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ABSTRACT

Drought stress is a major environmental constraint that significantly threatens wheat
(Triticum aestivum L.) production, particularly in regions like Pakistan, where wheat
yields are relatively low. Water scarcity adversely affects plant growth and physiology,
leading to decreased productivity. To mitigate these effects, various strategies have been
explored, including the application of exogenous plant growth stimulants such as ascorbic
acid (AsA). AsA is known to enhance plant tolerance against abiotic stresses by improving
biochemical and physiological attributes. Despite its potential benefits, limited research
has been conducted on the role of AsA in enhancing drought tolerance in wheat. There is
a need for further investigation to determine the most effective concentration of AsA for
improving wheat growth under water-limited conditions. In this study, a completely
randomized design (CRD) experiment with three replications was conducted to assess the
impact of AsA on wheat under drought stress (50% field capacity). Wheat plants were
sprayed with three different concentrations of AsA (200 uM, 400 uM, and 600 uM), and
their physiological and growth responses were analyzed using various methodologies,
including spectrometry, the digestion method, flame photometry, microscopy, moisture
content measurement, and field capacity assessment. The data were statistically evaluated
using the Statistix-8.1 software. Results demonstrated that drought stress significantly
reduced growth parameters and ion concentrations while increasing hydrogen peroxide
levels compared to the control. However, AsA application improved plant resilience,
enhancing growth metrics, soluble sugar, flavonoids, anthocyanin, ascorbic acid content,
chlorophyll, and ion concentrations under drought conditions. The 600 uM AsA
concentration had the most pronounced positive effects on all tested variables. These
findings suggest that AsA can serve as a potential growth promoter, alleviating drought-
induced damage and optimizing the morpho-physiological and biochemical attributes of
wheat.

INTRODUCTION

Wheat a significant grain crop belongs to Poaceae
family, a vital constituent of calories and protein, and the
main source with almost 30% of worldwide grain
productivity and 50% of global trade (Khalid et al.,
2023). It is predicted that human wheat utilization will
grow up to 60% in 2050. FAO calculated that the world
would need approximately 198 million tons of wheat
grain by 2050 to meet future demand, which would
necessitate a 77% increase in wheat production in
developing nations. Wheat takes up more area than any
other crop on a global scale (Farooq et al., 2023).

Wheat is a widely consumed grain cereal since more
than half of the world's population depends on it as a
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main meal. (Mahmood et al., 2020). Wheat accounts for
over half of the calorie consumption in North Africa,
West, and Central Asia. To fulfil future demands, the
estimated yearly rise in worldwide wheat production
must increase to at least 1.6% out of its present value of
less than 1% (Eskola et al., 2020).

One of the main risks to wheat production is drought.
Drought stress is thought to influence plant intake,
transport, and accumulation of important inorganic
nutrients (Hossain et al., 2021). The primary obstacles to
increasing productivity are abiotic and biotic stresses.
Drought is a major abiotic stress that has an impact on
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the environment to a large extent, wheat production
(Kopecka et al., 2023).

Drought is often regarded as a water shortage
sufficient to affect the plant growth significantly. A
sufficient amount of moisture is required for normal
growth. One of the most important abiotic stresses, it
affects approximately 32% of 99 million hectares of
wheat output in low-income countries and at least 60%
of wheat production in high-income countries (Mishra et
al., 2023). A lack of water could reduce wheat
production by 17 to 70% (Chowdhury et al., 2021).
Because of the bad effect on the number of
inflorescences and the double ridge to flower initiation
stage is the most susceptible growth period in terms of
wheat production to water deficiency. Water scarcity
reduces grain production by interfering at anthesis and
grain filling stages (Daryanto et al., 2016).

Ascorbic acid (AsA) is widely considered as one of
the most potent antioxidants and growth regulators in
combating various types of stress (Wu et al., 2024). In
plants, it promotes cell division; its growth,
differentiation, metabolism, and resistance against
various oxidative stress (Nandy et al., 2023). In addition
to acting as an antioxidant, AsA levels in the body are
linked to the activation of complicated biological
defense mechanisms (Demirci-Cekic et al., 2022). It
assists plants in managing and overcoming the harmful
effects of salt stress as well as drought (Horchani et al.,
2024). 1t has hypothesized functions in plant metabolism
as a whole (Castro et al., 2023). Though AsA is an
effective natural antioxidant, its concentration in plants
is insufficient. As a result, AsA exogenous methods is
now common practice in many crops, including wheat to
alleviate oxidative stress and promote plant growth
(Farooq et al., 2020).

Drought can cause oxidative damage in plants due to
ROS production, which damage the wheat productivity
(Seleiman et al., 2021). Thus to overcome this damage
plants use several antioxidant enzymes such as catalase,
SOD and certain antioxidants such as AsA
(Hasanuzzaman et al., 2020). Therefore, in plants
exogenously applied AsA spray greatly enhances the
plant's capacity to withstand various stresses, including
drought, ozone (Os) stress, and salinity (El Sabagh et al.,
2021).

The plant's response to drought conditions is
determined by the genotype and species of the plant, the
degree and intensity of the drought and the plant's growth
and developmental phase (Kapoor et al., 2020). Plants'
tolerance to abiotic factors has been investigated using
metabolomics studies, which may reveal the unique
responses of natural systems to genetic and
environmental modifications (Reza. A. 2022). One of the
main objectives of Pakistan's national wheat breeding
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programs is, in fact, to develop wheat genotypes that are
resistant to drought. Even while wheat breeders have
increased yield on a national level, they have not made
much progress in the agro-ecological region, where
environmental conditions are variable and many
problems, including heat, salinity, and drought, are
prevalent.

My objective was to examine how wheat responds to
drought stress when treated with ascorbic acid (AsA)
applied as a foliar spray. It sought to understand the
mechanisms of drought tolerance at different AsA levels
by comparing control and stressed plants. The research
assessed how wheat plants react to varying drought
conditions, examining physiological and biochemical
changes that contribute to their survival. Additionally,
the study evaluated the duration for which the plants can
endure drought stress and how AsA influences their
resilience, ultimately providing insights into improving
wheat's drought tolerance.

MATERIALS AND METHODS
Soil Quality Analysis
Moisture Contents
A 100g soil sample was oven-dried overnight, cooled,
weighed, and its moisture content calculated using a
specific equation. o

Wet Soil (g) — Dry soil (g)

— x 100
Dry 5Seil (g)

g moisture =

Saturation %

A 100g soil sample was mixed with water to form a

paste, allowed to stand for 60 minutes, and saturation%

was calculated using Gavlak et al. (2003) method.
Saturation percentage =

Amount of water added in mL x 10

Mass of air dried soil (g) x [(100 — Pw) + 100]

Field Capacity

The following equation was used to compute the field
capacity of soil:

Field Capacity = Saturation percentage/2

Growth Parameters Analysis

Shoot length and root length (cm)

Plant shoot and root lengths were measured using a
measuring tape, and mean values were calculated
immediately after harvesting.

Shoot and Root Fresh Weight (g)

Fresh weight of shoot and root was computed
immediately after harvesting the plants by utilizing
weighing balance and after that computed their mean
values.

Shoot and Root Dry Weight (g)

Plant shoots and roots were placed in an oven at 65°C for
72 hours and after withdrawing the samples from the
oven dry weight was assessed by a weighing machine.
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Shoot Diameter (cm)
Shoot diameter of each plant was calculated by vernier
caliper and after that determined their means.

Number of Leaves Per Plant

The total number of leaves on each plant was counted, in
three replications was counted and then the mean ratios
were determined.

No. of Roots
Total number of roots on each plant was counted and
then the means values were computed.

Leaf Area (cm?)
To determine leaf area, the length and width of each
plant leaf were determined by utilizing a measuring tape,
and the leaf area was calculated by multiplying leaf
length and width.

Physiological Contents Analysis

Chlorophyll Content

Chlorophyll content was calculated with this formula
Chl. a (mg mL-1) =[12.7 (OD 663) - 2.69 (OD645)] x
V//1000 x W

Chl. b (mg mL-1) =[22.9 (OD 645) - 4.68 (OD663)] x
/1000 W

Where V= Volume of the extract (mL)

W = Weight of the fresh leaf tissue (g)

Carotenoids = [(OD 480) + 0.114 (OD 663)-0.638
(OD645)]

E 100% Cm = 2500

Carotenoids (g mL?) = Acar / Em100% x 100
Anthocyanin, flavonoids, ascorbic acids, hydrogen
peroxides, soluble sugars and different ions like sodium,
potassium and calcium were calculated by following
their respective procedures.

RESULTS AND DISCUSSION

Pakistan wheat has gone through its ups and downs
during past years. Here are the figures illustrating the
Pakistan wheat production from 2017 to 2022,
highlighting the years affected by drought (table 1).

Table 1

Year Production (Million metric tons)
2017/2018 26.67
2018/2019 25.08
2019/2020 24.35
2020/2021 25.25
2021/2022 27.46

Here is another graphical representation of wheat
effected by drought during previous years in Pakistan
(fig.3.2):
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Figure 3.2

Pakistan's Wheat Production (2017-2022) with Drought Impact
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Morphological Analysis

Drought stress significantly hampers wheat growth,
leading to reduced biomass, stunted root and shoot
development, and overall diminished plant vigor.
However, the application of ascorbic acid (AsA) has
been shown to counteract these adverse -effects,
promoting resilience and growth in drought-stressed
wheat as shown in (fig.3.3).

Impact on Biomass and Growth Parameters

Drought stress leads to a notable decline in shoot and
root fresh and dry weights, impairing plant development
(fig.3.3). In contrast, wheat treated with ascorbic acid
exhibited substantial improvements in these metrics. The
application of AsA enhanced water uptake and osmotic
adjustment, leading to increased biomass accumulation.
Treated plants demonstrated longer shoots and deeper
root systems, which facilitated improved water
absorption and overall structural integrity. Notably, the
optimal enhancement was observed at a 600 pM AsA
dosage, aligning with previous findings by Khadr et al.,
(2021).

Effect on Vegetative Traits

The impact of drought stress extends beyond biomass
reduction, affecting key vegetative traits such as leaf
count, root proliferation, shoot diameter, and leaf area.
Drought-stricken wheat plants showed a considerable
decline in these parameters, whereas ascorbic acid
treatment led to significant improvements. AsA-treated
plants exhibited an increased number of leaves,
suggesting enhanced photosynthetic capacity and greater
vigor. Root development was also more pronounced,
contributing to better water and nutrient uptake.
Additionally, shoot diameter increased, reinforcing
structural support and facilitating efficient nutrient
transport. Leaf area expansion in treated plants further
underscored the protective role of ascorbic acid,
improving overall growth and drought tolerance. These
results align with previous studies, such as those reported
by Ahmad et al. (2021), which confirm AsA’s
effectiveness in mitigating drought stress. The
comparative analysis highlights ascorbic acid as a
powerful protective agent against drought-induced stress
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in wheat. While drought stress severely impairs plant
growth, AsA application—particularly at 600 pM—
significantly enhances shoot and root biomass,
vegetative traits, and overall plant health (fig.3.3). These
findings underscore the potential of ascorbic acid as a
practical solution to improve wheat resilience in
drought-prone environments, offering a promising
strategy for sustainable agricultural practices.

Figure 3.3.

Effect of ascorbic acid on (A) shoot fresh weight (g), (B)
root fresh weight (g), (C) shoot fresh weight (g) and (D)
root dry weight (g) of wheat plant under drought stress.
Error bars above indicate the + of three replicates. Means
the same letter for a parameter do not differ significantly
at p < 0.05. AsA= ascorbic acid; UM =Micro-molar;
control (x-axis) = No exogenous AsA application; water
spray= normal water application; (200/400/600uM) =
levels of ascorbic acid application; Bras with lines=no
drought only AsA application; Bars with dots= drought
with AsA application.
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Impact of Drought on Shoot and Root Ramification
The research proved that wheat exhibits variation in root
length and diameter under drought, with same genotypes
developing longer, thinner roots (reduced diameter) to
enhance water uptake, same results were discussed by
Awad et al. (2018) in Great Plains winter wheat. The
result showed that increasing the root-to-shoot ratio
improves root water influxes, suggesting that drought-
stressed plants allocate more resources to root growth at
the expense of shoot development, these same findings
align with Bacher et al. (2022). The length of root is
slightly resistant to drought than the shoot, and root
showed more growth under drought stress due to the
exogenous application of ascorbic acid than shoot under
the same stress and mitigation. Mahpara et al. (2022)
reported that drought stress reduces shoot length while
increasing the root-to-shoot ratio. In control conditions,
plants tend to have balanced shoot and root growth,
whereas under drought stress, root systems often expand
to access deeper water while shoot growth is stunted.
This adaptation helps plants survive by improving water
acquisition but can limit biomass accumulation and
yield.

Drought stress reduced shoot diameter due to limited
water availability as shown in (fig.3.4) as Mahpara
(2022) and Awad et al. (2018) observed that root number
varies among wheat genotypes, with some increasing
root proliferation under stress. suggested that
Modification of root-to-shoot ratios can enhance root
water influxes, potentially increasing root number to
compensate for reduced shoot growth. These finding
align with Bacher et al. (2022)

Figure 3.4

Effect of ascorbic acid on (A) shoot length (cm), (B) root
length (cm), (C) shoot diameter (mm) and (D) number of
roots/plant of wheat plant under drought stress. The error
bars represent the + standard deviation of three
replicates. Means sharing the same letter for a given
parameter are not significantly different at p < 0.05.
AsA= ascorbic acid; uM =Micro-molar; control (x-axis)
= No exogenous AsA application; water spray= normal
water application; (200/400/600uM) = levels of ascorbic
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acid application; Bras with lines=no drought only AsA
application; Bars with dots= drought with AsA

application.
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Fallout in Leaf Growth

Drought stress reduced the number of leaves and leaf
area in wheat, negatively impacting growth. Control
plants (unstressed) maintain normal leaf development,
while drought-stressed plants show fewer leaves and
reduced leaf expansion due to water limitation. Results
showed that ascorbic acid application improved leaf
morphology under stress. Treated plants had a higher
leaf count and greater leaf area than untreated stressed
plants (fig.3.5), these same finding matches with Malik
et al. (2015) and Hafez & Gharib (2016). Ascorbic acid
enhanced cell expansion, mitigated oxidative stress, and
maintained turgor pressure. Overall As.a preserved leaf
morphology and improved drought tolerance in wheat.

IJBR Vol.3 Issue.4 2025

Figure 3.5

Effect of ascorbic acid on (A) no. of leaves per plant and
(B) Leaf area of wheat plant under drought stress. The
error bars represent the + standard deviation of three
replicates. Means sharing the same letter for a given
parameter are not significantly different at p < 0.05.
AsA= ascorbic acid; uM =Micro-molar; control (x-axis)
= No exogenous AsA application; water spray= normal
water application; (200/400/600uM) = levels of ascorbic
acid application; Bras with lines=no drought only AsA

application; Bars with dots= drought with AsA
application.
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Biochemical Analysis

The application of exogenous ascorbic acid significantly
improved physiological and biochemical traits in wheat
(Triticum aestivum L.) under drought stress. Drought
conditions led to a marked reduction in chlorophyll a,
chlorophyll b, soluble sugars, ascorbic acid and
carotenoid  contents, impairing  photosynthesis.
However, ascorbic acid treatment enhanced these
pigments, improving photosynthetic  efficiency,
consistent with findings by (Niroula et al., 2021).
Similarly, anthocyanin and flavonoid levels, which
declined under drought stress, were significantly
restored with ascorbic acid, reinforcing the plant’s
antioxidant defense system, as also reported by Alayafi
(2020). Hydrogen peroxide (H20:) accumulation
increased in drought-stressed plants, contributing to
oxidative stress, but ascorbic acid mitigated this effect
by reducing ROS levels. Endogenous ascorbic acid
naturally increased in response to drought, and its
exogenous application further strengthened stress
tolerance as shown in the graph (fig. 3.6).
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Moreover, drought stress negatively impacted
germination and growth by inhibiting growth enzyme
activity and disrupting cell division. In contrast, ascorbic
acid improved these parameters, aligning with previous
studies (Hamid et al., 2024; Azeem et al., 2023). Leaf
area reduction was evident under drought conditions, but
ascorbic acid promoted leaf expansion, further
supporting its protective role. Additionally, soluble
sugar content, which declined under drought stress, was
significantly restored with ascorbic acid, aiding in
osmotic regulation and plant resilience. These findings
align with Aziz et al. (2018), further emphasizing the
role of ascorbic acid in mitigating drought-induced
biochemical disruptions.

Figure 3.6

Effect of ascorbic acid on (A) shoot ascorbic acid and
(B) shoot soluble sugar of wheat plant under drought
stress. The error bars represent the + standard deviation
of three replicates. Means sharing the same letter for a
given parameter are not significantly different at p <
0.05. AsA=ascorbic acid; M =Micro-molar; control (x-
axis) = No exogenous AsA application; water spray=
normal water application; (200/400/600uM) = levels of
ascorbic acid application; Bras with lines=no drought
only AsA application; Bars with dots= drought with AsA

application.
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Changes in Chlorophyll and Photosynthetic
Machinery

The study examined the effects of externally applied
ascorbic acid on wheat subjected to water stress and
revealed that it notably improved chlorophyll content
and photosynthetic activity. Drought stress caused a
significant reduction in chlorophyll a, chlorophyll b, and

total chlorophyll levels, thereby impairing the plant’s
photosynthetic efficiency. Nevertheless, the application
of ascorbic acid counteracted this reduction by
preserving chlorophyll pigments and safeguarding the
photosynthetic machinery against oxidative damage
(fig.3.7). Ascorbic acid-treated plants exhibited higher
chlorophyll retention, which contributed to improved
photosynthetic efficiency and overall growth under
drought conditions, same findings align with Hafez and
Gharib (2016)

Experiment also highlighted the role of organic
osmolytes, including ascorbic acid, in improving
drought tolerance in plants. They emphasized that
ascorbic acid functions as an antioxidant, reducing
oxidative stress-induced chlorophyll degradation. This
antioxidant activity protects chloroplast membranes and
photosynthetic machinery, ensuring better light
absorption and carbon fixation under drought stress. The
study also noted that ascorbic acid helps maintain
stomatal regulation, which enhances photosynthetic
rates by optimizing CO: uptake while minimizing water
loss. Water deficiency hindered the production of
soluble sugars and effected the functions of accessory
pigments such as carotenoids and anthocyanin (fig.3.7).
The research concluded that ascorbic acid application
improves chlorophyll stability, safeguards
photosynthesis, and enhances wheat resilience to
drought stress, same results were reported in research by
Celi et al. (2023).

Figure 3.7

Effect of ascorbic acid on (A) Chlorophyll A (mg), (B)
Chlorophyll B (mg), (C) Carotenoids (mg) and (D) shoot
Anthocyanin of wheat plant under drought stress. The
error bars represent the + standard deviation of three
replicates. Means sharing the same letter for a given
parameter are not significantly different at p < 0.05.
AsA= ascorbic acid; pM =Micro-molar; control (x-axis)
= No exogenous AsA application; water spray= normal
water application; (200/400/600uM) = levels of ascorbic
acid application; Bras with lines=no drought only AsA
application; Bars with dots= drought with AsA
application.
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Oxidative damage by ROS

The present results indicated that oxidative stress,
indicated by increased reactive oxygen species (ROS)
production, was significantly higher under stress
conditions compared to control plants. Elevated ROS
levels led to membrane damage and disrupted metabolic
activities. The study highlighted that antioxidant
compounds, such as ascorbic acid, could help mitigate
oxidative stress by enhancing membrane stability and
reducing ROS accumulation. Primarily the studied align
with the findings of (Vijayaraghavareddy et al., 2022;
Koth et al., 2021) about gas exchange, membrane
permeability, and ion uptake in salt-stressed Indian
jujube species.

Xiong et al. (2018) examined the effects of fullerol
on Brassica napus under water stress, noting that
drought-stressed plants exhibited a significant rise in
ROS levels compared to control plants. This study found
that ROS overproduction under drought led to oxidative
damage, impairing photosynthesis and growth.
However, antioxidant compounds, including ascorbic
acid, played a crucial role in scavenging ROS, thereby
reducing oxidative stress and improving plant resilience.
The study emphasized that ascorbic acid contributed to
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maintaining cellular redox balance, protecting
chloroplast integrity, and supporting overall plant health
under drought conditions.

The research focused on ROS production in drought-
stressed plants. It leads to the idea that drought stress
leads to excessive ROS accumulation, while antioxidant
treatments, including ascorbic acid, effectively mitigate
oxidative damage and improve plant tolerance (fig.3.8).

Figure 3.8

Effect of ascorbic acid on (A) shoot Hydrogen peroxide
and (B) Root hydrogen peroxide of wheat plant under
drought stress. The error bars represent the + standard
deviation of three replicates. Means sharing the same
letter for a given parameter are not significantly different
at p < 0.05. AsA= ascorbic acid; UM =Micro-molar;
control (x-axis) = No exogenous AsA application; water
spray= normal water application; (200/400/600uM) =
levels of ascorbic acid application; Bras with lines=no
drought only AsA application; Bars with dots= drought
with AsA application.
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These graphs observed an increase in H20: levels in
plants subjected to drought stress. However, ascorbic
acid application assuaged the adverse effects of water
stress and protected the crop from stress-induced damage
by significantly reducing ROS accumulation under
drought conditions. These results are consistent with
those reported by (Vijayaraghavareddy et al., 2022; Kotb
etal., 2021).

In this study, it was examined that the impact of
ascorbic acid on the levels of non-enzymatic
antioxidants, particularly ascorbic acid, under water
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deficit conditions. Ascorbic acid is a crucial and potent
intracellular antioxidant that plays a key role in ROS
scavenging (Gupta et al., 2016). The findings indicated
that drought stress increased ascorbic acid levels, while
exogenously applied ascorbic acid further enhanced its
content, thereby mitigating the harmful effects of
drought. These results align with previous studies
conducted by various researchers (Xiong et al., 2018;
Alam et al., 2014).

Additionally, this study demonstrated that water
stress led to a decline in the ionic content of crops.
However, increasing the dosage of ascorbic acid resulted
in higher concentrations of Na*, K* and Ca®*' ions.
Similar findings were reported by (Hasanuzzaman et al.,
2023; Hussein and Khursheed 2014).

In conclusion, drought stress negatively impacted all
growth parameters, ionic balance, and several
physiological and biochemical attributes. However,
various doses of ascorbic acid effectively reduced the
detrimental effects of water stress by promoting growth,
improving functional and biochemical characteristics,
and enhancing ionic content while inhibiting ROS
production, including H20.. Regular application of
ascorbic acid may benefit other plants and cereal crops,
contributing to increased agricultural productivity.

Fluctuations in Plant’s lonic Balance

Horchani et al., (2023) studied the effects of exogenous
ascorbic acid on barley under salt stress, and while their
focus was on salt-induced oxidative stress, their findings
are relevant to drought stress as well. The graphs
indicated that under stress conditions, there was an
imbalance in essential ions, with increased sodium (Na*)
accumulation and a reduction in potassium (K*), calcium
(Ca*"), and other essential nutrients (fig.3.9). The
application of ascorbic acid helped restore ion
homeostasis by reducing Na* uptake and augmenting the
absorption of K* and Ca?*, which are crucial for
maintaining cellular functions and osmotic balance.

The graph represented that Sodium (Na*) levels
increased under drought conditions, while potassium
(K*), calcium (Ca?*), nitrate (NOs"), phosphate (PO+*"),
sulphate (SO+*), and nitrogen (N) levels declined
(fig.3.9). These changes negatively affected plant
metabolism and growth. However, ascorbic acid
application improved ionic balance by decreasing Na*
levels and increasing the uptake of K*, Ca**, NOs~, PO4*,
SO4?7, and N. This enhancement contributed to better
nutrient  availability,  improved  photosynthetic
efficiency, and increased drought tolerance in wheat
plants. The same findings align with Shafiq et al., (2020)
as the foliar use of fulleroll on wheat altered ion
concentrations significantly under salt stress.

Overall experiment highlight that drought stress
disrupts ion homeostasis, leading to nutrient
deficiencies, but ascorbic acid treatment helps restore

IJBR Vol.3 Issue.4 2025

balance by regulating ion uptake and improving overall
plant health.

Figure 3.9

Influence of ascorbic acid on (A) shoot Calcium, (B)
shoot potassium, (C) shoot sodium, (D) shoot nitrate (D)
shoot phosphate and (E) shoot sulphate of wheat plant
under drought stress. The error bars represent the +
standard deviation of three replicates. Means sharing the
same letter for a given parameter are not significantly
different at p < 0.05. AsA= ascorbic acid; pM =Micro-
molar; control (x-axis) = No exogenous AsA
application; water spray= normal water application;
(200/400/600uM) = levels of ascorbic acid application;
Bras with lines=no drought only AsA application; Bars

with dots= drought with AsA application.
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DISCUSSION

Wheat (Triticum aestivum L.) is an almanac grass that
belongs to the family Poaceae. It is the maximum planted
crop worldwide due to its nutritional value (Moshawih et
al., 2022). It is consumed as a food throughout the world.
It contains basic nutrients like carbs and proteins which
are essential for the human diet (Khalid et al., 2023).
Now a day’s wheat crop is facing various biotic and
abiotic stresses that reduce the annual yield across the
planet. Abiotic stressors include drought stress, which
poses a serious threat to agricultural productivity and
lowers physiological and growth characteristics in plants
(Al-Khayri et al., 2023).

The current research was conducted in the winter of
2021-2022 in the Old Botanical Garden University of
Agriculture Faisalabad. The goal of this research was to
determine how foliar ascorbic acid influenced wheat
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under water-scarce conditions. The experiment was
completely randomized sequence with three replications.
Seeds were sown in pots uniformly. After 30 days of
sprouting, the plants were exposed to water deficit
followed by ascorbic acid spray. After 30 days of growth
under water deficit conditions, the crop was harvested
and evaluated different growth metrics. Various
biochemical and ion investigations were carried out
utilizing various appropriate protocols.

The current research demonstrated that under
drought stress, plant growth is severely abridged as
illustrated by vegetative parameters such as root and
shoot stretch, fresh and dry weight of root and shoot and
plant size. In contrast, ascorbic acid application
enhanced all plant growth metrics when compared to
control group. Considering the interaction effects, it is
evident that ascorbic acid markedly improved every
aspect of wheat germination. The optimum enhance in
600 UM ascorbic acid dosage. These results are aligned
with those that were obtained by (Khadr et al., 2021).

Optimizing Ascorbic Acid Dosage for Wheat Growth
A comparative analysis of different AsA dosages (200
MM, 400 uM, and 600 pM) revealed that higher
concentrations had a more pronounced influence on
plant progress and biochemical attributes. The ascending
order of effectiveness followed the trend: 600 uM > 400
MM > 200 uM > water spray > control. Among these, the
600 UM concentration proved to be the most effective in
enhancing growth metrics, improving stress tolerance,
and promoting overall plant vigor. This finding aligns
with prior research suggesting that optimal AsA
concentrations can maximize plant resilience against
abiotic stress (Hameed et al., 2021).

In the current trial, water stress results in a
considerable fall in shoot diameter, and the number of
leaves and roots, whereas an increase is shown in these
metrics when ascorbic acid is sprayed particularly at 600
MM dosage. These findings are in line with those
reported by (Khazaei and Estaji 2020; El-Beltagi et al.,
2022).

Bestowing to recent studies, the leaf area of plants
that were exposed to water deficit showed a considerable
decline, whereas the plants treated with ascorbic acid
exhibited improved leaf area. Similar findings were
obtained by preliminary research studies on numerous
crops (Aziz et al., 2018; Desoky et al., 2020). The recent
research revealed that drought treatment diminished
wheat germination and development by inhibiting the
activities of growth enzymes and cell division procedure.
In contrast, ascorbic acid promoted these metrics. These
results are aligned with those that were found by (Chieb
and Gachomo 2023).

Present studies described that chlorophyll contents
drastically lowered during drought conditions. While
externally applied ascorbic acid stimulated the
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chlorophyll components i-e. chlorophyll a, chlorophyll
b, and carotenoid contents. Hafez and Gharib (2016) also
established similar findings. Anthocynain contents
declined during water stress whereas ascorbic acid
sprays increased these contents in current study. Similar
findings were determined by early study carried out by
(Alayafi, 2020). However, the mechanism is not much
studied.

The current research explained that there is a decline
in falvonoids and soluble sugar contents. | noticed that
optimal doses of ascorbic acid had optimistic influence
on flavonoids, and soluble sugar contents. These
findings are in agreement with the ones that were
published by (Amira and Qados, 2014; Aziz et al., 2018).

In this research, the enhancement in the ratios of
H.O, noted in drought-treated plants. The spray of
ascorbic acid mitigated the negative effects of water
stress and prevented the crop from the destruction caused
by stress, which manifested in a significant decrease in
the deposition of ROS under the drought-stressed
conditions. These results are consistent with the findings
reported by (Singh et al., 2016; Parveen et al., 2024).

In this trial, I monitored the influence of ascorbic
acid on the ratio of non-enzymatic antioxidants such as
ascorbic acid under water deficit. It is the vital and potent
non-enzymatic intracellular antioxidants that effectively
involved in the exclusion of ROS (Gupta et al., 2016). In
the current trial, the findings indicated that water
deficiency caused a spike in the quantities of ascorbic
acid. While ascorbic acid also boosted the ascorbic acid
contents, which assisted to mitigate the adverse impacts
of drought. These findings align closely with the findings
that were found and published by a number of other
investigators (Xiong et al., 2018).

Current study explained that water stress declines
the ionic contents of crops. While there is an increase in
ions of Na+, K+ and Ca+2 by enhancing the ascorbic
acid dosages. Similar findings were reported by other
researchers (Hasanuzzaman et al., 2023)

Hence in conclusion, all growth metrics, ionic
contents, and several physio-chemical attributes were
inhibited by drought stress. Whereas ascorbic acid
various dosages were found significant in minimizing
the deleterious impacts of water stress conditions by
promoting all growth and numerous physiochemical
attributes and ionic contents and inhibiting the ROS
production such as H202. Other plants and cereal crops
may benefit from regular ascorbic acid dosages, and the
increasing demand for food can be met by applying
ascorbic acid on large scale to mitigate harmful drought
affects.

Gaps in Research and Future Perspectives

While the effectiveness of ascorbic acid in enhancing
drought tolerance is well-documented, several gaps
remain in our understanding. The prolong effects of AsA
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exposure on soil health, plant microbiome, and yield
stability remain unexplored. Future studies should focus
on integrating AsA application with other agronomic
practices to develop sustainable strategies for wheat
production under water-deficit conditions.

The visible sensitivity to stress by the plant can be
seen via the physical parameters, As the difference in the
growth of both the plants could be analyzed in the fig.
(3.10). Plant started its response to stress very early from
the exposure, that cause its phenotypical factors quite
noticeable at the very beginning of drought. These
phenotypical changes occurred due to the degradation of
essential organelles fig. (3.10) and disruption of plant
mechanism such as photosynthesis, ions imbalance and
production of reactive oxygenated species due to
prolonged drought stress. While on the other hand plants
with the mitigation of foliar spray of ascorbic acid coped
with drought stress and maintained its growth as a health
plant, can be seen in fig. (3.10) .

Figure 3.10.
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A conceptual model illustrates two distinct responses of
wheat plants to drought stress, with and without the
foliar application of ascorbic acid. Under drought
conditions, wheat experienced negative impacts on its
morphological, physiological, and biochemical traits.
These effects include reduced uptake of essential
nutrients, disruption of water balance, increased
oxidative stress, and damage to cellular organelles such
as mitochondria and chloroplasts. These disruptions
ultimately lead to decreased photosynthetic efficiency
and stunted plant growth. Additionally, the plant’s
inherent stress-response mechanisms are insufficient to
fully protect cells from the damaging effects of reactive
oxygen species (ROS). In contrast, wheat plants treated
with foliar sprays of ascorbic acid, up to 600 micro-
molar concentrations, exhibited a markedly different
response. Ascorbic acid promoted stomatal closure to
minimize water loss through evapotranspiration and
activates stress-response pathways that helped mitigate
cellular damage. This treatment supported the
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maintenance of chlorophyll content and enhanced
osmolyte accumulation, resulting in improved
photosynthesis, reduced oxidative damage, and
ultimately higher plant productivity.

CONCLUSION

Wheat (Triticum aestivum L.) is a major cereal crop
globally, meeting nearly 20% of people's nutritional
needs. It is the primary food source in Pakistan and
widely cultivated due to its high nutritional value.
However, wheat production is severely impacted by
drought stress. Various approaches, including the
application of growth stimulators, are used to mitigate
drought effects. Among them, ascorbic acid (AsA) is a
widely recognized growth promoter.

This study aimed to evaluate the influence of AsA
on wheat under drought conditions. A pot trial was
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