Aslian Journal of
Plant Sciences

ISSN 1682-3974

science ﬁﬁuaée!%fg

alert http://ansinet.com




Asian Journal of Plant Sciences 7 (2): 163-169, 2008
ISSN 1682-3974
© 2008 Asian Network for Scientific Information

Genotype-Environment Interaction and Stability Analysis for
Grain Yield of Maize (Zea mays 1.) in Ethiopia

'Solomon Admassu, *Mandefro Nigussie and *Habtamu Zelleke
'Ethiopian Institute of Agricultural Research,
Awassa National Maize Research Project, Awassa, Ethiopia
*Ethiopian Institute of Agricultural Research, Melkasa Research Center, Nazreth, Ethiopia
*Department of Plant Science, Faculty of Agriculture, University of Haramaya, Dire Dawa, Ethiopia

Abstract: Fifteen maize genotypes were tested at nine different locations in 2005 under rainfed condition to
determine stable maize genotypes for gram yield and determine genotypes with high yield and form
homogenous grouping of environments and genotypes. The experiment was conducted using Randomized
Complete Block Design with three replications. There was considerable variation among genotypes and
environments for grain yield. Stability was estimated using the Additive Mamm Effects and Multiplicative
Interactions (AMMI). Based on the stability analysis, genotypes 30H83, BH-540, Ambo Synth-1, AMH-800 and
BHQP-543 were found to be stable for grain yield. The first two Interaction Principal Component axis (IPCAl
and TPCA2) were significant (p<<0.01) and cumulatively contributed 70.27% of the total genotype by
environment interaction. The coefficient of determination (R*) for genotypes 30HE3 was as high as 0.92,
confirming its high predictability to stability. Among the genotypes, the highest grain vield was obtained from
genotype 30HS83 and BH-541 (8.98 and 8.05 t ha™") across envirenments. Clustering of AMMI-estimate values
grouped genotypes in to four clusters and the environment in to three clusters. Environment Goffa was unique
as 1t 13 grouped differently from all other environments.
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INTRODUCTION
Information about phenotypic stability is useful
for the selection of crop varieties and breeding

programs.  Plant  breeders  invanably encounter
GenotypexEnvironment Interactions (GEI) when testing
varieties across a number of environments. Depending up
on the magnitude of the interactions or the differential
genotypic responses to environments, the varietal ranking
can differ greatly across environments (Kaya et al., 2002).
The phenotypic performance of a genotype is not
necessarily the same under diverse agro-ecological
conditions. The concept of stability has been defined in
several ways and several biometrical methods mecluding
univariate and multivariate ones have been developed to
assess stability (Crossa, 1990; Ngeve and Bouwkamp,
1993; Sneller et al., 1997, Scapim et al., 2000). A combined
analysis of variance can quantify the interactions and
describe the main effects. However, analysis of variance
is uninformative for explaining GEI. Other statistical
models for describing GEI such as the Additive Mam
Effects and Multiplicative Interaction (AMMI) model are
useful for understanding GEI.

The AMMI model 1s a hybrid that involves both
additive and multiplicative components of the two-way
data structure. AMMI biplot analysis 1s considered to be
an effective tool to diagnose GEI pattemns graphically.
In AMMI, the additive portion is separated from
interaction by Analysis of Variance (ANOVA). Then the
Principal Component Analysis (PCA), which provides a
multiplicative model, 1s applied to analyze the interaction
effect from the additive ANOVA model. The biplot
display of PCA scores plotted agamst each other
provides visual mnspection and interpretation of the GEL
components. Integrating biplot display and genotypic
stability statistics enables genotypes to be grouped
based on similarity of performance across diverse
enviromments (Thillainathan and Fernandez, 2001).

The AMMI model combines the analysis of varance
for the genotype and environment mam effects with
principal  components analysis of the genotype
enviromment mnteraction (Kaya et al., 2002). The results
can be graphed in a useful biplot that shows both main
and interaction effects for both genotypes and
environments (Annicchiarico, 2002). AMMI combines
Analysis of Variance (ANOVA) into a single model with
additive and multiplicative parameters.
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AMMI is ordinarily the model of first choice when
main effects and mteraction effects are both important,
which is a case in most yield trials (Mandel, 1971). Tf, for
example, only main effects (additive structure) are present
in the data, then the AMMI can be reduced to an ANOV A
model. Whereas, if non-additive structure is only present
then the PCA model is reflected. AMMI results can be
readily used to diagnose these and other sub cases
(Gabriel, 1978). The pattern portion of GEI sum of squares
captured by the regression approach (heterogeneity
among regressions) can at best capture only the amount
of GET sum of squares modeled by the simplest AMMI
model. Therefore, AMMI analysis can potentially glean
more patterns from the GEI than the regression approach
(Sneller et al., 1997). In addition, the AMMI analysis can
be applied to data sets where regression analysis may be
Inappropriate.

The combination of analysis of variance and principal
components analysis in the AMMI model, along with
prediction assessment, 1s a valuable approach for
understanding GEI and obtaining better yield estimates.
Therefore, the objectives of this study were to estimate
Genotype-Environment (GE) mteractions, to determine
stable maize genotypes for grain yield and to determine
genotypes with high vields, depending on the differential
genotypic responses to envionments and to form
homogenous grouping of environments and genotypes.

MATERIALS AND METHODS

Fifteen maize genotypes were evaluated at nine
locations in 2005 crop under ramfed condition
Randomized Complete Block Design (RCBD) with three
replications was used. Each plot had four rows of 5.1 m
length with spacing of 75 cm between rows and 30 cm
between plants. Two seeds were planted per hill and then
thinned to one plant per hill to have a final plant density
of about 44,444 plants ha™'. To reduce border effects, data
were recorded from the two central rows of each plot.
Other management practices were done as recommended
for each location Fifteen maize genotypes of diverse
origin were included in the study. The genctypes include
top crosses, single crosses, three-way crosses and
synthetics (Table 1).

The locations where the experiment was conducted
were different in soil type, altitude and mean annual
ramnfall and considered as mdividual environment
(Table 2). Several traits were assessed but only data for
grain yield (t ha™, at 12.5% grain moisture, estimated on
the basis of two row plot) 1s reported here.

Analysis of variance for each environment was done
for grain yield and other traits, using the SAS computer

program (SAS, 2001). Bartlett’s test was used to

Table 1: Description of maize genotypes used for the study

Genotype Status Source Texture
BH-341 TWC BNMR D
BH-660 TWC BNMR F
BH-670 TWC BNMR 5D
BHQP-542 TWC BNMR D
BHOQP-343 TWC BNMR D
FH-625-259xF-7215%144-7-b TWC BNMR D
BH-344 TWC BNMR D
BH-340 sC BNMR D
Ambo Synth-1 Syn AMR SF
Ambo 8ynth-5 Syn AMR 8F
AMH-800 TC AMR SF
SC-715 TwWC Syngenta D
PHB 3253 TWC Pioneer D
30HS3 TWC Pioneer D
ESE-203 SC ESE D

SF: Semi Flint; D: Dent; SD: Semi-Dent; F: Flint; TWC: Three-Way
Cross; SC: Single Cross hybrid; TC: Top Cross; Syn: Synthetic; ESE:
Ethiopian Seed Enterprise; QPM: Quality Protein Maize, BNMR: Bako
WNational Maize Research and AMR: Ambo Maize Research

Table 2: Description of the test locations

Altitude Annual Soil
Location (masl) rainfall (mm)* type
Awassa 1700 964 Andosol
Areka 1800 1467 Nitosol
Gofta 1300 1319 Acrisol
Arsi-Negele 1960 900 Andosol
Jinka 1650 1234 Nitosol
Rako 1650 1200 Nitosol
Awada 1780 1189 Nitosol
Hirna 1790 800 Fluvisol
Alemaya 1980 850 Fluvisol

*: Mean of 10 years

assess homogeneity of error variances prior to combine
analysis over environments. Genotypexenvironment
mteraction was quantified using the most common
procedure;, ie., pooled analysis of variance, which

partitions the total variance mto its components
(genotype, enviromment, genotypexenviromment
interaction and pooled error). Environments were

considered as random factors while the effect of
genotypes was regarded as fixed. AMMI was used to test
the stability of genotypes.

RESULTS AND DISCUSSION

The AMMI analysis of variance for grain yield of
15 maize genotypes evaluated at nne locations showed
that the total SS 31.3% was attributed to environmental
effects for genotypic effects 24.2 and 22.8% was due to
genotype xsignificant MS of environment indicated
that the envioonments were diverse, with large
differences among environmental means causing most
of the vanation m gramn yield, which 18 1nharmony
with the findings by Taye et al. (2000), Kaya et al.
(2002y and Alberts (2004). This indicated that the
overwhelming influence that environments have on the
performance of maize genotypes. Sneller ef al. (1997),
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Table 3: Additive main effects and multiplicative interaction analysis of
variance for grain yield of genotypes across enviromments

Source df S8 MS Explained (%%6)
Environments 8 44041.804 5505.226% 31.30
Reps within 18 6179.813 343,323 4.40
Environment

Genotype 14 34038.502 2431.322%% 24.20
Genotypex 112 32089.435 286.513#* 22.80
Environment

IPCA 1 21 14953.791 T12.085* 46.60
IPCA 2 19 7594.504 399,711 % 23.67
IPCA 3 17 2675.550 157.3851 8.34
IPCA 4 15 2563.315 170.888% 7.99
IPCA S 13 1541.991 118.61 51 4.81
IPCA 6 11 1289.900 117.264% 4.02
IPCA 7 9 918.672 102.07 5% 2.86
TIPCA 8 7 551.712 78.81 6% 1.72
Residual 252 24182.513 95.962 17.20

N3S: Non-Significant, *#: Significant at p<0.01 level, respectively, Grand
mean = 7.25 tha !, R? = 0.8279, CV =13.5%

Table 4: IPCAL, IPCA2, R? and grain yield t ha! for 15 genotypes

Mean

Genotype IPCA1 IPCA2 R? yield Rank
BH-541 -3.4140 0.4722 0.65 8.50 2
BH-660 4.0290 -0.3223 0.52 7.86 4
BH-670 2.7710 -0.7315 0.79 7.81 5
BHQP-542 -2.8140 0.9178 0.57 6.71 11
BHQP-543 -0.2451 -0.9122 0.79 5.63 15
FH-625-259x% 2.2810 1.5030 0.67 8.26 3
F-7215x144-7-b

BH-544 1.1860 27040 0.67 7.79 [
BH-540 -0.3549 -0.9198 0.80 719 8
Ambo Synth-1 0.6955 0.4792 0.81 6.49 13
Ambo Synth-5 2.0710 0.3746 0.47 5.89 14
AMH-800 0.3024 -1.8850 0.89 6.56 12
SC-715 -2.2810 4.3730 0.47 6.90 10
PHB 3253 -2.1360 -3.2030 0.60 6.94 9
30HSB3 0.2781 -1.4430 0.92 8.98 1
ESE-203 -2.3690 -1.4070 0.65 7.28 7

Tiruneh (1999), Taye er al (2000}, Abush (2001)
Kaya et al. (2002) and Alberts (2004) also reported similar
results whose all the genotypes, environmental and
genotypexenvironment effects were declared significant
in the ANOVA of AMMI. Mean grain yield of the maize
genotypes varied among environments ranging from
5.99 t ha™ for environment Tinka to 898 t ha™ for
enviromment Bako. The mean grain yield of the
15 genotypes ranged from 5.63 to 8.98 t ha™' and the
highest grain yield was obtained from genotype 30HE3
and BH-541 (Table 4).

Results from AMMI analysis (Table 3) also showed
that the fist Interaction Principal Component Axis
(TPCAl) of the interaction captured 46.6% of the
interaction sum of squares. Similarly, the second
Interaction Principal Component Axis (IPCA2) explamned
a further 23.67% of the GEI sum of squares. The mean
square for TPCAl and TPCA2 were significant at p<0.01
and cumulatively contributed to 70.27% of the total GEI.
The F-test at p<0.01 suggested that the two principal
component axes of the mteraction were sigmficant for the
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model with 40° of freedom. Hence, the AMMI with only
two interaction principal component axes was the best
predictive model, which 1s in agreement with Zobel ef al.
(1988) and Ammicchiarico (2002). Further mteraction
principal component axes captured mostly noise and
did not help to predict validation of
observations. Thus, the interaction of the 15 genotypes
with nine environments was best predicted by the first
two  principal components of genotypes and
environments.

Most accurate model for AMMI can be predicted
by using the first two PCAs (Gauch and Zobel, 1996,
Yan et al, 2000, Annicchiarico, 2002). Conversely,
Sivapalan et al. (2000) recommended a predictive AMMI
model with the first four PCAs. These results indicate that
the number of the terms to be included in an AMMI
model cannot be specified a priori without first trying
AMMI predictive assessment.

By ploting both the genotypes and the
environments on the same graph, the associations
between the genotypes and the environments can be
seen clearly (Fig. 1). The TPCA scores of genotypes in the
AMMI analysis are an indication of the stability or
adaptation over environments (Gauch and Zobel, 1996;
Purchase, 1997; Alberts, 2004). The greater the TPCA
scores, the more specific adapted is a genotype to certain
environments. The more the IPCA scores approximate to
zero, the more stable or adapted the genotype 1s over all
the environments sampled.

A hiplot generated using genotypic and
environmental scores of the first two AMMI components
(Vergas et al, 1999). A biplot has four sections,
depending upon signs of the genotypic and
environmental scores. In Fig. 2, the sites fell into four
sections: the best genotype with respect to site Alemaya,
Awada and Arsi-Negelle were genotypes BH-544 and FH-
625-259 xF-7215x144-7-b: Genotypes BH-660, BH-670 and
AMH-800 were best for sites Bako and Areka on the other
hand the best genotypes for Hima, Awassa and Jinka
were BH-541, BHQP-542 and SC-715, while Genotype
PHB-3253 and ESE-203 were best for site Gofta.

Estimation of environmental indices (I,) were used to
clagsify environments into three classes viz., positive
significant as good (favorable environments), positive or
negative non-significant as average environments and

therefore

is

negatively sigmificant as poor (unfavorable) environments
(Table 6). Based on the results of the analysis Bako,
Awassa and Hima were favorable environments with
environmental index of positive and significant. Awada,
Jinka and Goffa were poor (unfavorable) environments
with negative and significant environmental mdex, while
Alemaya and Arsi-Negelle were average environments.
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Fig. 1: AMMI] biplot of mam effects and interactions.
Where, 1 = BH-541; 2 = BH-660; 3 = BH-670, 4 =
BHQP-542; 5 = BHQP-543; 6 = FH-625-259=F-7215
x144-7-b; 7 = BH-544; 8 = BH-540; 9 = Ambo
Synth-1; 10 = Ambo Synth-5; 11 = AMH-800;
12=8C-715;,13 =PHB 3253;14 = 30H83, 15 = ESE-
203; AW = Awassa, AR = Areka; GO = Goffa;
AN = Arsi-Negelle; IT = Tinka; BK = Bako; AD =
Awada; HI = Hirna and AL = Alemaya

Table 4 and 5 shows the AMMI analysis with the
IPCA1 and IPCAZ scores for the genotypes and
environments, respectively. When looking at the
environments it was clear that there is a good variation in
the different environments sampled, ranging from the
lower yielding environments in quadrants 3 and 4 and the
high yielding environments in quadrants 1 and 2. With
respect to the test sites, Goffa, was most discriminating as
indicated by the longest distance between its marker and
the origin (Fig. 2). However, due to its large PCA2 score,
genotypic differences observed at Goffa may not exactly
reflect the genotypes in average yield overall sites. Site
Awassa was not the most discriminating, but genotypic
differences at Awassa should be highly consistent with
those averaged over sites, because it had near zero PCAZ2
scores compared to the other.

Awassa and Bako were the most favorable
environments for all genotypes with nearly similar yield
response but slight difference in interaction (Fig. 1). Jinka
and Awada were the least favorable environments for all
genotypes, with different mteraction and different yield
response.

The genotypes had considerably less variation than
the environments around the mean yield of 7.25 t ha™".
The genotypes 30H83, BH-541 and FH-625-259% F-7215x
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Fig. 2: Interaction biplot for the AMMI2 model. Where,
1=BH-541; 2 = BH-660, 3 = BH-670, 4 = BHQP-
542, 5=BHQP-543, 6 =FH-625-259=F-7215x144-7 -
b; 7 = BH-544; 8 = BH-540; 9 = Ambo Synth-1;
10 = Ambo Synth-5; 11 = AMH-800; 12 = SC-715;
13 =PHB 3253; 14 = 30H83, 15 = ESE-203; AW =
Awassa, AR = Areka; GO = Goffa; AN = Arsi-
Negelle; T = Tinka; BK = Bako, AD = Awada; HI =
Hirna and AL = Alemaya

144-7-b  are mainly adapted to higher vyielding
environments. Considering only the TPCAl scores,
genotypes BH-660, BH-541 and BH-670 was unstable
genotypes and also adapted to the higher yielding or
more favorable environments. Genotypes adapted to
lower yielding environments were BH-540, AMH-800 and
Ambo Synth-1. The most stable genotypes based on
IPCA] scores, were BH-540, 30H83, AMH-800, Ambo
Synth-1 and BHQP-543.

Since TPCAZ scores also play a significant role
(23.67%) mn explaining the GEI, the IPCA1 scores were
plotted agamst IPCA2 scores to further explore adaptation
(Fig. 2). SC-715 was the most unstable in addition, PHB-
3253, BH-541, BH-660, BH-544 and BHQP-542 were
unstable to a lesser extent. BH-540, BHQP-543, 30HS3,
AMH-800 and Ambo Synth-1 were stable, when plotted
on the IPCA1 and IPCA2 scores.

Adaptation of the genotypes based on the AMMI 2 model:
The AMMI model shown pattems and relationships of
genotypes and environments successfully. The hybrid
that best adapted to most environments was 30HE3
mclining average to favorable environments and it was
also stable to all environments. BH-541 was better
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performing in the lower to high yielding environments
(Table6). FH-625-259=F-7215x144-7-b showed adaptation
to specific environments. It 1s clear that the AMMI model
can be used to analyze the G*E and identify the superior
genotypes. It can also be used in the selection of the best
environments for genotype evaluation.

Cluster analysis: Genotypes were clustered using the
AMMI2 estimated values of nine environments used
as attributes and, conversely, the environments were
grouped using estimated value of AMMI2 for the
15 genotypes. Dendrogram for clustering of cultivars and
environments are shown in Fig. 3. At the two group
level of genotype clustering genctypes, BH-660, BH-670,

Table 5: IPCA1, IPCA?2 scores and environmental index for nine locations

Environments EN index EN mean TPCAL TPCA2
Awassa 16.70%* 392 -0.890 0.106
Areka -8.47H* 6.41 1.971 -1.290
Goffa -6.08* 6.64 -6.160 -2.830
Arsi-Negelle 3441 691 1.825 0.146
Jinka -12.60%* 5.99 -1.150 0.877
Bako 17.24%# 8.98 3.143 -4.460
Awada -9, 7T 6.28 2.264 1.810
Hirna 5.10% 7.76 -2.480 3.199
Alemaya 1.311% 7.38 1.478 2.539

NS, # #% Non Significant and significant at p<0.05 and 0.01 level,
respectively, EN mean: Environmental mean and EN index: Environmental
index

FH-625-259xF-7215x144-7-b, BH-544 and BH-541 were
discriminated from the remaimng. These genotypes are
characterized by high yield (above the grand mean) with
high positive interaction. In contrast, the second
genotypes, BHQP-542, BHQP-543, Ambo Synth-1, Ambo
Synth-5, AMH-800 and SC-71 5 are low vielders (below the
grand mean) with a TPCA score ranging from -3 to 3.

Centroid clustering methods strongly recommended
a class of four for this data set. Therefore, splitting the
down the main first branch of the dendrogram resulted in
two subclusters, while splitting down the second main
branch resulted also m two subclusters (Fig. 3a). The first
subcluster of the first group comprised genotypes BHQP-
543, Ambo Synth-1, Ambo Synth-5 and AMH-800, low
vielders and having low interaction. Hxcept genotype
BHQP-543 (quality protein maize) all of these genotypes
are highland materials developed for highland altitude.
The second sub-cluster (BHQP-542, BH-540, SC-715, PHB-
3253 and ESE-203) is characterized by genotypes with low
yield and negative interactions (Fig. 3a).

The splitting down of the second main branch at two
cluster levels sumply 1solated genotype No.1 and 14 from
the rest. As it was observed in the biplot, these
genotypes were highest yielders and most adapted to
many environments and could probably be the reason for
the AMMI2 estimate clustering to group them differently

BHQP-343

Ambo synth-5

o

Ambo synth-1 20

27

AMH-800
PHB-3253

BHQP-543

SC-715
21

BH-540
A
[ESE-203
[FH-144-7-
-
BH-544

Genotypes

24

29

BH-660
——
BH-670

28
BH-541 25
30H83 |
0.48 1.16 1.84 252 32
Fusion level

Fig. 3a: Genotype dendrogram representing four genotype cluster. Where, FH-144-7-b = FH-625-259=F-721 5x1 44-7-b
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Fig. 3b: Environmental dendrogram representing three clusters of test locations
Table 6: Best five high vielding genotypes based on AMMI model selections
Environmental
Locations mean Genl Gen2 Gen3 Gend GenS
Awassa 8.92 BH-541 BH-670 30HS3 FH1447b BHQP-542
Areka 6.41 BH-660 30HS3 BH-670 FH1447b BH-540
Goffa 6.64 BH-541 PHB3253 30HS3 ESE-203 BH-540
ArsiNegle 6.91 30HS83 BH-670 BH-544 FH1447b BH-541
Jinka 5.99 BH-541 30HS3 SC-715 ESE-203 BH-540
Bako 8.98 30HS83 BH-660 BH-670 FH1447b BH-541
Awada 6.28 FH1447b BH-544 30HS3 BH-670 BH-660
Hirna 7.76 BH-541 30HS3 SC-715 FH1447b BH-544
Alemnava 7.38 BH-541 FHI1447b BH-544 BH-660 30HS83

FH1447b = FH-625-259xF-7215x144-7-b; Genl = 1st yielder at a location; Gen2 = 2nd yielder; Gen3 = 3rd yielder; Gend = 4th vielder; Gen5 = Sth yielder

at a location

from the other high yielding genotypes. The second sub-
cluster (BH-660, BH-670, FH-625-250xF-721 5x144-7-b and
BH-544) was characterized by genotypes with high yield
and high interaction. Three way cross hybrids, BH-660
and BH-670 have the same single cross female parent and
they only differ in their male parents.

Environments were clustered using the nearest
neighbor. The three clusters sufficiently described this
data set (Fig. 3b). The first group comprised of only
enviromment Goffa and the second group comprised of all
enviromments except Goffa. Goffa 1s unmque environment,
where there was high and erratic rainfall and situated at
low altitude as compared to others. The spliting down of
the second main branch at two cluster levels simply
isolated environment Awassa and Bako together which
are high vielding (above grand mean) environments. This
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could also be attributed to similarities between the two
locations in altitude, humidity and length of growing
seasons.
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