPaWeV, SROXQXP RUaQÕ, CO2 �UeWiPi, KXUX Padde ka\bÕ 
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Abstract 
Basic aims of this research are determination of effects of medium temperature and mechanical damage that can 
be occurred due to postharvest processes of CO2 production amount of tomato by using static measurement method 
and calculation of respiration rate and dry matter loss by using CO2 production results and finally determination 
of necessary data to guess shelf life of these products. In addition to these, total weight losses and changes in 
hardness of fruits were also determined. As a plant material tomato that have high respiration rate after harvesting 
namely climateric fruits was selected. Experiments were performed in conditions that 2 different temperature (2±2, 
22±2) and 5 different damage levels (not damaged, peeled of skin into 1 cm2 area, impacted from 10, 20 and 30 
cm drop heights). According to results increasing of impact height increased bruising volume values. Either in 
room condition or in cool air condition CO2 production amount, respiration rate and dry matter loss values of 
undamaged tomato samples were found rather lower compared to peeled and damaged samples. Increasing of 
medium temperature highly increased these values. Either in room condition or in cool air condition respiration 
rate and dry matter loss of peeled samples were found rather higher compared to others. Samples impacted from 
30 cm, 20 cm and 10 cm were followed this samples, respectively. Considering the weight losses, it is seen that 
the maximum weight losses in all tested materials before and after measurements were found in peeled fruits in 
parallel with all other results. It was determined that the effects of either medium temperature or bruising levels 
on the respiration rate were found significant at 0,01 importance level. It was determined that fruit hardness of 
peeled and impacted from different heights rather decreased after experiments. 

Keywords: Mechanical damage, Tomato, Respiration rate, CO2 production,  Dry matter loss 
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1. Giriú 
MekaQik haVaW iúOePOeUi VRQUaVÕQda Pe\Ye Ye Veb]eOeU; �U�QOeUiQ oeúiWOi \�]e\OeUe oaUSPaVÕ, kaVaOaUa bRúaOWPa, 

SakeWOePe haWWÕQda iOeUOePe Ye SakeWOePe ]aPaQOaUÕQda oeúiWOi diQaPik \�kOeQPeOeUe PaUX] kaOPakWadÕU. BXQXQ 
\aQÕQda deSROaPa Ye di÷eU haVaW VRQUaVÕ iúOePOeU V�UeViQce di÷eU diQaPik \�kOeQPeOeU V|] kRQXVX ROabiOPekWediU. 
BX W�U �U�QOeU |]eOOikOe Pe\Ye bahoeOeUiQde \Õ÷ÕQ kaVaOaUda Ye |]eOOikle depolama süresince uzun süre statik 
\�kOeQPeOeUe de PaUX] kaOPakWadÕU (NeOVRQ ve Mohsenin, 1968).  

TaUÕPVaO �U�QOeU haVaW ediOdikWeQ W�keWici\e XOaúaQa kadaUki ]aPaQ ioeUiViQde, PekaQik haVaUÕQ ROXúXPXQa 
neden olan bir seri hasat sRQUaVÕ iúOePOeUe X÷UaPakWadÕU. Me\Ye \�]e\iQde ROXúaQ UeQk kR\XOaúPaVÕ, aúÕQPa, 
kesilme veya deOiQPe gibi PekaQik haVaUOaU geUi d|Q�ú� P�Pk�Q ROPa\aQ haVaU WiSOeUidiU Ye haVaW VRQUaVÕ iúOePOeU 
ile artan bir etkiye sahiptir. Öte yandan mekanik zedelenmeler, taze sebze ve meyvelerin çürümelerinden de önemli 
derecede sorumludur. %30-40 RUaQÕQda �U�Q�Q �UeWicideQ W�keWici\e XOaúÕQca\a kadaUki ROaQ V�UeciQdeki haVaUOaU 
Vebebi iOe kXOOaQÕOaPa] dXUXPa geOPekWediU (DaOPÕú Ye Ka\iúR÷OX, 2007; BaUchi Ye aUk., 2002). 

HaVaW Ye VRQUaVÕQda \aSÕOaQ X\gXOaPaOaU VÕUaVÕQda geUekeQ |]eQiQ g|VWeUiOPePeVi �U�Qde oeúiWOi 
\aUaOaQPaOaUÕQ Pe\daQa geOPeViQe VebeS ROPakWadÕU. BaúOÕca PekaQik ]edeOeQPe \ROOaUÕ VaUVÕQWÕ, oaUSPa, d�úPe, 
V�UW�QPe Ye VÕkÕúPadÕU. EQ fa]Oa g|U�OeQ \aUaOaQPa úekiOOeUi iVe deOiQPe Ye oi]iOPe (keViOPe, \aUÕOPa) iOe e]iOPe 
Ye \ÕUWÕOPa (\aSUak Veb]eOeUde) úekOiQde g|U�OPekWediU (AQRQiP, 2020).  

Me\Ye Ye Veb]eOeU daOÕQda ikeQ, VROXQXPda kXOOaQdÕ÷Õ beViQ PaddeOeUiQi biU WaUafWaQ fRWRVeQWe] \aSaUak 
üretmektedir. Ancak, daOÕQdaQ kRSWXkWaQ VRQUa aUWÕk beViQ ka\Qa÷Õ keViOPiú ROPakWadÕU. BX QedeQOe, VROXQXP 
VÕUaVÕQda b�Q\eViQde deSR eWWi÷i beViQ PaddeOeUiQi kXOOaQPakWadÕU. BiWkiQiQ bX úekiOde gideUek keQdi keQdiQi 
W�keWPeVi V|] kRQXVX ROPakWadÕU. SRQXo ROaUak, biWki PeWabROi]PaVÕ \aQi VROXQXPX Qe kadaU hÕ]OÕ iVe, biWki R kadaU 
oabXk \aúOaQaUak |OPekWediU. HaVaW iúOePiQdeQ VRQUa �U�Qdeki VROXQXP faaOi\eWOeUiQiQ V�UPeVi, Wa]e Pe\Ye Ye 
Veb]eOeUde haVaWWaQ VRQUa ROXúaQ bR]XOPaOaUÕQ baúOÕca QedeQidiU (IúÕk, 2002). 

Bir oksidasyoQ ROa\Õ ROaQ VROXQXPda, kaUbRQhidUaWOaU haYaQÕQ RkVijeQi iOe SaUoaOaQaUak kaUbRQdiRkViW Ye VX\a 
d|Q�úPekWediU Ye eQeUji aoÕ÷a oÕkPakWadÕU. BXQOaUÕQ \aSÕOaUÕQdaki PaddeOeUiQ haUcaQPaVÕ VRQXcX, PekaQik 
diUeQoOeUi Ye PikURRUgaQi]PaOaUa da\aQÕkOÕOÕkOaUÕ a]aOPakWa Ye bR]XOPa baúOaPakWadÕU. Me\Ye kabX÷XQXQ 
\aUaOaQPaVÕ \a da oaUSPa-d�úPe VRQXcX ROXúaQ ]edeOeQPeOeU �U�Q�Q hÕ]Oa bR]XOXS o�U�PeViQe \RO aoPakWadÕU. 
BX dXUXP, haVaW VRQUaVÕQda �U�Q Ye kaOiWe ka\ÕSOaUÕQÕQ aUWPaVÕQa QedeQ ROPakWadÕU (AQRQiP, 2005). 

DomateV haVaWÕ VÕUaVÕQda, \aQOÕú haVaW \|QWePi, haVaW VRQUaVÕQda iVe \aQOÕú SakeWOePe Ye k|W� WaúÕPa kRúXOOaUÕ 
gibi QedeQOeUOe ROXúabiOecek PekaQik haVaUOaU, ROdXkoa \�kVek ka\ÕSOaUÕQ Pe\daQa geOPeViQe VebeS ROPakWadÕU. 
SÕkOÕkOa Pe\daQa geOeQ haVaUOaU aUaVÕQda ROXúaQ baVkÕdaQ dROa\Õ Pe\YeOeUiQ \�]e\iQde d�]OeúPe Ye kabXkWa 
oaWOaPaOaU bXOXQPakWadÕU (ùekiO 1). DaOPÕú Ye Ka\iúR÷OX (2007) domateslerin kasalar içeriViQde PaUX] kaOdÕkOaUÕ 
kuvvet Ye V�Ue\e ba÷OÕ ROaUak, fi]ikR-PekaQik da\aQÕPOaUÕQÕQ a]aOdÕ÷ÕQÕ, Xygulanan mekanik kuvvetlerin süresi 
aUWWÕkoa, dRPaWeV-VaS oaUSÕúPaOaUÕ VRQXcX deOiQPe defRUPaV\RQOaUÕQÕQ  artmakta ROdX÷XQX beOiUOePiúOeUdiU. 

 

Figure 1. Damages occurred on the surface and stuck parts of the tomato due to improper packaging (Esguerra 
and Rolle, 2018) 

ùekil 1. Uygun olmayan ambalajlama nedeniyle domatesin y�zeyinde  ve sÕkÕúan alanlarda oluúan hasarlar 
(Esguerra ve Rolle, 2018) 

BX oaOÕúPa kaSVaPÕQda d�Q\ada Ye �OkePi]de �UeWiP Ye W�keWiPi ROdXkoa \a\gÕQ ROaQ domates meyvesi 
iQceOeQPiúWiU. Domates haVaW VRQUaVÕQda VROXQXP hÕ]ÕQda \�kVeOPe ROaQ (kOiPakWeUik) �U�QOeUdeQ birisidir. 
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Y�U�W�OeQ oaOÕúPa iOe dRPaWeV meyvesinin hasattan sonraki depolama ve raf ömrüne önemli etkisi olan solunum 
RUaQOaUÕQÕQ, RUWaP VÕcakOÕ÷ÕQa Ye �U�Qdeki ]edeOeQPe PikWaUOaUÕQa ba÷OÕ ROaUak de÷iúiPOeUi VaSWaQPÕúWÕU. BX 
aUaúWÕUPaQÕQ WePeO aPaoOaUÕ; VWaWik biU |OoPe \|QWePi kXOOaQÕOaUak �U�QOeUde haVaW VRQUaVÕ PekaQi]aV\RQ 
iúOePOeUiQde ROXúabiOecek PekaQik haVaU d�]e\OeUiQiQ Ye RUWaP VÕcakOÕ÷ÕQÕQ; domateste CO2 üretim miktaUÕ üzerine 
etkilerini belirlemektir. Elde edilen sonuçlardan yararlanÕOaUak �U�QOeUde VROXQXP RUaQÕ Ye ROXúaQ kXUX Padde 
ka\ÕSOaUÕ da belirleQPiúWiU. 

2. Materyal ve Metot 

2.1. Materyal  

DeQePeOeUde PaWeU\aO ROaUak SaOkÕP oeúidi dRPaWeV (Lycopersicon esculentum) kXOOaQÕOPÕúWÕU. TRSOaP 20 deQePe 
ioiQ a÷ÕUOÕkOaUÕ 148,39-160,08 g aUaVÕQda de÷iúeQ 10 adeW dRPaWeV aOÕQaUak, deQePeOeUiQ \aSÕOaca÷Õ X\gXQ kRúXOOaU ioiQ 
PXhafa]a ediOPiúWiU. KRQWURO QXPXQeVi ROaUak heUhaQgi biU eWki\e PaUX] bÕUakÕOPa\aQ Va÷OaP Pe\YeOeU kXOOaQÕOPÕúWÕU.  

DeQePeOeUde kXOOaQÕOaQ dRPaWeV, Rda VÕcakOÕ÷Õ Ye bX]dROabÕ VÕcakOÕ÷Õ ROPak �]eUe iki faUkOÕ VÕcakOÕk kRúXOXQda 
deQeQPiúWiU. KRQWURO |UQe÷i ROaUak haVaUVÕ] |UQekOeU iOe üzerinde cm2¶Oik daiUeVeO aOaQ úekOiQde kabX÷X VR\XOPXú 
|UQekOeU Ye 10, 20 Ye 30 cP¶ deQ daUbe WeVWi X\gXOaQaUak PekaQik ]edeOeQPe ROXúWXUXOPXú ROaQ 5 faUkOÕ PekaQik haVaU 
d�]e\iQe VahiS |UQekOeU kaUúÕOaúWÕUÕOPÕúWÕU. AUaúWÕUPada dRPaWeViQ kaUbRQdiRkViW VaOÕQÕPÕ Ye kXUX Padde PikWaUÕ 
aUaVÕQdaki iOiúkiOeUiQiQ beOiUOeQPeVi ioiQ de WRSOaP 20 deQePe X\gXOaQPÕúWÕU. 

2.1.1. Ölç�m sistemleri ve araçlarÕ 

BX oaOÕúPada, deQePede kXOOaQÕOacak dRPaWeViQ \aQÕ VÕUa daUbe d�]eQe÷i, haYa geoiUPe\eQ caP kaSOaU, 
VÕcakOÕk |OoeU, dijiWaO kaUbRQdiRkViW |Oo�P ciha]Õ, QeP |OoeU, Pe\Ye SeQeWURPeWUeVi, bX]dROabÕ Ye kOiPa 
kXOOaQÕOPÕúWÕU.  

hU�QOeUe PekaQik haVaU X\gXOa\abiOPek aPacÕ\Oa faUkOÕ \�kVekOikOeUdeQ oaUSPa eWkiVi ROXúWXUXOabiOecek darbe 
d�]eQe÷i (VaUkao d�]eQe÷i) iPaO ediOPiútir. Abedi ve AhPadi (2013) WaUafÕQdaQ geOiúWiUiOPiú d�]eQe÷e beQ]eU 
úekiOde iPaO ediOPiú ROaQ d�]eQe÷e dRPaWeV |UQekOeUi VabiWOeQPiúWiU Ye 10, 20 ve 30 cm yüksekliklerden silindir 
úekOiQdeki SaVOaQPa] oeOikWeQ iPaO ediOPiú ROaQ 300 g a÷ÕUOÕ÷ÕQdaki VabiW biU k�WOe oaUSWÕUÕOPÕúWÕU (ùekiO 2). Darbe 
testleri için Pe\YeQiQ keQdiViQiQ VaUkao �]eUiQde k�WOe ROaUak kXOOaQÕOdÕ÷Õ bir sistem yerine her ürün için sabit bir 
kXYYeW ROXúWXUabiOPek aPacÕ\Oa OiWeUaW�UOeUde de beQ]eU úekiOde WaVaUOaQPÕú ROaQ darbe testiQiQ kXOOaQÕOPaVÕ WeUcih 
ediOPiúWiU (Abedi ve  Ahmadi, 2013).   

 

Figure 2. Impact device used in trials  

ùekil 2. Denemelerde kullanÕlan darbe d�zene÷i 

 

Darbe d�]eQe÷iQde sabit kütlenin faUkOÕ \�kVekOikOeUdeQ WeVW QXPXQeViQe oaUSWÕUÕOPaVÕ iOe aoÕ÷a oÕkaQ faUkOÕ 
miktarlardaki CO2, maksimum 11500 ppm CO2 düzeyine kadar ölçüm yapabilen Testo 650 model CO2 ölçme 
ciha]Õ Ye SURb kXOOaQÕOaUak |Oo�OP�úW�U. gOo�P SURbX caP kaS ioeUiViQe haYa giUiúi ROPa\acak úekiOde VabiWOeQPiú 
Ye |Oo�POeU V�UeViQce kaS ioiQde WXWXOPXúWXU (ùekiO 3). Oda VÕcakOÕ÷ÕQda 48 VaaW, VR÷Xk kRúXOda 24 VaaW bR\XQca 
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15 dakika aUaOÕkOa |Oo�POeU geUoekOeúWiUiOPiúWiU. CO2 |OoPe ciha]ÕQÕQ PakViPXP CO2 ölçme düzeyinin 11500 ppm 
ROPaVÕQdaQ dROa\Õ, CO2 mikWaUÕQÕQ bX d�]e\i aúÕS ciha]ÕQ daha \�kVek PikWaUOaUÕ |OoePedi÷i dXUXPOaUda, CO2 

de÷eUOeUi ciha]ÕQ |OoebiOdi÷i PikWaU ROaUak kabXO ediOPiú ROXS bX kRúXOOaUda |Oo�POeUiQ 24 VaaW \ada 48 VaaW 
V�UPeVi bekOeQPePiúWiU. 

hU�Q�Q VROXQXPX VÕUaVÕQda RUWaPda ROXúaQ VÕcakOÕk de÷eUiQiQ ]aPaQOa de÷iúiPiQi VaSWaPak aPacÕ\Oa PicR 
TC-08 VÕcakOÕk |OoPe ciha]Õ kXOOaQÕOPÕúWÕU. EO WiSi dijiWaO QeP |OoPe ciha]Õ\Oa QeP d�]e\iQde aUWÕú ROXS ROPadÕ÷Õ 
g|]OeQPiú, VRQXoWa a÷ÕUOÕk d�]e\iQdeki de÷iúiP AND PaUka GX-4000 model 0.01g ölçüm hassasiyetine sahip 
dijiWaO haVVaV WeUa]i kXOOaQÕOaUak |Oo�OP�úW�U. Oda VÕcakOÕ÷ÕQdaki |Oo�POeU VÕUaVÕQda RUWaP VÕcakOÕ÷ÕQÕQ 22�2qC¶de 
VabiWOeQPeVi  kOiPa kXOOaQÕOaUak Va÷OaQPÕúWÕU.  

SÕcakOÕk Ye CO2 ölçümlerine paralel olarak ölçümler boyunca örneklerin bXOXQdX÷X RUWaP QePi de÷eUiQde 
de÷iúiP ROXS ROPadÕ÷ÕQÕQ da WakiS ediOebiOPeVi aPacÕ\Oa dijiWaO biU QeP |OoeU kXOOaQÕOPÕú Ye Qem düzeyindeki 
de÷iúiP beOOi aUaOÕkOaUOa RkXQaUak ka\dediOPiúWiU.  

SROXQXP Vebebi\Oe |UQekOeUde ROXúaQ a÷ÕUOÕk ka\bÕQÕQ VaSWaQPaVÕ ioiQ W�P �U�QOeU CO2 |Oo�POeUi \aSÕOPadaQ 
önce ve sonra AND marka GX-4000 PRdeO 0.01g |Oo�P haVVaVi\eWiQe VahiS dijiWaO WeUa]i kXOOaQÕOaUak WaUWÕOPÕúWÕU. 

VeUiOeUiQiQ aOÕQPaVÕ aPacÕ\Oa VWaWik biU |Oo�P d�]eQe÷i kXUXOPXúWXU (ùekiO 3). Kurulan düzenek iOe eú ]aPaQOÕ 
olarak VÕcakOÕk, CO2 ve QeP d�]e\iQe iOiúkiQ |Oo�POeU \aSÕOPÕúWÕU. 2�2 qC¶ de geUoekOeúWiUiOeQ deQePeOeUde iVe 
�U�Q�Q ioiQde bXOXQdX÷X kaS biU bX]dROabÕQa kR\XOPXúWXU.  

 

Figure 3. CO2, temperature and relative humidity measurement  

ùekil 3. CO2, sÕcaklÕk ve ba÷Õl nem ölç�m� 

Deneme materyallerinin sertlikleri, CO2 Ye VÕcakOÕk |Oo�POeUiQiQ WaPaPOaQPaVÕQÕQ aUdÕQdaQ WaUWÕOdÕkWaQ Ye 
VaOÕQaQ CO2¶\e ba÷OÕ ROaUak a÷ÕUOÕk de÷iúiPOeUi VaSWaQdÕkWaQ VRQUa Pe\Ye SeQeWURPeWUeVi kXOOaQÕOaUak |Oo�OP�úW�U. 
gOo�POeU, heU biU Pe\YeQiQ oaSÕ bR\XQca eúiW aUaOÕkOaUOa 3 faUkOÕ QRkWaVÕQdaQ \aSÕOPÕúWÕU Ye bX de÷eUOeUiQ 
RUWaOaPaVÕ beOiUOeQPiúWiU. 

2. 2. Yöntem 

2.2.1. Ür�nlerde oluúan zedelenme hacimlerinin saptanmasÕ 

Bi\RORjik PaWeU\aOOeUe PekaQik haVaU X\gXOaQdÕkWaQ VRQUa ROXúaQ ]edeOeQPe ùekiO 4¶de statik ve dinamik 
kRúXOOaUda eOPa |UQe÷i ioiQ YeUiOPiúWiU. EOPada ROdX÷X gibi a\QÕ úekiOde dRPaWeV ioiQ de oeúiWOi PekaQik eWkiOeU 
VRQUaVÕQda ]edeOeQeQ b|OgeOeUde h�cUe SaWOaPaVÕ geUoekOeúPekWediU. H�cUe SaWOaPaVÕ ROaQ b|OgeQiQ aOWÕQda kaOaQ 
kÕVÕPdaki h�cUeOeUde iVe VÕkÕúPa ROXúPakWadÕU. Me\Ye Ye Veb]eOeUde haVaUdaQ eWkiOeQeQ \aQi h�cUe SaWOaPaVÕ ROaQ 
]edeOeQPiú b|OgeQiQ hacmi 1 QXPaUaOÕ eúiWOik Ye �U�Q \�]e\iQdeQ haVaU PeUkezine kadar eWkiOeQPiú haVaU deUiQOi÷i 
ise 2 QXPaUaOÕ eúiWOik kXOOaQÕOaUak heVaSOaQPÕúWÕU (YXUWOX Ye EUdR÷aQ, 2005).  
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       (Eú. 1) 

          (Eú. 2) 

ZedeOeQPe hacPiQiQ VaSWaQPaVÕQda kXOOaQÕOPÕú ROaQ SaUaPeWUeOeU iVe ùekiO 4 �]eUiQde g|VWeUiOPiúWiU (YXrtlu 
Ye EUdR÷aQ, 2005; AkWaV ve ark., 2008).  

 

Figure 4. Calculation parameters required for measurement in material after mechanical damage 
ùekil 4. Mekanik hasar sonrasÕ materyalde ölç�m için gerekli hesaplama unsurlarÕ 

Burada; 

d = HaVaU geQiúOi÷i (PP), 

R = Me\Ye \aUÕoaSÕ (PP), 

x = EWkiOeQeQ b|OgeQiQ eWki PeUke]i \XkaUÕVÕQda kaOaQ kÕVPÕQÕQ \�kVekOi÷i (PP), 

h = Etkilenen bölgenin etki merkezi aúa÷ÕVÕQda kaOaQ kÕVPÕQÕQ deUiQOi÷i (mm), 

v = Mekanik hasardan etkilenen toplam bölge hacmidir (mm3). 

2.2.2. Solunum oranlarÕnÕn saptanmasÕ 

SROXQXP RUaQÕ 1 kg Wa]e �U�Q�Q 1 VaaWWe �UeWWi÷i ga] PikWaUÕ ROaUak WaQÕPOanPakWadÕU. SWaWik ViVWePOeU 
kXOOaQÕOaUak bu oraQÕQ beOiUOeQPeVi ioiQ beú WePeO faktörün bilinmesi zorunludur (Saltveit, 2007). Bu faktörler;  

-kXOOaQÕOaQ haYa aOPa] kaS hacPi (2000 PO), 

-�U�Q a÷ÕUOÕ÷Õ, 

- deQePe |QceViQdeki (W=0 aQÕQda) CO2 PikWaUÕ, 

-denemenin süresi, 

-deneme VRQUaVÕQdaki CO2 PikWaUÕdÕU.  

Denemeler süresince ppm (Parts per million) olarak ölçülen CO2 kRQVaQWUaV\RQOaUÕ EúiWOik 3' de YeUiOPiú ROaQ   
RUaQWÕ deQkOePi kXOOaQÕOaUak \�]de de÷eUOeUiQe (%) d|Q�úW�U�OP�úW�U.  

A=(B*100)/1.000.000           (Eú. 3) 

Burada; 

A: CO2 PikWaUÕ (%), 

B: CO2 PikWaUÕdÕU (SSP). 
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CO2 ga]Õ �UeWiP RUaQÕ ROaUak da WaQÕPOa\abiOece÷iPi] VROXQXP RUaQÕ (SO) 4 QXPaUaOÕ eúiWOik kXOOaQÕOaUak 
beOiUOeQPiúWiU (Saltveit, 2007). 

               (Eú. 4) 

 BX eúiWOikWe; 

SO: CO2 ga]Õ ciQViQdeQ |UQekOeUiQ VROXQXP RUaQÕ (PO CO2 kg-1 h-1), 

SM: Son CO2 ga]Õ PikWaUÕ (%), 

øM:  øOk CO2 ga]Õ PikWaUÕ (%), 

V: SÕ]dÕUPa] kabÕQ hacPi (PO), 

M: gUQek a÷ÕUOÕ÷Õ (kg), 

T:  ZaPaQdÕU (h). 

2.2.3. Kuru madde kaybÕnÕn saptanmasÕ 

BiWki VROXQXPX, 6 kaUbRQOX úekeUiQ kaUbRQdiRkViW Ye VX\a WaPaPeQ RkVidaV\RQX ROaUak kabXO ediOiU. BiWki 
VROXQXPXQXQ kiP\aVaO deQkOePi úX úekiOde ifade ediOiU (SaOWYeiW, 2007): 

C6H12O6 + 6O2 + 6H2O ĺ 12H2O + 6CO2 + 673 kcal (38ATP)  

Bu kimyasal denklem (stokiometrik) ifadesi, CO2 �UeWiPiQiQ WRSOaP PikWaUÕQÕQ \aQÕQda  kXUX Padde ka\bÕ 
ioiQ kXOOaQÕOabiOPekWediU (GUeeQhiOO 1959; Melvin ve Simpson, 1963; SiPSVRQ 1961). SROXQXP VÕUaVÕQda 264 g 
CO2 �UeWiOiUkeQ 180 g úekeU ka\bROPakWadÕU (SaOWYeiW, 2007). BXUadaQ 1 VaaWWeki 1 kg �U�Qde ROXúaQ kXUX Padde 
a÷ÕUOÕk ka\bÕ 5 QXPaUaOÕ eúiWOik kXOOaQÕOaUak heVaSOaQPÕúWÕU. 

KMK= SO*10-3*68/100          (Eú. 5) 

BX eúiWOikWe: 

KMK: KXUX Padde ka\bÕ (g kg-1 h-1),  

SO: hU�QOeUiQ VROXQXP RUaQÕ (PO CO2 kg-1 h-1), 

HeVaSOaQaQ VaaWOik kXUX Padde ka\bÕ kXOOaQÕOaUak deSROaPa SeUi\RdX bR\XQca �U�Qde ROXúabiOecek kXUX 
Padde ka\bÕ (g�QO�k, hafWaOÕk YV.) heVaSOaQabiOPekWediU.  

2.2.4. østatistik analizlerin gerçekleútirilmesi 

øki faUkOÕ VÕcakOÕkWa VaSWaQPÕú ROaQ VROXQXP RUaQOaUÕ iOe PekaQik ]edeOeQPe, kXUX Padde ka\bÕ, Pe\Ye VeUWOi÷i 
aUaVÕQdaki iOiúki Ye bX iOiúkiQiQ |QePOi ROXS ROPadÕ÷ÕQÕ VaSWaPak aPacÕ\Oa YaU\aQV aQaOi]i geUoekOeúWiUiOPiúWiU. BX 
analiz yönteminde CO2 �UeWiP PikWaUÕ (%), VROXQXP RUaQÕ (PO CO2 kg-1 h-1) ve ür�QOeUde VROXQXP VRQUaVÕQda 
ROXúaQ kXUX Padde ka\bÕ (g kg-1 h-1) ba÷ÕPOÕ de÷iúkeQ; ]edeOeQPe hacPi, VÕcakOÕk, Pe\Ye VeUWOik de÷eUOeUi iVe 
ba÷ÕPVÕ] de÷iúkeQOeU ROaUak eOe aOÕQPÕúWÕU. øVWaWiVWik heVaSOaPaOaUÕQ geUoekOeúWiUiOPeViQde PASW SWaWiVWicV 13.0 
istatiVWik SURgUaPÕQdaQ \aUaUOaQÕOPÕúWÕU. 

3. AraútÕrma SonuolarÕ ve TartÕúma 

3.1. Örneklerde zedelenme hacimlerine iliúkin sonuçlar 

TabOR 1¶de dRPaWeV |UQekOeUiQe X\gXOaQaQ PekaQik haVaU X\gXOaPaOaUÕ VRQXcXQda VROXQXP RUaQOaUÕQÕQ 
VaSWaQPaVÕQa \|QeOik deQePeOeUde kXOOaQÕOacak ROaQ |UQekOeUde ROXúaQ haVaU RUaQOaUÕ ]edeOeQPe hacPi ROaUak 
YeUiOPiúWiU.  

V
tM
İMSMSO *

*
�

=



Özt�rk & Aktaú 
MekaQik haVaU d�]e\iQiQ dRPaWeViQ VROXQXP Ye kXUX Padde PikWaUÕ �]eUiQe eWkiVi 

   
 

132 

Tablo 1. FarklÕ ortam sÕcaklÕklarÕnda yapÕlmÕú olan denemeler için hazÕrlanmÕú olan örneklerin zedelenme 
hacimleri 

Table 1. Damage volumes of samples prepared for trials carried out at different ambient temperatures 

SÕcaklÕk 
Hasar düzeyi  

Zedelenme 
hacmi (mm3)  

ÇarptÕrma y�ksekli÷ine ba÷lÕ olarak zedelenme 
hacminin de÷iúimi 

22±2  

(oda 
sÕcaklÕ÷Õ)  

Sa÷lam |rnek  -------  

 

Soyulmuú |rnek  1000  

10 cm' den oarptÕrÕlmÕú  1538  

20 cm' den oarptÕrÕlmÕú  4498  

30 cm' den oarptÕrÕlmÕú  4390  

2±2 

(so÷uk 
koúul)  

Sa÷lam |rnek  ------  

 

Soyulmuú |rnek  1000  

10 cm' den oarptÕrÕlmÕú  1912  

20 cm' den oarptÕrÕlmÕú  2222  

30 cm' den oarptÕrÕlmÕú  4162  

 

TabOR 1 iQceOeQdi÷iQde daUbe \�kVekOikOeUiQiQ aUWÕúÕQÕQ �U�QOeUde ROXúaQ ]edeOeQPe hacPiQi geQeO ROaUak 
aUWWÕUdÕ÷Õ beOiUOeQPiúWiU. Darbe yüksekliklerinin zedelenme hacmi üzerindeki etkisi istatistiksel olarak 0,05 
düzeyinde önemli bXOXQPXúWXU. deúiWOi WaUÕPVaO �U�QOeU ioiQ \aSÕOaQ aUaúWÕPa VRQXoOaUÕ da bX VRnucu 
deVWekOePekWediU. gUQe÷iQ VXUVaYXú Ye g]g�YeQ (2000) faUkOÕ eOPa oeúiWOeUi (GROdeQ DeOiciRXV Ye GUaQQ\ SPiWh) 
ioiQ \aSWÕkOaUÕ biU aUaúWÕUPada  Sek oRk fakW|U \aQÕQda Pe\Ye darbe \�kVekOi÷iQiQ PakViPXP ]edeOeQPe oaSÕ Ye 
maksimuP ]edeOeQPe deUiQOi÷i �]eUiQde eWkiOeUiQiQ ROXS ROPadÕ÷ÕQÕ aUaúWÕUPÕúOaUdÕU. daOÕúPada �U�QOeUi 30 Ye 60 
cP¶deQ PeWaO \�]e\ �]eUiQe d�ú�UeUek d�úPe WeVWOeUiQi geUoekOeúWiUPiúOeUdiU. AUaúWÕUPa VRQXcXQda heU iki oeúiW 
ioiQde Pe\Ye d�úPe \�kVekOi÷iQiQ ]edeOeQPe SaUaPeWUeOeUi �]eUiQe eWkiViQiQ |QePOi ROdX÷XQX VaSWaPÕúOaUdÕU. 
AkWaú Ye aUk. (2008) WaUafÕQdaQ geUoekOeúWiUiOeQ Ye dRPaWeViQ ]edeOeQPe haVVaVi\eWiQiQ PekaQik aUaoOaUOa 
beOiUOeQdi÷i biU baúka oaOÕúPada iVe 20, 30, 40 Ye 50 cP \�kVekOikOeUdeQ darbe etkisi X\gXOaQPÕú ROaQ dRPaWeVOeUiQ 
aOW Ye \aQ WaUafOaUÕQda ROXúaQ ]edeOeQPe d�]e\OeUi Ye ]edeOeQPe dX\aUOÕOÕkOaUÕ heVaSOaQPÕúWÕU. ZedeOeQPe 
hacPiQiQde biU g|VWeUgeVi ROaQ PakViPXP abVRUbe ediOeQ eQeUji de÷eUOeUiQiQ d�úPe \�kVekOi÷i Ye �U�Q oaUSWÕUPa 
\|Q�Qe ba÷OÕ ROaUak |QePOi RUaQda de÷iúWi÷i VaSWaQPÕúWÕU. YiQe TRSSiQg Ye LXWRQ (1986) eOPaOaUÕQ oaUSPa 
]edeOeQPeViQe ROaQ dX\aUOÕOÕkOaUÕQÕ kaUúÕOaúWÕUPÕúOaU, ]edeOeQeQ b|OgeOeUiQ oaS Ye haciPOeUiQiQ oaUSÕúPa 
eQeUjiVi\Oe aUWWÕ÷ÕQÕ, fakaW bX aUWÕúÕQ oeúide ba÷OÕ ROaUak de÷iúWi÷iQi VaSWaPÕúOaUdÕU.  

 

3.2. Mekanik hasar uygulamalarÕnÕn �r�nlerde CO2 �retim miktarÕ �zerine etkilerine iliúkin sonuçlar 

ùekiO 5¶ de Rda VÕcakOÕ÷ÕQda Ye ùekiO 6¶da VR÷Xk kRúXOda faUkOÕ PekaQik haVaU d�]e\OeUi X\gXOaQPÕú ROaQ 
domates örneklerinin CO2 �UeWiP PikWaUOaUÕQÕQ de÷iúiPi g|U�OPekWediU. ùekiOOeU iQceOeQdi÷iQde heU iki VÕcakOÕk 
kRúXOOaUÕQda da kRQWURO |UQe÷i ROaUak aOÕQPÕú ROaQ haVaUVÕ] ROaQ dRPaWeV |UQe÷iQiQ CO2 üretim mikWaUOaUÕQÕQ di÷eU 
|UQekOeUiQkiQe kÕ\aVOa ROdXkoa d�ú�k ROdX÷X g|U�OPekWediU. ùekiO 5 Ye 6¶daQ da aQOaúÕOdÕ÷Õ gibi RUWaP VÕcakOÕ÷ÕQÕQ 
yükselmesi ile �U�Q�Q �UeWWi÷i CO2 PikWaUÕQda ROdXkoa b�\�k biU aUWÕú ROPXúWXU. A\UÕca Rda VÕcakOÕ÷Õ kRúXOOaUÕQda 
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bX aUWÕúÕQ oRk daha kÕVa V�Uede geUoekOeúWi÷i VaSWaQPÕúWÕU. OUWaP VÕcakOÕ÷Õ 2±2 qC iken ortamdaki CO2 RUaQÕ Va÷OaP 
domates örnekleri için 24 saatin sonunda %0.49¶daQ %3.95¶e \�kVeOPiúWiU. BX RUaQ 22±2 qC¶ de tutulan domates 
örnekleri için %0.49¶daQ Vadece 14 VaaW VRQXQda %11.53¶e \�kVeOPiúWiU. 2±2 qC RUWaP VÕcakOÕ÷Õ kRúXOXQda b�W�Q 
haVaUOÕ |UQekOeUde CO2 �UeWiP PikWaUÕ Va÷OaP |UQekOeUiQkiQe g|Ue ROdXkoa \�kVekWiU fakaW PekaQik haVaUdaQ 
dROa\Õ CO2 �UeWiPiQdeki aUWÕú hePeQ hePeQ a\QÕ d�]e\de ROPXúWXU (ùekiO 5). Oda VÕcakOÕ÷Õ kRúXOXQda dRPaWeV 
örneklerinin CO2 üretimi üzerine faUkOÕ PekaQik haVaU d�]e\OeUiQiQ eWkiViQiQ iVWaWiVWikVeO ROaUak 0,05 d�]e\iQde, 
VR÷Xk haYa kRúXOXQdaki |UQekOeUiQ CO2 üretimi üzerine faUkOÕ PekaQik haVaU d�]e\OeUiQiQ eWkiVi iVe iVWaWiVWikVeO 
olarak 0,01 |QePOi bXOXQPXúWXU. OUWaP VÕcakOÕ÷ÕQÕQ CO2 üretim PikWaUÕ �]eUiQe eWkiViQiQ iVe 0,01 düzeyinde 
|QePOi ROdX÷X VaSWaQPÕúWÕU.  

 

Figure 5. Effect of mechanical damage level on CO2 production of tomato at room temperature (22 ± 2 qC) 
ùekil 5. Oda sÕcaklÕ÷Õ koúulunda (22±2 qC) mekanik hasar düzeyinin domatesin CO2  �retim miktarÕna etkisi  

 

Figure 6. Effect of mechanical damage level on CO2 production of tomato in cold weather (2 ± 2 qC) 
ùekil 6. So÷uk hava koúulunda (2±2 qC) mekanik hasar düzeyinin domatesin CO2 �retim miktarÕna etkisi 

EOde ediOeQ bX VRQXoOaUa g|Ue geQeO ROaUak, dRPaWeV ioiQ VÕcakOÕk Ye PekaQik haVaU d�]e\i aUWWÕkoa VROXQXPXQ 
hÕ]OaQdÕ÷Õ Ye VROXQXP VRQXcXQda aoÕ÷a oÕkaQ CO2 d�]e\OeUiQde aUWÕú ROdX÷X VaSWaQPÕúWÕU. BeQ]eU úekiOde TeWWeh 
ve ark. (2004)' da Pe\YeOeUde VÕcakOÕk aUWWÕkoa VROXQXPXQ aUWWÕ÷ÕQÕ Ye b|\OeOikOe ROgXQOaúPaQÕQ \aYaúOa\aUak �U�Q 
kaOiWeViQiQ a]aOdÕ÷ÕQÕ beOiUWPiú, bXQa ba÷OÕ ROaUak �U�QOeUiQ haVaW VRQUaVÕQda oifWOikOeUde SRUWaWif VR÷XWXcXOaUda 
kRUXQPaVÕQÕQ, Wa]eOi÷i kRUXPak ioiQ eWkiOi ROdX÷X VRQXcXQa YaUPÕúOaUdÕU. BX aUaúWÕUPada da VÕcakOÕk Ye VROXQXP 
iOiúkiVi, TeWWeh ve ark. (2004)¶ QÕQ bX VRQXcX\Oa |UW�úPekWediU. A\QÕ dXUXPX deVWekOe\eQ biU di÷eU aUaúWÕUPa ise 
Kraus ve ark. (1999) WaUafÕQdaQ kaba \ePiQ VROXQXPX �]eUiQe ]edeOeQPeQiQ eWkiVi �]eUiQe \aSÕOPÕúWÕU. MekaQik 
eWki aOWÕQda kaba \eP |UQekOeUiQiQ PXhafa]a ediOdi÷i VÕcakOÕ÷ÕQ 31qC¶deQ 11qC¶\e d�ú�U�OPeVi, kRQWURO 
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|UQekOeUiQiQ VROXQXP RUaQOaUÕQÕ \akOaúÕk %50 a]aOWPÕú Ye VROXQXPdaQ dROa\Õ ka\bROaQ WRSOaP kXUX Padde PikWaUÕ 
W�P deQe\OeUde 48 VaaWiQ VRQXQda %3¶WeQ daha a] ROaUak WeVSiW ediOPiúWir.  

hU�QOeUde VROXQXPXQ bX]dROabÕ RUWaPÕQda daha d�ú�k CO2 d�]e\OeUiQe oÕkabiOdi÷i WeVSiW ediOPiú Ye bX dXUXP 
Boyette ve ark. (1993)¶QÕQ oa\�]�P� biWkiViQde (Vaccinium sp.) haVaW VRQUaVÕQda VR÷XkWa bekOeWPe Ye deSROaPa 
bR\XQca da\aQÕkOÕOÕk �]eUiQe \aSWÕkOaUÕ aUaúWÕUPa\Oa da X\XPOX bXOXQPXúWXU. AUaúWÕUPa\a g|Ue, deQe\e aOÕQaQ 
Pe\YeOeUiQ haVaW VRQUaVÕQda VR÷XkWa bekOeWiOdikoe Wa]eOikOeUiQiQ PXhafa]a ediOdi÷i WeVSiW ediOPiúWiU. CO2 

�UeWiPiQiQ Wa]eOi÷e \|QeOik ROaUak eWkeQ biU fakW|U ROPaVÕ aoÕVÕQdaQ oaOÕúPaPÕ] bX VRQXoOa SaUaOeOOik aU] 
etmektedir. 

 3.3. Mekanik hasar uygulamalarÕnÕn �r�nlerde solunum oranÕna etkilerine iliúkin sonuçlar 

gUQekOeUiQ VROXQXP RUaQOaUÕ VWaWik kRúXO |Oo�P PeWRWOaUÕQa X\gXQ ROaUak iOk 15 dakikaOÕk periyot için 
heVaSOaQPÕúWÕU. Oda kRúXOOaUÕQda Ye VR÷Xk kRúXOda dRPaWeV |UQekOeUiQiQ VROXQXP RUaQOaUÕQÕQ (CO2 �UeWiP RUaQOaUÕ) 
�U�Qde ROXúWXUXOaQ haVaU d�]e\OeUiQe ba÷OÕ ROaUak de÷iúiPi ùekiO 7¶de g|U�OPekWediU.  

ùekiO 7 iQceOeQdi÷iQde kabX÷X VR\XOPXú ROaQ |UQekOeUiQ heP Rda kRúXOOaUÕQda heP de VR÷Xk RUWaP 
kRúXOOaUÕQda VROXQXP RUaQOaUÕQÕQ di÷eU |UQekOeUiQkiQe kÕ\aVOa oRk daha \�kVek ROdX÷X bXQu 30 cm yüksekten 
oaUSWÕUÕOaQ |UQekOeUiQ i]Oedi÷i aQOaúÕOPÕúWÕU. HeP RUWaP VÕcakOÕ÷ÕQÕQ heP de ]edeOeQPe d�]e\OeUiQiQ  VROXQXP RUaQÕ 
�]eUiQe eWkiOeUiQiQ 0,01 d�]e\iQde |QePOi ROdX÷X VaSWaQPÕúWÕU.   

 

Figure 7. Changes in respiration rate depend on ambient temperature and mechanical damage level in tomato 
samples 

ùekil 7. Domates örneklerinde solunum oranÕnÕn ortam sÕcaklÕ÷Õ ve mekanik hasar d�zeyine ba÷lÕ olarak 
de÷iúimi 

3.4. Mekanik hasar uygulamalarÕnÕn �r�nlerde kuru madde kaybÕ �zerine etkilerine iliúkin sonuçlar 

KXUX Padde ka\ÕSOaUÕQÕQ (g kg-1 h-1) iki faUkOÕ VÕcakOÕk kRúXOXQda PekaQik haVaU d�]e\iQe ba÷OÕ ROaUak QaVÕO 
de÷iúWi÷i dRPaWeV ioi ùekiO 8' de g|U�OPekWediU. SROXQXP RUaQOaUÕQa SaUaOeO ROaUak PakViPXP kXUX Padde ka\bÕQÕQ 
kabX÷X VR\XOPXú ROaQ |UQekOeUde ROXúWX÷X Ye bXQX VÕUaVÕ\Oa 30 cP \�kVekOikWeQ oaUSWÕUÕOaQ, 20 cP \�kVekOikWeQ 
oaUSWÕUÕOaQ Ye 10 cP \�kVekOikWeQ oaUSWÕUÕOaQ |UQekOeUiQ WakiS eWWi÷i VaSWaQPÕúWÕU. EQ d�ú�k kXUX Padde ka\bÕ iVe 
heUhaQgi biU PekaQik ]aUaUa X÷UaPaPÕú ROaQ |UQekOeUde ROPXúWXU. gUQekOeUde ROXúaQ kXUX Padde ka\ÕSOaUÕQ VR÷Xk 
haYa kRúXOXQda dahi ROdXkoa \�kVek de÷eUOeUde geUoekOeúWi÷i aQOaúÕOPakWadÕU.  
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Figure 8. The effect of mechanical damage level on dry matter loss of tomato samples under room temperature 
condition (22 ± 2 qC) and cold condition (2 ± 1 qC) 

ùekil 8. Oda sÕcaklÕ÷Õ koúulunda (22±2 qC) ve so÷uk ortam koúulunda (2 ±1 qC) mekanik hasar düzeyinin 
domates örneklerinin kuru madde kaybÕna etkisi 

ZedeOeQPe d�]e\i, RUWaP VÕcakOÕ÷ÕQÕQ VROXQXP VÕUaVÕQda �U�QOeUde ROXúaQ kXUX Padde ka\bÕ �]eUiQe eWkiVi 0,01 
d�]e\iQde |QePOi bXOXQPXúWXU.   

3.5. Örneklerde solunum denemeleri sonrasÕnda oluúan a÷ÕrlÕk kaybÕ ve meyve eti sertli÷indeki de÷iúimlere 
iliúkin sonuçlar  

TabOR 2¶de X\gXOaQaQ PekaQik haVaU X\gXOaPaOaUÕ VRQXcXQda VROXQXP RUaQOaUÕ VaSWaQPÕú ROaQ |UQekOeUde 
ROXúaQ a÷ÕUOÕk ka\bÕ Ye Pe\Ye eWi VeUWOi÷iQde ROXúaQ de÷iúiPOeU g|U�OPekWediU.  

Tablo 2. A÷ÕrlÕk kaybÕ ve meyve sertli÷inin de÷iúimi (sa÷lam örneklerin ortalama sertlik de÷erleri: 5.8 kgf) 

Table 2. Changes in weight loss and fruit hardness (average hardness values of  firm samples: 5.8 kgf) 

 
SÕcaklÕk Hasar düzeyi A÷ÕrlÕk kaybÕ (g) 

 
Meyve eti sertli÷i 

(kgf) 
22±2(oda 
kRúXOX) 

Sa÷OaP dRPaWeV 0.06 11.484 
KabX÷X VR\XOPXú 0.36 5.393 
10 cP'deQ oaUSWÕUÕOPÕú 0.14 5.57 
20 cP'deQ oaUSWÕUÕOPÕú 0.15 4.32 
30 cP'deQ oaUSWÕUÕOPÕú 0.12 8.668 

2�2 (VR÷Xk 
haYa kRúXOX) 

Sa÷OaP domates 0.08 7.954 
KabX÷X VR\XOPXú 0.28 4.654 
10 cP'deQ oaUSWÕUÕOPÕú 0.09 5.353 
20 cP'deQ oaUSWÕUÕOPÕú 0.8 9.11 
30 cP'deQ oaUSWÕUÕOPÕú 0.5 7.255 

A÷ÕUOÕk ka\ÕSOaUÕ g|] |Q�Qde bXOXQdXUXOdX÷XQda, W�P deQePe PaWeU\aOOeUiQde |Oo�POeU |QceVi Ye VRQUaVÕ 
aUaVÕQda eQ b�\�k a÷ÕUOÕk ka\ÕSOaUÕQÕQ da di÷eU W�P VRQXoOaUa SaUaOeO ROaUak kabX÷X VR\XOaQ Pe\YeOeUde ROdX÷X 
g|U�OPekWediU. A÷ÕUOÕk ka\ÕSOaUÕ, geQeO ROaUak VROXQXP deYaP eWWikoe aoÕk biU úekiOde g|]OePOeQPiúWiU.  
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SeUWOik |Oo�POeUi Ye haVaUOa RUWa\a oÕkaQ defRUPaV\RQOa iOgiOi ROaUak, CheQ ve ark. (1987), d�ú�UPe WeVWOeUiQde 
RUWa\a oÕkabiOecek ]edeOeQPeleriQ beOiUOeQPeVi ioiQ ha]ÕUOadÕkOaUÕ deQe\ ciha]ÕQÕ kXOOaQPÕúlar ve çelik yüzeyler 
�]eUiQe faUkOÕ \�kVekOikOeUdeQ eOPaOaUÕ d�ú�UP�úOeUdir. Me\YeOeUde ROXúaQ faUkOÕ ]edeOeQPe d�]e\OeUiQiQ Pe\Ye 
oeúidiQe Ye ROgXQOX÷a ba÷OÕ ROaUak de÷iúWi÷iQi, Pe\Ye VeUWOi÷i iOe ]edeOeQPeQiQ WeUV RUaQWÕOÕ ROdX÷XQX WeVSiW 
eWPiúOerdir. Bu sonuçlara paralel olarak Tablo 2 iQceOeQdi÷iQde Rda VÕcakOÕ÷ÕQdaki Pe\YeOeUde eQ \�kVek VeUWOi÷iQ 
Va÷OaP |UQekWe ROdX÷X g|]OePOeQPiúWiU. MekaQik haVaU X\gXOaQaQ Ye kabX÷X VR\XOaQ �U�QOeUde iVe baUi] biU 
VeUWOik ka\bÕ ROdX÷X g|]OeQPekWediU fakaW bX ka\ÕSOaU, X\gXOaQaQ haVaU d�]e\iQe RUaQOa d�]eQOi biU da÷ÕOÕP 
VeUgiOePePekWediU. SR÷Xk haYa kRúXOXQda |Oo�POeUi \aSÕOaQ �U�QOeUde iVe VeUWOik |Oo�POeUiQiQ d�]eQOi biU da÷ÕOÕP 
aU] eWPedi÷i, Rda VÕcakOÕkOaUÕQda \aSÕOaQ |Oo�POeUe g|Ue daha kaUaUVÕ] ROdX÷X VaSWaQPÕúWÕU.  

YaSÕOaQ iVWaWiVWikVeO aQaOi]OeU VRQXcXQda �U�QOeUdeki a÷ÕUOÕk ka\bÕ-VROXQXP RUaQÕ Ye Pe\Ye eWi VeUWOi÷i-solunum 
RUaQÕ aUaVÕQdaki iOiúkiQiQ |QePVi] ROdX÷X VaSWaQPÕúWÕU (P>0,01). 

4. Sonuç 

Bir WaUÕPVaO �U�Q�Q meWabROi]PaVÕ \aQi VROXQXPX Qe kadaU hÕ]OÕ iVe Uaf |PU�Q�Q de R kadaU kÕVa ROPaVÕ 
nedeniyle ürünün hasattan sonraki depolama ömrünü X]aWPak ioiQ eQ baúWa VROXQXPXQXQ \aYaúOaWÕOPaVÕ 
gerekmektedir. g]eOOikOe deSROaPa VÕUaVÕQda VROXQXPdaQ ka\QakOaQaQ kXUX Padde ka\bÕQÕQ �U�Qde ROXúaQ 
]edeOeQPe d�]e\i Ye RUWaP VÕcakOÕ÷ÕQa ba÷OÕ ROaUak VaSWaQdÕ÷Õ bX oaOÕúPadaQ eOde diOeQ VRQXoOaU; �U�QOeUiQ faUkOÕ 
RUWaP kRúXOOaUÕQdaki deSROaPa |P�UOeUiQiQ WahPiQ ediOebiOPeViQe ka\Qak Va÷OaPaVÕ aoÕVÕQdaQ Ye haVaW VRQUaVÕ 
iúOePOeU |]eOOikOe de deSROaPa iúOePi Ye a\UÕca haVaW VRQUaVÕQda PekaQi]aV\RQ X\gXOaPaOaUÕ VÕUaVÕQda �U�Qde 
ROXúabiOecek PekaQik ]edeOeQPeOeUiQ bX ka\ÕSOaU �]eUiQe eWkiVi �]eUiQe de YeUi WabaQÕ ROXúWXUPaVÕ  \|Q�QdeQ 
\aUaUOÕ ROacakWÕU. A\UÕca iOeUide \aSÕOabiOecek Rlan ve depolanan üründe ]aPaQOa ROXúacak ROaQ bR]XOPaOaU 
(\XPXúaPa, k�fOeQPe Yb.) VÕUaVÕQdaki kXUX Padde d�]e\OeUiQiQ deQe\VeO ROaUak VaSWaQaUak R �U�QOeUiQ Uaf 
|PU�Q�Q aPSiUik ROaUak  WahPiQ ediOebiOece÷i PRdeOOeUiQ geOiúWiUiOPeViQe  de WePeO ROacakWÕU.     
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Effect of Cyclotrichium niveum Essential Oil on Rumen Microbial Fermentation and in 
vitro Digestibility of Barley 
 
Cyclotrichium niveum EVaQVi\eO Ya÷ÕQÕQ RXPeQ MikURbi\aO FeUPaQWaV\RQXQa Ye AUSaQÕQ in 
vitro SiQdiUiOebiOiUOi÷iQe EWkiVi 
 

Zeynep ùAHAN1*, Ahmet Zafer TEL2, Harun KUTAY3 

Abstract 
The digestibility of feed in ruminants and the volatile fatty acids (VFA) resulting from digestion directly affect 
animal performance. It has long been studied on the use of essential oils as an alternative to antibiotics to ensure 
optimum conditions for the rumen environment. Cyclotrichium niveum (mountain mint) essential oil is rich in 
antimicrobial agents.  In this study different doses (0, 50, 100 and 150 mg/L of culture fluid) of Cyclotrichium 
niveum essential oil was incubated 24 hours with barley in diluted ruminal fluid takes from fistulated cows fed 
with a 40:60 concentrate:forage diet in order to assess the effects on rumen microbial fermentation and  in vitro 
true digestibility of barley. True digestibility of barley was determined in ANKOM Daisy Incubator. All doses of 
Cyclotrichium niveum significantly (P<0.001) decreased the in vitro dry matter (DM), organic matter (OM), 
neutral detergent fiber (NDF) digestibility of barley. Cyclotrichium niveum essential oil negatively affected end-
products of rumen fermentation; the value of the measured rumen volatile fatty acids (VFA: acetate, propionate, 
butyrate, isobutyric acid, valerate and isovalerate) significantly decreased compared to the control group (P<0.001). 
Carbon dioxide and methane gases created as a result of incubation in rumen fluid were calculated using volatile 
fatty acid values formed in rumen fluid. The addition of Cyclotrichium niveum essential oil significantly reduces 
the CO2 in rumen fluid (P<0.001). Methane (CH4) gas from rumen fluid was significantly decreased in treatment 
groups compared the control group (P <0.001) While end-products of rumen fermentation parameters significantly 
decreased with all doses of Cyclotrichium niveum essential oil, rumen pH has increased (P<0.05). The results show 
that when the Cyclotrichium niveum essential oil incubated with barley significantly inhibited the rumen microbial 
activity and overall fermentation process of rumen. 

Keywords: Cyclotrichium niveum, Digestibility, Barley, Essential Oil, Methane, Mountain mint  
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Özet 

RXPiQaQWOaUda \ePiQ ViQdiUiOebiOiUOi÷i Ye ViQdiUiP VRQXcX RUWa\a oÕkaQ XoXcX \a÷ aViWOeUi (UYA) ha\YaQ 
SeUfRUPaQVÕQÕ dR÷UXdaQ eWkiOeU. RXPeQ RUWaPÕ ioiQ RSWiPXP kRúXOOaUÕ Va÷OaPak aPacÕ\Oa, aQWibi\RWikOeUe 
aOWeUQaWif ROaUak XoXcX \a÷OaUÕQ kXOOaQÕPÕ �]eUiQde X]XQ ]aPaQdÕU oaOÕúÕOPakWadÕU. Cyclotrichium niveum (da÷ 
QaQeVi) eVaQVi\eO \a÷Õ aQWiPikURbi\aO ajaQOaU aoÕVÕQdaQ ]eQgiQdiU. BX oaOÕúPada UXPeQ PikURbi\aO feUPaQWaV\RQX 
Ye aUSaQÕQ in vitro geUoek ViQdiUiOebiOiUOi÷i �]eUiQdeki eWkiOeUiQi de÷eUOeQdiUPek ioiQ faUkOÕ dR]OaUdaki (0, 50, 100 
ve 150 Pg / L k�OW�U VÕYÕVÕ) Cyclotrichium niveum eVaQVi\eO \a÷Õ, 40:60 kRQVaQWUe: kaba \eP iOe beVOeQeQ fiVW�Oe 
ediOPiú iQekOeUdeQ aOÕQaQ Ve\UeOWiOPiú UXPiQaO VÕYÕ ioiQde 24 VaaW süreyle arpa ile inkübe edilPiúWiU. AUSaQÕQ geUoek 
kuru madde (KM), organik madde (OM) ve nötral deterjan lif (NDF) sindirilebilirlikleri ANKOM Daisy 
øQk�baW|Ude beOiUOeQPiúWiU. Tüm Cyclotrichium niveum dR]OaUÕ aUSaQÕQ in vitro kuru madde (KM), organik madde 
(OM), nötral deterjan lif (NDF) ViQdiUiOebiOiUOi÷iQi |QePOi |Oo�de a]aOWPÕú (P<0.001), Cyclotrichium niveum 
eVaQVi\eO \a÷ÕQÕQ rumen fermantasyonu son ürünlerini olumsuz etkilePiúWiU. gOo�OeQ UXPeQ XoXcX \a÷ aViWOeUi 
(UYA: asetat, propiyonat, b�WiUaW, i]Rb�WiUik aViW, YaOeUaW Ye i]R YaOeUaW) de÷eUOeUi kRQWURO gUXbXQa g|Ue |QePOi 
ölçüde azalPÕúWÕU (P <0.001). RXPeQ VÕYÕVÕQda iQk�baV\RQ VRQXcX ROXúaQ kaUbRQdiRkViW Ye PeWaQ ga]OaUÕ UXPeQ 
VÕYÕVÕQda ROXúaQ XoXcX \a÷ aViWi de÷eUOeUi kXOOaQÕOaUak heVaSOaQPÕúWÕU. Cyclotrichium niveum XoXcX \a÷ÕQÕQ 
ekOeQPeVi UXPeQ VÕYÕVÕQdaki CO2'i önemli ölçüde azaltPÕúWÕU (P <0.001). RXPeQ VÕYÕVÕQdaQ |Oo�OeQ metan (CH4) 
ga]Õ deneme gUXSOaUÕQda kRQWURO gUXbXQa g|Ue aQOaPOÕ ROaUak a]aOPÕúWÕU (P <0.001), rumen fermantasyonunun son 
ürünleri, Cyclotrichium niveum XoXcX \a÷ÕQÕQ W�P dR]OaUÕ\Oa |QePOi |Oo�de a]aOÕUkeQ, UXPeQ SH'Õ aUWPÕúWÕU (P 
<0.05). Sonuçlar, arpa ile inkübe edilen Cyclotrichium niveum XoXcX \a÷ÕQÕQ UXPeQ PikURbi\aO aktivitesini ve 
UXPeQ geQeO feUPaQWaV\RQ V�UeciQi |QePOi |Oo�de iQhibe eWWi÷iQi g|VWermektedir. 

Anahtar Kelimeler: Cyclotrichium niveum, SiQdiUiOebiOiUOik, AUSa, EVaQVi\eO Ya÷, MeWaQ, Da÷ QaQeVi 
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1. Introduction 

With the banning of antibiotics in animal production since 2006, today, plant extracts have started to gain 
importance as alternative feed additives and growth stimulants to antibiotics. Efforts are being made to determine 
the benefits of herbal extracts and extract oils and to be a suitable alternative for the future (Kamel, 2007). Plants 
that can produce secondary metabolites such as sarsaponin, tannin, thymol, which affect microbiological activity 
in rumen are considered as alternative feed additives that have valuable potential for use (Benchaar et al., 2015). 

Essential oils (EOs) obtained from plants have antimicrobial effects on gram (+) and gram (ņ) bacteria. Due 
to these effects, EOs have reduced protein breakdown in the rumen, control of pathogenic microorganisms, 
increasing the activity and nitrogen absorption of digestive enzymes and reducing environmental pollution caused 
by fertilizers (Wallace et al., 2004; Cardozo et al., 2005; Chaves et al., 2008; Patra and Yu, 2012; Önenç et al., 
2016; Belanche et al., 2019). 

There are many studies on the modulator effects of essential oils on rumen digestibility. The variability of 
these studies results depends on the variability of the chemical compositions of the plant used in general, the 
dosage used, the rumen pH and the type of diets used in the experiments. (Cardozo et al., 2005; Calsamiglia et al., 
2007). Looking at the rumen fermentation effect of the dose ;while EOs are ineffective or selectively effective on 
the rumen microbial ecosystem at low and medium doses, they show a general inhibitory effect on rumen 
fermentation when used at high doses (Yadeghari et al., 2015), referring that EOs have a dose response effect on 
rumen fermentation. 

Cyclotrichium niveum (mountain mint) is a one-year-old herbaceous plant with dense white trichome, strong 
mint fragrance and a height of 20-50 cm belonging to Lamiaceae family. Its active ingredients are pulegone 
(31.9%), germacrene-D (16.45%), menthone (15%), isomenthone (9%) and spathulenol (3.5%). It has been shown 
in many studies that Cyclotrichium niveum essential oil is rich in antimicrobial agents (Gulcin et al., 2008; Alim 
et al., 2009; Gürsoy et al, 2009). Due to its antimicrobial properties, it was expected that might be effective in 
manipulating rumen fermentation by affecting microorganisms in the rumen. In other words, they are thought to 
be effective in promoting microbial protein synthesis, preventing widespread breakdown of proteins, controlling 
methane-producing bacteria, stimulating the proliferation of cellulose-digesting bacteria and suppressing acid-
causing bacteria. Despite all these expectations any study investigating the effect of Cyclotrichium niveum 
essential oil on rumen fermentation has not been acrossed. In this study, the potential for use of Cyclotrichium 
niveum (Boiss.) Manden & Scheng (mountain mint) as a feed additive for ruminant animals and its effective dose 
were investigated by in vitro.  

2. Material and Methods 
The amount of Cyclotrichium niveum (mountain mint) to be used in the study was collected by senior 

taxonomists Dr. Ahmet Zafer Tel in August ideal time for collected and dried in a cool environment then extracted 
by steam distillation methods for EOs. The oil was taken in dark glass bottles and stored at 4 ° C until use for 
incubation and chemical analyse. GC-MS analysis of EOs obtained after dilution with hexane in the ratio of 1:20, 
Agilent30m 
 0.250PP * 0.25Pȝ iQ bUaQd GC-MS device In size DB-5MS column, 1ml / min. helium gas flow 
UaWe, 1:50 VSOiW UaWe, 250 �C iQOeW WePSeUaWXUe, 1 ȝO iQjecWRU YROXPe, VWaUWiQg aW 60 �C, 3 �C / PiQ. HeaWiQg bURXghW 
to 300 °C and waiting for 5 minutes the analysis was then terminated. 

The effects of Cyclotrichium niveum on in vitro true digestibilities of barley were evaluated using ANKOM 
Daisy Incubator and Technology. The ruminal inoculum, used for in vitro incubations, was collected from 
fistulated cow fed 60:40 feed forage: concentrate diet. The ruminal inoculum collection was carried out 3 hours 
(h) post morning meal. Then the ruminal inoculum was strained through various layers of cheese cloth and kept at 
39 °C under a CO2 atmosphere. Barley is grounded using a 1 mm sieve for chemical analysis and in vitro incubation. 
Weighed about 0.5 g of ground barley in filter bags (F57) and closed with heat stamping device and incubated in 
a DaisyII incubator (ANKOM Technology Corp., Macedon, NY) with rumen fluid, buffer in a 1:4 ratio. 
Cyclotrichium niveum in an amount to meet the dosage of 50,100,150 ppm for 24 h under anaerobic conditions at 
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39.8 ÛC. IQ Whe e[SeUiPeQW, QXWUieQW aQaO\ViV Rf baUOe\ aQd UeVidXeV ZeUe deWeUPiQed accRUdiQg WR Whe Pethods 
specified in AOAC (2007). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed with the 
ANKOM 200 fibre analyser using reagents described by Van Soest and Wine (1975) and Van Soest (1963), 
respectively (Table 1). 

Table 1. Chemical Composition of Barley (DM basis) 
Ingredient % 
Dry matter  90.30 
Organic matter  86.64 
Crude protein 11.89 
Ash 3.66 
Crude fat 1.66 
ADF 8.84 
NDF 20.09 
NiWURgeQဨfUee e[WUacW 66.51 

 

Determination of the volatile fatty acid (VFA) content in the rumen liquid was conducted by using a 
gas chromatograph with a semi-capillary FFAP column (Hewlett-Packard, Wardbronn, Germany), at 
temperature range of 45-230°C.  

Carbon dioxide (CO2) and methane (CH4) gases formed by in vitro fermentation were calculated with 
the following formula using the values of volatile fatty acids obtained from the rumen fluids come off after 24 
hours of incubation of barley (Blümmel et al., 1999). 

Carbon dioxide, CO2 = Acetic acid / 2 + Propionic acid / 4 + 1.5 x Butyric acid 

Methane, CH4 = (Acetic acid + 2 × Butyric acid)  ࡳ  CO2 

(The concentration of UYA has been taken as mmol) 

The obtained data were subjected to variance analysis in accordance with the trial model using the 
SAS (1998) package program. Comparison of means is provided by using Duncan Multiple Comparison Test. 

All experimental procedures were approved by the Ethic Committee of Research Council of Çukurova 
University. 

3. Result and Discussion 

The results showed that Cyclotrichium niveum essential oil significantly affects the in vitro true digestibility of 
barley (dry matter digestibility (DMD), organic matter digestibility (OMD) and neutral detergent fiber digestibility 
(NDFD)) (Table 2). The in vitro digestibility of barley was decreased (linear (DMD) and quadratic (OMD, NDFD) 
response, P < 0.01; P < 0.05; P < 0.001 respectively by Cyclotrichium niveum essential oil. The in vitro DMD was 
70.70% in the control group. The values of DMD measured as 62.99% (with a 10.9% reduction), 59.13% (with a 
16.36% reduction) and 58.39% (with a 17.41% reduction) in group of 50 ppm, 100 ppm and 150 ppm doses 
respectively. Interestingly, the lowest values in in vitro OMD and NDFD were observed at the 50 ppm dose group. 
It constitutes the belief that there is a negative effect of Cyclotrichium niveum EO on starch digesting bacteria in 
rumen fluid. It suggests that this feature of the EO can be used with carbohydrates that are easily digested and 
causes acidosis in the rumen environment.  Thus, risk of acidosis can be reduced with Cyclotrichium niveum EO. 
There are many data on the effect of EOs on rumen digestibility and fermentation assorted depending on the type, 
composition, dose of EOs and also rumen pH and animal diet type (Cardozo et al.,2004; Malecky et al., 2009). 
Assuming that not all end products of rumen fermentation are due to substrate destruction, it becomes difficult to 
explain the reason for the change observed in rumen fermentation. Because whether the changing in digestibility 
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is a result of Cyclotrichium niveum EO direct utilization by rumen microorganisms or the consequence of its 
indirect impact on substrate degradation and fermentation are not clear. 

Table 2. Effect of Cyclotrichium niveum on in vitro true digestibility of barley 

 Doses(mg Lí1) 
SEM P 

0 50 100 150 

DMD (%) 70.704a  62.998b 59.138b  58.390b 4.4132 ** 

OMD (%) 57.708a 47.894b 52.434ab 54.616ab 5.1153 * 

NDFD (%) 30.108a  18.378c 24.838b 25.252b 3.0393 *** 
Each letter (a and b) shows that the doses differ from each other at the level of  p<0.001 (***), p <0.01(**) and p<0.05 (*).DMD: dry 
matter digestibility OMD: organic matter digestibility NDFD: NDF digestibility 

Volalite fatty acids (VFAs) produced in the rumen form the major source of energy to the ruminant. Therefore, 
the optimum VFA ratios are very important for the animal performance. There are many studies investigating the 
effect of EOs on VFA. Some of them have observed that EOs increase VFAs rates (Benchaar et al., 2008) or not 
effected (Kim et al., 2019; Matloup et al., 2017; Kamalak et al., 2011; Tager and Krause 2011). Similarly with the 
results of our study, there are studies that significantly decrease VFA rates ( Castillejos et al., 2005; Busquet et al., 
2006); Cyclotrichium niveum oil supplementation significantly decreased total VFA production, propionic acid, 
butyric acid, acetic acid concentration with increasing level of the Cyclotrichium niveum (P<0.001, P<0.05) (Table 
3). These results be concluded that Cyclotrichium niveum EO supplementation significantly inhibited microbial 
activity and overall fermentation process. 

Table 3. Effect of Cyclotrichium niveum on in vitro ruminal fermentation of barley 

 Doses(mg Lí1) 
SEM P 

0 50 100 150 
Volatile fatty acids 

TVFA 68.30a 63.01b 55.58c 52.55d 1.0444 *** 
Acetate 35.83a 34.47a 30.25b 26.51c 0.9052 *** 
Propionate 17.25a 15.85b 13.88c 15.87b 0.5214 *** 
Butyrate 11.01a 9.15b 8.03c 6.88d 0.3480 *** 
Isobutyric acid 1.22a 1.18ab 1.15b 1.11c 0.0156 * 
Valerate 1.54a 1.50ab 1.48bc 1.44c 0.0229 * 
Isovalerate 1.46a 0.85b 0.80bc 0.75c 0.0252 ** 
A:P 2.08a 2.18a 2.18a 1.68b 0.0924 *** 
pH 6.1b 6.2 ab 6.2 ab 6.4 a 0.06 * 

Gases 
CO2 38.75a 34.93b 30.33c 27.55d 0.7857 *** 
CH4 19.11a 17.8533b 15.67c 12.73d 0.6232 *** 

Each letter (a,b,c) shows that the doses differ from each other at the level of p <0.01(**) and p<0.05(*).p<0.001 (***) A:P: acetate: 
propionate ratio, TVFA: Total volatile fatty acids 

 

The amount of gases such as CO2 and CH4 formed as a result of digestion in the rumen is usually related with 
an increase in digestion and given information for microorganism activity in the rumen (Hungate et al., 1954). 
Nasab et al. (2018) observed that the plant with main component pulegone (38.83%), significantly reduced gas 
production in their study. This result is also compatible with our results. In our study Cyclotrichium niveum 
essential oil significantly affected CH4 production (P<0.001). These results consistent with decrease of acetate 
which is methane production precursors. Because of their antimicrobial properties EOs could be used selectively 
restrain rumen methanogenesis. Methane has global warming potential 21 times compared to CO2 (Bodas et al., 
2012) depending on diet composition and feed intake, enteric methane losses be regarded as  2±12% of gross 
energy intake in ruminants  (Boadi et al, 2004). For these reasons¶ reduction of CH4 emissions via EOs application 
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could be beneficial both for the animals (improved feed efficiency and productivity) and for the environment 
(mitigation of greenhouse effects) (Benchaar and Greathead 2011).  

Many studies recorded the reduction in CH4 production by EO (Nasab et al., 2018; Wang et al., 2009).  The 
decrease in the amount of gases observed in this study may indicate that microorganisms in the incubation 
environment and therefore fermentation parameters are negatively affected by essential oil. 

The rumen pH is very important balance factor for sustain the rumen optimum fermentation. Changes in pH 
may more or less affect the types and activities of the microorganism community in the rumen, the formation and 
absorption of protein and fatty acids, especially VFAs.  Cyclotrichium niveum EO increased ruminal pH at all 
included doses (p<0.05), this result made think that Cyclotrichium niveum EO might be protecting effect on rumen 
acidosis. 

4. Conclusion  

The effects of Cyclotrichium niveum oil can be attributed to many reasons, these are; restriction of some 
protozoal populations; restriction of the bacteria producing the methane production precursors, such as acetate 
producing bacteria and redirecting rumen fermentation towards the pathways producing more propionate as a H2 
sink.  

From the study results, it may be concluded that Cyclotrichium niveum EO supplementation significantly 
inhibited rumen microbial activity and overall fermentation process of rumen. Cyclotrichium niveum EO inclusion 
had significant negative effects on digestibility parameters, VFAs and gases. Therefore, before use for livestock 
industry, more investigations are required to determine the effect of Cyclotrichium niveum EO on animal 
performance and economics aspect of supplementation. 
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Özet 
BX oaOÕúPada, Ga]iaQWeS Ye KiOiV iOOeUiQde \eWiúWiUiciOi÷i \aSÕOaQ øYeVi kR\XQOaUÕQda ba]Õ PRUfRORjik Ye fi]\RORjik 
|]eOOikOeU WeVSiW ediOPiúWiU. BX aPaoOa, heU iki iOde de 2-5 \aú aUaOÕ÷ÕQda 100¶eU baú eUgiQ kR\XQ Ye bXQOaUdaQ dR÷aQ 
kX]XOaUda WeVSiW Ye |Oo�POeU \aSÕOPÕúWÕU. AQao kR\XQOaUda, d|O YeUiP |]eOOikOeUi, caQOÕ a÷ÕUOÕk, ba]Õ Y�cXW |Oo�OeUi 
Ye OakWaV\RQ SaUaPeWUeOeUi beOiUOeQPiúWiU. KX]XOaUda dR÷XP Ye V�WWeQ keViP a÷ÕUOÕ÷Õ (60. g�Q) Ye bX d|QePOeUdeki 
Y�cXW |Oo�OeUi WeVSiW ediOPiúWiU. DeQePe PaWeU\aOi aQaOaUa, PeUa Ye ek \ePOePe, kX]XOaUa iVe aQa V�W� Ye ek 
yemleme ile beVOePe \aSÕOPÕúWÕU. daOÕúPaQÕQ iVWaWiVWik aQaOi]i SPSS SakeW SURgUaPÕ iOe de÷eUOeQdiUiOPiúWiU. 
AUaúWÕUPa QeWiceViQde, Ga]iaQWeS Ye KiOiV iOOeUiQde \eWiúWiUiOeQ øYeVi kR\XQOaUÕQda Y�cXW be\a] kaba-kaUÕúÕk 
\aSa÷ÕOÕ Ye kahYeUeQgi baúOÕ, eUkekOeU bR\QX]OX diúiOeU bR\QX]VX] ROaUak WeVSiW ediOPiúWiU. EUkek Ye diúiOeU \a÷OÕ 
kX\UXkOX, PePe baúOaUÕ hXQi bioiPiQde aúa÷Õ\a dR÷UX ROabiOdi÷i gibi PePe be]i keQaUOaUÕQdaQ \aQa dR÷UX da 
oÕkabiOdi÷i beOiUOeQPiúWiU. AQaOaUda d|O YeUiPi Ga]iaQWeS iOiQde % 98, KiOiV iOiQde iVe % 99, kuzu verimi, Gaziantep 
iOiQde 0.98, KiOiV iOiQde 0.99, V�WWeQ keViPde \aúaPa g�c� a\QÕ iO VÕUaOaPaVÕQa g|Ue % 96.93 Ye % 95.45 ROaUak 
heVaSOaQPÕúWÕU. DR÷XP Ye V�WWeQ keViP (60. g�Q) a÷ÕUOÕkOaUÕ iO VÕUaOaPaVÕQa g|Ue, 4.04 � 0.31 kg Ye 3.78 � 0.30 kg, 
21.6 � 0.34 kg Ye 20.3 � 0.30 kg ROaUak beOiUOeQPiúWiU. LakWaV\RQ V�UeVi, Ga]iaQWeS¶Weki V�U�OeUde, 188.3 � 2.14 
g�Q, KiOiV iOiQdeki V�U�OeUde 182.4 � 2.85 g�Q, Sa]aUOaQabiOiU V�W YeUiPi iVe \iQe a\QÕ VÕUaOaPa\a g|Ue, 134.4 � 5.30 
kg ve 117.4 ± 3.11 kg olaUak bXOXQPXúWXU. SRQXo ROaUak øYeVi kR\XQOaUÕQÕQ YeUiP |]eOOikOeUi bakÕPÕQdaQ iOOeU 
aUaVÕQda YaU\aV\RQa VahiS ROdX÷X Ye iO ba]ÕQda d�ú�k YeUiPOi kR\XQOaUÕQ ÕVOahÕ ioiQ iOOeU aUaVÕ daPÕ]OÕk Ye ÕVOah 
aPaoOÕ WUaQVfeU \aSÕOPaVÕ \eUiQde ROacakWÕU. 

Anahtar Kelimeler: øYeVi, D|O YeUiPi, S�W YeUiPi, V�cXW |Oo�OeUi, KX]X geOiúiPi 
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Abstract 
In this study, some morphological and physiological characteristics of Awassi sheep were investigated in 
Gaziantep and Kilis provinces. For this purpose, it was made measurements and detections in 100 heads of Awassi 
and their lambs in both cities between 2-5 aged. In ewes, fertility characteristics, live weight, some body 
measurements and lactation parameters were determined. Birth and weaning weight (60th day) and body 
measurements in these periods were determined in lambs. Animal material was fed with pasture throughout the 
day and additional feeding, and lambs were fed with milk and additional feeding. Statistical analysis of the study 
was evaluated with SPSS software. As a result of the research, it was found that Awassi sheep has white body with 
coarse-mixed fleece, brown-headed, rams with horned, ewes without horned. It has been determined that males 
and females with fat tailed, the nipples can be downwards in the form of a funnel as well as from the edges of the 
mammary gland. The fertility rate was calculated as 98 % in Gaziantep, and 99 % in Kilis province, litter size 
found as 0.98 in Gaziantep, 0.99 in Kilis province, survival rate on weaning (60th day) was calculated as % 96.93 
and % 95.45 respectively at the same province ranking. The birth and weaning weights (60th) were determined as 
4.04 ± 0.31 kg and 3.78 ± 0.30 kg, 21.6 ± 0.34 kg and 20.3 ± 0.30 kg, respectively, according to province order. 
The lactation period was found as 188.3 ± 2.14 days in Gaziantep, 182.4 ± 2.85 days in Kilis province, and average 
marketable milk yield found as 134.4 ± 5.30 kg and 117.4 ± 3.11 kg respectively, according to province order 
again. As a result, there is variation between provinces in terms of yield characteristics. It will be appropriate to 
make transfers between the provinces for breeding and breeding purposes find order to the improvement of low-
yielding sheep on the basis of provinces in which. 

 
Keywords: Awassi, Reproduction, Milk yield, Body measurements, Lamb growth 
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1. Giriú  

Ha\YaQVaO �UeWiP faaOi\eWi eW, V�W, deUi, kÕO, \aSa÷Õ gibi YeUiPOeUi iOe iQVaQ beVOeQPeViQe kaWkÕ, eQd�VWUi\e 
haPPadde Ye biUoRk iú daOÕQÕ baUÕQdÕUPaVÕ QedeQi\Oe heP �Oke heP de aiOe ekRQRPiViQe ciddi kaWkÕOaU 
Va÷OaPakWadÕU. 

øOk eYciOOeúWiUiOeQ ha\YaQ W�UOeUiQdeQ biUi ROaQ kR\XQ, biUoRk WRSOXP Ye PedeQi\eW ioiQ faUkOÕ k�OW�UOeU iOe |QePOi 
UROOeU �VWOeQPiúWiU. GeQeOOikOe beViQ, gi\iP Ye geoiP ka\Qa÷Õ ROaUak \eWiúWiUiOeQ kR\XQOaUÕQ, ]aPan zaman özel 
iúOeWPeOeUde V�V ha\YaQÕ ROaUak WeUcih ediOdi÷i de g|U�OPekWediU. hOkeOeUiQ geOiúPiúOik VeYi\eOeUi heVaSOaQÕUkeQ, 
VaQa\i, WicaUeW Ye WXUi]P gibi ekRQRPik YeUiOeUiQ \aQÕ VÕUa ha\YaQVaO �U�Q W�keWiP d�]e\OeUi de dikkaWe aOÕQPakWadÕU. 

Türkiye'nin cR÷Uafik |]eOOikOeUi, |]eOOikOe OUWa AQadROX Ye G�Qe\dR÷X AQadROX B|OgeViQdeki ]a\Õf, Ve\Uek Ye 
bR\OaQPa\aQ biWkiOeUdeQ ROXúaQ PeUa kRPSR]iV\RQX, T�Uki\e kR\XQcXOX÷XQa X\gXQ biU aOW \aSÕ Va÷OaPakWadÕU. 
BX ba÷OaPda iQVaQ \aúaPÕQa deVWek ROPakOa beUabeU \aúaPÕQ da biU SaUoaVÕ haOiQe geOeQ kR\XQ \eWiúWiUiciOi÷i, WaUOa 
Ye bahoe WaUÕPÕQa X\gXQ ROPa\aQ aUa]iOeUde Ye\a X\gXQ ROaQ \eUOeUde io ioe \aSÕOabiOPeVi, ha\YaQOaUÕQ a÷Õ] \aSÕVÕ, 
hePeQ hePeQ heU W�UO� RWX \ePeVi, \�kVek adaSWaV\RQ kabiOi\eWi QedeQi\Oe di÷eU türlere tercih edilebilmektedir.  

TaUÕPVaO �UeWiP bakÕPÕQdaQ keQdi keQdiQe \eWeQ �OkeOeUdeQ biUi ROaQ T�Uki\e¶de, VRQ 35 \ÕOdaQ beUi VaQa\i Ye 
WXUi]P VekW|UOeUiQiQ |QceOikOi aOaQ haOiQe geWiUiOPeViQi hedefOe\eQ SROiWikaOaUÕQ X\gXOaQPaVÕ, giUdiOeUiQ \�kVek 
ROPaVÕ Ye eOde ediOeQ �U�QOeUiQ de÷eU fi\aWÕQa VaWÕOaPaPaVÕ WaUÕPa ROaQ iOgiQiQ a]aOPaVÕQa QedeQ ROPXú Ye WaUÕP, 
]aPaQ ioiQde geUi SOaQOaUa aWÕOPÕúWÕU. HeU Qe ROXUVa ROVXQ, WaUihVeO aOÕúkaQOÕkOaUÕ, cR÷Uafi |]eOOikOeUi, \ePek 
k�OW�UOeUi Ye ekRQRPik kRúXOOaUÕ QedeQi iOe T�Uki\e hkOk biU WaUÕP �OkeVidiU Ye ha\YaQcÕOÕk, WaUÕP ioeUiViQde |QePOi 
\eU WXWPakWadÕU.  

YeUOi kR\XQ ÕUkOaUÕ ioiQde kRPbiQe YeUiP \|Q� iOe |Q SOaQa oÕkaQ øYeVi kR\XQX, AdaQa, HaWa\, KiOiV, Ga]iaQWeS 
Ye ùaQOÕXUfa iOOeUiQde \R÷XQ ROaUak \eWiúWiUiOPekWe Ye bX ÕUk iOe iOgiOi oeúiWOi akadePik oaOÕúPaOaU \�U�W�OP�úW�U Ye 
yürütülmeye devam etmektedir (Keskin ve Biçer, 2005; Keskin ve ark., 2005; Gül ve Keskin, 2010; Gül ve ark., 
2017). øYeVi kR\XQOaUÕQÕQ keQdi \eWiúWiUiOPe b|OgeOeUi ioeUiViQde geOiúim, döl ve süt verim özelliklerinin bilimsel 
ROaUak WeVSiW ediOeUek biOgiOeUiQ, g�QceO ROaUak \eWiúWiUici Ye di÷eU kXOOaQÕcÕOaU iOe Sa\OaúÕOPaVÕQda \aUaU 
bXOXQPakWadÕU. 

BX ba÷OaPda \aSÕOaQ bX oaOÕúPada, Ga]iaQWeS Ye KiOiV iOOeUiQde øYeVi kR\XQOaUÕQÕQ ba]Õ morfolojik ve 
fi]\RORjik |]eOOikOeUi RUWa\a kRQXOPXúWXU. 

2. Materyal ve Metot 

2.1. ÇalÕúmanÕn y�r�t�ld�÷� bölge 

daOÕúPa, Ga]iaQWeS Ye KiOiV iOOeUiQde \eWiúWiUiciOeUe aiW |]eO iúOeWPeOeUde \�U�W�OP�úW�U. AUaúWÕUPaQÕQ \�U�W�Od�÷� 
illerden Ga]iaQWeS, G�Qe\dR÷X AQadROX B|OgeViQde, 36� 28' Ye 38� 01' dR÷X bR\OaPOaUÕ iOe 36� 38' Ye 37� 32' kX]e\ 
eQOePOeUi aUaVÕQda \eU aOPakWadÕU. øOiQ, kX]e\iQde KahUaPaQPaUaú, baWÕVÕQda HaWa\ Ye OVPaQi\e, dR÷XVXQda ùaQOÕXUfa, 
kX]e\dR÷XVXQda AdÕ\aPaQ Ye g�Qe\baWÕVÕQda KiOiV iOOeUi bXOXQPakWadÕU. KiOiV iOi, 1.521 kP2¶Oik \�]|Oo�P� iOe 
g�Qe\dR÷X AQadROX b|OgeViQde, 36� K eQOePi Ye 32� D bR\OaPÕ aUaVÕQda \eU aOPakWadÕU. ùehiU bX kRQXPX iWibaUi iOe 
AkdeQi] B|OgeViQdeQ G�Qe\dR÷X AQadROX B|OgeViQe biU geoiú kXúa÷Õ URO�Q� �VWOeQPekWediU. øOiQ Wek kRPúXVX 
Ga]iaQWeS¶WiU. 

2.2. Hayvan materyali 

daOÕúPaQÕQ ha\YaQ PaWeU\aOiQi, Ga]iaQWeS Ye KiOiV iOOeUiQde T.C. TaUÕP Ye OUPaQ BakaQOÕ÷Õ, TaUÕPVaO 
AUaúWÕUPaOaU Ye PROiWikaOaU GeQeO M�d�UO�÷� WaUafÕQdaQ deVWekOeQeQ Ye Ga]iaQWeS Ye Kilis illerinde yürütülen proje 
dâhilindeki elit sürülerden 2-5 \aúOÕ øYeVi kR\XQOaUÕ Ye bXQOaUdaQ dR÷aQ kX]XOaU ROXúWXUPXúWXU. AUaúWÕUPada, Ga]iaQWeS 
iOiQde 100 baú kRo aOWÕ kR\XQ Ye bXQOaUdaQ dR÷aQ 98 baú kX]X, KiOiV iOiQde \iQe 100 baú kRo aOWÕ øYeVi kRyunu ve 
bXQOaUdaQ dR÷aQ 99 baú kX]X kXOOaQÕOPÕúWÕU.  

Ga]iaQWeS Ye KiOiV iOOeUiQde deQePe PaWeU\aOi kR\XQOaU PeYViPiQ dXUXPXQa g|Ue \ÕO bR\XQca Vabah eUkeQ 
VaaWOeUde PeUa\a oÕkaUÕOPÕú, akúaP geo VaaWOeUe kadaU PeUada WXWXOPXúWXU. MeUada Paki WiSi oaOÕOÕkOaU ve mevsimsel 
RWOaU bXOXQPakWadÕU. AkúaP PeUadaQ geOdikWeQ VRQUa kR\XQOaUa, aUSa, bX÷da\ VaPaQÕ, PeUciPek VaPaQÕ, keSek, 
SaPXk WRhXPX haPPaddeOeUiQdeQ ikiVi Ye\a daha fa]OaVÕ kaUÕúWÕUÕOaUak ha]ÕUOaQaQ UaV\RQdaQ, ha\YaQ baúÕQa 700-750 
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g ROacak úekiOde YeUiOPiúWiU. KX]XOaU, Vabah aQaOaUÕQÕ ePdikWeQ VRQUa a\UÕOPÕú Ye aQaOaUÕQ PeUadaQ d|Q�ú�Qe kadaU 
a÷ÕOda bÕUakÕOPÕúWÕU. AkúaP PeUa d|Q�ú� \iQe biU aUa\a geWiUiOPiú Ye ePiúWiUiOPeVi Va÷OaQPÕúWÕU. YakOaúÕk 15 g�QO�k 
\aúWaQ iWibaUeQ g�Q ioeUiViQde kX]XOaUa da aQaOaUa YeUiOeQ UaV\RQdaQ kX]X baúÕQa V�WWeQ keViPe kadaU aUWÕUÕOaUak 150-
300 g ROacak úekiOde YeUiOPiúWiU. 

2.3. Morfolojik özellikler 

AUaúWÕUPada kXOOaQÕOaQ øYeVi kR\XQOaUÕQÕQ \aSa÷Õ, bR\QX] Ye PePe \aSÕOaUÕ g|]OeP iOe WeVSiW ediOPiúWiU.  

2.4. Vücut ölçüleri ve canlÕ a÷ÕrlÕk 

KR\XQOaUÕQ oifWOeúPedeQ |Qceki caQOÕ a÷ÕUOÕk, Y�cXW X]XQOX÷X, Va÷UÕ \�kVekOi÷i, cidagR \�kVekOi÷i, g|÷�V deUiQOi÷i, 
g|÷�V oeYUeVi, g|÷�V geQiúOi÷i, g]caQ (1989) WaUafÕQdaQ beOiUWiOeQ \|QWePOeU kXOOaQÕOaUak 50 g haVVaVi\eWOi kaQWaU, |Oo� 
basWRQX Ye |Oo� úeUidi iOe beOiUOeQPiúWiU. A\QÕ |Oo�POeU kX]XOaUda da dR÷XP Ye V�WWeQ keViP d|QePiQde \aSÕOPÕúWÕU. 

2.5. Çiftleútirme, döl verimi özellikleri 

HeU iki iOdeki V�U�OeUde oifWOeúPeOeU VeUbeVW aúÕP iOe geUoekOeúWiUiOPiúWiU. BX aPaoOa, kRoOaU V�U� ioeUiViQdeQ \akOaúÕk 
2 a\ |Qce a\UÕOPÕú Ye b|OgeOeUde oifWOeúPe PeYViPi ROaQ A÷XVWRV-E\O�O a\OaUÕQda V�U� ioeUiViQe \eQideQ bÕUakÕOPÕúWÕU.  
KRoOaU PeUada V�UekOi kR\XQOaU ioeUiViQde WXWXOPXú akúaP PeUa d|Q�ú� oÕkaUÕOPÕúOaUdÕU. Ga]iaQWeS Ye KiOiV iOiQdeki 
sür� ioeUiViQde 5¶eU baú kRo kXOOaQÕOPÕúWÕU. øOk kRo kaWÕP d|QePi \akOaúÕk 25-30 g�Q V�UP�ú Ye 2 hafWa VRQUa \eQideQ 
V�U� ioeUiViQe kRo bÕUakÕOPÕúWÕU. YaSÕOaQ g|]OePOeUe g|Ue, WekUaU d|QeQ kR\XQ WeVSiW ediOPePiúWiU. S�U�de gebeOik RUaQÕ, 
kÕVÕUOÕk RUaQÕ, kX]XOaPa RUaQÕ, kX]X YeUiPi, dR÷XP WiSi Ye \aúaPa g�c� WeVSiW ediOPiúWiU. BX heVaSOaPaOaU g]caQ (1989) 
da beOiUWiOPiú ROaQ fRUP�OOeU kXOOaQÕOaUak heVaSOaQPÕúWÕU.  

2.6. Laktasyon özellikleri 

KR\XQOaUda Va÷ÕP eOOe \aSÕOPÕú ROXS OakWaV\RQ V�UeVi, Sa]aUOaQabiOiU V�W YeUiPi heVaSOaQPÕúWÕU. S�W YeUiPOeUiQiQ 
heVaSOaQPaVÕ ICAR (2014) \|QWePi AT PeWRdXQa g|Ue \aSÕOPÕú eOde ediOeQ YeUiOeUe g|Ue heU biU ha\YaQ ioiQ OakWaV\RQ 
V�W YeUiPOeUiQiQ heVaSOaQPaVÕQda FOeiVchPaQ PeWRdX kXOOaQÕOPÕúWÕU (G�O, 2008). 

Verilerin De÷erlendirilmesi 

daOÕúPada ha\YaQOaUÕQ V�W YeUiP |]eOOikOeUi iOe dR÷XP Ye 60. g�Q a÷ÕUOÕ÷Õ �]eUiQe \aúÕQ eWkiVi WRSOaPaOÕ d�]eOWPe 
fakW|UOeUi kXOOaQÕOaUak gideUiOPiúWiU. KR\XQOaUÕQ OakWaV\RQ V�UeOeUi, V�W YeUiP |]eOOikOeUi, kX]XOaUÕQ dR÷XP Ye V�WWeQ 
keViP a÷ÕUOÕkOaUÕ SPSS SakeW SURgUaPÕ iOe de÷eUOeQdiUiOPiúWiU (SPSS, 2012).  

3. AraútÕrma SonuolarÕ ve TartÕúma 

3.1. Morfolojik Özellikler 

IUkOaUÕ biUbiUiQdeQ a\ÕUW eWPede |QePOi biU \eUe VahiS ROaQ PRUfRORjik |]eOOikOeU, geQRWiSiQ g|VWeUPiú ROdX÷X 
belirgin |]eOOikOeUiQ \aQÕ VÕUa oeYUeQiQ de eWkiVi aOWÕQda kaOabiOPekWediU. De÷eUOeQdiUiOPe\e aOÕQaQ W�P kR\XQOaUÕQ 
dÕú b�ke\ bXUXQ, RUWa b�\�kO�kWe Ye kahYeUeQgi baúOÕ ROdXkOaUÕ g|]OePOeQPiúWiU. daOÕúPada, Ga]iaQWeS Ye KiOiV 
iOOeUiQde kXOOaQÕOaQ 10 baú (5¶eU baú) kRoWa bR\QX]OXOXk WeVSiW ediOPiúWiU. KRoOaUda bR\QX], VSiUaO úekOiQde \aQOaUa 
kÕYUÕOPÕú dXUXPda, diúiOeUiQ WaPaPÕ iVe bR\QX]VX]dXU. EUkek Ye diúiOeU \a÷OÕ kX\UXkOX, kX\UXk \aSÕVÕ aUkada WeSVi 
gibi dXUaQ \a÷OÕ kÕVÕP Ye RUWada k�o�k, ioe Ye aúa÷Õ dR÷UX kÕYUÕPOÕ a\UÕ biU SaUoadaQ ROXúPakWadÕU. T�Uki\e¶QiQ 
|QePOi biU geQ ka\Qa÷Õ ROaQ øYeVi kR\XQOaUÕQda PePe baúOaUÕ hXQi bioiPiQde aúa÷Õ\a dR÷UX ROabiOdi÷i gibi PePe 
be]i keQaUOaUÕQdaQ \aQa dR÷UX da oÕkabiOdi÷i beOiUOeQPiúWiU. KR\XQOaUda PePe \aSÕVÕ eOOe \a da PakiQeOi Va÷ÕPa 
da X\gXQ biU \aSÕ\a VahiSWiU. 

3.2. Döl verim özellikleri 

Ga]iaQWeS Ye KiOiV iOOeUiQde øYeVi kR\XQOaUÕQÕQ d|O YeUiP |]eOOikOeUi Tablo 1¶de YeUiOPiúWiU. Ga]iaQWeS iOiQde 
100 baú aQadaQ 98 baúÕ dR÷XP \aSaUak 98 baú kX]X, KiOiV¶We \iQe 100 baú kRo aOWÕ kR\XQdaQ 99 baúÕ dR÷XP \aSaUak 
99 baú kX]X dR÷PXúWXU. Ga]iaQWeS Ye KiOiV iOOeUiQdeki V�U�OeUde kRo aOWÕ kR\XQa g|Ue kX]X YeUiPi % 98 Ye % 99, 
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dR÷XUaQ kR\XQ baúÕQa iVe d|O YeUiPi % 100 Ye % 100 ROaUak heVaSOaQPÕúWÕU. KR\XQ baúÕQa d�úeQ kX]X YeUiPi iO 
VÕUaOaPaVÕQa g|Ue 0.98 Ye 0.99, V�WWeQ keViPde (60. g�Q) \aúaPa g�c� % 96.93 Ye % 95.45 ROaUak bXOXQPXúWXU. 
HeU iki iOde de iki] dR÷XP geUoekOeúPe\iS W�P kX]XOaU Wek dR÷PXúWXU. (di]eOgedeki de÷eUOeUi \eQideQ YeUPek 
\eUiQe biU iki c�POe iOOeUi kaUúÕOaúWÕUaQ bXQa X\gXQ \RUXP \a]ÕOabiOiU. SRQ c�POede bXQa \eU YeUiOPiú. 

Tablo 1. Gaziantep ve Kilis illerinde yetiútirilen øvesi koyunlarÕnÕn döl verim özellikleri 
Table 1. Reproductive characteristics of Awassi sheep grown in Gaziantep and Kilis province 

Döl verim özellikleri Gaziantep Kilis Ortalama 

KRo aOWÕ kR\XQ Va\ÕVÕ (baú) 100 100 200 
DR÷XUaQ kR\XQ Va\ÕVÕ (baú) 98 99 98.5 
DR÷XUaQ kR\XQa g|Ue kuzu verimi (%) 100 100 100 
KRoaOWÕ kR\XQa g|Ue kX]X YeUiPi (%) 98 99 98.5 
DR÷aQ kX]X Va\ÕVÕ (baú) 98 99 98.5 
Kuzu verimi 0.98 0.99 0.99 
S�WWeQ keViOeQ kX]X Va\ÕVÕ (baú) 95 95 95 
Tek dR÷aQ kX]X Va\ÕVÕ (baú) 98 99 98.5 
Sütten kesimde kuzu verimi (%) 96.94 95.96 96.44 
YaúaPa g�c� (%) 96.94 95.96 96.44 

KR\XQ \eWiúWiUiciOi÷iQde \aYUX Va\ÕVÕQÕQ |QePi iúOeWPeQiQ kkUOÕOÕ÷Õ �]eUiQe eWkiOidiU. AUaúWÕUPacÕOaUÕQ |Qceki 
oaOÕúPaOaUÕQda beOiUWiOdi÷i gibi øYeVi kR\XQX d|O YeUiPi bakÕPÕQdaQ oRk �UeWkeQ biU ÕUk de÷iOdiU. DR÷XPOaUÕQ 
\aOQÕ]ca %10-15 kadaUÕ iki] dR÷XP úekOiQde ROPakWadÕU (AbbRXd, 2007). EOde ediOeQ VRQXoOaU iQceOeQdi÷iQde 
V�WWeQ keViOeQ \aYUX Va\ÕVÕ Ye eOde ediOeQ \aYUX Va\ÕVÕ heP V�Ud�U�OebiOiUOik adÕQa heP de kkUOÕOÕk adÕQa øYeVi 
koyununun fiz\RORjiVi de dikkaWe aOÕQdÕ÷ÕQda QRUPaO VÕQÕUOaU dkhiOiQdediU AQcak bX Va\Õ d|O YeUiPi \�kVek k�OW�U 
ÕUkOaUÕ dikkaWe aOÕQdÕ÷ÕQda keViQOikOe aUWÕUÕOPaVÕ geUekOi biU |]eOOikWiU. BX iki V�U�de iki] dR÷XP geUoekOeúPePekOe 
birlikte bir çözüm önerisi olarak süt veUiPi \�kVek iki] dR÷XP \aSaQ aQaOaUdaQ dR÷aQ kX]XOaU daPÕ]OÕk ROaUak 
VeoiOebiOiUOeU. BXQXQ \aQÕ VÕUa oeYUeVeO eWPeQOeU ROaQ beVOePe Ye hRUPRQ X\gXOaPaOaUÕ iOe de d|O YeUiPiQiQ aUWÕúÕ 
Va÷OaQabiOecekWiU. AbbRXd (2007) Bekk YadiViQdeki ekVWaQVif �UeWiP kRúXOOaUÕ aOWÕQda \eWiúWiUiOeQ øYeVi 
kR\XQOaUÕQda aQa baúÕQa kX]X Va\ÕVÕQÕQ % 69-95 Ye V�WWeQ keViOeQ kX]X Va\ÕVÕQÕQ iVe % 60-88 ROdX÷X biOdiUiOPiúWiU. 
ObaidR (2010), \aSPÕú ROdX÷X oaOÕúPaVÕQda øYeVi kR\XQOaUÕQda kX]XOaPa RUaQÕQÕ % 92.4, d|O YeUiPiQi % 94.1, 
ku]X YeUiPiQi 1.7 iki]Oik RUaQÕQÕ iVe % 5.5 ROaUak biOdiUPiúWiU. hVW�QeU Ye O÷aQ (2013), øYeVi kR\XQOaUÕQda gebeOik 
RUaQÕQÕ % 89.8, iki] dR÷XP RUaQÕQÕ % 20.5, kX]X RUaQÕQÕ % 108.8 \aúaPa g�c�Q� (60. g�Q) % 88.3 ROaUak 
heVaSOaQPÕúWÕU. AUaúWÕUPacÕOaUÕQ biOdiUiúOeUi iOe bXOgXOaUÕPÕ] aUaVÕQda d|O YeUiP kUiWeUOeUi aUaVÕQda oRk fa]Oa 
faUkOÕOÕk bXOXQPaPakOa biUOikWe, \aSPÕú ROdX÷XPX] oaOÕúPada iki] dR÷XPa UaVWOaQPaPÕúWÕU. BX dXUXP øYeVi 
kR\XQOaUÕQda biU baWÕQda dR÷aQ kX]X Va\ÕVÕQÕQ VeOekVi\RQ iOe aUWÕUÕOabiOece÷iQiQ biU g|VWeUgeVi úekOiQde 
\RUXPOaQabiOiU. BX b|O�Pde geUek øYeVi geUekVe di÷eU \eUOi kR\XQOaU iOe iOgiOi daha fa]Oa ka\Qak kXOOaQÕOPaVÕ 
WaUWÕúPa b|O�P�Q� g�oOeQdiUecekWiU. 

3.3. Analarda canlÕ a÷ÕrlÕk ve v�cut ölç�leri 

difWOeúPe |QceViQde aQaOaUa aiW caQOÕ a÷ÕUOÕk Ye Y�cXW |Oo�OeUi Tablo 2¶de YeUiOPiúWiU. daOÕúPada, øYeVi 
kR\XQOaUÕQdaQ eOde ediOeQ caQOÕ a÷ÕUOÕkOaU Ga]iaQWeS¶We 56.3 � 0.64 kg, KiOiV¶We iVe 53.9 � 0.62 kg ROaUak WeVSiW 
ediOPiú (P<0.05) ROXS heU iki iOdeki V�U� RUWaOaPaVÕ 55.1 � 0.45 kg ROaUak WeVSiW ediOPiúWiU. Ga]iaQWeS¶We \eWiúWiUiOeQ 
øYeVi kR\XQOaUÕQdaQ Y�cXW |Oo�OeUi KiOiV iOiQde \eWiúWiUiOeQ kR\XQOaUa g|Ue \�kVek bXOXQPXúWXU. V�cXW |Oo�OeUi 
ioeUiViQde g|÷�V geQiúOi÷i dÕúÕQdaki di÷eU |]eOOikOeU bakÕPÕQdaQ iOOeU aUaVÕQdaki faUkOÕOÕkOaU iVWaWiVWikVeO ROaUakWa 
|QePOi VeYi\ede oÕkPÕúWÕU (P<0.01). 
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Tablo 2. øvesi koyunlarÕnÕn canlÕ a÷ÕrlÕk (kg) ve v�cut ölç�leri (cm) 

Table 2. Live weight (kg) and body measurements of Awassi sheep (cm)  

 

ùekeU Ye KXO (2000), øYeVi kR\XQOaUÕQda caQOÕ a÷ÕUOÕ÷Õ 56.40 kg, Y�cXW X]XQOX÷XQX 70.60, g|÷�V oeYUeViQi 91.25 
cP, cidagR \�kVekOi÷iQi 66.90 cP ROaUak biOdiUPiúOeUdiU. G�UVR\ (2011), øYeViOeUde \aSPÕú ROdX÷X biU oaOÕúPada, 
\eWiúWiUici eOiQdeki øYeVi kR\XQOaUÕQda caQOÕ a÷ÕUOÕ÷Õ 46.5 kg,  cidagR \�kVekOi÷iQi 63.8 cP, 64.9 cP, 63.6 cP, Va÷UÕ 
\�kVekOi÷iQi, 65.5 cP, g|÷�V geQiúOi÷iQi, 18.3 cP, Y�cXW X]XQOX÷XQX 55.8 cP, g|÷�V deUiQOi÷iQi, 27.9 cP, g|÷�V 
çevresini 86.9 cm, olarak biOdiUPiúWiU. ObaidR (2010), SXUi\e¶de øYeVi kR\XQOaUÕ iOe \aSPÕú ROdX÷X oaOÕúPaVÕQda, 
kR\XQOaUda Va÷UÕ \�kVekOi÷iQi 64.2 cP, cidagR \�kVekOi÷iQi 66.4 cP, g|÷�V deUiQOi÷iQi 31.7 cP, Y�cXW X]XQOX÷XQX 
74.6 cP, g|÷�V geQiúOi÷iQi 22.3 cP, g|÷�V oeYUeViQi 92.4 cP, RUWaOaPa caQOÕ a÷ÕUOÕ÷Õ iVe 45.2 kg ROaUak biOdiUPiúWiU. 
EOde eWPiú ROdX÷XPX] bXOgXOaU aUaúWÕUPacÕOaUÕQ biOdiUiúOeUi iOe X\XP ioeUiViQdediU. AUaúWÕUPaOaU aUaVÕQdaki Va\ÕVaO 
faUkOÕOÕkOaU bX ÕUkÕQ faUkOÕ b|OgeOeUdeki SeUfRUPaQVÕQdaQ Ye\a b|Oge, ikOiP, bakÕP Ye beVOePe gibi QedeQOeUdeQ 
ka\QakOaQdÕ÷Õ V|\OeQebiOiU. BX b|O�Pde geUek øYeVi geUekVe di÷eU \eUOi kR\XQOaU iOe iOgiOi daha fa]Oa ka\Qak 
kXOOaQÕOPaVÕ WaUWÕúPa b|O�P�Q� g�oOeQdiUecekWiU. 

3.4. Do÷um ve s�tten kesim a÷ÕrlÕklarÕ 

øYeVi kX]XOaUÕQda dR÷XP Ye V�WWeQ keViP a÷ÕUOÕkOaUÕQa aiW de÷eUOeU Tablo 3¶We YeUiOPiúWiU. EOde ediOeQ VRQXoOaU 
QeWiceViQde, Ga]iaQWeS iOiQdeki eUkek kX]XOaUda dR÷XP a÷ÕUOÕ÷Õ (4.2 � 0.31 kg), KiOiV iOiQe g|Ue (3.8 � 0.27 kg ) 
daha \�kVek WeVSiW ediOPiú, fakaW aUaOaUÕQdaki Va\ÕVaO faUkOÕOÕk iVWaWiVWikVeO ROaUak |QePVi] oÕkPÕúWÕU (P>0.05). 
A÷ÕUOÕk \|Q�QdeQ beQ]eU dXUXP diúi kX]XOaUda da keQdiQi g|VWeUPiú Ye aUaOaUÕQdaki faUkOÕOÕk aQOaPOÕ VeYi\ede 
WeVSiW ediOPiúWiU (P<0.05).  

Tablo 3. Diúi ve erkek kuzularÕn do÷um ve 60. g�n a÷ÕrlÕ÷Õ (kg) 
Table 3. Body weight of male and female lambs and 60th day weight (kg) 

Do÷um a÷ÕrlÕ÷Õ 
Gruplar n Erkek n Diúi Genel 
Gaziantep 53 4.2 ± 0.31 45 3.8 ± 0.27 4.0 ± 0.31 
Kilis 60 4.0 ± 0.35 39 3.5 ± 0.32 3.8 ± 0.30 
P  0.061  0.01 0.007 
Genel 113 4.1 ± 0.34 84 3.7 ± 0.31 3.9 ± 0.04 
 min. max. min. max.  
Gaziantep 2.2 5.6 2.5 5.0  
Kilis 2.3 5.4 2.4 5.0  
60. g�n a÷ÕrlÕ÷Õ 
Gaziantep 52 22.7 ± 0.26 43 20.9 ± 0.31 21.6 ± 0.34 
Kilis 58 20.6 ± 0.44 37 19.8 ± 0.34 20.3 ± 0.30 
P  0.000  0.018 0.000 
Genel 110 21.6 ± 0.28 80 20.4 ± 0.23 21.1 ± 0.19 
 min. max. min. max.  
Gaziantep 18.7 27.5 17.5 26.5  
Kilis 14.2 31.8 15.5 26.7  

Özellikler Gaziantep Kilis P Genel 
CaQOÕ a÷ÕUOÕk  56.3 ± 0.64 53.9 ± 0.62 0.007 55.1 ± 0.45 
CidagR \�kVekOi÷i 67.8 ± 0.27 66.9 ± 0.25 0.012 67.3 ± 0.19 
Sa÷UÕ \�kVekOi÷i 70.9 ± 0.28 68.5 ± 0.22 0.000 69.7 ± 0.20 
G|÷�V geQiúOi÷i 23.6 ± 0.20 22.0 ± 017 0.000 22.8 ± 0.14 
G|÷�V deUiQOi÷i 35.1 ± 0.20 33.3 ± 3.02 0.546 34.2 ± 1.51 
G|÷�V oeYUeVi 100.2 ± 0.44 93.8 ± 0.38 0.000 97.0 ± 0.37 
V�cXW X]XQOX÷X 70.5 ± 0.27 67.9 ± 0.24 0.000 69.2 ± 0.20 
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OUWaOaPa dR÷XP a÷ÕUOÕkOaUÕ Ga]iaQWeS iOiQde 4.0 � 0.31 kg, KiOiV iOiQde iVe 3.8 � 0.30 kg ROaUak beOiUOeQPiúWiU 
(P<0.05). DR÷XP a÷ÕUOÕkOaUÕ aoÕVÕQdaQ iOOeU aUaVÕQdaki faUkOÕOÕkOaUÕQ b|Oge YejeWaV\RQX, bakÕP beVOePe Ye geQeWik 
|]eOOikOeUdeQ ka\QakOaQdÕ÷Õ V|ylenebilir.  

EUkek kX]XOaUÕQ 60. g�Q a÷ÕUOÕkOaUÕQa bakÕOdÕ÷ÕQda, Ga]iaQWeS iOiQdeki eUkek kX]XOaUÕQ dR÷XP a÷ÕUOÕ÷ÕQa da 
ba÷OÕ ROaUak KiOiV iOiQdekiOeUe g|Ue geOiúiP daha i\i ROPXúWXU (P<0.01). Diúi kX]XOaUÕQ 60. g�Q a÷ÕUOÕkOaUÕ 
de÷eUOeQdiUiOdi÷iQde, Ga]iaQWeS iOiQdeki kX]XOaUÕQ \iQe KiOiV iOiQdekiOeUe g|Ue \�kVek ROdX÷X beOiUOeQPiúWiU 
(P<0.05). BX faUkOÕOÕkOaUÕQ, \iQe b|OgeOeU aUaVÕ YejeWaV\RQ Ye bakÕP beVOePedeQ ka\QakOaQdÕ÷Õ V|\OeQebiOiU. 

TRUXQ (1987), Ce\OaQSÕQaU TaUÕP øúOeWPeVi¶Qde \aSPÕú ROdX÷X oaOÕúPaVÕQda 2 \aúOÕ kR\XQOaUdaQ dR÷aQ 
kX]XOaUda RUWaOaPa dR÷XP a÷ÕUOÕ÷ÕQÕ 4.23 kg ROaUak WeVSiW eWPiúWiU. DikPeQ Ye aUk. (2007), øYeVi kR\XQOaUÕQda V�W 
YeUiPi Ye kX]X geOiúiPi �]eUiQe \aSPÕú ROdXkOaUÕ oaOÕúPada, RUWaOaPa dR÷XP a÷ÕUOÕkOaUÕQÕ eUkekOeUde 4.26 kg, 
diúiOeUde 4.11 kg, Wek dR÷aQOaUda 4.62 kg, iki] dR÷aQOaUda 3.97 kg, geQeO RUWaOaPa\Õ iVe 4.18 kg ROaUak bXOPXúOaUdÕU. 
OUWaOaPa V�WWeQ keViP a÷ÕUOÕkOaUÕQÕ iVe eUkekOeUde 20.21 kg, diúiOeUde 18.41 kg, Wek dR÷aQOaUda 19.94 kg, iki] 
dR÷aQOaUda 19.02 kg geQeO RUWaOaPa\Õ iVe 19.33 kg ROaUak beOiUOePiúOeUdiU. AUaúWÕUPa VRQXQda eOde eWPiú 
ROdX÷XPX] VRQXoOaU dR÷XP Ye 60. g�Q a÷ÕUOÕkOaUÕ ioiQ di÷eU aUaúWÕUPacÕOaUÕQ bXOgXOaUÕ iOe beQ]eUOik ioeUiViQdediU. 
A\UÕca oaOÕúPaPÕ] Tabbaa Ye aUk., (2008); ùiUeOi Ye aUk., (2015)¶Q øYeVi kR\XQOaUÕQda dR÷XP a÷ÕUOÕkOaUÕ ioiQ 
biOdiUiúOeUi iOe de X\XP ioeUiViQdediU. K�o�k faUkOÕOÕkOaUÕQ QedeQi iVe ÕUkÕQ faUkOÕ b|Ogede \eWiúWiUiOPeVi Ye bakÕP 
beVOePede g|VWeUPiú ROdX÷X SeUfRUPaQV úekOiQde aoÕkOaQabiOiU. 

3.5. Kuzularda vücut ölçüleri 

AraúWÕUPaQÕQ PaWeU\aOiQi ROXúWXUaQ øYeVi eUkek kX]XOaUda dR÷XPda eOde ediOeQ Y�cXW |Oo�OeUi Tablo 4¶We 
YeUiOPiúWiU. di]eOgedeQ de g|U�Od�÷� �]eUe, geQeO ROaUak Ga]iaQWeS iOiQdeki kX]XOaUdaQ eOde ediOeQ Y�cXW 
|Oo�OeUiQiQ, KiOiV iOiQdeQ eOde ediOeQ de÷eUOeUe g|Ue daha \�kVek ROdX÷X g|U�OPekWediU.  EUkek kX]XOaUda cidagR 
\�kVekOi÷i Ga]iaQWeS iOiQde 37.9 � 0.44 cP beOiUOeQiUkeQ, bX de÷eU KiOiV iOiQde 36.7 � 0.24 cP ROaUak WeVSiW 
ediOPiúWiU (P<0.05). 

Tablo 4. Erkek kuzularÕn do÷umda v�cut ölç�leri (cm) 

Table 4. Body measurements of lambs at birth (cm) 

Özellikler Gaziantep 
(n=53) 

Kilis 
(n=60) P 

CidagR \�kVekOi÷i 37.9 ± 0.44 36.7 ± 0.24 0.014 
Sa÷UÕ \�kVekOi÷i 40.8 ± 0.46 38.5 ± 0.25 0.000 
G|÷�V geQiúOi÷i 8.1 ± 0.15 7.7 ± 0.12 0.016 
G|÷�V deUiQOi÷i 15.2 ± 0.36 13.0 ± 0.18 0.000 
G|÷�V oeYUeVi 39.3 ± 0.63 38.7 ± 0.20 0.332 

AQaOaUda ROdX÷X gibi g|÷�V oeYUeVi dÕúÕQdaki di÷eU Y�cXW |Oo�OeUi bakÕPÕQdaQ eOde ediOeQ VRQXoOaU, iOOeU 
aUaVÕQdaki faUkOÕOÕ÷ÕQ iVWaWiVWikVeO ROaUakWa |QePOi ROdX÷XQX göstermektedir (P<0.01). 

EUkek kX]XOaUda ROdX÷X gibi diúi kX]XOaUda da Y�cXW |Oo�OeUi bakÕPÕQdaQ Ga]iaQWeS OehiQe VRQXoOaU eOde 
ediOPiúWiU (Tablo 5).   

Tablo 5. Diúi kuzularÕn do÷umda v�cut ölç�leri (cm) 
Table 5. Body measurements of female lambs at birth 

Özellikler  Gaziantep  
(n = 45) 

Kilis 
(n = 39) P 

CidagR \�kVekOi÷i 38.3 ± 0.42 36.4 ± 0.33 0.001 
Sa÷UÕ \�kVekOi÷i 40.6 ± 0.41 38.2 ± 0.34 0.000 
G|÷�V geQiúOi÷i 8.2 ± 0.19 7.7 ± 0.17 0.044 
G|÷�V deUiQOi÷i 14.3 ± 0.31 12.5 ± 0.16 0.000 
G|÷�V çevresi 39.3 ± 0.60 38.2 ± 0.29 0.098 
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Tablo 5¶We VXQXOaQ YeUiOeUde, diúi kX]XOaUda cidagR \�kVekOi÷i Ga]iaQWeS iOiQde 38.3 � 0.42 cP, KiOiV iOiQde iVe 
36.4 � 0.33 cP ROaUak |Oo�OP�úW�U (P<0.005). Ga]iaQWeS Ye KiOiV iOOeUiQdeki |Oo�POeUde Va÷UÕ \�kVekOi÷i VÕUaVÕ\Oa 
40.6 � 0.41 cP Ye 38.2�0.34 cP, g|÷�V geQiúOi÷i 8.2 � 0.19 cP Ye 7.7 � 0.17 cP, g|÷�V deUiQOi÷i 14.3 � 0.31, 
12.5�0.16 cP, g|÷�V oeYUeVi 39.3 � 0.60 cP, 38.2 � 0.29 cP ROaUak eOde ediOPiúWiU. AQaOaU Ye eUkek kX]XOaUda 
ROdX÷X gibi g|÷�V oeYUeVi dÕúÕQdaki di÷eU Y�cXW |Oo�POeUiQde iOOeU aUaVÕQdaki faUkOÕOÕk iVWaWiVWiki ROaUakWa |QePOi 
bXOXQPXúWXU (P<0.05). 

daOÕúPada, V�WWeQ keViOeQ eUkek kX]XOaUda 60. gün vücut ölçüleri Tablo 6¶da YeUiOPiúWiU. Ga]iaQWeS iOiQde 
aUaúWÕUPa PaWeU\aOi eUkek kX]XOaUda cidagR \�kVekOi÷i 49.3 � 0.53 cP, KiOiV iOiQde 48.3 � 0.35 cP ROaUak eOde 
ediOPiúWiU (P>0.005). Sa÷UÕ \�kVekOi÷i Ye Y�cXW X]XQOX÷X a\QÕ iO VÕUaOaPaVÕQa g|Ue 48.2 � 0.51 cP Ye 47.4 � 0.36 
cm (P>0.005), 47.7 ± 0.69 cm ve 46.6 ± 0.45 cm (P>0.005) olarak WeVSiW ediOPiúWiU. FaUkOÕ oaOÕúPaOaUda, de÷iúik 
W�U Ye ÕUkOaUda caQOÕ a÷ÕUOÕk WeVSiWiQde kXOOaQÕOaQ UegUeV\RQ deQkOePOeUiQde |QePOi biU |Oo�W ROaQ g|÷�V oeYUeVi 
Ga]iaQWeS iOiQde 60.6 � 0.90 cP, KiOiV iOiQde iVe 56.3 � 0.65 cP ROaUak beOiUOeQPiúWiU. BX de÷eU bakÕPÕQdaQ iki iO 
aUaVÕQdaki Va\ÕVaO faUkOÕOÕk iVWaWiVWikVeO ROaUakWa |QePOi bXOXQPXúWXU (P<0.000).  

Tablo 6. Erkek kuzularÕn 60. g�n v�cut ölç�leri (cm) 
Table 6. Body measurements of male lambs at birth (cm) 

Özellikler  Gaziantep  
(n = 52) 

Kilis 
(n = 48) P Genel 

(n = 110) 
CidagR \�kVekOi÷i 49.3 ± 0.53 48.3 ± 0.35 0.097 48.7 ± 0.31 
Sa÷UÕ \�kVekOi÷i 48.2 ± 0.51 47.4 ± 0.36 0.195 47.8 ± 0.31 
V�cXW X]XQOX÷X 47.7 ± 0.69 46.6 ± 0.45 0.206 47.1 ± 0.38 
G|÷�V geQiúOi÷i 12.5 ± 0.42 10.6 ± 0.17 0.000 11.5 ± 0.24 
G|÷�V deUiQOi÷i 21.6 ± 0.57 18.9 ± 0.20 0.000 20.2 ± 0.31 
G|÷�V oeYUeVi 60.6 ± 0.90 56.3 ± 0.65 0.000 58.3 ± 0.58 
 Gaziantep Kilis 
 min. max. min. max. 
CidagR \�kVekOi÷i 43.0 57.0 42.5 56.5 
Sa÷UÕ \�kVekOi÷i 42.0 55.5 41.0 57.5 
Vücut X]XQOX÷X 37.0 59.0 38.5 55.0 
G|÷�V geQiúOi÷i 6.0 19.5 8.0 17.5 
G|÷�V deUiQOi÷i 15.0 35.5 16.0 23.0 
G|÷�V oeYUeVi 50.0 77.5 48.0 80.5 

Tablo 7. Diúi kuzularÕn 60. g�n v�cut ölç�leri (cm) 
Table 7. Body measurements of female lamb on 60th days (cm) 

Özellikler  Gaziantep  
(n = 52) 

Kilis 
(n = 48) P Genel 

(n = 110) 
CidagR \�kVekOi÷i 47.5 ± 0.69 46.7 ± 0.37 0.382 47.1 ± 0.41 
Sa÷UÕ \�kVekOi÷i 45.7 ± 1.18 46.2 ± 0.38 0.663 45.9 ± 0.66 
V�cXW X]XQOX÷X 46.8 ± 0.64 43.8 ± 0.66 0.000 45.4 ± 0.49 
G|÷�V geQiúOi÷i 10.5 ± 0.44 9.4 ± 0.16 0.042 10.0 ± 0.25 
G|÷�V deUiQOi÷i 18.0 ± 0.40 17.3 ± 0.23 0.161 17.7 ± 0.24 
G|÷�V oeYUeVi 58.8 ± 0.86 54.8 ± 0.49 0.000 56.9 ± 0.56 
 Gaziantep Kilis 
 min. max. min. max. 
CidagR \�kVekOi÷i 35.0 58.0 43.0 53.5 
Sa÷UÕ \�kVekOi÷i 35.0 57.0 42.0 53.0 
V�cXW X]XQOX÷X 39.5 53.5 37.5 53.5 
G|÷�V geQiúOi÷i 5.5 17.0 7.5 12.0 
G|÷�V deUiQOi÷i 10.5 24.5 14.5 20.5 
G|÷�V oeYUeVi 49.0 78.0 48.5 62.0 
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Ga]iaQWeS¶We diúi kX]XOaUda cidagR \�kVekOi÷i 47.5 � 0.69 cP, KiOiV¶We 46.7 � 0.37 cP, \iQe a\QÕ iO VÕUaOaPaVÕQa 
g|Ue Va÷UÕ \�kVekOi÷i 45.7 � 1.18 cP Ye 46.2 � 0.38 cP (P>0.005), Y�cXW X]XQOX÷X 46.8 � 0.64 cP Ye 43.8 � 0.66 
cP (P<0.001) ROaUak |Oo�OP�úW�U (Tablo 7).  

G|÷�V oeYUeVi bakÕPÕQdaQ diúi kX]XOaUda da eUkek kX]XOaUda ROdX÷X gibi iOOeU aUaVÕ faUkOÕOÕk iVWaWiVWiki aoÕdaQ 
|QePOi bXOXQPXúWXU (P<0.005).  

øSek (2012), øYeVi kX]XOaUÕQda 60 g�QO�k \aúWa V�WWeQ keViOeQ kX]XOaUda eUkek, diúi Ye geQeO RUWaOaPa 
VÕUaOaPaVÕQda g|Ue 60. g�Qde cidagR \�kVekOi÷iQi 48.95 cP, 49.21 cP Ye 49.07 cP, Y�cXW X]XQOX÷XQX 44.58 cP, 
44.60 cP Ye 44.59 cP, g|÷�V geQiúOi÷iQi 12.79 cP, 12.15 cP Ye 12.49 cP, g|÷�V deUiQOi÷iQi 18.53 cP, 18.17 cP 
Ye 18.36 cP, g|÷�V deUiQOi÷iQi iVe 57.17 cP, 56.27 cP Ye 56.75 cP ROaUak biOdiUPiúWiU. V�cXW |Oo�OeUi bakÕPÕQdaQ 
heP eUkek heP de diúi kX]XOaUda dR÷XPda Ye V�WWeQ keViPde g|]OePOeQeQ iVWaWiVWikVeO Ye Va\ÕVaO faUkOÕOÕkOaU iki iO 
aUaVÕQda YaU\aV\RQXQ ROdX÷XQXQ biU kaQÕWÕ QiWeOi÷iQdediU.  

V�cXW |Oo�OeUi iOe iOgiOi ROaUak oi]eOgeOeUdeki de÷eUOeUiQ WekUaU \a]Pak \eUiQe bX kRQX\Oa iOgiOi faUkOÕ 
oaOÕúPaOaUdaki VRQXoOaU iOe WaUWÕúPa daha dR÷UX Ye akÕcÕ ROacakWÕU. 

3.6. Süt verim özellikleri 

KR\XQ V�W� ioeUdi÷i PiQeUaO PaddeOeU Ye faUkOÕ |]eOOikOeUi QedeQi\Oe di÷eU V�WOeUe g|Ue aYaQWajOaUa VahiSWiU. 
AUaúWÕUPaQÕQ \�U�W�Od�÷� Ga]iaQWeS Ye KiOiV iOOeUiQde \eWiúWiUiOeQ øYeVi kR\XQOaUÕQda d�]eQOi biU Va÷ÕP 
\aSÕOPaPakWadÕU. daOÕúPaQÕQ \aSÕOdÕ÷Õ V�U�OeU SURje kaSVaPÕQdaki eOiW V�U�OeU ROXS bX V�U�OeUde SURje geUe÷i 
d�]eQOi Va÷ÕPOaU \aSÕOPakWadÕU. BXQa g|Ue Gaziantep ilinde ortalama laktasyon süresi 188.3 ± 2.14 gün, 
Sa]aUOaQabiOiU V�W YeUiPi iVe 134.4 � 5.30 OiWUe ROaUak heVaSOaQPÕúWÕU (Tablo 8).  

Tablo 8. Laktasyon süreleri ve pazarlanabilir süt verimleri 

Table 8. Lactation period and marketable milk yield 

 Laktasyon süresi (gün) 
 Ortalama Minimum Maksimum 
Gaziantep 188.3 ± 2.14 74 193 
Kilis 182.4 ± 2.85 71 202 
P 0.053   
 Pazarlanabilir süt verimi (kg) 
Gaziantep 134.4 ± 5.30 54.00 235.40 
Kilis 117.4 ± 3.11 55.50 190.25 
P 0.005   

KiOiV¶We \eWiúWiUiOeQ øYeVi kR\XQOaUÕQÕQ RUWaOaPa OakWaV\RQ V�UeVi 182.4 � 2.85 g�Q ROXS, Sa]aUOaQabiOiU V�W 
YeUiPi 117.4 � 3.11 ROaUak WeVSiW ediOPiúWiU. LakWaV\RQ V�UeVi bakÕPÕQdaQ iOOeU aUaVÕQda iVWaWiVWikVeO ROaUak biU 
faUkOÕOÕk g|U�OPe]keQ (P>0.05), Sa]aUOaQabiOiU V�W YeUiPi bakÕPÕQdaQ iOOeU aUaVÕQdaki faUkOÕOÕkOaU iVWaWiVWikVeO ROaUak 
|QePOi bXOXQPXúWXU (P<0.05). 

hVW�QeU Ye O÷aQ (2013), øYeVi kR\XQOaUÕQda OakWaV\RQ V�W YeUiPiQi 196.5 OiWUe, OakWaV\RQ V�UeViQi 184.3 g�Q 
ROaUak heVaSOaPÕúOaUdÕU. G�UVX Ye A\g�Q (2014), Ga]iaQWeS iOi YaYX]eOi iOoeViQde, k|\ kRúXOOaUÕQda WXWXOaQ øYeVi 
kR\XQOaUÕQda \aSWÕkOaUÕ oaOÕúPada OakWaV\RQ V�UeViQi 165.46 g�Q, Sa]aUOaQabiOiU V�W YeUiPiQi iVe 110.05 OiWUe ROaUak 
biOdiUPiúOeUdiU. HaiOe Ye aUk (2017), T�Uki\e Ye SXUi\e¶de \eWiúWiUiciOi÷i \aSÕOaQ øYeVi kR\XQOaUÕQda Sa]aUOaQabiOiU 
V�W YeUiPi Ye Va÷ÕP V�UeViQi T�Uki\e¶deki kR\XQOaU ioiQ 98 g�Q Ye 87 kg, SXUi\e¶de kR\XQOaU ioiQ iVe 98 g�Q Ye 99 
kg ROaUak heVaSOaPÕúOaUdÕU. Ka\gÕVÕ] Ye Da÷ (2017), øYeVi eOiW V�U�OeUiQde \aSPÕú ROdXkOaUÕ oaOÕúPada, Wek dR÷XUaQ 
kR\XQOaUda OakWaV\RQ V�W YeUiPiQ 241.01 OiWUe, iki] dR÷XUaQ kR\XQOaUda 254.84 OiWUe, geQeO RUWaOaPa\Õ iVe 244.39 
OiWUe, OakWaV\RQ V�UeOeUiQi iVe a\QÕ VÕUaOaPa\a g|Ue, 173.02 g�Q, 173.92 g�Q Ye 173.81 g�Q ROaUak biOdiUPiúOeUdiU. 
YaSPÕú ROdX÷XPX] oaOÕúPa QeWiceViQde, OakWaV\RQ V�UeOeUi bakÕPÕQdaQ eOde eWPiú ROdX÷XPX] VRQXoOaU 
aUaúWÕUPacÕOaUÕQ biOdiUiúOeUi iOe beQ]eUOik g|VWeUPekWediU. Pa]aUOaQabiOiU V�W YeUiPi bakÕPÕQdaQ G�UVX Ye A\g�Q 
(2014)¶�Q oaOÕúPaVÕ iOe X\XP ioeUiViQde, HaiOe Ye aUk. (2017)¶QiQ biOdiUiúiQdeQ \�kVek bXOXQPXúWXU. BXUadaki 
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faUkOÕOÕ÷ÕQ, bX ÕUk ioeUiViQde YeUiP bakÕPÕQdaQ oRk b�\�k YaU\aV\RQXQ ROdX÷XQXQ biU g|VWeUgeVi úekOiQde 
aoÕkOaQabiOiU. 

 

4. Sonuç 

T�Uki\e¶de kR\XQ \eWiúWiUiciOi÷iQiQ |QePi Ye �Oke ekRQRPiViQe kaWkÕVÕ VRQ ]aPaQOaUda daha da biU de÷eU ka]aQPÕú 
dXUXPdadÕU. g]eOOikOe RUWa\a oÕkaQ eW aoÕ÷Õ, \eUOi kR\XQOaUdaQ eOde ediOecek eW �UeWiPi iOe kaUúÕOaQabiOecek SRWaQVi\eOe 
VahiSWiU. BXQXQ ioiQ W�P \eUOi geQ ka\QakOaUÕPÕ]ÕQ \eWiúWiUiOdi÷i b|OgeOeUde, a\QÕ ÕUkOaUÕQ b|OgeOeU aUaVÕ geUoek YeUiP 
kabiOi\eWOeUiQiQ daha i\i aUaúWÕUÕOPaVÕ Ye RUWa\a kRQXOPaVÕ geUekPekWediU. SRQXo ROaUak, faUkOÕ b|OgeOeUde \aSÕOaQ 
aUaúWÕUPaOaU Ye eOde eWPiú ROdX÷XPX] YeUiOeU ÕúÕ÷ÕQda, øYeVi ÕUkÕQÕQ heP PRUfRORjik heP de fi]\RORjik ROaUak b|Ogeler 
Ye a\QÕ b|Oge ioeUiViQdeki iOde dkhi faUkOÕ YeUiP |]eOOikOeUiQe VahiS ROdX÷X beOiUOeQPiúWiU. BX biOgiOeU ÕúÕ÷ÕQda, bX ÕUkÕQ 
YeUiP \|Q�QdeQ geQiú biU YaU\aV\RQa VahiS ROdX÷X Ye VeOekVi\RQOa ÕVOah ediOebiOece÷i V|\OeQebiOiU. HeU Qe kadaU 
yüksek bir farkOÕOÕk oÕkPaVa da KiOiV iOiQdeki kR\XQOaUÕQ ÕVOahÕQda Ga]iaQWeS¶WeQ geWiUiOecek daPÕ]OÕk ha\YaQOaU 
kXOOaQÕOabiOiU. 
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Determination of Colour and Kinetic Parameter Differences Between Aflatoxin 
Contaminated and Uncontaminated Pistachio Nuts Using Machine Vision 

YaSa\ G|UPe SiVWePi KXOOaQÕOaUak AfOaWRkViQOi Ye AfOaWRkViQVi] AQWeS FÕVWÕkOaUÕ AUaVÕQdaki 
ReQk Ye KiQeWik PaUaPeWUe FaUkOÕOÕkOaUÕQÕQ BeOiUOeQPeVi 

 

Ömer BarÕú ÖZLhOYMAK1*, Emin GÜZEL2 

 

Abstract 
Aflatoxins produced by Aspergillus species have a great important in the food industry, especially in dried nuts 
and fruits. Agricultural products are prone to the aflatoxins during the stages like harvesting, drying and storage. 
Rapid identification of aflatoxin contaminated products is of great interest to the food industry. The food 
companies start using screening technologies instead of human labour to become more profitable and accurate. 
Moreover, economical losses and diseases resulting from aflatoxin contamination are a significant problem. The 
objective of this study was to develop an image processing based aflatoxin contaminated in-shell pistachio nut 
identification system in order to separate aflatoxin contaminated pistachio nuts from the healthies one. Bright 
greenish yellow fluorescence (BGYF), which indicates possible aflatoxin contamination, was investigated as a 
discriminating factor for identification of contaminated pistachio nuts. A total of 100 pistachio nut samples (50 
BGYF+ and 50 BGYF-) were evaluated. In the study, imaging algorithms were developed in order to classify the 
pistachio nut samples as BGYF+ and BGYF-. The colour (L*, a* and b*) and kinetic (chroma, hue angle and 
browning index) parameters of each pistachio nut sample were analysed and differences between them were 
determined statistically. Colour and kinetic parameters were also grouped and associated each other by using factor 
analysis method to simplify the image processing algorithm. Statistically significant differences were found for all 
colour and kinetic parameters between two groups. According to the factor analysis results; chroma, a* and 
browning index values were substantially loaded on Factor 1, while hue angle and b* were substantially loaded on 
Factor 2. The remaining variable L* was substantially loaded on Factor 3. In future studies, an optimized (more 
effective and convenient) image processing algorithm for developing a new real-time determination and separation 
system will be enhanced based on the statistical analysis results. The results obtained from this study will form a 
basis for further investigations. 

Keywords: Aflatoxin, Colour and kinetic parameters, Factor analysis, LabVIEW, Pistachio nut 

  

157 



Özlüoymak & Güzel  
Determination of colour and kinetic parameter differences between aflatoxin contaminated and uncontaminated pistachio nuts using machine vision 

 158 

 

Özet 
AVSeUgiOOXV W�UOeUi WaUafÕQdaQ �UeWiOeQ afOaWRkViQOeU, gÕda eQd�VWUiViQde, |]eOOikOe kXUX fÕQdÕk Ye Pe\YeOeUde b�\�k 
|QeP WaúÕPakWadÕU. TaUÕP �U�QOeUi haVaW, kXUXWPa Ye deSROaPa gibi aúaPaOaUda afOaWRkViQOeUe daha \aWkÕQdÕU. 
AfOaWRkViQOi �U�QOeUiQ hÕ]OÕ biU úekiOde WaQÕPOaQPaVÕ, gÕda eQd�VWUiVi ioiQ b�\�k |QeP WaúÕPakWadÕU. GÕda eQd�VWUiVi, 
daha kaUOÕ Ye dR÷UX VRQXoOaU eOde eWPek ioiQ iQVaQ g�c� \eUiQe g|U�QW�OePe WekQRORjiOeUiQi kXOOaQPa\a baúOadÕOaU. 
A\UÕca afOaWRkViQ kRQWaPiQaV\RQXQdaQ ka\QakOaQaQ ekRQRPik ka\ÕSOaU Ye haVWaOÕkOaU da |QePOi biU VRUXQ WeúkiO 
etmektedir. BX oaOÕúPaQÕQ aPacÕ, afOaWRkViQOi aQWeS fÕVWÕkOaUÕQÕ Va÷OÕkOÕ ROaQOaUdaQ a\ÕUPak ioiQ g|U�QW� iúOePe 
WabaQOÕ biU afOaWRkViQOi aQWeS fÕVWÕ÷Õ WaQÕPOaPa ViVWePi geOiúWiUPekWiU. OOaVÕ afOaWRkViQ kRQWaPiQaV\RQXQX g|VWeUeQ 
SaUOak \eúiOiPVi VaUÕ fORUeVaQ (BGYF), kRQWaPiQe aQWeS fÕVWÕkOaUÕQÕQ WaQÕPOaQPaVÕ ioiQ a\ÕUW edici biU fakW|U olarak 
aUaúWÕUÕOPÕúWÕU. TRSOaP 100 adeW aQWeS fÕVWÕ÷Õ |UQe÷i (50 BGYF+ Ye 50 BGYF-) de÷eUOeQdiUiOPiúWiU. daOÕúPada, 
aQWeS fÕVWÕ÷Õ |UQekOeUiQi BGYF+ Ye BGYF- ROaUak VÕQÕfOaQdÕUPak aPacÕ\Oa g|U�QW�OePe aOgRUiWPaOaUÕ 
geOiúWiUiOPiúWiU. HeU biU aQWeS fÕVWÕ÷Õ |UQe÷iQiQ UeQk (L*, a* ve b*) iOe kiQeWik (kURPa, UeQk WRQX aoÕVÕ Ye 
kahYeUeQgiOeúPe iQdekVi) SaUaPeWUeOeUi aQaOi] ediOPiú Ye aUaOaUÕQdaki faUkOaU iVWaWiVWikVeO ROaUak beOiUOeQPiúWiU. 
ReQk Ye kiQeWik SaUaPeWUeOeU de gUXSOaQdÕUÕOPÕú, g|U�QW� iúOePe aOgRUiWPaVÕQÕ baViWOeúWiUPek aPacÕ\Oa fakW|U 
aQaOi]i \|QWePi kXOOaQÕOaUak biUbiUOeUi\Oe iOiúkiOeQdiUiOPiúWiU. øki gUXS aUaVÕQdaki W�P UeQk Ye kiQeWik SaUaPeWUeOeU 
ioiQ iVWaWiVWikVeO ROaUak aQOaPOÕ faUkOÕOÕkOaU bXOXQPXúWXU. FakW|U aQaOi]i VRQXoOaUÕQa g|Ue; kURPa, a* ve 
kahYeUeQgiOeúPe iQdekVi de÷eUOeUi b�\�k |Oo�de FakW|U 1'de \eU aOÕUkeQ, UeQk WRQ aoÕVÕ Ye b* de÷eUOeUi iVe FakW|U 
2'de \eU aOPÕúWÕU. GeUi\e kaOaQ L* de÷eUi iVe FakW|U 3'de \eU aOPÕúWÕU. GeOecek oaOÕúPaOaUda, \eQi biU eú ]aPaQOÕ 
WeVSiW eWPe Ye a\ÕUPa ViVWePi geOiúWiUPek aPacÕ\Oa RSWiPi]e ediOPiú (daha eWkiOi Ye kXOOaQÕúOÕ) biU g|U�QW� iúOePe 
aOgRUiWPaVÕ, iVWaWiVWikVeO aQaOi] VRQXoOaUÕQa da\aOÕ ROaUak geOiúWiUiOecekWiU. BX oaOÕúPadaQ eOde ediOeQ VRQXoOaU daha 
iOeUi aUaúWÕUPaOaU ioiQ de biU WePeO ROXúWXUacakWÕU. 

Anahtar Kelimeler: AfOaWRkViQ, ReQk Ye KiQeWik PaUaPeWUeOeU, FakW|U AQaOi]i, LabVIEW, AQWeS fÕVWÕ÷Õ 
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1. Introduction 

Aflatoxins are a family of closely related secondary metabolites produced by some strains of moulds (i.e., 
Aspergillus flavus and Aspergillus parasiticus), which are such highly toxic and carcinogenic compounds 
(Iamanaka et al., 2007; Lunadei et al., 2013; Hepsag et al., 2014; Kalkan et al., 2014). Aflatoxins consist of a group 
of approximately 20 related secondary fungal metabolites. But only aflatoxins B1, B2, G1 and G2 are normally 
found in foods depending on their fluorescence responses (Iamanaka et al., 2007; Kalkan et al., 2014). B1 is known 
as the most carcinogenic and potent genotoxic aflatoxin type for humans (Dichter, 1984; Hepsag et al., 2014).  

Three species of Aspergillus: Aspergillus flavus, Aspergillus parasiticus and Aspergillus nomius can occur in 
a wide range of important agricultural products such as cereals, nuts, spices, figs and dried fruits (Iamanaka et al., 
2007). Instantaneous rains, high humidity, and mild temperature may also further the fungal activity. In addition 
to that, storage is also another phase for mycotoxin production (Ozluoymak and Guzel, 2018). Consuming the 
aflatoxin at more than the allowed limits may be hazardous to humans and animals (Lizárraga-Paulín et al., 2011; 
Lunadei et al., 2013). 

There are several analytical methods to determine the aflatoxin contamination in foods. Thin-layer 
chromatography (TLC), high-performance liquid chromatography (HPLC), liquid chromatography-mass 
spectrometry (LC-MS) and enzyme-linked immunosorbent assays (ELISA) are the most common methods for 
aflatoxin detection (Lunadei et al., 2013; Kalkan et al., 2014). Although these methodologies are quite accurate, 
they require skill and equipment, as well as they are time consuming and expensive (Lunadei et al., 2013; 
Ozluoymak and Guzel, 2018). In recent years, there has been an increase in demand for specific, accurate, simple, 
and quick methods for the determinatiRQ Rf afOaWR[iQV (NiO�feU aQd BR\acÕR÷OX, 2002). GORUia (2011) VWaWed WhaW 
fungal growth can cause some chemical changes in forms or colours of nuts and grains.  

As Lunadei et al. (2013) and Kalkan et al. (2014) mentioned that if a food exhibits a bright greenish yellow 
fluorescence (BGYF) under an ultraviolet light (UV, 365 nm), this indicates that there are aflatoxigenic moulds. 
Although there is not a 100% relationship between aflatoxin and BGYF, this fluorescence is probably an indicator 
for kojic acid, a metabolite of Aspergillus flavus and Aspergillus parasiticus or possibly aflatoxin itself. The 
relationship between Aspergillus flavus-infection and BGY fluorescence and aflatoxin was first reported in 
cottonseed by Marsh et al. (1969). 

There are several studies about determining the aflatoxin contamination in foods by using the BGY 
fOXRUeVceQce XQdeU Whe UV e[ciWaWiRQ iQ Whe OiWeUaWXUe. AWaú eW aO. (2012) XVed h\SeUVSecWUaO iPagiQg WR cOaVVif\ 
aflatoxin contaminated and uncontaminated chili peppers each other by using a compact machine vision system. 
Özlüoymak (2014) developed and tested a prototype for real-time detection and separation of aflatoxin 
contaminated dried figs. RGB (Red, Green, Blue) colour space was used for applying the colour threshold method. 
The system tested by using 400 dried figs separated aflatoxin contaminated dried figs with a success rate of 98%. 
G�Qeú eW aO. (2013) deYeORSed a PachiQe YiViRQ baVed QRQ-destructive method for detecting the BGYF figs under 
UV illumination. Feature extraction was obtained by colour histograms of dried fig surface images. Campbell et 
al. (2003) developed a real time automated sorter in order to detects and removes aflatoxin contaminated nuts from 
the processing stream by using discoloration feature of nuts. Pearson (1996) developed a machine vision system 
in order to separate stained pistachio nuts from the unstained ones. Pearson and Schatzki (1998) used that sorter 
developed by Pearson (1996) to re-sort colour-sort and hand-sort rejects and to sort mainstream U.S. pistachios. 
Sorting process was carried out at commercial speeds of up to 163 kg/channel/h. 

Pistachio kernels are often eaten as snacks, roasted and salted, and are also used in ice cream and confections 
such as baklava, helva, lokum and chocolate (Hepsag et al., 2014). McClure and Farsaie (1980), Steiner et al. 
(1988) and Hadavi (2005) stated that BGY fluorescence under the UV excitation was used as a screening method 
to detect the aflatoxin in pistachio nuts. Wu and Xu (2019) investigated the utility of multiplexing fiber optic LIFS 
(Laser Induced Fluorescence Spectroscopy) method in discriminating control and low level of AFB1 (�50 SSb) 
contaminated pistachio kernels for quality control of agricultural products. Wu and Xu (2020) used the on-line 
LIFS system coupled with three detection probes for discriminating non-contaminated and low concentration of 
AFB1 contaminated pistachio kernels. Wu et al. (2019) investigated the feasibility of classifying aflatoxin B1 
(AFB1) contamination in 250 kernels of two pistachio varieties using LIFS. 
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The aim of this study was to apply an image processing based vision system utilizing an ultraviolet light in 
order to identify BGYF compounds on the pistachio nuts' surface that is likely associated with aflatoxin 
contamination. Unlike the previous studies carried out, colour and kinetic parameters of BGYF+ and BGYF- 
pistachio nuts were compared each other and these parameters belongs to the aflatoxin contaminated pistachio nuts 
were classified in order to simplify the image processing algorithm by using statistical analysis methods. The 
image processing load of microprocessors could be reduced by using more effective and less image processing 
parameters. As stated in the literature, the most commonly used parameter for classification and separation 
processes is the colour information of the agricultural products. Image processing time should be reduced by 
improving the processing time and speed of the artificial vision systems.  

2. Materials and Methods 

2.1. Sampling of pistachio nut samples 

In-shell pistachio nut samples were obtained from an exporting company in Gaziantep, Turkey. The BGYF+ and 
BGYF- pistachio nut samples were manually separated by human inspectors in the company. Randomly chosen 
samples determined as BGYF+ were analysed and confirmed by the company. While 50 BGYF+ pistachio nut samples 
were randomly selected from the fluorescent group, 50 BGYF- pistachio nut samples were randomly chosen from the 
non-fluorescent group. Medical gloves were worn during the experimental studies. 

2.2. The Imaging System 

The imaging system for detecting aflatoxin contamination on pistachio nuts was set up in a darkened laboratory 
under the UV lighting (Figure 1).  

 

Figure 1. Schematic drawing of the imaging system 

The lighting unit was provided by four 36W UV black-light lamps (Philips, TL-D/08). In order to apply 
uniform reflectance illumination, an aluminium dome reflector was placed above the lighting unit. A 0.3 megapixel 
GigE machine vision camera (AVT Mako G-030 C) equipped with a 9 mm lens (Fujinon HF9HA-1B) was used 
WR caSWXUe Whe SiVWachiR QXW iPageV. The caPeUa, Zhich haV a 1/3´ CMOS VeQVRU, UXQV 309 fUaPeV SeU VecRQd aW 
full resolution (644 (H) × 484 (V) pixels). It was energized by using a DC power supply (Pacific, 2305D+). A 
laptop computer (Acer, Aspire E15) with 4 GB RAM and an Intel Core i5-5200U CPU was used for the imaging 
system software. The software was developed on the LabVIEW (National Instruments Corporation, Austin-Texas-
USA) programming language and the Vision Builder for Automated Inspection (National Instruments Corporation, 
Austin-Texas-USA). The working distance (the distance between the lens and the top of the sample being observed) 
was 70 mm and the pistachio nut samples were manually placed in the imaging area. The images were perfectly 
acquired by using a black background. 
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2.3. Method 

All pistachio nut samples were divided into two groups as fluorescent and non-fluorescent under the 365 nm 
UV illumination. Aflatoxins, which are invisible in daylight, on the contaminated pistachio nuts radiated bright 
greenish yellow fluorescence (BGYF) by absorbing the UV light and become visible. 50 BGYF+ and 50 BGYF- 
pistachio nuts were selected from the fluorescent and non-fluorescent groups, respectively. While aflatoxin level 
could not be determined for BGYF+ pistachio nut samples, it was determined whether the pistachio nut sample 
was only aflatoxin contaminated or not. Since the fluorescent sensitivity of the human differs from person to person, 
machine vision based systems are preferred for such determination and separation systems. 

2.3.1. Image Processing Method 

The use of BGYF identification criterion on aflatoxin contaminated pistachio nuts was well known as a 
discrimination factor. The presence of aflatoxin could be determined within the ability of the image processing 
program to determine the color pixels. The RGB colour model is an additive colour model in which red, green and 
blue light are added together at different intensities to produce different colours. Since the RGB colour model is 
device-dependent and could be detect or reproduce differently by different devices, the CIE L*a*b* colour scale, 
which is approximately uniform colour scale, was preferred at the image processing process. As Sharifian et al. 
(2013) mentioned that the L*a*b* values are often used in food research studies because of uniform distribution of 
colours and as L*a*b* units are very close to human perception of colour. The L*a*b* colour space consists of a 
luminance or lightness component (L* value, ranging from 0 to 100), along with two chromatic components 
(UaQgiQg fURP í120 WR +120): Whe a* component (from green to red) and the b* component (from blue to yellow). 

In this study; a machine vision based non-destructive method was proposed for detecting the BGYF pistachio 
nuts under the UV illumination by using the CIE L*a*b* colour scale to evaluate the colour changes of pistachio 
nuts by image analysis. Not only L*, a* and b* values were compared but also the kinetic parameters for the colour 
change were determined using the total colour change parameter, chroma, hue angle and browning index for 
discriminating aflatoxin contaminated pistachio nuts from the healthies one.  

In order to obtain the RGB pixel values separately, the captured pistachio nut sample images were transferred 
to the computer and segmented into red (R), green (G) and blue (B) components by selecting the region of interest 
(ROI). Colour values in L*, a* and b* units were analysed after the conversion process from the RGB colour space 
into the L*a*b* units.  

Firstly, RGB values were converted to the XYZ colour space. Secondly, XYZ values were converted to the 
CIE L*a*b* colour space. L*, a*, and b* components were calculated using relations as given below (Erdem et al., 
2018): 
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     Eq. (3) 

where (X0, Y0, Z0) are X, Y, Z values for standard white respectively. The value of X, Y and Z is computed using 
a linear transformation from RGB coordinates as follows (Erdem et al., 2018): 
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       Eq. (4) 

Colour measurement as RGB of the selected region of interest belonging to the BGYF+ or BGYF- pistachio 
nuts was carried out by using the Vision Builder for Automated Inspection. Then, obtained RGB data were 
assigned to the variables, separately. At the end of the process, these RGB variables were taken by developed 
LabVIEW programming software and converted to the CIE L*a*b* colour space. 

Visible fluorescent stain of BGYF+ pistachio nut sample images and the pistachio nut sample images without 
fluorescent stains determined as BGYF- acquired under 365 nm illumination were given in Figure 2 (a) and (b), 
respectively. 

 
Figure 2. (a) Visible fluorescent stain of BGYF+ pistachio nut sample images; (b) BGYF- pistachio nut 

sample images 

2.3.2. Kinetics of Colour Changes 

The colour discrimination between the fluorescent and non-fluorescent pistachio nut samples was described by 
using chroma, hue angle and browning index (BI) calculated from the L*, a* and b* values.  

The chroma or saturation index is proportional to its intensity and indicates colour saturation. While the hue 
angle characterizes colour in food products, the BI is used for determining the purity of brown colour. All these 
parameters were calculated from the following equations (Sharifian et al., 2013; Erdem et al., 2018): 

𝐶ℎ𝑟𝑜𝑚𝑎 ൌ ඥሺ𝑎∗2 ൅ 𝑏∗2ሻ    Eq. (5) 

𝐻𝑢𝑒 𝐴𝑛𝑔𝑙𝑒 ൌ  tanି1 ൬
𝑏∗

𝑎∗൰ 
   Eq. (6) 
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 , 𝑥 ൌ
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   Eq. (7) 

where L*, a* and b* values correspond to colour values of pistachio nuts. Each test was replicated three times 
and then averaged. 
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2.3.3. Statistical Analysis of Colour Parameters 

The colour parameters of BGYF+ and BGYF- pistachio nuts were statistically evaluated. L*, a*, b*, chroma, 
hue angle (radian) and browning index (BI) values of BGYF+ and BGYF- pistachio nuts were compared in order 
to determine the significance level between the groups. The t-test was used according to the results of the normality 
tests. As known, t-tests are a type of hypothesis test that allows to compare means. 

50 BGYF+ and 50 BGYF- pistachio nut samples were used in the statistical analysis tests. As the number of 
samples was greater than 30 for all groups, the significance value of the Kolmogrov-Smirnov normality test was 
considered. 

In order to determine which colour parameters are close to each other and find the clustering of colour 
parameters, factor analysis technique in SPSS was used to reduce a large number of variables into fewer numbers 
of factors. Thus, the colour parameters were being accurately classified. 

 
3. Results and Discussion 

3.1. Colour and Kinetic Parameters Results 

The results of colour parameters (L*, a* and b* values) and kinetic parameters (chroma, hue angle (radian) and 
browning index (BI) calculated by using L*, a* and b* values) of BGYF+ and BGYF- pistachio nuts were presented 
in Figure 3 and Figure 4, respectively. The colour parameters of aflatoxin contaminated areas had brighter colour 
than the uncontaminated pistachio nut surface colour parameters (because of BGYF) under the UV illumination 
as shown in Figure 3. L* value increased, and a* and b* values decreased on average, when the BGYF- pistachio 
nuts were compared with the BGYF+ pistachio nuts in terms of colour parameters. 

While chroma and BI values decreased, hue angle (radian) value increased on average when the kinetic 
parameters of BGYF+ and BGYF- pistachio nut samples compared as shown in Figure 4. 
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Figure 3. Changes in the colour parameters of BGYF+ and BGYF- pistachio nuts 
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Figure 4. Changes in the kinetic parameters of BGYF+ and BGYF- pistachio nuts 

3.2. Statistical Analysis Results 
 
The Kolmogorov-Smirnov normality test was examined because all variables were normally distributed. 50 

pistachio nut samples for all groups were assessed in the normality tests. For this reason, the Kolmogorov-Smirnov 
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Test was used as the numerical means of assessing normality. The data were distributed normally for L*, a*, b*, 
chroma, hue angle and BI because sig. values were greater than 0.05 according to the Kolmogorov-Smirnov Test.  

A t-test is a type of inferential statistic used to determine if there is a significant difference between the means 
of two groups. If the data has normal distribution, t-test is used for determining the difference and significance 
level. The L*, a*, b*, chroma, hue angle and BI values of BGYF+ and BGYF- pistachio nut samples were evaluated 
by using the t-test. Since the results of sig. (2-tailed) for uniform and non-uniform distributions were less than 
0.05, significant differences were found between the mean of the groups as shown in Table 1. As a result, there 
were statistically significant differences between the two groups for all colour parameters of BGYF+ and BGYF- 
pistachio nut samples. 

Table 1. T- test results for BGYF+ and BGYF- pistachio nuts 

  

Levene's 
Test for 

Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

L* 
E. v. a. 4.297 .041 13.764 98 .000 23.36986 1.69795 20.00034 26.73938 

E. v. not a.     13.764 88.616 .000 23.36986 1.69795 19.99587 26.74385 

a* 
E. v. a. 6.674 .011 -14.779 98 .000 -18.54574 1.25483 -21.03591 -16.05557 

E. v. not a.     -14.779 88.934 .000 -18.54574 1.25483 -21.03909 -16.05239 

b* 
E. v. a. .005 .943 -2.821 98 .006 -2.92236 1.03603 -4.97834 -.86638 

E. v. not a.     -2.821 97.212 .006 -2.92236 1.03603 -4.97854 -.86618 

Chroma 
E. v. a. .462 .498 -12.883 98 .000 -17.16134 1.33206 -19.80477 -14.51791 

E. v. not a.     -12.883 97.993 .000 -17.16134 1.33206 -19.80477 -14.51791 

Hue_Angle 
E. v. a. 20.646 .000 6.312 98 .000 .22100 .03501 .15152 .29048 

E. v. not a.     6.312 62.190 .000 .22100 .03501 .15102 .29098 

BI 
E. v. a. .113 .737 -19.869 98 .000 -60.90594 3.06534 -66.98900 -54.82288 

E. v. not a.     -19.869 97.959 .000 -60.90594 3.06534 -66.98904 -54.82284 

E. v. a.: Equal variances assumed  
E. v. not a.: Equal variances not assumed  

Three methods, which are creating the correlation matrix, Bartlett's test and Kaiser-Meyer-Olkin (KMO) test, 
were used to evaluate whether the data set for BGYF+ pistachio nuts is suitable for factor analysis. Since the result 
Rf Whe KMO WeVW ZaV gUeaWeU WhaQ 50% aQd Whe Vig. YaOXe (0.000) ZaV OeVV WhaQ 0.05 accRUdiQg WR Whe BaUOeWW¶V WeVW, 
there were high correlation between variables and the data set was suitable for factor analysis. The obtained results 
by using SPSS statistical analysis software for BGYF+ pistachio nuts were shown in Table 2. As mentioned before, 
the aim of the factor analysis is the orderly simplification of a number of interrelated measures. With the help of 
that analysis, colour parameters and kinetic parameters were grouped and associated each other. 
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Table 2. Factor analysis test results for BGYF+ pistachio nuts 

Component Matrixa 
 Component 

1 2 3 

Chroma .955 .045 .270 
BI .931 .192 -.283 
a* .864 -.439 .235 
Hue_Angle -.261 .952 -.126 
b* .583 .802 .101 
L* -.312 .198 .927 
Extraction Method: Principal Component Analysis. 
a. 3 components extracted. 

 

Rotated Component Matrixa 
 Component 

1 2 3 

Chroma .993 .018 .019 
a* .884 -.459 -.046 
BI .832 .228 -.489 
Hue_Angle -.260 .959 .054 
b* .609 .788 .039 
L* -.060 .088 .992 
Extraction Method: Principal Component Analysis.  

Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 4 iterations. 

 

Table 2 shows the loadings of the six variables for BGYF+ pistachio nuts on the three factors extracted. It 
means that the higher the absolute value of the loading, the more the factor contributes to the variable. The idea of 
rotation does not actually change anything but makes the interpretation of the analysis easier. It can be seen that 
chroma, a* and BI values were substantially loaded on Factor (Component) 1, while hue angle and b* were 
substantially loaded on Factor (Component) 2. The remaining variable L* was substantially loaded on Factor 
(Component) 3.  

These factors can be used as variables for further studies like image processing based aflatoxin contaminated 
pistachio nut separating machines. Especially, few parameters (colour and kinetic) will positively affect the system 
performance and programming speed. 

4. Conclusions 

Vision systems are used in food industry for sorting and quality inspection because of being easy, objective, 
representative, precise and inexpensive. These systems use image processing techniques to measure and analyse colour 
evolution in the food industry.  

An aflatoxin contaminated pistachio nut detection system combined with the image processing was developed at 
the wavelength of 365 nm. An UV light source irradiated the pistachio nuts in a darkened laboratory and contaminated 
pistachio nuts exhibited bright-greenish yellow fluorescence. The pistachio nut images were captured by using a 
camera and LabVIEW based software was developed for determining the colour and kinetic parameters of both 
BGYF+ and BGYF- pistachio nuts. Monitoring colour changes of pistachio nuts by using image processing simplified 
the separation process in comparison with the manual identification. Changes of colour and kinetic parameters between 
in-shell pistachio nut samples with BGYF+ and BGYF- were investigated. Aflatoxin contamination caused the colour 
of contaminated pistachio nut to be lighter than the healthies one. 

In further investigations, a separation machine could be developed to separate the BGYF+ and BGYF- pistachio 
nuts according to their colour and kinetic parameters. Moreover, new statistical approach (factor analysis) was offered 
to simplify and accelerate the image processing software performance of the separation machine.  

This study will be a new approach for researchers, who work on separation system design, and it will also have a 
positive effect in terms of simplifying the separation process for dried fruits. 
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Özet 

BX aUaúWÕUPada, 9 faUkOÕ SaUOak bURP (Bromus catharticus Vahl.) haWWÕQÕQ TekiUda÷ Ye EdiUQe kRúXOOaUÕQda ba]Õ 
PRUfRORjik |]eOOikOeUiQiQ Ye RW YeUiPOeUiQiQ beOiUOeQPeVi aPaoOaQPÕúWÕU. DeQePeOeU TeVad�f BORkOaUÕ DeQePe 
DeVeQiQe g|Ue �o WekUaUOaPaOÕ ROaUak TekiUda÷ NaPÕk KePaO hQiYeUViWeVi ZiUaaW Fak�OWeVi TaUOa BiWkiOeri Bölümü 
Ye EdiUQe TUak\a TaUÕPVaO AUaúWÕUPa EQVWiW�V� M�d�UO�÷� deQePe aUa]iOeUiQde 2015-2016 \ÕOOaUÕ aUaVÕQda 
\�U�W�OP�úW�U. AUaúWÕUPada PRUfRORjik |]eOOik ROaUak aQa VaS X]XQOX÷X, aQa VaS kaOÕQOÕ÷Õ, bR÷XP aUaVÕ X]XQOXk, 
aQa VaSWaki bR÷XP Va\ÕVÕ, ba\Uak \aSUak eQi Ye bR\X iOe \eúiO Ye kXUX RW YeUiPOeUi WeVSiW ediOPiúWiU. Parlak brom 
haWOaUÕQÕQ aQa VaS X]XQOX÷X, aQa VaS kaOÕQOÕ÷Õ, bR÷XP aUaVÕ X]XQOXk, aQa VaSWaki bR÷XP Va\ÕVÕ, ba\Uak \aSUak eQi 
Ye bR\X iOe \eúiO Ye kXUX RW YeUiPOeUi aUaVÕQda iVWaWiVWiki ROaUak |QePOi faUkOaU RUWa\a oÕkPÕúWÕU. AQa VaS X]XQOX÷X, 
TekiUda÷ ORkaV\RQXQda 72.57-99.05 cm, Edirne lokasyonunda ise 94.36-111.73 cP aUaVÕQda beOiUOeQPiúWiU. Ana 
VaS kaOÕQOÕ÷Õ TekiUda÷ ORkaV\RQXQda 1.58-2.23 mm, Edirne lokasyonunda 2.57-4.52 PP aUaVÕQda |Oo�OP�úW�U. 
BR÷XP aUaVÕ X]XQOXkOaUÕ TekiUda÷ ORkaV\RQXQda 9.95-13.26 cm, Edirne lokasyonunda 14.09- 22.30 cm olarak 
beOiUOeQPiúWiU. AQa VaSWaki bR÷XP Va\ÕVÕ TekiUda÷ ORkaV\RQXQda 3.93-4.67 adet, Edirne lokasyonunda 3.47-4.60 
adet araVÕQdadÕU. Ba\Uak \aSUak bR\X TekiUda÷ ORkaV\RQXQda 23.76-26.40 cm, Edirne lokasyonunda 17.46-26.40 
cP ROPXúWXU.  Ba\Uak \aSUak eQi iVe TekiUda÷ ORkaV\RQXQda 4.93-8.90 mm, Edirne lokasyonunda 2.84-4.85 mm 
aUaVÕQda de÷iúPiúWiU. YeúiO RW YeUiPi, TekiUda÷ ORkasyonunda 2.208,57-3.521,27 kg da-1 olurken, Edirne 
lokasyonunda ise 2.567,73- 4.032,06 kg da-1 aUaVÕQda WeVSiW ediOPiúWiU. KXUX RW YeUiPi TekiUda÷ lokasyonunda 
638.89-956.07 kg da-1, Edirne lokasyonunda 739.24 1.075,44 kg da-1 aUaVÕQda VaSWaQPÕúWÕU. EQ \�kVek \eúiO Ye 
kXUX RW YeUiPOeUi EdiUQe ORkaV\RQXQda 197848 QROX haWWa TekiUda÷ ORkaV\RQXQda 217583 ve 197848 nolu hatlarda 
WeVSiW ediOPiúWiU. SRQXo ROaUak, T�Uki\e¶QiQ TUak\a keViPi kRúXOOaUÕQda 197848 Ye 217583 nolu parlak brom hatlarÕ 
yüksek \eúiO Ye kXUX RW YeUiPOeUi iOe \eQi oeúiW ada\Õ ROaUak geOiúWiUiOebiOiU.  

Anahtar kelimeler: Bromus catharticus Vahl., Parlak brom, Kuru ot verimi, YeúiO RW YeUiPi, Lokasyon 
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Abstract 
The aim of this research was to determine the forage yield performance and some morphological characteristics 
of nine different prairie grass (Bromus catharticus VahO.) OiQe iQ Whe cRQdiWiRQV Rf TekiUda÷ aQd EdiUQe. The 
experiments was carried out in randomized complete block design with three replications at the experimental areas 
Rf FieOd CURSV DeSaUWPeQW Rf AgUicXOWXUaO FacXOW\ Rf TekiUda÷ NaPÕk KePaO UQiYeUViW\ aQd DiUecWRUaWe Rf TUak\a 
Agricultural Research Institute in 2015-2016 years.  Morphological characters such as main stem lenght, main 
stem thickness, internode lenght, main stem node number, flag leaf width and lenght with hay and fresh yield were 
investigated in the study. Differences among lenght of main stem, thickness of main stem, internode lenght, node 
number of main stem, lenght of flag leaf, width of flag leaf, fresh and hay yields of the prairie grass lines were 
found to be statistically very significant. The lenght of main stem varied between 72.57-99.05 cm in Tekirdag 
location and 94.36-111.73 cm in Edirne location. The thickness of the main stem varied between 1.58-2.33 mm in 
Tekirdag location and 2.57-4.52 mm in Edirne location.  Internode lenght varied between 9.95-13.26 cm in 
Tekirdag location and 14.09-22.30 cm in Edirne location. The node number of main stem varied between 3.93-
4.67 in Tekirdag location and 3.47-4.60 in Edirne location. Lenght of flag leaf varied between 23.76-26.40 cm in 
Tekirdag location and 17.46-26.40 cm in Edirne location. Width of flag leaf varied between 4.93-8.90 mm in 
Tekirdag location and 2.84-4.85 mm in Edirne location. Fresh yield of linesvaried between 2.208,57-3.521,27 kg 
da-1 iQ TekiUda÷ 2.567,73-4.032,06 kg da-1 in Edirne conditions. Hay yield of lines varied between 638.89-956.07 
kg da-1 iQ Whe cRQdiWiRQV Rf TekiUda÷, and 739.24-1.075,44 kg da-1 in the conditions of Edirne. The highest fresh 
and hay yield was determined from 197848 line in Edirne location and from 217583 and 197848 lines in the 
ORcaWiRQ Rf TekiUda÷ ZheUe the research was conducted. Based on the results of this study, prairie grass lines 
197848 and 217583 can be suggested for cultivation in the Thrace part of Turkey. 

Keywords: Bromus catharticus Vahl., Prairie grass, Hay yield, Fresh yield, Location 
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1. Giriú 

BURP ciQViQiQ aQaYaWaQÕ AV\a, AYUXSa Ye APeUika ROaUak kabXO ediOPekWe ROXS, çRk \ÕOOÕk Ye Wek \ÕOOÕk olmak 
üzere d�Q\a geQeOiQe \a\ÕOPÕú 160 kadaU W�U� bXOXQPakWadÕU. Bununla birlikte sadece birkaç tanesinin kültürü 
\aSÕOPakWa Ye bXQOaUdaQ eQ \a\gÕQ ROaQOaUÕ; kÕOoÕkVÕ] bURP (Bromus inermis L.), oa\ÕU bURPX (Bromus riparius 
L.), dik brom (Bromus erectus Huds.) ve parlak brom (Bromus catharticus Vahl.)¶dXU (Tuna ve ark. 2001). 

TaUÕPÕ \aSÕOaQ W�UOeUdeQ biUiVi ROaQ SaUOak bURP de÷eUOi biU \eP biWkiVidiU. Poacea faPiO\aVÕQdaQ Festucaidea 
aOW faPiO\aVÕQdaQ Festuca R\Pa÷ÕQdaQ biU biWkidiU. Genel olarak, Bromus catharticus Vahl olarak adOaQdÕUÕOPakOa 
birlikte, Bromus unioloides H.B.K. ve Bromus wildenowii Kunth olarakta isimlendirilmektedir. Bu türün orijini 
oa\ÕUOaUÕQ Ye bR]kÕUOaUÕQ QePOi b|OgeOeUidiU. G�Qe\ APeUika kÕWaVÕQdaki \a\ÕOÕúÕ ùiOi¶QiQ kX]e\ b|OgeOeUiQdeQ 
BUe]iO\a¶QÕQ g�Qe\iQe Ye UUXgXa\¶a kadaU X]aQÕU (RRVVR Ye aUk., 2009). D�Q\aQÕQ ÕOÕPaQ b|OgeOeUiQde k�OW�Ue 
aOÕQPÕú Ye |]eOOikOe AUjaQWiQ¶iQ PaPSeaQa b|OgeViQde \a\gÕQ biU úekiOde \eWiúWiUiOPekWediU (HaXPaQ, 1917). 
UUXgXa\, PaUagXa\, ùiOi, AUjaQWiQ, PeUX, EkYaWRU, KRORPbi\a, BROiY\a, BUe]iO\a, VeQe]XeOa gibi G�Qe\ APeUika 
ülkelerinde yerel bir bitki olarak tarÕPÕ \aSÕOPakWadÕU (NeZeOO, 1973). G�Qe\dR÷X AYXVWXUaO\a¶da Ye JaSRQ\a¶da 
\a\gÕQ ROaUak bXOXQPakWa Ye iVWiOacÕ biU W�U ROaUak kabul edilmektedir (Auld ve ark., 2003).  

Parlak brom 30-100 cP kadaU bR\OaQabiOeQ, \aSUakOaUÕ \XPXúak W�\O�, 10-30 cP X]XQOX÷XQda ve 3-8 mm 
geQiúOi÷iQdediU. SaOkÕPOaUÕQÕQ bR\X 10-40 cP X]XQOX÷XQda ROXS baúakoÕkOaU baVÕk 6-12 adet çiçeklidir (Serin ve 
TaQ, 2009). SRQbahaU Ye kÕú V�UeViQce geOiúiPiQi V�Ud�UPekWe, \�kVek YeUiPiQi Ye Oe]]eWOiOi÷iQi kRUXPakWadÕU 
(Hume 1991 a, Hume 1991 b, Abbott ve ark., 2012). TRSUa÷ÕQ e÷iPOi ROdX÷X \RO keQaUOaUÕQda hÕ]Oa \a\ÕOPa 
|]eOOi÷iQe VahiSWiU (MX]afar ve ark., 2016). OWOaWPa Ye kXUX RW �UeWiPi aPacÕ\Oa \eWiúWiUiOPekWediU. Yem bitkisi 
ROaUak \�kVek YeUiPOi ROPaVÕQÕQ \aQÕ VÕUa, kXUakOÕ÷a di÷eU VeUiQ PeYViP \eP biWkiOeUiQdeQ daha \�kVek deUecede 
WROeUaQV g|VWeUPeVi aoÕVÕQdaQ �OkePi]iQ Sek oRk \eUiQde baúaUÕOÕ úekiOde \eWiúWiUiOPe ROaQa÷ÕQa VahiS ROXS, kaba 
yem sorununun çözümüne kaWkÕ Va÷Oa\acak ROaQ biU \eP biWkiVidiU. PaUOak bURPXQ Ve\Uek bioiP Ye URWaV\RQeO biU 
RWOaWPa ViVWePiQde V�W VÕ÷ÕUOaUÕ ioiQ \R÷XQ ROaUak kXOOaQÕOaQ biU W�U ROdX÷XQX, kXUak Ye\a YeUiPVi] WRSUakOaUda 
RWOaWPa kRúXOOaUÕ aOWÕQda \a] SeUi\RdXQda ölümler olabiOece÷iQi biOdiUPiútir (Rumball, 1974). 

hOkePi] ha\YaQcÕOÕ÷ÕQda kaUúÕOaúÕOaQ aQa VRUXQOaUdaQ biUi ha\YaQcÕOÕ÷ÕQ aQa beViQ ka\Qa÷Õ ROaQ kaba \ePiQ 
\eWeUOi d�]e\OeUde �UeWiOePePeVi VRQXcX �UeWiP PaOi\eWOeUi hÕ]Oa \�kVeOPekWedir. Bu sorunun giderilmesi d�ú�k 
maOi\eWOi Ye g�YeQOi \eP ka\Qa÷Õ ROaQ oa\ÕU PeUa aOaQOaUÕQÕQ eWkiQ úekiOde kXOOaQÕPÕ iOe P�Pk�Q ROabiOiU. 
MeUaOaUÕQ YeUiPOeUiQiQ aUWWÕUÕOPaVÕ da kaba \eP aoÕ÷ÕQÕ gideUecek d�]e\de de÷iOdiU. BX ba÷OaPda YeUiP Ye kaOiWe 
de÷eUiQiQ \�kVek ROdX÷X Ye ekiOecek b|Oge\e adaSWe ROabiOeQ faUkOÕ \eP biWkiVi W�UOeUiQe b�\�k Rranda ihtiyaç 
YaUdÕU. GeUek �Oke geQeOiQde geUekVe b|OgeVeO ROaUak adaSWe ROabiOecek \eQi \eP biWkiVi W�UOeUi iOe iOgiOi oaOÕúPaOaUÕQ 
Va\ÕVÕ hÕ]Oa aUWÕUÕOPaOÕdÕU. 

 KRQX\Oa iOgiOi \aSÕOaQ benzer bir aUaúWÕUPada, TekiUda÷ ekRORjik kRúXOOaUÕQda \eWiúWiUiOeQ ba]Õ SaUOak bURP 
haWOaUÕQda \eúiO RW YeUiPi bakÕPÕQdaQ eQ \�kVek YeUiP 1.bioiPde 4.380,00 kg da-1 ile 284788 nolu hatta, 2. biçimde 
ise 606.00 kg da-1 ile ARBR01 QROX haWWa beOiUOeQPiúWiU. YÕOOÕk WRSOaP \eúiO RW YeUiPi bakÕPÕQdaQ ise, 4.793,00 kg 
da-1 ile 284788 nolu hatta en yüksek verim WeVSiW ediOPiúWiU. En yüksek kuru ot verimi 1. biçimde 1.614,67 kg da-1 
ile 284788 nolu hatta, 2. biçimde 237.00 kg da-1 ile 462243 nolu hatta, toplam kuru ot verimi ise 1.761,67 kg da-1 
ile 284788 nolu hatta VaSWaQPÕúWÕU. YeúiO RW YeUiPOeUi 457,00 - 4793,00 kg da-1 aUaVÕQda, kXUX RW YeUiPOeUi 186,00- 
1761,67 kg da-1 aUaVÕQda de÷iúPiúWiU (Ni]aP Ye aUk., 2017). 

AUjaQWiQ¶de \eWiúWiUiOeQ 3 faUkOÕ SaUOak bURP YaU\eWeViQiQ kXUX Padde YeUiPOeUi 1989 \ÕOÕQda 493-672 kg da-1, 
1990 \ÕOÕQda 624-716 kg da-1 ROaUak beOiUOeQPiúWiU (JaWiPOiansky ve ark., 1997). 

Runball ve ark. (1972) YeQi ZeOOaQda¶da 12 SaUOak bURP haWWÕ �]eUiQde \aSWÕkOaUÕ oaOÕúPaOaUda eQ \�kVek kXUX 
ot verimini 1220 kg da-1, eQ d�ú�k iVe 920 kg da-1 ROdX÷XQX bildirPiúOeUdiU. AbbRWW Ye aUk. (2012) SaUOak bURPXQ 
13 geQRWiSiQi RW �UeWiPi aPacÕ\Oa 3 \ÕO V�Ue\Oe \eWiúWiUdikleri aUaúWÕUPaOaUÕQda genotip x çevre interaksiyonu 
iVWaWikVeO ROaUak |QePOi bXOXQPXúWXU. AUaúWÕUPacÕOaU faUkOÕ oeYUe kRúXOOaUÕQa kaUúÕ geQRWiSOeUiQ WeSkiOeUinin faUkOÕ 
ROdX÷XQX Ye feQRWiSik faUkOÕOÕ÷ÕQ VÕcakOÕk, \a÷Õú Ye g�Q ÕúÕ÷Õ gibi oeYUeVeO faUkOaUdaQ RUWa\a oÕkWÕ÷ÕQÕ beOiUWPiúOeUdiU. 
KXOOaQÕOaQ SaUOak bURP geQRWiSOeUiQiQ kXUX RW YeUiPi eQ d�ú�k 1344 kg da-1, en yüksek 2117 kg da-1, ortalama 
1652 kg da-1 ROaUak biOdiUiOPiúWiU. 
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BX oaOÕúPaQÕQ aPacÕ, Marmara Bölgesinin Trakya kesiminde parlak bromun adaptasyonunu incelemek ve yeni 
SaUOak bURP oeúiWOeUiQiQ geOiúWiUiOPeViQe kaWkÕ Va÷OaPakWÕU. 

2. Materyal ve Metot  

BX oaOÕúPada materyal olarak kXOOaQÕOaQ 9 SaUOak bURP haWWÕ (283204, 316173, ARBR01, 217583, 168564, 
197848, 283204, 477984, 634281), Western Regional Plant Introduction Station (Pulmann Washington, ABD) 
b�Q\eViQde bXOXQaQ geQ baQkaVÕQdaQ WePiQ ediOPiú 83 akVeV\RQ ioiQdeQ TekiUda÷ NaPÕk KePaO hQiYeUViWeVi 
Ziraat Fakültesi Tarla Bitkileri Bölümü tarafÕQdaQ VeOekVi\RQ ÕVOahÕ iOe geOiúWiUiOPiúWiU. 

DeQePeOeU, TekiUda÷ øOi TekiUda÷ NaPÕk KePaO hQiYeUViWeVi ZiUaaW Fak�OWeVi TaUOa Bitkileri Bölümü deneme 
aOaQÕ Ye EdiUQe øOi TUak\a TaUÕPVaO AUaúWÕUPa EQVWiW�V� M�d�UO�÷� deQePe aOaQÕQda \�U�W�OP�úW�U. AUaúWÕUma 
aOaQOaUÕQÕQ ikOiP YeUiOeUi TabOR 1 Ye TabOR 2¶de g|VWeUiOPiúWiU. 

Tablo 1. Tekirda÷ iline ait meteorolojik veriler 
Table 1. Meteorological data of Tekirdag Province 

 
 
Aylar  

SÕcaklÕk (oC) Ya÷Õú (mm) Oransal Nem (%) 
2015-2016 Uzun 

yÕllar 
2015-2016 Uzun 

yÕllar 
2015-2016 Uzun 

yÕllar 
Ekim  16,4 15,7 83,7 90,0 80,1 80,5 
KasÕm  13,8 11,3 48,5 62,5 80,7 84,0 
AralÕk  7,3 7,2 0,7 82,5 79,9 83,6 
Ocak  5,6 5,2 70,7 62,1 80,0 84,0 
ùubat  9,7 5,7 68,4 64,9 85,5 81,4 
Mart  10,4 8,0 30,6 57,4 80,3 80,7 
Nisan  15,6 12,2 22,9 41,5 72,2 78,2 
MayÕs  17,9 17,6 28,1 33,8 74,4 75,1 
Haziran  23,6 22,2 35,0 35,0 72,2 72,6 
Ortalama/toplam 13,37 11,7 388,6 529,7 78,4 80,0 

TekiUda÷ iOiQde EkiP 2015- Ha]iUaQ 2016 d|QePiQde 388.6 PP \a÷Õú d�úP�úW�U (Tablo 1). BX PikWaU X]XQ \ÕOOaU 
RUWaOaPaVÕQdaQ ROdXkoa d�ú�kW�U. A\QÕ úekiOde RUaQVaO QeP PikWaUÕ da a\QÕ d|QePde X]XQ \ÕOOaU RUWaOaPaVÕQdaQ 
aúa÷ÕdadÕU. SÕcakOÕk RUWaOaPaOaUÕ iVe X]XQ \ÕOOaUa g|Ue daha \�kVek ROaUak geUoekOeúPiúWiU. BX VRQXoOaU denemenin 
\�U�W�Od�÷� d|QePde TekiUda÷ iOiQde kXUak Ye VÕcak biU \ÕOÕQ geoWi÷iQi g|VWeUPekWediU. EdiUQe iOiQde iVe a\QÕ d|QePde 
WRSOaP \a÷Õú 547.8 PP, RUWaOaPa VÕcakOÕk 12.6 oC, RUaQVaO QeP % 77.2 ROaUak geUoekOeúPiúWiU (Tablo 2). TabOR 2¶de 
de g|U�Od�÷� gibi EdiUQe iOiQde \a÷Õú, VÕcakOÕk Ye QeP PikWaUOaUÕ X]XQ \ÕOOaU RUWaOaPaVÕQdaQ \�kVek ROPXúWXU. BX 
YeUiOeUe g|Ue \eWiúWiUPe d|QePiQde VÕcak Ye \a÷ÕúOÕ biU SeUi\RdXQ PeYcXW ROdX÷X V|\OeQebiOiU. 

 
Tablo 2. Edirne iline ait meteorolojik veriler 

Table 2. Meteorological Data of Edirne Province 

 
 
Aylar  

SÕcaklÕk (oC) Ya÷Õú (mm) Nem (%) 
2015-2016 Uzun 

yÕllar 
2015-2016 Uzun 

yÕllar 
2015-2016 Uzun 

yÕllar 
Ekim  15,6 14,2 52,6 56,7 81,7 72 
KasÕm  13,5 9,3 26,2 68,8 81,7 80 
AralÕk  5,5 4,5 0,3 75,2 83,6 82 
Ocak  2,8 2,0 114,8 62,9 84,5 81 
ùubat  9,2 5,2 91,4 50,8 85,5 77 
Mart  10,2 7,1 54,8 46,2 77,5 73 
Nisan  15,5 12,7 116,1 49,9 66,6 68 
MayÕs  17,4 17,5 81,4 49,2 71,8 67 
Haziran  23,9 22,0 10,2 48,9 61,8 62 
Ortalama/toplam 12,6 10,5 547,8 508,6 77,2 73,6 
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AUaúWÕUPaQÕQ \�U�W�Od�÷� TekiUda÷ NaPÕk KePaO hQiYeUViWeVi ZiUaaW Fak�OWeVi TaUOa BiWkiOeUi B|O�P� Ye 
EdiUQe øOi TUak\a TaUÕPVaO AUaúWÕUPa EQVWiW�V� M�d�UO�÷� deQePe SaUVeOOeUiQdeQ aOÕQan toprak numuneleri 
Edirne Ticaret BRUVaVÕ LabRUaWXYaUÕ¶Qda aQaOi] ediOPiúWiU (Tablo 3). AUaúWÕUPa aOaQlarÕQÕQ WRSUakOaUÕ hafif aViW 
karakterde olup, EdiUQe¶de daha aVidik |]eOOi÷e VahiSWiU. TekiUda÷ deQePe aOaQÕQda fRVfRU PikWaUÕ \eWeUVi], EdiUQe 
deQePe aOaQÕQda iVe \�kVek ROaUak g|U�OPekWediU. DeQePe aOaQOaUÕ kaOVi\XP, PagQe]\XP, SRWaV\XP Ye PaQgaQ 
ioeUi÷i bakÕPdaQ eOYeUiúOi d�]e\dediU. OUgaQik Padde PikWaUÕ heU iki deQePe aOaQÕQda da ROdXkoa d�ú�kW�U. 

Tablo 3. Tekirda÷ ve Edirne ølindeki Deneme AlanlarÕna Ait Toprak Analiz SonuçlarÕ 

Table 3. Soil Analysis Results of Experimental Areas in Tekirdag and Edirne Provinces 

 
Toprak özellikleri 

Tekirda÷  Edirne 

0-20 cm 20-40 cm 0-20 cm 20-40 cm 
SX iOe dR\PXúOXk 40 41 40 41 
pH 6.10 6.35 5,9 5,8 
Kireç (%) 0.01 0.01 0,00 0,00 
Fosfor (1,39-3,26) (ppm) 1.2 1.1 6,2 7,7 
Kalsiyum (1150-3500) (ppm) 2800 2350 1758 2313 
Magnezyum (160-480) (ppm) 431 382 262 326 
Potasyum (140-370) (ppm) 179 152 175 234 
Mangan (14-50) (ppm) 24 21 83 89 
Çinko (0,7-2,4) (ppm) 0.25 0.38 0,85 1,1 
Organik madde (%) 1.02 1.10 1,25 1,28 

 

PaUOak bURP deQePeOeUi TekiUda÷ iOiQde 20 EkiP 2015, EdiUQe iOiQde iVe 29 EkiP 2015 WaUihOeUiQde WeVad�f bORkOaUÕ 
deQePe deVeQiQe g|Ue 3 WekUaUOaPaOÕ ROaUak kXUXOPXúWXU. HeU iki ORkaV\RQda da SaUVeOOeU VÕUa X]XQOX÷X 5P, VÕUa aUaOÕ÷Õ 
35 cP ROaQ 5 VÕUadaQ ROXúPXúWXU. EkiP QRUPX 3 kg da-1, ekiP deUiQOi÷i 2 cP¶diU. EkiPOeU eOOe \aSÕOPÕúWÕU. dÕkÕúWaQ 
VRQUa VÕUa aUaOaUÕQdaQ oÕkaQ \abaQcÕ RWOaUOa eO oaSaVÕ iOe P�cadeOe ediOPiúWiU. 

AUaúWÕUPada \aSÕOaQ |Oo�POeU, TaUÕP Ye K|\iúOeUi BakaQOÕ÷Õ TRhXPOXk TeVciO Ye SeUWifikasyon Merkezi 
M�d�UO�÷�¶Q�Q BURP W�UOeUi (Bromus L. VSecieV) ioiQ \a\ÕQOaQaQ TaUÕPVaO De÷eUOeUi gOçme Denemeleri Teknik 
TaOiPaWÕQa g|Ue \aSÕOPÕúWÕU (AQRQiP, 2001). Bu teknik talimatnameye göre, morfolojik özellikler parlak brom 
haWOaUÕQÕQ oioekOeQPe d|QePiQde haVaWWaQ |Qce heU SaUVeOdeQ UaVWgeOe VeoiOeQ 10 adeW biWki �]eUiQde beOiUOeQPiúWiU. 
Bitki boyu, tRSUak \�]e\i iOe eQ XoWaki VaOkÕPÕQ XcXQa kadaU Rlan mesafe metre ile cm olarak ölçülerek 
beOiUOeQPiúWiU. Parlak brom bitkilerinin aQa VaS kaOÕQOÕ÷Õ 2. ve 3. bR÷XP aUaVÕQÕQ kaOÕQOÕ÷ÕQÕQ 0,1 mm bölmeli 
kumpasla mm olarak |Oo�OPeVi\Oe VaSWaQPÕúWÕU. Bitkilerin bR÷XP aUaVÕ X]XQOX÷X aQa VaSÕQÕQ 2. ve 3. bR÷XP 
aUaVÕQÕQ (cm) |Oo�OPeVi\Oe beOiUOeQPiúWiU. PaUOak bURP biWkiOeUiQiQ aQa VaSWaki b�W�Q bR÷XPOaUÕ Va\ÕOaUak ana 
VaSWaki bR÷XP Va\ÕVÕ adet olarak beOiUWiOPiúWiU. PaUOak bURP biWkiOeUiQiQ ba\Uak \aSUak a\aVÕQÕQ kÕQa ba÷OaQPa 
QRkWaVÕQdaQ iWibaUeQ XcXQa kadaU ROaQ kÕVÕP ba\Uak \aSUak bR\X (cP), a\QÕ \aSUa÷ÕQ eQi de bayrak yaprak eni 
(mm) ROaUak |Oo�OP�úW�U (AoÕkg|] Ye EOoi, 1980). 

HeU SaUVeOiQ keQaUOaUÕQdaQ 1¶eU VÕUa Ye VÕUaOaUÕQ baúÕQdaQ Ye VRQXQdaQ ROPak �]eUe 0.5 P¶Oik kÕVÕP bioiOeUek 
X]akOaúWÕUÕOPÕúWÕU. GeUi\e kaOaQ 4.2 P2 alan biçilerek hasat edilmiú Ye \eúiO RW YeUiPi VaSWaQPÕúWÕU. Her parselden 
elde ediOeQ \eúiO RW ioeUiViQdeQ UaVWgeOe 0.5 kg¶OÕk |UQek aOÕQaUak kXUXWPa dROabÕQda 48 VaaW V�Ue iOe 78 0C¶de 
kXUXWPa dROabÕQda kXUXWXOPXúWXU. Daha VRQUa 24 VaaW Rda RUWaPÕQda bekOeWiOiS WaUWÕP \aSÕOPÕú Ye elde edilen kuru 
RW de÷eUOeUi dekaUa YeUiPe oeYUiOPiúWiU. 

PaUOak bURP haWOaUÕQÕQ ba]Õ PRUfRORjik |]eOOikOeUi iOe \eúiO Ye kXUX RW YeUimlerinin istatiksel analizleri Tesadüf 
BORkOaUÕ deQePe deVeQiQde 3 WekUaUOaPaOÕ ROaUak TARøST iVWaWiVWik SakeW SURgUaPÕQa g|Ue \aSÕOPÕúWÕU (AoÕkg|] 
ve ark., 1994). OUWaOaPaOaUÕQ aUaVÕQdaki faUkOaUÕQ |QePOiOi÷iQiQ beOiUOeQPeViQde LSD (% 5) oRkOX kaUúÕOaúWÕUPa 
WeVWi X\gXOaQPÕúWÕU (D�]g�Qeú Ye aUk., 1987). 
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3. AraútÕrma SonuolarÕ ve TartÕúma 
 

3.1. Ana Sap Uzunlu÷u 

PaUOak bURP haWOaUÕQÕQ aQa VaS X]XQOXkOaUÕ aUaVÕQdaki faUkOaU TekiUda÷ ORkaV\RQXQda |QePOi ROXUkeQ, EdiUQe 
ORkaV\RQXQda |QePVi] ROPXúWXU. AUaúWÕUPada kXOOaQÕOaQ SaUOak bURP haWOaUÕQÕQ TekiUda÷ lokasyonundaki ana sap 
X]XQOX÷X 72.57-99.05 cm aUaVÕQda de÷iúPiúWir (Tablo 4). YaSÕOaQ oaOÕúPada TekiUda÷ lokasyonunda en yüksek 
aQa VaS X]XQOX÷X 99.05 Ye 97.92 cP ile VÕUaVÕ\Oa 197848 ve 634281 nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k VaS 
X]XQOX÷X iVe 72.57 cP iOe ARBR01 QROX haWWa beOiUOeQPiúWiU. AUaúWÕUPada kXOOaQÕOaQ SaUOak bURP haWOaUÕQÕQ EdiUQe 
lokaV\RQXQdaki aQa VaS X]XQOX÷X 94.36-111.73 cP aUaVÕQda de÷iúPiúWiU. Edirne lokasyonunda en yüksek ana sap 
X]XQOX÷X 111.73 cm ile 283204 QROX haWWa VaSWaQPÕúWÕU. EQ d�ú�k aQa VaS X]XQOX÷X iVe 94.36 cm ile ARBR01 
QROX haWWa beOiUOeQPiúWiU. EQ X]XQ aQa VaS X]XQOX÷X de÷eUOeUi, iki ORkaV\RQda faUkOÕ haWOaUda VaSWaQPÕúWÕU. BXQXQOa 
biUOikWe eQ kÕVa aQa VaS X]XQOX÷X her iki lokasyonda da ARBR01 QROX haWWa beOiUOeQPiúWiU. AUaúWÕUPada bXOXQaQ 
ana sap uzunlu÷X YeUileri Muzafar ve ark. (2016)¶QÕQ biOdiUdi÷i SaUOak bromda bitki boyunun 85-100 cm aUaVÕQda 
ROdX÷X, SeUiQ Ye TaQ (2009)¶ÕQ beOiUWWi÷i 30-100 cm biWki bR\X de÷eUOeUi iOe beQ]eUOik g|VWeUPekWediU.  

3.2. Ana Sap KalÕnlÕ÷Õ 

AQa VaS kaOÕQOÕ÷Õ bakÕPÕQdaQ haWOaU aUaVÕQdaki faUkOaU TekiUda÷ ORkaV\RQXQda |QePVi] ROPXú, EdiUQe 
ORkaV\RQXQda iVe |QePOi bXOXQPXúWXU. AUaúWÕUPada kXOOaQÕOaQ SaUOak bURP haWOaUÕQÕQ TekiUda÷ ORkasyonundaki 
aQa VaS kaOÕQOÕ÷Õ 1.58-2.23 PP aUaVÕQda de÷iúPiúWir (Tablo 4). BX oaOÕúPada TekiUda÷ ORkaV\RQXQda en yüksek 
aQa VaS kaOÕQOÕ÷Õ 2.23 mm ile 217583 QROX haWWa VaSWaQPÕúWÕU. EQ d�ú�k aQa VaS kaOÕQOÕ÷Õ iVe 1.58 mm ile 197848 
QROX haWWa beOiUOeQPiúWiU. PaUOak bURP haWOaUÕQÕQ EdiUQe ORkaV\RQXQdaki aQa VaS kaOÕQOÕ÷Õ 2.57-4.52 PP aUaVÕQda 
de÷iúPiúWiU. Edirne lokasyonunda eQ \�kVek aQa VaS kaOÕQOÕ÷Õ 4.52 PP iOe 283204 QROX haWWa VaSWaQPÕúWÕU. En 
d�ú�k aQa VaS kaOÕQOÕ÷Õ iVe 2.57 PP iOe 477984 QROX haWWa beOiUOeQPiúWiU. PaUOak bURP haWOaUÕQÕQ aQa VaS kaOÕQOÕkOaUÕ 
ORkaV\RQOaU aUaVÕQda faUkOÕ ROaUak RUWa\a oÕkPÕúWÕU. TekiUda÷ ORkaV\RQXQda Edirne lokasyonuna göre daha kaOÕQ 
VaSOaU Pe\daQa geOPiúWiU. FaUkOÕOÕk haWOaU aUaVÕQda da g|U�OPekWediU. øki ORkaV\RQda da eQ kaOÕQ Ye eQ ince sapa 
VahiS biWkiOeU faUkOÕ ROPXúWXU. BXQa g|Ue, SaUOak bURP haWOaUÕQÕQ VaS kaOÕQOÕkOaUÕQÕQ oeYUeVeO kRúXOOaUdaQ eWkiOeQdi÷i 
Ye bX eWkiQiQ haWOaU aUaVÕQda faUkOÕ ROdX÷X V|\OeQebiOiU.  

 

Tablo 4. Parlak bromda ana sap uzunlu÷u, ana sap kalÕnlÕ÷Õ, bo÷um arasÕ uzunluk ve bo÷um sayÕsÕna ait 
ortalama de÷erler ve önemlilik guruplarÕ 

Table 4. Average values and significance groups of main stem lenght, main stem thickness, internod length, and 
node number in prairie grass 

 
 
Hat No 

Ana sap uzunlu÷u 
main stem lenght 

(cm) 

Ana sap kalÕnlÕ÷Õ 
main stem thickness 

(mm) 

Bo÷um arasÕ uzunluk  
internod length  

(cm) 

Bo÷um sayÕsÕ  
node number  

(adet) 
Tekirda÷ Edirne Tekirda÷ Edirne Tekirda÷ Edirne Tekirda÷ Edirne 

283204 84.79 b 105.93 2.07 4.52 a 11.40 b 14.09 4.40 abc 4.60 
168564 75.42 cd   97.80 1.77 3.77 abc   9.95 c 16.65 4.63 a 4.13 
634281 97.92 a 106.93 1.85 3.33 bcd 13.11 a 16.01 4.57 ab  3.80 
477984 78.93 bcd 104.40 1.69 2.57 d 10.95 bc  22.30 4.07 bc 3.47 
197848 99.05 a   99.73 1.58 3.44 bcd 13.26 a 15.41 4.67 a 3.80 
316173 76.36 cd   94.53 1.68 4.21 ab 10.13 bc  14.81 4.57 ab  4.40 
283204 80.04 bc 111.73 1.81 4.21 ab 10.53 bc 14.83 4.00 c 4.33 

ARBR01 72.57 d   94.36 1.59 2.82 ab 10.02 bc  19.59 3.93 c  3.53 
217583 80.86 bc 105.27 2.23 3.91 cd 11.13 bc 17.23 4.17 abc  4.20 

LSD %5 7.430 önemsiz önemsiz 1.066 1.431 önemsiz 0.535  önemsiz 
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3.3. Bo÷um ArasÕ Uzunluk 

PaUOak bURP haWOaUÕQÕQ aQa VaSÕQda |Oo�OeQ bR÷XP aUaVÕ X]XQOXkOaUÕ bakÕPÕQdaQ faUkOaU TekiUda÷ ORkaV\RQXQda 
|QePOi ROXUkeQ, EdiUQe ORkaV\RQXQda |QePVi] ROaUak VaSWaQPÕúWÕU. YaSÕOaQ oaOÕúPada TekiUda÷ ORkaV\RQXQdaki 
bR÷XP aUaVÕ X]XQOXkOaUÕ 9.95-13.26 cm araVÕQda de÷iúPiúWiU (Tablo 4). TekiUda÷ ORkaV\RQXQda eQ \�kVek bR÷XP 
aUaVÕ X]XQOXk 13.26 ve 13.11 cm ile VÕUaVÕ\Oa 197848 ve 634281 nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k bR÷XP aUaVÕ 
uzunluk ise 9.95 cm ile 168564 nolu haWWa beOiUOeQPiúWiU. Edirne lokasyonundaki bo÷XP aUaVÕ X]XQOXkOaUÕ 14.09 -
22.30 cP aUaVÕQda de÷iúPiúWiU. EdiUQe ORkaV\RQXQda eQ \�kVek bR÷XP aUaVÕ X]XQOX÷X 22.30 cm ile 477984 nolu 
haWWa VaSWaQPÕúWÕU. EQ d�ú�k bR÷XP aUaVÕ X]XQOXk iVe 14.09 cm ile 283204 QROX haWWa beOiUOeQPiúWiU. Parlak brom 
haWOaUÕQÕQ bR÷XP aUaVÕ X]XQOX÷X TekiUda÷ ORkaV\RQXQda (9.95-13.26 cm) Edirne lokasyonuna göre (14.09-22.30 
cm) daha kÕVa ROaUak VaSWaQPÕúWÕU. EdiUQe ORkaV\RQXQda bR÷XP aUaVÕ X]XQOX÷XQ daha fa]Oa ROPaVÕ biWki bR\OaUÕQÕn 
daha \�kVek ROPaVÕ\Oa iOiúkiOidiU. BiWki bR\XQXQ aUWÕúÕ bR÷XP aUaVÕ X]XQOX÷XQ aUWPaVÕQa ROXPOX eWkide 
bXOXQPXúWXU.  

3.4. Ana Saptaki Bo÷um SayÕsÕ 

AQa VaSWaki bR÷XP Va\ÕOaUÕ aUaVÕQdaki faUkOaU TekiUda÷ ORkaV\RQXQda |QePOi, EdiUQe ORkaV\RQXQda |QePVi] 
ROPXúWXU. TekiUda÷ kRúXOOaUÕQda \eWiúWiUiOeQ SaUOak bURP haWOaUÕQÕQ ana sapOaUÕQdaki bR÷XP Va\ÕVÕ 3.93-4.67 adet 
aUaVÕQda de÷iúPiúWiU (Tablo 4). TekiUda÷ ORkaV\RQXQda eQ \�kVek aQa VaSWaki bR÷XP Va\ÕVÕ 4.67 ve 4.63 adet ile 
VÕUaVÕ\Oa 197848 ve 168564 nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k aQa VaSWaki bR÷XP Va\ÕVÕ iVe 3.93 adeW iOe 
ARBR01 QROX haWWa beOiUOeQPiúWiU. Edirne kRúXOOaUÕQda \eWiúWiUiOeQ haWOaUÕQ aQa VaSWaki bR÷XP Va\ÕVÕ 3.47-4.60 
adeW aUaVÕQda de÷iúPiúWiU. EdiUQe ORkaV\RQXQda eQ \�kVek aQa VaSWaki bR÷XP Va\ÕVÕ 4.60 adet ile 283204 nolu 
hatta, eQ d�ú�k ise 3.47 adeW iOe 477984 QROX haWWa beOiUOeQPiúWiU. AQa VaSWaki bR÷XP Va\ÕOaUÕ iki ORkaV\RQ aUaVÕQda 
iQceOeQdi÷iQde TekiUda÷ (3.93-4.67 adet) ve Edirne (3.47-4.60) ORkaV\RQOaUÕ bakÕPÕQdaQ belirgin bir fark ROPadÕ÷Õ 
görülmektedir. BX QRkWadaQ \ROa oÕkaUak, SaUOak bURPda aQa VaSWaki bR÷XP Va\ÕVÕQÕQ oeYUe kRúXOOaUÕQdaQ geQeO 
ROaUak fa]Oa eWkiOeQPedi÷i VRQXcXQa XOaúÕOabiOiU. BXQXQOa biUOikWe, haW d�]e\iQde iQceOeQdi÷iQde ba]Õ haWOaUda iki 
ORkaV\RQ aUaVÕQda bR÷XP Va\ÕOaUÕ aUaVÕQda faUkOaUÕQ \�kVek ROdX÷X g|U�OPekWediU. gUQe÷iQ, 197848 QROX haWWa 
TekiUda÷ ORkaV\RQXQda 4.67 adeW ROaQ bR÷XP Va\ÕVÕ, EdiUQe ORkaV\RQXQda 3.80 adeW ROaUak |Oo�OP�úW�U. 

3.5. Bayrak Yaprak Boyu 

Ba\Uak \aSUak bR\OaUÕ aUaVÕQdaki faUk heU iki ORkaV\RQda da |QePVi] ROPXúWXU. PaUOak bURP haWOaUÕQÕQ TekiUda÷ 
lokasyonunda ölçülen bayrak yaprak boyu 23.76-26.40 cP aUaVÕQda de÷iúPiúWiU (Tablo 5). TekiUda÷ ORkaVyonunda 
en yüksek bayrak yaprak boyu 26.40 cm ile 217583 nolu haWWa VaSWaQPÕúWÕU. EQ d�ú�k ba\Uak \aSUak bR\X iVe 
23.76 cP iOe 477984 QROX haWWa beOiUOeQPiúWiU. Edirne lokasyonundaki bayrak yaprak boyu 17.46-26.40 cP aUaVÕQda 
de÷iúPiúWiU. EdiUQe ORkaV\RQXQda eQ \�kVek ba\Uak \aSUa÷Õ bR\X 26.40 cm ile 283204 nolu hatWa VaSWaQPÕúWÕU. EQ 
d�ú�k ba\Uak \aSUak bR\X iVe 17.46 cm ile ARBR01 QROX haWWa beOiUOeQPiúWiU. HeU iki ORkaV\RQda ba\Uak \aSUa÷Õ 
bR\X de÷eUOeUi biUbiUiQe ROdXkoa \akÕQdÕU. AUaúWÕUPada WeVSiW ediOeQ ba\Uak \aSUak bR\X de÷eUleri Rosso ve ark. 
(2009)¶QÕQ 22.2-38.8 cm, Muzafar ve ark. (2016)¶QÕQ 23-28 cm, Serin ve Tan (2009)¶ÕQ 10-30 cm, Aulicino ve 
AUWXUi (2008)¶QiQ 16.29-31.12 cP ROaUak biOdiUdi÷i ba\Uak \aSUak bR\X de÷eUOeUi iOe beQ]eUOik g|VWeUPekWediU. 

3.6. Bayrak Yaprak Eni 

PaUOak bURP haWOaUÕQÕQ ba\Uak \aSUak eni her iki lokasyonda da istatistiksel olarak önemli farklara sahip 
ROPXúWXU. TekiUda÷ lokasyonunda SaUOak bURP haWOaUÕQÕQ ba\Uak \aSUak eQi 4.93-8.90 PP aUaVÕQda de÷iúPiúWiU 
(Tablo 5). TekiUda÷ ORkaV\RQXQda en yüksek bayrak yaprak eni 8.90, 8.30 ve 8.20 mm ile VÕUaVÕ\Oa 217583, 283204 
ve 168564 nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k bayrak yaprak eni ise 4.93 PP iOe 197848 QROX haWWa beOiUOeQPiúWiU. 
Edirne lokasyonundaki bayrak yaprak eni 2.84-4.85 PP aUaVÕQda de÷iúPiúWiU. EdiUQe ORkaV\RQXQda en yüksek 
ba\Uak \aSUa÷Õ eQi 4.85, 4.78, 4.76, 4.60 ve 4.49 mm ile VÕUaVÕ\Oa 217583, 283204, 316173, 283204 Ye 168564 
nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k ba\Uak \aSUak eni ise 2.84 PP iOe 477984 QROX haWWa beOiUOeQPiúWiU. Bayrak 
\aSUa÷Õ eQi bakÕPÕQdaQ iki ORkaV\RQ eOe aOÕQdÕ÷ÕQda, TekiUda÷ ORkaV\RQXQda ba\Uak \aSUak eni 4.93-8.90 mm, 
Edirne lokasyonunda 2.84-4.85 mm aUaVÕQda ROdX÷X g|U�OPekWediU. TekiUda÷ ORkaV\RQXQda \aSUakOaU daha i\i 
geOiúPe g|VWeUPiúOeUdiU. AUaúWÕUPada |Oo�OeQ ba\Uak \aSUak eQi bXOgXOaUÕ MX]afaU Ye aUk. (2016)¶QÕQ 5-8 mm, 
SeUiQ Ye TaQ (2009)¶ÕQ 3-8 PP de÷eUOeUi iOe beQ]eUkeQ, RRVVR Ye aUk. (2009)¶QÕQ 6-13 PP de÷eUOeUiQdeQ daha 
d�ú�k ROaUak VaSWaQPÕúWÕU. 
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Tablo 5.  Parlak bromda bayrak yaprak boyu, bayrak yaprak eni, yeúil ot verimi ve kuru ot verimine ait 
ortalama de÷erler ve önemlilik guruplarÕ 

Table 5. Average values and significance groups of flag leaf lenght, flag leaf width, fresh yield, and hay yield in 
prairie grass 

 
 

Hat No 

Bayrak yaprak 
boyu  

flag leaf lenght 
(cm) 

Bayrak yaprak 
eni 

flag leaf width 
(mm) 

Yeúil ot verimi  
fresh yield 
(kg da-1) 

Kuru ot verimi  
hay yield 
(kg da-1) 

Tekirda
÷ 

Edirne Tekirda
÷ 

Edirn
e 

Tekirda÷ Edirne Tekirda÷ Edirne 

283204 26.33 22.99 8.30 a 4.78 a 3.252,72a
b 

3.256,53 bc 878.83 ab 869.70bc
d 

168564 24.99 25.57 8.20 a 4.49 a 3.173,02a
b 

2.926,14cd 807.33 a-
d 

740.59 e 

634281 24.76 24.65 6.83 b 3.92 
ab 

3.255,87a
b 

3.375,03 bc 863.17 ab 885.98bc 

477984 23.76 22.27 6.93 b 2.84 b 2.208,57 c 2.567,73 d 663.80 cd 739.24 e 
197848 24.63 23.63 4.93 d 4.00 

ab 
3.381,90a
b  

4.032,06 a 936.61 a 1.075,44a 

316173 24.12 25.26 6.37 bc 4.76 a 2.664,76b
c 

3.180,74bc
d 

638.89 d 769.22de 

283204 25.90 26.40 5.43 cd 4.60 a 3.150,48a
b 

3.461,06abc 823.95 a-
d 

882.13bc 

ARBR0
1 

24.23 17.46 5.80 bcd 3.64 
ab 

2.708.57b
c 

3.273,44 bc 686.37bc
d 

814.64cde 

217583 26.40 26.37 8.90 a 4.85 a 3.521,27 a 3.720,21 ab 956.07 a 928.16 b 
LSD%5 önemsiz önemsi

z 
1.203  1.229 211.726 620. 635 758.612 103.809 

3.7. Yeúil Ot Verimi  

YeúiO RW YeUiPOeUi aUaVÕQda heU iki ORkaV\RQda da |QePOi faUkOaU Pe\daQa geOPiúWiU. PaUOak bURP haWOaUÕQÕQ 
TekiUda÷ ORkaV\RQXQdaki \eúiO RW YeUiPOeUi 2.208,57-3.521,27 kg da-1 aUaVÕQda de÷iúPiúWiU (Tablo 5). TekiUda÷ 
ORkaV\RQXQda eQ \�kVek \eúiO RW YeUiPi 3.521,27 kg da-1 ile 217583 QROX haWWa VaSWaQPÕúWÕU. EQ d�ú�k \eúiO RW 
verimi ise 2.208,57 kg da-1 iOe 477984 QROX haWWa beOiUOeQPiúWiU. PaUOak bURP haWOaUÕQÕQ EdiUQe ORkaV\RQXQdaki 
\eúiO RW YeUiPOeUi 2.567,73-4.032,06 kg da-1 aUaVÕQda de÷iúPiúWiU. EdiUQe ORkaV\RQXQda eQ \�kVek \eúiO RW YeUiPi 
4.032,06 kg da-1 iOe 197848 QROX haWWa VaSWaQPÕúWÕU. EQ d�ú�k \eúiO RW YeUiPi iVe 2.567,73 kg da-1 ile 477984 nolu 
haWWa RUWa\a oÕkPÕúWÕU. TekiUda÷ ORkaV\RQXQda \eúiO RW YeUiPOeUi 2.208,57-3.521,27 kg da-1, Edirne lokasyonunda 
2.567,73-4.032,06 kg da-1 aUaVÕQda ROdX÷X g|U�OPekWediU. PaUOak bURP haWOaUÕQÕQ \eúiO RW YeUiPOeUi EdiUQe 
ORkaV\RQXQda QiVSeWeQ daha \�kVek ROaUak geUoekOeúPiúWiU. PaUOak bURP haWOaUÕQÕQ \eúiO RW YeUiPi bakÕPÕQdaQ eQ 
i\i SeUfRUPaQVÕ TekiUda÷ ORkaV\RQXQda 217583 QROX haW, EdiUQe ORkaV\RQXQda 197848 QROX haW g|VWeUPiúWiU. 
AUaúWÕUPada beOiUOeQeQ SaUOak bURP haWOaUÕQÕQ \eúiO RW YeUiPi de÷eUOeUiQiQ Ni]aP Ye aUk. (2017)¶QÕQ biOdiUdi÷i 
457.0-4.793,00 kg da-1 \eúiO RW YeUiPi de÷eUOeUi iOe beQ]eU ROdX÷X WeVSiW ediOPiúWiU. 

3.8. Kuru Ot Verimi 

PaUOak bURP haWOaUÕQÕQ kXUX RW YeUiPOeUi aUaVÕQdaki faUkOaU heU iki ORkaV\RQda da iVWaWiVWikVeO ROaUak |QePOi 
bXOXQPXúWXU. AUaúWÕUPada kXOOaQÕOaQ SaUOak bURP haWOaUÕQÕQ TekiUda÷ ORkaVyonundaki kuru ot verimleri 638.89-
956.07 kg da-1 aUaVÕQda de÷iúPiúWiU (Tablo 5). TekiUda÷ ORkaV\RQXQda en yüksek kuru ot verimi 956.07 ve 936.61 
kg da-1 ile VÕUaVÕ\Oa 217583 ve 197848 nolu hatlarda VaSWaQPÕúWÕU. EQ d�ú�k kXUX RW YeUiPi iVe 638.89 kg da-1 ile 9 
QROX haWWa RUWa\a oÕkPÕúWÕU. PaUOak bURP haWOaUÕQÕQ EdiUQe ORkaVyonundaki kuru ot verimleri 739.24-1.075,44 kg 
da-1 aUaVÕQda de÷iúPiúWiU.  
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Edirne lokasyonunda en yüksek kuru ot verimi 1.075,44 kg da-1 ile 197848 QROX haWWa VaSWaQPÕúWÕU. EQ d�ú�k 
kuru ot verimi ise 739.24 ve 740.59 kg da-1 ile VÕUaVÕ\Oa 168564 Ye 477984 QROX haWOaUda RUWa\a oÕkPÕúWÕU. KXUX RW 
YeUiPi bakÕPÕQdaQ iki ORkaV\RQ kÕ\aVOaQdÕ÷ÕQda, TekiUda÷ lokasyonunda kuru ot verimi 638.89-956.07 kg da-1, 
Edirne lokasyonunda 739.24-1.075,44 kg da-1 aUaVÕQda ROdX÷X g|U�OPekWediU. PaUOak bURP haWOaUÕQÕQ EdiUQe 
kRúXOOaUÕQda kXUX RW YeUiPOeUi aUaVÕQda daha b�\�k biU faUk ROdX÷X, TekiUda÷ ORkaV\RQXQda haWOaU aUaVÕQda 
faUkOaUÕQ a] ROdX÷X g|U�OPekWediU. AUaúWÕUPada eOde ediOeQ kXUX RW YeUiPi bXOgXOaUÕ JaWiPOiansky ve ark. (1997) 
ile Ni]aP Ye aUk. (2017)¶QÕQ kXUX RW YeUiPOeUi iOe beQ]eUOikOeU g|VWeUPekWediU. BXOgXOaUÕPÕ], RXPbaOO Ye aUk. 
(1972)¶QÕQ kXUX RW YeUiPOeUiQdeQ d�ú�k, AbbRWW Ye aUk. (2012)¶QÕQ YeUiPOeUiQdeQ iVe daha \�kVek ROPXúWXU. 

4. Sonuç 

T�Uki\e¶QiQ MaUPaUa B|OgeViQiQ TUak\a keViPiQiQ iki faUkOÕ ORkaV\RQXQda 9 SaUOak bURP haWWÕ \eWiúWiUiOPiú Ye 
W�U�Q b|Oge kRúXOOaUÕQa adaSWe ROdX÷X g|U�OP�úW�U. YaSÕOaQ |Oo�POeU VRQXcXQda SaUOak bURP haWOaUÕ aUaVÕQda 
PRUfRORjik Ye YeUiP ROaUak |QePOi faUkOaU VaSWaQPÕúWÕU. EkRORjik ROaUak faUkOÕ ROaQ iki oeYUe kRúXOXQda haWOaUÕn 
SeUfRUPaQVOaUÕ da faUkOÕOÕkOaU g|VWeUPiúWiU. TekiUda÷ kRúXOOaUÕQda haWOaU aUaVÕQda aQa VaS X]XQOX÷X, bR÷XP aUaVÕ 
X]XQOXk, bR÷XP Va\ÕVÕ, ba\Uak \aSUak eQi, \eúiO RW YeUiPi Ye kXUX RW YeUiPi bakÕPÕQdaQ faUkOaU VaSWaQÕUkeQ, EdiUQe 
kRúXOOaUÕQda aQa VaS kaOÕQOÕ÷Õ, ba\Uak \aSUak eQi, \eúiO RW YeUiPi Ye kXUX RW YeUiPi bakÕPÕQdaQ faUkOaU |QePOi 
bXOXQPXúWXU. 

EdiUQe ORkaV\RQda SaUOak bURP haWOaUÕQÕQ aQa VaS X]XQOX÷X daha X]XQ, VaSOaU iQce Ye aQa VaSWaki bR÷XP aUaOaUÕ 
daha X]XQ ROPXúWXU. EdiUQe¶de PeYViPiQ \a÷ÕúOÕ geoPeVi daha fa]Oa kaUdeú ROXúXPX Ye YejeWaWif geOiúPe\i WeúYik 
eWPiúWiU. KaUdeú Va\ÕVÕ |Oo�OPePeViQe Ua÷PeQ bX dXUXP g|]OePOeUde VaSWaQPÕúWÕU. BiWki bR\XQXQ X]aPaVÕ Ye 
kaUdeú Va\ÕVÕQÕQ aUWÕúÕ VaSOaUÕQ iQce kaOPaVÕQa QedeQ ROPXúWXU. TekiUda÷ ORkaV\RQXQda iVe yapraklar daha iyi 
geOiúPe g|VWeUPiúWiU.  

 YeúiO ve kuru RW YeUiPOeUi aUaVÕQda her iki lokasyonda da istatistiki olarak 0,01 önemlilik seviyesinde farklar 
VaSWaQPÕúWÕU. YeúiO RW YeUiPi TekiUda÷ úaUWOaUÕQda 2208,5-3521,27 kg da-1 aUaVÕQda ROXUkeQ, EdiUQe úaUWOaUÕQda iVe 
2567,73-4032,06 kg da-1 aUaVÕQda ROPXúWXU. Kuru ot verimi ise TekiUda÷ kRúXOOaUÕQda 638,89-956,07 kg da-1 
aUaVÕQda de÷iúikOik g|VWeUiUkeQ, EdiUQe úaUWOaUÕQda 739,24-1075,44 kg da-1 aUaVÕQda WeVSiW ediOPiúWiU. 

SRQXo ROaUak, T�Uki\e¶QiQ TUak\a kesimi kRúXOOaUÕQda SaUOak bURP biWkiViQiQ aOWeUQaWif biU \eP biWkiVi ROaUak 
\eWiúWiUiOPe ROaQa÷Õ bXOXQPakWadÕU. AUaúWÕUPaQÕQ \�U�W�Od�÷� iki ORkaV\RQda da 197848 Ye 217583 nolu hatlar en 
\�kVek \eúiO Ye kXUX RW YeUiPOeUiQe XOaúaUak oeúiW ada\Õ ROaUak geOiúWiUiOPe\e X\gXQ bXOXQPXúWXU. 
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