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Crop Residue Burning
Challenges and Sustainable Solutions

Long-term investments in infrastructure, raising awareness of sustainable practices,
and making eco-friendly technologies more accessible will be keys to reducing
stubble burning. Supporting biomass-based power plants with fiscal incentives can
help create a market for crop residues, while establishing decentralized systems for
their collection and sale will strengthen this supply chain.
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The Rise and Spread of Crop Residue Burning in India

Emergence of Practice: Crop residue burning
began in several Asian countries, including India,
with the rise of mechanized farming in 1986. Farmers
transitioned from manual harvesting, which left roots
intact, to burning crop residues as a cost-effective
alternative.

Seasonal Patterns: Rice residues are burnt pre-
winter to prepare for wheat cultivation under cooler
temperatures, while wheat residues are burnt pre-

monsoon. Sugarcane residues are burnt after harvest,
typically in the post-monsoon or pre-summer seasons,
depending on the regional harvesting schedule.

Regional Spread: Originated in Punjab and
gradually expanded to neighbouring states like Haryana
and Uttar Pradesh.

Scale of Residue Generation: India produces
approximately 686 million tonnes of crop residues
annually, with cereal crops contributing 368 million
tonnes (approximately 70%), including rice alone at 34%.
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Figure: Crop residue generation and crop residue burning in India
(Source: Venkatramanan et al. 2021)

Rising Concerns

The practice has increased over the vyears,
exacerbating environmental issues, some of which are
as follows:

* Loss of Essential Nutrients: Burning destroys about
80% of critical nutrients like nitrogen, phosphorus,
potassium, sulphur, and organic carbon, which
could otherwise enrich the soil.

* Soil Health Damage: Raises soil temperature, kills
beneficial organisms, and depletes nitrogen and
carbon in the vital 0-15 cm soil layer where crop
roots grow.

¢ Greenhouse Gas Emissions: Releases significant
pollutants, including CH,;, CO, N,O, NOx, and
hydrocarbons. In the case of rice straw, 70% of
the carbon is emitted as CO;, 7% as CO, and 0.66%
as CH,, while 2.09% of the nitrogen is released
as N,O.

+ Air Pollution: Emits large quantities of particulate
matter, containing carcinogenic compounds that

contribute to respiratory and other airborne
diseases.

Therefore, the proper management of crop residues
holds significant importance. The following table gives
the common crop residue management practices
followed around the world:

S.N. | Common Practices | Countries

U.5., Canada, Brazil,

1. No-till farming Aliétralia

ailiet B India, China, Mexico,
2. ur.nlng i Sub-Saharan Africa,
residues Snee

Philippines

. U.S., China, EU, Brazil,
Use of residues for

3. bi Russia, Thailand,
by Bangladesh
A o TN i Sub-Saharan Africa, EU,
4, i Mexico, Pakistan, Nepal,
CRmMpOSINE Afghanistan
5 Use of residues as China

fertilizer
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l. Crop Residue * Biomass Power Generation: Using
i Management (CRM) residues to produce electricity or heat.
¢ Animal Feed: Converting residues into

@ e B e S D fodder for cattle, sheep, and goats.

P28 tackies agricultural waste by sustainable practices such i : . )
iarig | Hoandal aid a as soll Incorporation. snd * Composting: Combines residues with
technical support and compesting to enhance soil | : : : ; 3h
advanced machinery health | organicmaterialstoimprovesoil fertilityand

structure. Pusa Decomposer accelerates
residue breakdown into manure, reducing
Tha Covamment ot | fertilizer use and improving crop vyields for
India's Crop Residue Government provides
| N Giaberiant Schinid St | under 1,000 per acre.
' was launched in 2018 allocation of Rs. 235 cr 5 A P g
to train farmers for in the Budget 2024-25 . Biochar Production: Residues are
crop residue for KVKs | heated without oxygen to improve soil
i management

Department of Agriculture
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Crop Residue Management Options in India
In-situ Management Techniques and Mechanical Tools

» Mulching: Protects soil from erosion, retains
moisture, suppresses weeds, and enriches soil
with nutrients. Straw mulchers shred and spread
residues to retain moisture and suppress weeds.
The Super Straw Management System (Super
SMS) chops and spreads stubble during harvesting,
simplifying residue handling,

*  No-Till Farming: Planting crops without disturbing
the soil, conserving moisture, and reducing
erosion. The Happy Seeder enables no-till planting
into standing residues, eliminating burning and
conserving moisture. Zero-till drills facilitate
planting without disturbing the soil, maintaining
residue cover.

e  Strip-till farming involves tilling narrow soil strips
for seeding while retaining residue cover in other
areas. Rotavators mix residues into the soil to
improve fertility.

» Cover Crops: Providing ground cover enriches the
soil and can serve as mulch.

* Crop Rotation: Alternating crops reduces erosion,
prevents nutrient depletion, and enhances soil health.

fertility, water retention, and crop vield.

* Industrial Uses: Residues are
repurposed for paper, textiles, and building
materials.

. Both in-situ and ex-situ methods
minimize environmental harm from

—1 burning. They provide natural nutrients,
reduce fertilizer dependency, and enhance soil health.
The choice depends on crop type, residue quantity, and
available processing resources.

Why do farmers opt for crop residue burning?

* Time Constraints in Rice-Wheat System: The
narrow window between rice harvesting in October
and wheat planting in November pushes farmers,
especially in Punjab and Haryana, to burn crop
residues for quick field clearance.

¢ High Manual Removal Costs: Manual residue
removal costs %6,000-7,000 per acre, making
burning a cheaper and faster alternative.

* Limited Adoption of Sustainable Technologies:
The Happy Seeder, capable of cutting stubble
and sowing wheat simultaneously, is available for
Rs.1,000 rental and Rs.2,000 diesel per acre.
Despite subsidies, tools like Rotavators and Straw
Balers remain prohibitively expensive for small and
marginal farmers, hindering adoption.

* |nfrastructure Deficits: Insufficient large-scale
facilities for collection, storage, and transport of
residues prevent their utilization in biomass-based
power plants and industries.

* Regulatory Challenges: Existing regulations, such
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as fines by the National Green Tribunal (NGT), are
inconsistently enforced and fail to provide farmers
with viable alternatives.

+ Financial constraints for Small Farmers: Farmers
with less than 2 hectares of land prioritize short-
term cost savings and efficiency over long-term
environmental benefits due to financial limitations.

Government Interventions to Residue

Management (CRM)

Launch of CRM Scheme (2018): Aimed at reducing
air pollution in Punjab, Haryana, Uttar Pradesh, and
Delhi, focusing on both pollution reduction and large-
scale demonstrations of the Bio-Decomposer fungal
consortium.

Restructured RKVY (2022-23): The Rashtriya Krishi
Vikas Yojana was revamped to include the Sub-Mission
on Agriculture Mechanization, providing financial
assistance for acquiring CRM equipment and farm
machinery.

Crop

Support from Multiple Programs: The CRM scheme
is strengthened by funding from the RKVY, Agriculture
Infrastructure Fund (AIF), and various the agricultural
extension programs.
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Impact of Crop Residue

Using crop residue for
bio-composting can
reduce the need for

chemical fertilizers by

20-30%

| Farmers using residue for
5 biofuel and power
generation earn approx.
an additional Rs. 3,000-

Management Scheme on
Farmers and Environment

20 miillion tonnes of CO;
emissions prevented
annually by curbing
stubble burning

Enhanced soil organic

Custom Hiring Centres (CHCs): Over 40,000 CHCs
have been established, distributing more than 295,000
CRM machines to centres and individual farmers,
enhancing accessibility.

Investment in Biomass Supply Chain: Government
funds are allocated to strengthen biomass supply chains
and boost capital expenditure for ex-situ industries.

ICAR Demonstrations: The Indian Council of
Agricultural Research demonstrated crop residue
management machinery on 20,000 hectares during
2022-23, emphasizing improved farmer training and
capacity building for sustainable practices.

Way Forward

The high costs of agricultural implements remain a
barrier for many farmers, despite available government
subsidies.Totacklethis,increasingsubsidies,encouraging
co-ownership models, and promoting quicker-maturing
crop varieties can help farmers manage residues more
effectively. Long-term investments in infrastructure,
raising awareness of sustainable practices, and making
eco-friendly technologies more accessible will be keys
to reducing stubble burning. Supporting biomass-
based power plants with fiscal incentives can help

| create a market for crop residues,

& while establishing decentralized
“w | systems for their collection and sale
will strengthen this supply chain.
Additionally, promoting biofuels like
biodiesel can further improve their
availability. Crop residues also have

(e ) | great potential for industrial uses,

such as rice husk ash in cement,
banana peels and sugarcane waste
in paper, and husk and bagasse
ash for mushroom cultivation.
On the fodder front, India faces a
23.4% national deficit, worsened
in the western zone with a 43.5%
shortfall. Addressing this requires
transferring surplus straw to areas
in need and pressing fodder into

5,000 per acre
carbon levets by 0.3% to bales for easier transport and
0.5%, significantly _ i i
improving soil health and | storage. By implementing these
fertility | solutions, we can promote both

environmental sustainability and

economic growth in agriculture. O
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