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ice (Oryza sativa L.) is a staple food for more than half of the world’s population, but it 

is also one of the most water-intensive crops. Traditional paddy cultivation consumes 

nearly 2500–5000 liters of water to produce one kilogram of rice, creating immense pressure 

on freshwater resources. With growing water scarcity and climate change, the adoption of 

sustainable paddy cultivation practices has become essential. This review highlights water-

saving technologies and agronomic strategies such as alternate wetting and drying (AWD), 

direct-seeded rice (DSR), system of rice intensification (SRI), use of short-duration varieties, 

efficient irrigation management, and integration of organic and conservation practices for 

sustainable water use in rice farming. 

Introduction  

Rice is the primary food crop in Asia, 

contributing to both food security and rural 

livelihoods. However, conventional puddled 

transplanting methods require continuous 

flooding, leading to high water use, soil 

degradation, and methane emissions. In 

India alone, nearly 60% of total irrigation 

water is utilized for rice cultivation. Thus, 

sustainable and water-efficient technologies 

are crucial to ensure long-term productivity 

while conserving natural resources. 

Water Use Challenges in Paddy Cultivation 
Paddy fields are typically flooded to control weeds, improve nutrient uptake, and stabilize 

yield. Yet, this method results in: 

 High water losses due to percolation, seepage, and evaporation. 

 Groundwater depletion in major rice-

growing regions such as Punjab, 

Haryana, and Tamil Nadu. 

 Decline in soil health due to reduced 

aeration and accumulation of salts. 

 Increased greenhouse gas emissions, 

particularly methane. 

Therefore, optimizing water use without 

compromising yield is a critical goal in 

modern paddy production systems. 
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Sustainable Paddy Cultivation Practices 
Alternate Wetting and Drying (AWD): AWD is a controlled irrigation technique where 

fields are intermittently flooded and dried. 

 Water is applied only when the soil water level drops to about 15 cm below the surface. 

 This method reduces water use by 20–30% without affecting yield. 

 AWD also lowers methane emissions, thus contributing to climate mitigation. 

Direct Seeded Rice (DSR): DSR eliminates the need for puddling and transplanting. 

 Seeds are sown directly in moist soil using seed drills or broadcasting. 

 Benefits: Saves 30–40% irrigation water, reduces labor costs, and shortens crop duration. 

 However, effective weed management is necessary for success. 

System of Rice Intensification (SRI): SRI involves planting young seedlings at wider 

spacing with intermittent irrigation. 

 Encourages stronger root growth and higher yield with less water (30–50% savings). 

 Incorporates organic manure, mechanical weeding, and soil aeration. 

Use of Short-Duration and Drought-Tolerant Varieties: Breeding and adoption of early-

maturing varieties such as ‘Sahbhagi Dhan’, ‘DRR Dhan 42’, and ‘Nagina 22’ can reduce 

crop duration and water requirement. 

 Drought-tolerant cultivars can sustain yield under limited irrigation. 

Laser Land Leveling: A precise land leveling technology that ensures uniform distribution 

of water and fertilizers. 

 Advantages: Improves water-use efficiency by 10–20% and enhances crop stand 

establishment. 

Mulching and Residue Management: Applying crop residues or organic mulches reduces 

evaporation and maintains soil moisture. 

 Promotes microbial activity and carbon sequestration. 

Efficient Irrigation Systems: Use of drip or sprinkler irrigation, though less common in rice, 

is being tested successfully in upland and aerobic rice systems. 

Integrated Nutrient and Weed Management: Combining organic inputs, biofertilizers, and 

mechanical or eco-friendly weed control enhances water productivity and reduces 

environmental impact. 

Role of Policy and Extension 
Government support through schemes like “More Crop per Drop” (PMKSY) and water-

saving demonstrations can accelerate adoption. Farmer training, subsidies for DSR and laser 

leveling, and awareness about groundwater recharge are vital for large-scale implementation. 

Environmental and Economic Benefits 
 Reduced water footprint: Up to 40% less water use. 

 Lower methane emissions: Contributing to climate change mitigation. 

 Cost efficiency: Lower input and energy costs. 

 Enhanced soil health: Through organic amendments and reduced puddling. 

Challenges and Future Perspectives 
 Poor awareness and limited access to equipment. 

 Weed management challenges in DSR and SRI systems. 

 Need for location-specific research and adaptive extension models. 

Future efforts should integrate digital irrigation scheduling, remote sensing tools, and 

precision agriculture to optimize water use. 

Conclusion 
Sustainable paddy cultivation is no longer optional—it is a necessity. Practices such as AWD, 

DSR, and SRI offer practical solutions for water conservation without compromising yield. 

Policy support, farmer training, and technological innovations are essential for large-scale 

transformation toward eco-friendly rice systems. 


