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Fighting climate change and its nefarious effects is at the forefront of the United Nations’ SDGs, agenda 
2030. This comes at a time when the global climate is changing rapidly owing to increasing 
concentration of carbon dioxide (CO2) and other greenhouse gases (GHGs) in the atmosphere resulting 
principally from fossil fuel combustion and agricultural lands taking the place of tropical forests. 
Climate change threatens human existence in general and the livelihood of smallholder farmers in 
particular in the 21st century. Research shows that the developing world has about 500 million small-
scale farms, with almost two billion people implicated, a majority of them in Asia and sub-Saharan 
Africa where small-scale farms produce about 80% of the food consumed. Hence, smallholder farmers 
will bear the greatest brunt of predicted changes in climatic patterns owing to their limited adaptive 
capacity. Small-scale farmers being appallingly vulnerable, easily succumb to climate-induced extreme 
weather events, thus threatening food security. It is therefore within this backdrop that the necessity to 
document and promote climate-smart, sustainable, productive and low cost agricultural practices 
becomes incumbent. Agroforestry is one of the few existing practices that contribute simultaneously to 
agricultural sustainability enhancement as well as improved farm productivity owing to its ability to 
provide many ecosystem services. There are currently very few existing agricultural practices where 
sustainable agricultural goals can be attained through simultaneous enhancement of agro-ecosystem 
diversity and farm productivity as in agroforestry systems. Today, few studies have looked into the 
contribution of agroforestry to beefing up agricultural sustainability and productivity in the context of 
climate change. This review paper therefore sought to research on what has been done so far as well as 
look into the way forward with focus on sub-Saharan Africa.  
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BACKGROUND 
 
Climate change is a key existential threats facing 
humanity in the 21st century, which explains why 

combating  climate   change   and   it    nefarious   effects 
features prominently amongst the seventeen (17) United  
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Nations Sustainable Development Goals (SDGs), agenda 
2030 (FAO, 2016).  Scientists  have  discovered  that  the 
major causes of this scourge are anthropogenic activities 
such as too much fossil fuel combustion and the 
transformation of tropical forest cover into agricultural 
lands. These human activities increase the concentration 
of greenhouse gases (GHGs) in the atmosphere 
especially carbon dioxide (CO2), methane (CH4) and 
nitrous oxide (N2O) which has largely led to global 
warming and hence variability and changes in climate 
(IPCC, 2007). The impacts of climate change are wide 
ranging with one of the most significant being a shift of 
ecological zones: desertification of the Sahel, sahelization 
of the Savanna and savannization of the forests. Mankind 
has only two possibilities to get around the climate 
change scourge: adaptation and/or mitigation (UNFCCC, 
2006; Sanz et al., 2017). 

Sub-Saharan Africa which is the most tropical region in 
the world is already experiencing and is predicted to 
further face the full wrath of climate change (IPCC, 2001). 
Amongst those who are already suffering and are 
expected to suffer the most from exponential changes in 
climate, are smallholder farmers who depend almost 
completely on rain-fed agriculture coupled with the deeply 
entrenched poverty amongst this population strata 
(Bishaw et al., 2013; World Bank, 2013). This therefore 
leaves smallholder farmers appallingly vulnerable to the 
whims and caprices of a variable and changing climate. 
With the continuous wholesale neglect of rain-fed 
agriculture by policy makers in sub-Saharan Africa and 
failure to make adequate investment in inputs such as 
improved seeds, fertilizer and irrigation, smallholder 
farmers who are the principal actors involved in rain-fed 
agriculture increasingly find themselves on the back foot 
as far as keeping pace with the changing climate 
conditions is concerned (Cooper, 2004). The prevalent 
punitive environmental conditions have pushed 
smallholder farmers to indulge in unsustainable and less 
productive agricultural practices in their drive to counter 
the unpredictable climate conditions.  

Increasingly, some relatively rich smallholder farmers in 
sub-Saharan Africa are taking to very intensive 
agricultural practices as adaptive measures to counter 
soil fertility loss caused by climate change and other 
drivers (Mboh et al., 2013a; Tondoh et al., 2015). These 
adaptive measures include application of mineral 
fertilizers, pesticides, insecticides and herbicides at rates 
that are far from being environmentally benign, all in a bid 
to increase agricultural productivity. Though these 
practices enhance agricultural productivity in the short 
run, in the long run, productivity reduces tremendously 
owing  to  the  unsustainable  nature   of   such   intensive  

 
 
 
 
agricultural practices  (Tondoh  et  al.,  2015).  Meanwhile 
the very poor smallholder farmers in sub-Saharan Africa 
(who constitute the bulk of the smallholder farmers’ 
population) resort to practices such as clearing their farm 
plots by setting them on fire, shifting cultivation, and piling 
of cleared grasses within mounds of soil and burning 
them (a practice called ―Ankara‖ in the North-West 
Region of Cameroon). All these practices lead to 
increased productivity in the short run but in the long run, 
crop productivity drastically reduces owing to the non-
durability of such practices. Shifting cultivation in 
particular has been identified by various studies as being 
the main cause of deforestation in sub-Saharan Africa 
(Alao and Shuaibu, 2013; Vaast and Somarriba, 2014). 
With smallholder farming systems in sub-Saharan Africa 
facing sustainability and productivity crises especially 
under the current changing climate conditions, it therefore 
becomes incumbent to identify, document and promote 
sustainable, productive, pro-poor and climate-smart 
practices that can help smallholder farmers attain the twin 
goals of agricultural sustainability and productivity.  

Factoring in the foregoing, agroforestry practices 
therefore come in handy as a partial panacea to remedy 
the deplorable situation of smallholder farmers in sub-
Saharan Africa. This is because agroforestry is a 
dynamic, ecologically based, natural resources 
management system where in, trees are integrated in 
farms and in the landscape, thereby diversifying and 
sustaining production leading to increased social, 
economic and environmental benefits for land users at all 
levels (Leakey, 1996). Agroforestry practices constitute 
one of the most conspicuous farming systems across 
many parts of sub-Saharan Africa (Mbow et al., 2013a; 
Kabir et al., 2015; Lasco et al., 2015; CGIAR, 2017; 
Catacutan et al., 2017). Though very conspicuous, few 
studies have actually investigated the potential of this 
practice to enhance agricultural sustainability and 
productivity in sub-Saharan Africa. This review paper 
therefore seeks to unearth the potential contributions of 
agroforestry practices to agricultural sustainability and 
productivity enhancement in sub-Saharan Africa, in the 
context of climate change.  
 
 
Categorization of major agroforestry practices in 
sub-Saharan Africa 
 
Agroforestry practices can be classified under three (03) 
major systems (Table 1); agro-silvicultural systems, silvi-
pastoral systems and agro-silvi-pastoral systems 
(Torquebiau, 2000; Garrity et al., 2006; Schoene et al., 
2007; Rao et al., 2007). Agro-silvicultural systems are the  
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Table 1. Agroforestry systems and practices in sub-Saharan Africa. 
 

Systems  Practices  Combination  Components  

 

 

 

 

 

 

 

 

 

 

 

Agro-silvicultural  Systems 

1. Improved fallows 

trees planted during  

non-forest phase if  

land not expected to revert to forest 

t: fast growing  

h: agricultural crop 

2. Taungya 
crops during tree  

seedling stage 

w: plantation species  

h: agricultural crops 

3. Alley cropping 
trees in hedges,  

crops in alleys 

w: coppice trees  

h: crops 

4. Tree gardens 
Multi-species, dense,  

Mixed 

w: vertical structure, fruit 
trees  

h: shade tolerant 

5. Multipurpose  

trees on cropland 

trees scattered,  

boundaries 

w: multipurpose trees  

h: crops 

6. Estate crop  

Combinations 
 

w: coffee, coconut, fruit 
trees  

h: shade tolerant 

7. Homegardens 
multistorey  

combinations around homes 

w: fruit trees  

h: crops 

8. Trees in soil  

conservation, reclamation 
 

w: multipurpose fruit trees  

h:crops 

9. Shelterbelts,  

windbreaks, live hedges 
around farmland plots 

w: trees  

h:crops 

10. Fuelwood  

Production 

firewood species 

around cropland plots 

w: firewood species  

h: crops 

    

 

 

Silvi-pastoral Systems 

11.Trees on rangelands scattered trees 
w: multipurpose, fodder  

f: present, a: present 

12. Fodder banks 
trees for protein-rich 

 cut fodder 

w: leguminous trees  

h: present, a: present 

13. Estate crops with  

Pasture 

For example cattle  

under coconut palms 

w: estate crops  

f: present, a: present 

    

 

Agro-silvi-pastoral Systems 

14. Homegardens with  

Animals 
around homes 

w: fruit trees  

a : present 

15.Multipurpose 

 woody hedgerows 

trees for browse,  

mulch, soil protection 

w: coppicing fodder trees  

a, h: present 

16. Aquaforestry  trees lining ponds w: leaves forage for fish 
 

Source: Schoene et al. (2007) in Rao et al. (2007)   w: woody species, a: animals, h: herbaceous (crop) species. 
 
 
 

most ubiquitous agroforestry systems found across 
landscapes in sub-Saharan Africa with about ten (10) 
practices scattered across different agro-ecological zones 
of the region. There are few silvi-pastoral and agro-silvi-
pastoral practices in sub-Saharan Africa when compared 
to agro-silvicultural practices. This may be due to the 
simplicity and ease to manage agro-silvicultural practices 
when compared to the complexities associated with 
especially the agro-silvi-pastoral system. The multifarious 
agroforestry practices in sub-Saharan Africa portray the 
importance of these practices to smallholder farmers 
especially in the context of  an  increasingly  variable  and  

changing climate. 
 
 
Agroforestry and agricultural sustainability 
enhancement in the context of climate change 
 
Following Pretty (2007), the concept of agricultural 
sustainability today revolves around developing 
agricultural techniques and practices that have positive 
effects on the environment, easily available and effective 
to farmers, improves food productivity and positively 
impacts environmental goods and services. Sustainability  
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in agricultural systems therefore embodies many 
concepts like resilience and sustenance, as well as other 
broader economic, social and environmental issues. The 
four (04) key principles of agricultural sustainability 
according to Pretty (2007) are; to integrate into food 
production processes, biological and ecological 
processes such as competition, parasitism, nutrient 
cycling, predation, nitrogen fixation, soil regeneration and 
allelopathy; to ensure that non-renewable inputs that are 
a menace to the environment or to the health of farmers 
and consumers are minimized; to make proper use of 
human capital by beefing up self-reliance and substituting 
costly external inputs through the putting into use of 
farmers’ indigenous knowledge; and to solve common 
agricultural and natural resource problems, such as pest, 
watershed, irrigation, forest and credit management by 
making productive use of people’s collective capacities to 
work together. 

Catacutan et al. (2017) concludes that agroforestry 
practices fit perfectly within these principles of agricultural 
sustainability because they contribute immensely to 
addressing several sustainability issues through the 
provision of ecosystem services like biological diversity 
conservation, provision of wood and non-timber products, 
maintenance of ecosystem integrity, soil and water 
quality improvement, terrestrial carbon storage and 
multifarious socio-economic benefits. According to the 
World Bank (2004), about 1.2 billion rural persons around 
the world currently practice agroforestry on their farms 
and in their communities, and depend upon its products, 
and most of these people are smallholder farmers living 
in village communities in sub-Saharan Africa.  

Climate change in particular and other drivers in 
general have led to a steady decrease in soil fertility 
thereby seriously destabilizing the practice of sustainable 
agriculture in sub-Saharan Africa (Young, 1989; Garrity et 
al., 2006; Oke and Odebiyi, 2007). Soil degradation 
especially topsoil erosion has worsened in recent years 
and is probably to be further worsened by prolong 
removal of crop residues and surface litter (Muchena et 
al., 2005). Discussions on food security in sub-Saharan 
Africa today have been tilted towards sustainable 
agroforestry practices owing to the shortage of mineral 
fertilizers, the inability of smallholder farmers to purchase 
the available mineral fertilizers and the poor performance 
of existing agricultural policies (Mbow et al., 2013a).  

Agroforestry has enormous potentials to enhance the 
fertility of the soil (Catacutan et al., 2017). This is 
basically due to the fact that the leguminous trees 
integrated in agroforestry-based farming systems 
contribute to biological nitrogen fixation and an 
amelioration of soil organic matter. The role of green 
mulch from leguminous trees to the enhancement of soil 
fertility for associated crops in agroforestry systems in the 
tropics has been evaluated by many studies (Garnett et 
al., 2013). These studies have found in most cases that 
the   integration  of  trees  on  farms  enrich  the  soil  with  

 
 
 
 
nutrients and organic matter and facilitate tighter nutrient 
cycling, as well as enhancing soil structural properties 
than monoculture systems (Mbow et al., 2013b). Waliyar 
et al. (2003) and Garrity et al. (2010) found that the 
integration of trees in farmlands helps with the recovery 
of nutrients, the conservation of soil moisture and the 
improvement of soil organic matter through the tapping of 
water from deeper soil horizons and preventing the 
leaching of nutrients.  

Bayala et al. (2008) on their part found that trees 
integrated in croplands improved the structural stability of 
the soil, enhanced water infiltration through tree roots and 
increased the number of soil pores which improved water 
storage.  Lott et al. (2009) demonstrated that, macro 
pores in the soil channel excess surface water flow and 
allow air and moisture to move into the soil speedily 
thereby reducing the risk of soil erosion; meanwhile tree 
roots and trunks reduce surface flow of water and 
sediment by acting as physical barriers. Mueller et al. 
(2012) found that, trees in croplands greatly influenced 
the addition of nutrients associated crops through the 
interception of rainfall, by way of throughfall (rainwater 
falling through tree canopies) and stemflow (rainwater 
falling down branches and stems). Molua (2006) stated in 
clear terms that agroforestry has huge potentials to 
reduce the yield gap, but this is largely dependent on the 
biophysical and human context under which it is 
practiced, hence he proposes a slate of improved 
agroforestry techniques such as soil improving trees, 
trees that grow very fast for fuel wood, indigenous fruit 
trees that provide added nutrition and income, and trees 
that provide medicinal plant products. This explains why 
Rice (2008); and Oke and Odebiyi (2007) emphasized on 
the absolute necessity to differentiate between simple 
agroforestry practices (like alley cropping, intercropping, 
life fences, and hedgerows) and complex agroforestry 
practices that function more or less like natural forest 
ecosystems but are still integrated into agricultural 
management systems (like multipurpose hedgerows and 
Aquaforestry). 

Dosskey (2001) conducted a study which demonstrated 
that it is possible to reduce pollution from crops and 
grazed pastures through agroforestry. Following this 
study, tree strips located close to rivers, streams or lakes 
reduces water pollution from farmlands in five major 
ways: reducing surface runoff from fields; filtering surface 
runoff; filtering groundwater runoff; reducing bank 
erosion; and filtering stream water. According to Lott et 
al. (2009), trees in croplands have deeper roots which 
captures leached out nutrients from the crop rooting 
zone, reducing pollution and enhancing the efficiency of 
nutrient use. Lott et al. (2009) demonstrate that a 
permanent tree component helps to capture nutrients and 
store for use during the next planting season which is not 
the case with monocultures where the soil remains bare 
after harvest. According to Borin et al. (2009), buffer 
strips     greatly    reduce    pollution    from   run-off,   with  



 
 

 
 
 
 
reductions of between 70 to 90% for suspended solids, 
60 to 98% for phosphorus and 70 to 95% for nitrogen. 
Borin et al. (2009) equally demonstrate that runoff can be 
reduced and infiltration increased if riparian buffers and 
other agroforestry practices are implemented by 
smallholder farmers. 

Following a study conducted by Jose (2009), 
agroforestry practices contribute to the preservation of 
biodiversity owing to their naturally higher diversity of 
components than monocultures of crops and livestock 
which usually have a single component (crops only, 
livestock only or trees only). Jose (2009), further 
demonstrates that biodiversity can be preserved through 
agroforestry in five major ways: preserving the 
germplasm of threatened species; reducing the rates of 
transformation of natural habitat and reduce resource use 
pressure; habitat for species that can tolerate some 
degree of perturbation; providing connectivity through 
corridors created between habitat remnants and the 
conservation of threatened floral and faunal species; 
conserving biodiversity by providing ecosystem services 
like water recharge and erosion control, preventing the 
degradation and loss of habitats. 

Schoeneberger and Ruark (2003), Du-Toit et al. (2004), 
McNeely and Schroth (2006), Harvey and Gonzalez-
Villalobos (2007) and Bhagwat et al. (2008) have all 
demonstrated that, agroforestry plays a major role in 
conserving biodiversity. These studies show that 
agroforestry based farming systems integrate plant and 
animal species that are (in some cases) as rich and 
diverse as natural forests, but composed of mostly non-
forest species. 

Lal (2004), Verchot et al. (2007), Schoeneberger 
(2009), Nair et al. (2009), Catacutan et al. (2017), CGIAR 
(2017) and Sanz et al. (2017) have found that 
agroforestry practices in smallholder farming systems 
contribute to climate change mitigation and adaptation. 
Following Jose (2009), there has been an increase in 
research over the last two decades looking at the 
potential of agroforestry as a practice to tackle the 
nefarious effects of climate change. Research shows that 
agroforestry owing to the incorporation of trees and 
shrubs, increases the quantity of carbon sequestered 
compared to monocultures of crops or animals (Sanz et 
al., 2017). Following Schroeder (1994), a great amount of 
carbon is stored by woody perennials in above ground 
biomass as well as contributing to belowground carbon 
sequestration in soils.  Nair et al. (2009) found that 
agroforestry systems store an estimated average of 21 
and 50 Mg C ha

-1
 of carbon in sub-humid and humid 

zones, respectively. According to Dixon (1995), over fifty 
(50) years, agroforestry systems can contribute to 
sequester 1.9 Pg of carbon, following a worldwide 
estimate of 1023 million ha of agroforestry.  Watson et al. 
(2000) on their part found that 585 to 1274 x 10

6
 ha of 

suitable land could be used for the establishment of 
agroforestry systems at the  global  scale  contributing  to  
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storing 12 to 228 Mg C ha

-1
. Thus, it is estimated that 630 

million ha of unproductive croplands and grasslands 
could potentially sequester 586,000 Mg C yr

-1
 by 2040 

should agroforestry systems take the place of these 
unproductive croplands and grasslands.   

According to Oke and Odebiyi (2007), agroforestry 
systems constitute the third largest carbon sink in Africa 
after primary forests and long term fallows. Compared to 
monoculture systems, agroforestry systems contribute to 
greater abatement of greenhouse gases especially CO2, 
N2O and CH4 (Mutuo et al., 2005). Albrecht and Kandji 
(2003) found that N2O emissions are reduced drastically 
in agroforestry systems owing to a reduction in the 
application of supplementary nitrogen as inorganic 
nitrogen recycled from leaf litter and made available to 
associated crops. Thevathasan and Gordon (2004) ran 
models demonstrated that, the release of nitrates is 
reduced by an estimated 50% when compared to a 
monoculture based system. Models estimate that nitrates 
leaving a tree-based intercropping system can be 
reduced by 50% compared to a monoculture system. 
Agroforestry is therefore a multifunctional land-use 
system that contributes to climate change mitigation and 
adaptation simultaneously. There are few existing options 
that can do this, thus there is need to document, promote 
and encourage the adoption and implementation of 
sustainable agroforestry practices especially amongst 
smallholder farmers. 

Studies have equally demonstrated that agroforestry-
based farming systems provide various socio-economic 
benefits which go a long way to aid in adaptation to 
climate change and enhance the sustainability of 
smallholder farming systems (Smith, 2010). In the 
economic sphere, agroforestry practices enhance 
financial benefits through the diversity of local products 
and services they provide; advance the skills of the rural 
population and increases employment opportunities; and 
reduces reliance on fossil fuels for energy. Socially, 
agroforestry practices play cultural, aesthetic and 
recreational roles. Though the social aspect of 
agroforestry is often overlooked, its importance to the 
local population and the public cannot be underrated 
(Smith, 2010). 

 The World Agroforestry Centre (ICRAF) has conducted 
studies which show that agroforestry systems can 
contribute to the attainment of between six to seven 
Sustainable Development Goals (SDGs) (especially in 
the case of the rural poor and smallholder farmers in sub-
Saharan Africa) which are: combating hunger, poverty, 
disease, illiteracy, environmental degradation, climate 
change and discrimination against women. ICRAF has 
demonstrated that agroforestry can contribute to the 
eradication of hunger through its ability to improve soil 
fertility and enhance the regeneration of land, thereby 
improving crop productivity and food security. 
Agroforestry can further contribute to poverty alleviation 
through   the  marketing  of  the  numerous  products  and  
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services obtained from agroforestry systems which 
improves the incomes of smallholder farmers. 

Agroforestry can equally improve the health and 
nutrition of the rural poor through the utilization of 
medicinal plants, food crops, fruits and animal products 
found in agroforestry based systems.  Agroforestry also 
contributes to reduce environmental degradation through 
the conservation of biodiversity ex-situ and the protection 
of watersheds. Combating climate change and its 
nefarious effects is also possible through agroforestry as 
it contributes to climate change mitigation through carbon 
sequestration especially by the tree component in the 
system.  

Lastly, agroforestry contributes to the empowering of 
women thereby fostering gender parity. This is because 
agroforestry is mostly practiced by women in rural areas 
which give them the possibility to make income and be 
independent.  With the ―food-fuel-biodiversity‖ palaver 
continuing to be a thorn in the flesh of many development 
stakeholders, agro-ecosystem based farming systems 
like agroforestry become a necessity (Mbow et al., 2012; 
Fobissie et al., 2014). Little wonder, Leakey (2010) calls 
for the uptake of multifunctional landuse systems (like 
agroforestry) which simultaneously meet fuel, food, 
environmental and biodiversity protection needs as well 
as resilience enhancement to climate change. Smith 
(2010) conducted a study, which showed that there is a 
great desire by the research community and policy 
makers to find and promote agricultural systems that 
proffer environmental and ecosystem services, with 
agroforestry identified as one of the few existing practices 
today.  

It was within this framework that, this study sought to 
look at the place of agroforestry in enhancing agricultural 
sustainability under changing climate conditions, 
especially its role in climate change mitigation and 
resilience enhancement in smallholder farming systems. 
 
 
Agroforestry and agricultural productivity 
improvement under changing climate conditions 
 
Agricultural productivity is generally seen as a measure 
of the amount of agricultural output produced for a given 
amount of input. Under changing climate conditions 
especially in the case of sub-Saharan Africa, the 
productivity benefits accruing from agroforestry-based 
farming systems are quite marveling. In studies conducted 
on agroforestry systems by Garity et al. (2006), Jackson 
et al. (2000) and Catacutan et al. (2017), there is general 
unanimity that a higher level of productivity occurs in 
agroforestry systems than in monoculture systems owing 
to the complementary relationship that exists between 
trees and crops, as the deep tap roots of trees capture 
and supply nutrients to crops that crops on their own 
would not capture. This fits squarely with the ecological 
theory   of   niche   differentiation    according    to   which  

 
 
 
 
resources are captured from different parts of the 
environment by different species. In a study carried out 
by Smith (2010), it was observed that crops are unable to 
absorb soil nutrients, water and leached nutrients from 
deep underground soil horizons hence the tree 
component on croplands helps to capture these nutrients 
and water, making it available at the level of the crop’s 
rhizosphere. Garrity et al. (2006) found that, the 
complementarity that exists between trees and crops in 
an agroforestry system increase nutrient capture as well 
as crop yields compared to monoculture systems, owing 
to better nutrient cycling through leaf fall and fine root 
decay in the agroforestry system. A study conducted by 
Leakey (2010) found that agroforestry systems are 
endowed with a wide array of products and services such 
as food, fuelwood, timber, gums and resins, thatching 
and hedging materials, gardening materials, medicinal 
products, crafts products and recreation. Mead and Willey 
(1980) came up with a ratio for comparing productivity in 
agroforestry and monoculture systems, known as the 
Land Equivalent Ratio (LER). Following Mead and Willey 
(1980), ―the LER is calculated as the ratio of the area 
needed under monoculture to the area of agroforestry at 
the same management level to obtain a particular yield‖. 
As stated by Dupraz and Newman (1997), ―an LER of 1 
indicates that there is no yield advantage of agroforestry 
compared to monoculture, while an LER of 1.1 indicates 
a 10% yield advantage that is under monocultures, 10% 
more land would be needed to match yields from 
agroforestry‖. Dupraz and Newman (1997), however 
found that the LER has a drawback which is the fact that, 
it does not take into consideration the services that 
agroforestry systems provide like air quality regulation, 
climate buffering, flood control, water quality regulation, 
and pest and disease control. This goes to show that, 
should all these services be taken into consideration 
when computing for the LER, agroforestry’s productivity 
will far exceed that of monocultures. 

A study conducted by Jose et al. (2004) demonstrated 
that agroforestry systems play a key role in microclimate 
buffering, especially its tree component. Following this 
study, trees on croplands play a positive role in inducing 
crop growth and animal welfare owing to their ability to 
buffer microclimatic elements like temperature, wind 
speed, and water vapour present in the atmosphere. 
Tamang et al. (2010) found that trees on croplands 
helped to reduce wind speed by up to 30 times the height 
of the trees on the leeward side, preventing crop 
destruction and increasing crop productivity. Tamang et 
al. (2010) further demonstrate that wind speed reduction 
by the tree component in agroforestry systems helps 
crops to grow faster, protects crops from windblown soil, 
controls soil moisture content and protects the soil from 
erosion, thereby leading to an increase in productivity. 
Brandle et al. (2004) conducted a study which 
demonstrated that higher air and soil temperature on the 
leeward   side   of  trees  found  in  agroforestry  systems,  



 
 

 
 
 
 
helps to extend the growing season, as crops germinate 
earlier and grow faster at the start of the season. They 
equally discovered that, agroforestry systems bolster 
animal welfare as the multifunctional role of trees 
provides animals with resources like shelter from the rain 
and wind, shade from the sun, different foraging 
materials, and hideouts from predators. The trees can 
also benefit from the interaction with animals in a silvi-
pastoral agroforestry system, as the excrements of the 
animals contribute to fertilize the trees and thus 
enhancing growth compared to a treeless rangeland 
(Ponder et al., 2005). This mutually beneficial relationship 
contributes to enhance the productivity of the system.  

According to Schroth et al. (2000), agroforestry systems 
contribute to a reduction in pest problems owing the 
higher level of diversity and complexity present in 
agroforestry systems compared to monoculture systems. 
An earlier study had been conducted by  Vandermeer 
(1989), showing that pest problems are attenuated in an 
agroforestry system due to several factors: pests find it 
difficult to discover plants due to a variable distribution of 
host plants; some associated economically valuable 
species are protected from attack because a plant 
species which is very attractive to pests can act as ―trap-
crop‖; some plant species are repellant to pests which 
helps to deter the pests from attacking other palatable 
plant species in the vicinity; the spread of pests is limited 
owing to increased inter-specific competition between 
pest and non-pest species. Following Young (1989), 
Stamps and Linit (1998) and Schmidt and Tscharntke 
(2005), agroforestry systems if well managed enhances 
pest control owing to its ability to provide sources of adult 
parasitoid food like flowers and sites for oviposition, 
resting and mating  as well as more structural and 
microclimatic diversity, more biomass, diverse pollen 
sources, nectar, and stable refuge for pests.   

Wilkins (2008) conducted a study which showed that 
agroforestry systems help smallholder farmers to reduce 
the use of inorganic inputs. Following this study, it was 
found that the tree-crop interaction in agroforestry 
systems increases ecosystem efficiency through improved 
nutrient recycling thereby reducing the necessity for 
external inputs. The study further stated that a landuse 
system is ecologically efficient if, there is a greater 
efficiency and sustainability of the resources used in 
agricultural production. This efficiency is attained when a 
higher level of agricultural production is obtained using 
fewer resources while ensuring environmental protection. 
According to BCPC (2004), agroforestry possesses five 
key attributes which make it an ecologically efficient 
farming system: efficient use of resources especially 
renewable resources; no pollution both internally and 
externally; foreseeable output; ecological processes are 
aided through the conservation of biodiversity; ability to 
quickly respond to changes in the socio-economic and 
biophysical environment. The study shows that compared 
to monoculture systems, improved  agroforestry  systems  
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can meet all five of the above mentioned criteria, thus 
enhancing the economic base and increasing farm 
profitability. Owing to the deeply entrenched poverty 
amongst smallholder farmers in sub-Saharan Africa, 
agroforestry systems are often managed conventionally 
with little or no additional inputs. This therefore permits 
agroforestry systems to realize their full potential as a 
sustainable and low-input system. 

Young (1989) conducted a study which demonstrated 
that agroforestry systems favour the proliferation of soil 
micro and macro organisms owing to the differences in 
litter quality between the tree and crop components in an 
agroforestry system. The study further showed that soil 
micro and macro organisms carry out numerous soils 
biological processes leading to sustained productivity in 
agroforestry systems.  Garrity et al. (2006) equally found 
that differences in the quality and quantity of litter in 
agroforestry systems leads to greater microbial diversity, 
increased enzyme activity and greater stability in 
agroforestry systems compared to monoculture systems. 
According to Schädler et al. (2010), Arbuscular 
mycorrhizal (AM) fungi present in most agroforestry 
systems, enhances crop yields while reducing the need 
for chemical fertilizer input. This is done through the 
facilitation of plant nutrient uptake and growth, soil 
aggregation and soil stability and the rate of litter 
decomposition. The foregoing discussion goes a long 
way to show that agroforestry is a good candidate for 
agricultural productivity enhancement under the 
prevailing changing climate conditions. 
 
 
Trade-offs between sustainability and crop yields in 
agroforestry systems 
 
In the food-focused smallholder farming systems in sub-
Saharan Africa, trade-offs emerge between agricultural 
sustainability and improved crop yields (Figure 1a and b). 
With food demand expected to double in the next 50 
years owing to population explosion, food production will 
become an issue and natural resources will be skinned 
terribly unless sustainability concerns are taken into 
consideration (Tilman et al., 2002). Studies show that 
agroforestry systems through the ecosystem services 
provide, contribute to agricultural sustainability 
enhancement than their monoculture counterparts 
(Elmqvist et al., 2011; Vaast and Somarriba, 2014). 

However, studies also demonstrate that monoculture 
systems improve agricultural yields at the expense of 
other ecosystem services owing to limited diversity and 
limited competition between the components on the farm 
compared to agroforestry systems  (Gockowski and 
Sonwa, 2010; Tondoh et al., 2015).    

Under the current changing climate conditions in sub-
Saharan Africa, agroforestry practices are therefore the 
best option for smallholder farmers as evidenced by the 
numerous    ecosystem   services   they   provide,   which  
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Figure 1. (a) Agroforestry and (b) Monoculture practices (ES = Ecosystem Services, CY 
= Crop Yields). Source: Adapted from Elmqvist et al. (2011). 

 
 
 
contribute to enhance the resilience of smallholder 
farming systems. Monoculture systems are only able to 
enhance crop yields, but provide few or no ecosystem 
services, and under the prevailing changing climate 
conditions, monoculture systems are unsustainable 
(Tondoh et al., 2015). 
 
 
Conclusion  
 
This review paper found that sustainable agroforestry 
practices could contribute to the simultaneous attainment 
of the twin goals of agricultural sustainability and 
improved agricultural productivity in the context of climate 
change in sub-Saharan Africa. More attention therefore 
needs to be tilted towards agroforestry especially during 
international environmental conferences and forums 
owing to the social, economic and ecological benefits of 
this practice. Promoting agroforestry into the mainstream 
however necessitates three key tools: research, 
dissemination of information, and favourable policies.  

Scientific research in the domain of agroforestry is still 
very limited and mainly global, thus the need for more 
locally based research in order to better decipher the 
realities on the ground (for local problems imperatively 
need local solutions). Awareness raising on the benefits 
of agroforestry amongst smallholder farmers is essential 
to trigger intensification as well as adoption and 
implementation. Favourable policies equally need to be 
implemented in order to incentivize smallholder farmers 
to take up agroforestry. 

Factoring in the above it is imperative that locally based 
scientific research on agroforestry be conducted in sub-
Saharan Africa adopting the participatory approach in 
order to understand farmers’ problems and propose 
proper solutions. Additionally, research on agroforestry 
should be conducted to assess how to quantify and 

assign costs to the various ecosystem  services  provided 
by agroforestry-based farming systems, in order to pave 
the way for payments of ecosystem services to 
smallholder farmers practicing agroforestry.  
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