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ABSTRACT

This study was carried out to determine the productive responses of 10 chickpeas (Cicer arietinum L.) genotypes to 
different places and years. Hasanbey, Aksu, Seckin, Damla 89, Gulumser, Cagatay, Sezenbey, Inci, Gokce and Uzunlu 
99 chickpea genotypes were used as plant material. This research was conducted in Yozgat, Kirikkale and Kirsehir 
Provinces of Turkey in 2014, 2015 and 2016. The experimental design was a randomized block with 4 replicates. 
Environmental variance, variation coefficient, ecovalance, stability variance, superiority measure, regression coefficient, 
deviation from regression and coefficient of determination methods were used for stability calculations. Aksu genotype 
had the highest stability level, whereas Seckin, Damla 89 and Uzunlu 99 chickpea genotypes also successfully grown 
with respect to stability parameters. Cagatay chickpea genotype showed the highest yield potential, if grown in ideal 
environmental conditions. To conclude, the ideal yield would be obtained in the event that the requirements of if the 
genotypes are fulfilled by desired environmental conditions.
Keywords: Chickpea; Genotype; Environment; Location; Stability; Yield
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1. Introduction
Chickpea has been an important legume plant for 
Turkey, especially in Central Anatolia Region 
including Kirikkale, Yozgat and Kirsehir, consisting 
of 12.4% of the cultivation area of Turkey. It has 
been an important source of dietary protein for 
human nutrition. As well known, chickpea is 
self-pollinated, diploid annual grain legume crop 
(Babagil 2013). Legumes restore soil structure and 
fertility through biological nitrogen fixation as well 

as conserving, and improving physical properties 
of soil via their deep root system and leaving a 
quite amount of biomass (i.e., nitrogen) to the soil 
from their leaves due to falling from pulse crops, 
which will reach to 40 kg N ha-1 (Singh 2016). 
Local farmers have used local populations and they 
have been reluctant to switch to other populations 
for many years. Their local populations can be only 
sowing in summer season and are highly susceptible 
to anthracnose (Ascochyta rabiei (pass.) Labr.). 
Anthracnose emerges especially in heavy spring 
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rains and causes huge production losses. Although 
the studies have shown that sowing chickpeas 
during fall season yield successful results, it takes 
time to adapt sowing season. Chickpeas do not resist 
cold, which is the biggest challenge for fall sowing 
(Acikgoz et al 2009). Changes in the environment 
have been important determinants in genotypic 
performance, identifying the genotypes that can 
tolerate the changes in the environment is important 
(Singh & Bejiga 1990).

The main production goal in legume production 
has been seed yield and, thus, it is desired to get 
the sustainable high yield production results with 
related agronomic properties. The components 
of genotype x environment interaction have been 
recommended for commercial cultivation to get 
higher yields (Singh et al 2010).

The quantitative properties, such as grain 
yield, in different plant genotypes grown in a wide 
environment vary from one environment to another 
(Altinbas & Sepetoglu 1994). This phenomenon 
leads to get different production results from the 
genotype x environment interactions in different 
cultivation conditions (Kilic 2014). The effects of 
genotype x environment interaction at significant 
levels reduce the relationship between genotypic 
values, preventing the genetic progression expected 
in breeding, which aim to breed high-quality 
genotypes (Comstock & Moll 1963).

Yadav et al (2014) determined that genotype x 
environment interaction was statistically significant 
with respect to the studied parameters. High 
productivity and adaptability to environment depend 
on the physiological responses of cultivars used in 
certain environmental conditions (Costa et al 2004). 
Atta & Shah (2009) found significant differences in 
grain yields among genotypes, attributed to these 
differences to the magnitude of genotypes responses 
to the environments. According to Farshadfar et al 
(2011) found out that the environmental effect on 
yield was 86.44%, whereas the effects of genotype 
and genotype x environment interaction were 
only 2.48% and 11.08%, respectively. Moreover, 
breeding genotypes that tolerate environmental 

conditions has been the cheapest way to control 
possible negative outcomes and minimizes yield 
losses (Tsenov et al 2015).

This study was aimed to determine the productive 
responses of 10 different chickpea genotypes in 3 
different environments during 3 years by using 
different stability parameters.

2. Material and Methods
For the current study, 10 registered chickpea 
genotypes (Cicer arietinum L.) developed by 
Turkish Research Institutes were used. These were 
Hasanbey, Seckin, Inci (Eastern Mediterranean 
Agricultural Research Institute); Cagatay, Sezenbey, 
Damla 89, Gulumser (Black Sea Agricultural 
Research Institute); Gokce, Uzunlu 99 (Field 
Crops Central Research Institute) and Aksu (East 
Mediterranean Transitional Zone Agricultural 
Research of Institute) chickpea genotypes. This 
study was conducted in the locations of Sarikaya/
Yozgat, Keskin/Kirikkale and Center of Kirsehir 
in Turkey during the period of 2014 and 2016. 
Altitudes of locations were between 800 and 1300 
m. Climate data (Table 1) showed that these three 
years were similar with respect to the mean monthly 
temperature and relative humidity. Total amount 
of precipitation in April and March in all three 
locations and years was lower than that of rainfall 
seasons of all three locations and three years. In 
July, it was excessive.

The trials in all three locations were carried out 
in a randomized block experimental design with 4 
replicates. Seedings were manually performed on 
rows determined with markers. The trial parcels were 
made up of 4 rows with 45-cm inter-row spacing and 
8-cm intra-row spacing and total parcel area was 
5 m x 1.8 m= 9 m-2. Harvest area was determined 
to be 4 m x 0.9 m= 3.6 m2. The sowing processes 
were modified according to climate conditions. All 
planting processes took place in March. Sowings 
were done in March on 17-19 days, on 20-22 days 
and on 18-20 days, respective to Yozgat, Kirikkale 
and Kirsehir locations. Harvesting times were in 
July on 13-15 days, in March on 10-12 days and in 
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March on 7-9 days, respective to Yozgat, Kirikkale 
and Kirsehir locations.

In sowing time at all locations, 25 kg ha-1 pure 
nitrogen and 50 kg ha-1 pure phosphorus fertilizers 
were used. During the trial, among the stability 
parameters, environmental variance (Lin et al 
1996), variation coefficient (Francis & Kannenberg 
1978), ecovalance (Wricke 1962), stability variance 
(Shukla 1972), superiority measure (Lin & Binns 
1988), regression coefficient (Eberhart & Russel 
1966), deviation from regression (Becker & Leon 
1988) and coefficient of determination (Pinthus 
1973) methods were used in stability calculations. 
From these methods, coefficients and their deviations 
from regressions were considered to be stable. In 
addition, environmental and genotype indices were 
calculated. The results were evaluated by applying 
variance analysis in accordance with the different 
years and repeated randomized block experimental 
design used in the SPSS 17 package program.

3. Results and Discussion
The variance analyses of the experiment are shown 
in Table 2, revealing that the differences among the 
years, locations and genotypes and their interactions 
were statistically significant (P<0.01).
Table 2- Analysis of variance results of chickpea 
yield for different location and years

Source Degree of 
freedom Mean square 

Year 2 37,915.84**
Location 2 356,415.58**
Year x Location 4 319,348.96**
Genotype 9 31,677.61**
Year x Genotype 18 10,112.34**
Location x Genotype 18 9,980.14**
Year x Location x Genotype 36 8,017.56**
Error 244 1,106.11**
Total 360
Coefficient of variation 10.32%

**, P≤0.01

Table 1- Climate data for Keskin, Sarikaya and Kirsehir*

Months

Average temperature  
(0C)

Total rainfall  
(mm)

Average relative humidity 
(%)

2014 2015 2016 Long 
term 2014 2015 2016 Long 

term 2014 2015 2016 Long 
term

Keskin/
Kirikkale

March 6.4 5.4 7.3  6.9 67.0 52.0 61.6 35.9 64.2 74.2 61.9 66.3
April 11.8 8.0 13.7 12.2 7.2 18.0 22.2 44.8 49.3 58.9 45.0 50.7
May 14.1 15.0 14.0 16.9 61.6 27.9 58.0 51.0 63.2 51.1 65.4 58.4
June 17.6 17.6 20.3 21.2 35.8 75.4 18.8 36.8 55.2 68.0 50.5 63.5
July 23.5 22.1 23.0 24.6 1.4 0.0 1.2 10.9 38.1 45.2 41.7 42.4

Sarikaya/
Yozgat

March 7.0 5.7 6.7  2.8 86.4 74.9 38.4 64.7 62.0 73.2 60.1 63.5
April 12.4 7.7 13.4  8.3 14.2 29.6 20.2 59.4 52.3 64.0 44.8 55.6
May 14.9 14.9 13.9 13.1 50.2 54.4 57.9 66.8 61.5 60.3 64.6 60.7
June 17.9 16.9 19.1 16.7 46.4 43.5 8.9 43.2 58.3 73.0 58.6 64.9
July 22.9 20.4 21.2 19.5 0.5 2.1 0.0 12.0 45.0 55.8 50.8 52.3

Center/
Kirsehir

March 7.4 7.0 7.1  5.2 56.0 87.8 44.8 39.0 64.4 76.2 60.7 67.5
April 13.2 8.8 13.8 10.7 23.2 26.4 24.0 42.2 54.8 66.2 47.4 59.7
May 16.3 16.0 14.9 15.5 46.6 27.4 98.2 44.8 61.3 58.1 63.7 56.2
June 19.9 18.4 21.0 19.7 36.0 141.1 18.5 33.9 54.1 66.9 53.0 50.9
July 25.5 23.0 24.2 23.1 13.4 20.3 5.8  6.6 39.2 47.0 42.5 38.4

*, Turkish State Meteorological Service
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According to Table 2, Year x Location x 
Genotype interaction was statistically important. 
Also, it is observed that the observed differences 
between years seriously affected the properties of 
the genotypes by combining with the locational 
characteristics. The efficacies of the Year x 
Genotype and Location x Genotype interactions 
had quite importance, showing that these effects 
were very strong. Both the location and the year had 
significant impacts on the formation of genotypes, 
resulting different productive outputs between 
the present cultivated genotypes. The significant 
location x genotype interactions with respect to 
yield were shown on the efficacy of environment on 
the genotypes by affecting the productive yields of 
the experimental plants.

This result supports the report of Farshadfar 
et al (2011) in which they determined that the 
contribution of environment on yield change was 
86.44%. This result is also in line with that of 
Altınbas & Sepetoglu (1994) in which they stated 
that the responses of the characters vary depending 
on the environment. The differences among the 
cultivars were of great importance because of the 
fact that all investigated properties of the cultivars 
showed similar behaviors (Sabanduzen & Akcura 
2017). The significance of Genotype x Environment 
interaction was also determined in the studies of 
Arshad et al (2003), Bakhsh et al (2006), Abbas 

et al (2008), Ali & Sarwar (2008) and Karasu et al 
(2009), on chickpeas, white beans, green peas and 
soy beans, respectively.

Table 3 shows the yields of the genotypes with 
respect to the locations in which they were grown for 
3 years. Table 3 reveals that, in the Sarikaya/Yozgat 
location, the highest yield was obtained in Cagatay 
genotype (1,832.2 kg ha-1), whereas the lowest yield 
was obtained in Gokce genotype (1,544.6 kg ha-1). In 
Keskin/Kirikkale location, Cagatay genotype (1,904.3 
kg ha-1) was the most prominent genotype and showed 
the highest yield, while the lowest-yielding genotype 
was Gokce genotype (1,696.5 kg ha-1).

In Kirsehir location, Cagatay genotype did not 
reach the performance as reached in the other two 
locations. The highest yield was obtained in Aksu 
genotype (1,678.2 kg ha-1). Gokce genotype was 
more successful in this location and was among the 
highest-ranking genotypes. The lowest yield was 
observed in Hasanbey genotype (1,406.8 kg ha-1).

In general, it can be argued that the genotypes 
demonstrated significant differences among each 
other and these differences varied depending on 
the sowed locations. The comparison between the 
average yields of the locations showed that Sarikaya/
Yozgat and Keskin/Kirikkale locations were in the 
same group, while Center/Kirsehir location was 
different from the other two locations and had the 

Table 3- Yield situations of genotypes according to locations (kg ha-1)

Genotypes  Sarikaya/Yozgat  Keskin/Kirikkale  Center/Kirsehir  Mean Genotype index
Cagatay 1,832.2 1,904.3  1,532.4  1,756.3 82.9
Aksu 1,755.3 1,761.4  1,678.2  1,731.6 58.4
Seckin 1,675.9 1,774.3  1,621.4  1,690.5 17.1
Uzunlu 99  1,719.3 1,709.6  1,613.2  1,680.7  7.3
Damla 89  1,700.6 1,713.8  1,621.7  1,678.7  5.3
Gulumser  1,778.6 1,708.2  1,496.3  1,661.0  -12.4
Hasanbey  1,825.9 1,705.3  1,406.8  1,646.0 27.4
Sezenbey  1,764.1 1,697.0  1,467.1  1,642.7  -30.7
Inci  1,623.7 1,714.9  1,564.2  1,634.3  -39.1
Gokce  1,544.6 1,696.5  1,594.8  1,612.0  -61.4
Mean  1,722.0 A  1,738.5 A  1559.6 B  1,673.4 
Environment index 48.6  65.1  -113.8
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lowest yield. This difference is attributable to the 
ecological factors.

Plant physiology is highly susceptible as a result 
of their sensitive mechanism of action and it gains 
further importance when their yield capacities 
are in question. The degree of their reactions is 
not only dependent on their genotypic structure 
but also is affected by factors interacting with the 
environment and environment (Sehirali & Ozgen 
1988; Kabak & Akcura 2017). Therefore, different 
genotypes in different environments may show 
different performances (Acikgoz & Acikgoz 1994; 
Altinbas et al 1999). It was reported that the yield 
and certain properties of plants showed significant 
variations depending upon the environment, most 
likely, affecting the yield at significant levels (Silim 
& Saxena 1993; Yucel & Mart 2014).

Chickpea can show different phenological 
reactions or responses to climate conditions. 
This consequently will affect plant growth and 
productivity in different way. Additionally, 
location effect contributed this efficacy. Climate 
changes will affect early growth and flowering 

by changing dry matter content, the numbers of 
fertile and dropped flowers (Garcia Del Moral et 
al 2003). Rainy conditions in different locations 
affected the environmental responses of plants. The 
difference in adaptation abilities of genotypes plus 
rainy conditions both increased the intense of their 
environmental responses. However, plants would 
have eliminated the negative consequents of climate 
changes when they grew up sufficiently (Saidi et al 
2008). In our present study, it can be said that the 
genotypes affected from environmental factors in 
lesser extent, showed the better growth performance 
than the others.

Figure 1 shows the mean yield values of 
genotypes for experimental years and locations, 
revealing that Hasanbey, Gulumser and Sezenbey 
chickpea genotypes showed poor performances in 
all environments; Cagatay genotype was different 
from the other genotypes and yielded high in good 
environments, although its yield decreased in 
environments where its physiological requirements 
were not met. Aksu, Seckin, Damla 99 and Uzunlu 
99 genotypes maintained their yields under all 

0.0

-0.1

0.1

0.2

-0.2

Figure 1- Multi dimentional scaling of location, year and genotypes performance
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conditions while Inci and Gokce genotypes 
maintained their yields at acceptable levels, even 
under unfavorable conditions.

Table 4 shows the results of the different stability 
parameters applied to the chickpea genotypes 
used in the present study. Table 4 reveals that, in 
the view of the investigated parameters, Aksu, 
Seckin, Uzunlu 99 and Damla 89 genotypes were 
more stable than the other genotypes in terms of all 
years and locations, whereas Hasanbey, Gulumser 
and Sezenbey genotypes were not stable in any 
environment or location and showed significant 
changes, depending on their sowed environments 
and years.

Regression coefficient and deviation from 
regression indicated the stability of a cultivar: the 
closer the regression coefficient was to 1 and the 

smaller the deviation from regression, the more 
stable the cultivar. Furthermore, coefficient of 
determination (R2) shows how much of the variation 
in a dependent variable can be explained with the 
regression equation and therefore, cultivars with 
higher R2 values can be accepted as more stable 
cultivars (Unay et al 1990; Aleksoska et al 2015).

Eberhart & Russel (1966) evaluated the 
genotypes as stable if their regression coefficients 
(bi) are ‘1.0’ and their deviations from regression 
can be statistically accepted as “(
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Hasanbey 164.5 4.26 1.65 3.58 0.86 6.38 0.61 32.1 2.58
Aksu 173.1 1.68 1.08 1.14 0.95 2.18 1.10 24.3 1.14
Seckin 169.0 1.88 0.96 1.06 0.94 2.07 1.06 23.8 1.16
Damla 89 167.8 2.61 0.95 0.94 0.94 2.36 1.21 24.4 1.18
Gulumser 166.0 8.36 0.68 4.26 0.76 7.11 3.16 32.6 3.54
Cagatay 177.0 3.22 0.92 1.20 0.89 2.84 1.28 25.1 2.20
Sezenbey 164.2 7.69 0.69 3.91 0.79 6.74 3.37 35.6 3.94
Inci 163.4 3.56 1.10 1.36 0.88 2.66 2.47 27.1 2.21
Gokce 161.1 3.54 1.09 1.42 0.87 2.71 2.64 27.6 1.96
Uzunlu 99 168.0 2.05 0.94 1.14 0.94 2.11 1.18 23.8 1.29

4. Conclusions
The results of the present study showed that, 
according to the parametric stability tests, the Aksu 
cultivar had the highest stability level. Seckin, 
Damla 89 and Uzunlu 99 chickpea genotypes grew 
up successfully. Cagatay chickpea genotype has the 
highest yield potential, if it grew up under proper 
breeding conditions; however, such conditions 
cannot be continuously provided and, therefore, 
successful results cannot be expected from this 
genotype. Inci and Gokce chickpea genotypes should 
be considered as the potential successful genotypes. 

The tendency of the higher yields were observed in 
the Keskin/Kirikkale location without showing any 
statistical difference between locations.
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