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Abstract

Ethiopia is the largest wheat producer in Sub- Saharan Africa. The productivity of wheat has increased in the last few years in
the country, but low as compared to other countries. This low productivity is attributed to a number of factors including biotic,
abiotic, shortage of high yielding and stable varieties. The objective of the present study is to identify high yielding and stable
genotype. A total of twenty genotypes including Dambal (st. check) and Mada walabu (Local check) were evaluated for two
cropping season 2017 and 2018 at four locations: Sinana, Agarfa, Goba and Gololcha. The experiment was laid out in RCBD with
three replications. The result of combined analysis of variance showed high significant differences for genotypes, environment
and GE interaction. The result of AMMI analysis indicated that 36.3 %, of the total variability was justified by environment,
28.6% by genotypes and 34.9% by GE interaction whereas IPCA 1 and IPCA 2 explained 74.2% from the total GE. Based on GSI
a single criteria for stability and high grain yield, genotypes G9, G1, G14,G10, G15 and G12 have the smallest genotype stability
index which means they were stable and high yielding genotype. The best genotype with respect to environment Gololcha
2017 and Gololcha 2018 was genotype G10. Genotypes G3 and G17 were better adapted to environments Agarfa 2017. G12
is high yielder stable across tested locations. Therefore this genotype was identified as candidate genotypes to be verified for
possible release.
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Abbreviations: AMMI: Additive Main Effect and

Bale are considered as the wheat belts of eastern Africa.

Multiplicative Interaction; RCBD: Randomized Complete
Block Design; PCA: Principal Component Analysis; RASV:
Rank of Ammi Stability Valuel; GSI: Genotype Selection Index.

Introduction

Ethiopia is leading wheat producer in Sub Saharan
Africa and total production of 4.64 million tons CSA [1].
Accordingly, Oromia National Regional State contributes a
total production of 2.67 million tons in the country. Among
the wheat producing zones of Oromia, Arsi, West Arsi and

Stability Analysis of Bread Wheat Genotypes Using the AMMI Stability Model at Southeast Oromia

Although the productivity of wheat has increased in the last
few years in the country, it is still very low as compared to
other wheat producing countries in other parts of the world.
The national average of wheat productivity is estimated to
be 2.74 t ha-1 [1] (CSA, 2018), which is below the world
average of 3.0 t ha-1 [2]. This low productivity is attributed
to a number of factors including biotic, abiotic, shortage of
high yielding and stable varieties.

In most of the plant breeding programs, GE interaction
effects are of special interest for identifying the most stable
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genotypes, mega-environments and other adaptation targets.
Various methods for yield stability analysis are based on
different stability concepts and can be classified accordingly
Flores, et al. Information regarding crop stability is applicable
for selection of genotypes with constant yield across
environments. Many of researchers have been reported to
depict the responses of genotypes to the different condition
of environments for simultaneous selection of yield and
stability. These techniques are use statistical parameters to
estimate stability of genotypes to variation in environments.
Linear regression approach is used widely for identifying of
high yielding and stable genotypes [3].

The additive main effect and multiplicative interaction
(AMMI) method is an approach for evaluation of genotypes
stability under different environments. The AMMI method
merges principal components analysis and analysis of
variance into an integrated approach and can be used to
analysis of the multi-location experiments [4]. The AMMI
analysis is effective because it provides agronomically
meaningful interpretation of data [5]. The AMMI model
is utilized for three main purposes [6,7]. (i) to suitable
in the initial statistical analyses of yield experiments, (ii)
to summarize the relationships between genotypes and
environments (GE) and (iii) to applicable for understanding
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complex genotypes x environment interaction effects. AMMI
analysis has been applied extensively with great success
to interpret genotype x environment interaction in wheat
[8,9]. A wider adapted Genotype performs consistently over
a wider range of environment. The objective of this study
was to select stable genotype and to identify promising
genotypes.

Materials and Methods

Experimental Design and Methods

The experiment was conducted in four locations during
2017 and 2018 main cropping season at Sinana, Agarfa, Goba
and Gololcha. The detailed description of environments
given (Table 1). A total of twenty genotypes: including
eighteen advanced genotypes, standard check Dambal and
local check Mada walabu were tested using a randomized
complete block design (RCBD) with three replications. A plot
size of 6 rows with row spacing of 0.2 meter and row length
of 2.5 meter was used and the four middle rows were used
for data. Seed rate 150 kg ha® was used and drilling to the
six rows. Fertilizer was applied 41 kg ha' N and 46 kg ha P,
O, at planting.

Location Altitude (m) Latitude Longitude
Sinana 2404 07 09.49’ 40 13.77
Agarfa 2486 07 15.29’ 39 54.44’

Goba 2565 07 03.22 39 59.04’

Gololcha 1970 07 45.04’ 40 57.29

Table 1: Experimental Area description.

Statistical Analysis

Mean grain yield data of the experiment were statistically
treated by AMMI model analysis. This analysis consists in
the sequential fitting of a model of analysis of experiments,
initially by ANOVA (additive fitting of the main effects) and
then by analysis of principal components (multiplicative
fitting of the effects of interaction). The model AMMI
equation is:

Yij=p+gi+ej+Y n=1hAnani.Ynj+Rij

Where ij Y is the yield of the ith genotype in the
jth environment; p is the grand mean; i g and je are the
genotype and environment deviations from the grand mean,
respectively; An is the square root of the eigen value of the
principal component Analysis (PCA) axis, ani and Ynj are the
principal are the principal component scores for the PCA
axis n of the ith genotype and jth environment, respectively
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and Rij is the residual. The analysis was done using GEA-R
software (Genotype x Environment analysis with R for
windows) version 4.1.

AMMI Stability Value (ASV)

The ASV is the distance from the coordinate point to
the origin in a two dimensional of IPCA1 score against
IPCAZ2 scores in the AMMI model [10]. Because of the [PCA1
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 IPCAZ to the interaction SS as
follows:

ASV= SSIPCA1/ SSIPCA2 (IPCA1score)? + [IPCA2]?

Where, SSIPCA1/SSIPCA2 is the weight given to the
IPCA1 value by dividing the IPCA1 sum squares by the [PCA2
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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.

Genotype Selection Index (GSI)

Based on the rank of mean grain yield of genotypes
(RY) across environments and rank of AMMI Stability Value
(RASV) aselection index GSI was calculated for each genotype
which incorporate both mean grain yield and stability index
in a single criterion (GSI) as suggested by Bose, etal. [11] and
Bavandpori, et al. [12].

GSI = RASV +RY

Results And Discussions

Homogeneity of variance tests indicated homogenous
error variance for grain yield in the eight environments
allowed for a combined analysis across environments. The
combined analysis of variance (Tables 2 & 3) indicated
that the main effects of random environments and fix
genotypes were significant for grain yield that exhibiting the
presence of variability in genotypes and diversity of growing
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conditions at different environments. The combined analysis
of variance was conducted to determine the effects of
environment (location by year combination), genotype, and
their interactions on grain yield of bread wheat genotypes
(Table 3). The main effects of environment (E), genotypes
(G) and GE interaction were highly significant at P < 0.01.
Environment had the largest effect, explaining 74.6% of total
variability, while genotypes and GE interaction explained
21.6 and 3.8% of total sum of squares, respectively (Table
3). 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 and higher differential in discriminating the
performance of the genotype. The same result was reported
by Farshadfar [13], Jacobsz, et al. [14] and Tadele, et al.
[15]. Mean grain yield of genotypes was highest at Gololcha
in 2018 cropping season, and at Sinana in 2017 cropping
season. Similarly, mean grain yield of genotypes was lowest
at Agarfa in 2018 (Table 2). Genotype G5 was the highest
yielding at Goba 2017 and the lowest (Agarfa 2017) yielding
environments. Genotypes G12, G19 and G10 showed 13.2,
4.7 and 1.2 tha-1 grain yield advantage over standard check
(G5) respectively, and 86.1, 72.2 and 66.4 tha-1 grain yield
advantage over local check (G11), respectively (Table 2).

Year 2017 Year 2018

SN'| Genotype Code Sinana | Agarfa | Goba | Gololcha | Sinana | Agarfa | Goba | Gololcha Mean
1 G1 4.2 34 5.6 4.7 3.6 3.1 4.3 4 4.11
2 G2 4.4 3.5 5.1 4.2 3.3 3.1 3.5 4.4 3.95
3 G3 3.6 39 4.6 3.6 3.7 3.6 4.4 39 391
4 G4 4.3 34 4.6 4.7 3.6 3.3 3.4 5.1 4.05
5 G5 5.2 3.5 5.8 4.2 33 3.5 3.4 5.2 4.26
6 G6 4.3 4 4.7 3.4 3 3 35 5.1 3.89
7 G7 4.2 4.2 3.8 4 2.6 3.4 3.6 4.8 3.85
8 G8 4.7 3.9 4.9 35 2.7 3 3.2 4.4 3.78
9 G9 4.7 4 4.3 3.9 2.3 3.7 4 5.1 4
10 G10 4.4 5.2 4.9 4 3 3.5 4.6 5 4.31
11 G11 2.8 0.8 1.8 4.8 2.1 1.4 1.8 5.2 2.59
12 G12 5.5 5.5 5.4 4.4 3.6 3.7 5.1 5.3 4.82
13 G13 53 3.6 4.2 3.5 3 2.9 3.1 4.7 3.78
14 G14 39 3.9 39 3.8 2.9 2.7 3.4 4.4 3.61
15 G15 4.7 4.8 4.3 3.9 3.5 2.9 3.8 4.5 4.06
16 G16 4.1 3.2 3.9 3.9 2.7 2.6 4.4 4.3 3.63
17 G17 4.2 4.6 4.1 3.7 3.7 2.9 4.6 4.2 3.99
18 G18 2.6 2.6 1.9 3.8 2.8 2.2 3.5 4.1 2.97
19 G19 5.3 49 53 3.7 3.9 3.6 4.5 4.4 4.46
20 G20 4.4 3.8 3 3.8 3.3 2.2 3.8 4.2 3.63

Table 2: Mean performance of 20 bread wheat genotypes in 8 Environments.
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Source d.f. SS MSS SS%
Genotypes 19 108.2 5.69** 21.6
Environments 7 137.5 19.64** 74.6
Block 16 14.6 0.914*
Interactions 133 132.7 0.998** 3.8
IPCA 1 25 61.8 2.47** 49.2
IPCA 2 23 31.4 1.37** 25
IPCA3 21 19.8 0.94** 15.8
IPCA 4 19 12.5 0.66* 10
Residuals 85 39.6 0.465
Total 479 538.9 1.125

Table 3: ANOVA for grain yield of Bread wheat genotypes for
the AMMI model.

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 [5,15,16].
The result of AMMI analysis also showed that the first
principal component axis (IPCA1) accounted for 49.2% over
the interaction SS, IPCA2, IPCA 3 and IPCA4 explained 25.0%,
15.8% and 10.0% of the GE interaction SS, respectively. The
first two IPCA scores were significant at (P<0.01%) and
cumulatively accounted for 74.2% of the total GE interaction.
This indicates that the use of AMMI model fit the data well
and justifies the use of AMMIZ2.

d.f.=degree freedom, SS= Sum of square, MSS= Mean Sum of
square, SS%= Percentage of sum of square, I[PCA 1, 2, 3 and
4= first, second, third and fourth principal component

AMMI Stability Value (ASV): ASV is the distance from
zero in a two dimensional scattergram of IPCA1 scores
against IPCA2 scores. Since the IPCA1 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 IPCA1 and IPCA2
total GE interaction sum squares. According to this stability
parameter, a genotype with least ASV score is the most stable.
The high interaction of genotypes with environments was
also confirmed by high ASV and rank, suggesting unstable
yield across environments. In general the importance
of AMMI model is in reduction of noise even if principal
components don’t cover much of the GE SS [5,17].

Results of ASV parameter showed genotypes G9, G14, G7
and G16 as the most stable genotypes, respectively. The most
unstable genotypes were G11 and G18 (Table 4). Although,
ASV parameter was reported to produce a balanced
measurement between the two first [PC’s (IPC1 and IPC2)
scores, but it seems that this parameter is useful when the
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portion of explained total variation was relatively high [18].

Most of the time genotypes showed inconsistency in rank
of grain yield across different tested environment; genotype
ranked first in one environment may not be first at another
tested environment. Hence, it is advantageous to look for
a single criteria which help researchers to identify elite
genotypes simultaneously for their high yielding and stable
across tested environment. GSI (Genotype Selection Index)
is a single criteria for stability and high grain yield which
successfully used by Bose, et al. [11] and Bavandpori, et al.
[12] to interpret interaction between genotype performance
and environments. High yielding genotype with better
stability has smallest values of GSI. The smallest Genotype
Selection Index (GSI) exhibited by Genotypes G9 (GSI =9),
G1 (GSI =11), G15 (GSI =14) and G10 (GSI =10). These
genotypes were high yielder and comparatively stable. The
Highest GSI (GSI=40) exhibited by genotype G11 which was
highly unstable and lowest yielder among tested genotypes
(Table 4).

Genotype | Mean | ASV | RASV | RYI | GSI | CV%
G1 411 | 0.35 6 5 11 | 19.7
G2 395 | 043 9 10 | 19 | 17.7
G3 391 | 048 10 11 | 21 10
G4 4.05 | 0.64 14 7 21 | 17.7
G5 426 | 091 18 4 22 | 233
G6 3.9 0.34 5 12 | 17 | 20.2
G7 3.84 | 0.17 3 13 | 16 17
G8 3.78 | 0.62 13 14 | 27 | 214
G9 4,02 | 0.12 1 8 9 20.5
G10 4.3 0.57 12 3 15 | 18.2
G11 2.59 | 2.35 20 20 | 40 | 61.2
G12 4.83 | 0.64 15 1 16 | 16.7
G13 3.78 | 0.39 7 15 | 22 | 227
G14 3.61 | 0.12 2 17 | 19 | 15.8
G15 4.05 | 0.42 8 6 14 | 16.6
G16 3.63 | 0.27 4 16 | 20 | 19.5
G17 4 0.74 16 9 25 | 144
G18 293 | 1.23 19 19 | 38 | 26.6
G19 445 | 0.88 17 2 19 | 15.7
G20 3.58 | 0.56 11 18 | 29 | 19.2

Table 4: Mean of 20 genotypes, AMMI stability values,
Genotypic selection index and coefficient of variation.
ASV= AMMI stability value, RASV=Rank of AMMI stability
value, RYI=Rank of yield index, GSI=Genotypic selection
index and CV%=coefficient of variation in percentage.
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The vertex cultivars in each sector are considered best at
environments whose markers fall into the respective sector.
Environments within the same sector are assumed to share
the same winner cultivars. Genotype-environment affinity
depicted as orthogonal projections of the genotypes on the
environmental vectors to identify the best cultivars with
respect to environments. The best genotype with respect
to environment Gololcha 2017 and Gololcha 2018 was
genotype G10. Genotypes G3 and G17 were better adapted to
environments Agarfa 2017 (Figure 1).

Figure 1: AMMI biplot showing the mean (main effect) vs.
stability (IPC1) view of both genotypes and environments

on grain yield.

Conclusion

To develop varieties it is essential for breeders to
evaluate their genotypes based on years and locations. 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 Based on ASV,
genotype with least ASV scores are the stable and genotypes
G9, G14, G7 and G16 were stable genotypes respectively.
Based on GSI single criteria for stability and high grain
yield genotypes G9, G1, G14, G10, G15 and G12 were found
to be stable genotypes. G12 is high yielder stable across
tested locations. Therefore this genotype was identified as
candidate genotypes to be verified for possible release.
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