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The study was carried out to identify stability and adaptability of 19 chickpea (Cicer arietinum L.) 
cultivars grown in arid and semi arid conditions at three locations (Field Crops Central Research 
Institute in Ankara, Bahri Da�da� International Agricultural Research Institute in Konya and Research 
Farms of Agriculture Faculty of Suleyman Demirel University in Isparta) for two years (2005 and 2006 
years). Experiments was set up as randomized complate block design with three replications. Studied 
parameters were plant height, first pod height, 100 - grain weight and grain yield and stability 
parameters were calculated according to Finlay-Wilkinson and Ketata methods. Results showed 
(confirmed) that Menemen 92 (4) and �zmir 92 (6) were the highest yielding and stable cultivars at three 
locations during the study period in terms of plant height, first pod height and grain yield. For the 100 
grain weight, Ça�atay (2), Akçin 91 (9) and Er 99 (13) cultivars performed better than other cultivars. 
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 INTRODUCTION 
 
Chickpea is an important nutrition source for its dry grains 
containing around 20% raw protein and 6% leucine 
(Cinsoy et al., 2005). Variability of ecological conditions, 
inappropriate production methods and insufficient 
numbers of stable types may cause fluctuations in the 
production of chickpea. Production efficiency, suitable 
place and conditions for the production of developed 
types should be determined by the plant breeders 
(Yilmaz and Tugay, 1999). 

In general, stability is defined as the practicable 
performance of genotypes under changing environmental 
conditions. In biological sense, stability is the fixed 
production efficiency of the species under different 
environmental conditions, while in agricultural sense, it 
means whether species display the same production 
efficiency  as  predicted.  Reliable  stability  of  production  
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efficiency under changing conditions of environment is 
very important. For this reason, plant breeders desire for 
the general adaptation capability in the species they 
develop. Adaptation demonstrates the high production 
efficiency of the species in a given region, on the other 
hand, stability indicates the constant mean efficiency in 
different environments (Gencer and Killi, 1994; Altinba�, 
2003; Atta et al., 2009). 

To implement stability analysis, variance values of the 
genotype x environment interaction must be statistically 
significant. Selection of the species would be easier in 
the studies carried out to determine adaptation of species 
in different environmental conditions if the variance were 
statistically insignificant. When the interaction is 
significant and rank of species performance changes, 
species should be bred for each location. Significance of 
genotype x year interaction can’t be easily interpreted, 
and since it is not possible to apply different breeding 
programs every year, the best way is to select lines that 
show higher performance annually. When the genotype x  



 
 
 
 
location x year interaction is significant, plant breeders 
should select the lines with the highest average 
efficiency. Stable lines have low variance, similar 
performance to their experimental performance average 
and low mean square for deviation from regression. In 
addition, if a genotype shows constant performance in 
different environments, it is defined as biologically stable 
and if it reaches the desired efficiency level in a given 
region, it is defined as agronomically stable (Yilmaz and 
Tugay, 1999; Bozo�lu and Gülümser, 2000; Özberk et 
al., 2004; Özcan et al., 2005). In plant breeding studies, 
genotype performance in terms of yield and yield 
components and the effects of environmental factors 
could be determined through variance analysis methods. 
However, the significance of genotype x year and genotype 
x location interactions complicates interpretation of the 
results. Therefore, selection of candidate lines and 
breeding species for certain ecologies could be 
accomplished using stability statistics (Zencirci et al., 
1990; Dehghani et al., 2010). Stability parameters can be 
used alone and with various parameters to determine 
performance in different locations and periods. Widely 
used stability parameters are variation coefficient (VC), 
determination coefficient (R2), regression coefficient (b), 
regression constant (a), mean square of errors and 
standard deviation. Genotype x environment interaction is 
more important for selection efficiency in plant breeding. 
Stability characteristics of genotypes grown in different 
environments could be determined by regression 
analysis. Mean square of deviation from regression (Sdi2) 
is also an important method used in the determination of 
adaptation characteristics. As the regression coefficient 
gets closer to 1, stability of species or lines becomes 
higher. Genotypes with low (closer to 0) deviation from 
regression and high (above average) mean efficiency are 
accepted as stable. Besides, positive regression 
constant, high coefficient of determination and low 
variation coefficient are desired criteria in stability 
analysis. (Finlay and Wilkinson, 1963; Eberhart and 
Russell, 1966; Ozdemir and Engin, 1996; Ozdemir et al., 
1999; Kara, 2000; Özberk and Özberk, 2002; Albayrak et 
al., 2005; Duzdemir and Akdag, 2007). 

In a study investigating the stability characteristics and 
environmental adaptation of the species, employed 
stability parameters developed by Finlay and Wilkonson 
(1963), Perkins and Jinks (1968), Wricke (1962), 
Eberhart and Russell (1966), Shukla (1972), Francis and 
Kannenberg (1978), Baker (1969) and Ketata (1984), 
stated that Finlay and Wilkinson (1963) method was 
easier but incomplete and Ebehart and Russell (1966) 
method including mean square of deviation from 
regression would be more suitable. Çaylak et al. (1994) 
carried out a study on soybean and defined the genotype 
average higher than general average and regression 
coefficient equal to 1 as good adaptation to all 
environments and genotype average lower than general 
average and regression coefficient equal to 1 as bad 
adaptation  to  all  environments. Researchers  estimated 
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regression coefficient higher than 1 as special adaptation 
to favorable environments and regression coefficient 
lower than 1 as special adaptation to unfavorable 
environments. This study was carried out to determine 
certain stability parameters of 19 chickpea genotypes 
grown in Ankara, Konya and Isparta province of Turkey in 
for two years.  
 
 
MATERIALS AND METHODS 
 
Study was carried out during two years (2005 - 2006) in the 
experiment fields of Field Crops Central Research Institute in 
Ankara, Bahri Da�da� International Agricultural Research Institute 
in Konya and Research Farms of Agriculture Faculty of Süleyman 
Demirel University. Study material was composed of 19 registered 
chickpea cultivars [Damla 89 (1), Ça�atay (2), Gülümser (3), 
Menemen 92 (4), Aydin 92 (5), �zmir 92 (6), Cevdetbey (7), Sari 98 
(8), Akçin 91 (9), Gökçe (10), Küsmen 99 (11), Uzunlu 99 (12), Er 
99 (13), �nci (14), Canitez 87 (15), Aziziye 94 (16), Diyar 98 (17), 
ILC 482 (18), Eser 87 (19)]. Sowing were done made manually on 
plots composed of 4 rows, 5m long with 30 cm spacing between 
rows and 10 cm within rows. Experiment was set up as randomized 
complate block design with three repetitions. Sowings were made 
at the end of March in all locations and harvests were done the end 
of July. In the study, stability of the cultivars were investigated by 
two methods. Plant height, first pod height, 100-grain weight and 
grain yield were used to calculate stabilty parameters of the 
chickpea cultivars.  In the first method, Finlay and Wilkinson (1963) 
formula was used: 
 
bi=[�m j=1 YijXj – (Yi.) (X.) / m] / [ �m j=1 Xj² - X². / m]  

 
 
i: genotypes (1 - 19), J: environments (1 - 3), m: number of 
environments 
 
[�m  j=1  YijXj – (Yi.) (X.) / m] : Sum of the observed values 
of genotypes multiplied by the average of environments  
 
 [�m j=1 Xj² - X². / m] : Sum of Squares of independent 
variables (environments) 
 
Regression coefficients were calculated by this formula and 
genotypes with genotype average higher than general average and 
regression coefficient equal or close to 1 were accepted as stable 
(Yilmaz and Tugay, 1999; Turan and Göksoy, 2002; Kumeagac and 
Sa�lam, 2005; Ozcan et al., 2005). Figure 1 is used in the 
classification of species in terms of stability. 

 In the second method, mean rank and rank standard deviation 
model was used to evaluate low number of genotypes. For the 
determination of highly efficient and stable genotypes, “mean rank 
values” and “rank standard deviations” were calculated using rank 
values of genotypes in each environment (Hühn, 1979; Ketata, 
1984; Ketata et al., 1989; Huehn, 1990; Özberk et al., 2004). For 
this reason, cultivars were grouped as the rank values in X axis and 
rank standard deviations in Y axis.  As can be seen in (Figure 2), 
genotypes with low rank and low rank standard deviation were 
found highly efficient and stable (I. Region), genotypes with low 
rank and high rank standard deviation were highly efficient but 
unstable (II. Region), genotypes with high rank and low rank 
standard deviation were efficient but stable (III. Region) and the 
genotypes with high rank and high rank standard deviation were 
classified as low efficient and unstable (IV. Region) (Özberk et al., 
2004).  Analyses  were  carried out using Totemstat and Tarpopgen 
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Figure 1. Grouping of cultivars according to regression coefficient and general average yield (Finlay and Wilkinson, 1963). 
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Figure 2. Grouping of cultivars according to average rank and 
standart deviation values (Ketata, 1984; Ozberk et al, 2004). 

 
 
 
statistic programs (Özcan, 1999; Açikgöz et al., 1994). 
 
 
RESULTS AND DISCUSSION 
 
In this study, 19 chickpea cultivar were studied in three 
different locations for 2 years. Variance analysis was 
performed using plant height, first  pod  height, 100  grain 

weigth and grain yield. Year x location x genotype 
interaction and the difference between the regression 
coefficients of genotypes were found to be statistically 
significant. Therefore, annual stability graphics were 
prepared according to the methods of Finlay and 
Wilkinson (1963) and Ketata (1984). In the studies on 
different plants, variances of genotype x environment 
interaction should be statistically significant for the 
stability analysis and for this reason, experiments 
repeated in different locations and years should be 
combined and mean squares of genotype x location, 
genotype x year and genotype x location x year 
interactions should be determined with F test. In addition, 
when the genotype x year interaction is significant, 
annually separate breeding programs could not be 
applied therefore, superior genotypes should be selected 
each year and genotypes that have suitable stability 
parameters in terms of genotype x location x year 
interaction and higher efficiency than general average 
should be selected (Arshad, 1990; Friman 1990; Yilmaz 
and Tugay 1999; Bozo�lu and Gülümser, 2000; Özberk 
et al., 2004; Cinsoy et al., 2005).   

Stability levels of chickpea species considering plant 
heigth, first pod height, 100 grain weigth and grain yield 
according to Finlay and Wilkonson (1963) were given 
annually in (Figure 3).  In terms of plant heigth, Sari 98, 
Gökçe,  Küsmen  99, Er 99, �nci, Canitez 87, ILC 482 and  
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Figure 3. Stability analysis according to Finlay and Wilkinson (1963) in plant height, first pod height, 100 grain weight and grain yield properties 
on chickpea varieties grown in three locations. (Numbers represents the chickpea cultivars). 

 
 
 
Eser 87 had lower averages than the general average in 
the first year and Sari 98, Gökçe, Küsmen 99, Er 99, �nci, 
Diyar 95, ILC 482 and Eser 87 had lower avarages than 
general average in the second year, therefore, these 

cultivars  were  determined  as  unstable.  At  both  years, 
Damla 89, Ça�atay Gülümser, Menemen 92, Aydin 92, 
�zmir 92, Cevdetbey, Akçin 91, Uzunlu 99 and Aziziye 94 
had higher plant heigth than  general  average. Menemen  
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92 and �zmir 92 were the most stable cultivars based on 
regression coefficient for both years (Figure 3). 

In terms of first pod height, Ça�atay, Gülümser, 
Menemen 92, Aydin 92, �zmir 92, Cevdetbey, Sari 98, 
Akçin 91, Küsmen 99 and Uzunlu 99 had higher values 
than the general average in the first year and Damla 89, 
Ça�atay Menemen 92, Aydin 92, �zmir 92, Cevdetbey, 
Küsmen 99, Uzunlu 99 and Aziziye 94 had in the second 
second year. Regression coefficient of Menemen 92, 
Aydin 92, �zmir 92 and Akçin 91 in the first year and 
Ça�atay Menemen 92, Cevdetbey and Küsmen 99 in the 
second year were close to 1. Menemen 92 was the most 
stable cultivar in terms of first pod height in both years. 
100 grain weigth of Ça�atay Cevdetbey, Sari 98, Akçin 
91, Gökçe, Küsmen 99, Er 99, Canitez 87 and Aziziye 94 
cultivars were higher than the general average. 
Regression coefficients of Ça�atay, Akçin 91 and Er 99 
were close to 1, therefore, these cultivars were accepted 
as stable and highly efficient. In terms of grain yield; 
Ça�atay, Gülümser, Menemen 92, Aydin 92, �zmir 92, 
Cevdetbey, Gökçe, �nci, Aziziye 94 and ILC 482 were 
higher than the general average (94.75 kg/da) in the first 
year and Ça�atay, Menemen 92, �zmir 92 and �nci were 
determined as the most stable species in all conditions 
according to regression coefficients. In the second year, 
Ça�atay Gülümser Menemen 92, �zmir 92, Akçin 91, 
Gökçe, �nci, Aziziye 94, ILC 482 and Eser 87 had higher 
grain yields, and Gülümser and Aziziye 94 were 
determined as the most stable species (Figure 3). 
According to the stability parameters, following criteria 
were taken into consideration to determine whether a 
cultivar is highly efficient in all conditions: (1) regression 
coefficient should be equal or close to 1, (2) coefficient of 
determination should be close to 1 and (3) sum of square 
of deviation from regression should theoretically be equal 
to 0 (Finlay and Wilkinson, 1963; Eberhart and Russell, 
1966; Püskülcü, 1974). All cultivars with higher genotype 
average than general and regression coeffcient equal to 
1 were reported to demonstrate good adaptation ability in 
all environments in the experiments carried out with 
different species (Bilbro and Ray, 1976; Çaylak et al., 
1994; Turan and Göksoy, 2002; Özberk et al., 2004; 
Albayrak et al., 2005; Cinsoy et al., 2005; Özcan et al., 
2005). 

Stability parameters of chickpea cultivars were 
prepared according to the mean rank and standard 
deviation model developed by Ketata (1984) and the 
results were evaluated using the scale reported by 
Özberk et al. (2004), then the cultivars were grouped 
(Figure 4). Results of the chickpea cultivars in both years 
were similar and in general, Ça�atay Gülümser 
Menemen 92, Aydin 92, �zmir 92, Cevdetbey, Akçin 91 
and Uzunlu 99  demonstrated  high  peformance  in mean 
rank value. On the other hand, Ça�atay, Menemen 92, 
Aydin 92 and Cevdetbey were determined as stable 
cultivars according to the mean standard deviation 
values. In the first year, Damla 89,  Gülümser,  Akçin   91  

 
 
 
 
and Uzunlu 99 and in the second year, Gülümser, �zmir 
92 and Aziziye 94 had high plant heigth, but they lost 
their stability (Figure 4). In general, cultivars with high 
plant heigth had the highest mean of first pod height, as 
well. In the first year, Ça�atay, Gülümser, Menemen 92, 
Aydin 92, Sari 98, Akçin 91 and Uzunlu 99 and in the 
second year, Ça�atay, Menemen 92, Aydin 92, �zmir 92 
and Küsmen 99 were determined as the most stable 
cultivars considering stability parameters. However, 
Damla 89, �zmir 92, Cevdetbey and Aziziye 94 that had 
high mean of first pod height were not determined as 
stable.  

Cevdetbey, Sari 98, Akçin 91, Gökçe, Küsmen 99, Er 
99 and Aziziye 94 were the primary cultivars for 100 grain 
weigth. Cevdetbey, Akçin 91 and Küsmen 99 were the 
stable cultivars in the first year, and Ça�atay, Akçin 91, 
Gökçe, Küsmen 99, Er 99 and Aziziye 94 were in the 
second year. Despite their high values of 100-grain 
weigth, Ça�atay, Sari 98, Gökçe, Canitez 87 and Aziziye 
94 in the first year, and Cevdetbey, Sari 98 and Canitez 
87 in the second year lost their stability (Figure 4). In 
terms of grain yield;  Ça�atay,  Gülümser,  Menemen  92, 
�zmir 92, Cevdetbey, Gökçe, �nci, Aziziye 94 and ILC 482 
had the highest values in the first year. Despite their high 
grain yields, Ça�atay, Cevdetbey, Gökçe, Aziziye 94 and 
ILC 482 were not found to be stable. On the other hand, 
Gülümser, Menemen 92, �nci and �zmir 92 had high grain 
yield and were determined  as stable. And in the second 
year; Ça�atay, Gülümser, Menemen 92, Akçin 91, 
Gökçe, �nci, Aziziye 94, ILC 482 and Eser 87 had the 
highest grain yield values, and other cultivars exhibited 
low efficiency. Ça�atay, Gülümser, Menemen 92, Gökçe, 
ILC 482, �nci and Aziziye 94 had high grain yield and 
were stable (Figure 4).  

Ketata (1984) and Özberk et al. (2004) reported that 
Ça�atay and Menemen 92 had the highest efficiency in 
all examined parameters including plant heigth, first pod 
height and grain yield and were more stable according to 
the results of stability analysis. On the other hand, Akçin 
91 and Küsmen 99 were more efficient and more stable 
in both years in terms of 100 grain weigth. 

If genotype x environment interaction causes 
differences in yield rank of cultivars in different locations, 
it becomes more important for the plant breeders in terms 
of selection efficiency and species suggestions for 
different locations. If genotype x environment interaction 
does not change yield rank of genotypes in different 
regions, it does not cause any problem in the suggestion 
of cultivars (Kara, 2000). Hühn (1979) developed 
nonparametric stability methods by using yield rank of 
genotypes in different locations. According to this 
approach, cultivars that demonstrate similar yield rank in 
different locations are accepted as stable. Variance and 
standard deviation of yield rank of a genotype in different 
locations were used as a stability parameter by 
researchers (Nassar and Hühn, 1987; Huehn, 1990; 
Kara, 2000; Özberk et al., 2004). 
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Figure 4. Stability analysis according to Ketata (1984) in plant height, first pod height, 100 grain weight and grain yield properties on 
chickpea varieties grown in different locations. (Numbers represents the chickpea cultivars). 
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For plant breeders, the main problem in selection 
efficiency is genotype x environment interaction that 
causes yield rank to change in different locations. 
Methods based on the yield rank parameters of 
genotypes in different locations could be alternative to 
parametric methods widely used by plant breeders since 
they do not depend on any assumption and permit easy 
calculation and interpretation (Becker, 1981; Kang, 1990; 
Kara, 2000; Özberk et al., 2004). A method that ranks 
genotypes according to their yields in each location. 
Selection of genotypes with low variance and mean rank 
values could be reliable in many applications for plant 
breeders.  
 
 
Conclusion 
 
In the present study, 19 different chickpea genotypes in 
three different locations were grown and some stability 
parameters were calculated using regression coefficient 
and mean rank and deviation from regression models in 
plant heigth, first pod height and 100 grain weigth.  

According to the results of both models, Menemen 92 
and �zmir 92 were determined as the most stable and the 
most efficient cultivars in all locations. And in terms of 
100 grain weigth; Ça�atay, Akçin 91 and Er 99 were 
determined as stable with high yield potentials. 
Consequently, both methods appears to be suitable for 
plant breeders and could be used in stability analysis. 
 
 
REFERENCES 
 
Acikgoz N, Ozcan K, Akkas ME, Moghaddam AF (1994). PC'ler için veri 

tabani esasli Türkçe istatistik paket: Tarist. Tarla Bitkileri Kongresi, 
Nisan, �zmir pp. 25-29 

Albayrak S, Tongel O, Guler M (2005). Stabilty analysis and  
determination of seed yield and yield componets of candidate vetch 
(vicia sativa l.) varieties in middle black sea region. J.  Fac.  Agric. 
OMU, 20(1): 50-55. 

Altinbas M (2003). Simultaneous Selection for High Yield and Stability in 
Winter Chickpea. Ege Üniv. Ziraat Fak. Derg. 40(1): 41-48. 

Arshad Y (1990). Genotiplerin Çevreye Uyum Yeteneklerini Belirlemede 
Kullanilan Bazi Stabilite Parametreleri Üzerinde Ara�tirmalar. Yüksek 
Lisans Tezi. EÜ. Fen Bilimleri Enstitüsü Tarla Bitkileri Ana Bilim Dali, 
Bornova-�zmir. 

Atta BM, Shah TM, Abbas G, Haq MA (2009). Genotype x Environment 
Interaction for Seed Yield in Kabuli Chickpea (Cicer arietinum L.) 
Genotypes Developed Through Mutation Breeding. Pak. J. Bot. 
41(4): 1883-1890. 

Baker RJ (1969). Genotype-Environment Interactions in Yield of Wheat. 
Canadian J. Plant Sci. 49: 743-791. 

Becker HJ (1981). Correlations Among Some Statistical Measures of 
Phenotypic Stability,  Euphytica 30: 835-840. 

Bilbro JD, Ray LL (1976). Environmental Stability and Adaptation of 
Several Cotton Cultivars. Crop Sci. 16: 821-824. 

Bozoglu H, Gulumser A (2000). Determination of Genotype x 
Environment Interactions of Some Agronomic Characters in Dry Bean 
(Phaseolus vulgaris L.) Turk. J. Agric. 24: 211-220. 

Caylak O, Caliskan CF, Yildirim MP, Algan N (1994). Ege Bölgesi 
Ko�ullarinda Bazi Soya Hat ve Çe�itlerinin Truncated (kesmeli) 
Seleksiyon Yöntemi Kullanilarak Uyum Yeteneklerinin Belirlenmesi 
Üzerine Ara�tirmalar. Tarla Bitkileri Kongresi, �zmir, Bitki Islahi 
Bildirileri Cilt. 2: 140-144. 

 
 
 
 
Cinsoy AS, Atikyilmaz N, Tugay E, Esme S (2005). A Research on 

Genotype x Environment Interactions in Chickpea (Cicer arietinum 
L.). Türkiye VI. Tarla Bitkileri Kongresi 5-9 Eylül Antalya s. pp. 1033-
1034. 

Duzdemir O, Akdag C (2007). Determination of Genotype by 
Environment Interactions of some Chickpea (Cicer arietinum L.) 
Varieties. GOU Ziraat Fak. Dergisi 24(1): 27-34. 

Dehghani H, Sabaghpour SH, Ebadi A (2010).  Study of Genotype x 
Environment Interaction for Chickpea Yield in Iran. Agron. J. 102: 1-8. 

Eberhart SA, Russell WA (1966). Stability Parameters for Comparing 
Varieties. Crop Sci.  6: 36-40. 

Finlay KW, Wilkinson GN (1963). The Analysis of Adaptation in a Plant 
Breeding Programme. Aust. J. Agric. Res. 14: 742-754. 

Francis TR, Kannenberg LW (1978). Yield Stability Studies in Short 
Season Maize. I. Descriptive Method for Grouping Genotypes, 
Canadian J. Plant Sci. 58: 1029-1034. 

Friman GH (1990). Modern statistica methods for analysis g x e 
interactions (Alinmi�tir: G x E Interactions and Plant Breeding. (Ed) 
Mondit S.Kang, Dept. of Agr. Lousiana State Univ. Publ. pp. 118-125. 

Gencer O, Killi F (1994). Gossypium hirsitum L. Türü 12 Pamuk 
Genotipinin Lif Verimleriyle Teknolojik Özelliklerine �li�kin Stabilite 
Analizleri ve Uyum Yetenekleri Üzerine Bir Ara�tirma. Tarla Bit. 
Kongresi, Cilt II, �zmir, (In Turkish) pp. 231-234. 

Huehn M (1990). Nonparametric Estimation and Testing of Genotype x 
Environment Interactions by Ranks, Genotype-By-Environment 
Interaction and Plant Breeding, Louisiana State University, Baton 
Rouge, LA, USA, M. S. Kang pp. 69-93. 

Huhn  M (1979). Beitrage zur Erfassung der phanotypischen Stabilitat, I. 
Vorschlag einiger auf Ranginformationen beruhenden 
Stabilitatsparameter, EDP Med. Biol. 10: 112-117. 

Kang MS (1990). Understanding and Utilization of Genotype-by- 
Environment Interaction in Plant Breeding. Genotype-By-Environment 
Interaction and Plant Breeding, Louisiana State University, Baton 
Rouge, LA, USA, M. S. pp. 52-68. 

Kara SM (2000). Adaptation and Stability Analysis in Some Bread 
Wheat Genotypes. Turk. J. Agric. 24: 413-419. 

Ketata H (1984). Genotype x Environment Interaction, ICARDA, P. O. 
Box 5466, Aleppo, Syria (unpublished). 

Ketata HS, Yau K, Nachit  M (1989). Relative consistency of 
performance across environment. Proc. Int. Symp. Phys. Breed. 
Winter Cereals for Stress Environ. Montpiller 3(6): 43-44. 

Kumeagac M, Saglam C (2005). Genotype x Environment Interaction 
and Stability Analysis of The Yield and  Yield Characters of Sunflower 
Varieties. J. Tekirdag Agri. Fac. 2(2): 200-211. 

Nassar R, Huhn M (1987). Studies on Estimation of Phenotypic 
Stability, Tests of Significance for Non-parametric Measures of 
Phenotypic Stability, Biometrics pp. 43: 45-53.  

Ozberk I, Ozberk F (2002). An Assesment of Genotype x Environment 
Interactions in Durum Wheat by Rank Method. Anadolu Dergisi 12 
(2): 21-35. 

Ozberk I, Ozberk F, Coskun Y, Demir E, Dogru C (2004). An 
assessment of genotype x environment interactions in durum wheat 
variety registration trials by rank stability method. J. Agric. Fac. HR. 
U. 8(1): 71-75. 

Ozcan H, Aydin N, Bayramoglu HO (2005). Yield Stability and 
Correlation Among the Stability Parameters in Wheat. Tarim Bilimleri 
Dergisi 11(1): 21-25. 

Ozcan K (1999). Populasyon geneti�i için bir istatistik paket 
geli�tirilmesi, Doktora Tezi, E. Ü. Ziraat Fakültesi, Tarla Bitkileri 
Anabilimdali, �zmir, 136s. (In Turkish). 

Ozdemir S, Engin M (1996). Stability Analysis of Some Large Seeded 
Chickpea Genotypes in Çukurova Region. Turk. J. Agric. For. 20: 
157-161. 

Ozdemir S, Karadavut U, Erdogan C (1999). Do�u Akdeniz bölgesinde 
ki�lik ekilen bazi nohut çe�itlerinde stabilite analizi. Türk Tarim ve 
Ormancilik Dergisi 23: 201-205. 

Perkins JM, Jinks JL (1968). Environmental and Genotype - 
Environmental Components of Variability, III. Multiple Lines and 
Crosses, Heredity 23: 339-356. 

Puskulcu H (1974). Analysis of Genotype by Environmental Effects in 
Redclover, Trifolium pratense L. Master Tezi, University of  
Wisconsin, Wisconsin, A.B.D. 



 
 
 
 
Shukla GK (1972). Some Statistical Aspects of Partitioning Genotype- 

Environ. Components Variab. Heredity 29: 237-245. 
Turan ZM, Goksoy AT (2002). Evaluation Of Biometrical Variations in 

The Hybrid Genotypes Of Sunflower I. Adaptation- Stability Analysis. 
Ulud. Üniv. Zir. Fak. Derg 16(2): 177-187. 

Wricke G (1962). Über eine Methode zur Erfassung der Ökologischen 
Streubreite in Feldversuchen Z, Pflanzenzuecht 47, 92-96. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kan et al.          1171 
 
 
 
Yilmaz G, Tugay ME (1999). Genotipe x Environment Interactions in 

Potato I. The Investigation Based on Stability Parameters. Tr. J. 
Agric. Forestry 23:97-105. 

Zencirci N, Eser V, Baran I (1990). Bazi stabilite istatistiklerinin 
kar�ila�tirilmasi üzerine bir yakla�im. Tarla Bitkileri Merkez Ara�. 
Enst. Yayin No: 1990/2, Ankara.  

 

 

 
 


