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Abstract. Evaluation of compatibility and stability of cultivars under different environmental conditions is
a particular interest in crop breeding programs. In order to evaluate the seed yield stability of advanced
chickpea genotypes under tropical and subtropical rainfed areas of Iran, 18 advanced chickpea genotypes
and two check varieties (Adel and Azad) were studied in terms of randomized complete block design
(RCBD) with three replications in four locations including Gachsaran, Gonbad, Khorramabad and llam
using GGE biplot analysis during three growing seasons (2014-2017). Results of GGE biplot analysis and
which-won-where pattern revealed that the genotype G13 was the most stable genotype for Khorramabad,
Gachsaran and Gonbad while it was genotype G12 for Ilam. According to average tester coordinate (ATC),
the genotype G13 was the most stable one across average test environment. The genotype G13 was also
determined as a stable and high yielding genotype among all investigated genotypes and environments.
Based on the average yield and Shukla Stability Index, as well as the mean of yield to maximum or
Superiority Index (Sl), G12, G13 genotypes were superior to the other genotypes in all regions with warm
climate and thus be recommended.
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Introduction

The chickpea (Cicer arietinum L.) is a self-pollinated, diploid, and annual plant
(2x=2n=16). After peas and beans, it is the most important legume in the world
(Varshney et al., 2013). The main countries producing chickpeas in the world are India,
Pakistan, Turkey, Iran and Australia, respectively (Gan et al., 2005). The area under
cultivation of chickpea in Iran is 650 thousand hectares and its annual production is about
350 thousand tons (Kanouni et al., 2016). Iran ranked seventh in the world for chickpea
production after India, Australia, Turkey, Myanmar, Pakistan and Ethiopia (FAO, 2012).
Farmers who grow chickpea need cultivars with high yields and maintain desirable
qualities in a wide range of environmental conditions throughout the years (Zali et al.,
2007; Tabrizi, 2012). The genotype by environment interaction (GEI) is the reaction of
a variety to the changes in the environments (Yan et al., 2000). This interaction is
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important to plant breeding researchers and is one of the complexities of breeding
programs for the preparation of a high-yielding and sustainable genotype (Yan et al.,
2010; Karimizadeh et al., 2016). The GEI indicates a different sensitivity to
environmental conditions, which means that the best genotype in an environment is not
necessarily the best genotype in another environment (Farshadfar, 1998). Stability
analysis is the most important method used to find out the nature of the GEI. Therefore,
stable and compatible cultivars can be identified by using this analysis. Different
methods have been proposed to investigate the GEI and the determination of stable
genotypes, which include univariate and multivariate parametric and nonparametric
methods (Dehghanpour et al., 2007; Mohammadi et al., 2012). The GGE biplot method
is one of the multivariate methods for evaluating and interpreting the pattern response of
cultivars, environments and their interaction (Gabriel, 1971). In the GGE biplot method,
the effect of the genotype and the GXE are not separated and selection of cultivars with
yield stability is based on both effects (Yan et al., 2000). What is important in assessing
genotypes in different environments is that the environmental effect is very large in most
cases, but not exploitable, thus eliminating the environmental impact of the data and
focusing on the effects of genotype (G) and the GXE are important (Yan and Kang,
2002). Only effect of the genotype and the GXE are important to select the lines with
stable yield. The main point is that the two mentioned effects should be considered
together (Yan, 2001). The GGE biplot method examines these two effects graphically
(Yan, 2001). This method has been identified to be useful and applicable by numerous
researchers for different crops for analyzing regional test data. Employing the GGE
biplot method for selecting suitable chickpea cultivars (Kanouni et al., 2007; Zali et al.,
2007; Farshadfar et al., 2012, 2013; Mostafavi et al., 2013; Pourdad and Jamshidi-
Moghaddam, 2013; Shiri and Bahrampour, 2015), canola (Zali et al., 2016; Jabbari et
al., 2019; Kheybari et al., 2019), bread wheat (Omrani et al., 2017), lentil (Karimzadeh
etal., 2013), durum wheat (Mohammadi et al., 2016; Karimzadeh et al., 2019) for Iranian
germplasm has been reported.

The present study aimed to investigate the GEI using GGE biplot methodology in
chickpea genotypes to obtain high yielding cultivars, which are adapted with climatic
conditions in tropical and subtropical regions of Iran.

Materials and Methods
Description of the trials

The plant materials used in this study were 18 advanced chickpea lines with two local
check varieties (Adel and Azad) grown for three years (2014-2017) at each of four
different locations in Iran. Geographical characteristics and soil properties of the test
environments are presented in Table 1. These plant materials used in national chickpea
breeding program for rainfed areas of Iran are provided from the International Centre for
Agricultural Research in the Dry Areas (ICARDA) chickpea international breeding
program. Genotype names and their pedigrees are presented in Table 2.

Seed density for each genotype was 50 seed per m? and planting was done using
experimental planter’s machine. Sowing date of all experiments was November 15. Each
plot consists of five plant rows, 6 m length with row space of 25 cm. Therefore, the size
of each plot was 7 m?. Fertilizers were applied 100 kg ha* of ammonium phosphate as
triple super phosphate at planting time, and 35 kg of urea during field preparation. No
disease was shown during growth period. Weed control and thinning of plants were done
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Table 1. Geographical characteristics and soil properties of the test environments

by hand during the experiments. To avoid the marginal effects, 25 cm from the beginning
and end of the rows of each experimental plot was removed. Then 5 m? of each plot were
harvested at physiological maturity of each genotype and finally seed yield of each plot
was weighted. Weather data of the test site locations during the experiments are presented
in Table 3.

Test environment Longit_ude Altitude Soil Texture Soil Type Preéinpr:g;tlion
name and Latitude (m) (mm)
Gachsaran 021N 726 Silty Clay Loam Regosols 455
5047E
Gonbad 2‘;’ ﬁ '; 45 Silty Clay Loam Regosols 367
llam jz 22 '; 1427 Clay Loam Regosols 502
Khorramabad 3348N 1148 Silt-Loam Regosols 433
48 35E
Table 2. The name, origin and code of the studied chickpea genotypes
Name/Pedigree Origin Code
FLIP03-26C/3/98TH70/4/(FLIP93-210C/ FLIP87-8C)//S96086 ICARDA G1
FLIP06-17C//2002TH 18/3/FLIP98-130C / FLIP98-120C ICARDA G2
FLIP06-39C//2002TH 37/3/S99520 / FL1P98-048C ICARDA G3
FLIP06-43C//2002TH 40/3/FLIP98-28C/ FLIP98-079C ICARDA G4
EIL_IIIESS- 09272(:C/4/2002TH 119/5/[(FLIP 98-64C/ FLIP98-47C)//Sel99ter85488] /3/ ICARDA G5
FLIP06-120C/3/2002TH 131/4/(ILWC 141/S85581)//FLIP98-130C ICARDA G6
FLIP0O7-201C/3/03TH-20/4/(S00784/FLI1P97-28C)//ICCV2 ICARDA G7
FLIP88-85C//85 TH143/3/ILC 629 / FLIP 82-144C ICARDA G8
FLIP06-59C//2002TH 76/3/S99858/FLIP 97-026C ICARDA G9
FLIP03-141C/3/00TH 51//FLIP98-52C/FLIP98-47C ICARDA | G10
FLIP05-44C/3/2000TH 39//FLIP98-29C/S99001 ICARDA | Gl11
FLIP05-46C/3/2000TH 39//FLIP98-29C/S99001 ICARDA | G12
FLIP05-46C/3/2000TH 39/FLIP98-29C//S99001 ICARDA | G13
FLIP0O7-11C/3/03TH-138/FLIP98-130C//FLIP99-34C. ICARDA | G14
FLIP07-33C/3/03TH-153/FLIP98-133C//FLIP98-117C ICARDA | Gi15
FLIP08-14C/4/00TH95//(FLIP84-182C/FLIP91-138C)/3/ S99075 ICARDA | G16
FLIP08-58C/3/02TH3/FLIP 98- 28C // FLIP 97-102C ICARDA | G17
FLIP03-31C/3/98TH18//S96114/FLIP 92-148C ICARDA | G18
ADEL (99-66C) (check) IRAN G19
AZAD (check) IRAN G20
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Table 3. Weather data of the test site locations
OCT NOV DEC JAN
2014 2015 2016 2014 2015 2016 2014 2015 2016 2015 2016 2017
Gachsaran 7.4 0.0 0.0 31.1 81.7 34 107.9 57.5 78.6 5.5 139.4 4.0
L Gonbad 24.3 37.9 29.8 41.6 99.6 58.2 48.5 61.0 37.5 14.0 43.1 9.0
Precipitation (mm)
llam 50.7 0.5 2.7 7.7 319.6 1.9 45.1 67.7 35.3 17.2 75.9 87.5
Khorramabad 70.3 14.0 0.0 33.9 190.8 8.6 61.6 1254 66.2 9.6 57.5 82.6
Gachsaran 25.5 27.3 24.8 17.5 18.3 20.4 17.8 13.2 14.1 11.9 11.2 14.5
Average Gonbad 21.4 23.7 21.4 14.4 17.5 14.7 10.2 12.7 8.3 10.2 13.0 10.7
temperature (°C) llam 20.1 24.2 22.0 13.3 13.9 17.3 9.9 8.1 8.1 6.7 6.7 7.3
Khorramabad 19.9 21.5 19.7 11.5 13.2 155 8.5 6.7 7.2 6.0 6.2 6.9
FEB MAR APR MAY JUN
2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017 | 2015 | 2016 | 2017
Gachsaran 12.8 30.5 88.5 83.3 | 21.7 25.3 63.8 57.3 28.7 3.8 2.0 8.4 0.0 0.0 0.0
L Gonbad 40.9 | 494 94.6 769 | 52.1 | 35.6 25.1 65.1 37.2 8.0 27.8 30.4 0.1 | 428 0.3
Precipitation (mm)
Ilam 18.7 | 56.9 | 1023 | 59.2 | 53.0 | 747 | 58.9 | 138.6 | 93.8 7.5 25.6 | 10.7 0.1 0.0 0.0
Khorramabad 34.0 | 30.6 101 529 | 639 | 443 | 514 244 80.8 | 126 | 17.2 | 328 0.0 0.0 0.0
Gachsaran 14.8 11.4 11.1 14.2 16.1 14.9 19.6 17.3 20.0 26.2 25.9 266 | 32.1 | 33.2 | 30.8
Average Gonbad 102 | 129 | 93 | 92 | 160 | 149 | 148 | 167 | 18.0 | 20.7 | 25.1 | 244 | 288 | 26.8 | 27.1
temperature (°C) llam 9.3 7.0 4.9 9.3 12.0 10.2 16.1 12.9 14.0 19.8 20.4 211 | 283 | 285 | 26.2
Khorramabad 9.3 6.2 4.2 9.3 11.5 9.4 135 11.7 14.1 20.0 19.7 20.1 | 26.1 | 21.3 | 245
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Statistical analysis

The experimental design in all locations was a randomized complete block design with
four replicates. Outliers were firstly detected using Grubb’s test (Grubbs, 1969) before
variance analysis. Then the normality of seed yield data was checked by the Shapiro-Wilk
test (Shapiro and Wilk, 1965). To test the uniformity of the variance of experimental
errors, the Levene test (Leven, 1960) and Bartlett's test (Bartlett, 1937) were employed.
Combined analysis was performed by SAS 9.1 software package. Graphical stability
analysis was performed using GGE biplot software version 6.3 (Yan, 2001).

Model 1 based on singular value decomposition (SVD) of tester-centered data of the
first two principal components was chosen to construct various biplots. This model is
used for dataset in which all testers have the same unit, such as a genotype-by-
environment table of a single trait like seed yield in this study.

The model is: Yij —u — Bj = gil elj + gi2 e2j + &ij; where: Yij is the performance
expected seed yield of genotype (entry) i in location (environment) j; p is the overall mean
of the observations; fj is the main effect of location j; gli and elj are the primary scores
for the ith genotype in the jth environment, respectively; gi2 and e2j are the secondary
scores for the ith genotype in the jth environment, respectively; and eij is the residual not
explained by primary and secondary effects (Yan and Kang, 2002). Therefore, biplot in
the GGE biplot model is generated by the simple dispersion of gli and gi2 for genotypes
and elj and e2j for environments, via singular value decomposition, in accordance with
the equation Yij - u - Bj = Al&iInlj + A2&i2n2j + &ij, where A1 and A2 are the largest
eigenvalues of the first and second principal components, PC1 and PC2, respectively; &il
and &i2 are the eigenvalues of the ith genotype for PC1 and PC2, respectively; and n1j
and n2j are the eigenvalues of the jth environment for PC1 and PC2, respectively (Yan
and Kang, 2002).

Superiority Index (SI) was calculated using YREM which refers to "Yield relative to
the maximum®. The output is the average YREM of each genotype across environments.
It is a [0,1] superiority index, the larger the value of a genotype the more superior it is
(Yan, 1999).

Results and Discussion

Before combined analysis of data, the results of the Levene’s Test (1.35™) and
Bartlett’s test (11.53™) to ensure the uniformity of the experimental errors in the test
environments showed that there is a uniformity of error among the variances of the
experimental errors. Therefore, combined analysis can be carried out. Combined analysis
of variance showed that there was a significant difference between the genotypes in terms
of seed yield at a probability level of 0.05. The GXE was also significant (Table 4). The
significance of the GXYXE indicated that the mean seed yield of chickpea genotypes was
different across different locations. Therefore, stability analysis could be used to identify
genotypes or stable genotypes. This model is suitable for a series of data that have the
same units as the genotype table in the environment for a trait, such as the seed yield in
this study.

Graphical analysis of chickpea genotypes by GGE biplot method showed that the first
two components explained 62.5% of variations in seed yield in different environments.
32.9% of these variations belonged to the first component, and 29.6% belonged to the
second component. According to Yan and Kang (2002), if GGE biplot methodology can
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explain at least 60% of the variance of the total data, it can be applicable and useful for
evaluating mega environments.

Table 4. Combined analysis of seed yield in chickpea genotypes across different environments

S.0.Vv Df MS
Year (Y) 2 4816696.8™
Location (P) 3 68100256.5"
Y %P 6 13945279.2™
Error 24 403237.2
Genotypes (G) 19 251286.3"
GxY 38 107198.9"™
GxP 57 227210.2™
GxYxP 114 106548.1™
Error 456 77917
Total 719
CV% 19.38

ns * and **: non-significant, significant at 5% and 1% probability level, respectively

Total variance percentages, as well as the percentage of the first and second
components in Magbool et al. (2015) study, were 98.61%, 87.67%, and 10.49%,
respectively. In Kanouni et al. (2016), the values were, 66.43%, 43.09% and 23.34%, and
in Usefi et al. (2017) they were 75%, 46%, and 29%, respectively. Table 5 illustrates the
variance values explained by genotype, environment, and GXE. Accordingly, 2.15% of
the total variance, as explained by the first two components of the biplot analysis was
related to the genotype (G), 92.02% was related to the environment (year and location),
and 5.83% was related to the GXE. In Farshadfar et al. (2011) conducted on the stability
of chickpea cultivars, 2.48% of the total variance was related to the genotype, 86.44%
was related to the effect of the environment, and 11.08% was related to the GXE, which
are with consistent with the results of the present research. Gauch and Zobel (1996)
concluded that the large environment main effect, however, is not relevant to cultivar
evaluation. Only G and GxE are relevant to cultivar evaluation. Therefore, for cultivar
evaluation, it is essential to remove E from data and to focus on G and GxE. Thus, large
environment main effect reported in this study was in accordance with previous studies.
Another important point in cultivar evaluation and stability analysis is that G and GxE
must be considered simultaneously to make any meaningful selection decisions (Yan and
Kang, 2002).

Table 5. Relative magnitude of the genotype, environment and their interaction based on two
first components of biplot analysis

S.0.v SS Percentage of total variance
Genotype (G) 1591434 2.15
Environment (E) 68097475 92.02
GxE 4317009 5.83
Total 74005918
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Assessment of test environments showed that the highest seed yield was obtained in
Khorramabad, and the lowest was in Gachsaran. Also, Gonbad has highest, and
Khorramabad the lowest coefficient of environmental variations among testers. In terms
of heritability of the test environments, Gonbad and Gachsaran have the highest values,
indicating the power of differentiation of these regions in the discriminating of genotypes
in terms of stability (Table 6).

Table 6. Mean yield, heritability and coefficient of variations of the test environments

Test environment name M((Ie(znh\;ile)ld St;??: rrd Heritability ((3/0\/)
Gachsaran 1029.065 115.891 0.668 11.26
Gonbad 1241.449 174.349 0.723 14.04

llam 1136.55 142.364 0.637 12.53
Khorramabad 2353.557 238.292 0.459 10.12

The heritability values reflect the variation detected among the genotypes, which will
be greater when increase the environment discriminating ability (Cravero et al., 2010).

Fig. 1 shows a biplot graphical analysis and a which-won-where pattern of 20
genotypes of chickpea based on the mean seed yield in four environments examined. The
visualization of the which-won-where pattern is important in multi-environmental data to
study the possibility of having large environments in a region. The biplot polygon
diagram is the best way to visualize the patterns of GXE and to correctly interpret a biplot
(Yan and Tinker, 2006). Accordingly, G13 was the most stable one in Khorramabad and
Gachsaran, and G12 was the highest yielding and most stable one for Ilam (Fig. 1). This
conclusion can also be obtained from drawing specific biplots for each location (Figs. 2,
3, 4, and 5). In other words, the G13 in Khorramabad, Gachsaran and Gonbad, and G12
in llam have a specific adaptability to the locations.

PC1 =32.9%, PC2 = 29§%, Sum =162.5%
Transform = 0, Scaling =Y, Centerifjg = 2, SWP =2

0.8

0.4+
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NO T

0.4
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ILAM KHORRAM ABAD

GACHSARAN

-12 -0.8 -04 0.0 04 0.8 1.2 16 20
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Figure 1. Which-won-where pattern biplot based on seed yield of chickpea genotypes in
different test environments
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Figure 2. Ranking of all genotypes and determination of specific adaptability in the
Khorramabad test environment
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Figure 3. Ranking of all genotypes and determination of specific adaptability in the Gachsaran
test environment

Also, genotype G5 at the left side of the biplot had the lowest seed yield and stability
among the genotypes tested. In Figs. 2, 3, and 4, the red axis, indicates the mean yield of
genotypes (G) and the perpendicular blue axis indicates the GXE. Thus, from the right
side of the biplot to the left, the genotype yield decreases. The best genotype is a genotype
that is inclined to the positive end of red axis and its vertical distance is shortest from this

line. Genotypes with the shortest distance from the center have more stability (Yan and
Kang, 2002).
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Figure 4. Ranking of all genotypes and determination of specific adaptability in the Gonbad test
environment
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Figure 5. Ranking of all genotypes and determination of specific adaptability in the Ilam test
environment

To examine the stability and yield of genotypes the Average Environment
Coordination (AEC) was used (Fig. 6). In this biplot, the horizontal axis with an arrow
moves from the origin of the coordinates (Yan et al., 2000). The images of genotypes on
this axis represent approximately their yield. This axis is called the average environment
axis. The results of the biplot (Fig. 6) showed that G13 was the most efficient and stable
genotype in the average environment of all test environments. The vertical axis,
originating from the coordinates of the past and perpendicular to the average environment
axis indicates the GXE and determines the stability of the genotypes. How much vertical
distance is highest from red line, represents unstable mean yield. One of the features of
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GGE biplot analysis is based on the analysis of the main components is genotype-based
scaling, and using the same unit for both horizontal and vertical axes, which allows more
accurate examination of genotypes. This feature can be used to show the average of
genotype and stability simultaneously (Farshadfar et al., 2011). The common unit for the
mean yield and stability allows both criteria of yield and stability can be combined and
conceptualized into a single criterion. The display of average genotype and stability of
genotypes can be possible through drawing an axis that passes through the biplot and the
average environment (small red circle on the axis). The images of the signs of genotypes
on this axis are estimations of their mean yield (Yan and Kang, 2002). The correlation
coefficient between this ranking and the average genotype yield was 0.927, indicating an
appropriate explanation of the average genotypes on the average environment axis.
Direction of red arrow displays a higher average. The blue vertical axis provides an
estimate of the interaction and stability of the genotypes, and distance from the source
(the intersection with the red axis) is a criterion for the variability or instability of
genotypes. Moreover, the vertical blue axis, perpendicular to the red axis, provides an
estimate of the interaction and stability of the genotypes, and the distance from the origin,
(the intersection with the red axis) is a criterion for variability or instability of genotypes.

PC1 = 32.9%, PC2 = 29.6%, Sum = 62.5%
Transform = 0, Scaling’s 1, Centering = 2, SYP =1

0.8

04 GONBAD

0.0

NOT

04—

-0.8

13
ATORRAM ABAD

PC1

Figure 6. Average Environment Coordination (AEC) of seed yield stability in chickpea
genotypes using GGE biplot analysis in different test environments

The stability criterion determined by the GxXE is only useful when considered together
with the mean yield (G) (YYan, 1999). For example, in Fig. 6 it seems that G4 is more
stable than G13 because it is less close to the average environment vector, but is not
desirable because it has a much lower yield than G13. Kang (1993) and Yan (1999)
concluded that stability is a non-dimensional value which displays a high-yield value
better, but displays a low-yield value worse. Eskridge (1996) concluded that stability is
less inherited than mean yield. Therefore, stability, along with the mean yield, are useful,
and the GGE biplot methodology converts it to a benchmark that can be evaluated
graphically (Yan et al., 2000).
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Fig. 7 shows the biplot of comparison different test environments with the ideal test
environment, and vector display of the interaction between them based on the seed yield
of the chickpea genotypes using the graphical GGE biplot analysis. For this purpose, the
origin of the linear coordinates is connected to the point of the average environments and
continues to the sides. The best environment is the environment that is closer to the center
of the circles. Since the comparison of genotypes in this biplot is not indicated, they are
shown with small circles. Based on this biplot, Gachsaran and Khorramabad regions had
higher representation and differentiation than Gonbad and llam in terms of differentiation
and discriminating of the genotypes. In fact, the length of each test environment estimates
the standard deviation within each environment. The longer the test environment, the
more power of differentiation and representativeness of that environment (Yan and Kang,
2002).
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Figure 7. Biplot for comparison environments with the ideal environment and vector display of
the interaction between them based on seed yield of chickpea genotypes

Table 7 shows the correlation coefficients between different environments. As Table 7
illustrates, there is no significant positive correlation between each environment, in other
words the effect of the year was different during the three years of the experiment. The
GGE biplot method is also used to separate of similar environments from non-similar
(Navabi et al., 2006).

Table 7. Correlation coefficients among different test environments

Location Gachsaran Gonbad llam Khorramabad
Gachsaran 1
Gonbad 0.106 1
llam 0.064 -0.281 1
Khorramabad 0.176 0.100 0.023 1
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In fact, in the fitted model of GGE biplot, the cosine of the angle between any two
environments approximates their correlation coefficient between them (Yan and Kang,
2002). In this study, Gachsaran and Khorramabad have a close angle between their
vectors, therefore, they should be correlated. Indeed, the correlation coefficient between
them is 0.176 because the model is not 100% fitted. Yan and Kang (2002) concluded that
the cosine of the angles does not precisely translate into correlation coefficients, since the
biplot does not explain all of the variation in a dataset.

Fig. 8 shows the biplot of comparison of all genotypes with the ideal genotype. The
red circle on the red axis represents the ideal hypothetical genotype that has the highest
yield and stability among all genotypes and environments. In practice, however, such a
genotype does not exist, but the ranking of other genotypes is estimated based on this
ideal genotype (Yan and Kang, 2002). Accordingly, G13 was identified as a stable and
high yield genotype among all genotypes and environments (Fig. 8). The correlation
coefficient was calculated between the average genotypes and their distance on the biplot
as -0.903, indicating a proper explanation of the biplot of comparison of the genotypes
with the ideal genotype. Moreover, the results of this biplot were consistent with the
results of the biplot of the average environment (Fig. 6).

PC1 =32.9%, PC2 = 29.6%, Sum = 62.5%
Transform = 0, Scaling’ 1, Centering = 2, SVP =1

NO T

PC1

Figure 8. Biplot drawn based on genotype-focused scaling for comparison of chickpea
genotypes with an ideal genotype

Fig. 9 shows the mean seed yield of chickpea genotypes versus the deviation of their
stability (Shukla’s Stability Index). Accordingly, genotypes G13 and G12 were superior
to the other genotypes.

Fig. 10 displays the mean seed yield in relation with the maximum seed yield (YERM)
or Superiority Index of seed yield of chickpea genotypes versus the deviation of the
stability of the superiority index. Accordingly, genotypes G13 and G12 were superior to
other genotypes in all regions of the study. This criterion, which was first suggested by
Yan (1999), is a superiority index based on (0 and 1), so that the larger its value, the more
stable its genotype.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):2621-2636.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1802_26212636
© 2020, ALOKI Kft., Budapest, Hungary



Hajivand et al.: Stability analysis of seed yield of chickpea genotypes, Iran

- 2633 -
X = Mean, Y = Stobity Deviation, r = 0.339;
140+ :
®» -
12 =~ G3 P
: {o13)
o ;,;_\ R A
©G16
Y 084+ ot : o i
v P15 {7 (o2)
7 e’
0.56—
028 oo :
a6 ol4 :
T T T T T T T T T T
084 056 -028 000 028 05 084 1.12 140 168
X

Figure 9. Shukla’s Stability Index and Mean yield in chickpea genotypes
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Figure 10. Mean yield of superiority index for each chickpea genotype in all test environments

Concurrent selection for yield and stability is one of the most important considerations
in breeding plans (Yan and Kang, 2002). GGE biplot analysis with a user-friendly
graphical interface can analyze different kinds of two-way data and provide a quick and
complete understanding of the relationships between genotypes, environments, and their
interactions. In this regard, the results of a study by Farshadfar (2011), investigating
phenotypic stability evaluation in 17 chickpea genotypes in five research stations in Iran
using the GGE biplot methodology, pointed up that the environment explained 86.44%;
the genotype 2.48%; and the GXE 11.8% of the total variations of G + E + GE equation.
The overall biplot analysis revealed three large environments from five research sites for
chickpeas in Iran. Sabaghpour (2010) used GGE biplot in studying the stability of seed
yield in 16 chickpea genotypes in autumn crop under rainfed conditions for three years.
They also analyzed the two sites of Gachsaran and Gonbad separately and examined the
interaction between year and location as well as genotype and year.
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Conclusion

One of the main subjects among plant breeders is to understand the concept of the
relationship between crop yield and environment. Analysis of the GXE is one of the
substantial issues in plant breeding, which is very important in the development and
expansion of new cultivars. In this experiment, GXE of advanced chickpea genotypes in
tropical and subtropical rainfed regions in Iran were investigated. The main effects of
genotype and environment as well as the GXE were significant and the environment
caused the most variations in seed yield. The highest mean seed yield of chickpea
genotypes was observed in Khorramabad (2353.557 kg ha*) and the lowest was observed
in Gachsaran (1029.065 kg ha™*). GGE biplot analysis and which-won-where pattern of
20 genotypes showed that G13 was the most stable genotype for Khorramabad, Gonbad
and Gachsaran, and G12 was the highest yielding and most stable and suitable genotype
for Ilam. Based on the average environment coordinates, G13 was the highest yielding
and most stable genotype in the average environment. Based on the biplot of comparison
of all genotypes with the ideal genotype, G13 was identified as a stable and top-yielding
genotype among all genotypes and environments. Based on the mean seed yield and
Shukla’s Stability Index, as well as the mean yield in relation with maximum or
Superiority Index, G13 and G12 are superior and more stable than all other genotypes in
the whole tropical regions in southern area of Iran; hence they are well recommended.
Also, evaluation of the qualitative traits of the genotypes studied in this experiment can
be recommended for future research.
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