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ABSTRACT

Agroforestry is a powerful practice for sustainable and regenerative intensification
because it promotes multifunctional landscapes that deliver ecological functions that
contribute to livelihoods, land productivity, biodiversity conservation, and other ecosys-
tem services. The main idea of this paper is to review Agroforestry contribution to liveli-
hood and carbon sequestration in Ethiopia. Home gardens, farms, woodlots, and coffee
farms are the most prevalent forms of agroforestry methods; yet, farmer perceptions and
their distribution differed. Amazingly, because agroforestry produces a variety of servic-
es from a small unit of land, each technique adds many advantages. The main benefit was
diversification of production, which is the optimal approach, especially for smallholder
farmers whose livelihoods depend on agricultural systems. In comparison to monocrop-
ping, agroforestry is much more acceptable and recommended. As a result, it offers both
environmental and socioeconomic benefits, such as reduced soil erosion, increased soil
moisture and fertility, coffee shade, and maintenance of the microclimate balance, as well
as tree products and income. These and other advantages help rural communities diver-
sify their sources of income and provide protection. Much of the aboveground carbon is
held in homegardens (28.2 * 6.0 Mg C ha '), perennial tree crop systems (23.7+10.0 Mg C
ha") and trees on boundaries (26.7+14.1 Mg C ha™"). In general, it's a useful tool for adjust-
ing to and reducing climate change. As a consequence, farmers considered it as essen-
tial to maximize the productive potential of their land and enhancing the standard of liv-
ing for smallholders. Therefore, in order to help farmers improve their standard of living
and adapt to the unpredictable nature of climate change, the government should support
agroforestry practices.
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PE3IOME

Agroforestry is a powerful practice for sustainable and regenerative intensification because it pro-
motes multifunctional landscapes that deliver ecological functions that contribute to livelihoods,
land productivity, biodiversity conservation, and other ecosystem services. The main idea of this
paper is to review Agroforestry contribution to livelihood and carbon sequestration in Ethiopia.
Home gardens, farms, woodlots, and coffee farms are the most prevalent forms of agroforestry meth-
ods; yet, farmer perceptions and their distribution differed. Amazingly, because agroforestry pro-
duces a variety of services from a small unit of land, each technique adds many advantages. The
main benefit was diversification of production, which is the optimal approach, especially for small-
holder farmers whose livelihoods depend on agricultural systems. In comparison to monocropping,
agroforestry is much more acceptable and recommended. As a result, it offers both environmental
and socioeconomic benefits, such as reduced soil erosion, increased soil moisture and fertility, cof-
fee shade, and maintenance of the microclimate balance, as well as tree products and income. These
and other advantages help rural communities diversify their sources of income and provide protec-
tion. Much of the aboveground carbon is held in homegardens (28.2 £ 6.0 Mg C ha™'), perennial tree
crop systems (23.7210.0 Mg C ha") and trees on boundaries (26.7+14.1 Mg C ha™*). In general, it's a
useful tool for adjusting to and reducing climate change. As a consequence, farmers considered it
as essential to maximize the productive potential of their land and enhancing the standard of living
for smallholders. Therefore, in order to help farmers improve their standard of living and adapt to the
unpredictable nature of climate change, the government should support agroforestry practices.
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Introduction

t is commonly acknowledged that agroforestry is a land use
plan that helps with both adaptation and mitigation of climate
change while offering smallholder farmers answers to their prob-
lems [1]. Agroforestry helps local populations that are experienc-
ing climatic shocks by producing goods (such as food, fuel, fire-
wood, and medications) and generating revenue for them.
Additionally, agroforestry is recognized to support livelihoods by
protecting people, places, and property from the effects of climate
change, such as floods, and by enhancing crop and animal output
by their impact on soil water and light availability [2]. By slowing
down water flow, providing windbreaks, and anchoring the soil
with their roots, trees stop soil erosion [3,4]. The establishment of
a favorable microclimate [5], increased soil fertility [3], control of
water [6], and control of agricultural pests [7] are the reasons
behind the benefits of agroforestry on crop and livestock produc-
tion. By fixing nitrogen, increasing the richness and abundance of
the microbial population, and boosting soil organic carbon, agro-
forestry can also make soils more resilient to drought [3]. In order
to optimize the benefits of agroforestry, trees' negative impacts on
crops namely, shade and competition for water are often handled.
Agroforestry might potentially be used to mitigate climate
change by sequestering carbon in soil and plant biomass.
Globally, agroforestry systems store an average of about 21.4 Mg
C ha™"in biomass [8]. In the tropics, agroforestry systems store an
average of 9, 21 and 50 Mg C ha™" in semiarid, sub-humid, humid
areas, respectively [9]. For agroforestry systems in Africa, a cau-
tious estimate of 1.0 to 18 Mg C ha" in aboveground biomass has
been proposed [10]. These approximations are imprecise and
only serve to highlight the possibilities of agroforestry. Because
some of them are drawn from researches that were based on gen-
eralizations or false assumptions, their scientific worth has been
called into doubt [10]. We need to improve our understanding of
the amount and distribution of biomass carbon in agroforestry sys-
tems by conducting a quantitative synthesis of the information
from primary investigations. Agroforestry's potential as a carbon
sequestration technology is highly anticipated. First, even if the
total quantities of climate financing are small, subsistence farmers
are the primary practitioners of agroforestry and may profit from it.
Second, agroforestry has been recognized by several nations as
a means of accomplishing both the Nationally Determined
Contributions (NDCs) to the Paris Agreement [11,12] and their
restoration objectives [13]. However, agroforestry is not taken into
consideration by national measuring, reporting, and verification
(MRV) systems, in part due to the difficulty of quantifying carbon
emissions. Although there has been considerable improvement in
estimating biomass carbon in agricultural landscapes, method-
ological issues are to blame for the literature's varying estimates
[10]. To fully utilize the promise of agroforestry as a climate
change mitigation method, this constraint must be overcome. The
overarching goal of this review is to provide available evidence
and knowledge gaps regarding the contribution of Agroforestry to

livelihood and carbon sequestration in Ethiopia.

Major Agroforestry practice in Ethiopia

There is an abundant type of agroforestry practice in Ethiopia.
Such as pasture land, farm land and home garden in
Northwestern Ethiopia as cited by Ketsela Hailemicael [14]. Also,
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coffee shade tree, scattered trees on farmland, home garden,
woodlots, farm boundary and grazing lands are types of tradition-
al agroforestry practices in southern Ethiopia [15,16]. The
enlargement of tree-based agroforestry land use practice under
different landforms is the alternative method of increasing the effi-
ciency of land because planting or maintaining of tree or shrub on
farmland, roadsides, pasture land, and farm boundary use to min-
imize a shortage of wood products and improve the production
ability of land simultaneously [17].

Both coffee-enset-based and parkland agroforestry practices
are commonly known as an economical eye-catching. However,
coffee-enset-based agroforestry practice is the best economical
presentation than parkland agroforestry practices and accepted
as the best strategy for improving the livelihood of smallholder
farmers in Yirgachefe district of Gedeo Zone, Ethiopia [18].
Woodlot of Eucalyptus is also the most agroforestry practice in
Ethiopia, because it playing a vital role in improving the livelihood
of the farmer [19-21].

Home Garden Agroforestry System

Homegardens referred to a land use near the homestead
where a mix of annual and perennial crops are grown with multi-
purpose trees, and sometimes in association with domestic ani-
mals. The plant component includes trees, shrubs, herbs,
climbers and food crops that form three to four canopy layers. A
prominent type of homegarden in Ethiopia is the ‘enset-coffee’
home garden typified by a combination of enset (Enset ventrico-
sum) and coffee (Coffea arabica) [22,23]. Ethiopia also has
unique "enset-based" and "coffee-based" home gardens.

Homegardens are characterized by high species diversity with
multipurpose trees or fruit tree species as the dominant woody
component. In Ethiopia, homegardens are dominated by coffee,
enset, khat (Catha edulis), avocado, banana (Musa spp.) and
vegetables [24-26]. These may be left unfenced or encircled by a
Living fence made of species of trees with multiple uses [27].
Because home gardens include a variety of plant species and
phases of development, the advantages of livelihood in them
range. At their initial stages, homegardens provide more vegeta-
bles, spices and traditional medicines [28-30] When a home gar-
den is established, it yields fruits and other tree products as well
as revenue. Shade tolerant spices such as wild cardamom
(Aframomum angustifolium), small cardamom (Elettaria cardamo-
mum) and wild pepper (Piper capense) were frequently reported
in homegardens In Ethiopia [31]. While Grevillea robusta and
Erythrina brucei sustain the spices and vines, trees like Millettia
ferruginea and Albidia gumminifera offer shade [31].

Farmland Agroforestry System

This is a kind of agroforestry land use system centered on
trees, in which a tree is always growing alongside a grain crop,
such sorghum, maize, or teff. Another name for it is a farming
method in parklands [18]. This method is planting single Syzygium
guineense trees in large areas or dispersed over farms, without
interfering with the growth of other crops. These kinds of tree
species that are widely distributed throughout agriculture may be
supported by planting new trees or by protecting and carefully
maintaining trees that have naturally regenerated. There is no set
strategy for planting trees on fields; in Ethiopia's central highlands,
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Acacia albida, Croton macrostachyus, and Ficus species are the
most commonly planted tree species [19]. In addition, the most
common tree species found on farmland in the Jabithenan district
of Northwestern Ethiopia are Croton macrostachyus, Ficus sure,
Albizia gummifera, Cordia africana, Acacia abyssinica, Rosa
abyssinica, and Erythrina abyssinica [27]. Eucalyptus spp. and
Grevillea robusta, on the other hand, are grown as live fences,
boundaries, and small-scale woodlots. In Ethiopia's central high-
lands, around half (42%) of farmers would like to grow dispersible
trees on their property [19]. Common approaches involve inter-
cropping maize with Cordia africana in western Ethiopia and
Acacia albida in the Hararge Highlands and Debrezeit region [32].
The integration of tree species with annual crops is now seen to

IRRIGATION ENGINEERING, WATER MANAGEMENT AND AGROPHYSICS

be one of the most effective strategies to increase a single land's
production capacity by diversifying the crop and achieving greater
yields. The farmer is deliberately keeping or growing diverse tree
species on their acreage because of their multifunctional advan-
tages. Among its advantages include reducing soil erosion,
increasing soil's ability to retain water, and boosting soil fertility by
fixing nitrogen [33]. Additionally, farms with trees, especially those
with Croton macrostachyus Del. and Cordia africana Lam., have
better soil nutrients because they store more leaves in the soil,
which decomposes in Badessa, Eastern Ethiopia, and reduces
nutrient loss [34]. Additionally, Southeast Langano, Ethiopia's
trees on farms offer socioeconomic advantages such fuel wood,
fodder, and medical benefits [35].

Table 1. The most commonly studied Agroforestry practices in Ethiopia and their contribution to livelihood benefit.

Agroforestry

systems/practices References

Description and example Livelihood benefit

A land use near the homestead where annual and perennial
crops are cultivated with trees, and sometimes in association with
livestock. Homegardens are characterized by a high diversity of
plants, multi-story structure, and primarily function to produce
food for household consumption. Specific types of homegardens
described are enset, enset-coffee and coffee homegardens.

Food, firewood, medicinal use,
fodder, shade, income, construc-
tion material, household items
and timber

Homegardens [24-27,31,44]

Food, fodder, firewood, timber,
income, poles, medicinal use,
construction material

A system containing plantation (cash) crops such as coffee, tea,

Perennial tree-crop systems T,

[45,46]

Coconut, cashew, khat, cardamom and multipurpose trees or

shade tolerant herbaceous crops as the main components. [47]
Plantation crops can generate value added goods for the interna-

tional market

An area on the farm set aside entirely for trees. Single or mixed
species stands of trees can be planted on cropland or degraded
land for wood production, or to rehabilitate the land. Woodlots
can be intercropped, e.g. with vegetables in the first two years
early; the trees then grow alone and are harvest around the fifth
year; food crops are replanted in the case of rotational woodlots

Wood, firewood, fodder, income, 48]

Woodlots timber, construction material

A practice where scattered trees grow on cropland, often from
naturally dispersed seeds that germinate and are protected dur-
ing farm operations, or from seedlings planted by the farmer. The
spatial arrangement of trees may be random or linear

Scattered trees on farm Income, firewood, fodder, char- 49]

coal, gum arabic, resin, wood

Integration of trees with livestock. The animals freely roam and

graze under natural stands of trees or scattered trees in crop- FoliEr, ieat, Tiewmeesl, e

Silvopastures systems lands, or may be stall-fed with forage from fodder trees and oo [50-52]
shrubs grown on the farm. The trees provide high-quality forage
that supplement available feeds
A traditional land use system where scattered multipurpose trees . ;
are retained on cultivated land or land that was recently fallowed. gﬁ:géf%‘rjﬁgé’rﬂéﬁgs:%%l '2%?12&(:_
Parkland Agroforestry systems Parklands constitute extensive tree-crop intercropping, where o méterial f‘arm T Iéments / [30,53,54]
crops are grown beneath the crowns of trees such as Faidherbia ol ’ P
albida, Ficus vasta
The practice of growing trees on farm boundary. Trees can be
planted in rows, initially at a close spacing (e.g. 1 m) and later Fodder, food, firewood, income,
Boundary planting thinned to 2 or 4 m spacing; trees may also be retained as scat- shade, timber, charcoal, wood, [65-59]
tered trees along boundaries. The trees mark farm boundaries or poles, bee forage
enterprises, and can be pruned or pollarded for various products
The intentional simultaneous cultivation of annual or perennial
crops with fruit producing trees on the same area of land. Fruit
: 4 tree-based agroforestry may occur as orchards or low intensity
Fruit tree-based agroforestry homegardens based on apple (Malus domestica), mango Income, food [47]
(Mangifera indica), avocado (Persea americana); or fruit trees
intercropped with staples
Trees planted on soil-conservation structures to control runoff,
Trees on soil conservation reduce soil loss, stabilize the structure and maximise utilization of ~ Food, fodder, firewood, green [58,60]
structure the land use. Examples include tree strips or grass strips with manure, staking material ’

trees; trees planted on bench terraces, progressive terraces
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Coffee Farm Agroforestry System

A coffee farm is a kind of agroforestry land use where different
tree species are planted alongside coffee to provide shade [15].
Ethiopian farmers are accustomed to growing coffee under vari-
ous shade plants. The best trees for coffee shade in southwest
Ethiopia include Albizia schimperiana, Albizia gummifera, Millettia
ferruginea, Cordia africana, and Erythrina abyssinica. Apart from
providing shade, they also sell a variety of tree products, such as
building materials, firewood, and lumber, and they also work to
improve soil fertility and lessen soil erosion [36,37]. Furthermore,
in Southwestern Ethiopia, Acacia abyssinica is the best tree
species for providing shade for coffee [38]. This was quite similar
to the coffee plantation in Jimma town [39]. The majority of schol-
ars concurred that shade is essential for coffee production, but
they disagreed over which tree species was their preference. In
the Manasibu District of Ethiopia, where agroforestry was used for
the cultivation of coffee, Croton macrostachyus is acknowledged
as the most beneficial shade tree among other tree species [40].

Woodlot Agroforestry

A woodlot is an area of forest land used for building and other
uses, such as the production of firewood [21]. They also verified
that many farmers were separately planting tree as the greatest
substitutes for conventional land use techniques on a small-scale
woodlot. Because, it provides firewood, construction materials,
and income, which reversely help smallholder farmers to meet
their family’s needs in Eza district of Ethiopia [41].

In Ethiopia, particularly in rural areas, woodlot tree-based agro-
forestry land use is cultivated by smallholder farmer [20,21]. The
primary goals of introducing eucalyptus into Ethiopia were to
decrease natural forest degradation and increase the availability
of tree products. But, currently this perception is gradually
changed to more benefits market-oriented [42]. The greatest way
to help smallholder farmers in the Arsi Zone of Oromia improve
their standard of living is to plant eucalyptus woodlots, which pro-
vide both revenue and wood products for domestic use [43].
Furthermore, in the central highlands of Oromia, Ethiopia, the rev-
enue from Eucalyptus woodlots contributes comparatively more
income (e.g., 50%) than that from cattle and grain crops [20]. Due
to this fact reason, the farmers are allocated their land for
Eucalyptus cultivation. In the woodlot agroforestry practice sur-
rounding Jimma town, the most trained tree species are
Cupressus lusitanica and Eucalyptus camaldulensis [39].

Socio-economic Benefits

The majority of the rural population depends on rain-fed agri-
culture, which leaves an agroforestry footprint. Fruit, firewood,
honey, spices, lumber, poles, and charcoal are examples of both
non-timber forest products (NTFP) and timber forest products
(TFP) that are used to compute income derived from tree products
[61,62] Farmers' lifestyles are greatly improved by the additional
revenue, even though the amount varies depending on the loca-
tion, especially during some risks occurred related to crop produc-
tion due to climate changes [63]. Furthermore, the farmer obtains
47% income from NTFPs in Kaffa Zone (62), 800 to 1500 ETB in
Wolaita Zone [64] and 1683 ETB an annual average income from
home garden agroforestry in southwest Ethiopia's Jimma Zone
[63]. However, the amount of income derived from tree product is
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influenced by various factors. Experiences with planting trees, the
age of the farmer, the wealth status of the family, the size of the
land, and the degree of education are all factors that have been
found to favorably influence household income [65,66].

Numerous literary works demonstrate the advantages of trees or
shrubs for traditional medicine in diverse regions of Ethiopia [67,68].
For example, Euphorbia candelabrum for ringworm, Millettia ferrug-
inea for fungal infection, Vernonia amygdalina for diarrhea and
stomach discomfort, Croton macrostachyus for malaria, diarrhea,
epilepsy, ringworm, and skin rush. As a result, over 52 species of
medicinal plants were discovered in the Boosat region in central-
eastern Ethiopia [69], while 39 species of medicinal plants that are
used to cure a variety of illnesses were distinguished in the Jimma
zone in southwest Ethiopia [68]. Agroforestry land use practices
centered around trees offer shade. In Southwestern Ethiopia, peo-
ple congregate under a shade tree for religious purposes, such as
playing, and social matters [70].

Environmental Benefit

Improved soil fertility, decreased soil and water erosion,
increased soil moisture retention, and enhanced environmental
health may all be achieved with an environmentally friendly agro-
forestry system [71]. Agroforestry can mitigate climate change
through various techniques For instance, it is significantly reducing
the adverse effects of climate change on agricultural productivity
[72]. Because combining trees with annual crops can boost yield
and diversify products [72,73]. Additionally, it helps to slow down
environmental deterioration and offers smallholder farmers several
advantages [74]. This outcome will improve rural farmers' ability to
adapt to climate change. Agroforestry land use practices based on
trees are effective in achieving food security, particularly in subsis-
tence agricultural farming systems where the farmer receives
income to buy cereal crops for domestic use [63]. Agroforestry
practice contributes incredible service in watershed management.
For example, the indigenous expertise of the local people on agro-
forestry management (fertilizer application, pruning, regulated burn-
ing, thinning, pollarding, protection against animal and human dam-
age, etc.) in the Wolaita Zone of the Gununo Watershed, grass
mulch, crop residue, watering and coppicing) was accepted as the
option in reducing land degradation through modifying micro- cli-
mate and reducing soil erosion, improving soil fertility and increas-
ing soil moisture, which in turn raises agricultural production [75].
Besides, it has huge advantages in rehabilitating the degraded land
in highlands of Ethiopia [76]. The most effective substitute method
for addressing environmental issues is agroforestry. Degradation of
environmental health quality is put the world under serious chal-
lenges especially in developing countries. This environmental dete-
rioration is more accurately described as land degradation, which is
brought on by increased population expansion, deforestation, over-
exploitation, overgrazing, and soil erosion.

Carbon sequestration in Agroforestry systems in Ethiopia

In agroforestry systems, carbon is sequestered in both above-
ground biomass such as stem, branch, and foliage and below-
ground biomass such as soil and roots. In particular, agroforestry
systems' substantial aboveground biomass and deep tree root
systems have drawn more attention for mitigating and adapting to
climate change [77].
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Table 2. 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.

Agroforestry practice Aboveground carbon Belowground carbon Soil organic carbon References
Boundary planting 26.7 £ 141 112.7 [58,59]
Fodder bank 9.2+42 145+ 1.4 [31,50]
Homegarden agroforestry 28.2+6.0 96+28 115.7 £ 15.1 [22,23,25,26,59,78]
Parkland systems 49+25 1.9+0.8 416 £11.3 [59,80-82]
Perennial tree crop systems 23.7 £10.0 8.2+4.8 110.9 + 30.3 [25,83]
Scattered trees on farm 8.2+1.4 29+1.0 52.5+234 [84-86]
Silvopasture 2.1+£0.01 73.0 £ 35.6 [79,80]
Woodlot 25.0+5.6 4.559 58.6 + 8.5 [23,59]

The values are mean + standard error. *

Further, between 30 and 300 mg C ha™ may be stored in
agroforestry soils up to 1-m depth [87]. Aboveground bio-
mass estimated by CO2FIX model for enset-tree (73.2 mg
ha'), enset coffee (105.7 mg ha') and tree-coffee system
(116.2 mg ha™), translating to biomass carbon of 96.6,
139.5, 153.4 mg ha”, respectively [22] was excluded from
the computation of mean carbon storage since it was greater
than estimates published in the area. Comparable system
estimates for enset (34.9 mg ha), enset-coffee (569.2 mg ha
'), and fruit-coffee (58.3 mg ha) yield half that amount [88].
Although it was not measured, small-scale eucalyptus-based
woodlots in Ethiopia would have increased aboveground
carbon [23,48,57]. Aboveground carbon in fodder banks with
S.micratha, S.rostrata, S.quadrata and S.seban stored 5.4
mg C ha ' in the same carbon pool in Ethiopia [50].

Increases in biomass C returned to the soil, improve-
ments in soil organic matter (SOM) stabilization, and/or
reductions in the rate of biomass decomposition and SOM
destabilization are the main ways to attain higher SOC pools
in agroforestry systems [89,90]. Agroforestry systems are
more effective than monocultures in harnessing the
resources on the site for biomass development, and the
greater growth might lead to higher soil C inputs. Certain
approaches in agroforestry may also have the effect of
increasing direct carbon inputs into the soil. These include:
(a) composting woody species prunings back into the soil as
mulch and letting copious amounts of tree litter break down
naturally; (b) letting cattle graze on the land and add
manure; (c) letting woody species grow and contribute sur-
face and subsurface litter during crop fallow phases; (d)
incorporating trees and their litter input into animal produc-
tion systems; (e) allowing shade-tolerant species to grow
beneath trees and contribute litter to the soil; and (f) reaping
the benefits of the soil carbon inputs from agricultural crops
planted in the early phases of forestry plantations.

Even in intricate agroforestry systems where yearly crops
and tree products are continuously harvested, soil organic
carbon is predicted to be steady. Complex agroforestry sys-
tems are distinguished by the creation of copious amounts of

litter and prunings, which enhance the organic matter con-
tent of the soil. In these environments, the buildup of SOC is
further facilitated by organic debris resulting from root break-
down. For example, the rate of annual loss of SOC was
three times higher in areas converted (from forest) to khat
monoculture than to agroforestry systems with both khat and
coffee [78]. The soil organic carbon (SOC) in agroforestry
plots aged 32-54 years was 117.3 mg C ha™, which was
lower than the 94.1 mg C ha " in a khat monoculture aged
15-27 years and the 171.8 mg C ha " in the forest (78).
Compared to khat monocropping, agroforestry has more car-
bon in its trash and roots [78].

Conclusion

Although Ethiopia's agroforestry system is the oldest tra-
ditional practice, it is now recognized as the country's cur-
rent land use system. The reviewed literature showed that
agroforestry systems are multifunctional and supports
livelihoods by increasing farmer’s capacity to acquire food,
firewood, fodder and income, and provides other products
are used by communities facing climate-related threats.
The primary uses of trees and tree products are for rev-
enue and subsistence; smaller uses include insurance and
asset building for rural communities. Agroforestry systems
also store substantial amounts of carbon in plant biomass
and in the soil. Homegardens are the most multifunctional
agroforestry practice with the highest number of livelihood
benefits and largest amount of carbon stocks in above-
ground biomass and in the soil.

As a co-benefit, agroforestry can generate income from
sequestering carbon. The fact that there aren't many stud-
ies on the carbon benefits of agroforestry raises the possi-
bility that issues like carbon rights, land tenure, tree tenure
rights, and the possible effects of climate change on the
expanding niches of tree species should be addressed in
order to fully realize the benefits of carbon sequestration.
Additionally, laws and institutional structures governing the
region's participation in the carbon market must be devel-
oped.
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