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ABSTRACT

Agroforestry is the kind of land use that integrates trees with crops and livestock for the
attainment of sustainable solutions to global environment-socioeconomic challenges. This review
covers the different benefits of agroforestry in improving soil health, enhancing biodiversity, and
capturing carbon to mitigate the impact of climate change. Integrating trees into agricultural
landscapes will maintain soils, reduce greenhouse gas emissions, enhance efficient nutrient
cycling, and increase resilience and productivity in agriculture. It reduces water and air
pollution and offers diversified income streams with more produce to farmers, and provides
natural control against pests and diseases. Case studies indicate that agroforestry is adaptable to
different climatic and soil conditions and is quite viable for both developed and developing
countries. Successful implementation will require supportive policy, technical knowledge, and
stakeholder commitment. Future research should be aimed at the optimization of species
combinations and enhancement of economic attractiveness, and the development of frameworks
that evaluate ecosystem services. This review offers a contribution to communicating information
on policy, practice, and research to policy-makers, practitioners, and the community of
researchers working on the promotion of agroforestry as a broader sustainable land
management strategy.
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INTRODUCTION agroforestry have been shown, including

Agroforestry is a multipurpose land use model
that resembles farming but also involves
animals and trees. Agroforestry systems
capitalize on the interconnections between
crops, trees, and livestock interactions that are
usually overlooked. Numerous advantages of

resistance to global warming, improved water
and air quality, control over natural diseases
and insects, soil management, biodiversity
conservation, and effective nutrient cycling
(Rao et al., 1997, Mateo-Sagasta et al., 2017,
Smith et al., 2013a, & Khan et al., 2021).

http://dx.doi.org/10.18782/2582-7146.243

Cite this article: Ahmad, M., Khan, H., Manan, A., & Abdullah, M. Z. (2025). A Review of the Ecological
and Socioeconomic Benefits of Agroforestry Systems, Curr. Rese. Agri. Far. 5(1), 29-55. doi:

This article is published under the terms of the Creative Commons Attribution License 4.0.

Copyright © Jan.-Feb., 2024; CRAF

29



Ahmad et al.
In the emerging world, this kind of land

management is not new, it has existed since at
least medieval times, and it is likely far older
in other civilizations (Steppler & Nair, 1987).
Agroforestry has a long history. About a
thousand years ago, people began the practice
of burning land and then cultivating it. The
term "slash-and-burn™ cultivation method has
since been coined. But John Benny and his
colleagues first used the word "agroforestry"
in 1977 while doing a study for the Canadian
International Development Research Centre
(IDRC). The creation of the International
Council for Research in Agroforestry, or
ICRAF, was made possible by this study.
Around the world financing and academic
studies on agroforestry were made possible to
a major extent by ICRAF. The Council's name
was changed to the International Centre for
Research in Agroforestry in 1991. ICRAF was
awarded the title of "World Agroforestry” in
2002, reflecting its worldwide role in
agroforestry studies and advancements. These
days, ICRAF seeks to create new technology
and introduce them to farmers (King, 1987, &
Mondal et al., 2023).

The agriculture industry in
industrialized  countries  faces  several
challenges concurrently and will continue to
do so. Presently, land utilization and farming
(LU) contribute to 15-30% of greenhouse gas
(GHG) emissions (Gerber et al., 2013,
Tubiello et al., 2013, Vermeulen et al., 2012,
& Wirsenius et al., 2011) However, they are
also among the select few sectors that
efficiently store carbon. Additionally, the main
cause of the decline in biodiversity in
agriculture (Dudley & Alexander, 2017). The
issue of feeding a growing global population
and meeting the need for renewable energy
coincides with the stresses that global warming
is placing on agricultural productivity, for
example, via unpredictable rainfall trends or
increased chance of harsh climate conditions
(Kurukulasuriya & Rosenthal, 2003).
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Agroforestry (AF) is one land use system

(LUS) that has presented potential to
address these intricate and interconnected
challenges. It canintegrate significant
generation of biomass (Graves et al., 2010)
with soil preservation, storage of carbon, a
decrease in nutritional losses, and a reduction
in water contamination (Nair, 2011, & Nair et
al., 2010). Low wind velocity also results in
decreased evapotranspiration and loss of soil,
which is another benefit of agroforestry (AF)
(Kanzler et al., 2019, & Smith et al., 2013b).
Moreover, agroforestry promotes biodiversity
by giving animals habitat and food,
maintaining  ecosystem interaction, and
lowering the use of pesticides, particularly for
nectar gatherers (Bentrup et al., 2019, Graham
& Nassauer, 2019, Nair et al., 2010, Smith et
al., 2013b, & Varah et al., 2020).

Even though agroforestry has several
environmental advantages, many farmers place
a high value on financial sustainability when
making decisions (Beer and Theuvsen, 2020,
& Tsonkova et al., 2018). Furthermore,
financial incentives are a simpler way to
handle this issue than they are in intricate
social settings. Agroforestry systems (AFS)
studies are not well-synthesised.
Unfortunately, a small number of evaluations
are accessible, and those that are typically out
of date (Bandolin & Fisher, 1991, Garrett et
al.,, 1991, & Herzog, 1997), fail to address
economic outcomes (Smith et al., 2013b) or
are simply not available in English, making
them unavailable to a significant portion of the
research population (Langenberg & Theuvsen,
2018).

2. Ecological Benefits of Agroforestry
Systems

2.1 Enhancing Biodiversity and Habitat
Creation:

Agroforestry  isessential to both the

preservation of threatened species and for

lowering the rate of decline of species in

agricultural environments (Mosquera-Losada

et al., 2009, Torralba et al., 2016, & Udawatta
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et al., 2019). As an element of the EU

Biodiversity Strategy for 2030, safeguarding
biodiversity is one of the targets for Europe
2030 in creating a 'resource-efficient’ Europe.
It supports a number of services that enhance
the welfare of people, including the production
of fiber and food along with regulating and
cultural services. However, the Mediterranean,
particularly to agroecosystems, is seen to be an
area of greatest biodiversity where there has
been a particularly sharp decline in species
(Palacin & Alonso, 2018), (Rosas-Ramos et
al., 2019). Thus, considering its relevance for
supporting  the  best  agri-environment
initiatives and for ongoing environment
planning, it is crucial to understand how
agroforestry affects trends in biodiversity
(Ansell et al., 2016, & Pavlis et al., 2016).
Agroforestry may improve habitat and
landscape variability, enhance the complexity
of structures, and aid in the preservation of
species in agricultural and forest settings
(Torralba et al., 2016, Boinot et al., 2019, &
Haggar et al., 2019). However, our capacity to
forecast the possible effects of agroforestry
growth on services provided by ecosystems
and biodiversity is restricted due to our
inadequate knowledge of the interconnected
impacts of agroforestry micro-habitats on
biodiversity dynamics (Boinot et al., 2019,
Santos et al., 2019, & Richard et al., 2020).
The Habitat Amount Hypothesis
(HAH), which was created recently, provides
insight intotrends in Dbiodiversity and
preservation  methods  for  agricultural
landscape biodiversity (Fahrig, 2021, Melo et
al., 2017, & Watling et al., 2020). According
to the HAH, a habitat site's variety of species,
appearance, and richness (henceforth referred
to as "diversity") are solely dependent on how
much of that habitat is present in the "local
landscape,” which is defined as the region that
surrounds the location (impact of scale)
(Watling et al., 2020). Despite criticism from
some writers who believed that theories like
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"Spatial Configuration” or "lIsland Effect"

were more useful in characterizing and
controlling diversification in agricultural
landscapes (Hanski, 2015, Evju & Sverdrup-
Thygeson, 2016, & Haddad et al., 2017),
recent studies indicate that HAH is actually
supplementary to these theories and may even
help to combine them (Bueno & Peres, 2019,
Watling et al., 2020, Fahrig, 2021, &Saura,
2021). In fact, (Saura, 2021) proposed that the
majority of the debate may have arisen from a
misreading of the HAH, i.e., that the
arrangement of the habitat and landscape is
crucial for the distribution of HAH
biodiversity. Furthermore, as the original
research pointed out, HAH is not the only
variable that determines variation, other
elements like the kind of organisms against the
kind of habitat, the proper dimension to
investigate, and the caliber of the habitat array
should be taken into account (Fahrig, 2013).
2.2 Improved Soil Health and Fertility:
According to the crop type, temperature, and
location, agroforestry may have varying
impacts on soil quality via variations in
ecological services and functions triggered by
both the immediate and subsequent impacts of
plants. Due to their long roots, which act as a
"safety net" from depletion of nutrients from
the cycle of nutrients, trees are essential to the
cycling of nutrients because they pump and
retrieve nutrients that have been leached
(Figure 1). In tree-based systems, trees also
aid in moisture absorption and absorb
atmospheric nutrients (Schroth & Burkhard,
2002). With the increasing intensity of
agriculture and the excessive application of
fertilizers and intensive tillage, there is an
opportunity to keep and collect carbon in the
soil through agroforestry (Chatterjee et al.,
2018). The practical and structural variety of
the elements obtained in a multiple-cropping
canopy makes agroforestry a more efficient
use of resources than single-crop farming
(Hailu Gebru, 2015).
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Figure 1 Nutrient circulation and redistribution in an agroforestry system through the creation of a
'safety net'. From the paper of (Fahad et al., 2022)

Incorporating trees into agricultural fields
boosts field capacity (FC) and organic matter
(OM) (Chatterjee et al., 2018), enhances
available potassium, phosphorus, and soil
carbon stocks (Abbasi Surki et al., 2020), and
decreases bulk density (BD) (Hailu Gebru,
2015). These improvements increase water
retention by raising the water holding capacity
(WHC), which gradually releases water to
plants similarly to a sponge (Schroth &
Burkhard, 2002). An essential part of soil
consolidation and large quantities of density of
soil decline is the addition of organic matter
(OM).

This reduced soil BD enhances air
movement, water distribution within the roots,
groundwater replenishment, and soil quality of
nutrition in dry and semi-arid areas (Abbasi
Surki et al., 2020). The primary nutritional
supply and organic carbon (OC) in
agroforestry systems is the buildup of litter
from the dropping of buds and leaves. Both
environmentally and economically, the soil
organic carbon (SOC) affects how efficiently
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nutrients are used in farming. Since soil having
a substantial amount of organic matter and a
vigorous deep root structure will absorb and
make more nutrients available, the efficiency
of using those nutrients will be improved
(Sbnmez et al., 2016). Furthermore, the
incorporation of OM is likely to have
enhanced diversity of microbes (Lacombe et
al., 2009), which in turn produces mycorrhizae
that release P and make it available to crops
(Lorenz & Lal, 2014).

The integration of trees alongside crop
farming influences the microbial populations
present in the soil, as well as the physical and
chemical properties of the soil. The
community of microbes in the soil ultimately
stimulates plant development by improving
nutrients and efficiency. The soil microbial
community, which is important for increasing
production and nutrition, indirectly affects
plant growth (Li et al., 2020). The survival
and growth of plants, as well as the cycling of
nutrients, are greatly influenced by soil
microorganisms, especially microbes. When
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agroforestry systems are contrasted with
monocropping, the soil has a greater number
of varied and functioning soil bacteria. In these
situations, it is anticipated that this will lead to
improved organic soil fertility. Agroforestry
systems have greater rates of microbial growth
and diversity because of the depositing of
organic matter, the effect of trees, excrement
from roots, quantity levels, and a variety of
litter quality. Earthworms, fungi, acari,
diplopoda, nematodes, and other insects affect
the cycling of nutrients and the conversion of
carbon to oxygen. Ants, termites, and
earthworms are examples of soil engineers
who are crucial for gravel development and
soil structure maintenance. Important for
biological control include centipedes, ground
or rove beetles, predatory mites, collembola,
and carnivorous nematodes (Marsden et al.,
2020).

One of the main ecological problems
is soil erosion, which also has an adverse
effect on plant nutrition and development,
nutrient weathering and fertility, soil form and
texture changes, and the sustainbility of
biological and agricultural  ecosystems.
Precipitation is the primary climatic element
controlling sediment movement and soil
deterioration (Béliveau et al., 2017, & Cao et
al.,, 2020). Different agroforestry practices
handled in different parts of the earth may help
restore the natural world and generate revenue
by reducing discharge and avoiding soil
destruction to some extent. By leveling slopes,
the use of such tree-based techniques in
dryland settings may maximize agricultural
production (Montagnini & Metzel, 2017). The
implementation of agroforestry is a crucial
strategy to lessen soil deterioration since these
systems may help hold onto soils and their
nutrients while mitigating the impacts of
variable rainfall (Béliveau et al., 2017).

2.3 Mitigation and Adaptation to Climate
Change:

In 2019, the worldwide mean level of carbon
dioxide was 409.8 ppm (with a possible error
margin of +0.1 ppm) (Lindsey, 2020). The
primary cause of this increase is the
combustion of fossil fuels. (Lee & Cheong,
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2018) Research has demonstrated a positive
correlation  between CO2 levels and
temperature. Based on (Plass, 1956) CO2
theory, a doubling of atmospheric CO2
concentration results in a 3.6 °C increase in
ground temperature, while halving the CO2
quantity leads to a 3.8 °C decrease in surface
temperature. Callendar's analysis also revealed
that rising carbon dioxide levels led to rising
temperatures at a pace of 0.003 °C (Callendar,
1938) Callendar's analysis also revealed that
rising carbon dioxide levels led to rising
temperatures at a pace of 0.003 °C. The greater
amount of CO2 will retain more heat and raise
the temperature as a result. Controlling the
CO2 content is necessary to maintain the
thermal budget equilibrium. The agroforestry
system, which stores carbon in the soil and
biomass via the process of photosynthesis is
among the most effective approaches for
controlling greenhouse gas emissions.

As part of the adaptation strategy for
climate change, less heat-trapping greenhouse
gas (GHG) is released into the environment of
the Earth. This may be achieved by either
increasing carbon storage facilities or
decreasing GHG producers. It makes sound
financial sense to act during or after an
international financial crisis, given the dangers
and expenses of doing nothing. A progressive
approach would be less costly and more cost-
effective than delaying reducing objectives,
which would just delay the unavoidable and
likely need higher cutbacks later. It is
necessary that such steps be performed at the
lowest feasible cost, given the scale of
emission reduction necessary to prevent global
warming by balancing greenhouse gas (GHG)
quantities at a specific level (OECD, 2009). A
more economical approach for minimizing the
impacts of climate change is agroforestry.
Because AFS can gather and use growth
resources (light, water, and nutrients) more
efficiently than single cropping systems, it has
a Dbetter potential for sequestering carbon
(Nair, 2010). According to (Sahoo et al., 2021)
carbon was eliminated from all sources when
agroforestry was converted to agriculture. One
such environmentally friendly strategy for
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raising agricultural output and performance is
agroforestry. In addition to providing services
for supply (food, fuelwood, and fiber), it offers
ecological  services as well (carbon
preservation, nutrient exchange, erosion
management, and social and recreation
benefits)  (Fagerholm et al.,, 2016).
Agroforestry is essential to long-term growth
and reducing the effects of global warming.
Limiting the release of greenhouse gases while
preserving ecosystems, protecting the current
forests, and creating new plantations may also
provide cash from logging and provide jobs
both on and off the farm (Sharma et al.,
2016b). Temperatures are lowered and
climatic conditions are controlled by the
biomass generated in the AFS (Monteith et al.,
1991).

2.4 Pest and Disease Control:

An estimated 20-40% of crops worldwide are
destroyed due to disease (Savary et al., 2012),
while 37% of agricultural yields in the USA
are wasted due to pests (Pimentel et al., 1992).
In addition, it is anticipated that disease and
pest outbreaks will rise in the future (Frison et
al., 2011). Using synthetic pesticides on plants
is the foundation of many modern pest
management strategies, especially in wealthy
nations. In 2008, 480 million pounds of
insecticides cost USD 11 billion in the USA
alone (Fernandez-Cornejo et al., 2009).
Comparably, exotic plant diseases in the USA
are thought to be responsible for USD 21
billion in agricultural losses annually as a
result of harmed crops (Rossman, 2009).
However, chemical control of pests and
diseases is not a long-term solution from an
environmental or economic perspective.
Agricultural practices that support natural
predators of pests present a more
environmentally friendly and cost-effective
alternative, as they can minimize crop loss
without the harmful ecological impacts of
pesticides (Chaplin-Kramer et al., 2011, &
Bianchi et al., 2006). In reality, the United
States spent USD 13 billion a year on
biological enemies for pest management
(Losey & Vaughan, 2006). Annual crops had
no effect by agroforestry interventions,
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whereas perennial crops showed reduced
insect population and injury to plants in a
meta-analysis by (Pumarifio et al., 2015), The
impacts of tree shading were mainly blamed
for this, while other research also linked it to
the more complex AFS terrain (Bianchi et al.,
2006, & Stamps & Linit, 1997). Apart from
trees, physical obstacles such as hedges,
border plantings, and windbreaks are also
created, particularly in cases where pests or
diseases are dispersed by air (Ratnadass et al.,
2012, & Sileshi et al., 2008). Many studies
demonstrate that AFS, especially those that
have a considerable variety of crops, often
have greater biological enemy populations
(Letourneau et al., 2011, & Smith et al,,
2013b) and more conflict between pests and
non-pest organisms (Stamps & Linit, 1997, &
Smith et al., 2013b). Besides minimizing pests,
Agroforestry Systems (AFS) have been
demonstrated to lessen the ecological impact
of pesticides. AFS reduces the discharge of
pesticides, and the microbial communities
within these systems are capable of breaking
down pesticides (Wilson & Lovell, 2016).
(Chaplin-Kramer et al., 2011) discovered that
in contrast to monocultures, insect populations
and injury to plants did not correlate with
landscape complexity, such as AFS.
Additionally, some research indicates that AFS
has fewer pests and less crop harm
(Letourneau et al., 2011). But there isn't much
data, in a single meta-analysis, for instance,
more than 80% of the publications focused on
only two kinds of crops (Pumarifio et al.,
2015). To better understand how various AFS
affect pests, especially in temperate zones,
more varied study is needed (Martin-Chave et
al., 2019). Additionally, it was suggested by
(Iverson et al., 2014) that effective AFS
supervision is necessary to create a "win-win"
relationship between crop yield and biological
control, this is something that is not
sufficiently taken into consideration in most
research. (Smith et al., 2013b) proposed that
effective  agroforestry  system  (AFS)
management could include strategies such as
supplying food sources for adult parasitoids,
creating locations for mating, egg-laying, and
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resting, ensuring host plants are distributed
intermittently to make it harder for insects to
find them, employing "trap-crop" species to
shield additional crops from herbivorous
organism attacks, and incorporating trees that
repel herbivores (Smith et al., 2013b). (Stamps
& Linit, 1997) and (lverson et al., 2014)
concurred that a reduction in the host plant
apparency might be advantageous for
controlling pests. Studies examining the
impact of AFS on disease of plants have been
conducted substantially less often than those
examining pests of plants, despite data
suggesting that agroforestry decreased plant
diseases considerably (Pumarifio et al., 2015,
& Ratnadass et al, 2012). Only two
publications out of the 40 included in a meta-
analysis by (Pumarifio et al., 2015), on the
impact of AFS on diseases and pests, dealt
with diseases of plants, and both of those
studies were for tropical AFS (Beule et al.,
2019) agreed that there aren't enough data on
how AFS affects disease control, especially in
temperate zones. Similar to controlling pests,
controlling AFS properly is crucial for
preventing sickness. (Beule et al., 2019)
propose that plant pathogens may be
suppressed using numerous AFS

Curr. Rese. Agri. Far. (2024) 5(1), 29-55

ISSN: 2582 — 7146
diversification techniques. Crop rotation,
intercropping, planting a variety of crop kinds,
and alley cropping are a few of them. (Tilman
et al., 2002) verified this viewpoint, arguing
that since current intensive agroecosystems
have been simplified too much, they are more
susceptible to crop loss from diseases and
pests (Tilman et al., 2002). Similar to
managing pests, decreasing the density of host
crops may lower the frequency of diseases of
crops, especially those caused by sprayed- and
soil-dispersed pathogens. When opposing
organisms reduce diseases, soil microbiology
may have a beneficial effect (Ratnadass et al.,
2012, & Beule et al., 2019). Furthermore,
decreased wind velocity and microclimatic
effects brought on by increased tree density
might lessen the spread of infections.
Additionally, studies in temperate AFS
showed that tree shade decreased the
prevalence of diseases and pests while
improving disease resistance (Ratnadass et al.,
2012, & Artru et al., 2017). Nevertheless,
(Schroth et al., 2000) discovered in a study of
tropical AFS that the degree of disease and
pest assaults in such systems differs depending
on the kind of pest or disease and its
environmental needs.

Table 1: Summary of Ecological Benefits of Agroforestry Systems

Aspect Key Points

Biodiversity and Habitat Creation | * Essential for preserving threatened species and reducing species decline

* Supports the EU's Biodiversity Strategy for 2030

* Crucial for understanding how agroforestry affects biodiversity trends

* May improve habitat and landscape variability, enhance structural complexity, and aid
in species preservation

* Limited knowledge on how agroforestry micro-habitats impact biodiversity dynamics.

Improved Soil Health and
Fertility

* Varies depending on crop type, temperature, and location

* Trees play a vital role in nutrient cycling due to their deep roots

* Helps retain and store carbon in the soil

* Increases field capacity, organic matter, available potassium, phosphorus, and soil
carbon stocks

* Reduces bulk density

* Improves water retention

* Enhances microbial diversity and reduces soil erosion.

Mitigation and Adaptation to
Climate Change

* Stores carbon in the soil and biomass

* Lowers greenhouse gas emissions

* More efficient than single cropping systems for sequestering carbon
* Reduces temperatures and controls climatic conditions

Pest and Disease Control

* Creates a more complex habitat that disrupts pest life cycles
* Provides habitat for natural enemies of pests

* Reduces reliance on synthetic pesticides

* May decrease plant diseases

* Effective management is crucial for maximizing benefits.
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3. Socioeconomic Benefits of Agroforestry
Systems

3.1 Increased Agricultural Productivity:

(Mead & Willey, 1980) introduced the notion
of the land equivalent ratio (LER), which can
be described as the sum of the comparative
yields of different species in a mix compared
to the yields of a monoculture (van der Werf et
al., 2021). According to (Malézieux et al.,
2009), it is the most often used metric for
evaluating yield in the form of biomass or
other outputs. It is also an effective way to
evaluate the production system when thinking
about converting traditional agricultural land
to AFS (Lovell et al., 2018). Several studies
have revealed indications of increased
production in agroforestry systems. In
Denmark, the land equivalent ratio (LER) for
systems combining food and energy
production ranged from 114 to 1.34.
According to (Xu et al., 2019), agroforestry
provided agricultural and tree production that
needed 14-34% less area or resources in terms
of sunlight, nutrients, and water than single
cropping. This is a major benefit that opens up
opportunities for sustainable intensification to
increase output while lowering input
requirements. Five agroforestry systems with
different crop, tree, and grass varieties were
examined in recent research in various pedo-
climatic areas along with management
techniques. The LER values of these systems
varied from 1.36 to 2.00, indicating better
production in a variety of AFS (Lehmann et
al., 2020).

Similarly, silvoarable agroforestry
systems at Europe's oldest and best-
documented agroforestry research area have
LER values between 1.3 and 1.6 (Lovell et al.,
2018). Modeling has been utilized in other
research to assess the efficiency of various
agricultural systems. The yields of crops and
wood produced in a silvoarable system were
calculated to need 1.28 hectares of distinct
forests and arable systems spread over 30
years (Garcia de Jalén et al., 2018). (Sereke et
al., 2015) examined 14 distinct agroforestry
techniques and found that, on average, the
AFS was more efficient than either arable
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systems or separate forestry (12 of the 14
alternatives, land equivalent ratio = 0.95-
1.30). Farmers, who believe that AFS is
unproductive and hence not financially
feasible, are disproved by several studies
showing the increased productivity of AFS
(Sereke et al.,, 2015). This perspective is
echoed in several other studies evaluating
farmers' perceptions of obstacles to the
implementation of AFS, where farmers often
express anxiety about the risk to their finances
(Smith et al., 2012, Garcia de Jalon et al.,
2018, Trozzo et al., 2014, & Rois-Diaz et al.,
2018). With population growth and changing
consumption patterns driving up food demand,
high-yielding agroforestry is a viable means of
contributing to yield increases that will meet
the demand for a significant rise in food
production by 2050 (Hall et al., 2017).

3.2 Enhanced Income Opportunities for
Farmers:

The way that agroforestry incorporates plants
that resemble trees into the system sets it apart
from other methods of managing land.
Implementing this kind of tree-based farming
may strengthen financial resilience by
diversifying products, according to economic
concepts (Amare et al., 2019). In particular,
using multifunctional trees may improve the
economic feasibility of agroforestry since they
may provide a range of benefits, such as food
(wild edible fruits), fodder, or additional
income streams when resources are few for
rural populations (Gebru et al., 2019). In
addition, certain trees with greater financial
importance may bring in more money for the
community than just the money from the
yearly harvests. For example, studies on
Indonesian teak-agroforestry (Tectona grandis)
systems, regardless of their quicker recycling
(due to a slowing development season), may
yield up to 12% of total family income
(Roshetko et al., 2013). Agroforestry may also
lead to a higher benefit-to-cost relation.
Cultivating trees and shrubs that need little
input (chemical fertilizers, insecticides, etc.) is
one method that may reduce the cost of
cultivation and increase farmers' revenue (do
Carmo Martinelli et al., 2019, Maia et al.,
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2021). The outcome may be greatly influenced
by the farmers' proficiency with the method,
particularly in selecting the finest trees and
plants for their system. Certain trees may
thrive when grown alongside crops that
complement them. In contrast, improper crop
or tree component selection may result in
nutrient competition, which lowers
productivity and, ultimately, farmer profit
(Reynolds et al., 2007).

In rural regions, agroforestry adoption
may provide new jobs for off-farm operations
like grain drying, tree cutting, furniture
manufacture, etc (ISKANDAR et al., 2016).
More work opportunities for women might
also benefit them since they could be involved
directly in industrial processes, which would
gender parity in rural communities (Kiptot et
al., 2014).  Furthermore,  employment
assimilation in rural regions might help boost
the rural economy by halting the outflow of
rural residents (Laudares et al., 2017),
(Ollinaho & Kroger, 2021). However,
industrial locations near natural forests or
nature preserves should be developed with
prudence since there is a chance that humans
would trespass into these protected areas,
which might harm the ecology (Ollinaho &
Kroger, 2021).

3.3 Improved Food Security and Nutrition:

One of the largest obstacles to global food
security is the need to almost quadruple food
production in the years to come, mostly
because of the fast increasing demand from
developing nations (McGuire, 2015, Godfray
et al., 2010, Kiers et al., 2008, Foresight, 2011,
& Baulcombe et al., 2009). The success of
genetic  maodification, automation, and
chemical inputs in recent years (with Africa
being a notable exception) has made their
usage customary to attain yield improvements
(Pretty & Bharucha, 2014, Foresight, 2011, &
Baulcombe et al., 2009). This means that there
is now general agreement that, under the broad
heading of ecological growth, we must go
beyond the current, limited concentration on
production and toward a more
"multifunctional” farming which additionally
maintains (and ideally promotes) larger
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socioeconomic and environmental objectives
(Godfray et al., 2010, Pretty & Bharucha,
2014, Foresight, 2011, & Baulcombe et al.,
2009).

Agroforestry  contributes to  the
community's increased supply of food in the
vicinity of the woods. In instance, (Ickowitz et
al., 2016) used geographical data to clarify
micronutrient intake in Indonesian children
aged one to five. At the country level, they
identified a connection between agroforestry
and increased use of legumes. On a regional
basis, their research revealed a connection
between the existence of agroforestry and
higher intake of fruits and green vegetables
that are high in vitamin A. Additionally,
agroforestry systems were linked to increased
meat  consumption,  especially  among
individuals who employed silvopastoral
techniques (Ickowitz et al., 2016). Increased
food availability after the introduction of
agroforestry was shown by increased food
yield and variety among farmers with low
incomes who had participated in agroforestry
training  (Pratiwi &  Suzuki, 2019).
Agroforestry  adoption and  community
availability of food have been positively
correlated, according to studies carried out in a
number of South Asian, Latin American, and
Sub-Saharan African countries (Kiptot et al.,
2014, Mbow et al., 2014, & Sharma et al.,

2016a).
4. Biofertilizer Benefits of Agroforestry
Systems

In an agroforestry system based on Ficus
benghalensis, which occurs frequently in the
southern dry agro-climatic region of
Karnataka, the residue of trees above as well
as below the soil surface is utilized as litter in
agroforestry, providing various kinds of
fertilizer elements when the litter decomposes.
According to research, the mass
decomposition of agroforestry litter based on
Ficus benghalensis in a field showed a slightly
greater speed of decomposition in below the
surface soil after an entire vyear of
decomposition rotation compared to surface
soil. The pace at which litter decomposes has
been discovered to be influenced by the local
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climate and soil (Dhanya et al., 2013).
Likewise, in the Mandya region, the rate of
decomposition of agroforestry litter was
examined, and it was shown to account for
approximately 60% of the overall litter fall of
F. benghalensis inside the agroforestry system
(Dhanya, 2011). The foundation of
ecosystems, microbial biodiversity, provides
humans with food, fiber, and non-timber forest
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preventive endophytic bacteria, and symbiotic
and non-symbiotic nitrogen fixers all perform
important functions. An agroforestry system
may benefit from managing the composition of
microbial diversity via crop and tree variation
(Sridhar & Bagyaraj, 2017). The rate of litter
decomposition in tropical regions of the
plantation was greater than in temperate parts
due to the increased sunshine requirements for

products. In  agroforestry,  phosphate- this process.
mobilizing microorganisms, disease-
Table 2: Summary of Socioeconomic Benefits of Agroforestry Systems
Aspect Key Points

Increased Agricultural
Productivity

* Values range from 1.14 to 2.00, indicating higher productivity compared
to monoculture systems.

* Requires 14-34% less area and resources (sunlight, nutrients, water) than
traditional single cropping methods.

* Various agroforestry systems show enhanced yields, supporting
sustainable intensification of agriculture.

Enhanced Income
Opportunities
revenue for farmers.

* Multifunctional trees provide additional products like food (fruits),
fodder, and timber, enhancing financial resilience.
* Trees requiring fewer inputs reduce cultivation costs, increasing overall

* Generates new rural employment opportunities in tree-related activities
such as harvesting and processing.

Improved Food Security communities.

and Nutrition

* Higher yields and crop diversity support food security in local

* Agroforestry systems promote higher intake of essential nutrients through
diverse crop and fruit production.

Biofertilizer Benefits

* Agroforestry systems enhance nutrient cycling through the decomposition
of tree litter, which releases essential nutrients into the soil.

* By relying on natural processes for nutrient cycling, agroforestry reduces
the need for chemical fertilizers and pesticides.

* Continuous input from decomposing litter and microbial activity
improves soil structure, fertility, and resilience against erosion.

* Biofertilizers contribute to sustainable agricultural practices by
minimizing environmental impact compared to chemical inputs.

5. Case Studies:

Asia is the biggest and most populated
continent, making up 30% of the globe's total
surface and home to 60% of all people on the
earth (Ortega-Castillejos, 2018). Agroforestry
activities have been used throughout South and
Southeast Asia for a long time under a variety
of agroecological settings, earning the area the
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title "cradle of agroforestry” (Kumar, 2012). A
study project led by (Wicke et al., 2013)
investigated the potential of agroforestry
systems in salt-affected soils across South
Asia. The results showed that over 24 mg ha of
carbon could be sequestered in the country of
Bangladesh, 6 mg ha-1 in Haryana, an Indian
state, and 96 mg ha-1 in Pakistan's Punjab
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province by these systems, which included
intercropping and already-existing compact
tree plantings. In Ethiopia, Africa, agroforestry
practices have been shown to remove
greenhouse gases and sequester between 8.34
and 43.64 Mg ha™ of tree carbon, as well as
71.69 to 112.74 Mg ha’ of soil carbon
(Manaye et al., 2021). (Somarriba et al., 2013)
examined the capacity of agroforestry in the
United States to sequester carbon. Based on
his research, he calculated that the carbon
locking potential of various plants such as
Theobroma cacao, Cordia alliodora, Bactris
gasipaes, palms, bananas, etc., was around
49.2 mg ha* of tree carbon and 51.0 mg ha™ of
soil  carbon.  (Gama-Rodrigues, 2011)
conducted research on the role that Brazilian
agroforestry systems play in sequestering
carbon. Theobroma cacao L.-based
agroforestry system absorbed 302 Mg ha™ of
carbon in total, and it was determined that
farmers might potentially benefit financially
from this potential carbon sequestration. When
(Kay et al., 2019b) assessed the capacity of
suitable agroforestry systems to store carbon
throughout the EU, he found that silvopastoral
and silvoarable systems were able to do so at
rates ranging from 0.09 to 7.29 Mg ha-1 yr-1.
Agroforestry systems in low-rainfall regions of
Australia were found to have an average
carbon storage rate of 9.5 Mg ha-1 yr-1,
according to study done there (Neumann,
2011).

Comparable studies were carried out
for several agroforestry systems in Java, Sri
Lanka, Central Sulawesi, Spain, Argentina,
Indonesia, Peru, Canada, Costa Rice, Mexico,
and Colombia (Aryal et al., 2019), (Aynekulu
et al., 2020, Beer et al., 1990, Ehrenbergerova
et al., 2016, Hé&ger, 2012, Indrajaya et al.,
2014, & Siarudin et al., 2021), and the amount
of carbon stored by crops, trees, and soil was
ascertained. Tanzania has a long history of
using agroforestry, where it is practiced in a
number of traditional systems (Lulandala,
2011). According to a research by (Banzi et
al.), Tanzania's adoption of agroforestry
boosted the supply of food from crops
including cassava, bananas, beans, and maize
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while also dramatically increasing maize
yields. In the eastern part of Tanzania,
different research by (Mkonda & He, 2017),
observes that areas where agroforestry is
implemented have superior socio-economic
and environmental growth. The National
Agroforestry Planning, which seeks to reach 4
million agricultural families by 2025,
highlights the importance of agroforestry in
Tanzania. It outlines a plan to utilize
agroforestry to raise the standard of living for
60% of Tanzania's low-income families (URT,
2009).

The capacity of agroforestry systems
(AFS) in India to sequester carbon is projected
to range from 0.25 to 19.14 megagrams of
carbon per hectare annually (Mg C/halyr) for
the tree parts and from 0.01 to 0.6 Mg C/ha/yr
for the crop components (Dhyan et al., 2016).
At the country level, the agroforestry systems'
carbon sequestration capacity was calculated
to be 0.21 Mg C/halyr, which is comparable to
0.77 Mg CO2/halyr in terms of CO2
mitigation (Ajit et al., 2017b). Agroforestry
systems based on Quercus leucotrichophora in
the Central Himalaya (Uttarakhand) have the
capacity to store 36.94-51.14 Mg of carbon at
elevations of 1400-2200 m, according to
research by (Kumar et al., 2021). (Ajit et al.,
2017a) and (Ajit et al., 2017b) worked in the
Himalaya area and carried out similar
investigations.  Many  researches  were
conducted in North-East India to find out how
much carbon different agroforestry systems
might store (Choudhary et al., 2014), (Kalita et
al., 2016a, Nath & Das, 2012, Singh et al.,
2018a, & Singh et al., 2018). In the Terai area
(Uttarakhand and West Bengal), plantations
and agrihorticultural systems absorb a
significant quantity of carbon, which
ultimately aids in the mitigation of climate
change (Banga et al., 2017, Gera, 2012, Koul
et al., 2011, & Yadava, 2010). According to
research done in Madhya Pradesh by (Rizvi et
al.,, 2019) An agroforestry system based on
Acacia nilotica, Azadirachta indica, Leucaena
leucocephala, etc. is expected to have a carbon
storage capability of 0.11 to 0.15 Mg ha™ yr,
comparable research was carried out in
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Chattisgarh and Uttar Pradesh (Balloli et al.,
2018), (Chandra & Singh, 2018), (Ajit et al.,
2017a, Ajit et al., 2017b, Newaj et al., 2016, &
Ramnewaj & Dhyani, 2008).

In Pakistan, agroforestry combines
quickly growing trees with agricultural crops
that have many advantages, including high
revenue, food, raw materials, and little
negative effects on the crops (Zubair &
Garforth, 2006). In regions with waterlogging
and aridity, agrisilviculture, windbreaks, and
shelterbelts using plants like Populous, Morus,
and Salix are employed (Foroughbakhch et al.,
2009). Agroforestry approaches such as the
Agrisilvi system (50.5%), Agrosilvopastoral
system (45.5%), and Agro-pastoral system
(4%), were observed in District Dir Lower,
Pakistan. Based on these practices, the
majority of farmers received profits in
Pakistani currency, ranging from 20,000 to
40,000, from their wood trees (Hayat et al.,
2020). Pakistan's firewood demands, which are
22.15 million m3, are mostly met by
agroforestry methods, the remaining 19.94
million m3 originate through plants that are not
in forests (Zaman & Ahmad, 2011). Major tree
species grown on farmlands include Ficus
carica, Juglans regia, Salix tetrasperma, Fimus
alba, Populus nigra, Platanus orientalus, and
Acacia modesta. Additionally, the planting of
trees along nation borders serves the economic
goal of generating cash from the sale of fruits
such as Prunus domestica, Citrus species, and
Juglans regia (Hayat et al., 2020).

Since the Maldives is a seaside
country, coconuts are an important plant and
are essential to the national economy. A
popular approach is to grow fruit trees, fodder,
and fuelwood atop the bunds of agricultural
fields (Dhyani et al., 2021). In the nation,
coconut is used in agroforestry techniques,
such as homegrown coconut gardens, coconut
plantations coupled with vegetables, yearly
crops like cassava, and coconuts combined
with trees that produce fruit like mangoes and
custard apples. Similarly, it's common to use
windbreaks, pastoral pairings with coconut,
etc. Before, coconut monoculture was used in
the Maldives. However, with the development
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of technology and agroforestry models,
coconut-based agroforestry is now used to get
many advantages from a single piece of land
(Paudel & Shrestha, 2022).

In Nepal, it is traditional to plant trees,
cultivate crops, and rear animals on the same
area of soil. In Nepal, many agroforestry
techniques are used, in the terai and mid-hills,
traditional agroforestry systems are most
prevalent. Modern, commercial agroforestry is
the predominant activity in Terai. Trees that
provide wood, such as poplar, eucalyptus, and
teak, are particularly favored for Sissoo.
Similarly, the mid-hills are home to fruit and
fodder as well as a few agri-based commercial
activities like cardamom, tea, and coffee,
whereas the high mountain areas are mostly
home to pastoral cattle husbandry (Dhakal &
Rai, 2023). There are 12 agroforestry systems
and 41 agroforestry techniques that are used in
Nepal, according to a research that was carried
out in 44 districts of the Terai and mid-hills
(Amatya et al., 2018). There are many popular
agroforestry  techniques used in Nepal,
including home gardens, agrisilviculture,
aquasilviculture, intercropping, silvi-pastoral
systems, and agro-Silvopastoral systems. Even
though agricultural shifting is becoming less
common, it is still practiced in many of the
nation's upland areas (Amatya et al., 2018).

6. Challenges and Considerations

Agroforestry has been shown to have several
advantages in various studies; nonetheless,
many developing nations have not quickly
shifted to this kind of tree-based agriculture.
The perception of agroforestry as a strategy
that contradicts the central thesis "a
monoculture system that has significant
output” could be one of the causes (Ollinaho &
Kroger, 2021). Agroforestry uses a more
intricate system made wup of various
components (livestock, crops, and/or tree
species), and it relies on the cooperation of
these elements to provide the best potential
outcomes for the environment and the
economy. Good agricultural practices (GAP)
awareness in communities will thus determine
the effect, whether favorable or bad. For
example, nutrient or light conflict between the
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varieties brought into the agroforestry system
might lead to reduction in the yield or
harvestable portions of crops or trees (Wu et
al.,, 2020). Moreover, certain tree and
agricultural species have high water and
nutrient requirements, which may lead to soil
mining and the loss of water resources (Wu et
al., 2020, & Kroger, 2013). hus, among the
essential knowledge that rural populations
require to successfully implement agroforestry
is agronomy. For the purpose of transferring
knowledge to the local people, it is thus
essential to have a bigger workforce (from
NGOs, government agencies, and scientific
organizations).

The legislative sector presents another
obstacle to implementation since agroforestry
is hardly included in the national agenda that
promotes the shift to environmentally friendly
farming. The lack of a clear definition for the
word "agroforestry" in comparison to other,
more well-known methods like organic
agriculture may be the root of this problem.
Several tree-based systems may provide
distinct results dependingon the kind of
components they include, even if they are all
included under the general category of
agroforestry. Furthermore, despite decades of
research on the effects of agroforestry, most of
it focuses on the farms and mainly looks at one
particular variable either financial, social, or
environmental while there are relatively few
thorough studies on higher levels, like the
national or even continental scope (Ollinaho &
Kroger, 2021). As a result, it is challenging to
come to an agreement about the effects of
agroforestry, in part because legislators have
less faith in the practice.

The implementation of the
agroforestry system in India has been struck
by a number of issues, including a lack of
knowledge on the part of the cultivators, their
inability to locate certified and registered
growing materials, seed varieties, and most
significantly, difficulties finding the right price
for their produce when it was ready to be sold.
The majority of the planting stuff is not
guaranteed to meet quality standards, with just
approximately 10% or so being of exceptional
guality (Vermaetal., 2017).
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Roughly 20 million hectares of land in
Europe are covered by AFS, with 90% of them
being silvopastoral systems (Mosquera-Losada
et al.,, 2016) in the Mediterranean Region
(Mosquera-Losada et al., 2012). According to
estimates by (Aertsens et al.,, 2013) the
European Union still has 50 million hectares
of grazing land and 90 million hectares of
arable land that might be used for agroforestry.
In evaluating the AFS, it is important to
consider its many functions, which include the
supply of environmental services, product
variety, increased biodiversity, minimized
GHG emissions, and  weather-related
resistance (Kay et al., 2019a, Marsden et al.,
2020, & Marais et al., 2019). AFS have
difficulties for a variety of reasons. Therefore,
we outline some of the major obstacles to
implementation, such as the expense of
establishing agroforestry systems, the shortage
of economic incentives, advertising, and
public awareness/education.

Implementing innovative agricultural
methods and production systems is sometimes
hampered by high expenses (Long et al.,
2016). The EU has given farmers financial
assistance to encourage the deployment of
agroforestry through a number of required and
optional policy tools during the past ten to
fifteen years (Mosquera-Losada et al., 2016,
Panagos et al., 2016, & Hernandez-Morcillo et
al., 2018). Producers and managers of farms
who are thinking about using agroforestry are
still quite concerned about its low earnings
(Hernandez-Morcillo et al., 2018, & Graves et
al., 2017). Since AFS are manpower-intensive,
those who are thinking of adopting them may
be greatly discouraged by the expensive cost
of manpower in the EU (Eichhorn et al.,
2006). The primary source of higher yields
among the AFS constituents is
complementarity in the temporal and
geographical usage of nutrients, water, and
radiation; if this complementarity is not
adequately managed, competition among the
AFS components may result in lower yields
and monetary risk (Rois-Diaz et al., 2018, &
Graves et al., 2017). (Garcia de Jalon et al.,
2018) carried out a study to evaluate the
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environmental effects of agroforestry, forestry,
and arable farming across Europe. The
findings revealed that agroforestry systems
(AFS) ranked second in biodiversity richness.
Financial incentives contributed significantly
to their economic value, equating to EUR 364
per hectare per year for AFS, compared to
EUR 559 per hectare per year for arable
farming. Conversely, with the inclusion of
grants, the forestry system's economic value
was significantly lower, amounting to only
EUR 194 per hectare per year.

The amount of money provided in
return for the ecological benefits provided by
agroforestry is insufficient (Graves et al.,
2017). Under the concept of "payment for
environmental services," farmers and other
land managers who safeguard and restore
ecosystems are paid for their efforts (Milder et
al., 2010). While the European Union supports
agroforestry through the Common Agricultural
Policy's Pillars | and Il, this assistance is
limited to the creation of new agroforestry
systems and does not extend to those already
in place, (Hernandez-Morcillo et al., 2018),
thereby discouraging the continued use of
existing systems for those who already
implement agroforestry practices. Moreover,
the EU Emissions Trading System does not
presently permit the exchange of carbon
credits for land-use or forestry operations (Van
Vooren et al., 2016). Therefore, even though
AFS has a great potential for sequestering
carbon, farmers cannot profit from selling
carbon credits (Aertsens et al., 2013, &
Mosquera-Losada et al., 2011). Landowners
who currently practice agroforestry may be
able to reduce some of the monetary hazards
and be incentivized to sustain AFS over time
by receiving grants and incentives for
environmental benefits (Hernandez-Morcillo
etal., 2018).

Due to the development and
modernization of  agriculture, many
conventional AFS in Europe vanished in the
20th century (Quinkenstein et al., 2009). As a
consequence, farmers in the continent lost
their basis of knowledge (Mosquera-Losada et
al., 2012). One of the biggest obstacles to the
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deployment of agroforestry systems is the lack
of expertise and guidance assistance (Gémez
et al., 2009). The financial success of AFS is
dependent on the varieties of crops and trees
chosen, as well as the understanding of how
well they complement one another in terms of
resource use (Palma et al., 2007). Training and
knowledge exchange may be helpful in
assisting farmers in selecting varieties that
jointly increase production without affecting
the primary crop (Palma et al., 2007,
Hernandez-Morcillo et al., 2018, & Graves et
al.,, 2017). For instance, planting trees on
agricultural land may be a profitable
opportunity due to the growing demand for
premium wood from hardwood production in
Europe (Eichhorn et al., 2006, Hernandez-
Morcillo et al., 2018). Currently, there is a lack
of knowledge among farmers about the
benefits of agroforestry. To overcome this and
promote practical learning, farmers and other
people in the community have to share ideas
(Rois-Diaz et al., 2018).

CONCLUSION
Agroforestry systems enhance the diversity of
habitats by increasing biodiversity,
sequestering carbon, enhancing soil health,
and also by integrating trees and shrubs within
agricultural lands, among others. In this realm,
the economic benefits of diversified income
sources and improved resilience to climate
change play an anchor role in promoting
sustainable land use. However, there are many
barriers yet to be overcome in successful
agroforestry, such as the establishing of
enabling policy frameworks, training of
farmers, and access to financial resources.
Tailored research is, therefore, crucial for
optimizing practices under specific local
conditions and for accurately quantifying long-
term benefits. Agroforestry has an enormous
potential to respond to global challenges like
food security, climate change, and loss of
biodiversity. Those potentials for contributing
to more sustainable agricultural practices and
greater environmental conservation have
underlined its significance as a
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multidimensional solution to contemporary
environmental and socioeconomic challenges.
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