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limate change has increased the frequency and intensity of droughts across many

agricultural regions of the world. Water scarcity has become one of the major factors
limiting crop productivity and food security. Drought stress affects various physiological and
biochemical processes in plants, leading to reduced growth and yield. However, plants
possess several natural defense mechanisms that help them survive under limited water
conditions. Understanding these physiological adaptations can help farmers and researchers
develop effective drought management strategies and improve crop resilience (Zandalinas et
al., 2023).

What is Drought Stress?
Drought stress occurs when the water available in the soil is insufficient to meet the water
requirements of plants. It can occur at any stage of crop growth and negatively affect
germination, vegetative growth, flowering, and grain formation. The severity of drought
damage depends on crop species, growth stage, duration of stress, and environmental
conditions (Gupta et al., 2022).

Effects of Drought on Crop Physiology

Water plays a critical role in plant metabolism. Under drought conditions, several
physiological functions are disturbed.

Reduction in Photosynthesis

Photosynthesis is one of the first processes affected by drought stress. Water deficit causes
stomatal closure, which restricts carbon dioxide entry into leaves and reduces photosynthetic
activity. Prolonged drought may also damage chloroplast structures and decrease chlorophyll
content (Kumar et al., 2023).

Disturbance in Nutrient Uptake

Adequate soil moisture is necessary for nutrient movement and absorption. Under drought
conditions, nutrient availability and uptake are reduced, leading to nutrient deficiencies and
poor plant growth (Wang et al., 2022).

Decrease in Plant Growth

Cell expansion and division are highly dependent on water availability. Drought reduces leaf
area, stem elongation, and biomass accumulation, resulting in lower crop productivity
(Hasanuzzaman et al., 2023).

Physiological Mechanisms of Drought Tolerance

Plants have evolved several adaptive mechanisms to cope with water stress.

Stomatal Regulation

Stomata are microscopic pores on leaf surfaces that regulate gas exchange and transpiration.
During drought, plants produce the hormone abscisic acid (ABA), which signals stomata to
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close. This mechanism helps reduce water loss and improve water-use efficiency (Zhang et
al., 2022).

Root System Modification

Many crops respond to drought by developing deeper and more extensive root systems.
Enhanced root growth enables plants to extract water from deeper soil layers and improves
drought tolerance. Root architecture plays a significant role in maintaining plant water status
during prolonged dry periods (Ali et al., 2024).

Osmotic Adjustment

Plants accumulate compatible solutes such as proline, glycine betaine, and soluble sugars
under drought stress. These compounds help maintain cell turgor pressure and protect cellular
structures from dehydration damage (Singh et al., 2023).

Leaf Adaptations

Some plants reduce leaf size, roll their leaves, or shed older leaves to minimize water loss.
These structural modifications help conserve water and improve survival under severe
drought conditions (Hasanuzzaman et al., 2023).

Antioxidant Defense System

Drought stress often leads to excessive production of reactive oxygen species (ROS), which
can damage proteins, membranes, and DNA. To protect themselves, plants activate
antioxidant enzymes such as superoxide dismutase, catalase, and peroxidase. These enzymes
neutralize harmful ROS and reduce oxidative damage (Farooq et al., 2023).

Role of Plant Hormones in Drought Adaptation
Plant hormones regulate various drought-response mechanisms.
e Abscisic Acid (ABA): Promotes stomatal closure and activates drought-responsive
genes.
e Auxins: Stimulate root growth and water uptake.
« Cytokinins: Delay leaf senescence and maintain physiological activity.
o Ethylene: Participates in stress signaling and adaptive responses.
Among these hormones, ABA is considered the primary regulator of drought tolerance in
plants (Zhang et al., 2022).

Modern Approaches to Improve Drought Tolerance
Recent advances in agricultural science have provided several approaches to enhance drought
resilience.

Development of Drought-Tolerant Varieties

Plant breeders are developing crop varieties with improved drought resistance through
conventional breeding and molecular techniques. Several drought-tolerant cultivars of rice,
wheat, and maize have already been released in different countries (Ali et al., 2024).
Biostimulants and Microbial Technologies

Beneficial microorganisms such as plant growth-promoting rhizobacteria (PGPR) improve
root development, nutrient uptake, and stress tolerance. Biostimulants are increasingly being
used to enhance crop performance under water-limited conditions (Rouphael & Colla, 2023).
Precision Irrigation

Modern irrigation technologies such as drip irrigation and sensor-based irrigation scheduling
improve water-use efficiency and reduce water wastage. Precision irrigation helps maintain
optimum soil moisture while conserving water resources (Gupta et al., 2022).

Practical Recommendations for Farmers

Farmers can reduce drought-related losses through the following practices:
1. Select drought-tolerant crop varieties.

2. Adopt drip or micro-irrigation systems.

3. Apply mulches to reduce soil moisture loss.

4. Incorporate organic matter to improve water-holding capacity.

5. Practice timely weed management.
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6. Harvest and store rainwater whenever possible.

7. Use biofertilizers and beneficial microbes to improve root health.

These measures can significantly improve crop survival and productivity during drought
periods.

Conclusion

Drought is a major challenge to modern agriculture, especially under changing climatic
conditions. However, plants possess remarkable physiological, biochemical, and molecular
mechanisms that help them tolerate water stress. Understanding these adaptive responses can
support the development of climate-resilient farming systems. Combining improved crop
varieties with efficient water management practices will be essential for sustaining
agricultural productivity in drought-prone regions.
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