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ABSTRACT 
 
 In order to study genotype by environment interaction and oil yield stability analysis of six sunflower 
cultivars, an experiment was conducted in terms of randomized complete block design with three replications in 
Agricultural and Natural Resources Research Station of Khoy, Iran from 2003 to 2005 growing seasons. To 
identify stable and high oil yielding sunflower cultivars, several parametric and nonparametric stability methods 
along with multivariate cluster analysis were investigated. Results of this study showed that Hysun33 and 
Azargol hybrids with high mean oil yield were stable regarding to the measured parameters. Spearman’s rank 
correlation between mean oil yield and stability parameters revealed that mean oil yield was negatively 
significant correlated with superiority index and rank analysis. 
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Introduction 
 
 Nowadays, sunflower is one of the most 
important crops in the world grown as edible oil, 
after soybean, rapeseed and peanut [15]. Sunflower 
breeding programs in Iran focuses on producing new 
hybridsand importing high yield open-pollinated and 
hybrids from abroad.Therefore stability and 
adaptability investigation of such cultivars should be 
considered. 
 Generally, sunflower breeding objectives vary 
with specific programs but they highlight high seed 
yield and oil content which depend on many factors 
i.e., suitable agronomic utilization and tolerance to 
biotic and abiotic stress factors. These traits also 
become important objectives when breeding 
improved cultivars [5]. 
 One of the challengeable issues among plant 
breeders is genotype × environment interaction and 
achievement crop performance trails across different 
environments. Stability of performance should be 
considered as an important aspect of yield trials [16]. 
 High mean yield should not be the only criterion 
for stability of a genotype unless its high 
performance is established over the different 
environmental conditions [19]. Up to now many 
statistical parametric methods were proposed by 
Roemer  [in 3], Francis and Kannenberg [7], Wrick 
[22] Shukla [18], Finaly and Wilkinson  [6], Pintus,  
[20] Lin and Binns [10], Plaisted and Peterson  [21] 
and Bajpai and Prabhakaran [1]. 

 Moreover various parametric stability analysis 
methods, several nonparametric methods of stability 
have been suggested. These are distribution-free and 
based on the ranks of phenotypes in each 
environment [14].  
 Lin et al., [11] defined four groups of stability 
statistics. Group A is based on deviation from the 
average genotype effect (DG). Environmental 

variance (  and genotypic coefficient of variation 

(  are located in this group. Group B is based on 
G×E interaction term (GEI).  Regression coefficient  

( , Wricke’s ecovalence (  and stability 

variance (  are located in this group. Groups C 
and D are based on either DG or GEI. Therefore, 
they defined three concepts of stability: Type 1, 2 
and 3: In Type 1 a genotype considered to be stable if 
its environmental variance is small, In Type 2 a 
genotype considered to be stable if its response to 
environments is parallel to the mean response of all 
genotypes in the trial.In Type 3 a genotype 
considered to be stable if the residual MS from the 
regression model on the environmental index is 
small. The statistics of Group A corresponds to Type 
1 stability, those of Group B to Type 2, and those of 
Group D to Type 3. Group C can be interpreted as 
either Type 1 or Type 2, depending on how a 
standard stable genotype is defined. 
 Schoeman [17] using the stability analysis of 
Eberhart- Russell, Wricke’s ecovalence, Shukla’s 
stability varianceand Lin and Binns superiority index 
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and AMMI analysis, most stable hybrids were 
identified. He revealed that using the advantage of 
the information provided by the AMMI analysis of 
hybrids and their adaptation to certain locations, a 
high yielding stable sunflower hybrid could be 
selected. 
 Bantayehu [2] used AMMI analysis, Wricke‘s 
ecovalence (Wi), regression coefficient, coefficient 
of variation (CVi), genotypic/environmental variance 
(Si2), stability variance (si2) and cultivar/environment 
superiority measure (Pi) to evaluate the yield 
performance and stability of twenty malting barley 
genotypes in twelve rain-fed environments during 
two years. Spearman’s rank correlation in this study 
showed that bi, Ri2, Si2, CVi, and IPCA1 of 
environments were positively correlated; indicating 
that any of these five parameters can be used as a 
good alternative for stability evaluation. 
 The objectives of this study were to investigate 
the effects of cultivars, years and their interactions on 
oil yield of sunflower cultivars, choose the stable 
cultivar and study the relationship among different 
stability methods. 
 
Materials and Methods 
 
 Plant materials of this study were six sunflower 
commercial cultivars including Azargol (Iranian 
hybrid), Record (Romanian open-pollinated cultivar), 
Armavirski (Russian open-pollinated cultivar), 
Hysun33 (Australian hybrid), and Euroflor and 
Allstar (French hybrids), which were evaluated in 
three years from 2003 to 2005 growing seasons. 
Experiment was conducted in terms of randomized 
complete block design with three replications in 
Agricultural and Natural Resources Research Station 
of Khoy, Iran (44° 58´ N, 38° 33´ E) with 1100 m 
altitude. The minimum, average and maximum 
annual temperature of this station were -30, 12.5 and 
42°C, respectively and the average annual rainfall 
was 292.6 mm during the experiment. Oil yield, as a 
product of seed yield and oil content, of six 
sunflower cultivars was subjected to various 
parametric and nonparametric stability analysis 

including  Roemer’s environmental variance ( , 
Francis and Kannenberg’sgenotypic coefficient of 

variation ( , Wricke’s ecovalence ( , 

Shukla’s stability variance ( , Finaly and 

Wilkinson’s regression coefficient ( , mean of 

regression deviation ( , Pintus’s coefficient of 

determination ( , Plaisted and Peterson’s mean 

variance ( ), Lin and Binns’ssuperiority index ( , 

rank analysis  and , and Bajpai and 
Prabhakaranstability index (I). The mentioned 
parameters were usedto identify stable and high 
yielding sunflower cultivars. Cluster analysis was 
performed based on all stability parameters and mean 

oil yield. Data were analyzed by SAS and SPSS 
statistical softwares. 
 
Results and Discussions 
 
 Combined analysis of variance showed 
significant differences for hybrids, environments and 
G×E interactions for oil yield (Table 1). Oil yield 
varied between 1306 kg/ha (Allstar) and 2034 kg/h 
(Hysun33). Kondic and Mijanovic [9] , on the  basis 
of three years results of sunflower NS-hybrids, 
expressed that oil yield varied from 1251 kg/ha 
(Labud) to 1866 kg/ha (NS-H-111). Miklicet al., [13] 
reported that oil concentration and oil yield were 
predominantly influenced by the year of growing. 
 Significant differences of G×E interactions 
indicated that, response of surveyed cultivars to the 
environments were not similar. According to mean 
yield, Hysun33 had the highest mean oil yield during 
three years of experiment and Azargol was the 
second (Table 2).  
 Kang and Gorman [8] explained that the G×E 
interactions would greatly reduce the significance of 
the correlation between phenotypic and genotypic 
values. Also, reduction of selection progress could be 
affected by high G×E interactions [4]. Thus, one of 
the methods reducing G×E interactions is selection of 
stable genotypes using stability analysis. 
 For all stability parameters, low values should be 
taken into account and stable genotypes should have 
lowest stability values except regression coefficient (

 and coefficient of determination (  which 
should be approximately 1 and stability index (I) 
should be high [4]. 
 Different results were shown by sunflower 
cultivars using various methods of stability analysis. 
Stable cultivars were Allstar and Record in 

environmental variance (  and genotypic 

coefficient of variation ( , Euroflor in Wricke’s 

ecovalence ( , stability variance ( and 

regression coefficient ( , Euroflor and Hysun33 in 

mean of regression deviation (  and coefficient of 

determination ( , Azargol in mean variance ( ), 

Hysun33 in superiority index ( , Armavirski in 

rank analysis  and Hysun33 in rank analysis 

 and stability index (I) (Table 2). In general, 
Hysun33 is the most stable on average, with respect 
to high oil yield mean during three years of 
experiment (Table 2). The diverse results indicated 
that with the parametric stability analysis, individual 
aspects of stability can be achieved and they can not 
provide a general picture of response for all 
genotypes. It means that a genotype may be stable 
with some parameters and not with the others due 
tothe multivariate response of genotypes to the 
different environments. To solve such problems, 
nonparametric and multivariate analyses were 
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Table 3: Spearman’s rank correlations among mean oil yield and stability parameters of six sunflower cultivars. 

       I 

 1             

 0.543 1            
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 0.200 0.200 0.200 1          
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Comparison Of Different Stability Analysis Methods 
And Their Correlations: 
 
 Lin et al., [11] concluded that type 2 stability is 
useful for comparing a specific set of genotypes, but 
by being a relative measure, it does not have a 
sufficiently broad inferential base for general 
assessment.  In contrast, Type 1 has a broad 
inferential base, because its stability definition does 
not depend on the other genotypes included in the 
test and consequently unambiguous. 
 MIjic et al., [13] study showed that there was 
not any significant correlations among kernel, oil 
yield and stability parameters. The results indicated 
possibility of hybrids creation with high - stable yield 
and wide general adaptability. Highly significant 
correlation between ecovalence and deviation of 
regression showed that it is possible to assess the 
stability with only one parameter. 
 Table 3 shows the Spearman’s rank correlation 
among stability parameters to assess the 

relationships. Environmental variance (  had 
positive significant correlation with regression 

coefficient ( ), genotypic coefficient of variation (

 and coefficient of determination ( . Positive 
significant correlation between Wricke’s ecovalence 

( and stability variance (  was observed as 
well. The results were similar to Lin et al., 
[11],Bantayehu  [2] and Schoeman  [17] studies. 
Mean oil yield was negatively significant correlated 

with superiority index (  and rank analysis . It 
means that sorting and choosing genotypes based on 
these parameters lead to select high oil yield 
genotypes. 

Conclusion: 
 
 Several parametric and nonparametric stability 
analyses were investigated in this study regarding to 
mean yield, stability or both. It is noticed that both 
mean yield and stability parameters should be 
concerned in such analyses. From the above results, 
it could be concluded that none of the cultivars were 
stable for the all parameters under investigation. 
Hysun33 and Azargol hybrids with high mean oil 
yield were stable regarding to the most of the 
parameters. Spearman’s rank correlation among 
stability parameters revealed that, some parameters 
measured similar values. 
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