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ABSTRACT - Seventeen hybrid maize genotypes were evaluated at four different locations in 2005 and 2006 cropping seasons
under irrigated conditions in Turkey. The analysis of variance showed that mean squares of environments (E), genotypes (G) and
GE interactions (GEI) were highly significant and accounted for 74, 7 and 19 % of treatment combination sum squares, respectively.
To determine the effects of GEI on grain yield, the data were subjected to the GGE biplot analysis. Maize hybrid G16 can be proposed
as reliably growing in test locations for high grain yield. Also, only the Yenisehir location could be best representative of overall
locations for deciding about which experimental hybrids can be recommended for grain yield in this study. Consequently, using of
grain yield per plant instead of grain yield per plot in hybrid maize breeding programs could be preferred by private companies due
to some advantages.
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INTRODUCTION

Maize (Zea mays L.) is the third most important cereal
food crop of the world after wheat and rice (Poehlman 1979).
Hybrid maize cultivars are grown in approximately 500.000
hectares annually in majority maize production areas of
Turkey. Maize production is carried out mostly in Marmara
(Marmora) in North Western, Ege (Aegean) in Western
and Akdeniz (Mediterranean) in Southern Regions of
Turkey. Newly improved hybrid maize cultivar candidates
by private seed companies need to be tested at many
locations and for several years before being recommended
to grow in a given location. Multi-environment yield trials
evaluated in terms of plot yield are used in the final
selection cycles to identify superior hybrid maize cultivar
candidates in maize breeding programs. On the other hand,
some researchers consider plant yield individually instead

of plot yield to predict grain yield per area (Tollenaar et al.
2004, Carena 2005, Boomsma et al. 2009). Although both
methods are used in hybrid maize breeding programs,
harvesting of single plant may have some advantages in
terms of time consuming, labor and cost.

Evaluation of genotypic performances of hybrid
maize cultivar candidates in a number of environments
provides useful information to identify their adaptation
and stability (Crossa 1990). Kang et al. (1991) indicated
that selection based on yield only may not always be
adequate when genotype x environment interaction is
significant. In addition, they proposed that the use of a
rank-sum method is an alternative when testing is done in
diverse environments.

Genotype x environment interaction in multi-
environment trials refers to differential responses of
genotypes across a range of environments (Kang 1998).
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Most important agronomical and economical traits such
as grain yield, are quantitative in nature and routinely
exhibit genotype x environment interaction (Fan et al. 2007)
Genotype x environment interactions determined in multi
location trials reduced the correlation between phenotypic
and genotypic values and have been found to reduce gain
from selection (Comstock and Moll 1963). The development
of maize hybrids which are high-yielding and relatively
stable when grown in different environments is of fundamental
importance to commercial maize production (Gama and
Hallauer 1980). At the same time, Scott (1967) explained
that yield stability in maize is under genetic control and,
thus, suitable for selection.

There have been many attempts to analyze genotype
x environment interaction for registered varieties of maize
hybrid under different environments. Signor et al. (2001)
interpreted that genotype x environment interaction was
investigated for grain yield of 132 early maize hybrids in
229 environments over 12 years. They expressed that
flowering earliness of hybrids, water balance around
flowering and mean temperature from the 12 leaf stage to
the end of the grain filling phase were determinants of
genotype x environment interaction for grain yield in the
considered area. Kang and Gorman (1989) implied that the
17 hybrid maize cultivars evaluated in their study were
more affected by differential fertility or cultural practices
than by the weather factors. They concluded that none of
them significantly affected genotype x environment
interaction for corn yield. Giauffret et al. (2000) showed
yield instability to the genotype x environment interactions
observed for vegetative or flowering traits, and determined
the response of these vegetative or flowering traits to
temperature and photoperiod in maize hybrids. Besides,
Oliveira et al. (2003) stated that most maize hybrids
demostrated low contribution to genotype x environment
interaction, although the single crosses presented greater
mean yield, and the double hybrids showed greater yield
stability for ten environments in Central Brazil.

GGE (genotype + genotype-by-environment
interaction) biplot analysis is used to identify some of the
least discriminating locations and representing test
locations (Fan et al. 2007). The same researchers implied
that the GGE biplot methodology was a useful tool for
identifying locations that optimized the cultivars
performance and for making better use of limited resources
available for the testing program. Also, Dehghani et al.
(2009) proposed that the GGE biplot method can be used
to identify superior maize genotypes for target sites in

Iran. Furthermore, Balestre et al. (2009) indicated that the
GGE biplot analysis was superior to the graph AMMI1
mega-environment for being more efficient in explaining
the sum of squares of GE and G + GE, due to confirmed by
its greater predictive accuracy in maize hybrids.

Our objectives were to investigate the stability of
performance for grain yield using single plant of some
hybrid maize candidates tested across a number of
environments under Mediterranean conditions in Turkey
via the GGE biplot software (Yan 2001). The information
generated at the end of the study can be useful for plant
breeders for the pre-selection of experimental hybrids in
maize breeding programs.

MATERIAL  AND  METHODS

Seventeen maize genotypes (Table 1) were evaluated
at four locations (Yenisehir-Marmora Region; Bornova-
Aegean Region; Ceyhan-Mediterranean Region; Seyhan-
Mediterranean Region) in 2005 and 2006 cropping seasons
under irrigated conditions. A randomized complete block
design with three replications was used. Each plot had
four rows of 5 m lengths with spacing of 70 cm between
rows and 18 cm between plants within row. Two seeds
were planted per hill and then thinned to one plant per hill
to have a final plant 79,286 plants ha-1. To reduce border
effects, plant samples were taken from the two central rows

Table 1. Genotype code and name of hybrid maize cultivars and
experimental hybrids in the trials
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of performance in addition to an average or maximum
performance.

The mean grain yield of the hybrid maize genotypes
was given in Table 3 and the maximum plant yield values
at each environment were underlined. Analysis of variance
was constructed to determine the effects of environments
(E), genotypes (G) and genotype x environment interactions
(GEI). The results of combined analysis of grain yield were
shown in Table 4. It appeared that the grain yields of the
hybrid maize genotypes were significantly affected by
environment which explained 74 % of the total variation
(G+E+GEI), whereas genotype and genotype x environment
interaction which accounted for 7 % and 19 %, respectively
(Table 4). Also, the partitioning of GGE through GGE biplot
analysis showed that the first 2PCs explained 61.2 % of
total variance (34.8 % and 26.41 by PC1 and PC2, respectively)
(Table 5).

Visualization of the which-won-where pattern of
multi-environment yield trials data may reveal the different
mega environments in a region. The polygon is drawn by
connecting the vertex genotypes that are further away
from the biplot origin. The rays in Figure 1 were formed as
perpendicular to the sides of the polygon or their extensions.
Ray 1 was perpendicular to the side that connects genotypes
G15 and G17; Ray 2 was perpendicular to extension of G9
and G17; Ray 3 was perpendicular to side G9 and G10;
similarly, Ray 4 was perpendicular to side G10 and G5; Ray
5 to side G5 and G12; Ray 6 to side G12 and G15. These six
rays divided the biplot into 6 sectors and five environments
fell into sector 2, two environments fell into sector 6 and
one environment fell into sector 5 (Figure 1).

Figure 1 indicates that there exists one possible hybrid
maize mega environment in hybrid maize tested areas
represented by genotypes G17 and G9 for grain yield per
plant. This mega environment (Yenisehir location, Y5 in
2005 and Y6 in 2006) corresponded to environments and
genotypes falling into sector 2. Also, this mega environment
pattern for grain yield needs verifying through multi-year
and environment experiments. Indeed, it has been known
that some private hybrid maize seed companies (Monsanto,
Cargill, AgroMar, Limagrain etc.) have carried out their
hybrid maize yield trials in the same sites (Yenisehir and
Ceyhan) of this mega environment.

Grain yield performances and stability of genotypes
are examined by an average environment coordination
method (Yan 2002). An average environment is demonstrated
by using average PC1 and PC2 scores of all environments,
indicated by a small circle (Figure 2). A line is then drawn to

of each plot. Fourteen experimental hybrids developed by
MayAgro Seed Corporation (Private Company) and three
check maize hybrid cultivars were included in this study.

The locations where the experiment was conducted
were different in soil type and mean seasonal rainfall
(Tableo2). Also the years differentiated in terms of mean
seasonal rainfall. Therefore, locations in each year were
considered as different environments because the locations,
years and location x year interaction were determined
significantly (Table 4). Besides, temperature and relative
humidity didn’t vary in both the locations and the years.
Several traits were assessed but only data for grain yield
per plant (g/plant, at 15.0 % grain moisture) was obtained on
the basis of two rows, was reported here. Measurements
for grain yield per plant were taken on ten competitive
plants within each plot of the hybrid maize genotypes.

Table 2. Seasonal rainfall and soil type of the test locations in 2005
and 2006

* Mean rainfall during April to October.

Combinations of years (2005 and 2006) and four
locations were treated as eight environments. To determine
the effects of genotype x environment interaction for grain
yield, the data (Table 3) were first subjected to ANOVA
(Analysis of variance) analysis. Then GGE biplot software
(Yan 2001) was used to graphically show the genotypes
and environments. Angles between environment vectors
were used to judge correlations (similarities/dissimilarities)
between pairs of environments (Yan and Kang 2003). A
GGE distance was computed and correlated with yield-
stability statistic (YSi).

RESULTS  AND  DISCUSSION

Currently, almost all maize cultivars grown in Turkey
are single cross hybrids. The main reason for transition
from heterogeneous stands of open-pollinated varieties
to homogeneous stands of single-cross hybrids during
the last decade has higher mean yield of single cross hybrid
cultivars. Selecting a hybrid cultivar for diverse maize growing
areas of Turkey requires that maize growers consider stability

,
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The ordinate of the average environment coordination is
the line that passed through the origin and is perpendicular
to the average environment coordination abscissa (Figureo2).
Average environment coordination abscissa is indicated
with one direction arrow and implied the greater genotype
main effect. On the other hand, average environment
coordination ordinate is shown by double arrows, either
directing away from the biplot origin suggests greater
genotype x environment interaction effect and reduced
stability. The average environment coordination ordinate
distinguishes genotypes with below-average means from

Table 3. Mean grain yields (kg ha-1) converted from grain yield per plant of 17 maize genotypes tested in 8 environments

Underlined values are highest yields at each test environments.

Table 4. Combined analysis of variance of grain yield per plant of 17 hybrid maize genotypes tested across 8 environments

**  Significant at the 0.01 level of probability.

Table 5. GGE-biplot analysis of grain yield per plant of 17 hybrid
maize genotypes tested across 8 environments

pass through this average environment and the biplot origin.
This line is called the average environment axis and serves
as the abscissa of the average environment coordination.
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those with above-average means. Also, the mean grain
yield of genotypes is estimated by the projections of their
markers to the average environment coordination abscissa
(Kaya et al. 2006). Maize hybrids with above mean yield of
all genotypes were in between G17 and G4 while genotypes
with below-average means changed from G2 to G5. The
length of the average environment vector (the distance
from biplot origin and the average environment marker)
indicates the relative importance of genotype main effect
within genotype x environment interaction. If the length
of the average environment vector is longer, the genotype

main effect within genotype x environment interaction
means more important and more meaningful the selection
based on mean performance. In our study, the length of
the average environment vector was enough to select hybrid
maize genotypes based on grain yield per plant. Genotypes
with above-average means could be selected based on
mean grain yield. Also genotypic stability is usually important
in addition to mean yield of a genotype. A longer projection
to the average environment ordinate demonstrates which
genotypes are more variable and less stable across
environments. Genotypes G16 and G4 were more stable as

Figure 1. Polygon views of the GGE biplot for the genotype by environment 2-way data.
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well as high yielding. Conversely, G9 and G12 were more
variable, but high yielding.

An ideal genotype grown in test environments in
our study should possess the highest mean performance
and absolutely stability. Such an ideal hybrid maize
genotype having high plant yielding genotypes and with
zero genotypes x environment interaction should be described
by having the greatest vector length from origin of biplot
to the genotype markers. The highest plant yielding
genotypes G9, and G17 were obtained as unstable because
they have longer vector lengths. Whereas G16 was a higher

plant yielding and stable genotype because it has a short
vector length (Figure 2).

When the biplot fits data perfectly, the cosine of
the angel between two vectors represents the correlation
between them. The vector length corresponds to
discriminating ability (Yan and Kang 2003). The
environments C5, C6, Y5, Y6, and S6 had longer vectors
than other environments (Figure 3). Thus, they were the
best environments for genetic differentiation of experimental
hybrids. The most non-discriminating location was Bornova
in both years for grain yield per plant. Also, the poorest

Figure 2. Average environment coordination views of the GGE-biplot based on environment-focused scaling for the mean performance
and stability of genotypes.
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test environment relative to ideal environment was the
Bornova location. Figure 3 indicated that the angles
between the environmental vectors of C5 and C6 were
fairly different. On the other hand, the angles between S5
and S6 or B5 and B6 or Y5 and Y6 were quite similar. This
situation demonstrated that these environments responded
similarly for yield per plant in both years. Therefore, in our
study, Yenisehir location (Y5 in 2005 and Y6 in 2006) was
identified the best environment to select superior hybrid
maize candidates for grain yield per plant in the maize
breeding program.

There is severe competition among the private seed
companies in hybrid seed marketing. Thus, all of the seed
companies want to increase their market share in the hybrid
maize seed market. Therefore, they have to develop their
new hybrid cultivars as soon as possible. A vital goal in
the breeding program is to provide reliable guidance for
selecting the best genotypes for planting in future years
and to predict yield as precisely as possible based on
limited experimental data (Crossa et al. 1990). When
considered from this point of view, the GGE biplot analysis
as proposed by Balestre et al. (2009) is a useful tool for

Figure 3. GGE-biplot based on genotype and environment focused scaling for comparison genotype and environments.

,
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Avaliação da interação genótipo x ambiente em híbridos de

milho usando análise GGE biplot

RESUMO - Avaliaram-se 17 genótipos híbridos de milho na Turquia, em quatro diferentes locais e épocas de cultivo e sob
irrigação, durante 2005 e 2006. A análise de variância revelou que os quadrados médios para ambientes (E), genótipos (G) e
interação G x E foram altamente significantes e corresponderam a 74, 7 e 19 % da soma de quadrados da combinação tratamentos,
respectivamente. Os dados foram submetidos à análise de GGE biplot para se determinar os efeitos da interação G x E na produção
de grãos, O híbrido G16 revelou-se altamente produtivo nos locais de teste. Yenisehir se mostrou o mais representativo dos locais
para tomada de decisão sobre a recomendação de híbridos experimentais. Por fim, a tomada da produção de grãos por planta ao
invés da produção por parcela nos programas de melhoramento de híbridos de milho apresentou algumas vantagens e deve ser
preferida pelas companies privadas.

Palavras-chave: milho, produção de grãos, mega-ambientes.

identifying test locations to select the superior experimental
hybrids on maize breeding programs.

In our study, the GGE biplot analysis revealed G16
hybrids to be highly adapted to the test environments for
grain yield per plant. In the present study, it appeared that
the Yenisehir location as a test environment seems to be
sufficient for deciding hybrid recommendation. However,
Ilker et al. (2009) informed that the best test environment
was determined as Ceyhan location considering grain yield
per plot using the same genotypes. Furthermore, it was
found that the highest yielding genotypes (G9, G17 and
G16) among the hybrid maize candidates for grain yield
per plant similar to those of high-yielding genotypes for
grain yield per plot via GGE biplot analysis. Especially,
G16 maize hybrid was determined to have both high grain
yield and stability as it was indicated for grain yield per

plot (Ilker et al. 2009). Therefore, for hybrid recommendation,
using the grain yield per plant instead of grain yield per
plot in hybrid maize breeding programs may have some
advantages with respect to time consumption, labor and
cost which are preferred by private companies. This
information is expected to be beneficial for plant breeders
of private companies in performance trials to identify the
high yielding cultivars to use their limited resources
economically.
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