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ABSTRACT

Genotype x environment interaction (GEI) is the major factors among the several constraints
attributed to low production and productivity of the crop. Both the genotype and environment
determines the phenotype of the individuals. The presence of the genotype x environment interaction
contributes to the unreliability of crop yield over a wide range of environments. The occurrence of
large genotype x environment interaction during the multi-trials makes the selection of superior
genotypes difficult and affects the progress of the selection. In the absence of genotype x
environment interaction, the superior genotype in one environment may be regarded as the superior
genotype in all, whereas the presence of the genotype x environment interaction confirms particular
genotype being superior in particular environment. Therefore, it is important to distinguish the
nature of genotype x environment interaction before genotype selection for specific area of
cultivation. A lot of statistical tools are available to analyze the consequences of multi-
environmental trails. Additive Main Effects and Multiplication Interaction model and genotypic
main effects plus genotype by environment interaction (GGE) biplot are the most popular graphical
investigative tools among others. The other method like regression of genotype means on the
environment means is also worthwhile.

Keywords: Additive Main Effects and Multiplicative Interaction, Genotype, Genotype X
Environment Interactions, Stability

INTRODUCTION

Coffee (Coffea arabica L.) which is belonging
to the Coffea genus in the Rubiaceae family is a
self-fertile allotetraploid species that is mostly
grown in the tropical and subtropical regions
(Berthaud and Charrier, 1988). Among
124coffee species in the genus Coffea, Coffea
arabica L. and Coffea canephora P. are the two
most important commercial species (Davis et
al., 2006).Coffea arabica L. considered as a
high quality coffee for its cup taste and
contributes more than 70 percent of the world
coffee production. It is the second most
exported commodity after oil worldwide (Gray
et al., 2013) and represents a significant source
of income to several Latin American, African
and Asian countries.

Ethiopia ranks first in Africa and fifth in the
world after Brazil, Vietnam, Colombia and
Indonesia in coffee production and is the tenth

coffee exporter with less than 5 percent share of
the world. During 2020 cropping season, the
total area under production estimated to 540000
hectares and the production is estimated to be
450,000 metric tons (USDA, 2020). In Ethiopia,
coffee grows under a wide range of
environmental conditions between altitudinal
ranges from 550 to 2750m above sea level.
Within the range of mid to high sub-humid
agro-ecology is, however, the most important
coffee producing environment in the country is
between altitudinal range from 1500 to 2500 m
above sea level with ideal minimum and
maximum air temperature of 15 and 30°C,
respectively (Ayana et al., 2016).

In spite of the fact that Ethiopia is the center of
origin and diversity for the Arabica coffee and
the important role it plays in the national
economy of the country, Ethiopian coffee
industry is threatened by a number of
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constraints. The major factors contributing to
low yield in Ethiopia include: lack of improved
cultivars for each ecological zone of the
country, disease mainly coffee berry disease
(CBD), coffee wilt disease (CWD) and coffee
leaf rust (CLR) and unimproved management
practices (Eshetu, 1997; Bayeta, 2001).

Low yield due to adaptation problem to a range
of ecological condition is another problem that
challenges the Ethiopian coffee industry. The
performance of a crop variety is the resultant
effect of its genotype and the environment in
which it is grown. The effects of genotype and
environment on phenotype are not independent.
The phenotypic response of the genotype to
change in environment is not the same for all
genotypes. Very often, breeders encounter
situations where the relative rankings of
varieties change from location to location and/or
from year to year. Inconsistency in the
performance of genotypes or a change in the
magnitude of the difference between genotypes
under a range of environment is termed as
genotype-environment (GE) interaction
(Comstock and Moll, 1963; Dabholkar, 1999).

Knowledge of scope and patterns of GEI effect
can help to efficiently design appropriate
breeding strategies, optimize varietal selection
vis-a-vis the target production environments,
and to define suitable areas of recommendation
domain where a given cultivar can be better
adapted (Yan and Hunt, 2001). In addition to
this, knowledge of extent and patterns of GE
interaction can help plant breeders to reduce the
cost of genotypes evaluation by eliminating
unnecessary spatial and temporal yield trials
(Basford and Cooper, 1998). It is therefore,
essential to quantify the interaction of the
genotype with the environments in which they
were assessed. In addition, understanding of the
causes of the GEI is extremely important
because it can contribute to determine the
breeding objectives, identify ideal test
conditions and recommend regional cultivars
with better adaptation. Therefore, the objectives
of this articleisto generate the information on
impacts of genotype x environment interaction
and its stablity measures.

REVIEW OF LITERATURE AND DISCUSSION

The increase in population and the subsequent
rise in the demand for agricultural produce are
expected to be greater in regions where

production is already insufficient. The necessary
increase in agricultural production represents a
challenge to local farming systems and must
arise mostly from increased yield per unit area,
given the limited scope for extension of
cultivated land worldwide. To meet this
requirement, various crop improvement
programs all over the world have been initiated.
As far as the success of a plant breeding
program depends on its ability to provide
producers with genotypes with guaranteed
superior performance (phenotype) in terms of
yield and/or quality across a range of
environmental conditions, it is necessary to have
an understanding of the factors leading to a
good phenotype.

Under any crop improvement program, a sample
of promising genotypes performance are tested
each year at a number of site, representing the
major growing area of the crop with a view to
identify genotypes which poses the dual
qualities of high-yield sustainability to adverse
changes in environmental condition. It is clearly
observed that the specified difference in
environment may produce differential effect on
genotype. This is the interplay of genetic and a
non-genetic effect causing differential relative
performances of genotypes in different
environments is called Genotype x Environment
Interaction (GEI) (ParulSaini et al., 2013).

GEI can be defined in two forms as qualitative
(rank changes) and quantitative (absolute
differences between genotypes). GEI also
defined as the differential response of crop
genotypes to  changing  environmental
conditions. When varieties are grown at several
locations for testing their performance, their
relative rankings usually do not remain the
same. Moreover, GEI makes it difficult to select
the best performing and supreme stable
genotypes and is an important to consider in
plant breeding programs because it can
minimizes the progress from selection in any
one environment (Hill, 1975; Yau, 1995).The
phenotype of an organism is determined by the
combined effects of the environment and the
genotype which interact with one another. Thus,
the basic model that includes G x E interaction
is P=G+E+GE. This model can be written from
statistical standpoint as P=u+G;+E;+(GE)j,
where u is the overall mean, G is the effect of
genes of the i" genotype and E is the effect of
environment at j" location. If follows from the
model that, for a given genotype, there can be
many phenotypes depending up on the E and G
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x E interaction. The association between the
expressions of the character in different
environments is a function of the degree to
which the same genes influence genetic
variation in the different environments. The
greater the degree of GEI results, the more
dissimilar the genetic systems controlling the
physiological processes conferring adaptation in
the different environments.

Statistically, GEI detected as a significantly
different pattern of response among the
genotypes across environments, i.e. there is a
significant  difference in  the relative
performance of the genotypes when they are
grown in different environments. In biological
point of view, this will occur when the
contributions (level of expression) of the genes
regulating the trait differ among environments.
This conditional contribution of genes to the
expression of a trait is considered to be the
biological basis of GEI and what we would like
to detect with our statistical tests. Allard (1960)
described the biological complexity underlying
GE virtually all phenotypic effects are not
related to the gene in any simple way. Rather
they result from a chain of physicochemical
reaction and interactions initiated by genes but
leading through complex chains of events
controlled or modified by other genes and the
external environments. Allard and Bradshaw
(1964) emphasized that the stability with which
we are concerned does not imply general
constancy of  phenotype in  varying
environments. It indicates that the stability in
those aspects of phenotype, especially yield and
quality that are economically important. Such
like stability may in fact depend on holding
some aspects of morphology and physiology in
steady state and allowing others to vary. This is
therefore; the stable varieties will show low
genotype X environment interaction for
agriculturally important characters, particularly
yield, but not necessarily for other characters.

To a geneticist, environment is the sum total of
physical, chemical and biological factors that
influence the development of an organism such
as different soil types, soil fertility levels,
moisture levels, temperatures, cultural practices,
foliar and stem diseases, soil borne constraints

and penology (Fehr, 1991). Such interactions
complicate testing and selection in breeding
programs and result in reduced overall genetic
gains of the desired traits (Shafi and Price,
1998). The environments are often considered to
have been sampled from some target population
of environments in a series of experiments. The
process of sampling environment is generally
associated with testing the genotypes at a
number of sites for a number of years.
Therefore, environments are commonly defined
as particular site year combination (Basford and
Cooper, 1998).

The Genotype X Environment interaction term
represents the differential genotype responses
under different environmental conditions. In
most situations, the relative performances of two
genotypes change with the environment
conditions, as a direct consequence of GE
interaction. Therefore, one of the most
important  objectives of the analysis of
phenotypic stability is to identify the genotypes
whose phenotypic performance remains stable
even when the environmental conditions
change. These analyses only make sense if GE
interactions are present (Hussein et al., 2000).

According to Furtado Ferreira et al. (2006)
example, in Figure 1, the mean performances of
two genotypes (A and B) are shown in two
environments (E1 and E2) to illustrate the
environmental effect, the presence and the
absence of an interaction effect, and the two
basic types of interaction. Figure 1 (a) and (b)
show the absence of an interaction effect. In
these cases the genotype lines are parallel, with
genotype A showing a higher response than
genotype B, and absence of environmental
effect in 1(b). Figure 1 (c) and (d) show
interaction effects. In 1 (c) the interaction is of a
simple type, with genotype B superior for both
environments E1 and E2. In 1 (d) the interaction
is complex. This is the most important case for
the plant breeder, because genotype A has the
lowest mean in environment E1, but the highest
mean in environment E2. The most actual
situations show a mixture of cases 1 (a) to 1 (d).
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Patterns of the genotype behaviors in different environments

GEl is a function of the environmental variables
and a function of the genotypic effects. An
understanding of environmental and genotypic
causes of GEI is important at all stages of plant
breeding, including ideotype design, parent
selection and selection based on traits (Jacson et
al., 1996). When a significant GEI is present,
researchers are interested to know the cause of
the interaction in order to make accurate
predictions of genotype performance across
different environments. An understanding
genotypic response to individual factors aids in
interpreting and exploiting GEI. At a maximum
level other than optimal, an environmental
factor represents a stress.

In general, both biotic and abiotic factors are
said to be the main contributors for GEI. The
adverse effects of abiotic stresses can range
from simple inhibition of enzymes function to
the production of random lesions in proteins and
nucleic acid. Various causes have been
described as causes of genotype x environment
interaction; for instance altitude, daily
temperature fluctuations, amount and
distribution of rainfall and the physical and

chemical properties of the soil are very
important factors. Basford and Cooper (1998)
reviewed a number of defined causes for GEI in
wheat in Australia among which foliar and stem
diseases are some factors. These environmental
constraints are distinguished from the soil borne
problems, because their incidence within
environments is usually easier to detect by the
presence of signs and/or symptoms of the
disease on the above ground parts of the plant.
Here it is the combination of genetic variation
for resistance to a disease and variation among
environments for the presence and level of
infection by the pathogen that indirectly give
rise to GEI for the economically important traits
(yield and quality). Similarly variation in
phenology with the availability of the water
resources and tolerance of resistance level for
drought induces strong genotype x environment
interaction (Cooper et al., 1994).

Crop breeders have been striving to develop
genotypes with superior grain yield, quality and
other desirable characteristics over a wide range
of different environmental conditions. However,
GEI are of major scenarios to breeders in the
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process of developing improved varieties. What
breeders can do to overcome the problem
depends upon the relative importance of
variance components. Moreover, breeding
program aimed to develop stable genotypes also
depend upon whether a breeder is dealing with
predictable or unpredictable environmental
variation. Whenever dealing with predictable
environmental variation, the first step that
should be taken is to identify the differences.
There is no difficulty when differences are
recognizable, for example, differences in the
seasons such as varieties to be developed for the
rainy season or post-rainy season. Breeders can
develop varieties suitable for both seasons
because environmental variation is defined.

For variety trials, which are tested in the same
locations (L) and genotypes (G) and over years
(Y), GE analysis of variance may be partitioned
into components dueto GxL,GxYand Gx L
X Y. Significance of mean square for G x L
generally suggests that the region for which
genotypes are being produced comprises of a
number of special environments. In such
circumstances the geographic region could be
subdivided into sub regions which are relatively
homogeneous. Varieties should be bred which
are specifically adapted to these ecotypes.
Implication of G x Y interaction is very
different from G x L interaction. This is so
because year-to year fluctuations cannot be
predicted in advance and breeders can hardly
aim their program to develop varieties suited to
particular years (Dabholkar, 1999).

It is relatively easier to develop varieties
specifically adapted to predictable
environmental situations than to breed for
unpredictable environmental variations. For
example, saline soils can be corrected by certain
agronomic practices or by addition of some
amendments.  According to Allard and
Bradshaw (1964) “a variety which can adjust its
genotypic or phenotypic state in response to
transient fluctuations in environment in such a
way that it gives high and stable economic
returns for place and year, is termed as well
buffered”. Plant breeders generally agree that
the new variety must show a high degree of
stability in performance. According to DeLacy
et al. (1996), phenotypic performance of
genotypes in combination with different
environments can be analyzed to qualify the
amount of variation attributable to the effects of
the environment, genotype, and GEI.

The existence of GEI complicates the
identification of superior genotypes for arange
of environments. GEI can be an outcome of
genotype rank changes from one environment to
another, a difference in scale among
environments, or a combination of these
phenomena. According to Becker and Léon
(1998), genotypes rank changes have a greater
importance than scale change interactions in
cultivar trials conducted over a series of
environments. Hence, GEI is critical only if it
involves significant crossover interactions
(significant reversal in genotypic rank across
environments) (Becker and Léon, 1988).

The inferences of various investigations are not
consistent and differ greatly according to the
material used and place of experimentation. The
variation in genotypic response from one
environment to another is an intrinsic part of a
genotypic behavior and without its estimation,
assessment of a genotype remains incomplete
(Westcott, 1987). Few researchers such as
Yonas and Bayetta, 2008; Lemi etal., 2016in
Ethiopia have studied this phenomenon and
tried to specify and estimate the stability and
adaptability of many coffee characters and their
response to changing environments.

The study of bean yield stability of coffee
cultivars tested at multi locations in Ethiopia
within the domain of the main coffee growing
ecologies of the country, showed a significant
effect of location x genotype interaction
indicating differential response of genotypes
across the locations (Mesfin and Bayetta, 1987).
They stated that, none of the cultivars tested
across the different locations showed linear
response with changes in environmental
conditions for yield and most of yield related
traits showing their specificity only for defined
ecological zones. On the basis of their study,
they stressed on the need for testing coffee
cultivars over a wide range of ecological
conditions before making decision either for
specificor extensive use of cultivars. Yonas and
Bayetta (2008); Meaza et al. (2011), Lemi et
al.(2018) and Yonas et al. (2014) also reported
significant effect of GEI in yield of coffee
Arabica. Similar studies in other countries by
different workers have also indicated the
presence of strong significant GEI (Agwanda
and Owuor 1989; Agwanda et al. 1997) in
Coffea arabica L. However, these authors at the
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same time indicated the presence of stable
cultivars in the population of their Coffea
arabica materials. They concluded that selecting
high yielding genotypes with a linear response
to changes in environment is also possible.
Similarly, Marie et al. (2020) also reported the
presence of GEI in Coffea Arabica L. but with
some stable cultivars that stabilize coffee bean
yield in Coffea canephora materials. The quality
of coffee is also strongly influenced by
environmental factor (Decasy et al., 2003;
Agwanda et al., 2003; Marie et al.,2020)clearly
showed that climate is one of the important
factor in determining quality of coffee beverage
(Silva et al., 2005). It is also depends up on the
genetic make-up of the variety and the
environmental conditions in which it is grown.

Review of previous research results indicated
inconsistent effects of GEI on cup quality.
Walyaro (1983) reported relatively lower GEI
effects on quality characters. Van der Vossen
(1985) reported non-significant GEI effects on
guality characters, such as bean size and cup
guality. Roche (1995) evaluated the cup quality
of 15 Arabica coffee cultivars by coffee tasters
throughout United States of America and
reported general consistency in the overall
ranking of cultivars between two seasons.
Therefore, quality evaluations based on multi-
site trials could also be used to identify
environments that best reveal differences in
genetic potentials amongst varieties and hence
useful as selection or test sites (Agwanda et al.,
2003). This could improve the efficiency with
which the selection for superior quality could be
attained.

The goal of any plant breeding is to produce
genotypes that are optimum for the condition
under which they will grow. One approach is to
develop genotypes that are widely adapted over
wide range of environmental conditions. These
stable genotypes provide a stock from which
superior genotypes may be selected (Allard and
Bradshaw, 1964). Although it is important to
detect genotypes x environment interaction by
conducting vyield trials over a series of
environments, this alone gives no measure of
the stability of individual genotypes. Hence
stability measurements are important since they
give an indication of the adaptability of
genotypes to general or specific condition
(Getinet, 1988).

Stability of a genotype yield is the ability of a
genotype to produce or perform under stressful
conditions and yet be able to respond (Lin et al.,
1986). Tollenaar and Lee (2002) defined
stability as a measure of the ability of a
genotype to maintain its relative performance
across wide environments. The stability with
which a plant breeder is concerned implies
stability in those aspects of phenotype which are
important economically, such as grain yield and
quality (Zelalem, 2011). Such stability may
depend wupon holding some aspects of
morphology and physiology in a steady state but
allowing others to vary. In this way, the
desirable varieties will show low GEI for
agriculturally important characters, especially
yield, but not necessarily for all characteristics.

Stability has been described in many different
ways over the years and there have also been
different concepts of stability (Lin et al., 1986).
Researchers use the terms adaptation,
phenotypic stability and yield stability in
different ways (Becker and Léon, 1988).
Stability in common usage implies consistency
in performance that would mean minimum
variation among environments for a particular
genotype (Chahal and Gosal, 2002).

Stability is either static or dynamic. In static
stability, performances of the genotype remains
unchanged regardless of the environmental
conditions and in dynamic conditions,
performance of a genotype changes in a
predictable manner across a wide range of
environmental conditions (Tollenaar and Lee,
2002). In addition, static stability is an absolute
measure, while dynamic stability is a relative
measure. On the other hand dynamic stability,
also termed as agronomical concept of stability,
implies that a stable genotype should always
give high vyield expected at the level of
productivity of the respective environments, i.e.,
a variety with GE interaction as small as
possible (Becker, 1981; Dabholkar, 1999).

If the GEI variance is found to be significant,
one or more of the various methods for
measuring the stability of genotypes can be used
to identify the stable genotypes and also best
varieties for limited environments (Which—
won-where view). Among the several stability
parameters developed by different investigators,
the most commonly used statistical tools to
determine the pattern of genotypic responses
across environments were discussed below.
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Additive main effects and multiplicative
interaction (AMMI) is a model which
incorporates the additive and multiplicative
components into an integrated and powerful
analysis to give plant breeders and other plant
scientists a powerful statistical tool for the
analysis of multi-location trials (Zobel et al.,
1988, Gauch and Zobel, 1989). The
development of high yielding genotypes with
wide adaptability across the  diverse
environments is the ultimate aim of plant
breeders. However, attaining this goal is made
more complicated by GEI (Gauch and
Zobel,1996). According to Zobel et al. (1988),
considering the three traditional models such as
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
modelsaccounts 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.

The AMMI model is mainly 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 GEI, 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 the genotypes yield estimates that
are equivalent to increasing the number of
replicates by a factor of two to five (Zobel et al.,
1988; Crossa, 1990). Such like gains may be
used to reduce testing cost for the cultivars by
reducing the number of replications, to include
more treatments in the experiments or to
improve efficiency in selecting the best
genotypes.

The AMMI model combines the analysis of
variance for the genotype and environment main
effects with principal components analysis of
the GEI. It has proven useful for understanding
complex GE interactions. It also combines

analysis of variance (ANOVA) into a single
model with additive and multiplicative
parameters. The principal components analysis
of AMMI partitions GEI into several orthogonal
axes, the interaction principal component
analyses (IPCA).

Since AMMI has the biplot feature, genotypes
and environments are plotted on the same
diagram, facilitating inference about specific
interactions of individual genotypes and
environments by using the sign and magnitude
of IPCA 1 values. Any genotype with a IPCA 1
value close to zero shows general adaptation to
the tested environments. A large genotypic
PCAL scores reflects more specific adaptation to
environments with IPCA 1 scores of the same
sign. Integrating biplot display and genotypic
stability statistics enable the genotypes to be
grouped based on similarity of their
performance across environments. Plant
breeders can easily select from a bi-plot those
genotypes that are high yielding and stable (little
interaction with sites), and also those entries that
yield well at specific sites (Yau, 1995).

From earlier yield trial of GEI in coffee Arabica,
Yonas et al. (2014), Meazaet al. (2011) Lemi et
al.(2016) in Ethiopia and Wamatuet al. (2003)in
Kenya demonstrated the application of AMMI
in the analysis of genotype X environment
interaction in Arabica coffee. Many other
workers including Zobel et al. (1988); Crossa et
al. (1990) using multiplication yield data,
demonstrated the application of AMMI in the
analysis of genotype x environment interaction.

Genotype main effect and GEI biplot analysis is
another important model for the evaluation of
the genotype performance across testing
environments and it enables visual evaluation of
genotype, environment and GEI in multi
environment trial. The GGE biplot is
constructed by plotting the first principal
component scores of the genotypes and the
environments against their respective scores for
the second principal components that result
from SVD (singular value decomposition) of
environments  centered or  environment
standardized. GGE biplot also effective tool for
genotype evaluation, determining the mean
performance and stability and environmental
evaluation (the power for discriminate among
genotypes in target environment (Yan and Kang,
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2003). Moreover, even if the AMMIL biplot
(Zobel et al., 1988) is the most well-known, the
polygon view of a biplot is the best way to
visualize the interaction patterns between
genotypes and environments and to effectively
interpret a biplot (Farshadfar et al., 2013).
Therefore, visualization of the “which-won-
where” pattern of MET data is particularly very
important for studying the possible existence of
different mega-environments in a region (Yan et
al., 2000; Yan et al., 2001).

Lin and Binns (1988) proposed a superiority
measure (Pi), which is defined as the distance
mean square between the genotype response and
the maximum response. They described that
cultivar  superiority ~ measure involves
calculations (across environments) of the mean
square difference between the performance of a
genotype and the best genotype within a given
environment. It measures mean performance
and stability simultaneously. The smaller the
value of Pi, the lesser its distance to the
genotype with maximum yield and the better the
genotype is (Crossa, 1990). Different
researchers, Fantaye (2011) in durum wheat and
Naseretal. (2012) in lentil genotypes used this
stabilityparameter to identify high yielding and
stable genotypes across different environments.

The Static Stability Coefficient is defined as the
variance around the genotype’s phenotypic
mean across all environments. This provides a
measure of the consistency of the genotype,
without accounting for performance. It is based
on environmental variances i.e. the variance of
yields of each genotype over test environments
(Lin et al., 1986; Becker and Leon, 1988). A
low value (closer to zero) of this coefficient
indicates a better fit of a genotype to the static
stability concept.

Wricke (1962) defined the concept of
ecovalence, to describe the stability of a
genotype, as the contribution of each genotype
to the GEI sum of squares. The ecovalence
(W?) or the stability of the i™ genotype is its
interaction with environments, squared and
summed across environments. The genotypes
with lower amount of W?i could be considered
as stable, while the genotype with higher value
of W% considered as unstable. Like static
stability, the W¥idoes not account for genotype
performance.

AMMI Stability Value (ASV) is the distance
from the coordinate point to the origin in a two-
dimensional plot of IPCALl scores against
IPCA2 scores in the AMMI model (Purchase,
1997). Because the IPCA1 score contributes
more to the GEI sum of squares, a weighted
value is needed. This value was calculated for
each genotype and each environment according
to the relative contribution of IPCA1 to IPCA2
to the interaction sum of squares. Genotypes
with lower ASV values are considered more
stable than genotypes with higher ASV. The
ASV, which uses two IPCA scores to produce a
balanced measurement between them, can be
useful in situations where the two first IPCAs
accounted for considerable amount of genotype
X environment interactions (Anley et al., 2013).

This parameter was developed by (Farshadfar et
al., 2011). Stability per se should however not
be the only parameter for selection, because the
most stable genotypes would not necessarily
give the best yield performance (Mohammad et
al., 2007). Hence, there is a need for approaches
that incorporate both mean yield and stability in
a single index, that is why various authors
introduced different selection criteria for
simultaneous selection for yield and stability. In
this regard, as ASV takes into account both
IPCAL1 and IPCA2 that justify most of the
variation in the GE interaction. The rank of
ASV and yield mean in such a way that the
lowest ASV takes the rank one, while the
highest yield mean takes the rank one and then
the ranks are summed in a single simultaneous
selection index of yield and vyield stability
named as: yield stability index (YSI). The least
YSI is considered as the most stable with high
bean yield and the reverse is true.

SUMMARY AND CONCLUSION

The occurrence of the genotype x environment
interaction effect more complicates the selection
of superior genotypes for a target environment.
It is therefore, before deciding any variety to use
under wider agro ecology, it is must to test in
multi environments to identify stable genotype
and environment by using the most efficient
stability estimating models. Such information is
important, because genotype X environment
interactions can have major implications on the
potential for evolutionary responses to selection.
One of the most common methods in aGEl
interaction study is to compute the simple
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averages across replications for a genotype in an
environment and then analyzing the means. An
alternative method of analyzing the data in a
two-way table of means is the Additive Main
Effects and Multiplicative Interaction (AMMI)
model which combines the conventional
analyses of variance for additive main effects
with the principal components analysis for the

non-additive residuals. Whereas, the lately
popularized stability analysis so called
Genotype and  Genotype  Environment

interaction (GGE) biplot is also to be used since
it has many important property of a true biplot,
specifically to know which-won-where pattern
clearly. Inclusion, the impacts of genotype x
environment interaction and the stability
measures were reviewed concentrating on the
Avrabica coffee.
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