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ABSTRACT

Micro-irrigation is increasingly recognized as a key strategy for promoting water-efficient agriculture and enhancing climate resilience.
By delivering water directly to the plant root zone, drip and sprinkler systems reduce water loss, improve crop productivity, and help
farmers adapt to erratic rainfall and drought conditions. This review examines the role of micro-irrigation in supporting sustainable
farming practices, including soil moisture management, nutrient efficiency, and yield stability. It also discusses technological
innovations, economic considerations, and policy frameworks that facilitate adoption. Challenges such as high initial costs, maintenance
requirements, and knowledge gaps are highlighted, along with potential solutions to expand micro-irrigation use in water-scarce

regions.
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1.The Climate Challenge in Indian Agriculture

India's agriculture is at the frontline of climate change. Erratic
rainfall, prolonged dry spells, heatwaves, and declining
groundwater levels are threatening both crop yields and farmer
livelihoods. Agriculture accounts for over 80% of India's
freshwater use, yet much of this water is wasted through flood
irrigation, evaporation, and inefficient field practices.
Traditional irrigation methods, while historically effective, are
increasingly unsustainable under changing climatic conditions.
Farmers are forced to adapt to less water, more uncertainty, and
higher inputcosts.

Micro-irrigation, including drip and sprinkler systems, provides
a pathway toward climate-resilient agriculture. By delivering
water efficiently, maintaining soil moisture, and enabling
precise fertigation, micro-irrigation helps farmers weather
climatic stresses while sustaining yields.

2.How Micro-Irrigation Supports Climate Resilience
Micro-irrigation is designed to address water scarcity, uneven
rainfall, and nutrient inefficiency, which are major climate
stressors.

a) Precision Water Application

Drip systems deliver water directly to the root zone, minimizing
losses due to evaporation and runoff. Unlike flood irrigation,
water is applied slowly and uniformly, reducing plant stress
during dry periods.

b) Flexible Scheduling

Farmers can irrigate based on real-time soil moisture and crop
needs rather than fixed schedules. During erratic rainfall,
irrigation can be adjusted to prevent under- or over-watering,
reducing crop losses.

c) Fertigation Integration

Micro-irrigation systems allow nutrients to be applied via water
(fertigation), ensuring plants receive essential nutrients when
they are actively growing. This improves crop resilience to
stress by maintaining strong root and canopy development.

d) Soil Health and Root Growth
Maintaining optimal soil moisture encourages deep root
growth, increases microbial activity, and improves nutrient
uptake. Crops with robust root systems are better able to
survive droughts and heat stress.

e) Reduced Runoffand Soil Erosion

By applying water gradually, micro-irrigation minimizes surface
runoff and reduces soil erosion, which is especially important
duringintense rainfall events caused by climate change.

3.Field Evidence: Micro-Irrigationin Action

Case Study 1: Sugarcane in Maharashtra

* Farmers using drip irrigation reported 45% water savings
and 30% higheryields during dry seasons.

e Fertigation through the system reduced nitrogen loss by
25%, maintaining crop health despite low rainfall.

Case Study 2: Tomato in Telangana

* Drip-irrigated tomato farms maintained stable yields during
erratic monsoon years, while flood-irrigated plots suffered
waterlogging and crop stress.

e loT-based soil moisture sensors enabled precise irrigation
scheduling, improving water-use efficiency by 35%.

Case Study 3: Groundnutin Gujarat

* Drip systems reduced irrigation water requirements by up
to 60%, while farmers maintained yields during severe
drought conditions.
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e Split nutrient application through fertigation improved pod
developmentand reduced fertilizer wastage.

4.Policy Supportfor Climate-ResilientIrrigation

Recognizing the link between water-efficient irrigation and

climate resilience, the Indian government has implemented

several initiatives:

a) Per Drop More Crop (PDMC()

* Provides subsidies of 55-75% for drip and sprinkler
irrigation.

* Focuses on drought-prone regions, promoting water-
efficient practices.

b) Micro-Irrigation Fund (MIF)

e NABARD-managed fund supporting state governments,
cooperatives, and farmer groups.

* Aims to expand micro-irrigation coverage to enhance
climateresilience.

c) Training and Extension Services

* Krishi Vigyan Kendras (KVKs) and NGOs provide training on
system design, maintenance, and fertigation.

* Digital tools help farmers make data-driven irrigation
decisionsunder climate stress.

5.Economicand Environmental Benefits
Micro-irrigation not only enhances resilience to climate change
butalso provides financial and ecological advantages:

Benefit
Water Use Efficiency

Impact
Increases by 40-60% compared to flood irrigation

Crop Yields 25-50% increase due to optimal water and nutrient supply
Fertilizer Efficiency 20-40% savings due to precise fertigation
Labor Reduced by 30-50% due to automation and targeted watering

Soil Conservation Reduced runoff and erosion

These benefits collectively make micro-irrigation a win-win
solution for farmers facing climate risks.

6.Challenges and Solutions

Despite its advantages, adoption faces several challenges:

* High Initial Investment: Even with subsidies, farmers may
struggle with upfront costs. Solution: Low-cost kits,
cooperative models, and micro-financing.

Maintenance Issues: Clogged emitters and broken pipes
can reduce efficiency. Solution: Regular cleaning, filters, and
farmer training.

* Technical Knowledge Gap: Proper scheduling and
fertigation require understanding of soil, crop, and weather
data. Solution: Training, mobile apps, and IoT sensors to
guideirrigation.

e Energy Constraints: Pumping water requires electricity or

diesel, sometimes limiting adoption. Solution: Solar-

powered pumps or gravity-fed systems for off-grid farms.

7.Innovations Enhancing Climate Resilience

Recent innovations are making micro-irrigation even more

climate-smart:

* IoT and Sensor-Based Irrigation: Soil moisture and
nutrientsensors allow real-time adjustments.

e Al-Based Scheduling: Predictive irrigation based on
weather forecasts improves efficiency during dry or erratic
rainfall years.

e Community Micro-Irrigation Projects: Shared
infrastructure reduces costs for smallholder farmers.

* Integration with Drought-Tolerant Crops: Combining
efficient irrigation with resilient crop varieties enhances
overall climate adaptation.

8.Conclusion

Water is becoming the most critical resource in Indian
agriculture, especially under climate change. Micro-irrigation
transforms the way farmers manage water and nutrients,
offering a climate-resilient, efficient, and profitable solution. By
combining precision irrigation, fertigation, smart scheduling,
and government support, farmers can reduce water stress,
maintain yields, and safeguard livelihoods. In essence, every
drop saved today strengthens India's agricultural resilience for
tomorrow.
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