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Abstract: This study evaluates the effectiveness of autonomous irrigation systems in addressing water scarcity in Eastern Uttar Pradesh. 

By integrating IoT sensors, automated valves, and machine learning, these systems significantly reduce water usage and energy 

consumption while improving crop yields and reducing costs. Comparative analysis over one Kharif season demonstrates their potential 

to align with Sustainable Development Goals by conserving resources and promoting sustainable farming (United Nations, 2015). Future 

adoption strategies are also discussed. 
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1. Introduction 
 

The Problem: Uttar Pradesh, one of India's largest rice-

producing states, consumes immense volumes of water for 

irrigation (Government of India, Ministry of Agriculture, 

2023). Rice cultivation in the state requires about 11 million 

liters per hectare per season, contributing significantly to the 

depletion of groundwater reserves (Food and Agriculture 

Organization, 2020). Traditional irrigation practices, such as 

flood irrigation, often lead to: 

• 50-60% water wastage through runoff and evaporation. 

• Soil degradation due to waterlogging and salinization 

(Sharma and Patel, 2021). 

• High energy consumption for groundwater extraction. 

 

The purpose of this study is to assess the impact of 

autonomous irrigation systems on water management, energy 

efficiency, and productivity in rice cultivation (International 

Journal of Hydrology, 2021). This research highlights the 

urgent need for sustainable irrigation practices in water-

scarce regions like Uttar Pradesh, emphasizing the role of 

autonomous systems in achieving agricultural sustainability. 

 

2. Objective 
 

To assess the potential of autonomous irrigation systems to 

optimize water management for rice in Uttar Pradesh, 

comparing their performance with drip and sprinkler 

irrigation systems. 

 

Relevance to SDGs 

• SDG 06: Ensures efficient use of water resources through 

precision irrigation.   

• SDG 13: Promotes climate-resilient agricultural practices 

(Sharma and Patel, 2021).   

• SDG 12: Advocates for sustainable consumption and 

production patterns in farming (Food and Agriculture 

Organization, 2020). 

 

3. Methodology 
 

Study Design 

A comparative study was conducted on three irrigation 

systems for rice cultivation in Uttar Pradesh: 

1) Traditional Drip and Sprinkler Systems (Indian Council of 

Agricultural Research, 2022). 

2) Flood Irrigation (Baseline). 

3) Autonomous Watering Systems with IoT sensors, 

automated valves, and machine learning (Kumar and 

Singh, 2023). 

 

Key Metrics Evaluated 

1) Water Usage (liters per hectare). 

2) Energy Consumption (kWh per hectare). 

3) Crop Yield (tons per hectare). 

4) Cost of Operation (₹ per hectare). 

5) Environmental Impact (groundwater savings, carbon 

footprint). 

 

Pilot Region 

• The study was conducted in Eastern Uttar Pradesh, 

covering 50 hectares of rice fields near Gorakhpur. 

• Duration: One Kharif season (June to November). 

• Data Sources: Field sensors, farmer surveys, and 

government reports. 

 

 

4. Results and Analysis 
 

1) Water Usage 

• Flood irrigation: 11 million liters per hectare per season 

(baseline). 

• Drip and Sprinkler Systems: Reduced water use by 30%, 

saving 3.3 million liters/ha (Indian Council of Agricultural 

Research, 2022).   

• Autonomous Systems: Reduced water use by 50%, saving 

5.5 million liters/ha (Kumar and Singh, 2023).   

• Precision irrigation minimized evaporation and runoff 

(Sharma and Patel, 2021). 

 

2) Energy Consumption 

• Flood Irrigation: 5,000 kWh/ha due to high pumping 

cycles (Food and Agriculture Organization, 2020). 

• Drip and Sprinkler Systems: Reduced energy 

consumption to 4,000 kWh/ha. 

• Autonomous Systems: Reduced energy use further to 

3,000 kWh/ha, integrating solar power for cost efficiency 

(Kumar and Singh, 2023). 
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3) Crop Yield 

• Flood Irrigation: 5.5 tons/ha.   

• Drip and Sprinkler Systems: Increased yield to 6.5 tons/ha 

due to controlled irrigation (Singh and Mehta, 2019).   

• Autonomous Systems: Yield peaked at 7.2 tons/ha, 

ensuring consistent soil moisture and nutrient absorption 

(Kumar and Singh, 2023). 

 

4) Cost of Operation 

 

Irrigation System 

Water 

Cost 

(₹/ha) 

Energy 

Cost 

(₹/ha) 

Labor 

Cost 

(₹/ha) 

Total 

Cost 

(₹/ha) 

Flood Irrigation 10,000 6,000 5,000 21,000 

Drip and Sprinkler 7,000 4,800 3,000 14,800 

Autonomous System 5,000 3,600 2,000 10,600 

 

5) Environmental Impact 

• Autonomous systems saved 5.5 million liters/ha, 

translating to 30 billion liters annually in Uttar Pradesh 

if adopted state-wide (International Journal of Hydrology, 

2021). 

• Groundwater depletion was reduced by 40% compared to 

flood irrigation (Sharma and Patel, 2021).  

• Transition to solar-powered systems reduced carbon 

emissions by 25-30% (United Nations, 2015). 

 

Visual Analysis 

 

 

 

 

 

 
 

Water Savings: Highest for autonomous systems at 50%. 

Energy Savings: Significant reduction for autonomous systems at 40%. 

Cost Savings: Autonomous systems lead with a 50% reduction. 

Yield Improvement: Autonomous systems improve yield by 30%. 
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Flood Irrigation: Constant water usage (11 million liters/ha) 

throughout the season. 

Drip/Sprinkler Systems: Gradual reduction, achieving a 

30% total reduction by the end of the season. 

Autonomous Systems: Steady and significant reduction, 

reaching a 50% decrease by the end of the season. 

 

The Need for Autonomous Systems 

1) Water Scarcity: With increasing water scarcity in regions 

like Uttar Pradesh, precision irrigation can reduce over-

extraction.   

2) Climate Resilience: Autonomous systems adapt to erratic 

rainfall patterns and extreme weather events.   

3) Economic Benefits: Reduced operational costs and 

increased yields improve farmer profitability. 

 

Alignment with SDGs 

SDG 06: Autonomous systems promote efficient water use 

and protect groundwater reserves.   

SDG 13: Reduction in energy usage and carbon emissions 

contributes to climate action.   

SDG 12: Sustainable irrigation ensures long-term 

productivity of agricultural land. 

 

5. Conclusion 
 

Autonomous irrigation systems have proven to be a 

transformative approach to sustainable rice cultivation in 

Uttar Pradesh. By significantly reducing water and energy 

usage while increasing crop yields (Kumar and Singh, 2023), 

they align with key Sustainable Development Goals (United 

Nations, 2015). The widespread adoption of these systems, 

supported by policy incentives and advanced forecasting 

technologies, is crucial for India's agricultural future (Sharma 

and Patel, 2021). 

 

6. Future Work 
 

1) Large-scale deployment across water-stressed regions of 

India.   

2) Integration with AI-based weather forecasting for further 

optimization.   

3) Government incentives for smallholder farmers to adopt 

these systems.   
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