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Abstract
This study was carried out to assess the effect of genotype × environment interaction (GEI) on seed yield and to
determine yield stability of faba bean genotypes under the conditions of the faba bean growing area of Sudan. Seven
faba bean genotypes were evaluated for two cropping winter seasons (2017/2018 and 2018/2019) at four locations
i.e., eight environments (locations x years combination). The genotypes were arranged in a randomized complete
block design with four replications. The combined analysis of variance for seed yield revealed significant differences
between genotypes, locations and interaction between these two sources. The seed yield performances of genotypes
were varied across environments which indicate the existence of GEI. Results showed that genotypes Gelass 39 (G2),
Gelass 43 (G3 ), Giza - 1 (G6) and Elarkey 51 (G4) scored the greatest seed yield (2.48, 2.31, 2.30 and 2.29 t/ha),
respectively. The results obtained from the 8 environments indicated that the genotype Glass39 was out - yielded the
released two checks Giza - 1 and Turkey through mostly all environments averaging yield increment of 7.2% and 8.4
%, respectively. The results of AMMI analysis indicated that the first two IPCA's were significant. The partitioning of
total sum of squares exhibited that the environment effect was a predominant source of variation (98.88%) followed
by GE interaction (0.87%) and genotype effect (0.23%). AMMI stability value (ASV) discriminated genotypes Giza -
1 (G6), G Elarkey 51 (G4) and Gelass 37 (G1) as the stable accessions, respectively. In addition the three genotypes
Gelas 39, Gelas 43 and Elarkey 51 were also characterized by good seed quality as they had high protein content,
28.23, 27.96 and 28.12, high fiber, 2.57, 2.19 and 2.48 and high carbohydrates 57.61, 57.66 and 56.85, respectively.
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Introduction

Faba bean (Vicia faba L.) is one of the oldest
crops grown by man, as it has been cultivated for
c. 8000–10000 years and is native to the Near
East and Mediterranean Basin area (Zohary and
Hopf, 2000). It is used as a human food because
of its high protein, high starch content, and low
lipid content; as feed for many animals; and for
green manure (Crepon et al., 2010). It plays a
vital role in farming systems as it provides
ecological services for sustainable agriculture,
such as soil enrichment with nitrogen and feeding
habitat provision with nectar and pollen for
pollinators (Duc et al., 2015). It is the fourth most
cultivated cool-season legume after pea (Pisum
sativum L.), chickpea (Cicer arietinum L.), and
lentil (Lens culinaris Medik.) worldwide (Zong et
al., 2019). However, faba bean acreage has
declined from 4.8 million ha in 1970 to 2.4 in
2018 (FAO, 2020).

In Sudan faba bean is one of the primary grown
and consumed leguminous crop. It contributes to
the primary human nutrition, supplying high-
quality proteins essential for a balanced diet for
the daily breakfast and dinner to millions of
people who cannot afford meat as a source of
protein in both rural and urban areas (Osman et
al., 2014).

In Sudan faba bean is traditionally cultivated in
the banks of the Nile River north of latitude
18.50° N in the Northern and River Nile States
where temperature is moderately cooler and
winter is longer (Salih and Mohamed, 1992).
Northern state produces more than 70% of crop
production whereas River Nile state produces
about 20%. Small amount of the crop is produced
in Khartoum state, Central Sudan and Jebal Marra
area in Western Sudan (Salih, et at., 1995).

In Sudan, due to the recent increase in animal
protein price, most of people shift towards less
reliance on meat to supply their daily dietary
protein from plant protein, especially faba bean
(Gasim et al., 2015).

The mature seeds can be eaten fresh or cooked in
different forms such as: steaming, roasting, frying
and other most common cooking methods similar
to other legumes (Fabbri and Crosby 2016). Faba
bean grain is high in protein (28–32%) compared
to field peas (24%) and are low in oil. It is also
rich in minerals such as calcium, phosphorus as
well as vitamins even though there is slight
variation among varieties (FAO, 2019).

The additive main effects and multiplicative
interaction (AMMI model; (Gauch, 1992) is a
multivariate parametric approach that is widely
used to analyse and interpret GEI in METs. The
AMMI is a hybrid model that employs the
analysis of variance for additive or main effects
and principal component analysis (PCA) for the
multiplicative effects to understand the patterns of
GEI (Zobel et al., 1988). Previous studies have
demonstrated the usefulness of the AMMI model
in identifying superior faba bean genotypes in
terms of yield performance and stability, as well
as its advantage in describing the GEI effect e.g.,
(Fikere et al., 2008; Tadesse et al., 2017).

Another approach called the AMMI stability
value (ASV), which is based on the first and
second interaction principal component axis
(IPCA) scores of the AMMI model for each
genotype, has also been developed more recently
(Purchase et al., 2000). ASV measures the
distance from the genotype coordinate point to the
origin in a two-dimensional scatter diagram of
IPCA2 against IPCA1 scores. Genotypes with the
lowest ASV values are identified by their shortest
projection from the biplot origin and considered
the most stable.

Environmental variation has a major effect on the
variation of yield (up to 80% or higher)
(Temesgen, 2015) in developed pure lines with
narrow genetic base, but genotypes and GE
interaction are more relevant for germplasm
evaluation and selection and they must be
considered simultaneously when selecting a
genotype; in other words, an ideal genotype
should have both high mean yield performance
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and high stability across environments (Dyke, et
al., 1995; Gedif, and Yigzaw, 2014).

The yield potential under ideal growing
conditions varies among genotypes. The
maximum yield potential of a given genotype is
affected by climatic and environmental
conditions. The genotype that has the highest
yield potential under ideal conditions may not
yield the same when affected with yield limiting
factors. The best way to account for this
variability is to look at yield data from as many
different environments as possible. Evaluating
genotype performance over a wider range of
locations helps to select the best adapted genotype
(Staton and Thelen, 2009).

Therefore, the objectives of this study were to:-

(i) Evaluate the agronomic characteristics of
some faba ben genotypes and improved cultivars
under different environments.

(i) Determine the nature and magnitude of GEI
effects on seed yield in diverse environments
using the AMMI technique.

(ii) Identify high yielding, best adapted and stable
faba bean genotypes for across environments
based on seed yield.

(iv) Evaluate quality attributes of some faba bean
seeds genotypes.

Materials and Methods

The study was conducted for two successive
winter growing seasons (2017/18 and 2018/19) at
eight locations: Hudeiba, Shendi, Merowe and
Dongola covering two zones; Northern and River
Nile States of Sudan.

Plant materials

Five faba bean landraces genotypes were selected
from advanced materials of the national faba bean
breeding program of Agricultural Research
Corporation (ARC) of Sudan. In addition, two

released chickpea cultivars (Giza – 1 and Turkey)
were included as checks (Table 1).

Land preparation and cultural practices

In multi-location test the land was ploughed using
disc plough, disc harrowed, leveled with scraper
to option a more leveled seed bed, and then plots
were ridged at 60 cm apart. Sowing dates in all
environments were usually within the first and
second week of November. Planting was on
ridges 60 cm apart with intra-row spacing of 20
cm. The plot size was 5 ridges each 5 m long. The
seeds were sown manually on both sides of the
ridge at the rate of two seeds per hole. Nitrogen
fertilizer (Urea) was added at second watering at a
rate of 43 Kg N/ha. Irrigation was carried out at
12 - 14 days intervals to avoid any water stress.
Weeding was done whenever necessary, by hand
to maintain a clean field.

Seed quality of the three genotypes plus two chess
were also analyzed at the Food Research Center –
Shambat.

Parameters measured

In any experiment, the assessments were made in
the central three rows of the plot discarding one
row at each side. Ten plants were chosen at
random from the middle ridge of each plot, and
data were collected on the following parameters
except the days to 50% flowering and days to
90% maturity.

Vegetative characters

(i) Days to 50% flowering: it was recorded as the
number of days from sowing to the date when 50
% of the plants in a plot bore at least one flower.
(ii) Days to 90 % maturity: it was estimated as
days from sowing to the date when 90% of the
leaves in the row turned yellow and green pods
became black.
(iii) Plant height (cm): it was measured from
ground level to the top of the plant at maturity. An
average of ten plants was recorded in centimeters
(cm).
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Reproductive character

(i) Number of pods per plant : pods of 5 randomly
taken plants were counted to estimate number of
pods per plant.

(ii) 100 - Seed weight (g): Hundred seeds were
taken randomly from each plot and weighed using
a sensitive balance.

(iv) Seed yield (t ha
-1

): At maturity, plots were
harvested by hand and seed yield was estimated
by harvesting the seeds in the inner 3 ridges
leaving 0.4 m from each side. Then seed yield

(t ha
-1

) was determined.

Experimental design and statistical analysis

The experimental design used for yield and insect
pest evaluation was the randomized complete
blocks design (RCBD) with four replications for

two successive winter seasons. Statistical analysis
of data was done using the GenStat 12th edition
statistical analysis package for windows (2009).
The collected data were analyzed by using the
analysis of variance procedure to examine the
differences among the genotypes for all measured
traits. Analysis of variance was used for each
season to test the significant differences among
the evaluated genotypes. Combined analysis of
variance was carried out for testing the effect of
environments, genotypes and their interactions.
The Additive Main Effect and the Multiplicative
Interaction (AMMI) model (Gauch, 1993) and the
GGE biplot model (Yan, 2002) were followed to
test the seed yield stability performance for the
tested five faba bean genotypes against the two
checks.

Table (1). Faba bean (Vicia faba L.) landraces and their collection site used in Multi- -location trials
during two winter seasons 2017/18 and 2018/19.

No. Genotype/cultivar Collection site Pedigree

1 Elbare 37 Vellage Elbare Single plant selection from village Elbare

2 Gelas 39 Vellage Gelas Single plant selection from village Gelas

3 Gelas 43 Vellage Gelas Single plant selection from village Gelas

4 Elarkey 51 Vellage Elarkey Single plant selection from village Elarkey

5 Gelas 41 Vellage Gelas Single plant selection from village Gelas

6 Giza – 1 (check) Released commercial variety

7 Turkey (check) Released commercial variety

Results and Discussion

(i) Seed yield performance

The mean seed yield of seven genotypes across
eight environments is presented on Table 2. The
tested genotypes showed highly significant
difference for seed yield. The analysis of variance
of seed yield revealed highly significant

differences for years and years x location x
genotype interactions. The large part of yield
variation due to environments indicates that
environments were diverse. Across all
environments the overall mean of the genotypes
yielded higher than the check Turkey except the
two genotypes Elbare 37 and Gelas 41. The
highest mean seed yield was recorded by the
genotype Gelas 39 and it exceeded the check
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Turkey in six environments. Average seed yield
of the seven faba bean genotypes across eight

environments ranged from 2.48 t ha
-1

to 2.19 t ha
-1

(Table 2). This indicates wide variability for yield
potential among faba bean genotypes. These

results were in agreement with the previous
research work of Fatihet al, (2017) and Mona et
al, (2018). Also, Abdel – Rahman, (2009)
reported considerable variation among faba bean
genotypes tested.

Table (2). Seed yield (t ha
-1

) of seven faba bean genotypes tested across eight different environments.

Genotypes
2017/18 2018/19

M D H SH Mean M D H SH Mean
Elbare 37 1.02 1.72 0.75 1.44 1.23 6.14 3.55 1.23 2.04 3.24
Gelas 39 1.36 2.10 0.72 2.04 1.56 6.74 3.78 1.25 1.83 3.40
Gelas 43 1.37 2.00 0.49 1.62 1.37 6.29 3.97 1.30 1.42 3.25
Elarkey 51 1.44 1.82 0.64 1.78 1.42 6.01 3.45 1.33 1.85 3.16
Gelas 41 1.15 1.60 0.47 1.57 1.20 6.00 3.35 1.53 1.89 3.19
Giza 1 1.39 1.73 0.62 1.74 1.37 6.08 3.60 1.33 1.93 3.23
Turkey 1.66 1.62 0.41 1.48 1.29 6.13 3.62 1.48 1.77 3.25
Mean 1.34 1.80 0.59 1.67 1.35 6.20 3.62 1.35 1.82 3.25
S.E ± Years (Y) 0.041***
S.E ± Locations (L) 0.057***
S.E ± Genotypes (G) 0.047**
S.E ± (YxLxG) Interaction 0.147**
C.V (%) 11.5

M = Merowe, D = Dongla, H = Hedeiba and SH = Shendi
** and* * * significant at 0.01 and 0.001 levels of probability, respectively.

The two locations; Merowe and Dongla recorded
the highest seed yield while the Hudeiba site,
gave the lowest seed yield. This may be attributed
to the growing season at Merowe and Dongla is
characterized by being long and cold as compared
to Hudeiba and the soil in Northern State was
more fertile; consequently, the seed yields of
genotypes at Merowe and Dongla was about
double or more than that at Hudeiba. Across all
sites, the higher mean seed yield was recorded by

the genotype Gelas 39 (2.48 t ha
-1

) followed by

the genotype Gelas 43 (2.31 t ha
-1

). At Merowe
location, the genotype Gelas 39 gave highest seed
yield and out – yielded the two checks Giza 1 and
Turkey by 7.6 % and 3.9%, respectively.  The

second promising genotype Gelas 43 out - yield
the check Giza 1 by 2.3% and gave comparable
seed yield to the check Turkey (Table 2).

At Dongla location, the genotype Gelas 39 gave
highest seed yield among the genotypes tested and
exceeded yielded the two checks Giza 1 and
Turkey by 9.5% and 10.8%, respectively.
Whereas the genotype Gelas 43 out – yield the
same checks by 10.7% and 12.0% respectively.
At Hudeiba location, also the genotype Gelas 39
gave higher seed yield and exceeded the two
checks Giza 1 and Turkey 1.0% and 4.0%,
respectively (Table 2).
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At Shendi location the genotype Gelas 39 also
gave the best average seed yields and present
increase of this genotype in seed yield over the
two checks Giza 1 and Turkey by 5.0% and
16.0%, respectively. In the first season 2017/18 at
Dongla, Hudeiba and Shendi locations, the
genotype Elarkey 51gave better seed yields and
exceeded the check Turkey by 10.9%, 35.9% and
16.8% respectively. The same genotype
advantage the check Giza -1 by 3.4%, 4.9%, 3.1%
and 2.2% at the same locations respectively.

Whereas in the second season 2018/19 the same
genotype surpassed the check Turkey by 9.4% at
Shendi location and it gave comparable seed yield
to the check Giza 1 at Hadeiba location (Table 2).

In across the eight  environments, the  percent
increases in seed yield of the genotype Gelas 39
over the two checks, Giza 1 and Turkey by  7.2%
to 8.4% respectively, whereas the genotype Gelas
43 out – yield the same checks by 0.4% and 1.7%
(Table 3).

Table (3). Combined ANOVA for seed yield (t ha
-1

) of seven faba bean genotypes grown across eight
environments.

Source of variation DF Sum of Squares (SS) Mean of Squares (MS)
Years 1 201.42 201.42***
Locations 3 247.46 82.49***
Years x Locations 3 183.38 61.128***
Residual 24 4.419 0.184
Genotypes 6 1.536 0.256**
Years x Genotypes 6 0.435 0.072n.s

Locations x Genotypes 18 2.486 0.138*
Years x Locations x Genotypes 18 2.686 0.149**
Residual 144 10.091 0.070
Total 223 653.91

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

The ranking procedure indicated that the
genotypes Gelas 39, Gealas 43 and Elarkey 51
showed excellent performance across eight
environments (Table 4).

A combined analysis of variance for seed yield of
the 7 faba bean genotypes tested across eight
environments is presented in Table 3. The highly
significant differences (P≤0.001) of the combined
analysis across locations and years indicate the
fluctuation of genotypes in their responses to the
different locations. There are also tremendous
changes in yield ranks of the genotypes across
locations. Pham and Kang, (1988) indicated that a
GE interaction minimizes the usefulness of

genotypes by confounding their yield
performance.

Therefore, there were highly significant
differences among genotypes in seed yield. This
indicated that those genotypes had phenotypic
variation and genetic diversity and showed
effectiveness of selection for the development of
new genetic cultivars possessing improved traits.
Also the combined analysis of variance showed
significant differences (P ≤ 0.01) among years,
locations, years x locations and years x locations
x genotypes interaction for seed yield (Table 3).
But the combined analysis of variance showed
non- significant differences among years x
genotype interaction.
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Table (4). Mean of days to 50% flowering of seven faba bean genotypes evaluated over eight
environments.

Genotypes
2017/18 2018/19

M D H SH Mean M D H SH Mean
Elbare 37 33 33 39 39 36 34 33 40 45 38
Gelas 39 33 35 40 39 37 35 35 40 43 38
Gelas 43 36 37 39 39 38 36 37 40 44 39
Elarkey 51 39 38 38 40 38 39 38 39 45 40
Gelas 41 32 36 40 38 37 34 36 40 43 38
Giza 1 33 35 38 39 36 33 35 39 43 37
Turkey 31 34 37 39 35 32 34 40 41 37
Mean 34 35 38 39 37 35 35 40 43 38
S.E ± Years (Y) 0.170***
S.E ± Locations (L) 0.240***
S.E ± Genotypes (G) 0.270***
C.V (%) 4.1

M = Merowe, D = Dongla, H = Hudeiba and SH = Shendi
* * * significant at 0.001 level of probability.

(ii) Agronomic traits

Days to 50% flowering

Table 4 shows the days to 50% flowering of the
five faba bean genotypes and the two checks in
two years (2017/18 and 2018/19). This trait is
used as an earliness index. The results across all
sites, obtained there were highly significant
differences among genotypes in number of days
to 50% flowering. Effect of seasons and locations
were found highly significant as given on Table 4.
Days to 50% flowering at Merowe in season
2017/18 ranged from 31 - 39 days. In the season
2018/19 the earliest genotypes the two checks (37
days) whereas the latest genotypes Gelas 43 (39
days), followed by Elarkey 51 (40 days).

Days to 90% maturity

As could be seen from Table 5. Across all sites,
there were highly significant differences among
genotypes in days to 90% maturity. Gemechu et
al., (2005) reported highly significant differences
between landraces across combined locations in
days to maturity, thousand seeds weight and seed
yield per plot. Effect of years, locations and the
interaction between the years, genotypes, and
locations were found highly significant. At
Dongla all the genotypes took more days to reach
maturity. Among the genotypes tested for days to
90% maturity in season 2017/2018 which ranged
from (95 days to 97 days) while, in the season
20118/19 it ranged from (98 days to 103 days)
(Tabble 5).
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Table (5). Mean of days to 90% maturity of seven faba bean genotypes evaluated over three locations
(Merowe, Dongla and Hudeiba) and two seasons (2017/18 and 2018/19).

Genotypes 2017/18 2018/19
Merowe Dongla Hudeiba Mean Merowe Dongla Hudeiba Mean

Elbare 37 97 105 88 97 102 110 88 100
Gelas 39 96 103 88 96 104 117 88 103
Gelas 43 97 104 87 96 102 110 88 100
Elarkey 51 98 105 87 97 102 109 88 100
Gelas 41 95 104 89 96 100 110 89 100
Giza 1 96 105 87 96 101 110 89 100
Turkey 94 104 87 95 99 107 88 98
Mean 96 104 87 96 101 110 88 100
S.E± Years (Y) 0.226***
S.E ± Locations (L) 0.277***
S.E ± Genotypes (G) 0.230***
S.E ± (YxLxG) Interaction 0.651***
C.V (%) 1.1

* * * significant at 0.001 level of probability.

Plant height (cm)

Table 6 shows that the plant height (cm) of the
faba bean genotypes tested across eight
environments. There were significant differences
among the genotypes for plant height across all
sites. In season 2017/18 the plant height ranged

from 87 – 71 cm at Merowe, and from 66 – 83 cm
at Dongla, and from 56- 69 cm at Hudeiba, and
from 86 – 96 cm at Shendi. Generally, in the
second season 2018/19 all the genotypes recorded
highest plant height as compared to the first
season 2017/18 (Table 6).

Table (6). Mean of plant height (cm) of seven faba bean genotypes evaluated over eight environments.

Genotypes 2017/18 2018/19
M D H SH Mean M D H SH Mean

Elbare 37 84 75 69 95 81 124 106 67 101 100
Gelas 39 76 80 64 94 78 129 106 63 102 100
Gelas 43 80 75 56 90 75 121 104 62 101 97
Elarkey 51 87 81 57 96 80 125 111 63 99 99
Gelas 41 74 78 69 94 79 122 108 66 101 99
Giza 1 79 83 58 94 78 130 110 66 102 102
Turkey 71 66 65 86 72 113 102 67 84 91
Mean 79 77 63 93 78 123 107 65 99 98
S.E ± Years (Y) 0.9***
S.E ± Locations (L) 1.3***
S.E ± Genotypes (G) 1.0***
C.V (%) 6.5

M = Merowe, D = Dongla, H = Hudeiba and SH = Shendi
* * * significant at 0.001 level of probability.
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100 - seed weight (g)

Results for 100 – seed weight are shown in Table
7. Across all sites, there were highly significant
differences among genotypes in 100 – seed
weight (g). 100 – seed weight at Merowe in

seasons 2017/18 and 2018/19 ranged from  48 –
97 (g) and 59 – 128 (g), respectively. At Dongla
during season 2018/19 the 100 – seed weight
ranged from 59 – 122 (g), from 54 – 83 (g) at
Hudeiba and from 56 – 102 (g) at Shendi (Table
7).

Table (7). Mean of 100 - seed weight (g) of seven faba bean genotypes evaluated over eight
environments.

Genotypes
2017/18 2018/19

M D H SH Mean M D H SH Mean
Elbare 37 48 51 48 45 48 59 60 56 60 59
Gelas 39 56 62 63 59 60 64 68 54 68 63
Gelas 43 54 59 54 51 54 66 62 58 63 62
Elarkey 51 48 56 57 54 54 62 59 71 56 62
Gelas 41 76 82 66 83 77 101 88 66 85 85
Giza 1 54 64 60 65 61 70 74 81 69 73
Turkey 97 104 92 111 101 128 122 83 102 109
Mean 62 68 63 67 65 78 76 67 72 73
S.E± Years (Y) 0.5***
S.E ± Locations (L) 0.7***
S.E ± Genotypes (G) 1.4***
S.E ± (YxLxG) Interaction 3.7***
C.V (%) 11.1
M = Merowe, D = Dongla, H = Hudeiba and SH = Shendi
* * * significant at 0.001 level of probability.

Number of pods per plant

Effect of locations for number of pods per plant
was highly significant but the interaction between
genotypes and locations were not significant as
presented on Table 8. On the other hand, across
all sites, the result obtained showed highly
significant differences among genotypes with
respect to number of pods per plant. Similar
results were obtained by Sharifi (2014) who found
highly significant differences between faba bean

genotypes from Iran in numbers of pods per plant,
number of seeds per pod, pod length and thousand
seeds weight. During two seasons at Hudeiba site,
the genotype Gelas 41 recorded the highest
number of pods per plant while the check Turkey
gave the lowest number of pods per plant. In two
seasons, (2017/18 and 2018/19 the check Turkey
recorded the lowest number of pods per plant.
While the genotype Elarkey 51 gave the highest
value (Table 8).
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Table (8). Mean of number of pods per plant of seven faba bean genotypes evaluated over seven
environments; three locations (Merowe, Dongla and Hudeiba) for two seasons (2017/18 and 2018/19)
and Shendi location for season 2017/18.

Genotypes M-18 M-19 D-18 D-19 H-18 H-19 SH-18 Mean
Elbare 37 3 25 12 13 14 11 12 13
Gelas 39 10 29 10 12 13 13 13 14
Gelas 43 9 25 11 14 12 14 14 14
Elarkey 51 7 28 11 15 16 13 13 15
Gelas 41 5 22 12 13 19 12 12 14
Giza 1 5 25 12 14 14 11 14 14
Turkey 7 19 10 11 10 10 9 11
Mean 6 25 11 13 14 12 12 13
S.E ± Locations (L) 1.3***
S.E ± Genotypes (G) 0.7**
S.E ± (LxG) Interaction 2.2n.s

C.V (%) 28.4

M = Merowe, D = Dongla, H = Hudeiba and SH = Shendi
**and *** significant at 0.01 and 0.001 levels of probability, respectively.
n.s: not significant at 0.05 level of probability.

(iii) Stability performance

The analysis of variance for stability on seed yield

(t ha
-1

) of seven faba bean genotypes evaluated
across eight environments is presented in Table 9.
The analysis of variance for stability showed
highly significant differences for seed yield

among genotypes (G), environments (E) and their
interactions (GE) (Table 9). The G × E (Linear)
interaction was significant which demonstrated
that genotypes respond differently to various
environmental conditions. This is in agreement
with what was reported earlier in chickpea by
Bakhshet al. (2006) and Prakash (2006).

Table (9). Analysis of variance for stability on seed yield (t ha
-1

) of seven faba bean genotypes tested
across eight environments.

Source of variation DF Sum of Squares (SS) Mean of Squares (MS)
Environment (E) 7 632.32 90.33***
Environment (Linear) 1 632.32 632.3***
Deviations 6 0 0
Residual 24 4.418 0.184
Genotypes (G) 6 1.533 0.255**
EG interaction 42 5.611 0.134**
EG interaction (Linear) 6 1.221 0.203*
Pooled Deviations 36 4.391 0.122*
Pooled error 144 10.106 0.070
Total 223 653.99

Probability of greater chi-square for testing homogeneity error variances= 0.0566
Error variances are heterogeneous at 0.05 probabilities.
*,** and * * * significant at 0.05, 0.01 and 0.001 levels of probability, respectively.
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The AMMI analysis of variance of seed yield of
seven genotypes tested in eight  environments is
presented on Table 10. The ANOVA of AMMI
analysis showed that environment (E), genotype
(G) and their interaction (GEI) significantly (P ≤
0.01) affected the seed yield of the 7 faba bean
genotypes. From the total sum of squares due to
treatments (G + E + GEI), the environment
attributed the highest proportion of the variation
((98.88%) indicating that the environments were
diverse, followed by GEI (0.87%), whereas G
contributed only 0.23% of total variation. The
total variance due to GE interactions was further
partitioned by the first two terms (IPCA1 and
IPCA2) which were all significant (P ≤ 0.05) and
accounted for 46.42 and 30.35%, respectively
(Table 10).

For the GGE biplot analysis, the GGE refers to
the genotype main effect (G) and the genotype x
environment interaction (GE), which are the  most
important sources of variation for genotype
evaluation in a multi environment trials (Yan and
Kang 2003).The presence of genotype x
environment interaction (GEI) was clearly
demonstrated by the AMMI model, when the
interaction was partitioned among the first
interactions principal component axis (IPCA) as
they were significant in assessment. The first
principal component (IPCA1) accounted for
(46.43) of the variation caused by interaction,
while (IPCA2) accounted for (30.36) of this
variation (Table 10).

Table (10). ANOVA of additive main effects and multiplicative interaction (AMMI) on seed yield (t

ha
-1

) of seven faba bean genotypes grown across eight environments.

Source DF Sum of Squares (SS) Mean of Squares (MS)
Percent
explained

Total 223 653.9 2.93
Treatments 55 639.4 11.63***
Genotypes (G) g6 1.5 0.26** 0.23
Environments (E) 7 632.3 90.3*** 98.88
Block 24 4.4 0.18***
Interactions (GEI) 42 5.6 0.13** 0.87
IPCA 1 12 2.6 0.22*** 46.42
IPCA 2 10 1.7 0.17* 30.35
Residuals 20 1.3 0.07n.s 23.21

Error 144 10.1 0.07
*,** and * * * significant at 0.05, 0.01 and 0.001 levels of probability, respectively.
n.s: not significant at 0.05 level of probability.

Additive Main Effect and Multiplicative
Interaction (AMMI) model

The AMMI model IPCA1 and IPCA2 scores of
seed yield and the AMMI stability value for seven
faba bean genotypes is presented in Table 11.
AMMI Stability Value (ASV) aids selection of
relatively stable high yielding genotypes. AMMI
Stability Value (ASV) showed rank differences of
genotypes across environments, which indicates
existence of crossover GE interaction (Crossa et

al., 1991). In ASV method, the genotypes with
least ASV score are the most stable (Purchase et
al., 2000). Therefore, genotypes like Turkey (G6),
Elarkey 51 (G4) and Elbare 37 (G1), which had
the lowest ASV values which considered the most
stable genotypes. While G2 and G3 were unstable
which exhibited highest ASV (Table 11).
Therefore, the genotypes G2, G3 were high in
yield but not stable when it compare with the
second check Turkey. Moreover, Genotype
Selection Index (GSI) measure is essential in
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order to quantify and rank genotypes according to
their yield stability. The one with high seed yield
and with least (GSI) is considered as the most
stable (Farshadfar, 2008). Based on the GSI, the
most desirable genotypes for selection of both
stability and high seed yield were observed for

genotypes G6, G4 and G2 respectively (Table 11).
The results of the best four genotypes in each
environment for seed yield according to AMMI
locations showed that the best genotypes for most
environments were recorded for G2, G3, G6 and
G4 (Table 12).

Table (11). Estimates of stability parameters for seed yield (t ha
-1

) of seven faba been genotypes
tested across eight environments.

Genotypes Mean Rank
(RSY)*

IPCA ASV GSI

IPCA1 IPCA2 Value Rank (RASV)
G1 2.236 6 0.22802 0.41499 0.54 3 9
G2 2.478 1 -0.46955 0.37169 0.81 6 7
G3 2.309 2 -0.57229 -0.24218 0.91 7 9
G4 2.290 4 0.16414 -0.02052 0.25 2 6
G5 2.194 7 0.38015 0.01243 0.58 5 12
G6 2.301 3 0.1582 -0.00709 0.24 1 4
G7 2.272 5 0.11133 -0.52932 0.56 4 9

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, GSI = genotype selection index.

Table (12). 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 Shendi 2018 1.818 0.5714 G1 G5 G6 G4
2 Hudeiba 2018 1.346 0.331 G7 G6 G4 G5
3 Hudeiba 2017 0.587 0.1548 G2 G1 G6 G4
4 Merowe 2017 1.343 0.0426 G7 G3 G6 G4
5 Shendi 2017 1.665 -0.1016 G2 G3 G6 G1
6 Dongla 2017 1.800 -0.2812 G2 G3 G6 G4
7 Dongla 2018 3.618 -0.3422 G2 G3 G7 G6
8 Merowe 2018 6.199 -0.3749 G2 G3 G1 G6

GGE biplot analysis model

GGE analysis explained 46.68 % and 30.13 % of
total variation in the data matrix of GGE
respectively, and they accounted for 76.81 % of
GGE together (Figure 1). According to GGE
analysis, the genotypes with PC1 scores close to
zero expressed general adaptation whereas the

larger scores is more specific adaptation to
particular environments (Ebdon and Gauch,
2002). Figures1 and 2 showed the AMMI and
GGE biplots of seed yield of the 7 faba been
genotypes over the eight environments indicated
the G4, G6 and G2 were the most stable and best
genotypes across most environments.
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Figure 1. AMMI 1 biplot of the first interaction principal component axis (IPCA1) for mean seed yield t/ha.

Figure 2: AMMI 2 biplot of the first interaction principal component axis (IPCA1) versus the second
interaction principal component axis (IPCA2) for seed yield t/ha.



Int. J. Adv. Res. Biol. Sci. (2024). 11(4): 51-67

64

(iv) Quality analysis

The proximate analyses (moisture, fat, protein,
fiber, ash and carbohydrates) are illustrated in
table (13). Results show significant differences
among genotypes for moisture and ash, while the
other parameters were not significant differences.
Protein content of genotypes ranged between
27.96 to 28.66%. From these results we
concluded that the two checks Turkey, Giza – 1
and two genotypes Gelas 39 and Elarkey 51 had a
highest value of protein 28.66, 28.29, 28.23 and

28.12, respectively. These results agreed with
those of Jamroz and Kubizna (2007) who reported
that the protein content of some faba bean
cultivars ranged from 24.2 to 30.0 %.

The maximum moisture were recorded from two
genotypes, Elarkey 51 and Gelas 43, whereas the
genotype Gelas 39 recorded the minimum value.
The highest carbohydrates was recorded from
Genotype, Gelas 43 followed by Gelas 39 and the
check Turkey (Table 13).

Table (13). Proximate composition of 5 faba bean (Vicia faba L.) genotypes - Food research cente

No. Cultivar / line Protein Moisture Ash Fats Fiber Carbohydrates
1 Gelas 39 28.23 6.38 2.57 2.62 2.57 57.61
2 Gelas 43 27.96 7.27 2.80 2.32 2.19 57.66
3 Elarkey 51 28.12 7.41 2.39 2.74 2.48 56.85
4 Giza - 1(check) 28.29 6.68 2.72 2.58 2.35 57.03
5 Turkey (check) 28.66 6.66 2.37 2.45 2.56 57.41

Mean 28.23 6.88 2.57 2.54 2.43 57.31
S. E+ 0.414n.s 0.281* 0.337* 0.528n.s 0.374n.s 2.007n.s

C.V (%) 1.8 5.0 7.2 11.4 8.4 2.0
* Significant at 0.05 level of probability.
n.s = non - significant difference at 0.05 probability level.

In table (14), different faba bean samples were
subjected to physical testing according to the
AACC method (2000), this included 1000 - seed
weight, impurities, hectoliter weight, shrinking
seeds and small seeds. There were significant
differences among the genotypes for all studied
physical properties. The two genotypes, Gelas 39
and Elarkey 51 recorder the highest hectoliter
weight. On the other hand, the cultivar Turkey
recorded the lowest value. The 1000 - seed weight

of all genotypes was falling within the range of
1346.7g to 549.3 g. The two checks and genotype
Gelas 39 gave the heavier seed weight. Whereas,
the lowest 1000 - seed weight was obtained by the
genotype Elarkey 51.

From the above results, it has been observed that
the genotypes, Gelas 39, Elarkey 51 and Gelas 43
have got better quality characters as compared to
the two released varieties, Turkey  and Giza -1.

Table (14). Physical properties of 5 faba bean (Vicia faba L.) genotypes - Food research center.

No. Cultivar / line Hectoleter 1000-sw Impurities Shrinked Small seeds
1 Gelas 39 835.33 597.3 0.050 5.62 5.12
2 Gelas 43 802.00 573.3 0.390 6.51 4.84
3 Elarkey 51 834.00 549.3 0.113 2.62 2.23
4 Giza - 1(check) 802.00 690.7 0.037 4.82 6.11
5 Turkey (check) 706.67 1346.7 0.033 5.21 2.29

Mean 796.00 751.5 0.125 4.96 4.12
S. E+ 2.700*** 12.62*** 0.046*** 1.102* 1.335*

C.V (%) 0.4 2.1 46.1 27.2 39.7
* and  *** Significant at 0.05 and 0.001 levels of probability, respectively.
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Conclusion

The significant environment, genotype, and
genotype x environment component of interaction
indicated wide differences between the
environments and differential genotypic behavior
under the test environments. Seed yield was found
to be highly influenced by environment; that is,
the proportions of variance explained by
environmental factors and GxE interactions were
98.88% and 0.87%, respectively. The genotypes
Gelass 39, Gelas 43 and Elarkey 51 are
characterized by good seed quality as compared to
the two checks (Turkey  and Giza -1). Among the
evaluated 7 faba bean genotypes G2, G3, and G4
were the top yielders. G2 (Gelass 39) was
specifically adapted to Merowe and Dongla while
G3 (Gelas 43) was specifically adapted to Dongla.
G4 (Elarkey 51) was the most stable genotype
with wider adaptation to all the test environments
and can be recommended for wider production in
similar environments of the River Nile and
Northern states of Sudan. The high yielding, most
stable and good seed quality genotypes can be
used as parents for further faba bean improvement
program in the Sudan. These genotypes can also
be released as potential varieties for production.
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