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ABSTRACT

Abiotic stresses such as drought, heat, salinity, and nutrient imbalance are increasingly constraining crop productivity
under changing climatic conditions, particularly in agriculturally intensive regions like Uttar Pradesh. Plant hormones function
as central regulators that integrate stress perception with physiological, biochemical, and molecular responses through complex
signal transduction pathways. This study investigates the role of major phytohormones—abscisic acid, auxins, cytokinins,
ethylene, gibberellins, salicylic acid, jasmonic acid, and brassinosteroids—and their downstream signaling networks in
regulating abiotic stress tolerance in crop plants. Field and controlled-environment experiments were conducted using wheat,
rice, and maize cultivars under drought, heat, and combined stress conditions representative of Uttar Pradesh agro-climates.
Hormonal profiling, stress signaling indicators, physiological traits, and yield responses were assessed. The findings demonstrate
that hormonal balance, signal amplification through secondary messengers, and transcriptional regulation collectively determine
stress adaptation, highlighting hormone-mediated signaling as a key target for developing climate-resilient crops.
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I. INTRODUCTION

molecules that coordinate stress responses at local and
systemic levels (Peleg & Blumwald, 2011).

Abiotic stresses are among the most dominant
factors limiting global agricultural productivity,
accounting for significant yield losses annually. Climate
change has intensified the frequency, duration, and
severity of these stresses, particularly in semi-arid and
subtropical regions. Uttar Pradesh, which contributes
substantially to India’s food grain basket, is experiencing
rising temperatures, irregular rainfall, groundwater
depletion, and soil degradation, making abiotic stress
tolerance a central concern for sustainable crop
production (IPCC, 2023).

Plants are sessile organisms and therefore rely
on intricate internal regulatory mechanisms to sense and
respond to environmental fluctuations. Stress perception
at the cellular level initiates signal transduction pathways
that ultimately modify gene expression, metabolism, and
development. Plant hormones are integral components of
this regulatory network, functioning as signaling

Among plant hormones, abscisic acid plays a
dominant role in abiotic stress responses, particularly
drought and salinity. ABA accumulation under water
deficit conditions leads to stomatal closure, reduced
transpiration, and activation of ABA-responsive genes
that enhance dehydration tolerance. In cereal crops
grown in Uttar Pradesh, elevated ABA levels have been
correlated with improved water-use efficiency and stress
survival (Cutler et al., 2010).

Auxins and cytokinins, although primarily
associated  with  growth regulation, contribute
significantly to stress adaptation by influencing root
system architecture, leaf senescence, and vascular
differentiation. Under drought stress, altered auxin
transport promotes deeper root growth, enabling better
access to soil moisture, while reduced cytokinin levels
delay leaf expansion and conserve resources (Kudo et
al., 2017).

emes T his work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences
and Biotechnology

WWW.jrasb.com

ISSN: 2583-4053

Volume-3 Issue-6 || December 2024 || PP. 223-225

https://doi.org/10.55544/jrasb.3.6.28

Ethylene acts as a stress-responsive hormone
whose role is highly context-dependent. While excessive
ethylene accumulation under severe stress can accelerate
senescence and abscission, controlled ethylene signaling
contributes to stress acclimation by regulating
antioxidant enzymes and stress-related gene expression,
particularly during heat stress episodes (Igbal et al.,
2017).

Salicylic acid and jasmonic acid have emerged
as important regulators of abiotic stress tolerance beyond
their classical roles in plant defense. These hormones
modulate redox homeostasis, membrane stability, and
cross-communication with ABA signaling, thereby
enhancing tolerance to heat, oxidative, and osmotic
stresses (Hasanuzzaman et al., 2018).

Brassinosteroids and gibberellins influence
stress tolerance by maintaining cellular expansion,
photosynthetic efficiency, and metabolic activity under
adverse conditions. Their interaction with ABA
determines the balance between growth inhibition and
survival under stress, a trade-off critical for crop
productivity in stress-prone environments (Fabregas &
Cano-Delgado, 2017).

Signal transduction pathways activated by
phytohormones involve receptor-mediated perception
followed by intracellular signaling cascades. Secondary
messengers such as calcium ions, reactive oxygen
species, and protein kinases amplify stress signals and
transmit them to the nucleus, where transcription factors
regulate stress-responsive genes (Zhu, 2016).

Hormonal crosstalk enables plants to integrate
multiple  environmental  signals  simultaneously.
Interactions among ABA, auxin, ethylene, jasmonates,
and brassinosteroids allow fine-tuning of stress
responses under combined stress conditions, which are
increasingly common under climate change scenarios
(Verma et al., 2016).

Recent studies from Uttar Pradesh have
demonstrated that stress-tolerant cultivars of wheat and
rice exhibit enhanced hormonal responsiveness, efficient
signal transduction, and improved yield stability under
adverse conditions, emphasizing the agronomic
relevance of hormone-mediated stress regulation (Singh
etal., 2021).

Despite extensive molecular insights, region-
specific studies integrating hormonal signaling with
physiological performance and yield outcomes remain
limited. The present study aims to elucidate the role of
plant hormones and signal transduction pathways in
regulating abiotic stress tolerance in major crops grown
under Uttar Pradesh agro-climatic conditions.

I1. METHODOLOGY

The investigation was conducted across two
major agro-climatic zones of Uttar Pradesh—western
alluvial plains and eastern plains—to capture
environmental variability in temperature and moisture

availability. Wheat, rice, and maize cultivars widely
cultivated in these regions were selected to ensure field
relevance.

Field experiments followed a randomized
complete block design with four treatments: control,
drought stress induced by regulated irrigation
withdrawal, heat stress imposed through delayed sowing,
and combined heat and drought stress. Each treatment
was replicated three times to ensure statistical reliability.

Physiological measurements were taken at
vegetative, flowering, and grain-filling stages. These
included stomatal conductance, chlorophyll content,
photosynthetic efficiency, and canopy temperature,
providing insight into stress-induced functional changes.

Endogenous hormone levels were quantified
from leaf tissues using standardized extraction and
immunoassay techniques. Abscisic acid, auxins,
cytokinins, salicylic acid, and jasmonic acid were
measured to assess hormonal modulation under stress
conditions (Davies, 2010).

Signal transduction activity was evaluated
indirectly by measuring intracellular  calcium
accumulation, reactive oxygen species production, and
antioxidant enzyme activity. These indicators reflect
activation of hormone-dependent signaling cascades
involved in stress adaptation (Zhu, 2016).

Gene expression analysis focused on stress-
responsive transcription factors, antioxidant genes, and
hormone-regulated pathways using quantitative PCR
techniques. Expression patterns were correlated with
hormone levels and physiological traits.

Biochemical parameters such as proline
accumulation and lipid peroxidation were analyzed to
assess osmotic adjustment and membrane integrity under
stress conditions (Bates et al., 1973).

Yield and yield-contributing traits were
recorded at harvest maturity. Statistical analyses
included analysis of variance and correlation analysis to
establish relationships among hormone signaling,
physiological responses, and yield performance (Gomez
& Gomez, 1984).

III. RESULTS AND DISCUSSION

Abiotic stress treatments caused pronounced
changes in endogenous hormone levels across all crops.
Abscisic acid accumulation was highest under drought
and combined stress conditions, whereas cytokinins and
gibberellins declined markedly.

Auxin redistribution favored root tissues under
drought stress, contributing to improved root
development. Ethylene production increased under heat
stress, particularly during reproductive stages.

Salicylic acid and jasmonic acid levels
increased under heat and combined stress, coinciding
with enhanced antioxidant activity and reduced oxidative
damage.
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Secondary signaling components such as
calcium ions and reactive oxygen species showed
significant increases under stress, indicating activation of
intracellular signaling pathways.

Stress-tolerant cultivars exhibited stronger
hormonal signaling responses, better physiological
stability, and higher yield retention than susceptible
cultivars.

Table 1. Hormonal changes in crops under abiotic stress

Treatment ABA Auxin Cytokinin Salicylic acid
Control Low Balanced High Low
Heat stress Moderate Slightly reduced Moderate Moderate
Drought stress High Root-enhanced Low Moderate

Combined stress Very high Altered Very low High

Table 2. Signal transduction and stress response indicators

Treatment Calcium signaling ROS signaling Antioxidant activity
Control Baseline Low Baseline
Heat stress Increased Moderate Increased
Drought stress High High High
Combined stress Very high Very high Very high

The results demonstrate that plant hormones
function as central regulators of abiotic stress tolerance
by integrating environmental signals with physiological
and  biochemical responses. Enhanced ABA
accumulation under drought stress confirms its pivotal
role in water conservation and stress gene activation.

Hormonal crosstalk among ABA, auxins,
cytokinins, and ethylene allows plants to balance growth
suppression with survival mechanisms. Stress-tolerant
cultivars exhibited more efficient hormonal regulation,
enabling sustained physiological activity under adverse
conditions.

Activation of calcium and reactive oxygen
species signaling highlights the importance of secondary
messengers in amplifying hormone-derived stress signals
and initiating downstream defense responses.

Overall, the findings emphasize that stress
tolerance is governed not by individual hormones but by
coordinated hormonal networks and signal transduction
pathways.
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