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ABSTRACT 
 
The evolution and impact of water conservation techniques in Indian agriculture, underlining their 
vital role in fostering sustainable resource management amidst increasing global water scarcity. It 
begins by exploring traditional water management practices, illuminating their historical relevance 
and the constraints they face in meeting contemporary agricultural demands. The focus then shifts 
to modern water conservation methods, including technological advancements in irrigation, such as 
drip irrigation, sprinkler systems, and subsurface irrigation, alongside agronomic practices like crop 
rotation, soil moisture management, and mulching, which collectively enhance water efficiency. It 
explores into the crucial influence of technology and innovation in Indian agriculture, spotlighting 
precision agriculture with a particular emphasis on sensors and IoT for water management, remote 
sensing, satellite imagery, and data-driven methodologies incorporating AI, machine learning, and 
decision support systems. Additionally, it investigates cutting-edge solutions like hydrogel 
technology for soil water retention and solar-powered irrigation systems. The review also addresses 
the significance of supportive policy frameworks, community-oriented water management 
strategies, and the role of education and awareness, highlighting government initiatives, 
international collaborations, NGO involvement, and farmer training programs. Regional case 
studies are presented to analyze the effects of these water conservation practices on sustainability 
and productivity, offering insights into lessons learned and the potential for replication. Lastly, the 
review identifies and discusses the challenges and barriers to implementation, encompassing 
economic and financial limitations, technological and infrastructural gaps, social and cultural 
obstacles, and environmental considerations. Ultimately, this review emphasizes the need for a 
holistic approach that synergistically integrates technology, policy, community engagement, and 
education, crucial for advancing water conservation in Indian agriculture and ensuring its 
sustainability and resilience amidst diverse environmental and socio-economic challenges. 
 

 
Keywords: Irrigation; sustainability; technology; conservation; innovation; community. 
 

1. INTRODUCTION 
 
India's agricultural sector, a cornerstone of its 
economy, heavily relies on water as a critical 
input. However, the country faces significant 
challenges in water management, primarily due 
to its vast and diverse geographical expanse and 
burgeoning population. Agriculture in India 
consumes about 80-90% of the total water 
resources, making it the largest user of water [1]. 
This intense dependency on water resources for 
agriculture is juxtaposed with a growing crisis of 
water scarcity. A report by NITI Aayog (2018) 
highlighted that 21 major cities, including New 
Delhi, Bengaluru, and Chennai, are racing 
towards zero groundwater levels, affecting 
access for 100 million people. The situation is 
exacerbated by climate change, which is altering 
rainfall patterns and exacerbating water scarcity 
[2]. In this scenario, water conservation in 
agriculture is not just a necessity but a critical 
measure for the survival of millions who depend 
on agriculture for their livelihoods. Globally, 

sustainable resource management has gained 
paramount importance as it directly correlates 
with the survival and health of ecosystems and 
human populations. Sustainable resource 
management in agriculture, particularly in a 
country like India, involves optimizing water use, 
ensuring that the needs of the present are met 
without compromising the ability of future 
generations to meet their own needs [3]. The 
concept is vital in the Indian context due to the 
country's large population, which is expected to 
surpass China's by 2027, making India the 
world’s most populous country. This 
demographic trend puts immense pressure on its 
natural resources. Sustainable water 
management in agriculture is crucial for India to 
achieve several United Nations Sustainable 
Development Goals (SDGs), especially SDG 2 
(Zero Hunger), SDG 6 (Clean Water and 
Sanitation), and SDG 12 (Responsible 
Consumption and Production). The purpose of 
this review article is to provide a comprehensive 
analysis of the advancing water conservation 
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techniques in India's agricultural sector and their 
role in sustainable resource management. This 
article aims to explore various traditional and 
modern water conservation practices, the 
integration of technological innovations, the 
implications of policy frameworks, and the 
involvement of community and educational 
initiatives in fostering sustainable water 
management in agriculture. While the focus is 
predominantly on India, the insights and findings 
from this review can offer valuable lessons and 
strategies applicable to other regions facing 
similar challenges. The scope of this article 
encompasses an examination of both the 
successes and challenges faced in implementing 
water conservation techniques in India's 
agricultural sector, thereby providing a nuanced 
understanding of the complex interplay between 
water management, agricultural productivity, and 
sustainable resource development. 
 

2.  THE NECESSITY OF WATER 
CONSERVATION IN AGRICULTURE 

 

The urgency for water conservation in agriculture 
is underscored by the escalating crisis of global 
water scarcity, which profoundly impacts 
agriculture, especially in countries like India. 
Agriculture, being the largest consumer of water 
globally, faces significant challenges due to 
diminishing water resources, a situation 
aggravated by climate change. According to the 
World Resources Institute (WRI), India ranks 
13th among the world's 17 'extremely water-
stressed' countries, indicating a severe 
imbalance between water demand and supply 
[4]. This scarcity is not just a rural phenomenon 
but also affects urban areas, often leading to 
conflicts over water resources. In agriculture, 
water scarcity translates to reduced crop yields, 
affecting food security and livelihoods, 
particularly in agrarian economies [5]. The Food 
and Agriculture Organization (FAO) reports that 
water scarcity can lead to a decline in agricultural 
productivity by 10-30%, posing a grave threat to 
food security. The role of agriculture in water 
usage in India is pivotal, with the sector 
accounting for more than 80% of the country's 
freshwater usage, a figure significantly higher 
than the global average of 70% [6]. However, this 
also implies that agriculture holds substantial 
potential for water conservation. Efficient 
irrigation practices, such as the shift from 
traditional flood irrigation to micro-irrigation 
techniques like drip and sprinkler systems, can 
considerably reduce water wastage. The 

Government of India's Pradhan Mantri Krishi 
Sinchayee Yojana (PMKSY) aims to enhance 
water efficiency at the farm level through micro-
irrigation [7]. Moreover, adopting water-smart 
agricultural practices like rainwater harvesting, 
crop rotation, and using drought-resistant crop 
varieties can further augment water conservation 
efforts. 
 

Climate change poses additional challenges to 
water resources in agriculture. It alters 
precipitation patterns, leading to irregular and 
unpredictable rainfall, exacerbating water 
scarcity issues [8]. In India, climate change is 
expected to cause spatial and temporal 
variations in water availability, impacting both the 
quantity and quality of water resources. For 
instance, the Himalayan glaciers, a crucial 
source of India's river systems, are receding due 
to global warming, affecting the flow in major 
rivers like the Ganges and the Indus, which are 
lifelines for India's agriculture [9]. These changes 
demand adaptive strategies in agricultural water 
management to ensure sustainability. Integrating 
climate-resilient agricultural practices, such as 
adjusting sowing dates, water-saving irrigation 
techniques, and employing climate-smart 
agricultural technologies, is imperative to mitigate 
the impacts of climate change on water 
resources in agriculture. 
 

3. TRADITIONAL WATER MANAGEMENT 
PRACTICES 

 
The landscape of Indian agriculture has been 
historically rich with various traditional water 
management practices, reflective of the diverse 
climatic zones and cultural heritage of the 
country. These practices, deeply rooted in local 
knowledge and environmental conditions,                 
have been instrumental in harnessing and 
conserving water for agricultural purposes                    
for centuries. One of the most prominent 
traditional methods is the use of                          
'tankas,' rainwater harvesting structures 
commonly found in the arid and semi-arid 
regions of Rajasthan. 
 
These tankas are small tanks, often built inside 
the courtyards of houses, and are used to collect 
and store rainwater for drinking and irrigation 
purposes [10]. Another notable practice is the 
'Ahar-Pyne' system in Bihar, an indigenous 
floodwater harvesting method. Ahars are small 
reservoirs with embankments on three sides, 
while Pynes are canals that divert river water to
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Table 1. Necessity of water conservation in agriculture 
 

Necessity Explanation 

Reducing Water 
Scarcity 

With the growing global population and climate change, water scarcity is 
becoming more acute. Agriculture, being a major user of water, needs 
efficient management to reduce wastage and ensure availability for future 
generations. 

Enhancing Crop Yield 
and Quality 

Efficient water use can lead to better crop yield and quality. However over-
irrigation can lead to soil salinization and nutrient depletion, adversely 
affecting crop health. 

Mitigating the Effects 
of Climate Change 

Water conservation in agriculture helps adapt to the changing climate 
patterns, ensuring food security amidst unpredictable rainfall and extreme 
weather events. 

Reducing Energy 
Consumption 

A significant amount of energy is used in pumping and delivering water for 
irrigation. Water conservation methods can reduce this energy use, 
contributing to overall energy efficiency. 

Preserving Natural 
Ecosystems 

Over-extraction of water for agricultural purposes can harm natural 
ecosystems. Efficient water use helps maintain the balance in rivers, lakes, 
and groundwater systems. 

Economic Benefits for 
Farmers 

Implementing water conservation techniques can reduce water costs and 
increase profitability for farmers, especially in regions where water is a 
paid resource. 

Ensuring 
Sustainability for 
Future Generations 

Sustainable water management in agriculture ensures that future 
generations have access to the necessary resources for food production 
and a healthy ecosystem. 

 
Table 2. Traditional water management practices in India 

 

Practice Region Description Reference 

Jhalara Rajasthan Man-made tanks for rainwater harvesting, common in arid 
areas. 

[15] 

Baoli/Bawdi Various Stepwells for water storage, also social and cultural sites. [16] 

Taanka Rajasthan, 
Gujarat 

Underground water storage in homes for drinking water. [17] 

Ahar-Pyne Bihar Floodwater harvesting system with reservoirs (Ahars) and 
channels (Pynes). 

[18] 

Kuhls Himachal 
Pradesh 

Gravity-based water diversion channels for irrigation in 
mountains. 

[19] 

Zabo 
(Ruza) 

Nagaland Combines forestry, agriculture, and water conservation; 
channels runoff to fields. 

[20] 

Khadin Rajasthan Rainwater harvesting for agriculture using long earthen 
embankments. 

[21] 

Vav Gujarat Architecturally complex stepwells for water storage and 
social activities. 

[22] 

Surangam Kerala Horizontal tunnels in hillsides for groundwater collection. [23] 

Johads Rajasthan, 
Haryana 

Small earthen dams for rainwater capture and 
groundwater recharge. 

[24] 

Eri (Tank) Tamil 
Nadu 

Man-made lakes or reservoirs for water storage, irrigation, 
and sometimes fish cultivation. 

[25] 

Pat North-
Eastern 
India 

Bamboo drip irrigation system in hilly areas for crops like 
pepper. 

[26] 
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the fields. In the southern state of Karnataka, 
'Kattas,' or temporary check dams, are 
constructed across streams to impound water. 
Similarly, in the northeastern region, particularly 
in states like Meghalaya, the living root bridges, 
an amalgamation of traditional knowledge and 
nature, serve as a unique method of water 
conservation and management [11]. Despite their 
sustainability and low environmental impact, 
traditional water management practices in India 
face several limitations and challenges in the 
context of modern demands. One of the primary 
challenges is the scalability and modernization of 
these practices to meet the needs of the 
increasing population. As India's population 
continues to grow, the pressure on water 
resources intensifies, making traditional practices 
insufficient to meet the growing demands [12]. 
Moreover, many of these practices require 
community involvement and collective 
management, but with the increasing 
individualization and privatization of water 
resources, community participation has dwindled. 
Urbanization and industrialization also pose 
significant threats to traditional water 
management systems. As cities expand, many 
traditional water bodies and harvesting structures 
are encroached upon or neglected, leading to 
their deterioration [13]. The transition from 
traditional to modern water conservation 
approaches in Indian agriculture has been 
gradual and necessitated by the need to 
enhance efficiency and productivity. The 
government of India, recognizing the limitations 
of traditional systems and the urgency of 
conserving water, has initiated several programs 
to promote modern water conservation 
techniques. The Pradhan Mantri Krishi 
Sinchayee Yojana (PMKSY), launched in 2015, 
aims to extend the coverage of irrigation and 
improve water use efficiency through various 
interventions, including drip and sprinkler 
irrigation [14]. Modern methods like micro-
irrigation not only conserve water but also 
increase crop yield and quality. The National 
Water Mission under the National Action Plan on 
Climate Change also promotes water 
conservation, focusing on a more integrated 
approach to water management . 

 
4. MODERN WATER CONSERVATION 

TECHNIQUES 
 

In the context of India, a country grappling with 
the dual challenges of water scarcity and the 
need to boost agricultural productivity, modern 
water conservation techniques are not just 

innovations but necessities. The advancements 
in irrigation technology have been pivotal in this 
regard. Drip irrigation, one of the most significant 
advancements, epitomizes efficient water use in 
agriculture. In drip irrigation, water is delivered 
directly to the roots of plants in a slow and steady 
manner, minimizing evaporation and ensuring 
that the plants receive water and nutrients in the 
most efficient way possible [27]. The adoption of 
drip irrigation in India has been growing, 
particularly in water-stressed states like 
Maharashtra and Gujarat, driven by both 
government initiatives and farmer awareness. 
Studies have shown that drip irrigation can save 
up to 60% of water compared to conventional 
flood irrigation while increasing crop yields. 
Sprinkler systems, another technological 
advance, have also gained popularity in India. 
These systems simulate rainfall and are 
particularly useful in uneven terrains where 
traditional irrigation methods are impractical. 
Sprinklers distribute water more evenly and can 
lead to significant water savings compared to 
surface irrigation methods [28]. The Government 
of India has been promoting sprinkler systems 
through various schemes and subsidies, 
recognizing their potential in enhancing water 
use efficiency in agriculture. Subsurface irrigation 
is a less common but highly efficient irrigation 
method where water is applied below the soil 
surface, directly to the root zone. This method 
has the advantage of reducing evaporation 
losses and minimizing weed growth. However, its 
adoption in India is limited due to higher initial 
costs and the need for technical expertise [29]. 
Beyond advancements in irrigation technology, 
water-efficient agricultural practices are equally 
crucial in conserving water. Crop rotation and 
diversification are traditional practices that have 
been revitalized in the modern context. Rotating 
crops and diversifying plantings can improve soil 
health, reduce pest and disease pressures, and 
lead to more efficient use of water. In India, 
initiatives like the National Food Security Mission 
have been encouraging farmers to diversify 
crops, especially in regions dominated by water-
intensive crops like rice and wheat. Soil moisture 
management is another vital aspect of water-
efficient agriculture. Practices such as 
conservation tillage, maintaining soil organic 
matter, and using soil moisture sensors can 
optimize water use and enhance crop yields [30]. 
The Indian Council of Agricultural Research 
(ICAR) has been promoting soil moisture 
conservation techniques through training and 
extension activities. Mulching and cover cropping 
are simple yet effective techniques for 
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conserving soil moisture. Mulching involves 
covering the soil with organic or inorganic 
materials, which helps retain moisture, reduce 
evaporation, and suppress weed growth. Cover 
cropping, on the other hand, involves growing 
certain crops (cover crops) primarily for the 
benefit of the soil rather than for crop yield. 
These practices have been gaining traction in 
India, particularly in organic farming and 
sustainable agriculture circles [31]. 

 
4.1 Use of Climate-Smart Agricultural 

Practices 
 
The concept of climate-smart agriculture (CSA) 
has gained significant traction in India as a 
means to address the twin challenges of climate 
change and food security. In a country where a 
large portion of the population depends on 
agriculture for their livelihoods, the impact of 
climate change on agricultural productivity is a 
critical concern. CSA aims to sustainably 
increase agricultural productivity, adapt and build 
resilience to climate change, and reduce 
greenhouse gas emissions where possible [42]. 
Within this framework, several practices have 
been emphasized, including weather forecasting 
and climate modeling, the development and use 
of resilient crop varieties, and integrated pest and 
nutrient management. 

 
4.1.1  Weather forecasting and climate 

modeling 

 
Weather forecasting and climate modeling are 
essential components of climate-smart 
agriculture. These tools help farmers make 
informed decisions about planting, irrigation, and 
harvesting, thereby reducing risks associated 
with climate variability. In India, the Indian 
Meteorological Department (IMD) provides 
weather forecasts and agricultural advisories to 
farmers. With advances in technology, these 
forecasts have become more accurate and 
localized, aiding farmers in planning their 
agricultural activities more effectively. The 
Government of India's Gramin Krishi Mausam 
Sewa (GKMS) scheme, under IMD, delivers 
district-level weather forecasts. Additionally, 
several private and academic institutions also 

provide weather-related information. The use of 
Geographic Information Systems (GIS) and 
Remote Sensing (RS) technologies has further 
enhanced the precision of weather predictions 
and climate modeling in India [43]. 

 
4.1.2 Resilient crop varieties 

 
The development and use of resilient crop 
varieties are vital in ensuring food security in the 
face of climate change. In India, research 
institutions such as the Indian Council of 
Agricultural Research (ICAR) have been at the 
forefront of developing climate-resilient crop 
varieties. These varieties are designed to 
withstand extreme weather conditions such as 
drought, heat, salinity, and flooding. For instance, 
drought-tolerant varieties of rice and wheat, and 
salt-tolerant varieties of coastal crops, have been 
developed and are increasingly being adopted by 
farmers [44]. Such innovations are crucial in a 
country like India, where climatic variations can 
significantly impact crop yields and, 
consequently, the livelihoods of millions of 
farmers. 

 
4.1.3  Integrated pest and nutrient 

management 

 
Integrated pest and nutrient management is 
another critical aspect of CSA, focusing on 
optimizing the use of chemical inputs and 
promoting ecological practices. In India, 
excessive and inappropriate use of chemical 
fertilizers and pesticides has led to soil and water 
pollution, besides disrupting ecological balances. 
Integrated Pest Management (IPM) and 
Integrated Nutrient Management (INM) offer 
more sustainable alternatives. IPM involves the 
use of a combination of biological, cultural, 
physical, and chemical tools in a coordinated 
way to manage pests [45]. Similarly, INM aims to 
optimize the health and productivity of soil by 
balancing the use of organic and inorganic 
fertilizers. Programs like the National Project on 
Organic Farming (NPOF) and the Paramparagat 
Krishi Vikas Yojana (PKVY) have been 
promoting these practices across India, 
contributing to sustainable agriculture and 
environmental conservation. 
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Table 3. Modern water conservation techniques 
 

Technique Description Reference 

Rainwater 
Harvesting 

Collecting and storing rainwater for reuse before it 
reaches the ground. 

[32] 

Drip Irrigation Delivering water directly to the roots of plants, 
minimizing evaporation and runoff. 

[33] 

Greywater 
Recycling 

Reusing water from sinks, showers, and washing 
machines for gardening and flushing toilets. 

[34] 

High-
Efficiency 
Toilets 

Toilets designed to use significantly less water per 
flush than standard toilets. 

[35] 

Water-
Sensitive 
Urban Design 

Integrating the urban water cycle, including 
stormwater, groundwater, and wastewater 
management into urban design. 

[36] 

Smart 
Irrigation 
Systems 

Utilizing advanced technologies like sensors and IoT 
for efficient irrigation management. 

[37] 

Artificial 
Recharge of 
Aquifers 

Techniques like percolation tanks, recharge wells, and 
rain gardens to replenish groundwater. 

[38] 

Desalination Removing salts and minerals from saline water to 
produce fresh water. 

[39] 

Water 
Footprint 
Reduction 

Strategies to reduce water use and waste in industries 
and agriculture. 

[40] 

Rooftop 
Gardens 

Using green roofs to absorb rainwater and reduce 
runoff. 

[41] 

 

5. THE ROLE OF TECHNOLOGY AND 
INNOVATION 

 
In the realm of Indian agriculture, technology and 
innovation play pivotal roles in enhancing 
productivity, efficiency, and sustainability. As 
India grapples with the challenges of a growing 
population, dwindling natural resources, and 
climate change, the adoption of advanced 
technologies becomes increasingly crucial. The 
foray into precision agriculture involving use of 
sensors and the Internet of Things (IoT) in water 
management, data-driven approaches, and the 
exploration of innovative solutions are 
transforming the Indian agricultural landscape. 
 

5.1 Precision Agriculture 
 
Precision agriculture in India is an emerging field 
that integrates advanced technology into farming 
practices to increase efficiency and manage 
resources more effectively. The application of 
sensors and the Internet of Things (IoT) in water 
management marks a significant stride in 
precision agriculture. Sensors deployed in fields 
can provide real-time data on soil moisture, 

temperature, and nutrient levels, enabling 
farmers to make informed decisions about 
irrigation and fertilization [46]. IoT technology 
facilitates the remote monitoring and control of 
irrigation systems, optimizing water usage and 
reducing wastage. Projects like the Digital India 
initiative have been instrumental in promoting IoT 
in agriculture. Remote sensing and satellite 
imagery have revolutionized agricultural 
monitoring and management in India. This 
technology provides detailed data on crop health, 
soil conditions, and water resources over large 
areas, which is invaluable for large-scale 
agricultural planning and decision-making [47]. 
ISRO’s satellite program has been pivotal in 
providing satellite data for agricultural 
applications, supporting crop acreage and yield 
estimation, drought monitoring, and soil health 
mapping. 
 

5.2  Data-Driven Approaches for Water 
Management 

 
The use of data-driven approaches in Indian 
agriculture, particularly concerning water 
management, has shown promising results in 
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enhancing water use efficiency and supporting 
sustainable practices. Artificial Intelligence (AI) 
and machine learning have started to make an 
impact in Indian agriculture, particularly in 
predictive analytics and decision-making 
processes. AI algorithms can analyze data from 
various sources to predict weather patterns, pest 
infestations, and crop diseases, enabling farmers 
to take preventive measures [48]. Machine 
learning models can also optimize irrigation 
schedules based on weather forecasts and soil 
moisture levels, significantly conserving water 
resources. Decision Support Systems (DSS) are 
computer-based tools that use data and 
analytical models to aid farmers in decision-
making. In India, DSS integrates data from 
remote sensing, weather forecasts, and on-
ground sensors to provide farmers with 
actionable insights regarding planting, irrigation, 
and harvesting. These systems have become 
increasingly important in managing the 
complexities of farm management in the context 
of climate change and resource limitations. 
 

5.3  Innovative Solutions and Future 
Prospects 

 
The exploration of innovative solutions and their 
future prospects in Indian agriculture is critical for 
the sustainable management of resources and 
adaptation to changing environmental conditions. 
Hydrogel technology, which involves the use of 
super-absorbent polymers to improve soil water 
retention, is an emerging field in India. These 
hydrogels can absorb and retain large amounts 
of water, releasing it slowly to the plants as 
needed [49]. This technology is particularly 
beneficial in arid and semi-arid regions, where 
water scarcity is a significant challenge. Solar-
powered irrigation systems are gaining popularity 
in India as a sustainable and cost-effective 
solution for irrigation. These systems use solar 
panels to power water pumps, eliminating the 
reliance on diesel or electric pumps. The 
government’s initiatives, like the KUSUM 
scheme, aim to promote solar energy in 
agriculture, reducing the sector’s carbon footprint 
and enhancing farmers’ incomes. 
 

6.  POLICY, EDUCATION, AND 
COMMUNITY INVOLVEMENT 

 
In the realm of advancing water conservation in 
Indian agriculture, the triad of policy, education, 
and community involvement plays a crucial role. 

Effective water management and conservation in 
agriculture require not just technological 
solutions but also robust policy frameworks, Civil 
Society, community engagement including 
gender, and educational initiatives. These 
elements work synergistically to create an 
environment conducive to sustainable water use 
and management. 
 

6.1 The Importance of Supportive Policy 
Frameworks 

 
Supportive policy frameworks are fundamental in 
shaping and guiding water conservation efforts in 
agriculture. These frameworks encompass both 
government initiatives and international 
cooperation. The Government of India has 
implemented various initiatives and regulations to 
promote water conservation in agriculture. 
Policies such as the National Water Policy, 
Pradhan Mantri Krishi Sinchayee Yojana 
(PMKSY), and the Atal Bhujal Yojana focus on 
enhancing water use efficiency, promoting micro-
irrigation, and replenishing groundwater levels. 
These initiatives aim to address the challenges of 
water scarcity, inefficient water use, and the 
degradation of water resources. International 
cooperation and aid play a significant role in 
bolstering India's water conservation efforts in 
agriculture. Collaborations with organizations 
such as the World Bank, the International Water 
Management Institute (IWMI), and the Food and 
Agriculture Organization (FAO) have facilitated 
the exchange of knowledge, technology, and 
resources. These partnerships have supported 
various projects and research initiatives aimed at 
improving water management practices in India 
[50]. 
 

6.2  Community-Based Water Manage-
ment Strategies 

 
Involving local communities is vital for the 
success and sustainability of water management 
strategies. Community-based approaches ensure 
that the solutions are locally relevant and widely 
accepted. Farmer cooperatives and water user 
associations are instrumental in promoting 
participatory water management. These 
organizations empower farmers to collectively 
manage water resources, make decisions 
regarding water allocation, and implement water-
saving techniques [51]. The formation of these 
groups has been encouraged under various 
government schemes, fostering a sense of 
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ownership and responsibility towards water 
resources among the farming community. NGOs 
and local organizations play a pivotal role in 
grassroots-level water conservation initiatives 
and mindset change. Organizations such as the 
Foundation for Ecological Security (FES) and the 
Watershed Organisation Trust (WOTR) work 
directly with rural communities, facilitating the 
implementation of water conservation projects, 
capacity building, and knowledge dissemination. 
 

6.3 Education and Awareness 
 
Education and awareness are key components in 
fostering a culture of water conservation and 
sustainable agricultural practices. Training 
programs for farmers are essential in equipping 
them with the knowledge and skills required for 
effective water management. These programs, 
often conducted by government agencies, 
research institutions, and NGOs, cover a range 
of topics including efficient irrigation techniques, 
soil health management, and climate-smart 
agriculture. Public awareness campaigns and 
educational outreach activities through Farmer 
Field Schools help in creating broader 
awareness about the importance of water 
conservation. Initiatives such as the 'Jal Shakti 
Abhiyan' and the 'Catch the Rain' campaign by 
the Government of India aim to engage citizens 
in water conservation efforts, highlighting the role 
of each individual in safeguarding water 
resources [52]. 
 

7.  CASE STUDIES AND SUCCESS 
STORIES 

 
In the landscape of Indian agriculture, numerous 
regional case studies and success stories 
showcase the effective implementation of water 
conservation practices. These examples not only 
highlight the potential of such practices in 
enhancing sustainability and productivity but also 
offer valuable lessons and models that can be 
replicated in other regions facing similar 
challenges. 

 
7.1 Regional Case Studies Showcasing 

Effective Water Conservation 
Practices 

 
India, with its vast and diverse agricultural zones, 
presents a rich tapestry of successful water 
conservation initiatives. One notable example is 
the state of Gujarat, which has implemented the 

Sardar Patel Participatory Water Conservation 
Scheme. This initiative encouraged the 
construction of check dams and farm ponds, 
leading to significant improvements in 
groundwater levels and agricultural productivity. 
Another exemplary case is the Hiware Bazar 
village in Maharashtra, which transformed itself 
from a drought-prone village to a prosperous 
community through community-led watershed 
management and water conservation practices 
[53]. 
 

7.2  Analysis of the Impact of These 
Practices on Sustainability and 
Productivity 

 
The impact of these water conservation practices 
on sustainability and agricultural productivity is 
profound. In Gujarat, the construction of check 
dams and farm ponds under the state's water 
conservation scheme not only improved 
groundwater levels but also increased the area 
under cultivation and crop yields, enhancing the 
livelihoods of farmers [54]. Similarly, the success 
of Hiware Bazar is attributed to the holistic 
approach towards water conservation and 
management, which included measures like 
rainwater harvesting, recharging wells, and 
changing cropping patterns. This led to a 
remarkable increase in water availability, 
agricultural output, and a reduction in migration 
due to droughts  
 

8.  CHALLENGES AND BARRIERS TO 
IMPLEMENTATION 

 
Implementing water conservation techniques in 
Indian agriculture is fraught with various 
challenges and barriers, ranging from economic 
and financial constraints to technological, social, 
cultural, and environmental hurdles. Each of 
these aspects plays a critical role in shaping the 
effectiveness of water conservation initiatives. 
 

8.1 Economic and Financial Constraints 
 
One of the primary challenges in implementing 
water conservation practices in India is the 
economic and financial constraints faced by 
farmers. Many water conservation technologies, 
such as advanced irrigation systems, require 
significant investment, which can be a deterrent 
for small and marginal farmers who constitute a 
large portion of the Indian farming community. 
The high initial costs of setting up systems like 
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drip irrigation or purchasing water-efficient 
machinery are often beyond the reach of these 
farmers. Although government subsidies and 
schemes are in place to offset some of these 
costs, issues like delayed payments, 
bureaucratic hurdles, and lack of awareness 
often limit their effectiveness [55]. Furthermore, 
the uncertainty of returns on investment due to 
factors like market volatility and climatic risks 
adds to the financial burden on farmers. 
 

8.2  Technological and Infrastructural 
Limitations 

 
Technological and infrastructural limitations are 
significant barriers to the adoption of modern 
water conservation practices in Indian 
agriculture. Many regions in India lack the basic 
infrastructure required for efficient water 
management, such as well-maintained canals, 
water storage facilities, and proper irrigation 
networks [56]. In addition, there is often a gap 
between the available technology and the skills 
or knowledge of the farmers. The lack of training 
and technical support for operating advanced 
irrigation systems or utilizing data-driven 
agricultural tools hinders their widespread 
adoption. This scenario is compounded by issues 
like erratic electricity supply and inadequate 
maintenance services for agricultural machinery. 
 

8.3 Social and Cultural Barriers 
 
Social and cultural barriers also play a crucial 
role in the implementation of water conservation 
techniques. Traditional farming practices are 
deeply rooted in many rural communities, and 
any change is often met with resistance. There is 
a general reluctance to adopt new methods 
without seeing tangible and immediate benefits. 
In addition, social structures and power dynamics 
within communities can influence decision-
making in agriculture, often limiting the 
participation of marginalized groups such as 
smallholder farmers, women, and lower 
socioeconomic classes in water management 
decisions [57]. These dynamics can hinder the 
collective action needed for effective water 
conservation. 
 

8.4 Environmental Concerns and Trade-
offs 

 

Finally, environmental concerns and trade-offs 
are crucial considerations in the implementation 

of water conservation practices. While the 
primary aim of these practices is environmental 
sustainability, they can sometimes have 
unintended ecological impacts. For instance, the 
shift from flood irrigation to micro-irrigation 
systems can lead to the reduction of water 
logging and salinity but may also reduce 
groundwater recharge in some areas [58]. 
Similarly, the use of plastic materials in drip 
irrigation poses challenges in terms of disposal 
and environmental pollution. Balancing the 
immediate needs of water conservation with 
long-term ecological sustainability remains a 
complex and ongoing challenge. 
 

9. CONCLUSION 
 

Advancing water conservation in Indian 
agriculture is crucial for sustainable resource 
management and the future of food security. This 
comprehensive review has highlighted the 
multifaceted approaches ranging from traditional 
water management practices to innovative, 
technology-driven solutions. While significant 
strides have been made through government 
initiatives, technological advancements, and 
community participation, challenges such as 
economic constraints, technological gaps, social 
and cultural resistance, and environmental 
concerns persist. Addressing these challenges 
requires integrated efforts involving policy 
support, technological innovation, community 
engagement, and education. As India continues 
to navigate these complexities, the lessons 
learned, and the successes achieved offer 
valuable insights not only for the nation but also 
for other countries grappling with similar water 
resource challenges in the agricultural sector. 
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 

1. Dhawan V. Water and agriculture in India. 
In Background paper for the South Asia 
expert panel during the Global Forum for 
Food and Agriculture. 2017;28:80-85). 

2. Hanjra MA, Qureshi ME. Global water 
crisis and future food security in an era of 
climate change. Food Policy. 2010;35(5): 
365-377. 

3. Rasul G. Managing the food, water, and 
energy nexus for achieving the sustainable 



 
 
 
 

Rastogi et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 3, pp. 41-53, 2024; Article no.JGEESI.113242 
 
 

 
51 

 

development goals in South 
Asia. Environmental Development. 2016;1 
8:14-25. 

4. Singh G, Jindal T, Patel N, Dubey SK. A 
coherent review on approaches, causes 
and sources of river water pollution: An 
Indian Perspective. In Soil-water, 
agriculture, and climate change: Exploring 
linkages. Cham: Springer International 
Publishing. 2022;247-271. 

5. Nechifor V, Winning M. Global economic 
and food security impacts of demand-
driven water scarcity—Alternative water 
management options for a thirsty 
world. Water. 2018;10(10):1442. 

6. Chen B, Han MY, Peng K, Zhou SL, Shao 
L, Wu XF, Chen GQ. Global land-water 
nexus: Agricultural land and freshwater 
use embodied in worldwide supply 
chains. Science of the Total Environment. 
2018;613:931-943. 

7. Adhikari B, Prasad SV, Praveena PLRJ, 
Sagar GK, Reddy BR. Constraints faced 
by beneficiary farmers of pradhan mantri 
krishi sinchayee yojana-per drop more 
crop (PMKSY-PDMC) in Uttarakhand; 
2022. 

8. Pereira LS, Cordery I, Iacovides I. 
(2009). Coping with water scarcity: 
Addressing the challenges. Springer 
Science & Business Media; 2009. 

9. Huda MB, Kumar R, Rather NA. Scenario 
of Indian himalayan region. Applied 
Agricultural Practices for Mitigating Climate 
Change. 2019;2:257. 

10. Dabdoob RM, Kassim PJ. Evaluation of 
rainwater harvesting system with shared 
built tank in housing development in 
tropical climate. International Journal of 
Engineering Research & Technology. 
2019;8(07):969-973. 

11. Subba JR. Ingenious agricultural heritage 
systems and sustainable agricultural 
ecosystems management in Sikkim. Bio-
cultural diveristy & sustainable 
development in North East India: Status, 
Vision & Challenges. 2009;86. 

12. Kumar R, Singh RD, Sharma KD. Water 
resources of India. Current science. 
2005;794-811. 

13. Foster SSD, Chilton PJ. Groundwater: The 
processes and global significance of 
aquifer degradation. Philosophical 
Transactions of the Royal Society of 
London. Series B: Biological Sciences. 
2003;358(1440): 1957-1972. 

14. Roy D, Majumder D. Improving water use 
efficiency in India’s agriculture: The 
impact. Benefits and challenges of micro-
irrigation under the pradhan mantri                    
krishi sichai yojana: Per Drop More                   
Crop (PMKSY-PDMC) in Sikkim;                   
2020. 

15. Bhatt SC. Natural resources, water 
harvesting and drought in Central India. 
Shree Publishers & Distributors; 2020. 

16. Chakrabarti M. Stepwell–the water 
architecture of India. Pakistan Herit. 2017; 
103-120. 

17. Amiraly A, Prime N, Singh JP. Rainwater 
harvesting, alternative to the water supply 
in Indian urban areas: The case of 
Ahmedabad in Gujarat; 2004. 

18. Koul DN, Singh S, Neelam G, Shukla G. 
Traditional water management systems-An 
overview of Ahar-pyne system in South 
Bihar plains of India and need for its 
revival; 2012. 

19. Debnath S, Adamala S, Palakuru M. An 
overview of Indian traditional irrigation 
systems for sustainable agricultural 
practices. Int J Mod Agric. 2020;9:12-22. 

20. Kumar A, Madhukar AK. (2019, August). 
Management of traditional water system 
and their conservation in North Eastern 
Region through local traditional wisdom. 
In AIP Conference Proceedings. AIP 
Publishing. 2019;2142(1). 

21. Machiwal D, Jha MK, Singh PK, Mahnot 
SC, Gupta A. Planning and design of cost-
effective water harvesting structures for 
efficient utilization of scarce water 
resources in semi-arid regions of 
Rajasthan, India. Water Resources 
Management. 2004;18:219-235. 

22. Selvaraj T, Devadas P, Perumal JL, 
Zabaniotou A, Ganesapillai M. A 
comprehensive review of the potential of 
stepwells as sustainable water 
management structures. Water. 
2022;14(17):2665. 

23. Shaji E, Sarath KV, Prakash P, Abraham 
AP, Deepchand V, Kunhambu V, 
Pradeepkumar AP. Tunnel wells, the 
traditional water harvesting structures of 
Kasaragod, Kerala: re-visited. Current 
Science. 2020;(00113891):118(6). 

24. Dutta SP. Traditional rainwater harvesting 
at crossroads. In proceedings aqua-
foundation IX world congress. International 
Congress, Reviving Traditional Water and 
Environmental Techniques. 2015;93-115. 



 
 
 
 

Rastogi et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 3, pp. 41-53, 2024; Article no.JGEESI.113242 
 
 

 
52 

 

25. Debnath S, Adamala S, Palakuru M. An 
overview of Indian traditional irrigation 
systems for sustainable agricultural 
practices. Int J Mod Agric. 2020;9:12-22. 

26. Hazarika BB, Hazarika BB. A 
Comprehensive Review of Traditional and 
Modern Soil and Water Conservation 
Practices. 

27. Jarwar AH, Wang X, Long Wang LZ, 
Zhaoyang Q, Mangi N, Pengjia B, Shuli F. 
Performance and evaluation of drip 
irrigation system, and its future 
advantages. Journal of Biology, Agriculture 
and Healthcare. 2019;9. 

28. Chávez C, Limón-Jiménez I, Espinoza-
Alcántara B, López-Hernández JA, 
Bárcenas-Ferruzca E, Trejo-Alonso J. 
Water-use efficiency and productivity 
improvements in surface irrigation 
systems. Agronomy. 2020;10(11): 1759. 

29. Kannabiran G, Dharmalingam P. Enablers 
and inhibitors of advanced information 
technologies adoption by SMEs: An 
empirical study of auto ancillaries in 
India. Journal of Enterprise Information 
Management. 2012;25(2):186-209. 

30. Zahoor SA, Ahmad S, Ahmad A, Wajid A, 
Khaliq T, Mubeen M, Nasim W. (2019). 
Improving water use efficiency in 
agronomic crop production. Agronomic 
Crops: Management Practices. 2019;2:13-
29. 

31. Barton GA. The global history of organic 
farming. Oxford University Press; 2018. 

32. Kinkade-Levario H. Design for water: 
rainwater harvesting, stormwater 
catchment, and alternate water reuse. New 
society publishers; 2007. 

33. Çetin Ö, Akalp E. Efficient use of water 
and fertilizers in irrigated agriculture: drip 
irrigation and fertigation. Acta Horticulturae 
et Regiotecturae. 2019;22(2): 97-102. 

34. Christova-Boal D, Eden RE, McFarlane S. 
An investigation into greywater reuse for 
urban residential properties. Desalination. 
1996;106(1-3):391-397. 

35. Anand C, Apul DS. Economic and 
environmental analysis of standard, high 
efficiency, rainwater flushed, and 
composting toilets. Journal of 
Environmental Management. 2011;92(3): 
419-428. 

36. Wong TH. Water sensitive urban design-
the journey thus far. Australasian Journal 
of Water Resources. 2006;10(3):                        
213-222. 

37. Goap A, Sharma D, Shukla AK, Krishna 
CR. An IoT based smart irrigation 
management system using Machine 
learning and open source 
technologies. Computers and electronics in 
agriculture. 2018;155:41-49. 

38. Gale I, Neumann I, Calow R, Moench DM. 
The effectiveness of Artificial Recharge of 
groundwater: A review; 2002. 

39. Wenten IG, Ariono D, Purwasasmita M, 
Khoirudin K. Integrated processes for 
desalination and salt production: A mini-
review. In AIP Conference Proceedings . 
AIP Publishing. 2017;1818(1). 

40. Hoekstra AY. The water footprint of 
industry. In Assessing and measuring 
environmental impact and 
sustainability Butterworth Heinemann. 
2015;221-254. 

41. Mentens J, Raes D, Hermy M. Green roofs 
as a tool for solving the rainwater runoff 
problem in the urbanized 21st century?. 
Landscape and Urban Planning. 
2006;77(3):217-226. 

42. Matteoli F, Schnetzer J, Jacobs H. 
Climate-Smart Agriculture (CSA): An 
integrated approach for climate change 
management in the agriculture 
sector. Handbook of climate change 
management: Research, Leadership, 
Transformation. 2020;1-29. 

43. Patil VC, Maru A, Shashidhara GB, 
Shanwad UK. Remote sensing, 
geographical information system and 
precision farming in India: Opportunities 
and challenges. In Proceedings of the 
Third Asian Conference for Information 
Technology in Agriculture. 2002;26-28. 

44. Paik S, Le DTP, Nhu LT, Mills BF. Salt-
tolerant rice variety adoption in the Mekong 
River Delta: Farmer adaptation to sea-level 
rise. PloS One. 2020;15(3): e0229464. 

45. El-Ramady HR. Integrated nutrient 
management and postharvest of 
crops. Sustainable Agriculture Reviews: 
2014;13:163-274. 

46. Adeyemi O, Grove I, Peets S, Norton T. 
Advanced monitoring and management 
systems for improving sustainability in 
precision irrigation. Sustainability. 2017;9 
(3):353. 

47. Goel RK, Yadav CS, Vishnoi S, Rastogi R. 
Smart agriculture–urgent need of the day 
in developing countries. Sustainable 
computing: Informatics and Systems. 
2021;30:100512. 



 
 
 
 

Rastogi et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 3, pp. 41-53, 2024; Article no.JGEESI.113242 
 
 

 
53 

 

48. Balaska V, Adamidou Z, Vryzas Z, 
Gasteratos A. Sustainable crop protection 
via robotics and artificial intelligence 
solutions. Machines. 2023;11(8):774. 

49. Skrzypczak D, Mikula K, Kossińska N, 
Widera B, Warchoł J, Moustakas K, Witek-
Krowiak A. Biodegradable hydrogel 
materials for water storage in agriculture-
review of recent research. Desalination 
and Water Treatment. 2020;194:324-332. 

50. Gany AHA, Sharma P, Singh S. Global 
review of institutional reforms in the 
irrigation sector for sustainable agricultural 
water management, including water users’ 
associations. Irrigation and Drainage. 
2019;68(1):84-97. 

51. Hu XJ, Xiong YC, Li YJ, Wang JX, Li FM, 
Wang HY, Li LL. Integrated water 
resources management and water users' 
associations in the arid region of northwest 
China: A case study of farmers' 
perceptions. Journal of Environmental 
Management. 2014;145:162-169. 

52. Yadav RA, Malik KK. Environmental 
communication and water management in 
India: A civil society perspective. Taylor & 
Francis; 2023. 

53. Biswas A. Catalyzing peoples’ participation 
for groundwater management. 
Groundwater development and 

management: Issues and Challenges in 
South Asia. 2019;505-528. 

54. Mishra PK, Singh M, Kumar G, Chaudhari 
SK, Patra AK, Biswas DR. Water 
management and conservation innovations 
for doubling farmers’ income. Soil Water 
Manag. Innov. Doubling Farmers Income. 
2018;32:23-47. 

55. Sharma K, Kc A, Subedi M, Pokharel B. 
Challenges for reconstruction after Mw 7.8 
Gorkha earthquake: a study on a 
devastated area of Nepal. Geomatics, 
Natural Hazards and Risk. 2018;9(1):760-
790. 

56. Gupta A, Singh RK, Kumar M, Sawant CP, 
Gaikwad BB. On‐farm irrigation water 
management in India: Challenges and 
research gaps. Irrigation and Drainage. 
2022;71(1):3-22. 

57. Eidt CM, Pant LP, Hickey GM. (2020). 
Platform, participation, and power: How 
dominant and minority stakeholders shape 
agricultural innovation. Sustainability.  
2020;12(2):461. 

58. Van Steenbergen F, Basharat M, Lashari 
BK. Key challenges and opportunities for 
conjunctive management of surface and 
groundwater in mega-irrigation systems: 
Lower Indus, Pakistan. Resources. 2015;4 
(4):831-856. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/113242 

http://creativecommons.org/licenses/by/4.0

