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Crop plants growing under natural conditions are exposed to several environmental stresses, all
affecting plant growth and development, which consequently hampers the productivity of crops plants.
Drought is considered the single most devastating environmental stress, which decreases crop
productivity more than any other environmental stress. Water stress was given in the potted Vigna
radiate plants (for control 1% set - 4 pots were given regular water, for the 2™ set -3 days kept without
water in the pot, for the 3™ set -5 days kept without water and for the 4" set -7days kept without water).
The plants were then uprooted and collected for experimental work on the 3, 5" and 7™ day for the
1!, 2" and 3™ sets respectively for further studies with drought stress. Total chlorophyll and carotenoid
decreased under drought stress while protein, amino acid and proline contents increased under
stress. Scavenging enzymes catalase and peroxidase were assayed and while catalase activity
increased under stress peroxidase activity was found to decrease under stress.
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Drought stress in plants refers to the physiological
strain a plant experiences due to a lack of available
water, typically occurring when soil moisture is
insufficient or when water loss through transpiration and
evaporation exceeds water uptake. This stress can have
significant impacts on plant growth, development, and
overall vyield. Crop plants growing under natural
conditions are exposed to several environmental
stresses, all affecting plant growth and development,
which consequently hampers the productivity of crops
plants. Drought is considered the single most
devastating environmental stress, which decreases crop
productivity more than any other environmental stress.
Drought is one of the major constraints limiting crop
production worldwide. Crop growth models predict that
this issue will be more severe in future with rising climate
change. Drought impairs normal growth, disturbs water
relations, and reduces water use efficiency in plants.
Plants, however, have a variety of physiological and
biochemical responses at cellular and whole organism

levels, making it a more complex phenomenon.
MATERIALS AND METHODS

Mungbean seeds were rinsed thoroughly in distilled
water. The mungbean seeds were then spread in 16
plastic pots uniformly filled with fresh garden soil. Water
stress was given in the potted plants (for control 1% set -
4 pots were given regular water, for the 2™ set -3 days
kept without water in the pot, for the 3" set -5 days kept
without water and for the 4™ set -7days kept without
water). The plants were uprooted and collected for
experimental work on the 3 5™ and 7" day for the 1%,
2" and 3" sets respectively for further studies with

drought stress.

After uprooting from the pots, the length of shoot and
root was individually measured by a scale in centimeter
unit. Leaf area was determined by drawing the outline of
each leaf of a plant on a graph paper and estimating the
area in sq. cm. After uprooting from the pots, fresh
weight of shoot, root and leaves were measured by the
help of a digital balance. Now those plant parts were
placed in a Petri dish and oven dried at 60°C for a few
hours. Then the dry weight of each plant part was

recorded. The leaves were individually placed in a petri
dish filled with distilled water covering the lids for 2
hours. After the stipulated time, the leaves from each set
were blotted with blotting paper and immediately
weighed as saturated weight. From the data collected,

RWC was calculated.

Chlorophyll a, chlorophyll b and total chlorophyll
content were calculated by the method of Arnon (1949);
amount of Carotenoid (carotene and xanthophyll) was
estimated by the method of Kirk and Allen (1965);
Protein content was estimated according to Lowry et al.
(1951); total amino acid content in leaves was estimated
according to the Ninhydrin method of Lee and
Takahashi (1966) with some modifications. Estimation of
proline was done according to Bates et al. (1973);
catalase enzyme activity was assayed by the method of
Gasper and Lacoppe (1968) with slight modifications
and peroxidase enzyme activity was assayed
spectrophotometrically according to Chance and Maehly
(1955) with slight modifications.

The results obtained in triplicates were subjected to
analysis of variance (ANOVA) and S.E. (Standard Error)
and C.D. (Critical Difference) at 5% and 1% levels

calculated.
RESULTS AND DISCUSSION

Drought stress, a common abiotic stress,
significantly impacts plant growth and productivity by
reducing water availability thereby causing physiological
and biochemical changes. This can lead to reduced
biomass, altered metabolism, and even yield losses.
Plants respond to drought through various mechanisms,
including  morphological changes, physiological
adjustments, and molecular responses. The shoot
lengths of drought imposed plants decreased as
compared to control while the root lengths increased
significantly from the control (Table 1). The root lengths
of stressed plants possibly increased in length in search
of water and nutrients as compared to control. The leaf
area of stressed plants significantly decreases (Table 2).
The fresh and dry weights of the plants (Tables 3 and 4)
also decrease considerably from the control. R.W.C. is
found to decrease considerably as compared to control

(Fig. 1). Dahanayake et al. (2014)
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observed all morphological parameters viz. plant height,
wet and dry weight of shoots and roots, root length,
number of pods, wet and dry weight of pods, wet and
dry weight of seeds were significantly affected by the

water stress condition.

Drought stress, a major abiotic stress for plants,
occurs when soil water availability is scarce, leading to
reduced plant growth and vyield (Sen and Mukheriji
1998a). This stress impacts various physiological
processes, including photosynthesis (Sen and Mukheriji,
1998b, 1999) and nutrient uptake (Sen and Mukheriji,
1997) and can even affect plant morphology and
reproductive development. Plants respond to drought
through various mechanisms. While in this study it is
observed, decreased chlorophyll levels (Fig. 2) of the
stressed plant compared to control plant but others have
observed an increase, suggesting the response can vary
depending on the plant species, environmental
conditions and the intensity and duration of the stress.
Of the two photosynthetic pigments classes, carotenoids
show multifarious roles in drought tolerance including
light harvesting and protection from oxidative damage
caused by drought. In this experiment it is reported that
the carotenoid level was decreased in the stressed plant
campared to control plant (Fig. 3). Thus, specifically
carotenoids are important for stress tolerance for plants
experiencing water stress. Kanimozhi et al. (2021)
observed Chlorophyll a and b, -carotenoids (like
carotenes and xanthophylls), and phycobilins are

reduced in stressed plants of Vigna mungo.

From this work we could conclude that amount of
protein was more in the stressed plant as compared to
control plant (Fig. 4). Water stress induces the
production of specific stress-responsive proteins,
including Late Embryogenesis Abundant (LEA) proteins
and dehydrins, which help protect other proteins and
cellular structures. These changes in protein expression
are a key part of the plant's response to drought and
other water-related stresses. Amino acids play a crucial
role in plant responses to water stress, acting as both
signaling molecules and building blocks for stress
defense mechanisms. Our study shows that amino acid
content was more in stressed plant (Fig. 5) as compared
to control plant. Proline also showed the same trend
(Fig. 6) as protein and amino acid content. Proline
present in stressed plant can help plants maintain turgor
pressure, protect cellular structures, and enhance
antioxidant defense systems, ultimately improving stress
tolerance. In plants under water stress, proline acts as
an osmoprotectant, stabilizing cellular structures, and
acting as an antioxidant to scavenge reactive oxygen
species (Sen and Mukherji 1998c, Hayat et al. 2012)
reported increased proline with increasing drought
intensity and duration and there was a tremendous
increase in amino acids content as well. Therefore,
increasing osmolytes like proline with an increased
drought period proves the role of proline in stress
tolerance and helps in survival by maintaining osmotic

potential, water influx, and detoxifying ROS.

Table 1. Plant height : (including root length and shoot length)

SET NO SHOOT LENGTH (cm) |ROOT LENGTH (cm) |[LEAF AREA (length x breadth) cm?
CONTROL 20.5 3.0 11.55
3 DAYS WATER 17.5 4.3 9.00
STRESSED PLANT
5 DAYS WATER 14.6 5.2 3.50
STRESSED PLANT
7 DAYS WATER 10.5 9.5 3.20
STRESSED PLANT
STANDARD ERROR 2.13 1.40 2.06
CRITICAL DIFFERENCE 16.52(1%) 6.39(1%) 86.01(1%)

3.30(5%) 1.27(5%) 17.22(5%)
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Table 2. Average leaf area of a single plant

Control leaf area
(cm?)

3 days stressed
plant leaf area
(cm2)

5 days stressed
plant leaf area
(cm?)

7 days stressed
plant leaf area
(cm?)

Standard error

Critical difference

7.2 5.4 438 25 0.969 20.53(1%)
4.10(5%)
Table 3. Average fresh weight of a single plant (including root, shoot, leaves):
SET NO PLANT ROOT SHOOT LEAF
WEIGHT WEIGHT WEIGHT WEIGHT
(gm) (gm) (gm) (gm)
CONTROL 1.057 0.170 0.407 0.160
3DAYS WATER STRESSED PLANT 0.983 0.057 0.318 0.152
5 DAYS WATER STRESSED PLANT 0.660 0.048 0.239 0.122
7 DAYS WATER STRESSED PLANT 0.648 0.035 0.273 0.120
STANDARD ERROR 0.107 0.031 0.036 0.010
CRITICAL DIFFERENCE 9.10(1%) 3.05(1%) 65.37(1%) 27.53(1%)
1.82(5%) 0.61(1%) 13.07(1%) 5.50(5%)
Table 4. Average dry weight of a single plant
SET NO PLANT ROOT SHOOT LEAF
WEIGHT WEIGHT WEIGHT WEIGHT
(gm) (gm) (gm) (gm)
CONTROL 0.130 0.017 0.050 0.018
3 DAYS WATER STRESSED 0.126 0.015 0.049 0.016
PLANT
5 DAYS WATER STRESSED 0.120 0.014 0.047 0.015
PLANT
7 DAYS WATER 0.112 0.009 0.031 0.013
STRESSED PLANT
STANDARD ERROR 0.0039 0.0017 0.0013 0.0012
CRITICAL DIFFERENCE 96.15(1%) 45.06(1%) 58.79(1%) 21.71(1%)
19.23(2%) 9.01(5%) 11.79(5%) 4.342(5%)
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Figure 1: Estimation of relative water content (RWC)
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Figure 2: Estimation of chlorophyll content
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Figure 3: Estimation of carotenoid content
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Figure 4: Estimation of buffer soluble protein content
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Figure 6: Estimation of proline content
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Figure 8: Assay of peroxidase enzyme activity

Due to water stress, catalase activity significantly
increased (Fig. 7), while peroxidase activity decreased
(Fig. 8). Catalase is a crucial enzyme in plants that helps
to detoxify hydrogen peroxide (H.O:), a reactive oxygen
species (ROS) that can damage cells under stress.
Catalase and peroxidase are important antioxidant
enzymes that play a crucial role in protecting plants from
damage caused by abiotic stress like drought, salinity
and extremes of temperatures. These enzymes work to
scavenge harmful reactive oxygen species (ROS)
generated as a result of abiotic stress (Sen, 2020,
2023).

CONCLUSIONS

This study demonstrates the significant effects of
drought stress on plant growth and productivity,

CRITICAL DIFFERENCE=28.18(1%), 5.64(5%)

highlighting that reduced water availability leads to
physiological and biochemical changes that negatively
impact biomass and yield. The decrease in shoot length
and leaf area, along with an increase in root length,
indicates that plants adapt by extending their roots in
search of water, but this adaptation results in reduced
fresh and dry weights.

Additionally, the decline in relative water content
(RWC) and chlorophyll levels can impair photosynthesis,
while decreased carotenoid levels highlight the
complexity of responses to water stress. Increased
levels of stress-responsive proteins, amino acids, and
proline suggest these compounds are crucial for
enhancing drought tolerance by maintaining cellular
integrity. The rise in catalase activity, coupled with a
decrease in peroxidase activity, indicates a shift in the
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antioxidant response to detoxify reactive oxygen
species. Overall, understanding these mechanisms is
essential for developing strategies to improve drought

resistance in agriculture.
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