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&% groforestry is a dynamic, ecologically based natural resource management system that &%
@gwfﬁ integrates woody perennials—such as trees, shrubs, palms, and bamboos—on farms and [;LE .
&1 in agricultural landscapes. Unlike conventional monoculture farming, agroforestry systems &%
e are designed to mimic natural ecosystems, promoting interactions between different Q8
7% components to create more resilient and productive environments. Agroforestry isa §
e sustainable, dynamic land-use management system that deliberately integrates woody

oRe° perennials (trees, shrubs, palms, bamboos) with agricultural crops and/or livestock on the

%0 same land unit. It utilizes both spatial and temporal arrangements to enhance productivity,

dj biodiversity, and ecosystem services, creating a synergistic, multi-functional landscape that

Q0 improves profitability and resilience for land users. The intentional, ecologically based

@foﬁ integration of trees and shrubs into crop and animal farming systems to create a

o multifunctional land-use system that captures and stores atmospheric CO: in both

c£25%0 aboveground biomass (trees/crops) and belowground biomass (soil organic matter)."

[SAM0]

, Agroforestry, combining trees with crops/livestock, enhances carbon sequestration
023050 by storing CO2 in tree biomass (above/belowground) and soil organic matter, acting as a
o climate change mitigation strategy. These systems offer greater C-storage potential than
o255 monocultures, with sequestration rates varying by management (tillage, species, age, density)
% and climate, benefiting soil health, biodiversity, and livelihoods while generating carbon
credits. Agroforestry plays a critical role in carbon sequestration by combining trees with
crops or livestock, enhancing both aboveground biomass and soil organic carbon (SOC). It
mitigates climate change by capturing atmospheric COand storing it in plant tissue and soil,
with higher potential than monocropping. Key techniques include silvopasture, alley
cropping, and windbreaks, which can significantly increase total carbon stocks. Agroforestry
sequesters carbon (0.003-3.98 Mg C/halyr) by capturing atmospheric CO: through
photosynthesis and storing it in biomass (trees, crops) and soil organic matter. Key methods
include integrating trees into croplands (silvoarable), livestock pastures (silvipastoral), using
shelterbelts, and managing hedgerows to enhance soil carbon stocks. Agroforestry plays a
dynamic, multi-functional role in carbon sequestration, acting as a crucial nature-based
solution that mitigates climate change while supporting agricultural sustainability. It involves
the intentional integration of trees and shrubs into crop and livestock systems, which can
store significantly more carbon in aboveground biomass and soil compared to monoculture
farming.

Dynamic Mechanisms of Carbon Sequestration

Aboveground Biomass Storage: Trees and woody perennials in agroforestry systems
capture atmospheric CO,through photosynthesis, storing it in trunks, branches, and leaves.
Multistrata systems (e.g., homegardens) show the highest potential for this storage.
Belowground Soil Organic Carbon (SOC) Accumulation: Tree roots extend deeper into
the soil than crops, depositing organic matter in deeper layers where it is less susceptible to
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decomposition. Agroforestry systems can increase SOC by 10.7% on average compared to
conventional agriculture.

Nutrient Cycling and Litterfall: Regular leaf litter and root turnover add carbon to the soil,
improving soil fertility, structure, and microbial activity, which enhances long-term carbon
stabilization.

Soil Erosion Reduction: Tree components reduce soil erosion by slowing wind speeds and
reducing water runoff, protecting existing soil carbon from being lost.
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C Secuestration inmn Agroforestry
(Source: File diagram)

Major Roles of Agroforestry in Carbon Sequestration

o Key Carbon Sinks: Agroforestry systems store carbon in multiple pools: above-ground
(stems, branches, foliage) and below-ground (roots, soil organic matter).

e Enhanced Soil Carbon: Tree-based agricultural systems improve soil carbon stocks
compared to monoculture farming, particularly in deeper soil profiles. Soil Organic
Carbon (SOC) Improvement: Trees in agricultural landscapes improve soil health,
aiding in the sequestration of carbon within the soil profile (0-45 cm).

o High-Potential Systems: Silvopasture (integrating trees with livestock) and homegardens
(complex, multi-species systems) often show the highest carbon sequestration potential.

« Multiple System Benefits: Different systems offer varying potential; for instance, agri-
horticulture, silvipasture, and alley cropping provide substantial carbon storage alongside
agricultural production.

o Mitigation of Climate Change: By integrating trees, agricultural lands become more
resilient, acting as a, cost-effective tool to combat climate change.

Factors Influencing Sequestration

o System Design: Species choice, tree density, and arrangement (e.g., alley cropping,
silvopasture).

e Management Practices: Conservation tillage, use of groundcovers, and fallowing.

e Age & Climate: Younger trees and specific regions (like semi-arid areas) can show
higher sequestration.

e Soil Properties: Higher organic matter, nutrients, and good soil structure support greater
biomass.

Benefits beyond Carbon

« Climate Adaptation: Improves water retention, reduces erosion, boosts soil health.
e Economic: Creates new income streams, potentially through carbon credit markets.
« Biodiversity: Enhances ecological stability and provides corridors for wildlife.

Potential & Challenges

o High Potential: AFSs show significant potential for C storage, often exceeding treeless
systems.

« Variability: Sequestration rates vary greatly, requiring robust monitoring and research.

o Policy Needs: Support for policies, research, and extension services is crucial for
widespread adoption.
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Carbon Sequestration Mechanisms in Agroforestry:
Agroforestry boosts carbon storage through several specific pathways:

Aboveground Biomass: Trees store significant carbon in trunks, branches, and foliage.
Soil Organic Carbon (SOC): Tree roots and litterfall increase soil organic matter, with
deeper root systems potentially storing carbon in deeper, more stable soil layers.

Nutrient Cycling: Nitrogen-fixing trees improve soil fertility, promoting higher biomass
production and, consequently, greater carbon uptake.

Reduced Emissions: By improving soil quality and reducing the need for chemical
fertilizers, agroforestry can reduce nitrous oxide Key Metrics

Sequestration Potential: Studies show agroforestry can sequester between 0.29 and
15.21 Mg C ha™ yr™ in aboveground biomass.

Soil Storage: It can store 30 to 300 Mg C ha in the soil (up to 1-m depth).

Total Potential: Agroforestry systems often store 10-100 times more carbon per unit area
than conventional agriculture.

Prominent Agroforestry Systems for Sequestration:

Silvopasture: Integrating trees into pastureland (highest carbon storage potential).
Alley Cropping: Planting trees in rows with crops in between.

Homegardens: Diverse, multi-strata systems common in the tropics.

Riparian Buffers: Tree/shrub strips along waterways to protect water and store carbon.
Windbreaks/Shelterbelts: Trees reducing wind speed and soil erosion.

Key aspects of the role of agroforestry in carbon sequestration include:

Significant Carbon Sink: Agroforestry systems can store considerably more carbon than
treeless pasture or conventional crop systems. Globally, these systems store an estimated
45 gigatons of carbon.

Dual Storage (Above and Below Ground): Carbon is stored in aboveground biomass
(stems, branches, foliage) and belowground biomass (roots). It is estimated that on
average, about one-third of the carbon is held in plant biomass and two-thirds in the soil.
High Potential for Improvement: Transitioning from monoculture agriculture to
agroforestry can increase soil organic carbon by an average of 34%.

Context-Dependent Sequestration: The rate of sequestration varies based on the
system, with estimates ranging from 0.29 to 15.21 Mg C/ha/year above ground and 30-
300 Mg C/ha in the soil (up to 1m depth).

Best Systems: Agrosilvopastoral systems (combining trees, crops, and livestock) and
homegardens often show the highest potential for carbon storage.

Synergy with Adaptation: Beyond sequestration, agroforestry helps farmers adapt to
climate change by improving soil health, water retention, and reducing erosion.

Key Effects of Agroforestry on Carbon Sequestration

Enhanced Carbon Storage: Agroforestry increases both aboveground (trees) and
belowground (root biomass, soil organic carbon) carbon pools.

Soil Organic Carbon (SOC) Improvement: AFS can store higher amounts of soil
carbon, especially in deeper soil layers compared to traditional agricultural practices. In
arid and tropical regions, agroforestry is particularly effective at promoting SOC
accumulation.

High Potential in Degraded Lands: Converting 630 million hectares of unproductive
croplands and grasslands to agroforestry could sequester significant amounts of carbon
(0.586 Tg Cl/yr by 2040).

Long-Term Sequestration: The trees, wood products, and increased soil organic matter
provide long-term carbon sinks.

Synergy with Adaptation: Agroforestry provides environmental benefits such as
improved soil health, water retention, and reduced erosion while mitigating climate
change.
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Opportunities for Carbon Sequestration

High Sequestration Potential: Agroforestry systems, such as poplar-based systems, can

sequester significant carbon in both above-ground biomass and soil.

« Climate Change Mitigation & Adaptation: It provides a dual benefit of sequestering
carbon while helping farmers adapt to droughts, floods, and heat waves.

e Soil Improvement: Tree components, like in bamboo-based systems, can substantially
increase soil organic carbon.

o Biodiversity and Livelihoods: Enhanced biodiversity and improved livelihood security
for farmers.

Challenges to Adoption

« Policy and Legal Barriers: Stringent regulations regarding the transportation and cutting
of trees can discourage farmers from adopting agroforestry.

e Economic and Technical Constraints: Limited access to financial resources, high initial
establishment costs, and lack of technical knowledge regarding proper tree-crop
combinations.

e Land Tenure Insecurity: Unclear land ownership rights hinder long-term investment in
tree planting.

« Environmental Limitations: Water scarcity in hot, dry areas can restrict plant growth
and, consequently, carbon sequestration.

« Scientific Gaps: Insufficient knowledge on specific regional,, and species-dependent
carbon dynamics.

Key Strategies for Overcoming Challenges

e Policy Reform: Streamlining regulations to make it easier for farmers to harvest and sell
tree products.

« Financial Incentives: Providing subsidies, payments for ecosystem services (PES), and
access to carbon markets.

e« Research & Extension: Developing tailored, high-quality planting materials and
providing technical training to farmers.

Carbon Sequestration Potential of Agroforestry

Agroforestry contributes significantly to carbon sequestration through the capture and storage
of atmospheric carbon dioxide (CO2) in biomass and soil. Incorporating trees, shrubs, and
perennial vegetation into agricultural ecosystems increases carbon sequestration through
various mechanisms such as aboveground biomass accumulation, root biomass production,
and enrichment of soil organic carbon. Perennial plants and trees take up CO2 by
photosynthesis and store carbon in their roots, stems, branches, and leaves. Furthermore,
litterfall and root turnover help in long-term carbon storage in the soil, enhancing soil organic
matter content and fertility] . Various agroforestry systems, including alley cropping,
silvopasture, windbreaks, home gardens, and multistrata systems, play a significant role in
carbon sequestration. Research shows that Agroforestry systems (AFS) such as parklands,
live fences, and homegardens had substantial C stocks, but only accumulated 0.2-0.8 Mg C
ha—1 year—1lin soil, making them effective measures for carbon capture and storage. The
efficiency of carbon sequestration is influenced by several factors, such as tree species,
planting density, soil type, climate, and. Deep-rooted trees sequester more carbon in the
subsoil, while leguminous trees increase nitrogen fixation, thus supporting carbon buildup. In
addition, agroforestry operations enhance soil microbial activity, increasing carbon
stabilization and minimizing soil respiration losses. The integration of perennial crops and
soil conservation practices reduces the incidence of soil erosion, hence the loss of carbon
from agricultural land. Proper agroforestry design, species composition, and intensively
managed sustainable land use practices are critical to the optimization of the carbon
sequestration capability of these. By incorporating agroforestry into climate mitigation plans,
agricultural landscapes can be transformed into substantial carbon sinks while, at the same
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time, contributing various co-benefits including intensified biodiversity, strengthened water
cycling, and enhanced farmer resilience to climate change.

(Source: File diagram)

Different Agroforestry system enhances carbon sequestration

Silv'?cgurllt-ural Combining trees with crop cultivation to improve soil fertility and reduce
dependency on chemical inputs
Systems

Small-scale agroforestry systems that enhance biodiversity, sequester
carbon, and ensure food security
Riparian Buffer Establishing tree and shrub buffers along streams and rivers to prevent
Systems soil erosion, improve water quality, and enhance carbon sequestration
Cultivating high-value crops such as medicinal plants and spices under
tree canopies to optimize land use and carbon storage
Planting rows of trees or shrubs alongside agricultural crops to provide
shade, act as a windbreak, and facilitate nutrient cycling, while crops
benefit from reduced soil erosion and improved microclimate. Certain
trees also contribute to nitrogen fixation.

Integrating trees forage crops, and grazing livestock. Trees provide shade,
forage, and shelter for livestock while enhancing soil fertility.
Additionally, silvopasture generates income from timber and non-timber
forest products.

Rows or blocks of trees planted to reduce wind speed, protect agricultural
Windbreaks and  fields, and minimize soil erosion. They create a favorable microclimate,
Shelterbelts conserve soil moisture, and mitigate wind-related damage to crops and

livestock.
Vegetated areas along water bodies like streams, rivers, and wetlands that
Riparian Forest  filter runoff, stabilize soil, and improve water quality. They also provide
Buffers wildlife habitats, help control flooding, and reduce nutrient and pollutant
runoff

Home Gardens

Forest Farming

Alley Cropping

Silvopasture

Carbon Sequestration Process in Different Trees

Agroforestry is a multi-functional land-use system that integrates trees, crops, and sometimes

livestock to capture and store atmospheric carbon dioxide (CO:) in vegetation and soil. This

process, known as carbon sequestration, is highly effective because trees in agroforestry
systems often grow faster and utilize resources more efficiently than those in single-species
systems.

e Fast-Growing Hardwoods (Eucalyptus, Poplar, Melia, Casuarina): These species are
highly efficient for rapid carbon accumulation in biomass due to their high growth rate,
often used in short-rotation agroforestry. Eucalyptus is particularly dominant in Indian
agroforestry, acting as a major carbon sink.
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e Leguminous Trees (Leucaena, Acacia, Prosopis): These species enhance soil organic
carbon (SOC) significantly by fixing nitrogen and supplying leaf litter to the soil.

o Fruit/Perennial Trees (Mangifera indica, Ziziphus): Fruit trees like mango contribute
to long-term carbon storage in biomass while providing economic returns.

« Bamboo and Fast-growing Native Species (Teak, Sal): Known for rapid biomass
production, these species are excellent for high-volume carbon sequestration.

Performance of Different Tree Species
The potential to sequester carbon varies significantly based on tree species, growth rate, and
lifespan:

200-400 tons CO2/ha (in Rapid growth; absorbs 35% more CO- than

Bamboo 5 years) many trees.
Poplar 10.3 Mg C/halyr Fast-growing m_dustrlal timber; dominant in
Indian agroforestry.
Highly efficient for short-term sequestration
Eucalyptus 12.7 Mg C/halyr due to rapid growth,
Teak 30-50 kg COu/trecly High-value, dense wood_that locks carbon for
centuries.
Mango 7057 Mg C/ha Excellent dual-purpose (fruit/carbon);

common in home gardens.
Long-living with large canopies; excellent for
long-term storage.
Unique ability to store carbon in submerged
soils and biomass.

Banyan/Peepal 20-40 kg COx/tree/yr
Mangroves High "Blue Carbon"

Agroforestry holds significant future potential for carbon sequestration, serving as a
key strategy for climate change mitigation by storing carbon in biomass and soil while
enhancing land productivity. Future projections indicate that adopting agroforestry on a wider
scale can offset substantial industrial emissions, with potential storage ranging from 1.1 to 2.2
Pg C over 50 years.

Future Aspects of Agroforestry in Carbon Sequestration

« Significant Carbon Sink: Agroforestry systems can store 5-10 times more carbon than
conventional farming, with estimates ranging from 12 to 228 Mg ha™'.

e Soil Organic Carbon (SOC) Improvement: Trees in agroforestry systems contribute to
higher soil organic carbon, especially in deeper soil layers, which is crucial for long-term
sequestration.

« Carbon Credit Revenue: Future integration into carbon trading markets offers economic
incentives for farmers, encouraging the adoption of these systems for additional income.

« Climate Resilience: Beyond sequestration, these systems increase climate resilience by
improving water retention and soil health, making them crucial for sustainable
agriculture.

e Targeted Expansion: Increased tree cover through agroforestry, such as in boundary
planting and home gardens, can help countries

Conclusion

Well-managed agroforestry systems are considered a critical strategy for reducing greenhouse
gases in the atmosphere, particularly in developing countries, while supporting food security
and rural livelihoods. it is accurate to say that Agroforestry plays a significant, high-potential
role in carbon sequestration and is widely regarded as a key nature-based solution to climate
change mitigation. By integrating trees into agricultural landscapes, these systems capture
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and store substantial amounts of atmospheric carbon dioxide (CO2) in both living biomass
and soils. Agroforestry is a very efficient and sustainable approach to carbon sequestration
and climate adaptation with a variety of ecological, economic, and social advantages.
Through the integration of trees with crops and livestock, agroforestry promotes biodiversity,
increases soil quality, and enhances agricultural resilience to climate change. Agroforestry is
an important nature-based solution that not only tackles climate change by capturing carbon
but also maintains sustainable production of food and ecosystem resilience. Though it has
great potential, extensive use of agroforestry is hindered by land tenure insecurity, poverty,
and inadequate technical knowledge. These obstacles can be overcome with the help of
favorable policies, economic incentives, capacity building, and technology improvement. It is
essential to overcome these obstacles for large-scale agroforestry practice worldwide.
Governments, researchers, and private sector actors have to work together to mainstream
agroforestry in climate action plans and land-use planning. Future studies must focus on
maximizing tree-crop-livestock integration, improving carbon quantification methods, and
evaluating the long-term socio-economic effects of agroforestry. In addition, enhancing
market access for agroforestry products and carbon credit systems can make it more
economically viable for farmers. Through the application of scientific innovation, policy
support, and community involvement, agroforestry can become a revolutionary strategy for
meeting climate challenges, ensuring food security, and supporting environmental
sustainability for generations to come. it is accurate to conclude that the dynamic, multi-
functional role of agroforestry is a critical component of the carbon sequestration process.
Agroforestry acts as a significant "sink" for atmospheric carbon dioxide storing it in both
plant biomass (aboveground) and soil organic matter (belowground).
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