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ater stress is one of the most significant abiotic factors limiting plant growth, 

development, and productivity worldwide. It occurs when water availability in the soil 

is insufficient to meet plant transpiration demands, leading to a cascade of physiological, 

biochemical, and molecular alterations. This review summarizes the major physiological 

effects of water stress in plants, including changes in water relations, stomatal behavior, 

photosynthesis, respiration, nutrient uptake, hormonal regulation, oxidative stress, and 

osmotic adjustment. Water deficit primarily reduces cell turgor, inhibits cell expansion, and 

decreases overall plant growth. It also disrupts photosynthetic efficiency through stomatal 

and non-stomatal limitations, leading to reduced biomass accumulation and yield. Plants 

respond to drought stress through complex adaptive mechanisms such as accumulation of 

osmolytes, activation of antioxidant defense systems, and modulation of stress-responsive 

genes regulated by hormonal signaling, particularly abscisic acid. Although severe water 

stress results in irreversible damage and productivity loss, plants exhibit varying degrees of 

tolerance and recovery depending on species and stress intensity. Understanding these 

physiological responses is essential for developing drought-resilient crop varieties and 

sustainable water management strategies in agriculture. 

Introduction 
Water is essential for all physiological processes in plants, acting as a solvent, a medium for 

biochemical reactions, a transport agent for nutrients, and a key component in maintaining 

cell structure and turgor pressure. Despite its importance, water availability is frequently 

limited in many parts of the world due to irregular rainfall, high evapotranspiration, soil 

degradation, and climate change. Water stress, commonly referred to as drought stress, arises 

when the water supply to plants falls below their transpiration demand, resulting in a negative 

water balance. 

 Plants are sessile organisms and therefore must adapt in situ to changing 

environmental conditions. Water stress is among the most damaging abiotic stresses affecting 

agricultural productivity, especially in arid and semi-arid regions. It not only reduces plant 

growth but also affects metabolic processes at cellular and molecular levels. The extent of 

damage depends on the severity, duration of stress, plant developmental stage, and species-

specific tolerance mechanisms. 

 At the physiological level, water stress affects nearly all major plant functions, 

including water relations, photosynthesis, respiration, nutrient uptake, and hormone balance. 

Initial responses include stomatal closure and reduced leaf expansion, followed by metabolic 

adjustments such as osmotic regulation and activation of antioxidant systems. If stress 

persists, irreversible damage may occur in membranes, proteins, and photosynthetic 

machinery, ultimately reducing yield and quality. This review focuses on the physiological 

effects of water stress in plants, highlighting the mechanisms involved in plant response and 

adaptation. It also discusses how these physiological processes are interconnected and how 

they contribute to plant survival under water-limited conditions. 
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Physiological Effects of Water Stress in Plants 
Water stress primarily affects plant water relations by reducing soil water potential and 

limiting water uptake by roots. As a result, cell turgor pressure declines, leading to reduced 

cell expansion and inhibition of growth. Leaf expansion is often one of the earliest processes 

affected, resulting in smaller leaf area and reduced canopy development. Root growth, in 

contrast, may be relatively enhanced under moderate stress as plants allocate more resources 

belowground to access deeper water sources. 

 One of the most significant physiological effects of water stress is the reduction in 

photosynthesis. Stomatal closure is an early response to conserve water, but it simultaneously 

restricts carbon dioxide entry into the leaves, reducing photosynthetic carbon assimilation. In 

addition to stomatal limitations, drought stress also causes non-stomatal damage, including 

degradation of chlorophyll pigments, impairment of photosystem II, and reduced activity of 

Calvin cycle enzymes. These combined effects lead to a significant decline in energy 

production and biomass accumulation. 

 Respiration in plants is also altered under water stress conditions. Initially, respiration 

may increase due to higher energy demand for stress adaptation processes such as osmotic 

adjustment and maintenance of ion balance. However, prolonged stress leads to reduced 

respiration rates due to limited substrate availability and mitochondrial dysfunction. This 

imbalance between photosynthesis and respiration results in a net carbon deficit, which 

negatively affects plant growth and productivity. 

 Water stress also disrupts mineral nutrient uptake and transport. Reduced soil 

moisture limits the diffusion of essential nutrients such as nitrogen, phosphorus, potassium, 

and calcium toward the root surface. Potassium deficiency is particularly critical because it 

plays a key role in regulating stomatal movement and enzyme activation. Similarly, nitrogen 

deficiency under drought reduces protein synthesis and chlorophyll formation, further 

aggravating the decline in photosynthesis. 

 Hormonal regulation plays a central role in plant responses to water stress. Abscisic 

acid (ABA) accumulates rapidly in response to soil drying and acts as a key signaling 

molecule that induces stomatal closure and activates stress-responsive genes. Other 

hormones, including cytokinins, auxins, ethylene, and jasmonates, interact in complex 

networks to regulate growth inhibition, leaf senescence, and stress adaptation. These 

hormonal changes help plants balance survival and growth under adverse conditions. 

 Oxidative stress is another major consequence of water deficit. Reduced carbon 

dioxide fixation under drought leads to excess excitation energy in chloroplasts, resulting in 

the formation of reactive oxygen species (ROS) such as superoxide radicals and hydrogen 

peroxide. These molecules can damage lipids, proteins, and nucleic acids if not properly 

controlled. Plants counteract oxidative stress by activating antioxidant defense systems, 

including enzymes like superoxide dismutase, catalase, and peroxidase, as well as non-

enzymatic antioxidants such as ascorbate and glutathione. 

 Osmotic adjustment is an important adaptive mechanism that helps plants maintain 

cell turgor under water deficit conditions. Plants accumulate compatible solutes such as 

proline, sugars, and glycine betaine, which help stabilize proteins and membranes while 

lowering cellular osmotic potential. This enables continued water uptake and metabolic 

activity even under low soil moisture conditions. 

 At the molecular level, water stress triggers the expression of numerous stress-

responsive genes involved in protective functions. These include genes encoding dehydrins, 

late embryogenesis abundant (LEA) proteins, aquaporins, and transcription factors such as 

DREB and NAC. These molecular responses are regulated through complex signaling 

pathways involving calcium ions, protein kinases, and hormonal signals. 

 Water stress also significantly affects plant growth and yield. Reduction in leaf area, 

impaired flowering, poor pollination, and decreased seed filling are common outcomes. Yield 

losses are particularly severe when drought occurs during reproductive stages. However, 

plants exhibit varying degrees of tolerance depending on genetic and environmental factors. 
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Types of Water Stress in Plants 
Water stress in plants refers to a condition where the availability of water in the soil or its 

uptake by the plant is insufficient to meet physiological and metabolic requirements. This 

imbalance disrupts normal growth and development and triggers a wide range of adaptive 

responses. Water stress is not a single uniform condition; it can occur in different forms 

depending on the cause, duration, and environmental context. Understanding the types of 

water stress is important for interpreting plant responses and developing strategies to improve 

drought tolerance. 

 One of the most common types of water stress is drought-induced water stress, 

which occurs when there is a prolonged period of insufficient rainfall or soil moisture 

depletion. This type is especially common in arid and semi-arid regions where precipitation is 

irregular and evapotranspiration rates are high. Under drought conditions, soil water potential 

decreases significantly, making it difficult for roots to extract water. As a result, plants 

experience reduced turgor pressure, stomatal closure, and inhibition of growth. Drought stress 

can vary in intensity from mild to severe depending on the duration of dry conditions and soil 

properties. 

 Another important type is physiological water stress, which occurs even when water 

is present in the soil but is not available to plants. This can happen due to high soil salinity, 

extreme soil compaction, or freezing conditions. In saline soils, for example, high salt 

concentration lowers the soil water potential, creating osmotic stress that prevents roots from 

absorbing water efficiently. Similarly, frozen soil conditions lock water in ice form, making it 

inaccessible to plants despite its physical presence. Thus, physiological drought mimics 

actual drought conditions at the plant level. 

 Atmospheric water stress is another form that arises due to high evaporative demand 

in the environment rather than low soil moisture. High temperature, low relative humidity, 

and strong winds increase transpiration rates from leaves. When water loss through 

transpiration exceeds the rate of water uptake by roots, plants experience water deficit even in 

moist soil conditions. This type of stress is common in hot summer climates and during 

heatwaves, where rapid water loss leads to wilting and reduced physiological activity. 

 A related category is soil water deficit stress, which develops when the soil itself 

lacks sufficient moisture due to poor irrigation practices, low rainfall, or high drainage rates. 

Sandy soils, for example, have low water-holding capacity and dry out quickly, exposing 

plants to frequent water stress episodes. In contrast to physiological drought, this type is 

directly linked to the actual depletion of soil water reserves. Plants growing under such 

conditions often exhibit reduced leaf expansion, early senescence, and decreased 

productivity. 

 Transient or intermittent water stress occurs when water availability fluctuates 

over short periods. This is commonly seen in environments where rainfall is irregular or 

irrigation is inconsistent. Plants may experience cycles of dehydration and rehydration, 

leading to repeated stress and recovery phases. These fluctuations can sometimes enhance 

stress tolerance mechanisms, as plants develop a form of physiological memory that 

improves their response to subsequent stress episodes. 

 Another form is reproductive stage water stress, which is defined based on the 

developmental stage of the plant rather than the environmental cause. Water stress occurring 

during flowering, pollination, or grain filling stages is particularly damaging. Even mild 

stress during these stages can significantly reduce yield due to impaired fertilization, poor 

seed set, and reduced assimilate supply. This type is especially important in agriculture 

because it directly affects crop productivity. 

 Seedling water stress is another stage-specific form that occurs during early plant 

development. Young plants are highly sensitive to water deficit because their root systems are 

not fully developed. Limited water availability during germination and early growth can 

result in poor establishment, reduced vigor, and high mortality rates. This type of stress often 

determines the success or failure of crop establishment in field conditions. 
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Finally, chronic water stress refers to long-term exposure to low but stable water 

availability. Unlike acute drought, chronic stress does not cause immediate wilting but 

gradually reduces growth, photosynthetic efficiency, and yield over time. Plants under 

chronic stress often adapt by developing deeper root systems, smaller leaves, and improved 

water-use efficiency. However, prolonged exposure still leads to reduced biomass 

accumulation and reproductive output. 

Conclusion 
Water stress is a major environmental constraint that affects plant performance at multiple 

levels, ranging from physiological and biochemical processes to molecular regulation. Its 

primary impact includes reduced cell turgor, inhibited growth, decreased photosynthesis, 

altered respiration, and impaired nutrient uptake. Plants respond to these challenges through a 

range of adaptive mechanisms such as stomatal regulation, osmotic adjustment, antioxidant 

defense activation, and hormonal signaling. Although these responses enable survival under 

moderate stress, prolonged or severe water deficit leads to irreversible damage and significant 

yield losses. Understanding the physiological basis of plant responses to water stress is 

essential for improving crop resilience through breeding, biotechnology, and improved 

agronomic practices. Future research should focus on integrating physiological, molecular, 

and field-level approaches to develop drought-tolerant crops capable of sustaining 

productivity under changing climatic conditions. 

 


