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This study set out to assess adaptability of different faba bean varieties and to determine the
association of traits in one testing site in South Gondar Zone, northwestern Ethiopia. The
experimental materials were evaluated in randomized complete block design with three replications
under rain fed conditions in 2022 main growing season. The Analysis of variance (ANOVA)
revealed that there was significant (P<0.01) difference among varieties for days to flowering, pod
per plant, thousand seed weight and seed yield and days to maturity showed significance difference
at (P<0.05). However, there is no significant difference in seed per pod. Among the tested varieties,
Ashebeka (2869.30 kg ha-1), Degem (2219.69 kg ha-1), Walki (2189.90 kg ha-1) and Selale
(2110.08 kg ha-1) were selected for maximum grain yield. In the phenotypic correlation study, seed
yield had highest positive correlation with stand count at harvest (r=0.35) pod per plant (1=0.14)
and seed per pod (r=0.26), suggesting that improving these traits could significantly increase faba
bean seed yield. In conclusion, the variety Ashebeka is recommended for the study area for future

faba bean production.
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Introduction

Faba bean is mainly cultivated in the mid and high
altitude areas of Ethiopia. It grows at elevations from 1800
to 3000 meters above sea level, with evenly distributed
annual rainfall of 700mm - 1000mm during the growth
season (Mussa et al., 2008). Additionally, it is Ethiopia's
most significant food legume crop in terms of both annual
output volume and area coverage (CSA, 2021). Despite its
many benefits and the availability of high yielding
improved varieties, the average national yield of faba beans
in Ethiopia is approximately 2.1 tons per hectare (Ojiewo
et al., 2020), which is very low compared to the average
yield of 3.7 tons per hectare in major producing countries
(FAOSTAT, 2017). Although many improved varieties
have been released, access to improved and high-yielding
varieties remains limited, and the impact of wvarious
disease-causing pathogens has been identified as one of the
main obstacles to faba bean production in Ethiopia (Asrat
et al., 2022). As a result, introducing new varieties that are
best adaptive and high yielder is very crucial to maximize
the productivity of the crop.

South Gondar zone is among the major cool season faba
bean growing areas of the Amhara region, with no or
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limited access to high-yielding and disease-resistant
varieties. Thus, information on the adaptation of improved
faba bean varieties and the correlation between yield-
related traits, as well as grain yield is required. Therefore,
this study was conducted with the objective of evaluating
the best adapted high yielder varieties, to determine the
association of traits and recommend high yielder variety
for the enhancement of faba bean production in the study
area.

Material and Methods

Description of the Study Area

The field experiment was conducted in 2022 main
cropping season, under rain-fed condition at Fogera
National Rice Research and Training Center in Debre
Tabor research site, northwestern Ethiopia. The latitude
and longitude of the experimental site is 11°88’N and
37°98’ E, respectively, and an elevation of 2610masl. The
experimental site receives high amount of rainfall and an
average annual rainfall of 1500.9 mm with maximum and
minimum temperatures of 25.5 and 6.1°C, respectively.
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Figure 1. Map of the study area

Treatments, Experimental Design and Procedure

12 faba bean genotypes (Ashebeka, Hachalu, Ashenge,
Lalo, Atoma, Selale, Chalew, Shoa, Degem, Walki, Didea
and Eh016003-1) obtained from Holeta Agricultural
Research Center were used for the study in randomized
complete block design with three replications. The
experimental plot size was 0.8 m*4 m (3.2 m?) having two
rows and 40 seeds per row. Spacing between replication,
plots, rows, and plants was 1.5m, 0.6m, 0.4m, and 0.1m,
respectively. Fertilizer were applied at the rate of 121kg/ha
in the form of NPS at planting time. Weeding practice was
applied uniformly for all treatments.

Data Collected

Plot basis

Stand count at emergence (SCE): This was recorded by
counting the total number of plant emerged at seedling
stage.

Stand count at harvest (SCH): This was recorded by
counting the total number of plant emerged at harvesting
time.

Days to 50% first flowering (DF): this parameter was
recorded by counting the number of days from planting to
the time when 50% first flowering by visual observation.

Days to 90% physiological maturity (DM): The number
of days from planting to the stage when 90% of the plants
in a plot have reached physiological maturity.

Seed yield (Kg): Seed yield was measured by taking the
weight of the grains threshed from the net plot area of each
plot and was converting into kilogram per hectare.

Thousand Seed weight (HSW): The weight in gram of
1000 seeds weight randomly taken seed from each plot was
measured.

Plant basis

Number of pods per plant: The number of pods per
plant was counted from five randomly taken plants from
the middle two rows and expressed as an average for each
plot.

Number of seeds per pods: The number of seeds per
pods was counted from five randomly taken plants from the
middle two rows and expressed as an average for pod.

Data Analysis

The recorded agronomic data were subjected to
analysis of variance using R software and mean separation
was carried out using least significance differences (LSD)
test at 5% probability level. Pearson correlation coefficient
analysis was analyzed using SAS 9.0. Phenotypic using the
standard procedure suggested by Miller et al. (1958) from
corresponding variance.

(o
_ Dxy
TPxy =
2 2
< o Dx * g py>
Where,

Ipxy - phenotypic correlation coefficient between
character x and y

Results and Discussion

Analysis of Variance

The analysis of variance revealed significant
differences among varieties in traits stand count at
emergence, days to flowering, days to maturity, pod per
plant, thousand seed weight and seed yield. On the other
hand, stand count at harvest and seed per pod showed non-
significant differences among twelve studied varieties
(Table 1). In line with the present results, Mesifin Tadele
et al. (2020) reported there was a significant differences for
days to flowering, days to maturity, pod per plant, hundred
seed weight and grain yield of faba bean. Similarly,
Gebeyaw and Abreha (2020) reported similar findings for
grain yield, pod per plant, thousand seed weight, which
were highly significant between twelve genotypes across
seven environments. (Gebayaw and Abreha, 2020)
reported that there was significance difference for seed per
pod which is in contradict with this finding. Similarly,
Waly et al.,, 2021) reported that there was a highly
significant difference for seed per pod.

Table 1. The mean squares of ANOVA for eight traits of 12 faba bean varieties conducted in 2022

Source of Traits Mean squares

variations SCE SCH DF DM PPP SPP HSW GY
Trt(11) 24.755%  18.553 3.818**  17.886% 33.482**  0.384 192566.53**  373686.80**
Rep(2) 165.028  139.750*  4.333 7.583 50.361 0.361  8990.02 1818326.47
Mean 69.31 65.75 56.00 133.58 13.16 2.89 779.83 1858.07

CV 5,86 6.19 1.49 1.95 13.6 15.85 6.33 18.25

* and **=Significant difference at 5% and highly significant difference at 1%, respectively; SCE=stand count at emergence; SCH= stand count at
harvest; DF =days to flowering; DM = days to maturity; PPP=pod per plant; SPP=Seed per pod. HSW= thousand seed weight; GY= seed yield
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Mean Performance of Agronomic Traits

Agronomic traits, i.e., days to flowering, days to
maturity and yield components (stand count at emergence,
stand count at harvest, number of pods per plant, number
of seeds per pod, seed yield and hundred seed weight) was
analyzed (Table 1). Analysis of variance showed that
highly significant difference (p < 0.01) was observed
among tested faba bean materials in days to flowering, pod
per plant, seed yield and 1000-seed weight. Days to
maturity showed significance difference (0.05) among
tested varieties. The result is in agreement with the
previous finding (Tadele et al., 2021) who reported there
was a significant difference in days to flowering, days to
maturity, and pod per plant. Similarly, (Hiwotu et al.,)
reported similar finding with this result for days to
flowering, number of pods per plant, grain yield and 1000-
seed weight; Alemayehu et al. (2024) for days to flowering,
days to maturity, pod per plant and 1000-seed weight.

The maximum days to flowering was recorded from
shoa (57.67) whereas the lowest days to flowering was
observed in Ashebeka and walki (54.677) with the mean of
56.00 (Table 2). The result revealed that Ashebeka
recorded the lowest days to maturity (130.67) followed by
walki (131.00) with the mean of 133.58 days. This
indicated that variety which taken the shortest maturity are
suitable for late rainfall regions while genotypes with
maximum days to maturity are suitable for highland areas.

The maximum number of pods per plant was recorded on
the variety Eh016003-1 (17.00), Hachalu (16.00) and Selale
(15.67), while the lowest number of pods per plant was
recorded from the varieties Chalew and Didea (8.33) with a
mean value of 13.16 (Table 2). As the result revealed in table
1, number of seeds per pod was non-significance (0.05).

The varieties significantly varied (P<0.01) for seed
yield indicated that there was a variation among tested faba
bean varieties. Of all tested varieties, Ashebeka revealed
the highest seed yield (2869.30 kg/ha) followed by Degem,
Walki and Selale which recorded 2219.69, 2189.90 and
2110.08 kg/ha, respectively with a mean value of 1858.07
kg/ha. In this finding, the lowest seed yield was observed
in the varieties Lalo (1201.19 kg/ha) and Shoa (1402.20
kg/ha) (Table 2).

The statistical analysis showed that a highly significant
(P<0.01) difference in tested faba bean varieties on 1000-
seed weight. In line to this result, Tadele et al. (2021)
reported that there was a significance difference on 1000-
seed weight among ten tested faba bean genotypes.
Similarly, (Derese, 2022; Ayenew et al., 2023) reported
that there was a significant difference for 100-seed weight
tested faba bean varieties. The maximum 100-seed weight
(1246.33) was recorded from Eh016003-1 followed by
Atoma (1176.17), while the lowest 100-seed weight was
observed from the varieties Degem (451.17), Lalo (467.00)
and Selale (492.50) (Table 2).

Correlation Coefficient Analysis

As the name indicates, correlation is a measure that
determine the mutual relationship among various plant
characters as well as it also determines the components on
which selection will lead to the improvement. With the
knowledge of significant correlation coefficients among
various plant characters, the selection procedure to

improve the yield is simplified. Hence, the breeder should
have performed selection on phenotypic expression for
selection of superior genotypes (Koli et al., 2022).

In this finding, seed yield had highest positive
correlation with stand count at harvest (r=0.35) pod per
plant (r=0.14) and seed per pod (r=0.26). This positive
correlation coefficient of stand count at harvest, pod per
plant and seed per pod with seed yield in faba bean
suggests that improvement of either of these traits would
result in a substantial increment in seed yield of faba bean.
In agreement with the result, Esho and Salih (2021);
Gizachew et al. (2022) reported a positive correlation
between seed yield and pod per plant. On the other hand,
the finding of this study revealed that there was high
negative association between days to flowering and seed
yield (r=0.26), days to maturity and seed yield (-0.16) and
thousand seed weight and seed yield (-0,43) (Table 2). This
suggested that, late variety leads to low productivity of faba
bean. This is in line with the result obtained by Chaurasia
et al. (2022) who reported a significant negative correlation
between days to flowering and seed yield. Stand count at
emergence had a positive correlation with stand count at
harvest, days to maturity, pod per plant, hundred seed
weight,and seed yield. Stand count at harvest also had a
positive association with all traits studied except days to
flowering. Days to maturity had a positive significant
correlation with 1000-seed weight. On the other hand, Seed
yield had positive and non-significant association with
seeds per pod. However, there was a negative correlation
between seed yield and days to flowering and thousand
seed weight, which implies that selecting against these
traits improves faba bean seed yield. Generally, from the
result of correlation study positive correlations between
traits indicate that enhancing one trait can lead to
enhancing others.

Principal Component Analysis

The main advantage of principal component analysis is
reducing the number of dimensions of a data set with a
number of correlated traits without much loss of
information (Jolliffe, 2002). The principal components is
used to interpreted based on finding which variables are
most strongly correlated with each component. Based on
this, the principal component analysis in this study was
(PCA) was analyzed to identify a hidden patterns in the
data and was performed to groups of varieties that had
desirable yield traits for breeding.

In this study, eight components were extracted from
eight studied traits by PCA analysis. As the result indicated
(Table 4), the first four PCs accompanied 88.42 total
variations. The negative sign indicates direction of
relationships. As it is depicted by graphical presentation
(figure 2), the most important traits that contribute the
highest variation in the first PCs was stand count at
emergence (-0.58), stand count at harvest (-0.52) and 1000-
seed weight (-0.49) and days to maturity (-0.36) (Table 4).
On the other hand, days to flowering, pod per plant and seed
yield less important to first PCs. In the second principal
component analysis, the most important traits for total
variation was days to flowering, days to maturity, pod per
plant, seed per pod and seed yield (Figure 2 and Table 4).
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Table 2. Mean of grain yield and other agronomic traits of 12 faba bean varieties.

Varieties SCE SCH DF DM PPP SPP TSW GY(kg ha')
Ashebeka 69.33 67.33 54.67 130.67 14.67 3.00 851.33 2869.30
Ashenge 75.67 69.67 55.33 131.67 12.00 3.00 754.17 1770.10
Atoma 71.67 68.33 57.33 138.33 13.00 3.67 1176.17 1712.80
Chalew 64.33 61.67 55.33 133.67 8.33 3.00 930.33 1674.58
Degem 71.33 66.33 56.33 136.33 14.33 2.67 451.33 2219.69
Didea 69.00 67.67 57.33 135.00 8.33 3.00 787.17 1753.56
Eh016003-1 67.33 64.33 55.33 136.33 17.00 2.33 1246.33 1615.42
Hachalu 68.67 65.00 55.33 132.33 16.00 2.33 794.67 1778.04
Lalo 66.00 69.67 57.33 133.33 11.00 3.00 467.00 1201.19
Selale 69.00 63.67 55.33 131.33 15.67 3.00 492.50 2110.08
Shoa 70.00 67.67 57.67 133.00 13.33 2.67 740.17 1402.20
Walki 69.33 65.00 54.67 131.00 14.33 3.00 666.83 2189.90
Mean 69.31 65.75 56.00 133.58 13.16 2.89 779.83 1858.07
Ccv 5.86 6.19 1.49 1.95 13.66 15.85 6.33 18.25
LSD(0.05) 6.88* 6.89 1.41%** 4.44%* 8.59** 0.78 83.59** 968.32%*

NB * and ** significant level at 0.05 and 0.01 probability levels respectively, SCE= stand count at emergence, SCH= stand count at harvest, DF=days
to flowering, DM= days to maturity, PPP= pods per plant, SPP= seeds per pod, TSW=Thousand seed weight, GY= seed yield

Table 3. Phenotypic correlation matrix coefficients for eight traits of 12 faba bean improved varieties.

Traits SCE SCH DF DM PPP SPP HSW GY
SCE 1
SCH 0.87
DF -0.04 -0.34 1
DM 0.35 0.09 0.56 1
PPP 0.20 0.08 -0.23 -0.12 1
SPP -0.004 0.08 0.25 0.15 -0.47 1
HSW 0.51 0.41 -0.07 0.46 -0.26 0.06 1
GY 0.08 0.35 -0.26 -0.16 0.14 0.26 -0.43 1

SCE=stand count at emergence; SCH= stand count at harvest; DF =days to flowering; DM = days to maturity; PPP=pods per plant; SPP=Seeds per pod.

HSW= thousand seed weight; GY= seed yield

Table 4. The first four principal components of 12 faba bean varieties evaluated for eight traits

Traits Eigenvektors

PC1 PC2 PC3 PC4
Stand count at emergence -0.58 0.19 -0.04 0.18
Stand count at harvest -0.52 0.34 0.17 -0.03
Days to flowering -0.008 -0.53 0.03 0.51
Days to maturity -0.36 -0.39 -0.07 0.41
Pod per plant 0.05 0.41 -0.35 0.52
Seed per pod -0.10 -0.25 0.66 -0.07
Seed yield 0.02 0.37 0.58 0.29
Thousand seed weight -0.49 -0.17 -0.22 -0.40
Eigen value 2.41 2.09 1.47 1.09
Percentage of variance 30.14 26.22 18.44 13.62
Cumulative percentage of variance 30.14 56.36 74.80 88.42

Bi-plot Analysis

By using the biplot methodology for graphic depiction,
it is possible to observe the multivariate relationship
between traits and choose varieties based on the traits with
which they were correlated (Figure 3). Stand count at
harvest, pod per plant and seed yield showed positively
correlated with one another and with seed yield per hectare
in the current study, as shown by the bi-plot visual
representation (Figure 3). The values of traits and varieties
also shown on the same graph. Traits that displayed vectors
with angles less than 90° showed a positive association,
whereas those with angles more than 90° showed a
negative correlation, and those with an angle equal to 90°
showed no correlation at all (Yan and Fregeau-Reid 2008).
Based on, (Yan and Fregeau-Reid 2008), there was a

positive association between these traits and genotypes
denoted by numbers 1, 10 and 12, suggesting that
genotypes with higher values for those traits provide more
seeds.This finding implied that, seed yield could be
increased with the enhancement of these traits.

Conclusion and Recommendation

In this study, Ashebeka were recorded the highest seed
yield in the study area. A study also indicated that, there
was a negative correlation between flowering days and
seed yield and a positive correlation between grain yield
and pods per plant.
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Figure 3. Principal Components of bi plots of faba bean

varieties based on eight traits
SCE=stand count at emergence; SCH= stand count at harvest; DF =days
to flowering; DM = days to maturity; PPP=pod per plant; SPP=Seed per
pod. HSW= thousand seed weight; GY= seed yield

The correlation study also indicated that, seed yield of
faba bean could be improved throgh improvement of pods
per plant.In conclusion,Ashebeka was recommended for
the study area for the production of faba beans in the large
scale pods per plant is reccomended As a result, the variety
Ashebeka was suggested for the study area to produce faba
beans in the future.
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