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Abstract

Sustainable agriculture relies on irrigation and water management, which are especially
important in areas where there is a growing human population, unpredictable weather, and
scarce water supplies. Waste is minimized, crop yields are enhanced, and soil fertility is
sustained through efficient water management, which guarantees the optimal use of available
freshwater. Overdraft of groundwater, falling water tables, and diminished long-term viability
of agricultural systems are common outcomes of conventional irrigation practices in India,
where agriculture uses over 80% of the country's freshwater resources. Drip and sprinkler
systems, micro-irrigation technology, rainwater collection, and the combined use of surface
and groundwater are some of the sustainable irrigation approaches that have recently arisen as
answers to these problems. These methods foster climate-resilient farming while
simultaneously decreasing input prices, conserving energy, and increasing water-use efficiency.
Additionally, precision farming and site-specific irrigation are made possible with the
integration of current water management techniques like as geographic information systems
(G1S), remote sensing, and soil moisture sensors. To ensure fair and sustainable distribution of
water, it is essential to have water governance policies in place and to raise farmer awareness
and involvement. water management and irrigation play an important part in ensuring food
security and protecting the environment in the long run by balancing increased output with less
impact on the environment.

Keywords: Irrigation Management, Water-Use Efficiency, Drip and Sprinkler Systems,

Groundwater Depletion, Rainwater Harvesting

Introduction
Due to rising food demand, changing weather patterns, and diminishing natural resources, the

effective management of water—the agricultural sector's lifeblood—has assumed paramount

) t.“{' P HYTON s 11

V. ANNALES RETBOTANICAE a4


https://phyton-annales.com/

PHYTON-ANNALES REI BOTANICAE
ISSN: 0079-2047

Volume 65 Special Issue 1 (2025)
https://phyton-annales.com

importance. Irrigation strengthens agricultural systems to withstand both short-term and long-
term droughts, and it also guarantees consistent crop production in areas with limited water
resources. The over-reliance on groundwater for irrigation has caused water levels to drastically
decrease in several Indian states, including Haryana and Punjab, where agriculture uses the
most freshwater. The sustainability of agricultural production is jeopardized by this
overextraction, which necessitates a change in thinking from irrigation practices focused on
quantity to those that prioritize efficiency. Drip and sprinkler irrigation, two sustainable
irrigation systems, have the ability to significantly reduce water loss due to evaporation and
percolation and increase water use efficiency by delivering water directly to plant roots. In a
similar vein, important tactics to stabilize water availability and enhance soil moisture
conditions include watershed development, rainwater harvesting, and the combined use of
surface and groundwater.

Soil moisture sensors, remote sensing, and GIS-based monitoring systems are just a few
examples of the technical advancements that are reshaping irrigation management and
empowering farmers with precise water usage data in real-time. These innovations boost output
per liter of water while decreasing input costs and increasing efficiency. Policies such as the
Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) aim to maximize crop yields per unit of
water input, highlighting the importance of water efficiency in agricultural settings. The
chances of achieving sustainable water management are further enhanced by well-
governanced, fairly distributed water supplies and community involvement in water-user
groups. Because of this, irrigation and water management are crucial for the long-term viability
of agriculture worldwide, not only in India. They are also socially and economically driven.
Sustainable irrigation practices can save the lives of millions of farming families by combining
traditional wisdom with contemporary technology and making careful use of water to maintain
ecological balance, which in turn protects agricultural productivity. The most important input
for sustainable agriculture is water, which must be used efficiently among other natural
resources. Over 80% of freshwater withdrawals in India come from agricultural uses, and that
number rises to roughly 70% globally. Significant problems, such as groundwater depletion,
diminished water quality, and rivalry with industrial and urban demands, have resulted from
this strong reliance. The agricultural heartlands of India, including states like Haryana, Punjab,
and Uttar Pradesh, are seeing a decline in soil productivity and a drop in water tables due to

the increased demand for irrigation water for water-intensive crops like sugarcane and paddy.
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Given this background, it is critical to reconsider irrigation and water management practices
immediately to guarantee the sustainability of agriculture in the long run.

Irrigation is more than just a way to irrigate fields; it influences farmers' crop selection,
production potential, and financial security. The water-use efficiency of traditional irrigation
technologies, including flood irrigation, ranges from 30 to 40%, but they are still commonly
used. Drip and sprinkler irrigation, on the other hand, are new systems that reduce water loss
to evaporation and reach plant roots directly, resulting in an efficiency of 70 to 90%. Research
shows that these technologies can increase agricultural yields by 20-30% while decreasing
water usage by 40-50%. In semi-arid regions of India, for example, micro-irrigation systems
have shown success with cotton, pulses, and vegetables; this provides a realistic example of
how to scale up sustainable water management.

Sustainable irrigation goes beyond just using technology. It necessitates a comprehensive
approach to water management that incorporates developing watersheds, collecting rainwater,
and using both surface and groundwater simultaneously. In the event of a drought, these
methods will help to stabilize water availability by increasing soil moisture and recharging
aquifers. With the help of new technologies like soil moisture monitors, satellite imaging, and
remote sensing, water management is heading in the direction of precision agriculture, where
farmers may maximize output with little input by optimizing irrigation schedules and reducing
input costs.

The government's emphasis on micro-irrigation subsidy schemes at the state level and the
Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) are examples of its policy initiatives that
uphold the principles of "Har Khet Ko Pani" and "Per Drop More Crop." The high upfront
expenses, low farmer awareness, and disjointed water governance systems all contribute to the
inconsistent adoption rates. Financial incentives, training, and institutional reforms that support
equitable water distribution and community-based irrigation management are necessary to
close these gaps.As a result, water management and irrigation are more than just farming
techniques; they are the meeting point of policy, technology, and community involvement.
Protecting biodiversity, bolstering resistance to climate change, securing agricultural
production, and sustaining the livelihoods of millions of farming households are all outcomes
of water efficiency measures. Future food security depends on sustainable irrigation, which is

why it is becoming an ecological and economic imperative.
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Water-Use Efficiency

One of the most important parts of sustainable agriculture is water-use efficiency. This is
especially true in areas where the profitability of farming is threatened by groundwater
depletion and unpredictable rainfall. Water shortage and diminishing soil productivity are
consequences of traditional flood irrigation, which is still extensively used despite the fact that
it wastes approximately 50-60% of the water applied due to evaporation, seepage, and runoff.
On the other hand, drip and sprinkler systems, which use micro-irrigation to distribute water
directly to plant roots, have completely changed the game when it comes to water management.
In addition to saving energy, these systems boost efficiency by 80 to 90%, drastically cut down
on waste, and increase crop yields. In addition to preserving limited resources, micro-irrigation
makes agricultural systems more resistant to climate change and drought by making efficient
use of every drop of water. This contrast is illustrated by the diagram, which stresses the need
to move away from conventional methods and toward precision water management in order to

attain long-term agricultural expansion.

WATER-USE EFFICIENCY

Traditional flood irrigation Micro-irrigation methods

wastes 50-60% of applied (drip and sprinkler) increase
water through evaporation, efficiency up to 90%, saving
seepage, and runoff. water and energy while

improving yields

A key component of sustainable farming is the efficient use of water, which is fast becoming
acknowledged as the most significant constraint facing modern agriculture. How efficiently a
farming system transforms water into agricultural product is reflected in the water-use
efficiency (WUE) ratio, which is the ratio of crop yield to the amount of water applied. The
prevalent conventional method of flood irrigation in India, for example, wastes a lot of water
due to seepage, runoff, and evaporation, resulting in an efficiency rate of only 30—-40%. Soil
salinity, waterlogging, and reduced nutrient availability are some of the secondary problems

that result from this inefficiency, which in turn increases groundwater depletion.
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On the other hand, micro-irrigation systems, such as drip and sprinkler, are part of current
irrigation methods that have shown great promise in increasing WUE. Technology like this
reduces water waste and increases efficiency by 80-90% by piping water straight to the root
zone of crops. Drip irrigation, according to Indian empirical evidence, can increase crop yields
by 20-30% while reducing water consumption by up to 50%. This includes cotton, sugarcane,
and vegetables. A dependable defense against crop failure and improved resilience to climate-
induced stress, micro-irrigation is especially useful in semi-arid locations with considerable
rainfall variability. Greater energy and cost savings are secondary benefits of more efficient
water use. Farmers may save money and help preserve energy resources by reducing water use,
which in turn reduces the amount of electricity and petroleum needed for pumping. Reduced
nitrogen leaching and increased fertilizer-use efficiency are additional benefits of effective
irrigation, which boosts crop nutrient uptake.

The national goal of "Per Drop More Crop" under the Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY), which encourages micro-irrigation, water collection, and the combined use of water
sources, is congruent with water-use efficiency from a sustainability standpoint. Drought
management is being transformed into a data-driven science with the help of cutting-edge
technology like soil moisture sensors, automatic irrigation scheduling, and GIS-based water
monitoring. Optimal resource utilization and long-term agricultural sustainability are
guaranteed by these developments, which aid in water conservation and provide farmers with
precision farming tools. Consequently, water-use efficiency is a vital link in the chain
connecting agricultural output with environmental preservation. Farming communities can
achieve greater yields, less resource waste, and progress toward environmentally sustainable
agriculture by replacing inefficient traditional flood irrigation systems with more modern and

efficient alternatives.

Variety in Crops and Decision-Making

Cropping patterns and the viability of agricultural systems are greatly affected by the
availability of water. Paddy and sugarcane are two examples of water-intensive crops that
farmers typically grow in areas with an abundance of water. But now that groundwater
extraction has reached dangerous levels, climate change is becoming more unpredictable, and
competition for scarce resources is heating up, attention is turning to crop diversification as a

solution. Fruits, vegetables, pulses, and oilseeds are just some of the many crops that may be
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cultivated with the use of efficient irrigation systems like drip and sprinkler, which also help
farmers save water. Increasing agricultural revenue and resilience, these high-value crops use
less water than traditional staples while yielding higher market returns. For instance, in areas
such as Karnal, Kurukshetra, and Rohtak in Haryana, groundwater tables have been drastically
reduced due to the over-cultivation of paddy. One way to reduce the strain on groundwater
while still making a profit is to grow crops that need less water and use micro-irrigation.
Government procurement of pulses and oilseeds, crop insurance programs, and micro-
irrigation subsidy programs are all examples of policy actions that encourage farmers to use
diverse cropping systems. Crop diversity has many benefits, including lowering the need for
water-intensive farming practices, improving soil fertility, lowering the risk of pests and
diseases, and adding variety to diets and ensuring nutritional security.
How Much Water Selected Crops in Haryana Need and How Much They Could

Produce
] Average
Water Requirement| ]
Crop Irrigation Method||Yield Remarks
(mm/season)
(kg/ha)
) L High water consumption,
Paddy (Rice) (|1200-1500 Flood irrigation 5,500 o
declining groundwater
Flood/micro- 80,000 Extremely water-
Sugarcane ||1500-2500 o ] )
irrigation (cane) intensive crop
) Moderately water-
Wheat 400-500 Flood/sprinkler /4,500 _ )
intensive
) ) Low water demand, high
Mustard 300-350 Drip/sprinkler {12,200
market value
Pulses . . Drought-resistant,
_ 250-300 Drip/sprinkler 1,800 _ _ .
(Chickpea) improves soil fertility
o 12,000- High returns, water-
\egetables ||250-400 Drip irrigation o )
20,000 efficient under drip

Sources: ICAR & Government of Haryana reports (2018-2021), FAO water productivity
database.
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Key Insights
1. Compared to lentils and oilseeds, sugarcane and paddy might need four to five times as
much water.
2. By switching from flood irrigation to micro-irrigation, water savings of 40-50% can be
achieved while yields are improved.
3. Farmers are better able to weather economic storms when they diversify their agricultural
systems to include pulses and legumes, which increase soil fertility.

Recharging and Preserving Groundwater

Groundwater Recharge
and Conservation

= N

U e .

In areas like Haryana, where water tables are quickly dropping due to excessive groundwater
extraction for irrigation, groundwater recharging and conservation are crucial components of
sustainable agriculture. Farm ponds, percolation tanks, and check dams are all examples of
rainwater collecting facilities that can collect rainwater during certain seasons and then let it
seep into the ground, recharging aquifers. This lessens the likelihood of flooding and soil
erosion while simultaneously increasing the availability of groundwater. The combined use of
surface and groundwater is also crucial, as it reduces over-reliance on canal irrigation and
groundwater pumping. Farmers may regulate groundwater levels, guarantee irrigation

reliability all year round, and avoid overdependence on a single source by implementing
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conjunctive water-use practices. Preserving water, increasing agricultural output, and ensuring
environmental sustainability are all outcomes of well-executed recharge and conservation

strategies.

Adapting to Climate Change

Because of its effects on temperature patterns, water availability, and the distribution of rainfall,
climate change has quickly become one of agriculture's most critical problems. The stability of
food harvests and the vulnerability of rural communities are threatened by unpredictable
monsoon rainfall, protracted droughts, and frequent heat waves. To adapt to climate change,
agribusiness must implement more effective irrigation systems and better water management.
Technology like drip and sprinkler irrigation ensures water is delivered precisely, which
protects crops from moisture stress, makes them more resistant to heat waves, and keeps them
productive even when droughts occur. Efficient irrigation helps farmers in water-intensive
crop-growing regions like Haryana save precious groundwater supplies and adapt better to
climate change.Rainwater collection, micro-irrigation, groundwater recharge, and the
combined use of surface and groundwater are all examples of water-smart practices that can
improve resilience and coping abilities in the short and long term. Further improvement of
water-use efficiency and reduction of crop failure risks can be achieved by the integration of
current instruments such as soil moisture sensors, weather-based irrigation scheduling, and GIS
monitoring. Because it reduces water and energy use (and emissions) and makes sure crops can
handle climate pressures, efficient irrigation is a mitigation and adaptation technique all rolled

into one.

Role of Efficient Irrigation in Climate Change Adaptation

] Impact on Crops||Adaptation Benefit
Climate Stress - o o ~__||Data/Examples
(Traditional Irrigation) |(Efficient Irrigation)

Crop failure due to||Controlled water||Drip irrigation reduces
Erratic Rainfall|jmoisture  stress  and|delivery  maintains||crop failure risk by ~30%

waterlogging soil moisture balance ||((ICAR, 2020).
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Climate Stress

Impact on Crops

(Traditional Irrigation)

Adaptation Benefit
(Efficient Irrigation)

Data/Examples

Droughts

Severe yield losses due to

lack of water supply

Saves 40-50% water,
ensures survival

during dry spells

Micro-irrigation improved
cotton yields by 25% in

arid areas.

Heat Stress

High evapotranspiration

reduces productivity

Reduces evaporation
losses, maintains

plant cooling effect

Sprinkler irrigation shown
to reduce heat stress in

wheat.

Groundwater

Depletion

Overextraction worsens

drought impacts

Promotes conjunctive
water use and aquifer

recharge

Haryana: ~60% of blocks
under “overexploited”

status (CGWB).

Food Security
Risks

Unstable production due

to climate variability

Stable yields through
precision water

supply

Farmers adopting micro-

irrigation see 15-20%

higher net returns.

Sources: ICAR reports (2020), Central Ground Water Board (2019), FAO database on
water productivity.

Saving Money and Energy
Conserving this precious resource and cutting down on the energy and money needed for
irrigation are two of the main goals of water management in farming. Pumping groundwater
requires a lot of power and petroleum since traditional irrigation methods, particularly flood
irrigation, use a lot of water. Farmers face high input costs due to their reliance on energy-
intensive irrigation, which further strains rural power supply systems. The energy load of
pumping water is a big worry for farmers and legislators in states like Haryana, where
groundwater-based irrigation is the norm.

Drip and sprinkler irrigation systems are two examples of how farmers can cut down on water
use and, by extension, power and diesel consumption. Research has demonstrated that micro-
irrigation can reduce water losses due to evaporation and seepage while simultaneously
reducing pumping hours, resulting in an energy savings of 30-40%. Farmers are able to
increase their profits by reducing input costs and increasing crop yields with less resources
thanks to these reductions. Saving energy also helps the environment in the long run by
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decreasing the need for diesel-related greenhouse gas emissions and the demand for
government-subsidized electricity in rural areas.

Enhanced water-use efficiency not only reduces costs but also increases production per unit of
water, which strengthens agricultural resilience and long-term economic viability. Energy and
cost savings from improved irrigation systems are becoming important drivers of sustainable
agriculture, especially with agricultural policy putting more emphasis on energy-efficient
farming and the "per drop more crop” principle. Conservation of scarce natural resources and

increased economic returns for farming households are two benefits of efficient irrigation.

Long-Term Viability and Efficient Nutrition

In contemporary agriculture, the aims of sustainability and food security are inseparably linked.
Increased output now and ecological stability for centuries to come are both guaranteed by
farming methods that make good use of water, soil, and fertilizers. While the world's population
continues to expand, sustainable agriculture aims to keep soil fertility high, water usage to a
minimum, and resource wastage to a minimum. To avoid soil erosion and groundwater
depletion, sustainable methods are crucial in areas like Haryana where natural resources have

been depleted due to intensive cultivation.

SUSTAINABILITY AND FOOD SECURITY

Efficient water management is crucial for sustainable agricultural
practices, helping to conserve resources and ensure long-term food
production. By optimizing irrigation, farmers can produce more food
with less water, contributing to food security and reducing enviro-
mental impact.

©+®

SUSTAINABILITY FOOD SECURITY

Reduced environmental stress and increased crop yields per unit of input are both possible
outcomes of farmers embracing integrated agricultural practices, efficient irrigation systems,

and precise nutrient control. Food supply networks are stabilized, farmer incomes are
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improved, and national food security is contributed to by this change. To make agriculture more
resistant to the effects of climate change and population pressures, it is important to link
agricultural expansion with sustainability principles. This will prevent productivity increases

from being acquired at the expense of long-term ecological health.

Conclusion

When it comes to sustainable agriculture, irrigation and water management have a multi-
faceted role that affects farmer livelihoods, resource conservation, climate resilience, and
overall production. Traditional irrigation methods in India, especially in the states of Haryana
and Punjab, have led to groundwater depletion, diminishing soil fertility, and excessive energy
usage, although they have supported short-term improvements. In contrast, effective and
modern methods like drip and sprinkler irrigation, rainwater collection, and using surface and
groundwater together have shown that they can reduce water consumption while increasing
crop yields. In addition to reducing the dangers associated with unpredictable rains and
increasing temperatures, these measures increase energy efficiency, decrease input costs, and
save water. Strong governmental backing, farmer involvement, and community-based
governance mechanisms are essential for sustainable water management, which transcends
technology alone. More work is required to increase adoption rates via education, publicity,
and financial incentives, but programs like the Pradhan Mantri Krishi Sinchayee Yojana
(PMKSY) and micro-irrigation subsidies are vital. To enhance precision farming and maximize
water consumption, modern tools such as geographic information system mapping, soil
moisture sensors, and irrigation scheduling depending on weather conditions can be utilized.A
long-term solution to the problem of how to maintain a healthy equilibrium between
agricultural output and environmental protection lies in holistic water management and

effective irrigation.
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