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Abstract

BOSHEV, D., M. JANKULOVSKA, S. IVANOVSKA, L. JANKULOSKI, B. KUZMANOVSKA and V.
TANASKOVIC, 2014. Evaluation of maize hybrids for grain yield stability under rainfed and irrigated conditions
using GGE biplot analysis. Bulg. J. Agric. Sci., 20: 1320-1325

Stable performance of maize hybrids at a specific growing region is critical for obtaining high and stable yield. The objec-
tives of this study were to evaluate grain yield stability of sixteen maize hybrids from different origin in Ovce Pole region, in
rainfed and irrigated conditions during 2009, 2010 and 2011 growing seasons, to graphically summarize the effects of G and
GE interaction and to identify “which won where” and to recommend maize hybrids for this specific growing region, using
GGE biplot. The GGE biplot was useful in identification that the hybrids 16, 15 and 13 were the highest yielding and conse-
quently the most desirable hybrids for growing in Ovce pole region. Furthermore, it was concluded that high and stable yields
could be expected only with irrigation. The hybrid 4 had the lowest seed yield (6910 kg ha-1) and was the least stable across
different environments. This technique can serve as a useful tool for recommendation of maize hybrids for specific growing

region taking into account the specificities of hybrids and growing conditions.
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Introduction

Maize (Zea mays L.) is one of the most important cereal
crops in the world after wheat and rice (Golbashy et al., 2010).
The considerable genotypic variability for different traits
among various maize genotypes (Grzesiak, 2001) is a key
to crop improvement. The ability to develop high yielding
and stable cultivars is an ultimate goal in most breeding pro-
grams. The consistent performance of a genotype, both with
high or low yield across different environments is referred as
yield stability (Epinat-Le Signor et al., 2001). An ideal maize
hybrid should have a high mean yield combined with a low
degree of fluctuation under different environments (Annic-
chiarico, 2002). One of the most important goals of maize
breeders has been to enhance the stability of performance
of maize when exposed to stresses (Campos et al., 2006).
Drought stress influences the reduction of growth, develop-
ment and production of plants (Mohammadai et al., 2012).
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Understanding the environmental and agronomic responses
of maize hybrids is fundamental to improving efficiency of
maize production. For the sites where drought is frequent
the main objectives of maize breeding, besides yielding ca-
pacity, are yield stability and drought tolerance (Bonea and
Urechean, 2011). Consequently, newly introduced hybrids
generally need to be tested for several years before being rec-
ommended for a given site (Beiragi et al., 2011; Tonk et al.,
2011). The specificities of hybrids and growing conditions of
the regions (Mitrovic et al., 2012) must be considered before
giving the recommendations.

Experimental trials are usually carried out in different
environments with an aim to evaluate yield stability of dif-
ferent crops under varying environmental conditions (Yan et
al., 2000; Yan and Rajcan, 2002). The main environmental
effects (E) and genotype environment interaction (GE) have
been reported as the most important sources of variation for
the measured yield of crops (Dehghani et al., 2006; Yan et al.,
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2007; Sabaghnia and Sabaghpour, 2008). Although the mea-
sured yield is a combined result of the effects of the genotype
(G), E and GE interaction, only G and GE are relevant to cul-
tivar evaluation. Typically, E explains most (80% or higher)
of the total yield variation, while G and GE are usually small
(Yan and Kang, 2003). There are number of statistical meth-
ods for evaluation of hybrid’s performance and their geno-
typic interactions with the environment. They differ in the
parameters used in the assessment, the biometric procedures
employed and the analysis.

Yan et al. (2000) proposed methodology known as GGE-
biplot for graphical display of GE interaction pattern. It al-
lows visual examination of the relationships among the test
environments, genotypes and the GE interactions. It is an ef-
fective tool for: (i) mega-environment analysis (e.g. “which-
won-where” pattern), where specific genotypes can be rec-
ommended to specific mega-environments (Yan and Kang,
2003; Yan and Tinker, 2005), (ii) genotype evaluation (the
mean performance and stability), and (iii) environmental
evaluation (the power to discriminate among genotypes in
target environments) (Ding et al., 2007).

Different researchers used GGE biplot for the analysis of
GE interactions and evaluation of maize genotypes (Butron
et al., 2004; Fan et al., 2007; Yan and Kang, 2003; Samonte
et al., 2005; Dehghani et al., 2009, Balestre et al., 2009; de
Oliveira et al., 2010; Tonk et al., 2011). The aim of this study
was to 1) investigate the stability of grain yield in maize hy-

brids under rainfed and irrigated conditions in Macedonia via
the GGE biplot, ii) graphically summarize the effects of G
and GE interaction and to identify “which won where” iii)
recommend maize hybrids for the specific growing region
taking into account the specificities of hybrids and growing
conditions.

Materials and Methods

The experiment was conducted during summer crop sea-
sons 2009, 2010 and 2011 at Ovce Pole region, Republic of
Macedonia. Sixteen maize hybrids from diverse backgrounds
and maturity groups were sown in a nested design with three
replications, and two treatments: with and without irrigation.
As a result, six environments were obtained. The environ-
ments with irrigation in the three subsequent years were as-
signed as El, E3 and E5, while the environments without ir-
rigation as E2, E4 and E6. The hybrids used for the investiga-
tion are presented in Table 1. Distance between the rows was
0.7 m with hills spaced according to the maturity group. Plots
were overplanted and thinned, obtaining a final density of
approximately 68027 plants/ha for the hybrids which belong
to FAO 300, 62111 plants/ha for the hybrids from FAO 400,
57143 plants/ha for hybrids from FAO 500 and 52910 plants/
ha for the hybrids from FAO 600. The central two rows from
each plot were harvested at maturity and the fresh ear weight
was measured in each plot.

Table 1
Maize hybrids included in the study
Hybrid code Hybrid FAQ maturity Seed company
group
1 ZP360 FAO300 Maize Research Institute “Zemun Polje”, Serbia
2 0S378 FAO300 Agricultural Institute, Osijek, Croatia
3 ZP480 FAO400 Maize Research Institute “Zemun Polje”, Serbia
4 0S499 FAO400 Agricultural Institute, Osijek, Croatia
5 ZP599 FAO500 Maize Research Institute “Zemun Polje”, Serbia
6 08552 FAO500 Agricultural Institute, Osijek, Croatia
7 ZP677 FAO600 Maize Research Institute “Zemun Polje”, Serbia
8 0S602 FAO600 Agricultural Institute, Osijek, Croatia
9 NS300 FAO300 Institute of field and vegetable crops Novi Sad, Serbia
10 Stira FAO300 Pioneer Hi-Bred Ltd.
11 NSSK444 FAO400 Institute of field and vegetable crops Novi Sad, Serbia
12 Colomba FAO400 Pioneer Hi-Bred Ltd.
13 NS5010 FAO500 Institute of field and vegetable crops Novi Sad, Serbia
14 Cecilia FAO500 Pioneer Hi-Bred Ltd.
15 NS6010 FAO600 Institute of field and vegetable crops Novi Sad, Serbia
16 Constanza FAO600 Pioneer Hi-Bred Ltd.
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Statistical analysis

The GGE biplot analysis was performed using R statistical
package GGEDbiplotGUI (Bernal and Villardon, 2012). It was
used to generate graphs which are showing (i) “which-won-
where” pattern, (ii) ranking of hybrids on the basis of yield
and stability, (iii) environment vectors, and (iv) comparison
of environment to ideal environment (Yan and Kang, 2003).
The GGE biplot represents the first two principal components
(PC1 and PC2, referred as primary and secondary effects,
respectively) derived from subjecting environment centered
yield data (yield variation due to GGE), to singular value de-
composition (Yan et al., 2000).

Results and Discussion

Best Hybrid in each Environment

GGE biplot method can be used to identify superior maize
genotypes for target sites (Dehghani et al., 2009). The biplot
(Figure 1) represents a polygon, where some of the hybrids
are positioned on the vertexes, while the rest are inside the
polygon. As the hybrids positioned on the vertexes have the
longest distance from the biplot origin, they are supposed to
be the most responsive. Responsive hybrids are either best
or the poorest at one or every environment (Yan and Rajcan,
2002). Considering this, the hybrids 13, 15 and 16 had the
highest seed yield when irrigation was applied. The three en-

vironments with irrigation were positioned in the same sector
on the graph, which indicates that those environments did not
differ significantly between themselves. The environments
without irrigation were placed in three different sectors. Hy-
brids 10 and 12 were the highest yielding in E2, 1, 9, 11 and
14 in E4 and 5, 6, 7 and 8 in E6. None of the environments
fell in the sectors with hybrids 2, 3 and 4, indicating that these
hybrids are not suitable for growing at this specific location.
Yan et al. (2000) stated that ideal genotypes could be con-
sidered those that have a large PC1 score (high yielding ability)
and small or absolute PC2 score (high stability). Similarly, the
ideal test environment should have a large PC1 score which
means that it is more discriminating of the genotypes in terms
of the genotypic main effect and small or absolute PC2 score
(more representative of the overall environment). When an
“ideal” view is drawn (Figure 2), it can be observed that the
hybrid 16 was the closest to the ideal genotype, followed by 15.
According to Yan and Kang (2003), an ideal genotype could be
defined as one which is the highest yielding across test envi-
ronments and is absolutely stable in its performance.

Average Yield and Stability of Hybrids

The average grain yield of the hybrids vs. their stability is
presented in Figure 2. The performance line (average tester
coordination, ATC) passes through the biplot origin with an
arrow indicating the circle for the “ideal” genotype. The geno-

Which Won Where/What

AXIS2 1403 %

AXISTT897 %

Mean vs. Stability

AXISZ214.03 %

AXIS1T78.97 %

Fig. 1. A genotype + genotype x environment interaction
bi-plot showing hybrids performance in each environment

Fig. 2. Average tester coordination (ATC) view of the
GGE biplot. Environments are denoted by ‘E’ while
hybrids are marked with numbers. AXIS1 and AXIS2
are first and second principal components, respectively
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types positioned the closest to the circle are the highest yield-
ing, those on the upper side of the line are stable, and those in
the lower part of the biplot are not stable. Considering this, the
hybrid 16 has the highest average grain yield (10012 kg ha™),
as having the highest projection on the performance line, fol-
lowed by 15 (9552 kg ha') and 13 (9088 kg ha'), which are
located very close to the hybrid 16 (Table 2). It could be also
observed that these hybrids are not stable over various environ-
ments, which is due to the very poor performance in the condi-
tions without irrigation. Consequently, these hybrids may be
considered for growing in Ovce Pole region, but only with ir-
rigation. The hybrid 4 had the lowest seed yield (6910 kg ha™).

In Figure 3 the center of the concentric circles is where an
ideal hybrid should be; its projection on the ATC X-axis was de-
signed to be equal to the longest vector of all hybrids, and its
projection on the ATC Y-axis was obviously zero, indicating that
it is absolutely stable. Therefore, the smaller the distance from
a hybrid to such a virtual hybrid, the most ideal the hybrid is.
Thus, hybrid 16 was the closest to the concentric center. Hybrid
15 did not seem to be meaningfully different from hybrid 16,
while the hybrid 4 was the least stable across the environments.

Environment Ranking Based on both Discriminating Abil-
ity and Representativeness

Discriminating ability and representativeness of the en-
vironments is presented in Figure 4. An ideal environment
is the one that is most discriminating for genotypes (longest

Table 2

distance between the marker of the environment to the plot
origin, is a measure of its discriminating ability) and is rep-
resentative (shortest projection from the marker of location
onto the ATC Y-axis is the measurement of its representative-

Ranking Genotypes

AXIS214.03 %

AXISTTE.9T %

Fig. 3. Comparison of hybrids with the ideal hybrid

Mean grain yield (kg ha™) of sixteen maize hybrids across six environments in Ovce Pole region

and their average grain yield

Hybrids El E2 E3 E4 ES E6 ‘;Ygfj’glf St
1 10920 4790 11230 5450 13010 7710 8852
2 8200 4290 9110 4690 9710 6670 7112
3 10480 3630 10660 5180 11600 7440 8165
4 7920 3530 8050 4400 10330 7230 6910
5 12490 2300 12160 3520 12780 8190 8573
6 11040 2990 10080 3820 12760 8480 8195
7 12160 2930 12920 3320 13930 8420 8947
8 12480 2430 12390 3340 15650 8940 9205
9 11075 5120 12120 6580 13010 7710 9269
10 8655 4490 9410 5680 9710 6670 7436
1 10570 4405 11130 6310 11600 7440 8576
12 7985 3965 9190 5815 10330 7230 7419
13 12325 2910 12470 5855 12780 8190 9088
14 10560 3405 11420 6150 12760 8480 8796
15 12540 3125 13425 5870 13930 8420 9552
16 12435 2885 14020 6140 15650 8940 10012
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ness) of all other environments (Yan, 2001; Yan and Kang,
2003). Considering this, E3 was the most discriminating as
well as most representative, as it is far away from the plot ori-
gin and had the shortest projection onto ATC Y-axis, respec-
tively. The other environments where irrigation was applied
(E1 and ES5) were positioned close to E3, which indicates that
stable production of maize in this region is possible only with
irrigation. According to Tonk et al. (2011), those are the best
environments for genetic differentiation of experimental hy-
brids. On the other hand, the environments where irrigation
was not applied didn’t have the discriminating ability (were
not far away from the origin) and were not representative, as
they had large projection onto the ATC Y-axis (Figure 4).

Relationship among Environments

Relationship among the tested environments is indicated
in Figure 5. It represents the vectors of all six environments,
facilitating the determination of the relationship between en-
vironments. The vector length also represents the discrimi-
nating ability of the respective environment, and the cosine
of the angle between two environments shows the relation-
ship among them (Yan, 2001). Both E5 and E1 had the longer
vectors, thus they were the best for genetic differentiation of
hybrids. E6 was the least representative environment in this
study. The smallest angles between the vectors of E1 and E5
indicated that they had a strong relationship.

The seed companies are always competing for increas-
ing their share on the hybrid maize seed market (Tonk et al.,
2011). An essential goal in a breeding program is to provide
reliable information that will serve as a guide for selection of
the best genotypes that should be planted in following years
and to be able to predict yield as precisely as possible based on
limited experimental data (Crossa et al. 1990). GGE biplot ef-
fectively identified the maize hybrids which should be consid-
ered for growing in Ovce Pole region. Furthermore, using this
technique it was clearly established that high and stable yields
could be obtained only with irrigation. Different researchers
also found that GGE biplot analysis is a useful tool for detect-
ing test locations to select superior experimental maize hybrids
(Balestre et al., 2009; Ilker et al., 2009; de Oliveira et al., 2010;
Tonk et al., 2011; Khalil et al., 2011; Beyene et al., 2011).

Conclusions

The GGE biplot analysis identified the hybrids 16, with an av-
erage grain yield of 10012 kg ha'', 15 (9552 kg ha') and 13 (9088
kg ha') to be the most desirable hybrids for growing in Ovce
pole region. As those hybrids were not stable in non-irrigated
conditions, they may be considered for growing in this region,
but high and stable yield could be expected only with irrigation.
The hybrid 4 had the lowest seed yield (6910 kg ha') and was the
least stable across different environments. Also, the GGE biplot

Ranking Environments

AXIS2 1403 %
m
[#8
0\\
o

AXISTTE9T %

Relationship among environments

AXIS2 14 03 %

AXISTIEST %

Fig. 4. Comparison of environments with an ideal
environment. The hybrids are indicated by scattered
small circles while the environments are in upper case

Fig. 5. A genotype + genotype x environment interaction
biplot showing relationships among six environments
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methodology was useful tool for identification of environments
in which maize hybrids will have an optimal performance. This
technique can serve as a useful tool for recommendation of
maize hybrids for specific growing region taking into account
the specificities of hybrids and growing conditions.
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