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The objective of this study was to assess genotype by environment interaction for nut yield in coconut 
genotypes grown in southern Nigeria by the AMMI (additive main effects and multiplicative interaction) 
model. The study comprised 5 coconut genotypes, analysed in nine years through field trials. Nut yield 
per palm per year of the tested genotypes varied from 20.571 to 83.80 nuts / palm / year throughout the 
nine seasons, with an average of 43.663 nuts. In the variance analysis, the model revealed that 
differences between the environments accounted for about 34.98% of the treatment sum of squares 
while the genotypes and the GxE interaction also accounted significantly for 25.04% and 15.78% 
respectively of the treatment SS. The mean squares for the PCA 1 and PCA 2 were significant at P = 0.01 
and cumulatively contributed to 86.48% of the GxE interaction SS, leaving 13.52% of the variation in the 
GxE interaction (within 37.5% of the interaction df) in the residual.The biplot accounts for 97.86% of the 
treatment SS leaving only 2.13% in the residual. On the biplot, genotypes with high yield genetic 
potential had positive correlation with the seasons with optimal growing conditions, while the 
genotypes with lower yield potential were correlated to the years with unfavourable conditions. Nut 
yield per plant is highly influenced by environmental factors, which indicates the adaptability of specific 
genotypes to specific seasons/years. The AMMI and AMMI stability value (ASV) identified G1 and G4 as 
the most stable genotypes and also identified three mega environments.E1 was identified as stable 
environment as its IPCA2 score and vector was near to the source (zero). The most and least 
discriminating test environments were E8 and E7 respectively. Genotypes with obtuse angles with test 
environments had below average yields at those particular sites. The results also show that the 
environment is changing which could be as a result of the impact of global warming on the environment 
as revealed by clustering of the nine years into three different mega environments with no definite 
patterns from the AMMI biplot. 
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INTRODUCTION 
 
Climate changes may result in strong impacts on 
agriculture, especially on crop growth and yield. Crops 
are largely determined by climate conditions during 
growing season; thus, even minor deviations from optimal 
conditions   can   seriously   threaten    yield.    Therefore,  
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knowledge on the effect of environmental factors on crop 
growth and development could reduce the possibilities of 
significant yield loss and improve the selection of specific 
cultivars for growing in the target regions. Coconut palm 
breeders and agronomist are aware of the difference in 
coconut palm (Cocos nucifera L.) performances among 
varieties from location to location and from year to year 
(Natarajan et al., 2010). In crop production, yield stability 
is    considered    the    most   important   socioeconomic  
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category, especially in extreme environmental conditions 
(Ceccareli, 1994). Therefore, it is fundamental to grow 
stable coconut cultivars with good nut yield in diverse 
agroecological conditions.  Development of hybrids and 
varieties with high and stable genetic potential for nut 
yield in coconut are the main challenges in coconut 
breeding. Unfortunately, yield is a very complex trait due 
to gene action and interaction with the environment, that 
is, different reactions of genotypes on changeable 
environmental conditions. The yield of a certain genotype 
in a specific environment consists of genotype main 
effects, environment main effects, and genotype by 
environment interaction. When field trials are carried out 
in different agro ecological conditions, usually 80% of 
yield variation is caused by environment, while genotype 
and genotype by environment interaction cause 10% of 
variation each (Yan et al., 2001). Plant breeders 
invariably encounter genotype x environment interactions 
(GEIs) when testing varieties across a number of 
environments. Depending on the interactions or the 
differential genotypic responses to environments, the 
varietal ranking can differ greatly across environments. In 
field crop trials, this interaction is often analysed with the 
aim of determining the stability of the genotypes 
especially when there is a reasonable genotype by 
environment interaction (GEI). A combined analysis of 
variance (ANOVA) can quantify the interactions, and 
describe the main effects. However, analysis of variance 
is uninformative for explaining GEI. Various statistical 
methods (parametric and non-parametric) have been 
proposed to study Genotype × environment interactions 
(Lin et al., 1986; Becker and Léon, 1988; Crossa, 1990; 
Lin and Binns, 1994; Hussein et al., 2000; Mohammadi 
and Amri, 2008; Mohammadi et al., 2010). Different 
concepts and definitions of stability have been described 
over the years. Lin et al. (1986) identified three concepts 
of stability (Type 1, 2 and 3); later Lin and Binns (1988b) 
proposed a fourth type (Type 4). Type 1 is also called a 
static or a biological concept of stability (Becker and 
Léon, 1988). Parameters used to describe this type of 
stability are coefficient of determination (Ri2) (Pinthus, 
1973), coefficient of variability (CVi) (Francis and 
Kannenberg, 1978) and the genotypic variances across 
environments (S2i) ([Roemer (1917) cited in Becker and 
Leon (1988)]. Type 2 is also called the dynamic or 
agronomic concept of stability (Becker and Léon, 1988). 
A regression coefficient (bi) of Finlay and Wilkinson 
(1963) and Shukla’s (1972) stability variance (σi2) can be 
used to measure type 2 stability. Type 3 is also a part of 
the dynamic or agronomic stability concept (Becker and 
Léon, 1988). Methods that describe type 3 stability are 
the regression coefficient (bi) and deviation from 
regression (S2di) (Eberhart and Russell, 1966; Perkins 
and Jinks, 1968). Becker and Léon (1988) stated that all 
stability procedures based on quantifying GEI effects 
belong to the dynamic concept. This includes the 
procedures for  partitioning  the  GEI  of  Wricke’s  (1962)  

 
 
 
 
ecovalence as well as non-parametric stability statistics. 
Lin and Binns (1988a and b) proposed the cultivar 
performance measure (Pi) and within location variance 
(MSy/l) as type 4. Many researches have used 
regression analysis of Finlay and Wilkinson (1963) and 
Eberhart and Russell (1966), because of its wide 
application. As a general rule the effectiveness of 
regression analysis is when 50% of the total sum of 
squares is accounted for by linear GE interaction 
(Hayward et al., 1993), hence regression analysis is not 
useful for stability analysis of genotypes (Wade et al., 
1995). The main problem with stability statistics is that 
they don’t provide an accurate picture of the complete 
response pattern (Hohls, 1995). The reason is that a 
genotype’s response to varying environments is 
multivariate (Lin et al., 1986) whereas the stability indices 
are usually univariate (Gauch, 1988; Crossa, 1990). 
Since the genotype response to environmental variations 
is usually multivariate, therefore, a multivariate method of 
analysing genotype stability across environments will be 
the best option. One of the multivariate techniques is the 
AMMI (additive main effects and multiplicative interaction) 
model. According to Zobel et al. (1988), considering the 
three traditional models, analysis of variance (ANOVA) 
fails to detect a significant interaction component, 
principal component analysis(PCA) fails to identify and 
separate the significant genotype and environment main 
effects, and linear regression models accounts for only a 
small portion of the interaction sum of squares. But AMMI 
analysis reveals a highly significant interaction 
component that has a clear agronomic meaning and it 
has no specific design requirements, except for a two-
way data structure. 
 This model wasoriginally developed for analysis in social 
sciences andphysics (Mandel, 1961, 1969; Gollоb, 1968), 
and later adjusted for research in plant sciences (Gauch, 
1988, 1992; Cornelius, 1993). The AMMI analysis is a 
combination of analysis of variance (ANOVA) and 
principal component analysis (PCA) in which the sources 
of variability in genotype by environment interaction are 
partitioned by PCA. The AMMI is, therefore, also known 
as interaction PCA (Gauch and Zobel, 1990), and can 
have several models: AMMI0, which estimates the 
additive main effect of genotypes and environments, and 
does not include any principal component axis (IPCA); 
AMMI1, which combines the additive main effects from 
AMMI0 with the genotype by environment interaction 
effects estimated from the first principal component axis 
(IPCA 1); AMMI2, and so forth, until the full model with all 
IPCA axis (Gauch,1988).It has both linear and bilinear 
component of GEI and hence very useful in visualizing 
multi-environment data (understanding complex GEI and 
determining which genotype won which environment) and 
gaining accuracy (improving cultivar recommendation 
and accelerating progress) (Gauch, 2006). The additive 
main effects and multiplicative interactions (AMMI) is 
defined   powerful   tool   for    effective    analysis    and  



 
 
 
 
interpretation of multi-environment data structure in 
breeding programs (Ebdon and Gauch, 2002a; Samonte 
et al., 2005H; Yan et al., 2000; Zobel et al., 1988). 
Purchase (2000) developed the AMMI stability value 
(ASV) based on the AMMI model’s IPCA1 and IPCA2 
(interaction principal components axes 1 and 2, 
respectively) scores for each genotype. The ASV is 
comparable with the methods of Shukla, Wricke and 
Eberhart and Russell stability methods. Various 
nonparametric methods have also been used based on 
the ranks of genotypes in each environment. Genotypes 
with similar rankings across environments are classified 
as stable. Various studies have been conducted to 
analyze the effect of G x E interaction on the Nigerian 
Coconut varieties. Odewale et al. (2012) used the 
method of Finlay and Wilkinson’s regression coefficient 
and other univariate stability model to analyse coconut 
stability and identified the green dwarf as the most stable 
variety but reports on analysis of coconut yield data with 
the use of AMMI model to analyse G X E and 
consequently stability of coconut in Nigeria has not been 
reported. However, the changing environmental 
conditions of Nigeria, the expansion of Coconut to new 
agro-ecologies coupled with inadequate Coconut 
varieties available for the different environments 
necessitate a rigorous and continuous study of G x E 
interaction for a dynamic crop improvement programme. 
The objectives of this study were to (i) interpret GEI 
obtained by AMMI analysis of nut yield of coconut over 
nine environments, (ii) visually assess how to vary yield 
performances across environments based on the biplot 
and (iii) determine genotypes with high yields, depending 
on the differential genotypic responses to environments. 
 
 
MATERIALS AND METHODS 
 
Five coconut palm varieties namely: green dwarf (G1), 
orange dwarf (G2), tall (G3), hybrid (G4) and yellow dwarf 
(G5) were used in this experiment. This experiment was 
conducted at the Main Research Station of the Nigerian 
Institute for Oil Palm Research (NIFOR), Benin City, Edo 
State, Nigeria. NIFOR is located within latitude 6°33’N 
and longitude 5°37’E and lies 156 m above sea level. 
About 885 palms consisting of the five varieties of 
coconut were planted in 1987 with unequal replications. 
Individual palm yield records were obtained for the 
number of nuts produced each year. Nine years mature 
yield records were used for the analysis. 
 
 
Statistical analysis 
 
AMMI analysis  
 
The nut yield data were subjected to AMMI analysis 
which   is   a   combination  of  analysis  of  variance  and  
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multiplication effect analysis. Briefly, analysis of variance 
is used to partition variance into three components: 
genotype deviations from the grand mean, environment 
deviations from the grand mean, and GE deviations from 
the grand mean. Subsequently, multiplication effect 
analysis is used to partition GE deviations into different 
interaction principal component axes (IPCA), which can 
be tested for statistical significance through ANOVA.The 
GenStat (Discovery Edition) was used for the AMMI 
analysis while the analysis of variance (ANOVA) was 
analysed using SPSS 17.0 for windows statistical 
software packages. 

For any genotype combination, the main effect means 
is equal to the environment means minus the grand 
mean. The interaction is the multiplicative means minus 
the grand mean. The interaction is the multiplication of 
the genotype PCA score and the environment score 
(Zobel et al., 1988). When a genotype and environment 
have the same sign on the PCA axis, their interaction is 
negative. The biplot provides simple and effective means 
of illustrating the G X E interaction (Kempton, 1984) for 
easy interpretation. The AMMI model 1 biplot is 
generated from, main effects of genotypes and 
environments and the IPCA 1 scores. The abscissa 
shows the main effects and the ordinate shows the IPCA 
1 scores that capture interaction effects. Genotypes and 
environments with a PCA 1 scores of zero or near zero 
have small interaction (Crossa et al., 1990). The AMMI 
model 2 biplot was generated using genotypic and 
environmental scores of the first two AMMI components 
(Vargas and Crossa, 2000). Furthermore, when IPCA1 
was plotted against IPCA2, Purchase (1997) pointed out 
that the closer the genotypes score to the center of the 
biplot the more stable they are. The advantages of the 
AMMI model or its variants are that, they use overall 
fitting, impose no restrictions on the multiplicative terms 
and result in least square fit (Freeman, 1990). Within 
limits, any model may be expected to fit the data from 
which it was derived. However, the AMMI model has a 
good chance of being able to predict for new sites and 
new years, thus contributing a real advance (Gauch, 
1988). Gauch and Zobel (1996) showed that AMMI1 with 
IPCA1 and AMMI2 with IPCA1 and IPCA2 are usually 
selected and the graphical representation of axes, either 
as IPCA1 or IPCA2 against main effects or IPCA1 
against IPCA2 is generally informative. The AMMI 
method is used for three main purposes. The first is 
model diagnoses, AMMI is more appropriate in the initial 
statistical analysis of yield trials, because it provides an 
analytical tool of diagnosing other models as sub cases 
when these are better for particular data sets (Gauch, 
1988). Secondly, AMMI clarifies the G ×E interaction and 
it summarizes patterns and relationships of genotypes 
and environments (Zobel et al., 1988; Crossa et al., 
1990). The third use is to improve the accuracy of yield 
estimates. Gains have been obtained in the accuracy of 
yield estimates that are equivalent to increasing the 
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Table 1. AMMI analysis for nut yield of 5 coconut genotypes evaluated in 9 environments. 
 

Source Sum of squares df Mean square 

Treatment 109166.572 44 2481.058 
Genotypes 27337.698 4 6834.425** 
Years 38182.006 8 4772.751** 
Genotypes * Years 17225.054 32 538.283* 
PCA1 11124.211 11 1011.292** 
PCA2 3771.166 9 419.018** 
Residuals 2329.677 12 194.139 
Error 300245.491 840 357.435 
Total 409412.063 884  

 

**Significant at 1% probability level,* Significant at 5% probability. 
 
 
 
number of replicates by a factor of two to five (Zobelet al., 
1988; Crossa, 1990). Such gains may be used to reduce 
testing cost by reducing the number of replications, to 
include more treatments in the experiments or to improve 
efficiency in selecting the best genotypes. 
 
 
AMMI stability value (ASV)  
 
The AMMI stability value (ASV) as described by 
Purchase (2000) was calculated as follows: 
 
ASV = [ [( IPCA1sum of square÷IPCA2sum of square) * IPCA1score]

2 + 
(IPCA 2 SCORE)2]1/2 
 
Where (SSIPCA1) ÷ SSIPCA2) is the weight given to the 
IPCA1-value by dividing the IPCA1 sum of squares by 
the IPCA2 sum of squares. In fact ASV is the distance 
from zero in a two dimensional scatter gram of IPCA1 
(interaction principal component analysis axis 1) scores 
against IPCA2 scores. Since the IPCA1 score contributes 
more to GE sum of scores, it has to be weighted by the 
proportional difference between IPCA1 and IPCA2 scores 
to compensatefor the relative contribution of IPCA1 and 
IPCA2 total GE sum of squares. The distance from zero 
is then determined using the theorem of Pythagoras 
(Purchase et al., 2000). 

The larger the ASV value, the more specifically 
adapted a genotype is to certain environments. Smaller 
ASV scores indicate a more stable genotype across 
environments.  

 
 
RESULTS 
 
The AMMI analysis of nut yield (nuts/palm/year) of the 5 
coconut genotypes tested in nine environments (years) 
showed for the number of nuts per palm produced, 
genotypes and environment main effects were significant 
(P< 0.001) while GxE interaction was also significant (P< 
0.05). The AMMI analysis is presented in Table 1. The 

model revealed that differences between the 
environments accounted for about 34.98% of the 
treatment sum of squares. The genotypes and the GxE 
interaction also accounted significantly for 25.04 and 
15.78% respectively of the treatment SS. The first 
principal component axis (PCA 1) of the interaction 
captured 64.58% of the interaction sum of squares in 
34.38% of the interaction degrees of freedom. Similarly, 
the second principal component axis (PCA2) explained a 
further 21.89% of the GEI sum of squares. The mean 
squares for the PCA 1 and PCA 2 were significant at P = 
0.01 and cumulatively contributed to 86.48% of the GxE 
interaction SS, leaving 13.52% of the variation in the GxE 
interaction (within 37.5% of the interaction DF) in the 
residual. The mean yield of the genotypes across the 
years for the number of nuts per palm per year ranged 
from 34.076 to 57.511 nuts/palm/year with a grand mean 
of 43.663 nuts/palm/year (Table 3). The AMMI model 1 
biplot of the varietal trials was demonstrated in Figure 1. 
The abscissa shows the main effects while the ordinate 
shows the first PCA axis. The mean yields of the five 
genotypes grown in nine environments (years), the 
environment means and the first and second PCA scores 
are presented in Table 2. The biplot accounts for 97.86% 
of the treatment SS leaving only 2.13% in the residual. 
The environments showed much variability in both main 
effects and interactions (Table 2). However, the high 
potential environments were sparsely distributed in 
quadrant II (E1, E3, E6) and III (E4, E7), while the lower 
potential environments were also sparsely distributed in 
quadrants I (E5 and E2) and IV (E8, and E9) with high 
IPCA1 values (Figure 1). E7 and E4, E8 and E9, 
however, showed similarity in their interaction with the 
genotypes.  The lowest yielding environments, E8 and E9 
demonstrated the highestnegative interaction IPCA1 
scores.This biplot also indicated E6 as the highest 
yielding environment and E8 as the lowest yielding 
environment. The high ranking and low ranking 
genotypes have opposite interaction scores. Genotype 
3(G3) (the overall winner and toped rank) and G5 (lowest 
performing genotype) differed markedly in the interaction 
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Figure 1. AMMI model I biplot of the nut yield of five coconut genotypes evaluated in 9 
environments. 

 
 
 

Table 2. Mean of dry nut yield together with first and second interaction principal component of 
genotype and environment 
 

Environment Mean of yield IPCA-1 IPCA-2 
E1 50.473 2.57465 -0.03229 
E2 42.242 0.23301 1.52012 
E3 45.626 0.01299 1.89629 
E4 43.789 -0.76684 1.45886 
E5 40.772 1.10882 -1.44760 
E6 59.609 2.42424 -1.35663 
E7 51.339 -0.54061 0.48864 
E8 28.230 -2.86361 -0.68245 
E9 30.883 -2.18264 -1.84493 
G1 43.084 1.02069 1.07722 
G2 39.049 -1.90459 2.52249 
G3 57.511 3.35556 -1.46427 
G4 44.594 0.84391 0.36977 
G5 34.076 -3.31556 -2.50521 

 
 
 
score. While G3 has an interaction score of 3.3556, G5 
had a negative score of -3.31556.G4 had the least 
interaction with the environment while G3 exhibited the 
largest interaction with the environment and is also high 

yielding. G4 is considered an average and stable 
genotype being the only one closest to zero followed by 
G1.  The values of the IPCA 1 scores were highest (-
2.863) in E8 and least (0.01299) in E3. G3 had the lowest 
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Table 3. AMMI adjusted mean nut yield (nuts/year) based on untransformed data, AMMI stability 
values (ASV), and ranking orders of the 5 Genotypes tested across 9 environments. 
 

Code Varieties 
Nut Yield(nuts/year) 

IPCA 1 IPCA 2 

ASV 

Value Rank 
Mean Rank 

G1 Green dwarf 43.084 3 1.02069 1.07722 2.0576 2 
G2 Orange dwarf 39.049 4 -1.90459 2.52249 4.1306 3 
G3 tall 57.511 1 3.35556 -1.46427 5.9463 4 
G4 hybrid 44.594 2 0.84391 0.36977 1.4958 1 
G5 Yellow dwarf 34.076 5 -3.31556 -2.50521 6.2212 5 
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Figure 2. AMMI model 2 Biplot of five coconut genotypesand 9 environments for nut 
yieldusing genotypic and environmental scores. 

 
 
 
score followed by G1. Figure 2 presents the AMMI-2 
biplot, with the IPCA 1 and IPCA 2 for nut yields. AMMI-2 
accounted for 86.48% of the GXE interaction for nut yield. 
G4 had little interaction and would fit closely the additive 
part of the AMMI-2 model. G2, G5 and G3 were the most 
divergent. According to this figure, G4 and G1 were 
closer to the biplot origin than any other genotypes and 
shows similar performance for nut yields. G2, G5 and G3 
remained in their previous positions, and were unstable in 
performance, as indicated in both biplots. Genotype G5 
was more adapted to low yielding environment while G2 
was closer to environment E4 and E7. Environments E4 

and E5, E6 and E7 projected in the opposite directions 
withE6 longer than E7 and E5 longer than E4 in their 
vectors (Figure 2). In the results of the AMMI stability 
value (Table 3), G4 was ranked first followed by G1 with 
G2 ranking third while the least ranked genotype was G5. 
When the extreme genotypes on a GE biplot (Figure 3) 
were connected to form a polygon and perpendicular 
lines  drawn from the centre of the biplots to meet the 
sides of the polygon, four sectors of which three had an 
environment  were recognised with G2,G5,G1 and G3 at 
the vertex of the quadrilateral . Among the environments, 
E8 and E9 with the longest vectors were the most 
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Figure 3. AMMI biplot analysis showing the mega-environments and their respective 
high yielding genotypes.  

 
 
 
discriminating (informative) while E7 with the shortest 
vector was the least discriminating (Figure 3). The 
environments were clustered into three groups (Figure 3). 
The first group were made of E2, E3, E4, and E7 while 
the second group consist of E1, E5 and E6 while E8 and 
E9 made the last group. E6 (the highest yielding 
environment) was highly correlated with G3 (highest 
yielding genotype) as revealed by the acute angle 
between them (Figure 3). Likewise G5 (the lowest 
yielding genotype) was also highly correlated with E8 and 
E9 (the lowest yielding environments) as revealed by the 
acute angle between them.E1 is identified as stable 
environment as its IPCA2 score and vector is near to the 
source (zero). 
 
 
DISCUSSION 
 
The AMMI analysis of variance of nut yield (nuts/year) of 
the 5 coconut varieties tested in nine environments 
showed for the number of nuts per palm produced, 
genotypes and environment main effects were significant 
(P< 0.001) while GxE interaction was significant (P< 
0.05); suggesting that genotypes x environment 
interactions influenced the performance of nut yields of 
coconut varieties in all the years. The significant 
environmental effect suggested that differential 

performance of the genotypes across the environments 
could be explained by the fluctuations in the weather and 
environmental variables from year to year. This agreed 
with the fact that different plant varieties possess varying 
yield capabilities, which are manifested or suppressed in 
a given locality depending on prevailing environmental 
conditions (Green, 1971). The AMMI analysis provided a 
biplot of main effects and the first principal component 
scores of interactions (IPCA1) of both genotypes and 
environments. The differences among genotypes in terms 
of direction and magnitude along the X-axis (yield) 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 
interaction (Crossa et 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 yields than those on the left side. 
Consequently, G3 and G4 were generally high yielding 
(57.511 and 44.594 respectively) with G3 being the 
overall best with yield of 57.511 nuts/palm/year. In 
contrast, G1, G2, and G5 were generally low yielding 
genotypes. The first and second PCA commulatively 
captured 86.48% of the total GEI SS, using 20 df and 
were highly significant(p <  0.01).The interaction of  the  5  
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genotypes of coconut with nine environments was 
predicted by the first two principal components of 
genotypes and environments according to the 
recommendation of  Gauch and Zobel (1996); Yan and 
Rajcan (2002) which recommended that the most 
accurate model for AMMI, can be predicted using the first 
two IPCAs and that further interaction principal 
component axes captured mostly noise and therefore will 
not help to predict validation observations. The grouping 
of the environment into three clusters could be due to the 
fact that the environment in the same clusters had similar 
agroecological conditions, indicated by their close 
placement on the biplot (Ana Marjanović-Jeromela et al., 
2011). Thus, instead of testing the various genotypes in 
the nine environments, three mega environments can be 
used without any loss of information thus reducing testing 
cost which is another great advantage of using AMMI 
analysis. In general, environments with scores near zero 
have little interaction across genotypes and provide low 
discrimination among genotypes (Anandan et al., 2009); 
however, in this study, this pattern was observed as E1 
score was closer to zero and thus had little interaction 
across genotypes. The high correlation of G3 (highest 
yielding genotype) with E6 (highest yielding environment) 
and G5 (the lowest yielding genotype with E8 and E9 
which were the lowest yielding environments supports the 
fact that cultivars with high yield genetic potential had 
positive correlation with the seasons with optimal growing 
conditions, while the cultivars with lower yield potential 
were correlated to the years with unfavourable conditions 
(Ana Marjanović-Jeromela et al., 2011). In all the test 
environments, E1 was relatively closer to biplot origin and 
hence less interactive site and could be good enough 
forselection of genotypes with average 
adaptation.Connecting the extreme genotypes on a GE 
biplot forms a polygon and the perpendiculars to the 
sides of the polygon form sectors of genotypes and sites 
(Hernadez and Crossa, 2000). The genotypes at vertex 
are the winners in the sites included in that sector (Yan et 
al., 2000). With the present data set, four sectors of 
which three had an environment were recognised with 
G2, G5, G1 and G3 at the vertex of the quadrilateral 
signifying a cross over interaction. E7 with the shortest 
vector was non – informative as it provides little 
information on the genotypes and, therefore, should not 
be used as test environment.In ASV method, a genotype 
with least ASV score is the most stable, accordingly 
genotype G4, followed by G1 were the most stable, while 
genotypes G2, G3 and G5 were undesirable. Biplot 
analysis and ordination techniques revealed high 
significant differences for IPCA1 and IPCA2.Thus, based 
on AMMI 1 and 2 model and ASV ranking, G4 was 
identified to be superior followed by G1 in yield stability. 
This kind of genotype is considered highly desirable in 
coconut breeding. Some of the high yielding genotypes 
were highly dependent on the environment and as such 
were not considered as an idea genotypes. Similar  result  

 
 
 
 
were obtained by Okoye et al. (2005), working on oil 
palm. This is in agreement with the conclusion of Gray 
(1982) that some of the high yielding genotypes which did 
not meet the production response and stability 
characteristics are not considered as ideal genotypes. 
Obisesan and Fatunla (1983) and Ataga (1993) also 
reported absence of ideal genotypes among the oil palm 
crosses they studied. Dwarf varieties were consistently 
poor performing probably due to shedding by taller 
varieties or breeding methodology used for selecting 
them as some varieties were selected under high input 
environments. Similar results were obtained by Dean et 
al., 2007 working on maize varieties. The presence of 
cross over interaction suggests the possibility of 
developing genotypes with consistent performance for 
specific location and for broad adaptation. The result also 
shows that the environment is changing which could be 
as a result of the impact of global warming on the 
environment as revealed by clustering of the nine years 
into three different clusters and thus the need for a 
rigorous and continuous study of G x E interaction for a 
dynamic crop improvement programme. Coconut palm is 
one of the most important tree crops in Nigeria. It is 
produced by both large scale and small holder farmers 
who are located in different agro ecological zones of the 
country. The development and dissemination of improved 
coconut varieties adapted to these agro ecological zones 
which involves conducting multienvironmental trials is 
very important. It is therefore important that varietal trials 
are carried out at different locations and over several 
years. This will result in the development of planting 
materials which are consistently high yielding and stable. 
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