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Abstract: Faba bean (Viciafaba L.) is widely cultivated in Ethiopia next to China. Faba bean (Viciafaba L.) is a partially
Allogamous grain legumes grown for its high protein content in seed. The edible protein in the seed is used for human and
animal consumption. The crop contributes to soil fertility through biological N-fixation. Though it is grows in many part of the
country, the national average yield is very low due to multiple factors such as limited availability of stable high yielding and
disease resistant cultivar. To this end, an experiment was conducted at Sinana, Agarfa, Adaba and Sinja for two years (2013-
2014) to investigate the genotype x environment interaction and identify stable high yielding genotypes. Fifteen genotypes
including the improved and local checks were grown in RCBD. Additive main effects and multiplicative interaction (AMMI)
analysis was used to estimate genotype X environment interaction and found to be significant (P<0.01). The principal
components (IPCA1) and (IPCA 2) explained 52.8% and 47.2% of the interaction, respectively. Mean grain yield of genotypes
ranged from 2.6t/ha to 4.2t/ha with grand mean of 3.3t/ha. Most of the genotypes were highly responsive to the testing
environment and adapted to more favorable environments. Genotype EH03014-1 and EKLS01013-1 gave higher grain yield
than the checks, showed linear regression coefficient close to unity and deviation from regression close to zero. This implied
that the two candidate genotypes showed stable performance across locations. Furthermore, EH03014-1 and EKL.S01013-1 are
resistant to major disease and showed20.41% and 14.58% grain yield advantage over the standard check, respectively. Based
on their performance across locations, stability parameters, and their yield advantage over the checks, these two genotypes
were selected as candidate varieties for verification in the coming bona 2016/17 cropping season.
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with its edible seed serving as an important protein
complement in the cereal based Ethiopian diet, particularly
for the poor who cannot afford animal protein [7]. Also
serves as a food crops and also used as cash crops in the
highlands of bale zone, southeaster Ethiopia.

However the faba bean cultivars that used for production
purpose by the farmers in the highlands of bale zone were
low in yield, susceptible to some major faba bean diseases
and gave unstable yield.

Studying involving large number of genotypes and locations
provide useful information on the adaptation and stability of
genotypes and also on similarities of locations [1].
Furthermore, [8] indicated that yield potential is a complex

1. Introduction

Faba bean (Vciafaba L.) is one of the major pulses grown
in the highlands (1800-3000m asl) of Ethiopia. Ethiopia is
the second largest producer of faba bean worldwide, after the
People’s of Republic of China [7]. Currently, faba bean
occupies, 31% of the total area cultivated for pulses in
Ethiopia, with 34% of the total annual production in the
country [4]. In the highland of bale zone where cereal mono
cropping is the dominant practices, pulse crops like faba bean
plays great role in improving soil fertility and in reducing the
disease pressure developed from continuous cereal mono
cropping. Furthermore this crop has high economic value



14 Tadele Tadesse et al.: Genotypes by Environment Interaction of Faba Bean (Viciafaba L.) Grain
Yield in the Highland of Bale Zone, Southeastern Ethiopia

process which is affected by genotypes, environment and
genotype x environment interaction. In addition, measuring a
separate expression of each physiological process is not
practical. Their different expressions are however, measured in
total grain yield. Several statistical methods may be used to
analyze and interpret grain yield performance of genotypes x
environment interaction. However, Additive Main effects and
Multiplicative Interaction (AMMI) model has been found to be
more accurate in estimating yield of genotypes with in
locations than unadjusted mean [3, 10]. Besides, AMMI can
treat both the additive main effect and multiplicative
interaction component employing the analysis of variance
(ANOVA) and Interaction Principal Components (IPCA),
respectively. AMMI stability value (ASV) also measures the
stability of a given genotypes. It measures the distance from
the genotype coordinate point to the origin from the IPCA
scores of the genotypes [5]. Genotypes with the lowest ASV
values are more stable than genotypes with higher ASV value.
Thus, the purpose of this study is thus to apply the stability
parameters on the 15 faba bean genotypes grown in eight
environment and identifying varieties with high and stable
yield.

2. Material and Methods

Twelve faba bean genotypes were evaluated against two
standard one local checks under rain-fed condition for two
consecutive years (2013-2014) during bona cropping season
at Sinana main station, Agarfa and Adaba sub sites, and Sinja
farmers’ field. The experiment was conducted at each
location on vertisols, texturally clay loam soil. Sinana
Agricultural Research Center (07° 07°10.837”N latitude and
040°13°32.933”E longitude; and 2400m a.s.l.) is located 463
km south east of Addis Ababa and 33km East of Robe, the
capital of Bale zone. Sinja is located 50-km from Sinana and
about 15 km from Robe in the southwest direction. Agarfa
and Adaba is found at a distance of 60km and 100kmin the
south-west and west of Sinana, respectively. A Randomized
complete block design with three replications was used at all
locations. The plot size was 6.4m* four rows of 40cm
spacing between rows and 4m length. The central two rows
were used for yield and other agronomic data collection

(3.2m” harve stable area). The seed rate of 200 kg/ha and the
recommended fertilizer rate of 100kg DAP/ha was used at
planting. Statistical AMMI analysis of grain yield was done
using CropStat7.2 computer programme [2].

Table 1. Lists of genotypes and source of the test entries.

codes  Genotypes Source

1 EHO3073-1 Line developed from IBC introduction
2 EKO01019-7-5 Line obtained from HARC

3 EK CSR01009-2-2 Line obtained from HARC

4 EHO3021-4 Line developed from IBC introduction
5 EHO3055-2 Line developed from IBC introduction
6 EK02006-2-1 Line obtained from HARC

7 EKLS01022-1 Line obtained from HARC

8 EKLS01013-1 Line obtained from HARC

9 EH00005-6-1 Line obtained from HARC

10 EHO3043-1 Line developed from IBC introduction
11 EHO3052-3 Line developed from IBC introduction
12 EHO3029-2 Line developed from IBC introduction
13 Shallo Released variety from SARC

14 Degaga Released variety from HARC

15 Local check Local cultivar

HARC= Holeta Agricultural Research Center, IBC= Institute of Biodiversity
and Conservation, SARC= Sinana Agricultural Research Center

3. Result and Discussion

The mean grain yield of genotypes across environment
(year x location) ranged from 3.06 to 4.13t/ha. From all the
genotypes, the local check was the lowest yielding (Table 2).
The highest grain yield was obtained by genotype EH03043-
1 followed by EKLS01013-1. These two genotypes have
yield advantage of 20.41% and 14.58% over the standard
check. The range for day to maturity was from 140 to 143
days. Plant height of the genotypes was ranged from 138-
146cm whereas thousand seed weight also ranged from 571
to 800gm. Furthermore most of the genotypes showed
moderately resistance to the major faba bean diseases (Table
4). The highest mean grain yield of the genotypes was
obtained in Sinana location followed by Adaba, Sinja and
Agarfa. The variation among the locations was almost similar
except for Sinana (Table 3). The results indicated that
specific and wide adaptations were equally important as
suggested by [6].

Table 2. Mean grain yield (t/ha) of 15 faba bean genotype grown in eight environments in Southeaster Ethiopia.

Environments (Year X Location) (t/ha)

Grand mean of

Adaba 2013 Adaba 2014 Agarfa 2013 Agarfa 2014 Sinja 2013 Sinja 2014 Sinana 2013 Sinana 2014 genotypes over env’t

Genotypes

EHO3073-1 3.72 2.04 2.68 3.24
EK01019-7-5 391 3.69 227 2.95
EKCSR 01009 3.25 3.52 2.47 3.42
EHO3021-4 4.14 1.49 2.78 3.03
EHO3055-2 3.81 2.73 2.02 3.17
EK02006-2-1 3.65 3.07 2.84 3.03
EKLS01022-1 2.79 4.14 2.08 3.24
EKLS01013-1 4.23 4.59 3.11 3.49
EH00005-6-1  4.023 2.835 2.619 3.722
EHO3043-1 4.13 4.04 3.57 4.07
EHO3052-3 4.02 3.15 2.83 3.58
EHO3029-2 3.52 2.45 2.89 3.62
Shallo 4.23 1.86 2.88 3.40

2.29 345 3.77 4.71 3.24 (13)"
2.36 3.19 4.05 4.61 3.38 (6)
2.80 272 3.74 4.57 3.31(8)
373 3.74 3.70 434 337 (7)
2.65 3.11 3.64 4.19 3.17 (14)
2.15 322 3.78 4.53 3.28 (10)
2.53 3.53 3.65 3.96 3.24 (12)
3.49 347 4.11 4.96 3.93 (2)
3.554 3.078 3.624 4266 347 (3)
3.68 4.08 442 5.03 413 (1)
2.76 2.54 428 428 3.43 (4)
2.35 2.9 3.65 4.53 3.25(11)
3.16 322 3.99 4.69 3.43 (5)
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s Environments (Year X Location) (t/ha) (i micmn &
Adaba 2013 Adaba 2014 Agarfa 2013 Agarfa 2014 Sinja 2013 Sinja 2014 Sinana 2013 Sinana 2014 genotypes over env’t

Degaga 3.46 3.29 2.61 2.99 295 2.81 3.89 4.32 3.29(9)

Local check 2.95 1.67 2.62 3.77 2.69 3.16 3.94 3.66 3.06 (15)

Mean env’t 3.72 2.97 2.69 3.38 2.88 322 3.88 4.44 3.40

LSD5% 1.29 0.91 0.55 0.66 0.73 0.52 0.65 0.50 0.31

CV% 24.00 21.00 14.00 14.00 18.00 11.00 12.00 8.00 18.30

*Number in parenthesis for grand mean of grain yield indicates rank of genotypes

Table 3. Mean grain yield (t/ha) of faba bean genotypes x site over two years, 2013-2014.

Code Genotypes Agarfa Sinja Adaba Sinana Mean
10 EHO3043-1 3.82 3.88 4.08 4.73 4.13
8 EKLS01013-1 3.30 3.48 4.41 4.53 3.93
9 EH00005-6-1 3.17 3.32 343 3.95 3.47
11 EHO3052-3 321 2.65 3.59 4.28 3.43
13 Shallo 3.14 3.19 3.04 434 3.43
2 EKO01019-7-5 2.61 2.78 3.80 433 3.38
4 EHO3021-4 291 3.74 2.81 4.02 3.37
3 EK CSR01009 2.95 2.76 3.38 4.16 3.12
14 Degaga 2.78 2.88 3.38 4.10 3.29
6 EK02006-2-1 2.94 2.69 3.36 4.15 3.28
12 EHO3029-2 3.25 2.67 2.99 4.09 3.25
7 EKLS01022-1 2.66 3.03 3.47 3.81 3.24
1 EHO3073-1 2.96 2.87 2.88 4.24 3.24
5 EHO3055-2 2.60 2.88 3.27 3.92 3.17
15 Local check 3.14 2.92 2.31 3.80 3.06
Mean 3.03 3.05 3.35 4.16 3.40

Table 4. Mean performance of agronomic parameters of 15 faba bean genotypes across environment.

Days to Plant No.pod/ No. 1000 seed Disease score (1-9 scale
Code Genotype ma)tlure height (cm) plalll)t seed/pod Stand% weight (g) Rust Ch.spt A(SBL )
1 EHO3073-1 142 139 17 3 82 694 6 5 3
2 EK01019-7-5 142 143 16 3 85 784 5 5 4
3 EK CSR01009 141 146 18 3 85 800 6 6 4
4 EHO3021-4 142 143 17 3 82 706 5 5 4
5 EHO3055-2 141 138 19 3 82 632 5 6 4
6 EK02006-2-1 143 143 17 3 85 747 5 5 5
7 EKLS01022-1 141 143 18 3 84 781 5 4 3
8 EKLS01013-1 142 146 17 3 86 782 4 4 3
9 EHO00005-6-1 141 139 19 3 80 651 5 5 4
10 EHO3043-1 141 141 18 3 83 698 3 4 3
11 EHO3052-3 141 142 19 3 82 755 5 4 4
12 EHO3029-2 140 139 20 3 81 650 5 4 5
13 Shallo (st.check) 141 138 19 3 78 575 4 5 4
14 Degaga (st. Check) 141 143 21 3 83 571 4 5 5
15 Local check 141 144 19 3 81 580 6 7 6
Mean 141 142 18 3 83 694
LSD 5% 2.5 7.1 25.0 20.8 8.0 10.4
CV% 1.75 4.93 2.59 0.29 3.26 35.56

Ch.spot= chocolate spot, ASBL= Aschochyta blight

Table 5. Analysis of variance for the Additive Main effect and Multiplicative Interaction (AMMI) for grain yield of 15 genotypes over environment.

Sources Degree of freedom Sum of Square Mean Square F value Proba.
Genotypes 14 4.03 0.288

Location 3 12.63 4211

GXL 42 3.87 0.092

AMMI compo 1 16 2.486 0.155** 2911 0.008
AMMI compo 2 14 1.082 0.077* 3.033 0.031
AMMI compo 3 12 0.306 0.025

Total 59 20.54
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The analysis of variance for Additive and Multiplicative
interaction effect revealed that non-significant variation
among the genotypes, location and location by genotypes
interaction. The result indicates that there 1is stable
performance among the genotypes over the environments.
The AMMI 1 declared 64.22% of the GxE interaction sum of
squares, while the AMMI 2 and 3 accounted for 27.96% and
7.91% of the interaction, respectively. The IPCA scores of
the genotypes in the AMMI analysis are an indication of the
stability of a genotype over environment (Table 5). The
greater the IPCA scores, either negative or positive, the more
specifically adapted a genotype to certain environments. The
more the IPCA scores approximate to zero (0), the more
stable the genotype is over all environments sampled. Since,
the two IPCA score for the genotypes over environment was
varying and gave different meaning, AMMI’s Stability Value
was calculated in order to rank genotypes in terms of yield
stability using the formula suggested by [9].

It is important that not only the IPCA scores be used for
stability analysis to judge whether a given genotype is stable
over environments, rather the three stability parameters i.e.
the mean grain yield performance of a genotype, the linear
regression coefficient and the deviation from the regression
of the genotypes over the environment should also be take in
to consideration to conclude whether a genotype is stable or
not. Accordingly genotype EHO3043-1, the highest yielding

genotypes over all environments has linear regression
coefficient of 0.87 which is close to one and has a value of
deviation from regression of 0.01 almost zero. Furthermore
this genotype has the minimum AMMI stability value, ASV
(0.16) which indicates this genotype is more stable over the
tested environments. The other genotypes with mean grain
yield ranked second in its performance over all
environments, has the linear regression coefficient value of
0.98 and deviation from regression of 0.2(Table 6). However,
genotype EKLS01013-1 though its linear regression is close
to unity and the deviation from the regression is close to zero,
its ASV value is 1.02 indicating that the genotype is more
adapted to some of the tested location rather than across all
environment. But generally the two genotypes i.e. EH03043-
1 and EKLS01013-1gave mean seed yield higher than the
checks and have linear regression and deviation in the
acceptable range, the two genotypes showed stable
performance in the tested genotypes. Therefore these two
genotypes are more stable over all environments. From all
the tested genotypes, nine of them have regression coefficient
value greater than one thought they have mean grain yield
performance above the grand mean. Therefore, this indicates
that these genotypes are highly responsive to favorable
environments and are not recommended for wide adaptation
rather they can fit for specific adaptation to highly favorable
environments.

Table 6. Stability parameters: Regression of seed yield (t/ha) for each variety.

Code Genotypes Mean Slope (bi) MS-DEV (S2di) IPCA1 IPCA2 ASV
1 EHO3073-1 3.24 1.20 0.06 -0.22 0.19 0.53
2 EK01019-7-5 3.38 1.47 0.17 0.52 -0.03 1.19
3 EKCSR 01009 331 1.52 0.02 0.15 0.16 0.38
4 EHO3021-4 3.37 0.67 0.35 -0.54 -0.54 1.36
5 EHO3055-2 3.17 1.04 0.04 0.14 -0.18 0.38
6 EK02006-2-1 3.28 1.18 0.03 0.16 0.21 0.43
7 EKLS01022-1 3.24 0.89 0.08 0.20 -0.33 0.55
8 EKLS01013-1 3.93 0.98 0.20 0.46 -0.21 1.07
9 EH00005-6-1 3.47 0.63 0.00 -0.09 -0.22 0.30
10 EHO3043-1 4.07 0.87 0.01 -0.05 -0.11 0.16
11 EHO3052-3 343 1.19 0.11 0.24 0.39 0.68
12 EHO3029-2 3.25 1.02 0.12 -0.17 0.42 0.57
13 Shallo 3.43 1.08 0.07 -0.27 0.07 0.63
14 Degaga 3.35 1.02 0.03 0.15 -0.02 0.34
15 Local check 3.06 0.72 0.36 -0.68 0.20 1.57

bi= linear regression coefficient (slope), MS-DEV= Deviation from the regression component of interaction, IPCA = Interaction principle component axes,

ASV=AMMTI’s Stability value

The bioplt interaction graph also revealed genotype
EHO03043-1 was the most stable genotype as it is coordinated
to the origin in the graph (fig 1). Variety, Degaga, though it is

closed to the origin, it has regression coefficient value of
1.02and has mean grain yield lower than the grand mean
indicates as this variety is sensitive to changing environment.
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Fig. 1. Interaction biplot for the AMMI?2 model.
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