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Abstract: Genotype by Environment Interaction (GEI) is a major complications in plant breeding. We used
Additive Main Effects and Multiplicative Interaction (AMMI) to evaluate the effects of GEI in NERICA rice
genotype and their adaptation i two years at three locations; Ibadan-7°30' N, 3°58' E, 210 m.a.s.l. (Nigeria),
Cotonou-6"24' N, 2°19'E, 155 m.a.s.l. and Deve-6°48' N, 1°47' E, 72 m.a.s.l. (Benin Republic). Twenty two rice
genotypes were grown in 2005 and 2006 under upland condition, using randomized complete block design with
three replications. Main effects due to environments (E), genotypes (G) and G*E interaction (GEI) were
significant (p<0.01), with the highest variation of 43.1% accounted for by environmental effects. The first four
Interaction Principal Component Axes (TPCAI1, 2, 3 and 4) were significant (p<0.01) and cumulatively contributed
98.5% of the total GEI. AMMI biplot accounted for 91.4% of the total sum of squares. The stability study
indicated that NERICAs 3, 10, 11 and 18 could be considered stable in any of the environments, due to their
low interactions. However, NERICA 11 was the most promising of the genotypes, with high yield (5.15 tha™)

and a broad environmental adaptation.
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INTRODUCTION

Rice is grown and consumed in about 39 countries of
Africa. Fuelled by changing lifestyle, population growth
and consumer preference, the demand for rice m West and
Central Africa (WCA), is growing at the rate of 6% per
annum, which is faster than anywhere else in the world,
while production increase at the rate of 4% per annum
(WARDA, 2004). Africa consumes a total of 11.6 million
tonnes of milled rice per year (FAO, 1996), of which
3.3 million tonnes (33.6%) 1s imported. Among the 39
African countries that produce and consume rice, only ten
have attamed any appreciable levels of rice self-
sufficiency (75-99.9%), while the remaining 29 are heavy
importers with self-sufficiency levels ranging between
0 and 62.8% (Oteng and Sant’Anna, 1999). There is no
doubt that rice production in Africa must increase if the
high demand in Africa will be met.

One of the main objectives of rice improvement in
Sub-Saharan Africa (3SA) 1s to improve yield and increase

local production. However, its production in Sub-Saharan
Africa (SSA) has been limited by the typical African
stresses (biotic and abiotic). Oryza consists of two
cultivated species Oryza sativa which origmates from
Asia and O. glaberrima which 1s mdigenous to Africa.
O. glaberrima which has been discovered and cultivated
in Africa over 3500 years ago (Chang, 1976) is well
adapted to the various adverse conditions of Africa, such
as the blast, rice yellow mottle virus, rice gall midge,
insects, nematodes, acidity, won toxicity, salimity and
drought, but with poor yield. Although, the Asian rice
(0. sativa) which was mntroduced to Africa about
2000 years ago has a better yield but it is not sufficiently
adapted to the typical African stresses.

Research work at the Africa Rice Centre (WARDA)
has led to a major success with the development of
improved upland rice varieties from interspecific cross
between O. sativa and O. glaberrima to produce what is
now referred to as the New Rice for Africa (NERICA).
NERICA has great potential to benefit African farmers
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because of its high-yielding ability under typical upland
conditions in this region (Tkeda ef af., 2007). Eighteen of
these NERICA varieties have been named by WARDA
and are being widely disseminated across the region by
WARDA and its partners.

The adoption of these named NERICA varieties 18
mcreasingly spreading i the upland rice-based systems,
which covers the most extensive rice ecosystem in SSA.
As a result of this, it is therefore important to assess the
adaptation and yield stability of these promising upland
genotypes of rice across environments.

Several statistical methods have been developed for
the analysis of Genotype by Enviromment Interactions
(GEI) and phenotypic stability (Hill, 1975; Lin ef al., 1986,
Wescott, 1986; Crossa, 1990, Flores et al., 1998).
Regression teclmique has been widely used (Eberhart and
Russell, 1966, Perkins and Jinks, 1968) due to its sumplicity
and the fact that its mformation on adaptive response 1s
easily applicable to locations (Anmicchiarico, 1997). The
Principal Component Analysis (PCA) method that shows
the mean squares of the principal components axes
(Gauch and Furnas, 1991) has also been used. Zobel et al.
(1988) compared the traditional statistical analysis such as
Analysis of Variance (ANOVA), Principal Component
Analysis (PCA) and Linear Regression with AMMI
analyses, and showed that the traditional analyses were
not always effective in analyzing the multi-environment
trial data structure. The ANOVA 1s an additive model that
describes mam effects effectively and determines if GE
mnteraction is a significant source of vanation, but it does
not provide insight mto the patterns of genotypes or
environments that give rise to the interaction. The PCA is
a multiplicative model that contams no sources of
variation for additive G or E main effects and does not
analyze the interactions effectively. The linear regression
method uses environmental means, which are frequently
a poor estimate of environments, such that the fitted lines
in most cases account for a small fraction of the total GE
and could be misleading (Byth et al,, 1976, Zobel et al,,
1988, Ariyo, 1999).

Additive mam effects and multiplicative interaction
(AMMI) has been proved to be a suitable method
for depicting adaptive responses (Gauch, 1993
Annicchiarico, 1997 ; Gauch and Zobel, 1989, Ariyo, 1999).
AMMI analysis has been reported to have significantly
improved the probability of successful selection (Gauch
and Zobel, 1989) and has been used to analyse GxE
interaction with greater precision in many crops (Bradu,
1984; Gauch 1990, Crossa et al., 1991; Ariyo, 1999). The
model combines the conventional analysis of variance for
genotype and environment main effects with principal
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components analysis to decompose the GFEI into several
Interaction Principal Component Axes (IPCA). With the
biplot facility from AMMI analysis, both genotypes and
environments are plotted together on the same scatter
plot and inferences about their interaction can be made.

This study reports the use of AMMI model to
analyse yield data of twenty two genotypes of rice from
two vears evaluation in three locations. The objective was
to quantify genotypexenvironment interaction for grain
yield and the stability of NERICA rice genotypes in
different environments.

MATERIALS AND METHODS

Plant materials: Twenty two r1ice genotypes
comprising of the 18 named mterspecific NERICA rice
varieties (Oryza sativaxO. glaberrima) and thewr parents
O. glaberrima steud (CG 14) and O. sativa L. (WABS6-
104, WAB56-50 and WABI181-18) were used m this study
(Table 1). Apart from CG 14 which is a landrace from
Senegal, all the genotypes originated from WARDA,
Bouaké, Cote d’'Ivoire. The seeds were obtained from the
rice germplasm collection of the Genetic Resources Unit

at the Africa Rice Center (WARDA).

Field trials: The experiment was carried out during the
rainy seasons (June to October) of 2005 and 2006 under
upland condition at three locations in two West African
countries-Nigeria (Ibadan) and Bemn (Cotonou and
Deve). The geographical coordinates and agroclimatic
characteristics of the locations are shown in Table 2. At
each location, the genotypes were grown through direct
seeding, by dibbling in randomized complete block design
with three replications. The size of each plot was 1x5 m
made up of 6 rows, with a spacing of 20 cm apart. The
inter-plot spacing was 50 cm. Fertilizer application at each
site consisted of NPK (10-18-18) used as basal application
at the rate of 100 kg ha™ during land preparation. Urea
(N: 46%) was applied at the rate of 65 kg ha™' as top-
dressing, first at tillening and second at panicle
development (booting) stage. The plots were hand-
weeded regularly to mimimize weed infestation. Bird
damage was controlled using bird scares.

Statistical analysis: Data on grain yield for the 22
genotypes of rice in 6 year-location environments were
subjected to AMMI analysis. To implement the AMMI,
the data was input into the microcomputer software
program MATMODEL Version 2.2. The AMMI model is:

Yoo = PO ABADAY GNP E



Table 1: List of the studied genotypes

Asian J. Plant Sci., 8 (1): 48-33, 2009

Genotype Line code Parents

NERICA 1 WAB450-IBP-38-HB WABS6-104/CG 14/2xWAB56-104
NERICA 2 WAB450-1-1-P31-1-HB WABSH-104/CG 14/2-WABS6-104
NERICA 3 WAB450-IBP-28-HB WABS6-104/CG 14/2xWAB56-104
NERICA 4 WAB450-IBP-91-HB WABSH-104/CG 14/2-WABS6-104
NERICA 5 WAB450-11-1-1-P24-HB WABS6-104/CG 14/2xWAB56-104
NERICA 6 WAB450-IBP-160-HB WABSH-104/CG 14/2-WABS6-104
NERICA 7 WAB450-IBP-20-HB WABS6-104/CG 14/2xWAB56-104
NERICA 8 WAB450-1-BL1-136-HB WABSH-104/CG 14/2-WABS6-104
NERICA 9 WAB450-BL1-136-HB WABS6-104/CG 14/2xWAB56-104
NERICA 10 WAB450-11-1-1-P41-HB WABSH-104/CG 14/2-WABS6-104
NERICA 11 WAB450-16-2-BL2-DV1 WABS6-104/CG 14/2xWAB56-104
NERICA 12 WAB880-1-38-20-17-P1-HB WABSH-50/CG 142 WABS6-50
NERICA 13 WABS880-1-38-20-28-P1-HB WABS6-50/CG 14//2xWAB56-50
NERICA 14 WAB880-1-32-1-2-P1-HB WABSH-50/CG 142 WABS6-50
NERICA 15 WABS8S81-10-37-18-3-P1-HB CG 14/WAB 181-18/2<WAB181-18
NERICA 16 WAB881-10-37-18-9-P1-HB CG 14/WAB 181-18/2xWAB181-18
NERICA 17 WAB881-10-37-18-13-P1-HB CG 14/WAB 181-18/2xWAB181-18
NERICA 18 WAB881-10-37-18-12-P3-HB CG 14/WAB 181-18/2<WABRI181-18
CG 14 Landrace Landrace from Senegal

WAB56-50 WAB56-50 TDSAGTACI 64

WAB56-104 WAB56-104 IDSAGIACL64

WABIS81-18 WABIS81-18 Unknown

TBP: Interbreeding population, HB: High input homogeneous bulk, P: Panicle selection, BL: Blast, DV: Drought at vegetative phase

Table 2: Description of the three experimental locations

Location
Agroeclogical
character Tbadan Cotonou Deve
Latitude TO30'N 6°24'N 6°48' N
Longitude 3°58'E 2°19'E 1°47'E
Altitude (m.as.) 210.0 15.5 72.0
Annual rainfall (mm) 1250 1400 1300
Dry season mean temperature (°C) 27.2 30.0 30.0
Wet season mean temperature (°C) 2356 24.0 25.0
Soil type Sandy loam Sandy Loamy
where, Y, is the yield of genotypeg in envircnment e for

replicate r, p is the grand mean, «, is genotype mean
deviation (mean minus the grand mean), P, is the
environment mean deviations, N 1s the number of PCA
axes retained m the model, A, 1s the singular value of PCA
axis 1, Y, is the genotype eigenvector values for PCA axis
1, T, 18 the environment eigenvector values for PCA axis
1, P, 1s the AMMI residuals and € 1s the residual error.

AMMI uses ordinary ANOVA to analyse the main
effects (additive part) and Principal Component Analysis
(PCA) to analyse the non additive residual left over by the
ANOVA (Gauch, 1993). In the analysis, each combination
of a single location and vear was considered as an
environment.

The mteraction 1s the genotype PCA score multiplied
by that of the environment. When a cultivar and an
environment have the same sign on their respective first
PCA axis, their interaction is positive; if different, their
mnteraction is negative. An AMMI plot 13 a graph where
aspects of both genotypes and environments are plotted
on the same axis so that interrelationship can be
visualised. Tt provides a pictorial view of the transformed
G=E mteraction (Kempton, 1984) for easy interpretation.
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In a biplot where, PCA 1 score is on the vertical axis and
the mean yield on the horizontal, genotypes that appear
almost on a perpendicular line had smmilar means and
those that fall almost on a horizontal line had similar
interaction patterns. Similarly, environment that occurred
almost on a perpendicular line had similar means and
those on horizontal lines had similar interaction patterns.
Genotypes or environments with large PCA 1 scores,
either positive or negative had large interactions, whereas
genotypes with PCA 1 score of zero or nearly zero had
smaller interaction (Crossa et al., 1990). The biplot of the
first two IPCA axes demonstrates the relative magnitude
of the GEI for specific genotypes and environments. The
further away from the axes center a genotype or
environment is, the larger the GEL

RESULTS AND DISCUSSION

Genotype (G) which accounted for 41.6% of the total
Sum of Square (SS), environmental effects (E) which
explained 43.1% and the GxE Interaction (GEI) effects
which captured 15.3%, were all significant (p = 0.01),
indicating that all sources are important in the analysis
(Table 3). The result showed that the environment main
effect (E) was the most important source of variation, due
to its large contribution to the total sum of squares for
yield (Kaya et al., 2002). Variation due to G was larger
than that due to GEI, but GEI was significant p = 0.01,
meaning that differences among genotypes vary across
enviromments (Admassu ef al., 2008).

The presence of GEI was clearly demonstrated by the
AMMI model, when the mteraction was partitioned
among the first four Interaction Principal Component Axis
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Table 3: AMMI analysis of variance for rice grain yield

Explained
SOV dff 88 MS 38 (©9)
Treatments 143 362247812.80  2533201.50%+
Rep (environment) 12 659988.30 54999.03m
Genotype (&) 21 150449219.50  7164248.55%% 4161
Environment (E) 5 155939017.56 31187803.51%* 43.13
G~E 105 5519958744 525710.36%* 15.26
PCAl 25 25123631.58  1004945.26%* 45.51
PCA2 23 18536089.24 805916.92%* 33.58
PCA3 21 7296387.52 347447024 13.22
PCA4 19 3416707.93 17982673 6.19
Residual 17 826771.18 48633.60"
Error 252 16628814.78 65987.36

#*Rignificant at 196 probability level, ns: Not significant

(IPCA) as they were sigmificant p = 0.01 m a postdictive
The TPCAl explained 45.51% of the
mteraction sum of square in 25% of the mteraction degree
of freedom (df). Similarly, the second, third and fourth
principal component axis (PCA 2-4) explained a further
33.58, 132 and 6.19% of the GEI sum of square,
respectively. They cumulatively captured 98.50% of the
total GEL SS, using 88 df. This implied that the interaction
of the 22 genotypes of rice with six environments was
predicted by the first four principal components of
genotypes and enviromments, which 1s in agreement with
the recommendation of Sivapalan ef al. (2000). Thus 1s also
in concordance with the results of Van Oosterom et al.
(1993), where as much as the first five TPCAs were
significant. However, this contradicted the findings of
Gauch and Zobel (1996), which recommended that the
most accurate model for AMMI, can be predicted using
the first two TPCAs. These results indicate that the
number of the terms to be mcluded m an AMMI model
cannot be specified a prior without first trying AMMI
predictive assessment (Kaya et al., 2002).

The AMMI analysis provided a biplot (Fig. 1) of main
effects and the first principal component scores of
mteractions (IPCAl) of both genotypes and
environments. The differences among genotypes in terms
of direction and magnitude along the X-axis (vield) and Y
axis (IPCA 1 scores) are important. In the biplot display,
genotypes or environments that appear almost on a
perpendicular line of the graph had similar mean yields
and those that fall almost on a horizontal line had similar
mteraction (Crossa ef al., 1990). Thus the relative
variability due to environments was greater than that due
to genotype differences. Genotypes or environments on
the right side of the midpoint of the perpendicular line
have higher vyields than those on the left side.
Consequently, NERICA11, 10,17, 16 and 9 were generally
high yielding (5.15, 4.71, 4.55, 4.45 and 4.36 t ha™,
respectively) with NERICA11 being the overall best with
yield of 5.15 tha™' (Fig. 1). In contrast, CG 14, WAB56-50
and WAB56-104 were generally low yielding genotypes.

assessment.
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Fig. 1. Biplot of grain yield of 22 rice genotypes and
environments AMMI plot for rice grain yield trials
with 22 genotypes grown in six environments.
IPC1: First-interaction principal component,
C: Cotonou, D: Deve; IB: Ibadan, N: NERICA,
W-18: WABI181-18;, W-50: WAB56-50, W-104:
WABS56-104

The Deve and Ibadan locations which were always on the
right hand side of the midpoint of the main effect axis,
seemed to be favourable environments, with Deve as the
most favourable, while Cotonou 1s the less favourable
enviromment.

Genotypes or environments with large negative or
positive TPCA1 scores have high interactions, while those
with IPCAT1 scores near zero (close to the horizontal line)
have little interaction across environments and vice versa
for environments (Crossa et al., 1991, Egesi and Asiedu,
2002) and are considered more stable than those further
away from the line. In the biplot, NERICA11, 10 and 18 fell
almost on a horizontal line near the zero point on IPCA1,
but were vertically distant apart. This implies that
NERICA 11 and 10 showed high and stable yield; yield of
NARICA 18 15 also stable against environmental changes
but its potential 1s lower than NERICA 11 and 10.

Since, the TPCA 2 scores was also important (33.58%
of GxE SS) m explaiming GEI, the biplot of the first two
IPCAs was also used to demonstrate the relative
magnitude of the GEI for specific genotypes and
environments (Fig. 2). The [PCA scores of genotypes in
the AMMI analysis 15 an mdication of stability or
adaptation over environments (Gauch and Zobel, 1996).
The greater the TPCA scores, the more specifically
adapted is a genotype to certain environments
(Admassu et al, 2008). The more the TPCA scores
approximate to zero, the more stable or adapted the
genotype is over all the environments sampled. A biplot
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Fig. 2. Biplot of the second interaction principal

component axis (IPCA 2) agamst the first
mteraction principal component axis (IPCA 1)
scores for grain yield of 22 rice genotypes in
six environments. C = Cotonou, D = Deve,
IB = Ibadan, N = NERICA, W-18 = WABI181-18,
W-50 = WABS56-50, W-104 = WAB56-104

of the first two TPCA show that the best adapted
genotype to most enviromments was NERICA11 with the
IPCA scores close to zero, indicating its stability over the
entire environments. WAB56-104 and WAB181-18 were
well adapted to the high yielding environments of Deve-
2005 and 2006, while CG 14 was well adapted m the low
vieldng environments of Cotonou 2005 and 2006.
NERICAIL S and 14 performed best at Thadan in 2006 while
the best performing variety at Ibadan i 2005 was
NERICAS®.

Considering the environments tested in this study,
no single location had TPCA 1 scores close to zero line.
Also the TPCA 2 scores for environments were far from
zero. This indicates that all the environments had
potential for large GEL

CONCLUSION

The AMMI statistical model has shown that the
largest proportion of the total variation in grain yield was
attributed to environments in this study. NERICA 11 and
10 had the highest yield and were hardly affected by the
GEI effects as a result of which they will perform well
across a wide range of environments. The yield of
NARICA 18 was also stable against environmental
changes but its potential was lower than NERICA 11 and
10.
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