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limate change has emerged as one of the Furthermore, unsustainable agricultural practices,

most pressing environmental challenges

affecting global water resources and the
sustainability of agriculture. Groundwater, a vital
source of freshwater for
irrigation, domestic use, and
industrial activities, is
increasingly threatened by
climate-related changes such
as rising temperatures, erratic
rainfall patterns, prolonged
droughts, floods, and sea-
level rise. These -climatic
shifts have altered groundwater recharge processes,
resulting in accelerated aquifer depletion and
deterioration of groundwater quality in many regions
worldwide. In arid and semi-arid areas, farmers are
increasingly dependent on groundwater for irrigation
as rainfall becomes less reliable. This often leads to
over-extraction that exceeds the natural recharge
capacity of aquifers. Consequently, problems such as
declining  water tables, salinization, nitrate
contamination, and seawater intrusion pose serious

threats to agricultural productivity and food security.
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including excessive fertilizer use, inefficient irrigation,

and poor land management, further intensify

groundwater degradation. Groundwater scarcity driven
by climate change

adversely affects crop

growth, soil health,
nutrient  availability,
and the  overall
resilience of
agricultural systems,
threatening the

livelihoods of millions
of farming households worldwide. Addressing these
challenges requires the adoption of sustainable
agricultural practices that conserve groundwater
resources while enhancing resilience to climate
change. Strategies such as climate-smart agriculture,
agroforestry, conservation agriculture, efficient
irrigation technologies, and managed aquifer recharge
have considerable potential to reduce groundwater
degradation and promote agricultural sustainability.
Agroforestry systems can contribute to groundwater

recharge, improve soil structure, reduce erosion, and
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enhance carbon sequestration. Similarly, precision
irrigation technologies can minimize water losses and
improve water-use efficiency. Integrating these
approaches with effective policies and institutional
mechanisms can contribute significantly to sustainable
groundwater management and climate-resilient
agriculture.

Climate change is one of the most pressing
environmental challenges of the twenty-first century.
Rising global temperatures, unpredictable rainfall
patterns, prolonged droughts, floods, and increasing
greenhouse gas emissions are placing considerable
pressure on natural ecosystems and agricultural
productivity worldwide. Groundwater is one of the
resources particularly vulnerable to these changes. It is
a vital source of freshwater for irrigation, industrial
activities, and domestic use and plays a crucial role in
supporting global food security, particularly in arid and
semi-arid regions where rainfall is limited and highly
variable (Swain et al., 2022).

The combined effects of climate change and
unsustainable agricultural practices are accelerating
groundwater depletion and degradation. Changes in
precipitation patterns, increasing evapotranspiration,
prolonged droughts, and extreme weather events can
alter groundwater recharge and availability. At the
same time, increasing dependence on groundwater for
irrigation may result in extraction rates exceeding
natural recharge. Therefore, sustainable groundwater
management has become essential for maintaining
agricultural productivity, environmental sustainability,

and long-term water security.
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Climate Change and Groundwater Degradation
Climate change directly affects groundwater systems
by altering precipitation patterns, evapotranspiration
rates, recharge processes, and the frequency and
intensity of extreme weather events. Rising
temperatures increase evaporation from soil and
surface water bodies, thereby reducing the amount of
water available for infiltration and groundwater
recharge. In many regions, prolonged droughts have
resulted in declining groundwater levels, particularly
where groundwater extraction for irrigation remains
high (Stigter et al., 2023).

Groundwater recharge depends largely on the
infiltration of precipitation through the soil profile.
However, changes in rainfall intensity and distribution
associated with climate change can reduce effective
infiltration and increase surface runoff. Heavy rainfall
events may produce rapid runoff rather than gradual
infiltration, whereas prolonged dry periods can reduce
soil moisture and groundwater recharge. These
changes can disturb the natural balance between
groundwater withdrawal and recharge, increasing the
risk of aquifer depletion (Swain et al., 2022).

In agricultural regions, declining groundwater
levels can increase the cost of irrigation as farmers are
required to pump water from greater depths. This may
also increase energy consumption and production
costs, creating additional economic pressure on
farming communities.

Groundwater Quality Deterioration under Climate
Change
Groundwater degradation involves not only depletion

but also deterioration in water quality. Climate change
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can influence the chemical and biological
characteristics of groundwater systems by altering
temperature, recharge patterns, contaminant transport,
and microbial activity. Increasing concentrations of
nitrates, pesticides, heavy metals, and dissolved salts
have been reported as important groundwater-quality
concerns in vulnerable regions (Pham et al., 2024).
Coastal groundwater systems are particularly
vulnerable to climate change because of sea-level rise
and changes in freshwater recharge. Seawater intrusion
can occur when saline water moves into freshwater
aquifers, increasing groundwater salinity and reducing
its suitability for irrigation and drinking purposes
(Richardson et al., 2024). Irrigation with saline water
can adversely affect crop growth, soil structure, soil
fertility, and agricultural productivity.
Extreme weather events can also contribute to
groundwater contamination. Flooding may transport
agricultural chemicals, nutrients, pathogens, and other
pollutants into aquifer systems. In agricultural areas,
excessive fertilizer and pesticide use combined with
changing climatic conditions can further increase the
risk of groundwater contamination (Ravindiran et al.,
2023).
Impacts on Agricultural Production
Groundwater is a critical component of agricultural
production, particularly in regions where surface-water
availability is limited or wunreliable. Declining
groundwater levels can reduce irrigation reliability and
increase the energy and financial costs associated with
pumping. Water scarcity can adversely affect crop

establishment, growth, yield, and quality.

www.agrirootsmagazine.in

The quality of irrigation water is equally
important. Salinity, nitrate contamination, and other
pollutants can affect crop growth and soil health.
Excessive use of nitrogen fertilizers can result in nitrate
leaching into groundwater, while inappropriate
pesticide application can contribute to chemical
contamination (Ravindiran et al., 2023).
Unsustainable agricultural practices can therefore
create a feedback loop in which declining groundwater
availability =~ encourages  greater = groundwater
extraction, while intensive agricultural production
contributes to further groundwater contamination.
Sustainable water and land management practices are
consequently essential for maintaining agricultural
productivity and protecting groundwater resources.
Pathways to Sustainable Agriculture
Climate-Smart Agriculture
Climate-smart (CSA) provides

agriculture an

integrated approach to improving agricultural
productivity while increasing resilience to climate
change and reducing environmental impacts. CSA
includes practices that improve water-use efficiency,
conserve soil moisture, reduce greenhouse gas
emissions, and enhance the capacity of agricultural
systems to adapt to changing climatic conditions.
Conservation practices such as minimum
tillage, mulching, crop rotation, and cover cropping
can improve soil structure, increase infiltration, reduce
evaporation losses, and enhance soil organic matter.
Improved soil structure and infiltration can contribute
to groundwater recharge while increasing the
availability of soil moisture for crops (Swain et al.,

2022).
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Agroforestry and Conservation Agriculture
Agroforestry combines trees with crops and/or
livestock and can provide multiple environmental and
agricultural benefits. Tree-based systems can improve
soil structure, reduce erosion, enhance carbon
sequestration, and contribute to improved water
infiltration. In suitable environments, agroforestry can
therefore support groundwater recharge and improve
the resilience of agricultural landscapes.

Conservation agriculture, based on minimum soil
disturbance, permanent soil and

cover, Ccrop

diversification, can also improve soil-water
relationships and reduce water losses. These practices
are particularly important in regions experiencing
increasing rainfall variability and water scarcity.
Efficient Irrigation Technologies

Sustainable groundwater management depends heavily
on efficient irrigation systems such as drip and
sprinkler irrigation. These technologies enable more
precise application of water and can reduce
unnecessary losses through evaporation, runoff, and
deep percolation. Drip irrigation supplies water
directly to the crop root zone, while sprinkler systems
can provide more uniform water distribution compared
with conventional surface irrigation.

Precision agriculture technologies, including remote
sensing, artificial intelligence, soil-moisture sensors,
and geographic information systems (GIS), are
increasingly being used to monitor crop water
requirements and optimize irrigation scheduling.
These technologies can improve water-use efficiency,
reduce unnecessary groundwater extraction, and

enhance agricultural water productivity.
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Managed Aquifer Recharge
Managed Aquifer Recharge (MAR) is a water-
management approach that involves the intentional
replenishment of groundwater aquifers using available
water sources such as surplus surface water,
stormwater, treated wastewater, or floodwater. MAR
has attracted increasing attention as a potential strategy
for addressing groundwater depletion and improving
water security under changing climatic conditions.
Agricultural Managed Aquifer Recharge (Ag-MAR) is
particularly relevant in agricultural regions where
excessive groundwater extraction for irrigation has
resulted in declining water tables. By enhancing
aquifer recharge during periods of water availability,
MAR can contribute to restoring groundwater storage
and improving long-term groundwater sustainability
(Levintal et al., 2022).
Policy and Institutional Approaches
Effective policies and strong institutional frameworks
are essential for addressing groundwater degradation
and promoting sustainable agriculture under changing
climatic conditions. Governments and environmental
agencies can play an important role in regulating
groundwater ~ extraction, improving  water-use
efficiency, promoting sustainable land management,
and supporting groundwater-recharge initiatives.
Integrated Water Resources Management (IWRM)
provides a framework for coordinated management of
water, land, and related resources. It aims to balance
economic and social development with the protection
and sustainability of ecosystems (Stigter et al., 2023).
Policies supporting climate-smart agriculture,

efficient irrigation systems, groundwater monitoring,
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managed aquifer recharge, rainwater harvesting, and
sustainable fertilizer management can help reduce

pressure on  groundwater resources.  Strong

institutional  coordination, farmer participation,

scientific monitoring, and awareness programmes are

also important for successful implementation.

Conclusion

Climate change 1is intensifying the challenges
associated  with  groundwater  depletion and
deterioration, with significant implications for

agricultural productivity, food security, and rural
livelihoods. Rising temperatures, changing rainfall
patterns, prolonged droughts, extreme weather events,
and sea-level rise can alter groundwater recharge and
quality. At the same time, excessive groundwater
extraction, inefficient irrigation, and inappropriate use
of agricultural inputs can further accelerate
groundwater degradation.
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