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Agroforestry, as a sustainable land management practice, has garnered attention
worldwide for its potential to mitigate climate change impacts and address
water scarcity issues. In Tunisia, where climate change-induced stresses are
increasingly affecting agriculture and water resources, agroforestry presents a
promising solution. This review paper examines the importance of agroforestry
in Tunisia within the context of climate change, water shortage, and treated
wastewater utilization. By analyzing existing literature and case studies, the
paper elucidates the ecological, economic, and social benefits of agroforestry
practices in Tunisia. Additionally, it discusses the role of agroforestry in
enhancing resilience to climate change, conserving water resources, and
utilizing treated wastewater sustainably. Furthermore, the paper evaluates
policy support and identifies challenges hindering the widespread adoption of
agroforestry in Tunisia. Overall, this review underscores the significance of
agroforestry as a multifaceted approach to sustainable land management in
Tunisia, offering recommendations for policymakers, practitioners, and
researchers to promote its implementation and integration into national
strategies.

1. INTRODUCTION

Like many countries in the Mediterranean
region, Tunisia faces increasing challenges due
characterized by rising
erratic rainfall patterns, and

to climate change,
temperatures,

variability. Adopting agroforestry practices can
help mitigate the adverse effects of climate
change on agricultural systems, ensuring
sustainable food production and livelihoods for
farmers in Tunisia.

The water sector in Tunisia faces considerable

prolonged droughts (Jeder et al., 2021). These
changes significantly impact agriculture and
exacerbate water scarcity issues, posing threats
to food security and livelihoods. In this context,
agroforestry emerges as a holistic approach that
integrates trees with crops and/or livestock in
agricultural landscapes, offering a range of
benefits such as improved soil fertility, enhanced
biodiversity, and increased resilience to climate

challenges, with water scarcity being a pressing
issue. According to the World Bank, Tunisia is
classified as a water-scarce country, with
available water resources per capita decreasing
steadily over the past few decades. This situation
is exacerbated by climate change, which is
projected to further reduce water availability in
the future. In response to these challenges,
Tunisia has implemented various measures to
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improve water management, including the use of
treated wastewater for irrigation in agriculture.

The objective of this review is to examine the
importance of agroforestry in Tunisia within the
context of climate change, water shortage, and
treated wastewater utilization. Recent studies
have highlighted the potential of agroforestry to
mitigate the adverse effects of climate change
and alleviate water scarcity in Tunisia (Daly-
Hassen et al., 2019). However, the adoption of
agroforestry practices remains limited, primarily
due to socio-economic constraints, policy gaps,
and lack of awareness among stakeholders. This
review paper aims to address this gap by
synthesizing existing knowledge and evidence.
By analyzing existing literature and case studies,
the paper seeks to provide insights into the
potential of agroforestry to contribute to
sustainable development and resilience building
in Tunisia.

2. AGROFORESTRY PRACTICES IN TUNISIA

Tunisia, endowed with diverse agro-ecological
zones, employs various agroforestry systems to
enhance agricultural productivity and
sustainability. Among these systems, alley
cropping, silvopasture, and windbreaks stand
out as prominent practices (Table 1).

Alley cropping involves planting rows of trees or
shrubs alongside annual crops. This system not
only provides shade and shelter to crops but also
facilitates nutrient cycling and soil moisture
retention. In Tunisia, alley cropping has been
successfully implemented in regions prone to
erosion and soil degradation, such as the semi-
arid areas in the central and southern parts of
the country. By integrating nitrogen-fixing trees
like Acacia and Leucaena with staple crops such
as wheat or barley, farmers have reported
improvements in soil fertility and crop yields
(Ben Hassine et al., 2019).

Silvopasture integrates trees, forage, and
livestock in a mutually beneficial manner. In
Tunisia, silvopasture systems are particularly
relevant in pastoral regions where grazing lands
are limited, and vegetation cover is sparse. By
strategically planting trees like Aleppo pine or
Cork oak in pasturelands, farmers can provide
shade for livestock, improve forage quality, and
enhance carbon sequestration (Jose et al,, 2019).
Studies have shown that Silvopasture not only
increases animal productivity but also
contributes to biodiversity conservation and
watershed management.

Windbreaks are linear plantings of trees or
shrubs designed to reduce wind speed and soil
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erosion. In Tunisia, windbreaks play a crucial
role in protecting crops from wind damage and
sand encroachment, especially in coastal and
desert areas. Species such as Eucalyptus,
Casuarina, and Tamarix are commonly used for
windbreak plantations due to their tolerance to
harsh environmental conditions (Krigas et al,,
2021). Besides mitigating wind erosion,
windbreaks create microclimates favorable for
crop growth and provide habitat for beneficial
insects and birds.

The ecological and economic benefits of these
agroforestry systems are manifold (Table 2).
They enhance biodiversity by creating habitats
for diverse plant and animal species, contribute
to climate change mitigation through carbon
sequestration, and promote soil conservation
and water management. Economically,
agroforestry diversifies farm income, reduces
production risks, and improves resilience to
climate variability (Nyong et al., 2020).

Several successful agroforestry projects have
been implemented in Tunisia, demonstrating the
feasibility and effectiveness of these systems. For
instance, the "Green Tunisia" initiative, launched
by the government, promotes the establishment
of  agroforestry systems to combat
desertification and enhance rural livelihoods
(Azouzi 2021). Additionally, non-governmental
organizations (NGOs) such as Association de
Développement Durable (ADD) collaborate with
local communities to establish agroforestry
demonstration plots and provide technical
support and training. These initiatives showcase
the transformative potential of agroforestry in
addressing environmental and socio-economic
challenges in Tunisia.

Agroforestry  practices in  Tunisia offer
sustainable solutions to enhance agricultural
productivity, mitigate environmental
degradation, and improve rural livelihoods. By
harnessing the ecological and economic benefits
of alley cropping, silvopasture, windbreaks, and
other agroforestry systems, Tunisia can build
resilient agricultural systems that adapt to
climate change while promoting biodiversity
conservation and sustainable development.
Agroforestry plays a crucial role in mitigating the
impacts of climate change by offering nature-
based solutions that enhance ecosystem
resilience and reduce greenhouse gas emissions.
In Tunisia, where climate change-induced
stresses are increasingly affecting agriculture
and natural resources, the adoption of
agroforestry practices holds significant promise.
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Table 1: Integration of Plants, Trees, and Animals in Agroforestry Systems.
Agroforestry System Plants Trees Animals

Alley Cropping

Silvopasture

Windbreaks

Riparian Buffer

Homegarden

Maize, beans, squash (Ebel
etal, 2017)

Grasses, legumes
(Murgueitio et al.,, 2011)

Wheat, barley (Levasseur-
Garcia)

Willows, sedges (Averett
etal, 2017)

Vegetables, herbs
(Mathewos et al., 2018)

Leucaena, Acacia
(Simbaya et al., 2020)

0ak, Pine, Eucalyptus
(Nair etal., 2011)

Casuarina, Tamarix
(Carifianos and
Marinangeli, 2021)

Poplar, Alder (Dondina
etal, 2018)

Fruit trees (e.g., Mango,
Avocado) (Davis et al.,
2019)

Chickens, Sheep
(Bosshardt et al., 2022)

Cattle, Goats (Almeida et
al.,, 2013)

Songbirds, Rabbits
(Gonzalez-Martin et al.,
2020)

Frogs, Fish (Price et al,,
2017)

Poultry, Bees (Bestman
etal, 2015)

Table 2: Ecological and Socio-economic Benefits of Agroforestry Systems.

Socio-economic Benefits

Diversification of income sources,

increased crop yields (Gold and Garrett,

2009)

al, 2023)

Enhanced livestock productivity, reduced
dependence on external inputs (Sikiru et

Protection of crops, increased farm

income through agroforestry products

Agroforestry System Ecological Benefits

Alley Cropping Soil conservation, biodiversity
enhancement (Li et al.,, 2018)

Silvopasture Carbon sequestration, improved
forage quality (Montagnini and Nair,
2004)

Windbreaks Soil erosion control, microclimate
regulation (Lin et al,, 2020)

Riparian Buffer Water quality improvement, habitat
restoration (Kim, et al., 2018)

Homegarden Food security, medicinal plant

cultivation (Franzel et al., 2014)

(Tsonkova et al., 2018)

Sustainable livelihoods for riparian
communities, enhanced fishery
productivity (Huang et al., 2022)

Income generation, cultural preservation
(Waldron et al., 2012)

One of the key mechanisms through which
agroforestry mitigates climate change impacts is
through carbon sequestration. Trees are
effective carbon sinks, absorbing atmospheric
carbon dioxide during photosynthesis and
storing it in their biomass and soil. Agroforestry
systems, with their diverse tree-crop or tree-
livestock combinations, can sequester
substantial amounts of carbon, thereby

contributing to climate change mitigation efforts
(Montagnini & Nair, 2004).

Furthermore, agroforestry promotes soil
conservation by improving soil structure,
enhancing organic matter content, and reducing
erosion. The presence of trees in agroforestry
systems helps stabilize soils, preventing erosion
and nutrient runoff, which are exacerbated by
extreme weather events associated with climate
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change. Healthy soils, in turn, support better
crop growth and productivity while mitigating
the impacts of droughts and floods (Nair et al,,
2009).

Agroforestry also regulates microclimates by
modifying temperature, humidity, and wind
patterns within agricultural landscapes. The
canopy cover provided by trees in agroforestry
systems creates cooler and more sheltered
microenvironments, reducing heat stress on
crops and livestock during heatwaves. Moreover,
trees can act as windbreaks, buffering against
strong winds and reducing evapotranspiration
rates, thus conserving soil moisture (Ko and
Piccinni, 2009).

Several studies have demonstrated the
effectiveness of agroforestry in reducing
vulnerability to climate change in Tunisia. For
example, research by Leauthaud et al. (2022)
showed that agroforestry systems in Tunisia
enhance soil moisture retention, reduce soil
erosion, and increase crop resilience to drought
conditions. Similarly, a study by Sadok et al.
(2021) found that silvopasture systems in
Tunisia contribute to carbon sequestration,
biodiversity = conservation, and livestock
productivity while mitigating climate risks.
Overall, the role of agroforestry in mitigating
climate change impacts in Tunisia cannot be
overstated. By sequestering carbon, conserving
soil, and regulating microclimates, agroforestry
offers a sustainable and adaptive approach to
agricultural  development that enhances
resilience to climate variability and promotes
long-term sustainability.

3. ROLE OF AGROFORESTRY IN MITIGATING
CLIMATE CHANGE IMPACTS

Agroforestry plays a crucial role in mitigating the
impacts of climate change by offering nature-
based solutions that enhance ecosystem
resilience and reduce greenhouse gas emissions.
In Tunisia, where climate change-induced
stresses are increasingly affecting agriculture
and natural resources, the adoption of
agroforestry practices holds significant promise.
One of the key mechanisms through which
agroforestry mitigates climate change impacts is
through carbon sequestration. Trees are
effective carbon sinks, absorbing atmospheric
carbon dioxide during photosynthesis and
storing it in their biomass and soil. Agroforestry
systems, with their diverse tree-crop or tree-
livestock combinations, can sequester
substantial amounts of carbon, thereby
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contributing to climate change mitigation efforts
(Montagnini & Nair, 2004).

Furthermore, agroforestry promotes soil
conservation by improving soil structure,
enhancing organic matter content, and reducing
erosion. The presence of trees in agroforestry
systems helps stabilize soils, preventing erosion
and nutrient runoff, which are exacerbated by
extreme weather events associated with climate
change. Healthy soils, in turn, support better
crop growth and productivity while mitigating
the impacts of droughts and floods (Nair et al,,
2009).

Agroforestry also regulates microclimates by
modifying temperature, humidity, and wind
patterns within agricultural landscapes. The
canopy cover provided by trees in agroforestry
systems creates cooler and more sheltered
microenvironments, reducing heat stress on
crops and livestock during heatwaves. Moreover,
trees can act as windbreaks, buffering against
strong winds and reducing evapotranspiration
rates, thus conserving soil moisture (Jose, 2009).
Several studies have demonstrated the
effectiveness of agroforestry in reducing
vulnerability to climate change in Tunisia. For
example, research by Haj-Amor et al. (2024)
showed that agroforestry systems in Tunisia
enhance soil moisture retention, reduce soil
erosion, and increase crop resilience to drought
conditions. Similarly, a study by Ben Louhaichi et
al. (2020) found that silvopasture systems in
Tunisia contribute to carbon sequestration,
biodiversity = conservation, and livestock
productivity while mitigating climate risks.
Overall, the role of agroforestry in mitigating
climate change impacts in Tunisia cannot be
overstated. By sequestering carbon, conserving
soil, and regulating microclimates, agroforestry
offers a sustainable and adaptive approach to
agricultural  development that enhances
resilience to climate variability and promotes
long-term sustainability.

4. ADDRESSING WATER SCARCITY AND
TREATED WASTEWATER IN
AGROFORESTRY

Agroforestry presents innovative solutions to
tackle water scarcity challenges through water
conservation and improved water use efficiency.
In Tunisia, where water resources are limited
and climate change worsens droughts,
integrating  agroforestry  practices  offers
significant potential to sustain agricultural
productivity =~ while  safeguarding = water
resources.
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Agroforestry enhances water conservation by
improving soil structure and organic matter
content, leading to better water infiltration and
reduced soil erosion. Tree roots also create
macropores in the soil, improving water
infiltration and groundwater recharge (Nair et
al, 2009). This helps utilize water resources
more efficiently, especially during dry periods,
reducing the need for irrigation.

Trees play a vital role in groundwater recharge
and soil moisture retention, replenishing
aquifers and supporting agricultural production.
Their deep roots access groundwater, bringing it
closer to the surface and aiding crop growth
during water stress. Additionally, tree canopies
intercept rainfall, reducing soil compaction and
runoff, retaining water in the soil and
minimizing evaporation losses (Haj-Amor et al.,

2021).
In addition to conserving freshwater,
agroforestry  systems can use treated

wastewater for irrigation, reducing reliance on
finite freshwater reserves. When managed
properly, treated wastewater can provide a
reliable and cost-effective water source,
especially in water-stressed areas. Moreover, its
nutrient-rich content enhances soil fertility,
supporting tree growth and increasing biomass
production and crop yields (Diatta et al., 2020).
However, utilizing treated wastewater in
agroforestry systems presents challenges such
as health risks from pathogens and
contaminants, regulatory hurdles, and public
perception issues. Implementing effective
treatment and quality control measures is
essential to mitigate these risks and ensure the
safety of agricultural produce. Proper
management practices like targeted irrigation
and crop selection are also crucial to minimize
environmental impacts and maximize resource
efficiency.

Zouari et al. (2019) demonstrated the potential
of using agroforestry species like Acacia
cyanophyllia, Eucalyptus gomphocephala,
Casuarina glauca, and Cupressus sempervirens to
reclaim saline soil under Kalaat Landelous
conditions, irrigated with treated wastewater in
Tunisia. Their work highlights how agroforestry
can rehabilitate saline soils while utilizing
treated wastewater, showcasing the benefits of
wastewater reuse in agriculture. Additionally, in
a separate study, Zouari et al. (2020) evaluated
the performance of these same plant species
under drained saline and waterlogged
conditions in pots when irrigated with treated
wastewater. Their findings suggest that treated
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wastewater can effectively sustain plant growth
under challenging conditions, emphasizing its
potential as an alternative water source for
agroforestry systems. Agroforestry offers a
promising approach to addressing water scarcity
in Tunisia by promoting water conservation,
groundwater recharge, and efficient water use.
By leveraging the advantages of trees in
agroforestry and exploring innovative water
management strategies, Tunisia can enhance
agricultural resilience to climate change and
ensure sustainable water resource management
for future generations.

5. POLICY AND INSTITUTIONAL SUPPORT
FOR AGROFORESTRY IN TUNISIA

Agroforestry has gained recognition in Tunisia
as a sustainable land management practice, yet
its widespread adoption and integration into
national policies remain limited. Evaluating
existing policies and programs is crucial to
understanding the current landscape of
agroforestry support in Tunisia and identifying
opportunities for enhancing its adoption and
implementation (Ali et al., 2023).

Tunisia has made notable efforts to promote
agroforestry through various policies and
programs. For instance, the National Strategy for
Forests, launched in 2015, emphasizes the
importance of agroforestry in enhancing forest
cover, conserving biodiversity, and promoting
sustainable land use practices (Alkemade et al.,
2022). Additionally, the National Action Plan for
Climate Change Adaptation includes measures to
support agroforestry as a climate-resilient
agricultural strategy, recognizing its potential to
mitigate climate change impacts and enhance
rural livelihoods (Jharya et al,, 2019).

Despite these initiatives, gaps exist in the policy
framework for agroforestry in Tunisia. Limited
coordination among relevant ministries and
agencies hampers the effective implementation
of agroforestry programs, leading to fragmented
efforts and suboptimal outcomes. Moreover,
there is a lack of specific regulations and
incentives  targeting  agroforestry, = which
discourages farmers from adopting agroforestry
practices and investing in sustainable land
management (Jahan et al.,, 2022).

To enhance agroforestry adoption and
implementation in Tunisia, it is essential to
address these gaps and capitalize on existing
opportunities. Strengthening  intersectoral
collaboration @ and  coordination @ among
government agencies, research institutions, and
civil society organizations is critical for aligning
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policies, sharing knowledge, and mobilizing
resources for agroforestry development.
Furthermore, integrating agroforestry
considerations into existing agricultural and
environmental  policies can  mainstream
agroforestry within broader development
agendas and promote its recognition as a viable
land use option (Plieninger et al., 2020).
Stakeholder engagement and capacity-building
initiatives play a crucial role in fostering
agroforestry adoption and building local
capacity for sustainable land management.
Empowering farmers with technical skills,
knowledge, and access to resources is essential
for successful agroforestry implementation. This
can be achieved through farmer field schools,
demonstration plots, extension services, and
targeted training programs tailored to local
needs and contexts (Alkemade et al., 2022).

In conclusion, while Tunisia has taken steps to
support agroforestry, there is room for
improvement in policy coherence, regulatory
frameworks, and stakeholder engagement. By
addressing these challenges and leveraging
existing opportunities, Tunisia can unlock the
full potential of agroforestry to enhance
resilience, promote sustainable development,
and mitigate climate change impacts in rural
communities.

6. CHALLENGES AND FUTURE DIRECTIONS

Despite the potential benefits of agroforestry,
several challenges hinder its widespread
adoption in Tunisia. Addressing these challenges
and proposing strategies for overcoming
barriers are crucial for unlocking the full
potential of agroforestry in the country.

One significant challenge is the lack of awareness
and knowledge among farmers and stakeholders
about the benefits and practices of agroforestry
(Jhariya et al., 2019). Many farmers may not fully
understand the ecological, economic, and social
benefits of integrating trees into agricultural
landscapes. Increasing awareness through
education, extension services, and capacity-
building initiatives is essential for promoting
agroforestry adoption (Simelton et al, 2017).
This can involve training programs, workshops,
and demonstration plots to showcase the
practicality and profitability of agroforestry
systems.

Financial constraints pose another barrier to
agroforestry  adoption,  particularly  for
smallholder farmers who may lack access to
capital for investing in tree planting and
maintenance. Providing financial incentives,
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such as subsidies, loans, and grants, can help
overcome this barrier and encourage farmers to
invest in agroforestry. Public-private
partnerships and collaboration with financial
institutions can facilitate access to funding and
support agroforestry initiatives at scale.

Land tenure issues and land-use policies also
present challenges to agroforestry adoption, as
unclear land tenure arrangements and
restrictive regulations may discourage farmers
from planting trees on their land. Streamlining
land-use regulations, clarifying land tenure
rights, and incentivizing agroforestry through
land-use planning can create an enabling
environment for agroforestry expansion. This
may involve policy reforms, stakeholder
consultations, and community engagement to
address land tenure issues and promote land-
sharing arrangements.

In terms of future directions, investment in
research and development 1is crucial for
advancing  agroforestry = knowledge  and
innovation in Tunisia. Research priorities may
include studying the ecological and socio-
economic impacts of agroforestry systems,
developing site-specific agroforestry models,
and exploring the potential of agroforestry in
addressing emerging challenges such as climate
change and water scarcity (Gupta et al.,, 2020).
Investing in research infrastructure, academic
partnerships, and technology transfer can
accelerate agroforestry research and facilitate
knowledge dissemination to practitioners and
policymakers.

Furthermore, fostering ~ multi-stakeholder
collaboration and partnerships is essential for
scaling up agroforestry initiatives and creating
synergies between different actors (Plieninger et
al,, 2020). Engaging with government agencies,
research institutions, NGOs, and private sector
stakeholders can leverage resources, expertise,
and networks to support agroforestry
development. Collaboration platforms,
knowledge-sharing networks, and participatory
decision-making processes can facilitate
stakeholder engagement and collective action for
promoting agroforestry as a sustainable land
management strategy in Tunisia.

Addressing challenges and investing in
agroforestry research, capacity-building, and
multi-stakeholder collaboration are essential for
unlocking the potential of agroforestry in
Tunisia (Santoro et al, 2020). By overcoming
barriers, promoting awareness, and fostering
innovation, Tunisia can harness the multiple
benefits of agroforestry to enhance resilience,
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promote sustainable development, and mitigate
environmental degradation in agricultural
landscapes.

7. CONCLUSION

Agroforestry emerges as a pivotal strategy for
Tunisia to navigate the challenges posed by
climate change and water scarcity while
advancing towards sustainable development
goals. Its multifaceted benefits, ranging from soil
conservation and biodiversity enhancement to
climate change mitigation and water resource
management, underscore its relevance in
mitigating environmental degradation and
promoting resilience in agricultural landscapes.
Policymakers, practitioners, and researchers
must work collaboratively to prioritize
agroforestry within national agendas, enhance
awareness and capacity among stakeholders,
foster multi-stakeholder partnerships, and
invest in research and innovation. By embracing
agroforestry as a cornerstone of sustainable land
management, Tunisia can chart a path towards a
more resilient and prosperous agricultural
sector that safeguards both natural resources
and rural livelihoods for future generations.
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