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ABSTRACT

Four field experiments were conducted at Sakha, Gemmeiza, Sids and
Mallawi Research Stations, Egypt in 2005, to evaluate the performance and the
GXE interaction of thirteen promising yellow single crosses in addition to three
commercial single crosses (SCI55, SC3080 and SC3084) using RCBD with four
replications.. Highly significant additive genotypic ( i.e., in the positive and/or
negative directions) and environmental effects were found for grain yield, G x E
interaction was significant qfter partitioning to IPCA significant axis, leaving the
non-significant part in the residual. Single crosses, G2, G4 and G9 differ in the
additive effects but de not differ much in the interaction effect and hence, they
are considered as stable hybrids. Besides, differences in their performance
depend mainly on differences in their additive genotypic effects. G2 had the
highest additive genotypic effect followed by G5, G6, G8, G15 and G10. In
contrast, G4, G9, GI12 and G16 are in the negative genotypic side. Sakha
Jollowed by Mallawi had the highest positive additive effects among all
environments, while Sids and Gemmeiza had negative additive gffects. Sakha and
Gemmeiza had the highest interaction scores. G14 followed by G15, G10 and G8
in the negative side and G11, G3 and G5 in the positive side, had the highest
interaction scores. The interactions of G11, G3 and G5 at Sakha, in the positive
side and G14, GI5, GI10 and G8, at Gemmeiza, in the negative side, are positive
as well. These interactions represent the highest interactions among all
genotype-environment combinations.
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INTRODUCTION

Performance of a maize hybrid depends on the genotype (G),
environment (E) and genotype x environment (G x E) interaction.
Genotypes are considered to be stable as long as the G x E interaction is not
significant. Powerful statistical models would provide plant breeders with
more precise estimation to the G x E interaction and consequently more
accurate information about the performance of maize genotypes over
different environments. One of the powerful statistical models which can
provide an accurate estimation of the genotype x environment interaction is
the additive main effect and multiplicative interaction (AMMI) statistical
model. The AMMI model incorporates multivariate techniques, such as
principal components analysis (PCA) and the additive effects of the analysis



of variance, where the additive main effects and multiplicative components
are estimated according to Mandel (1971); Bradu and Gabriel (1978) and
Gauch and Zobel (1990). The analysis of variance (ANOVA) is an additive
model and therefore describes only the main effects effectively (Snedecor
and Cochran, 1980). ANOVA can test the significance of the G x E
interaction, but this test may prove to be misleading and provide no insight
into the particular patterns of genotypes or environments that give rise to the
interaction (Zobel et a/ 1988, Mahgoub and Sadek 1995, Sadek et af 1995,
Vargas ef al 1999 and Gabour 2003). Gauch (1992) reported that the first
PCA axis is placed in that direction for which the sum of squared
perpendicular projections of the points off the PCA axis is minimized, and
the second PCA axis may then be defined perpendicular (uncorrelated) to
the first, accounting for as much of the remaining interaction sum of squares
as possible. Mandel (1969) describes the ANOVA as a subcase of the
AMMI model and concludes that it can be diagnosed from the AMMI
model. Zobel et al (1988) reported that experimental design (randomized
complete block, completely randoimized design, Latin square, etc.) is not a
significant consideration in the selection of an appropriate model(s).

The objective of this study was to estimate the additive and interaction
effects of some newly maize single crosses at different environments and
hence their stability using the AMMI model.

MATERIALS AND METHODS

Thirtecen promising yellow single crosses (GI through G13) were
resulted from crossing new thirteen yellow maize inbred lines, i.e. GZ-18,
GZ-19, GZ-25, GZ-79, improved GZ-614 (1), (10), (12), (18), (27). (30),
(36), (37), and (38) with the high general combining ability (GCA) inbred
line GZ-639 were developed at Giza Res. St., Field Crops Res. Inst., Agric.
Res. Center during 2004 growing season. These crosses in addition to three
commercial single crosses, viz. SC155 (G14), SC3080 (G15) and SC3084
(G16) were evaluated during 2005 season.

The field experiments were conducted at Sakha (SK), Gemmeiza
(GM), Sids (SD) and Mallawi (ML) Research Stations, Egypt.

Nitrogen fertilizer of 120 kg N/fed in Urea form was splitted into two
equal doses and was applied before the first and second irrigation’s.
Moreover 30 kg P2Os and 24 kg K;O/fed were applied for all plots. Plots
consisted of two rows. Rows were 6 m long x 70 cm wide. Two to three
kernels were planted per hill, 30 cm between hills then thinned to one
plant/hill before the first irrigation, giving a plant density of 21,000
plants/fed. The experimental design was a randomized complete block with
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four replications. Ears were harvested at maturity, weighed, shelled and
sample of bout 5 kg/plot were taken for measuring moisture percent. Grain
yield was adjusted to 15.5 % grain moisture content. Analysis of variance
was done for grain yield data according to Snedecor and Cochran (1980).
Statistical analysis for the additive main effect and multiplicative
interaction model (AMMI) was performed by MATMODEL (Gauch 1986},
where the non-significant axes were pooled in the residual. The AMMI
model is:

Yge=p'+ag+Bc+znA'ncgnnen+®ge+sgtr-

Where, Y. is the yield of the i genotypes in the ™ environments; p is the
grand mean, ¢ is the genotype mean deviation, B, is the environment mean
deviation, A, is the eigen value of the PCA axes, n, £ and me, are the
genotype and environment PCA scores for the PCA axes, @, is the residual
and eger is the error for the deviation between the Yy, treatment mean and
the single observation for the replicate r.

RESULTS AND DISCUSSION

Highly significant additive (positive) genotypic and environmental
effects were found for grain yield (Table 1}. G x E interaction was not
significant according to the ordinary analysis of variance {ANOVA).
However, this interaction was partitioned to a significant IPCA [, leaving
the non-significant part in the residual (the non significant IPCAII and III).
The additive main effect of the genotypic variance and multiplicative
interaction model (AMMI) was therefore effective to detect the significant
part of the G x E interaction after its partitioning. The IPCA I axis for grain
yield was able to capture 62 % of the total G x E interaction sum of squares,
resulting in a highly significant result. This indicated that the AMM! model
was more powerful than the ordinary ANOVA in detecting real differences
among the genotypes in terms of their interaction with different
environments. These results are in agreement with Zobel er ol (1988),
Gauch (1992), Mahgoub and Sadek (1995), El-Sherbieny et ol (1996),
Vargas et al (1999), Ghabour (2003) and Mahmoud and Atia (2005).

Partitioning of the data revealed the superiority for the AMMI
statistical model, since it can further analyze the interaction data beyond
that possible with ANOVA. Moreover, the AMMI model should be used to
detect the significant interaction which might not be observed by the
ordinary ANOVA.
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Table 1.  Analysis of variance according to the AMMI model for grain yield, where

GxE interaction was partitioned into IPCAI and the residual.

F—S—ource of variation dr Ss MS
Replications 3 32.60 10.87
Genotypes (G) 15 460.50 30.70%*
Environments (E) 3 8396.02 2798.67%*
G E 45 780.13 17.34

IPCA L 17 487.49 28.68**

Residual 28 292.64 10.45
Error 189 2011.02 10.64
Total 255 11680.28 —
1- Genotypes

Figure | represents the biplot of the AMMI results. A total of 16
yellow single crosses G1 through G16 are shown. The abscissa represents
the additive effects of the genotypes (the deviation of the genotype means
from the grand mean), and the environments (the deviation of the
environment means from the grand mean), and the ordinate shows the first
[PCA axis. In the biplot, when a genotype and an environment have the
same sign on the IPCA axis, their interaction is positive (the interaction is
mainly the product of the multiplication of the genotype score and the
environment score). Therefore, the G x E interaction is negative if the
genotype and the environment have different signs. In general, genotypes
fit better to environments on their side (positive or negative) resulting in a
positive in:zraction, and do not fit to environment on the other side, which
results in a negative interaction. If a genotype or an environment has an
IPCA score of nearly zero it has small interaction effects.

For example, G2, G4 and G9 differ in the additive effects but do not
differ much in the interaction effect (IPCA I scores). These hybrids are
considered to be stable in terms of their interactions with different
environments. Furthermore, the performance of hybrids depends mainly on
their additive effects, Hybrid G2 had the highest additive effect, followed
by G5, G6, G4, G8, G15 and G10 whereas G14, G9, GI2 and G16 in the
negative side and G7 in the positive side had the lowest additive effects.
This indicated that the additive effect controls to a large extent the overall
performance of the hybrids, especially those hybrids that do not interact
much with different environments, (Zobel et o/ 1988, Gauch, 1992,
Mahgoub and sadek 1995, Sadek er a/ 1995, El-Sherbieny et al 1996,
Vargas ef al 1999 and Mahmoud and Atia 2005).
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Fig.1. Additive effects (ard/fed.) and the [PCA 1 scores according to the AMMI model.
2- Environments

SK followed by ML-site had the highest and positive additive effect
among all environments (Fig.1). While, SD and GM sites had negative
additive effects. GM-site had the lowest additive effect indicating that the
contribution of SD and GM to the overall performance of maize hybrids
was inferior to SK and ML-site. This may be due to the better climatical
and experimental conditions of the sites of SK and ML than GM and SD.
Similar results were obtained by Sadek et al (1995) and El-Sherbieny et al
(1996) .

3- Interaction effect

In the negative side, G14 followed by G15, G10 and G8 had the highest
interaction scores, while, G11, G3 and GS, in the positive side, showed the
highest scores (Fig.1.). On the other hand, SK-site had the highest
interaction score (regardiess of sign) among all environments. However,
GM-site had the highest interaction score in the negative side followed by
SD-site. Single crosses that possess the highest positive scores fit well to
environments with the highest positive scores and vice versa as indicated
above. Consequently, the interactions between G11, G3 and G5 with SK-
site, in the positive side, and G14, G15, G10 and G8 with GM and SD sites,
in the negative side, are positive as well. These interactions represent the
highest interactions among all genotype-environment combinations.
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In Table 2, additive genotypic and interaction effects of the single
crosses at the four environments are shown where the means were ranked in
a descending order. The additive effects represent the additive effect of the
single cross plus the additive effect of the corresponding environment.
Whereas, the interaction effects represent the cross product of the genotype
x environment scores. For simplicity, the highest 30 genotype- environment
combinations and the lowest 10 ones (ranked from 55 to 64) are shown to
reveal the role of the positive or negative additive as well as interaction
effects in the overall performance of the hybrids. The highest yielding
hybrid possesses positive additive as well as interaction effects, i.e. G5, G11
and G3 at SK environment. G15 and G3 at GM- environment, G4 at SD
environment, and G2 and G5 at ML- environment. Similarly, G6 had high
and almost similar additive effect to G11 but it ranked 5th as a result of its
low interaction with SK-environment.

Table 2. Descending rankings, additive (A) and interaction (1) effects of the highest
30 and the lowest 10 (genotype-environment) combinations based on
predicted grain yield means.

Rank | G | E A I (at:,::'d) Rank| G | E 1 A I m‘:"d',;'e“d)
1 5 Sk 12.71 2545 44,55 21 8 ML 2.86 | -0.014 32.35
2 1N | SK | 1096 | 3542 4365 | 22 | 11 | ML | 198 | 0046 | 367
3 30| SK 1048 | 2633 | 4232 f 23 | 3 | L | 201 | 0034 | 3154
4 7 | SK | 946 | 2026 | 4111 24 0 4 | ML | 241 |-0002] 3038
5 6 | sk | 1083 0457 w120 | 25 | 15 | 6M | 127 | 2461 | 3082
L3 2 SK 10.68 0.067 39.39 26 6 ML 2.31 0.006 30.12
7 13 SK 8.71 0.938 39.17 27 13 ML 1.03 0.612 29.79
8 4 SK 9.11 -0.177 38,32 28 15 SK 438 | -4.135 29.51
9 2 | ML | 706 | 000 | 3800 2 | ot | | 023 |-0068 [ 204
1] 12 SK 7.78 -0.460 37.539 30 4 sD -2.92 | 0.074 28.76
1 5 ML 6.33 G033 3737 55 3 sD -6.89 | -1.101 22.06
12 9 Sk 756 | -D.146 37.25 56 13 D -7.24 | -0.392 21.76
13 1 Sk 7.33 0.863 36.99 37 12 SD -7.62 | 0.192 21.28
14 8 SK 7.58 -1.072 35.83 58 7 SD -7.99 | -0.847 21.00
15 | 16 | 5K | 691 |-0618] 3525 | so | 11 | sp | 794 !-1480 | 2034
16 10 ML 398 | -0.016 34.68 60 3 GM -6.92 | -1.567 20,13
17 16 ML 363 -3.008 34,67 61 1 SD -8.64 | -6.361 1952
18 10 SK 373 -1.220 3421 62 5 SD -7.02  -1.064 19.19
i9 1 ML 2.66 0011 33.60 63 11 GM 792 1 -2.107 i8.90

20 15 ML i 2.86 -0.054 32,43 64 16 sD -9.02 0,258 17.89
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On the other hand, the lowest additive effects were associated with
the low performing hybrids if it was associated with negative or low
interaction effects, i.e. G15 at SK and G11 at GM environment. These
combinations ranked 28™ and 63", respectively, due to the low and
negative additive and interaction of G15 and G11 (Table 2). It should be
noted that the highest interaction effects were associated with the top
highest ranking hybrids, i.e. G5 at SK and ML- environments. These results
suggest the best single crosses to be distributed to farmers in a particular
environment depending either on the additive and/or interaction effects.
This indicated that the biplot shows us by glance the best G x E interaction
(Zobel et af 1988, Gauch 1992, Mahgoub and Sadek 1995, Sadek er af
1995, Ei-Sherbieny ef @/ 1996 and Vargas ef al 1999).

Observed and predicted grain yield (ard/fed.) calculated according
to the AMMI model are shown in Table (3). Predicted means represent the
actual means after removing the residual. At Sakha which had the highest
additive and interaction score among all locations. The difference between
observed and predicted means (ard/fed.) was higher than the differences at
Mallawi for all hybrids. On the other hand, this difference was lower than
three ardabs/feddan for most hybrids at Gemmeiza and Sids, which showed
negative additive effects. For example, predicted means were less than the
observed ones by 5.25 and 4.19 (ard/fed.) for yellow single crosses G14 and
G15 at Sakha, 2.70 and 2.27 ard/fed for hybrids G11 and G3 at Gemmeiza,
3.11 and 2.41 ard/fed for hybrids G5 and G16 at Sids and 2.32 and 2.01
ardifed for hybrids G12 and G9 at Mallawi, respectively. In the contrary,
predicted means were higher than the observed ones by 3.37, 2.52 and 2.12
ard/fed for hybrids G11, G3 and G5 at Sakha, 2.82, 2.77 and 2.25 ard/fed for
hybrids G14, G15 and G12 at Gemmeiza, 2.56, 2.36 and 2.11 ard/fed for
hybrids G14, G4 and G9 at Sids and 1.72 and 1.72 ard/fed for hybrids G16
and G5 at Mallawi, respectively. This might indicate that the observed-
predicted mean deviations are expected to be higher at low performing
environment (Table 3).

The AMMI model, with the biplot display of the model, helps to
visualize the overall patterns of the data available as well as the additive and

interaction effects of the genotypes and the environments (Zobel et al.
1988).
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Table 3. Observed and predicted grain yield means {ard/fed) and [IPCAI scores for
16 genotypes and the four environments in 2005 season.

Sakha Gemmeiza Sids Mallawi E
&
Genotypes T3l le | |8 |8 |3 |:¢
e (£ |c £ ¢t |E |8 |2 ¢
2 T x | T 2 |3 H ? i
£ £ a 8
§ | £ |8 (& |8 |& |8 |& |¢&

GZ639x GZ18 (G1) |36.65]36.99|22.90{22.09|20.68)19.52|31.98 | 33.60 | 0.321
GZ639x GZ19 (G2) (40.0039.39|26.75]25.50 (26.25}26.38 | 36.38 | 38.11 | 0.025
GZ63% x GZ25 (G3) (39.80[42.32|22.40{20.13 (22.43[22.06 | 31.43 | 31.54 | 0.980
GZ639x GZT9 (G4) (38.43138.32)24.53123.13(26.40}28.76 | 31.73 | 30.88 | -0.066
GZ63% x GZ614/1  (GS) [42.03 | 44.15|26.55125.81 |22.30[19.19 | 35.65 | 37.37 | 0.947
GZ639 x GZ614/10 (G6) (40.15{41.20|27.33:28.16|24.23 [23.84 |31.63 | 30.12 | 0.170
GZ639 x GZ614/12 (G7) (38.78141.41|22.95]22.36|21.33}21.00|28.45)|26.73 | 0.754
GZ639x GZ614/18 (G8) |(36.90|35.83(26.45127.53(23.3023.12 | 32.18|32.35|-0.399
GZ639 x GZ614/27 (GY) |36.88]37.25)|23.30122.71[24.33{26.44 | 28.53 | 26.52 | -0.054
GZ639 x GZ614/30 (G10) | 35.05]34.21 |24.48 |23.67124.65(25.91 |33.30 | 34.68 | -0.454
GZ639 x GZ614/36 (G11) |40.28{43.65)|21.60]18.90[21.3820.34 |31.30 | 31.67:1.318
GZ639 x GZ614/37 (GI12) (37.10|37.59|26.25|28.50[21.70121.28 | 28.33 | 26.01 | -0.171
GZ639 x GZ614/38 (G13) |38.03 | 39.1724.00)23.73:22.0821.76 | 30.35|29.79 | 0.349

SC-155 (G14) 30.0024.75(25.88 |28.70,23.73126.29{ 29.55 | 29.41 | -1.949

SC-3080 (G15) 33.70129.51 (28.05 | 30.82 {24.58 [ 25.75{ 32.18 { 32.43 | -1.539

SC-3084 (G16) 36.23(35.25|26.28 | 27.95{20.30|17.89 | 32.95 | 34.67 | 0.230

LSD 0.05 3.921 - 2,789 - 3.988 - 4.912 - -

IPCA Environment scores 2.687 -1.55% -1.123 0.035 -
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