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ABSTRACT. Genetic diversity provides the necessary accessions needed for breeding programs
that aim to develop varieties that are more resilient to biotic and abiotic stress, have higher yields
and can adapt to changing climates. Twenty-one selected mung bean accessions were assessed
for their field performance, genetic relationships and potential for agricultural improvement. The
study was carried out at Ife, Ilora and Ballah in the 2023 cropping season. A randomized complete
block design (RCBD) with three replications was used for the experiments at each site. Agronomic,
yield, pest and viral disease rating data were collected and analyzed. The location effects were
highly significant for all traits. Significant differences were also observed for key agronomic traits
including days to 50% flowering and podding, viral severity, insect rating, pod length, and terminal
leaf length. Accession TVr-83 had the longest days to 50% flowering and podding. TVr-52 was
the most susceptible accession to viral infection and TVr-42 was the most resistant line for pod
borer rating. Cluster analysis grouped the accessions into four clusters. Cluster 3, consisting only
of TVr-65, exhibited the highest pod weight, while Cluster 4 combined moderate maturity with
relatively high yield potential. Principal component analysis revealed that days to 50% senescence,
pod weight, and flowering and podding times were major contributors to variation. The findings
highlight the presence of useful genetic variability among the accessions, with implications for
breeding programs aimed at improving yield, pest resistance, and adaptation.

Keywords: Agronomic traits, cluster analysis, genetic diversity, mung bean (Vigna radiata),
principal components analysis

Therefore, to improve the yield of the crop, it is necessary

The mungbean plant (Vigna radiata L.) is a diploid self-
pollinating crop. It is also a significant food legume that is
usually cultivated and eaten extensively throughout Asia [1].
Mung bean contains zinc (0.02 — 0.04 mg g, carbohydrates
(63%), protein (25%), iron (0.03 — 0.06 mg g') and a low
anti-nutritional content in comparison to other beans [2].
It plays a crucial role in sustainable agriculture and food
security, particularly in areas with limited resources and
challenging climates. Despite its beneficial attributes, mung
bean is still regarded as an underutilized legume or orphan
crop in Nigeria and other countries in Sub—Saharan Africa
[3]. One of the major limiting factors for the production of
mung beans is the non-availability of improved seeds of the
crop. As global population pressures and climate variability
intensify, the importance of enhancing crop productivity and
resilience through genetic improvement becomes increasingly
paramount.
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for plant breeders to research the genetic diversity of existing
germplasms to identify accessions with resistance to biotic
and abiotic stressors and also possess high yields. Diverse
accessions with a broad genetic background are usually
selected as parents to produce a strain with a higher frequency
of desirable genes and also have a higher potential to produce
a wide range of variation in a segregating population. Genetic
diversity also provides the necessary accessions needed to
develop varieties that are more resilient to biotic and abiotic
stress, have higher yields and can adapt to changing climates.
Addressing the issues brought on by climate change, which
threaten agricultural productivity and food security, also
requires an understanding of the field performance and genetic
diversity of the current mung bean germplasms. Mung bean,
with its capacity to increase soil fertility through its ability to
fix atmospheric nitrogen, can be a significant contributor to
climate-resilient farming systems [4].



Several studies on disease screening and agronomic
performance indicated that mung beans contain a sizable
number of resistant accessions and significant variation in
yield-related traits used in breeding programs [5, 6, 7]. For
instance, [8] evaluated the genetic diversity of 30 mung bean
genotypes using morphological traits and revealed significant
variation in yield-related traits. Similarly, [9] evaluated
different genotypes of mung beans for genetic diversity
from different geographic regions and identified accessions
with superior agronomic traits suitable for breeding
programs. Although these studies highlight the importance
of phenotypic data to gain a comprehensive understanding of
genetic diversity, however, limited information is available
on mung beans that are resistant to insect pests. Therefore,
the outcomes of this study have broader implications for
enhancing the resilience and sustainability of agricultural
systems, particularly in regions prone to climatic variability.
The aim of this study is to use morphological traits to assess
the genetic diversity among some selected mung bean
accessions.
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MATERIALS AND METHODS

Sample collection, research location and experimental
design

For this study, twenty-one (21) mung bean accessions
(TVr-58, TVr-89, TVr-98, TVr-45, TVr-65, TVr-5, TVr-52,
TVr-93, TVr-40, TVr-84, TVr-8, TVr-42, TVr-78, TVr-70,
TVr-43, TVr-62, TVr-50, TVr-95, TVr-83, TVm-11 and
TVm-12) were obtained from the International Institute of
Tropical Agriculture (IITA), located in Ibadan, Nigeria. Field
trials were conducted at Ile Ife, Ilora and Ballah stations of
the Institute of Agricultural Research and Training (IAR&T),
Moor Plantation, Nigeria, in the 2023 cropping season (Table
1). Three replications and a randomized complete block design
(RCBD) were used to set up the experiment. The size of the
plot was 2.4m by 2.4m with a plant spacing of 50 cm by 50
cm between and within the rows. Until the plants reached
maturity, every plot was hand-weeded at two-weeks interval.
Field pests were managed during both the vegetative and
reproductive stages using 300 g L' Dimethoate and 15%
Lambda-cyhalothrin.

Table 1: Agro-ecological and environmental characteristics of the study locations

Parameter Ile-Ife

Ilora

Ballah

Agro-ecological zone Rainforest

Derived Savannah

Southern Guinea savanna

Rainfall Bimodal (1500 — 1502 mm) Bimodal (1200 — 1400 mm) Unimodal (1000 — 1200 mm)
Location Latitude 8°97°N, Longitude 3°95’E Latitude 7.77°N, Longitude 3.93’E Latitude 8.27°N, Longitude 4.25’ E
Temperature 25°C - 29°C 22.5°Cto 31.4°C 30°C-35°C

Soil type Ferric Luvisols or Alfisols. Alfisol/Lixisol Luvisols

Reference [10] [11] [11]

Data Collection

The data collected included the number of days to 50%
flowering and podding, which was determined by calculating
the number of days it takes for 50% of the plants in a plot to
flower and develop pods, respectively. Viral severity and insect
rating for pod borer infestation were rated on a scale of 1-5,
with 1 being excellent and 5 being very poor [12]. The rating
was done at the vegetative stage and before the application
of insecticides. The number of pods per plant was estimated
by getting the average number of pods in 10 selected plants
per plot. Pod weight (g), was determined by weighing the
total number of pods harvested in each plot. Number of main
branches was estimated by calculating the average number of
main branches in 10 selected plants per plot. Number of days
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to 50% senescence was determined by counting number of
days from planting to when 50% of the plants in a plot have
started showing signs of senescence. Terminal leaf length in
centimeter (cm) was taken by measuring the length of a leaf
from each of 10 randomly selected plants within the plot and
the average calculated. Peduncle length (cm) was calculated
using the average length of ten peduncles, from randomly
selected plants within plot. Pod length (cm) was measured
from the average of 10 randomly selected pods among the
harvested pods/plot.

Statistical analysis

Data were analysed using SAS software version 9.0, and
the Duncan Multiple Range Test (DMRT) was used to separate
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means. Principal Component Analysis (PCA) was performed
to identify the main components contributing to trait variation.
Cluster analysis based on agronomic traits was conducted
to group accessions with similar performance. Principal
Component Analysis (PCA) and Cluster analysis were done
using PAST software.

RESULTS AND DISCUSSION

Analysis of variance for location, accession, and
interaction effects

The analysis of variance result in table 2 revealed that
the location effect was highly significant on all measured
traits. This indicates substantial environmental variability
across the different test locations, highlighting its strong
role in determining crop performance. This pronounced
location effect on all traits aligns with previous reports that
environmental factors strongly influence mung bean yield
and performance [13]. The accession effects were significant
for several key traits, including days to 50% flowering and
podding, viral severity, days to 50% senescence, insect rating,
pod length, and terminal leaf length. This demonstrates
the presence of genetic variability among the evaluated
accessions for the traits. These traits can also be effectively
improved through selection, as similarly reported in earlier
studies on mung bean [14].

However, non-significant effects were observed for
the number of pods per plant, pod weight, number of main
branches, and peduncle length, indicating limited genetic
differences among the accessions for these traits in this
study. The accession by location interaction effect was highly
significant for days to 50% senescence and significant for
insect rating, indicating that the performance of the different
accessions for these traits varied across the three environments.
Significant accession by location interaction effect was also
reported for days to 50% senescence in a previous study on
cowpea [15]. The non-significant interaction observed for the
other remaining traits indicates that their performance was
relatively consistent across environments, suggesting that
selection for these traits may be conducted across locations
without strong location-specific effects. This highlights
the importance of evaluating accessions across multiple
environments to determine the stable accessions. Similar non-
significant accession by location interaction for flowering and
other agronomic traits has also been previously reported in
mung bean [16].

Mean performance of the accessions

The mean performance of the accessions is presented in
Table 3. There was significant variability in the number of
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days to 50% flowering among the accessions. TVr-83 had
the longest days to 50% flowering (61 days) while TVr-
65 had the second-longest (57 days). Longer flowering
and podding periods can sometimes be associated with
increased yield potential. This is due to extended periods
for photosynthesis and growth which might be suitable
for environments with longer growing seasons [17]. Early
flowering accessions are typically desirable in regions with
shorter growing seasons or where early maturing double-
cropping seasons are required to escape late-season droughts
or pest infestations [18]. Early podding as seen in TVr-5
(50 days) is advantageous for environments where early
cropping and reduced plant exposure linked to late season
stresses are desirable. However, longer days to podding in
genotypes like TVr-83 may allow for an extended period for
more nutrient accumulation on the field [19]. The observed
variability reflects the adaptability of these genotypes to
diverse agroecological conditions, supporting findings
reported in previous studies [20].

Disease severity and insect infestation ratings are crucial
for understanding plant disease resistance and for reducing
crop losses. In terms of resilience to pest and diseases, TVr-
52 exhibited the highest severity rating (2.17) followed
by TVr-78 (2.00). Most of the other accessions showed an
intermediate severity rating (1.20 to 1.83), while several
other accessions like TVm-12, TVr-45. Accessions with lower
severity like TVr-93 (1.17) could be prioritized for breeding
programs focused on disease resistance as they may possess
inherent genetic resistance or tolerance to certain diseases
[21]. Thus reducing the need for chemical control measures.
Rating for insect pest infestation range from 0.83 to 1.83, with
TVr-42 showing the least infestation and TVr-83 and TVr-70
showing the highest rating. This result indicated that most of
the accessions in this study have inherent traits of resistance to
field pests and diseases.

Number of pod per plant is a primary yield trait that is often
influenced by both genetic and environmental factors [22].
Accessions TVr-98 and TVm-11 had higher number of pods
per plant (41.1 and 40.5) respectively than other accessions
indicating their higher yield potential. However, this trait must
be considered alongside other yield related traits. Similar
variability in pod number has been widely reported in mung
bean breeding studies [23]. The number of pods per plant
and other yield related traits like pod weight are essential for
selecting high-yielding accessions, as they directly contribute
to the overall yield of the crop [24]. Pod weight is a crucial
determinant of final yield and should be considered in selection
programs. It varied significantly among the accessions,
with values ranging from 264.06 g in TVm-11 to 705.11 g
in TVr-65. Although all entries were statistically similar,
numerical differences indicate potential yield advantages in
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certain genotypes. Higher pod weight reflects better nutrient
assimilation and seed development which is advantageous = * %
for breeding high-yielding varieties [24]. These findings are E = e fﬁg *15 O
consistent with earlier reports emphasizing the importance of £ES|g 5 S Z <
biomass allocation efficiency [25]. =
-
Branching increases flowering sites, and potentially .g Ef 3§N L%
enhances yield. In this study TVr-83 had the highest average 5% e 38 2 =
number of main branches (4.70) which can contribute to R T
higher yield through more pod-bearing points on the plant . 2
[26]. However, excessive branching may also lead to intra- 2E% a 9*;
plant competition for resources. TVm-12 (2.86) had the E é § ; ; f 5 §
fewest number of main branches which might limit its -
yield potential unless compensated by other factors such ‘gn % .
as larger pod size or more pods per branch. The days to = _ |4 &
50% senescence provide insights into the reproductive E E = i ; % g
development of the plants. In this study, TVr-58 (68.00 days)
had shortest days to 50% senescence which may reduce C ¥ oox
nutrient assimilation during the reproductive stages. TVr- %D a2 2 T 3
83 and TVr-65 with days to 50% senescence value of 76.40 g § § RA RV B
days and 76.33 days respectively took the longest days to § g §r ;é § % g
reach senescence, potentially aligning with longer flowering g A~ - - - - =
and podding periods. Delayed senescence is often associated E . w
with higher yield potential due to extended period on the » O - -
field for nutrient production [27]. g ] s =R O SN
Sl EREEE 2 &
Leaf morphology is an important trait in crop adaptation é’
and productivity and can also be an indicator of photosynthetic Z | e *
ability, overall plant vigor and increased biomass production. § g £ @ =3 e *%1 Err <
TVm-12 had the shortest terminal leaf length (9.13 cm) :E SET|T S s S o
which might affect its photosynthetic ability. Accessions ° § o
with longer leaves, such as TVr-89 (13.13 cm), may have '§ o % %Eo . .
an advantage under optimal growing conditions due to ; E}% 2 - *2 *;’i -
increase transpiration and also susceptible to late season g 8 § § S 3 9 2
drought. Similar trends have been reported in cowpea and 2
other legumes [28]. Peduncle length varied between 9.48 cm = £ 4
in TVr-84 and 14.43 cm in TVr-45. Longer peduncles are ;v’z ?2 § @ § el *g -l N
desirable as they elevate pods above the canopy, reducing S |78=|= = S s |2
pest damage and facilitating harvesting. Selection for longer 8 N 3
peduncles has been emphasized in legume improvement é . §g if: 3:3 3?_ w g
programs [29]. Pod length is a heritable trait and is often % E C2lE 5 8 2 = =
used as a selection criterion in breeding programs. There was 5 il IR A
little variation in the length of the pods among the accessions f 2| x % \é_
and the observed variation indicates its potential for genetic QE - § 5 4 o T o |2
improvement. TVm-12 had the shortest pod length (4.94 cm), 2 g E E ﬁ g e g z -
while TVr-78 (8.67cm) had the longest pod, closely followed g g
by TVr-50 (8.66 cm) and TVr-89 (8.65 cm). Longer pods can > %
. “ a
accommodate more seeds, and hence, produce higher seed .; e o Sl=
yield [22]. These results are in agreement with previous 2 © N e a =
reports on the relationship between pod traits and yield in 75 y é
mung bean [30]. < g | ¢ § 5 5. E
Bl &% |38 ¢ 28 5|5
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Clustering of the accessions into distinct groups

The clustering pattern highlights the presence of meaningful
genetic divergence among the accessions, which is essential
for effective selection and hybridization in breeding
programs. The clear separation and grouping of the twenty-
one accessions examined in this study into four distinct
clusters at a distance of 120 (Figure 1) based on agronomic,
yield and other related traits suggests that these characters
contributed substantially to the observed variability. These
clusters and their respective means (Table 4) represent groups
of accessions that share higher genetic similarity within
each group than with those in other groups. The presence
of multiple clusters indicates significant genetic diversity
among the mung bean accessions studied. This diversity is
crucial for effective breeding programs aimed at improving
traits such as disease resistance, yield and stress tolerance.
Identifying accessions with unique genetic backgrounds can
help breeders select parent lines that can be used to produce
superior hybrids [31].

Cluster 1 which is the largest group consisted of twelve
(12) accessions.The members of this cluster generally
exhibited moderate values for flowering (49.85 days) and
podding (53.79 days) but recorded low pod per plant (19.60)
and pod weight (412.59 g). This cluster is characterized by
moderate growth related traits but with relatively low yield
related traits. This suggests that accessions within this cluster
may not be useful for yield improvement purposes but could
serve as genetic resource for stability, adaptation, or other
stress tolerance studies. Cluster 2 with two (2) accessions
that are very closely related suggests that they might have
similar genetic traits, share a common parent or possibly
contain unique genes. This cluster had the earliest value for
flowering and podding among the clusters with values of
47.64 days and 51.29 days respectively. Alongside it early
maturity, this cluster also had the highest value for terminal
leaf length (11.92 cm) and number of main branches (4.04).
Despite this, this cluster had the lowest value for pod weight
(264.96 g) which may limit its yield potential. The accessions
in this cluster could therefore be valuable as parental lines for
environments where early maturity, improved leaf length and
branching is desired.

Cluster 3 is highly distinct, with only accession TVr-
65 present in it. This cluster with its unique genetic
composition highlights the importance of conserving it
as a genetic material. Preserving unique genetic materials
ensures the availability of a good genetic base for future
breeding programmes [32]. This cluster is characterized by
late flowering (57.00 days) and podding (59.38) potential,
low leaf length (11.28 cm), high pod weight (705.11 g) and
pod length (8.41 cm). Its high pod weight clearly separates
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this accession from all others, indicating strong genetic
potential for yield improvement. However, its late flowering
may limit its adaptability to certain agro-ecologies. This
observed late flowering time aided it vegetative growth,
which further helped to support the high yield present within
this cluster. This accession represents an important candidate
for hybridization, particularly in crosses aimed at yield
improvement. Similar results have been reported in cowpea
where high vegetative growth correlates to high yield [33].
Six accessions were present in cluster 4. The mean result
from the accessions in the cluster showed that they were
intermediate maturing with an average flowering and podding
time of 49.92 days and 53.20 days respectively. They also
possessed a relatively high yield, with an average pod weight
and pods per plant values of 574.54 g and 27.50, respectively
thus indicating its high yield potential. This cluster appears
to represent a balanced group with favorable yield values
coupled with moderate maturity. This combination suggests
that accessions in this cluster may already possess desirable
agronomic performance and could be considered for direct
selection or as elite parents in breeding programs.
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Principal Component Analysis (PCA) of the traits
studied

The statistical method for reducing the dimensionality
of datasets, finding patterns in the datasets, and improving
interpretability while also reducing information loss is known
as principal component analysis (PCA) [34]. The analysis
helps to estimate the breeding values of germplasms and also
determine appropriate traits based on the size of loadings on
the traits in the Principal Component (PC). The PCA results
for the 21 mung bean accessions (Table 5) showed that the
first three components had Eigen values greater than 1.0.
Principal Component 1 (PC 1) explains 28.39% of the total
variance in the dataset, indicating that most of the variation
in the mung bean accessions can be attributed to this first
component. Principal Component (PC 2) accounts for 22.09%
of the total variance. Although its contribution is much smaller
than that of PC 1, it still provides valuable information about
the underlying variability among the accessions. Principal
component (PC3) explains 15.02% of the variance, indicating a
further reduction in the importance of the traits that contributes
to this component.

Principal component 1 (PC 1) explains the majority of the
variance in the dataset, and the trait that loads most heavily
on this component is days to 50% senescence with a loading
of 0.46. This suggests that days to 50% senescence is the
most influential trait in distinguishing among the mung bean
accessions along this axis. High loadings indicate a strong
influence of the trait on this principal component. Principal
component 2 (PC 2), which explains a smaller proportion of
the variance compared to PC1, is predominantly influenced
by pod weight, with a loading of 0.59. This means that
variations in the weight of the harvested pods significantly
contributed to the differences among the accessions
evaluated. This trait is crucial for yield improvement as it
directly affects the total number of pods, and hence, the seed
yield of the plant. This result aligns with earlier research
demonstrating the importance of pod weight in mung bean
yield and productivity [35]. Principal component 3 (PC 3) is
primarily influenced by the number of days to 50% flowering
and podding, with loadings of 0.55 and 0.51, respectively,
indicating that variations in flowering and podding times are
important for distinguishing among the accessions. Early
flowering and podding are desirable traits for improving
adaptation to specific growing seasons and environmental
conditions [36].
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Table 5: Principal component analysis for the traits assessed
among the 21 mung bean accessions evaluated in three
locations in 2023

PC1 PC2 PC3
Days to 50% flowering 0.37 -0.01 0.55
Days to 50% podding 0.41 -0.01 0.51
Viral severity 0.32 -0.02 -0.36
Insect rating 0.32 -0.05 -0.16
Pods per plant -0.05 0.60 0.05
Pod weight -0.06 0.59 0.07
No of main branches -0.13 0.29 0.31
Days to 50 senescence 0.46 -0.07 0.02
Term leaf length 0.21 0.27 -0.24
Ped length 0.36 0.02 -0.22
Pod length 0.28 0.35 -0.27
Eigen value 3.12 243 1.65
Variance (%) 28.39 22.09 15.02

CONCLUSION

This study highlights the substantial genetic diversity present
in mung bean accessions with respect to field performance
and clear implications for breeding. Accessions TVr-65,
TVr-45, TVr-93, TVr-98, and TVr-5 showed strong potential
for yield improvement due to high pod weight and other
favorable yield traits. TVr-42 and TVr-93 exhibited low insect
and disease ratings, indicating good resistance. The Principal
component Analysis (PCA) results revealed that the first
three components had Eigen values greater than 1.0, and PC
1 explained 28.39% of the total variance in the dataset Days
to 50% senescence, pod weight, flowering and podding time
were the major contributors to the observed variation. The
four clusters identified in this analysis provide a foundation
for more detailed genetic studies. The marked difference
between TVr-65 in Cluster 3 and accessions in either Clusters
1 or 2 suggests that crosses between them could generate
superior segregating populations. Breeders should prioritize
the accessions in these clusters for hybridization and selection
under multi-environment trials. Future work should integrate
molecular marker validation to confirm genetic diversity and
assist in marker-assisted selection, thereby improving breeding
efficiency and accelerating the development of resilient and
high-yielding mungbean varieties.
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