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(2000) reported that, E effect accounts for 
80% of the total yield variation and each G 
and GE effects account for about 10% of 
METs variations. Significant GE interaction 
results from changes in the magnitude of the 
differences among genotypes in different 
environments or from changes in relative ran
king of the genotypes (Allard and Bradshaw, 
1964). The GE interaction reduces the correla
tion between phenotype and genotype and 
selection progress (Comstock and Moll, 
1963). 

To understand and illuminate the 
obstacle problem of GE, many statistical 
methods have been developed for GE inclu
ding joint regression (Finlay and Wilkinson, 
1963; Eberhart and Russel, 1966; Perkins and 
Jinks, 1968). Another accomplish to study GE 
has been suggested by Gauch (1992) known 
as Additive Main Effects and Multiplicative 
Interaction (AMMI) depending on principal 
component analysis, which compile additive 
main effects with the first principal compo
nent in one graph representing interaction 
patterns. However, Gauch and Zobel, (1996) 
stated that for the purpose of cultivar evalua
tion either G or GE are relevant. Furthennore, 
Van et ai. (2000) have been considered those 
effects in cultivar evaluation using a new 
model named GGE biplot analysis (Yan, 
1999; Van and Kang, 2003; Van and Tinker, 
2006). Nevertheless, Biplot technique was 
firstly proposed to summarizing patterns of 
response that exist in the original data by 
Gabriel (l971 and 1978). 

As documented momentarily, the 
GGE literature claims that (i) GGE graphs are 
superior to AMMI for visualizing patterns in 
yield-trial data, especially for showing which 
genotype won where and thereby delineating 

METs, and (ii) GGE is equivalent to AMMI 
for gaining predictive accuracy (Gauch, 2006). 

GGE-biplot is constructed by the first 
2 principal components (pC1 and PC2, also 
referred to as primary and secondary effects, 
respectively) derived from subjecting environ
ment centered yield data, i.e. the yield varia
tion due to GGE, to singular value decompo
sition (SVD). This GGE-biplot is shown to 
effectively identify the GE pattern of the data. 
It clearly shows which genotype won in which 
environments, and thus facilitates mega
environments (MEs) identification (Yan et ai., 
2000). METs not only aim to identify superior 
genotypes for th{~ target region, but also to 
determine if the target region can be subdivi
ded into different MEs. Investigation ofME is 
a prerequisite for meaningful cultivar evalua
tion and recommendation (Yan et ai., 2000). 
The biplot from the site regression model 
shows that ideaJ genotypes should have large 
primary effects (high mean yield) and near 
zero secondary effects (more stable) and the 
ideal sites should have large primary effects 
(high power to discriminate cultivars) and 
small secondary effects. Such properties tend. 
to occur if the primary effects of cultivars are i 

highly correlated with the cultivar means (Yan 
ei ai., 2000; Crossa and Cornelius, 1997). A 
full description of the interpretation of the 
biplots of multiplicative models is given in 
Gower and Hand (1996). 

The objectives of this study therefore 
were (i) to identify genotypes that combine 
high yields with stability across environments 
via GGE (genotypc plus genotype x environ
ment) biplot methodology and (ii) to study the 
relationship between different locations used 
in the current investigation. 

MATERIALS AND METHODS
 

Twelve maize hybrids developed at 
Giza Research Station, Agriculture Research 
Center, which have been denoted hereafter as 
Gl to G12, were used in this study. All geno
types were field evaluated in replicated METs 
at nine locations i.e. Behaira (E1), Kafr El 
Seikh (E2), Oakahlia (E3), Monofia (E4), 

Sharkia (E5), Beni Suief (E6), Minia (E7), 
Assuit (E8), and Sohag (E9), during the 
sununer season of 2008. Randomized com
plete block design (RCBO) with six replica
tions was the design used. Each hybrid was 
planted in a 4-row plot, 6 m long and 0.8 m 
apart. Planting was done in hills spaced 0.25 






















