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Abstract: Environmental factors influenced productivity of the coconut palms and contribute to fluctuations
in nut yield. Stability measurements are important since they give an indication of the ability of a genotype to
maintain a relatively constant yield independent of changing environmental conditions. Genotypes x
environment interactions indicate the inconsistency of relative performance of genotypes over environments.
Assessment of the stability of a genotype to different environmentsis useful for recommending cultivars for
known conditions of cultivation. Recently, the Nigerian coconut plantations have been reduced to a level that
they no longer meet the local requirement both in direct consumption and industrial uses. This was due to the
fact that the environment is changing and this has affected the growth, development, physiological status and
consequently the yield and stability of the coconut.Inorder to assess the yield and stability of different coconut
varieties, nine years’ yield data of five (5) coconut palm varieties were evaluated for nut yield performance and
stability using analysis of variance (ANOVA) and some univariate stability parameters. Result of combine
analysis of variance for nut yield showed significant effects of genotype, environments and genotype by
environment interaction. The mean nut yield per palm per year ranged from 20.571 to 83.80 nuts / palm / year.
When the genotypic nut yields were subjected to stability analysis against an environmental index, the
regression coefficient for individual varieties ranged between 0.414 and 1.486. The values of the coefficient of
determination (R ) suggested that 48.7 to 95.65% of the variation in nut yield of the individual varieties was2

accounted for by the regression on the environmental index. The orange dwarf and yellow dwarf varieties had
the lowest regression coefficient (b) value (0.779 and 0.414) nearer zero and were considered most stable for nut
yield. They were however below average performance for this trait with a nut yield of 39.049 nuts / palm / year
and 34.026nuts /palm / year respectively. Two varieties: Green dwarf (43.084 nuts / palm / year) and hybrid
(44.594nuts / palm / year ) were average in terms of yield performance for nut yield and also had average stability
to environmental variation and were therefore recommended while the tall (57.511nuts / palm / year) was the
most productive but had the least buffering ability compared to other varieties.
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INTRODUCTION based on environment give rise to the concept of

Coconut palm breeders and  agronomist  are  aware of GxE interaction in plant breeding is the identification of
of the difference in coconut palm (Cocos nucifera L.) superior genotype for general adaptation and for specific
performances among varieties from location to location environments. The most adopted method of measuring G
and from year to year [1].Variations due to environmental X E interaction has focus on the analysis of stability of
factors from location to location and from year to year has genotypes. The stability in performance of a genotype is
been reported in oil palm [2] but scanty information is the most important factor to consider before it is released
available for the coconut palm in a lethal yellow endemic for wide cultivation.A number of G X E interaction studies
environments. The differential performances of genotypes to  identify  high   yielding   and   stable   genotypes  from

genotype by environment interaction. The main objective
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different oil palm breeding trials of NIFOR has been Palm Research (NIFOR), Benin City, Edo State, Nigeria.
reported [3,4]. This method involves the use of linear NIFOR is located within latitude 6 33’N and longitude
regression as proposed by Yates and Cochran [5] and 5 37’E and lies 156m above sea level. About 885 palms
subsequently modified by  Finlay  and  Wilkinson  [6]. consisting of the various varieties were planted in 1987 in
The genotype grouping technique based on coefficient of a randomized complete block design with replications in
variation (C.V) and mean yield of Francis and kannenberg a field later infested with lethal yellowing disease.
[7] has also been used to evaluate genotypes for stability. Individual palm yield records were obtained for the
All these methods are grouped under the univariate number of nuts produced each year. Mature yield records
statistical methods of assessing stability which is further for nine years in the LYD endemic environment were used
divided into static and dynamic concept. The multivariate for the analysis. The data were statistically analyzed using
statistics  which  includes  the AMMI (additive main SPSS version 17.0 for analysis of variance (ANOVA) and
effect and multiplicative interaction) is now widely stability analysis. The means were tested using the
accepted  but  the  mathematical  complexity still makes Duncan multiple range test at 5% level of probability. The
the univariate methods a preferred choice when simplicity data for each of the varietal yield in each environment was
is of necessity. recorded. The univariate statistical method of stability

The selection of most productive and stable was used to assess the stability of each of the varieties.
genotypes in a disease infested environment is an indirect There are two major stability concept that can be ascribed
form of accessing the disease resistance of cultivars and to the univariate method viz:
lines. In this situation, resistance is seen as a protection
against production loss, from the point of view, that If  the  a mong-environment variance of a genotype
resistant cultivars and lines would be the most productive is small, the genotype is considered to be stable.
and stable and therefore, presenting a lower yield This concept is useful for quality traits, disease
loss.Various studies have been conducted to analyze the resistance or for stress characters. According to this
effect of G x E interaction on the Nigerian Coconut concept a genotype performs the same in different
varieties. However, the changing environmental environments or under different environmental
conditions of Nigeria, the expansion of Coconut to new conditions. This stability is static or can be seen as
agro-ecologies coupled with inadequate Coconut varieties a biological concept of stability [8]. Genotype
available for the different environments necessitate a variances across environments (Si2) and the
rigorous and continuous study of G x E interaction for a coefficient of variability (CVi) are used as parameters
dynamic crop improvement programme. Hence, the to describe this type of stability [7].
objectives of this study were: A genotype is considered to be stable if its response

To evaluate the adaptability of 5 Coconut genotypes all genotypes in the trial. According to Becker and
under the coconut growing environments of Nigeria Léon [8] this concept is called the dynamic or
and to identify the best performing ones for future agronomic concept of stability. In this case, a stable
use. genotype has no deviations from the general
To utilize univariate statistical procedures for response to environments and creates a possible
analysing G x E interaction and yield stability of way of predicting the response of a genotype to a
Nigerian Coconut varieties across nine certain environment. Parameters used to describe this
environments.When this is achieved, the most stable type of stability are regression coefficients (bi) [6]
variety could be recommended for cultivation as it is and Shukla’s (1972) stability variance.
able to prevent production loss over the years and it
could also be used as the most tolerant variety RESULTS
against lethal yellowing disease. 

MATERIALS AND METHODS Environments: For the number of nuts per palm produced,

Five coconut palm varieties namely: green dwarf, (P< 0.001) while GxE interaction was significant (P< 0.05)
orange dwarf, tall, hybrid and yellow dwarf were used in as shown in Table 1; suggesting that genotypes x
this experiment. This experiment was conducted at the environment interactions influenced the performance of
Main Research Station of the Nigerian Institute for Oil coconut  varieties  in  all  the years. The mean yield for the

o

o

to environments is parallel to the mean response of

General Performance of Coconut Varieties in the Nine

genotypes and environment main effects were significant
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Table 1: Combined analysis of variance for nut yield (nuts/palm/year) of five coconut varieties across nine years.
Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model 109166.573 44 2481.058 6.941 .000a

Intercept 955734.529 1 955734.529 2673.869 .000
VARIETIES 27337.698 4 6834.425 19.121 .000
YEARS 38182.006 8 4772.751 13.353 .000
VARIETIES * YEARS 17225.054 32 538.283 1.506 .037
Error 300245.491 840 357.435
Total 1991369.000 885
Corrected Total 409412.063 884

Table 2: Mean Yield of the Number of Nuts/palm of the Coconut Varieties Across the Different Years.
Variety 1 Variety 2 Variety 3 Variety 4 Variety 5 Mean

YEAR 1 57.000 38.100 70.600 53.667 33.000 50.473
YEAR 2 43.576 40.800 54.400 44.435 28.088 42.242
YEAR 3 46.394 46.100 57.000 47.483 31.152 45.626
YEAR 4 43.879 45.100 53.800 43.074 33.091 43.789
YEAR 5 34.903 33.333 63.000 42.107 30.519 40.772
YEAR 6 58.485 47.375 83.800 63.214 45.172 59.609
YEAR 7 51.335 49.200 63.000 50.733 42.406 51.339
YEAR 8 20.571 27.429 33.000 30.786 29.364 28.230
YEAR 9 31.591 24.000 39.000 25.938 33.889 30.883
MEAN 43.084 39.049 57.511 44.594 34.076 43.663
KEY:
VARIETY 1: GREEN DWARF
VARIETY 2: ORANGE DWARF
VARIETY 3: TALL
VARIETY 4: HYBRID
VARIETY 5: YELLOW DWARF

Table 3: Linear regression of nut yield (Y) against environmental index (X) of five coconut varieties in nine years.
Varieties Regression Equation
Green Dwarf Y= 1.196X - 9.162
Orange Dwarf Y= 0.779X + 5.00
Tall Y= 1.486X - 7.378
Hybrid Y= 1.122X - 4.406
Yellow Y= 0.414X + 15.96

Table 4: Mean nut yield and estimates of stability for nut yield of five coconut varieties grown in nine years.
Stability Parameters
-----------------------------------------------------------------------------------------------------------------------------------

Nut Yield Coefficient of Coefficient
Varieties (nuts/palm/year) b determination of variation Variance Standard error
Green Dwarf 43.084 1.196 0.912 28.63 152.16 1.168
Orange Dwarf 39.049 0.780 0.718 23.21 82.12 2.148
Tall 57.511 1.486 0.906 26.72 236.23 2.958
Hybrid 44.549 1.122 0.956 25.35 127.75 1.292
Yellow 34.026 0.414 0.487 17.17 34.25 1.194

number of nuts per palm per year ranged from 20.571 to Table 2. The green dwarf performed best in year 6 with a
83.80 nuts/palm/year with a grand mean of 43.663 mean yield of 58.485 nuts/palm while it was lowest in year
nuts/palm/year (Table 2). The tall variety produced the 8 (20.571 nuts/palm). The orange dwarf gave the highest
highest nut yield (57.511 nuts/palm/year) while the yellow nut in yield of 49.20 nuts/palm in year 7 and the lowest
dwarf variety produced the lowest nut yield (34.026 (24.0nuts/palm) in year 9 but the tall recorded its highest
nuts/palm/year). The mean yield of the different varieties nut yield (83.8 nuts per palm) in year 8. The hybrid and
of coconut in the nine environments is also presented in yellow dwarf also recorded their highest (63.214 nuts/palm
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and 45.172 nuts/palm) in year 6 and their lowest (25.94 For all the varieties studied there was a significant
nuts per palm and 28.088 nut per palm) in year 9 and 2
respectively. From the yield records, it is clear that all the
varieties tend to perform best at the sixth year (Table 2)
and from the mean record; year 6 gave the overall best
performance than other years (59.609nuts/palm). 

Stability Analysis of Selected Coconut Varieties: A linear
regression of the nut yield of each variety on the
environmental index (mean yield of all varieties for each
year) is presented in Table 3 while Table 4 shows the
mean yield for the number of palms per year for each
variety together with their corresponding standard error,
variance, coefficient of variation, coefficient of
determination (R ) and the regression coefficient (b) value.2

For green dwarf the mean yield was 43.08 nuts per palm
per year while its coefficient of variation was 28.63% and
the b-value was 1.196 while for orange dwarf the mean
yield was 39.05 nuts/palm/year and a coefficient of
variation of 26.72% and a b-value of 1.486 and the hybrid
had a mean of 44.594nuts/palm/year with a coefficient of
variation of 25.35% and a b-value of 1.122 not neglecting
the yellow dwarf with a mean of 34.076nuts/palm/year and
a coefficient of variation of 17.17% while its b-value was
0.414. The coefficient of determination ranges from 48.7 to
95.6% The lowest value of the coefficient of determination
was recorded for Yellow dwarf (48.7%) while Hybrid had
the highest value (95.6%). The Tall had a value of 90.6%,
91.2% was recorded for Green dwarf while the Orange
dwarf recorded a value of 71.8%.

DISCUSSION

The significant environment 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 posses varying yield capabilities, which are
manifested or suppressed in a given locality depending
on prevailing environmental conditions [9]. The improved
performance of the coconut varieties in year 2007 could be
due to the favorable climatic and soil conditions of the
site. Since this environment is infested with lethal
yellowing disease, the overall best performance of the
varieties in 2007could be probably caused according to
Carbonell et al. [10], by the inactivity of the pathogen
and, in some cases, their physiological races in year 2007.
The environment could reduce the pathogenic load or
made  the  pathogen   latent   thereby   enhancing  yield.

linear  regression  (P>  0.05)  which  suggest  that  the
yield  of  the  coconut  varieties studied in a given
location is capable of being predicted with a reasonable
level of accuracy. The values for the coefficient of
determination (R ) (table 4) suggested that 48.7 to 95.6%2

of the variation in nut yield of the individual varieties was
accounted for by the regression on the environmental
index. Thus regression analysis had considerable
predictive value in estimating the stability of the varieties.
Similar results were obtained by Assefa et al. [11] and
Sariah et al. [12] working with wheat genotypes. The tall
variety gave the highest yield (57.511nuts/palm/year)
which was for above the general average yield (43.663
nuts/palm/year) but it was highly sensitive (below
average stability) to environmental changes with a b-
value >I (1.486) which was the highest among all the
varieties. The green dwarf with a mean yield of
43.08nuts/palm/year came after the tall in terms of stability
with a b-value of 1.196 and this was closely followed by
the hybrid with a mean yield of 44.59nuts/palm/year and
a b-value of 1.122. The tall variety agrees with the fact that
some high yielding genotypes tend to be highly
dependent on the environment and as such are not
considered as an ideal genotype [13]. Two varieties
namely: orange dwarf and yellow dwarf with a mean yield
of 39.05nuts/palm/year and 34.08nuts/palm/year
respectively were below average performance in terms of
yield and their b-values < 1 (0.414 for yellow dwarf and
0.779 for orange dwarf).

According to Finlay and Wilkinson [6] cultivars with
a b-value > 1 implies high sensitivity (below average
stability) and adaptability to high fertile environment but
a b-value < 1 implies greater resistance to environmental
changes and adaptation to low fertile environment.From
this point of view, the tall variety appears to be least
stable while two varieties: green dwarf and hybrid with a
b-value around unity (1) have average stability and their
mean yields was also average in performance. The yellow
dwarf and orange dwarf with a b-value < 1 shows greater
resistance to environmental changes but were below
average in performance for nut yield. The corresponding
values of the coefficient of determination, variance and
coefficient of variation for each of the varieties also agree
with this ranking. Based on the above discussion, the
green dwarf and hybrid can be recommended. The
genotypes did not interact much with the environment
and their mean value for nut yield was average in
performance.



World J. Agric. Sci., 8 (3): 229-233, 2012

233

This study has shown that the differential 6. Finlay, K.W. and G.N. Wilkinson, 1963. The Analysis
performance of the coconut varieties across the of Adaptation in a Plant Breeding Programme. Aust.
environments infested with lethal yellowing disease is in J. Agric. Res., 14: 742-754.
agreement with the existence of genotype by environment 7. Francis, T.R. and L.W. Kannenberg, 1978. Yield
interaction in plants and the stability value can be used to stability studies in Short- Season maize. I.A
access the disease resistance of the varieties. It is descriptive method of grouping genotypes. Can. J.
therefore important that progeny testing programmes are Sci., 58: 1029-1034. 
carried out at different locations and over several years. 8. Becker, H.C. and J. Leon, 1988. Stability Analysis in
This will result in the development of planting materials Plant Breeding. Plant Breed. 101: 1- 23.
which are consistently high yielding and stable in lethal 9. Green, M.J., 1971. An evaluation of some Criteria
yellowing disease environments. used in selecting large yielding tea clones. Journal of
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