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Abstract

Agroforestry, a land-use practice that combines trees with agricultural crops and/or livestock, has been recognized
as a potential strategy for mitigating climate change. This review article synthesizes the current state of knowledge
on the role of agroforestry in climate change mitigation, highlighting its benefits, challenges, and future
opportunities. We discuss the various agroforestry practices, their carbon sequestration potential, and the factors
influencing their adoption. Our review suggests that agroforestry can play a significant role in reducing greenhouse
gas emissions and promoting sustainable agriculture, but its implementation requires careful consideration of local
contexts, farmer needs, and policy support.
This article explores the role of agroforestry in climate change mitigation, highlighting current practices and future
opportunities. Agroforestry systems, which integrate trees into agricultural landscapes, provide multiple
environmental benefits, including carbon sequestration, soil conservation, and enhanced biodiversity. The artricle
also examines various agroforestry techniques—such as alley cropping, silvopasture, and forest farming—and their
potential to reduce greenhouse gas emissions while improving farm productivity and resilience to climate change.
Despite these benefits, challenges like land tenure issues, knowledge gaps, and economic constraints hinder broader
adoption. The article concludes by identifying key opportunities for scaling up agroforestry practices, including
policy support, financial incentives, and further research on species selection and carbon accounting methodologies.

Keywords: Agroforestry, crops, livestock, climate change, mitigation carbon sequestration, greenhous gas, sustainable
agriculture
#Corresponding author: atunduc@uoradea.ro
significant area of interest for policymakers,
environmentalists, and farmers alike

INTRODUCTION (https://www.frontiersin.org/journals /forests-
and-global-
change/articles/10.3389 /ffgc.2025.1473355 /fu
Agroforestry, the practice of integrating 1L;
trees and shrubs into agricultural landscapes, http://www.climatehubs.usda.gov/hubs/north
has gained recognition as a crucial strategy for east/topic/how-can-agroforestry-support-
climate change mitigation and environmental climate-change-mitigation-northeast].
sustainability. By combining crops, livestock, Current agroforestry practices
and forestry, agroforestry enhances encompass a variety of systems such as alley
biodiversity, improves soil health, and cropping, silvopasture, and forest farming, each
sequesters carbon, addressing key challenges offering unique benefits. For instance, alley
posed by climate change cropping reduces soil erosion while promoting
(https://www.frontiersin.org/journals/ecology nutrient cycling, whereas silvopasture enhances
-and- animal welfare and carbon storage. Despite
evolution/articles/10.3389 /fevo.2021.630151/ these advantages, the adoption of agroforestry
full; faces barriers, including economic constraints,
https://environmentalevidencejournal.biomedc lack of knowledge, and insecure land tenure,
entral.com/articles/10.1186/s13750-022- which hinder its potential to be a widespread
00260-4]. solution for climate
Its multifunctional approach not only issues.[https://rmets.onlinelibrary.wiley.com/d
contributes to carbon dioxide reduction and 0i/full/10.1002/cli2.70018][https://www.scien
greenhouse gas emissions offset but also fosters cedirect.com/science/article/pii/S1877343513
resilience in agricultural systems, making it a 001449;
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https://www.tandfonline.com/doi/full/10.108
0/21683565.2025.2524733?src=]

Notably,  agroforestry's  role in
enhancing  biodiversity is  increasingly
important as ecosystems face the pressures of
climate change. By creating diverse habitats
that support various species, agroforestry
contributes to ecosystem resilience, which is
critical for food security and agricultural
productivity.
(https://www.pur.co/news-stories /4-key-
benefits-
agroforestry/;https://www.developmentaid.or
g/news-stream/post/198468/advantages-and-

While the benefits of agroforestry are clear,
addressing the challenges associated with its
implementation is essential for maximizing its
impact on climate change mitigation. Strategies
such as innovative financing, enhanced
education and training for farmers, and
supportive policy frameworks can promote
wider adoption of agroforestry practices.
Ultimately, as the global community seeks
sustainable solutions to climate challenges,
agroforestry presents a promising pathway for
integrating ecological and economic
objectives.(https://www.frontiersin.org/journa
Is /forests-and-global-

limitations-of-agroforestry)

Moreover, the incorporation of native
tree species is particularly beneficial for local
ecosystems, enhancing pest resistance and
adaptation to changing conditions
https://journaljeai.com/index.php/JEAI/article

/view/2849]

MATERIAL AND METHOD

DATA COLLECTION

Current Practices

Agroforestry has emerged as a vital
strategy for addressing climate change and
enhancing environmental sustainability through
the integration of trees, crops, and livestock.
Current practices in agroforestry encompass a
range of methods that contribute to carbon
sequestration, soil health, and biodiversity
enhancement, thereby mitigating the impacts of
climate change.

Types of Agroforestry Systems

Agroforestry systems can be classified
into several categories based on their structure
and purpose. Common practices include alley
cropping, silvopasture, and forest farming. Alley
cropping involves planting crops between rows
of trees, which provides multiple benefits such
as reduced soil erosion and improved nutrient
cycling.
https://www.frontiersin.org/journals/ecology-
and-
evolution/articles/10.3389 /fevo.2021.630151/
full]

Silvopasture integrates trees into
pasturelands, allowing for improved animal
welfare and increased carbon storage in tree
biomass and soil |
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change/articles/10.3389/ffgc.2025.1616451 /fu
1;

https://www.fs.usda.gov/nac/topics/soil-
health.php]

https://environmentalevidencejournal.biomedc
entral.com/articles/10.1186/s13750-022-
00260-4].

Forest farming utilizes the forest
understory to cultivate specialty crops, thus
promoting biodiversity = while enhancing
farmers' income
(https://www.frontiersin.org/journals/ecology
-and-
evolution/articles/10.3389 /fevo0.2021.630151/
full).

Benefits of Agroforestry Practices

The multifunctional nature of
agroforestry systems provides numerous
ecological benefits. By improving soil structure
and fertility, these systems help maintain
agricultural productivity even under climate
stress
(https://www.frontiersin.org/journals/forests-
and-global-
change/articles/10.3389/ffgc.2025.1473355/fu
1.

Moreover,  agroforestry  enhances
biodiversity by creating diverse habitats that
support a variety of species
(https://www.frontiersin.org/journals /forests-
and-global-
change/articles/10.3389/ffgc.2025.1473355/fu
1;
https://www.frontiersin.org/journals/ecology-
and-
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evolution/articles/10.3389 /fevo.2021.630151/
full].

The incorporation of native tree species
is particularly beneficial, as they offer structural
complexity and resilience against pests and
diseases while being well-adapted to local
conditions
(https://environmentalevidencejournal.biomed
central.com/articles/10.1186/s13750-022-
00260-4].

Agroforestry practices also contribute
significantly to carbon sequestration. For
example, studies have shown that hedgerows
and shelterbelts can sequester substantial
amounts of carbon in both biomass and soil,
playing a crucial role in climate change
mitigation efforts (
https://www.frontiersin.org/journals/forests-
and-global-
change/articles/10.3389/ffgc.2025.1473355/fu
1;
https://environmentalevidencejournal.biomedc
entral.com/articles/10.1186/s13750-022-
00260-4].

Furthermore, the integration of trees
into agricultural landscapes can lead to
improved microclimatic conditions, reducing
the risk of crop failure during extreme weather
events
(https://www.frontiersin.org/journals /forests-
and-global-
change/articles/10.3389/ffgc.2025.1473355 /fu
1I].

Implementation Challenges

Despite the evident benefits, the adoption of
agroforestry practices faces challenges. Farmers
often require education and training to
understand the best management practices for
integrating trees into their existing systems
effectively

(https://www.frontiersin.org/journals/ecology

potential of agroforestry in mitigating climate
change.
Benefits of Agroforestry in Climate Change
Mitigation
Agroforestry, the integration of trees and
shrubs into agricultural landscapes, offers a
multitude of benefits that contribute
significantly to climate change mitigation. These
benefits stem from its ability to enhance
biodiversity, improve soil health, and sequester
carbon, among other ecological advantages.
Carbon Sequestration and Greenhouse Gas

Emissions Reduction

Agroforestry contributes to climate
change mitigation primarily through carbon
sequestration in both biomass and soils. By
integrating trees into agricultural systems,
these practices significantly increase the
amount of carbon dioxide absorbed from the
atmosphere, thereby helping to offset
greenhouse gas emissions.(
[-http://www.climatehubs.usda.gov/hubs/nort
heast/topic/how-can-agroforestry-support-
climate-change-mitigation-northeast)

Furthermore, agroforestry systems are
designed to reduce emissions associated with
agricultural practices, contributing to a
decrease in overall greenhouse gases released
into the environment
[https://www.sciencedirect.com/science/articl
e/pii/S1877343513001449].

Enhancing Biodiversity

One of the notable ecological benefits of
agroforestry is its capacity to enhance
biodiversity. The incorporation of various plant
species—including  trees, shrubs, and
herbaceous plants—creates diverse habitats
that support a wide range of wildlife, including
pollinators and other beneficial organisms |
https://www.tandfonline.com/doi/full/10.108
0/21683565.2025.2524733?src=;

-and-
evolution/articles/10.3389 /fevo.2021.630151/

https://www.pur.co/news-stories /4-key-

full]. Additionally, there may be initial financial
barriers and longer-term investment
considerations, as the benefits of agroforestry
can take time to materialize
(https://environmentalevidencejournal.biomed
central.com/articles/10.1186/s13750-022-
00260-4].

Addressing these challenges is essential to
promote wider adoption and maximize the
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benefits-agroforestry/].

This increase in biodiversity not only aids in
ecosystem resilience but also contributes to the
stability and productivity of agricultural
systems, thereby supporting food security in the
face of climate change [
https://www.sciencedirect.com /science/article
/pii/S1877343513001449].
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Soil Health Improvement

Agroforestry practices significantly enhance soil
health, which 1is critical for sustainable
agriculture and climate resilience. These
systems improve soil fertility, structure, and
moisture retention, leading to reduced soil
erosion and enhanced water management
[https://www.developmentaid.org/news-
stream/post/198468/advantages-and-
limitations-of-agroforestry]
[https://journaljeai.com/index.php/JEAl/articl
e/view/2849].

Healthier soils are more capable of
supporting crops and storing carbon, thereby
playing a crucial role in combating climate
change impacts
[https://rmets.onlinelibrary.wiley.com/doi/full
/10.1002/cli2.70018],
https://www.frontiersin.org/journals/forests-
and-global-
change/articles/10.3389/ffgc.2025.1616451/fu
1].

The integration of trees into agricultural
systems also aids in nutrient cycling and
promotes biological activity in the soil, which
further contributes to soil health and
productivity
[https://www.frontiersin.org/journals/ecology
-and-
evolution/articles/10.3389 /fevo.2021.630151/
full;
https://www.fs.usda.gov/nac/topics/soil-

health.php].

Resilience to Climate Change

Agroforestry  systems  increase  the
resilience of agricultural landscapes to climate
variability. By improving soil quality and
biodiversity, these systems can better withstand
extreme weather events such as droughts and
floods
(https://www.hilarispublisher.com/open-
access/economic-and-ecological-benefits-of-
agroforestry-systems.pdf];
https://www.sciencedirect.com/science/article
/abs/pii/S0167880920300840].

The presence of trees also helps in
moderating microclimates, reducing
temperature fluctuations, and improving water
retention in soils, all of which are vital in
adapting to changing climatic conditions
(https://www.tandfonline.com/doi/full/10.108
0/21683565.2025.2524733?src=;
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https://www.frontierspartnerships.org/journal
s/spanish-journal-of-soil-

science/articles/10.3389/sjss.2022.10457 /full]

Social and Eonomic Benefits

In addition to environmental advantages,
agroforestry projects often provide significant

social and economic Dbenefits to local
communities. Successful initiatives frequently
focus on community engagement and
empowerment, offering secure employment
opportunities and fostering sustainable
livelihoods through practices such as small-
scale agroforestry

[https://www.green.earth /blog/reforestation-
and-afforestation-projects-around-the-world-
success-stories-and-lessons-learned].

This not only aids in the economic
stability of local populations but also reinforces
community ownership of environmental
conservation efforts, enhancing the overall
impact of agroforestry on climate change
mitigation
(https://www.sciencedirect.com/science/articl
e/pii/S1877343513001449]
[https://www.green.earth/blog/reforestation-
and-afforestation-projects-around-the-world-
success-stories-and-lessons-learned].

Challenges and Barriers

Agroforestry systems face numerous
challenges and barriers that hinder their
widespread adoption. These obstacles are
multifaceted, encompassing economic, social,
cultural, and institutional dimensions.
Economic Constraints

One of the most significant barriers to
agroforestry adoption is the economic aspect,
particularly the high initial investment required.
Farmers often perceive the upfront costs
associated with planting trees, modifying
equipment, or altering farm layouts as daunting,
especially when immediate financial returns are
a priority
[https://www.sciencedirect.com/science/articl
e/pii/S2666719324001493;
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]

The long time frame for realizing
economic benefits from agroforestry can clash
with short-term financial needs, creating a risk-
averse attitude among farmers who are
accustomed to conventional agriculture's
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quicker returns [https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]

This time horizon mismatch contributes to
the reluctance to shift to agroforestry practices,
as the perceived risk of adopting a new system
adds further hesitation
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
https://gender.cgiar.org/publications/scaling-
agroforestry-potential-challenges-and-
barriers].

Knowledge Gaps

Lack of knowledge and technical expertise
is another primary barrier to agroforestry
uptake. Educational gaps in both research and
practical  skills can prevent effective
implementation of agroforestry systems [20.
What are the challenges to the adoption of
agroforestry? How can ...
https://www.agroforestry.ac.uk/events/what-
are-challenges-adoption-agroforestry-how-can-
they-be-overcome];
https://www.tandfonline.com/doi/full/10.108
0/21580103.2017.1392367].

Farmers often require hands-on training
and accessible demonstration sites to build the
necessary confidence and skills for successful
adoption (https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
https://www.tandfonline.com/doi/full/10.108
0/21580103.2017.1392367].

Additionally, limited availability of
localized information regarding agroforestry
practices further complicates farmers' ability to
make informed decisions
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
https://fao.sitefinity.cloud/newsroom/detail/N
ew-policies-needed-to-promote-
agroforestry/en].

Land Tenure and Access Issues

Land tenure systems and property rights
play a crucial role in agroforestry adoption. In
many regions, unclear or insecure land tenure
can discourage farmers from making long-term
investments like planting trees
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
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https://www.fao.org/climatechange/36653-
0d7b3e802032f0279b368b3536cf5c3ee.pdf].

This issue is particularly pronounced in
developing countries, where customary land
arrangements may conflict with formal legal
frameworks, making farmers hesitant to invest
in agroforestry without guaranteed access to
the land
https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
[https://foodforwardndcs.panda.org/food-
production/implementing-agroforestry-
practices/].

Moreover, challenges related to land

access can limit farmers' opportunities to
engage in agroforestry practices.

Cultural and Social Perceptions

Cultural values and aesthetics can also
impede the adoption of agroforestry systems.
Preferences for open landscapes or traditional
farming aesthetics may conflict with the
integration of trees into agricultural practices,
deterring some farmers from considering
agroforestry as a  viable alternative
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/].

Additionally, social perceptions and a
lack of awareness about the benefits of
agroforestry can contribute to resistance
against its adoption
[https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
[https://fao.sitefinity.cloud /newsroom/detail /
New-policies-needed-to-promote-
agroforestry/en].

Policy and Institutional Frameworks

The existing policy and institutional
frameworks  often  favor  conventional
agriculture, creating systemic obstacles for
agroforestry adoption. Agricultural policies are
typically designed to support monoculture
practices, with subsidies and research funding
primarily directed toward these approaches (
https://lifestyle.sustainability-
directory.com/question/what-are-the-main-
obstacles-to-agroforestry-adoption/]
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https://fao.sitefinity.cloud /newsroom/detail /N
ew-policies-needed-to-promote-
agroforestry/en].

As a result, agroforestry, with its diversified and
integrated approach, may not fit neatly into

these frameworks, limiting its potential for
growth and development in agricultural policy

CONCLUSIONS

Agroforestry presents a myriad of
future opportunities to enhance environmental
resilience, improve food security, and foster
economic sustainability in rural communities.
The versatility and flexibility inherent in
agroforestry designs allow stakeholders to
address both current challenges and emerging
global crises, such as climate change,
biodiversity loss, and food insecurity

Innovative Financial Mechanisms

To drive the adoption of agroforestry,
innovative financing mechanisms are crucial.
These  mechanisms can  bridge the
psychological gap between the upfront costs
and the long-term benefits of agroforestry

systems, often perceived as high-risk
investments
By developing tailored financial

instruments, such as carbon credits and other
risk-sharing arrangements, agroforestry can
attract
private capital, ensuring
sustainability and viability of projects
Furthermore, the integration of
technology, including remote sensing and
fintech solutions, can facilitate access to
finance for smallholder farmers, improving
transparency and reducing transaction costs

long-term

Knowledge Dissemination and Capacity
Building

Addressing the knowledge gaps related
to agroforestry practices is essential for wider
adoption. Successful case studies can serve as
inspirational models that showcase the
benefits of agroforestry, potentially attracting
additional funding and reinforcing community
commitment to sustainable land management
practices
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Moreover, educational programs aimed
at both potential adopters and policymakers
can enhance understanding of the
environmental and economic advantages of
agroforestry systems, promoting a shift in
perception towards these sustainable practices

Policy Frameworks and Incentives

The establishment of supportive policy
frameworks can significantly impact the future
success of agroforestry initiatives. By linking
project costs to government programs and
existing support mechanisms, such as subsidies
and dedicated credit lines, stakeholders can
reduce the financial barriers to adopting
agroforestry

Additionally, community-based incentive
programs can provide immediate rewards for
adoption, thus fostering a more favorable
environment for change

Monitoring and Evaluation

To ensure the effectiveness and
sustainability of agroforestry projects, robust
monitoring and evaluation frameworks are
essential. Joint monitoring initiatives involving
local civil society and stakeholders will
empower communities and enhance
transparency in tracking progress

Regular assessments of agroforestry

landscapes can facilitate adaptive management,
ensuring that practices remain relevant and
effective in addressing ongoing environmental
challenges
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