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ABSTRACT

A study was conducted from February to May 2024 at the Bangladesh Institute of Nuclear
Agriculture (BINA) pot yard in Mymensingh, Bangladesh, using a completely
randomized design with four replications. The study aimed to assess the effects of
different levels of water stress on seed yield and key physiological traits across five
soybean genotypes. Five soybean genotypes (Binasoybean-7, SBM-15, SBM-22, SCM-
5, and SCM-11) and three levels of water deficiency (control: no water deficiency, water

Research Article

Received : 28.04.2025
Accepted : 17.08.2025

Keywords: deficiency 40%, and 60% field capacity) were imposed at the pre-flowering stage and
SDoybe?]rtw gte”"types continued until physiological maturity. Plant height, branch density, total dry mass, leaf
C;?gfophsylrfss nitrate reductase activity, pod and flower output, seed yield per pod, harvest index, and

seed yield per plant were all significantly reduced across all five genotypes as the stress
level increased due to dryness. The chlorophyll and total sugar levels in leaves across all
five genotypes increased with the increasing rate of drought. Drought stress significantly
decreased the rate of photosynthesis in leaves. Among the five studied genotypes, only
the Binasoybean-7 variety shown superior performance under drought stress
circumstances for morphological, physiological, and yield-contributing parameters.
Therefore among the five genotypes Binasoybean-7 could be used as genetic material for
developing more drought-tolerant soybean varieties.
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Introduction

Soybean (Glycine max L.) is the world’s leading grain
legume crop in terms of production, consumption, and
global trade. The oil, which makes up 20% of the seed, is
rich in essential fatty acids, cholesterol-free, and accounts
for almost 50% of the edible vegetable oil traded
worldwide (Mimi et al., 2016). Its ability to fix nitrogen
(17-127 kg N ha! year?) and high protein content (35%)
make it a significant grain legume (Messina, 1997).
Although soybeans exhibit greater resilience to stress
compared to other legume crops (Singh et al., 2003), they
nonetheless incur substantial damage from drought stress
in regions such as northwest Bangladesh, where irrigation
infrastructure is lacking and precipitation is inconsistent or
insufficient. A shortage of water to meet the regular
demands of agriculture is known as water stress, and it
eventually leads to drought hazards. Bangladesh is more

vulnerable to droughts and has erratic water stress as a
result of insufficient and irregular rainfall. Therefore,
choosing a crop cultivar that can withstand water deficit
stress from the available genotypes and introducing it to
places that are prone to drought or water stress may prove
to be a worthwhile endeavor to make use of these
Bangladeshi lands. Water stress is one of the key
environmental factors that affect plant growth and
productivity. Water stress affects various physiological
processes associated with a crop's development, growth,
and economic yield (Begg and Turner, 1976). According
to studies by Lawlor and Cornic (2000) and Zhu (2002),
drought has an impact on the morpho-physiological,
biochemical, and molecular processes in plants. Water
stress leads to several effects, including inhibited growth,
stomatal closure which limits photosynthesis and
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transpiration reduced chlorophyll content, and protein
adjustments to cope with osmotic changes in plant tissues.
Physiological traits like transpiration rate and
photosynthetic efficiency often link to crop productivity.
According to Farooq et al. (2009), it inhibits
photosynthesis, respiration, translocation, ion uptake, the
metabolism of carbohydrates and nutrients, and growth
promoters, all of which are responsibleforlowering plant
growth. According to (Chowdhury et al., 2016), the
adaptation of some plant species reduces water losses by
stomata closure and a decrease in transpiration rate. In
Bangladesh, soybean production is vulnerable to drought
stress, which can lead to significant yield reductions,
potentially ranging from 24% to 50%. While soybeans are
increasingly cultivated in Bangladesh, particularly in the
south, farmers face challenges due to changing weather
patterns and the need for efficient drought management
strategies (Chowdhury et al., 2024).

Identification of resistant varieties is crucial since the
major goal of all breeding projects is the production of
stress (such as salt, drought, cold, etc.) tolerant genotypes.
The performance and productivity of genotypes are
affected by several factors, including abiotic stresses
(Yasar, 2023). Coping with drought circumstances can be
aided by knowing which plant species are resistant or
tolerant to drought stress and by comprehending the
mechanisms underlying tolerance. By using a variety that
can withstand water stress, efforts can be made to increase
both the area and productivity of soybean crops. In order to
discover water stress-tolerant varieties and ascertain the
changes in physiological responses brought on by drought,
five soybean genotypes were assessed under various soil
moisture regimes shortly before the blooming stage began
and continuing until physiological maturity.

Materials and Methods

A controlled pot experiment was carried out at the pot
yard of the Bangladesh Institute of Nuclear Agriculture
(BINA), Mymensingh, Bangladesh, during the period from
February to May 2024. The primary objective of the study
was to assess the effects of water stress on the
morphological, physiological, and yield-related traits of
five soybean (Glycine max L.) genotypes. Soybean seeds
were sown in plastic pots measuring 24 cm in internal
diameter and 30 cm in height. Each pot was filled with 12.0
kg of a homogeneous soil mixture composed of sandy loam
and well-decomposed cow dung at a ratio of 4:1 (w/w).
Prior to potting, the soil mixture was enriched with a
standardized nutrient supplement consisting of urea, triple
super phosphate (TSP), muriate of potash (MOP), and
gypsum. This supplementation was formulated to provide
each pot with 70 mg of nitrogen (N), 35 mg of phosphorus
(P), 180 mg of potassium (K), and 20 mg of sulfur (S),
thereby ensuring an adequate nutrient supply for optimal
soybean growth under experimental conditions.

On February 22, 2024, soybean seeds were sown at a
rate of four seeds per plot. Once the seedlings established,
two uniform and healthy plants per pot were retained for
growth. The experiment included a control group (100%
field capacity, FC) and two water stress treatments at 40%
and 60% FC, imposed at the pre-flowering stage and
maintained until physiological maturity. The treatments

were applied to five soybean genotypes: Binasoybean-7,
SBM-15, SBM-22, SCM-5, and SCM-11. Field capacity
was measured using the weighing method every alternate
day. The experiment followed a factorial design with four
replications, arranged in a fully randomized design, with
two plants per pot considered as one replication. Three
water regimes were tested: two water stress treatments and
one non-stress control treatment. Weeding and spraying
were performed as necessary following standard
procedures for each treatment.

At the reproductive stage, nitrate reductase (NR)
activity, total sugar content, and chlorophyll levels were
measured using the methods of Stewart and Orebamjo
(1979) and Yoshida et al. (1976), respectively. A portable
photosynthesis meter (model LI 6800XT, USA) was
employed to measure photosynthetic rates during this
stage. The number of flowers per plant in each replication
was recorded from the first day of flowering until the end
of the flowering period. At maturity, data on yield and
related attributes were also collected. Statistical analysis of
the recorded data was conducted using R software and
ANOVA analysis was performed. Treatment means were
compared using the Least Significant Difference (LSD)
test and t-test.

Results and Discussion

With the exception of photosynthetic rate and
reproductive efficiency, water stress had a substantial
impact on the morphological, physiological, and
reproductive characteristics of five soybean genotypes
(Table 1). The results showed that, except for chlorophyll
and total sugar content in the leaves, all morphological
(plant height, number of branches per plant), physiological
(total dry mass production per plant and nitrate reductase
activity in leaves), and reproductive (number of flowers per
plant) parameters significantly declined as drought stress
intensified from the pre-flowering to physiological
maturity stages in the soybean genotypes. The findings
demonstrated that water-deficit stress affected soybean
development in the moderate and severe stages by causing
a reduction in stem length when compared to the control
(Mangena and Mabulwana, 2022). According to Zhang et
al. (2016) and Makbu et al. (2011), soybeans with higher
levels of chlorophyll content have a higher photosynthetic
rate and are more drought-tolerant. This makes them a
dependable  characteristic ~ under  drought-stressed
conditions. As drought stress increased, the rate of
photosynthesis in the leaves appeared to decline. This
reduction in photosynthesis may be attributed to several
factors, including decreased stomatal conductance
(Chowdhury et al., 2016), reduced photosynthetic
efficiency  (Hagemayer, 1997), lower  protein
concentrations  (Sibole et al., 1998), diminished
photosynthetic pigment levels (Farooq et al., 2009),
reduced carboxylase activity (Hagemayer, 1997), and
inhibition of the light reaction mechanism (Tardieu and
Davies, 1996). Interestingly, contrary to other studies, the
chlorophyll and total sugar content in the leaves actually
increased with higher levels of drought stress. In some
soybean studies, chlorophyll and total sugar content in
leaves have unexpectedly increased with higher levels of
drought stress. This contradicts the more common finding
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that drought stress typically reduces chlorophyll content
and increases total sugar content in other plant species. The
specific mechanisms behind this increase in soybean
require further investigation, potentially involving unique
adaptations (Photosynthetic Adaptation) to drought stress
(Monteoliva et al., 2021).

With the increase of drought stress, the amount of
chlorophyll in leaves reduced, according to almost all
researchers (Dong et al., 2019; Wu and Zhang, 2019). The
opposite of other results in this experiment under water
stress conditions may be the result of a lower assimilation
demand by the sink (pod) since there are less pods. Plants
grown under 40% FC conditioning had the highest levels
of chlorophyll and total sugar, while control plants had the
lowest levels.

While drought stress generally reduces reproductive
efficiency in soybean by causing flower and pod abortion,
reducing seed number and size, and shortening the plant
life cycle, certain physiological mechanisms and genetic
traits can enable some soybean genotypes to better
maintain reproductive efficiency or even show a relative
increase in reproductive output under drought compared to
less tolerant varieties. Drought-tolerant soybean varieties
can exhibit better stomatal control. They might partially
close their stomata to reduce water loss through
transpiration, while still allowing enough CO2 uptake for

photosynthesis. This optimizes the water balance,
preventing severe dehydration that would otherwise shut
down reproductive processes (Hossain et al., 2024).
Chlorophyll content, nitrate reductase (NR) activity in
leaves, flower production plant, and plant height, branch
number per plant, total dry mass (TDM) per plant,
photosynthesis rate, and reproductive efficiency (RE) were
all significantly impacted by the interaction between
genotypes and water stress (Table 2). With increasing
drought stress, all five genotypes showed decreases in plant
height, branch number, and TDM; however, the declines
were not comparable. In contrast to SCM-5, which saw a
31.3% drop in plant height due to drought stress (40% FC),
Binasoybean-7 showed the lowest reduction in plant height
under 40% FC, at just 15.6% over control.

The findings also revealed that while chlorophyll
content in leaves decreased with increasing drought stress
in all five genotypes under study, nitrate reductase (NR)
activity in leaves and flower production plant? reduced
with increasing drought stress in a similar manner. SBM-
15, SBM-22, and Binasoyabean-7 genotypes showed a rise
in RE as drought stress increased, while two genotypes,
SCM-5 and SCM-11, showed the opposite trend. Of the
genotypes under study, plants with less than 40% FC had
the lowest photosynthetic rate, while the control plant had
the highest rate.

Table 1. Impact of varying water stress levels on morphological, physiological, and reproductive traits of five soybean genotypes

T PH BP TMP CCL PR NR TS FP RE
Control (100% FC) 479a 220a 17.14a 1.76b 2216 1.63a 736D 495a 56.2
60% FC 428b 147b 10.19b 2.0la 21.76 140ab 755ab 30.7b 53.7
40% FC 36.8c 091c 743 c 216a 20.28 1.21b 77.1a 206¢ 58.5
F test ** ** ** ** NS ** ** ** NS
CV (%) 4.53 5.81 10.0 8.43 11.20 11.54 7.80 14.11  19.40

T: Treatment (water stress level); PH: Plant height (cm); BP: Branches plant™ (no.); TMP: Total dry mass plant™(g); CCL: Chlorophyll content in leaves
(mg g*fw); PR: Photo-synthesis rate (umolCO, cm™s?); NR: Nitrate reductase (umoINO,-g™fwh?); TS: Total sugar (mg g fw?); FP: Flowers plant?
(no.), RE: Reproductive efficiency (%); Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT; **significance

at 1% level of probability; NS, not significant

Table 2. Interaction between genotype and water stress levels on morphological, physiological, and reproductive traits of

five soybean genotypes

Interaction
Genotype WS PH BP TMP CCL PR NR FP RE
100 | 43.0d 222 a 17.81 ab 1.82 22.42bc 1.64 37.0 59.7e
SBM-15 60 39.7e 1.00e 10.34d 2.14 20.90 cd 1.36 20.7 67.7d
40 29.7g 050f 483¢g 2.23 20.22 cd 0.93 9.67 72.4 bc
100 | 70.3a 2.33a 16.97 bc 1.89 20.23 cd 1.52 53.7 50.3f
SBM-22 60 61.3b  2.00b 11.54 d 1.99 22.02bc 1.26 25.7 50.6 f
40 59.0c 0.70 f 9.33 ef 2.21 18.99 1.06 14.0 66.6 d
100 | 45.0d 2.33a 19.94 a 1.75 23.59 ab 1.70 43.7 71.7 cd
Binasoybean-7 60 44.2d 1.00e 10.12 de 1.97 21.89cd 151 20.3 78.7b
40 38.0¢e 1.00e 7.99 f 2.01 22.10bc 1.42 14.6 84.1a
100 | 38.3e 2.00b 1541c 1.62 20.56 cd 1.59 44.3 579¢e
SCM-5 60 34.0f 1.67¢c 8.22 f 1.80 20.82 cd 1.36 25.3 46.1fg
40 26.3h 1.33d 7.31f 2.17 18.42 d 1.16 21.0 46.4 fg
100 | 43.0d 2.00b 15.57 ¢ 1.76 24.00 a 1.68 69.0 4169
SCM-11 60 35.0f 1.67¢c 10.73 de 2.14 23.16 ab 1.50 61.3 25.6h
40 31.0¢g 1.00e 7.71f 2.18 21.68 cd 1.45 43.7 23.1h
F test * * * NS * NS NS bl
CV (%) 4.53 5.81 10.0 8.43 11.20 1154 1411  19.40

WS: Water stress (% FC); PH: Plant height (cm); BP: Branches plant-1 (no.); TMP: Total dry mass plant-1 (g); CCL: Chlorophyll content in leaves
(mg g-1fw); PR: Photo-synthesis rate (umolCO2 cm-2s-1); NR: Nitrate reductase (umoINO2-g-1fwh-1); FP: Flowers plant-1 (no.), RE: Reproductive
efficiency (%); Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT; **& *, significance at 1% and 5%

level of probability, respectively; NS, not significant
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Table 3. Effect of different level of water stress on yield attributes and seed yield of five soybean genotypes

T PP SP SW SWP ROC HI DM
Control (100% FC) 26.94a 241a 10.53a 6.58 a --- 37.68 a 110 a
60% FC 14.07 b 2.30ab 9.42b 3.07b 53.34 29.90b 106 b
40% FC 9.8lc 2.23Db 8.57¢c 1.87c 71.58 25.39¢ 103 ¢
F test ** ** ** ** —_— ** **
CV (%) 7.44 3.70 2.01 8.14 --- 7.79 1.23

T: Treatment (water stress level); PP: Pods plant™; Seeds pod * (no.); SW: 100-seed weight (g); SWP: Seed weight plant? (g); ROC: Reduction over
control (%); HI: Harvest Index (%); DM: Days to maturity; Values having common letter(s) in a column do not differ significantly at 5% level as per

DMRT; **, significance at 1% level of probability

Table 4. Interaction between genotype and water stress level on yield attributes and seed yield of five soybean genotypes

Interaction

Genotype WS PP SP Sw SWP ROC HI DM
100 22.0 2.53 ab 14.25a 7.13 39.71ab 105

SBM-15 60 14.0 2.13 de 13.20b 3.94 44.74 36.10b 102
40 7.0 2.00e 10.40¢ 1.46 79.52 28.23 de 97

100 27.0 2.07¢e 9.25f 5.17 28.46 de 119

SBM-22 60 13.0 2.07¢e 8.10i 2.33 54.93 20.19¢ 114
40 9.33 2.06 e 7.25] 1.52 70.60 16.29 h 113

100 313 247b 9.75d 7.54 37.81b 107

Binasoybean-7 | 60 16.0 247D 8.70¢g 3.44 54.40 33.99¢ 104
40 12.3 247D 8.55h 2.57 65.73 32.16¢ 101

100 25.7 2.60a 9.50e 6.34 41.14a 107

SCM-5 60 11.8 240b 8.45h 2.37 62.62 28.83 de 104
40 9.67 2.25cd 8.101i 1.76 72.24 24.08 f 101

100 28.7 240b 9.88d 6.74 41.29a 110

SCM-11 60 15.7 240b 8.65 g 3.26 51.63 30.38 cd 105
40 10.7 2.34c 8.54 gh 2.02 70.03 26.20 ef 103

F- test NS ** * NS * NS
CV (%) 7.44 3.70 2.01 8.14 7.79 1.23

WS: Water stress (% FC); PP: Pods plant™; Seeds pod * (no.); SW: 100-seed weight (g); SWP: Seed weight plant (g); ROC: Reduction over control
(%); HI: Harvest Index (%); DM: Days to maturity; Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT;
**& *, significance at 1% and 5% level of probability, respectively; NS, not significant

Drought stress significantly impacted the yield
attributes, seed yield, harvest index, and days to maturity
of five soybean genotypes (Table 3). During the pre-
flowering to physiological maturity phases of soybean
genotypes, the results indicated a considerable decline with
increasing drought stress. It was shown that plants under
40% FC produced the lowest seed yield and the highest
yield characteristics. Under 40% FC, the lowest seed yield
and yield features were seen; this could be because of
poorer growth and development as well as more flower
shedding compared to control and 60% FC. Many
investigators found similar findings (Igbal et al., 2019 and
Dong et al., 2019). A number of studies, including those by
Hussain et al. (2019) and Mangena (2020b), have also
revealed that drought inhibits the stem/apical growth of
shoots, which in turn affects morphological growth,
including traits associated to metabolism and grain yield.
The study found that drought stress negatively impacted
physiological traits in relation to seed yield. The way
different plant types reacted to water stress had a big
impact on the number of seeds in each pod, the weight of
100 seeds, and the harvest index, but it didn't significantly
change the number of pods per plant, the weight of seeds
per plant, or the time it took to mature (Table 4). As
drought stress intensified, all five genotypes experienced
declines in seeds per pod, 100-seed weight, and harvest

index, although the extent of these declines varied. For
instance, the reduction in harvest index under 40% field
capacity (FC) was lowest for Binasoybean-7 (a 14.9%
decrease compared to control), whereas SBM-22 showed a
much larger reduction of 42.8%. The results also revealed
a consistent decline in the number of pods per plant, seed
weight per plant, and days to maturity with increasing
drought stress across all genotypes. The greatest yield
reduction (79.52%) due to water stress was observed in
SBM-15, while the smallest reduction (65.73%) occurred
in Binasoybean-7.

Conclusion

Drought stress impacted the growth and yield
performance of all five soybean genotypes studied, but
Binasoybean-7 demonstrated better resilience, showing
superior yield and yield attributes under water stress
conditions up to 40% field capacity (FC). So, Binasoybean-
7 should be disseminated among the farmers in drought-
prone areas, and also in future it could be used as genetic
material for developing more drought-tolerant soybean
varieties.
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