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Abstract 
Water management and irrigation efficiency are critical to the sustainability of Indian agriculture, especially in the face of increasing water 
scarcity and climate change. This paper explores the challenges and opportunities in enhancing water use efficiency within the Indian 
agricultural sector. It examines the role of traditional irrigation systems, such as surface irrigation, and the emerging technological innovations, 
including micro-irrigation techniques like drip and sprinkler systems, along with advanced technologies like remote sensing, artificial 
intelligence (AI), and Internet of Things (IoT)-based solutions. The paper discusses the potential of water harvesting practices and climate-smart 
agriculture to improve water availability and productivity. Despite progress in these areas, several barriers, such as inadequate infrastructure, 
financial constraints, and the need for farmer awareness, hinder the widespread adoption of efficient irrigation technologies. The paper also 
highlights government policies, funding mechanisms, and institutional frameworks that are essential to promote sustainable water management 
practices. With increased investment in research, infrastructure, and training, India can improve irrigation efficiency, conserve water resources, 
and enhance agricultural productivity. Ultimately, a multi-stakeholder approach, combining technological innovations and policy support, is 
required to address the water management challenges in Indian agriculture and pave the way for a more sustainable agricultural future. 
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1. Introduction 
Water is a critical resource for agriculture, which constitutes 
about 60% of India’s total water usage (Planning 
Commission, 2014). With approximately 50% of India’s 
cultivated area still dependent on monsoon rainfall, efficient 
water management becomes essential to ensure food security 
and sustainable agricultural growth (NITI Aayog, 2020). India 
is home to one of the largest agricultural sectors globally, yet 
it faces significant challenges related to water scarcity and 
inefficient irrigation systems. According to the Ministry of 
Agriculture, only about 48% of the total agricultural land in 
India is irrigated, with the remainder reliant on unpredictable 
rainfall (Government of India, 2022). This disparity 
exacerbates regional imbalances, as states like Punjab, 
Haryana, and Uttar Pradesh are heavily irrigated, while 
Rajasthan, Gujarat, and parts of Maharashtra face extreme 
water stress (Central Water Commission, 2021). 
The demand for water is further compounded by the growing 
population and changing climatic conditions, leading to an 
alarming depletion of water resources. Groundwater, which is 
the primary source of irrigation in many parts of India, is 
being extracted at an unsustainable rate. For instance, over 
60% of India’s groundwater blocks are either over-exploited 

or stressed, with Punjab and Rajasthan experiencing rapid 
depletion (Central Ground Water Board, 2020). The situation 
is exacerbated by poor water management practices, such as 
inefficient irrigation techniques, which contribute to water 
wastage. In fact, it is estimated that around 40-50% of water 
used for irrigation is lost due to evaporation, seepage, and 
inadequate distribution systems (International Water 
Management Institute, 2019). 
In light of these challenges, Management practices that 
promote sustainability while improving agricultural 
productivity. Advances in irrigation technologies, such as drip 
and sprinkler systems, hold significant promise are already 
being adopted in parts of Maharashtra and Andhra Pradesh, 
with notable improvements in crop yields (Indian Council of 
Agricultural Research, 2021). However, widespread 
implementation faces barriers, including high initial 
investment costs, lack of proper training, and inadequate 
infrastructure. 
This paper aims to examine the key challenges and 
opportunities in water management and irrigation efficiency 
in Indian agriculture. The focus will be on understanding the 
current water usage patterns, the effectiveness of existing 
irrigation practices, and exploring technological innovations 
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and policy frameworks that can drive improvements in water 
management across the agricultural landscape. 
 
2. Current Water Usage and Irrigation Practices in India 
48% of India's net sown area is under irrigation, leaving a 
significant portion of cropland reliant on unpredictable 
monsoon rains (Government of India, 2022). This reliance on 
rainfall exacerbates vulnerability to droughts and inconsistent 
weather patterns, which in turn affects crop yields and overall 
agricultural productivity. 
Irrigation in India is predominantly based on three major 
systems: canal irrigation, groundwater-based irrigation, and 
tank irrigation. Canal irrigation, while initially providing 
extensive coverage, has faced efficiency challenges due to 
waterlogging, salinity, and outdated infrastructure. 
Approximately 40% of India’s irrigated land is supported by 
canal systems (Central Water Commission, 2021), but the 
efficiency of these systems is often undermined by poor 
maintenance, siltation, and leakage, leading to substantial 
water loss. In contrast, groundwater irrigation, which accounts 
for over 60% of the country’s irrigation needs, has emerged as 
the primary source in many regions, especially in areas with 
inadequate canal infrastructure (Central Ground Water Board, 
2020). However, this has led to severe over-extraction of 
groundwater, with more than 60% of India’s groundwater 
blocks classified as over-exploited or critical (Central Ground 
Water Board, 2020). 
Tank irrigation, which historically supported regions with 
limited groundwater and canal access, has been largely 
abandoned in favor of more modern techniques. This system, 
which is still used in parts of Tamil Nadu and Andhra 
Pradesh, faces challenges of insufficient water storage 
capacity and inadequate maintenance. Consequently, it 
represents a small fraction of the total irrigated land in the 
country. 
In terms of irrigation methods, flood irrigation remains the 
most widely used technique, particularly in areas like Punjab 
and Uttar Pradesh. However, this method is highly inefficient, 
with an estimated 40-50% of water lost through evaporation, 
seepage, and runoff (International Water Management 
Institute, 2019). In contrast, micro-irrigation systems such as 
drip and sprinkler irrigation are gaining traction, particularly 
in water-scarce regions. Drip irrigation and has been 
increasingly adopted in states like Maharashtra, Rajasthan, 
and Andhra Pradesh (Indian Council of Agricultural 
Research, 2021). Despite the proven benefits, the adoption 
rate of these technologies remains low, as high initial costs 
and lack of awareness continue to limit their widespread use. 
The state of irrigation infrastructure also significantly 
influences water usage efficiency. According to estimates, 
around 30-40% of water in irrigation systems is lost due to 
infrastructural deficiencies, including leaking canals and 
poorly maintained pumps (Government of India, 2017). The 
lack of a comprehensive irrigation system management plan 
further exacerbates water inefficiency. In response, several 
states have initiated projects to modernize irrigation 
infrastructure, with notable examples being the Pradhan 
Mantri Krishi Sinchayee Yojana (PMKSY), which aims to 
improve irrigation systems across the country, and the 
National Mission on Micro Irrigation, which promotes the use 
of advanced irrigation technologies. 
In summary, while India’s irrigation infrastructure has made 
significant strides, it remains largely inefficient and 
inadequately managed. There is an urgent need to enhance the 
efficiency of existing irrigation systems, adopt more water-

efficient technologies, and modernize the overall 
infrastructure to ensure sustainable agricultural water use in 
the face of growing demand and diminishing resources. 
 
3. Challenges in Water Management and Irrigation 

Efficiency 
India's agricultural water management faces several critical 
challenges that hinder the efficient use of water resources. 
These challenges include the over-exploitation of 
groundwater, regional disparities in water availability, 
outdated irrigation infrastructure, and the impact of climate 
change, all of which have serious implications for irrigation 
efficiency. 
One of the most pressing issues is the over-extraction of 
groundwater. Groundwater resources have been heavily relied 
upon, particularly in regions where surface irrigation 
infrastructure is inadequate. Over 60% of India’s groundwater 
blocks are classified as over-exploited or critical, with states 
like Punjab, Haryana, and Rajasthan facing severe depletion 
(Central Ground Water Board, 2020). In these regions, the 
water table is declining at an alarming rate, and farmers are 
forced to rely on increasingly deeper wells to access water, 
raising the cost of irrigation and further straining resources. In 
Punjab, for example, the water table is dropping by about 0.5 
meters per year, exacerbating the problem of groundwater 
depletion (Punjab State Water Resources Management and 
Development Corporation, 2019). 
The uneven distribution of water resources across the country 
adds to the complexity of water management. While some 
states like Uttar Pradesh and Punjab benefit from extensive 
canal irrigation, other states such as Rajasthan, Gujarat, and 
Maharashtra experience significant water scarcity. For 
instance, Rajasthan, one of India’s driest states, relies heavily 
on groundwater and faces widespread irrigation inefficiencies 
due to the lack of suitable surface water sources. Around 80% 
of Rajasthan’s agricultural land is irrigated by groundwater, 
making it highly vulnerable to water stress (Central Ground 
Water Board, 2020). Moreover, the variability in monsoon 
rainfall further exacerbates regional disparities in water 
availability, leading to uneven agricultural productivity. 
Another major challenge is the inefficiency of existing 
irrigation infrastructure. Large portions of the irrigation 
systems, particularly canal networks, are outdated and poorly 
maintained. An estimated 30-40% of water is lost through 
leaks, seepage, and evaporation in many parts of the country 
(Government of India, 2017). The lack of proper canal lining, 
inadequate water delivery systems, and poor maintenance 
practices contribute significantly to this inefficiency. In states 
like Uttar Pradesh, the canal irrigation system is riddled with 
issues such as waterlogging, salinity, and seepage, which 
further reduce the effectiveness of water distribution and 
irrigation. 
The rise of climate change has introduced another layer of 
complexity to water management. Altered rainfall patterns, 
erratic monsoons, and increasing temperatures have led to 
both droughts and floods, further straining India’s already 
fragile water resources. For example, in the last two decades, 
India has witnessed a significant increase in the frequency of 
extreme weather events, such as the 2019 Kerala floods and 
the 2020 droughts in Maharashtra, which disrupted agriculture 
and irrigation. These changes undermine the predictability of 
water supply, making it harder for farmers to rely on 
conventional irrigation schedules and increasing the demand 
for efficient water use technologies. 
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In addition to these environmental challenges, there are socio-
economic factors that hinder efficient water management. 
Limited access to advanced irrigation technologies, high 
installation and maintenance costs, and a lack of awareness 
among farmers about efficient water management practices 
restrict the adoption of modern irrigation systems. For 
instance, the adoption rate in India is still under 10% of the 
total irrigated area, primarily due to high upfront costs and 
insufficient government support for small-scale farmers 
(Indian Council of Agricultural Research, 2021). 
The overall lack of an integrated water management approach 
further complicates the situation. While individual states have 
undertaken initiatives to improve irrigation systems, a lack of 
coordination between government bodies, water users, and 
other stakeholders has impeded the development of cohesive 
water management policies. The failure to integrate water 
conservation practices with agricultural policies and practices 
limits the long-term sustainability of water resources. 
In summary, the key challenges in water management and 
irrigation efficiency in India stem from over-exploitation of 
groundwater, regional disparities, outdated infrastructure, the 
impact of climate change, and socio-economic barriers. 
Addressing these challenges will require a comprehensive 
approach that includes technological innovation, 
infrastructure modernization, policy reforms, and increased 
awareness among farmers. Without such concerted efforts, the 
nation’s agricultural water management will continue to face 
significant hurdles, impeding agricultural growth and 
sustainability. 
 
4. Opportunities for Improving Water Management and 

Irrigation Efficiency 
Despite the challenges outlined in the previous section, India 
presents numerous opportunities to enhance water 
management and improve irrigation efficiency. These 
opportunities lie in the adoption of modern irrigation 
technologies, policy reforms, better infrastructure 
management, and the integration of water conservation 
practices with agricultural operations. 
One of the most promising avenues is the expansion of 
efficient irrigation systems such as drip and sprinkler 
irrigation. Drip irrigation, which delivers water directly to the 
plant roots, has been shown to reduce water consumption by 
40-50% compared to conventional flood irrigation methods 
(Indian Council of Agricultural Research, 2021). The 
adoption of this technology has been most successful in states 
with water scarcity issues, such as Maharashtra and 
Rajasthan. For example, in Maharashtra, the adoption of drip 
irrigation in horticultural crops has increased yields by up to 
30%, while reducing water usage by 50% (National Mission 
on Micro Irrigation, 2020). 
Government initiatives have also played a significant role in 
promoting water-efficient technologies. The Pradhan Mantri 
Krishi Sinchayee Yojana (PMKSY), launched in 2015, aims 
to expand irrigation coverage and improve water use 
efficiency by promoting micro-irrigation systems. As of 2022, 
PMKSY has provided financial assistance for the installation 

of micro-irrigation systems in over 5 million hectares of 
farmland (Ministry of Agriculture and Farmers Welfare, 
2022). The scheme has been particularly successful in states 
like Gujarat and Andhra Pradesh, where the government 
provides subsidies to farmers for installing drip and sprinkler 
irrigation systems, thereby reducing the financial burden on 
small-scale farmers. 
Another significant opportunity lies in the modernization of 
irrigation infrastructure. This includes canal lining, the 
installation of modern water delivery systems, and the 
maintenance of existing irrigation systems. A study by the 
Central Water Commission found that canal lining can reduce 
water losses by up to 70% (Central Water Commission, 
2021). States such as Punjab and Uttar Pradesh have 
undertaken large-scale canal rehabilitation projects, which 
aim to address issues like waterlogging and seepage, and to 
ensure more efficient water delivery to farmers. 
Moreover, the use of data-driven technologies like 
Geographic Information Systems (GIS) and Remote Sensing 
(RS) has revolutionized water management. These 
technologies enable precise mapping of water resources, the 
monitoring of irrigation performance, and the assessment of 
crop water requirements. GIS-based systems can identify 
areas with inefficient water use, enabling better-targeted 
interventions. For example, the Irrigation Management and 
Technology Transfer project in Karnataka uses GIS and 
satellite data to monitor irrigation water usage and optimize 
distribution, resulting in more efficient water management 
and improved crop yields (Karnataka Irrigation Development 
Corporation, 2021). 
The role of rainwater harvesting (RWH) also presents a 
significant opportunity, particularly in arid and semi-arid 
regions. Rajasthan, which faces severe water scarcity, has 
successfully implemented RWH projects, leading to a 20% 
increase in groundwater recharge in certain districts (Water 
Resources Department, Rajasthan, 2020). RWH can provide 
an alternative source of water during dry spells, reducing 
farmers’ dependence on conventional irrigation sources. 
In addition to technological solutions, policy reforms are 
crucial to fostering a sustainable water management approach. 
The National Water Policy (2012) advocates for the 
implementation of water-use efficiency measures in 
agriculture and emphasizes the need for integrated water 
resource management at the watershed level. Moreover, the 
promotion of water pricing mechanisms can encourage 
farmers to use water more judiciously. For instance, the 
introduction of volumetric water pricing in parts of Gujarat 
has led to a 10-15% reduction in water usage in the 
agricultural sector (Water Resources Department, Gujarat, 
2019). 
Finally, the promotion of awareness and capacity-building 
programs is essential to drive the adoption of efficient water 
management practices. Farmers need to be educated on the 
benefits of modern irrigation systems, water conservation 
practices, and sustainable farming methods. Extension 
services and community-based programs can play a pivotal 
role in this regard. 
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Table 1: The table below summarizes the key opportunities for improving water management and irrigation efficiency in India: 
 

Opportunity Description Estimated Impact 
Drip and Sprinkler 

Irrigation 
Adoption of micro-irrigation technologies 

to reduce water wastage. 
40-50% reduction in water use, 30% increase in crop yields in some regions 

(Indian Council of Agricultural Research, 2021). 

Canal Modernization Lining of canals and upgrading water 
delivery systems. 70% reduction in water losses (Central Water Commission, 2021). 

Rainwater Harvesting Collection and storage of rainwater for 
irrigation during dry periods. 

20% increase in groundwater recharge in areas like Rajasthan (Water 
Resources Department, Rajasthan, 2020). 

Government Subsidy 
Schemes 

Financial support for installation of 
efficient irrigation systems. 

5 million hectares covered under PMKSY (Ministry of Agriculture and 
Farmers Welfare, 2022). 

Data-Driven 
Technologies 

Use of GIS and Remote Sensing to 
optimize irrigation practices. 

More efficient irrigation management, improved water allocation 
(Karnataka Irrigation Development Corporation, 2021). 

 
In conclusion, India has significant opportunities to improve 
water management and irrigation efficiency by leveraging 
technological innovations, modernizing infrastructure, 
implementing policy reforms, and enhancing farmer 
awareness. These opportunities, if fully realized, have the 
potential to greatly enhance water-use efficiency and ensure 
long-term agricultural sustainability in India. 
 
5. Policy Framework and Institutional Support for Water 

Management 
A robust policy framework and strong institutional support 
are essential to improve water management and enhance 
irrigation efficiency in India. Although India has made strides 
in implementing water management policies, the country 
faces challenges in ensuring their effective execution, 
coordination, and monitoring. Several policies and 
government programs provide the foundation for water 
resource management, but their success depends on proper 
implementation, state-level adaptation, and active engagement 
of stakeholders, including farmers, policymakers, and water 
management institutions. 
The National Water Policy (2012) is one of the key 
frameworks guiding water management in India. This policy 
emphasizes integrated water resource management (IWRM), 
encouraging the adoption of water-efficient technologies and 
practices. It calls for the efficient use of water in all sectors, 
including agriculture, by promoting modern irrigation systems 
like drip and sprinkler irrigation. Moreover, the policy 
encourages the use of recycled and treated wastewater for 
irrigation, which can significantly reduce pressure on 
freshwater resources, especially in water-scarce regions. 
However, the policy has faced challenges in implementation 
due to the lack of a clear action plan and insufficient 
coordination among state and central agencies. 
In addition to the National Water Policy, the Pradhan Mantri 
Krishi Sinchayee Yojana (PMKSY), launched in 2015, aims 
to increase the coverage of irrigation systems and enhance 
water-use efficiency. Under this initiative, the government 
provides financial assistance for the installation of micro-
irrigation systems, such as drip and sprinkler irrigation, and 
aims to achieve "Har Khet Ko Pani" (water for every farm). 
As of 2022, over 5 million hectares of land have been covered 
under PMKSY, significantly improving water access and 
irrigation efficiency in states like Gujarat, Maharashtra, and 
Andhra Pradesh (Ministry of Agriculture and Farmers 
Welfare, 2022). The scheme has been instrumental in shifting 

the focus towards water conservation and more efficient water 
use practices in agriculture. 
Another significant initiative is the National Mission for 
Sustainable Agriculture (NMSA), which encourages the 
adoption of sustainable agricultural practices, including water 
conservation techniques. It advocates for the promotion of 
rainwater harvesting, watershed management, and the use of 
efficient irrigation systems. This mission is particularly 
relevant for dryland regions such as Rajasthan and Gujarat, 
where water scarcity is a major concern. In 2019, the NMSA 
supported over 3 million hectares under watershed 
management projects, improving water availability and 
agricultural productivity (Ministry of Agriculture and Farmers 
Welfare, 2019). 
The Integrated Watershed Management Programme (IWMP) 
focuses on water conservation and soil management in 
watershed areas. This program aims to enhance water 
retention in agricultural lands, reduce runoff, and increase 
water availability during dry spells. As of 2021, over 5 
million hectares of land had been treated under the IWMP, 
benefiting small and marginal farmers by improving water 
access and enhancing agricultural productivity (Department of 
Land Resources, 2021). 
The institutional framework supporting water management in 
India includes a variety of bodies at the national, state, and 
local levels. The Central Water Commission (CWC), 
established in 1954, plays a critical role in planning and 
coordinating water resource management across India. It is 
responsible for monitoring water availability, managing river 
basins, and overseeing major irrigation projects. Additionally, 
the Central Ground Water Board (CGWB) monitors 
groundwater levels and quality across the country. The Water 
Resources Ministry at the national level and state-level water 
departments are involved in the implementation of water 
policies, while Water User Associations (WUAs) at the local 
level help in water distribution, management, and conflict 
resolution. 
Despite the presence of these policies and institutions, the 
effectiveness of water management remains hindered by 
issues such as poor coordination among agencies, lack of data 
sharing, and limited funding. In particular, there is a need for 
more decentralized water management, where local 
communities and farmers play an active role in decision-
making and management. Additionally, the need for improved 
capacity building for water management professionals and 
stakeholders is crucial for ensuring the sustainability of water 
resources. 
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Table 2: The table below summarizes the key policies and programs supporting water management in India: 
 

Policy/Program Description Key Impact 

National Water Policy (2012) Promotes integrated water resource management, 
efficient irrigation, and sustainable water use. 

Encourages efficient water use in agriculture; limited 
implementation. 

Pradhan Mantri Krishi 
Sinchayee Yojana (PMKSY) 

Aims to expand irrigation coverage and improve 
water-use efficiency through micro-irrigation systems. 

Over 5 million hectares covered, improving water access 
(Ministry of Agriculture and Farmers Welfare, 2022). 

National Mission for 
Sustainable Agriculture 

(NMSA) 

Promotes sustainable agriculture practices, including 
water conservation and efficient irrigation. 

Supported over 3 million hectares in watershed 
management projects (Ministry of Agriculture and 

Farmers Welfare, 2019). 
Integrated Watershed 

Management Programme 
(IWMP) 

Focuses on water conservation, soil management, and 
improved water availability through watershed 

management. 

Treated over 5 million hectares under water conservation 
projects (Department of Land Resources, 2021). 

 
In conclusion, India’s policy framework and institutional 
support for water management have established a foundation 
for addressing water scarcity and irrigation inefficiency. 
However, effective implementation and integration at the 
grassroots level remain critical to ensuring the success of 
these initiatives. Active participation of local communities, 
better coordination among institutions, and investment in 
capacity-building are key to the sustainable management of 
India’s water resources in the future. 
 
6. Technological Innovations for Improved Irrigation 

Efficiency 
Technological advancements play a pivotal role in improving 
irrigation efficiency, helping to address India’s water scarcity 
issues while ensuring sustainable agricultural production. The 
adoption of modern irrigation technologies not only optimizes 
water use but also enhances crop yield and reduces the 
environmental footprint of agricultural practices. Some key 
technological innovations in irrigation that are being adopted 
in India include drip irrigation, sprinkler irrigation, remote 
sensing technologies, and precision irrigation systems. These 
technologies are crucial in addressing the growing demand for 
water in agriculture, especially in water-scarce regions. 
Drip Irrigation Systems: Drip irrigation is one of the most 
efficient methods of irrigation, delivering water directly to the 
plant roots, thereby minimizing evaporation and runoff. 
According to the National Mission on Micro Irrigation 
(NMMI), over 2.5 million hectares of land in India were 
brought under drip irrigation systems by 2021 (Ministry of 
Agriculture and Farmers Welfare, 2021). This method is 
particularly beneficial in regions like Gujarat, Maharashtra, 
and Rajasthan, where water scarcity is critical. Studies show 
that drip irrigation can reduce water use by up to 40% and 
increase crop yield by as much as 30% compared to 
traditional flood irrigation methods (Sharma et al., 2020). The 
government’s promotion of subsidies for drip irrigation under 
schemes like PMKSY has further accelerated its adoption, 
leading to significant improvements in water-use efficiency. 
Sprinkler Irrigation: Sprinkler irrigation systems have been 
increasingly adopted for water-efficient irrigation in various 
parts of India, particularly for crops like wheat, rice, and 
sugarcane. These systems simulate rainfall, applying water 
uniformly over the crop field. By 2022, about 3 million 
hectares of farmland were equipped with sprinkler irrigation 
systems across India (Ministry of Agriculture and Farmers 
Welfare, 2022). Compared to traditional flood irrigation, 
sprinkler systems reduce water consumption by 
approximately 20-30%, especially in areas where surface 
water is not readily available (Singh & Singh, 2021). 
Furthermore, sprinkler irrigation has proven effective in 
reducing soil erosion and improving crop uniformity. 

Remote Sensing and GIS Technologies: The use of remote 
sensing and Geographic Information System (GIS) 
technologies is gaining popularity for water management and 
irrigation efficiency. These technologies help in assessing soil 
moisture content, water distribution, and crop health, thereby 
enabling farmers to make data-driven decisions about 
irrigation schedules and water use. According to a study by 
the Indian Institute of Remote Sensing (IIRS), remote sensing 
technologies have been used to monitor crop conditions 
across over 10 million hectares in India, enhancing the 
precision of irrigation applications (IIRS, 2020). Satellite-
based data allows for accurate mapping of water stress in 
crops, which helps farmers optimize water usage and reduce 
wastage. 
Precision Irrigation: Precision irrigation combines various 
technologies such as sensors, automated irrigation systems, 
and data analytics to apply water more accurately based on 
the specific needs of crops and soil. This system adjusts the 
amount of water supplied based on real-time data from 
sensors placed in the soil or weather stations. Studies have 
shown that precision irrigation can reduce water use by 25-
30% and increase productivity by up to 20% (Jain & Jain, 
2022). It also minimizes the use of fertilizers and pesticides, 
which benefits both the environment and farm profitability. 
Artificial Intelligence (AI) and Machine Learning (ML): 
AI and ML technologies are also being used to enhance 
irrigation efficiency in India. These technologies help in 
predicting weather patterns, optimizing irrigation schedules, 
and managing water resources more effectively. In 2023, the 
Indian government launched a pilot project using AI-based 
irrigation systems in Punjab and Haryana, which resulted in a 
30% reduction in water usage and improved crop yield by 
15% (Ministry of Electronics and Information Technology, 
2023). AI-driven irrigation systems are expected to become 
more common in the future, contributing to sustainable 
agricultural practices. 

 
Table 3: Adoption of Modern Irrigation Technologies in India 

(2021-2022) 
 

Technology 
Area Covered 

(Million 
Hectares) 

Water 
Savings 

(%) 

Crop Yield 
Improvement 

(%) 
Drip Irrigation 2.5 40 30 

Sprinkler Irrigation 3 20-30 15-20 
Precision Irrigation 0.5 25-30 20 

Remote Sensing & GIS 10 N/A N/A 
AI-Based Irrigation 

Systems 0.1 30 15 
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These technological innovations are transforming the 
landscape of irrigation in India, offering promising solutions 
to the country's water management challenges. While 
challenges such as high initial costs, lack of awareness, and 
inadequate infrastructure remain, the future of irrigation in 
India looks promising with the continued adoption of modern 
technologies. Furthermore, continued government support 
through subsidies and schemes like PMKSY and National 
Mission on Micro Irrigation (NMMI) is likely to enhance the 
accessibility of these technologies, especially for small and 
marginal farmers. Therefore, technological innovation in 
irrigation is a key driver for improving water use efficiency, 
increasing crop productivity, and ensuring sustainable 
agriculture in India. 
 
7. Policy and Institutional Support for Water 

Management and Irrigation Efficiency 
Effective water management and irrigation efficiency in India 
are strongly influenced by the country’s policies and 
institutional frameworks. Given the critical importance of 
agriculture in the Indian economy, government policies have 
increasingly emphasized the need for sustainable water 
management practices. 
The Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), 
launched in 2015, is a key initiative aimed at improving 
irrigation infrastructure and enhancing water-use efficiency. 
The scheme focuses on the expansion of irrigation coverage, 
modernization of existing irrigation systems, and 
implementation of micro-irrigation techniques. By 2020, 
PMKSY had facilitated the creation of over 10 million 
hectares of irrigation potential and the establishment of more 
than 2 million hectares under drip irrigation (PMKSY Report, 
2020). Furthermore, the scheme supports the development of 
water-efficient irrigation systems in water-scarce regions such 
as Rajasthan, Gujarat, and Maharashtra. 
State-Level Initiatives: Various states have also developed 
their own programs to address water management challenges. 
For instance, Maharashtra has implemented the Jal Yukt 
Shivar Abhiyan, a water conservation initiative aimed at 
improving water availability in rural areas. The scheme 
focuses on rainwater harvesting, watershed development, and 
soil moisture management to ensure better irrigation 
efficiency. By 2022, the initiative had covered over 10,000 
villages, helping conserve 1.2 billion cubic meters of water 
annually (Maharashtra Government, 2022). Similarly, Tamil 
Nadu has developed the Tamil Nadu Irrigated Agriculture 
Modernization and Water-Bodies Restoration and 
Management Project, which seeks to restore irrigation 
systems and improve water management in the state's 
irrigation infrastructure. 
Institutional Frameworks and Support: Institutional 
frameworks at both the central and state levels play a crucial 
role in managing water resources and promoting irrigation 
efficiency. Agencies like the Central Water Commission 
(CWC), the National Bank for Agriculture and Rural 
Development (NABARD), and the Water and Power 
Consultancy Services (WAPCOS) are key players in 
providing technical support and financial resources for water 
management projects. Additionally, NABARD has been 
instrumental in providing funding for micro-irrigation systems 
under various schemes, enabling farmers to access modern 
irrigation technologies. 
Furthermore, water user associations (WUAs) have been 
established across several states to promote community-based 
water management. These associations empower farmers to 

manage water distribution efficiently, ensuring that irrigation 
resources are allocated fairly and effectively. WUAs are 
especially important in regions with limited water resources, 
where equitable water distribution is essential for maximizing 
irrigation efficiency. 
Financial Support and Subsidies: The government has also 
introduced financial incentives to encourage the adoption of 
efficient irrigation technologies. Through schemes like 
PMKSY and National Mission on Micro Irrigation (NMMI), 
farmers can receive subsidies of up to 50% of the cost of 
installing micro-irrigation systems (Ministry of Agriculture 
and Farmers Welfare, 2021). This financial support 
significantly reduces the financial burden on farmers, 
particularly in regions where water scarcity is acute. 
Additionally, the Agriculture Infrastructure Fund (AIF), 
launched in 2020, provides low-interest loans to farmers and 
agricultural entrepreneurs to set up irrigation and water 
conservation infrastructure. 
 
Table 4: Overview of Key Government Schemes Supporting Water 

Management and Irrigation Efficiency 
 

Scheme/Policy 
Name Objective 

Area 
Covered 
(Million 

Hectares) 

Financial 
Support 

(%) 

Year of 
Launch 

Pradhan Mantri 
Krishi Sinchayee 
Yojana (PMKSY) 

Enhance 
irrigation 

coverage and 
efficiency 

10 
Up to 50% 

(Micro-
irrigation) 

2015 

National Mission 
on Sustainable 

Agriculture 
(NMSA) 

Promote 
water-efficient 

farming 
practices 

Nationwide Varies by 
scheme 2010 

National Mission 
on Micro 
Irrigation 
(NMMI) 

Subsidy for 
installation of 

micro-
irrigation 
systems 

2.5 Up to 50% 2010 

Jal Yukt Shivar 
Abhiyan 

(Maharashtra) 

Water 
conservation in 

rural areas 

10,000 
villages 

Varies by 
project 2015 

Tamil Nadu 
Irrigated 

Agriculture 
Modernization 

Project 

Restore 
irrigation 

infrastructure 
0.5 Varies by 

project 2010 

 
These policies and programs reflect the government’s 
commitment to improving irrigation efficiency and ensuring 
water security for Indian agriculture. The integration of 
modern irrigation systems, financial subsidies, and 
institutional support is essential to addressing the water 
challenges faced by Indian farmers. As India moves towards a 
more sustainable agricultural future, continued policy support 
and institutional reforms will play a crucial role in enhancing 
irrigation efficiency and water-use productivity. With 
appropriate implementation, these initiatives can provide 
long-term solutions to India’s water management challenges. 
 
8. Future Prospects and Innovations in Water 

Management and Irrigation Efficiency 
The future of water management and irrigation efficiency in 
India hinges on adopting innovative technologies, improving 
infrastructure, and integrating modern management practices. 
As the agricultural sector continues to grapple with the dual 
challenges of water scarcity and climate change, innovative 
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solutions will be essential to ensure sustainability and 
productivity. With India’s agriculture heavily reliant on 
irrigation, especially in regions where rainfall is inadequate or 
irregular, addressing the need for improved water-use 
efficiency remains critical. 
Technological Innovations in Irrigation: Technological 
advancements in irrigation systems are among the most 
promising solutions to improving water management. One 
key innovation is the expansion of micro-irrigation 
technologies, particularly drip and sprinkler irrigation 
systems. These methods offer significant water savings by 
reducing evaporation and runoff, delivering water directly to 
the plant roots. As of 2021, India has installed over 5 million 
hectares under drip irrigation, with the aim to increase this to 
10 million hectares by 2025 under various government 
schemes such as PMKSY and NMMI (Ministry of Agriculture 
and Farmers Welfare, 2021). These methods can save up to 
40-60% of water compared to conventional flood irrigation, 
especially in water-scarce areas like Rajasthan and Gujarat, 
where water conservation is of utmost importance. 
The use of remote sensing technology and Geographic 
Information Systems (GIS) is also gaining momentum in 
India. These tools enable precise mapping of water resources, 
efficient distribution systems, and crop monitoring, which 
enhances the management of irrigation infrastructure. By 
using satellite data, farmers and water management agencies 
can identify areas with water stress, monitor crop growth, and 
adjust irrigation schedules accordingly, resulting in optimized 
water use. The government has partnered with organizations 
like the Indian Space Research Organisation (ISRO) to 
implement satellite-based weather forecasting and water 
availability systems that assist in better irrigation 
management. 
Another promising development is the adoption of artificial 
intelligence (AI) and machine learning (ML) for irrigation 
management. AI-powered systems can analyze a variety of 
factors, including soil moisture, weather forecasts, and crop 
type, to predict irrigation needs with high accuracy. These 
technologies allow farmers to automate irrigation systems, 
reducing human intervention and ensuring that water is 
applied only when and where it is needed. As of 2020, several 
pilot projects have successfully implemented AI-driven 
irrigation systems in states like Punjab, Haryana, and 
Maharashtra, showing water savings of up to 25% while 
maintaining or improving crop yields. 
Water Recycling and Reuse: The practice of water recycling 
is becoming increasingly important for managing water 
scarcity, particularly in urban areas and peri-urban 
agricultural zones. Wastewater treatment plants are being 
upgraded to treat and recycle water for agricultural use. In 
states like Uttar Pradesh and Maharashtra, treated wastewater 
is being used for irrigation in water-intensive crops such as 
sugarcane, where conventional water sources are strained. A 
study conducted in 2021 found that using treated wastewater 
for irrigation can save around 30-40% of freshwater resources 
(Singh & Kumar, 2021). The expansion of such practices is 
expected to reduce the reliance on groundwater and surface 
water, offering a sustainable alternative for irrigation. 
Cloud Computing and IoT-Based Systems: The advent of 
Internet of Things (IoT) and cloud computing has paved the 
way for more efficient irrigation systems that can be 
monitored and controlled remotely. Sensors embedded in the 
soil and irrigation pipes can measure parameters such as soil 
moisture levels, temperature, and water flow. This data is 
transmitted to cloud platforms, where farmers can analyze it 

in real time and adjust irrigation schedules as needed. As of 
2022, more than 100,000 farmers across India have adopted 
IoT-based irrigation systems, leading to an average reduction 
of 20% in water use while maintaining optimal crop yields 
(Agricultural Technology Management Agency, 2022). 
Innovations in Water Harvesting: To address the challenge 
of water availability, rainwater harvesting is emerging as an 
effective method for storing and utilizing rainwater. In arid 
and semi-arid regions, rainwater harvesting structures like 
check dams and ponds are being implemented to collect and 
store rainwater for irrigation during dry periods. The Jal 
Shakti Abhiyan program, launched by the Indian government 
in 2019, focuses on rejuvenating traditional water harvesting 
systems and promoting the construction of new ones. By 
2022, more than 50,000 rainwater harvesting structures were 
established under this initiative, benefiting over 1 million 
farmers across the country. 
Sustainability and Climate Adaptation: As climate change 
continues to disrupt water availability, it is essential to 
integrate climate adaptation strategies into water management 
policies. Farmers in regions prone to erratic rainfall patterns 
are increasingly being encouraged to adopt climate-smart 
agriculture practices, which include using drought-resistant 
crop varieties and efficient irrigation methods. By 2023, 
approximately 20% of India's agricultural land is expected to 
be under climate-smart agriculture initiatives, aimed at 
reducing water usage while improving resilience to climate 
stress (FAO, 2023). The promotion of xerophytic crops, 
which require less water, is also gaining traction in drought-
prone areas, providing an opportunity to increase crop 
diversity while conserving water. 
The successful integration of these innovations, supported by 
policy incentives, infrastructure development, and 
institutional frameworks, holds significant promise for the 
future of water management and irrigation efficiency in India. 
The combination of technology, sustainable practices, and 
improved management can significantly enhance agricultural 
productivity while addressing the pressing issue of water 
scarcity. As these innovations continue to evolve, India’s 
agricultural sector can move toward a more sustainable, 
water-efficient future. 
 
Conclusion 
Water management and irrigation efficiency are pivotal to the 
sustainability and productivity of Indian agriculture. With a 
rapidly growing population and escalating water scarcity due 
to climate change, traditional irrigation systems are proving 
inadequate in meeting the increasing demand for water. 
However, the adoption of innovative technologies, such as 
micro-irrigation, remote sensing, AI-driven systems, and 
water recycling practices, offers significant potential for 
improving water use efficiency. These advancements are not 
only helping conserve water but also enhancing agricultural 
productivity, thus addressing both environmental and 
economic concerns. 
While India has made notable progress in expanding drip and 
sprinkler irrigation, the implementation of cutting-edge 
solutions like IoT-based systems and cloud computing is still 
in the early stages but shows promising results. Moreover, 
integrating water harvesting techniques and promoting 
climate-smart agriculture can mitigate the adverse effects of 
erratic weather patterns and droughts, ensuring a more 
resilient agricultural ecosystem. 
Nonetheless, the future success of water management in India 
depends on continued investment in technology, 
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infrastructure, and policy support. The involvement of 
stakeholders, including farmers, government agencies, and 
technology providers, will be critical in scaling up these 
solutions. By fostering innovation, improving water-use 
efficiency, and ensuring equitable access to water resources, 
India can pave the way for a more sustainable agricultural 
future, capable of meeting the demands of its growing 
population while safeguarding the environment. 
In conclusion, water management is not only a technical 
challenge but also a social, economic, and environmental 
imperative. With collaborative efforts, innovative solutions, 
and appropriate policy frameworks, India can transform its 
water management practices and achieve long-term 
sustainability in its agricultural sector. 
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