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ABSTRACT: Agroforestry systems are believed to provide several ecosystem services;
however, until recently evidence in the agroforestry literature supporting these perceived
benefits has been lacking. This paper aimed to provide empirical information on the role
of agroforestry in ecosystem maintenance and climate change adaptation and mitigation
provided by agroforestry. Agroforestry has played a greater role in the maintenance of the
ecosystem and mitigation of CO2 than monocropping and open cereal-based agriculture
but less than natural forest. The three components of agroforestry are important for
biodiversity conservation, CO2 sequestration, and climate change adaptation. CO2
sequestration through above and ground biomass, offsetting CO2 emission from
deforestation and microclimate modification are major climate change mitigation effects.
Provision of numerous ecosystem services such as food, fodder, and fuel wood, income
source, and enhancing soil productivity help the community to sustain changing climate
effects. Hence, considerable attention needs to be given to agroforestry to contribute
considerable benefit to the maintenance of the ecosystem, and climate change mitigation
and adaptation next to a forest.
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1. INTRODUCTION

Through the application of agroforestry, crop
production can be maintained while providing an
alternate solution to ecological problems [1; 2].
According to the spatial arrangement or temporal order,
this system integrates tree culture, crop cultivation,
and/or animal production on the same land management
[3]. Through sustainable land management (including
reforestation) and effective resource management,
agroforestry can help conserve natural ecosystems.
Additionally, agroforestry has the potential to mitigate
climate change because it involves several activities
that have been shown to increase carbon absorption and
hence lower GHG emissions [2; 4]. Furthermore, the
system can support biodiversity by incorporating
several plant/crop species that could serve as homes for
a variety of wildlife [5; 6]. Numerous studies have
emphasized the socioeconomic advantages of
agroforestry for rural populations in addition to its
beneficial effects on the environment [7]. Implementing

a broad agroecosystem with livestock, trees (for wood
and fruit), and other crops could increase the
community's economic resilience [8]. Through a variety
of food sources, the system may also increase
household food security [9; 10]. As a result,
agroforestry may potentially help with current socio-
economic problems.

Ripple et al. [11] noted that climate change is
currently occurring and that immediate action is needed
to keep the global temperature increase to 1.5 degrees
[12]. Risks associated with climate change, such as
severe droughts, flooding, and diseases, can have a
significant negative influence on agricultural systems,
leading to soil erosion, crop failure, biodiversity loss,
decreased soil moisture, insect damage, and financial
losses. Farmers are already finding it challenging to
plan planting and harvesting due to more extreme
events and more frequent drier and wetter weather [13],
endangering current production systems and the
availability of food. To reduce carbon emissions and
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meet the goals outlined in the Paris Agreement,
agriculture, forests, and trees are essential. Farmers can
adjust to the effects of climate change by replanting the
proper tree species in the right location.

Although the potential contribution of agroforestry
systems to the maintenance of the ecosystem is still in
argument and it remains largely unexplored [14].
Furthermore, there is a lack of empirical data on the
relationships between agroforestry and household
livelihood resilience, particularly concerning mitigating
climate change [15; 16]. These are all brought on by a
lack of comprehensive empirical data. Therefore, the
purpose of this paper is to provide empirical data on the
specific contribution that agroforestry makes to
ecosystem management as well as to solutions to
climate change.

2. Agroforestry for Socio-economic Benefits

The inclusion of woody plants within the system
distinguishes agroforestry from other land-use systems.
By diversifying the products produced, this type of tree-
based farming can increase economic resilience from an
economic viewpoint [1]. The use of multipurpose trees,
in particular, may increase the profitability of
agroforestry since they can fulfill a variety of needs,
including providing alternate sources of revenue,
fodder, or food (such as wild edible fruits) during hard
times among rural people [17]. In addition, some trees
with the higher economic worth may be able to create
cash for the community in addition to that from yearly
crops. According to research on teak-agroforestry
(Tectona grandis) systems in Indonesia, for instance,
although having a lower recycling time (because of the
plant's delayed growth phase), these systems can
produce up to 12 percent of the total household income
[18]. Additionally, a study on the agroforestry of damar
(Agathis dammara) in Pesisir, West Sumatra, revealed
that the production of damar contributed up to 50% of
the household's overall revenue [19]. Furthermore, the
adoption of coffee agroforestry in Wey-Besay
Watershed, Lampung, contributed to more than 50% of
household income as opposed to just 12% from the
conventional agriculture system (non-agroforestry
system) [20].

Another way to increase the benefit-to-cost ratio is
through agroforestry. Some techniques involve growing
woody plants that require little input (chemical
fertilizers, insecticides, etc.), which can reduce
production costs and increase farmer revenue [21; 8].
The farmers' understanding of the procedure,
particularly regarding how to choose the best plants or
trees for their system, maybe a major factor in how this
outcome turns out. Some trees benefit from being
grown alongside crops that are complementary to them.
Contrarily, the incorrect choice of tree or crop
components can result in nutrient competition [22],
which consequently reduces yield and, as a result, the
farmers' profit. In rural areas, the implementation of
agroforestry may create new employment opportunities
for off-farm tasks (Table 1) ([23]. Women may also
benefit from more job opportunities since they can
participate directly in production activities, which can
increase gender equality in rural areas [10].
Additionally, the retention of jobs in rural areas may
stop the rural exodus and so help the rural economy
[24].

Agroforestry has the potential to increase food
security for the locals living near the forests in addition
to producing income. Ickowitz et al. [25]'s analysis of
spatial data revealed that children in Indonesia between
the ages of one and five were consuming micronutrients
at a higher rate than previously thought. They
discovered a link between agroforestry and rising
national consumption of legumes. Their research also
revealed a link between agroforestry and a rise in the
consumption of vitamin A-rich fruits and leafy
vegetables at the regional level. Following the
introduction of agroforestry, low-income farmers who
had participated in agroforestry training also showed
increased food output and diversity, indicating greater
food availability [26]. Other studies, including those
conducted in numerous countries in Sub-Saharan
Africa, South Asia, and Latin America [2; 10; 27], have
provided evidence of a beneficial relationship between
the adoption of agroforestry and food security among
households.

Table 1: Employment generation potential of agroforestry in India and rates of return from investment in the
agroforestry system

Agroforestry System Area Additional employment Total employment The ratio of the rate of
(million/ha) (Persons/halyear) (million/days) investment (%/year)

Silviculture 1.8 30 53.3 126
Agrisilviculture (irrigated) 2.3 40 91.3 150
Agrisilviculture (rainfed) 13 30 38.0 157
Agrihorticulture (irrigated) 15 50 76.1 129
Agrihorticulture (rainfed) 0.5 40 20.3 131
Silvopasture 5.6 30 167.4 89
Tree borne oilseeds 124 40 497.1 38
Total 254 - 9434 117

Source: Murthy et al., [28].
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3. Agroforestry for Ecosystem Services

Agroforestry  poses several ecological-based
practices that can potentially improve the ecosystem
service for the rural community. These practices include
improving soil fertility, reducing erosion, improving
water quality, promoting biodiversity, improving
aesthetics, and sequestering carbon [29]. It is widely
acknowledged that the services and benefits supplied by
agroforestry methods occur at many geographical and
temporal ranges. The following section addresses some
of the most important environmental benefits of
agroforestry.

1. Biodiversity Conservation
Ecosystems and species critical to human survival
and the health of our planet are disappearing at an
alarming rate. As a result, the necessity for quick action
to develop effective biodiversity conservation measures
is gaining prominence around the world. Scientists and
politicians are becoming more conscious of the
importance of agroforestry in preserving biological
variety in both tropical and temperate regions of the
world. Several authors have investigated the methods
through which agroforestry systems contribute to
biodiversity [30; 31; 32]. In general, agroforestry plays
five key functions in biodiversity conservation:
e Provides habitat for species that can tolerate a
certain level of disturbance;
Helps preserve germplasm of sensitive species;
Helps reduce the rates of conversion of natural
habitats by providing a more productive,
sustainable alternative to traditional agricultural
systems that may involve clearing natural habitats;
e Provides 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
e Helps conserve biological diversity by providing
other ecosystem services such as erosion control
and water recharge, thereby preventing the
degradation and loss of surrounding habitat.

2. Agroforestry for Soil Enrichment

The function of agroforestry in increasing and
sustaining long-term soil productivity and sustainability
is well established. In tropical agroforestry systems, the
inclusion of nitrogen-fixing trees and crops is rather
widespread [33]. Non-N-fixing trees can also improve
soil's physical, chemical, and biological qualities in
agroforestry systems by supplying a considerable
amount of above and belowground organic matter and
releasing and recycling nutrients. A substantial body of
literature has detailed the effects of agroforestry on soils
in the tropics, including both original research and
synthesis papers [34].

Agroforestry systems have also been shown to be
capable of reclaiming polluted land as well as reducing
soil salinization and acidity [28]. Eco restoration and
soil resource sustainability via AF is also one of the

most viable strategies for managing land and soil
resources. Agroforestry is thought to increase soil
organic carbon (SOC) through litter fall [35; 28] and
rhizospheric effects increase land productivity [36],
control soil erosion [34], conserve moisture in the soil,
and diversify farm income [37].

3. Agroforestry for Improved Air and Water

Quality

Windbreaks and shelterbelts, for example, are
promoted as having several advantages. These
advantages include effectively protecting buildings and
roadways from drifting snow, cost savings in livestock
production by reducing wind chills, crop protection,
wildlife habitat, removing atmospheric carbon dioxide
and producing oxygen, reducing wind velocity and thus
limiting wind erosion and particulate matter in the air,
noise pollution reduction, and odor mitigation from
concentrated livestock operations, among others. In
recent years, there has been a lot of interest in
employing shelterbelts as a viable solution to dealing
with livestock odor [38]. Aerosols carry the majority of
odor-causing chemicals and substances (particulates).
By eliminating dust, gas, and microbiological elements,
vegetative buffers can filter particles from airstreams. In
their comprehensive review of the subject, they focus
on swine odor. According to these authors, efficiently
control odor in a socioeconomically responsible manner
when planted in strategic patterns. Agroforestry
operations are also a tried-and-true method of providing
clean water.

In typical agricultural methods, crops absorb less
than half of the supplied nitrogen and phosphorus
fertilizer. As a result, surplus fertilizer is carried away
from agricultural fields by surface runoff or leached
into the subsurface water supply, polluting water
sources and lowering water quality [39]. Agricultural
surface runoff, for example, can cause excessive
sediment, fertilizer, and pesticide delivery to recipient
water bodies and is a major contributor to
eutrophication in the Gulf of Mexico. Riparian buffers,
for example, have been recommended as a way to
address non-point source pollution from agricultural
areas. Riparian buffers help clean runoff water by
slowing it down, allowing for more infiltration,
sediment deposition, and nutrient retention. Trees with
deep root systems in agroforestry systems can help
improve groundwater quality by acting as a "safety net,"
absorbing excess nutrients leached below the rooting
zone of agronomic crops. These nutrients are
subsequently recycled back into the system via root
turnover and litterfall, boosting the system's nutrient
utilization efficiency [40].

4. Agroforestry Solutions for Climate Change
1. Agroforestry for Climate Change Mitigation

Without a doubt, different AF methods can lower
atmospheric CO2 levels as fossil fuels are substituted.
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AFS may collect ambient carbon and store it in many
components, including the bole, branch, foliage, and
root. As a result, agroforestry is a form of a low-carbon
farming system that combines the provision of food
security in a changing climate with the sequestration of
ambient carbon in soil and vegetation through the
management of natural resources such as light, land,
water, and nutrients [41; 42]. Short rotation forestry
programs that use fast-growing, high-yield trees result
in larger biomass because they absorb more CO2. Raj et
al. [43] estimate, that the global storage capacity for C
under AFS ranges from 0.3 to 15.2 mega C/ha/year, and
according to Nair et al. [44], the storage capacity was
shown to be highest in humid tropics in comparison to
other high-rainfall regions.

There are numerous ways to calculate how much
carbon is stored in agroforestry systems; some of them
are based on in-situ measurements, but the use of
various assumptions causes significant variations in the
data [45]. The reported carbon stocks and carbon
sequestration vary greatly among African agroforestry
systems. Agro-silver-pastoral systems, for example,
combine rich carbon stocks with a high potential for
sequestration (Table 2). Agroforestry systems can also
significantly reduce the demand for wild forests for
energy. According to some authors, increased demand
for tree products might encourage farmers to undertake
agroforestry [46], especially in areas where the supply
of fuel wood is dwindling. The growth of agroforestry
for sustainable fuelwood can help replace energy
sources and evolve into a significant carbon offset
option [47].

Table 2: Potential C stock and C sequestration of some AFS in Africa

Description (source) C sequestration (Mg | C  stock | Max rotation | Reference
C/halyr) [range] (Mg C /ha) | period (yr)

Parklands dominate AFS | 0.2-0.8 5.7-7 50 [48; 49; 50]

(Faidherbia albida)

Rotational woodlots 2.2-5.8 11.6-255 |5 [48; 49; 50; 51]

Tree planting-windrows- | [0.4-0.8] 19.0 25 [48; 52]

home gardens

Long-term fallows, | 0.22-5.8 15.7 25 [48; 53]

regrowth of woodlands in

abandoned farms

AFS and integrated land | 1.0-6.7 12-228 50 [50; 54; 55]

use

Soil C in AFS 0.25-1.6 13-300 Ns [45; 56]

Note: ns: not specified. Source Mbow et al. [2]
2. Agroforestry for Climate Change Adaptation
Tropical agriculture is wvulnerable to climate
change, especially subsistence agriculture [57]. Due to
declining soil fertility, water availability, and
biodiversity loss, Africa's agricultural production faces
sustainability issues, and yields of significant cereal
crops, such as maize, have plateaued at 1 ton ha-1 ([58].
Smallholder farmers' livelihoods are thus seriously
threatened by insufficient food production for
household use, especially in areas where climate change
and variability are more pronounced. Agroforestry has a
role to play in assisting smallholder farmers to adapt to
climate change because they lack the resources to do so
[59].

Agroforestry can increase smallholders' resilience
to present and future climatic hazards, such as future
climate change, both at the farm and landscape scales
[60; 59]. Even in areas where the water, soil, and
biodiversity are damaged, they are essential to
maintaining homes. Through the provision of several
direct and indirect ecosystem goods and services, the
trees component of farming has significantly improved
land productivity and livelihoods [28]. In the highlands
of Eastern Africa, fodder trees in agroforestry systems

are especially crucial, according to Franzel et al. [61],
primarily to feed dairy cows and satisfy output
shortages  during periods of harsh climatic
circumstances, such as droughts. These fodder trees are
simple to grow, need little land, labor, or capital,
produce a variety of byproducts, and frequently supply
feed within a year of planting. However, several major
obstacles prevent the widespread use of fodder trees,
including the lack of species suitable for different
agroecological zones, a lack of seed, and farmers' lack
of knowledge and expertise required to grow them.

Agroforestry techniques, such as parklands, are
crucial because they provide soil cover with trees and
shrubs, which prevents erosion and mitigates the effects
of climate change. In risky regions like the Sahelian
zone of West Africa, they give green fodder to
supplement crop wastes for livestock feeds, fruits, and
leaves for human consumption, as well as help farmers,
generate cash. The interactions between diverse
agroforestry system components have an impact on the
ecosystem service functions of parkland trees
(providing, regulating, and sustaining services) in
several different ways [62]. By providing woodfuels,
agroforestry has also played a significant part in SSA's
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energy provision and is expected to continue to
dominate the region's population's energy portfolio in
the future decades [63]. For instance, Asase and Tetteh
[64] stated that of the 20 species identified in Ghana's
agroforestry, 100% of them were used as fuel wood and
83% as medicines. The presence of trees on farms
provides a more readily available, secure, and reliable
source of fuelwood for energy and income, according to
a study carried out in western Kenya, especially to the
benefit of women [65].

According to Syampungani et al. [66], well-
designed and well-managed agroforestry have some
positive effects on yield and income as well as the
possibility of continued production. For example, home
garden species are crucial to small-scale household
honey production for income [67]. Similar to this, Bachi
[68] found that about 24.4 percent and 10% of
respondents, respectively, utilized woody plants for
income, and beekeeping helped them to acquire market-
priced food for subsistence. Agroforestry adopters have
improved cash income and food security, according to
numerous reports [69; 68; 70]. According to Tadesse
[71], 46% of the honey marketed in 2010 in southwest
Ethiopia came from agroforestry based on coffee.
Mekonen et al. [72] indicate that, in Ethiopia, around
25% of plant species were used for food, 13% for
medicine, and 10% for household tools. Fertilized tree
species (FTS) are well known to significantly boost
maize yields when compared to maize farming without
fertilizer in Zambia [73].

The use of trees in agroforestry, which provides
social and environmental advantages as a part of
farming livelihoods, also contributes to food security in
Africa in the face of climate change and variability [2].
The amount of shade has a direct effect on reducing
microclimate fluctuation and preserving soil moisture.
This reduces the risk of crop failure or a decline in crop
output by shielding the crop of interest from extreme
climate occurrences. In comparison to crops with
modest shading (10-30%), the coffee produced in
heavy shadow (60-80%) was kept 2-3°C cooler during
the hottest hours of the day [74]. Additionally,
according to Lin [75], crops cultivated in open spaces
lose between 31 and 41 percent of their moisture from
soil evaporation and plant transpiration. Additionally, it
was noted that coffee beans grew larger under
agroforestry (under trees) than they did in full light,
even though full sun produced more fruiting and beans
per cluster [76]. Additionally, coffee production and
biodiversity preservation under the influence of climate
change may be reconciled through the use of
agroforestry systems, which may also contribute to
some regulating and supporting ecosystem services
[77]. The varied traditional cocoa forest gardens may
aid in controlling pests and illnesses and enable
effective adaptability to shift socioeconomic conditions,
according to a study [78].

Kebebew and Urgessa [79] argue that tree-based
agricultural systems are more lucrative and less
dangerous than other agricultural options because they
provide a wider range of goods and are less likely to be
infected by pests, allowing farmers to avoid dangers.
Through its naturally occurring side effects, such as
improved nutrient cycling, integrated pest management,
and higher disease resistance, agroforestry can
safeguard farm productivity. Agroforestry methods also
frequently improve crop diversity inside the systems,
which increases the variety of food, fuel, and fodder
products produced for smallholder farmers and reduces
wind damage by up to twice the height of the windbreak
[75]. As a result, a variety of agroforestry systems may
enable numerous different kinds of adaptation to take
place under a variety of climatic conditions. However,
the degree of diversity incorporated into the system will
determine the co-benefit levels, with more diversity
within the agroforestry system resulting in more co-
benefits [80]. As a result, the ecosystem services
offered by agroforestry help people and other
ecosystems become more resilient to the effects of
climatic fluctuation and change.

5. CONCLUSION

The provision of ecosystem services is essential to
human welfare. Agroforestry is an integrated land-use
system that can be a significant complement to the
conservation of biodiversity, the reduction of CO2
emissions, and the enhancement of livelihood
adaptation to climate variability and change. By storing
CO2 in living biomass and soil, it reduces emissions
from deforestation and soil erosion while also easing
the strain on natural forestation. It is important to
recognize and effectively manage the various
socioeconomic and environmental factors that prevent
agroforestry from reaching its full potential for
maintenance, conservation, and CO2 abatement.
Agroforestry's potential must also be understood by
decision-makers and the general public, and landowners
must get assistance in terms of technical know-how,
access to and selection of the right planting species, and
management. Future studies should concentrate on
identifying the best ways to integrate various
agroforestry components, diversifying agroforestry
components and management strategies, analyzing so
many ecosystem services provided by various
agroforestry systems, and the contributions of urban
agroforestry to the preservation of ecosystems and the
management of climate change.

6. ACKNOWLEDGEMENTS

I would like to express my deepest gratitude to
Zebene Asfaw (PhD) for their suggestions, comments,
and advice. | also thank my friends who gave
information, guidance, comments, and suggestions.

| © 2021 Middle East Research Journal of Biological Sciences | Published by Kuwait Scholars Publisher, Kuwait 18




Siraj Shekmohammed.; Middle East Res J Biological Sci, Nov-Dec, 2021; 1(1): 14-22

10.

11.

12.

REFERENCE

Amare, D.; Wondie, M.; Mekuria, W.; Darr, D.
2019. Agroforestry of Smallholder Farmers in
Ethiopia: Practices and Benefits. Small-Scale For,
18, 39-56. [CrossRef].

Mbow, C.; Van Noordwijk, M.; Luedeling, E.;
Neufeldt, H.; Minang, P.A.; Kowero, G. 2014.
Agroforestry solutions to address food security and
climate change challenges in Africa. Curr. Opin.
Environ. Sustain, 6, 61-67. [CrossRef].

Santoro, A.; Venturi, M.; Bertani, R.; Agnoletti, M.
2020. A Review of the Role of Forests and
Agroforestry Systems in the FAO Globally
Important Agricultural Heritage Systems (GIAHS)
Programme. Forests, 11, 860. [CrossRef].

Bai, X.; Huang, Y.; Ren, W.; Coyne, M.; Jacinthe,
P.-A.; Tao, B.; Hui, D.; Yang, J.; Matocha, C.
2019. Responses of soil carbon sequestration to
climate-smart agriculture practices: A meta-
analysis. Glob. Change Biol, 25, 2591-2606.
[CrossRef].

Assogbadjo, A.E.; Kakai, R.G.; Vodouhé, F.G,;
Djagoun, C.A.M.S.; Codjia, J.T.C.; Sinsin, B.
2012. Biodiversity and socioeconomic factors
supporting farmers’ choice of wild edible trees in
the agroforestry systems of Benin (West Africa).
For. Policy Econ, 14, 41-49. [CrossRef]

Santos, P.Z.F.; Crouzeilles, R.; Sansevero, J.B.B.
2019. Can agroforestry systems enhance
biodiversity and ecosystem service provision in
agricultural landscapes? A meta-analysis of the
Brazilian Atlantic Forest. For. Ecol. Manag, 433,
140-145. [CrossRef].

Browder, J.0.; Wynne, R.H.; Pedlowski, M.A.
2005. Agroforestry diffusion and secondary forest
regeneration in the Brazilian Amazon: Further
findings from the Ronddnia Agroforestry Pilot
Project (1992-2002). Agrofor. Syst, 65, 99-111.
[CrossRef].

Maia, A.G.; Eusebio, G.D.S.; Fasiaben, M.D.C.R;;
Moraes, A.S.; Assad, E.D.; Pugliero, V.S. 2021.
The economic impacts of the diffusion of
agroforestry in Brazil. Land Use Policy, 108,
105489. [CrossRef].

Duffy, C.; Toth, G.G.; Hagan, R.P.O.; McKeown,
P.C.; Rahman, S.A,; Widyaningsih, Y.
Sunderland, T.C.H.; Spillane, C. 2021
Agroforestry contributions to smallholder farmer
food security in Indonesia. Agrofor. Syst, 95,
1109-1124. [CrossRef].

Kiptot, E.; Franzel, S.; Degrande, A. 2014. Gender,
agroforestry, and food security in Africa. Curr.
Opin. Environ. Sustain., 6, 104-109. [CrossRef].
Ripple, W.R., Wolf, C., Newsome, T.M., Barnard,
P. and Moomaw, W.R. 2019. World Scientists’
Warning of a Climate Emergency, BioScience.
https://doi.org/10.1093/biosci/biz088.

IPCC, 2019. IPCC Special Report on Climate
Change, Desertification, Land Degradation,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sustainable Land Management, Food Security, and
Greenhouse gas fluxes in Terrestrial Ecosystems.
Intergovernmental Panel on Climate Change.

SIWI, 2018. Water for productive and
multifunctional landscapes. Stockholm
International Water Institute, Report no. 38.
Harvey, C.A.& Villalobos, JA.G., 2007.
Agroforestry systems conserve species-rich but
modified assemblages of tropical birds and bats.
Biodiversity and Conservation, 16(8), 2257-2292.
Lin, B.B. 2011. Resilience in Agriculture through
Crop Diversification: Adaptive Management for
Environmental Change. BioScience, 61(3), 183-
193.

Nair P.K.R, Garrity, D 2012. groforestry research
and development: the way forward. In P. K. R. Nair
& D. Garrity. (Eds.). Agroforestry - the future of
global land use: advances in agroforestry. Volume
9.

Gebru, B.M.; Wang, S.W.; Kim, S.J.; Lee, W.-K.
2019. Socio-Ecological Niche and Factors
Affecting Agroforestry Practice Adoption in
Different Agroecologies of Southern Tigray,
Ethiopia. Sustainability, 11, 3729. [CrossRef].

Roshetko, J.M.; Rohadi, D.; Perdana, A
Sabastian, G.; Nuryartono, N.; Pramono, A.A.;
Widyani, N.; Manalu, P.; Fauzi, MA,;

Sumardamto, P.; et al. 2013. Teak agroforestry
systems for livelihood enhancement, industrial

timber production, and environmental
rehabilitation. For. Trees Livelihoods, 22, 241-256.
[CrossRef].

Wollenberg, E.; Nawir, A.A. 2005. Turning straw
into gold: Specialization among damar agroforest
farmers in pesisir, sumatra. For. Trees Livelihoods,
15, 317-336. [CrossRef].

Suyanto, S.; Khususiyah, N.; Leimona, B. 2007.
Poverty and Environmental Services: Case Study in
Way Besai Watershed, Lampung Province,
Indonesia. Ecol. Soc, 12, 13. [CrossRef].

Martinelli, G.D.C.; Schlindwein, M.M.; Padovan,
M.P.;  Vogel, E.; Ruviaro, C.F. 2019.
Environmental  performance of agroforestry
systems in the Cerrado biome, Brazil. World Dev,
122, 339-348. [CrossRef].

Reynolds, P.E.; Simpson, J.A.; Thevathasan, N.V.;
Gordon, A.M. 2007. Effects of tree competition on
corn and soybean photosynthesis, growth, and yield
in a temperate tree-based  agroforestry
intercropping system in southern Ontario, Canada.
Ecol. Eng, 29, 362—-371. [CrossRef].

Iskandar, J.; Iskandar, B.S.; Partasasmita, R. 2016.
Responses to environmental and socio-economic
changes in the Karangwangi traditional
agroforestry system, South Cianjur, West Java.
Biodiversitas, 17, 332-341. [CrossRef].

Ollinaho, O.l.; Kroger, M. 2021. Agroforestry
transitions: The good, the bad, and the ugly. J.
Rural Stud, 82, 210-221. [CrossRef].

| © 2021 Middle East Research Journal of Biological Sciences | Published by Kuwait Scholars Publisher, Kuwait

[ 19 |




Siraj Shekmohammed.; Middle East Res J Biological Sci, Nov-Dec, 2021; 1(1): 14-22

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ickowitz, A.; Rowland, D.; Powell, B.; Salim,
M.A.; Sunderland, T. 2016. Forests, Trees, and
Micronutrient-Rich ~ Food  Consumption  in
Indonesia. PLoS ONE, 11, e0154139. [CrossRef]

[PubMed].

Pratiwi, A. and Suzuki, A. 2019. Reducing
Agricultural  Income  Vulnerabilities  through
Agroforestry  Training:  Evidence from a

Randomised Field Experiment in Indonesia. Bull.
Indonesia. Econ. Stud, 55, 83-116. [CrossRef].
Sharma, N.; Bohra, B.; Pragya, N.; Ciannella, R.;
Dobie, P.; Lehmann, S. 2016. Bioenergy from
agroforestry can lead to improved food security,
climate change, soil quality, and rural development.
Food Energy Secure, 5, 165-183. [CrossRef]
Murthy, I. K., Gupta, M., Tomar, S., Munsi, M.,
Tiwari, R., Hegde, G.& Ravindranath, N.H. 2016.
Carbon Sequestration Potential of Agroforestry
Systems in India. J Earth Sci Climate Change, 4,
131

Mukhlis, 1., Rizaludin, M.S. and Hidayah, I., 2022.
Understanding Socio-Economic and Environmental
Impacts of Agroforestry on Rural
Communities. Forests, 13(4), p.556.

Atangana, A., Khasa, D., Chang, S. and Degrande,
A., 2014. Agroforestry and  biodiversity
conservation in tropical landscapes. In Tropical
Agroforestry (pp. 227-232). Springer, Dordrecht.
Jose, S., 2012. Agroforestry for conserving and
enhancing biodiversity. Agroforestry
Systems, 85(1), pp.1-8.

Harvey CA, Gonzales JG, Somarriba E. 2006.
Dung beetle and terrestrial mammal diversity in the
forest, indigenous agroforestry systems, and
plantain monocultures in Talamanca, Costa Rica.
Biodivers Conserv 15:555-585.

Jose, S. 2009. Agroforestry for ecosystem services
and environmental benefits: an overview.
Agroforestry systems total, 76(1), pp.1-10.
Udawatta, R.P., Garrett, H.E. and Kallenbach, R.,
2011. Agroforestry buffers for nonpoint source
pollution reductions from agricultural
watersheds. Journal of environmental
quality, 40(3), pp.800-806.

Aldeen HS, Majid NM, Azani AM, Ghani ANA,
Mohamed S. 2013. Agroforestry Impacts on Soil
Fertility in the Rima'a Valley, Yemen. Journal of
Sustainable  Forestry, 32:3, 286-309, DOI:
10.1080/10549811.2012.654723.

Saha, R., P. K. Ghosh, V. K. Mishra, B. Majumdar,
and J. M. S. Tomar. 2010. Can agroforestry be a
resource conservation tool to maintain soil health in
the fragile ecosystem of northeast India? Outlook
Agric., vol. 39, no. 3, pp. 191-196, Sep. 2010.
Dagar, J.C., Singh, A.K. and Arunachalam, A. eds.,
2013. Agroforestry systems in India: livelihood
security & ecosystem services (Vol. 10). Springer
Science & Business Media.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Tyndall J, Colletti J. 2007. Mitigating swine odor
with strategically designed shelterbelt systems: a
review. Agrofor Syst 69:45-65.

Tilman, D., Balzer, C., Hill, J. and Befort, B.L.
2011. Global food demand and the sustainable
intensification of agriculture. Proceedings of the
national academy of sciences, 108(50), pp.20260-
20264.

Montagnini, F., 2006. Environmental services of
agroforestry systems (Vol. 21). CRC Press.

Jhariya MK, Yadav DK, Banerjee A. 2018b. Plant
mediated transformation and habitat restoration:
phytoremediation an eco-friendly approach. In;
Gautam A, Pathak C (eds) Metallic contamination
and its toxicity. Daya Publishing House, A
Division of Astral International Pvt. Ltd New
Delhi, pp 231-247. ISBN: 9789351248880.

Yadav GS, Babu S, Meena RS, Debnath C, Saha P,
Debbaram C, Datta M. 2017. Effects of
godawariphosgold and single supper phosphate on
groundnut  (Arachis hypogaea) productivity,
phosphorus uptake, phosphorus use efficiency, and
economics. Indian J Agric Sci 87(9):1165-1169.
Raj, A., Jhariya, M.K., Yadav, D.K., Banerjee, A.
and Meena, R.S. 2019. Agroforestry: a holistic
approach for agricultural sustainability.
In Sustainable agriculture, forest and
environmental management (pp. 101-131).
Springer, Singapore.

Nair PKR, Vimala DN, Kumar BM, Showalter JM.
2011. Carbon sequestration in agroforestry
systems. Adv Agron 108:237-307.

Kumar BM, Nair PKR. 2012. Carbon Sequestration
Potential of Agroforestry Systems. Opportunities
and Challenges. Springer.

Sood KK, Mitchell CP. 2011. Household-level
domestic fuel consumption and forest resource
about agroforestry adoption: evidence against need-
based approach. Biomass Bioenergy, 35:337-345.
Luedeling, E., Sileshi, G., Beedy, T., and Dietz, J.,
2011. Carbon  sequestration  potential  of
agroforestry  systems in  Africa. In Carbon
sequestration potential of agroforestry systems (pp.
61-83). Springer, Dordrecht.

Luedeling E, Sileshi G, Beedy T, Dietz J. 2012.
Carbon sequestration potential of agroforestry
systems in Africa. In Carbon Sequestration
Potential of Agroforestry Systems: Opportunities
and Challenges vol. Advances in Agroforestry 8.
Edited by Kumar BM, Nair PKR. Springer; 23.
Takimoto A, Nair PKR, Nair VD. 2008. Carbon
stock and sequestration potential of traditional and
improved agroforestry systems in the West African
Sahel. Agric Ecosyst Environ, 159-166.

Marone, D., Poirier, V., Coyea, M., Olivier, A. and
Munson, A.D., 2017. Carbon storage in
agroforestry systems in the semi-arid zone of
Niayes,  Senegal. Agroforestry  Systems, 91(5),
pp.941-954.

| © 2021 Middle East Research Journal of Biological Sciences | Published by Kuwait Scholars Publisher, Kuwait

[ 20 |




Siraj Shekmohammed.; Middle East Res J Biological Sci, Nov-Dec, 2021; 1(1): 14-22

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kimaro AA, Isaac ME, Chamshama SAO. 2012.
Carbon pools in tree biomass and soils under
rotational woodlot systems in eastern Tanzania. In
Carbon Sequestration Potential of Agroforestry
Systems. Edited by Kumar BM. Nair PKR:
Springer; 142-156.

Glenday J. 2008. Carbon storage and emissions
offset potential in an African dry forest, the
Arabuko-Sokoke Forest, Kenya. Environ Monitor
Assess, 142:85-95.

Jew, E.K., Dougill, A.J., Sallu, S.M., O’Connell, J.
and Benton, T.G., 2016. Miombo woodland under
threat: Consequences for tree diversity and carbon
storage. Forest Ecology and Management, 361,
pp.144-153.

Lal, R., Follett, R.F., Stewart, B.A. and Kimble,
J.M., 2007. Soil carbon sequestration to mitigate
climate change and advance food security. Soil
science, 172(12), pp.943-956.

Gruenewald, H., Brandt, B.K., Schneider, B.U.,
Bens, O., Kendzia, G. and Hittl, R.F., 2007.
Agroforestry systems for the production of woody
biomass for energy transformation
purposes. Ecological Engineering, 29(4), pp.319-
328.

Kim, D.G., Kirschbaum, M.U. and Beedy, T.L.,
2016. Carbon sequestration and net emissions of
CH4 and N20O under agroforestry: Synthesizing
available data and suggestions for future
studies. Agriculture, Ecosystems &
Environment, 226, pp.65-78.

Verchot, L.V., Van Noordwijk, M., Kandji, S.,
Tomich, T., Ong, C., Albrecht, A., Mackensen, J.,
Bantilan, C., Anupama, K.V.& Palm, C. 2007.
Climate change: linking adaptation and mitigation
through agroforestry. Mitig Adapt Strat Glob
Change.

Carsan, S., Stroebel, A., Dawson, I., Kindt, R.,
Mbow, C., Mowo, J.& Jamnadass, R. 2014. Can
agroforestry option values improve the functioning
of drivers of agricultural intensification in Africa?
Current Opinion in Environmental Sustainability,
6, 35-40.

Lasco, R.P., Delfino, R.J., Catacutan, D.C.,
Simelton, E.& W.ilson, D. 2014. Climate risk
adaptation by smallholder farmers: the roles of
trees and agroforestry. Current Opinion in
Environmental Sustainability, 6, 83-88.

Hoang, M.H., van Noordwijk, M., Fox, J., Thomas,
D., Sinclair, F., Catacutan, D., Oborn, 1. & Simons,
T. 2014. Are trees buffering ecosystems and
livelihoods in agricultural landscapes of the Lower
Mekong Basin? Consequences for climate-change
adaptation. Working Paper 177. Bogor, Indonesia:
World Agroforestry Centre (ICRAF). Southeast
Asia Regional Program.

Franzel, S., Carsan, S., Lukuyu, B., Sinja, J. &
Wambugu, C. 2014. Fodder trees for improving
livestock productivity and smallholder livelihoods

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

in Africa. Current Opinion in Environmental
Sustainability, 6,98— 103.

Bayala, J., Sanou, J., Teklehaimanot, Z.,
Kalinganire, A. & Oue ~ draogo, S.J. 2014.
Parklands for buffering climate risk and sustaining
agricultural production in the Sahel of West Africa.
Current Opinion in Environmental Sustainability,
6, 28-34.

liyama, M., Neufeldt, H., Dobie, P., Njenga, M.,
Ndegwa, G.& Jamnadass, R. 2014. The potential of
agroforestry in the provision of sustainable
woodfuel in sub-Saharan Africa. Current Opinion
in Environmental Sustainability, 6.

Asase, A. & Tetteh, D.A. 2010. The role of
complex agroforestry systems in the conservation
of forest tree diversity and structure in southeastern
Ghana. Agroforest Syst, 79,355-368.

Thorlakson, T.& Neufeldt, H. 2012. Reducing
subsistence farmers’ vulnerability to climate
change: evaluating the potential contributions of
agroforestry in western Kenya. Agric Food
Security, 1,15.

Syampungani, S., Chirwa, P.W., Akkinifesi, F.K.&
Ayayi, 0O.C. 2010. The potential of using
agroforestry as a win-win solution to climate
change mitigation and adaptation and meeting food
security challenges in Southern Africa. Agric J.,
5,80-88.

Sileshi, G., Akinnifesi, F.K., Ajayi, O.C,
Chakeredza, S., Kaonga, M.& Matakala, P.W.
2007. Contributions of agroforestry to ecosystem
services in the Miombo eco-region of Eastern and
Southern Africa. African Journal of Environmental
Science and Technology, 1(4), 68 -80.

Bachi, W. 2017. Determinants of Woody Species
Diversity in Traditional Agroforestry Practices in
South- Bench District, Southwest Ethiopia. MSc.
Thesis Submitted to School of Graduate Studies,
Dilla University.

Linge, E. 2014. Agro-ecosystem and socio-
economic role of home garden agroforestry in
Jabithenan  District, North-Western  Ethiopia:
implication for climate change adaptation. Springer
Plus, 3,154.

Kassa, H., Dondeyne, S., Poesen, J., Frankl, A.&
Nyssen, J. 2018. Agro-ecological implications of
forest and agroforestry systems conversion to
cereal-based farming systems in the White Nile
Basin, Ethiopia. Agroecology and Sustainable Food
Systems, 42(2), 149-168.

Tadesse, E.G. 2013. Biodiversity and Livelihoods

in  Southwestern Ethiopia: Forest Loss and
Prospects for Conservation in Shade Coffee
Agroecosystems. A Ph.D. dissertation was

submitted to the University of California.

Mekonen T, Giday M, Kelbessa E. 2015.
Ethnobotanical study of home garden plants in
Sebeta-Awas District of the Oromia Region of
Ethiopia.  Journal of  Ethnobiology and
Ethnomedicine,11,64.

| © 2021 Middle East Research Journal of Biological Sciences | Published by Kuwait Scholars Publisher, Kuwait

I




Siraj Shekmohammed.; Middle East Res J Biological Sci, Nov-Dec, 2021; 1(1): 14-22

73.

74.

75.

76.

77.

Pretty, J., Toulmin, C.& Williams, S. 2011.
Sustainable intensification in African agriculture.
International journal of agricultural sustainability,
9(1), 5-24.

Lin, B.B. 2007. Agroforestry management as an
adaptive strategy against potential microclimate
extremes in coffee agriculture. Agricultural and
Forest Meteorology, 144(1), 85-94.

Lin, B.B. 2014. Agroforestry adaptation and
mitigation options for smallholder farmers
vulnerable to climate change. Agroecology,
Ecosystems, and Sustainability, 20, 221.

Youkhana, A.H.& Idol, T.W. 2010. Growth, Yield,
and Value of Managed Coffee Agroecosystem in
Hawaii. Pac. Agric. Nat. Resour., 2, 12-19.

De Souza, H.N., Ron de Goede, G.M., Brussaard,
L., Cardoso, I.M, Duarte Edivania, M.G.,
Fernandes Raphael, B.A., Gomes, L.C. &

78.

79.

80.

Pulleman, M.M. 2012. Protective shade, tree
diversity, and soil properties in coffee agroforestry
systems in the Atlantic Rainforest biome.
Agriculture, Ecosystems and  Environment,
146,179- 196.

Bisseleua, D., Herve, B. & Stefan, V. 2008. Plant
biodiversity and vegetation structure in traditional
cocoa forest gardens in southern Cameroon under
different management. Biodivers
Conserv,17,1821-1835.

Kebebew, Z, Urgessa, K. 2011. Agroforestry
Perspective in Land uses Pattern and Farmers
Coping Strategy: Experience from Southwest
Ethiopia. World Journal of Agricultural Science,
73-77.

Schoeneberger, M.M. 2009. Agroforestry: working
trees for sequestering carbon on agricultural lands.
Agroforestry Systems, 75, 27-37.

| © 2021 Middle East Research Journal of Biological Sciences | Published by Kuwait Scholars Publisher, Kuwait 22




