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Abstract: In order to determine stable linseed genotypes with high grain yield, field experiments were conducted with 14
genotypes for two years (2014-2015) at three locations in the highlands of Bale zone, Ethiopia. The genotypes were laid out in
randomized complete design with four replications in each environment. The objective of this study was to identify and
recommend high yielder, stable genotypes for testing sites and similar agro-ecologies using the stability parameters. The
combined analysis of variance showed highly significant differences for the genotypes, environment, and genotype by
environment interaction indicating the possible existence of stable genotypes among the tested once. The results of AMMI
(additive main effect and multiplicative interaction) analysis indicated that the first two AMMI (AMMI1-AMMI2) were highly
significant (P<0.01). The partitioning of the total sum of square exhibited that the effect of environment was a predominant
source of variation followed by genotypes and GE interaction effect. Based on the stability parameters regression coefficient,
deviation from regression and mean grain yield out of the tested G6, G9, G11, and G8 were found to be stable. However, the
AMMI Stability Value (ASV) discriminated genotypes G12, G4, G6, G13, and G9 as stable genotypes respectively. Based on
the Genotypes Selection Index (GSI) the most stable genotypes with high grain yield were G6 and G9. Therefore these two
genotypes were identified as candidate genotypes to be verified for possible release.
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yielding cultivar. Therefore, improving yield and yield
stability is the main objectives of linseed breeding program
in the country. Yield is a complex character where it is highly
influenced by both genes as well as environment.

Adaptation is the result of genotypes x environment
interaction and generally falls in to two classes: 1) the ability
to perform at an acceptable level in a range of environment,
general adaptability 2) the ability to perform well in desirable
environments, specific adaptability [7, 21]. The genotype-
environment interaction reduces association between
phenotypic and genotypic values leads to bias in the
estimates of gene effect combining ability for various
characters sensitive to environmental fluctuations. Such traits
are less preferable to selection [5]. The existence of
genotype-environment interaction (GEI) complicates the
identification of superior genotypes for a range of
environments and calls for the evaluation genotypes in many
environments to determine their true genetic potential [24].

1. Introduction

Ethiopia is considered to be the center of diversity for
linseed [25]. The principal linseed growing regions in
Ethiopia are located at altitudes between 1800 and 2800m,
although it occasionally grows at altitudes as low as 1680m
or as high as 3430m [4]. Arsi, Bale, Chercher Mountains,
Eastern Welega, Eastern Gojam, Tigray, and southeast Welo,
and Shewa are the major areas of production where frost is a
problem for other oilseed crops such as noug (Guizotia
abyssiniccacass) and Ethiopian mustard (Brassica carinata
A. Braun). Linseed is a major oilseed and rotation crop for
barley in higher elevations of Arsi, Bale, Gojam, Gonder,
Wello, Shewa and Welega parts of Ethiopia. High yields of
wheat, barley and tef can be obtained following linseed [11].
Though the crop has so many important merits, its production
per unit areas is very low due to the lack of stable and high
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The importance of G x E interactions in cultivar evaluation
and breeding programs has been demonstrated almost in all
crops. Various statistical methods (parametric and non-
parametric) have been proposed to study genotype -
environment interaction [1-2, 13-15 and 17-18]. To identify
linseed genotypes with wider or specific adaptation to
different environments, multi-location yield trial are grown
each year. These have lead to empirical identification of
superior cultivars, sum of which have been released in
several countries. Multi-location yield trials facilitate
quantification of the environment and the GEI effects.
However, a fact not generally recognized is that, in addition,
every yield trial by analyzing processes that determine yield
can inexpensively quantify the genetic, physiological and
environmental controls that results in yield differences
among cultivars, seasons and locations [22]. Various methods
of GE interaction analysis exist, including parametric and
non-parametric approaches.

The most widely used parametric methods is the joint
regression including regression coefficient (bi) variance of
deviation from regression (Sdi) [7 and 19].

The ordinary form of Analysis of variance (ANOVA) is an
additive model and therefore describes only the main effect.
Principal component analysis is a multiplicative model and
has the opposite problem of not describing the additive main
effects. Linear regression models combine the additive and
multiplicative components and thus analyze both main effects
and interaction, but in general they confound the interaction
with the main effects reducing its power for general
significance testing [7].

The additive main effects and multiplicative interaction
(AMMI) model is a powerful multivariate method to multi-
environmental trial. This technique incorporates both
additive and multiplicative components into an integrated,
powerful least square analysis [6, 16, and 19]. Therefore the
objective of the present study proposed to identify stable and
high yielding genotypes for possible releases.

2. Materials and Methods

2.1. Testing Sites al Locations

The experiment was carried out at three locations. One of
the experiments was conducted at the research farm of
Sinana Agricultural Research Center, Oromia Agriculture
Research Institute, Sinana, and the other two were at a site in
the farmer’s field representing for linseed production. The
experiment was conducted at each location on vertisol clay
loam soil under rain fed conditions during the meher season
(August-January) of 2014/15 and 2015/16 cropping season.
Sinana Research Center (7° N latitude and 40°E longitude;
and 2400m a.s.l.) is located 463 km south east of Addis
Ababa and East of Robe, the capital of Bale zone. The other
two locations are located (Agarfa) 45-km and (Adaba) 70km
from Sinana in the Southwest direction. Because of the
suitability of the region for linseed production, it is expected
that the test genotypes would express their genetic potential

to a higher extent for the traits under consideration.

Fourteen linseed genotypes (Table 1) were tested In order
to determine their stability across the testing sites for two
years (2014-2015) at three locations (Sinana, Agarfa and
Adaba) representing the highlands of bale zone, south eastern
Ethiopia. The experimental layout at each environment was
complete randomized block design with four replications.
The experimental plot size was 4.8m” (6 rows at 20cm apart
and 4m long). The four central rows were used for data
collection. Combined analysis of variance using balanced
ANOVA was computed using CROPSTAT program. The
additive main effect and multiplicative interaction (AMMI)
analysis was performed using the model suggested by [3] as:

— h
Yi=ptgirtet a1 Aatini. Yo TR where,

Yijis the yield of the ith genotype in the jth environment, p
is the grand mean, g; is the mean of the ith genotype minus
the grand mean ¢; is the mean of jth environment minus the
grand mean, 2, is the square root of the eigen value of the
principal component Analysis (PCA) axis, a,; and Y, are the
principal are the principal component scores for the PCA axis
n of the ith genotype and jth environment, respectively and
Rjj is the residual. The GE biplot was projected for the 14
genotypes tested at 6 environments. The regression of yield
for each variety on yield means for each environment was
computed and parameters MS-REG, the contribution of each
variety to the regression component of the treatment x
location interaction and MS-TL the contribution of each
variety to interaction MS, were estimated with the Crop Stat
program.

2.2. AMMI Stability Value (ASV)

The ASV is the distance from the coordinate point to the
origin in a two dimensional of IPCA1 score against [PCA2
scores in the AMMI model [20]. Because of the IPCA1 score
contributes more to the GE interaction sum of square, a
weighted value is needed. This weight is calculated for each
genotypes and environment according to the relative
contribution of IPCA1 to IPCA2 to the interaction SS as
follows,

2
ASV= \/ lss”’“” (IPCAlscore)J + [IPCA2]?
SSIPCA2

Where, SSTPCAL i the weight given to the IPCA1 value by
SSIPCA2

dividing the IPCAl sum squares by the IPCA2 sum of
squares. The larger the IPCA score, either negative or
positive, the more specifically adapted a genotype is to
certain environments. Smaller IPCA score indicate a more
stable genotype across environment.

2.3. Genotype Selection Index (GSI)

Based on the rank of mean grain yield of genotypes (RY})
across environments and rank of AMMI Stability Value
(RASV)) a selection index GSI was calculated for each
genotype which incorporate both mean grain yield and
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stability index in a single criteria (GSL;) as
GSI= RY; +RASV;

Table 1. Genotype code and the name of 14 linseed genotypes.

Table 3. Regression analysis of stability for linseed genotypes.

No. Genotype code Name

1 Gl CDC 1747 X CI-1652/SPS2

2 G2 CDC 1747 X CI-1652/SPS1

3 G3 CHILALO X R12-D33C/SPS3
4 G4 CHILALO X R12-D33C/SPS8
5 G5 CI-1652 X CDC 1747/SPS1

6 G6 CHILALO X R12-N27G/SPS6
7 G7 CHILALO X R12-N27G/SPS11
8 G8 CI-1652 X R12 -D33C/SPS6

9 G9 R12-N100 X CI-1525/SPS4

10 G10 R12-N100 X CI1525/SPS7

11 Gl1 R12-N100 X CI1525/SPS10
12 Gl12 Dibanne

13 G13 Jitu

14 Gl4 Local

Source of variation D.F. S. S. M.S.F TSS (%)
Genotypes (G) 13 0.915823  0.070448** 10.01
Location (L) 5 6.88972 1.37794%* 75.29
GXL 65 1.34592 0.020706** 14.71

G X Site Reg 13 0.251952  0.019381 18.72
Deviation 52 1.09396 0.021038**  81.28
TOTAL 83 9.15146

3. Result and Discussion

The result of combined analysis of variance (Table 2)
showed high significant differences for genotypes,
environment and GE interaction indicating the effect of
environment in the GE interaction, genetic variability and
possibility of selection for stable genotypes. As it is indicated
by different scientists, [6-7] when GE interaction was
significant, it is possible to proceed and calculate the stability
for the tested genotypes. Mean comparison for the tested
genotypes indicated that maximum grain yield was obtained
from G6 (1.85t/ha) followed by G9 (1.69t/ha) and GI1
(1.64t/ha) whereas the least mean grain yield was obtained
from G3 (1.42t/ha).

Table 2. Combined analysis of variance for grain yield of linseed at three
locations over two years.

** Significant at 1% of probability level

AMMI model analysis: in AMMI model, principal
component analysis is based on the matrix of deviation from
additivity or residual will be analyzed. In this respect both
the results of AMMI analysis, the genotypes and
environment will be grouped based on their similar responses
[9, 19, and 23]. Using ANOVA yield sum of square was
partitioned into genotype, environment, and GE interaction.
GE interaction was further portioned by principal component
analysis (Table 4). The result if AMMI analysis indicated that
10.01% of the total variability was justified by genotypes,
75.29% by environments and 14.71% by GE interaction. A
large contribution of the environment indicated that
environments were diverse, with large difference among
environmental means causing most of the variation in grain
yield. The same result was reported by [8, 26-27]. The result
of AMMI analysis also showed that the first principal
component axis (IPCA1) accounted for 63.42% over the
interaction SS, IPCA2 and IPCA3 explained 25.16% and
6.69% of the GE interaction SS, respectively. The first two
IPCA scores were significant at (P<0.01%) and cumulatively
accounted for 88.58% of the total GE interaction. This
indicates that the use of AMMI model fit the data well and
justifies the use of AMMI2.

Table 4. Analysis of Variance for grain yield of Linseed for the AMMI model.

Source of variation D.F.  Sum of Square  %SS M. S.
Source of Variation Degree of freedom Mean Square Genotype (G) 13 0.915823 10.01*  0.0704479**
Year (Y) 1 3.55262** Location (L) 5 6.88972 75.29*  1.37794**
Location(L) 2 8.929441** GXL 65 1.34592 14.71*  0.0207064**
Replication 3 0.509109** IPCA 1 17 0.853613 63.42°  0.0502125%*
Genotype (G) 13 0.281792** IPCA 2 15 0.338712 25.16°  0.0225808**
YxL 2 3.07369** IPCA 3 13 0.090051 6.69° 0.006927**
YxG 13 0.103805** IPCA 4 11 0.0549334 408" 0.00499394**
LxG 26 0.099389** Residual 9 0.00860686
YxLXG 26 0.055773** TOTAL 83 9.15146
RESIDUAL 249 0.061127**
CV% 157 a: from total sum of square percent, b: from GE sum of square percent

** Significant at 1% of probability level

The result of regression analysis (Table 3) revealed that the
main effects of genotypes and GE interaction were relatively
small and accounted 10.01% and 14.71% of the total sum of
square (TSS), respectively. Liner GE interaction was not
significant and accounted for 18.72% of the variability in the
GE interaction.

As a general rule the effectiveness of regression analysis is
when 50% of the total sum squares is accounted for by liner
GE interaction [12], hence regression analysis is not useful
for stability analysis of genotypes [23].

** Significant at 1% probability level

AMMI Stability Value (ASV): ASV is the distance from
zero in a two dimensional scattergram of IPCAIl scores
against IPCA2 scores. Since the IPCAI1 score contributes
more to the GE sum of square, it has to be weighted by the
proportional difference between IPCA1 and IPCA2 scores to
compensate for the relative contribution of IPCAl and
IPCA2 total GE interaction sum squares. The distance from
zero is then determined using the theorem of Pythagoras [20].
In general the importance of AMMI model is in reduction of
noise even if principal components don’t cover much of the
GESS [9-10].
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In ASV method, the genotype with least ASV score is the  genotypes G9, G6, G13, G5 and G11 as the stable genotypes
most stable. AMMI Stability Value (ASV) discriminated  respectively.

Table 5. Regression coefficient, deviation from regression, IPCA scores, ASV and GSI of genotypes.

Genotype Mean Yield (t/ha) Slop (bi) MS-DEV IPCA1 IPCA2 IPCA3 IPCA4 ASV GSI
Gl 1.51 1.72 0.06 -0.56 0.01 0.17 0.01 1.41 25
G2 1.53 1.19 0.02 0.11 -0.41 -0.11 0.19 0.50 15
G3 1.42 0.54 0.03 0.14 0.32 -0.02 0.13 0.49 20
G4 1.59 0.93 0.04 0.21 -0.19 0.06 -0.04 .57 14
G5 1.53 1.11 0.05 -0.08 -0.09 -0.23 0.09 0.21 14
G6 1.85 0.99 0.04 -0.37 -0.04 0.07 -0.11 0.12 3
G7 1.55 1.25 0.01 -0.30 0.04 -0.28 -0.22 0.76 20
G8 1.60 0.71 0.02 0.36 -0.14 0.11 -0.16 0.92 17
G9 1.69 1.00 0.9 0.03 -0.03 0.07 0.06 0.09 3
G10 1.51 0.60 0.01 0.23 0.16 0.09 -0.15 0.60 22
Gl11 1.64 1.07 0.01 -0.14 0.10 -0.05 0.20 0.37 8
G12 1.57 0.83 0.02 0.20 -0.12 -0.12 -0.09 0.52 15
G13 1.59 1.20 0.01 -0.05 -0.07 0.27 0.07 0.14 8
G14 1.44 0.36 0.04 0.20 0.44 -0.05 0.05 0.67 24

N. B. MS-DEV= deviation from regression, IPCA= Interaction Principle Component Analysis axis, ASV= AMMI Stability Value, GSI= Genotype Selection
Index

Genotype Selection Index (GSI): As stability per se is not a desirable selection criterion, because the most stable genotypes
would not necessarily give the best yield performance [16], hence, simultaneous consideration of grain yield and ASV in single
non-parametric index needed. Therefore, the rank of ASV and mean grain yield (RY;) are incorporated in single selection index
namely Genotype Selection Index (GSI). The least GSI is considered as the most stable with high grain yield. Thus GSI
indicates (Table 4), G6 and G9 have the most stability with high grain yield.

0.5

3
o

Agarfa 2015=F

A=Sinana 2014

-]

-0.48

Model fit: 88.6% OF GXE SS

0.52 -0.24 0.04 0.32 0.6
IPCA1

Figure 1. Biplot analysis of GE interaction based on AMM?2 model for the first two interactions principal component scores.
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The AMMI2 biplot (Figure 1) explained 88.6% of the GE
interaction, making it a useful test for interaction. It was
observed that most of the genotypes and environments were
dispersed around the biplot. Genotypes farther from the
center of biplot show specific adaptation. [17] In their study
revealed that those genotypes which are far from the center
of the biplot, have high GE interaction and those genotypes
that nearest to the center of biplot, have high stability.

Biplot analysis (Figure 1) displayed that genotypes G1, G2
and G14 and environment A, F and C have greatest effect in
the GE interaction. Gl has specific adaptation with
environment A, while G2 has specific adaptation with
environment C. genotypes towards the center of biplot have
zero interaction, therefore, have general adaptation with
different mean grain yield. Genotypes G6, G9, G11, G13 and
G5 are located in this category and as the entries G6, G9,
G11 and G13 have mean grain yield over the grand mean,
therefore they can be considered as stable with high
performance. The genotype G1 has specific adaptation with
environment A because their angle is less than 90 degree and
their GE interaction is positive. Genotypes G2, G4, G8 and
G12 have positive interaction with environment C, but the
length of vector for G2 is more on the environment C, hence
it has specific adaptability with environment C. The G3, G10
and G14 have positive interaction with environment F, but
G10 is more adapted to it.

4. Conclusion

Genotypes-by-environment (GE) interaction has been
important and challenging issue among plant breeders,
geneticist and agronomists engaged in performance testing.
The genotype-environment interaction reduces association
between phenotypic and genotypic values and leads bias in
the estimates of gene effect and combining ability for various
characters sensitive to environmental fluctuation. Such traits
are less amenable to selection. Both yield and stability of
performance should be considered simultaneously to reduce
the effect of GE interaction and to make selection of
genotypes more precise and refined.

Based on the stability parameters regression coefficient,
deviation from regression and mean grain yield out of the
tested G6, G9, Gl1, and G8 were found to be stable.
However, the AMMI Stability Value (ASV) discriminated
genotypes G12, G4, G6, G13, and G9 as they stable
genotypes respectively. Based on the Genotypes Selection
Index (GSI) the most stable genotypes with high grain yield
were G6 and G9.

The results of this investigation provide that stability
analysis by AMMI model indicated that four principal
components were significant and 88.6 percent of the
interaction sum of square was related to the first two
components. Based on the biplot of AMMI2, ASV and GSI
genotypes 6 and genotype 9 revealed the highest stability.
Therefore these two genotypes were identified as candidate
genotypes to be verified for possible release.
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