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ARTICLEINFO | Abstract

Drought is one of the most important environmental stresses adversely
PP: 363-378 affecting maize growth and production worldwide. Drought stress,
particularly under climate change conditions, is considered one of the
major constraints on rainfed crop production. During evolution, plants
Use your device toscanand read | have developed a range of adaptive strategies through which they

=

the article online perceive stress stimuli and respond to stress signals via specific
mechanisms. Abscisic acid (ABA) and salicylic acid (SA) are among the
[&] i [=] most important signaling molecules involved in plant responses to

drought and play essential roles in plant growth and development.This
experiment was conducted to evaluate the effects of salicylic acid and
=] % abscisic acid on the growth and biochemical characteristics of maize

under different moisture regimes. The study was carried out using a split-
plot design. The main plots consisted of three moisture regimes: (1) full
irrigation, equivalent to 100% of the crop water requirement at different
growth stages; and (2 and 3) two deficit-irrigation levels equivalent to
75% and 50% of the crop water requirement. The subplots included three
treatments: (1) abscisic acid application, (2) salicylic acid application,
and (3) an untreated control.
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Extended Abstract

Introduction

Drought stress is a major environmental
constraint limiting maize (Zea mays L.)
growth and  productivity = worldwide,
particularly in arid and semi-arid regions
where water scarcity is intensifying under
climate change conditions. Maize, being
highly susceptible to water deficit,
experiences  significant  reductions in
morphological traits, physiological processes,
and ultimately grain yield when subjected to
inadequate water supply. The oxidative stress
triggered by drought disrupts cellular
homeostasis, increases reactive oxygen
species  accumulation, and  damages
membrane integrity, leading to elevated levels
of malondialdehyde (MDA) and electrolyte
leakage. While plants have evolved adaptive
mechanisms involving signaling molecules
such as abscisic acid (ABA) and salicylic acid
(SA), the effectiveness of exogenous
application of these phytohormones in
mitigating drought effects in maize under field
conditions remains inadequately understood.
This research addresses the critical need to
evaluate whether foliar application of ABA
and SA can enhance drought tolerance in
maize by improving antioxidant defense
systems, osmotic adjustment, and
photosynthetic efficiency under different
water deficit regimes (50%, 75%, and 100%
of water requirement).

Methodology

This field experiment was conducted during
the 2022-2023 growing season in Takht-e
Jamshid, Fars Province, Iran, using a split-plot
design with three replications. Main plots
consisted of three moisture regimes: full
irrigation (100% water requirement), and
deficit irrigation at 75% and 50% water
requirement. Subplots included three foliar
treatments: abscisic acid (50 pM), salicylic
acid (140 mg L), and untreated control.
Treatments were applied twice, 7 and 14 days
after drought initiation at the five-leaf stage.
Morphological traits (plant height, yield,
relative  water  content),  biochemical
parameters (chlorophyll, proline, MDA,

soluble proteins, carbohydrates), and
antioxidant enzyme activities (SOD, POD,
CAT, GR) were measured at the milky stage.
Data were analyzed using two-way ANOVA
(SPSS v.17.0) with means compared at
p<0.05.

Results and discussion

Drought stress significantly reduced plant
height, grain yield, and relative water content
(RWC) in maize, with the greatest reductions
observed under 50% water availability. Plants
under severe drought showed 8.7% reduction
in height, 30.5% decrease in yield, and 7.9%
decline in RWC compared to fully irrigated
controls. However, exogenous application of
ABA and SA effectively mitigated these
adverse effects, with ABA-treated plants
achieving the highest values for all growth
parameters. Chlorophyll content decreased
under drought stress, but foliar application of
both phytohormones significantly increased
total chlorophyll (a+b) compared to untreated
stressed  plants .Biochemical analyses
revealed that drought stress triggered
substantial accumulation of proline (64.5%
increase), soluble carbohydrates, and MDA
(42.5% increase) as indicators of stress-
induced oxidative damage. Notably, ABA and
SA applications further enhanced proline
accumulation while significantly reducing
MDA  content, suggesting improved
membrane stability. The combined treatments
of water deficit with ABA and SA induced the
highest activities of antioxidant enzymes
including SOD, POD, CAT, and GR, with
50% water availability + SA showing the most
pronounced enzyme activities. These
enzymatic enhancements correlated with
increased soluble protein and carbohydrate
concentrations . The findings demonstrate that
both ABA and SA function as effective stress-
signaling molecules that enhance drought
tolerance through multiple mechanisms:
osmotic adjustment via proline and
carbohydrate  accumulation,  antioxidant
defense system activation, and maintenance of
membrane integrity. SA proved particularly
effective in carbohydrate metabolism, while
ABA showed superior performance in RWC
maintenance and yield improvement. These
results support the practical application of
exogenous phytohormones as a viable strategy
for improving maize productivity under
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water-limited conditions in semi-arid regions,
although the studied hybrid (S.C. 647) showed
inherent sensitivity to severe drought stress.

Conclusion

This study demonstrates that drought stress
significantly impairs maize growth, yield, and
physiological performance through oxidative
damage and reduced water status. However,
exogenous foliar application of abscisic acid
(ABA) and salicylic acid (SA) effectively
alleviates these adverse effects by enhancing
the plant's defensive mechanisms. Both
phytohormones increased antioxidant enzyme
activities (SOD, POD, CAT, GR), promoted
osmotic adjustment through elevated proline
and soluble carbohydrate accumulation, and
reduced oxidative stress markers such as
MDA. These biochemical improvements
translated into better plant height, relative
water content, chlorophyll maintenance, and
ultimately higher grain yields under deficit
irrigation conditions. ABA showed superior
effects on yield and water retention, while SA
demonstrated  pronounced benefits in
carbohydrate metabolism and antioxidant
enzyme activation. The combined application
with moderate deficit irrigation (75% water
requirement) proved most  effective,
suggesting that integrating phytohormone
application with regulated deficit irrigation
offers a practical strategy for sustainable
maize  production in  water-limited
environments. However, the tested hybrid
S.C. 647 exhibited low intrinsic drought
tolerance, emphasizing the need for genotype-
specific recommendations. Future research
should explore optimal application timing and
potential synergistic effects of combined ABA
and SA treatments under field conditions.
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