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ABSTRACT  Article History 

Agroforestry is a strategy for sustainable intensification in sub-Saharan Africa (SSA), 

promoting multifunctional landscapes that improve soil fertility, support livelihoods, enhance 

carbon sequestration, and deliver ecosystem services such as water quality, erosion control, 

and biodiversity conservation. Despite wide recognition of its benefit’s comprehensive 

analyses of agroforestry's impact on soil fertility, livelihoods, and carbon storage are limited. 

This systematic review analyses 145 publications to quantify and assess the contributions of 

agroforestry in these areas within SSA. Results indicate that agroforestry systems substantially 

enhance soil fertility and provide viable climate adaptation and mitigation strategies, thereby 

diversifying and bolstering rural livelihoods against climate perturbations. Agroforestry also 

offers significant potential for carbon sequestration in both aboveground biomass and soil, 

although additional research is required to elucidate belowground carbon dynamics and 

greenhouse gas fluxes. Challenges such as land tenure, limited access to resources, and the 

need for context-specific research curtail the broader impacts of agroforestry. The review 

highlights the necessity for targeted policy support and further research addressing carbon 

rights, land tenure, and the implications of climate change to promote widespread adoption 

of agroforestry and maximize its contribution to sustainable development across SSA. 
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INTRODUCTION 

 

 Agroforestry is increasingly recognized as a 

valuable land use strategy that provides resilience to 

climate change, enhances soil fertility, and supports 

livelihoods, especially in resource-constrained regions 

such as sub-Saharan Africa (SSA) (Kuyah et al., 2023). By 

integrating trees within agricultural landscapes, 

agroforestry systems deliver essential products 

including food, fodder, fuel, and medicinal resources to 

communities facing economic and environmental 

challenges. Beyond these direct benefits, agroforestry 

enhances agricultural productivity by influencing soil 

water availability, light distribution, and nutrient cycling. 

Through these mechanisms, agroforestry not only 

promotes resilience to climate change but also provides 

additional income sources and safety nets during 

climate-induced shocks (Muthuri et al., 2004; Muchane 

et al., 2020; Quandt et al., 2023). 

 In these systems, trees significantly contribute to soil 

stability and fertility. By reducing water runoff, acting as 

windbreaks, and binding the soil with their roots, trees 

prevent erosion and help maintain agricultural productivity 

(Kuyah et al., 2019). The beneficial effects on crop and 

livestock production are attributed to agroforestry’s ability 

to create favorable microclimates, enhance soil fertility, 

and regulate water availability, making it a sustainable 

approach to land management that fosters climate 

resilience and biodiversity conservation (Bayala et al., 2014; 

Kuyah et al., 2019). 
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 Agroforestry also plays a crucial role in climate change 

mitigation through significant carbon sequestration in plant 

biomass and soil (Dimobe & Bayala, 2023). Global studies 

suggest that agroforestry systems store an average of about 

21.4MgCha⁻¹ in biomass, with variation across tropical 

climates: 9MgCha⁻¹ in semi-arid areas, 21MgCha⁻¹ in sub-

humid areas, and 50MgCha⁻¹ in humid zones (Montagnini & 

Nair, 2004; Zomer et al., 2016; Dimobe & Bayala, 2023). In 

Africa, estimates suggest that agroforestry systems could 

sequester between 1.0 and 18MgCha⁻¹ in aboveground 

biomass (Nair & Nair, 2014). However, the reliability of these 

estimates is often questioned, necessitating a quantitative 

synthesis of evidence from primary studies to capture 

agroforestry’s carbon storage potential. 

 Despite the high expectations of agroforestry’s role in 

carbon sequestration, it is often overlooked by national 

measurement, reporting, and verification (MRV) systems 

due to challenges in quantifying carbon accurately. 

Advanced methods to estimate biomass carbon in 

agricultural landscapes exist, yet variations across studies 

indicate persistent methodological challenges. Advanced 

methods to estimate biomass carbon in agricultural 

landscapes exist, yet variations across studies indicate 

persistent methodological challenges (Mansourian & 

Berrahmouni, 2021; Duguma et al., 2023).  

 While the benefits of trees on farms are well-

documented, there remains a need for systematic analysis 

of agroforestry’s contributions to soil fertility, livelihoods, 

and carbon storage in SSA. The existing research often 

focuses narrowly on agroforestry’s impact on crop 

productivity through plot-level experiments, overlooking 

broader ecosystem services. Although there are studies 

examining specific benefits of trees, such as African locust 

bean (Parkia biglobosa), shea butter trees (Vitellaria 

paradoxa) and baobab (Adansonia digitata), primary 

studies on carbon sequestration often yield context-

specific results based on variations in climate, soil type, 

tree species, and management practices. The lack of 

comprehensive geographic distribution and standardized 

research limits our understanding of agroforestry’s role in 

enhancing resilience under diverse climate challenges 

(Quandt et al., 2023). 

 This review systematically synthesizes existing 

research on the contributions of agroforestry to soil 

fertility, livelihoods, and carbon sequestration in SSA. It 

aims to quantitatively and qualitatively assess the benefits 

and challenges of agroforestry practices across diverse 

ecological and socio-economic contexts. This analysis 

seeks to fill gaps in current knowledge and provide 

actionable insights that could facilitate the integration of 

agroforestry into climate adaptation and mitigation 

strategies, enhancing both livelihoods and environmental 

sustainability in the region. 

 

MATERIALS & METHODS 

 

Literature Search 

 A comprehensive literature search was conducted in 

the Web of Science and SCOPUS databases to gather 

information on agroforestry practices contributing to 

sustainable agricultural systems in SSA. The search 

focused on practices enhancing soil fertility and 

ecosystem resilience within agroforestry systems. Specific 

keywords used included “agroforestry”, “soil fertility”, 

“ecosystem services”, as well as terms for individual 

countries within SSA and the region as a whole to 

capture studies where SSA might not be explicitly 

mentioned (Table 1). 

 To ensure a thorough review, additional searches were 

performed on ResearchGate and Google Scholar, targeting 

peer-reviewed articles exclusively, given the potential 

variability in the reliability of grey literature for systematic 

reviews. References within the retrieved publications were 

meticulously scanned to identify further relevant studies. 

The search protocols and inclusion criteria followed were 

adapted from those suggested by Moher et al. (2015) in 

their guidelines for systematic reviews. 

 

Selection, Screening and Data Extraction 

 The study selection involved a three-step process to 

ensure relevance and comprehensiveness (Fig. 1). Initially, 

duplicate articles were removed from the database 

results. Subsequently, titles and abstracts of the 

remaining articles were screened to exclude studies not 

aligning with the review’s focus, pinpointing those 

warranting full-text examination. The final stage involved 

detailed reviews of the full texts, extracting data 

according to predefined criteria outlined by Higgins & 

Green (2011) in their Cochrane Handbook for systematic 

reviews. 

 
Table 1: Search terms used to retrieve publications indexed in Web of Science and SCOPUS. Timespan = 1993-2023; language = English and French. Search 

by all fields was applied in Web of Science Core Collection to maximize records, while SCOPUS searches were limited to articles, reviews, and conference 

papers. Further refinement included selection by SSA countries 

Focus area Search terms Regional filter 

Agroforestry and soil 

fertility 

ALL = ((“agroforestry” OR “agroforestry practices” OR “soil fertility” OR “agroforestry ecosystems” OR 

“parklands” OR “tree-crop interactions” OR “soil nutrients” OR “nitrogen fixation” OR “organic matter”) 

AND (“sub-Saharan Africa” OR “SSA” OR “Burkina Faso” OR “Kenya” OR “Uganda” OR “Senegal” OR 

“Ethiopia” OR “Ghana” OR “Cameroon” OR “Mali” OR specific SSA countries)) 

SSA countries (e.g., Burkina 

Faso, Ethiopia, Kenya, 

Uganda) 

Agroforestry and 

ecosystem services 

ALL = ((“ecosystem services” OR “water regulation” OR “erosion control” OR “biodiversity” OR 

“microclimate” OR “habitat provision” OR “pollination”) AND (“agroforestry” OR “agroforestry practices” 

OR “trees outside forests”) AND (“sub-Saharan Africa” OR “SSA” OR specific SSA countries)) 

SSA countries (Burkina Faso, 

Ethiopia, Kenya, Nigeria, 

Tanzania, Uganda, Ethiopia) 

Agroforestry and 

carbon sequestration 

ALL = ((“carbon sequestration” OR “carbon sink” OR “SOC” OR “soil organic carbon” OR “carbon stock” 

OR “biomass carbon” OR “carbon storage” OR “GHG emissions”) AND (“agroforestry” OR “trees on farms” 

OR “trees outside forests”) AND (“sub-Saharan Africa” specific SSA countries)) 

SSA countries (e.g., Burkina 

Faso, Ethiopia, Kenya, 

Uganda) 

Climate change 

mitigation and 

agroforestry 

ALL = ((“climate change” OR “mitigation” OR “adaptation” OR “sustainable intensification” OR “resilience” 

OR “low-emission agriculture”) AND (“agroforestry” OR “trees outside forests”) AND (“sub-Saharan Africa” 

OR “SSA”)) 

SSA countries (Burkina Faso, 

Ethiopia, Kenya, Uganda) 
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Fig. 1: A step-wise flow diagram 

illustrating literature search and 

screening of records retrieved 

across sub-Saharan Africa. 

 

 Inclusion criteria were stringent: only peer-reviewed 

journal articles written in English or French, covering all 

years up to and including 2023; field-based studies 

conducted in SSA rather than greenhouse or laboratory 

experiments; and reports offering quantitative or 

qualitative data on agroforestry’s impact on soil fertility or 

other ecosystem services were considered. 

 Data extraction from each study included: study 

location (country and specific site); type of study (e.g., 

observational, survey, experimental, or modelling); described 

agroforestry practices (specific tree and crop interactions); 

and outcomes relating to soil fertility, carbon stock, and 

other ecosystem services. Frequency counts and 

percentages of studies focusing on specific agroforestry 

benefits were calculated to identify trends across SSA. These 

results are organized into key thematic areas: agroforestry 

practices in SSA, contributions to soil fertility, and ecosystem 

service enhancements via carbon sequestration. 

 

Major Agroforestry Practices in Sub-Saharan Africa 

 The principal agroforestry practices in SSA that 

contribute to sustainable livelihoods are presented in Table 

2. This table not only outlines common practices but also 

highlights some lesser-known methods that have been 

documented in the literature. These include: (1) farmer-led 

restoration strategies, such as Farmer-Managed Natural 

Regeneration (FMNR), which have been explored for their 

potential to restore degraded lands efficiently (Kuyah et al., 

2023); (2) commercial pole production through linear 

agroforestry systems, which generate economic benefits 

(Tumwebaze et al., 2012), (3) traditional systems like the 

Taungya method, where agriculture and forestry are 

integrated and tree fallow techniques that improve soil health 

(Nigussie et al., 2020; Mpanda et al., 2021); and (4) utilization 

of agroforestry trees as animal feed, which has been studied 

for its dual benefits of feeding livestock and improving soil 

fertility (Ondiek et al., 2000; Ndemanisho et al., 2006). 

lley Cropping 

 Alley cropping, also known as hedgerow 

intercropping, involves planting crops between rows of 

pruned trees or shrubs, typically spaced 4 to 8 meters 

apart. This method, which is detailed by Muthuri et al., 

(2023), utilizes pruned materials as mulch or green 

manure to enhance soil fertility or as fodder for livestock 

(Jama et al., 1995). Although this practice is effective in 

moisture-rich environments, it can limit yields in drier 

areas due to competition for resources (Cooper et al., 

1996). Hedgerows also provide protective or ornamental 

boundaries around homesteads and can enhance fodder 

availability, particularly when combined with high-yield 

species like Calliandra calothyrsus and Napier grass 

(Pennisetum purpureum), which produce more fodder 

when grown together (Akyeampong & Dzowela, 1996). 

Alley cropping systems also promote biodiversity by 

creating habitats for beneficial insects and wildlife. For 

example, in Nigeria, incorporating Leucaena leucocephala 

in alley cropping has shown to improve soil fertility and 

increased maize yields (Kang et al., 1981). However, the 

emphasis on hedgerow use for fodder often limits 

firewood production, whereas prioritizing firewood can 

reduce the availability of fodder. 

 

Home Gardens 

 Home gardens in SSA serve as critical hubs for 

biodiversity and are vital for sustainable food security and 

income generation in rural communities. This research 

corroborates findings by Mohri et al. (2013), who noted the 

pivotal role of diverse plantings in enhancing households 

resilience and ecological sustainability. The integration of 

fruit trees, vegetables, medicinal plants, and livestock in 

these gardens supports a complex ecosystemthat not only 

boosts soil fertility but also regulates microclimates and 

promotes biodiversity, thus contributing to broader 

environmental health.  
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Table 2: Summary of primary agroforestry practices in SSA and their contribution to livelihood benefits 

Agroforestry practice Goods and services Contribution to livelihoods Key tree species 

Alley cropping Firewood, fodder, mulch; soil 

improvement; erosion control 

Food production, fuelwood, 

income 

Glircidia sepium, Leucaena leucocephala 

Eleais guineensis, Albizia lebbeck 

Relay 

fallow/intercropping 

Firewood, stakes, fodder; soil 

improvement 

Food production, income, 

fuelwood 

Acacia mangium, Eleais guineensis, Albizia lebbeck, Acacia tumida, 

Acacia auriculiformis 

Agroforestry parklands Food, fuelwood, timber, craft, 

medicines; livestock shelter, 

cultural benefits 

Food, health, income, cultural 

value 

Vitellaria paradoxa, Adansonia digitata, Borassus aethiopum, 

Faidherbia albida, Lannea microcarpa, Parkia biglobosa, Tamarindus 

indica, Pterocarpus erinaceus, Sclerocarya birrea 

Biomass transfer (cut-

and-carry) 

Firewood, forage; soil 

improvement 

Income, fuelwood Glircidia sepium, Leucaena leucocephala, 

Acacia tumida  

Silvopasture Timber, fodder, shade, shelter 

for livestock 

Nutrition, income, health Faidherbia albida, Acacia polyacantha, Ficus thonningii 

Home gardens Firewood, fodder, mulch; soil 

improvement; erosion control 

Construction material, 

firewood, fodder, food, 

income, medicinal use, shade, 

and timber 

Catha edulis 

Percea americana 

Musa spp,  

Elettaria cardamomum 

Improved fallow Wood, fodder, firewood, poles firewood, fodder, food, 

income, medicinal use, 

Glircidia sepium, Sesbania sesban, Cajanus cajan, Senna siamea, 

Prosopis chilensis, Calliandra calothyrsus, Tephrosia candida 

 

 In Burkina Faso, the variation in garden sizes and the 

management practices predominantly led by women 

highlight an important socio-economic aspect of 

agricultural diversity. These practices ensure food security 

and promote gender empowerment in rural settings, 

aligning with the findings of Acheampong et al. (2012) and 

Guuroh et al. (2014). The move towards crops requiring 

minimal water and high nutritional value, supported by 

infrastructural improvements as noted by (Olney et al., 

2015; Nielsen et al., 2018) suggests a strategic adaptation 

to increasing climate variability and resource scarcity in 

SSA. 

 Kenyan home gardens, while smaller, demonstrate 

greater species complexity and adaptability to local 

conditions (Ndinya, 2019), underscoring the importance 

of cultural and ecological specificity in agroforestry 

practices. This adaptability is crucial for the scalability of 

such practices across varying climates and topographies, 

suggesting a model for replication in similar 

environments across SSA. These gardens have expanded 

independently in several communities, suggesting a 

strong potential for further adoption (Cheatle & Shaxson, 

2001).  

 The Ethiopian example of incorporating perennial cash 

crops like coffee, enset, avocado, and bananas within 

gardens, often complemented by live fences for additional 

ecological benefits (Betemariyam et al., 2020), exemplifies 

an integrated land use approach that optimizes economic 

and ecological outcomes. This integration of crop diversity 

with ecological barriers illustrates how traditional practices 

can be leveraged to enhance modern agricultural 

sustainability. This study's focus on specific countries 

within SSA provides valuable insights but also presents 

limitations due to the geographical and cultural diversity 

across the region. Future research should explore the 

scalability and adaptability of these practices in other SSA 

countries with different climatic and socio-economic 

conditions to provide a more comprehensive 

understanding of their potential impact. Additionally, while 

the benefits of home gardens are clear, more detailed 

longitudinal studies are needed to quantify the long-term 

impacts of these systems on soil health, crop yields, and 

socioeconomic factors, particularly in the context of 

changing climate conditions. 

Improved Fallow 

 Improved fallow systems, which utilize fast-growing, 

nitrogen-fixing trees, such as Gliricidia sepium, represent 

an advanced adaptation of traditional fallow techniques. 

These systems are particularly effective in restoring soil 

fertility, increasing biomass accumulation, and enhancing 

nitrogen availability, essential for subsequent agricultural 

cycles (Swamila et al., 2020). 

 The integration of species like Gliricidia sepium in 

improved fallow systems provides multiple ecological and 

agronomic advantages. These trees fix atmospheric 

nitrogen, thereby enriching the soil and improving its 

structure and organic content. This process is crucial for 

sustainable agriculture, helping to maintain soil health and 

reducing reliance on chemical fertilizers, which can have 

harmful environmental impacts (Swamila et al., 2020; 

Kuyah et al., 2023). Moreover, these systems can 

substantially reduce the required fallow period, enabling 

more frequent crop rotations, which is vital for regions 

grappling with food security. Unlike traditional fallow 

methods that depend on natural vegetation regrowth over 

several years, improved fallow systems use selected fast-

growing and nitrogen-fixing species to expedite soil 

restoration and increase productivity within a shorter 

timeframe. This approach optimizes land use and 

promotes biodiversity by providing habitats and food 

sources for local wildlife (Sileshi et al., 2014). 

 The implementation of improved fallow systems faces 

several challenges, including the need for careful species 

selection and management to ensure environmental 

compatibility and agricultural effectiveness. Managing the 

competition between fallow species and crops for light and 

nutrients is crucial to avoid negative impacts on crop yields 

(Swamila et al., 2020). Future research should aim to 

optimize species selection and management practices to 

maximize the ecological and economic benefits of 

improved fallow systems. Expanding the range of 

leguminous species studied, particularly those offering 

additional economic advantages such as fodder or wood 

products, could provide further incentives for adoption. 

 

Agroforestry Parklands 

 Agroforestry parklands in SSA (Fig. 2) are critical for 

maintaining ecological balance and supporting rural 

economies. Recent studies highlight their pivotal role in 
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integrating biodiversity with agricultural productivity, 

enhancing resilience to climate variability, and supporting 

sustainable livelihoods (Dimobe et al., 2018; Kuyah et al., 

2019; Dimobe & Bayala, 2023). These parklands include 

valuable species like Vitellaria paradoxa (Shea), Parkia 

biglobosa (African locust bean), Faidherbia albida, and 

Lannea microcarpa (African grape), which provide food, 

fodder, fuel, medicinal resources, and materials for 

cultural practices. 

 

 

 
Fig. 2: A view of the agroforestry parks in Soutwest Burkina Faso (Dimobe, 

2017). 

 

 The prevalence of species like V. paradoxa in the 

Sudano-Sahelian zones of Mali and Burkina Faso 

exemplifies the adaptation of local communities to 

challenging environmental conditions (Boffa, 1999; Bayala 

et al., 2015). Recent research by Fané et al. (2024) 

underscores the tree's resilience to drought and fire, 

aligning with its widespread use across the region. This 

resilience is crucial as climate models predict increasingly 

variable rainfall patterns and higher temperatures in SSA 

(Dimobe et al., 2020).  

 Economic contributions of agroforestry parklands 

remain significant, as recent findings by Faye et al. (2011) 

show that products from these systems contribute up to 

75% of household income in regions like Mali. These 

systems not only provide direct economic benefits but also 

contribute to food security and nutritional needs, as 

indicated by a 2014 study by Bayala et al. (2014), which 

documented how parkland products help buffer 

communities against food shortages during off-harvest 

seasons. 

 In the Sahel region, the integration of Faidherbia 

albida trees into cropping systems is notable for their soil 

fertility and crop yield benefits. As a nitrogen-fixing 

species, F. albida sheds its leaves during the rainy season, 

which deposits organic matter into the soil and enhances 

nutrient availability for crops. Studies have demonstrated 

that fields with F. albida can produce up to four times the 

yield of fields without these trees, illustrating the impactful 

nature of this agroforestry practice (Sida et al., 2018). 

 

Silvopasture 

 Silvopasture combines trees and pasture systems to 

support livestock grazing in landscapes where shade and 

fodder are essential for resilience, especially in semi-arid 

areas. Trees in these systems, such as Faidherbia albida, 

Acacia polyacantha, and Ficus thonningii, provide shade 

and enhance soil fertility, benefiting both livestock and 

pasture growth (Balehegn et al., 2015; Birhane et al., 2019). 

The leaves, pods, and fruits serve as high-protein fodder 

during dry seasons, offering a critical source of sustenance 

for livestock. 

 

Biomass Transfer (Cut-and-Carry System) 

 In biomass transfer systems, tree and shrub biomass is 

harvested and applied to the soil as mulch or green 

manure, improving soil fertility. This practice is especially 

useful where labor is available to support regular 

harvesting and application, and it has proven beneficial in 

increasing crop productivity and household income. 

 

Soil Fertility Enhancement 

 Agroforestry practices significantly enhance soil 

fertility and crop productivity in sustainable agriculture 

systems. Key contributions include nitrogen fixation, 

carbon sequestration, improved soil microbial activity, and 

enhanced nutrient cycling. 

 

Nitrogen Fixation and Crop Productivity 

 Agroforestry systems that integrate leguminous 

species, such as Leucaena leucocephala in alley cropping, 

have been shown to increase soil nitrogen levels 

(Hombegowda et al., 2022). This supports crop 

productivity, particularly on marginal lands (Sileshi et al., 

2014; Sileshi, 2016). For example, nitrogen-fixing woody 

species can increase maize yields up to 4Mg/ha without 

synthetic fertilizers, while yields exceeding 7Mg/ha may 

require additional nitrogen inputs up to 200kg/ha (Sileshi 

et al., 2008). Organic nitrogen sources are preferred for 

long-term sustainability, as 50–80% of the nitrogen is 

remains in the soil matrix. Similarly, incorporating 

Faidherbia albida into cropping systems enhances soil 

nitrogen and increases crop yields in African 

agroecosystems (Yengwe, 2017). 

 

Soil Organic Matter and Microbial Activity 

 Soils under agroforestry management show higher 

organic carbon, nitrogen, phosphorus, and potassium 

levels than those in conventional systems (Kuyah et al., 

2019). These systems foster soil microbial diversity, 

sustaining soil enzymatic functions (e.g., glucosidase 

activity) and supporting arbuscular mycorrhizal fungi 

(Dollinger & Jose, 2018). Enhanced microbial diversity 

under agroforestry contributes to nutrient cycling and soil 

organic matter accumulation, bolstering below-ground 

biodiversity and resilience (Rodrigues et al., 2015; Kuyah et 

al., 2016). Additionally, plant roots in agroforestry systems 

exert a distinct effect on rhizosphere nutrient cycling 

through nutrient uptake, rhizodeposition, and microbial 

interactions, which further enriches soil fertility (Fig. 3). 

 

Role of Tree Species and System Variations 

 The soil-enhancing effects of agroforestry vary with 

tree species, size, and age. Larger trees, such as Faidherbia 

albida, improve soil structure and fertility by accessing 

deep   soil   nutrients   (Bayala  et  al.,  2012;  Sileshi,  2016).  
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Fig. 3: Microbial activity and 

nutrient cycling in rhizosphere 

(source: Bhaduri et al., 2017). 

 

 

Silvopastoral systems further enrich soil properties through 

biomass deposition and nitrogen fixation by leguminous 

species, which sustain organic matter inputs (Malchair et 

al., 2010; Vallejo et al., 2010; Nair, 2011).  

 

Contributions of Agroforestry to Rural Livelihoods 

 Agroforestry contributes to improving rural livelihoods 

in SSA by enhancing food security, income, and energy 

availability (Kuyah et al., 2019). These benefits are 

interlinked with sustainable agricultural practices, 

supporting local resilience and economic stability. The 

findings can be broadly categorized into food and 

nutritional security, renewable energy and economic 

benefits (Nair et al., 1999). 

 

Enhancing Food and Nutrition through Agroforestry 

 Agroforestry systems improve food security by 

diversifying diets and providing year-round availability of 

edible products of Fruit trees such as mango (Mangifera 

indica), avocado (Persea americana), and guava (Psidium 

guajava) supply essential nutrients and act as dietary 

supplements, especially during periods of food scarcity 

(Kindt et al., 2021). Fruits from these trees often 

supplement diets, especially in seasons of food scarcity. 

The inclusion of leafy vegetables from species like 

Balanites aegyptiaca and Ficus dicranostyla further bolsters 

nutritional security for rural communities. Homegardens, 

particularly prevalent in East Africa, enhance dietary 

diversity and food availability by hosting a variety of food-

producing species (Muthuri et al., 2023). Plantation-based 

systems, such as coffee and cashew agroforestry, integrate 

food and cash crop production, addressing both 

subsistence and economic needs. Beyond direct food 

production, agroforestry contributes indirectly to food 

security by providing essential inputs like firewood for 

cooking and edible oils from Vitellaria paradoxa (shea 

butter), Balanites aegyptiaca, and Moringa oleifera, which 

also support value-added products like soap (Ouédraogo 

et al., 2013). These findings highlight agroforestry’s 

multifaceted role in addressing food and nutritional 

security, particularly in vulnerable regions with limited 

agricultural resources. 

Renewable Energy Sources in Agroforestry Systems 

 Agroforestry systems provide critical renewable 

energy sources including firewood and charcoal, which are 

indispensable for household energy needs in Sub-Saharan 

Africa. These biomass resources alleviate dependency on 

natural forests, reducing land degradation and 

environmental stress. For example, rotational woodlots in 

Tanzania provide sustainable firewood supplies for up to 

16 years, significantly reducing time spent on gathering 

firewood and contributing to sustainable land use (Kimaro 

et al., 2011). Agroforestry-derived firewood also supports 

local industries such as tea processing, brick making, and 

tobacco curing, highlighting its economic and social 

relevance (Iiyama et al., 2014). The integration of energy 

provisioning into agroforestry practices enhances 

household resilience and provides an alternative to non-

renewable energy sources, aligning with broader 

environmental sustainability goals. 

 

Economic Benefits from Agroforestry Outputs 

 The economic contributions of agroforestry are 

substantial, with up to 19% of smallholder income in SSA 

derived from tree-based products such as fruits, timber, 

firewood, and traditional medicines (Miller et al., 2017). 

Additional income sources include beekeeping, charcoal 

production, and fodder sales, all of which diversify 

household revenue streams. Studies have shown that 

agroforestry adopters benefit from increased income and 

reduced reliance on market-purchased inputs, enhancing 

financial stability and self-sufficiency (Kiyani et al., 2017; 

Quandt et al., 2019). This economic dimension 

underscores agroforestry’s potential to alleviate rural 

poverty while contributing to sustainable agricultural 

development. This review highlights agroforestry as a 

vital strategy for improving rural livelihoods by 

addressing food security, renewable energy, and income 

generation. Agroforestry systems provide a sustainable 

pathway to achieve global goals such as the United 

Nations’ Sustainable Development Goals (SDG 2: Zero 

Hunger and SDG 7: Affordable and Clean Energy). 

However, the adoption and scalability of agroforestry 
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practices are constrained by socio-economic and 

institutional barriers. Addressing these challenges 

requires targeted interventions, including: 

- Policies to incentivize agroforestry adoption through 

subsidies and technical support. 

- Development of markets for agroforestry products, 

enhancing their economic value. 

- Research on long-term ecological and socio-economic 

impacts to inform adaptive management practices. 

 Future studies should explore region-specific 

variations in agroforestry benefits, particularly under 

different climatic conditions, to optimize its 

implementation. By integrating agroforestry into national 

and regional development plans, Sub-Saharan Africa can 

harness its full potential to support sustainable livelihoods 

and environmental conservation. 

 

Carbon Sequestration in Agroforestry Systems in Sub-

Saharan Africa (SSA) 

 Agroforestry has been recognized as a viable climate 

change mitigation strategy due to its potential for carbon 

sequestration in both tree biomass and soil. As 

agriculture contributes 10–12% of global greenhouse gas 

emissions (Vermeulen et al., 2012), the IPCC has 

highlighted agroforestry as a promising pathway for 

reducing these emissions. By incorporating trees into 

agricultural systems, agroforestry can contribute to 

climate resilience in SSA, where climate change impacts 

are particularly severe. Trees in these systems capture 

atmospheric CO₂ and store it in their biomass, while crop 

residues and tree litter contribute to increased soil 

organic carbon, thus enhancing soil quality and resilience 

(Nair, 2012). For example, research has shown that 

agroforestry systems in SSA can recover up to 35% of the 

original forest carbon stocks after slash-and-burn 

practices (Sanchez, 2000). Some agroforestry species, 

such as Gliricidia sepium and Acacia species (e.g., Acacia 

crassicarpa, Acacia mangium) have demonstrated a 

capacity to increase soil organic carbon, with studies in 

Tanzania reporting significant increases in topsoil carbon 

under these species (Kimaro et al., 2007). Such species 

enhance soil fertility while contributing to stable carbon 

stocks, thereby supporting agricultural productivity and 

soil resilience. Agroforestry systems also hold promise for 

inclusion in global carbon trading initiatives, which would 

provide economic incentives for carbon sequestration 

and reduce further deforestation and land degradation. 

 In SSA, agroforestry systems an average of 

24.2±2.8MgCha−1 in biomass and 98.8±12.2 MgCha−1 in 

soil, indicating substantial carbon storage potential 

(Muthuri et al., 2023). This combined storage capacity 

exceeds that of simpler agrosilvicultural systems in Africa’s 

humid tropics (29–53 MgCha−1) but is somewhat lower 

than high-density, long-lived tree systems found in 

Southeast Asia. Variations in carbon sequestration across 

agroforestry practices are influenced by factors such as soil 

depth and sampling methodologies, as these can 

significantly affect soil carbon estimations (Schrumpf et al., 

2011; Hairiah et al., 2020). For example, complex systems 

such as home gardens in SSA exhibit particularly high 

carbon storage capacity, averaging up to 153±23MgCha−1. 

Such systems often integrate perennial crops with 

multipurpose trees, promoting prolonged carbon retention 

and supporting household livelihoods through the 

production of food, medicinal plants, and timber (Kimaro 

et al., 2007). 

 

Aboveground Carbon Sequestration 

 Agroforestry systems like home gardens and 

perennial tree-crop systems store substantial amounts of 

aboveground carbon, with typical values around 

34.3±7.9MgCha−1 in home gardens and 

29.9±12.7MgCha−1 in perennial systems (Kimaro et al., 

2007). Notably, higher aboveground carbon values have 

been observed in more intensively managed systems, 

such as enset-coffee agroforestry, which can store 

between 58.3 and 116.2MgCha−1, reflecting the effects of 

extended tree rotation periods and complex canopy 

structures in these systems (Kimaro et al., 2007; Hobbs & 

Cramer, 2008). Small-scale woodlots in Tanzania, such as 

Eucalyptus woodlots, display similar benefits, often 

surpassing carbon stocks found on degraded lands or 

open cropland, which emphasizes their value for climate 

mitigation and ecosystem restoration (Nkurunziza et al., 

2019). 

 

Soil Carbon Sequestration Potential 

 Many agroforestry practices, including intercropping 

and parklands, hold significant potential to increase soil 

organic carbon in SSA, particularly in sandy soils where 

water retention is critical. Long-term agroforestry studies 

in Uganda, such as continuous alley cropping with 

Maesopsis eminii, have demonstrated substantial increases 

in soil organic carbon over 11 years, underscoring the 

benefits of sustained agroforestry practices (Hobbs & 

Cramer, 2008; Tumwebaze et al., 2012). Conversely, studies 

in Burkina Faso reported limited soil carbon gains in 

shorter-term alley cropping systems, illustrating the 

importance of long-term management for maximizing 

carbon benefits (Baumert et al., 2016). Soil organic carbon 

stocks are highest in complex agroforestry systems like 

homegardens and perennial tree-crop systems, particularly 

in humid and sub-humid zones where tree rotation periods 

often exceed 20 years (Nair & Nair, 2014). These systems 

benefit from the continuous input of organic matter 

through litter, root turnover, and periodic pruning, which 

enhances soil structure and fertility. Studies in Ethiopia 

have shown that transitioning from forest to agroforestry 

systems retains more Soil organic carbon compared to 

converting land to monoculture crops, demonstrating 

agroforestry’s potential for sustainable land use (Negash et 

al., 2022). 

 Boundary systems, while not contributing significantly 

at the farm level, provide additional Soil organic carbon 

benefits by enhancing soil carbon in otherwise unused 

areas. Rotational woodlots, with SOC accumulation rates 

averaging 29.2±5.5MgCha−1 in Tanzania, also play a 

valuable role in restoring degraded landscapes and 

promoting long-term carbon retention (Kimaro et al., 

2011). 
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Challenges in Carbon Measurement and Monitoring 

 Accurately estimating carbon sequestration in 

smallholder agroforestry systems in SSA presents 

significant challenges. While these systems contribute 

substantially to carbon storage, reliable measurement and 

monitoring of carbon stocks, particularly tree biomass 

accumulation, remain difficult. The IPCC offers a Tier 1 

methodology with global default values for estimating 

carbon stocks, yet applying these standards locally often 

leads to inaccuracies (Brown, 1997; IPCC, 2003). . In 

response, more refined Tier 2 and Tier 3 methods, which 

incorporate country-specific data and species-specific 

allometric equations, have improved accuracy. For 

example, studies in western Kenya have developed local 

allometric equations for Eucalyptus species, estimating live 

tree biomass at 24.4±0.01Mg/ha, equivalent to 

11.7±0.01Mg of carbon per hectare (Kuyah et al., 2013). 

Such local adaptations help reduce estimation bias by 

accounting for regional tree characteristics, but more 

studies are required to develop equations that reflect 

variations in tree architecture and wood density across 

different species. 

 The diversity of species, management practices, and 

environmental conditions in SSA further complicates 

accurate carbon quantification. Most studies use 

generalized equations that risk over- or underestimating 

carbon stocks. While agroforestry is effective in 

sequestering CO₂, the integration of nitrogen-fixing trees 

and livestock introduces potential emissions of nitrous 

oxide (N₂O) and methane (CH₄), respectively. For 

agroforestry to remain a net carbon sink, effective 

mitigation strategies are essential to balance carbon 

sequestration with these emissions. 

 

Developing Species-Specific Allometric Equations 

 Developing accurate allometric equations for local 

tree species is crucial for effective biomass estimation. 

Species-specific equations help account for differences in 

tree architecture and wood density, which vary significantly 

among species. Several studies in SSA have focused on 

constructing these equations, particularly for agroforestry 

species common in parklands. Findings indicate that bias 

in biomass estimates often arises from inaccuracies in the 

equations used for smaller trees, which play a critical role 

in overall biomass estimates. Research has shown that the 

biomass of smaller trees is often overestimated, impacting 

the precision of carbon stock assessments (Pérez-Cruzado 

& Rodríguez-Soalleiro, 2011). To address these issues, 

tailored equations that consider variables such as DBH, 

height, and wood density can improve the reliability of 

carbon estimates in agroforestry systems, enabling a more 

accurate assessment of their climate mitigation potential. 

 

Conclusion 

 This review highlights the significant role of 

agroforestry practices in SSA in advancing sustainable 

agricultural development, enhancing livelihoods, and 

contributing to climate mitigation efforts. The diversity of 

agroforestry practices in SSA, including alley cropping, 

home gardens, improved fallows, agroforestry parklands, 

and silvopasture—reflects the adaptability of these 

systems to different ecological and socio-economic 

conditions across the region. Each practice contributes 

uniquely to environmental sustainability, from enhancing 

soil fertility and conserving biodiversity to providing 

valuable ecosystem services and promoting resilience 

against climate shocks. The analysis demonstrates that 

agroforestry practices are integral to sustainable 

livelihoods in SSA, providing essential goods such as food, 

fuelwood, medicinal resources, and livestock fodder, while 

also generating income. Practices like home gardens and 

alley cropping directly support household food security 

and economic stability, particularly for rural communities 

with limited access to alternative resources. Moreover, by 

improving soil structure, increasing organic matter, and 

supporting nitrogen fixation, agroforestry significantly 

enhances soil fertility, which is critical for long-term 

agricultural productivity in marginal soils. In terms of 

climate mitigation, agroforestry in SSA holds considerable 

potential for carbon sequestration in both biomass and 

soil. While the carbon sequestration rates vary depending 

on the specific agroforestry system and the local ecological 

context, practices such as home gardens and perennial 

tree-crop systems show high storage capacity, effectively 

contributing to carbon stock conservation. However, 

accurate assessment and monitoring of these carbon 

stocks remain a challenge due to variations in species 

composition, management practices, and environmental 

conditions. The development and application of species-

specific allometric equations and country-tailored 

methodologies are essential for precise carbon stock 

assessments. In conclusion, agroforestry systems in SSA 

present a holistic approach to sustainable land use, 

aligning with both environmental conservation and socio-

economic development goals. By supporting food security, 

renewable energy sources, income generation, and carbon 

sequestration, these systems offer an integrated solution 

to address the complex challenges faced by rural 

communities in SSA. Future research should focus on 

refining carbon monitoring techniques and developing 

locally relevant allometric equations to enhance the 

accuracy of carbon sequestration assessments, enabling 

these practices to be more fully integrated into national 

climate mitigation strategies and global carbon trading 

frameworks. 
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