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ABSTRACT
[bookmark: _GoBack]Agroforestry, the practice of integrating trees with agricultural crops and livestock, has emerged as a sustainable land-use approach with multiple ecological, economic, and social benefits. This review explores the role of agroforestry in enhancing biodiversity and ecosystem services such as soil fertility, water regulation, carbon sequestration, and habitat provision. Despite its potential, agroforestry faces challenges related to knowledge gaps, economic barriers, and insufficient policy support. This paper synthesizes current research on the contributions of agroforestry to biodiversity conservation and ecosystem services, emphasizing its importance in achieving sustainable agricultural practices and mitigating climate change.
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1. INTRODUCTION
Agroforestry has been an integral part of indigenous nations' traditional agricultural practices since the beginning of time.  These communities' essential requirements for food, medicine, fuel, raw materials for building and handicrafts, and their unrestricted cultural development have all been satisfied by agroforestry systems.  These traditional agro ecosystems' biodiversity, together with the extra resources of their surrounding region, has guaranteed many people's livelihoods and general well-being. This approach combines agricultural cultivation, animal production, and/or tree culture on the same land management, based on the chronological sequence or geographical layout (Santoro, 2020).  Agroforestry may aid in the preservation of natural ecosystems through efficient resource management and sustainable land management, which includes replanting.  Agroforestry also has the potential to reduce climate change since it incorporates a number of practices that have been demonstrated to improve carbon absorption and, consequently, reduce greenhouse gas emissions (Mbow et al., 2014; Bai et al., 2019). Due to their capacity to enhance carbon storage and sequestration, agroforestry systems are especially crucial for climate change adaptation and mitigation (Zomer et al., 2016). According to (Budiastuti, 2020), climate change is brought on by an increase in the atmospheric concentration of CO2, which raises the earth's surface temperature. According to (De Stefano and Jacobson, 2018), agroforestry systems increase carbon stores above ground level, which lowers the rise in CO2. Thus, in accordance with the 2015 Paris Agreement, it is imperative to manage sustainable agroforestry systems that can help Indonesia reach its goal of decreasing emissions by 29%.
One of the key approaches to meeting the growing demand for high-quality outputs while optimizing ecosystem services and minimizing environmental impacts is agroforestry, a threatened land use system in which trees are grown alongside crops and/or livestock systems (Torralba et al., 2016; Arosa et al., 2017; Den Herder et al., 2017; de Jalón et al., 2018; Moreno et al., 2018).  By improving habitat and landscape variability and adding structural complexity, agroforestry can help conserve biodiversity in agricultural landscapes (including forest landscapes) (Torralba et al., 2016). For a variety of reasons, agroforestry may be a useful instrument for maintaining species diversity and enhancing ecosystem services and functions.  It can serve as a habitat corridor for area-sensitive plant and animal species (Kumar 2016; Udawatta et al. 2019). It also conserves soil from erosion and supports purifying water that prevent habitat.
2. DIVERSITY OF AGROFORESTRY
2.1 Floral diversity
By lowering environmental complexity and expanding broad expanses of monocultures for improved economies of scale, modern agricultural farming systems concentrate on supplying a single ecosystem service: food production (Varah et al., 2013).  Reduced species variety may eventually result in decreased functional diversity, which in turn may contribute to diminished ecological functioning (Mace et al., 2012). Handicrafts and specialty woods like grape vines and branches are also frequently used in forest farming, as are edible products like fruits, nuts, berries, greens, mushrooms, and wild vegetables; medicinal and herbal supplements like ginseng, echinacea, goldenseal, black cohosh, and witch hazel; and decorative items like flowers, Spanish moss, vines, stems, seedheads, leaves, and fruiting structures used in floral arrangements (Chamberlain et al., 2009). Increased variety is another benefit of riparian trees.  Herbaceous species densities in Appalachian headwater catchments ranged from 4 to 17 m2, whereas woody species densities ranged from 3 to 8 m2 during a four-year period (Elliot, 2016).  Riparian corridor variety varies along vertical, lateral, and longitudinal dimensions (Naiman et al., 2005). 
Home gardens can serve as an "intermediary" for preserving the diversity of tree species in Bangladesh, claim Bardhanetal (Bardhan et al., 2012). Thirty percent of the species in home gardens and natural forests were shared, and as home gardens grew in size, so did the species richness.  15 species per 1.5-ha plot in continuously grown cassava, 25 species per plot in oil palm plantations, 90 species per plot in rubber Agroforestry, and 120 species per plot in primary forests were noted by (Murdiyarso, 2002) in the Jambi district of central Sumatra.  Old-world and neotropical home gardens are regarded as AF systems with high floristic diversity (Jose, 2009), and many ecologists believe that these systems most closely resemble natural forests in terms of both structure and function (Ewel, 1999). According to (Tomich et al., 1998), who studied plant diversity in Southeast Asia, the Congo Basin, and the Amazon Basin, multistrata Agroforestry systems varied between primary forests and monocrop perennials or field crops.  (Alkemade et al., 2009) evaluation of 89 published data sets revealed that the diversity of Agroforestry was comparable to that of secondary forests, forest plantations, and poorly utilized forests.  According to the same review, agriculture had less diversity than Agroforestry, while primary forests had more.  Alley cropping employed 410 tree species from 192 genera, according to another review that assessed global floral diversity in alley cropping AF (Wolz, 2018).
2.2 Faunal Diversity
Numerous direct and indirect benefits to sustainability, land productivity, and environmental services have been demonstrated by agroforestry-induced faunal variety in temperate and tropical environments, as well as on small and large farms.  For example, Agroforestry can be used to boost pollinator diversity, which is crucial for both maintaining the population levels of wild plants and producing food (Varah, 2013). Since insects pollinate about 90% of flowering plants, over 75% of the world's most important crops, and 35% of food production, rely on animal pollination, the pollinator service is extremely valuable (Kearns, 1997; Klein et al., 2003). Through connectedness, nesting locations, predator protection, low-risk zones, breeding grounds, food supplies, landscape complexity, and variety, trees help to integrate water systems, pollinators, and beneficial species into the landscape. Faunal diversity is increased by shade coffee and multi strata cocoa AF systems, which offer habitat for mammals, birds, and other species (Jose, 2012).  The richness of bird species in a tree-based intercropping system in Canada nearly quadrupled (from 17 to 32 species) between 1995 and 2014, according to Gibbs et al. (Gibbs et al., 2016).In addition, their analysis found that, across both time periods, the tree-based approach had the highest species richness of birds. In insect population density and species diversity, different tree-crop combinations and spatial configurations have been documented in Agroforestry systems (Jose, 2009). Windbreaks and tree areas within pastures have been found to have higher insect population densities and variety than monocrop fields (Brandle et al., 2004).  In the Iberian Dehesas, woodland pastures had a higher species richness of bees and spiders than open pastures (Moreno et al., 2016)[93].  As the number of plant species expanded, so did the number of insect species.
2.3 Soil Microbial Diversity
The majority of biogeochemical processes depend on soil microbial communities, which are also critical for mineralization, nutrient delivery, biogeochemical cycles, nutrient cycling, chemical degradation, aboveground Biodiversity, soil formation, and soil health.  The rhizosphere, soil, and other materials are home to these soil microbial communities, which perform a variety of tasks that can even aid in soil decontamination and the management of pests and illnesses that affect humans, animals, and plants.  They also aid in regulating the climate and enhancing the quality of the soil and water. When comparing tree-based intercropping sites to amonoculture, (Chiffot et al., 2009) found noticeably more geographical differences and variety of fungal pore. Saprotrophic and ecto mycorrhizal fungi become increasingly prevalent as the system ages, and this transition has been linked to less soil disturbance, soil pore geometry, and more complex and varied organic matter (Beuschel et al., 2019).  (Zhang et al., 2018) used molecular tools to study three Agroforestry systems and found that while fungal diversity was higher in the rhizosphere than in bulk soil, differences between the systems were not statistically significant.
Using 16S rRNA gene copies, (Banarjee et al., 2015) discovered that along a 270-kilometer soil climatic gradient in Alberta, Canada, hedgerows and forests had substantially higher bacterial abundance and species richness than farmed fields.  In a similar vein, (Zak et al., 2003) found that as the number of plants increased, so did the microbial population.  According to field and lab research, the variety of the tree litter and rhizo deposition products makes these heterogeneous groupings more robust (Keith et al., 2008; Rivest et al., 2013). In comparison to traditional agriculture, temperate windbreaks are known to have greater rates of N mineralization and microbial biomass due to plant variety and suitable circumstances (Kaur, 2000; Wojewoda, 2003).  The amount and quality of litter, complex organic compounds, rhizodeposition products, soil physio-chemical characteristics, aggregate stability, temperature factors, microclimate, and disturbance-free conditions have all been linked to these advantages (Bainard, 2011).
3. CONSERVATION OF AGROFORESTRY AND BIODIVERSITY
Agroforestry systems foster a variety of species that can act as supporting organisms for the preservation of neighboring natural habitats, hence increasing biological diversity on agricultural areas (Rahman et al., 2017; Mcneely and Schroth 2006).  There are a variety of species growing in Indonesia's agroforestry systems, including cereals and oil seed crops, vegetables, herbs, and trees (timber, fruits, nuts, and spices), according to empirical study (Rahman et al., 2016; Michon 2005). Increased agroforestry methods have been linked to the conservation of local forest biodiversity by lowering pressure on local forests in Mindañao, the Philippines (Garrity et al., 2002) and West Java and West Sumatra, Indonesia (Rahman et al., 2017; Murniati et al., 2001).  This is because agroforestry can offer viable substitutes for numerous essential forest products (such as fruits, vegetables, herbs, spices, firewood, timber, and fodder) that are crucial for local livelihoods through tree-based climate smart farming (Rahman, 2017; Snelder and Lasco, 2008; Michon, 2005).  However, the ability of agroforestry to lessen deforestation may depend on certain farmer constraints, such as those related to land, labor, and money (Angelsen and Kaimowitz, 2004). In light of the Convention on Biological Diversity (CBD), which has placed a strong emphasis on resource management through ecosystem approaches, such as conservation, equitable sharing, and sustainable use of benefits, agroforestry systems can thus become even more significant on a global political level with these attributes (Mcneely and Schroth, 2006).
3.1 Creation of Habitats and Diversity of Species
Agroforestry systems create a heterogeneous landscape that supports a wide array of species, including plants, insects, birds, and other wildlife (Gonzalez et al., 2016). By introducing trees into agricultural systems, agroforestry provides diverse habitats that can host a higher level of biodiversity than monoculture farms. For example, shade-grown coffee systems in tropical regions support high bird species richness, particularly migratory species (Perfecto et al., 2009). Similarly, tree plantations in agricultural fields can provide corridors for wildlife, linking fragmented habitats and promoting species dispersal (Sodhi et al., 2010). The presence of trees in agricultural landscapes can also influence the diversity of soil organisms, which are crucial for nutrient cycling and overall soil health (Giller et al., 2016). Agroforestry has been shown to support a wide variety of beneficial organisms such as pollinators, pest control agents, and soil microbes (Altieri, 1999). These interactions enhance biodiversity both above and below ground, contributing to more resilient ecosystems (Bianchi et al., 2006).
3.2 Pest Management and Pollination
Agroforestry systems support pollinator populations and help control pests naturally. By providing habitat and forage for pollinators such as bees, butterflies, and birds, agroforestry increases pollination rates in crops, which is particularly important for yield stability in certain crops (Kremen et al., 2007). For example, agroforestry practices in coffee farming in Central America have been shown to support pollinators and contribute to higher coffee yields (Gómez et al., 2015). Agroforestry also encourages the establishment of natural enemies of crop pests, such as predators and parasitoids. This reduces the need for chemical pesticide use, promoting more sustainable farming practices (Altieri, 1999). In particular, the integration of trees into agricultural landscapes creates favorable conditions for biological control agents, which regulate pest populations and contribute to ecosystem stability (Sutter et al., 2019).
4. THE ROLE OF AGROFORESTRY IN ENHANCING BIODIVERSITY: PRACTICAL INSIGHTS
Since Agroforestry naturally has a much higher Biodiversity than monocrop management techniques, agroforestry can be employed to conserve Biodiversity (Thevathasan, 2004).  One of the primary causes of the elevated Biodiversity in Agroforestry is the diversity of plants.  For instance, Agroforestry in the tropics has been proposed as a possible wildlife-friendly approach since it resembles natural forests (Steffan-Dewenter et al., 2007). Adopting agroforestry with a variety of trees, shrubs, grasses, and crops might improve Biodiversity, replicate natural forest conditions, and bring aesthetic value and money.  As everyday requirements are met by firewood, bee honey, nuts, and other items, this also aids in the preservation of natural forests. According to research, the system's Biodiversity is significantly influenced by the dynamics of the varied aboveground flora, and the interactions between the aboveground and belowground shape the belowground communities.  For instance, compared to row crop or pasture-only management, alley cropping and silvopasture have higher soil qualities, which increase soil porosity, water dynamics, and nutrient cycling efficiency, promote plant development, and reduce leaching losses (Sistla et al., 2016). Eliminating shade trees raises the temperature of the soil's surface, which has an impact on soil communities, nutrient status, decomposition rates, and humidity-moisture conditions.
A more complex system with a diverse range of plants and/or animals may sustain a greater variety of creatures.  For instance, even if there are fewer kinds of leguminous plants and bushes in temperate locations than in the tropics, they can nevertheless have a distinctive impact on biodiversity.  A recent research found a positive correlation between microbial beta diversity and plant diversity, indicating that higher species communities correspond to more microbial diversity (Prober et al., 2015). Additionally, the proper arrangement of leguminous trees in key areas can support biodiversity, soil fertility, and soil and water quality.  Including trees that may aid with biodiversity conservation and offer other advantages such biomass, nutrients, and feed.
5. AGROFORESTRY AND ECOSYSTEM SERVICES
5.1 Soil Fertility and Erosion Control
[bookmark: 3.1_Soil_Fertility_and_Erosion_Control]Agroforestry systems contribute significantly to soil fertility through nutrient cycling and organic matter input. The presence of trees in agroforestry systems increases soil organic matter, which enhances nutrient availability and promotes microbial activity (Giller et al., 2016). The root systems of trees also help to recycle nutrients from deeper soil layers, making them available to shallow-rooted crops (Nair et al., 2004). Additionally, agroforestry is effective in controlling soil erosion, particularly in sloped terrains. The roots of trees stabilize the soil, preventing topsoil loss during heavy rainfall and reducing the risk of land degradation (Zomer et al., 2016). Agroforestry practices such as alley cropping and contour planting are particularly effective in reducing soil erosion and improving water infiltration (Lal, 2015).
5.2 [bookmark: 3.2_Carbon_Sequestration_and_Climate_Cha]Carbon Sequestration and Climate Change Mitigation
One of the most important ecosystem services provided by agroforestry is carbon sequestration. Trees capture carbon dioxide from the atmosphere and store it in their biomass and soil, which helps mitigate the effects of climate change (Powlson et al., 2017). Agroforestry systems have the potential to sequester large amounts of carbon, with estimates suggesting that agroforestry can sequester up to 20% of the total carbon emissions from deforestation (Wang et al., 2017). Studies have shown that agroforestry can sequester carbon at rates comparable to or even exceeding those of natural forests, particularly when fast-growing tree species are integrated into agricultural systems (McNeely C Scherr, 2003). In tropical and subtropical regions, agroforestry systems that incorporate leguminous trees are particularly effective at increasing soil carbon storage (Smith et al., 2015). Furthermore, agroforestry systems offer farmers an opportunity to participate in carbon markets, which could generate additional income through the sale of carbon credits (Houghton et al., 2001)



5.3 Water Regulation and Hydrological Services



[bookmark: 3.3_Water_Regulation_and_Hydrological_Se]Agroforestry systems improve water regulation by enhancing water infiltration, reducing surface runoff, and maintaining groundwater levels. The presence of trees in agroforestry systems increases soil porosity, allowing for better water infiltration and reducing water loss due to evaporation (Johnson et al., 2017). Additionally, the tree canopy reduces the impact of rainfall on the soil surface, mitigating soil erosion and preventing waterlogging in agricultural fields (López-Rodríguez et al., 2016). Agroforestry can also play a key role in watershed management by reducing surface runoff and improving water quality. Studies have shown that agroforestry systems in watershed areas can improve water retention and quality, benefiting downstream water users (Sanchez, 2002). In regions facing water scarcity, agroforestry practices offer a sustainable solution to water management by reducing water demand and increasing water-use efficiency (López-Rodríguez et al., 2016).[image: ]
6. [bookmark: 4._Challenges_and_Barriers_to_Agroforest]CHALLENGES AND BARRIERS IN ADOPTING AGROFORESTRY 
6.1 [bookmark: 4.1_Technical_Knowledge_and_Capacity]Technical Knowledge and Capacity
[bookmark: 4.2_Economic_Barriers]Despite the numerous benefits of agroforestry, its adoption remains limited due to a lack of technical knowledge and capacity among farmers (Garrity, 2004). Many farmers are unaware of the potential advantages of agroforestry or lack the technical skills to implement and manage agroforestry systems effectively (McNeely et al., 2001). Extension services and training programs are needed to improve farmers' understanding of agroforestry practices and help them select suitable tree species and design agroforestry systems that maximize ecological and economic benefits (Nair, 2012).
6.2 Economic Barriers
The initial investment required for establishing agroforestry systems, including tree planting and maintenance costs, can be a significant barrier to adoption, particularly for smallholder farmers with limited financial resources (Kaimowitz C Angelsen, 1998). Additionally, the long-term nature of agroforestry systems, which require several years before tree products or benefits are realized, deters farmers accustomed to the quicker returns of conventional agricultural practices (Shepherd et al., 2015).   
6.3 Policy and Institutional Challenges
Agroforestry faces challenges in terms of policy support and institutional frameworks. In many regions, agricultural policies prioritize monoculture farming and the intensification of agriculture, rather than promoting diversified systems such as agroforestry (McNeely et al., 2001). Furthermore, insufficient land tenure security, especially in developing countries, can deter farmers from investing in long-term agroforestry systems (Kaimowitz C Angelsen, 1998)
7. [bookmark: 4.3_Policy_and_Institutional_Challenges]RESEARCH NEED AND FUTURE POSSIBILITIES
Although agroforestry has been recognized for its potential to support biodiversity and ecosystem services, there remain significant gaps in our understanding of its long-term ecological impacts across different landscapes and climates. More comprehensive, region-specific studies are needed to quantify the effects of various agroforestry practices on species diversity, soil health, water regulation, and carbon sequestration. Future research should focus on integrating traditional ecological knowledge with modern scientific approaches to design adaptive agroforestry systems that are resilient to climate change. Additionally, evaluating the socio-economic benefits for local communities will be crucial in promoting the adoption of these systems. There is also a need for advanced monitoring tools and long-term datasets to track changes in biodiversity and ecosystem services over time. Exploring innovative policy frameworks and incentive mechanisms can further encourage sustainable land-use transitions that benefit both nature and people (Smith et al., 2015).
8. CONCLUSION
Agroforestry plays a vital role in enhancing biodiversity and providing ecosystem services. By integrating trees with agricultural systems, agroforestry improves soil health, supports biodiversity, mitigates climate change, and contributes to water regulation. Agroforestry stands out as a sustainable land-use strategy that bridges the gap between agricultural productivity and environmental conservation. By integrating trees with crops and livestock, it creates more diverse habitats, supports a wider range of species, and strengthens ecosystem functions such as soil fertility, water regulation, and carbon storage. These systems not only contribute to biodiversity conservation but also enhance the resilience and sustainability of farming landscapes. As global challenges like climate change and habitat loss intensify, adopting agroforestry practices offers a practical and effective path toward ecological balance and long-term agricultural viability.
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