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ABSTRACT

Climate change is affecting the dynamics of crop production globally. Water is the most critical climatic factor influencing 
crop productivity, and water scarcity is projected to rise within the next decade due to climate change. The need arises to 
develop climate-resilient cultivars that can tolerate intermittent water shortages to ensure food security. The objective of 
this study was to assess the response of mungbean accessions to intermittent water shortages in a tropical environment. 
Ten mungbean accessions were evaluated for agronomic and physiological responses under no water stress (WS) (I1), 
3-day intermittent WS (I3), and 7-day intermittent water-stress (I7) conditions in a split-plot design replicated thrice. Data 
on agronomic and physiological traits were analyzed. Accessions, WS, and interaction of accession and WS significantly 
affected the phenology, growth, and yield of mungbean (P < 0.05). The accessions generally responded better to I1 and 
I3 conditions in contrast to the I7 condition. The dendrogram report suggested that the ten accessions evolved from two 
parental lines. Growth and yield traits were significantly decreased by I7, but I3 was comparable to I1 in all yield-contributing 
traits measured (P > 0.05). Therefore, irrigating once in 3-days is sufficient for mungbean during dry spells. The accessions 
Tvr28, Tvr32, and Tvr83 were the best in grain yield and recorded the least reduction in relative water content and stress 
tolerance index under I7 and were, therefore, recommended for use in drought-prone areas. Tvr83 was distant from the 
others making it an excellent prospect for a mungbean improvement program, especially if traits such as a high leaf, pod, 
and seed number are desired. The findings of this study are indispensible in the struggle to mitigate the unfavorable effects 
of climate change on food security. It is particularly more relevant to the over 163 million people across the globe that 
currently experience unprecedented dry spells compared to 50 years ago. It provides a renewed hope that some accessions 
of mungbean can tolerate intermittent WS to a reasonable degree and still produce appreciable yields.

1. INTRODUCTION

The goal to end hunger and food insecurity by the year 2030 is 
currently threatened by the changing precipitation pattern and the 
more intense weather [1] that results from climate change. Regional 
increases in temperature, aridity, and drought have led to significant 
crop failures and in some cases species extinction as a consequence 
of climate change [2]. Water scarcity is among the most critical 
abiotic stress elements affecting crop growth and productivity 
globally and could cause severe yield losses [3,4] by impairing 
photosynthesis [5] and other physiological processes [6-8]. An 
estimated 163 million people across the globe currently experience 
unprecedented dry spells compared to 50 years ago [2]. As the effect 
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of climate change continues to increase, water scarcity and drought 
stress are becoming more frequent and severe, posing a substantial 
threat to sustainable agriculture and food security. It is projected 
that an estimated 3 billion people will experience water scarcity 
in 2025 [9] as irrigation water is increasingly becoming a scarce 
resource across the globe.

Mungbean (Vigna radiata L. Wilczek) is an important warm-season 
pulse cultivated in several regions of the world including Asia, America, 
and Africa. It prides as the most nutritious pulse known [10] with high 
levels of protein, amino acids (phenylalanine, leucine, isoleucine, 
lysine, and arginine) [11], vitamins and minerals, and considerable 
amounts of fiber and resistant starch which aids digestion, in addition to 
antioxidants that decrease the risk of chronic diseases [12]. Despite its 
numerous economic benefits, its production is often limited by abiotic 
stress factors [13]. Breeding high-yielding mungbean genotypes for 
stress tolerance can help to cushion the undesirable effect of climate 
change on crop productivity.
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Several studies on mungbean tolerance to WS have been largely a 
one-off withholding of water [14-17] at specific stages of the crop 
development. These studies focused on mungbean response to WS 
either at seedling, vegetative, or reproductive stages employing 
various approaches including agronomic, physiological, and 
biochemical analysis [18,19]. The objective of this study was to 
evaluate the response of mungbean accessions to intermittent water 
deficit stress to identify high-yielding and water deficit resilient 
mungbean accession(s) on the premise that sufficient yield variability 
could exist in contrasting genotypes. Successful evaluation of these 
genotypes could lead to the identification of mungbean genotypes that 
could withstand prolonged periods of water scarcity which is a critical 
component of sustainable mungbean production. This study tested the 
hypothesis that mungbean genotypes could vary in their tolerance to 
intermittent water deficit stress. This study quantified WS in terms of 
agronomic and physiological traits to be able to ascertain how different 
mungbean accessions responded to intermittent water deficit stress.

2. MATERIALS AND METHODS

2.1. Site Description
Two experiments were carried out in a screen house at the Teaching 
and Research Farm of the Department of Crop Science, University of 
Nigeria, Nsukka between December 2019 to February 2020 and March 
to June 2020. Nsukka is located on latitude 06° 52’ N, longitude 07° 
24’ E, and altitude 447, with mean annual rainfall, solar irradiance, 
and temperature of 1276 ± 706  mm, 1452 ± 269 w m-2, and 32°C, 
respectively [20]. Relative humidity varies across the seasons (rainy 
and dry seasons) with lower limits (39–41%) occurring between 
December and January (dry spell), while the upper limit (about 89%) 
occurs between July and August which corresponds to the peak of 
raining season [21].

2.2. Treatments and Experimental Design
The treatments comprised ten mungbean accessions (Tvr18, Tvr19, 
Tvr24, Tvr28 Tvr32, Tvr34, Tvr49, Tvr65, Tvr79, and Tvr83) sourced 
from the “Genetic Resource Center, International Institute of Tropical 
Agriculture (IITA), Ibadan” and three irrigation intervals: No-stress 
(I1), 3-day intermittent water-stress (I3), and 7-day intermittent water-
stress (I7). ETC (3–5 mm) corresponding to 100% of mungbean daily 
evapotranspiration rate [17] was administered at the different water-
stress levels. The experiment design was a split plot design replicated 
3  times, with genotype as the main plot and WS as the sub-plot 
treatments. 4 kg of topsoil was filled in polyethylene bags with four 
perforations at the bottom to facilitate drainage. Poultry manure was 
applied at the rate of 10 g/pot [22]. Seeds were primed for 12 h before 
seeding to stimulate germination, and at 2 weeks after planting, the 
number of seedlings per pot was reduced to one.

2.3. Data Collection and Measurement
Data were recorded for agronomic and physiological traits following 
the standard procedures used by Ihejiofor et al. [22,23] and 
Ukwu et al. [24]. “The number of days (NOD) to seed emergence was 
determined by recording the days from the day the seeds were sowed 
until the day of seed emergence. NOD to flowering was obtained 
by recording the days from the date of seeding to when a flower 
opens. NOD to pod formation was recorded by calculating the days 
from seeding to when at least the first pod is formed. The number of 
leaves (NOL) per plant was obtained by tallying the number of fully 
expanded leaves per plant. Plant height was recorded as the distance 

between the plant’s base and the peak of the terminal leaf buds 
using a measuring tape. Leaf area (LA) was determined following 
the procedure of Chukwu et al. [25] as Y = 0.1686 + 1.017 LW with 
measurements taken on the 4th fully expanded leaf from the apex. Stem 
diameter (SD) was determined with a measuring Vernier caliper at 
5 cm above ground level of each plant. Relative water content (RWC) 
was determined following the procedure of Bangar et al. [26]. 0.1 g of 
fully expanded leaf sample was weighed, and fresh weight (FW) was 
recorded. The leaf sample was then placed in a Petri dish containing 
distilled water for 4 h at room temperature, and the turgid weight (TW) 
of the sample was recorded. Samples were oven dried at 70°C for 
24 h, and dry weight (DW) was taken. RWC% was then computed as 
([FW–DW]/[TW–DW] × 100). The number of seeds (NOS) per pod 
was determined by taking the average NOS from five pods per plant. 
Grain yield per plant was recorded as the total weight of dry seeds per 
plant, and stress tolerance index (STI) was computed as STI = ([Vc × 
Vs]/Vc2); where Vc is the value of no-water-stress (control) and Vs is 
the value of water-stressed plants.”

2.4. Statistical Analysis
To detect the significant differences among treatments, “analysis 
of variance (ANOVA) was carried out for all data using GenStat 
18th edition, and post-ANOVA mean separation was achieved using the 
least significant difference at P < 0.05. Cluster analysis was done using 
IBM SPSS version  23 using the average linkage method.” Graphs 
were constructed using GraphPad Prism 6.

3. RESULTS

3.1. Weather Conditions at the Experimental Site
The meteorological data sourced from the University of Nigeria 
Meteorological Station provides insights into the weather conditions at the 
experimental site. The highest maximum temperatures, reaching 34.9°C, 
35.5°C, and 35.7°C, were registered during December 2020, January, and 
February 2021, coinciding with the months that saw the least amount 
of rainfall (0%, 0%, and 6.5%, respectively) and the highest number of 
sunny days (38%, 61%, and 32%, respectively), as illustrated in Figure 1. 
In contrast, the month of June 2021 exhibited the highest percentage of 
rainy days (52.1%) and relative humidity (82%). Interestingly, this period 
also experienced the lowest percentage of sunny days at 6.5%.

3.2. Effects of Accession and Water Stress (WS) on Phenological 
Attributes of Mungbean
The results presented herein represent the average of two plantings that 
exhibited statistically similar outcomes. This study investigated the 
influence of genotype and intermittent WS on the growth characteristics 
of mungbean. The mungbean accessions had a significant impact on 
both phenology and growth traits (P < 0.05). With the exception of 
Tvr83, which showed a delayed emergence at 4.5 days after planting 
(DAP), all other genotypes emerged within 2  days [Figure  2]. The 
response of mungbean accessions to intermittent WS displayed 
significant variation in terms of phenology (P < 0.05). Specifically, 
Tvr83 exhibited delayed seed emergence (8 DAP) under the imposed 
I7 water-stressed condition, while the remaining genotypes emerged 
within 2 days, regardless of the presence of WS.

Variability in the flowering pattern was also evident, with Tvr18, 
Tvr24, and Tvr65 exhibiting a longer flowering duration (46–48 days 
after planting, DAP) compared to the other accessions, which initiated 
flowering at 40–42 DAP. This divergence in flowering timing was 
similarly observed in the NOD required for pod formation. Notably, 
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Figure 1: Weather report of the experimental site from December 2020 to June 2021.

Tvr32, Tvr49, and Tvr83 began pod development at 43 DAP, earlier 
than the remaining accessions, while Tvr65 had the latest NOD to pod 
formation, occurring at 50.89 DAP [Figure 3].

WS also had a significant impact on the phenological attributes of 
mungbean (P < 0.05). Plants subjected to I1 and I3 conditions exhibited 
an earlier emergence, occurring at 2 DAP, in contrast to those under 
I7 conditions, which had a slightly delayed emergence at 2.67 DAP. In 
addition, the imposition of I7 WS led to a delay in flowering by 3 to 
5 days and in pod formation by 2 days [Figure 3].

Unstressed plants were comparable to I3 water-stressed plants (P 
> 0.05) in NOD to pod formation [Figure  3]. With the exception 
of Tvr28, which exhibited earlier flowering and pod development 
(38.00 and 40.67 days) under I3 water-stressed conditions compared 
to both the unstressed (42.00 and 44.33  days) and I7 water-stressed 
(46.00 and 47.50  days) conditions, all other accessions followed a 
consistent pattern. They displayed a trend of late of earlier flowering 
and pod formation as the level of WS increased [Figure 3]. The days to 
flowering (DTF) ranged from 38.00–45.67 in I1 plants, 38.00–47.33 in 
I3 plants, and 41.33–51.00 in I7 plants. Similarly, the days to podding 
ranged from 40.03 49.00, 40.67–52.00, and 43.50–53.33 in I1, I3, and 
I7 plants, respectively.

3.3. Effects of Accession and WS on Mungbean Growth 
Attributes
The impact of accession on mungbean growth attributes is depicted 
in Figure 4. Notably, Tvr28 and Tvr32 displayed significantly taller 
plants with broader leaves compared to other accessions. However, SD 
remained statistically similar across all accessions (P > 0.05), except 
for Tvr34 and Tvr83, which stood out as distinct (P < 0.05). While 
Tvr34 exhibited significantly fewer leaves, Tvr83 had the shortest 
plants, smallest leaf sizes, thinner stems, and the highest number of 
leaves (NOL) compared to the other accessions, which displayed 
relatively similar growth traits (P > 0.05) in most measurements 
[Figure 4]. Plant height ranged from 10.32 cm (Tvr83) to 29.98 cm 
(Tvr28), leaf number ranged from 7.25 (Tvr34) to 37.90 (Tvr83), LA 
spanned from 38.70 cm² (Tvr83) to 101.10 cm² (Tvr28), and SD varied 
from 0.90 cm (Tvr83) to 1.67 cm (Tvr24).

WS exerted a significant impact on mungbean growth attributes 
(P < 0.05). Plants subjected to I7 WS experienced a substantial 
reduction in plant height (30%), leaf number (47%), LA (42%), and 

Figure 2: Effect of accession and water stress on days to emergence of 
mungbean. I1: No stress; I3: 3 days without water intermittently; and I7: 7 days 

without water intermittently.

SD (32%) compared to those under I1 conditions, which recorded taller 
plants, a higher leaf count, larger LA, and thicker stems.

The response of mungbean accessions to WS varied significantly, 
particularly under I7 conditions, where all measured traits showed 
reduced values. The accessions exhibited a similar response pattern 
(P > 0.05) to I1 and I3 WS conditions in terms of plant height, NOL, 
LA, and SD throughout the study duration, and they outperformed 
their counterparts under I7 WS (P < 0.05).

Notably, the tallest plants (Tvr32 at 32.77  cm), the highest leaf 
count (Tvr83 at 44.96), the largest LA (Tvr65 at 86.10 cm²), and the 
thickest stems (Tvr65 at 1.73  cm) were all recorded in unstressed 
plants, contrasting starkly with the 7-day water-stressed plants, which 
displayed the shortest plants (Tvr83 at 7.90  cm), the fewest leaves 
(Tvr34 at 6.56), the smallest LA (Tvr34 at 9.25 cm²), and the thinnest 
stems (Tvr34 at 0.43 cm) [Figure 4].

3.4. Effect of accession and WS on RWC and STI in mungbean
Across the ten accessions, there were no significant differences (P > 0.05) 
observed in their response to WS in terms of RWC. Nonetheless, three 
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Figure 3: Effect of water stress and accession on days to flowering and podding of mungbean. I1: No stress; I3: 3 days without water intermittently; I7: 7 days 
without water intermittently; DTF: Days to flowering; and DTPF: Days to pod formation.

Figure 4: Effect of accession and water stress on growth traits of mungbean. I1: No stress; I3: 3 days without water intermittently; and I7: 7 days without water 
intermittently. Columns show mean values of three replicates and bars show standard errors; Bars with contrasting alphabets are significantly different at P < 0.05.

accessions – Tvr28, Tvr32, and Tvr83 – exhibited a greater propensity 
to retain more water in conditions of water deficit [Figure  5]. These 

accessions recorded the least percentage reduction in RWC under 
both I3 and I7 water-stressed conditions, with reductions of 2.37% and 
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19.48%, 1.98% and 21.90%, and 4.26% and 28.30%, respectively. RWC 
exhibited a consistent decline with increased levels of WS across all 
accessions (P < 0.05), ranging from 82.61–86.55% in I1, 79.50–84.45% 
in I3, and 59.10–69.65% in I7 water-stressed plants [Figure 5].

The STI for grain yield revealed that four accessions – Tvr24, Tvr28, 
Tvr32, and Tvr83 – attained tolerance scores exceeding 70 under I3 
WS conditions. However, only two accessions – Tvr18 and Tvr83 – 
achieved tolerance scores exceeding 30 under the more severe I7 WS 
condition [Figure 6].

3.5. Effects of Accession and WS on Yield Traits of Mungbean
The yield characteristics of mungbean exhibited a significant influence 
of genotype at P ≤ 0.05. Notably, there was variation in the number of 
pods (NOP) among the different accessions.

The accessions Tvr83  (5.83), Tvr28  (4.11), and Tvr18 displayed 
statistical similarity (P > 0.05) in NOP per plant, surpassing (P < 0.05) 
Tvr49 (1.89), Tvr65 (2.00), and Tvr79 (2.11), which had comparatively 
lower pod counts. The number of seeds per pod (NOS per pod) varied 
significantly (P < 0.05) among the accessions, with Tvr18 (7.22) and 
Tvr32 (7.00) yielding a higher NOS compared to the others, especially 
Tvr79  (4.89), Tvr34  (4.56), and Tvr83  (3.50), which produced 
relatively fewer seeds [Figure 7].

Grain yield was significantly different (P < 0.05) among the accessions, 
with Tvr32, Tvr28, and Tvr18 producing higher yields (7.23–7.93 g) 
compared to Tvr65 and Tvr79, which yielded the least (3.93–3.99 g). 
Notably, Tvr49 recorded a significantly higher 100-seed weight at 
40.60 g, in contrast to the other accessions, which exhibited statistical 
similarity with weights slightly above 30 g [Figure 7].

The imposition of WS had a significant effect (P < 0.05) on the yield 
attributes of mungbean. The number of pods per plant (NOP), NOS 
per pod, and NOS per plant were all significantly reduced (P < 0.05) 
under both I3 and I7 stressed conditions, declining by 27%, 24%, and 
27% in I3, and by 51%, 45%, and 58% in I7, respectively. While pod 
length and width remained unaffected by I3 WS (P > 0.05), they were 
significantly affected by I7 WS (P < 0.05), resulting in a reduction 
of 30% and 31% in pod length and width, respectively. Grain yield 
per plant and the weight of 100 seeds varied with WS. Mean grain 
yield was similar in I1 (5.58 g) and I3 (4.82 g) plants but significantly 
decreased (P < 0.05) in I7 (2.05 g) plants. Similarly, the weight of 
100 seeds was comparable in I1 (41.25 g) and I3 (39.41 g) plants but 
significantly decreased (P < 0.05) in I7 (37.12 g) plants [Figure 7].

The accessions responded in a similar pattern to the levels of imposed 
WS in yield and yield components. Higher yield values were recorded 
for unstressed plants than the water-stressed plants, and these values 
decreased with the severity of the WS. I1 plants generally produced 
more pods and seeds than I7 plants. NOP per plant ranged from 3.92–
5.67, 3.00–5.00, and 2.10–3.71 in I1, I3, and I7 plants, respectively. NOS 
per pod ranged from 3.50–9.50, 3.00–8.50, and 1.00–4.50 in I1, I3, and 
I7 plants, respectively. NOS per plant ranged from 17.50–47.50, 15.00–
34.50, and 2.20–10.78 in I1, I3, and I7 plants, respectively [Figure 7].

Grain yield varied (P < 0.05) across water-stressed levels, with 
unstressed plants recording superior grain yield per plant (5.46–14.99 
g) than I3 (4.62–10.59 g) and I7 water-stressed (0.66–3.19 g) plants. 
Genotypic responses across the WS levels in terms of 100 seed weight, 
were similar, and ranged from 30.98–40.70  g, 30.58–40.30  g, and 
29.28–39.00 g in I1, I3, and I7 plants, respectively.

Figure 5: Effect of water stress and accession on the relative water content 
of mungbean. I1: No stress; I3: 3 days without water intermittently; and 

I7: 7 days without water intermittently. Columns show mean values of three 
replicates and bars show standard errors; Bars with contrasting alphabets are 

significantly distinct at P < 0.05.

3.6. Cluster Analysis of Growth and Yield Components of Ten 
Mungbean Accessions
Cluster analysis was able to delineate the ten accessions into four 
sub-sub clusters, three sub-clusters, and two super-clusters at an 
Euclidean distance of 5, 10, and 15, respectively [Figure  8]. At 
Euclidean distance of 5, Tvr18, Tvr19, Tvr28, and Tvr32 were 
grouped as sub-sub cluster A1, Tvr24, Tvr49, Tvr65, and Tvr79 were 
grouped as sub-sub cluster A2 while Tvr34 and Tvr83 were outliers 
in A3 and A4, respectively. At an Euclidean distance of 10, sub-
sub clusters A1 and A2 were collapsed together to form a new sub-
cluster B1 with Tvr34 and Tvr83 occupying B2 and B3, respectively. 
At a higher Euclidean distance of 15, however, all nine accessions 
excluding Tvr83 were collapsed into a super-cluster C1 while Tvr83 
stood out in C2.

Figure 6: Effect of water stress and accession on stress tolerance index of 
mungbean. I1: No stress; I3: 3 days without water intermittently; and I7: 7 days 

without water intermittently.
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Figure 7: Effect of water stress on yield and yield traits of ten mungbean accessions. I1: Watering once daily; I3: Watering once in 3 days; and I7: Watering once in 
7 days. Columns show mean values of three replicates and bars show standard errors; Bars with contrasting alphabets are significantly distinct at P < 0.05.

4. DISCUSSION

Significant differences were observed among the accessions in terms 
of agronomic characteristics (P < 0.05). Variability was evident in 
phenological traits such as the NOD to emergence, NOD to flowering, 
and NOD to pod formation, as well as in plant height, NOL, LA, pod, 
and seed traits. These differences suggest variations in their genetic 
makeup. Accessions Tvr32, Tvr28, and Tvr18 were closely clustered 
together in sub-sub cluster A1 [Figure  8] and displayed superior 
characteristics in terms of plant height, LA, NOS per pod, NOS per 
plant, and grain yield per plant. This clustering suggests a common 
ancestry among these accessions, implying that crosses between 
them may not yield superior F1 progenies due to potential inbreeding 
depression [27].

In contrast, Tvr83 stood out from the other accessions as it exhibited 
the smallest LA, higher NOL, higher NOP per plant (P < 0.05), and 
comparable grain yield per plant (P > 0.05) compared to Tvr32, 
Tvr28, and Tvr18, which were considered the best performers. The 

smaller leaf size of Tvr83 may be an adaptation to water-stressed 
conditions, as smaller leaves are known to reduce water loss through 
transpiration [28]. The distinct nature of Tvr83, as indicated by the 
dendrogram [C2 in Figure 8], suggests that it is a distant relative of 
the other accessions and could be a valuable candidate for mungbean 
hybridization and introgression programs, especially in traits where it 
demonstrated superiority [29].

The success of crop improvement relies on the presence of genetic 
diversity [30]. Clustering of genotypes aids in organizing a diverse 
set of genotypes into more homogeneous groups, which is essential 
for identifying distant relatives of a species, a prerequisite for crop 
improvement through hybridization. Accessions that are closely 
related tended to cluster together in sub-sub clusters A1, A2, A3, 
and A4; sub-clusters B1, B2, and B3; and super-clusters C1 and 
C2 at Euclidian distances of 5, 10, and 15, respectively [Figure 8], 
aligning with previous studies by Gayacharan et al. [31] and 
Mwangi et al. [28].
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Intermittent water-stressed condition (I7) significantly reduced growth 
traits such as plant height, NOL, and LA, as well as yield traits such 
as NOP per plant, NOS per pod, NOS per plant, 100-seed weight, 
and grain yield per plant compared to unstressed plants. In contrast, 
I3 plants showed non-significant decreases (P > 0.05) in growth and 
yield component traits relative to the control. The non-significant 
reduction in these traits in I3 plants may be attributed to the complex 
physiological mechanisms the plants employ to cope with stress, such 
as reducing leaf size and closing stomata to minimize water loss [32]. 
This finding aligns with the previous studies by Tawfik [33] and Khan 
et al. [34] reporting significant reductions in plant height, LA, NOP, 
NOS, seed weight, and yield under drought-stressed conditions.

The reduction in RWC values under stressed conditions was significant 
across all measured traits, with I7 stressed plants experiencing greater 
decrease (31.63%) in leaf water potential compared to I3 (7.80%) 
stressed plants [Figure  5]. Decreased RWC in leaves often triggers 
stomata closure, limiting CO2 uptake, and ultimately reducing 
photosynthesis [35]. Reduction in growth traits under WS may result 
from altered physiological processes such as reduced CO2 assimilation, 
impaired cell division and elongation, loss of turgor pressure, reduced 
stomatal conductance, and photochemistry, as plants commonly respond 
to drought stress by closing stomata and reducing transpiration [36-42].

Significant reductions in grain yield (63.3%) and 100-seed weight 
(10.01%) were observed in I7 stressed plants compared to unstressed 
plants, possibly due to reduced assimilate transport from leaves to 
seeds, and it is consistent with the findings by Zare et al. [42] and 
Zhou et al. [43], who reported yield reductions in mungbean under 
drought stress.

The RWC and STI are crucial physiological parameters for 
distinguishing drought-tolerant genotypes from susceptible ones. 
Based on these parameters, four accessions – Tvr83, Tvr19, Tvr28, 
and Tvr18 – were identified as the most drought-tolerant accessions 
under I7 conditions. In contrast, under less severe I3 conditions, four 
accessions – Tvr28, Tvr32, Tvr24, and Tvr83 – demonstrated higher 
tolerance (STI > 70) than others, indicating their ability to withstand 

short intermittent water deficits.

The variability among the accessions in response to WS, characterized 
by delayed seed emergence, reduced plant height, LA, NOL, seed 
weight, and RWC in I7 plants across all accessions, reflects differences 
in their tolerance or susceptibility to prolonged intermittent WS. 
Tvr34 and Tvr65 were the most affected accessions and are 
considered susceptible to WS. Conversely, Tvr28, Tvr18, Tvr19, 
and Tvr83 showed the least percentage decrease in RWC and STI, 
indicating their higher tolerance to WS. This aligns with findings by 
Chowdhury et al. [44], who reported greater decreases in RWC in 
drought-susceptible soybean genotypes compared to drought-tolerant 
types. Pod and seed traits were relatively higher in I1 and I3 conditions 
than in I7 plants, which are consistent with the previous studies by 
Zhou et al. [43] and Khan et al. [34]. The comparable performance of 
I1 and I3 plants in terms of plant height, NOL, LA, NOP, pod length, 
and 100-seed weight suggests that most mungbean accessions can 
tolerate short intermittent water deficit stress, corroborating previous 
report by Ahmad et al. [45].

5. CONCLUSION

This study has revealed promising grain-yield outcomes in four 
mungbean accessions – Tvr28, Tvr18, Tvr19, and Tvr83 – under severe 
I7 water-stressed conditions, although with slightly lower mean values 
compared to the control. Except for Tvr49 and Tvr65, which exhibited 
significantly reduced (P < 0.05) grain yield under moderate I3 WS 
relative to the control, the remaining eight accessions demonstrated 
comparable grain yield (P > 0.05) to unstressed plants. The study 
underscores the pressing need to develop and adopt climate-resilient 
mungbean cultivars. As water scarcity is expected to intensify due to 
climate change, the identified accessions, particularly Tvr28, Tvr18, 
Tvr19, and Tvr83, that demonstrated appreciable grain yield under 
severe WS (I7 conditions) could serve as valuable genetic resources for 
breeding programs aimed at developing mungbean varieties capable of 
withstanding intermittent rainfall patterns, consequently contributing 
to food security by providing a reliable source of nutrition even in 
water-scarce regions. The accession Tvr83, identified as a distant 
relative of other accessions, presents an opportunity to expand genetic 
diversity in mungbean breeding programs. This genetic diversity can 
be harnessed for further crop improvement efforts, especially in traits 
related to leaf number, pod number, and seed production, ensuring the 
preservation and utilization of valuable genetic resources.
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