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ABSTRACT 
 
 The aim of this study was to identify the best rice genotypes with high stability and adaptability by GGE 
biplot method based on grain yield. We use of the 14 genotypes (12 were lines developed by rice research 
inistitute of Amol in north of Iran and 2 were controls). These genotypes were evaluated in nine environments 
(three location and three years) in north of Iran. We used the genotype-environment table for analysis. 
According to both mean and stability the best genotypes were G12, G14, and G4, respectively. These genotypes 
had upper performance from than mean. The graphical analysis identified the best genotypes for each 
environment. The genotype G12 was the best genotype for all locations except three environments. The GGE bi-
plot indicated three mega-environments. In this analysis cultivar G12 and G14 were closest to the ideal 
genotype. 
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Introduction 
 
 Rice (Oryza sativa, L.) is one of major crop in Iran. Genotype environment interaction is commonly 
observed by crop producers and breeders as the differential ranking of cultivar yields among locations or years. 
Plant breeders conduct multiple-environment trials (MET) primarily to identify the superior cultivar for a target 
region and secondarily to determine if the target region can be subdivided into different mega environments 
(Yan, et al., 2000; Crossa, et al., 2002). The targeting of cultivars to specific locations is difficult when GE 
interaction is present, since yield is less predictable and cannot be interpreted based only on G and E means 
(Ebdon and Gauch, 2002; Samonte, et al., 2005).   
 In the north of Iran rice researcher are evaluate lines of the upland rice breeding program in various 
environmental conditions, which maximize the influence of the interaction of phenotypic values with 
environments. Breeder must therefore use tools to efficiently and accurately measure the response of these lines 
in multiple test environments (Yan, et al., 2007). The use of biplot to quantify the genotype environment 
interaction is widespread since the GE effects can be visualized in a single graph, which facilitates the 
comparison of genotypes and their interaction with the environments (Gauch, 2006; Gauch and Zobel, 1996). 
More recently, (Yan, et al., 2000) proposed a new technique in the GEI analysis using biplots similar to the 
AMMI technique; this method was called GGE biplot by (Yan, et al., 2000).  
 Although the use of this method for decomposing G+GE together is criticized (Gauch, et al., 2008), the 
advantage of observing the effects of G + GE in a biplot graph indicates this technique as a good alternative to 
the AMMI analysis, in which the G effect cannot be visualized directly in the biplot graphic AMMI2, requiring 
the use of additional procedures since the method decomposes only GE in the principal component analysis. 
Although the GGE biplot analysis is very similar to AMMI 1, it usually explains a greater proportion of G+GE 
and the result could explain in a more accurate graphic (Yan, et al., 2007; Gauch, et al., 2008; Balestre, et al., 
2009).  
 To use GE analysis techniques, breeders generally rely on the data means (phenotypic values) to evaluate   
the phenotypic stability. Biplot graph, show markers of both genotypes and environments, are used to present 
AMMI analysis results (Gauch and Zobel, 1996; Ebdon and Gauch, 2002). Recently, biplots have also been 
used to interpret results of the SREG model analysis of MET data. Genotype and GE interaction, which are the 
two factors that are important in cultivar selection, are the sources of variation in the SREG model analysis of 
MET data. These factors are graphically shown through a GGE biplot, which is used in the visual evaluation of 
both genotypes and environments (Yan, et al., 2000, 2001; Yan and Hunt, 2002). 
 The aim of this study was to evaluate genotype- environmental interaction in rice and identify genotypes 
with high stability and adaptability by the GGE biplot method, using grain yield.  
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Material and Methods 
 
 Twelve rice inbred lines plus two additional controls were evaluated in a Randomized Complete Block 
(RCB) design with three replications in rice research inistitute of Iran, Amol. Each plot consisted of five 5-m-
long rows, of   which   the   three   central   lines   were   evaluated without the outer 0.50 m of each row. The 
rows were spaced 0.40 m apart, with a density of 60 viable seeds per meter. The crop was treated with the 
normal cultural practices. The lines and controls were evaluated in nine environments (three locations and three 
years). These materials evaluated in the 2008, 2009 and 2010 growing season in the Amol, Sari and Tonkabon.  

To evaluate the phenotypic stability and adaptability, the GGE biplot analysis performed, considering the 
simplified model for two main components. In this approach, the effects of genotype (G) and genotype by 
environment (GE) were considered as random in the model. In this case, the best linear unbiased prediction 
(BLUP) of G and GE effects was calculated.  
 The components of genotypic variance, of the variance of GE interaction and residual were estimated by the 
method of restricted maximum likelihood (REML). For analyses of variance the software package SAS was 
used (SAS Institute, 2003). We use GGE biplot software to explain relationship between genotype and locations 
graphical also (Yan and Kang, 2003)  
 
Results and Discussion 
 
 The results of ANOVA showed that all sources of variation (genotypes, environments and GE interaction) 
differed significantly at 1% probability (table 1). GE interaction effect explains 19.15 percent of total sum of 
squares. In order to investigation of environment variation and interpretation of GE interaction we use of 
graphical methods (Figure 1). The results are presented as four sections: section one gives the results of 
genotypes performance and their stability; section two represents the results of “which-won-where pattern” to 
identify the best genotypes for each environment; section three shows the relationship between the environments 
and the groups of environments; section four visualizes the performance of different genotypes based ideal 
genotype.  
 Figure 1a shows the ranking of 14 genotypes base on their mean yield and stability. In this graph the first 
two PCs explained 60% (PC1=39%, PC2=21%) of the total GGE variation among data. It was pointed out that if 
PC1 of a GGE bi-plot approximates the genotype main effects (mean performance) PC2 must approximate the 
GE effects associated with each genotype, which is a measure of instability (Yan et al., 2000; Yan 2002). The 
line passing through the bi-plot origin and the average environment indicated by circle is called the average 
environment coordinate (AEC) axis, which is defined by the average PC1 and PC2 scores of all environments. 
Projection of genotype markers onto this axis should, therefore, approximate the mean yield of the genotypes. 
Thus, the genotypes G12, G14, G4, G9, G7 and G13 have the highest yield, followed by genotypes G8, G1, G6, 
G5, G11, G3, G2 and G10. The lowest yield genotypes were G2 and G10. The line which passes through the 
origin and is perpendicular to the AEC with double arrows represents the process of stability genotypes. Either 
direction away from the bi-plot origin, on this axis, indicates greater G×E interaction and reduced stability (Yan, 
2002). Therefore, for example genotypes G8 and G11 near the bottom and G6, G7 and G10 near the top of the 
bi-plot are more variable and less stable than others genotypes. Genotypes placed close to the AEC abscissa, 
namely, G1, G3 and G5, were more stable than others. An ideal cultivar should have the highest mean 
performance and be absolutely stable. Such an ideal cultivar is defined by having the greatest vector length of 
the high-yielding genotypes and with near zero GE such as G12, G14 and G9 (Figure 1a). These genotypes can 
be used as a reference for genotype evaluation. A genotype is more desirable if it is located closer to ideal 
genotype. Hence, G12 and G14 are closest to the ideal genotypes, and therefore, most desirable of all the tested 
genotypes. For broad selection, the ideal genotypes are those that have both high mean yield and high stability. 
In the bi-plot, they are close to the positive end of AEC and have the shortest vector from the AEC. On the other 
hand, for specific selection, the ideal genotypes are that have high mean yield but low stability and respond well 
to particular environments. For example G4 in E7 has specific adaptability.  
 The polygon view of the GGE bi-plot (shown in figure 1b) indicates the best genotype(s) in each 
environment and groups of environments (Yan and Hunt, 2002). The polygon is formed by connecting the 
markers of the genotypes that are furthest away from the bi-plot origin such that all other genotypes are contain 
in the polygon. The vertex genotypes (G12, G4, G8, G11, G10, G6 and G7) have the longest vectors, in their 
respective direction, which is a measure of responsiveness to environments. The vertex genotypes are, therefore, 
among the most responsive genotypes; all others are less responsive in their respective direction. The lines that 
located at the origin would rank the same in all environments and are not at all responsive to the environments. 
We can compare two adjacent vertex genotypes with polygon. For example comparison of the lines number G12 
with G7 indicates that G12 had higher yields in all environments except E3, E6 and E9 because genotype G12 
located on one sector with these environments (E1, E2, E4, E5, E7, E8). Similarly the genotype G7 is better in 
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E6 and E9. Also G10 is not well in any environments because there is no any environment in this sector. The 
rays are lines that are perpendicular to the sides of the polygon or their extension (Yan, 2002). These seven rays 
divide the bi-plot into seven sections, and nine environments fall into three of them. The vertex genotypes for 
each sector are the ones that gave the highest yield for the environments that fall within that sector. The 
genotype with the high yield in E1, E2, E4, E5, E7 and E8 environments is G12, followed by G14, G4 and G9. 
In the E6 and E9 the best genotypes are G7 and G13 respectively. The other vertex genotypes (G6, G10, G11 
and G8) are poorest in all environments because there is no location in their sectors. Vertex genotypes are the 
most responsive genotypes; they are the best or else the poorest genotypes in some or all of the test 
environments. 
 

 
 
Fig. 1: The GGE bi-plot based on the 14 rice genotypes yield performance trial for 9 environments. The 14 

genotypes are displayed by G and numbers (G1-G14) and the 9 environments in E letter and number (E1 
–E9). a, Average-environment coordinate (AEC) view of the GGE bi-plot for Ranking of 14 genotypes 
based on mean and stability; b, Polygon view of the GGE bi-plot show the "which-won-where pattern"; 
c, The vector view of the GGE bi-plot to show relationship among environments. d, Ranking genotypes 
based on ideal genotype. 

 
 Figure 1c provides the summary of the interrelationships among the environments. The genotypes that 
connect the bi-plot origin and the markers for the environments are called environment vectors. The angle 
between the vectors of two environments is related to the correlation coefficient between them. The cosine of 
the angle between the vectors of two environments approximates the correlation coefficient between them 
(Kroonenberg, 1995; Yan, 2002). Based on the angles of environment vectors, the five sites are grouped into 
three groups. Group one includes E1, E4 and E5. Group two involve E2, E3, E7 and E8. Group three includes 
E6 and E9. For example the smallest angle between E2 and E8 is implying that there is the highest correlation 
between them. The angles between E3 and E6, is bigger than others showing the poor correlation or negative 
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correlation between them. Two criteria are required to suggest existence of different mega-environments. First 
there are different winning genotypes in different test locations. Second, the between-group variation should be 
significantly greater than the within-group variation, a common criterion for clustering. Dividing the target 
environment into different mega-environments and deploying different genotypes in different mega-
environments is the best way to utilize GE interaction. 
 Another interesting observation from the vector view of the bi-plot is that the length of the environment 
vectors approximates the standard deviation within each environment, which is a measure of their discriminating 
ability (Yan and Kang, 2003). Thus, E6 and E8 are most discriminating. Another important measure of a test 
environment is its representativeness of the target environment. The bi-plot way of measuring representativeness 
is to define an average environment and use it as a reference. The line that passes through the bi-plot origin and 
the average environment is AEC, as discussed earlier. The angle between the vector of an environment and the 
AEC axis is a measure of the representativeness of the environment. Hence E1 is most representative, whereas 
E6 is least representative of the average environment.  
 Figure 1d shows the distance of genotypes from the ideal genotype obtained by the average environmental 
coordinate (AEC) with other hand this figure show ranking of 14 genotypes based on ideal genotype. An ideal 
genotype is the one with a large PC1 score. i.e., high yielding ability, and small PC2 score, i.e., high stability 
(Yan, et al., 2000). The center of the concentric circles in this figure represent the position of an ideal or stable 
genotype, which is defined by a projection on to the mean-environment axis that equals the longest vector of the 
genotypes that had above-average mean yield and by a zero projection on to the perpendicular line (zero 
variability across years for genotypes) (Yan and Hunt, 2002). Although the ideal genotype might not exist in 
reality, it could be used as a reference for genotype evaluation (Anothai, et al., 2009). Based on the grain yield 
of genotypes, G12 was the most stable genotype as it was closest to the concentric center (Fig 1d). The next 
stable genotypes were G14, G9, G4, G7, G13, G1 ≈ G8 ≈ G5, G3 ≈ G6, G2, G11 and G10 respectively.  
 
Table 1: Analysis of variance of the 9 environments and 14 genotypes for rice performance trial yield data. 

MS SS Df S.O.V. 
4.94** 9.89 2 Replication 
31.61** 252.86 8 Environment 
3.84** 49.92 13 Genotype 
0.97** 100.79 104 Genotype × Environment 
0.59 148.68 250 Error 
 562.16 377 Total 
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