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ABSTRACT 

Agroforestry—the integration of trees with crops and livestock—offers a sustainable solution to 
strengthen food security in developing countries. This article examines how agroforestry 
contributes to the four key pillars of food security: availability, access, utilization, and stability. It 
highlights ecological mechanisms such as nutrient cycling, soil conservation, microclimate 
regulation, and pest management that boost productivity and resilience. Case studies from Africa, 
Asia, and Latin America illustrate improvements in dietary diversity, income stability, and 
ecosystem health. The discussion focuses on gender roles, market linkages, and policy frameworks 
that influence the adoption of these practices. While agroforestry presents clear benefits for 
livelihoods and the environment, challenges like insecure land tenure, weak markets, and 
knowledge gaps persist. The paper concludes that integrating agroforestry into agricultural 
policy, research, and extension systems can transform it from a niche approach to a cornerstone 
of sustainable food systems in developing countries. 

Keywords: Agroforestry, Food security, Developing countries, Sustainable agriculture and Nutrient 
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INTRODUCTION 

Agroforestry — the deliberate integration of 
trees with crops and/or livestock on the same 
land unit — is a land-use approach that blends 
ecological principles with agricultural 
production. For developing countries, where 
smallholder farmers supply a substantial share 
of local food and where livelihoods are tightly 
linked to natural resources, agroforestry offers 
a pathway to strengthen food security, 
diversify incomes, and increase the resilience 
of farming systems. This article examines the 
linkages between agroforestry and food 
security, the mechanisms through which 
agroforestry improves the availability, access, 
utilization, and stability of food, practical 
models and examples from the field, social and 
economic dimensions, major constraints, and 
policy and practice recommendations that can 
help scale effective approaches. 
 
 
 
 

 
Framing food security and the role of 

agroforestry 
 

Food security is commonly understood 
through four pillars: availability (supply of 
food), access (household and individual ability 
to obtain food), utilization (nutritional quality 
and safe use of food), and stability 
(consistency of the other three pillars over 
time). In developing countries, each pillar is 
threatened by factors such as land degradation, 
population pressure, price volatility, market 
barriers, climate variability, and constrained 
access to inputs and services. 
 

Agroforestry affects each pillar in distinct 
ways: 
Availability: By producing a wider array of 
food products (fruits, nuts, edible leaves, 
fodder, and sometimes staple grains when 
alley-cropping is used), agroforestry increases 
local food supplies.  
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Tree-based systems can also raise yields of 
adjacent crops through microclimate 
moderation and nutrient cycling. 
Access: Agroforestry diversifies household 
income through the sale of tree products 
(fruits, fuelwood, timber, fodder), making cash 
available to purchase food and other essentials. 
The temporal distribution of income — for 
example, periodic fruit harvests — can smooth 
household purchasing power. 
 

Utilization: Many tree species produce 
nutrient-dense foods (fruits, nuts, leaves, 
seeds) that improve dietary diversity and 
micronutrient intake. Moreover, agroforestry 
products can improve livestock nutrition, 
which in turn supports the availability of 
animal-source foods. 
Stability: Trees improve the resilience of 
farming systems to drought, erosion, and 
extreme weather, buffering harvests against 
shocks and improving long-term soil health. 

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. Food security for small farming 
 
Biophysical mechanisms: how agroforestry 
improves productivity and resilience 
 

Agroforestry systems create beneficial 
synergies between plants and animals through 
multiple ecological functions: 
 

1. Soil fertility and nutrient cycling: 
Deep-rooted trees can mine nutrients 
from subsoil layers and redistribute 
them to surface soils through leaf 
litter. Nitrogen-fixing trees (e.g., 
Faidherbia albida, Gliricidia, 
Sesbania) can contribute biologically 
fixed nitrogen, lowering fertilizer 
needs for crops. 

 

2. Microclimate regulation: Tree 
canopies moderate temperature 
extremes, reduce wind speeds, and 
lower evapotranspiration for 
understory crops.  

 
 

 
3. In semi-arid and dry sub-humid 

regions, these microclimate effects 
can sustain understory crop growth 
during dry spells. 

 

4. Erosion control and water regulation: 
Tree roots bind soil and increase 
infiltration, reduce surface runoff, and 
improve soil structure. Over time, this 
can increase soil water storage and 
reduce susceptibility to landslides and 
gully formation. 

 

5. Pest and disease moderation: 
Biodiverse agroforestry systems can 
reduce the buildup of crop-specific 
pests and diseases by interrupting host 
continuity and supporting populations 
of natural enemies (predators and 
parasitoids). 
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6. Carbon sequestration and climate 
mitigation: By storing carbon above 
and below ground, trees contribute to 
climate change mitigation; at the same 
time, resilient agroforestry systems 
offer adaptation benefits for farmers 
facing new climatic regimes.  

 

These mechanisms translate into measurable 
agronomic benefits: higher or more stable 
crop yields, more reliable fodder supplies for 
livestock, and long-term maintenance or 
improvement of productive capacity on 
smallholder lands. 
 

 
 
 
 
 
 
 
 
 

Fig. Soil health protection and nutrient recycling 
     
Common agroforestry models relevant 
to food security 
Agroforestry takes many local forms 
depending on agroecological and 
socioeconomic conditions. Key models 
include: 
 
 

 
 
 
 
 
 
 
 
 

Fig. Home Garden 
 

• Home gardens: Closely managed, 
highly diverse plots near 
homesteads that provide fruits, 
vegetables, medicinal plants, and 
small livestock. Home gardens are 
critical for household nutrition and 
are common across Asia, Africa, 
and Latin America. 

 
 
 
 
 
 
 
 
 
 

Fig. Alley cropping 
• Alley cropping/hedgerow 

intercropping: Fast-growing trees 
or shrubs are planted in rows 
(hedgerows) and crops are grown 
in the alleys between them. 
Periodic pruning provides green 
manure or mulch to improve soil 
fertility. Alley cropping is useful 
on sloping land to control erosion. 

• Silvo-pastoral systems: 
Integration of trees with pasture 
and livestock production; trees 
provide shade, fodder, and 
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sometimes fruit or timber. Silvo-
pastoral systems increase animal 
productivity and reduce 
vulnerability to heat stress. 

• Parkland systems: Characterized by 
widely spaced trees in croplands, 
parklands are common in the Sahel 
and provide fruits, nuts, and 
fuelwood alongside annual crops. 

• Agro-silvicultural systems: Crops 
and trees are managed together, 
with market-oriented species (e.g., 
coffee, cacao) combined with 
shade trees, shade-tolerant food 
crops, and trees managed for 
multiple uses. 

 
Each model offers different 
contributions to food security 
depending on species selection, 
management intensity, and integration 
with markets. 
 

Evidence from the field: impacts on food 
security and livelihoods 
 
A growing body of empirical studies 
and household surveys demonstrates 
positive links between agroforestry 
adoption and food security indicators 
in developing countries. While results 
are context-specific, recurring 
findings include: 

 

• Improved dietary diversity: 
Households practicing diverse 
home gardens or tree- crop-
livestock integration tend to 
consume a wider range of foods, 
particularly fruits and vegetables 
rich in vitamins and minerals. 

 

• Income diversification: Sale of 
non-timber forest products, tree 
fruits, and fodder provides cash 
income that households often use 
to buy staples, pay for health and 
education, and invest in 
agricultural inputs. 

 

• Yield stability: In regions prone 
to dry spells, farms with tree cover 
often show less yield variability 
year-to-year, reducing the risk of 
food shortages. 

 

• Reduced vulnerability: 
Agroforestry can reduce the 
probability of households falling 
into food insecurity after climatic 
shocks, by offering alternative 
food sources (fruits, tubers, 
leaves) and income sources. 

 

For example, in parts of East Africa 
and the Sahel, parkland and 
agroforestry practices that include 
Faidherbia albida have been associated 
with higher cereal yields due to the 
tree’s nitrogen-fixing habit and 
phenology (leaf drop during the 
cropping season reduces competition). 
In South and Southeast Asia, 
homestead gardens contribute 
significantly to micronutrient intake 
for women and children. Silvo-pastoral 
adoption in Latin America has been 
linked to better livestock performance 
and improved household food access. 
However, impacts vary with farmers’ 
management skills, access to inputs and 
markets, land tenure security, and 
broader institutional support. 
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Social, gendered and nutritional 
dimensions 
Agroforestry is not purely a biophysical 
practice — social factors shape what is 
planted, who manages tree resources, and 
how benefits are distributed: 
• Gender roles: Women frequently 

manage home gardens and are primary 
beneficiaries of household nutrition 
gains. But ownership and control over 
valuable tree species (timber, high-value 
fruits) often fall to men or community 
elites. Gender-Differentiated access to 
land, labor, and markets affects who 
gains from agroforestry. 

• Labor dynamics: Establishing and 
managing trees requires labor and 
knowledge. Poor households may lack 
spare labor for tree care, while wealthier 
households can invest more readily. 
Conversely, tree products can reduce 
labor burdens over time (e.g., fuelwood 
collected closer to homesteads). 

• Intergenerational issues: Trees 
represent long-term investments. Young 
farmers or tenant farmers with insecure 
tenure may underinvest in trees, 
reducing agroforestry adoption unless 
tenure or incentive structures change. 

• Nutrition pathways: Nutritional 
benefits depend on what species are 
planted and how products are used. 
Promotion of nutrient-dense species 
(fruits like mango, guava; leafy 
vegetables; legumes) and awareness of 
dietary needs improves translation of 
production gains into improved health 
outcomes. 

Addressing social and gender constraints is 
therefore vital to ensure equitable food 
security outcomes from agroforestry. 
 

Economic trade-offs and market linkages 
Agroforestry systems often require upfront 
investment (saplings, soil protection works, 
planting labor), and some tree crops take 
years to generate returns. Farmers’ decision-
making balances these costs against 
anticipated benefits. Well-functioning markets 
for tree products (fruit, fodder, fuelwood, 
timber) make agroforestry more attractive by 
providing predictable income streams. 
 
Key economic considerations include: 

• Time to return: Short-cycle fodder 
and fruit trees can provide quicker 
returns; timber species require 
patience. Policy or credit mechanisms 
that bridge this ‘wait period’enable 
adoption. 

• Value chains: Building value chains 
for tree products, including storage, 
processing, and linking to urban 
markets, increases profitability and 
household cash for food purchases. 

• Transaction costs: High transport 
costs, lack of market information, and 
weak rural infrastructure reduce 
incentives to produce marketable tree 
crops.  

• Opportunity costs: Where land is 
scarce, dedicating space to trees 
reduces the area for staples unless 
intercropping mitigates yield losses. 
Choosing a multifunctional tree 
species and design (e.g., alley 
cropping) can reduce opportunity 
costs.  

Successful agroforestry programs frequently 
pair technical support with market 
development, microfinance, and training in 
post-harvest handling. 
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Fig. Socio-Economics and environmental impacts 
 

Institutional, policy and tenure considerations 
The spread and impact of agroforestry 
depend heavily on enabling institutions and 
policies: 
• Land tenure security: Farmers are 

more likely to plant and protect trees 
when they have secure, long-term 
rights to land and trees. Policies 
that clarify ownership and transfer 
rights for trees are crucial. 

• Extension and technical support: 
Agroforestry knowledge is complex 
and site-specific. Extension systems 
must provide farmer-to-farmer 
learning, demonstration plots, and 
hands-on training in species 
selection and management. 

• Incentives and subsidies: 
Payments for ecosystem services  

 

 
(PES), agroforestry- specific 
subsidies, and nursery support can 
encourage adoption, but must be 
carefully targeted to avoid perverse 
outcomes. 

• Integration in agricultural 
planning: National and local 
agricultural plans should integrate 
agroforestry as a mainstream 
practice — not only as 
environmental conservation — 
highlighting its contributions to 
food security. 

• Research and breeding: 
Investment in tree genetics, 
propagation techniques, and 
agronomic research helps identify 
species and management practices 
well-suited to local conditions and 
farmer needs. 
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Without these enabling policies, 
agroforestry remains small-scale and 
piecemeal rather than widely adopted. 
 
Constraints and trade-offs 
Despite clear benefits, several barriers 
limit agroforestry’s potential: 

 

• Short-term needs vs. long-term 
benefits: Poor households facing 
immediate food shortages or with 
insecure tenure may prioritize short-
term crop production over tree 
planting. 

 

• Knowledge gaps: Lack of local 
technical advice on species choice, 
spacing, and pruning reduces 
success rates. 

 

• Market weaknesses: If markets for 
tree products are absent, farmers 
lack incentives to maintain trees 
beyond subsistence uses. 

 

• Land fragmentation and small 
plots: Very small plots constrain the 
capacity to include tree species 
without reducing staple crop areas. 
Innovative vertical and home 
garden designs can help but not 
fully eliminate this constraint. 

 

• Policy distortions: Policies that 
tax or restrict tree planting, 
unclear tree property rights, or 
agricultural subsidies favoring 
monocultures can discourage 
agroforestry. 

 

• Pest interactions and 
competition: Poorly designed 
systems can generate competition 
for light and water or harbor pests 
if biodiversity is not managed well. 

 

 
Understanding and addressing these 
constraints requires context-specific 
diagnosis. 

 
Practical recommendations for scaling 
agroforestry for food security 
To realize agroforestry’s potential for food 
security in developing countries, 
interventions should combine technical, 
social, economic, and policy actions: 

 
1. Promote diverse, nutrition-sensitive 

species portfolios: Prioritize nutrient-
dense fruits, leafy vegetables, 
legumes, and fodder species that 
deliver both food and income 
benefits. Local knowledge and 
cultural preferences must guide 
species choice. 

2. Strengthen tenure and tree-rights: 
Clarify and enforce land and tree 
ownership rights; design incentives 
that reward long-term stewardship. 

3. Build market linkages and value 
chains: Invest in rural infrastructure, 
processing facilities, and market 
information systems to increase the 
profitability of tree products. 

4. Support nursery networks and low-
cost propagation: Access to quality 
planting material at scale is essential. 
Public-private nursery partnerships 
can expand availability. 

5. Integrate agroforestry into extension 
systems: Train extension agents and 
use farmer field schools to share 
best practices, demonstration plots, 
and peer exchanges. 

6. Provide tailored finance and bridging 
instruments: Microcredit, grants for 
initial establishment, or PES schemes 
that reward ecosystem services can 
mitigate upfront costs. 
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7. Address gender and social equity: 
Ensure women and marginalized 
groups have access to planting 
material, decision-making, and benefit 
sharing. Design interventions that 
consider labor constraints. 

8. Monitor nutritional outcomes, not 
just production: Use dietary 
diversity and micronutrient 
indicators to assess whether 
agroforestry interventions improve 
nutrition. 

9. Encourage integrated landscape 
approaches: Link farm-level 
agroforestry to watershed 
management, restoration programs, 
and community forestry for larger-
scale resilience. 

10. Support adaptive research: Invest in 
participatory research to identify 
locally-adapted agroforestry designs 
under changing climate conditions. 

 

Short illustrative case examples 
• The Sahelian parklands: In parts of 

West Africa, farmers maintain 
scattered fruit and nut trees (e.g., 
shea, baobab, néré) within annual 
croplands. These trees provide 
food, oil, and income, and their 
presence is associated with 
improved soil fertility and crop 
yields in some localities. 

• Homestead gardens in South 
Asia: Small, intensively managed 
home gardens near houses provide 
vegetables, fruits, fuelwood, and 
medicinal plants, contributing to 
household nutrition, especially for 
women and children. 

 

• Silvo-pastoral systems in Central 
America: Integration of fodder 
shrubs and shade trees with 
improved pastures has increased 

milk yields and reduced 
vulnerability to heat stress, 
improving dairy incomes and 
household food access. 

Each example highlights how local 
innovation and species selection 
produce tangible benefits when 
supported by favorable institutions and 
markets. 
Measuring success: indicators and evaluation 
approaches 
Evaluating agroforestry’s contribution to 
food security requires indicators across 
biophysical, economic, and social 
domains: 
• Production indicators: Crop and tree 

yields, household food production 
volumes, diversity of species produced. 

• Food security indicators: Household 
Dietary Diversity Score (HDDS), Food 
infiltration capacity. 
Insecurity Experience Scale (FIES), 
months of adequate household food 
provisioning. 

• Economic indicators: Income from 
tree products, proportion of income 
from trees, market access metrics. 

• Environmental indicators: Soil 
organic carbon, erosion rates, social 
indicators: Women’s control over tree 
products, tenure security, labor 
allocation. 

Mixed-methods approaches — 
combining household surveys, 
participatory rural appraisal, and 
ecological monitoring — provide the 
most reliable picture. 
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CONCLUSION 
Agroforestry represents a powerful, 
multifunctional strategy for enhancing 
food security in developing countries. 
By producing diverse foods and 
incomes, building resilience against 
climatic and market shocks, and 
restoring ecological functions of agro-
ecosystems, well-designed agroforestry 
systems can address multiple constraints 
facing smallholder farmers. Yet 
realizing this potential requires attention 
to social equity, land and tree tenure, 
market development, and technical 
support. Policies and investments that 
reduce upfront costs, secure tree rights, 
and link producers to markets will 
accelerate adoption. Importantly, 
agroforestry is not a one-size-fits-all 
panacea; its success depends on locally 
adapted designs, participatory 
extension, and long-term commitments 
to support farmers through the initial 
years of establishment. For 
policymakers, development 
practitioners, and farmers alike, 
agroforestry offers a pragmatic 
pathway: intensify the 
multifunctionality of limited land, 
diversify diets and incomes, and build 
resilience for food systems that must 
feed growing populations under 
increasingly uncertain climates. When 
implemented with careful attention to 
local needs and equity, agroforestry can 
move from a niche practice to a 
cornerstone of sustainable food security 
strategies in developing countries. 
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