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limate change has emerged as one of the greatest environmental challenges facing

humanity in the 21% century. Rapid industrialization, deforestation, and the burning of
fossil fuels have significantly increased the concentration of greenhouse gases, particularly
carbon dioxide (CO:), in the Earth’s atmosphere. This buildup of CO: traps heat, resulting in
global warming, erratic weather patterns, melting glaciers, and rising sea levels. Carbon
sequestration the process of capturing and storing atmospheric carbon dioxide has gained
immense attention as a viable, nature-based solution to mitigate the impacts of climate
change. Rather than merely reducing emissions, carbon sequestration addresses the problem
at its core by removing existing CO: from the atmosphere and storing it in natural or artificial
reservoirs for the long term. Carbon sequestration combines science, ecology, and technology
to restore balance in the carbon cycle. It not only plays a critical role in global climate
regulation but also contributes to soil health, biodiversity conservation, and sustainable
agriculture. In simple terms, it represents the Earth’s own way of healing itself—capturing
carbon where it does the best and storing it safely away from the atmosphere.

Concept and Definition of Carbon Sequestration

Carbon sequestration refers to the process of capturing and storing atmospheric carbon
dioxide (CO2) in a way that prevents it from contributing to global warming. It can occur
naturally through biological processes or be induced artificially through engineered
technologies. In natural systems, plants, oceans, and soil absorb CO: through photosynthesis
and other biochemical processes. For instance, forests act as carbon sinks, absorbing carbon
and storing it in biomass and soil. Similarly, oceans absorb large amounts of atmospheric
CO:2, making them one of the largest natural carbon reservoirs on Earth. Artificial or
technological carbon sequestration, on the other hand, involves capturing CO: from industrial
sources or directly from the air and injecting it into geological formations such as depleted oil
fields, saline aquifers, or deep ocean layers for long-term storage.

Carbon sequestration serves two major purposes:

1. Mitigating climate change by reducing atmospheric CO: concentrations.

2. Enhancing ecosystem resilience by improving soil fertility and plant growth in natural
systems.

The Global Carbon Cycle

To understand carbon sequestration, it is essential to grasp the functioning of the carbon
cycle, a natural process that regulates the flow of carbon among the atmosphere, biosphere,
hydrosphere, and geosphere. In the atmosphere, carbon exists primarily as CO-, a greenhouse
gas. In the biosphere, plants absorb CO: through photosynthesis, converting it into organic
matter like glucose. In the oceans, CO: dissolves in water and forms carbonic acid, which can
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then be utilized by marine organisms. In the geosphere, carbon is stored in fossil fuels,
sedimentary rocks, and carbonate minerals. Under natural conditions, these exchanges
maintain a stable carbon balance. However, human activities such as deforestation, industrial
emissions, and land degradation have disturbed this equilibrium, releasing massive amounts
of stored carbon back into the atmosphere. Carbon sequestration efforts aim to restore
balance by capturing and storing excess CO: effectively and sustainably.

Types of Carbon Sequestration

Carbon sequestration can be broadly classified into two main categories: natural (biological)
and artificial (technological)

A. Biological Carbon Sequestration

This involves the capture and storage of carbon through natural biological processes. It
occurs in terrestrial and marine ecosystems.

1. Forest Carbon Sequestration

Forests are often called the “lungs of the planet” because they absorb CO: and release
oxygen. Through photosynthesis, trees convert atmospheric carbon into biomass — trunks,
roots, leaves, and soil organic matter. When forests grow, they act as carbon sinks, locking
carbon for decades or even centuries. Afforestation (planting new forests) and reforestation
(restoring degraded forests) are crucial for enhancing this process.

2. Soil Carbon Sequestration

Soils are the largest terrestrial carbon reservoir. Practices such as conservation tillage, cover
cropping, mulching, composting, and organic manure application increase soil organic carbon
content. In agricultural lands, maintaining soil organic matter not only enhances productivity
but also stores carbon that would otherwise escape into the atmosphere.

3. Ocean Carbon Sequestration

Oceans absorb approximately one-quarter of human-generated CO. emissions each year.
Marine plants like algae and phytoplankton play a vital role in this absorption. However,
excessive CO: absorption can lead to ocean acidification, which affects marine biodiversity,
making it necessary to manage this process carefully.

4. Wetlands and Grasslands

Wetlands, mangroves, and peatlands are extremely efficient carbon sinks due to slow
decomposition rates under waterlogged conditions. Grasslands, although less visible, store
significant carbon underground in root systems and soil.

B. Technological Carbon Sequestration

In addition to natural systems, scientists have developed several engineered methods to
capture and store carbon.

1. Carbon Capture and Storage (CCS)

This technology captures CO: from industrial sources (like power plants) before it enters the
atmosphere. The captured CO: is then compressed and transported to storage sites, usually
underground geological formations, where it remains trapped for centuries.

2. Direct Air Capture (DAC)

An emerging technology that captures CO: directly from ambient air using chemical sorbents
or filters. Though energy-intensive and expensive, it holds potential for large-scale
atmospheric carbon removal.

3. Mineral Carbonation

Also known as enhanced weathering, this process involves reacting CO. with naturally
occurring minerals (like olivine or basalt) to form stable carbonates. This method mimics the
natural geological process of rock weathering but accelerates it artificially.

4. Bioenergy with Carbon Capture and Storage (BECCS)

In BECCS, biomass (plant matter) is used to produce energy, and the resulting CO2 emissions
are captured and stored underground. This method combines renewable energy generation
with permanent carbon removal.
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Carbon Sequestration in Agriculture

Agriculture plays a dual role in the carbon cycle, it is both a source and a sink of COa.
Conventional agricultural practices, such as excessive tillage, use of synthetic fertilizers, and
monocropping, lead to carbon loss from soils. However, with regenerative and conservation-
oriented approaches, agriculture can become a powerful tool for carbon sequestration.

Key practices include:

Agroforestry: Integrating trees with crops or livestock helps store carbon in both vegetation
and soil.

Cover Cropping: Growing cover crops prevents soil erosion and increases soil organic
carbon.

Crop Rotation and Intercropping: Diversified cropping systems enhance root biomass and
microbial activity, promoting carbon storage.

Organic Amendments: Applying compost, manure, and crop residues boosts soil carbon
content.

Reduced Tillage: Minimizing soil disturbance preserves soil structure and prevents carbon
release.

In addition to mitigating climate change, these practices enhance soil fertility, water
retention, and biodiversity — offering a win-win scenario for farmers and the environment
alike.

Importance and Benefits of Carbon Sequestration

Carbon sequestration offers multiple environmental, economic, and social benefits that
extend far beyond climate mitigation.

1. Climate Regulation

By removing CO: from the atmosphere, carbon sequestration directly contributes to slowing
global warming and stabilizing climate patterns.

2. Soil Health Improvement

Enhanced soil organic carbon improves soil structure, nutrient availability, and microbial
activity, leading to sustainable agricultural productivity.

3. Biodiversity Conservation

Forests, wetlands, and grasslands that serve as carbon sinks also support diverse species of
flora and fauna, maintaining ecosystem stability.

4. Water Management

Soils rich in organic carbon have higher water-holding capacity, reducing drought stress and
improving water efficiency in agriculture.

5. Economic Opportunities

Carbon markets and credit systems provide financial incentives for farmers and industries
that adopt carbon-friendly practices.

6. Long-term Sustainability

Carbon sequestration restores natural cycles, promotes ecological balance, and creates
resilient ecosystems capable of withstanding climate stress.

Global and Indian Initiatives

Many global and national initiatives are working toward enhancing carbon sequestration as
part of climate action strategies. The Paris Agreement (2015): Encourages nations to include
carbon sinks and sequestration projects in their Nationally Determined Contributions
(NDCs). United Nations REDD+ Program: Focuses on reducing emissions from deforestation
and forest degradation while promoting carbon storage in forests. India’s National Mission
for a Green India: Aims to increase forest and tree cover to enhance carbon sequestration
capacity. Soil Health Card and Natural Farming Movements: Initiatives like Zero Budget
Natural Farming (ZBNF) indirectly contribute to carbon sequestration through increased soil
organic matter and reduced chemical usage.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g_e 702

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Pal et al. (2025) Agri Articles, 05(05): 700-703 (SEP-OCT, 2025)

Challenges in Carbon Sequestration

Despite its promise, carbon sequestration faces several scientific, technical, and socio-
economic challenges:

1. Land Availability: Large-scale afforestation or bioenergy projects require vast land areas,
which may compete with food production.

2. Monitoring and Verification: Measuring the amount of carbon sequestered accurately
over time is complex and expensive.

3. Permanence: Stored carbon can be released back into the atmosphere due to deforestation,
fire, or land-use change.

4. High Cost: Technological sequestration methods like DAC and CCS are energy-intensive
and currently uneconomical.

5. Public Awareness: Limited understanding among farmers and communities hinders
adoption of soil-based carbon practices.

Future Prospects and the Way Forward

The future of carbon sequestration lies in combining scientific innovation with ecological
principles. Efforts should focus on enhancing the efficiency of natural carbon sinks while
developing cost-effective technological solutions.

Key strategies include:

Promoting regenerative agriculture and natural farming that enrich soil carbon. Strengthening
carbon credit systems to reward sustainable practices. Expanding afforestation and
agroforestry programs in degraded lands. Investing in research to improve monitoring,
modeling, and storage safety. Encouraging public-private partnerships for large-scale
deployment of carbon capture projects. Ultimately, carbon sequestration should not be seen
as an isolated climate solution but as a core component of sustainable development that
integrates food security, energy production, and environmental conservation.

Conclusion

Carbon sequestration represents humanity’s most natural and effective response to the
climate crisis. It embodies the principle that the Earth has within itself the mechanisms to
heal if only we learn to support rather than disrupt them. Whether through lush forests, fertile
soils, or innovative technologies, carbon sequestration holds the potential to restore balance
to the planet’s carbon cycle. By promoting sustainable land management, reforestation, and
eco-friendly farming systems, we can capture carbon, rejuvenate ecosystems, and ensure a
stable climate for generations to come. The challenge is immense, but the solution is within
reach rooted in the soil beneath our feet, the forests around us, and the collective will to live
in harmony with the Earth. Carbon sequestration, therefore, is not just a scientific concept it
is a global responsibility and a pathway to planetary renewal.
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