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ater scarcity, exacerbated by climate change and erratic rainfall patterns, has 

intensified the challenges of crop production in drought-prone agroecosystems. 

Improving water-use efficiency (WUE) and adopting site-specific irrigation scheduling are 

essential strategies to conserve water and sustain agricultural productivity in these regions. 

This article explores the physiological, agronomic, and technological interventions that 

enhance WUE, evaluates modern irrigation methods such as drip and sprinkler systems, and 

emphasizes the role of real-time irrigation scheduling tools, sensors, and weather-based 

models. Embracing these practices is crucial for climate-resilient, resource-efficient, and 

sustainable agriculture in water-stressed environments. 

Introduction 
Agricultural production consumes nearly 70% of global freshwater resources, making 

efficient water management critical, especially in drought-prone agroecosystems. These 

regions are characterized by low and irregular rainfall, high evapotranspiration rates, and 

poor water-holding soils, which make crop productivity highly vulnerable to water stress. 

As climate change intensifies, traditional irrigation methods such as surface and flood 

irrigation are becoming unsustainable. Hence, enhancing Water-Use Efficiency (WUE)—

defined as the ratio of crop yield per unit of water used—and implementing scientific 

irrigation scheduling are pivotal for ensuring both productivity and resource conservation in 

arid and semi-arid regions. 

Understanding Water-Use Efficiency (WUE) 
Water-use efficiency can be understood at several levels: 

 Plant-level WUE: Biomass or grain yield per unit of transpired water. 

 Field-level WUE: Crop output per unit of total water input (rain + irrigation). 

 Irrigation WUE: Yield or biomass gained per unit of irrigation water applied. 

Factors Affecting WUE: 

 Crop species and variety 

 Soil type and structure 

 Climatic conditions (temperature, humidity, wind) 

 Irrigation method and frequency 

 Agronomic management (mulching, nutrient balance, tillage) 

Physiological Basis of WUE 

Improving plant WUE involves selecting varieties with: 

 Deeper root systems for moisture extraction 

 High transpiration efficiency 

 Drought resistance traits (e.g., osmotic adjustment, stomatal regulation) 
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Advanced Irrigation Methods for Enhancing WUE 
Drip Irrigation 

Drip irrigation supplies water directly to the root zone through emitters, minimizing 

evaporation and percolation losses. 

 Advantages: 30–50% water savings, 20–40% yield increase. 

 Example: In tomato and cotton cultivation, drip irrigation has enhanced WUE by 40–

60%. 

Sprinkler Irrigation 

Suitable for light-textured soils and uneven terrains, sprinkler systems simulate rainfall and 

are more efficient than flood methods. 

 Efficiency: 70–85% application efficiency. 

 Limitation: Not ideal during high wind or evaporation conditions. 

Subsurface Drip Irrigation (SDI) 

SDI delivers water below the soil surface, directly into the rhizosphere. 

 Use case: High-value crops in extremely arid regions. 

 Benefit: Reduces weed growth and surface evaporation significantly. 

Scientific Irrigation Scheduling Techniques 
Scientific irrigation scheduling determines when and how much water to apply based on 

crop needs, weather, and soil moisture status. 

Soil Moisture-Based Scheduling 

 Using tensiometers, gravimetric methods, or neutron probes to track soil moisture. 

 Irrigation is applied at critical depletion levels (e.g., 50% available moisture). 

Crop Coefficient (Kc) and Evapotranspiration (ET) Method 

 ET-based models calculate water demand using reference evapotranspiration (ET₀) and 

crop-specific Kc values. 

 FAO Penman-Monteith Equation is widely used to estimate ET₀. 

Remote Sensing and IoT-Based Scheduling 

 Use of satellite imagery, drones, and IoT soil sensors enables real-time water 

requirement monitoring. 

 Integrated with automated irrigation systems for precision application. 

Agronomic Practices to Enhance WUE 
Mulching 

 Organic or plastic mulch reduces evaporation, controls weeds, and moderates soil 

temperature. 

 Increases WUE by 15–25% in many vegetable and fruit crops. 

Conservation Tillage 

 Reduces soil disturbance, enhances water infiltration, and prevents runoff. 

 Suitable for dryland farming. 

Deficit Irrigation 

 Strategic water stress during non-critical crop stages (e.g., vegetative phase in cereals) to 

save water with minimal yield loss. 

Fertigation 

 Combined use of water and nutrients in drip systems ensures synchronized nutrient 

uptake, boosting WUE and NUE (Nutrient Use Efficiency). 

Crop Selection and Breeding for WUE 
Drought-Resilient Varieties 

 Sorghum, millet, pulses, and certain oilseeds are inherently water-efficient. 

 Hybrid maize and wheat varieties with deep rooting and short duration traits are being 

developed. 
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Biotechnological Interventions 

 Use of marker-assisted selection and CRISPR to enhance root traits, stomatal 

regulation, and ABA-mediated drought responses. 

Case Studies and Global Examples 
Region Practice Result 

Rajasthan, India Drip irrigation in cumin 35% water saving, 28% higher yield 

California, USA Sensor-based ET scheduling 25% less irrigation water with same yield 

Israel Subsurface drip in orchards 60% higher WUE than surface irrigation 

Challenges and Recommendations 
Challenges 

 High initial cost of micro-irrigation systems 

 Lack of technical knowledge and maintenance 

 Limited access to soil moisture monitoring tools 

 Water pricing policies and governance issues 

Recommendations 

 Subsidies and incentives for smallholder adoption of drip and sprinkler systems. 

 Capacity building on smart irrigation scheduling. 

 Integration of weather forecasting, AI, and ICT in irrigation decision-making. 

 Development of region-specific drought-resistant crop varieties. 

Conclusion 
Efficient water management is no longer optional—it's an imperative in drought-prone 

agroecosystems. Enhancing WUE through technological, agronomic, and biological 

innovations not only ensures higher productivity per drop but also fortifies agriculture against 

future climate uncertainties. A multi-pronged strategy combining scientific irrigation 

scheduling, modern systems like drip and sprinkler, and sustainable practices such as 

mulching and deficit irrigation holds the key to resilient and profitable farming in water-

scarce regions. 
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