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ABSTRACT 

The genotype and genotype by environment biplot model is an excellent tool for visual multi-
environment trials data analysis. In this study we investigated grain yield of six rice genotypes 
(three tested, one released hybrids and two inbred check varieties) in five environments. The 
combined analysis of variance for grain yield data indicated that the differences among all sources 
of variation were highly significant (P<0.001). Environment (E), Genotype (G) and G × E 
interaction effects accounted for 12.49, 76.51 and 10.21% of the total sum of squares respectively. 
The first two principal components (PC1 and PC2) were used to display a two-dimensional GGE 
biplot. Thus, genotypic PC1 scores>0 classified the high yielding genotypes while PC1 scores<0 
identified low yielding genotypes. Unlike genotypic PC1, genotypic PC2 scores discriminated the 
unstable ones. The GGE biplot analysis was useful in identifying stable genotypes with high yield 
performance. In this study, the polygon view of GGE biplot showed that the vertex genotypes 
were BRRI1A/BR168R (G1), BRRI10A/BRRI10R (G2)  and BRRI dhan28 (G5) having the largest 
distance from the origin, which was  most discriminated genotypes with the unstable ones. These 
vertex genotypes BRRI1A/BR168R (G1) and BRRI10A/BRRI10R (G2) gave higher yield (PC1 
scores>0) while another vertex genotype BRRI dhan28 (G5) produced low yield (PC1 score<0). 
Hence, the vertex genotype BRRI10A/BRRI10R (G2) was high yielding for all environments and it 
fell into section 1 following IR58025A/BRRI10R (G3) and BRRI hybrid dhan1 (G4). Mean yield and 
stability performance over environments of each genotype is explored by using the average 
environment (tester) coordinate (AEC) methods. These methods show that the genotypes 
BRRI10A/BRRI10R (G2), IR58025A/BRRI10R (G3) and BRRI hybrid dhan1 (G4) had higher 
stability as well as higher mean yield while the genotype IR58025A/BRRI10R (G3) had the highest 
stability out of these three genotypes. The ideal genotype biplot suggests that the closer to ‘ideal’ 
genotype was IR58025A/BRRI10R (G3) followed by G2 and G4 being more desirable than the 
other genotypes. Similarly, the environment Barisal (E3) was ‘ideal’ environment followed by E1 
(Gazipur), E2 (Comilla) and E5 (Satkhira). Hence, the environment Barisal (E3) is more stable and 
suitable for all genotypes following Satkhira (E5) because it has large PC1 and small PC2 score but 
Rangpur (E4) is a discriminating environment because it has large PC2 score. The interrelationship 
among the environments according to the small angles of test environments was highly positively 
correlated. Gazipur (E1), Comilla (E2), Barisal (E3) and Satkhira (E5) were closely correlated with 
small angles but Rangpur (E4) had medium long angles. Comparison between two genotypes 
showed that BRRI10A/BRRI10R (G2) and IR58025A/BRRI10R (G3) were high yielder in test 
environments. Thus, the difference between G2 and G3 was relatively small in test environments. 
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INTRODUCTION 
Plant breeders perform multi-
environment trials (MET) to evaluate 
new improved genotypes across test 
environments (several locations), before 
a specific genotype is released for 
production to supply growers. In such 
experiments, genotype-environment 
(GE) interaction is a commonly 

evaluated (Annicchiarico, 2002; Kang, 
1998; Karimizadeh et al., 2012a; Yan et 

al., 2007). Genotype × environment (GE) 
interaction refers to different ranking of 
genotypes across environments and 
may complement the selection process 
and recommendation of a genotype for 
a target environment (Ebdon and 
Gauch, 2002; Gauch, 2006). 
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It may also reduce the selection efficiency 
in different breeding programs because 
in a GE interaction, measured traits are 
less predictable and cannot be interpreted 
using main effects (genotype or 
environment) and need more analysis 
(Gauch et al., 2008). GE interaction is also 
one of the most important reasons for the 
failure or decreased efficiency of 
breeding efforts to serve small resource 
poor farmers in different areas 
(Ceccarelli, 1996; Kaya et al., 2006 and 
Mitrovic et al., 2012). Plant breeders 
perform multi-environment trials (MET) 
to select favourable genotypes based on 
both mean yield and performance 
stability and to determine whether a test 
environment is homogeneous should be 
divided into various mega-environments 
(Gauch, 2006; Yan and Kang, 2003). 
Different statistical model were used to 
describe GE interaction and facilitate 
genotype recommendations in MET such 
as stability variance (Shukla, 1972), 
coefficient of variability (Francis and 
Kanneberg, 1978) and additive main 
effects multiplicative interaction (AMMI) 
(Gauch and Zobel, 1988; Zobel et al., 1988; 
Gauch, 2006) have been commonly used 
to analyze MET data to reveal patterns of 
GE interaction. Yan et al. (2000) proposed 
another methodology known as genotype 
and genotype by environment (GGE) 
biplot for graphical display of GE 
interaction pattern of MET data with 
many advantages. GGE biplot analysis 
considers both genotype (G) and GE 
interaction effects and graphically 
displays GE interaction in a two way 
table (Yan et al., 2001). GGE biplot is an 
effective method based on principal 
component analysis (PCA) to fully 
explore MET data. It allows visual 
examination of the relationships among 
the test environments, genotypes and the 
GE interactions. The main objectives of 
the present study are to identify the best 
performing high yielding stable 

promising hybrids for selection 
environments, the identification of mega-
environments and analysis of the ideal 
genotype and environment by GGE 
biplot method. 
 
MATERIALS AND METHODS 
 
Experimental design and plant 
materials. The experiments were 
conducted at five districts namely 
Gazipur (E1), Comilla (E2), Barisal (E3), 
Rangpur (E4) and Satkhira (E5) 
representing five different agro-
ecological zones (AEZ) of Bangladesh 
during Boro season 2007-08. Six 
genotypes consisting of three advanced 
lines (BRRI1A/BRRI168R (G1), 
BRRI10A/BRRI10R (G2) and 
IR58025A/BRRI10R (G3), one released 
hybrid (BRRI hybrid dhan1 (G4) and two 
inbreed check varieties (BRRI dhan28 
(G5) and BRRI dhan29 (G6) were used as 
experimental materials. The experiment 
was laid out in a randomized complete 
block (RCB) design with three 
replications. Thirty-day-old seedlings 
were transplanted in 20 square meter plot 
using single seedling per hill spacing at 
20 cm × 15 cm. Fertilizers were applied @ 
270-130-1200-70-10 kg/ha urea, TSP, MP, 
gypsum and ZnSO4 respectively. 
Standard agronomic practices were 
followed and plant protection measures 
were taken as required following the 
recommendation of Adhunik Dhaner 

Chash, BRRI (2008). Two border rows 
were used to minimize the border effects. 
The grain yield (tha-1) data were collected 
at 14% moisture level. Data were 
collected followed by standard method as 
described by Yoshida et al. (1976).    
 
Statistical analysis. The grain yield data 
for six genotypes in five environments 
were used to combined analysis of 
variance (ANOVA) to determine the 
effects of environment (E), genotype (G) 
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and their interactions. The data were 
graphically analyzed for interpreting GE 
interaction using the GGE biplot software 
(Yan, 2001). GGE biplot methodology, 
which is composed of two concepts, the 
biplot concept (Gabriel, 1971) and the 
GGE concept (Yan et al., 2000), was used 
to visually analyze the rice genotypes 
MET data. This methodology uses a 
biplot to show the factors (G and GE) that 
are important in genotype evaluation and 
that are also the sources of variation in 
GE interaction analysis of MET data 
(Yan, 2001). The graphs were generated 
based on (i) The polygon view of GGE 
biplot to identification of winning 
genotypes and their mega environments 
by ‘which-won-where’ pattern, (ii) 
Ranking of genotypes based on yield and 
stability performance, (iii) Evaluation of 
genotypes related to an ideal genotypes, 
(iv) Evaluation of environments related 
to ideal environments, (v) Relationship 
among environments and (vi) 
Comparison between two genotypes. 
 
 
 

RESULTS AND DISCUSSION 
 
Combined analysis of variance. Table 1 
presents the combined analysis of 
variance for grain yield of six rice 
genotypes. Genotype (G), environment 
(E) and genotype × environment 
interaction (GEI) were highly significant 
(P<0.001) for grain yield. The highly 
significant G × E effects suggest that 
genotypes may be selected for adaptation 
to specific environments, which is in 
harmony with the findings of Aina et al. 
(2009) and Xu Fei-fei et al. (2014) in G × E 
interaction effects of cassava genotypes. 
Hence, the genotype × environment 
interaction effects demonstrated that 
genotypes responded differently to the 
variation in environmental conditions of 
locations, which indicated the necessity 
of testing rice varieties at multiple 
locations. This also shows the difficulties 
encountered by breeders in selecting new 
varieties for release. The factors 
explained (%) showed that rice grain 
yield was affected by genotype (76.51%), 
environment (12.49%) and their 
interaction (10.21%). 

 

Table 1. Combined analysis of variance of grain yield for six rice genotypes evaluated at five environments. 

Source df SS MS Explained SS (%) 

Genotype (G) 5 65.444 13.089*** 76.51 
Environment (E) 4 10.683 2.671*** 12.49 
G × E interaction (GEI) 20 8.739 0.437*** 10.21 
Error 60 0.669 0.011  
Total 89 85.535 0.961  

***Indicate significance at P<0.001 probability level; df=degree of freedom; SS=Sum of square; MS=Mean of square. 
 

Polygon view of GGE biplot analysis 
of MET data. The polygon view of GGE 
biplot (Fig. 1) is the best way for the  
identification of winning genotypes with 
visualizing the interaction patterns 
between genotypes and environments 
(Yan and Kang, 2003) in MET data 
analysis, which is helpful in estimating 
the possible existence of different mega 
environments (Gauch and Zobel, 1997; 
Yan and Rajcan, 2002; Yan and Tinker, 
2006). In this biplot, a polygon was 
formed by connecting the vertex 

genotypes with straight lines and the rest 
of the genotypes were placed within the 
polygon. The vertex genotypes were G1, 
G2 and G5 having the largest distance 
from the origin. These genotypes are the 
best or poorest in some or all 
environments because they are farthest 
from the origin of biplot (Yan and Kang, 
2003), which were more responsive to 
environmental change and are 
considered as specially adapted 
genotypes. There are three rays in Figure 
1, which divided the biplot into three 
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sections. The genotypes fell into three 
sections but all the tested environments 
fell into section 1. 

The first section contains three 
genotypes G2, G3 and G4 and the vertex 
genotype for this section was G2, 
suggesting the high yielding genotype for 
these five locations following G3 and G4. 
The second section contains two 
genotypes G5 (vertex genotypes) and G6 
were poorest yielding genotypes in any 
environments. The other vertex genotype 
G1 gave medium high yield which fell in 
section 3; this genotype is poorly adapted 
to five of the testing environments. On 
the other hand, the genotype, which was 
located near the origin, was less 
responsive than the corner (vertex) 
genotypes. Hence, the G3 and G6 were 
located apparently near the biplot origin 
showed moderately average performance 
and these genotypes were less responsive 
to environments than the vertex 
genotypes. According to the findings of 
Yan and Tinker (2006), the vertex 
genotypes were the most responsive 
genotypes, as they have the longest 
distance from the origin in their 
direction. In the present investigation, the 
partioning of GE interaction through 
GGE biplot analysis showed that PC1 
and PC2 accounted for 84.7% and 9.9% of 
GGE sum of squares, respectively, 
explained 94.6% of the total variance (Fig. 
1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ranking of genotypes based on 
mean yield and stability performance. 
In GGE biplot methodology, the 
estimation of yield and stability of 
genotypes (Fig. 2) were done by using the 
average environment (tester) coordinate 
(AEC) methods (Yan, 2001; Yan and 
Hunt, 2001). The line passing through the 
biplot origin is called the average 
environment (tester) coordinate (AEC), 
which is defined by the average PC1 and 
PC2 scores for all environments (Yan and 
Kang, 2003). More close to concentric 
circle indicates higher mean yield. The 
line, which passes through the origin and 
is perpendicular to the AEC with double 
arrows, represents the stability of 
genotypes. Either direction away from 
the biplot origin, on the axis, indicates 
greater GE interaction and reduced 
stability. For selection, the ideal 
genotypes are those with both high mean 
yield and high stability. In the biplot, 
they are close to the origin and have the 
shorter vector from the AEC. Thus, 
genotype G1 was the least stable and 
genotypes G2, G3, G4 and G6 were the 
most stable. On the other hand, the 
genotypes on the right side of the line 
with double arrows have yield 
performance greater than mean yield and 
the genotypes on the left side of this line 
had yields less than mean yield. In this 
study, the genotypes G2, G3 and G4 had 
the higher stability as well as higher 
mean yield and eventually had been 
constellated into the same group. 
However, G3 had the highest stability out 
of these three genotypes. These results 
are in agreement with those obtained by 
Nahief (2013) in wheat. 

PC1=84.7%, PC2=9.9%, Sum=94.6%
Transform=0, Scalling=1, Centering=2, SVP=1

Fig. 1. The polygon view of GGE biplot to the
identification winning of genotypes and their
related mega-environments (here, G=Genotypes,
E=Environments).
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Evaluation of genotypes relative to 

ideal genotypes. An interesting 
application of GGE biplot software is the 
evaluation of genotype relative to an 
ideal genotype. The ideal genotype as 
virtual genotype is one that has both high 
mean yield across test environments and 
is absolutely stable in performance (Yan 
and Rajcan, 2002; Yan and Kang, 2003; 
Farshadfar et al., 2012). This genotype has 
large PC1 scores (high mean yield) and 
small (absolute) PC2 scores (high 
stability). Although such an ‘ideal’ 
genotype may not exist in reality, it could 
be used as a reference for genotype 
evaluation (Mitrovic et al., 2012). A 
genotype is more desirable if it is closer 
to ‘ideal’ genotype (Kaya et al., 2006 and 
Mitrovic et al., 2012). Therefore, G3 was 
closer to the ‘ideal’ genotype followed by 
G2 and G4 being more desirable than 
other genotypes (Fig. 3). On the other 
hand, the low yielding genotypes (G5 
and G6) were considered to be 
undesirable because they are placed far 
from the ideal genotypes. It seems that 
identification of  ideal genotype through 
GGE biplot methodology is a proper tool 
for identifying most stable high yielding 
genotypes. This method can be regarded 
as same as AMMI parameter, which 
allow to facilitate identifying more stable 
genotypes using AMMI procedure 
(Sabaghnia et al., 2008a). In other words, 

identification of ideal genotype 
procedure attempts to define the GE 
interactions by one parameter (distance 
from ideal genotype) and summarize 
complex aspect of GE interaction using 
only one parameter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evaluation of environments relative 

to ideal environments. According to Yan 
(2001), discriminating ability and 
representativeness are the important 
properties of a test location. An ideal 
location should be highly differentiating 
for the tested genotypes and at the same 
time representative of the target location 
(Yan and Kang, 2003). Similar to ideal 
genotype, an ideal environment or 
location is defined and showed by the 
small circle with an arrow pointing to it. 
Figure 4 shows the environment E3 as an 
‘ideal’ environment. The ranking of other 
environments based on the ideal nature 
of environments were E5>E2>E1 (Fig. 4). 
The environment E3 has large PC1 score 
and small PC2 score. Hence, this 
environment is more stable and suitable 
for all genotypes following E5. On the 
other hand, E4 is a discriminating 
environment because it has large PC2 
score. The discriminating ability of a 
location is concerned with the 
composition of genotypes, but the 
presence of GE interaction complicates 
the identification of an ideal test location 

PC1=84.7%, PC2=9.9%, Sum=94.6%2.0
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Fig. 2. GGE biplot showing the ranking of genotypes for
both yield and stability performance over
environments.

Fig. 3. GGE biplot of ideal genotype and comparison of
the genotypes with respect to the ideal genotype.
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(Yan et al., 2000). GGE methodology is suitable tool to analyze this kind of 
interactions partioning them into their 
PCs. The test environments should have 
large PC1 scores in order to discriminate 
genotypes in terms of the genotypic main 
effect and absolute small PC2 scores in 
order to be more representative of the 
overall locations (Yan and Rajcan, 2002). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Relationship among environments. 

The GGE biplot showed in Figure 5 
explained 94.6% of the total variation and 
so this biplot can be used for extracting 
interrelationships among the 
environments. The environment vectors 
are lines that connect the biplot origin 
and the markers of test environments and 
the angle between them is related to the 
correlation coefficient (Kroonenberg, 
1995). On the other hand, the biplot 
vector view is mainly used to identify test 
environments, which have large angle or 
low or negative correlations. Locations 
with small angles between them were 
highly positively correlated and they 
provided similar information on 
genotypes. According to the angles of test 
location vectors, the five locations are 
grouped into two major groups. One 
group includes E1, E2, E3 and E5 was 
closely correlated (Fig. 5), suggesting that 
the locations provide redundant 
information about genotypes while the 
other group involves E4. Obtaining 

similar information by using fewer test 
environments generally reduces the cost 
of testing and increases breeding 
efficiency. In addition, in the vector view 
of the biplot, the length of the location 
vectors estimates the standard deviation 
within each location, which is a measure 
of their discriminating ability.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison between two genotypes. 

In a GGE biplot, two genotypes can be 
visually compared by connecting them 
with a straight line followed by drawing 
a perpendicular line that passes through 
the biplot origin (Fig. 6). This 
perpendicular line is the ‘equality line’ of 
the two genotypes. That is, the two 
genotypes to be compared should be 
equal in all environments that are located 
on this line. Since the biplot distance of 
the line that connects the two genotypes 
measures the Euclidian distance between 
them, comparison using the method 
shown in Figure 6 is meaningful, because 
the connection line is not so long. 
Genotype has higher values in 
environments that are located on its side 
of the equality line. The genotypes, 
BRRI10A/BRRI10R (G2) and 
IR58025A/BRRI10R (G3) had higher 
yield in all environments. Thus, the 
difference between G2 and G3 was 
relatively small in all environments.
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PC1=84.7%, PC2=9.9%, Sum=94.6%
Transform=0, Scalling=1, Centering=2, SVP=1
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CONCLUSIONS 
 
The GGE biplot model is an excellent tool 
for visual MET data analysis 
(Mohammadi et al., 2011). In this study, 
the combined analysis of variance 
(ANOVA) indicates that the genotype 
(G), environments (E) and G × E 
interaction variance were highly 
significant at P<0.001. On the other hand, 
the vertex genotype G2 was high yielding 
genotype for all environments and this 
genotype fell into section 1 following G3 
and G4. Other two vertex genotypes 
G1and G5 gave medium high yield and 
poor yield with poor adaptation to five 
testing environments.  

Mean yield and stability performance 
over environments of each genotype is 
explored by using the average 
environment (tester) coordinate (AEC) 
methods. These methods show that the 
genotypes G2, G3 and G4 had higher 
stability as well as higher mean yield 
while the genotype G3 had the highest 
stability out of these three genotypes. The 
ideal genotype biplot suggests that the 
closer to ‘ideal’ genotype was G3 
followed by G2 and G4 being more 
desirable than other genotypes. Similarly, 
the environment E3 was ‘ideal’ 
environment followed by E1, E2 and E5. 

Hence, the environment E3 is more stable 
and suitable for all genotypes following 
to E5 because it has large PC1 and small 
PC2 score but E4 is a discriminating 
environment because it has large PC2 
score. The interrelationship among the 
environments according to the small 
angles of test environments between 
them were highly positively correlated 
such as E1, E2, E3 and E5 were closely 
correlated with small angles but E4 had 
medium long angles. Comparison 
between two genotypes showed that G2 
and G3 had higher yield in test 
environments. Thus, the difference 
between G2 and G3 was relatively small 
in test environments. 
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