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An experiment was conducted to investigate the impact of exogenous Ca in
alleviating salinity stress of mungbean. Two mungbean genotypes, BD 6895 and
BD 6905, were used with four different Ca levels (5, 10, 15 and 20 mM) under 10
dSm! salinity conditions in a hydroponic culture. The application of exogenous
Ca positively influenced on overall plant growth and development. Although
both genotypes exhibited similar plant heights, they gave the peak (56.65 and
48.6 cm for BD 6895 and BD 6905, respectively) at 10 mM Ca. Higher levels
of exogenous Ca were associated with increased chlorophyll content. Maximum
Chlorophyll (1.6 mg g') was observed at 15 mM Ca treatment. Furthermore,
exogenous Ca application reduced Malondialdehyde levels (at 15 mM Ca: 1.14
and 1.69 umole/g for BD 6895 and BD 6905, respectively). Both the genotypes
exhibited a proline content pattern, demonstrating proline content upsurge with
increased Ca application. Microscopic analysis revealed larger vascular areas
with exogenous Ca (BD 6895: 402 um, BD 6905: 398.3 um) compared to smaller
areas under salinity stress (BD 6895: 258.7 um, BD 6905: 248.4 um). Salinity
stress induced changes in upper epidermis thickness, leaf tissue compactness,
chloroplast breakdown and chlorosis in mungbean plants. However, exogenous
Ca application counteracted these detrimental effects, enabling mungbean plants
to thrive in saline conditions. In conclusion, the study highlights the positive
influence of exogenous Ca (10-15 mM) in promoting mungbean growth and
managing salt stress.

Introduction

various abiotic and biotic stresses. Among these
stresses, salinity is a primary hindrance to mungbean
growth and productivity. Salinity stress profoundly

Mungbean, a delectable pulse crop with a wide
range of applications, holds great significance in
Bangladesh’s agricultural landscape. Its ability to
thrive in diverse soil and environmental conditions
and its short growth cycle grant it a distinct
advantage (HanumanthaRao et al., 2016). Despite
a gradual rise in demand for these pulses over the
years, the yield is significantly compromised by

impacts plant growth and development, manifesting
as osmotic stress, ionic stress due to specific ion
imbalances, and dietary nutrient disparities (Parida
and Das, 2005). High salt stress inflicts severe harm
on plants, and moderate to low levels impede plant
growth rates, resulting in observable changes in
morphology, physiology and biochemical attributes
(Hasegawa, 2013).
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Abiotic stresses, particularly salinity, intricately
weave their deleterious effects into the mungbean
crop’s morphology, physiology, and yield. Salinity-
induced alterations extend to micromorphological
characteristics, which, in turn, lead to modifications
in physiological traits (Khan er al., 2022a). The
plant’s micromorphology, particularly its internal
structure causing significant shifts in tissue
constructions and systemic changes (Broderson and
McElrone, 2013).

Introducing a high-yielding mungbean variety
with salt tolerance has the potential to seamlessly
integrate into the current cropping practices in saline
soil, a landscape that is still evolving. Adapting this
crop to the existing cropping patterns is of utmost
importance. The Department of Crop Botany at
BSMRAU has undertaken a comprehensive series
of experiments, focusing on the assessment of fifty-
two mungbean genotypes generously provided by
the Plant Genetic Resources Centre (PGRC), the
Bangladesh Agricultural Research Institute (BARI),
Gazipur. These experiments explore the mungbean
plant’s feedback to saline conditions.

Along with the genetic potential, the exogenous
application of Calcium (Ca) positively recovers
of deleterious effects due to salinity (Sharma and
Dhanda, 2015; Ahmad et al., 2019; Feng et al.,
2023a). These reflected the shoot and the total dry
matter accumulation and anatomical attributes,
namely the epidermis, cortex, and stele, which
are affected by salt stress. Physiological attributes
like proline accumulation were increased with the
increment of salinity, chlorophyll was retained in
tolerant genotypes. Exogenous application of Ca
is reported to ameliorate the deleterious effect of
salinity even in the susceptible genotypes (Sharma
and Dhanda, 2015; Feng et al., 2023b).

Considering the above, the experiment was
undertaken to investigate the effect of the exogenous
application of Ca on the micromorphological and
physiological attributes of the mung bean plant
under salt-stress conditions.

Methodology

A glasshouse and laboratory experiment were
conducted at the Department of Crop Botany,
Bangabandhu Sheikh Mujibur Rahman Agricultural
University, Gazipur, Bangladesh. The effect of

Calcium (Ca) to manage the salinity in mungbean
growth was observed in the experiment. It was laid
out in a factorial completely randomized design
with three replications. Two mungbean genotypes
(BD 6895 and BD 6905) were factor one and Ca
levels (control, 5, 10, 15, and 20 mM) under 10
dSm! salinity level was factor two. The mungbean
genotypes were screened and selected from our
earlier experiment (Khan et al., 2022b) where BD
6895 and BD 6905 was found salt tolerant and
susceptible, respectively.

Plant growth: The mung bean seeds underwent
sterilization using a 70% ethanol solution before
sowning into 250 ml plastic pots, which were
covered with small gravels. These plastic pots
were positioned on cork sheets, resting on a plastic
container filled with a nutrient solution. Seven days
after germination, a NaCl solution at a specific
concentration was administered to the plants. The
plants were placed inside 10 L plastic containers
containing a nutrient solution (Hoagland and Arnon,
1950). To ensure oxygenation and maintain the
solution’s uniformity, the hydroponic system was
continuously aerated with an air pump.

Anatomical observation

Leaf and stem samples were harvested at 30 days of
sowing. Cross-sections of 2 cm slices from both the
leaf and stem were carefully selected and allowed
to soften for one week in a glycerin mixture (70%
glycerin and 30% water, ina 1:1 ratio). Subsequently,
freechand cross-sections were performed using
razor blades. These sections were stained with
Safranin, followed by fast green, and then mounted
with glycerin on glass slides, each covered with a
coverslip. The slides were examined using a digital
compound microscope, and photographs were
captured at magnifications ranging from 10X to
40X. An image focus 4.0 software on a computer
was utilized to measure the anatomical parameters.

Physiological attributes of salinity tolerance in
mungbean

Estimation of proline content

The youngest fully extended leaf samples were used
for proline estimation, following the method by
Bates et al. (1973). the proline concentration was
determined using a standard curve and calculated
based on the fresh weight as follows:
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Proline content (umole g fresh wt.) = {ug proline
ml! x vol. of extra. sol. (ml) x toluene used (ml)} /
{115.13 pg mole! g sample}

Estimation of chlorophyll content: The youngest
fully extended leaf sample was used to estimate the
Chlorophyll contents following Porra et al. (1989).
The equation for measuring the chlorophyll a, b, and
total chlorophyll is:

*  Chlorophyll a (mg g' fresh weight) = [12.21
(A663) —2.81 (A646)] x [V/1000 x W]

e Chlorophyll b (mg g fresh weight) = [20.13
(A646) — 5.03 (A663)] x [V/1000 x W]

+ Total Chlorophyll (mg g! fresh weight) =[20.2
(A646) +8.02 (A663)] x [V/1000 x W] Where,
A = Absorbance at specific wavelengths, V =
Volume of acetone used (mL) and W = Weight
of fresh leaf sample in (g).

Determination of lipid peroxidation: The method
by Tayebi-meigooni et al. (2012) was used to
determine the Malon-dialdehyde (MDA) level. An
extinction coefficient of 155 nm™ cm™ was adapted
to calculate the MDA concentrations using the
following formula:

MDA (umole g fresh weight) = [(A532 —
A600)/155] x103Dilution factor
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Here, A is the absorbance at specific wavelengths.

Statistical software (Statistix10) was used to analyze
the data and comparisons with P- values<0.05 were
considered significantly different by using honestly
significant difference (HSD) values (Tukey’s Test).

Results

Physiological atributes
Plant height

The plant height of BD6895 exhibited a greater
vertical stature than genotype BD6905. Interestingly,
both genotypes displayed a consistent increase in
plant height with the introduction of exogenous Ca
up to the concentration of 10 mM, after which a
gradual decline was observed (Fig. 1). Notably, at
the 10 dsm™, all levels of Ca application resulted in
a similar plant height. It’s worth emphasizing that
BD6895, as the genetically taller genotype and found
tolerant earlier (Khan et al., 2022b), maintained its
height across all levels of exogenous Ca application,
underscoring its resilience and growth potential.

Remarkably, this trend was not exclusive to BD
6895; a similar pattern was also observed in the case
of the shorter genotype, BD6905 found susceptible
earlier (Khan et al.,, 2022b). This intriguing
parallelism suggests that the impact of exogenous
Ca on plant height transcends genotype variations
and underscores the importance of Ca in modulating
plant stature.

BD6905
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Fig. 1. Effect of Ca levels on plant height on mungbean under saline condition.
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Root dry matter

As the levels of Ca increased, the root dry weights
also increased. This indicates that there is a positive
correlation between the amount of Ca applied and
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dry weights, with genotype BD 6895 showing higher
weights compared to BD 6905. A strong linear
relationship exists between Ca levels and root dry

weights for BD6905, as indicated by an R-squared
the root dry weights (Fig. 2).
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Fig. 2. Effect of different levels of Ca on root development of mungbean (a- line graph, b-regression curve).

The tolerant genotype BD 6895 exhibited higher
values for root dry weights across all levels of Ca
compared to the susceptible genotype BD 6905
(Fig. 2). This suggests that BD 6895 was to be more
responsive to variations in Ca levels and tends to
produce heavier roots. In the case of genotype
BD 6905, the application of Ca has a positive
relationship. A straight line is best fitted concerning
to genotype BD 6905 (R2=0.86), indicating a strong
linear correlation between the increase in Ca levels
and the root dry weights for BD6905. Increasing Ca
levels positively impact root value of 0.86.
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Shoot dry matter

The shoot dry matter of both genotypes, BD 6895
and BD 6905, changed with the increase in Ca (Fig.
3). This suggests that the presence of Ca influenced
the growth and dry matter production in both
genotypes. Genotype BD6895 showed a gradual
weight reduction, but BD6905 exhibited the reverse.

Genotype BD6895 exhibited a higher shoot dry
matter than genotype BD6905.
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Fig. 3. Effect of different levels of Ca on shoot development of mungbean (a-line graph, b-regression curve).
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This implies that BD 6905 produces dry matter in salt stress is presented in Fig. 4. The total dry matter of
response to Ca more efficiently. Genotype BD 6905 genotype BD 6905 showed a progressive trend with the
showed a positive relationship with the increasing increasing level of Ca. In contrast to BD6905, the TDM
levels of Ca. For genotype BD 6905, a straight line best  of genotype BD6895 showed a declining trend with
describes the relationship between shoot dry matter an increasing level of Ca. BD 6905 shows a positive
and Ca levels. This linearity suggests a consistent and and linear relationship between Ca levels and total dry
predictable response of BD 6905 to changes in Ca matter, with an R? value of 0.75, suggesting a strong
concentration. In other words, there is a moderately correlation with increasing Ca. BD 6895, on the other
strong correlation between Ca levels and shoot dry hand, exhibits a declining trend in total dry matter as
matter for this genotype. These varying levels of Ca in  Ca levels increase. This indicates findings suggest that
terms of their total dry matter (TDM) production under increasing Ca levels
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Fig. 4. Effect of different levels of Ca on Plant development of mungbean under saline conditions
(a- line graph, b-regression curve)

positively influences the shoot dry matter of both No statistically significant difference was observed

genotypes, but genotype BD 6905 outperforms BD  between the two genotypes regarding their

6895 in terms of shoot dry matter production. Chlorophyll content by exogenous application of Ca

(Fig. 5).
Total dry matter

The response of genotypes BD 6905 and BD 6895 to
that higher Ca levels may not be conducive to TDM
production in BD 6895.
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Fig. 5. Effect of different levels of Ca on chlorophyll development on mungbean under saline condition.
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The chlorophyll content exhibited a progressive
increase as the concentration of exogenously
applied Ca rose, showing a positive correlation up
to the 15 mM level. However, a gradual decline in
chlorophyll content became evident beyond this
threshold. This finding underscores the complex
relationship between Ca levels and chlorophyll
production, suggesting an optimal Ca concentration
for maximizing chlorophyll content in these

genotypes.
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Interestingly, both genotypes followed a similar
pattern characterized by a sudden surge in proline
content at the 10 mM level of exogenous Ca
application and slow reduction later.

Lipid peroxidation /Malon-dialdehyde (MDA)

The findings revealed a consistent decrease in
MDA values for both genotypes as the exogenous
application of Ca increased (Fig. 7). This declining
trend in MDA levels exhibited a robust linear
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Fig. 6. Effect of different levels of Ca on proline content development on mungbean under saline
condition (a- column chart, b-regression curve).

Content of proline

The application of exogenous Ca led to an initial
rise in proline content, which was dose-dependent.
Notably, genotype BD 6895 consistently exhibited
lower proline levels than BD 6905 across all Ca
levels, as depicted in Fig. 6. This increase in proline
contentat higher levels of exogenous Ca indicates the
plant’s enhanced ability to tolerate salinity-induced
stress, underlining the potential role of proline as
a stress-responsive compound. In both genotypes,
the proline level increased with exogenous Ca
application, indicating the amelioration effect in
response to the stress that plants face.

relationship. Genotype BD 6905 displayed a higher
MDA value when compared to genotype BD 6895,
as illustrated in Fig. 6. This indicates the tolerant
potential of BD 6895 over BD 6905. This distinction
in MDA levels between the two genotypes
underscores the variability in their response to
exogenous Ca, with BD 6905 showing a relatively

higher MDA value despite the overall declining
trend observed in both genotypes.
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Fig. 7. Effect of different levels of Ca on Lipid peroxidation (MDA) of mungbean under saline
condition (a- column chart, b-regression curve).

Anatomical attributes

Vascular bundle
The salinity stress pointedly affected mungbean
plants vascular bundle strands (Xylem and Phloem

area). With salinity, the vascular bundle strands

decreased, indicating that salinity stress had a
damaging effect on the development of vascular
structures. In the quest to overcome such stress, the
amelioration effect of the exogenous application of

Ca (10 mM) was vivid in the present experiment.

Fig. 8. Mungbean stem anatomical features under salt stress conditions (A: BD 6895 with Ca + salt;

B: BD 6895 with salt; C BD 6905 with Ca +

salt; D: BD 6905 under salt).
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The areas of both xylem and phloem were
significantly altered by the salinity stress (Fig. 8).
Comparatively large vascular areas were detected
with the exogenous Ca application (BD 6895:
402 pm and BD 6905:398.3 um). In comparison,
the smaller areas (BD 6895: 258.7 um and BD
6905:248.4 um) were found in the salinity stress
condition (10 dSm™) for both plant genotypes. This
suggests that salinity levels lead to a reduction in
the xylem and phloem areas, and the application of
exogenous Ca aids to overcome the salinity-induced
stress.

Salinity stress has a noticeable impact on the
anatomy of mung bean plants, particularly on their
vascular bundles, xylem, phloem, and cell wall
thickness. The findings suggest that salinity levels
hinder the growth and development of vascular
tissues in these plants. The application of exogenous
Ca supports mungbean plants to overcome such
chaotic conditions.

Leaf anatomy

The effects of salinity on the anatomy of mung bean
plant leaves, and the positive influence of exogenous
Ca (Ca) application (10 mM) are clear (Fig. 9). Under
salinity stress (10 dSm™), the upper epidermis of
leaves from both genotypes exhibited a tendency to
become thicker. This could be an adaptive response
to the stress, possibly to reduce water loss or protect
against ion uptake. Salinity stress had a varying
impact on different leaf tissues. Palisade tissue,
which is columnar and rich in chloroplasts, was less
affected than the spongy parenchyma tissue. Despite
the changes, both tissues became more compact due
to salinity stress.

The anatomical images revealed that at higher
levels of salinity, there was a clear breakdown of
chloroplasts in the palisade tissues, resulting in
chlorosis. Chlorosis is a condition characterized by
the loss of green color in plant tissues, often due to
reduced chlorophyll content or functionality. In this
context, it suggests that salinity negatively affects
the photosynthetic capacity of the plants.

Fig. 9. Mungbean leaf anatomy under salt stress conditions (A: BD 6895 with Ca + salt; B: BD 6895
with salt; C BD 6905 with Ca + salt; D: BD 6905 under salt).
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As anticipated, the application of exogenous Ca was
found to ease the detrimental effects of salinity on the
mung bean plants. This indicates that supplementing
with Ca helps the plants thrive even under salinity
stress. Ca is believed to play a role in various
physiological processes in plants, including cell
membrane stability and stress response mechanisms.

Salinity stress leads to changes in the upper
epidermis thickness, compactness of leaf tissues,
chloroplast breakdown, and chlorosis in mung
bean plants. The exogenous application of Ca has
a positive influence, helping the plants better cope
with salinity stress.

Discussions

A positive correlation exists between the amount of
Ca applied and the dry weights (stem, root, and total)
of both genotypes under saline conditions. This
indicates that Ca positively impacted overall plant
growth and biomass production. The application of
exogenous Ca served to inhibit ionic toxicity and
alleviate osmotic stress (Islam et al., 2023). As a
result, the application of Ca significantly improved
the plant’s growth, development, and production
attributes. Calcium ameliorates the membrane
leakage of cells, especially the mesophyll tissue.

Generally, plant hindered growth is one of salinity’s
predominant effects. Several studies have shown
a steady reduction in root and stem dry matter
as salinity levels increase (Khan et al., 2022b;
HanumanthaRao et al., 2016). Increased growth and
vigor appraisal were observed in mungbean even
under salt-stressed conditions with Ca (Sharma and
Dhanda, 2015; Feng et al., 2023 a). The decline in
plant growth and biomass yield is a characteristic
significance of salinity across various plant species.
This reduction is due to stress-induced inhibition
of cell elongation, cell division, and the obstructed
uptake of nutrients by the plant. The imbalance in
water potential between the apoplast and symplast
caused by the salinity results in decreased turgor
pressure, which subsequently leads to reduced plant
growth (Islam et al., 2023). It’s worth noting that
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the inhibition of crop growth under salt stress can be
mitigated by the external application of Ca (Islam
et al., 2018). The exogenous application of Ca also
enhances the uptake of essential nutrient elements,
defending against the antagonistic stress effect on
crop growth and yield (Ahmad et al., 2015).

Thereduction in plant height, as well asroot and shoot
length with increasing salinity, is reported (Khan et
al., 2022 b). Both genotypes showed increased plant
height with the introduction of exogenous Caup to a
concentration of 10 mM. However, a gradual decline
in plant height was observed after this threshold.
This implies an optimal range of Ca concentration
for maximizing plant height.

Although there was no noteworthy variation
in chlorophyll content, the chlorophyll content
increased as the concentration of exogenously
applied Ca rose. This increase showed a positive
correlation up to 15 mM, after which a gradual
decline was observed. This indicates an optimal Ca
concentration for maximizing chlorophyll content
in these genotypes. Application of Ca in saline
conditions increased chlorophyll and carotenoid
content (Sharma and Dhanda, 2015). Seifikalhor
et al. (2019) reported that the sharp upsurge in the
intracellular Ca®" in response to salinity resulted
in a can help plants to recover the salinity-induced
damage to plants.

Both genotypes displayed a consistent decrease in
MDA values as the exogenous application of Ca
increased. MDA is a marker of oxidative stress;
lower values suggest reduced oxidative stress in
the plants. BD6895 had higher MDA values than
BD6905, indicating that it may have experienced
slightly higher oxidative stress even with the Ca
application. The presence of salinity had a notable
effect on the increased accumulation of MDA (Khan
et al., 2022b). However, applying exogenous Ca
significantly reduced the accumulation of MDA in
plants exposed to salinity (Islam et al., 2023). Salt
stress leads to the rapid overproduction of ROS,
causing cell lipid peroxidation and membrane
damage, as evidenced by increased MDA content
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(Mansour 2013; Bose et al., 2014). In a study by Zhang
and Yang (2022), NaCl treatment significantly raised
ROS and MDA levels, while CaCl, supplementation
reduced these levels, suggesting that exogenous Ca
enhances membrane integrity and safeguards plant cells
from ROS-induced oxidative harm (Tuna et al., 2007,
Tahjib-Ul-Arif et al., 2018; Roy ef al., 2019). Feng et
al. (2023 b) emphasized the vital role of Ca ions in
osmotic regulation, ultimately reducing salinity stress.

Proline is an amino acid that can help plants cope with
stress. Both genotypes exhibited a similar pattern
characterized by a sudden increase in proline content
at the 10 mM level of exogenous Ca application,
followed by a slow reduction. This suggests that Ca
levels influence proline production and may be part
of the plant’s stress response mechanism. Various
osmolytes, such as proline, positively influence on
physiological processes by aiding in the cellular
equilibrium maintenance under salt stress through
diffusion regulation (Yang and Guo, 2018; Khan
et al., 2022b). Ca was reported to be an essential
signaling molecule involved in proline biosynthesis
(Islam et al., 2023). An augmented proline level is
found with low proline oxidase activity and more
synthesis of P-5-CR and y-glutamyl kinase in
roots and shoots. Several reports have shown the
facilitated osmolyte synthesis by adding exogenous
Ca in salinity-induced mungbean (Misra and Gupta,
2006). During the current experiment, it was
observed that the proline content in leaves increased
in response to salinity stress with the exogenous
Ca application which indicates the mediation of
salinity. This mirrors findings reported by Ghosh et
al. (2015), which indicated a similar augmentation
of proline in mungbean under saline conditions
as survival technique. Additionally, Reddy et al.
(2015) anticipated that the enhanced assembly
of proline may mitigate the stress imposed by
salinity, providing protection to photosynthetic and
antioxidant enzyme activities.

To thrive in salt-stressed environments, plants
must precisely regulate ion balance to maintain
internal stability. The salt overly sensitive (SOS)
stress signaling path is crucial part in bolstering

salt tolerance and ion equilibrium (Manishankar
et al., 2018; Xiao and Zhou. 2023). This pathway
employs the SOS-controlling protein to transfer
sodium ions (Na®) from a plant’s roots to its shoots.
Overexpressing this protein has proven to boost plant
salt tolerance (Seifikalhor et al., 2019). An increase
in intracellular Ca ions (Ca*") concentrations hastens
their binding with the SOS protein, subsequently
enabling the regulation of intracellular sodium
levels. Following this interaction, the SOS protein is
translocated to the plasma membrane and undergoes
phosphorylation. This phosphorylated SOS protein
plays a critical role in promoting the efflux of sodium
ions (Na"), thus reducing the risk of sodium toxicity
within plants (Han et al., 2019).

Anatomical and morphological changes are major
role in salinity stress, indicating the tolerance level
(Silva et al., 2021). Salinity gradually alters the
internal structure of plants, leading to a reduction
in both the xylem and phloem range in stems. This
environmental stress triggers structural modifications
in the stem xylem and phloem, consequential in
a decrease in the vascular area and increased cell
thickness with rising salinity levels compared to
the control (Khan ez al., 2019). The application of
diluted seawater also significantly diminishes stem
dimensions, changing the tissue thickness of the
xylem and phloem (Eisa et al., 2017).

A decrease in the area of vascular cylinder (VC) and
cortical parenchyma (CP) affecting the VC/CP ratio
in mung beans under salt stress has been reported
(Nikpour-Rashidabad et al., 2019). Younis et al.
(2014) noted a decreasing trend in the stem’s xylem
and phloem areas, indicating that as salinity levels
increase, the growth of these cell types diminishes.
Such deleterious effects of salt stress were found
to be managed with the exogenous application of
Ca. Regulating plant phenotype and photosynthetic
apparatus protection has been reported in Soybeans
(Feng et al., 2021). Application of Ca in Mongolian
pine was reported to Improve chlorophyll content
and maintain other anatomical features and
physiological metabolisms (Li et al., 2022).
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Under saline conditions, plant leaves tend to become
thicker, more succulent, and exhibit lower specific
leaf areas (Khan et al., 2022a). An increase in
epidermal cutin and a decrease in lamina thickness in
mung beans has been reported by Boghdady (2009).
The thickness of both the upper and lower epidermis
in salt-treated plants leaves was greater than the
control (Khan et al., 2022a). Salt-tolerant plants
have thicker leaves, which help maintain turgor and
leaf water content (Nawaz et al., 2014). Srivastava
(2022) found a positive link between salt stress
tolerance and thicker epidermal cells, enhancing
water efficiency and the effectiveness of NaCl in the
leaf’s epidermis. Increasing sclerenchyma in higher
salinity is also vital for maintaining organ rigidity, a
key feature for salt resistance.

In brief, the total amelioration phenomena can be
described as salt stress triggering an increase in
cytosolic Ca ion concentration (Ca*") (Yang et
al., 2019). The interplay of ABA, Ca*', and ROS
represents a complex signaling network that controls
plant resistance to the challenges of salt stress.
The role of Ca** signaling is pivotal in real-time
responses to salinity stress. ABA efficiently aids
plants in surviving salinity by joining the Ca ions
(Ca*). This integration occurs through activating
plasma membrane-bound channels for the external
Ca?" or releasing internal Ca?" from the vacuole
(Edel and Kudla, 2016). The harm caused to the
plant cell wall by sodium ions (Na*) is mediated by
elevated Ca*" (Szymanska et al., 2019).

Overall, the findings suggest that the exogenous
application of Ca has several positive phenomena on
mungbean plant’s growth and stress responses. The
findings of the current experiment indicated that the
optimum dose of exogenous Ca varied between 10
to 15m M. However, there are optimal concentration
ranges for different parameters, and these can vary

between genotypes, as evidenced by the differences
between BD6895 and BD6905 in their response to Ca.
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Conclusion

Exogenous Ca positively influenced plant growth
and biomass production, mitigating ionic toxicity
and osmotic stress. Consequently, it significantly
improved plant growth and development. Both
genotypes exhibited increased plant height up to
a 10 mM Ca concentration, but a decline occurred
beyond this threshold, indicating an optimal Ca
range for maximizing plant height.

While no significant differences in chlorophyll
content observed between genotypes,
chlorophyll content increased with higher exogenous
Ca concentrations. Concurrently, MDA values, a
marker of oxidative stress, decreased with increasing
exogenous Ca, indicating reduced oxidative stress in
the plants. Salinity resulted MDA accumulation, but
exogenous Ca alleviated it. Proline content patterns
were similar between genotypes, highlighting
calcium’s role in stress response.

WEre

Salinity caused smaller vascular areas under salinity
stress (BD 6895: 258.7 um, BD 6905: 248.4 um),
chloroplast breakdown and chlorosis, negatively
impacting  photosynthetic  capacity.
countered salinity effects, enabling mung bean
plants to thrive with larger vascular areas (BD 6895:
402 pm, BD 6905: 398.3 um).

Calcium

Nevertheless, the adverse effects were counteracted
by the application of exogenous Ca, allowing mung
bean plants to flourish in saline conditions. The
results of the present experiment revealed that the
most effective dosage of exogenous Ca ranged from
10 to 15 mM. In summary, the research underscores
the beneficial impact of exogenous Ca in fostering
mung bean growth and effectively managing salt
stress.
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