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Rice is cultivated on more than 160 million

hectares globally and constitutes a primary dietary
staple for over half of the world’s population. In
India, rice occupies a unique position as both a
subsistence crop and a strategic commodity
underpinning national food security programs.
However, conventional rice cultivation practices
impose substantial environmental costs,
particularly in the form of greenhouse gas
emissions and excessive water consumption.
Flooded rice paddies create anaerobic soil
conditions that facilitate methane production
through microbial decomposition of organic matter.
Methane is a short-lived but highly potent
greenhouse gas, with a global warming potential
significantly exceeding that of carbon dioxide over
a 100-year time horizon. Consequently, rice
cultivation is estimated to account for a significant
share of global agricultural methane emissions.
Simultaneously, the water demands  of
continuously flooded rice systems place severe
pressure on surface and groundwater resources.
In several Indian states, intensive rice cultivation
has contributed to declining groundwater tables,
rising irrigation costs, and increased vulnerability
to climate-induced water scarcity. Addressing
these dual challenges emissions mitigation and
water conservation requires production practices
that enhance resource-use efficiency without
jeopardizing yields.

Alternate Wetting and Drying (AWD) represents
one such practice. Rather than maintaining
standing water throughout the growing season,
AWD introduces controlled drying periods between
irrigation events. This paper examines AWD as a
climate-smart irrigation strategy, assessing its
scientific foundations, field-level implementation,
environmental benefits, and prospects for adoption
in India.

Conceptual and Biophysical Basis of Alternate
Wetting and Drying

AWD is grounded in the recognition that rice plants
do not require continuous flooding for optimal
growth. While standing water provides weed

suppression and thermal buffering, the
physiological water requirement of rice is met as
long as sufficient soil moisture is available during
critical growth stages.

The principal climate mitigation mechanism of
AWD lies in its effect on soil redox conditions.
Continuous flooding leads to oxygen depletion in
the soil, creating anaerobic environments
favourable to methanogenic archaea. By
periodically allowing the soil to drain and re-
oxygenate, AWD suppresses methanogenesis and
interrupts methane release pathways.

From a hydrological perspective, AWD reduces
unproductive water losses associated with
seepage and percolation. In many irrigated
systems, especially those with coarse-textured
soils or poorly maintained canals, a substantial
proportion of irrigation water does not contribute
directly to crop transpiration. By reducing the
frequency of irrigation events, AWD enhances
overall water-use efficiency.

Importantly, AWD does not entail prolonged
drought stress. Soil moisture is carefully monitored
to ensure that water levels do not fall below
thresholds that would impair root function or
nutrient uptake. The practice therefore represents
a form of precision irrigation rather than water
deprivation.

ALTERNATE WETTING & DRYING (AWD): CLIMATE-SMART RICE CULTIVATION

AWD IMPLEMENTATION: THE FIELD WATER TUBE METHOD

CONVENTIONAL FLOODED RICE: THE DUAL CHALLENGE

Maintain continuous
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Implementation and Agronomic

Field-Level
Management
1. Crop Establishment and Early Growth

AWD is typically initiated after crop establishment.
During the first 10 - 14 days following
transplanting, rice seedlings are maintained under
shallow flooding to promote root anchorage and
minimize transplant shock. This initial flooding
phase is critical for uniform stand establishment
and weed control.
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2. Monitoring Soil Water Status

A defining feature of AWD is the use of a simple
field water tube, often constructed from perforated
polyvinyl chloride or bamboo. The tube is inserted
vertically into the soil, with perforations below the
surface to allow water entry. Farmers monitor the
depth of the water table through the tube, enabling
informed irrigation decisions based on subsurface
moisture  conditions  rather than  surface
appearance alone.

3. Alternating Wet and Dry Phases

Following the establishment phase, irrigation is
withheld until the water level in the tube declines to
approximately 15 centimetres below the soll
surface. At this point, irrigation is resumed,
restoring shallow flooding. This cycle is repeated
throughout the vegetative growth period.

4. Management of Sensitive Growth Stages
Rice exhibits heightened sensitivity to water stress
during panicle initiation and flowering. During
these stages, AWD protocols recommend
maintaining continuous flooding to safeguard grain
formation and vyield potential. This adaptive
flexibility underscores that AWD is not a rigid
prescription but a context-specific management
strategy.

Environmental and Agronomic Outcomes

1. Methane Emission Reduction

Empirical studies conducted across South and
Southeast Asia consistently report substantial
reductions in methane emissions under AWD
relative to continuous flooding. Reported
reductions range from 30 to 70 percent, depending
on soil type, organic matter inputs, and drying
intensity. These reductions occur without
corresponding increases in  nitrous  oxide
emissions when AWD is properly managed.

2. Water-Use Efficiency

AWD has been shown to reduce irrigation water
use by 20 - 49 percent. In groundwater-dependent
regions, this reduction translates directly into lower
pumping requirements, decreased energy
consumption, and reduced production costs. At the
system level, widespread AWD adoption could
slow aquifer depletion and enhance long-term
water security.

3. Crop Yield and Productivity

Contrary to concerns regarding yield penalties,
most field trials report yield neutrality under AWD.
In some cases, modest yield gains have been
observed, attributed to improved root aeration and
enhanced nutrient uptake. These findings indicate
that AWD can reconcile environmental objectives
with productivity goals.

4. Energy and Economic Implications

Reduced irrigation frequency lowers fuel and
electricity use for pumping, generating direct cost
savings for farmers. These savings are particularly
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significant in regions where irrigation costs
constitute a substantial share of total production
expenses.

Relevance and Applicability in
Context

India’s rice-growing regions exhibit considerable
heterogeneity in terms of climate, soil, and
irrigation infrastructure. Nevertheless, large areas
of irrigated rice cultivation particularly in Punjab,
Haryana, western Uttar Pradesh, Telangana,
Andhra Pradesh, Tamil Nadu, and parts of eastern
India are well suited for AWD implementation.

In northwestern India, where groundwater over-
extraction has reached critical levels, AWD offers
an immediate pathway to reduce irrigation demand
without altering cropping patterns. In eastern India,
AWD can improve resilience to erratic rainfall by
optimizing the timing of supplemental irrigation.

At the national level, AWD aligns closely with
India’s commitments to climate change mitigation
and sustainable water management. As an on-
farm practice, it requires minimal capital
investment and can be integrated into existing
extension frameworks.

Barriers to Adoption and Policy Implications
Despite robust evidence of its benefits, AWD
adoption remains limited. The predominant
barriers are behavioural and institutional rather
than technical. Many farmers equate visible
standing water with crop security and perceive
drying periods as risky. Overcoming these
perceptions requires sustained extension efforts,
including demonstration plots and peer-to-peer
learning.

Policy instruments can further accelerate adoption.
Integrating AWD into water-saving incentive
schemes, electricity pricing reforms, and emerging
carbon finance mechanisms could enhance its
attractiveness to farmers. Recognition of AWD
within national climate action plans would also
elevate its institutional legitimacy.

the Indian

Conclusion
Alternate Wetting and Drying represents a
scientifically sound and practically feasible

approach to reducing the environmental footprint
of rice cultivation. By addressing methane
emissions and water use simultaneously, AWD
exemplifies the principles of climate-smart
agriculture. In the Indian context, where rice
production, water scarcity, and climate mitigation
are deeply intertwined, AWD offers a rare
opportunity to achieve multiple policy objectives
through a single intervention.

Scaling up AWD adoption will require coordinated
action across research, extension, and policy
domains. If effectively supported, AWD could
become a cornerstone of sustainable rice
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intensification in India, contributing meaningfully to
both national and global environmental goals.
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