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ABSTRACT

INTRODUCTION

Gene expression is subjected to modi-
fication by the environment; therefore, geno-
typic expression of the phenotype is environ-
mentally dependent (Kang, 1998). Genotypes
showing stable grain yield under varying envi-
ronments may be useful in a breeding program
for direct release as a commercial variety or

for evolving high yielding maize genotypes
well adapted to a wide range of macro-envi-
ronments. Yield trial is one of the most
common experiments in agricultural research,
typically testing a number of genotypes in a
number of environments. The improved maize
genotypes are evaluated in mega-environment
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trials (METsS) to test their performance across
different environments and to select the best
genotypes in  specific environments. Multi
environment trials are important in agronomy
and plant breeding studies because they aim
(i) to estimate and predict yield with high
precision, (i) to determine yield stability and
pattcrns of response in the environment, and
(ii1) to select the best genotype to be sown in
future years and new localities (Crossa, 1990).

In most cases, genotype x environ-
ment interaction (GEI) is observed, complica-
ting selection for improved yield. Some geno-
types may perform well in certain environ-
ments, but fail in several others. The most
widely used method to evaluate the phenol-
typic stability is the regression method, based
on regressing the mean value of each geno-
type on the environmental index or marginal
means of environments (Romagosa and Fox,
1993; Tesemma et al, 1998). Eberhart &
Russel (1966) investigated a model to test the
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a unit regression over the environments (b= 1)
and minimum deviation from the regression
(S*d= 0). Therefore, a variety with a high
mean vield over the environments, unit
regression coefficient (b=1), and deviation
from regression as small as possible (Sd= 0),
will be a better choice as a stable variety.

Genotype x environment interaction
was studied by different researchers in various
crops (Singh ef al., 1987; Jain and Pandya
1988; Rao and Suryawanshi 1988; Ashraf et
al., 2001; Zubair and Ghafoor, 2001). Also,
stability parameters have also been studied in
maize for measuring phenotypic stability
(Scapim et al, 2000; Worku et al., 2001,
Rasul ef al, 2005 and Soliman, 2006), but
these parameters are still very important
informations that should be available for the
forth-coming maize hybnds. Therefore, the
present investigation aimed at evaluating the
GEI for some newly developed whitc maize
hybrids and to- estimate their yield stability

stability of varieties under different environ- under different METs conditions.
ments. They defined a stable variety as having
MATERIALS AND METHODS

Twelve white maize single crosses
developed at Giza Rescarch Station, Agri-
culture Research Center, which have been
denoted as G1 to G12, along with two comer-
cial white check hybrids, i.e. SC10 and SC129
were field evaluated in replicated METs at
nine locations ie. Behaira (Envl), Kafr El
Seikh (Env2), Dakahlia (Env3), Monofia
(Env4), Sharkia (EnvS), Beni Suief (Envé),
Minia (Env7), Assuit (Env8), and Sohag
(Env9), during the summer season of 2008.
Each location was considered as a macro-
environment. Randomized complete block
design (RCBD) with six replications was
used. Each cross was planted in a 4-row plot,
6 m long and 0.8 m apart. Planting was done
in hills spaced 0.25 m along the row. Two
kemels were planted per hill and then thinned
to one plant per hill prior to the first irrigation,
giving a plant density of approximately 22000
plants feddan" (Feddan = 4200 m?. All
cultural practices were applied as reco-
mmended at the proper time. At maturity, ears
of the two central rows of each plot was
harvested, weighed and a sample of 5 kg plot’
were taken for measuring moisture percen-
tage. Grain yield was adjusted to 15.5% mois-
ture content and recorded in ardabs/feddan,

where one ardab = 140 kg. Each of these nine
environments was considered as an indepen-
dent environment in the statistical analysis.

Analysis of variance (ANOVA) for
each environment and combined analysis of
variance across environments were computed
for grain yicld. Bartlett’s test according to
Gomez and Gomez (1984) was also computed
to test the homogeneity of variances prior to
combined analysis. Stability of yield perfor-
mance of each genotype was calculated by
regressing the mean yield if individual geno-
type on environmental index and calculating
the deviation from regression as suggested by
Eberhart and Russell (1966). However, reg-
ression coefficient (bi) was considered as an
indication of the response of the genotype io
varying environments while mean square for
deviation from regression (5°di) was used as
the criterion of stability as suggested by
Becker and Leon (1988). According to this
model, an ideal genotype should have high
mean (p > X), a unit regression coefficient
(b=1) and no deviation from linearity (S =
0). The basic model for the Eberhart and
Russel (1966) model is shown as follows:

Yij= i+ bii +1j + 8ij, where
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Yij= genotypic mean of the ith genotype at
the jth environment.

w= mean of the ith genotype over all envi-
ronments,

bi=  regression cocfficient which measures

the response of ith genotype to environ-
ments
II= environmental index as mean of all
genotypes at jth environment minus the
overall mean, and
deviation from regression coefficient of
ith genotype at jth environment.

o=

The regression coefficients (b)) were
tested for significant difference from unity
using “t test”, while the sxguﬁcanco of the
deviations from regression (S’di) from zero
was tested by the “F test”. Coefficient of
determination (R?) was computed for each
genotype by individual linear regression ana-
lysis (Pinthus, 1973). All statistical analyses
were performed using the SAS (Statistical
Analyses Systems) program (SAS Institute,
1999).

RESULTS AND DISCUSSION

Analysis of variance for grain yield
revealed significant differences (P < 0.01)
among the genotypes (G), and environments
(E). Test of homogeneity of the error mean
squares across all environments indicating the
possibility of conducting combined analysis.
Hence, the combined analysis was performed
in this study. Combined analysis also revealed
that tested genotypes differed significantly
from an environment to another (Table 1).
Significant differences among the testing envi-
ronments, and genotypes x environments
interactions (GEI) were also detected (Table
1). In this regard, Eberhart and Russell (1966),
and Freeman and Perkins (1971) documented
that the main cause of the differences among
genotypes in their yield stability trials was the
wide occurrence of GEL Thus, maize breeders
should breed to develop high yielding and
more uniform hybrids under varied environ-
mental conditions. The presence of significant
GEI showed the inconsistency of maize
genotypes performance across the testing
environments and advocating the adequacy of
stability analysis. Partitioning of GEI into G x
E (linear) and pooled deviations (non-linear)
revealed - significance of both effects when
tested against pooled error, indicating that
both components contributed for GEL Similar
results in maize have been reported by Scapim
et al. (2000), Worku ef al. (2001), Rasul ef al
(2005), and Soliman (2006). Genotype x
environment (linear) component was non sig-
nificant when tested against pooled deviation
from regression indicating the equal impo-
rtance of both predictable and unpredictable
interaction in these materials. These results are
in conformity with the findings of Chaudhary

et al. (1994) in field pea and Worku ef al.
(2001) in maize.

Based on the combined data, grain
vield of all crosses ranged from 28.67 ardabs
feddan™ (G11) to 32.00 ardabs feddan™ (G2)
with an average of 30.62 ardabs feddan’
(Table 2). Three crosses (G2, Gl, and GS5)
were superiors and surpassed the hlghest
check hybrid SC10 (3156 ardabs feddan™).
These crosses did not differ significantly from
the commercial check hybrid SC10. Coeffi-
cients of variation (CV %) were below 15% at
all environments. In this regard, Abd El-Aziz
(2000) and Soliman (2006) found that the
differences in mean performance of a particu-
lar set of genotypes were considered to be
mainly due to the use of those new improved
varieties or hybrids, the differences among
environments, and could be attributed to the
farmer factor, as well as, the variation in soil
fertility.

The environmental index for each
environment was calculated as the difference
between the environment mean and the mean
over all environments. Estimates of environ-
mental index (Table 3) showed that Kafr El
Sheikh was the most favorable environment,
which was linked to the highest grain yield,
while Sharkia was the poorest yiclding envi-
ronment. This suggests that the performance
of the tested genotypes varied from one
environment to another. Environmental means
revealed that Kafr El Sheikh (Env2) had the
lughest environmental average (36.79 ardabs
feddan), while Sharkia had the lowest
average (23.97 ardabs feddan™) (Table 2).
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Table (1): Analysis of variance (ANOVA) for stability of grain yield for the 14 maize
crosses evaluated at 9 locations in 2008 season.

Source of variation Df Sum of squares Mean squares
Genotype (G) 13 848.61 65.28%*
Environments (E) 8 12766.01 1595.75%*

GxE 104 2605.38 25.05**
Environment + (G x E) 112 15371.39 137.24**
E (linear) 1 12716.06 12716.06**
G X E (linear) 13 293.67 22 59**
Pooled deviation 98 2361.66 24.10%*
Gl 7 187.60 26.80**
G2 7 70.94 10.13
G3 7 144.93 20.70**
G4 7 257.69 36.81*%*
GS 7 115.15 16.45*
G6 7 157.84 22.55%*
G7 7 68.05 9.72
G8 7 27.25 3.89
G9 7 176.98 25.28**
G10 7 225.12 32.16**
Gl11 7 86.27 12.32
G12 7 198.46 28.35%*
SC10 7 256.50 36.64%* -
SC129 7 388.87 55.55%*
Pooled error 585 3909.14 6.68

* Significant at the 0.05 probability level. ** Significant at the 0.01 probability level.

Table (2): Average grain yield (ardabs feddan') of 14 maize crosses evaluated at 9
environments (Env) in 2008 season.

Cross Envl Env2 |Env3 | Env4 |EnvS|Env6 |Env7 | Env8| Env9 | Average
Gl 3559 | 4042 | 3495 | 3474 | 26.43 | 26.84 | 29.44 | 31.96 | 27.28 | 31.96
G2 3795|3922 | 33.76 | 36.41 | 25.57 | 27.47 | 30.19 | 29.10 | 28.30 | 32.00
G3 32.14 | 3625 | 33.38 | 3456 | 2490 | 25.86 | 28.94 | 2544 | 24.14 | 29.51
G4 32.80 [ 4120 [ 3292 | 32.33 | 23.24 [ 23.01 | 29.49 | 28.78 | 25.66 | 2994
GS 33.54 (3747 | 3438 | 37.01 | 24.17 | 28.60 | 29.19 | 26.75 | 32.99 | 3157
G6 31.99 [ 39.11 | 33.19 | 33.88 | 22.53 | 23.50 | 30.54 | 29.93 | 29.94 | 30.51
G7 31.98 [ 3630 | 32.44 1 34.11 | 24.83 | 28.02 | 29.02 | 26.07 | 26.67 | 29.94
G8 32.17 | 3458 | 30.51 { 33.04 | 23.40 | 26.06 | 28.72 | 24.93 | 2849 | 29.10
GY 33.84 [ 35.68 | 33.28 | 33.53 | 22.59 | 28.97 | 30.83 | 25.50 | 25.35 | 29.95
G10 3559 | 31.53 | 35.47 | 34.83 | 2594 | 26.68 | 28.47 | 30.81 | 3140 | 31.19
G11 3137 | 34.06 | 3045 | 36.43 | 20.40 | 23.17 | 28.10 | 26.55 | 27.53 | 28.67
G12 3323 | 3553 (3249 | 38.78 | 2432 | 26.17 [ 31.64 | 27.91 | 33.66 | 31.53
SC10 36.78 1 4253 [ 31.09 | 36.75 | 2455 | 27.01 | 2748 | 2592 | 31.92 | 31.56
SC129 36.79 | 31.13 | 3422 | 36.54 | 22.68 | 26.71 | 31.07 | 28.06 | 33.93 | 31.24
Env. Average | 33.98 | 36.79 | 33.04 | 35.21 | 23.97 | 26.29 | 29.51 | 27.69 29.09 | 30.62
LSD g5 350 | 320 | 252 | 265 | 389 | 340 | 244 | 227 | 252 | 117
CV% 893 | 754 | 671 | 654 | 14.08 | 1123 | 7.18 | 7.10 | 7.50 | 10.08
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Table (3):Estimates of environmental index for grain yield at 9 locations.

Environment Environmental index
Behaira (Env1) 3.36
Kafr El Sheikh (Env2) 6.17
Dakahlia (Env3) 242
Monofia (Env4) 4.59
Sharkia (Env5) -6.65
Beni Suief (Env6) -4,33
Minia (Env?) -1.11
Assuit (Env8) -2.93
Sohag (Env9) -1.53
0

In the present investigation, the simu-
ltaneous considcration of the three stability
parameters for the individual genotype revea-
led that the regression coefficients of all geno-
types were not significantly different from
unity. Therefore, the stable performance of the
genotypes in this case is predicted on the basis
of the other two parameters, i.e., deviation
from regression and average yield over all the
environments (Zubair ef al., 2002) Qut of the

l4-evaluated crosses, 10 crosses had signifi-
cant deviation mean squarcs from linear reg-
ression, implying that these genotypes were
unstable across environments (Table 4).
Single cross SC129 (check) had the highest
S°d; value, mdicating its sensitivity to environ-
mental changes and an unpredictable grain
yield (Eberhart and Russel, 1966), while the
lowest value was coupled to G8. The coeffi-
cient of determination (R?) values ranged from
0.65 to 0.96 for grain yield, suggesting that a
large portion of variation for this trait could be

attributed to linear regression on environ-
mental index. Similar results had been repor-
ted in maize by Worku et al. (2001). Single
cross SC10 (check) had the highest value of
regression coefficient (b; = 1.29) and had
average grain yield more than the general
mean (31.56 ardabs feddan') indicating its
high performance under favorable conditions
and improved environments. Single cross
(G10) would be especially good for unfavora-
ble environments. Hence, it had greater grain
yield than the average grain yield of all tested
genotypes, and lower value of regression
coefficient (b; = 0.68). Single cross (G2) had
the highest yield (32.00 ardabs feddan), a
regression coefficient close to unity (b =
1.11), and small insignificant deviation from
regression (S°d; = 10.13). In addition, its R?
value was 0.94, confirming its stability. Thus,
this cross considered the most stable cross for
grain yield according to Finlay and Wilkinson,
1963; Eberhart and Russell, 1966. '

Table (4): Mean grain yield (ardabs feddan), regression coefficient (b), mean square deviation (S’di) and

Coefficient of determination

for 14 maize crosses evaluated at 9 environments.

Crosses Mean b S*di R
Gl 31.96 1.01 _26.80** 0.83
G2 32.00 1.11 10.13 0.94
G3 29.51 0.99 20.70** 0.86
G4 29.94 1.20 36.81** 0.84
G5 31.57 1.00 16.45* 0.90
G6 30.51 1.10 22.55%+ 0.88
G7 29.94 0.86 9.72 0.91
G8 29.10 0.86 3.89 0.96
G9 29.95 0.96 25.28** 0.82
G10 31.19 0.68 32.16%* 0.65
G11 28.67 1.12 12.32 0.93
G12 31.53 0.95 28.35*%% 0.81
SC10 (check) 31.56 1.29 36.64%* 0.86
SC129 (check) 31.24 0.87 55.55%¢* 0.64
Mean 30.62 1 0.85

LSDg s 1.17

* Significant at the 0.05 probability level.

** Significant at the 0.01 probability level.
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It could be concluded that response
levels of most of genotypes differed for
stability parameters. Genotype (G2) showed a
stable performance under different environ-

ments, giving the highest grain yield, non-
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significant unit regression coefficient, and also
exhibited low insignificant deviations from
regression. Thus, this single cross (G2) should
be released as a commercial hybrid.
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