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GENOTYPE X ENVIRONMENT INTERACTION AND STABILITY ANALYSIS IN SOYBEAN
[(Glycine Max L.) Merrill] FOR GRAIN YIELD IN ETHIOPIA

ABSTRACT

Soybean (Glycine max (L.) Merrill] is that recently introduced crop in Ethiopia and also getting importance
over time. However, production is affected by environment interaction and lack of stable genotypes across
locations. Hence, this experiment was conducted with the objectives of estimating the genotype by
environment interaction through stability parameters and to study the interrelationship among stability
parameters. Twenty-four soybean genotypes were planted at six soybeans major growing agroecologies of
Ethiopia (Asosa, Bako, Dimtu, Jimma, Metu and Pawe) with RCBD in three replications in 2015/2016
cropping season. Among the nine traits subjected to the combined analysis all are showed a highly
significant (P < 0.01) environment, genotype and GEI that claims the need of stability analysis. Similarly,
combined AMMI ANOVA for grain yield revealed that there were a very highly significant (P< 0.01)
difference among genotypes, environments and genotype by environment interactions and accounted
15.3%, 47.32% and 14.24% of the total variations respectively. The high percentages of the environments
are an indication that the major factor that influences the yield performance of soybean grain in Ethiopia
is the environment. In addition, the first two IPCAs are significant and accounted for 70.34 form a total of
interaction sum squares. Nine stability measures viz.,Additive Main Effects and Multiplicative Interactions
(AMMI), AMMI stability value (ASV), Francis and Kannenberg’s Coefficient of Variability (CVi), The
Environmental Variance (S%), Wricke's Ecovalence Analysis (W;), Shukla’s Stability Variance (6%), Finlay
and Wilkenson (bi), Eberhart and Russell's (bi and S?d;), Lin and Binns's cultivar performance measure (P;)
and Genotype plus GEI (GGE) bi-plot analysis were used to identify the high yielding and stable genotypes
across the testing environments. Genotypes Hang dou No-1 and Spry were the most stable genotypes by
stability measures such as ASV, Shukla's stability variance, Wricke's ecovalence, Finlay and Wilkinson's,
environmental variance, Eberhart and Russell's and, Lin and Binns's cultivar performance measure. The
total correspondence for significance Spearman’s rank correlation was used to see the level of association
among stability measures. P;i showed a positive highly significant rank correlation(r=0.97**) with mean
grain yield and it did not show any correlation with other stability measures except S% (r=-0.85**) and b;
(r=0.88**). From AMMI model, genotypes SCS-1, AFGAT and Clarck-63k were selected as best varieties
for Asosa, AFGAT, SCS-1 and Clarck-63k for Bako; SCS-1, ks4895, and Clarck-63k for Dimtu; SCS-1,
ks4895 and AGS-7-1 for Jimma; AFGAT, Clarck-63k and Motte for Metu; SCS-1, AFGAT and Clarck-63k
for Pawe that suit to a specific environment. AMMI1 biplot showed Pawe is ideal environment; Bako is
favorable environment; Asosa average environment; and the rest environments viz., Dimtu, Jimma, and
Metu as unfavorable environments. Whereas AMMI-2 biplot analysis genotypes Prichard, Spry, Delsoy
4710 and Croton 3.9 were identified as stable genotypes. Bako and Metu were identified as the most
discriminating environments this may due the effects of climate change called El Nifio. Mega environments
and the best yielding soybean genotypes on each mega environment were revealed by GGE bi-plots analysis
model. The genotypes SCS-1 and AGS-7-1 were stable across soybean growing environments and it
recommended for mega environment production.

Key Words: AMMI Model, ASV, GGE, Mega-environment, Rank correlation, Stability Analysis.



1. INTRODUCTION

Soybean [(Glycine max (L.) Merrill] belongs to a family Fabaceae of the genus Glycine. The
genus Glycine has two subgenera — Soja and Glycine. The subgenus Soja consists of two species:
G. max (2n =2x = 40), the cultivated species, and Glycine soja (L.) Sieb or G. ussuriensis
(2n=2x=40), a wild species. These two species are cross fertile. Many other species in Glycine
have been identified, but the exact classification of most of them is still in doubt. There are 15 wild
species of soybean in which G.tabacinia and Glycine have polyploidy forms including 2n=4x=80
(Acquaah, 2007).

Soybean is considered among the oldest cultivated crops. The first record of the crop is contained
in a 2838 BC. Chinese book in which Emperor Cheng-ung described the plant. Soybean was a
WuKu”, one of the sacred five grains (the others being rice, wheat, barley, and millet) considered
essential for the existence of Chinese civilization. Cultivated soybean is believed to have derived
from a wild progenitor, Glycine ussuriensis, which occur in eastern Asia (Korea, Taiwan, Japan,
Yangtze Valley of Central China, Northeastern provinces of China, adjacent areas of Russia). The
plant was first domesticated in the Eastern half of Northern China in the 11" Century BC
(Acquaah,2007). Then after, it spread to several other countries developing landraces, and forming
secondary gene center in Japan, Indonesia, Philippines, Vietnam, Thailand, Malaysia, Myanmar,
Nepal, and North India (Hymowitz, 2004). The crop was introduced into Ethiopia in the 1950s,
and it has been growing in different agro-ecologies of the country (Hammer and Haraldson, 1975;
Atnaf et al., 2013; Amare, 1987). Nowadays, nationally mandated soybean research coordinator
is Pawe Agricultural Research Centre, but other research like Jimma, Bako and Asosa Agricultural
Research Centers are undertaking the different soybean research in their specific agroecology’s.
In addition, Jimma Agricultural Research Centre, introduces soybean germplasms from different
institution abroad and also since 2010, is the only Centre in engaging in hybridization program.
The genetic stock of the program introduction of materials from abroad i.e. more than 500 soybean
germplasm (both commercial and accessions) from the United States Genetic Resource Centre and
other sources and also Pawe agricultural research Centre is also introduces 15-30 genotypes every

year from International Institute of Tropical Agriculture (Tesfaye et al., unpublished).



From the commercial point of view, soybean has a high commercial value and contains all the
amino acids required by the human body except methionine, usually found in cereals such as
maize (Osho, 1995). Of all the grain legumes, soybean has the highest concentration of protein,
i.e. about 40% protein (Greenberg and Hartung, 1998). While most other grain legumes contain
only about 20% proteins by volume. It is important to note that beef and fish contain about 18%
protein. Soybean products are cholesterol free and high in calcium, phosphorus, and fiber
(Greenberg and Hartung, 1998). Soybean provides more protein and lower levels of saturated fat
than most other vegetable grains. In addition, it serves as human diet, livestock, aquaculture, and

soybean also serves as a biofuel feedstock (Masuda et al., 2009).

Among the major oilseed crops in the world, soybean is the largest source of edible oils. The
major U.S.A. oilseed crops are soybeans, cotton seed, sunflower-seed, canola, rapeseed and
peanuts Chianu Jonas N et al., (2008). Similarly, as stated by (Tesfaye, 2012). Soybean is one of
the world’s most important pulse crops with an annual worldwide production of 223,184,884 tons
in 2009 (FAOSTAT, 2014). It is the leading oil seed crop and contributed about 35% of the
world’s vegetable oil production in 2001 (Wilcox, 2004; Berma and Specht, 2004). It is also the
world’s primary livestock feed supplement (Berma and Specht, 2004). In 2016, the leading
soybean producing countries were U.S. A with 108.0 million metric tons with 34%, and Brazil
with 86.8 million metric tons 30 % of the world’s total production (FAOSTAT, 2016).

According to recent FAO statistics, major global producers in order of importance include the
United States of America, Brazil, Argentina, and China. The 10 largest soybean producers in the
world (USA, Brazil, Argentina, China, India, Paraguay, Canada, Ukraine, Bolivia, and Uruguay)
together produced about 313.01 million metric tons in 2015. According to the estimated by
United States department of agriculture in 2016 there is 333.22 million tons could represent an
increase of 20.21 million tons or a 6.46% in soybean production around the globe. World

soybean trade is a big business amounting to nearly US$13 billion in 2014.



Compared to the USA, South /Latin America and Asia, Africa is a very small producer of
soybean. During the last decade or so, Africa accounted for 0.4— 1% of total world production of
soybean. The main producers within the continent include Nigeria, South Africa, Uganda, and
Zimbabwe. Nigeria, which contributed nearly 50% of Africa’s output, accounted for a mere
0.3% of the world soybean output in 2013. About 19 African countries were recorded in the
world soybean production statistics compiled by FAO. These African soybeans producing
countries and the proportion (%) of African soybean production that each account for: Nigeria
(48.9%), Uganda (16.8%), South Africa (14.9%), Zimbabwe (8.4%), Ethiopia (2.7%), Rwanda
(2.0%), Egypt (1.7%), and Democratic Republic of Congo (1.4%) (Chianu Jonas et al., 2008).

In Sub-Saharan Africa, fertile land in Southern and Western Africa, combined with continued
investment in corporate farms by private equity firms, international development organizations
and banks, is expected to continue boosting production growth (Sopov, M. et al, 2015). In 2011,
soybean was planted on 1.1 million hectares which accounts only 1 % of arable lands. Currently,
there are a total product 1.4 million metric tonnes per year with the production of 2.5 million by
2025. These means soybean grows to a total of 4.1% compound annual growth rate (Sopov, et al,
2015).

The study that conducted in our country identified that the total hectare of land under soybean
production during the last 10 years has increased by ten folds; while the total volume of
production during the same period increased by 21 folds (CSA 2002-2011). The productivity
level of soybean is 1.06 tone/hectare and this level is very low compared to its potential which
could go up to 4ton/ha if improved varieties are used (Hailu et al., 2014). The country imports 15
million Kilograms of soybean products and spend 11 million USD for importing various soybean
products every year. The average volume of soybean export is 1.4 million kilograms with trade
deficit of 138 million kilograms annually.



Despite the early introduction soybean, it was not easy to achieve wider dissemination and
production of soybean; especially among the small-scale farmers and also its production has not
yet spread over compared to the country’s potential (Atnaf et al., 2013; Tesfaye, 2012). These are
due to lack of improved and stable varieties suited for different growing ecologies in the country
and lack of popularization and market linkages ( Asfaw et al.,2006). And the soybean scaling-up
effort has not been consistent, weak market linkage between producers, processors, exporters and
consumers, limited use of improved varieties, limited knowledge in use of soybean in cropping
systems. Beside these, Tesfaye (2012) the constraints in support of the above authors by
mentioning main limitations for this were: lack of knowhow by the local farmers on how to utilize
the crop, unavailability of an attractive market for the produce, and lack of a systematic approach
for popularizing the crop through training female farmers on how to prepare different meals from

soybean.

On supporting the above authors, Bekabil (2015) suggest that lack or no market information

system effective agricultural marketing. Consequently, the proportion of land in the country in

which soybean was grown remained low for several years.

Soybean is an intermediate altitude crop, which performs well in areas with an altitudinal and
annual rainfall range of 1300-1800 masl and 900-1300 masl, respectively (Hammer and
Haraldson,1975; Belay,1987; Asfaw et al., 2006). However, it can also be grown at altitudes as
low 500masl, and as high as1900 masl with mean annual rainfall ranging between 550-700 mm,

and uniform distribution throughout the growing period.

Based on maturity durations soybean is categorized as early, medium and late maturing (Amare,
1987). Generally, these three maturity groups have got their own sowing time. The early varieties
late June, early June for inter mediate, and end of May is late maturing varieties. The adaptability
of different maturity group soybeans was compared across Ethiopia based on mean yield of 15

years’ trials, and early and inter mediate maturity groups were relatively better yielding; especially
5



in areas, where the rainfall is moderate (Asfaw et al., 2006). However, the late maturing varieties

have better adapted to high rainfall areas, such as western Ethiopia (Asfaw et al., 2006).

In soybean, it was known that the influence of Genotype by environments interactions (Gurmu et
al., 2009), similarly some previous studies in Ethiopia and elsewhere revealed significance
presenAce of GEls in soybean multi-environment yield trial data and the importance of GEI in
soybean Ablett et al.,1994; Al-Assily et al (1996) and (2002); Amira et al., 2013; Asfaw et al.,
2009; Beaver and Johnson (1981); Bueno et al., 2013; Gurmu et al., 2009; Radi et al., (1993);
Tukamuhabwa et al., 2012). The AMMI has been applied by several soybean researchers in GEI
studies. Gurmu et al. (2009) grew twenty soybean genotypes at six locations and recorded for
different character viz., grain yield, on different agronomic data, oil and proteins then employed
the AMMI model and identified three high yielding and stable soybean cultivars. Cucolotto et al.
(2007) produced similar observations. These results contrasted the findings of (Asfaw et al., 2009)
who grew soybean for grain yield data of eleven genotypes evaluated at four sites for three
cropping seasons across the soybean production ecology. AMMI analysis showed that grain yield
variation due to environments. According to the AMMI and SREG GGE biplots models, no
superior cultivars across four sites and three seasons. But in Ethiopia, no soybean there is no

references have been found about that indicates inclusive for most stability procedures.

The magnitude of GEI and investigate the stability of the aimed genotypes using different stability
statistics. Therefore, the present study is designed with the following objectives.

4+ To estimate the extent of GEI

+ To identify stable soybean genotypes across soybean growing areas and location specific

genotypes and

+ To compare stability parameters.



2. LITERATURE REVIEW

2.1. The Biology of the Soybean Crop

It is assumed that the ancestor of the genus Glycine (x=10) has undergone tetraploidization
approximately 59 and 13 million years ago, (Schmutz et al., 2010). However, all described species
of the genus Glycine exhibit normal diploid meiosis and are primarily inbreeders (Cober et al.,
2009). Therefore, soybean (2n=4x=40) can be considered as an ancient polyploid or
paleopolyploid plant (Schmutz et al, 2010). The further evolution of soybean started from a
common wild perennial progenitor (2n=4x=40) that evolved to a wild annual (2n=4x=40) and
finally to the domesticated soybean (2n=4x=40) (Cober et al., 2009).

Typically for most legumes, flower petals of soybean enclose almost entirely the male and female
organs. The soybean flower is papilionaceous, with a tubular calyx of five unequal sepal lobes
and a five-parted corolla consisting of posterior standard petal, two lateral wing petals and two

anterior keel petals in contact with each other but not fused (Carlson and Larsten, 1987).

Soybean inflorescence is a raceme bearing 5-35 flowers, and a single plant may produce up to
800 flowers during its lifetime, but each flower lasts only one day (Delaplane and Mayer, 2000).

The zygomorphic flowers are white, pink or purple, hermaphrodite and self-fertile.

Stigma becomes receptive a day or two before opening of the flower and the pollen is released
the night before or the morning of the day the flower opens, resulting in a high rate of self-

pollination (Carlson et al., 2004).

The stigma is exposed to external influence only after having been nearly exclusively auto-
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pollinated (Fehr, 1980; Delaplane and Mayer, 2000). The viability of soybean pollen is very
limited and does not exceed two to four hours. Fertilization is completed within ten hours after
the opening of the flower flowers during its lifetime, but each flower lasts only one day (Delaplane
and Mayer, 2000). The zygomorphic flowers are white, pink or purple, hermaphrodite and self-

fertile.

The pollen development of soybean during various phases of microsporogenesis is sensitive to
increased temperature stress (Salem et al., 2007). Djanaguiraman et al. (2013) showed that
decreases in pollen in vitro germination by high temperature stress are caused by anatomical

changes in pollen, leading to decreased pod set percentage under these conditions.

The soybean pollen grains are spherical in shape10 with a mean size of 30.4-27.3um (Yoshimura,
2011). Kaltchuk-Santos et al. (1993) reported dimorphism in soybean pollen with the normal
microspores measured 26.23 um in diameter and 23.09 um in distance between two pores. While
“P pollens” (pre-mitotic pollen, non-functional gametophyte) had a diameter of 23.87 um and a
distance of 18.49 um between the pores. In general soybean pollen is among the smallest of all

cultivated plants.

The size of the soybean plant and the structure of soybean flowers restrict significantly its
transportation by wind over long distances (Fehr, 1987; Yoshimura, 2011). The study of
Yoshimura (2011) showed little airborne pollen in and around the soybean field and that its
dispersal is restricted to a small area. Therefore, wind-mediated pollination appears to be

negligible.



2.2. Genotype x Environment Interaction

Genotype by environment interactions may be defined in the relative performance of a “character”
of two or more genotypes measured in two or more environments (Kang et al.,2004). And it is
said to be occur when two or more genotypes are compared across different environments and
their relative performance are found to differ (Aquaah, 2004). That is, one cultivar may have the
highest performance in one environment but perform poorly in others. Another way of stating
this is that, over different environments, the relative performance of genotypes is inconsistent.
GEIl is a differential genotypic expression across multiple environments. The effect of this
interaction is that the association between phenotype and genotype is reduced. This raises the
important issue of adaptation because a breeder’s selection in one environment of superior
performers may not hold true in another environment. Genotype by environment interactions is

major consequence to the breeders in the process of evaluation of improved varieties.

Genotype and environment may exhibit their interaction in several ways (MatherandJinks,1971).
Environment may change genetic constitution of populations by pressure of selection it exercises
on the populations. Genotype and environment may interact and produce differences among the
individuals within a family. The interactions may appear in two ways, viz as non-heritable
variation of characters. By measuring the GEI, the breeder will be better equipped to determine
the best breeding strategy to use to develop the genotype that is most adapted to the target region
(Acquaah, 2007).



2.3. The Analyses of Genotype X Environment Interaction and Stability

The reliability of cultivars performance across environments is an important consideration in
plant breeding. Some cultivars are adapted to abroad range of environmental conditions, while
others are more limited in their potential distributions. There are cultivars that perform uniformly
regardless of the productivity level of the environment and others whose performance is directly
related to the productivity potential of the environment (Fehr,1991).

The process of identification of stable genotypes is difficult because of genotype environment
interaction. This has been largely due to the problems of defining and measuring the phenotypic
stability. Lewis (1954) defined phenotypic stability as the ability of an individual or population
to produce a certain narrow range of phenotypes in different environments. According to Allard
and Bradshaw (1964) stability does not imply general constancy of phenotype in varying
environments. It may depend on holding some aspects of morphology and physiology in steady

state.

Wricke (1962) in Sharm (1998) proposed Ecovalence (Wi) as measure of genotypic stability
across environments. Ecovalence is the contribution of each genotype to the GEI sum of squares.
It is generally expressed in percentage. Low value of W;means more stability of performance and

vice-versa.

Finlay and Wilkinson (1963) used site mean and regression coefficient to measure adaptation in
227 barely varieties overall environments. Regression coefficients approximating to unity indicate
average stability. When this is associated with high mean yield, varieties have general adaptability;
when associated with low mean yield, varieties are poorly adapted to all the environments.
Regression coefficient values increasing above one describe varieties with increasing sensitivity

to environmental change, and greater specificity of adaptability to high-yielding environments.
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Regression coefficients decreasing below one provide a measure of greater resistance to
environmental change, and therefore, increasing specificity of adaptability to low yielding
environments. The second index, the variety mean yield overall environments provides measure

of performance of the individual varieties.

The regression analysis proposed by Finlay and Wilkinson (1963) to measure phenotypic stability
was improved further by Eberhart and Russel (1966). They introduced (in addition to two
parameters proposed by Finlay and Wilkinson, and bi one more parameter, which accounts for
unpredictable irregularities in the response of genotype to varying environments measured as the
deviation from regression lines to characterize a stable genotype. In this model, the regression of
each variety on an environmental index and a function of the squared deviations from this
regression, would provide estimates of the desired stability parameters. Thus, the mode partitions
the GEI of each variety in two parts:(1) the deviation due to the response of the variety to varying
environmental indexes (sum of squares due to regression); and (2) the unexplainable deviation

from the regression on the environmental index.

Thus, the adaptable variety in this model is the one with high mean yield, b=1.0 and S2di=0and
those significantly deviating from unity are either adapted to high yielding environments if b>1
or low yielding environments if b<1.Several authors regarded mean square for deviations from
regressionasthemostappropriatecriteriaofstabilitywhilebiasanindicationofthetypeof response of a
cultivar to varying environments rather than a measure of stability (Chaudhary et al., 1994; Gupta
et al.,1974; Odongo and Bockholf, 1997; Ombakho et al.,1997).

Two groups of multivariate techniques have been used to elucidate the internal structure of GEls.
These are ordination techniques such as principal components analysis and classification
techniques such as cluster analysis (Crossa et al., 1991). The principal component approach has

been used to investigate interactions in various contexts.

However, it has not yet been much used in genotype x environment studies, though it may. Be
11



useful when regression on the environmental mean shows wide deviations from linearity
(Freeman,1973). This analysis can effectively reduce the structure of at wo-way data matrix of
G(genotypes) points in E(environments)dimensions in a subspace of fewer dimensions. The
matrix can also be conceptualized as E points in G dimensions (Zobel et al., 1988; Crossa, 1990).
Zobel et al. (1988) reported principal components analysis for seven soybean genotypes tested
for yield in 35 environments. From the 35 possible axes, the analysis revealed that only the first
three principal axes accounted for 76 % of the total variation and were found to be statistically
efficient but cannot describe the additive main effects. As the first step in controlling GEls,
without requiring any knowledge of the environmental factors responsible, locations can be
classified according to the similarity of their interactions with a set of entries (Abou-EI-Fittouh
et al.,1969). Ghadri and Crees (1980) classified environments and genotypes of wheat in to
similar genotype x location effects using cluster analysis. According to Freeman (1973) in cluster
analysis an attempt was made to find similarities between clusters (environments, here) on the
basis of measurements taken on the individuals of a cluster, the measurements being the genotypes
grown there. Kempton (1984), Gauch (1988), Zobel et al. (1988), and Gauch and Zobel (1989)
described he additive main effects and multiplicative interaction (AMMI) as a model which
incorporates both the additive and multiplicative components into an integrated, powerful, least
square analysis with predictive assessment to give plant breeders and other plant scientists using

two-way data sets, with a powerful statistical tool for the analysis of multi-location trials.

Furthermore, with the b; plot facility that is from AMMI analysis, both genotypes and
environments occur on the same scatter gram and a quick visual insight into the structure of the
genotype X environment interaction is given(Kempton,1984). Zobel et al. (1988) stated that
AMMI largely integrates and subsumes the several statistical models customarily applied to yield
trial data, including the additive analysis of variance, multiplicative principal component
axes(PCA), and Finlay and Wilkson linear regression model. It can also be used for model
diagnosis to identify other sub cases as most appropriate for a given data set (Gauch, 1988; Gauch
and Zobel, 1989).

AMMI analysis is more effective in explaining the percentage of GEI sum of square than joint
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regression analysis does. In general, percentage of interaction sum of squares accounted for by
interaction principal component axis one (IPCA1) was substantially higher than the heterogeneity
of regression. This result gives further support to the claim of Gauch (1990, 1992) that AMMI
analysis always does as well as, and frequently much better than JRA in recovery of sum of
squares. Earlier empirical studies (Nachit et al.,1992; Riggs,1986; Zobel et al.,1988) on large
regional or international yield trials showed that much more interaction sum of squares, can be
accounted for by AMMI analysis over JRA in small and large data sets. AMMI analysis is less

prone to the problem commonly encountered with JRA (i.e., the low amount of GEI explained).

Bi-plot is a powerful way of detecting important sources of GEI effect (Kempton,1984; Zobel et
al.,1988). On a bi-plot, entries and sites having IPCA1 values close to zero have small interaction
effects, while those having large positive or negativelPCAL values are largely responsible for the
GELl. Entries yield relatively better in sites having IPCAlvalues of the same sign, but not in sites
with IPCAL value of opposite sign. Plant breeders can easily select from a bi-plot those entries
that are high yielding and stable, and also those entries that yield well at specific sites (Yau,1994).
Thus, AMMI analysis provides details about the GEI, which is an important feature not available
in JRA.

From a multi-location soybean yield trial Mushoriwa, et al. (2007) reported that AMMI with the
first IPCA axis explained 46.1% of the variation using about 10.6% of the total interaction degrees
of freedom. Beside this, when IPCA2 was fitted, the two IPCAs explained 58.5% of the total
interaction variation using approximately 20.8% of the total interaction degrees of freedom.
Furtherly, when the model added IPCA3s and IPCA4s it explained 69.1% and 76.6% with 30.6%

and 39.9% of the total interaction degrees of freedom respectively.

Similarly, Gurmu et al. (2009) on soybean grain yield trial reported that the first two interaction

principal component axes (IPCA 1 and IPCA 2) have taken the largest portion (66.15%) of the
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interaction sum of squares with 36.36% and 29.79% and 23 and 21 degrees of freedom

respectively.

Generally, since GEI of cross-over type (an interaction that changes rank of genotypes across
environments) pose major problems in breeding programs, the question of how frequently these
interactions occur is important. In general, when different lines of cultivars of a given crop are
evaluated in a sufficiently wide range of environments, GEI of cross over type seem to be very

common (Basford and Cooper, 1998).

2.4. Insect impact on Cross Pollination

Soybean is exclusively a sexually reproducing, self-pollinating plant usually with a rate of self-
pollination higher than 99% (Weber and Hanson, 1961; Caviness, 1966; Ray et al., 2003; Lu,
2005; Yoshimura et al., 2006; Abud et al., 2007; Anderson and Vicente, 2010).

Does not show obligate insect pollination (Rubis, 1970; McGregor, 1976; Ahrent and Caviness,
1994; Wolff, 2000). Some soybean cultivars are also visited by thrips and pollinivore predatory
species of the order Hemiptera play a role as pollinator. This high rate of autogamy in soybeans is
due to cleistogamy. However, entomophilous pollination  occurs as a consequence of early
opening flowers or visits of specialized foraging insect species, in search of pollen and nectar,

which are mainly bees (Chiari et al., 2005).

These include species belonging to the genera Apis, Xylocopa and Megachile , as well as the
family Halictidae (Halictus spp.). Soybean visited by Apis mellifera Africanized honeybees
(Chiari et al., 2005). An increase of more than 61% in the number of pods, and more than 58% in

yield, in comparison to plants protected against insect visitation, is reported.
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Robacker et al. (1983) and Milfont et al. (2013) observed yield increases of about 10 to 40% in
honeybee-pollinated compared to self-pollinated plants, whilst cage inclusion trials have shown
up to 15% increase in production (Erickson et al., 1978). However, all studies do not provide clear
evidence if the reported effects are caused by cross-pollination or by stimulation of self-

pollinating, meaning stimulation of pollen transfer by visiting insects within the flowers.

Gumisiriza and Rubaihayo (1978) studied the impact of spacing reported 4.5% outcrossing in
30x30 cm spaced plots while 2.5 % and 2.0 % were recorded for 40cm x 40 cm and 50 cm x 50
cm spaced plots, respectively. According to Roumet and Magnier (1993), insects do not cause

random dispersal of pollen since they prefer to move over short distances.

2.5. Implications of GEI for Crop Improvement and its Interpretation

If the interaction is so large as to cause rank changes among genotypes, then one can speak of rank
interaction, which is also termed qualitative or crossover interaction. In this type of interaction,
the true treatment differences vary not only in magnitude but also in direction. In contrast to
quantitative or non-crossover interaction the treatment differences vary only in magnitude. A crop

cultivar development program encompasses the breeding phase and performance evaluation phase.

2.6. Interpretations of GEI

According to Acquaah (2007), the general interpretations of GEI resulting from unpredictable

causes areas follow:

1. If significant genotype x location effects are observed and the rankings fluctuate by wide
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margins, the results indicate that the breeder should consider establishing separate breeding
programs for the different locations. However, before making a decision, it is a good idea to
examine the data to see what specific factors are responsible for the variation. If stable factors
such as soil are the source of variation, separate breeding efforts may be warranted.

2. A significant genotype x year interactions are similar in effect to genotype x location.
However, because the breeder cannot develop programs for different years, a good decision
would be to conduct tests over several years and select the genotype with superior average
performance over the years for release. Because conducting one trial per year for more years’
will prolong the breeding program, the breeder may include more locations and decrease the

number of years.

3. The breeding implications for complex interactions like genotype x yearsx location is for the
breeder to select genotypes with superior average performance across locations and over
years, for release as new cultivars for the production region. Farmers will benefit from
growing more cultivar each cropping season. This strategy will reduce the effects of the
fluctuations attributed to genotype x year interactions.

4. The magnitude of a GEI is influenced by the genetic structure of the genotype. Genotypes
with less heterogeneity (e.g., pure lines, single-cross hybrids, clones) or heterozygosity
interact more with the environment than open-pollinated genotypes or mixtures, because of

lower amounts of adaptive genes.

5. Also, it is widely known that only GEI are useful for depicting adaptation patterns. This is
because they are the only interaction that can be exploited by selecting for specific adaptation
or by growing specifically adapted genotypes.
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3. MATERIALS AND METHODS

3.1. Experimental Sites

The experiments were conducted at six different locations across Ethiopia viz., Dimtu, Jimma,
Bako, Metu, Asosa and Pawe. These areas represent the highest potential and the main areas for
soybean production in the country, with different edaphic and environmental conditions. The more
detailed description biophysical description of the variation explored in the test environments is

provided in Table 1.

3.2. Experimental Design and Trial Management

The experiments in all locations were designed in a randomized completely design (RCBD) with
three replications per environment under rain feed conditions. Sowing was done manually in rows
60 cm and 5cm between plants. The plot size was 3mx2.4m and a spacing of 1mx1m was used.
Fertilizer of 50 kg ha * Urea, 100 kg ha ~* DAP was applied. Hand weeding was done as and when
necessary. At harvest data was collected from the inner two rows within a plot.
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Table 1. Description of the testing sites

Altitude  Geographic Annual Temperature
(masl*) Coordinates Agroecology zones Rain (0°) Min to
No. Locations (Latitude/ Longitude)  (AEZS) Fall(mm) Max. Soil Type Zone
1. Asosa (E1) 1580 10°02'N 34°34'E Hot-warm moist lowland plain
tepid to cool humid sub humid
lowland plain tepid to cool sub 1130 15.9-29 Dystric Nitosols Asosa
humid mountain
2. Bako (E2) 1590 9° 06 N,37° 09’ E Mid altitude sub humid 1245 9-34.4 Nitosol West
Shewa
3. Jimma (E4) 1753 7°40'9"N,36°47'6"E Sub humid Tepid to cool mid 1561 18.9-26.8 ChromicNitosol Jimma
highlands and Combisol
4. Pawe (E6) 1120 11019°N,036024'E Hot-warm moist 1587 16.3-32.6 Nitosols, Vertisol ~ Metekel
and livesols
5. Metu (E5) 1550 8°18'N ,35°35'E Tepid- cool humid mid 1810 12.5-28.6 Dark red brown Illuababa
highlands rainfall ora
6. Dimtu (E3) 1640 7°55'0"N,37°20'0"E Warm to cool sub-humid 1601 12.5-26.5 Nitosol Jimma

Source: EIAR, *meter’s above sea levels
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Figure 1.Geographic areas of the six study locations (Demeke Mekonnen,Unpublished)
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Table 2. Description of the testing genotypes

Genotype Genotype
Code  Strain Sub- Cultivar Strain Sub- Cultivar Seed
Designation Name Seed Source* Code Designation Name Source*
Gl Mod Pl 634193 5002T AON G13  Mod Pl 559932 Ks3496 AON
G2 Mod Pl 570668 Ciaric AON G14 - Clarck-63k Released
G3 Mod P1 633970 Ozark AON G15 Mod Pl 533050  Choska AON
G4 Mod Pl 603953 Motte AON G16  Mod Pl 594669  Liu yue mang AON
G5 Mod Pl 595081 Ks4895 AON G17  Mod Pl 594675 Huang dou No-1  AON
G6 Mod PI UA4805 AON G18 Mod PI 594675 Hs93-4118 AON
G7 Mod Pl 560207 Delsoy 4710  AON G19 Mod Pl 614153 Croton 3.9 AON
G8 Mod PI 553051 Spry AON G20 - SCS-1 Released
G9 Mod 561702 Harbar AON G21  Mod Pl 639740 LDOO-3309 AON
G10 TGX-1892-10F AFGAT Released G22  Mod Pl 612157 Prichard AON
G11  Mod P1 594675 Graham AON G23 Mod Pl 633610  Desha AON
G12  Mod Pl 559932 Manokin AON G24  Hawassa-04 AGS-7-1 Released

Source: EIAR/JARC

* AON=Advanced Observation Nursery
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3.3. Data Collection

According to the Soybean descriptors (1986) the following data were collected either on the

plot basis or in in individual from ten randomly taken plants on:
1. Date of emergence- number of days from planting to 50% seedling emergence.
2. Seedling vigor-assessing when the first trifoliate leaf expanded.
3. Poor
5. Medium
7. Vigorous
3. Days to flowering-number of days from planting to 50% plants with at least one open
flower.

4. Plant height(cm)- was recorded after harvesting. Height of the main stem from the ground

level to the top of the main stem was measured.

5. Days to maturity- the number of days from sowing until approximately 95% pod turned

into Brownish color.

6. Hundred Seed Weight- Absolute values in g normally measured at 13-15% moisture

content.

7. Number of pods per plant- the total number of pods with seed in a plant in ten randomly

taken plants.

8. Number of seeds per pod-the total number of seeds in ten randomly selected pods taken

from randomly taken plants.
9. Harvest Index-grain yield (g) and total plant dry mass (g) were measured to calculate HI.
10. Lodging score-scored from leaning angle and lodging area.

It was Scored 1 (erect) to 5 (prostrate).
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11. Grain yield-the total grain yield(Kg) harvested from the middle two rows and adjusted to

13% moisture.
12. Shattering score- estimated percent of pod splitting and seed shattering at a

e Early: Scored at harvest.
e Late: Scored on border rows, two weeks after maturity.

e Score based on percentage of open pods as follows:

1. = No shattering
2. =1to 10 percent
3. =10to 25 percent
4. =25 to0 50 percent
5. =>b0 percent

22



3.4. Statistical Analysis

Different statistical method are uses, i.e. SAS (2012), R-Software, GenStat version 15 &16,
Microsoft Office Excel (2016), PBSTAT 1.2 and Plant Breeding Tools version 1.4 (2013).
Analysis of variance was for each location. The Bartlett’s test was made to test the homogeneity
of error variance across all the locations. Combined analysis of variance was done for each trait
to obtain estimates of environmental, genotype and GEI source of variation by using SAS 9.3
(2012) software.

3.5. Analysis of Variance

Statistical computation and estimation were carried out using Statistical Analysis System (SAS)
software version 9.3(SAS, 2012). Each in a given season was considered as an individual
environment. Data obtained from each location was initially analyzed separately by running a
single ANOVA and thereafter data were pooled to perform the combined analysis of genotypes
across locations. Analysis of variance was carried out to partition the variance due to genotype,
environment and genotype by environment interaction. The mean comparison of the treatment
was done by Duncan Multiple Range Test (DMRT) at 5% probability levels. Similarly,
homogeneity of error variance was tested using Bartlett’s test (1947) to determine the validity of

the combined analysis of variance.

The ANOVA model for individual location is:

Yl]=|.l+gl+b]+EU

Where:

Y;; =observed value of genotype i in block j,
u = grand mean of the experiment,

gi= effect of genotype i,

b;= the effect of block j,

g;;= error effect of genotype i in block j
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Table 3. Outline of analysis of variance for individual location

Source of Degree of Sum Mean Sum F_ratio
Varation Freedom Squares Square
Block (b) b—-1 SSb MSr MSr / MSe
Genotypes (g) g—1 SSg MSg MSg / MSe
Error (gxb) (b—1) (g-1) SSe MSe MSe / SSe
Total (gb—1)

NB:r=replication, g=genotypes, e=error, SS=Sum Squares, SSr=sum squares due to replication,
SSg=Sum squares due to genotypes, SSe=Sum squares due to error, MS=Mean Squares=mean
squares due to replications, MSg= mean squares due to genotypes, MSe= mean squares due to
error.

Where for combined analysis the following model:
Yiig =u+g;+e +(ge)y + bk(j) + €, Where:
Yijx=observed value of genotype ¢ in block k of environment (location) J,
K = grand mean,
gi= effect of genotype I,
€; = environment or location effect,
(ge)j= the interaction effect of genotype ¢ with environment J,
bk(j) = the effect of block X in location (environment) j,

€ijk= residual effect of genotype I in block k of environment j
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Table 4. Outline of combined analysis of variance over locations

Source of Degree of Sumof  Mean Sum Expected Mean
Variation freedom squares Squares F_ratio Squares
Block(Environments) (e-1) (b-1) SSh(e) MSb(E) MS/ MSe o%e + go°B(E)
Environment(E) (e-1) SSE MSE MS/MSe o%e+go’B(E)+bgc’E
Genotype(G) (g-1) SSG MSG MS/ MSe o% +1 6 °GE + eb 6°G
GEl (9-1) (e-1) SSGEI MSGEI MS/ MSe o%e+bo’GEl
Pooled Error e(g-1) (e-1)  SSe MSe MS/ MSe o%
Total glr-1

NB: r=replication, g=genotypes=environments=blocks, MSe=mean squares due to environments,
MSb(e)=mean squares due to Block (Environments), MSg=Mean squares due to genotypes,

MSGEI= Mean squares due to GEI and MSe=Mean squares due to residual.
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3.6. Stability Analysis

3.6.1. The environmental variance (S?)
To measure the static phenotypic stability of the genotype across a set of environments, the

following could be used:

?:1(Yi]‘ - 7)

2

Where y;; is the mean yield of the i*" genotype in the j** environment, and ¥; is the marginal

mean of the genotype i. From the equation, a stable genotype has smaller variance.

3.6.2. Wricke’s Ecovalence (W)
Ecovalence measures the contribution of a genotype to the GEI. The ecovalence (W;) or stability

of the genotype is its interaction with the environments, squared and summed across environments,

and expressed mathematically as:
e
W, = Z[yij A e A
j=1

Where, y;; is the mean performance of the genotype i in the j* environment.
y; =is the marginal mean of the i**genotype.
y j =is the marginal mean of the jt" environment.

y =is the overall mean

The interpretation of genotype with low value has smaller deviations from the overall mean across
environments and are thus more stable. Since the ecovalence strongly depends on the environments
included in the test and the breeder can manipulate the ecovalence by choosing specific location.

A genotype with high ecovalence =0 is regarded as stable in all environments.
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Becker and Léon (1988) illustrated ecovalence by using a numerical example of plot yields of

genotypes in various environments against the respective mean of environments (Fig.2).
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Figure 2. Graphical representation of GEI: the stability statistics ecovalence (W;) is the sum of
squares of deviations from the upper straight line (Adapted from Becker and Léon,1988).

The lower broken straight line estimates the average yield of all genotypes simply using
information about the general mean (i) and the environmental effects (E;), while the upper
unbroken line takes into account the genotype effect (Gi) and therefore estimates the yield of
genotypes i. Deviations of yield from the upper straight line are the GEI effects of genotype i and

are summed and squared across environments and constitutes ecovalence.
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3.6.3. Shukla’s stability variance(c2)

Shukla’s (1972) stability variance (?) is based on the residuals in a two-way classification, the
variance of a genotype across environments is the stability measure. Shukla’s stability variance

(c%) is the contribution of a genotype to the GEI sums of squares after adjusting for the average

genotypic contribution to the GEI sums of squares.

1 _ _ _ _ _ _
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Where, Yj; is the mean of the it genotype in the jt environment,Y; is the mean of all genotypes

in the j™ environments and Y _is the mean of all genotypes in all environments. A genotype is

called stable if its stability variance (¢2) is equal to environmental variance o,2.

3.6.4. Finlay and Wilkinson and Eberhart and Russell analysis

Finlay and Wilkinson’s (1963) regression coefficient (bi). The observed values are regressed on
environmental indices defined as the difference between the marginal mean of the environments
and the overall mean. The regression coefficient for each genotype is then taken as its stability
parameter. They found that a genotype with high stability has a regression coefficient of larger
than 1 and that a value of lower than 1 can be regarded as poor stability. A genotype that is well
adapted must have a regression coefficient of exactly 1 (b=1). Eberhart & Russell (1966) defined
a stable genotype as one with an average response to the environment. They further said that a
large GEI interaction limits progress from selection and to reduce this, the environments have to
be stratified to make them more similar. In their study, they found that GEI interaction is still large
and they decided to select stable genotypes that interact less with the environments in which they
are grown, and used only the more stable genotypes for the final stages of testing.
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According to Finlay and Wilkinson (1963), a genotype with a b; value less than 1.0 has above
average stability and is especially adaptable to low-performing environments and if itis greater
than 1.0 the genotype has below average stability and is especially adaptable to high performing
environments. Whereas, a genotype with b; value equals to 1.0 is adapted to the wide range of
environments or an indication of its average stability. When this value is associated with high mean
yield it indicates a genotype’s good general adaptability; and when it is associated with low mean
yield it shows the genotype’s poor adaptability to all environments (Fig.3). Hence, in most cases
the deviation from regression (S%d;) is taken as a parameter for stability rather than which is more

about the responsiveness of genotypes.
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Figure 3. A generalized interpretation of the genotypic pattern obtained from genotypic
regression coefficients plotted against genotypic mean yields, adapted from Finlay and
Wilkinson (1963).
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3.6.5. The AMMI Model and Principle Component Analysis (PCA)

The AMMI analysis uses analysis of variance (ANOVA) followed by a principal component
analysis applied to the sums of squares allocated by the ANOVA to the genotype x environment

interaction.
The AMMI Model Equation is: YU =u+ gj + €; + Zi Ak airYijk + €jj

Where, is the mean of the genotype in the environment, 1 is the grand mean, is the genotype effect,
is the environment effect, is the singular value for principal component, is the eigenvector score
for genotype i and component k, is the eigenvector score for genotype i and component k and is
the error for genotype i and environment j. From the equation of the AMMI model analysis were
interpreted by a biplot between Principal Component (PC) Axis 1 versus PC Axis 2. A genotype
or an environment with a PC score close to zero showed the small interaction effect and considered

as stable.

3.6.6. AMMI Stability Value (ASV)

Since AMMI does not provide a quantitative measurement, it is necessary to quantify and rank
genotypes and based on their yield (Purchase, 1997). AMMI Stability Value (ASV), length of
genotype and environment markers of the origin in a two-dimensional plot of IPCA1 sores against

IPCAZ2 scores was calculated according to Purchase et al. (1997) as:

[PCA1 Sum Squares
ASV = (IPCA1 Score)]? + [IPCA2 Score]?

[PCA2 Sum Squares

Where: IPCALl = interaction principal component axis 1; IPCA2 = interaction principal

component, axis 2. According to Purchase (1997) genotypes with lower values of the ASV are

considered to be more stable.
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3.6.7. Lin and Binns Cultivar Superiority Measure

A general measure of cultivar superiority for GEI data is defined as the distance mean square
between the cultivar's response and the maximum response averaged over all locations. Since the
maximum response is the upper boundary in each location, a small mean square indicates general

superiority of the test cultivar. This model has the following advantage:

(1) . the checks provide only a plausible maximum response for each location and are not required
for assessing the test genotypes. (ii) The measure of general superiority consists of only one
parameter, thus simplifying the screening process considerably. A subsidiary parameter for
interaction can be used to indicate lack of general adaptability. (iii) The difference between the
mean of the maximum response averaged over all locations and the mean of the best cultivar
provides useful information as to how many cultivars are needed to achieve optimum productivity
for the entire region. (iv) The specific adaptability of a cultivar can be identified by plotting the

maximum and the test cultivar responses on the location means.

Lin and Binns (1988) defined the superiority measure (P;) of the genotype as the mean square of
the distance between the genotype and the genotype with maximum response as. According to Lin
and Binns (1988) for cultivar superiority measure (P;) analysis, the genotype with low or small (Pi)
value is considered to be more stable.

Mathematically:

L 2n

Where, is the response of the genotype in the environment, the mean of the genotypes in overall
environments, is the genotype with maximum response among all genotypes in the environment,
is the mean of the genotypes with maximum response over all environments and n is the number
of environments. Different authors (Magagane, 2012; Oliveira et al., 2012) used this stability
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parameter to identify high yielding and stable soybean genotypes across different locations.

3.6.8. Francis and Kannenberg’s coefficient of variability (CVi)

Francis and Kannenberg (1978) proposed coefficient of variation (CV) as a stability parameter and
defined as it is a variance of genotypes across environments, weighted by the cultivar mean and it
reflects homeostasis or buffering ability of the cultivar. In addition, it represents a simple,
descriptive method for grouping a large number of genotypes from yield data collected over several
environments (Francis and Kannenberg, 1978). It is calculated as follows:

( J (Eel’il) x100)
2a

CV(%) =

Where, evi is the sum of squares of interaction effects and the remaining stands as specified in the
equation in the above equation. Though CV is a simple method and frequently used by breeders
and geneticists, but it has its own limitation’s; while comparing genotypes across high and low
yielding environments if the mean and standard deviation do not vary in a parallel way as
performance increases, a bias would happen, whereby high means result in low CV and low means
high CVs. On the basis of mean CV and grand mean, the fifteen number of maize hybrids were
categorized into four groups. Out of which, group | was considered stable which had high mean
and small variation. The other groups, viz., I, 11, and 1V showed high yield with large, low yield
with low and "low yield with high variation, respectively (Francis and Kannenberg, 1978).
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Figure 4. GEI based on the coefficient of variation (CV), adapted from Acquaah (2007).

Plot of means versus coefficient of variation proposed by Francis and Kannenberg (1978), entails
calculating for each variety, and the overall mean and the coefficient of variations (CVs) across
the environments. A plot of means versus CVs yields a scatter gram that can be divided into four
sections by transecting the average CV and the grand mean yield (Figure 4). The most desirable
genotype will be found in group 1 (high yield, low CV) while the least desirable (low yield, high
CV) will occur in group 4. In this method, mean and CV tolerance limits are flexible. For the plant
breeder practicing mass hybrid screening, delimiting co-ordinates for mean and CV are

conveniently set by check hybrids'(Francis and Kannenberg (1978).
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3.6.9. GGE Model

The GGE biplot (Yan 2002) model formula:

x
Yip =n+e z Ak@ikYijk + Eijrs

k=1
With Yij- =observation of the replicate of the genotype in the environment, pu= the overall mean,
=main effect of the environment, x=matrix rank{gge}ij when ggeij=gi+ geij, the singular value for
principal component k,= the eigenvector score for genotype i and component k, =the eigenvector
scores for environment j and component k, and =the error for genotype and environment j and

replicate r.

3.7. Combined Comparison of stability analysis procedures

To compare the nine stability analysis procedures, spearman’s coefficient of rank correlation(rs)
was employed (Steel and Torrie,1980). This is because spearman coefficient of rank correlation

works to the data in the forms of ranks.

After computing the stability values according to the procedure and definition used, which were
then ranked to determine Spearman’s rank correlation coefficient between different procedures.
Procedurally, by assuming n genotypes are arranged in the same following order according to two
stability parameters, and indicates the ranking order of the genotype for the first parameter, while

indicates the ranking number of the genotypes of the second parameter, then d;=x;-Y; (i=1,

2, ,n) and spearman’s rank correlation coefficient (rs) can be described as:
ey
's = n(n? — 1)
The significance of rg can be tested by means of student’s t test, where t:;i—”%, with n-2 degrees
- S

of freedom. If t >t (0.01:n-2), the null hypothesis is discarded and r; is described as highly significant.
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4. RESULTS AND DISCUSSION

4.1. Analysis of Variance

Analysis of variance was performed for each environment, and the result revealed that highly
significant difference (p <0.01) was found for grain yield at locations Asosa, Jimma, Metu and

Pawe, and significant difference (p <0.05) at Bako and Dimtu.

Then after, the combined analysis was conducted for each trait with special focus on grain yield
and other agronomic traits in order to examine the presence of environment, genotypes and
genotype by environment interactions. Besides, the stability analysis was computed grain yield,

which is normally polygenic trait.

Table 5. ANOVA of grain yield of soybean genotypes at individual environments.

Source of DF Environments

variation Asosa Bako Dimtu Jimma Metu Pawe

Genotypes 23 977905.16*** 55126728* 176368.34*  177564.36*** 1029685.68**  177564.36***
Replication 2  417934.01ns  10153045.90** 224456.24ns 3834.55ns 174833.09ns 3834.55ns

Error 46 155,096.18 20357810 739777.70  43256.55 153297.13 43256.54
Mean 2972.51 14151.29 1556.83 1426.12 1268.43 1426.12
CV (%) 13.25 31.88 17.47 14.58 30.86 14.58

R? 0.76 0.65 0.57 0.67 0.77 0.67

Significant at ** = 0.01 and *** = 0.001 probability level, ns = not significant
The combined ANOVA was done that illustrated in Table 6. The result shows that environmental,

genotype and genotype by environment interaction variances were very highly significant (p <

0.01).
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Table 6. Combined ANOVA of grain yield of soybean genotypes across six environments.

Source of
Variations

Env Gen GEl Rep(E) Error CV (%)
DF 5 23 115 12 276

GYLD 39758606.5*** 2890703.6*** 520081.3*** 1842049.6*** 264193.7 24.98

Env=Environment;Gen=Genotypes;GEI=Genotype by  environment interaction,
Rep(E)=replication within environment, significant at**=0.0land***=0.001probability
level, ns=not significant, GYLD=Grain yield.

The mean grain yield of the genotypes at individual environments was presented in Table 7. The
mean grain yield ranged from 555.91 kg ha™* (LD00-3309) at Metu to 4845.97 kg ha™* (AFGAT) at
Bako. Among the environments, Asosa (2972.51kg ha™*) was the best environment in which most
genotypes performed well in grain yield. On the contrary, Metu was the poorest environment with
mean yield of only 1268.43 kg ha™. This is due to the yield of most of the genotypes declined by
more than half due to very high rain fall and hail damage during the late time of the experiment
that damaged most part of the leaf of the genotypes (Appendix 9). Beside this, environments Metu,
Jimma and Dimtu considered as poor, but Asosa, Bako and Pawe are considered as better
environments, this is due to the fact that these three environments show above grand mean grain

yield.

The highest mean grain yield for each environment was 4117.27 kg ha™ at Asosa (5002T), 4845.97
kg ha! at Bako (AFGAT), 2216.17 kg ha-!at Dimtu (SCS-1), 1954.06 kg ha* at Jimma (SCS-1),
2726.15 kg ha'l at Metu (AFGAT) and 3660.65 kg ha'at Pawe (AGS-7-1). Due to the high
performance, these genotypes could be recommended for specific adaptation in these

environments.

Genotypes AFGAT (Gio), SCS-1 (G2o) and Clarck-63k (G1a) were genotypes with the highest
mean grain yield across the six environments with mean yield of 2903.39 kg ha, 2852.63 kg ha
tand 2769.52 kg ha respectively. In contrary, genotype in the lowest mean yield Hang dou No-1
(G17), Princhard (Gz2), LD00-3309 (G21), with the grain yield 1622.53 kg hat, 1558.47 kg ha* and
1554.01 kg ha respectively.
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Table 7. Mean Grain Yield (GYLD) of Twenty-Four soybean genotypes across six environments

No. Genotypes

Environments

Asosa Bako Dimtu  Jimma Metu Pawe Mean Yield
1 5002T 4117.27 337477 1171.38 1543.11 1101.08 2604.63  2318.71dcet
2 Ciaric 3882.82 3662.67 1215.39 1606.48 1544.02 2400.93  2385.38dc
3 Ozark 2320.00 2694.65 1610.96 1538.21 837.197 1891.67  1815.45hgf
4 Motte 3417.61 3378.27 1379.10 1018.36 2364.38 2465.28  2337.17cde
5 ks4895 3054.40  2541.77 1916.32 1578.23 1060.93 2572.69  2120.72def
6 UA4805 3010.00 2416.35 1440.01 1548.38 1304.79 2165.74  1980.88gfe
7 Delsoy 4710 2452.28  2464.38 1433.72 1602.70 1111.33 2164.35  1871.46hgf
8 Spry 274532  2654.78 1522.74 1473.74 1043.59 2013.43  1908.93nhgf
9 Harbar 2899.67  2313.11 1721.98 1539.05 905.173 2175.47  1925.74gfe
10 AFGAT 3947.60 484597 1904.95 1443.33 2726.15 2552.31  2903.39a
11  Graham 312439  2748.12 1458.52 1394.90 1040.59 239259  2026.52dgfe
12 Manokin 2512.59 3418.74 1318.35 1491.16 1190.88 2070.37 2000.35dgef
13 ks3496 2755.79  2985.09 1517.54 1232.72 889.383 1898.15  1879.78hgf
14  Clarck-63k 3432.71 3893.78 1731.69 1527.92 2345.82 3685.18 2769.52ab
15 Choska 2870.28 173121 1692.25 1388.50 517.303 1646.76  1641.05hg
16  Liu yuemang 2621.78 144721 147859 1210.00 1211.23 1965.74  1655.76hg
17 Hangdou No-1 2200.02 1779.12 1167.57 924.229 1933.69 1730.56  1622.53hg
18 Hs93-4118 2591.08 2948.76 1716.36 1535.16 1001.00 2222.68  2002.51dgef
19 Croton 3.9 2398.07 1810.93 148298 127356 840.76 2132.41  1656.45hg
20 SCs-1 3884.58  4249.87 2216.17 1954.06 1900.48 2910.65 2852.63ab
21 LDO00-3309 2195.66 2614.61 1520.10 854.419 555.91 1583.33  1554.01h
22 Princhard 2512.38 1708.58 1610.61 1369.83 659.61 1489.82  1558.47h
23 Desha 317553  2587.40 1563.00 1562.32 948.45 2596.76  2072.24def
24  AGS-7-1 3218.40 3656.05 1573.53 1616.54 1408.66 3660.65  2522.30bc
Env. Mean 297251  2830.26 1556.83 1426.12 1268.43 2291.34  2057.58
CV (%) 13.24 31.88 17.47 14.58 31.12 25.64 24.98

tMeans followed by the same letter are not significantly different at 0.05 probability level
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4.2. ANOVA of other traits

The ANOVA of data for individual environments showed a highly significant (p < 0.01) difference
among genotypes for all traits at the six environments. The mean of each trait at each environment

is given in Appendix 1-8.

The Combined ANOVA of nine different traits is presented in Table 8. For most of the traits
studied, environment variance, genotype variance and GEI variance were highly significant (p <
0.01). This result is in line with the findings of Rao et al (2002) and Gurumu et al. (2006). The
study also on nine traits revealed that environmental, genotypic and GEI variance for traits
examined (data to flowering, date of maturity, plant height, hundred seed weight, branch per plant,

number of seeds per plant, number of pods per plant, and harvest index) were significant.

Table 8. ANOVA of agronomic traits for soybean genotypes combined over six environments.

Source of

Variations Environment Genotype GEl Rep(E) Error
DF 5 23 115 12 276
DTF 382.28*** 302.25 *** 47.41 *** 17.50ns 27.43
DTM 4298.33*** 483.46*** 50.11** 51.71ns 32.11
PH 5124.71%** 1665.17*** 155.77* 127.82ns 110.66
HSW 324.06*** 48.57*** 5.05** 20.83*** 3.03
BPP 38.36*** 10.45%** 1.87*** 1.81ns 1.01
NSPPL 4748.49%** 1184.28** 855.36** 5507.49*** 531.10
NPP 3257.24*** 446.90*** 202.76** 1266.60*** 132.66
HI 4,18 *** 0.06*** 0.05*** 0.03ns 0.03

GEI=Genotype by Environment Interaction, Rep (E) = Replication within environments, significant at * =
0.05, ** =0.01 and *** = 0.001 probability level, ns = not significant; DTF= Days to flowering; DTM=
Days to maturity; PH= Plant height; HSW= Hundred seed weight, BPP= Branch per plant; Hl= Harvest
index; NPP= Number of pods per plant.
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4.3. Correlation among different traits

Correlation among different was conducted using Pearson correlation coefficient. Days to flower
and days to maturity showed positive and significant correlations with most of the traits studied
except HSW, NSPL and NPPP (Table 9). They showed negative correlation with HI (r=DF; P<
0.05) and r=DM; P< 0.05) where non-significant with the rest of the two traits viz., NSPL and
NPPP. Grain yield showed significant positive correlation with DF, HSW, BPP, NSPL and NPPP
with correlation coefficient (r=0.1; p< 0.05), r=0.58; p<0.01), (r=0.17; p< 0.01), (r=0.20; p< 0.05),
and (r=0.23; p< 0.05), respectively. But the grain yield is non-correlated with DM, PH and HI.

Plant height (PH) showed positive and significant correlation with BPP and NSPL with correlation
coefficient of (r=0.25; p< 0.01) and r=0.15; p< 0.01) respectively. Plant height also showed
significant negative correlation with HSW (r=-0.17; p< 0.01). But non-significant correlation with
other traits like NPPP and HI.

Hundred seed weight (HSW) showed positive and significant correlation with grain yield (r= -
0.58; p< 0.01) also negative and significant correlation with days to flower (DF) and plant
height(PH) (r=-0.10; p< 0.05), = -0.17; p< 0.01) respectively. But non-significant correlation
with DM, BPP, NSPL, NPPP and HI.

Table 9. Correlation among different traits of soybean genotypes tested across six environments

DTF DM PH HSW BPP NSPL  NPPP  HI GYLD
DTF
DM 0.49**
PH 0.36**  0.47**

HSW -0.10*  -0.09ns -0.17**

BPP 0.36**  0.35** 0.25** 0.00ns

NSPL  -0.0lns 0.06ns 0.15*  0.08ns 0.12**

NPPP -0.05ns  0.02ns  0.07ns  0.09ns  0.17** 0.82**

HI -0.38ns  -0.19ns  -0.10ns -0.10ns -0.05ns 0.24**  0.31**

GYLD 0.10ns 0.00ns -0.04ns 0.58** 0.17** 0.20** 0.23** -0.05ns

NB: DTF= Days to flowering; DM= Days to maturity; PH= Plant height; HI= Harvest index; GYLD= Grain yield,;
HSW=Hundred seed weight; BPP= Number of branches per plant; NSPL= Number of seeds per plant; NPPP=
Number of pods per plant. Significant at *=0.05, ** =0.01 probability level
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4.3. Stability Analysis

4.3.1. The Environmental Variance (S2)

The environmental variance (Roemer, 1917) is one of the major stability measures for static
stability and it is calculated for each genotype across test environments. Having base on the Table
10. the genotypes G17(1622.53), G16 (1655.76) and G7 (1871.46) can be relatively more stable than
other genotypes. But from the three stable genotypes none are exceeding the grand mean, which
estimated 2057.58. From this stability parameter point of view, the grain yields for genotypes
AFGAT (Gio), SCS-1 (G20) and Clarck-63k (Gia4) ranks one to three respectively. But on the
contrary these aforementioned three genotypes rank 24", 19" and 20™ in stability respectively.
Having the above stability method’s results, the higher the stable genotypes the less grain yield.
As a result, the method is in shortcoming in evaluating the stability across environments.
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Table 10. Genotype means grain yield, environmental variance (S%), and coefficient of variation
(CV;) for 24 soybean genotypes.

Mean Environmental _

Genope yieiqkgiha) "OK variance(s?) ~ Rank  CV;
G 231871 7 156647192 23 53.98
Gio 200339 1 162046714 24 43.97
Gu 202652 10  710733.01 16 41.60
Gz 200035 12 731749.85 17 4276
Gis 1879.78 16 70404388 14 4464
Gua 276952 3 106808119 20  37.32
Gis 1641.05 21 56967435 12 4599
Gis 1655.76 20  300094.47 2 3300
Gir 162253 22 23222334 1 2970
Gis 200251 11  518715.71 10 3597
Gio 165645 19  328488.78 4 3460
G2 238538 5 131149793 22 48.01
Gao 285264 2 102793321 19 3554
G 1554.01 24 604848.02 13 50.05
Gz 155847 23 356690.17 5 3832
Gas 207224 9 707998.69 15 40.60
Gas 25223 4 120530499 21 4353
Gs 181545 18  421805.72 6 3577
Gs 233717 6 985108.97 18 4247
Gs 212072 8 542508.86 11 3473
Ge 1980.88 13  443918.03 7 3364
G 187146 17  323264.96 3 3038
Ge 190893 15  470823.03 § 3505
Go 192574 14 47871268 9 3503

4.3.2. Francis and Kannenberg’s Coefficient of Variability (CVi)

According to Francis et al. (1978), stable genotype is the one that provides a high yield
performance and consistent low CV. In these methods genotypes are investigated by plotting
individual genotypes mean yields (Y axis) against the coefficient of variation (CV) percent for
each genotype (X axis) (Fig.5). By drawing the horizontal lines through the genotype mean yields
of 2200Kg ha* and a vertical line through the CV percent grand mean, four quadrants were formed.

Genotypes with CV mean and mean yield of above grand mean were judged high yielding with
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low stability. While genotypes with low CV percent and the mean yield below the grand mean
were judged as low yielding with high stability. From the Fig.5, there is no genotypes that fell in
quadrant I, which is considered as stable and high yielding. This suggests that there are no
genotypes that well perform in all agro ecologies of the study. Whereas, in quadrant Il is genotypes
SCS-1 (Ga2o) and Clarck-63k (G14) which considered as less stable but high yielding and therefore
may be targeted to a specific agro ecology where it may perform well. In quadrant 111, genotypes
Choska (Gz1s), LD00-3309 (G21) and ks3496 (G13) had CV percent values higher than the grand
means and their means were lower than the grand mean, thus they were considered unstable and
low yielding, which is least desirable (Fig.5). Genotypes Delsoy 4710 (G7), Hang douNo-1 (G17),
Liu yuemang (Gis), and UA4805 (Ge) fell within quadrant IV. They had CV percent values below
the CV percent grand mean and a mean yield of below grand mean yield. Thus, they were judged
as having high stability, but low yielding. A problem with this method is that, in general, genotypes
with high phenotypic stability measured through the environmental variance show low yield. And
according to Francis 1977 the mean-CV method was designed primarily to aid in studies on the
physiological basis for yield stability. Beside this, Francis et al. (1978) this method was found
more practical to characterize genotypes on a group basis rather than individually
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Figure 5. Coefficient of variability plotted against mean grain yield (Kg ha) of tested genotypes.

NB:Gen.G1=5002T;G2=Ciaric;G3=0zark;G4=Motte; G5=ks4895;G6=UA4805;G7=Delsoy4710;G8=Spry;G9=Har
bar;G10=AFGAT;G11=Graham;G12=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;G16=Liuyuemang;G17
=Hang dou No-1;G18=Hs93-4118;G19=Croton 3.9; G20=SCS-1;G21=LD00-3309;G22=Princhard;G23=Desha;
G24=AGS-7-1.
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4.3.3. Wricke’s Ecovalence Analysis (Wi)

Wricke (1962) defined the concept of ecovalence, is the stability of the genotype in its interaction
with environments, squared and summed across environments. The genotypes with the lowest
ecovalence has fewer fluctuations across the environments and therefore it is considered to be

more stable than others.

Wricke’s ecovalence was determined for grain yield of the twenty-four soybean genotypes at six
locations during 2015/16 growing season (Table 11). Spry (Gs), AFGAT (Ga1o) and ks3496 (G13)
were the three most stable genotypes. The unstable genotypes are 5002T, Hang douNo-1(G17) and
AFGAT (Gio) had the highest stability ecovalence value and ranks 22, 23" and 24" respectively
(Table 11). This result shows that the unstable genotypes contribute the highest amount of variation
to the total GEI variance and this leads the genotype unstable. The genotypes AFGAT (Gio), SCS-
1(G20) and Clarck-63k (Gu4) the highest grain yield performance, their highest ecovalence value
made them unstable which not preferable for wider adaptations. The Wrick’s Ecovalence stability
parameter (Table 11) shows that higher yields have the highest ecovalence and vice versa that

leads genotypes recommendation to the general wider adaptation is impossible.

44



Table 11. Wricke’s Ecovalence value for 24 genotypes at six environments.

Genotype

Code Genotype Wi Rank % SScEI Mean Yield Rank
G1 5002T 1486259 22 7.45 2318.71 7
G2 Ciaric 1113915 16 5.59 2385.38 5
G3 Ozark 453581.1 10 2.28 1815.45 18
Ga Motte 1458641 21 7.32 2337.17 6
Gs Ks4895 340599.3 8 1.71 2120.72 8
Ge UA4805 183111.6 3 0.92 1980.88 13
Gy Delsoy 4710 283807.9 6 1.42 1871.46 17
Gs Spry 81049.1 1 0.41 1908.93 15
Gy Harbar 353870.8 9 1.77 1925.74 14
Gio AFGAT 3036123 24 15.23 2903.39 1
Gu Graham 96826.23 2 0.49 2026.52 10
G2 Manokin 654123 14 3.28 2000.35 12
Gis3 ks3496 218481.6 4 1.1 1879.78 16
Gus Clarck-63k 1446254 20 7.25 2769.52 3
Gis Choska 1176799 17 5.9 1641.05 21
Gis Liu yuemang 1229190 18 6.17 1655.76 20
G17 Hang douNo-1 1726479 23 8.66 1622.53 22
Gis Hs93-4118 254908.8 5 1.28 2002.51 11
Gio Croton 3.9 640470.4 13 3.21 1656.45 19
G2o SCS-1 550994.4 12 2.76 2852.64 2
Go1 LD00-3309 465627.5 11 2.34 1554.01 24
G2 Prichard 994376.3 15 4.99 1558.47 23
Gos Desha 313168.6 7 1.57 2072.24 9
Gos4 AGS-7-1 1377793 19 6.91 2522.3 4
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4.3.4. Shukla’s Stability Variance(c?)

Shukla (1972) proposed the stability variance (ci?), the amount of genotype by environment
variance associated with genotypes i. This stability variance is a linear function of with the wrick’s
ecovalence (Wricke and Weber 1980, Kang et al 1987, Piepho 1955). However, Shukla’s model
differs in the ranking of the genotypes from Wricke (1962) when covariates (locations means)
were considered. A genotype is described as stable if the stability variance (ci%) is the
environmental variance (c¢%) which means that 6i® =0. The relatively large value of o indicates
greater instability of genotype i. Similar to Wricke’s (1962) ecovalence the Shukla (1972)
identified similar genotypes as most stable regardless of their grain yield. Genotypes Spry (Gs),
Graham (Gi1)and UA4805 (Ge) were stable, while the highest yielding genotypes were 24" 12"
and 20" in terms of Shukla’s stability (Table 12).
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Table 12 . Genotype mean grain yield and Shukla’s stability variance (c%) for 24 soybean genotypes.

Genotype Sta}b”'ty Mean
Genotype variance  Rank  %SScE i Rank
Code 2 Yield
(6%)

G1 5002T 230838.98 22 7.59 2318.71 7
G2 Ciaric 171736.75 16 5.64 2385.38 5
Gs Ozark 66921.79 10 2.2 1815.45 18
G4 Motte 226455.12 21 7.44 2337.17 6
Gs Ks4895 48988.17 8 1.61 2120.72 8
Gs UA4805 23990.11 3 0.79 1980.88 13
G7 Delsoy 4710 39973.67 6 1.31 1871.46 17
Gs Spry 7789.72 1 0.26 1908.93 15
Go Harbar 51094.76 9 1.68 1925.74 14
G1o AFGAT 476849.08 24 15.67 2903.39 1
Gu Graham 10294.03 2 0.34 2026.52 10
G2 Manokin 08753.84 14 3.25 2000.35 12
Gis ks3496 29604.41 4 0.97 1879.78 16
G4 Clarck-63k 224488.93 20 7.38 2769.52 3
Gis Choska 181718.24 17 5.97 1641.05 21
Gis Liu yuemang  190034.38 18 6.25 1655.76 20
G17 Hang douNo-1 268969.03 23 8.84 1622.53 22
Guis Hs93-4118 35386.5 5 1.16 2002.51 11
G Croton 3.9 96586.75 13 3.17 1656.45 19
G20 SCS-1 82384.22 12 2.71 2852.64 2
G2 LD00-3309 68833.92 11 2.26 1554.01 24
G2 Prichard 152762.3 15 5.02 1558.47 23
Gas Desha 44634.09 7 1.47 2072.24 9
G4 AGS-7-1 213622.07 19 7.02 2522.3 4
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4.3.5. Lin and Binns cultivar superiority measure (Pi)

The cultivar superiority measure varied from 139156 to 1851428 (Table 13). Genotypes with the
lowest values are considered as the most stable. From the result of the cultivar superiority measure
indicated that the most stable genotypes were genotype AFGAT (G1o) followed by SCS-1 (G2o)
and genotype Clarck-63k (Gi4). However, the most unstable genotypes according to this measure
were Princhard (G22), Choska (G1s) and Liu yuemang (Gis).

Table 12. Cultivar superiority index 24 genotypes across six environments.

Genotype Cultivar Pi Rank  Grain Yield Rank % Mean
Superiority(Pi) (Kgha')

5002T 602777 7 2318.71 7 112.69
Ciaric 490565 6 2385.38 5 115.93
Ozark 1265203 18 1815.45 18 88.23
Motte 486579 5 2337.17 6 113.59
ks4895 890071 10 2120.72 8 136.47
UA4805 1018758 13 1980.88 13 127.10
Delsoy 4710 1175039 17 1871.46 17 115.34
Spry 1085075 15 1908.93 15 116.32
Harbar 1159134 16 1925.74 14 116.31
AFGAT 139156 1 2903.39 1 175.28
Graham 898782 11 2026.52 10 111.63
Manokin 883085 9 2000.35 12 106.89
ks3496 1074345 14 1879.78 16 100.00
Clarck-63k 161355 3 2769.52 3 145.08
Choska 1740437 23 1641.05 21 85.22
Liu yuemang 1678100 22 1655.76 20 83.59
Hang dou No-1 1640843 21 1622.53 22 81.11
Hs93-4118 955753 12 2002.51 11 100.00
Croton 3.9 1594465 19 1656.45 19 81.74
SCS-1 140926 2 2852.64 2 137.66
LD00-3309 1624416 20 1554.01 24 73.28
Princhard 1851428 24 1558.47 23 67.21
Desha 866802 8 2072.24 10 88.66

AGS-7-1 373932 4 2522.3 4 105.74
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4.3.6. Finlay and Wilkenson

Figure 6 graphically represents the regression coefficient (bi) plotted against the genotype mean
yield as an indication of stability for six environments. However, the regression coefficient must

also have associated and interpreted with the genotype mean yield to determine adaptability.

From the figure 6 Hang douNo-1 (G17), Liu yuemang (Gzs), Prichard (Gz2), Croton 3.9 (G19) and
Delsoy 4710 (G7) showed above average stability, but also specifically adapted to the unfavorable
environment. The genotypes LD00-3309 (G21), Choska (Gzs), Ozark (Gs), ks3496 (G13), Spry (Gs)
and Harbar (Go) all indicated average stability 0.8 <bi<1.1, that shows with increasing adaptability
in all environments in that order. The genotypes 5002T (G1), Ciaric (Gz), AGS-7-1 (G24), Clarck-
63k, SCS-1 (G2o) and AFGAT (G1o) showed below average stability, with AFGAT (Gio), SCS-1
(G20) and Clarck-63k (Gi1s) having good specific adaptability to high potential conditions,
5002T(Ga), Ciaric (G2) and AGS-7-1 (G24) showing that generally poor adaptability. Besides, these
Hang douNo-1 (G17), Liu yuemang (Gais), Prichard (G22) and Croton 3.9 (Gig) showed above
average stability, and also show very specific adaptation to low potential or unfavorable

conditions.
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Figure 6. Regression coefficient plotted against genotype mean for six environments.

NB:Gen.G1=5002T;G2=Ciaric;G3=0zark;G4=Motte;G5=ks4895;G6=UA4805;G7=Delsoy4710;G8=Spry;G9=Har
bar;G10=AFGAT;G11=Graham;G12=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;G16=Liuyuemang;G17
=Hang dou No-1;G18=Hs93-4118;G19=Croton 3.9; G20=SCS-1;G21=LD00-3309;G22=Princhard;G23=Desha;
G24=AGS-7-1.
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4.3.7. Eberhart and Russel’s Model

Genotype by environment interaction ANOVA of the joint linear regression model is used for
estimation and partitioning of GE interaction in two components. The ANOVA by Eberhart and
Russel’s Model of for soybean genotypes on mean grain (Kg ha™) tested across six locations is
illustrated in Table 14. Eberhart and Russell (1966) procedure involves the use of joint linear
regression where the yield of the genotype is regressed on the environmental mean yield. In this
model, the SS due to the environments and GEI is partitioned into environments (linear), GEI

(linear) and deviation from the regression (pooled deviations overall the genotypes).

The genotypes regressions term was tested for significance using an F-ratio by taking the deviation
from regression mean square as the error term. The deviation from regressions mean square were
tested for significance using the error term, for overall GEI in the ANOVA. The result of Eberhart
and Russell’s ANOVA revealed very highly significant (P<0.001) difference among the genotypes
for grain yield indicating the yield performance of was different. GEI (linear) interaction was

significant.

Eberhart and Russell’s stability parameter coefficient of regression () and deviation from
regression () were determined for the 24 soybean genotypes (Table 15). The result revealed that
the slope (bi) did not deviate from unity which indicates that all the tested genotypes had average
responsiveness to changing environments. The result of an individual genotypes deviation from
linear regression (Tablel4) showed that genotype 5002T (G1), Ciaric(Gz), Ozark (Gs), Ks4895
(Gs), UA4805 (Gs), Delsoy 4710 (G7), Spry (Gs), Harbar (Gg), Graham (Gi1), Manokin (G12),
ks3496 (G13), Liu yuemang (Gie), Hang douNo-1 (G17), Hs93-4118 (Gas), Croton 3.9 (G1g), SCS-
1(Gao), LD00-3309 (G21), Prichard (G22) and Desha (G23) had non-significant deviation from

regression.
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However, the result of deviation from the regression varies and for most of the genotypes i.e.
nineteen, it was significantly different from zero. The genotype that ranked first according to this
stability model was Graham (Gi1) which had a very small mean yield across environments.
Genotypes Spry (Gs) and Delsoy 4710 (G7) still ranked 2" and 3" and were stable. The top
yielding genotypes; AFGAT (24), Clarck 63k (22) and AGS-7-1(20) were unstable. Genotype
Motte (23) was also the most unstable genotype with Eberhart and Russell’s stability model as

well (Table 14). Hence, these five genotypes are not adaptable to the wider environment.
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Table 13. Eberhart and Russel’s Model of soybean genotypes on mean grain yield (kg ha™)
across six locations.

Source DF Sum Sq. Mean Sq. Value Pr (>F)
of Variation

Total 143 107714226 753246

Genotypes 23 22070243 959576 6.6108 <0.001***
Env+(GenxEnv) 120 85643983 713700

Env(linear) 1 65880264 65880264

GenxEnv(linear) 23 5829106 253439 1.746 0.032*
Pooled deviation 96 13934612 145152

5002T 4 331003 82751 0.9769 0.420ns
Ciaric 4 435366 108842 1.285 0.276ns
Ozark 4 339733 84933 1.0027 0.406ns
Motte 4 1414540 353635 4.175 0.003**
Ks4895 4 328291 82073 0.9689 0.425ns
UA4805 4 139193 34798 0.4108 0.801ns
Delsoy 4710 4 97789 24447 0.2886 0.885ns
Spry 4 59562 14890 0.1758 0.951ns
Harbar 4 309523 77381 0.9135 0.456ns
AFGAT 4 2529547 632387 7.4659 <0.001***
Graham 4 54380 13595 0.1605 0.958ns
Manokin 4 640641 160160 1.8908 0.112ns
ks3496 4 189572 47393 0.5595 0.692ns
Clarck-63k 4 1320718 330179 3.8981 0.004**
Choska 4 1076346 269086 3.1768 0.014*
Liu yuemang 4 672404 168101 1.9846 0.097ns
Hang douNo-1 4 726104 181526 2.1431 0.076ns
Hs93-4118 4 234621 58655 0.6925 0.598ns
Croton 3.9 4 361736 90434 1.0677 0.373ns
SCS-1) 4 244256 61064 0.7209 0.578ns
LD00-3309 4 457887 114472 1.3514 0.251ns
Prichard 4 646436 161609 1.9079 0.109ns
Desha 4 282331 70583 0.8333 0.505ns
AGS-7-1 4 1042635 260659 3.0773 0.017*
Pooled error 288 24394652 84704

***=very highly significant(P<0.001) **= highly significant (P<0.01), *= significant (P<0.05), ns=non-significant.
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Table 14. Mean grain yield (Kg ha), regression coefficient (bi) and deviation from regression
(S%di) for the 24 genotypes tested across six environments.
Genotype GYLD Deviation

Code Genotype (Kg ha'}) Rank Beta(bi) (S2d) Rank
G1 5002T 2318.71 7 1.65 -5635.65ns 11
G2 Ciaric 2385.38 5 1.44 20455.15ns 14
Gs Ozark 1815.45 18 0.8 -3453.27ns 12
Gs Motte 2337.17 6 1.13 265248.7** 23
Gs Ks4895 2120.72 8 0.93 -6313.80ns 10
Gs UA4805 1980.88 13 0.87 -53588.20ns 4
G7 Delsoy 4710 1871.46 17 0.74 -63939.20ns 3
Gs Spry 1908.93 15 0.91 -73496.00ns 2
Go Harbar 1925.74 14 0.87 -11005.80ns 9
G1o AFGAT 2903.39 1 1.43 544000.2*** 24
Gu Graham 2026.52 10 1.13 -74791.5ns 1
G2 Manokin 2000.35 12 1.05 71773.88ns 16
Gis ks3496 1879.78 16 1.1 -40993.5ns 5
G4 Clarck-63k 2769.52 3 1.21 241793.1ns 22
Gis Choska 1641.05 21 0.8 180700.00** 21
Gis Liu yuemang 1655.76 20 0.55 79714.67/ns 18
G17 Hang douNo-1  1622.53 22 0.4 93139.62ns 19
Guis Hs93-4118 2002.51 11 0.93 -29731.3ns 6
G Croton 3.9 1656.45 19 0.68 2047.567ns 13
G20 SCS-1 2852.64 2 1.34 -27322.5ns 7
G2 LD00-3309 1554.01 24 0.97 26085.35ns 15
G2 Prichard 1558.47 23 0.64 73222.69ns 17
Gas Desha 2072.24 10 1.06 -17803.6ns 8
G4 AGS-7-1 2522.3 4 1.35 172272.3* 20

Significantly unstable at * = 0.05, **=0.01 and *** =0.001 probability level, GYLD=Grain yield
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4.3.8. GGE biplot analysis

4.3.8.1. Performance of genotypes and environments

GGE biplots is a multi-faceted tool originated with Gabriel (1971), and it has strongly captured
the imagination of plant breeder and production agronomist. GGE biplot analysis is increasingly
being used in the GEI interaction data analysis in agriculture (Butron et al., 2004; Crossa et al.,
2002; Dehghani et al., 2006; Kaya et al., 2006; Ma et al., 2004; Yan and Hunt 2001). GGE biplot
analysis was also reported on soybean (Mulugeta et al.,2013; Sousa et al., 2015; Asfaw et al.,
2009; M. Muchlish Adie et al., 2014). GGE biplots is one of the statistical tools with various uses,
i.e., Mega-environment analysis (e.g. “Which- won- where” pattern), whereby specific genotypes
can be recommended to specific mega-environments; genotype evaluation based on their mean
performance and stability across mega environments, and test-environmental evaluation based on
their discriminating ability and representativeness (Yan et al., 2000). GGE biplots of the first two
interaction principal components (i.e. IPCA1 and IPCA2) accounted for 81.2% of the total
variation with the value of 71.9% and 9.9% respectively. In this case GGE is greater efficient by
retaining most of the variation in the first two IPCAs i.e. 81.2%, which is by far greater comparing
with AMMI that is around 70.33%. This GGE result is lower than that observed by Amira et al.
(2013) (86.6%), but higher than that found by Asfaw et al. (2009) (61.50%) and Atnaf et al.
(2013)(63.4).

4.3.8.2.Performance of genotypes in a specific environment

The distance between two environments, measures their dissimilarity and discriminate the
genotypes which helps in the identification of mega-environments. Lines connecting the
environments to the biplot origin are called environmental vectors. Length of the environmental
vectors is proportional to their standard deviation which is a measure of the discriminating ability
of the environments. The interpretation rule as stated by Yan et al. (2006) that the performance of

a genotype in an environment is better than average, if the angle between its vector and the
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environment’s vector is <90°; it is lower than average, if the angle is >90°; and it is near average,
if the angle is about 90°. In this case, Choska was below average in nearly all environments except

E3 and E4 whereas Choska was above average in all environments except in E5 (Fig.9).

Scatter plot (Total - 68.75%0)

PC1 - 50.87%

Genotype scores
+ Environment scores
Vectors

Performance of each genotype in each environment

Figure 8. The GGE biplot showing the performance of each genotype in each environment.
NB:Env.1=Asosa;2=Bako;3=Dimtu;4=Jimma;5=Metu;E6=Pawe;Gen.;1=5002T;2=Ciaric;3=0zark;4=Motte;5=ks48
95;6=UA4805;7=Delsoy4710;8=Spry;9=Harbar;10=AFGAT;11=Graham;12=Manokin;13=ks3496;14=Clarck63k;1

5=Choska;16=Liuyuemang;17=HangdouNo-1;18=Hs93-4118;19=Croton3.9;20=SCS-1;21=LD00-
3309;22=Princhard;23=Desha;24=AGS-7-1.
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4.3.8.3.The Which-won-where pattern

According to Yan et al., 2002 the polygon view of GGE biplot indicates the best genotypes in
each environment and group of environments. In this situation, the polygon is formed by
connecting the signs of the genotypes that are farthest away from the biplot origin, such that all
other genotypes are contained in the polygon. In this case, the polygon connects all the farthest
genotypes and perpendicular lines divide the polygon into sectors. Sectors help to visualize the
mega-environments. This means that winning genotypes for each sector are placed at the vertex.
The pattern on the environment in the above biplot suggests that the existence of three different mega-
environments(Fig.9). But, this pattern may not be repeatable across years (Yan et al. 2000). To
confirm the repeatability of the mega-environment result, there need to be multiyear data (Yan et
al. 2005).
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Figure 5. “Which-won-where” or “Which is best for what’’ pattern of GGE biplot based on 24
soybean genotypes evaluated in six soybean agro-ecologies of Ethiopia.

NB:Env.1=Aso0sa;2=Bako;3=Dimtu;4=Jimma;5=Metu;6=Pawe;Gen.;1=5002T;2=Ciaric;3=0zark;4=Motte;5=ks489
5;6=UA4805;7=Delsoy4710;8=Spry;9=Harbar;10=AFGAT;11=Graham;12=Manokin;13=ks3496;14=Clarck63k;15
=Choska;16=Liuyuemang;17=Hang dou No-1;18=Hs93-4118;19=Croton 3.9; 20=SCS-1;21=LD00-
3309;22=Princhard;23=Desha; 24=AGS-7-1.
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For studying the possible existence of different mega-environments in a region, visualization of
“which -won-where” Pattern of the Meta environment trial is important as described by Yan et al,
2000,2001). The vertex genotypes in this investigation were Hang dou No-1 (G17), AFGAT (Guo),
SCS-1 (G2o), 5002T (G1), Choska (G1s) and Princhard (G22). This means that the vertex genotypes
for each sector are the one that gave the highest yield for the environments that fall within that
sector. Besides, it is evident from the GGE biplot in fig.9 that environmental groupings, which
suggests the possible existence of different mega environments. Thus, based on the biplot analysis
of six environments of the data. The highest yielding in the environment in five and two are
AFGAT (Gio). And in environment six and one AGS-7-1 (Gz4). The other vertex genotypes are
Choska (Gis), Prichard (Gz2) and Hang douNo-1 (Gi7) are poor performing in all the six

environments.
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4.3.8.4. Ideal test environments for selecting generally adapted genotypes

Within a single mega-environment, the ideal test environment should be most discriminating
(informative) and also most representative of the target environment. Figure 10 defines an “ideal
test environment”, which is the center of the concentric circles. It is a point on the Average
Environment Coordinate in the positive direction (“most representative”) with a distance to the
biplot origin equal to the longest vector of all environments (“most informative). E2 (Bako) is
closest to this point and is, therefore, best, whereas E5 and E4 were poorest for selecting cultivars
adapted to the whole region. Note that additional years are required to confirm that a specific test
location is “ideal”.
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Figure 6.The discrimination and representativeness view of the GGE biplot to rank test
environments relative to an ideal test environment.

NB:Env.E1=Asosa;E2=Bako;E3=Dimtu;E4=Jimma;E5=Metu;E6=Pawe;Gen.Code=Genotype;G1=5002T;G2=Ciari
¢;G3=0zark;G4=Motte;G5=ks4895;G6=UA4805;G7=Delsoy4710;G8=Spry;G9=Harbar;G10=AFGAT;G11=Graha
m;G12=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;G16=Liuyuemang;G17=Hang dou No-1;G18=Hs93-
4118;G19=Croton 3.9;G20=SCS-1;G21=LD00-3309;G22=Princhard;G23=Desha;G24=AGS-7-1
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4.3.8.5.Ranking of genotypes based on relative to the ideal genotypes

The ideal genotypes (the center of concentric circles) to be a point on AEA in the positive
direction and has a vector length equals to the longest vector of the genotypes on the positive
side of the AEA (“highest mean performance’’). As a result, genotypes located closer to the
“ideal genotypes” are more desirable than the others. Hence, the GGE biplots (Fig.11) shows that
Gio is an ideal genotype, with other genotypes like G2o and G4 are desirable genotypes as they
are closer to the ideal genotype on the bi-plot.
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Figure 7. The average-environment coordination (AEC) view to rank genotypes relative to an
ideal genotype.

NB:Env.E1=Asosa;E2=Bako;E3=Dimtu;E4=Jimma;E5=Metu;E6=Pawe;Gen.Code=Genotype;G1=5002T;G2=Ciari
¢;G3=0zark;G4=Motte;G5=ks4895;G6=UA4805;G7=Delsoy4710;G8=Spry;G9=Harbar;G10=AFGAT;G11=Graha
m;G12=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;G16=Liuyuemang;G17=Hang dou No-1;G18=Hs93-
4118;G19=Croton 3.9;G20=SCS-1;G21=LD00-3309;G22=Princhard;G23=Desha;G24=AGS-7-1
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4.3.8.6. Relationships among test environments

As displayed in Fig.12 the lines that connect the environments to the biplot origin are called
environment vectors, and the length of environmental vectors is proportional to their standard
devation, which measures the discriminating ability of the environments. At the same time the
angle between the vectors of two environments is related to the correlation coefficient between
them. According to Kroonenberg (1995) and Yan (2002) the cosine angle between the vectors of
two environments approximates the correlation coefficient between them. Based on the angles of
environment vectors, the six sites are grouped into three groups. Accordingly, group one includes

Jimma and Dimtu; group two Asosa and Pawe, and group three Bako and Metu.
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Figure 12.GGE biplots based on environment focused scaling for environments to show
relationship among test environments in discriminating genotypes.
NB:Env.E1=Asosa;E2=Bako;E3=Dimtu;E4=Jima;E5=Metu;E6=Pawe;Gen.Code=Genotype;G1=5002T;G2=Ciaric;
G3=0zark;G4=Motte;G5=ks4895;G6=UA4805;G7=Delsoy4710;G8=Spry;G9=Harbar;G10=AFGAT;G11=Graham;

G12=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;G16=Liuyuemang;G17=Hang dou No-1;G18=Hs93-
4118;G19=Croton 3.9;G20=SCS-1;G21=LD00-3309;G22=Princhard;G23=Desha;G24=AGS-7-1
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4.3.8.7. Comparison among all genotypes

The is the distance between two genotypes approximates the Euclidean distance between them,
which is a measure of the overall dissimilarity between them (Yan et al., 2006). In this case, Ciaric
(G2) and SCS-1 (G2o) are quite similar, whereas Hang douNo-1 (G17) and AFGAT (Gaio) are very
different.This implies that the dissimilarity is because of the variation in mean yield and or
interaction with the environments (GEI). In addition, the biplot origin represents a “virtual”
genotype that assumes an average value in each of the environment. This “average” genotype has
zero contributions to both G and GE (Yan et al.,2006) and inversly genotypes with larger vectors
have large contributions to either G or GE or both. In this case Manokin (G12) and other genotypes
in the smaller concentric circle are the average genotypes.

GGE Biplot-Genotype Wiew for YIELD
PC1=71.9%; PC2=0.9%

PC2
1] 1000
|

-1000

-2000

-3000

-1000 o 1000 2000

P

Similarity among genotypes
Figure 8. The genotype vector views to show similarity among genotypes in their performances in their
individual environments.

NB:Env.E1=Asosa;E2=Bako;E3=Dimtu;E4=Jimma;E5=Metu;E6=Pawe;Gen.Code=Genotype;G;=5002T;G,=Ciaric
;G3=0zark;Gs=Motte;Gs=ks4895;Gs=UA4805;Gr=Delsoy4710;G8=Spry;G9=Harbar;G10=AFGAT;G11=Graham;G;
»=Manokin;G13=ks3496;G14=Clarck63k;G15=Choska;Gis=Liuyuemang;Gi7=Hang dou No-1;G1s=Hs93-
4118;G19=Croton 3.9;G20=SCS-1;G2=LD00-3309;G2,=Princhard;G,3=Desha; G2s=AGS-7-1
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4.3.8.8.Mean Yield and Stability Performance of Genotypes

Stability can be identified based on concentric circles and also ideal genotypes are on the center of
concentric circles i.e., high mean and stable. Beside this, good genotypes are close to ideal
genotypes. A genotype is more desirable if it is closer to ‘ideal’ genotype (Kaya et al., 2006 and
Mitrovic et al., 2012). Figure 14. illustrates an important concept regarding “stability”. The term
“high stability” is meaningful only when associated with mean performance. According to Fig.14,
Clarck-63k > SCS-1> AFGAT > AGS-7-1> Ciaric >5002T is stable in their order and more
desirable than other genotypes, where those ranked last, i.e. Hang douNo-1, Liu yuemang and

LD00-33090n their rank, were unfavorable since there are too far from the ideal genotypes.
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Figure 14.GGE biplot showing the ranking of 24 genotypes (G1—G24) for both mean yield and
stability based on the “average environment coordinate” (AEC).

NB:Env.E1=Asosa;E2=Bako;E3=Dimtu;E4=Jimma;E5=Metu;E6=Pawe;Gen.;1=5002T;2=Ciaric;3=0zark;4=Motte
;5=ks4895;6=UA4805;7=Delsoy4710;8=Spry;9=Harbar;10=AFGAT;11=Graham;12=Manokin;13=ks3496;14=Clar
ck63k;15=Choska;16=Liuyuemang;17=Hang dou No-1;18=Hs93-4118;19=Croton 3.9; 20=SCS-1;21=LD00-
3309;22=Princhard;23=Desha; 24=AGS-7-1.
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4.3.9. Additive Main Effects and Multiplicative Interactions (AMMI)

According to AMMI analysis for grain yield, the first two interaction principle components have
taken the largest portions (70.34%) of the interaction sum squares with 50.3% and 20.04 and 27
and 25 degree of freedom respectively (Table 16). The AMMI model integrates the analysis of
variance into a unified approach (Gauch, 1988; Gauch and Zobel, 1996). IPCA scores of genotype
in the analysis are an indication of the stability of a genotype over the environments (Guach and
Zobel, 1997).

The combined analysis of variance (ANOVA) of twenty-four genotypes at six locations according
to AMMI model 2 is shown in Table 16. The ANOVA showed that a highly significant (P <0.01)
between environments, genotypes and genotype by environment interaction (GEI) for grain yield.
The IPCA 1 axis was very highly significant (P < 0.001) for grain yield, while IPCA 2 axis was
significant (P<.0.05). IPCA 1 and IPCA 2 axes explained 50.30% and 20.04% of the total GEI,
while the remaining 29.66% were shared between other IPCA’s. This showed that AMMI model
2 was best suited because gave for this data set.

Table 15. Analysis of Variance of AMMI model for grain yield (Kg hat) of 24 soybean
genotypes grown six environments in 2015/2016.

Sum Square Explained  GEI

Source of Cumulative
variation DF SS MS %TT %GEl (%)
Treatments 143 325088528 2273346***  77.38

Genotypes 23 66486177 2890703***  15.83

Environments 5 198793045 39758609*** 47.32

Reps within E 12 22104567 1842047*** 526

GEl 115 59809305 520081*** 14.24

IPCA1 27 30081895 1114144*** 50.30

IPCA2 25 11984468  479379* 20.04 70.33
Residuals 63 17742941  281634ns 29.67

Error 276 72917426 264194

Total 431 420110521 974734

CV (%)=24.98 R?=0.83

***P<(.001; *P<0.05; IPCA=Interaction Principle components axis term 1 to 2; DF=Degree of freedom; SS=Sum
of Squares; MS=Mean Square, =Coefficient of variation; R=Coefficient determination.
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The AMMI analysis permits the estimation of interaction effects of genotype in each and it helps
identify the genotypes best suited for specific environments. Selection of genotypes can be

obtained with the aid of biplot analysis.

The AMMI model summarizes patterns and relationships of genotypes and environments. Fig 7(a).
Shows the AMMI model 2 biplot of grain yield for six locations. The IPCA2 score plays a major
role in GEI (Purchase, 1997), so they should be plotted against the IPCAL scores to further explore
the adaptations. Genotypes closer to zero or center of the figure are more stable Fig 7(a) indicates
the IPCA1 and IPCAZ2 score for grain yield to further explore further adaptations. The further away
from zero the IPCA score for the environments is the more interaction the environment has with

the genotypes, thus making difficult to choose genotypes for that environment.

In AMMI biplot 1 showing main effects means on the abscissa and principal component (IPCA)
values as the ordinates, genotypes (environments) that appear almost on a perpendicular line have
similar means and those that fall on the almost horizontal line have similar interaction patterns.
Genotypes that group together have similar adaptation while environments which group together
influences the genotypes in the same way. Genotypes (environments) with large IPCA1 scores
(either positive or negative) have high interactions whereas genotypes (environments) with IPCA1

score near zero have small interactions.

Genotypes having a zero IPCA 1 score are less influenced by the environments and adapted to all
environments. Since IPCA 1 scores of varieties Graham (G11), LD00-3309 (G21), Hs93-4118 (Gas)
ks3496 (G13) and Spry(Gs) were close to zero, they were most stable genotypes that across these
environments (Figure 7(a)). However, the mean yield of genotype Spry (Gs) was higher than
genotype the remaining genotypes, hence it is more preferable since it had a mean yield above
average, but the rest four genotypes have mean below average. In summary, a stable variety might

not be the highest yielding. These results are in line with Asfaw et al. (2009).
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The environments having a small score had small interaction effects indicating all genotypes
performed well in these locations. Pawe (E6) was relatively close to zero than other locations, it
was more stable. But its mean yield is third compared with the rest locations; it might not be the
best location with respect to yield. Generally, genotypes and environments with IPCA1 scores of
the same sign produce positive interaction effects, thus higher yield of the genotype at that
particular location, whereas combination of the IPCA 1 scores of the opposite sign produce specific
negative interactions. A genotype showing high positive interaction in an environment has the
ability to exploit the agro-ecological and agro-management conditions of the specific environment
and is therefore best suited to that environment. In this case, Choska (Gis), Prichard (Gz2), Liu
yuemang (Gzis), and Croton 3.9 (G1o) are suited for E4 (Jimma). While SCS-1(G2o) is suited for E1
(Asosa).

AMM 2 biplot presents the spatial pattern of the first two IPC axes of the interaction effect
corresponding to the genotypes and helps in the visual interpretation of the GEI pattern and identify
genotypes or environments that exhibit low, medium, or high level of interaction effects (Sharma
et al., 1998). IPCAL and IPCA2 of grain yield accounted for 50.30% and 20.04% of interaction
respectively. The stability of a genotype or an environment is determined by the end point of its
vector from the origin (0,0). Genotypes near the origin are non-sensitive to environmental
interactive forces, hence may be considered stable ones and those distant from origin are sensitive
and have large interactions. Genotypes Prichard, Spry, Delsoy 4710, Croton 3.9, and Manokinwere
closer to the origin than any of other genotypes, hence they are most stable (Fig.7b). In AMMI 2
biplot, the environment scores are joined to the origin by the site lines. Environments with short
spokes (length of arrow lines) do not exert strong interactive forces. Those with long spokes (length
of arrow lines) exert strong interaction. Metu (E5) and Bako (E2) having longer spokes exert high
interaction while Asosa (E1), Pawe (E6), Dimtu (E3) and Jimma (E4) having shorter spokes

produce a relative weak interaction.
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The graph space Fig.7 (b) are divided into IV quadrant from lower yielding environments in
quadrant I and 1V to high yielding in quadrants Il and Ill. In Addition, quadrant Il considered as
ideal environment. So, from the graph in Fig.7b, Asosa (E1), Bako (E2) and Pawe (E6), which is
in quadrant 11, are ideal environments, while quadrant 11 characterizes in high yielding environment
with unstable genotypes, in this quadrant Metu (E5) is found. Similarly, in quadrant |
characterized, stable genotypes and low yielding and in contrast quadrant 1V unstable genotypes

with the low yielding environment.
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YIELD: AMMI biplot (symmetric scaling) Mean YIELD vs IPCA1: AMMI plot
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Figure 7(a). Biplots principle component analysis(PCA) vs mean yield (Kg ha*) for twenty-four soybean genotypes grown in six
environments in 2015/2016 cropping season and (b)Biplots of principle components analysis(PCA) axis 2 vs axis 1 for yield.

NB:E1=Asosa;E2=Bako;E3=Dimtu;E4=Jimma;E5=Metu;E6=Pawe;Gen.;1=5002T;2=Ciaric;3=0zark;4=Motte;5=ks4895;6=UA4805;7=Delsoy4710;8=Spry;9=
Harbar;10=AFGAT;11=Graham;12=Manokin;13=ks3496;14=Clarck63k;15=Choska;16=Liuyuemang;17=Hang dou No-1;18=Hs93-4118;19=Croton 3.9;
20=SCS-1;21=LD00-3309;22=Princhard;23=Desha; 24=AGS-7-1 and G1-G24 is equivalent with 1-24 genotype designation in Fig.6(b).
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4.3.9.1. AMMI stability value (ASV)

The ASV measure was proposed by Purchase et al. (2000) to cope up the fact that the AMMI
model does not make a provision for a quantitative stability measure. In this method, as described
by Purchase (1997) was calculated for each genotype. Depending on this method, genotype with
least ASV score is the stable, accordingly, genotype LD00-3309 (G21) followed by Graham (G11)
and Spry (Gs) in third place were the most stable respectively. While genotypes AFGAT (G1o),
Motte (Gs4), Hang dou No-1(Gz17), Liu yuemang (Gis) and Choska (Gis) were undesirable. This
result also similar to the three genotypes grain mean yield rank. This method illustrated in Table

17. Shows the ASV for 24 genotypes compared with mean grain yield.

The greater the IPCA scores (Negative or Positive), the more specifically adapted a genotype is to
certain environment. The closer the IPCA scores to zero, the more stable the genotype over the
tested locations. The further away from zero the IPCA score for the environments is the more
interaction the environment has with the genotypes, thus making difficult to choose genotypes for

that environment.
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4.2.6.2. Yield Stability Index (YSI)

Yield stability index incorporates both mean yield and stability in a single criterion. The minimum
values of YSI desirable genotypes with high mean yield and stability.

Table 16. The first and second IPCA, Grain Mean yield and various yield _stability statistics
investigated in soybean genotypes over rain feed conditions.

Genot. GM

ID Genotypes (Kg hat) Rank IPCA1 IPCA2 ASV  Rank YSI
G1 5002T 2319 7 -10.71  14.67 22.44 16 23
G2 Ciaric 2385 5 -14.42  6.57 23.78 17 22
Gs Ozark 1815 18 5.30 3.72 9.18 7 25
G4 Motte 2337 6 -15.66 -17.05 30.10 23 29
Gs ks4895 2121 8 8.63 3.88 1422 11 19
Gs UA4805 1981 13 4.99 -3.08 8.49 6 19
G7 Delsoy 4710 1871 17 6.25 -1.72 10.05 8 25
Gs Spry 1909 15 3.24 1.62 5.39 3 18
Go Harbar 1926 14 10.07 3.46 16.33 12 26
G1o AFGAT 2903 1 -28.11  -855 4535 24 25
Gu Graham 2027 10 0.36 4.80 4.83 2 12
G2 Manokin 2000 12 -8.15 3.02 13.26 10 22
Gis ks3496 1880 16 -2.55 5.59 6.90 5 21
G14 Clarck-63k 2770 3 -1454  -7.84 24.33 18 21
Gis Choska 1641 21 16.97 5.00 27.35 20 41
Gis Liu yuemang 1656 19 15.77 -12.34 2787 21 40
Ga7 Hang dou No-1 1623 22 5.04 -2854  29.63 22 44
Gis Hs93-4118 2003 11 2.17 4.44 5.61 4 15
Gig Croton 3.9 1656 20 13.20 -3.02 21.13 15 35
G20 SCS-1 2853 2 -11.07  6.55 18.72 14 16
G2 LD00-3309 1554 24 0.92 3.91 4.18 1 25
Ga22 Princhard 1558 23 16.52 -0.36 26.18 19 42
Gos Desha 2072 9 4.92 7.04 1051 9 18
G4 AGS-7-1 2522 4 -9.16 8.20 16.67 13 17

NB:GM=Grain Mean; IPCA1= interaction principle component one; IPCA1= interaction
principle component two; YSI=Yield Stability Index.
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4.3.9.2. AMMI Selections for the highest four yielding cultivars across six
environments

The AMMI model selected four best genotypes for in each environment and illustrated in Table
18. The genotype that appeared in the top four environments in at least six environments was
Clarck-63k, which is followed by; SCS-1(five env.), AFGAT (four), AGS-7-1(four),
Ks4895(two). The other cultivar, Hang douNo-1, Ciaric and Motte appeared only once.

Table 17. Ranking of four AMM I selections per environment for grain yield (Kg ha™).

Mean IPCA Genotype Ranking

Number Environment (Kgha')  Score 15t 2nd 31 4t

3 Dimtu 1557 28.09 G2o Gs G G2
4 Jima 1426 25.46 G2o Gs G2 G
6 Pawe 2291 1.07 G2o G1o G1a Gaa
1 Asosa 2973 -5.28 Go2o Gio G4 Gos
5 Metu 1268 -9.13 Gio Gus Ga G17
2 Bako 2830 -40.22 Gio Go2o G4 G2

NB:Env.1=Aso0sa;2=Bako;3=Dimtu;4=Jimma;5=Metu;6=Pawe;Gen.;G2=Ciaric;G4=Motte;G5=ks4895;7=Delsoy47
10;8=Spry;9=Harbar;G10=AFGAT;11=Graham;12=Manokin;13=ks3496;G14=Clarck63k;15=Choska;G17=Hang
dou No-1; G20=SCS-1; G24=AGS-7-1.
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4.4. Comparison of stability procedures

From the Table 19 various stability procedures have been compared for stability ranking
genotypes. The trends of the table indicate that, though there was a quite different result by
different stability parameters in ranking the genotypes UA4805, Delsoy 4710 and Spry had been
the most stable genotypes by most of the stability parameters: namely AMMI stability value
(ASV), coefficient of variation (Francis and Kannenberg,1978), ecovalence (Wricke, 1962),
stability variance (Shukla, 1972), Eberhart and Russell (1966). But these three genotypes have less
grain yield than the average and doesn’t satisfy the assumption of stability. The grain yield of the
combined ANOVA is similar with Linn and Binn’s (1988) the stability model in identifying the
three most stable genotypes. This is similar a result with study in Bambara groundnut by Masindeni
(2006). At the same time Wricke (1962) and Shukla (1972) is similar in all genotype ranking.
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Table 18. Values and Ranking order for stability according to six different GEI stability procedures on 24 soybean genotypes
evaluated over six environments 2015/2016.

GEI Stability Analysis Procedures

Gen. GYLD

Code (Kg ha) R ASV R CVi R S% R W, R &% R b R S R Pi R
G 2319 7 2244 16 53.98 24 15664719 23 1486259 22 230839 22 165 24 -5635.652 11 602777 7
G2 2385 5 23.78 17 48.01 22 13114979 22 1113915 16 171736.8 16 1.44 23 20455.15 14 490565 6
Gs 1815 18 9.18 7 3577 8 421805.72 6 453581 10 66921.79 10 0.8 6 -3453.271 12 1265203 18
Ga 2337 6 30.1 23 4247 16 985108.97 18 1458641 21 226455.1 21 113 18 265248.7 23 486579 5
Gs 2121 8 1422 11 3473 6 542508.86 11 340599 8 48988.17 8 093 12 -6313.796 10 890071 10
Ge 1981 13 8.49 6 3364 4 443918.03 7 183112 3 23990.11 3 0.87 8 -53588.24 4 1018758 13
G 1871 17 1005 8 30.38 2 323264.96 3 283808 6 39973.67 6 074 5 -63939.24 3 1175039 17
Gs 1909 15 5.39 3 35.95 10 470823.03 8 81049.1 1 7789.72 1 091 10 -73495.97 2 1085075 15
Go 1926 14 1633 12 3593 9 478712.68 9 353871 9 51094.76 9 087 9 -11005.77 9 1159134 16
Gio 2903 1 4535 24 4397 19 1629467.1 24 3036123 24 476849.1 24 143 22 544000.2 24 139156 1
Gu 2027 10 4.83 2 41.6 15 710733.01 16 96826.2 2 10294.03 2 1.13 17 -74791.45 1 898782 11
G2 2000 12 1326 10 4276 17 731749.85 17 654123 14 98753.84 14 105 14 71773.88 16 883085 9
Gis 1880 16 6.9 5 4464 20 704043.88 14 218482 4 29604.41 4 11 16 -40993.52 5 1074345 14
Gua 2770 3 2433 18 37.32 12 1068081.2 20 1446254 20 224488.9 20 121 19 241793.1 22 161355 3
Gis 1641 21 2735 20 4599 21 569674.35 12 1176799 17 181718.2 17 0.8 7 180700 21 1740437 23
Gis 1656 19 2787 21 3309 3 300094.47 2 1229190 18 190034.4 18 055 2 79714.67 18 1678100 22
Gi7 1623 22 29.63 22 297 1 232223.34 1 1726479 23 268969 23 04 1 93139.62 19 1640843 21
Gis 2003 11 561 4 35.97 11 518715.71 10 254909 5 35386.5 5 0.93 11 -29731.26 6 955753 12
Guo 1656 20 2113 15 346 5 328488.78 4 640470 13 96586.75 13 068 4 2047.567 13 1594465 19
G20 2853 2 1872 14 3554 7 1027933.2 19 550994 12 82384.22 12 134 20 -27322.52 7 140926 2
G2 1554 24 4.18 1 50.05 23 604848.02 13 465628 11 68833.92 11 097 13 26085.35 15 1624416 20
G2 1558 23 2618 19 3832 13 356690.17 5 994376 15 152762.3 15 064 3 73222.69 17 1851428 24
Gz 2072 9 1051 9 40.6 14  707998.69 15 313169 7 44634.09 7 1.06 15 -17803.59 8 866802 8
Gaa 2522 4 16.67 13 4353 18 1205305 21 1377793 19 213622.1 19 135 21 1722723 20 373932 4

Gen.Code=Genotype;G1=5002T;G2=Ciaric;Gs=0zark;Gs=Motte;Gs=ks4895;Ge=UA4805;Gr=Delsoy4710;G8=Spry;G9=Harbar; G1o=AFGAT;G11=Graham; Gi2=Manokin; G13=ks

3496;G14=Clarck63k;G1s=Choska;Gis=Liuyuemang;Gi7=Hang dou No-1;G1s=Hs93-4118;G19=Croton 3.9;G20=SCS-1;G21=LD00-3309;G22=Princhard;Gzs=Desha; G24=AGS-7-
1;CV=Francis and Kannenberg’s (1978) coefficient of variability; environmental Variance(S?); Pi=Lin and Binns's (1988) cultivar performance measure; %= Shukla's (1972)
stability variance; Wi=Wricke's (1962) ecovalence; bi= Finlay and Wilkinson's (1963) regression coefficient; S?di= Eberhart and Russell’s' (1966) deviation from regression.
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4.5. Association among stability measures

Spearman rank correlation was computed for the various parametric and non-parametric measure
for grain yield are presented in (Table 20). The mean grain yield had a positive and highly
significant correlation with Pi, but negative and significant correlation with bi and S?, but non-
significant correlation with the rest procedures viz., ASV, CVi, Wi ¢4, and S2di

The ASV had significant (P <0.01) positive rank correlation with Wi, 6%, and S2d; indicating that
there is similarity in the ranking of genotypes made based on these three stability indices. Though
there seems a difference in the value of Wricke (1962) and Shukla (1972) stability parameters, the

rankings made based on each of these two parameters were exactly the same.

Correlation between coefficient of variation CV;, S% and b; was significant at one percent
probability level. Besides this, S? has positive and significant correlation with b; (r=0.97**) and
negative significant correlation with that of P, (r=-0.87**). The higher rank between CV; and
environmental variance(S%) was in accord with the report of other researcher like Akram et al.,
2012 soybean and Akcura et al (2006) in Durum Wheat On the other hand, Wricke’s ecovalence
showed highly significant positive rank correlation with ASVs and that of S2d; and c%. At the same
time, it has a negative correlation with the grain yield. This implies that there is little chance that

the high yielding genotypes picked as stable genotypes by these stability parameters

Shukla’s stability variance had a highly significant correspondence with ASVs, W; and S2d;, this
means that one of these four parameters could be used as a substitute for others in GEI stability
analysis. In addition, it is noted that perfect positive correlation between o?; and W; (r=1**) and
ranked the genotypes in exactly the same way indicates that these two stability measures are similar
in genotype ranking purpose. This was in conformation to the findings of Akram et al., (2012),
Lin et al., (1986), Kang et al., (1987) and Pham and Kang (1988). Beside the fact that Shukla and

Wricke, either can be good effect in describing stability respective genotypes, but lacks
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information supplied is limited in that the response pattern and adaptation of bread wheat
genotypes cannot be gleaned from these procedures (Purchase et al, 2000). From the above facts,
these two stability procedures need to synchronized with other regression approach and or
preferably with AMMI model in identifying and recommending superior genotypes for soybean

production areas.

The Eberhart and Rusesll’s deviation from regression showed a highly significant and positive
correspondence with Shukla’s stability variance, Wricke’s ecovalence, ASV, environmental

Variance (S?i); and negative correlation with grain yield.

The Lin and Binn’s cultivar superiority measure (P;j) showed negative and a highly significant rank
correlation with the environmental variances (r=-0.85) and b (r=-0.88), but positive and significant
correlation with the parameters like grain yield (r= 0.97). As grain yield is one of the most
important cultivar performance trait, stability parameters that positively associated with grain yield
seems the appropriate stability parameter that helps identify both high yielding and relatively stable
genotypes. However, it is only P; that has significant and positive association with grain yield.
Therefore, Pi seems the only stability parameter that can provide genotypes that are both high

yielding and relatively stable.
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Table 19. Spearman’s rank correlation coefficients for different GEI stability statistical methods
for mean grain yield of 24 genotypes grown in six environments of Ethiopia.

GYLD ASV cv; s, W, o2, b; S24;
GYLD
ASV  -0.18
cV; -0.25 0.00
Sz, -081** 014 0.75%*
W, 021 0.87** 0.24 0.33
02 021 0.87** 0.24 0.33 1.00%*
b;  -0.84** 0.3 0.68*  0.97** 0.21 0.21
S2d;  -0.08  0.79** 0.27 0.25 0.90%*  0.90**  0.09
P 097**  -0.11 032 -0.85**  -0.20 020  -0.88**  -0.09

NB:*P <0.05, ** P<0.01, GYLD=Grain yield,CV;=Francis and Kannenberg’s (1978) Coefficient
of variability; environmental Variance(S?%); o2; = Shukla's (1972) stability variance; W;=Wricke's
(1962) ecovalence; b;=Finlay and Wilkinson's (1963) regression coefficient;S2d;=Eberhart and
Russell’s (1966) deviation from regression, ASV=AMMI stability value, P,=Lin and Binns’s
(1988) cultivar superiority measure.
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5. SUMMERY AND CONCLUSION

The study was undertaken to compare different methods of analysis to determine the most suitable
procedure to evaluate performance of soybean genotypes under diverse soybean agro-ecologies
and assess the suitability of these statistical procedures for characterizing grain yield stability. The
principal objectives of the present study were (i) to estimate the genotype by environment
interaction through stability parameters and (ii) to identify genotypes that are widely and
specifically adapted for grain yield.

Twenty-four soybean genotypes along with three standard checks were planted at six locations
during 2015/2016 season. Grain yield and other parameters, were determined and genotypes were
evaluated for performance and yield stability in all six soybean production areas using nine
different statistical procedures i.e.(i) Shukla (1972), (ii). Lin and Binns Cultivar Superiority
Measure (Pj) (iii). Francis and Kannenberg’s (1978) Coefficient of Variability (CVi) (iv). the
environmental variance (S2i), (V). Wricke Ecovalence (1962), (Vi). Finlay and Wilkenson (1963),
(Vii). Eberhart and Russel (1966), (Viii), the AMMI model and (ix) the GGE biplot model. Finally,
these different stability procedures were compared using Spearman’s rank correlation coefficient

and the significance of the correlation coefficient was determined by means of Student’s t test.

The relatively large value of 6i2 indicates greater instability of genotype i. Similar to Wricke’s
(1962) ecovalence the Shukla (1972) identified similar genotypes as most stable regardless of their
grain yield. Genotypes Spry, Graham and UA4805 were stable, while the highest yielding
genotypes ranked 24", 121" and 20" in terms of Shukla’s stability index.

Lin and Binns’ cultivar performance measure indicated good yield stability, and was the only
stability parameter that identified the high yielding genotypes as stable. The result of cultivar
superiority measure indicated that the most stable genotypes were AFGAT followed by SCS-1 and
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Clarck-63k. On the other hand, genotypes Prichard, Choska and Liu yuemang were the most

unstable.

According to Finlay and Wilkinson (1963), genotypes Hang douNo-1, Liu yuemang, Prichard,
Croton 3.9 and Delsoy 4710 showed above average stability (bi <0.9), but also specifically adapted
to unfavorable environments. Genotypes LD00-3309, Choska, Ozark, ks3496, Spry and Harbar
indicated average stability 0.8 <bj <1.1 that shows increasing adaptability in all the environments
in that order. Genotypes 5002T, Ciaric, AGS-7-1, Clarck-63k, SCS-1 and AFGAT showed below
average stability, with AFGAT, SCS-1 and Clarck-63k having good specific adaptability to high
potential conditions, 5002T, Ciaric and AGS-7-1 showing that generally poor adaptability.
Besides, these Hang douNo-1, Liu yuemang, Prichard and Croton 3.9 showed above average

stability, and also show very specific adaptation to low potential or unfavorable conditions.

Eberhart and Russell’s stability parameters i.e., regression coefficient (bi) and deviation from
regression (S2d;) were determined for the 24 soybean genotypes. The result revealed that the slope
(bi) did not deviate from unity which indicates that all the tested genotypes had average
responsiveness to changing environments. The result of an individual genotypes deviation from
linear regression showed that genotype 5002T, Ciaric, Ozark, Ks4895, UA4805, Delsoy 4710,
Spry, Harbar, Graham, Manokin, ks3496, Liu yuemang, Hang douNo-1, Hs93-4118, Croton 3.9,
SCS-1, LD00-3309, Prichard and Desha had non-significant deviation from regression.

Wrick’s ecovalance procedures showed the genotypes Spry, Graham and UA4805 were the three
most stable genotypes. The unstable genotypes are 5002T, Hang douNo-1 and AFGAT had the
highest stability ecovalence value and ranked 22", 23" and 24" respectively. AFGAT, SCS-1 and
Clarck-63k which were the highest yielding genotypes produced the highest ecovalence value

which shows that these genotypes are unstable for performance across wider environments.
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Francis and Kannenberg’s Coefficient of Variability (CVi) analysis procedures according to
Francis et al. (1978), a stable genotype is the one that provides high yield performance and
consistent low CV. Therefore, genotypes SCS-1 and Clarck-63k which produced higher mean
grain yield and relatively lower coefficient of variation can be considered as the second group of

choices.

Based on AMM I analysis varieties Graham, LD00-3309, Hs93-4118 and ks3496 was close to zero,
and hence the most stable genotypes across the study environments. However, the mean yield of
genotype Spry was higher than genotype the remaining genotypes, hence it is more preferable
since it had mean yield above average, but the rest four genotypes have mean below average.

Environments are having small score had small interaction effects indicating all genotypes
performed well in these locations. E6 (Pawe) was relatively closer to zero than other locations, and
hence, less interactive with the genotypes and most genotypes performs well in this environment.
But, it is the third highest performance environment for grain yield. Genotypes, Choska, Prichard,

Liu yuemang, and Croton 3.9 are appropriate for E4 (Jimma); while SCS-1 is suited for E1 (Asosa).

Based on GGE Biplot method, genotypes Clarck-63k > SCS-1> AFGAT > AGS-7-1> Ciaric
>5002T were the most stable genotypes in that order and are more desirable than the other
genotypes. On the other hand, genotypes Hang douNo-1, Liu yuemang and LDO00-3309, ranked

last and were too far from the ideal genotypes.

Spearman’s rank correlation coefficient was used to compare the association among the different
parametric and non-parametric stability procedures for grain yield. Mean grain yield had positive
and highly significant correlation with Pi, but significant and negative correlation with b; and S?.
The ASV had a positive and significant correlation (P<0.01) between Wi, %, and S2di suggests

that these three stability indices were similar in the ranking of genotypes for stability. Correlation
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between Coefficient of variation CV;, S?% and bi were significant at P< 0.01 level of probability.
S% has positive and significant correlation with b; and negative significant correlation with Pi.
Wricke’s ecovalence shows highly significant positive rank correlation with ASVs, S?di and oi%.
At the same time, it has negative correlation with grain yield. Shukla’s stability variance had highly
significant correlation with ASVs, Wi, and S%d;. In addition, the perfect positive rank correlation
between oi? and Wi (r =1) and ranked the genotypes in exactly the same way indicates that these
two stability measures are similar in genotype ranking. The Eberhart and Rusesll’s deviation from
regression showed a highly significant and positive correspondence with Shukla’s stability
variance, Wricke’s ecovalence, ASV, Environmental Variance (S%); and negative correlation with
grain yield. The Lin and Binn’s cultivar superiority measure (Pi) showed highly significant and
negative rank correlation with the environmental variances and bi, but it was the only stability
procedure that showed positive and significant correlation with grain yield. The comparison
between GGE biplot and AMMI model indicated that the GGE model was effective and

informative in delineation of mega-environments.

Genotypes SCS-1 and AGS-7-1 were recommended for soybean mega environment production.
To fully utilize the GEI data, plant breeders and agronomists should use the combination of
stability parameters, and according to the best models for easiness and user friendly features of
stability parameters. The genotypes SCS-1 and AGS-7-1 were the most stable across soybean

growing environments.

84



6. REFERENCES

Abate, F., 2011.Genotype x environment interaction and stability analysis for yield of durum wheat
(Triticum turgidum desf.) varieties in north western Ethiopia. An MSc Thesis Presented to the
School of Graduate Studies of Haramaya University, 85p.

Abate, F., Mekbib, F. and Dessalegn, Y., 2015. GGE Biplot Analysis of Multi-Environment Yield
Trials of Durum Wheat (Triticum turgidum Desf.) Genotypes in North Western Ethiopia.
American Journal of Experimental Agriculture, 8(2): 120-129.

Acquaah, G., 2007.Principles of plant genetics and breeding. Blackwell Publishing,Malden .569p

Adie, M.M. and Krisnawati, A., 2015. Soybean Yield Stability in Eight Locations and its Potential
for Seed Qil Source in Indonesia. Energy Procedia, 65:223-229.

Adie, M.M., Krisnawati, A. and Gatut-Wahyu, A.S., 2014.Assessment of Genotypex Environment
Interactions for Black Soybean Yield using Ammi and GGE Biplot. International Journal of
Agriculture Innovations and Research,2(5): 673-678.

Agedew, B., 2006. Genetic variability and association among yield and yield related traits in
soybean (Glycine max (L.) Merrill) at Awassa and Gofa, Southern Region.An Msc Thesis
presented to the School of Graduate Studies of Alemaya University, Alemaya, Ethiopia.

Agresti, A. and Kateri, M., 2011.Categorical data analysis (pp. 206-208). Springer, Berlin
Heidelberg Rencher, A.C., 2003. Methods of multivariate analysis (Vol. 492). John Wiley & Sons.

Allard, R. W. and Bradshaw, A. D. 1964. Implications of genotype-environment interactions in
applied plant breeding. Crop Sci. 4: 503-508

Ahmadi, J., Vaezi, B. and Hossein Fotokian, M., 2012. Graphical analysis of multi-environment
trials for barley yield using AMMI and GGE-biplot under rain-fed conditions. Journal of Plant
Physiology & Breeding, 2(1):43-54.

Akande, S.R., Taiwo, L.B., Adegbite, A.A. and Owolade, O.F., 2009. Genotype x environment

interaction for soybean grain yield and other reproductive characters in the forest and savanna
agro-ecologies of South-west Nigeria. African Journal of Plant Science, 3 (6): 127-132.

Akcura, M., Kaya, Y., Taner, S. and Ayranci, R., 2006. Parametric stability analyses for grain
yield of durum wheat. Plant Soil and Environment,52(6):254-261.

Akram, R.M., Fares, W.M., EL-GARHY, A.M. and Ashrie, A.A.M.,2012. Regression Models vs.
Variance Measures as Stability Parameters of Some Soybean Genotypes.Bangladesh Journal of
Agricultural Research.

Akter, A., Jamil, H.M., Islam, M.R., Hossain, K.and Mamunur, R.M., 2014. AMMI biplot analysis
for stability of grain yield in hybrid rice (Oryza sativa L.). Journal of Rice Research, 2(2):126-
129.

85



Alghamdi, S.S., 2004. Yield stability of some soybean genotypes across diverse environments.
Pakistan Journal of Biological Sciences, 7(12):2109-2114.

Amira, J.0., Ojo, D.K., Ariyo, 0.J., Oduwaye, O.A. and Ayo-Vaughan, M.A., 2013. Relative
discriminating powers of GGE and AMMI models in the selection of tropical soybean genotypes.
African Crop Science Journal,21(1):67-73.

Annicchiarico, P. (2002). Defining adaptation strategies and yield stability targets in breeding
programmes. In Kang, M.S. (Ed.) Quantitative genetics, genomics and plant breeding,
Wallingford, UK, CABI:365-383.

Annicchiarico, P. 2002. Genotype x Environment Interactions: Challenges and Opportunities

Annicchiarico, P., 2002. 24 Defining Adaptation Strategies and Yield-stability Targets in Breeding
Programmes. Quantitative genetics, genomics, and plant breeding, p.365.

Anonymous 1995 Canadian Grains Industry Statistical Handbook. Cnd. Grains Council 257
pp.Ahmad, Q. N., E. J. Britten and D. E. Byth 1977 Inversion bridges and meiotic behaviour in
species hybrids of soybeans. J. Hered. 68: 360-364.

Asante, K. and Dixon, G.O., 2002. Analysis of phenotypic stability in ten cassava genotypes in
three West African countries. West African Journal of Applied Ecology, 3(1):43-48.

Asfaw, A., Alemayehu, F., Gurum, F. and Atnaf,M. 2009. AMMI and SREG GGE biplot analysis
for matching varieties onto soybean production environments in Ethiopia. Scientific Research and
Essay 4(11):1322-1330.

Asrat A, Abush T, Sintayehu A, Mulugeta A (2006). Soybean genetic improvement in Ethiopia.
In: Food and Forage Legumes of Ethiopia: Progress and Prospects. Kemal A, Gemechu K, Sied
A, Malhotra R, Beniwal S, Makkouk K, Halila, M H (eds). Proceedings of the workshop on food
and forage legume,22-26 September 2003, Addis Ababa, Ethiopia.

Atnaf, M., Kidane, S., Abadi, S. and Fisha, Z., 2013. GGE biplots to analyze soybean multi-
environment yield trial data in north Western Ethiopia. Journal of Plant Breeding and Crop
Science, 5(12):245-254.

Becker, H.C. and Leon, J., 1988. Stability analysis in plant breeding. Plant breeding, 101(1):1-23.

Becker, H.C., 1981. Correlations among some statistical measures of phenotypic stability.
Euphytica, 30(3):835-840.

Bekabil, U.T, 2015.Empirical review of production, productivity and marketability of soya bean
in Ethiopia. International Journal of u-and e-Service, Science and Technology, 8(1):.61-66.

Berger, J.D., Buirchell, B., Palta, J.A., Ludwig, C. and Shrestha, D., 2008, September. GEI
analysis of narrow-leafed lupin historical trials indicates little specific adaptation among

86



Australian cultivars. In Lupins for health and wealth. Proceedings of the 12th international lupin
conference:14-18.

Bernard, R.L. and M.G. Weiss 1973 Qualitative Genetics. Soybeans, Production and Uses. B.E.
Caldwell (ed.). Agronomy Series, American Society of Agronomy, Madison, Wisconsin, USA:
117-154.

Bondari, K., 2003.Statistical analysis of genotype x environment interaction in agricultural
research. Paper SD15, SESUG: The Proceedings of the South-East SAS Users Group, St Pete
Beach.

Bose, L.K., Jambhulkar, N.N. and Singh, O.N., 2014.Additive main effects and multiplicative
interaction (AMMI) analysis of grain yield stability in early duration rice. J. Anim. Plant Sci,
24(6):1885-1897.

Bowman, D.T., 2001. Common use of the CV: A statistical aberration in crop performance trials
(Contemporary Issue). Journal of Cotton Science,5(2):137-141.

Broich, S.L. 1978 The systematic relationships within the genus Glycine Willd. subgenus Soja
(Moench) F.J. Hermann. M.S. thesis. lowa State University, Ames.

Broug, P., J. Douglass, J. P. Grace and D. R. Marshall 1982 Interspecific hybridisation of soybeans
and perennial Glycine species indigenous to Australia via embryo culture. Euphytica 31: 715-724.

Caviness, C. E. 1966 Estimates of natural cross-pollination in Jackson soybeans in Arkansas. Crop
Sci. 6: 211.

Chaudhary, K.R. and Wu, J., 2012. Stability Analysis for yield and seed quality of soybean
[Glycine max (L.) merril] across different environments in Eastern South Dakota. Annual
Conference on Applied Statistics in Agriculture Kansas State University.

Chianu Jonas, N., Vanlauwe, B., Mahasi, J.M., Katungi, E., Akech, C., Mairura, F.S., Chianu
Justina, N. and Sanginga, N., 2008. Soybean situation and outlook analysis: The case of Kenya.
TSBF-CIAT, AFNET, 68.

Crossa, J., 1990.Statistical analyses of multilocation trials. Advances in agronomy, 44:55-85.

Crossa, J., 1990.Statistical analyses of Multilocation trials.pp.55-85. In N.C.Brady(eds).
Advances in agronomy, Vol.44. Academic Press, Diago, California.

CSA (Central statistical authority). 2011. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

CSA (Central statistical authority). 2012. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

87



CSA (Central statistical authority). 2013. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

CSA (Central statistical authority). 2014. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

CSA (Central statistical authority). 2015. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

CSA (Central statistical authority). 2016. Agricultural sample survey report on area, production
and yields of major crops. Central statistical Authority, Addis Ababa, Ethiopia.

Daba, C., Ayana, A., Zeleke, H. and Wakjira, A., 2014. Association of Stability Parameters and
Yield Stability of Sesame (Sesamum indicum L.) Genotypes in Western Ethiopia. East African
Journal of Science, 8(2):125-134.

Dejene, D., 2016.Genotype by Environment Interaction and Yield Stability Analysis of Ethiopian
Bread Wheat Using Mixed Model. An Msc Thesis presented to the School of Graduate Studies of
Haramaya University.94p.

DelLacy, I.H., Basford, K.E., Cooper, M., Bull, J.K. and McLaren, C.G., 1996.Analysis of multi-
environment trials—an historical perspective. Plant adaptation and crop improvement, 39124,

Dereje Hailu, 2003. Effect of Yellow rust (Punccinia striformis) on yield components and quality
of bread wheat (Triticum aestivium L.) varieties. An MSc Thesis presented to the School of
Graduate Studies of Alemaya University. 135p.

Dia, M., Wehner, T.C. and Arellano, C., 2016. RGEI: A R Program for Genotype X Environment
Interaction Analysis.

Duarte, J.B. and Zimmermann, M.J.D.O., 1995. Correlation among yield stability parameters in
common bean. Crop Science, 35(3):905-912.

Eberhart, S.T. and Russell, W.A., 1966. Stability parameters for comparing varieties. Crop
science, 6(1):36-40.

Falkenhagen, E., 1996. Comparison of the AMMI method with some classical statistical methods
in provenance research: The case of South African Pinus Radiata trials. For. Genet, 3:81-87.

Fasahat P, Rajabi A, Mahmoudi SB, Noghabi MA, Rad JM (2015) An Overview on the Use of
Stability Parameters in Plant Breeding.Biom Biostat IntJ2 (5):00043. DOI:10.15406/bbij.
2015.02.00043

Fehr, W. R. 1987 Principles of cultivar development: Macmillan Publishing Company, New York.

Fehr, W.P., 1987. Genotype — environment interactions. Principles of cultivar development.

88



Fekuda, Y. 1933 Cytological studies on the wild and cultivated Manchurian soybeans (Glycine
L.). Jap. J. Bot. 6: 489-506.

Fikere, M., Bing, D.J., Tadesse, T. and Ayana, A., 2014. Comparison of biometrical methods to
describe yield stability in field pea (Pisum sativum L.) under south eastern Ethiopian conditions.
African Journal of Agricultural Research, 9(33): 2574-2583.

Finlay, KW. and Wilkinson, G.N., 1963. The analysis of adaptation in a plant-breeding
programme. Crop and Pasture Science,14(6):742-754.

Fox,P. N., J. Cross and |. Ramagosa. 1997.Multiple environment testing and genotype X
environment interaction. In R. A. Kempton and P. N. Fox (eds.) Statistical Methods for Plant
Variety Evaluation. Chapman and Hall, London. p.116-138.

Francis, T.R. and Kannenberg, L.W., 1978.Yield stability studies in short-season maize. I.A
descriptive method for grouping genotypes. Canadian Journal of Plant Science,58(4):1029-1034.

Garner, W. W. and H. A. Allard 1920 Effect of the relative length of day and night and other
factors of the environment on growth and reproduction of plants. J. Agric. Res.18: 553-606.

Gomez, K.A. and Gomez, A.A., 1984. Statistical procedures for agricultural research. John Wiley
& Sons. Toronto, Canada.680p.

Grant, J. E. 1984 Interspecific hybridization in Glycine Willd. Subgenus Glycine (Leguminosae),
Aust. J. Bot. 32: 655-663.

Gurmu, F., Mohammed, H. and Alemaw, G., 2009. Genotype x environment interactions and
stability of soybean for grain yield and nutrition quality. African Crop Science Journal, 17(2):87-
99.

Hadley, H.H. and T. Hymowitz 1973 Speciation and cytogenetics. Soybeans, Production and Uses.
B.E. Caldwell (ed.). Agronomy Series, American Society of Agronomy, Madison, Wisconsin,
USA:97-116.

Hailu, M. and Kelemu, K, 2014. Trends in Soy Bean Trade in Ethiopia. Research Journal of
Agriculture and Environmental Management,3(9):477-484.
Hailu, M. and Kelemu, K., 2014.Trends in Soy Bean Trade in Ethiopia. Research Journal of
Agriculture and Environmental Management,3(9):477-484.

Hassan, A.K., 1987Effects of water stress and inoculation on soybean (Glycine max L. Merrill) at
two seasons’ winter & summer. Thesis submitted to University of Khartoum in partial fulfillment
of requirement for the degree of M.Sc in agriculture. University of Khartoum, Sudan. 1987.

89



Hermann, F. J. 1962 A revision of the genus Glycine and its immediate allies, USDA Tech. Bull.
1268: 1-79.

Hood, M.J. and F.L. Allen. 1980 Interspecific hybridization studies between cultivated soybean,
Glycine max and a perennial wild relative, G. falcata. Agron. Abst. American Society of
Agronomy, Madison, WI. pp.58.

Hymowitz, T. 1970 On the domestication of the soybean. Econ. Bot. 24: 408-421.

Hymowitz, T. and C. A. Newell 1981 Taxonomy of the genus Glycine, domestication and uses of
soybeans. Econ. Bot. 37: 371-379.

Hymowitz, T. and J. R. Harlan 1983 Introduction of soybeans to North America by Samuel Bowen
in 1765. Econ. Bot. 37: 371-379.

Issa, A.B., 2013.Yield stability and mega environment analysis based on the performance of
quality protein maize in Sub-Saharan Africa. Doctoral Dissertation, University of the Free State).

Kadhem, F.A., Al-Nedawi, I.S., Al-Atabe, S.D. and Baktash, F.Y., 2010. Association between
parametric and nonparametric meaures of phenotypic stability in rice genotypes (Oryza sativa L.).
Diyala Agricultural Sciences Journal, 2(2):20-33.

Kang, M.S., Prabhakaran, V.T. and Mehra, R.B., 2004. Genotype-by-environment interaction in
crop improvement. In Plant Breeding :535-572.In: Jain, H.K. and Kharkwal, M.C. eds., 2012.Plant
breeding: Mendelian to molecular approaches. Springer Science & Business Media, New Delhi
110 002, India.

Kanouni, H., Farayedi, Y., Saeid, A. and Sabaghpour, S.H., 2015.Stability Analyses for Seed Yield
of Chickpea (Cicer arietinum L.) Genotypes in the Western Cold Zone of Iran. Journal of
Agricultural Science,7(5):219.

Karasawa, K. 1952 Crossing Experiments with Glycine soja and G. gracilis. Genetica 26:357-358.

Karasu, A., Oz, M., Goksoy, A.T. and Turan, Z.M., 2009. Genotype by environment interactions,
stability, and heritability of seed yield and certain agronomical traits in soybean [Glycine max (L.)
Merr.]. African Journal of Biotechnology, 8(4):580-590.

Kaya, Y. and Ozer, E., 2014.Parametric stability analyses of multi-environment yield trials in
Triticale (xTriticosecale Wittmack). Genetika,46(3): 705-718.

Keneni, G., 2007.Concerns on mismatches between environments of selection and production of
crop varieties in Ethiopia. East African Journal of Science, 1(2): 93-103.

90



Khalili, M. and Pour-Aboughadareh, A., 2016.Parametric and Non-Parametric Measures for
Evaluating Yield Stability and Adaptability in Barley Doubled Haploid Lines. Journal of
Agricultural Science and Technology, 18(3):789-803.

Kim, K.S., Unfried, J.R., Hyten, D.L., Frederick, R.D., Hartman, G.L., Nelson, R.L., Song, Q. and
Diers, B.W., 2012. Molecular mapping of soybean rust resistance in soybean accession Pl 561356
and SNP haplotype analysis of the Rpp1 region in diverse germplasm.

Kim, K.S., Unfried, J.R., Hyten, D.L., Frederick, R.D., Hartman, G.L., Nelson, R.L., Song, Q. and
Diers, B.W., 2012. Molecular mapping of soybean rust resistance in soybean accession Pl 561356
and SNP haplotype analysis of the Rppl region in diverse germplasm. Theoretical and Applied
Genetics, 125(6):1339-1352.

Ladizinsky G., Newell C.A. and T. Hymowitz 1979 Wild Crosses in soybeans: prospects and
limitations. Euphytica28:421-423.

Lalise, A.,2015. Genotype by Environment Interaction and Yield Stability of Maize (Zea mays L.)
Hybrids in Ethiopia.An MSc Thesis Presented to the School of Graduate Studies of Haramaya
University, 74p.

Legesse, A., 2015.Genotype X Environment Interaction and Stability of Early Maturing Sorghum
(Sorghum bicolor (L.) Moench) Genotypes in Ethiopia. An Msc Thesis Presented to the School of
Graduate Studies of Haramaya University.63p.

Lin, C.S. and Binns, M.R., 1988. A superiority measure of cultivar performance for cultivarx
location data. Canadian Journal of Plant Science, 68(1):193-198.

Magagane, T.G., 2012.Genotype by environment interactions in soybean for agronomic traits and
nodule formation. An MSc Thesis presented to Faculty of Science and Agriculture, University of
Limpopo.81p.

Malik MFA, Qureshi AS, Ashraf M, Ghafoor A. Genetic variability of the main yield related
characters in soybean. International Journal of Agriculture & Biology. 2006:8(6):815-819.

Masindeni, D.R., 2006.Evaluation of bambara groundnut (Vigna subterranea) for yield stability
and yield related characteristics. An Msc thesis presented to University of the Free State, 103p.

Masuda, T. and Goldsmith, P.D, 2009. World soybean production: area harvested, yield, and long-
term projections. International Food and Agribusiness Management Review, 12(4):143-162.

Mehari, M., Alamerew, S., Lakew, B., Yirga, H. and Tesfay, M., 2014. Parametric Stability
Analysis of Malt Barley Genotypes for Grain Yield in Tigray, Ethiopia. World Journal of
Agricultural Sciences,10(5):210-215.

Motamedi, M., Safari, P. and Mohammadi, G., 2013. Additive main effect and multiplication
interaction analysis of grain yield in bread wheat genotypes across environments. International

Journal of Biosciences, 3(8):218-225.
91



Nair, P.R. and Nair, V.D., 2014. Scientific writing and communication in agriculture and natural
resources. Springer International Publishing, Switzerland.135p.

Newell, C. A. and T. Hymowitz 1978 A reappraisal of the subgenus Glycine. Am. J. Bot.65: 168-
179.

Nwangburuka, C.C. and Denton, O.A., 2011. Genotype X Environment Interaction and seed yield
stability in cultivated okra using Additive Main Effect and Multiplicative Interaction(AMMI) and
Genotype and Genotype x Environment Interaction (GGE). Archives of Applied Science Research,
3(4):193-205.

Palmer, R.G. 1965 Interspecific hybridization in the genus Glycine. M.S. thesis. Universiy of
Illinois, Urbana, IL.

PBTools (2014) Biometrics and Breeding Informatics, Version 1.4. PBGB Division. International
Rice Research Institute, Los Banos, Laguna.

Perkins, J.M. and J.L. Jinks (1968). Environmental and genotype environmental components of
variability. I1l. Multiple lines and crosses. Heredity,23: 339-356.

Perkins, J.M. and Jinks, J.L., 1968. Environmental and genotype-environmental components of
variability (No. REP-9078. CIMMYT).

Plaisted, R.L. and Peterson, L.C., 1959. A technique for evaluating the ability of selections to yield
consistently in different locations or seasons. American Potato Journal,36(11):381-385.

Popovic, V , Miladinovic, J., Tatic, M., Djekic, V., Dozet, G., Buki¢, V. and Grahovac, N., 2013.
Stability of soybean yield and quality components. African Journal of Agricultural Research,
8(45):5651-5658.

Pourdad, S.S. and Mohammadi, R., 2008. Use of stability parameters for comparing safflower
genotypes in multi-environment trials. Asian J. Plant Sci,7(1):100-104.

Purchase, J.L. 1997. Parametric analysis to describe genotype by environment interaction and
stability in winter wheat. PhD. thesis. Department of Agronomy, Faculty of Agriculture,
University of the Orange Free State, Bloemfonten, South Africa.

Purchase, J.L., Hatting, H. and Van Deventer, C.S., 2000. Genotypex environment interaction of
winter wheat (Triticum aestivum L.) in South Africa: Il. Stability analysis of yield performance.
South African Journal of Plant and Soil, 17(3):101-107.

Rad, M.N., Kadir, M.A., Rafii, M.Y ., Jaafar, H.Z., Naghavi, M.R. and Ahmadi, F., 2013.Genotype
environment interaction by AMMI and GGE biplot analysis in three consecutive generations of
wheat (Triticum aestivum L.) under normal and drought stress conditions. Australian Journal of
Crop Science,7(7):956.

92



Riaz, M., Naveed, M., Farooq, J., Farooq, A., Mahmood, A., Rafiq Ch, M., Nadeem, M. and Sadiq,
A., 2013. AMMI analysis for stability, adaptability and GE interaction studies in cotton
(Gossypium hirsutum L.). J. Anim. Plant Sci.23(3):865-871.

Roostaei, M., Mohammadi, R. and Amri, A.,2014. Rank correlation among different statistical
models in ranking of winter wheat genotypes. The crop journal, 2(2):154-163.

Sabaghnia, N., Mohammadi, M. and Karimizadeh, R., 2013. Yield stability of performance in
multi-environment trials of barley (Hordeum vulgare L.) genotypes. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 61(3):787-793.

Sample Survey on Private peasant holdings of 2015/2011 Meher season. Central Statistical
Agency, Addis Ababa, Ethiopia.

SAS Institute Inc. (2004). SAS software release. SAS Institute, Inc., Cary, NC, USA.

Shukla, G.K., 1972. Some statistical aspects of partitioning genotype environmental components
of variability. Heredity, 29(2):237-245.

Shurtleff, W. and Aoyagi, A., 2007. The Soybean Plant: Botany, Nomenclature, Taxonomy,
Domestication and Dissemination. Soy info Center. california, 40.

Silva, K.B., Bruzi, A.T., Zuffo, A.M., Zambiazzi, E.V., Soares, 1.0., de Rezende, P.M., Fronza,
V., Vilela, G.D., Botelho, F.B., Teixeira, C.M. and de O, C.M., 2015. Adaptability and phenotypic
stability of soybean cultivars for grain yield and oil content. Genetics and molecular research.
Genetics and Molecular Research,15(2):1-11.

Singh, D., Singh, S.K. and Singh, K.N., 2009. AMMI analysis for salt tolerance in bread wheat
genotypes. Wheat Information Service, 108:11-17.

Singh, R. J. and T. Hymowitz 1985 An intersubgeneric hybrid between Glycine tomentella Hayata
and the soybean, G. max. (L.) Merr. Euphytica 34: 187- 192.

Singh, R. J., K. P. Kollipara and T. Hymowitz 1987 Intersubgeneric hybridization of soybeans
with a wild perennial species, Glycine clandestina Wendl. Theor. Appl. Genet.74: 391-396.

Skvortzow, B.V. 1927 The soybean - wild and cultivated in Eastern Asia. Proc. Manchurian Res.
Soc. Publ. Ser. A. Natural History. History Sect. No. 22:1-8.

Sousa, L.B., Hamawaki, O.T., Nogueira, A.P., Batista, R.O., Oliveira, V.M. and Hamawaki, R.L.,
2015. Evaluation of soybean lines and environmental stratification using the AMMI, GGE biplot,
and factor analysis methods. Genet. Mol. Res.14(4):12660-74.

Specht, J.E., Chase, K., Macrander, M., Graef, G.L., Chung, J., Markwell, J.P., Germann, M., Orf,
J.H. and Lark, K.G., 2001. Soybean response to water. Crop Science, 41(2):493-5009.

93



Temesgen, T., Keneni, G., Sefera, T. and Jarso, M., 2015. Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.) genotypes. The Crop Journal, 3(3):258-268.

Tindale, M.D. 1984 Two eastern Australian species of Glycine Wild. (Fabaceae). Brunonia7: 207-
213.

Tindale, M.D. 1986 Taxonomic notes in three Australian and Norfolk Island species of Glycine
willd. (Fabacea: Phaseolae) including the choice of a neotype of G. clandestine Wendl. Brunonia
9:179-191.

Tonny, O., 2013. Soybean Rust Diversity and Adaptation of Elite Soybean lines to the Ugandan
Environment.An Msc Thesis presented to the, Makerere University.

Tukamuhabwa, P., Rubaihayo, P. and Dashiell, K.E., 2002.Genetic components of pod shattering
in soybean. Euphytica,125(1):29-34.

Upfold, R. A. and H. T. Olechowski 1988 Soybean Production. Publication 173. Ministry of
Agriculture and Food.Vol.1. Macmillan Publishing Company, London. 167p.

VSN. 2011. GenStat for Windows: fourteenth edition. Release 16.1.VVSN International, Ltd,
Hemel Hempstead, United Kingdom.

Yan, W. and Tinker, N.A., 2006. Biplot analysis of multi-environment trial data: Principles and
applications. Canadian Journal of Plant Science, 86(3):623-645.

Yan, W. and Wu, h., 2008.Application of GGE biplot Analysis to Evaluate Genotype (G),
Environment (E), and GXE interaction on pinus radiata: A case study. New Zealand Journal of
Forestry Science, 38(1):132-142.

Yan, W., Cornelius, P.L., Crossa, J. and Hunt, L.A., 2001.Two types of GGE biplots for analyzing
multi-environment trial data. Crop Science, 41(3):656-663.

Yan, W., Hunt, L.A., Sheng, Q. and Szlavnics, Z., 2000. Cultivar evaluation and mega-
environment investigation based on the GGE biplot. Crop Science,40(3):597-605.

Zelalem, T., 2011. Statistical Analysis of Genotype by Environment Interactions and Grain Yield
stability in bread wheat using ANOVA and AMMI models. An MSc Thesis Presented to the
School of Graduate Studies of Addis Ababa University,86p.

Zobel, R.W., Wright, M.J. and Gauch, H.G., 1988. Statistical analysis of a yield trial. Agronomy
Journal,80(3):388-393.

94



7. APPENDICES

95



Appendix 1: Mean DTF of twenty-four soybean genotypes across six environments

Environments

No Genotypes Asosa Bako Dimtu Jimma Metu Pawe Mean

1 5002T 48.00 52.67 52.33 47.00 55.00 45.00 50.00 edct
2 Ciaric 50.33 55.33 55.00 5433 57.67  46.33 53.17bac

3 Ozark 47.67 50.33 45.67 42.00 49.00 42.67 46.22 iefhg
4 Motte 50.33 44.67 45.33 46.33 51.67  42.00 46.72 iefhg
5 ks4895 48.00 42.33 45.33 4233 48.00 42.67 44.78 ijhk
6 UA4805 47.67 47.00 48.67 4733 51.00 42.00 47.28 ijhk
7 Delsoy 4710 48.33 47.33 40.00 40.67 42.00 40.33 43.11ijk

8 Spry 47.00 48.67 42.67 49.33 4533  40.33 45.56 ijhg
9 Harbar 49.00 47.33 43.67 44,67 47.00 43.33 45.83 ijfhg
10 AFGAT 44.33 51.00 55.33 58.00 62.67  57.67 54.83ba

11 Graham 48.00 48.67 45.00 44,00 48.67  42.00 46.06iefhg
12 Manokin 50.33 52.00 43.33 46.33 49.00 41.67 47.11iefhg
13 ks3496 47.33 44.33 41.00 36.67 42.00 40.33 41.94jk

14 Clarck-63k 48.67 53.67 64.00 59.33 60.67  45.67 55.33a

15 Choska 48.00 47.33 45.33 44,00 4733  43.00 45.83ijfhg
16 Liu yuemang 50.33 50.33 48.33 55.00 59.00 45.00 51.33bdc
17 Hang douNo-1 55.67 42.67 64.67 57.33 59.33  45.00 54.11ba

18 Hs93-4118 46.00 43.00 41.33 37.33 4233  38.33 41.39k

19 Croton 3.9 50.00 47.00 41.33 46.33 43.00  40.67 44.72 ijhk
20 SCS-1 52.33 56.33 66.00 59.33 42.00  46.67 53.78ba

21 LD00-3309 48.00 47.33 39.67 46.67 42.33  40.67 44.11 ijhk
22 Princhard 47.00 45.67 47.67 45.67 48.67  42.67 46.22 lefhg
23 Desha 48.00 47.33 50.00 48.00 56.67  44.67 49.11efdg
24 AGS-7-1 48.33 47.00 49.67 52.00 57.67  44.67 49.89efdc
Env.Mean 48.69 48.31 48.39 4792 50.33 4347 47.85

CV (%) 890 14.81 7.89 1797 3.57 3.81

TMeans followed by the same letter are not significantly different at 0.05 probability level
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Appendix 2:Mean DTM of twenty- four soybean genotypes across six environments

Environments

No Genotypes Asosa Bako  Dimtu Jimma Metu Pawe  Mean

1 5002T 104.67 111.67 110.33 115.33 112.67 97.67  108.72feght
2  Ciaric 107.67 112.33 11433 120.33 121.00 99.00 112.44b-e
3  Ozark 100.33 100.67 111.67 111.67 107.00 96.67  104.67ljikh
4 Motte 116.33 102.67 117.00 116.33 111.00 101.67 110.83fecd
5  ks4895 103.67 101.67 109.33 110.00 113.67 90.67  104.83jikh
6  UA4805 100.33 102.67 111.33 112.67 111.00 88.67  104.44ljikh
7  Delsoy 4710 103.33 99.00 105.00 107.33 106.67 88.00 101.56lk

8  Spry 96.67 103.00 108.67 115.33 111.00 88.00 103.78ljik
9  Harbar 104.33 116.00 116.00 114.00 111.33 96.33  109.67fegd
10 AFGAT 107.33 119.00 119.33 119.67 113.33 107.00 114.28bc
11  Graham 110.67 105.00 118.33 115.33 115.67 101.00 111.00fecd
12 Manokin 103.67 109.33 112.33 117.33 109.33 92.67  107.44figh
13 ks3496 101.00 100.33 104.33 103.33 105.33 91.67 101.00lk
14 Clarck-63k 107.67 115.33 129.33 125.00 126.67 94.67 116.44ba
15 Choska 103.67 103.33 111.00 114.33 109.33 96.33  106.33jigh
16  Liu yuemang 96.00 115.67 112.67 114.00 125.00 92.67 109.33fegd
17 HangdouNo-1  106.67 118.00 124.67 117.00 124.00 90.67  113.50bcd
18 Hs93-4118 103.33 99.33 106.00 103.33 102.67 88.00 100.44l

19 Croton 3.9 94.67 102.00 105.00 113.00 112.67 90.33 102.94ljk
20 SCs-1 116.00 116.67 128.00 124.33 127.33 104.67 119.50a

21 LDO00-3309 104.67 104.67 106.67 117.00 105.33 91.67  105.00jikh
22 Princhard 108.00 104.00 104.00 113.33 105.00 86.67  103.50ljik
23 Desha 106.33 110.33 125.00 116.00 116.33 98.33  112.06dce
24  AGS-7-1 106.33 119.00 118.67 118.67 120.67 97.67  113.50bcd
Env.Mean 104.72 107.99 113.71 11478 11350 94.61 108.22

CV (%) 6.63 5.91 4.64 5.91 3.84 4.17

TMeans followed by the same letter are not significantly different at 0.05 probability level
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Appendix 3:Mean plant height (PH) of twenty-four soybean genotypes across six environments

Environments

No Genotypes Asosa Bako Dimtu Jimma Metu Pawe Mean

1 5002T 63.73 48.60 6192 66.40  76.03 44.80 60.25edct
2 Ciaric 57.33 61.07 38.08 74.07 64.93 4477 56.71efdg
3 Ozark 44.53 3520 4417 59.60  59.73 33.33  46.09ij

4 Motte 76.93 7793 76,58  80.47  80.47 38.47 71.8la

5 ks4895 50.27 37.27 4575 53.07 6341 40.47 48.37ihj
6 UA4805 45.73 33.33 4558 5100 62.03 36.87  45.76ij

7 Delsoy 4710 49.53 4347 5233 6193 7243 51.93 55.27efhg
8 Spry 44.97 48.67  43.00 41.67 59.70 29.73  44.62ikj
9 Harbar 47.80 3447 4233 4440  58.01 29.60 42.77kj
10 AFGAT 82.33 80.40 67.67 89.20 67.20 38.60 70.90ba
11 Graham 48.40 37.27 45.08 54.33 56.77 36.80 46.44ij

12 Manokin 49.07 46.80 48.83 75.00 57.27 54.47 55.24efhg
13 ks3496 42.87 38.67 4592 5420 5140 47.13  46.70ij
14 Clarck-63k 56.47 61.67 69.17 7853 7541 43.47 64.12bdc
15 Choska 43.40 4393 4412 53.07 58.77 40.00 47.21ij

16 Liu yuemang 67.73 62.27 5150 78.07 66.82 64.60 65.16bac
17 Hang douNo-1  62.20 53.60 4958 6893 62.02 61.07 59.57efdc
18 Hs93-4118 45.07 41.73 46.42 51.93 51.05 47.47  47.28ij

19 Croton 3.9 49.93 43.13 50.08 57.33  55.07 54.40 51.66ihg
20 SCS-1 66.07 5467 59.92 88.60 69.23 44.87 63.89bdc
21 LD00-3309 38.00 36.10 39.08 5133 5381 30.17  41.42kj
22 Princhard 43.27 2293 33.67 54.00 49.97 23.33 37.86k
23 Desha 53.43 40.70 4992 7213  53.30 42.27 51.96ifhg
24 AGS-7-1 65.33 57.70 5525 8520 74.10 51.47 64.84bac
Env.Mean 53.93 4757 5025 6435 62.46 42,92 53.58

CV (%) 8.73 33.25 1884 20.74 1214 18.99

TMeans followed by the same letter are not significantly different at 0.05 probability level
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Appendix 4:Mean Hundred Seed Weight (HSW) of twenty-four soybean genotypes across six
environments

Environments

No  Genotypes Asosa Bako Dimtu Jimma Metu Pawe Mean

1 5002T 20.33 20.33 1750 19.40 16.46 16.33 18.39bct

2 Ciaric 21.00 21.00 1457 1930 14.86 14.67 17.57dfce
3 Ozark 16.33 16.33 1557 18.80 12.76 15.83 15.94hdfge
4 Motte 18.00 18.00 13.90 19.60 13.66 15.17 16.39hdfge
5 ks4895 1733 17.33 15.17 1830 1294 17.00 16.35h dfge
6 UA4805 16.00 16.00 13.23 16.80 10.77 14.00 14.471kj

7 Delsoy 4710 16.33 16.33 14.87 18.37 1578 15.33 16.17hdfge
8 Spry 21.33 2133 1753 21.67 1493 18.33 19.19ba

9 Harbar 17.00 17.00 1410 18.20 12.07 18.33 16.12hifg
10 AFGAT 15.