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Abstract Agroforestry practices which integrate
agriculture and forestry have emerged as essential for
sustaining livelihoods in Ethiopia enhancing produc-
tivity and providing significant social, economic, and
environmental benefits. The objective of this review is
to identify and analyze the primary agroforestry prac-
tices in Ethiopia, focusing on their contributions to
ecological balance and community empowerment. A
literature review was conducted, incorporating studies
published in English. This involved searching data-
bases such as Web of Science, Google Scholar, and
Scopus using relevant keywords related to agrofor-
estry and its impacts. A rigorous inclusion and exclu-
sion criterion ensured that only credible, contempo-
rary studies were analyzed, resulting in the synthesis
of findings from 75 high-quality articles. The results
reveal that agroforestry practices, including home
gardens, alley cropping, and coffee-based systems,
significantly enhance agricultural productivity and
improve soil health by enhancing soil fertility. They
contribute positively to soil fertility enhancement,
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biodiversity conservation, climate change mitiga-
tion, food security. Home gardens, for instance, can
sequester up to 150 tons of carbon per hectare, while
coffee-based agroforestry with distinct annual com-
ponents combined capture around 7.2 tons of CO,
annually. Overall, agroforestry plays a vital role in
fostering ecological balance, empowering commu-
nities with economic opportunities, and enhancing
nutritional security. Through promoting context-
specific agroforestry systems, Ethiopia can enhance
biodiversity conservation, improve food security, and
build resilience against climate change, contributing
to the sustainable development of its agricultural sec-
tor. Community engagement and training and moni-
toring and evaluating impacts are recommended for
improved agroforestry practices in Ethiopia to exploit
the potential benefits.

Keywords Agroforestry - Biodiversity
conservation - People livelihoods - Climate change -
Ethiopia

Introduction

Food security has recently emerged as a significant
concern across Ethiopia, driven by socioeconomic
factors such as population growth and inadequate
food availability, which contribute to household vul-
nerability. In this challenging context, agroforestry
practices have become vital for sustaining livelihoods.
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These practices, which integrate agriculture (crops
and livestock) and forestry, involve the intentional
introduction or retention of trees on farms to enhance,
diversify, and sustain production, offering social, eco-
nomic, and environmental benefits (Castle et al. 2022;
Yismaw and Tadesse 2018).

Ethiopia’s diverse agro-ecological zones support a
wide range of agroforestry practices that enhance soil
fertility, improve food security, and promote sustain-
able livelihoods (Mekonnen et al. 2018). Through
integrating trees with crops and livestock, Ethiopian
farmers can optimize land use and address challenges
such as climate change and environmental degrada-
tion (Mekuriaw et al. 2019). Agroforestry practices
in Ethiopia vary significantly across regional states,
reflecting local climatic conditions, cultural practices,
and economic needs (Lemma et al. 2025). One prom-
inent practice is the home garden, commonly found
in the Tigray and Southern Nations regions, which
integrate crops, livestock, and trees to provide essen-
tial food and income while supporting biodiversity
(Gebreigziabher et al. 2025; Mellisse et al. 2018).

In midland areas, alley cropping is prevalent,
where rows of trees are planted between crops to
enhance soil fertility and reduce erosion, contributing
to sustainable land management (Bajigo and Tadesse
2015). Meanwhile, in lowland regions, farm woodlots
are crucial for providing timber, fuelwood, and other
forest products essential for local livelihoods (Gur-
messa et al. 2016). Orchards in Sidama focus on cul-
tivating fruit trees that are vital for nutrition and local
economies (Alemayehu 2016). Whereas, the planta-
tion-crop combination method in the Jimma area inte-
grates cash crops like coffee with shade trees, enhanc-
ing microclimates and biodiversity (Worku et al.
2013). Shelterbelts and windbreaks are established
in various rural areas to protect crops from wind and
erosion, improving agricultural yields (Sileshi et al.
2015).

In the Amhara region, conservation hedges com-
posed of native shrub species stabilize soil and pre-
vent erosion (Tadesse et al. 2014). In arid and semi-
arid zones, fodder banks are implemented to grow
fodder crops that support livestock during dry peri-
ods, enhancing food security (Mekonnen 2016). Live
fences made of trees and shrubs protect fields from
livestock and wind, contributing to landscape diver-
sity (Hailu et al. 2015). In pastoral areas, integrating
trees on pasture improves soil health and provides
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additional forage for livestock (Abebe 2000). Lastly,
combining apiculture with tree cultivation enhances
honey production and supports pollination efforts,
highlighting the synergies between agriculture and
agroforestry (Woldemariam 2017).

These diverse agroforestry practices illustrate
Ethiopia’s commitment to sustainable land use and
resilience against climate change while enhancing the
livelihoods of rural communities. Thus, the objec-
tive of this review is to identify the main agroforestry
practices in Ethiopia and analyze their roles in bio-
diversity conservation, livelihood enhancement, and
climate change adaptation and mitigation.

However, this study may have its own limita-
tions due to its reliance on published English-Lan-
guage literature: The review only included studies
published in English, which may exclude valuable
information and perspectives from studies published
in other languages, particularly those in local Ethio-
pian languages. This could lead to a less comprehen-
sive understanding of agroforestry practices in the
country.

Methodology

The review aimed to capture studies that provide
insights on agroforestry practices in Ethiopia, their
roles in biodiversity conservation, livelihoods and
food security, and climate change mitigation as
well as their challenge. Studies published recently
in English were included to ensure that the find-
ings were both contemporary and relevant to cur-
rent agroforestry development in Ethiopia. Peer-
reviewed journal articles, books, and government
reports were prioritized to ensure the credibility
of the sources. The search for relevant literatures
was performed in the years 2022 and 2025. More
than a total of 150 Pertinent papers were found via
databases like Web of Science, PubMed, Google
Scholar, Scopus, and AGRICOLA, and other peer-
reviewed journal articles, books, and government
reports; more than 5 papers downloaded from each.
Searches used Boolean operators (AND, OR) with
terms like “agroforestry practices,” “biodiversity,”
“livelihoods,” “food security,” “climate change
adaptation,” and “mitigation.” Citation searches
ensured thoroughness. Such as “agroforestry prac-
tices” AND (“biodiversity” OR “livelihoods” OR
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“food security” OR “climate change adaptation”
OR “climate change mitigation™). Citation searches
were also performed to ensure thoroughness. Qual-
ity was assessed using CASP, with funnel plots and
Egger’s test for publication bias.

A rigorous inclusion and exclusion criterion was
developed to filter the studies used in the review.
The inclusion criteria focused on studies that
addressed the integration of agroforestry practices
with roles in biodiversity conservation, livelihoods
and food security, climate change mitigation and
adaptation, and challenges of agroforestry practices
in Ethiopian regions. Relevant studies included
peer-reviewed journal articles, books, and reports
from reputable organizations. Only those studies
published recently in English were included.

Exclusion criteria consisted of studies that did
not focus on agroforestry practices, those that were
not specific to the Ethiopian context, very old non-
English articles, non-peer-reviewed sources, and
opinion pieces. Studies with unclear methodologies
or those deemed irrelevant to agroforestry practices
in Ethiopia were also excluded. Data synthesis used
quantitative (effect estimates) and qualitative (the-
matic trends) methods. Based on the data synthesis
assessment, 81 quality articles were included for the
review. This review confirms global data on agro-
forestry’s role in improving livelihoods, conserv-
ing biodiversity, and adapting to/ mitigating climate
change.

This review synthesized current knowledge on
common agroforestry practices in Ethiopia and their
roles in biodiversity conservation, people’s liveli-
hoods, and climate change adaptation and miti-
gation. The review encompassed a broad range of
agroforestry systems prevalent in Ethiopia, includ-
ing traditional practices such as scattered trees on
croplands, home gardens, and managed tree fal-
lows, as well as other systems like boundary plant-
ing, windbreaks, and alley cropping. Information
was gathered from a comprehensive search of rel-
evant scientific literature, including peer-reviewed
articles, books, reports, and databases, focusing
on studies conducted in Ethiopia and similar agro-
ecological contexts. The analysis involved identi-
fying key agroforestry practices, examining their
characteristics and implementation, and evaluating
their impacts on ecological, social, and economic
dimensions.

Results
Common agroforestry practices in Ethiopia

Agroforestry, the integration of trees and shrubs into
agricultural landscapes, is gaining recognition in
Ethiopia as a promising strategy for enhancing small-
holder agriculture, promoting environmental sus-
tainability, and building resilience to climate change
(Tesema et al. 2025; Bishaw et al. 2013). Character-
ized by smallholder farming on fragmented plots
under challenging conditions such as steep slopes,
soil erosion, and declining soil fertility (Zerssa et al.
2021), Ethiopia’s agriculture can benefit significantly
from agroforestry practices. These practices, which
include improved fallows, home gardens, alley crop-
ping, woodlots, orchards, shelterbelts, windbreaks,
conservation hedges, fodder banks, live fences, and
trees on pasture, provide means to mitigate challenges
by improving soil health, enhancing water retention,
increasing biodiversity, and diversifying income
sources for farmers (Fahad et al. 2022; Lasco et al.
2014).

Traditional agroforestry practices, widely used
across different regions, encompass scattered trees
on croplands, hedgerow intercropping, and the natu-
ral regeneration of species in woodlands and pastures
(Amare et al. 2019). Coffee-based agroforestry sys-
tems, for instance, sequester up to 7.2 tons of CO,
per hectare annually, while home gardens in southern
Ethiopia store up to 150 tons of carbon per hectare
(Bogale 2025). Given their significant economic,
social, and environmental benefits, agroforestry sys-
tems are well-known among smallholder farmers
in Ethiopia. Overcoming the challenges to adoption
through targeted policies, integrated approaches, and
community participation is crucial for realizing the
full benefits of agroforestry in the country (Girma
2024). Furthermore, integrating traditional practices
with modern research can maximize the ecological
and socioeconomic benefits of these systems.

Home-garden: characteristics and establishment

This agroforestry practice is typically managed inten-
sively, relying primarily on household labor, and
functions as small-scale, supplementary food produc-
tion units that often emulate the structural complex-
ity of natural, multi-layered ecosystems. This practice

@ Springer



266 Page 4 of 19

Agroforest Syst (2025) 99:266

exists across climatic zones in different regions of
Ethiopia (Sahilu 2017). Home gardens in the Amhara
region utilize diverse tree species, including Ficus
sur and Moringa oleifera, to create productive micro-
ecosystems. These gardens are designed to grow a
variety of vegetables and fruits, while also integrating
small livestock such as poultry and goats (Table 1).
This multi-layered approach promotes biodiversity,
improves food security, and offers households a reli-
able source of nutrition and income (Tebkew et al.
2023).

In the Tigray region, home gardens are vital for
local food production and biodiversity. These gardens
typically feature tree species such as Cordia africana
and Olia africana, which provide shade and improve
microclimatic conditions. The primary focus is on
cultivating a variety of vegetables, while also sup-
porting the presence of livestock for enhanced nutri-
ent cycling and waste management (Table 1). This
integrated approach not only boosts household food
security but also contributes to nutritional diversity
and income generation (Gebru et al. 2019).

Home gardens in Oromia are designed to maxi-
mize the use of space and resources, incorporating
trees like Cordia africana and Eucalyptus globulus
alongside a variety of vegetables and fruits (Table 1).
These gardens also support small livestock, which
helps in nutrient recycling through the use of manure.
This multi-functional approach not only boosts food
security and household nutrition but also generates
income through the sale of surplus produce, making
home gardens a vital part of rural livelihoods (Geleta
2023).

The home garden systems in Southern Ethiopia
are designed to maximize space and resources, fea-
turing tree species such as Cordia africana and Per-
sea americana. These gardens produce a variety of
vegetables and fruits, while also integrating small
livestock like chickens and goats (Table 1). Through
combining plant and animal production, home gar-
dens enhance household food security and nutri-
tional diversity, providing families with fresh produce
and additional income opportunities. This holistic
approach is vital for rural livelihoods and community
resilience (Alemu 2016).

In general, the suitability of home gardens is par-
ticularly evident in densely populated regions with
limited land availability, where their proximity to
residences and intensive management contribute to
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enhanced productivity (Asfaw 2003). Furthermore,
these systems offer significant benefits to women,
particularly those who are wage earners or heads of
households, and play a valuable educational role in
familiarizing younger generations with agroforestry
principles (Jiru 2019).

Hedgerow intercropping

Alley cropping, also known as hedgerow intercrop-
ping when pruned biomass such as leaves and twigs
are incorporated for soil fertility improvement,
involves managing rows of woody plants with annual
crops planted in the alleys between them. The woody
plants are pruned regularly, and their leaves and twigs
are used as mulch in the cropped alleys to reduce soil
surface evaporation, suppress weeds, and/or enrich
the topsoil with nutrients and organic matter (Gar-
rett et al. 2021). This agroforestry practice is imple-
mented in different areas of Ethiopia.

In the Oromia region, alley cropping is a prominent
agroforestry practice that integrates tree species such
as Leucaena leucocephala and various Acacia spe-
cies with crops. This practice involves planting trees
in rows with wide alleys in between, where farmers
cultivate cereals and legumes (Table 1). The trees
provide shade, enhance soil fertility through nitrogen
fixation, and reduce competition for resources, ulti-
mately leading to increased crop yields and sustain-
ability in farming practices (Abraham et al. 2014).

This practice is particularly effective in areas
where there is a strong need to intensify crop produc-
tion but where soil fertility is limited. Such conditions
are common in densely populated regions, but may
also occur wherever farmers are either motivated or
compelled to increase yields on small plots of land
(Tsonkova et al. 2012). Terrace-based agroforestry
in Tigray utilizes tree species such as Juniperus pro-
cera and Cordia africana to stabilize soil on sloped
terrains (Table 1). This practice is particularly effec-
tive in preventing soil erosion while providing habitat
for various plant and animal species. Farmers raise
sheep and cattle in these terraced systems, allowing
for efficient land use and improved pasture manage-
ment. The combination of trees and livestock not only
enhances crop yields but also contributes to the sus-
tainability of agricultural practices in this challenging
environment (Zeretsion et al. 2024).
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Table 1 Different agroforestry practices in various regions of Ethiopia, tree species, crop types, animal combinations, and sources of

study:
Region Agroforestry practice Tree species Crop types/animal com- Source
bination
Ambhara Parkland Faidherbia albida, Acacia Maize, barley, wheat, Bayala et al. (2014)
abyssinica livestock
Home-garden Ficus sur, Moringa Vegetables, fruits; and Tebkew et al.(2023)
oleifera Poultry, goats
Wood lot Eucalyptus, Acacia abys-  Various annual crops; and Bajigo et al.(2015)
sinica Donkeys, Cattle
Tigray Home-garden Cordia africana, Olea Vegetables, livestock Gebru et al. (2019)
europaea
Live fencing Carica Papaya, Ziziphus ~ Vegetables; livestock Gebru et al. (2019)
spina-christi
Terrace-based agroforestry Juniperus procera, Cordia Sheep and Cattle Zeratsion et al. (2024)
Africana
Oromia Alley cropping Leucaena leucocephala, Cereals, legumes Abraham et al.(2014)
Acacia abyssinica
Home garden Cordia africana, Eucalyp- Vegetables, fruits, live- Geleta (2023)
tus globulus stock
Coffee based Coffea arabica, Grevillea  Coftee, bananas; Cattle, Mezgebu (2023)
robusta, Coffea arabica and Bees; wheat/ sor-
ghum/ barley
Parkland Ziziphus spina-christi, Sorghum, Finger millet; Negash and Starr (2015)
Faidherbia albida Cattle and Goats
Southern Ethiopia Coffee based Albizia gummifera, Ficus ~ Coftee, Fruits Tesfaye et al. (2014)
sur
Home garden Cordia africana, Persea Vegetables and fruits; Alemu (2016)
americana Chickens, Goats
Somalia Dryland agroforestry Prosopis juliflora Fodder crops; Cattle, Andersson et al. (2011)
Goats
Pastoral Agroforestry Acacia caffra, Commi- Grasses, legumes; Camel, Andersson et al. (2011)
phora spp. and Goats
Afar Shelterbelts Acacia abyssinica, Faid-  Cattles Teklay and Teklay (2015)
herbia albida
Silvopastoral systems Acacia abyssinica, Pros- ~ Sorghum, millet; Sheep, Kahsay et al. (2020)
opis juliflora and Goats
Benishangul Woodlots Eucalyptus camaldulensis, Annual crop and Cattle Getachew and Mulatu
Acacia caffra (2024)
Forest gardens Fruit trees, Ficus sur Cassava, sweet potatoes; Kifle and Asfaw (2016)
Poultry, small ruminants
Coffee based Cordia africana and Ficus Coffee Kifle and Asfaw (2016)
sur
Gambela Boundary planting Jatropha curcas, Grevillea Maize and Sorghum Rolkier and Abebe (2015)

Riparian agroforestry

Trees on pasture

robusta

Bamboo spp., Ficus vasta

Gliricidia sepium, Leu-
caena leucocephala, and
Moringa oleifera

Rice, maize; Cattle, and
Poultry

Cattles, Grasses

Gatdet (2023)

Gatdet (2023)
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Woody plants are introduced as hedgerows to max-
imize the benefits of trees and minimize their nega-
tive impacts on crop growth and yields. Trees natu-
rally compete with crops for soil nutrients, moisture,
and sunlight. However, when the appropriate tree spe-
cies are planted at optimal spacing and managed cor-
rectly, they can lead to a net increase in overall crop
productivity (Wolz and DeLucia 2018). The position-
ing and spacing of both hedgerows and crop plants in
an alley cropping system depend on several factors,
including plant species, climate, topography, and soil
conditions.

Improved fallows

Improved fallow is a method of enriching natural fal-
low land by densely planting nitrogen-fixing trees or
shrubs to enhance soil fertility, with the main goal
of increasing food security through improved soil
productivity in North-western Ethiopia (Agidie et al.
2013). This offers a sustainable alternative to shift-
ing cultivation, which is less viable in areas with
land limitations. While leaving fields fallow for soil
recovery is a widespread practice in Ethiopia, agro-
forestry enhances this by introducing woody species
sequentially onto the fallow land, distinct from other
agroforestry systems where trees and crops are grown
concurrently (Jiru 2019).The length of the fallow
period is influenced by immediate food or financial
needs, the importance of soil fertility restoration, and
the value of long-maturing crops like timber or fruit
trees. In practice, improved fallow involves rotating
planted trees with crops, where trees are established
for one to five years or more after a cropping phase.
For instance, in Awi zone (Amhara Region) improved
fallow with short rotation (4-5 years rotation cycle)
of Acacia mearnsii, where the trees are grown to
ameliorate the acid soil and nutrient replenishment.
After the tree harvest in 4-5 years for charcoaling at
commercial scale, the sequence comes for cropping
teff or wheat for a year or sometimes for second year
till the newly planted Acacias occupy the space. This
is prominent sequential agroforestry system in the
form of improved fallow agroforestry practicing at
Awi Zone. An improved fallow can be a monoculture,
a diverse mix of low vegetation, or a dense, naturally
regrown-like stand. As fallows are usually temporary,
transitioning them into other agroforestry practices
requires careful consideration of species selection and
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spacing according to the guidelines of the target sys-
tem (Bekele 2007).

Boundary planting and riparian agroforestry
practices

Trees and shrubs can be planted along the bounda-
ries of fields and structures for demarcation purposes.
Borderline trees and shrubs do not require substantial
labor for planting or maintenance, Boundary plants
may be widely or closely spaced, in single or multiple
lines. A single line of widely spaced shrubs and trees
in a single line is the most common form of bound-
ary planting. The spacing between plants and their
placement relative to the boundary will be important.
Establishing plantings on boundaries may confirm or
otherwise affect disputed property lines. Naturally
grown trees may be left or new seedlings planted
(Asfaw 2003).

Live fencing is a sustainable agroforestry prac-
tice in Tigray that employs tree species like Carica
Papaya and Ziziphus spina-christi to create natural
barriers around agricultural fields (Table 1). These
living fences serve multiple purposes: they protect
crops from livestock and wildlife, while also provid-
ing additional sources of vegetables and fodder. The
integration of these tree species fosters greater eco-
logical balance, promoting soil health and enhancing
the productivity of adjacent agricultural land (Gebru
et al. 2019). In the Gambela region, boundary plant-
ing is an effective agroforestry practice that utilizes
tree species such as Jatropha and Grevillea robusta
(Table 1). This system involves planting trees along
the borders of agricultural fields, which serves mul-
tiple purposes: it provides windbreaks, reduces soil
erosion, and enhances the aesthetic value of the land-
scape. The integration of these trees with crops like
maize and sorghum not only improves soil health but
also increases crop yields, contributing to the over-
all sustainability of farming practices (Rolkier and
Abebe 2015).

Riparian agroforestry in Gambela involves the
cultivation of tree species such as Bamboo and Ficus
along water bodies. This practice is particularly ben-
eficial for growing rice and maize, while also sup-
porting livestock such as cattle and poultry (Table 1).
The trees play a crucial role in stabilizing riverbanks,
improving water quality, and enhancing biodiver-
sity. By integrating crops and livestock within these
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riparian zones, farmers can optimize resource use,
promote sustainable agriculture, and improve food
security (Gatdet 2023).

Windbreaks, shelter belts, and forest gardens

Windbreaks are rows of trees and/or shrubs planted
to shield agricultural fields, residences, canals, or
other areas from the effects of wind. Large-scale,
wide strips or blocks of trees planted for this purpose
are often called shelterbelts. Vegetative windbreaks
are typically composed of multiple rows of trees and
shrubs arranged in layers of varying heights. Grasses
and herbaceous plants are often planted at the base of
the trees to prevent the wind from scouring the soil
(MU-CAF 2018).

These agroforestry practices are implemented in
different agroecology of Ethiopia. Such like In the
Afar region, shelterbelts play a crucial role in pro-
tecting agricultural land and livestock from harsh
climatic conditions. Composed of tree species such
as Acacia spp. and Faidherbia albida, these shelter-
belts create windbreaks that reduce soil erosion and
enhance microclimates. This practice is particularly
beneficial for cattle, as it provides shade and forage,
thereby improving animal welfare and productiv-
ity. By integrating these trees into agricultural land-
scapes, farmers can foster greater resilience against
environmental stressors (Teklay and Teklay 2015).
The distance between windbreaks is determined by
the height of the tallest trees. A properly designed
windbreak can protect a field of at least 10 times
as long as the height of the tallest trees; if the trees
are 10 m tall, crops up to 100 m downwind will be
protected. However, the level of protection provided
by the windbreak decreases as the distance from it
increases (Brandle et al. 2009).

Forest gardens in Benishangul are diverse agrofor-
estry systems that feature a variety of fruit trees and
Ficus species. These gardens are designed to produce
staple crops like cassava and sweet potatoes, along-
side small livestock such as poultry and small rumi-
nants (Table 1). The multi-layered structure of forest
gardens promotes biodiversity, improves soil health,
and provides a continuous supply of food throughout
the year. This integrated farming approach enhances
food security and supports local economies by diver-
sifying income sources (Kifle and Asfaw 2016).

Silvopastoral agroforestry

The production of woody plants combined with pas-
ture or rangeland is often referred to as a silvopastoral
system (trees on pastures/ rangelands). Because nutri-
tious grasses become scarce during the dry seasons,
trees and shrubs play a vital role in sustaining the pas-
toral ecosystem. The main obstacle to the production
of fodder trees in pastures and rangelands is the need
to restrict animal access and grazing until trees and
shrubs are well established (Abate et al. 1993). The
pastoral and silvopastural agroforestry practices are
implemented in different regions of Ethiopia. Such
as pastoral agroforestry in Somalia employs tree spe-
cies such as Acacia and Commiphora spp. to create
a supportive environment for the growth of grasses
and legumes. This system is particularly beneficial
for pastoral communities, as it supports the graz-
ing of camels and goats (Table 1). The trees not only
provide shade and fodder but also contribute to soil
fertility through organic matter return. By integrating
woody plants with traditional grazing systems, Agro-
silvo-pastoral system enhances the sustainability of
animal husbandry while promoting biodiversity and
soil health (Andersson et al. 2011).

In addition, Agro-silvo-pastoral systems in the
Afar region combine tree and shrub species like Aca-
cia spp. and Prosopis juliflora with the cultivation
of sorghum and millet (Table 1). This approach sup-
ports the grazing of sheep and goats while enhancing
soil fertility and moisture retention. The trees provide
shade and fodder, contributing to the overall health of
livestock and crop production. This integrated method
not only maximizes land use efficiency but also pro-
motes biodiversity and sustainability within the pas-
toral ecosystem (Kahsay et al. 2020). Hence, these
practices contribute to improving livelihoods for local
communities, ensuring food security and resilience in
the face of climate variability. Moreover, the practice
of trees on pasture in Gambela incorporates tree spe-
cies like Gliricidia sepium, Leucaena leucocephala,
and Moringa stenopetala into grazing lands (Table 1).
This system supports the grazing of cattle while also
enhancing the quality of grasses available for live-
stock. The trees provide shade, improve soil fertility
through nitrogen fixation, and offer additional fodder
during dry periods. By integrating trees into pasture-
lands, farmers can boost livestock productivity and
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promote sustainable land management practices (Gat-
det 2023).

In addition, In the Somalia region, dryland agro-
forestry is a critical practice that utilizes the drought-
resistant tree species Prosopis juliflora. This system
is primarily focused on cultivating fodder crops that
support the rearing of cattle and goats (Table 1). The
presence of Prosopis enhances soil moisture retention
and provides a reliable source of forage during dry
spells, significantly improving livestock productiv-
ity. By integrating these trees with livestock systems,
farmers can enhance their resilience to climate vari-
ability and ensure sustainable agricultural practices in
arid environments (Andersson et al. 2011).

Woodlots

A woodlot should be located for easy protection, often
best achieved near a village, and can also serve as a
demonstration plot. Termite-prone soils should be
avoided. Tree spacing in woodlots varies with man-
agement goals and species. A common initial spac-
ing is 2 m X 2 m, later thinned for timber production.
Where land is scarce and small wood is needed, dense
planting (e.g., 1 m X 1 m) is also possible (Alebachew
2012). This agroforestry practice is implemented
across various regions of Ethiopia. Accordingly, in
the Amhara region woodlot agroforestry practices
involve the cultivation of Eucalyptus and various
Acacia species, primarily aimed at timber production
and fuelwood supply (Table 1). These woodlots also
allow for the cultivation of various annual crops, pro-
viding farmers with an additional source of income.
Farmers often keep livestock, including donkeys and
cattle, in these systems, which help in managing the
land effectively and utilizing organic waste for soil
enrichment (Bajigo et al. 2015).

In addition, In the Benishangul region, woodlots
are a significant agroforestry practice that incorpo-
rates tree species such as Eucalyptus spp. and Acacia
caffra. These woodlots are primarily used for the pro-
duction of timber and fuelwood, while also allowing
for the cultivation of annual crops (Table 1). The inte-
gration of cattle within these systems enhances nutri-
ent cycling through manure, improving soil fertility.
This dual-purpose approach not only provides essen-
tial resources for local communities but also promotes
sustainable land management practices (Getachew
and Mulatu 2024).
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Parklands

Parklands which are dispersed or scattered trees and
shrubs on cropland integrated into farmland, with
understory cropping, represent a common agrofor-
estry practice in Ethiopia, often arising from the
management of natural regeneration or intentional
planting (Alebachew 2012). In the Ambhara region,
parkland agroforestry is characterized by the integra-
tion of trees such as Faidherbia albida and Acacia
abyssinica with crops (Table 1). This practice sup-
ports the cultivation of staple crops like maize, barley,
and wheat, alongside livestock rearing (Table 1). The
presence of these tree species not only enhances soil
fertility but also provides shade and forage during dry
periods, contributing to sustainable agricultural pro-
ductivity (Bayala et al. 2014).

This age-old system features trees distributed
systematically or randomly, with densities typically
ranging from 60 to 120 trees/shrubs per hectare,
influenced by species and the tree-crop value balance.
Farmers in the Amhara region intentionally preserve
and manage native multipurpose tree species. The
most effective systems reduce competition between
trees and crops while ideally enhancing crop produc-
tivity (Agidie et al. 2013).

Coffee-based practices

Coffee-based agroforestry practices are more com-
mon in the Oromia, Benishangul, and southern
regions of Ethiopia exemplifying innovative strate-
gies for sustainable land use (Table 1). In Southern
Ethiopia, coffee-based agroforestry that integrate cof-
fee with its understory annual crops, such as wheat,
barley, sorghum, etc., and animals, such as Apiculture
or beekeeping, poultry farming, etc. is a key agricul-
tural practice that also incorporates tree species like
Albizia gummifera and fruit trees such as Ficus sur
(Table 1). This system not only supports the cultiva-
tion of high-value coffee but also allows for the inter-
cropping of various fruits (Table 1). The shade pro-
vided by these trees creates an optimal microclimate
for coffee growth, enhances soil health, and promotes
biodiversity. This integrated approach fosters sustain-
able farming practices while improving farmers’ live-
lihoods through increased crop yields and diversified
income sources (Tesfaye et al. 2014).
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In addition, Coffee-based agroforestry systems
are particularly significant in Oromia, where Coffee
and Grevillea robusta are cultivated together with
crops like bananas. This integrated approach not only
enhances coffee production but also supports the rais-
ing of cattle and bees, thereby diversifying income
sources for farmers (Table 1). The shade provided by
the trees creates ideal conditions for coffee cultiva-
tion while promoting biodiversity and improving soil
health, making this practice a cornerstone of sustain-
able agriculture in the region (Mezgebu 2023). Fur-
thermore, Coffee-based agroforestry with its under-
story animals and annual crops is a vital practice in
the Benishangul region, where tree species like Cor-
dia africana and Ficus sur are also cultivated along-
side coffee plants (Table 1). This system not only
enhances coffee production but also creates a favora-
ble microclimate that supports biodiversity. The inte-
gration of these trees improves soil fertility and mois-
ture retention, crucial for maintaining healthy coffee
crops (Table 1). By diversifying agricultural outputs,
coffee-based agroforestry contributes to the economic
stability and resilience of local farmers (Kifle and
Asfaw 2016).

Agroforestry practices in different regional states of
Ethiopia

Agroforestry practices play a significant role in bio-
diversity conservation, livelihoods, food security, and
climate change mitigation and adaptation across vari-
ous regions of Ethiopia. Ethiopia’s diverse agro-eco-
logical zones support various agroforestry practices
that enhance soil fertility, improve food security, and
contribute to sustainable livelihoods. This document
compiles detailed information on different agrofor-
estry practices across various regions, highlighting
the tree species used, crop types, animal combina-
tions, and their roles in addressing climate change.

Amhara region

In the Amhara Region, home gardens are vital for
enhancing nutrient cycling and reducing soil ero-
sion. They support a variety of crops year-round,
thereby improving food security and generating
income through surplus produce. These gardens
also contribute to lowering the carbon footprint and
increasing resilience to climate change (Bayala et al.

2014). Additionally, parkland systems improve soil
structure and facilitate nitrogen fixation, supporting
both livestock and crop production. They provide
essential fodder, fuelwood, and timber while acting
as carbon sinks that sequester carbon and mitigate
climate impacts (Tebkew et al. 2023). Woodlots fur-
ther enhance soil quality, prevent erosion, and supply
timber and non-timber products. They offer employ-
ment opportunities and serve as critical carbon sinks,
thereby playing a role in climate change mitigation
(Bajigo et al. 2015).

Tigray region

In Tigray, terrace-based agroforestry systems are
instrumental in reducing soil erosion and enhanc-
ing moisture retention, which leads to increased crop
yields. This practice promotes sustainable farming
and mitigates runoff, contributing to improved resil-
ience against climate change (Gebru et al. 2019).
Home gardens in Tigray, similar to those in Amhara,
enhance organic matter and reduce erosion while pro-
viding varied crops for consumption and income gen-
eration from surplus produce (Zeratsion et al. 2024).
Live fences are another important practice, as they
improve soil stability, enhance biodiversity, protect
crops, and sequester carbon, while also serving as
effective windbreaks (Zeratsion et al. 2024).

Oromia region

In the Oromia Region, alley cropping is a notable
agroforestry practice that enhances soil nutrient avail-
ability and reduces erosion. This method increases
crop yields through diverse planting and provides
income from both cash crops and food, while also
sequestering carbon and improving resilience to cli-
mate change (Abraham et al. 2014). Coffee-based
agroforestry systems further enhance soil quality and
moisture retention, offering a stable source of food
and income. They significantly contribute to rural
livelihoods and act as carbon sinks that promote agro-
biodiversity (Negash and Starr 2015).

Southern Ethiopia
Southern Ethiopia’s home gardens contribute to

enhancing soil organic matter and nutrient cycling,
enabling diverse crops to be grown year-round. These

@ Springer
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Fig. 1 Sample agroforestry
systems in Gedeo, Ethiopia:
a Enset system and b
Fruit-coffee system. (Photo
credit: Negash 2013)

gardens not only generate income from surplus pro-
duce but also help to reduce carbon footprints, thus
increasing resilience against climate impacts (Tesfaye
et al. 2014). Enset-based agroforestry systems, such
as the one shown in Fig. 1, are particularly beneficial
as they improve soil nutrients and moisture retention,
providing a staple food source that enhances food
security during droughts. This practice also offers
income through Enset and related products, making
it adaptable to climate variability (Ayele et al. 2014).

Somalia region

Dryland agroforestry in Somalia improves soil mois-
ture retention and nutrient cycling, supporting a vari-
ety of crops and livestock. This practice enhances
resilience to drought while providing income through
diverse products, thus promoting sustainable land
use (Andersson et al. 2011). Pastoral agroforestry
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enhances soil fertility through manure application,
promoting biodiversity and reducing land degrada-
tion. It supports livestock health and productivity,
sustaining livelihoods through livestock products and
contributing to local economies (Andersson et al.
2011).

Afar region

Silvopastoral systems in the Afar Region enhance
soil health through nutrient cycling and organic mat-
ter improvement. They support both livestock and
crop production, generating income from livestock
and timber while sequestering carbon to increase
resilience to climate impacts (Kahsay et al. 2020).
Shelterbelts, reduce soil erosion and enhance soil
moisture and fertility, protect crops from wind dam-
age, and support agricultural productivity. They also
provide essential resources such as fuelwood and
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fodder, thereby improving local economies (Teklay
and Teklay 2015).

Benishangul region

In Benishangul, woodlots improve soil quality and
prevent erosion while enhancing biodiversity. They
supply timber and non-timber products, generating
income and supporting rural employment, serving
as carbon sinks that mitigate climate change effects
(Getachew and Mulatu 2024). Forest gardens enhance
soil health through diverse plantings and supply a
variety of food sources, thus supporting year-round
nutrition. These gardens generate income from vari-
ous crops and increase carbon storage, enhancing
resilience to climate variability (Kifle and Asfaw
2016).

Gambela region

Riparian agroforestry in Gambela enhances soil sta-
bility and nutrient retention, reducing erosion while
supporting diverse plant and animal life. This practice
generates income from crops and timber, acting as a
carbon sink that protects water quality and improves
ecosystem resilience (Rolkier and Abebe 2015).
Boundary planting reduces soil erosion and enhances
soil fertility through organic matter, protecting crops
from wind and erosion while improving land use effi-
ciency and biodiversity (Gatdet 2023).

Generaly, agroforestry practices in Ethiopia sig-
nificantly contribute to biodiversity conservation,
enhance livelihoods and food security, and support
climate change mitigation and adaptation, demon-
strating their importance in sustainable land manage-
ment as presented in Table 2.

Roles of agroforestry practices for biodiversity,
livelihood, and climate resilience in Ethiopia

Agroforestry practices in Ethiopia play a crucial role
in biodiversity conservation, supporting livelihoods
and food security, and mitigating and adapting to cli-
mate change. These practices, which involve integrat-
ing trees and shrubs into agricultural systems, vary
across different regions of Ethiopia, each with its
unique environmental and socio-economic contexts
(Table 2).

Biodiversity conservation

Agroforestry supports biodiversity by creating
diverse habitats, reducing pressure on native for-
ests, and promoting the integration of indigenous
tree species. Studies indicate that agroforestry sys-
tems can harbor a significant number of plant spe-
cies, contributing to the conservation of both exotic
and indigenous flora (Montagnini 2020; Abiyu
et al. 2015). Home gardens in the Yayu Biosphere
Reserve of southwestern Ethiopia play a crucial role
in enhancing local biodiversity by incorporating a
variety of plant utility groups, including food, fod-
der, fuel, and medicinal plants (Jemal et al. 2018).
A total of 127 useful plant species have been iden-
tified, categorized into 10 major utility groups,
with seven food, fodder, fuel, coffee-shade, timber,
non-timber forest products, and medicinal uses pre-
sent across all three agroforestry practices (AFPs).
Similarly, in Northwestern Ethiopia, agroforestry
practices host a mix of native and non-native trees
and shrubs, supporting livelihoods and biodiversity
conservation (Asfaw et al. 2013). These systems not
only preserve native species like Cordia africana
but also introduce non-native species for their eco-
nomic value, creating complex and diverse agricul-
tural landscapes.

According to the study by Lemma et al. (2025),
a total of 78 plant species were identified in the
Gedeo zone, with the Coffee-Fruit-tree system
showing the highest species richness at 10 species
per plot, as well as the highest Shannon (1.482) and
Simpson (0.731) diversity indices. This integration
of mature trees with crops like enset and coffee cre-
ates a symbiotic system that preserves biodiversity
while also sustaining livelihoods.

Hence, agroforestry plays a vital role in sup-
porting biodiversity by creating diverse habitats
and promoting the integration of indigenous tree
species. Home gardens, particularly in the Yayu
Biosphere Reserve, enhance local biodiversity by
incorporating various plant utility groups, while
agroforestry practices in Northwestern and Gedeo
regions contribute to both biodiversity conservation
and livelihood sustainability. By preserving native
species and introducing economically valuable non-
native species, these systems foster complex agri-
cultural landscapes that benefit both ecosystems and
local communities.
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Livelihoods and food security

Agroforestry enhances the livelihoods and food secu-
rity of smallholder farmers by diversifying income
sources, improving agricultural productivity, and
providing essential resources such as food, fuel, and
timber (Table 2). In Southern Ethiopia, home gar-
den agroforestry has been a key strategy for ensur-
ing food security and maintaining sustainable liveli-
hoods, especially during droughts (Darge et al. 2023;
Getachew and Mulatu 2024; Adane et al. 2019; Mel-
aku et al. 2014; Negash 2007). In Southern Ethiopia
80 edible species were identified, with 55 primarily
cultivated for household food supply. In addition,
household income in the region typically derives from
four major sources: the multistorey coffee system
(60%), home gardens (18%), multipurpose trees on
farmlands (13%), and off-farm activities (11%). These
systems provide diverse products for households,
enhancing food security and household incomes
(Gifawesen et al. 2020). Coffee-based agroforestry
systems in regions like Sidama and Gedeo offer farm-
ers income from coffee cultivation and supplementary
income from fruits, timber, and fuelwood (Getahun
et al. 2024). In Tigray, homestead agroforestry has
been vital for income generation, food production,
and energy supply, particularly during times of con-
flict (Haile et al. 2024; Yirga et al. 2024). Ingeneral
agroforestry significantly enhances the livelihoods
and food security of smallholder farmers by diver-
sifying income sources and improving agricultural
productivity. Overall, these findings underscore the
critical importance of agroforestry in promoting resil-
ience and sustainability among smallholder farmers.

Climate change mitigation and adaptation

Agroforestry plays a significant role in climate change
mitigation and adaptation by sequestering carbon,
improving soil health, and enhancing resilience to
climatic stresses (Table 2). Coffee-based agroforestry
systems in southwestern Ethiopia store approximately
7.2 tons of CO, per hectare annually, while home
garden systems in southern Ethiopia can store up to
150 tons of carbon per hectare (Getnet et al. 2023;
Bogale 2025). In dryland areas such as the Somali
region and Eastern Tigray, agroforestry systems miti-
gate desertification and enhance resilience to climatic
stresses by improving soil fertility and supporting

livelihoods (Teklay and Teklay 2015; Gebrehiwot
and Veen 2013). In the Silite district, traditional agro-
forestry systems enhance climate resilience through
biomass carbon accumulation and socio-economic
benefits (Table 2). Hence, appling agroforestry prac-
ties are crucial strategy for climate change mitigation
and adaptation, sequestering carbon, improving soil
health, and enhancing resilience to climatic stresses
in Ethiopia.

Challenges of agroforestry practices in Ethiopia

Despite the numerous benefits, the adoption of agro-
forestry in Ethiopia faces significant challenges,
including land shortages, free livestock movement,
poor access to tree seedlings, and termite hazards
(Amare et al. 2019; Reshad et al. 2025; Gebrekirstos,
2023). To maximize the benefits of agroforestry, it
is essential to understand the functional roles of tree
species, strengthen carbon finance, provide training
for farmers, address policy and infrastructure chal-
lenges (Pancholi et al. 2023), and conduct research
to resolve existing problems. Promoting the integra-
tion of traditional knowledge with modern techniques
and scaling up successful agroforestry practices can
ensure the long-term sustainability of Ethiopian agri-
culture (Moges et al. 2020; Asfaw et al. 2013).

In various regions of Ethiopia, the lack of clear
policies promoting agroforestry as a sustainable land-
use practice leads to the underutilization of these
vital systems, which are crucial for food security and
environmental sustainability (Amare et al. 2019).
Moreover, agroforestry practices are often not inte-
grated into national agricultural policies or climate
change adaptation strategies, limiting their potential
impact on food security and environmental resilience
(Moges et al. 2020). Existing policies frequently do
not address barriers such as land tenure issues, which
can discourage farmers from investing in agrofor-
estry; secure land tenure is essential for the success of
these systems (Asfaw et al. 2013).

Additionally, many farmers face challenges in
accessing essential resources like tree seedlings, agri-
cultural inputs, and financial services, all of which
are crucial for implementing agroforestry practices
(Mekonnen et al. 2018). Poor infrastructure, includ-
ing inadequate transportation networks, further
limits their ability to market agroforestry products
effectively, reducing economic viability (Mishra and
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Mishra 2018). Insufficient investment in research
and development for agroforestry practices also hin-
ders innovation and the adoption of new technologies
that could enhance productivity and sustainability
(Negash and Starr 2015).

Overall, while agroforestry offers significant ben-
efits for sustainable agriculture in Ethiopia, its adop-
tion is hindered by challenges such as land shortages,
inadequate policies, limited access to resources, and
poor infrastructure. To overcome these obstacles, it is
crucial to enhance policy frameworks, integrate tra-
ditional knowledge with modern practices, and invest
in research and development. Addressing these issues
will not only promote the effective implementation
of agroforestry but also contribute to improved food
security and environmental resilience in the region.

In general, the implications of the review on agro-
forestry practices in Ethiopia can be categorized into
three key areas: practice, policy, and future research.
In terms of practice, farmers should be encouraged
to adopt diverse agroforestry systems tailored to
local conditions, such as home gardens and coffee-
based systems, to enhance productivity and resilience
against climate change. On the policy front, there is a
need for supportive policies that promote agroforestry
as a sustainable land-use practice, including access
to resources like seedlings and financial support for
farmers. For future research, a focus on the socio-
economic and environmental contexts of agroforestry
practices across Ethiopia will aid in identifying effec-
tive best practices for specific regions.

Conclusion and recommendations
Conclusions

Agroforestry practices in Ethiopia are crucial for
enhancing agricultural productivity, improving food
security, and addressing climate change challenges.
By integrating diverse tree species with crops and
livestock, these systems promote sustainable liveli-
hoods and environmental resilience. The adaptability
and effectiveness of agroforestry are evident in vari-
ous regional practices, such as parkland and home
gardens in Amhara, coffee-based systems in Oromia,
and dryland agroforestry in Somalia. These practices
not only improve soil health and increase biodiver-
sity but also diversify income sources for farmers.

@ Springer

Particularly, home gardens can sequester up to 150
tons of carbon per hectare, while coffee agroforestry
systems capture around 7.2 tons of CO, per hectare
annually. Overall, agroforestry plays a vital role in
fostering ecological balance, empowering commu-
nities with economic opportunities, and enhancing
nutritional security, thereby ensuring a sustainable
agricultural future for smallholder farmers across the
country.

Recommendations

In terms of practice, farmers should be encouraged
to adopt diverse agroforestry systems tailored to
local conditions, such as home gardens and coffee-
based systems, to enhance productivity and resil-
ience against climate change.

On the policy front, there is a need for supportive
policies that promote agroforestry as a sustainable
land-use practice, including access to resources
like seedlings and financial support for farmers.
There should be needed future research, a focus on
the socio-economic and environmental contexts
of agroforestry practices across Ethiopia will aid
in identifying effective best practices for specific
regions.

Through addressing these implications, stakehold-
ers can improve the effectiveness of agroforestry prac-
tices in Ethiopia, contributing to sustainable develop-
ment and better livelihoods for rural communities.
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