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Abstract

In this study, eight faba bean genotypes were tested against three checks (Basabeer, Shandi and Turkey) across 
five environments during two winter seasons (2020/2021 and 2021/2022). The main objectives of this study 
were to estimate G x E interactions and identify the highest yielding and stable genotypes under different en-
vironments. A randomized complete block design with four replicates was used. Data were collected on days 
to 50% flowering, days to 90% maturity, plant height (cm), number of pods per plant, 100-seed weight (g) 
and seed yield (t ha-1). A wide range of genetic variability was observed among the genotypes for most of the 
studied traits. Combined analyses of variance revealed highly significant environment, genotype and genotype 
x environment (GE) component of interaction and indicated wide differences among the environments and dif-
ferential genotypic behavior to the tested environments. Results indicated that the genotype G1 (C.2/2) ranked 
the best with yield increment of 15.8% and 9.8%, respectively over the two standard checks, Shandi and 
Turkey. The genotypes G4 (C.5), G2 (Elarkey 82), G10 (Gelass 36) and G11 (Gelass 2) out - yielded the two 
standard checks Shandi and Turkey in seed yield with average yield advantage over the check Turkey amount-
ing to more than 10%. The heaviest seed weight (79 g) was obtained by the genotypes Elarkey 82 and check 
Turkey, followed by Gelass 35 (72 g) and Gelass 36 (66 g). Results of additive main effect and multiplicative 
interaction (AMMI) analysis showed that genotypes (G), environments (E), and genotype x environment in-
teraction (GEI) had highly significantly (P ≤ 0.01) affected seed yield. From the total sum of squares due to 
treatments (G + E + GEI), E attributed the highest proportion of the variation (73.83%), followed by GEI 
(16.63%) and G (9.54%). The partitioning of the GxE by AMMI analysis showed that two of the Interaction 
Principal Component Axes (IPCAs) were highly significant (P ≤ 0.001). AMMI and GGE biplot analyses re-
sult identified that genotypes, C.5, Elarkey 82 and Gelass 36 were declared as widely adapted genotypes with 
likewise recorded higher seed yield of 3.36 t ha-1, 3.23 t ha-1 and 3.21 t ha-1, respectively. Therefore, the three 
promising faba bean genotypes C.2/2, Elarkey 82 and Gelass 36 were release in 22 June 2025 for commercial 
production under the names, Hudeiba 2025, Elwafer and Mahira, respectively to be grown in River Nile and 
Northern States as well as similar agro-ecologies of Sudan.
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Introduction
Faba bean (Vicia faba L.) is a diploid legume plant 
with a chromosome number of 2n=2x=12 and one 
of the largest genomes among crops, with a genome 
size of 13,000 Mb [1]. Faba beans are a nutritious 
crop that is high in carbohydrates, protein, minerals, 
and bioactive compounds [2]. 

Faba bean is grown as a winter crop under irrigation 
mainly in the Northern State in about 70% of the to-
tal cultivated area and the River Nile State in about 
30% of the total cultivated area in the Sudan. It is 
also grown to a limited extent in Khartoum State and 
Jabel Marra in Western Sudan due to the suitability 
of the environmental conditions [3]. Lately, it was 
introduced to the larger irrigated schemes of Gezei-
ra, Rahad and New Halfa.

Thus, multi-environment trials are essential in the 
selection cycle of variety development programs to 
identify superior and stable genotypes through esti-
mating genotype by environment interaction (GEI) 
effect [4]. Genotype by environment interaction 
(GEI) refers to the inconsistent performance (differ-
ential response) of different genotypes for measured 
trait across different environmental conditions. Even 
though the existence of GEI challenges breeders for 
selection of superior and wide adaptable varieties, 
the study of genotype by environment interaction 
(GEI) is very important for crop improvements and 
it is necessary to understand the pattern of GEI and 
performance stability across environments especial-
ly at the final stage of variety development [5,6].

Statistical analysis of yield trials can help agrono-
mists, breeders, and other agricultural researchers 
to make faster progress [7]. Hence stability analysis 
provides a general summary of the response patterns 
of genotypes to change environments or the interac-
tion of genotypes with locations and other agro-eco-
logical conditions that help in getting information on

adaptability and stability of performance of genotypes 
[8].

There are advanced statistical tools such as Additive 
main effects and multiplicative interaction (AMMI) 
and genotype main effect and genotype by environ-
ment interaction (GGE) biplot models that will enable 
breeders for analyzing GEI and to visualize the phe-
notypic stability of genotypes over environments from 
multi-environmental trial data and to easily identify 
superior genotypes within a given environment [9]. 

Therefore, the major objectives of the present research 
were to estimate G x E interactions of faba bean gen-
otypes grown under different environments and the 
stability for seed yield. 

Materials and Methods
Experimental Area 
Multi-environment trials were conducted during the 
two winter seasons 2020/21 and 2021/22 at three lo-
cations. The experimental environments were selected 
to covering the main production areas of faba bean in 
Sudan. The locations were distributed as follow; the 
two locations in the River Nile state: Hudeiba, Shendi 
and one location in the Northern state: Dongola

Genetic Material
The genetic materials used in this study consisted of 
8 genotypes of faba bean. In addition, three faba bean 
released cultivars namely; Basabeer, Shandi and Tur-
key were included as checks. Among eight genotypes, 
three genotypes were chosen from the Hudeiba faba 
bean breeding program, while the other five faba bean 
landraces were chosen from the Merowe faba bean 
breeding program. The pedigrees of the genotypes 
used in this study are presented in Table (1).

Experimental Design and Agronomic Practices
The experiments were conducted using a randomized 
complete block design (RCBD) with four replications.
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Soil preparation included plowing with a disc plow, 
Subsequently, the soil was harrowed, leveled, and 
lastly plots were ridged at a spacing of 60 cm between 
rows. Each genotype was manually sown in plots 
consisting of five rows of 5 meters in length, with a 
20 cm spacing between planting holes and two seeds 
per hole. Irrigation was applied every 12-14 days 
throughout the crop cycle, totaling nine irrigations. 
Nitrogen was supplied during the third irrigation, 
using urea at a rate of 43 kg (N ha-1). Weed control 
was carried out manually within the first month after 
sowing. Harvesting was performed manually when 
the plants reached 90% physiological maturity, with 
pods being dried, threshed, cleaned, and weighed 
to determine the final seed yield. Yield data were 
collected from an area of 8.28 m2 (the inner three 
rows and the inner 4.6meter ridge length) for each 
experimental plot. 

Data Collection and Evaluated Traits 
During both seasons, five plants were randomly 
selected from each experimental plot for data 
collection on the following traits:
Seed Yield (t ha-1): Determined after harvesting, 
threshing, and manually cleaning the seeds, later 
converted to tons per hectare (t ha-1).
Days to 50% Flowering: Number of days from 
sowing until 50% of the plants had at least one open 
flower.
Days to 90% Maturity: Number of days from 
sowing until 90% of the plants reached physiological 
maturity.
Plant Height (cm): Measured from the base to the 
apex of the mature plant. 
Number of pods per plant: Count of the total 
number of mature pods containing seeds, obtained 
from the five sampled plants per plot.
100-Seed weight (g): Measured by weighing 100 
randomly selected seeds from each plot using a 
precision balance.

Statistical Analysis
Statistical analysis of the collected data was done 
using the GenStat 12th edition statistical analysis 
package for windows [10]. Individual analyses of 
variance for each experiment in each location and 
season were analyzed followed by the combined 
analysis for seed yield of overall testing environments. 
The analysis of variance (ANOVA) for all measured

characters was carried out according to the procedure 
described by [11]. 

To determine the performance, stability and geno-
typic superiority across environments or at specific 
environment, additive main effect and multiplicative 
interaction (AMMI) model was used [12]. AMMI sta-
bility value (ASV) was calculated for each genotype 
according to the relative contribution of IPCA1 and 
IPCA2 to the interaction sum square (SS) following 
the method proposed by [13]. According to ASV, gen-
otype with lower ASV score is regarded as more sta-
ble.
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Table 1: Faba bean genotype, Pedigree, collection/released year and seed sources used in multi-environment 
trials during two winter seasons (2020/2021 and 2021/2022).

No. Cultivar/genotype Pedigree Collection/Released year Seed sources
G1 C.2/2 H.93 x Wahab - Hudeiba station
G2 Elarkey 82 Single plant selection 82-

2016, landrace
2016 Merowe station

G3 C.3/3 W.Habashi x Egy53 - Hudeiba station
G4 C.5 BB.7 x Egy53 - Hudeiba station
G5 Gelass 35 Single plant selection 35-

2016, landrace
2016 Merowe station

G6 Basabeer (check) Released variety 1993 Hudeiba station
G7 Elarkey 48 Single plant selection 48-

2016, landrace
2016 Merowe station

G8 Shendi (check) Released variety 2013 Hudeiba station
G9 Turkey (check) Released variety 2017 Merowe station
G10 Gelass 36 Single plant selection 36-

2016, landrace
2016 Merowe station

G11 Gelass 2 Single plant selection 
2-2016, landrace

2016 Merowe station

Results and Discussion
Multi- Location Trials for Seed Yield and Yield Related Traits
Seed Yield (t ha-1)
The analysis of variance revealed significant variation (P≤ 0.001) in seed yield of the tested genotypes among 
the five environments and for their average (Table 2). This result was conformity with the results reported by 
many authors [14,15]. The highest mean seed yield across the five environments was recorded by the cultivar 
Basabeer (check) (3.39 t ha-1) followed by G1 (C.2/2) (3.36 t ha-1), G4 (C.5) (3.24 t ha-1), G2 (Elarkey 82) 
(3.23 t ha-1) and G10 (Gelass 36) (3.21 t ha-1). While, the seed yield of cultivar Shandi (check) was 3.03 t 
ha-1 and for cultivar Turkey (check) was 2.83 t ha-1.

In the Dongla 2021/22 site, three faba bean genotypes were superior to the check Basabeer with G2, G1 and 
G10 as the top yielders having an increment over the check by 15.6, 14.3 and 8.2%, respectively. While in 
Shendi 2021/22 site, the highest yield was achieved by five genotypes. These genotypes are G1, G4, G2, G10 
and G11 which out-yielded the check Turkey by 15.7, 12.6, 12.3, 11.8 and 10.1%, respectively.

Across the five environments the percent increase in seed yield of G1 over the two checks (Turkey and Shandi) 
was 15.8% and 9.8%, respectively (Table 4). On the other hand, the respective increases in seed yield of G4 
over the two checks (Turkey and Shandi) were 12.6% and 6.5%, respectively. G2 out-yielded the two checks 
(Turkey and Shandi) by about 12.4% and 6.2%, respectively. Also, G10 was more the two checks (Turkey) 
and Shandi) by 11.8 % and 5.6%, respectively (Table 3). As well, the G11 recorded high yield and out–yield 
the two standard checks (Turkey) and Shandi) by about 10.8% and 3.8%, respectively.

Days to 50% Flowering
The genotypes showed significant differences in days to 50% flowering at the four tested environments (Ta-
ble 4). Similar results were reported in previous studies by who found that, the highly significant differences 
among faba bean genotypes for days to flowering. The overall average for days to 50% flowering was 37 with 
a range of 35 – 39 days (Table 4) [16]. The earliest genotype (36 days) was G2, followed by G5, G6, G7, G9 
and G10, whereas the latest genotype was G1 (39 days). Days to 50% flowering for the two checks (Turkey)
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and Shandi) was 43 and 41 respectively. 

Days to 90% Maturity
Across all environments, the statistical analysis of 
variance showed that there was no significant differ-
ent for this character between the eleven faba bean 
genotypes used in this study. The range of days to 
90% maturity at four environments was (98 – 100 
days) for Shendi 2020/2021, (93 – 96 days) for Shendi 
2021/2022, (105 - 108 days) for Hudeiba 2020/2021, 
(105 – 114 days) for Dongola 2021/2022 and (101 
– 103 days) for the average of environments (Table 
5). Generally, the G2 was the earliest to reach 90% 
maturity as compared with the two checks (Turkey) 
and Shandi).

Plant Height (cm)
The plant height of tested genotypes across three en-
vironments was no significant Table (6). At Dongla 
2021/2022, the G5 was the tallest (110 cm), while 
G11 was the shortest (82 cm) (Table 6). At Shendi 
2021/2022 the tallest plant height (135 cm) was G1 
(C.2/2), where the shortest one (105 cm) was G11. 
At Hudeiba 2020/21, it was ranged from 68 cm for 
G7 to 84 cm for Basabeer 
(Check). 

Number of Pods Per Plant
The significant differences between the genotypes 
for number of pods per plant were only found in 
Dongla 2021/22 environment (Table 7). The number 
of pods per plant is an important selection criterion 
for the development of high yielding genotypes and 
is strongly influenced by the environment in faba 
bean [17]. The number of pods per plant ranged from 
13 - 27 at Dongla 2021/22, from 25 – 44 at Hudeiba 
2020/21 and from 28 – 43 at Shendi 2021/22. Over 
all environments, G6, G8 and G1 gave the highest 
number of pods per plant. The lowest number of pods 
per plant was recorded by the check Turkey and G7.

100 - Seed Weight (g)
Highly significant differences (P ≤ 0.001) among 
genotypes were found in 100 – seed weight across 
the five environments (Table 8). These results are in 
agreement with those of [18]. The genotype G2 and 
the check Turkey recorded the heaviest 100 - seeds 
weight (79 g). On the other hand, the G3 and G4 
gave the lowest value of 54 g. The genotypes; G2, 
G7, G10 and G9 (Turkey) recorded high seed weight

at all sites (Table 8).

AMMI Model and the AMMI Stability Value (ASV)
The AMMI analysis of variance of seed yield (t ha-1) 
of 11 faba bean genotypes evaluated in 5 environments 
is presented in Table 9. Highly significant effects of the 
environment (E), GxE interaction, and genotypes (G) 
had been observed by AMMI analysis. Environment 
explained significantly 73.83% and genotypes con-
tributed only 9.54%of the total sum of squares. The 
GxE interaction accounted for 16.63% indicated that 
the best genotype in one environment is not necessari-
ly the best in another. Therefore, while recommending 
promising genotypes to an environment we need to 
consider their adaptability and stability into account. 
To further partition the multiplicative variance of the 
genotype sum of squares caused by GEI, interaction 
principal component analysis (IPCA) was employed. 
The first two multiplicative terms explained 85.47% 
of GxE interaction (Table 9). These are in agreement 
with the recommendation of who recommended that 
the most accurate model for AMMI can be predicted 
using the first principal components (IPCAs) [19].

AMMI stability values (ASV) revealed variations in 
yield stability among the eleven faba bean genotypes 
(Table 10). According to, a stable variety is defined as 
one with ASV value close to zero. Consequently, the 
G4 with ASV value of 0.943 was the most stable after 
the G8 (Shandi check) with ASV value of 0.247, while 
the other genotypes G1, G11 and G9 (Turkey check) 
were the least stable (Table 10) [20].

The best four genotypes in each environment for seed 
yield according to AMMI selections showed that the 
genotypes G1, G11 and G4 were best adapted at three 
environments. Whereas, the genotypes G2 and G10 
were best adapted at two environments (Table 11). 

AMMI Biplot Model
According to AMMI1 biplot model, the genotypes 
with PC1 scores close to zero expressed general ad-
aptation whereas the larger scores are for more spe-
cific adaptation to particular environments [21]. The 
AMMI1 biplot model that shows both main and in-
teraction effects clustered the testing environments 
into four groups. Dongla 2021 and Hudeiba 2020 en-
vironments clustered as one group positioned on the 
up-right side of the graph indicating they are favora-
ble environments. Similarly, the Dongla 2020 demon
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strated as favorable environment located in down-
right side of the graph. Shendi 2020 and Shendi 2021 
were identified as low yielding environments with 
different IPCA score (Figure 1).

The AMMI1 biplot graph displayed the superior 
and high yielding genotypes C.2/2, (Elarkey 82 and 
Gelass 36 on the up-right side of the graph. Also, 
the high yielding genotypes Basabeer (check), C.5 
and Gelass 2 were situated in down-right side of the 
environment Dongla 2020. The genotypes; Shandi 
(check), C.3/3), Gelass 35 and Elarkey 48 were sta-
ble as it revealed low PC1 score (Figure 1). 

Using the test for angles between location vectors 
AMMI2 graph, three groups of the four environments 
were formed. It was found that the first group had a 
minimal angle between Dongla 2020 and Hudeiba 
2020. The second group was formed between Dong-
la 2021 and Shendi 2021. Shendi 2020 was clustered 
individually (Figure 2). According to AMMI2 mod-
el; the genotypes C.2/2 and Gelass 36 showed gen-
eral adaptability to Dongla 2020, Hudeiba 2020 and 
Dongla 2021. The genotype Elarkey 82 was specific 
adaptation with the environment Dongla 2020. The 
genotypes Basabeer (check), C.5, Gelass 2 and Tur-
key (check) explained general adaptability to Dongla 
2020, Hudeiba 2020 and Shendi 2020 (Figure 1).

Conclusions
Based on the results obtained in this study, the fol-
lowing conclusions could be drawn:-

•	 A wide range of variability in performance 
was observed among the tested faba bean gen-
otypes in this study. 

•	 The significant environments, genotypes and 
genotypes x environment interaction indicated 
wide differences between environments and 
differential genotypic behavior under the test 
environments.

•	 Genotype and environment main effects and 
genotype by environment interaction effects 
were significant for seed yield of the eleven 
faba bean genotypes evaluated in this study.

•	 The four genotypes no. 1, 4, 2 and 10 were per-
formed better than the standard check Turkey 
with seed yield advantage of 15.7%, 12.6%, 
12.3% and 11.8% respectively.

•	 The two genotypes no. 2 and 10 gave significantly

heavier seed weight than the two standard 
checks, Basabeer and Shandi.

•	 Both AMMI and GGE-biplot analyses showed 
that G1, G2 and G10 as the higher yielding and 
stable over most of the environments covered 
by the current study. These three genotypes 
were released in 22 June 2025 for commercial 
production under winter irrigated conditions in 
the River Nile and Northern States of the Sudan.
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Table 2: Mean of seed yield (t ha-1) of eleven faba bean genotypes tested across five different environments.
Genotype Dongla 

2020/21
Shendi 
2020/21

Hudeiba 
2020/21

Dongla 
2021/22

Shendi 
2021/22

Combined

C.2/2 3.85 2.3 4.31 4.53 1.8 3.36
Elarkey 82 3.62 2.58 3.48 4.6 1.85 3.23
C.3/3 2.5 2.28 2.56 3.28 1.73 2.47
C.5 4 3.45 3.24 3.75 1.75 3.24
Gelass 35 3.52 2.55 2.52 3.8 1.6 2.8
Basabeer 
(check)

4.3 3.78 3.45 3.88 1.53 3.39

Elarkey 48 3.4 2.5 2.66 3.68 1.4 2.73
Shandi 
(check)

3.82 2.7 3.37 3.73 1.53 3.03

Turkey 
(check)

3.52 3.25 2.93 3 1.45 2.83

Gelass 36 4 2.45 3.83 4.23 1.53 3.21
Gelass 2 3.75 3.7 3.72 2.95 1.63 3.15
Mean 3.66 2.87 3.28 3.76 1.62 3.04
S.E ± 0.267*** 0.244*** 0.292*** 0.330*** 0.083** 0.303*
C.V (%) 10.3 12.1 12.6 12.4 7.3 31.6

*, ** and *** Significant at 0.05, 0.01 and 0.001 levels of probability, respectively.

Table 3: Percentage increase in seed yield of the newly five promising faba bean genotypes over the two 
standard checks across the five environments.
Genotype S.Y (t ha-1) Increase over the two checks

Turkey Shendi
G1 (C.2/2) 3.36 15.8 9.8
G4 (C.5) 3.24 12.6 6.5
G2 (Elarkey 82) 3.23 12.4 6.2
G10 (Gelass 36) 3.21 11.8 5.6
G11 (Gelass 2) 3.15 10.2 3.8
G9 (Turkey check) 2.83
G8 (Shandi check) 3.03
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Table 4: Mean of days to 50% flowering of eleven faba bean genotypes evaluated in Hudeiba location during 
season 2020/21 and over two locations Dongla and Shendi during season 2021/22.
Genotype Shendi 2020/21 Hudeiba 

2020/21
Dongla 2021/22 Shendi 2021/22 Combined

C.2/2 41 40 38 39 39
Elarkey 82 38 38 35 35 36
C.3/3 40 38 38 37 38
C.5 43 38 36 37 38
Gelass 35 43 36 35 36 37
Basabeer 
(check)

39 37 36 37 37

Elarkey 48 43 36 33 36 37
Shandi (check) 41 39 38 36 39
Turkey (check) 43 36 37 36 38
Gelass 36 40 37 36 35 37
Gelass 2 41 42 37 36 39
Mean 41 38 36 36 38
S.E ± 1.636* 1.192*** 0.888*** 0.361*** 0.988*
C.V (%) 5.6 4.4 3.5 1.4 7.3

*, *** Significant at 0.05 and 0.001 levels of probability, respectively.

Table 5: Mean of days to 90% maturity of eleven faba bean genotypes evaluated in Hudeiba location during 
season 2020/21 and over two locations Dongla and Shendi during season 2021/22.
Genotype Shendi 2020/21 Hudeiba 

2020/21
Dongla 2021/22 Shendi 2021/22 Combined

C.2/2 99 108 111 96 103
Elarkey 82 102 106 105 94 101
C.3/3 102 105 111 95 103
C.5 101 105 113 95 104
Gelass 35 98 106 111 93 102
Basabeer 
(check)

101 107 106 95 102

Elarkey 48 98 106 114 94 103
Shandi (check) 99 109 105 95 102
Turkey (check) 100 107 111 95 103
Gelass 36 99 107 113 95 103
Gelass 2 100 105 113 95 103
Mean 100 106 110 94 103
S.E ± 1.260* 0.815*** 2.030*** 0.478*** 2.379 n.s
C.V (%) 1.8 1.1 2.6 0.7 6.5

*, *** Significant at 0.05 and 0.001 levels of probability, respectively.
n.s: not significant at 0.05 level of probability.
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Table 6: Mean of plant height (cm) of eleven faba bean genotypes evaluated in Hudeiba location during sea-
son 2020/21 and over two locations Dongla and Shendi during season 2021/22.
Genotype Hudeiba 2020/21 Dongla 2021/22 Shendi 2021/22 Combined
C.2/2 82 93 135 103
Elarkey 82 76 89 129 98
C.3/3 75 93 125 97
C.5 75 83 124 94
Gelass 35 79 100 116 98
Basabeer (check) 84 96 126 102
Elarkey 48 68 86 111 88
Shandi (check) 81 86 130 99
Turkey (check) 72 83 107 87
Gelass 36 77 88 121 95
Gelass 2 78 82 105 88
Mean 77 89 121 96
S.E ± 3.430** 5.16* 3.613*** 8.49 n.s
C.V (%) 6.3 8.2 4.2 21.7

*, ** and ***Significant at 0.05, 0.01 and 0.001 levels of probability, respectively.
n.s: not significant at 0.05 level of probability.

Table 7: Mean of number of pods per plant of eleven faba bean genotypes tested across five different envi-
ronments.
Genotype Dongla 

2020/21
Shendi 
2020/21

Hudeiba 
2020/21

Dongla 
2021/22

Shendi 
2021/22

Combined

C.2/2 13 29 44 23 43 30
Elarkey 82 16 24 28 17 39 25
C.3/3 14 23 30 27 36 26
C.5 16 25 33 21 28 25
Gelass 35 11 27 25 20 39 24
Basabeer 
(check)

19 21 43 24 43 30

Elarkey 48 13 29 23 20 30 23
Shandi 
(check)

20 24 41 26 41 30

Turkey 
(check)

8 28 29 13 35 23

Gelass 36 15 23 36 21 28 25
Gelass 2 19 29 34 23 37 28
Mean 15 25 33 21 36 26
S.E ± 2.316*** 2.349* 7.44* 4.79 n.s 3.960** 3.417 n.s
C.V (%) 21.4 12.8 31.2 31.1 15.3 40.5

*, ** and *** Significant at 0.05, 0.01 and 0.001 levels of probability, respectively.
n.s: not significant at 0.05 level of probability.
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Table 8: Mean of 100 – seed weight (g) of eleven faba bean genotypes tested across five different environ-
ments.
Genotype Dongla 

2020/21
Shendi 
2020/21

Hudeiba 
2020/21

Dongla 
2021/22

Shendi 
2021/22

Combined

C.2/2 53 55 62 54 53 56
Elarkey 82 83 82 84 77 71 79
C.3/3 52 59 54 58 48 54
C.5 57 55 53 54 51 54
Gelass 35 99 56 75 86 47 72
Basabeer 
(check)

52 71 54 57 49 56

Elarkey 48 63 54 59 58 67 60
Shandi 
(check)

53 61 54 56 49 55

Turkey 
(check)

97 53 114 74 58 79

Gelass 36 65 82 72 62 51 66
Gelass 2 62 58 61 53 57 58
Mean 67 62 67 63 54 63
S.E ± 4.206*** 4.617*** 5.04*** 5.61*** 2.257*** 3.785***
C.V (%) 8.8 10.4 10.5 12.6 5.8 18.9

*** Significant at 0.001 level of probability.

Table 9: ANOVA of additive main effects and multiplicative interaction (AMMI) on seed yield (t ha-1) of elev-
en faba bean genotypes grown across five environments.
Source of varia-
tion

DF Sum of Squares 
(SS)

Mean of Squares 
(MS)

Percent explained

Total 219 208.70 208.70
Treatments 54 180.42 3.341***
Genotypes 10 17.21 1.721*** 9.54
Environments 4 133.21 33.303*** 73.83
Block 15 8.30 0.554***
Interactions 40 30.00 0.750*** 16.63
IPCA 1 13 19.00 1.462*** 63.64
IPCA 2 11 6.64 0.604*** 22.13
Residuals 16 4.36 0.272*** 2.42
Error 150 19.98 0.133

* * * significant at 0.001 levels of probability.
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Table 10: Estimates of stability parameters for yield (t ha-1) of eleven faba bean genotypes tested across five 
environments.
Genotype Mean Rank 

(RSY)*
IPCA ASV
IPCA1 IPCA2 Value Rank 

(RASV)
C.2/2 3.36 2 0.73315 -0.47209 2.151 11
Elarkey 82 3.23 4 0.53721 0.17169 1.547 8
C.3/3 2.47 11 0.09524 0.59304 0.653 4
C.5 3.24 3 -0.32839 0.07319 0.943 5
Gelass 35 2.80 9 0.08748 0.47131 0.534 3
Basabeer 
(check)

3.39 1 -0.44488 -0.17347 1.285 6

Elarkey 48 2.73 10 0.08069 0.27912 0.362 2
Shandi 
(check)

3.03 7 0.06360 -0.16698 0.247 1

Turkey 
(check)

2.83 8 -0.55677 0.02462 1.594 9

Gelass 36 3.21 5 0.44712 -0.40208 1.341 7
Gelass 2 3.15 6 -0.71446 -0.39835 2.083 10

Rank (RSY)* = rank in seed yield, IPCA 1 and IPCA 2 = interaction principal component axis 1 and 2, ASV 
= AMMI stability value, RASV = rank of AMMI stability value.

Table 11: The best four genotypes in each environment for seed yield according to AMMI selections.
No. Environments Estimated yield (t ha-1) Score Best four genotypes

1st 2nd 3rd 4th

1 Dongla 2020 3.66 -0.1697 G6 G11 G1 G4
2 Hudeiba 2020 3.28 0.2839 G1 G10 G6 G11
3 Shendi 2020 2.87 -1.1063 G11 G6 G4 G9
4 Dongla 2021 3.76 0.9168 G1 G2 G10 G8
5 Shendi 2021 1.62 0.0753 G2 G4 G6 G5

Figure 1: AMMI1 graph of the first interaction principal component axis (IPCA1) for mean seed yield (t ha-1).
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Figure 2: AMMI2 graph of the first interaction principal component axis (IPCA1) versus the second interac-
tion principal component axis (IPCA2) for seed yield (t ha-1).

Acknowledgement
The authors are thankful to our collaborators at a number of research stations including Hudeiba, Dongola 
and Shendi. We are also thankful to the supporting staff at all research station where these experiments were 
executed.

References
1.	 Satovic Z, Avila CM, Cruz-Izquierdo S, Díaz-

Ruíz R, García-Ruíz GM, et al. (2013) A refer-
ence consensus genetic map for molecular mark-
ers and economically important traits in faba 
bean (Vicia faba L). BMC Genomics 14: 1-15. 

2.	 Karkanis A, Ntatsi G, Lepse L, Fernandez JA, 
Vagen IM, et al. (2018) Faba bean cultivation 
revealing novel managing practices for more 
sustainable and competitive European cropping 
systems. Frontiers in Plant Science 9: 11-15. 

3.	 Salih SH, FA Salih (1996) Faba bean improve-
ment. In Production and improvement of cool sea-
son food legumes in the Sudan, Salih H.S., O.A.A. 
Ageeb, M.C. Saxena and M.B. Solh. Edt. Nile Val-
ley Regional Program, ICARDA, Cairo, Egypt. 

4.	 Papastylianou P, Vlachostergios DN, Dordas C, 
Tigka E, Papakaloudis P, et al. (2021) Genotype× 
environment interaction analysis of faba bean 
(Vicia faba L.) for biomass and seed yield across 
different environments. Sustainability 13: 2586. 

5.	 Tekalign A, Bulti T, Dagnachew L (2019) Interac-
tion effects of genotype by environment and ammi 
stability analysis of seed yield and agronomic per-
formance of faba bean genotypes in the highlands 
of Oromia Region, Ethiopia. International Journal 
of Research in Agriculture and Forestry 6: 22-31.

6.	 Alemu D, Gadisa A, Berhanu S, Negash G, Abebe 
D, et al. (2023) Genotype× environment interac-
tion and stability analysis using GGE biplot for 
grain yield of bread wheat (Triticum aestivum) 
genotypes under low moisture stress areas of Ethi-
opia. International Journal of Bio-resource and 
Stress Management 14: 1089- 1098. 

7.	 Gauch Jr (2006) Winning the Accuracy Game. Three 
statistical strategies replicating, blocking and mod-
eling can help scientists improve accuracy and ac-
celerate progress. American Scientist 94: 133-141.

8.	 Abuali A I, Abdelmula A A, Khalafalla M M, 
Hamza N B, Abdalla A H, et al. (2014) Assess-
ment of Yield Stability and Adaptability of Paren-
tal Inbred Lines and F1 - Hybrids of Grain Maize 
( Zea mays L.) Using AMMI Analysis. British Bi-
otechnology Journal 4: 339-349.

9.	 Yan W, Kang MS, Ma B, Woods S, Cornelius PL 
(2007) GGE biplot vs. AMMI analysis of geno-
type-by-environment data. Crop science 47: 643-
653.

10.	Genstat 12th (2009) GenStat Release 12.1DE ( 
PC/Windows 7) VSN International Ltd. (Rotham-
sted Experimental Station) UK.

11.	Gomez K A, A A Gomez (1984) Statistical Proce-
dures for Agricultural Research.2nd. edition. John 
Willey and Sons, New York. PP 680.



J.of Geo Eco Agr Studies   Vol:2,4. Pg:13

Research Article Open Access

12.	Gauch HG (1992) Statistical Analysis of Region-
al Trials: AMMI Analysis of Factorial Designs. 
Elsevier, Amsterdam, The Netherlands 278.

13.	Purchase JL, H Hatting, Cs Vandenventer (2000) 
Genotype by environments interaction of wheat 
in South Africa: stability analysis of yield perfor-
mance. South Africa J of Pl Sci 17: 101-107.

14.	Salem S A (2007) Genetic Behavior of Some Se-
lected Faba Bean Genotypes. African Crop Sci-
ence Conference Proceedings 8: 709-714.

15.	Tafere M, Tadesse D, Yigzaw D (2013) Genetic 
variability, heritability and correlation in some 
faba bean genotypes (Vicia faba L.) grown in 
Northwestern Ethiopia. International Journal of 
Genetics and Molecular Biology 5: 8-12.

16.	Fatih E A. Hamza (2020). Estimation of Genet-
ic Variability, Heritability, Genetic Advance and 
Correlation for Yield and Some Quantitative 
Traits in Irrigated Faba bean (Vicia faba L.) Gen-
otypes in Northern Sudan. Nile Journal for Agri-
cultural Sciences 5: 55-69.

17.	Abdalla A A, Ahmed M F, Taha M B, Naim A M 
(2015) Effects of Different Environments on Yield 
Components of Faba Bean ( Vicia faba L.) Interna-
tional Journal of Agriculture and Forestry 5: 1-9.

18.	Mitiku A, M Wolde (2015). Effect of faba bean 
(Vicia faba L.) varieties on yield attributes at Sina-
na and Agarfa districts of bale zone, southeastern 
Ethiopia. Jordan J. Biol Sci 8: 281-286.

19.	Gauch HG, RW Zobel (1996) AMMI analysis of 
yield trials. In: Kang M.S. and H. G. Gauch (eds) 
Genotype by environment interaction. CRC Press. 
Boca Raton, FL.

20.	Purchase JL (1997) Parametric analysis to de-
scribe G x E interaction and yield stability in win-
ter wheat. PhD Thesis, University of the Orange 
Free State, Bloemfontein, South Africa.

21.	Ebdon JS, HG Gauch Jr (2002) Additive Main 
Effect and Multiplicative Interaction analysis of 
national turfgrass performance trials: I. Interpreta-
tion of genotype × environment interaction. Crop 
Sci 42: 489-496.

Copyright: ©2025 Fatih Elalim A Hamza. This is an open-access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author 
and source are credited.


