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Abstract

Agroforestry is an integrated land-use approach in which trees and other woody perennials are deliberately combined with
agricultural crops and/or livestock within the same spatial or temporal system. It has gained increasing importance as a strategy
for addressing land degradation, declining soil fertility, biodiversity loss, climate variability, and the need for sustainable food
production. Unlike simplified monocropping systems, agroforestry can provide multiple products and ecosystem services
simultaneously, including food, fodder, fuelwood, timber, carbon storage, soil conservation, nutrient cycling, water regulation,
and habitat provision. This review examines the role of agroforestry in sustainable land use, with particular emphasis on soil
health, biodiversity conservation, climate-change mitigation and adaptation, water management, agricultural productivity, and
rural livelihoods. Different agroforestry configurations, including agrisilvicultural, silvopastoral, agrosilvopastoral, alley-
cropping, boundary planting, homegardens, and multistrata systems, are discussed. Evidence indicates that well-designed
agroforestry systems can improve resource-use efficiency and strengthen the resilience of agricultural landscapes. However,
benefits are not automatic; competition between trees and crops for light, water, nutrients, and space can reduce productivity when
systems are poorly designed. Adoption is also affected by land tenure, access to planting material, labour requirements, markets,
extension services, policy incentives, and farmers' perceptions of costs and benefits. Sustainable integration therefore requires
site-specific system design, participatory planning, suitable tree-crop combinations, long-term research, supportive policies, and
improved market linkages. Agroforestry should consequently be considered not as a universal replacement for conventional
agriculture but as a flexible land-management framework capable of integrating production with ecological restoration and
livelihood objectives.
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Introduction

Agricultural landscapes are increasingly exposed to soil
degradation, declining biodiversity, water scarcity, climate
variability, and pressure to produce food for a growing
population. Conventional agricultural intensification has
contributed substantially to food production, but simplified
production systems can also increase soil erosion, nutrient
depletion, habitat loss and dependence on external inputs
when poorly managed. These challenges have created a need
for land-use approaches that simultaneously address
agricultural production, environmental conservation and
rural livelihoods.

Agroforestry provides one such approach by deliberately
integrating woody perennials with crops and/or livestock in
spatial arrangements or temporal sequences. The Food and
Agriculture Organization of the United Nations defines

agroforestry as a land-management system in which woody
perennials are deliberately integrated with crops and/or
animals, allowing ecological and socioeconomic interactions
among the components M. Agroforestry therefore represents
more than simply planting trees on farms; the interactions
among trees, crops, animals, soil, water and people are
fundamental to the system.

Agroforestry practices have existed for centuries in many
traditional farming systems. Modern agroforestry research
developed particularly in response to concerns regarding
tropical  deforestation, soil  degradation, declining
productivity and rural poverty . Scientific interest has
subsequently expanded to include ecosystem services,
climate mitigation, biodiversity conservation, watershed
management and landscape restoration.
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The multifunctional character of agroforestry makes it
particularly relevant to sustainable land-use planning. Trees
can contribute products such as fruit, timber, fodder,
fuelwood, fibre and medicines while simultaneously
influencing soil properties, microclimate, nutrient cycling
and hydrological processes . However, agroforestry is not
inherently beneficial under all circumstances. Tree-crop
competition, inappropriate species selection, delayed
economic returns and increased labour requirements can
reduce adoption or agricultural productivity. Consequently,
successful agroforestry requires careful matching of species,
spatial arrangement, management practices and farmer
objectives.

This review examines the potential of integrated agroforestry
for sustainable land use and discusses its ecological,
economic and social contributions, constraints to adoption,
and future research priorities.

Concept and Classification of Agroforestry

Agroforestry encompasses a broad range of systems rather
than a single technology. The defining characteristic is the
intentional interaction between woody perennials and
agricultural production [,

Major agroforestry systems can be broadly classified into
three categories:

Agrisilvicultural systems

Agrisilvicultural systems combine trees or shrubs with
agricultural crops. Examples include alley cropping,
boundary planting, improved fallows, shelterbelts, parkland
systems,  multistrata  homegardens and  tree-based
intercropping.

In these systems, trees may provide shade, biomass, fruits,
timber, fuelwood, fodder or soil-improvement services while
crops provide annual or seasonal food and income.

Silvopastoral systems

Silvopastoral systems integrate trees with pasture and
livestock. Trees can provide shade, fodder, timber and
protection from environmental stress, while livestock
contribute manure and income. Appropriate tree density and
pasture management are essential because excessive tree
cover can reduce pasture productivity.

Agrosilvopastoral systems

Agrosilvopastoral systems combine trees, crops and
livestock. Such systems can increase the diversity of farm
outputs and recycle nutrients among components. Traditional
homegardens and mixed farming systems frequently contain
characteristics of this approach.

The FAO recognizes these broad categories while
emphasizing that agroforestry systems must be adapted to
environmental conditions, farmer needs, available resources,
markets and local value chains [,

3. Agroforestry and Sustainable Land Use

Sustainable land use requires maintaining or improving the
productive capacity of land while protecting ecological
functions and supporting human well-being. Agroforestry
contributes to this objective through interactions among
trees, crops, livestock and natural resources.

Trees can occupy ecological niches that are not fully
exploited by annual crops. Their deeper roots may access
water and nutrients from deeper soil layers, while litterfall
returns organic material and nutrients to the soil surface.
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Tree canopies can modify solar radiation, temperature, wind
speed and humidity, creating microclimatic conditions that
influence crop and livestock production. 24

The vertical structure of agroforestry systems can also
increase the effective use of solar radiation and space.
Different plant components may occupy different canopy and
rooting zones, potentially improving resource-use efficiency
compared with simplified systems. FAO notes that land-
equivalent ratios in agroforestry systems are often greater
than one, although outcomes vary among systems and
management conditions [,

The sustainable-land-use value of agroforestry therefore
arises from its multifunctionality: the same land unit can
simultaneously produce agricultural commodities and
ecosystem services.

Role of Agroforestry in Soil Health

Soil degradation is one of the major threats to long-term
agricultural productivity. Agroforestry can contribute to soil
conservation and restoration through several mechanisms.

Organic matter accumulation

Trees contribute leaves, twigs, roots and other organic
residues to the soil. Decomposition of this material can
increase soil organic matter and influence soil aggregation,
nutrient availability and biological activity.

Recent reviews of agroforestry in India emphasize its
potential to improve physical, chemical and biological soil
properties when tree-based systems are appropriately
designed and managed 1.

Nutrient cycling

Deep-rooted trees may recover nutrients from soil layers
beyond the effective rooting depth of annual crops. Nutrients
can subsequently return to surface soil through litterfall and
root turnover. Nitrogen-fixing tree species may additionally
contribute biologically fixed nitrogen to the system.

Nair reported that nutrient cycling, biological nitrogen
fixation and deep nutrient capture are among the mechanisms
through which agroforestry can contribute to soil
productivity I,

Erosion control

Tree roots physically stabilize soil, while trunks, litter and
vegetation reduce the velocity and erosive energy of rainfall
and surface runoff. Agroforestry systems established on
slopes, field boundaries and riparian zones can therefore
contribute to soil and water conservation.

Vegetative buffer systems containing trees can also reduce
the movement of agricultural pollutants into water bodies 1.

Soil carbon

Agroforestry can increase carbon storage in aboveground
biomass, roots and soil. However, the amount of carbon
stored depends strongly on tree species, density, age, climate,
soil characteristics and management.

A systematic review of agroforestry in East Africa estimated
substantial carbon stocks in both biomass and soils, although
the authors emphasized continuing uncertainties concerning
belowground carbon and greenhouse-gas emissions [],

Biodiversity Conservation

Agricultural intensification and habitat simplification can
reduce biodiversity within  agricultural  landscapes.
Agroforestry introduces structural and compositional
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diversity into farms, potentially providing habitat and
movement corridors for organisms.

Tree-based systems can support birds, insects, soil organisms
and other forms of biodiversity. Their contribution is
particularly relevant when agroforestry elements are
connected with natural forests, riparian vegetation,
hedgerows and other semi-natural habitats.

Jose identified biodiversity conservation as one of the major
environmental services associated with agroforestry, together
with carbon sequestration, soil enrichment and air and water
quality improvement [, Agroforestry does not necessarily
reproduce the biodiversity of natural forests, but it can
provide intermediate habitats within productive agricultural
landscapes.

Species selection is nevertheless important. Diverse native or
locally adapted tree species may provide broader ecological
functions than highly simplified plantations, although
farmers' economic objectives and market requirements must
also be considered.

Climate-Change Mitigation and Adaptation

Climate change presents simultaneous challenges of
increasing temperature, changing precipitation patterns,
extreme weather events and shifts in pest and disease
pressures. Agroforestry can contribute to both mitigation and
adaptation.

Carbon sequestration

Trees remove atmospheric carbon dioxide through
photosynthesis and store carbon in biomass and soils.
Agroforestry therefore provides an opportunity to increase
carbon stocks while maintaining agricultural production.
Carbon storage should, however, be evaluated over
appropriate time periods and across the entire system. Claims
regarding carbon benefits should consider biomass
harvesting, tree mortality, soil-carbon changes and potential
emissions associated with management.

Microclimate regulation

Tree canopies can reduce wind speed, moderate temperature
extremes and alter humidity and radiation. These effects can
reduce environmental stress for crops and livestock in certain
environments.

Climate-resilient production

Agroforestry diversifies farm production by combining
annual crops with perennial products such as fruit, timber,
fodder and fuelwood. Such diversification may reduce
dependence on a single crop and provide alternative sources
of income or food during climatic shocks.

A systematic review of agroforestry interventions in low-
and middle-income countries found evidence of potentially
positive effects on agricultural yields and income, but also
substantial variation among studies and important limitations
in the evidence base . Thus, agroforestry should be
regarded as a context-dependent resilience strategy rather
than a guaranteed solution.

Water Management and Watershed Protection

Water availability is a major determinant of agricultural
productivity. Agroforestry can influence infiltration, runoff,
evapotranspiration and water quality.

Tree roots can create channels that facilitate water
infiltration, while litter and surface vegetation protect soil
from raindrop impact. Riparian agroforestry buffers can
intercept sediments and nutrients before they enter streams.
At the same time, trees consume water through transpiration.
In water-limited environments, high tree density may
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intensify competition with crops. Therefore, tree spacing,
root architecture, species selection and pruning must be
adapted to local water availability.

This illustrates a central principle of agroforestry: an
ecological function that is beneficial in one context may
create a trade-off in another. Sustainable design must
therefore balance water conservation with tree water
demand.

Agricultural Productivity and Resource-Use Efficiency
The productivity of agroforestry should be evaluated at the
level of the entire system rather than by considering only the
yield of an individual crop.

Trees can produce additional commodities while crops
continue to provide annual food or income. In some systems,
shade, nutrient cycling, wind protection and improved soil
conditions can benefit associated crops. In other systems,
competition for light, water and nutrients may reduce crop
yields.

A systematic review of impact evaluations in low- and
middle-income countries reported potentially large positive
effects of agroforestry interventions on agricultural yields but
substantial heterogeneity among studies. The evidence base
was also characterized by methodological limitations and
high risk of bias in the included evaluations ©1.

Consequently, the appropriate question is not whether
agroforestry universally increases crop yield, but whether a
particular tree-crop-livestock configuration increases total
system benefits relative to realistic alternatives.

Contribution to Rural Livelihoods

Agroforestry can contribute to livelihood diversification by
generating multiple products and income streams. These may
include:

e  Fruits and nuts;

Timber and poles;

Fuelwood;

Fodder;

Medicinal products;

Honey and other non-timber products;

Livestock products;

Annual food crops; and
Ecosystem-service  payments
mechanisms exist.

where  appropriate

A systematic review of agroforestry in East Africa identified
food, fodder, firewood and income among the major
livelihood benefits reported in the literature 7],
Diversification can also function as a risk-management
strategy. If one commodity experiences a price decline or
production failure, other farm products may continue to
provide food or income.

Nevertheless, livelihood benefits depend on market access,
land tenure, labour availability, processing facilities and
value chains. Tree products may require several years before
generating economic returns, which can discourage farmers
who face short-term financial constraints.

Agroforestry and Sustainable Land Restoration
Agroforestry has considerable potential in the restoration of
degraded agricultural landscapes because it combines
productive use with ecological recovery.

On degraded land, tree establishment can contribute to soil
organic matter accumulation, erosion reduction, improved
soil structure and microclimate modification. Once
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established, perennial vegetation may create conditions that
facilitate further biological activity and vegetation
development.

Agroforestry can therefore be viewed as a form of productive
restoration. Rather than completely removing land from
production, farmers can establish tree-based systems that
generate agricultural products while gradually improving
ecological functions.

FAO similarly identifies agroforestry as a nature-based
approach capable of supporting soil health, water
management, biodiversity and climate resilience [,

Major Constraints to Agroforestry Adoption

Despite its potential, agroforestry adoption remains
constrained by ecological, technical, economic and
institutional factors.

Competition between components
Trees and crops can compete for sunlight, water, nutrients
and physical space. Poorly selected species or excessive tree
density can reduce crop productivity.

Delayed economic returns

Many timber and fruit trees require several years before
providing substantial economic benefits. Smallholders with
immediate cash and food requirements may therefore prefer
annual crops.

Land and tree tenure

Farmers may have limited incentives to plant trees when land
ownership is insecure or when they lack clear rights over tree
products. Secure and predictable tenure can therefore
influence long-term investment decisions.

Knowledge and extension limitations

Successful agroforestry requires knowledge of species
selection, planting density, pruning, harvesting, pest
management and interactions among components.
Inadequate technical support can lead to poor system
performance.

Market constraints

Without reliable markets, farmers may have limited
incentives to produce tree-based commodities. Processing
facilities,  storage, transportation and  value-chain
development can influence profitability.

Labour requirements

Tree establishment, pruning, harvesting and management
may increase labour demand, particularly during the early
years of system establishment.

Recent systematic evidence emphasizes that adoption
barriers occur at multiple levels, including farm, institutional,
economic and policy scales I,

Strategies for Effective Integration
Successful integration of agroforestry requires a site-specific
and participatory approach.

Site assessment

Before establishing an agroforestry system, soil type,
rainfall, temperature, slope, water availability, existing
vegetation and land-use objectives should be assessed.
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Appropriate species selection

Species should be selected according to ecological
adaptation, farmer preferences, market opportunities and
compatibility with associated crops or livestock.

Important characteristics may include:

e Drought tolerance;

Nitrogen fixation;

Rooting pattern;

Canopy architecture;

Growth rate;

Fodder or fruit quality;

Timber value;

Response to pruning; and

Compatibility with crops.

Optimized spatial arrangement

Tree spacing and orientation should minimize undesirable
competition while maximizing complementary interactions.
Alley cropping, boundary planting, scattered trees,
hedgerows and multistrata arrangements may be appropriate
under different conditions.

Participatory planning

Farmers should participate in species selection, system
design and management decisions. Agroforestry systems are
more likely to persist when they align with household
priorities, labour availability and market opportunities.

Extension and capacity building

Farmer training should cover nursery management, tree
establishment, pruning, soil management, integrated pest
management, harvesting and post-harvest processing.

Long-term monitoring

Agroforestry systems change over time as trees grow and
canopy structure develops. Monitoring should therefore
include crop productivity, tree growth, soil properties,
biodiversity, water use, carbon stocks and economic returns.

Agroforestry in the Indian Context

India has a long history of integrating trees with agricultural
production.  Farm  forestry, boundary plantations,
homegardens, silvopastoral systems and traditional tree-
based farming are found across different agroecological
regions.

The National Agroforestry Policy adopted in 2014
represented an important institutional step toward promoting
agroforestry in India. Agroforestry is particularly relevant to
India because of the country's diverse climates, smallholder
farming systems, land degradation concerns and demand for
food, fodder, fuelwood, timber and environmental services.
Indian research has documented potential benefits of
agroforestry for soil fertility, soil carbon, climate mitigation
and land restoration [® 1% However, regional differences are
substantial. A system suitable for irrigated Indo-Gangetic
agriculture may not be appropriate for semi-arid, Himalayan,
coastal or tribal landscapes.

Future development should therefore emphasize region-
specific models rather than a single national planting pattern.

Research Gaps and Future Directions

Although agroforestry research has expanded considerably,
important knowledge gaps remain.

First, long-term experimental datasets are needed to evaluate
interactions among tree growth, crop yield, soil carbon,
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biodiversity and water use. Agroforestry systems can require
many years to reach maturity, making short-term
experiments insufficient for evaluating their complete
performance.

Second, standardized methods for measuring biomass
carbon, soil carbon and ecosystem services are required.
Differences in sampling depth, biomass equations and
system boundaries can make comparisons among studies
difficult. Nair highlighted several of these methodological
challenges in agroforestry environmental-quality research [,
Third, socioeconomic research should receive greater
attention. Adoption depends not only on ecological
performance but also on profitability, labour requirements,
tenure arrangements, gender roles, access to markets and
farmers' risk preferences.

Fourth, digital technologies, remote sensing, geographic
information systems and decision-support tools can improve
agroforestry planning and monitoring. Improved spatial data
can assist in identifying areas where tree-based interventions
may generate ecological and livelihood benefits.

Finally, future research should focus increasingly on
multifunctional systems that explicitly evaluate trade-offs
rather than measuring individual outcomes in isolation.

Policy Implications

Effective agroforestry policies should recognize that farmers

make land-use decisions based on both immediate and long-

term benefits.

Policy support can include:

Access to quality planting material;

Technical extension and farmer training;

Secure land and tree tenure;

Improved access to markets and value chains;

Incentives for ecosystem services where scientifically

and institutionally appropriate;

6. Research and development
agroforestry models;

7. Integration of agroforestry into land-restoration and
climate strategies; and

8. Simplified regulations  concerning harvesting,
transportation and marketing of farm-grown trees where
appropriate.

arwnE

of locally adapted

Policy interventions should also account for equity. Evidence
from systematic reviews indicates that socioeconomic
outcomes and distributional effects can vary among groups,
meaning that agroforestry programmes should not assume
that benefits are automatically shared equally 1.

Conclusion

The integration of agroforestry into agricultural landscapes
offers a multifunctional approach to sustainable land use. By
combining trees with crops and/or livestock, agroforestry can
generate agricultural products while contributing to soil
conservation, nutrient cycling, biodiversity, carbon storage,
water regulation, climate resilience and livelihood
diversification.

However, the benefits of agroforestry depend strongly on
system design and local conditions. Trees can compete with
crops for light, water and nutrients, while delayed returns and
institutional constraints can limit farmer adoption. Therefore,
agroforestry should not be treated as a universal technology
or as an automatic improvement over every conventional
system.
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The most effective approach is likely to be context-specific
integration based on ecological assessment, farmer
participation, appropriate species selection, optimized spatial
arrangement, strong extension services and supportive policy
frameworks. Future research should place greater emphasis
on long-term, system-level evaluation of productivity,
ecosystem services, economics and social outcomes.
Agroforestry can consequently serve as an important
component of sustainable land-use strategies, particularly
where agricultural production, ecological restoration and
livelihood diversification need to be pursued simultaneously.
Its greatest contribution lies in its ability to transform
agricultural land from a single-purpose production space into
a multifunctional landscape capable of supporting both
human well-being and ecological processes.
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