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Abstract: Agroforestry is one of the most conspicuous land use systems across landscapes and agro ecological zones in
Africa. Some of the components of Agroforestry systems are; home garden agroforestry, alley cropping, forest farming, wind
break, river banks, park land, crop land trees and buffer zones agroforestry practices. Climate change impacts by complex
weather-related phenomena have threatened agricultural and forest ecosystems and the livelihood of agricultural and local
communities. Agroforestry has an important role in climate change adaptation through diversified land-use practices,
sustainable livelihoods, sources of income, enhanced forest and agricultural productivity and reduced weather-related
production losses, which enhance resilience against climate impacts. Like few other land use options, agroforestry has real
potential to contribute to food security, climate change mitigation and adaptation, while preserving and strengthening the
environmental resource base of Africa’s rural landscapes. It has a key role to play in landscape-scale mitigation schemes under
the REDD+or AFOLU (Agriculture, Forestry and other land uses) concepts. Home garden agroforestry system indicates that
adaptation and mitigation to climate change will largely depend on the increased resilience of both agroforestry systems and of
local management capacity. Despite less attention has been given to tree based land use option, agroforestry has played a major
role in reducing household vulnerability to shocking. Smallholder farmers have already started mainstreaming tree based land
use system as resilience to social needs because the poor are more exposed to change; Agroforestry is one of best risk aversion
option to make them move out of food insecurity. Generally, agroforestry systems readily bundle both mitigation and
adaptation strategies and provide several pathways to securing food security for poor farmers, while contributing to climate
change mitigation. Agroforestry should attract more attention in global agendas on climate adaptation and mitigation because
of its positive social and environmental impacts.
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fulfill many roles in AFOLU (agroforestry and other land
uses)-related mitigation pathways. Agroforestry provides
assets and income from carbon, wood energy, improved soil
fertility and enhancement of local climate conditions; it
provides ecosystem services and reduces human impacts on
natural forests. Many small holder farmers in Sub-Saharan
Africa practice agroforestry. Some of the components of
Agroforestry systems are; Home garden agroforestry, Alley

1. Introduction

Agroforestry is one of the most conspicuous land use
systems across landscapes and agro ecological zones in
Africa [1]. With food shortages and increased threats of
climate change, interest in agroforestry is gathering for its
potential to address various on-farm adaptation needs, and
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cropping, Forest farming, Wind break, River banks, Park
land, Crop land trees, Buffer zones are some of agroforestry
practices. These systems have prevailed despite persistent
attempts to introduce monoculture production of annual
crops, which have been much less successful in Africa than
elsewhere [2]. Agroforestry has been shown to provide a
number of benefits to farmers. For instance, it can enhance
soil fertility in many situations and improve farm household
resilience through provision of additional products for sale or
home consumption [3]. The insight that trees on farms
provide livelihood benefits is not new, and diversity-based
approaches to agricultural adaptation to climate variability
have been adopted by many farmers [4].

The world is also concerned with the climate change issues
as it is one of the greatest global challenges in the 21 st
century that have drawn the attention on many countries [5,
6]. The climate change has become a center of concentration
by many governments worldwide due to its induced changes
that affect the viability of livelihoods of the poor [7]. This
has led to new innovations to respond to the changes and is
incorporated in livelihood strategies. More importantly, land
use cover changes combined with impact of climate changes
have affected the livelihood. Again, land use changes have
been identified as the major driving force contributing to
environmental change and climate change in particular.
Climate change results in changes in ecosystem functions and
the ecosystems’ capacity to provide society with goods and
services, affecting society’s options for socio-economic
development [8]. Therefore, mitigation and adaptation of the
adverse impacts of climate change is a high priority on the
international agenda [9].

Climate change adaptation defined as all responses to
climate change that can be used to reduce vulnerability [10].
There is a long experience of societies in developing a range
of adaptation strategies to the impacts of weather and
climate. These include proactive measures like crop and
livelihood diversification, irrigation, water management,
seasonal climate forecasting, community based disaster risk
management and famine early warning systems. They also
include reactive or ex-poste adaptations, for example, climate
change adaptation through agroforestry. However, adaptation
alone is not enough to offset the impacts of climate change,
and will thus need to be supplemented by mitigation actions
[11]. Adaptation is central to many proposed strategies for
reducing the negative impacts of climate change. Adaptive
capacity building is increasingly embraced by governments
and other institutions as a means to improve economic and
ecological resilience. Policymakers draw linkages between a
country’s financial, human, and institutional capital and its
adaptive capacity [12].

Climate changes in the twenty-first century are so large
that, even at the low end of the range of possibilities, impacts
will require costly adaptations, and in some cases our
capacity to adapt will not be enough to avoid serious damage
to individuals and society [13]. It will therefore be necessary
to reduce climate change by reducing net greenhouse gas
emissions to the atmosphere. In the language used by the

Intergovernmental Panel on Climate Change (IPCC) and the
United Nations Framework Convention on Climate Change
(UNFCCQ), this is called ‘mitigation’. The big questions are
how much emissions should be reduced, how can this be
done, and what will it cost? Mitigation, in contrast to
adaptation, needs time to take effect due to the lags in the
climate system and the time necessary to reduce emissions
sufficiently to stabilize climate. Mitigation action taken now
will have its most significant effects decades into the future,
but is necessary now to limit future climate change [13].
Thus, home garden agroforestry systems are suggested to
hold a large potential for climate change mitigation and
adaptation. This is due to their multifunctional role in
providing income, food and ecosystem services while
decreasing pressure on natural forests and hence saving and
storing carbon. Hence, the objective of this review paper is to
overview the information regarding role of home garden
agroforestry practices to improve livelihood of small scale
farmers and climate change adaptation and mitigation.

2. Agroforestry Systems Vs Climate
Change

Agroforestry is a climate-smart production system that
sustainably diversifies environmental and socio-economic
benefits of subsistence farmers, and is therefore considered
more resilient than mono-cropping to increased intensity of
extreme weather events [14]. Climate change represents a
threat and challenge to Africa because many households,
social groups and regions have a limited capacity to adapt to
climate variability and change. Eastern and southern Africa’s
vulnerability to climate change is shaped by the complex
interaction of social, political, economic, cultural and
environmental factors, all of which are likely to be affected
by the projected impacts of climate change [15]. Since not
everyone and every place in eastern and southern Africa is
equally vulnerable to climate change [15]. Vulnerability to
climate change varies greatly among regions, countries,
villages, sectors and social groups in eastern and southern
Africa.

In recent years, there has been growing interest in
agroforestry systems due to their large potential for climate
change mitigation and adaptation and their role to mitigate
household food security and nutrition from soaring food
prices [16-18]. According to report on UN Climate Change
Conference 2015 (Paris COP 21), Agriculture directly and
indirectly accounts for nearly 25% of global greenhouse gas
emissions and is among the sectors most vulnerable to
climate change. With the global population forecast to rise to
9 billion by 2050, we need to produce enough food to feed
and nourish this growing population, and do so with fewer
resources and in the face of increasingly erratic weather
patterns caused by climate change.

Agriculture is addressed in many Intended Nationally
Determined Contributions (INDCs) because of its mitigation
potential and possibilities to reduce climate-related risks.
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More sustainable agriculture will also be instrumental in
achieving the Sustainable Development Goals (SDGs) that
aim to eradicate hunger, reduce poverty, provide affordable
and clean energy, and protect life on land and combat climate
change. There are ways of making agriculture more
sustainable. One of them is agroforestry, a kind of farming
that integrates trees into agricultural landscapes thereby

increasing food security and nutrition, reducing climate risks
and storing carbon to mitigate climate change.

Different categories of Agroforestry have different climate
change adaptation or mitigation potential adapted from [19].
Agroforestry and climate change Emmanuel Torquebiau FAO
webinar 5 February 2013.
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Figure 1. Climate Change Adaptation or Mitigation Potential of Different AF Categories Source: [19].

2.1. Agroforestry Systems Against Livelihood Improvement
and Climate Change

2.1.1. Production Diversification

Agroforestry in general may increase farm profitability
through improvement and diversification of output per unit
area of tree/crop/livestock, through protection against
damaging effects of wind or water flow, and through new
products added to the financial diversity and flexibility of the
farming enterprise [20]. It can also substantially contribute to
climate change mitigation [21-23].

Trees in AFSs can tolerate to drought than crops, therefore
it helps to avoid total failure in the farm. A report from [24]
pointed out that tree in AFSs are highly valued by farmers
because their products compensate for the loss of crop yield.
Traditional resource management adaptations, such as
agroforestry systems, may potentially provide options for
improving farmer adapting to climate change through
simultaneous production of food, fodder and firewood as
well as mitigation of the impact of climate change [25-26].
Furthermore, there are positive links between agroforestry
and adaptation to climate wvariability, which means
agroforestry option may provide a means for diversifying
production, increasing resilience of subsistence farmers and
buffering against production risk associated with climate [27,
21].

A central hypothesis in agro forestry is that productivity is
higher in agroforestry systems compared to monoculture

systems due to complementarities in resource-capture i.e.
Trees acquire resources that the crops alone would not. This
is based on the ecological theory of niche differentiation;
different species obtain resources from different parts of the
environment, such as, tree roots of Persea americana and
Syzigium species extend deeper than crop roots and are
therefore able to access soil nutrients and water unavailable
to crops, as well as absorb nutrients leached from the crop
rhizosphere [28-29]. In drought-prone environments, such as
Rajasthan, as a risk aversion and coping strategy against
climate variability, farmers maintain agroforestry systems to
avoid long-term vulnerability by keeping trees as an
insurance against drought and insect pest outbreaks [30].

The study conducted in Mwanga district of Tanzania
indicated that the diversification of crops in agroforestry
systems was among the coping strategy used by farmers to
support them during drought, these involved intercropping
more than three crops on the same piece of land, such crops
included maize, paddy, cassava, sweet potato, sun flower,
beans, horticultural crops, coffee, pineapple, yams, taro, nuts,
sugarcane, passion crops and cardamom [14].

2.1.2. Carbon Sequestration

AFPs provide an opportunity of responding to the adverse
impacts of climate change through the joint action of
adaptation and mitigation [21, 31]. In mitigating climate
changes crops and trees on farm can be a major source of
carbon sinks. The double potential of AF to address climate
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change issues includes:-Greenhouse gas—mitigation strategy
through carbon sequestration because of greater efficiency of
integrated systems in resource (nutrients, light, and water)
capture and utilization than single-species systems [32].
Sustainable adjustment to changing conditions because AFSs
can be called perennial farming systems. They maintain and
develop their root and woody biomass throughout seasons
while providing food, fiber, energy and vegetative cover for
soils. AF has a high carbon sequestration potential on the
long term (e.g. by the year 2040) not because it has a high
carbon density (compared to forests) but because a lot of
lands can potentially be turned into AF.

UNFCCC defines carbon sequestration as the process of
removing C from the atmosphere and depositing it in a
reservoir. It entails the transfer of atmospheric CO,, and its
secure storage in long-lived pools. From the AF point of
view, C sequestration primarily involves the uptake of
atmospheric CO, during photosynthesis and the transfer of
fixed C into vegetation, detritus, and soil pools for “secure”
(i.e. long-term) storage [33]. It occurs in two major segments

Restoration of I

of the AFS: above ground and below ground. Each can be
partitioned into sub-segments: the former into specific plant
parts (stem, leaves, etc., of trees and herbaceous
components), and the latter into living biomass such as roots
and other below ground plant parts, soil organisms, and C
stored in various soil horizons. The total amount sequestered
in each compartment differs greatly depending on a number
of factors including the eco-region, the type of system (and
the nature of components and age of perennials such as
trees), site quality, and previous land use. On average, the
above ground parts and the soil (including roots and other
living biomass) are estimated to hold roughly one-thirds and
two-thirds, respectively, of the total C stored in tree-based
land use systems [34]. Based on the notion that tree
incorporation in croplands and pastures would result in
greater net C storage above-and below ground [35, 36]. AFS
are believed to have a higher potential to sequester C than
pastures or field crops growing under similar ecological
conditions [37-38].
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Figure 2. Carbon sequestration potential of different land use and management options adapted from [21].

AF has a dual role to play in the climate change area. AF
has a particular role to play in mitigation of atmospheric
accumulation of GHGs according the IPCC. Of all the land
uses analyzed in the Land-Use, Land-Use Change and
Forestry report of the IPCC, AF offered the highest potential
for carbon sequestration in developing countries (Figure 1).
Agroforestry is just one of a number of improved farming
practices can increase the sustainability of farming systems
and contribute to reducing farmers’ vulnerability to climate
variability while sequestering carbon from the atmosphere.
Trees store carbon in their trunks, leaves and roots. This
carbon capture contributes to reducing the level of emissions
particularly of carbon dioxide and methane from farming.
Expert’s estimate that a quarter of all global greenhouse gas
emissions come from agriculture.

2.1.3. Income Generation

Trees on farms plays important role to enhance the coping
capacity of smallholder farmers to climate change risks
through crop and income diversification, soil and water
conservation and efficient nutrient cycling [39]. If supported
by appropriate cultivation, processing and marketing
methods, AF products can make a major contribution to the
economic development of the millions of poor farmers by
meeting their needs for food, fuel and income. Combined
yields of tree, crop and livestock products from well planned
and well managed AFSs tend to be higher than those from
sole systems due to increased and efficient use of scarce
resources especially moisture.

2.1.4. Ecosystem Protection
As an adaptation option sustainable AFPs can be potential
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for protecting ecosystems and livelihood, and creating
foundation for economic and social development [40].
Furthermore, AFPs provide ecosystem services, and are a
means of diversifying agricultural production and increase
food security for farmers, especially under current climate
change scenarios [21, 24].

Our changing climate and burgeoning population urgently
needs agricultural techniques that can produce more on less
land and with fewer inputs, while keeping the environment
healthy. As such, sustainable agriculture that brings climate
adaptation and mitigation benefits is one of the issues to be
tackled at the 21 st UN climate conference (COP 21), in
Paris, 30 November, 2015. (See
www.worldagroforestry.org/cop21 for the full program of
ICRAF’s activities at Paris COP21).

Agro-ecological practices such as AF, which involves
integrating the right trees and woody shrubs into agricultural
landscapes are an important part of the solution. The trees to
use for AF can be selected so they deliver products and
services that improve not only farmers’ lives and countries’
economies, but also the environment. The right trees in the
right place have been shown to build farmers’ resilience to
climate related shocks such as unpredictable and extreme
weather; they do this both by diversifying income sources,
and by providing environmental services such as soil
improvement, flood control and wind shelter. This is in
addition to producing fresh air and bringing beauty and
biodiversity to living spaces, which promotes human health
and well-being. Sustainable, environmentally friendly food
and fuel production is possible with agroforestry and by
bringing the products and services people need from trees
close to human habitats, agroforestry can reduce harvesting
pressure on forests.

Although carbon sequestration through afforestation and
reforestation of degraded natural forests has long been
considered useful in climate change mitigation, AF offers
some distinct advantages. The planting of trees along with
crops improves soil fertility, controls and prevents soil
erosion, controls water logging, checks acidification and
eutrophication of streams and rivers, increases local
biodiversity, decreases pressure on natural forests for fuel
and provides fodder for livestock [41]. It also has the ability
to enhance the resilience of the system for coping with the
adverse impacts of climate change.

2.1.5. Soil and Water Conservation

The most worrisome component of climate change from
the point of view of smallholder farmers is increased inter
annual variability in rainfall and temperature. Tree based
systems have some obvious advantages for maintaining
production during wetter and drier years. First, their deep
root systems are able to explore a larger soil volume for
water and nutrients, which will help during droughts. Second,
increased soil porosity, reduced runoff and increased soil
cover lead to increased water infiltration and retention in the
soil profile which can reduce moisture stress during low
rainfall years. Third, tree-based systems have higher

evapotranspiration rates than row crops or pastures and can
thus maintain aerated soil conditions by pumping excess
water out of the soil profile more rapidly than other
production systems [42]. Noteworthy among such practices
in tropical environments include incorporation of fast-
growing, nitrogen fixing trees and shrubs in agricultural
fields to improve soil fertility and minimize erosion,
improved management of fallows, domestication of new and
underutilized tree species, and intensification of agriculture
on smallholder farms through use of appropriate tree and
shrub species. A wide range of AFSs now exist with a
potential to improve productivity, favorably influence
microclimate, prevent soil degradation and restore soil
fertility and diversify income generating opportunities [43].

2.1.6. Addressing Food Security

Most of the food consumed in Eastern Africa is produced
by smallholder farmers. However, their productivity has been
falling, frequently as a result of declining soil fertility. In
parts of Ethiopia, water scarcity, uncontrolled grazing and the
high demand for tree products is leading to severe
environmental degradation and declining yields. Many
smallholder farmers in Sub-Saharan Africa practice
agroforestry. These systems have prevailed despite persistent
attempts to introduce monoculture production of annual
crops, which have been much less successful in Africa than
elsewhere. Agroforestry has been shown to provide a number
of benefits to farmers. For instance, it can enhance soil
fertility in many situations and improve farm household
resilience through provision of additional products for sale or
home consumption [3].

The insight that trees on farms provide livelihood benefits
is not new, and diversity-based approaches to agricultural
adaptation to climate variability have been adopted by many
farmers. In light of recurring food shortages, projected
climate change, and rising prices of fossil fuel-based
agricultural inputs, agroforestry has recently experienced a
surge in interest from the research and development
communities, as a cost-effective means to enhance food
security, while at the same time contributing to climate
change adaptation and mitigation. It has also experienced a
recent increase in adoption by farmers in many parts of
Africa as demonstrated by [44].

Agroforestry technologies are ensuring food security and
are lifting many out of poverty and mitigating declining
agricultural productivity and natural resources. Remarkable
examples are: fertilizer trees that when integrated with
inorganic fertilizers can double or triple crops yields in
degraded lands, fodder trees that can be used in smallholder
zero-grazing systems in ways that supplement or substitute
commercial feeds, improved varieties of temperate and
tropical fruits that can be used to supplement household
incomes and nutrition, medicinal trees that are utilized on
farm and conserved in-situ, and fast-growing timber and fuel
wood trees that can be grown in various niches within the
farm and in commercial woodlots and plantations [45].
According to [46] agroforestry can contribute to food
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security through the provision of edible products such as
fruits, roots and seeds, and can also improve soil fertility by
fixing nitrogen from the air and recycling nutrients, thereby
helping to increase crop yields. The framework under which
agroforestry could contribute to food security, social wealth

and climate change alleviation requires a clear understanding
of the components and processes that are relevant for
sustainable management of benefit flows from ecosystem
services in changing agricultural landscapes.
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Figure 3. Suggests factors that significantly impact on the success of AF.

2.2. Climate Change Vs Livelihood

The climate change has become a center of concentration
by many governments worldwide due to its induced changes
that affect the viability of livelihoods of the poor [7]. This
has led to new innovations to respond to the changes and is
incorporated in livelihood strategies. More importantly, land
use cover changes combined with impact of climate changes
have affected the livelihood. Again, land use changes have
been identified as the major driving force contributing to
environmental change and climate change in particular [47].
Climate change results in changes in ecosystem functions and
the ecosystems’ capacity to provide society with goods and
services, affecting society’s options for socio-economic
development [8]. Climate is a critical factor affecting forest
ecosystems and it has the capacity to cause the ecosystems to
change to new status, for example, it can change from forest
to savannah [8].

Therefore, mitigation and adaptation of the adverse
impacts of climate change is a high priority on the
international agenda [9]. However, the main challenges
remain in developing best practices for adaptive measures to
maintain ecosystem resilience and to reduce vulnerability in
the presence of various climate change scenarios [48].
Despite the fact that climate change impacts are on global
scale, African countries are the most vulnerable to the
impacts of climate change and variability due to high level of
poverty, low resilience and weak institutional capacity [49].
As a result, these impacts of climate change and variability
have undermined the efforts made in improving the socio-
economic development of African countries. This indicates

that efforts are needed to prepare the developing countries to
respond to the climate related impacts [50]. Climate is the
major factor that influence agriculture practices and
according to [24]; climate change has already affected the
agriculture sector. It is a human activity that is most
vulnerable to the impact of climate change [51].

3. The Concern of Home Garden
Agroforestry System

In this Review, our discussion has focused more on the
home garden agroforestry practice because of the following
reasons;

3.1. It Has Large Potential for Climate Change Adaptation
and Mitigation to Improve Livelihood of Small Scale
Farmers

Home garden agroforestry systems are suggested to hold a
large potential for climate change mitigation and adaptation.
This is due to their multifunctional role in providing income,
food and ecosystem services while decreasing pressure on
natural forests and hence saving and storing carbon [52].
Home gardens are agroforestry systems common throughout
the tropics [53, 54]. Home gardens are prime examples of
multi-functional landscapes: spaces that combine agriculture,
forestry and natural ecosystems and are in Sri Lanka defined
as a complex sustainable land-use system that combines
multiple farming components, such as annual and perennial
crops, livestock and occasionally fish, of the homestead and
provides environmental services, household needs, and
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employment and income generation opportunities to the
households [55]. Others, such as, [56, 53] provide a similar
definition and suggest that a home garden includes the
concept of intimate plant associations of various trees and
crops, sometimes in association with domestic animals, and
consequent multi-story canopy configuration around the
homestead.

3.2. It Has More Diversity of Species and Multi-functional

Tropical home gardens consist of an assemblage of multi-
purpose trees and shrubs with annual and perennial crops and
livestock within compounds of individual houses managed
by family labor. The home gardens are characterized by high
species diversity and usually 3-4 vertical canopy strata — tree
layers’ upper story, herbaceous layer near the ground and
intermediate layers in between. The ensete-coffee-livestock
tree system of southwestern Ethiopia represents a typical
multistory home garden. The upper story is dominated by
broadleaved trees (e.g., Cordia, Croton, Millettia) fruit crops
(avocado, mango), the middle story containing ensete, coffee
and maize while vegetables, spices, herbs cover the lower
canopies. This results in a continuous food production
throughout the year [45]. Despite the lack of a uniform
definition of home gardens they are second to shifting
cultivation the oldest land-use systems worldwide that have
evolved through centuries of biological and cultural
transformation [53, 57]. Home gardens also store higher
amounts of carbon than other agriculture systems in the
above-and below-ground biomass and soils, but usually
inferior to mature forests at the same site [58, 52]. The
provisioning role of agroforestry and home gardens to
maintain species diversity may also facilitate more stable and

longer term stability of carbon stocks as well as
diversification of home garden derived products [59, 60, 61].

A number of adaptation case studies emphasize the
importance of diverse home gardens in ensuring the family
food supply in areas significantly affected by climate change.
Examples from Bangladesh describe two types of adaptation
strategies for enhancing the resilience of home gardens. In
drought-prone regions, the resilience of traditional homestead
gardens is strengthened through intercropping of fruit trees
with vegetables, small-scale irrigation and organic fertilizers
[62]. In the flood-affected regions, floating gardens have
been created for cultivation of a mix of traditional crops,
including saline-tolerant vegetables such as bitter gourd, red
amaranth and kohlrabi. The floating gardens, in combination
with alternative farming methods such as duck rearing and
fishing, are important source of food during floods [63].

In many parts of the world home garden systems provide
supplementary food, fuel, fodder and serve as a recovery area
for the people. Home gardens in the tropics vary greatly in
species, species richness, structural complexity and size.
Most of them display different vegetation layers making
them typical agroforestry systems [64].

Generally, home garden agroforestry is believed to be
more diverse and provide multiple services for household
than other mono-cropping system and this is due to the
combination of crops, trees and livestock, home garden
agroforestry practice provides good socio-economical and
agro-ecological service for farmers which have a higher
implication for climate change adaptation than non-tree
based garden [65]. Despite its vast socio-economic
importance, in Ethiopia the agro-ecosystem and socio-
economic role of home garden AF are very few.

Source: Picture by second author Mezgebu Senbeto, May 20, 2013 during field visit of western Kenya

Figure 4. Species diversity of home garden agroforestry, Embu, Kenya.
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3.3. Easily Manageable

In general, home gardens are characterized by different
vegetation strata composed of trees, shrubs and herbs in
association with annual and perennial agricultural crops and
small livestock within the house compounds in which
normally the whole tree-crop-animal unit is intensively
managed by family labor [66]. In Bangladesh, there is no
specific management plan for the homestead forests which
are being traditionally managed by the household owners
[31].

3.4. Year Round Productivity and Social Value

Home gardens are known to serve a number of functions to
the household. They allow an almost year-round production
of food due to the diverse crops maintained; are sources of
products such as medicinal plants, construction materials,
fuel, and beauty aids; are important in generating income to
the household; make use of the local labor thereby making
people engaged; have a role in strengthening the social bonds
among community members; serve as a symbol of status; and
are also valuable sites for agro biodiversity conservation
[67].

4. Gaps and Challenges of Agroforestry
Systems in Climate Adaptation and
Mitigation

Communities in the past have shown resilience and
capacity to adapt to changes in climate through keen
observation, experimentation and practice, adaptation to the
rapid changes that are taking place in global climate and
other sectors are beyond that of a natural self-correcting
process. They require carefully planned interventions
including supportive policies and regulations to mitigate the
impacts of expected changes in climate while meeting
household level requirements for food, fuel and income.

There are, however, a number of technical challenges to
the introduction and expansion of agroforestry [68]. Many
are associated with misperceptions concerning the
interactions between trees and crops, and most can be solved
through demonstration and training. Many of the obstacles to
wider use of agroforestry are related to policies. Agricultural
policies often entirely ignore trees on farms, so agricultural
authorities do not develop incentives for tree cultivation or
include agroforestry in extension and other guidance. For
example, until recently farmers in the European Union were
not eligible for Common Agricultural Policy subsidies for
cereals if they grew their grains in association with trees, and
more recent policy that is favorable to agroforestry has been
weakly implemented to date. And in the USA, agroforestry
has not been well recognized, although a June 2011
announcement of an Agroforestry Plan by the U.S.
Department of Agriculture expects to strategically use
programs such as farm and conservation assistance, forest

landowner assistance, extension, education and outreach, and
many other services to promote agroforestry.

Another major challenge, in particular for resource - poor
farmers in developing countries is that trees are perennial
crops that are comparatively slow to grow. This means that
farmers need to invest scarce resources in tree establishment
and management, and do not begin to see benefits for a
number of years. Policies are needed to provide incentives
for investment in advance of benefit. Thus, there is little
incentive as yet for farmers to generate the many societal
environmental services that are possible through agroforestry.
Trees on farms are often governed by over - reaching
forestry legislation that treats all trees as though they are in
forests, and punishes farmers for managing trees on their
land.

5. Conclusion and Recommendations
5.1. Conclusion

Climate change impacts by complex weather-related
phenomena have threatened agricultural and forest
ecosystems and the livelihood of agricultural and local
communities. Agroforestry has an important role in climate
change adaptation through diversified land-use practices,
sustainable livelihoods, sources of income, enhanced forest
and agricultural productivity, and reduced weather-related
production losses, which enhance resilience against climate
impacts. Like few other land use options, agroforestry has
real potential to contribute to food security, climate change
mitigation and  adaptation, while preserving and
strengthening the environmental resource base of Africa’s
rural landscapes. It has a key role to play in landscape-scale
mitigation schemes under the REDD+or AFOLU
(Agriculture, Forestry and other land uses) concepts. For
millions of African farmers whose livelihoods are threatened
by climate change and land degradation agroforestry offers a
pathway toward more resilient livelihoods. Sustainable
agroforestry management, along with raising awareness,
strengthening technical capacities, creating policies for
actions that encourage cross-sectorial and landscape
approaches, is a key to helping agriculture-and forest-
dependent people adapt to new conditions caused by climate
change. However, not all agroforestry options are viable
everywhere, and the current state of knowledge offers very
little guidance on what systems work where, for whom and
under what circumstances.

Home garden agroforestry system (AFS) indicates that
adaptation and mitigation to climate change will largely
depend on the increased resilience of both AFSs and of local
management capacity. Local biophysical conditions and
socioeconomic factors must also be assessed and considered
along with AFPs in order to effectively reduce the
vulnerability of these communities to climate change. The
great potential of tree component of AFS in increasing C
sequestration compare with treeless agricultural systems, and
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therefore its implementation should be considered as a
climate smart land use option. Despite less attention has been
given to tree based land use option, AF has played a major
role in reducing household wvulnerability to shocking.
Smallholder farmers have already started mainstreaming tree
based land use system as resilience to social needs because
the poor are more exposed to change; AF is one of best risk
aversion option to make them move out of food insecurity.

Generally, agroforestry systems readily bundle both
mitigation and adaptation strategies and provide several
pathways to securing food security for poor farmers, while
contributing to climate change mitigation. Agroforestry
should attract more attention in global agendas on climate
adaptation and mitigation because of its positive social and
environmental impacts.

5.2. Recommendations

Agroforestry, like any single coping strategy, will not
prove to be the silver bullet to climate change adaptation,
mitigation and food security. However, agroforestry practices
do have substantial potential to help smallholder farmers and
pastoralists improve their well - being and the environmental
sustainability of their farms and landscapes. By adopting the
recommendations outlined below, we believe that
agroforestry can be a cornerstone of climate - smart
agriculture and contribute, as a part of larger development
initiatives, to helping those who depend upon on agriculture
for their livelihoods to better adapt to future climate change:

I.  The possible gains in C stocks that could be used to

promote AF as a promising CO, mitigations strategy

II. Provide an enabling legal and political environment

with an overarching national plan, appropriate
institutions and effective and transparent governance

structures  that coordinate between sectorial
responsibilities and across national to local
institutions.

III. Improve market accessibility and development of
markets for ecosystem services to enhance income -
generating opportunities provided by agroforestry.
This can be done through improving infrastructure or
more locally through establishing cooperatives that
pool resources to access markets.

IV. Involve farmers and pastoralists in the project -
planning process. Those who depend upon agriculture
for their livelihoods should be empowered to ensure
that development efforts target what is most relevant
to local communities and contexts to accomplish
agreed goals in the most effective way.

V. Improve access to knowledge and germplasm. This
has been shown to significantly improve farmers’
willingness to plant or cultivate more trees for
multiple purposes. Farmer to farmer dissemination
and educational visits provide potential alternative
mechanisms and increase adoption rates.

VI. Improve land and tree tenure. This can have a
significant effect on farmers’ willingness to invest in
their land and improve productivity. Reducing state

regulation of farmer management, harvesting and
selling of trees on their own farms is an important
reform needed in many countries.

VII. Overcome the barriers of high opportunity costs to
land. This is a key requirement for successful
implementation of climate - smart agriculture in
developing countries and to - date it has been given
little attention. Many improved management practices
provide benefits to farmers only after considerable
periods of time. This can be prohibitive for poor
households because investing in new practices
requires labor and incurs costs that must be borne
before the benefits can be reaped. Payments for
carbon sequestration may be an appropriate way of
covering the time lag between investing in climate -
smart practices and obtaining the environmental and
economic benefits.

VIIL.Improve access to farm implements and capital.
Credits, loans and other forms of access to capital can
significantly reduce farmer vulnerability, particularly
in combination with insurance schemes that protect
against income losses arising from weather extremes.
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