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The Role of Agroforestry
in Ecosystem Services '
and Mitigation

of Climate Change

ABSTRACT

Relevance. Agroforestry systems are believed to provide a multitude of ecological services. It is
thought that agroforestry enhances resilience to the impacts of climate change and aids in adapta-
tion by supporting diverse land use practices, sustainable lifestyles, and income streams, as well as
increasing productivity in both forests and agriculture, and reducing weather-related losses in pro-
duction.

Results and Discussion. The aim of this review was to present genuine evidence on the role of agro-
forestry in ecosystem conservation and mitigation of climate change impacts. Compared to mono-
cropping and open cereal-based agriculture, agroforestry has made a more significant contribution
to ecosystem conservation and in reducing carbon dioxide emissions. However, it has been found
that agroforestry contributes less to carbon sequestration than natural forests. Carbon sequestration
through above-ground and underground biomass, carbon emission reduction from deforestation,
and microclimate adjustment are key measures for mitigating climate change. Agroforestry systems
provide essential ecosystem services, such as food, fuel wood, fodder, income, and improved soil
production, which enable communities to cope better with the impacts of climate change. Therefore,
agroforestry must be given significant attention if it is to play a crucial role in ecosystem manage-
ment.
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Ponb arponecoBoacTBa

B 9KOCMCTEMHbIX YCyrax

1 CMAr4eHnn nocneacTeum
N3MEHEeHNs Knnmara

PE3IOME

AkTyanbHoCTh. CyuTaeTcs, YTO arponecoMenvopaLmMoHHbie CUCTEMbI NPEAOCTaBNAT MHOXECTBO
akonornyeckux ycnyr. CyutaeTcs, 4To arponecoBofCTBO NOBLILAET YCTONYMBOCTL K NOCNEACTBUAM
M3MeHeHUs KNMmata u noMoraeT B afanTauuu, noaaepXuBas pa3HoobpasHbie MeToAbl 3eMnenonb-
30BaHMsl, YCTOWYMBBIA 06pa3 KWU3HW M NOTOKMU JOXOAOB, a TakKe MOBbIWAsA NPOJYKTUBHOCTb KaK B
necax, Tak U B CeNbCKOM XO3SIMCTBe, a TaKke COKpallas noTepu NPOM3BOACTBA, CBA3aHHbIE C NOro-
0.

Pesynbratsl. Llenbto atoro 063opa 6bino npeacTaBUTh 4OCTOBEPHbIE AaHHbLIE O POMNM arponecome-
nnopaumMn B COXpaHEeHUM IKOCMCTEM W CMArYEHUU NOCNEACTBUIA M3MeHeHus knumara. Mo cpaBHe-
HUIO C MOHOKYNIbTYPHbIM M OTKPbITbIM CEMbCKUM XO3ACTBOM, OCHOBAHHbIM Ha BbIpalLBaHWK 3ep-
HOBBIX, arpoNecoBOACTBO BHECNO Gomnee 3HaYUTENbHbINA BKNaf B COXpaHEHWe 3KOCUCTEM U COKpa-
LyeHne BbIGPOCOB yrriekucnoro rasa. OaHako 6b1no 06HapyXeHO, YTO arpoNieCOBOACTBO B MEHbLUEN
CTeneHu cnocoGCTBYeT CBA3LIBaHUIO Yriepoaa, YeM ecTecTBeHHbIe neca. CBA3bIBaHUe yrnepoaa 3a
CYeT HaA3eMHOI U NOA3EMHOI GUomacchl, CoKpalleHue BbIOPOCOB yrnepoaa B pesynbTaTe Bbipyo-
KU NecoB M KOPPEKTUPOBKA MUKPOKNNUMATa ABNSAKOTCA KNOYEBLIMA MEpaMi N0 CMArYEHUK nocnepn-
CTBMA M3MeHeHMsA knumata. CucTeMbl arposiecomenuopauun 006ecneymBaOT BaXHbIe IKOCUCTEM-
Hble YCnyru, Takue Kak MpoAyKTbl MUTaHUs, ApoBa, (iypax, AOXOA W YNyYlIEeHHOEe MNoAoPOANE
MOYBLI, YTO MO3BONSET OGLMHAM Myylle CMpaBNATLCA C NOCHEACTBUAMU M3MEHEHUs Knumara.
Moatomy arponecoBofAcTBYy HeoOXOAMMO YAeNnsTb 3HA4YUTeNbHOE BHUMaHWE, eCrM OHO AONKHO
UrpaTh peLualoLLyio ponb B ynpaBieHnn 3KoCMCTEMaMH.

KNIOYEBLIE CNOBA:

cenbCcKoe X03sMCTBO, GMopa3Hoobpasue, yrnekncnbIi ra3, npuycaaebHbIi y4acToK, BUAOBOE pasHo-
obpasue
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1. Introduction

Crop productivity may be conserved while offering an
alternative solution to ecological problems by apply-
ing agroforestry [1-3]. Depending on the spatial layout or
temporal sequence, this system combines animal produc-
tion, crop cultivation, and/or tree culture on the piece of land
[4]. Agroforestry may help in the conservation of natural
ecosystems through efficient resource management and
sustainable land management (including reforestation) [5].
Agroforestry also has a significant role to condense green-
house gas (GHG) emissions since it incorporates a number
of activities that have been found to promote carbon absorp-
tion [6]. Additionally, the system can support biodiversity by
incorporating a variety of plant and agricultural species that
can serve as habitats for a variety of wildlife [7, 8].
Agroforestry has been demonstrated to provide socioeco-
nomic benefits for rural residents in addition to its favorable
effects on the environment [9]. The community's economic
resilience might be improved by implementing a large-scale
agro-ecosystem including animals, plants and other agricul-
tural crops [10]. The method may potentially improve family
food security through a range of food sources [11].
Therefore, agroforestry may be able to assist with present

socioeconomic issues.

According to Ripple, Wolf [12], in order to keep the
increase in global temperature to 1.5 degrees Celsius,
which is now occurring due to climate change, immediate
action is needed [13]. Extreme droughts, flooding, and dis-
eases are just a few of the climate change hazards that can
seriously harm agricultural systems and cause soil erosion,
crop failure, biodiversity loss, reduced soil moisture, insect
damage, and economic losses. Due to increased severe
occurrences and frequent drier and wetter weather that
endangers present production methods and food supply,
farmers are now finding it challenging to plan planting and
harvesting [14]. Agriculture, forests, and trees are crucial for
reducing carbon emissions and achieving the targets set
forth in the Paris Agreement, by replanting the appropriate
plant species in the appropriate location (site), farmers may
make adjustments to the effects of climate change [15].
Literature has shown that due to its economic, social and
environmental benefits [16], agroforestry is the common
experience that has been promoted throughout in the world
[17]. It’s also an instrument for diversifying production from
a single land unit [18].

Ethiopia’s population is growing rapidly, leading to
increasing demands for food, energy, and other resources.
This is driving the expansion of cropland into the remaining
forests and woodlands in the country. Agricultural invest-
ment and small-holder farming continue to be major contrib-
utors to Ethiopia's greenhouse gas emission levels [19]. In
response to these challenges, the Ethiopian government
has identified agroforestry as a critical component of its
Forestry Strategic Plan, Climate Resilient Green Economy

strategy, and Sustainable Land Management program.
Agroforestry, which integrates trees with crops and/or ani-
mals, has gained significant attention and focuses from the
government as a practice that can help address the coun-
environmental and food security concerns.
Agroforestry system is the basic extension package in
Ethiopia [20]. Because it is highly practice in all parts of the
country in different configuration like tree-enset-coffee, tree-
enset, and woodlot, scattered trees on farmland and pas-
ture land, and boundary planting [21]. Agriculture is the
mainstay of Ethiopian economy, which accounts 42-45% of
the total gross domestic product (GDP) of the country [22].
However, it is adversely affected by soil erosion and land
degradation [23], climate change [24], shortage of land and
lack of proper land use [25]. Literature shows, tree-based
agroforestry systems significantly contribute in alleviating
poverty [26]. Although it is still debatable and much investi-
gated, agroforestry systems may help maintain ecosystems
[27]. Furthermore, there is a lack of empirical data about the
relationships between household livelihood resilience and
agroforestry, especially with regard to climate change miti-
gation [28]. Therefore, the purpose of this paper is to pres-
ent empirical evidence on the particular role that agro-
forestry plays in both mitigating climate change impact and
providing ecosystem services.

tries

2. Socioeconomic benefits of Agroforestry

Agroforestry is distinct from other land-use systems
because it incorporates a variety of plant species. This kind
of tree-based farming can, from an economic standpoint,
boost economic resilience by diversifying the goods pro-
duced [2]. Since they may meet a range of needs, such as
offering rural residents alternative income sources, using
multifunctional trees in particular may increase the profitabil-
ity of agroforestry by providing food (such as wild edible
fruits) or fodder during challenging times [29]. Furthermore,
in addition to the income generated by their yearly crops,
certain plant species with higher economic value can be able
to provide income for the residents of the area. Due to the
plant’'s delayed growth phase, teak-agroforestry (Tectona
grandis) systems in Indonesia, shown to produce up to 12%
of the total household income while having less of a recy-
cling period [30]. Agroforestry is yet another technique to
improve the benefit-to-cost ratio. Planting woody species
that require less input (chemical fertilizers, pesticides) is one
strategy that can enhance farmer income while lowering pro-
duction costs [31].

The farmers' awareness of the procedure, especially in
regards to choosing appropriate plants for their system, may
have significant effects on the outcome. Growing certain
trees next to complimentary crops might be benéeficial.
Contrarily, nutrient competition can be caused by the inap-
propriate selection of tree or crop components [32], which
affects production and, subsequently, the farmers' profit.



According to Iskandar, Iskandar [33], the introduction of
agroforestry in rural areas may open up new job options for
off-farm work. Since they may participate directly in produc-
tion operations, women may also got profit from greater
work options, which might improve gender inequality in rural
areas. Additionally, retaining jobs in rural areas can reduce
the exodus of people from those places, improving the rural
economy [34]. Agroforestry contribute the food and nutri-
tional security of people who live close to forests while also
producing income. In Indonesia, children between the ages
of one and five were found to be taking micronutrients at a
greater rate than was previously believed, according to
Ickowitz, Rowland [35] examination of geographical data.
Low-income farmers who had received agroforestry training
upon it was introduced also shown better food yield and
plant diversity this indicating improved food availability [36].
Implementation of agroforestry system has been positively
correlated with family food security, according to findings
from other research conducted in South Asia, Latin America,
and Sub-Saharan Africa [37, 38].

3. Agroforestry for Ecosystem services

Agroforestry uses a number of ecological techniques that
might enhance ecosystem provision in pastoral areas, these
techniques include raising biodiversity, improving water qual-
ity, decreasing erosion, improving soil fertility, improving aes-
thetics, and sequestering carbon [37]. It is commonly known
that agroforestry techniques provide services and advan-
tages throughout a wide geographic and temporal scales. Itis
becoming more widely recognized as a part of a multipurpose
working environment that provides economic commodities,
environmental benefits, and ecological services.

Agroforestry systems give different biological system
administrations, extending from the arrangement of nourish-
ment, and fiber to non-commodity yields, such as climate,
water and soil control and recreational, stylish and social lega-
cy values [39]. Evaluation of these environment administra-
tions makes information to get it the supply and request of
environment administrations, to raise mindfulness, and to
realize priority on the political motivation within the European
Union [40]. Evaluations of biological system capacities and
their potential arrangement of environment administrations to
individuals have been overwhelmed by common sciences and
financial matters [41]. The common approaches to assess-
ment have been recognized as biophysical, socio-cultural and
financial [42]. Montagnini [43] focused on the potential of
agroforestry systems for sequestering carbon by looking at a
number of case studies from across the world.

3.1. Agroforestry for Biodiversity conservation

Agroforestry is a new approach helps us in conservation of
ecosystem through improving soil and microclimate proper-
ties, reduced erosion, and improved water quality, carbon
sequestration and biodiversity conservation [44]. The five

main functions of agroforestry system in biodiversity conser-
vation are as follows [45]: (1) Agroforestry provides habitat for
species that can withstand some degree of disturbance; (2)
Agroforestry helps preserve sensitive species’ germplasm;
(8) Agroforestry minimize the rates at which natural habitat is
converted by offering a more productive to traditional agricul-
tural systems that may involve clearing natural habitats; (4)
Agroforestry creates connectivity by creating corridors
between habitat remnants, which may support the integrity of
these remnants and the conservation of area-sensitive floral
and faunal species; and (5) Agroforestry contributes to bio-
logical diversity conservation by offering other ecosystem
services like erosion control and water recharge.

It has been shown that agroforestry is a viable alternative
for less biologically diverse agriculture in striking a balance
between productivity and biodiversity conservation.
Nevertheless, other research has also shown that the benefit
of agroforestry systems for conserving biodiversity varies
according to management choices. The availability of
resources and the vegetative composition of animal species
can be impacted by various management choices, which
could have an impact on the species’ overall conservation
value. The development of biodiversity-friendly management
strategies depends on the identification and evaluation of
these tradeoffs because they represent the best options for
preserving ecosystem functioning and the services required
to ensure sustainable output. Agroforestry systems for biodi-
versity conservation and the varying implications that man-
agement approaches might have on the value of particular
agroforestry systems [46].

3.2. Agroforestry for Soil Inprovement

Depending on the crop type, temperature, and geography,
agroforestry can have different impacts on soil quality
through changes in ecosystem functions and services
brought about by the direct and indirect effects of trees. By
bringing back nutrients that have been leached through their
deep roots, trees contribute significantly to the cycling of
nutrients by acting as a "safety net" against nutrient losses
from the cycle. In tree-based agroforestry systems, trees also
aid in dry deposition and absorb atmospheric nutrients.
According to Chatterjee, Nair [47],
viable way to store and recover carbon from the soil that is lost
as a result of intensive farming practices, heavy tillage, and
fertilizer use. Because of the structural and functional diversi-
ty of the components obtained in a mixed cropping canopy,
agroforestry encourages more efficient use of resources than
monocropping [48]. Afarm’s field capacity (FC), organic mat-
ter (OM), available potassium, phosphorus, soil carbon
stocks, and bulk density (BD) are all improved by the integra-
tion of trees. These factors increase the water holding capac-
ity (WHC) of the soil and release water to plants gradually,
much like a sponge [47]. In order to decrease bulk soil densi-
ty and promote soil aggregation, organic matter (OM) must

agroforestry offers a



be added. The rhizosphere's water dispersion, air circulation,
groundwater recharging, and nutrient quality are all
enhanced by the soil's decreased bulk density (BD).

With agroforestry systems, the accumulation of litter from
twig and leaf shedding serves as the primary source of both
organic carbon (OC) and nutrients. The soil organic carbon
(SOC) has an impact on the efficiency with which nutrients
are used in agriculture, both directly and indirectly. An active
deep root system and abundant organic matter (OM) in the
soil will increase absorption and availability, which will
the efficiency of consumption.
Additionally, the inclusion of organic matter (OM) has
increased microbial diversity, which attracts mycorrhizae
and releases phosphorus (P) for crop uptake [49]. It is wide-
ly known how important agroforestry is for ensuring and
maintaining long-term soil sustainability and productivity.
The integration of plants and trees with the ability to fix nitro-
gen naturally is a common practice in tropical agroforestry
systems. Non-N-fixing trees also contribute to the physical,
chemical, and biological aspects of soil by releasing and
recycling nutrients in agroforestry systems, as well as by

increase nutrient

adding significant amounts of organic matter both below
and above ground.

3.3. Agroforestry for Enhancing Air and Water Quality

Building levees and farmlands are protected from floods
and sand deposition by broader riparian buffers when agro-
forestry is incorporated, which enhances flood control. The
ability of trees to store and utilize water, as well as soil
change processes, all help to reduce floods. According to
Tyndall and Colletti [50], to improve the quality of the air,
green vegetation filters out odor, gasses, mist, volatile
organic compounds, minerals, and spores. Techniques
used in agroforestry, such as windbreaks and shelterbelts,
are praised for their several benefits, among these advan-
tages are the ability to effectively protect structures and
roads from drifting snow, cost savings in livestock produc-
tion from lower wind chills, protection of crops, making of
habitat for wildlife, production of oxygen from atmospheric
carbon dioxide removal, reduction of noise pollution, and
mitigation of odor from concentrated livestock processes.
Riparian buffers, for example, have been suggested as an
approach to reduce non-point source pollution from agricul-
tural areas. Deep-rooted trees in agroforestry can enhance
ground-water quality by functioning as a "safety net,” cap-
turing extra nutrients that leak from agronomic crops below
their rooting zones. These nutrients are then recycled back
into the system through root turnover and litter fall, increas-
ing the system's efficiency in using them [43].

4. Potential of Agroforestry

for mitigation of climate change impacts

The global climate change caused by rising carbon diox-
ide (CO32) and other greenhouse gas (GHG) levels is recog-

nized as one of the major environmental issues of the twen-
ty-first (21st) century [51]. Climate change may result from
both internal and external influences, including variations in
the volcanic eruptions, and enduring manmade changes to
the atmosphere's composition or the way land is used.
Agroforestry practice is the deliberate planting of trees
species and agricultural crops in interacting combinations
began to gain popularity in the late 1970s [52]. Throughout
the 1990s, industrialized nations came to understand the
significance of agroforestry in solving problems such as the
decline of family farms, increased soil erosion, contamina-
tion of surface and ground waters, and decreased biodiver-
sity, as a result, agroforestry is presently receiving more
attention as a sustainable land-management option in a
worldwide because of its advantages on an ecological, eco-
nomic, and social levels. As a result, the knowledge on agro-
forestry is growing quickly, as seen by the rise in the quanti-
ty and caliber of scientific publications on a variety of agro-
forestry-related topics. Thus, adaptation and mitigation of
climate change will reduce the intensity of its impacts.

However out of all the options for mitigating climate
change, agroforestry is the most effective and, with correct
management, it is sustainable in worldwide. According to
Charles, Nzunda [53], agroforestry is a climate-smart agri-
cultural method that is thought to be more adaptable to cli-
mate change than monoculture. Agroforestry, an environ-
mentally and ecologically sound land use, offers great
potential for lowering the rising levels of atmospheric carbon
dioxide (COz2) through carbon sequestration [54]. As Brakas
and Aune [55], stated that perennial tree absorbed carbon
at an advancing rate than those are exclusively included
annual crops or grasslands. Since perennial tree will acquire
carbon through roots, litter, and aboveground biomass,
whereas annual crops will only do so through roots and the
preservation of crop waste [56]. Agroforestry focuses on
using trees on farms and other landscapes for the benefit of
rural inhabitants and other land users. Because agroforestry
provides products and services including fruit, fodder, fire-
wood, timber, medicine plants, soil fertility, shade, erosion
control, and carbon sequestration, the agroforestry is at the
center of innovation and adoption [57]. In the context of cli-
mate change, agroforestry is recognized as an essential
component of climate-smart agriculture, which is character-
ized as agriculture that brings people closer to safe operat-
ing environments for food systems across temporal and spa-
tial scales [58]. However, agroforestry’s significance as a
carbon dioxide (CO2) link, a means of reducing climate
change, and a means of adaptation has just lately come to
light [59].

As to Mohan Kumar and Nair [52] study, agroforestry
received particular attention as a carbon sequestration tech-
nology after being designated as such under the Kyoto
Protocol's afforestation and reforestation operations. The
goal of the post-Kyoto Protocol climate change discussions



Table. Estimates of above- and below ground biomass carbon (Mg C ha-1) and soil organic carbon (0-60 cm depth, Mg C ha-1) in major agroforestry
practices in Ethiopia. The values are mean * standard error

Agroforestry Aboveground Belowground

practice carbon carbon
Boundary planting 26.7+14.1
Fodder bank 9.2+4.2
Homegarden agroforestry 28.246.0 9.6+2.8
Parkland systems 4.9+2.5 1.9+0.8
Perennial tree crop systems 23.7£10.0 8.2+4.8
Scattered trees on farm 8.2+1.4 2.9+1.0
Silvopasture 2.120.01
Woodlot 25.0+5.6 4.559

is to reduce the atmospheric carbon dioxide (CO2) concen-
trations by storing carbon in terrestrial plant systems. As a
result, several nations include agroforestry principles and
systems into their policies. Agroforestry systems have the
potential to significantly reduce greenhouse gas emissions
by increasing carbon storage in biomass, both above and
below ground, as well as in soil organic carbon [13]. Carbon
sequestered in agroforestry in East Africa is less than forest-
ed areas but greater than what would be found in low bio-
mass systems such as natural grasslands, pastures and or
annual crops without trees. Much of the aboveground car-
bon is held in homegardens (34.3+7.9 Mg C ha'"), perennial
tree-crop systems (29.9+12.7 Mg C ha') and trees on
boundaries (26.7+14.1 Mg C ha') (Table).

For the enset-tree (73.2 Mg/ha), enset-coffee (105.7
Mg/ha), and tree-coffee system (116.2 Mg/ha) systems,
the aboveground biomass estimated by the CO2FIX model
estimated to biomass carbon of 96.6, 139.5, and 153.4
Mg/ha, respectively [87]. These estimates were higher
than those reported in the region and were therefore
excluded from the computation of mean carbon storage.
Comparable system estimates for enset (34.9 mg/ha),
enset-coffee (59.2 mg/ha), and fruit-coffee (58.3 mg/ha)
yield half that amount [67].

Aboveground carbon storage in woodlots is decently
comparable over studies in Kenya and Tanzania, but for
one study in Siaya District in Kenya where the combined
biomass carbon of trees, s hedges and permanent crops
within woodlots was 122.6 = 59.2 Mg C ha ' [66]. Rotational
woodlots in Tanzania stock an average of 29.2+5.5 Mg C
ha ' [88]. Eucalyptus-based small-scale woodlots in
Ethiopia would have higher aboveground carbon but this
was not measure d [72, 89, 90]. Whereas rotational wood-
lots are harvested routinely, the average carbon stocks in

Soil organic
T Country Reference
Ethiopia,
112.7 Kenya [60-63]
Ethiopia,
14.5¢+1.4 Uganda [64, 65]
Ethiopia, [66,67, 68, 69, 70, 71,
115.7215.1 Kenya 72,62, 60, 73]
41.6+11.3 Ethiopia [74,75, 76, 77, 60]
Ethiopia,
110.94£30.3 Uganda [78, 79, 80, 70]
Ethiopia,
52.5+23.4 Kenya, [81, 82, 83, 62, 84, 85]
Tanzania
Ethiopia,
73.0£35.6 Kenya, [74, 75, 86, 62]
Tanzania
Ethiopia,
58.618.5 Kenya, [86, 72, 60]
Tanzania

that is higher than carbon stocks in degraded land, crop-
land and pastures. Their commitment to soil carbon, partic-
ularly restoration of degraded landscapes is also critical
[88].

4.1. Agroforestry as Tool for Climate Change Adaptation
in Response to Changing Climate Conditions

According to Verchot, Van Noordwijk [91], climate
change poses a threat to tropical agriculture, particularly
subsistence farming. Due to declining soil productivity,
decreased water availability, and biodiversity loss, Africa’s
agricultural production faces sustainability issues; yields of
significant cereal crops have plateaued at one ton per
hectare (ha-1) [92].Thus, inadequate food production for
household use poses a major threat to smallholder farm-
ers’ livelihoods, particularly in areas with more unstable
weather patterns. Due to their lack of resources, smallhold-
er farmers might benefit from agroforestry in order to adapt
to changing climates [93]. Agroforestry may increase
smallholders’ resistance to present and upcoming climate
issues, such as future climate change, at the farm and land-
scape levels [94]. They are essential for preserving homes
even in areas where soil, water, and biodiversity are com-
promised. The role of trees in agriculture has considerably
increased land productivity and livelihoods by supplying
several ecosystem products and services, both direct and
indirect [95].

Franzel, Carsan [96] state that because of fodder trees
in agroforestry systems are mostly utilized to feed dairy
cows and make up for production problems during periods
of harsh climatic conditions, such as droughts, they are
particularly significant in the highlands of Eastern Africa.
These quickly growing trees or plants produce a variety of
byproducts and may usually be used for food a year after



planting. They also need less money, manpower, and land.
Parklands and other agroforestry practices are essential
because they cover the soil with trees and bushes, prevent-
ing removal of soil and reducing consequences of climate
change impact. In risky areas like the Sahelian zone of
West Africa, they assist farmers generate revenue by giving
them green fodder to supplement agricultural wastes for
animal feeds, fruits, and leaves for human use. The interac-
tions between different components of the agroforestry
system have an impact on the ecosystem service functions
of parkland trees in a number of ways, according to Bayala,
Sanou [97] (such as providing, regulating, and sustaining
services). Through the supply of fuels wood, agroforestry
has contributed a substantial contribution to the provision
of sustainable alternative energy (SSA), and it is predicted
that in the next decades, it will continue to dominate the
energy portfolio of the region’s population [98]. In Ghana's
agroforestry, for example, 83% of the 20 species were
used as medicines, while 100% of the species were used
as fuel wood, according to Asase and Tetteh [99].

A research carried out in western Kenya found that hav-
ing trees on farms makes fuel wood more easily accessi-
ble, safe, and reliable for energy and income, especially for
[100]. According to Syampungani, Chirwa
[101],agroforestry with proper planning and management
can have a positive impact on yield, revenue, and future
production potential. For example, species found in home-
gardens are necessary for small-scale home production of
honey for financial gain [102]. Similarly, [103] found that
around 24.4% and 10% of respondents, respectively, used
woody plants for revenue, and that beekeeping assisted
respondents in purchasing food at market prices for sub-
sistence. Numerous research show that countries that
have adopted agroforestry have increased their cash rev-
enue and food security [104]. Coffee Based agroforestry
produced 46% of the honey sold in southwest Ethiopia in
2010, according to Eshete [105]. According to Mekonen,
Giday [106], over 25% of plant were used in Ethiopia as
food, 13% as medicinal, and 10% as household equip-
ment. Fertilized tree species (FTS) have been shown to sig-
nificantly increase maize yields when compared to non-fer-
tilized maize agriculture in Zambia [107]. The amount of
shade directly affects how stable the soil moisture is and
how much the microclimate varies. By protecting the crop
of interest from severe climatic occurrence, this reduce the
livelihood of crop failure in agricultural produc ts [108].

According to Lin [109], soil evaporation and plant tran-
spiration cause crops grown in open settings to lose
between 31 and 41% of their moisture. Additionally, it was
discovered that coffee beans have developed under agro-
forestry (under trees) than they did in direct sunshine, even
though full daylight produced more fruiting and beans per
cluster. The implementation of agroforestry systems,
which might potentially help with some ecosystem services
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regulation and support, may also help to balance coffee
production with conserving biodiversity under the effect of
climate change [110, 111]. Kebebew and Urgessa [112]
claim that tree-based agricultural systems are risk-free and
more profitable than other agricultural options because
they provide a wider range of commodities and are less
likely to be infected by pests, allowing farmers to avoid haz-
ards. Furthermore, agroforestry techniques often encour-
age crop diversity within the systems, expanding the variety
of food, fuel, and fodder produced for smallholder farmers
and reducing wind damage by up to double the wind-
break's height [109]. As a result, different agroforestry
schemes allow for a wide range of adaptations to occur
under various climatic circumstances. More diversity within
the agroforestry system will result in higher co-benefits, but
the amount of variety introduced into the system will deter-
mine the degree of co-benefits [113]. As a result of this,
the ecosystem services that agroforestry provides assist in
making humans and other ecosystems more resilient to
changes in the climate.

5. Conclusion

Agroforestry system is a type of land use that improves
livelihood resilience to climatic fluctuation, change and
contributes to environmental conservation by lowering
CO2 emissions. It reduces soil erosion and also lowering
pressure on natural forests since CO2 is stored in living
biomass and soil. A significant body of research has
recently supported the claims made regarding the
ecosystem services and environmental benefits of agro-
forestry systems and practices in both tropical and tem-
perate regions. In this era of ecological sustainability and
awareness, agroforestry's position as an environmentally
sound and sustainable substitute for traditional farming
that also offers a range of ecosystem services has to be
carefully studied. Agroforestry system provides tested
solutions for carbon sequestration, soil enrichment, biodi-
versity conservation, water and air improvement, and
poverty reduction not only for farmers but for society as a
whole. There are different environmental and socioeco-
nomic barriers that hinder agroforestry from reaching its
full potential for conservation, and CO2 reduction must be
understood and effectively managed. Decision-makers
and the general public must also be made aware of the
potentials of agroforestry system, and farmers must get
training by technical expertise and choice of suitable
planting species, and management. Future research
should focus on determining the most effective ways of
integrating different agroforestry components, diversify-
ing agroforestry components and management strate-
gies, assessing the various ecosystem services that differ-
ent agroforestry systems provide, and examining the roles
that urban agroforestry plays in managing climate change
and ecosystem conservation.
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