AGRICULTURE

e-Newsletter

ISSN (E): 2583 - 0821
Sun. Agri.:e- Newsletter, (2025) 5(4), 27-29

Article ID: 378

Soil Carbon Sequestration: A Solution to Global

Subedar Singh™*, Ashok
Sambhaji Dambale?, Anil
Kumar?®, Manjul Jain*

! Assistant Professor, Soil
Science and Agricultural
Chemistry, Motherhood
University, Roorkee, Haridwar,
Uttarakhand - 247 661
?Assistant Professor, Department
of Agronomy School of
Agriculture Lovely Professional
University Phagwara, Punjab-
144411
34 Assistant Professor,
Department of Agronomy,
School of Agriculture, Eklavya
University Damoh, Madhya
Pradesh-470661

a Open Access

Available online at
http://sunshineagriculture.vitalbiotech.org/

Article History
Received: 08.04.2025
Revised: 12.04.2025
Accepted: 17.04.2025

This article is published under the
terms of the Creative Commons
Attribution License 4.0.

Copyright © April., 2025; Sunshine Agriculture

Warming

INTRODUCTION

Global warming, through the auspices of increasing the
concentration of greenhouse gases (GHG), is considered one
of the most important environmental challenges of the 21st
century. The three major contributors to the greenhouse
effect are carbon dioxide (CO-), methane (CH4), and nitrous
oxide (N20). Soil carbon sequestration has been viewed as
an effectively natural and sustainable strategy to offset CO2
in the atmosphere.
Soil has a tremendous capacity to store carbon—second only
to the oceans. When managed properly, agricultural soils can
act as a carbon sink, reversing land degradation and helping
mitigate climate change. This article delves into how soil
carbon sequestration works and its relevance in global efforts
to combat warming.
2. What is Soil Carbon Sequestration?
Soil carbon sequestration is the process by which CO: is
transferred from the atmosphere into the soil in the forms of
crop residues, organic amendments, and root biomass and
then stored as soil organic carbon (SOC).
There are two principal forms of carbon in soil:

» Soil Organic Carbon (SOC): Plant and animal

residue origin.
» Soil Inorganic Carbon (SIC): Origin via mineral
weathering or additions such as lime.

SOC significantly contributes to enhancing soil structure,
nutrient cycling, and water retention, hence agricultural
productivity.

Carbon
Sequestration
Methods

Source: The Climate club
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3. Processes of Soil Carbon Sequestration
Soil carbon is sequestered via biological,
chemical, and physical processes:

» Photosynthesis: Plants fix CO: and
transform it into organic matter, some of
which is transferred to the soil via roots
and residues.

» Soil Aggregation: Stabilizes organic
matter and inhibits decomposition.

» Humification: Conversion of organic
matter to stable humus that persists in
soil for decades or centuries.

» Reduced Soil Disturbance:
tillage minimizes carbon loss.

4. Farming Practices for Increasing Soil
Carbon Sequestration

» Conservation Tillage [/ No-Till
Farming: Lowers soil disturbance,
increases carbon retention.

» Cover Cropping: Adds biomass to soil,
prevents erosion.

» Crop Rotation and Diversification:
Enhances nutrient cycling and microbial
activity.

» Agroforestry: Incorporation of trees
into farming systems enhances biomass
and root carbon input.

» Organic Amendments: Use of compost,
biochar, and manure introduces carbon-
rich materials.

> Integrated Nutrient Management:
Encourages balanced fertilizer
application to support plant growth and
carbon sequestration.

5. Benefits of Soil Carbon Sequestration

Reducing

» Climate Mitigation: Decreases
atmospheric CO: concentration.
» Improved Soil Fertility: Increases

nutrient and water retention.
» Erosion Control: Enhances soil structure
and decreases runoff.
> Biodiversity Enhancement: Facilitates
microbial and faunal populations.
» Economic Benefits: Long-term
productivity and carbon credit markets.
6. Limitations and Challenges
Soil carbon sequestration, in spite of its potential,
has many limitations and challenges in its large-
scale adoption. One such limitation is the
saturation point because soils have a finite
capacity to hold carbon; if reached, their capacity
to sequester more carbon decreases. Another
concern is permanence—carbon locked away can
be released back into the atmosphere through
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land-use changes, deforestation, or unsustainable
soil management practices. Difficulty in
measurement also presents a barrier, as SOC
changes tend to be slow and occur unevenly
across landscapes, thus making monitoring
challenging and costly. Additionally, inadequate
policy frameworks and weak incentives are a
significant hindrance. Lack of well-defined
global or national incentives to incentivize
farmers for carbon sequestration is keeping
adoption  low. Investment in  research,
technology, education, and policy promotion is
the key to overcoming these obstacles and
supporting long-term soil carbon storage and its
effectiveness as a climate change mitigation
practice.

7. Global Initiatives and Policies

A number of global initiatives are encouraging
soil carbon sequestration:

» The "4 per 1000" Initiative (initiated at
COP21 in Paris): Targets a global
accumulation of soil organic carbon
stocks at a rate of 0.4% annually.

» REDD+ (Reducing Emissions from
Deforestation and Forest Degradation):
Encourages sustainable land
management and carbon sequestration.

» Carbon Farming Programs: New policies
in Australia, the U.S., and the EU are
encouraging farmers to implement
carbon-sequestering agricultural
practices.

8. Future Prospects and Recommendations

The future of soil carbon sequestration is bright,
as long as strategic measures are implemented to
increase its uptake and efficiency. Innovation and
research are essential; the application of new
technologies like remote sensing, artificial
intelligence (Al), and soil sensors can greatly
enhance the monitoring and verification of soil
organic carbon (SOC) stocks. Farmer capacity-
building and training in sustainable land
management techniques are critical to promote
widespread adoption at the grassroots level.
Policy support is also critical—governments and
institutions need to offer strong incentives,
subsidies, and establish strong carbon markets to
reward efforts in carbon farming. Additionally,
an interdisciplinary approach is needed,
combining agronomy, soil science, ecology, and
economics to create holistic and site-specific
solutions. Through stimulating cooperation
between policymakers, researchers, and farmers,
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soil carbon sequestration has the potential to be a
bedrock of climate-smart agriculture, making
valuable contributions to the mitigation of
climate change, enhancing soil health, and
sustainable agricultural food systems for
generations to come.

9. CONCLUSION

Soil carbon sequestration is an effective, nature-
based climate solution. It has numerous co-
benefits, from healthier soils to sustainable
agriculture. It's not a silver bullet, but in
conjunction with emissions reductions and
renewable energy, it can be a crucial element in
helping stabilize the climate and achieving food
security.

To realize its full potential, coordinated action is
necessary involving policy, science, and farming
communities. Accepting soil as a solution not
only coasts the earth but also replenishes the very
bedrock of farming.
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