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ABSTRACT

	[bookmark: _GoBack]Agroforestry and Community-Based Forest Management (CBFM) are recognized as complementary approaches for promoting sustainable land use and social equity. This comparative review synthesizes insights from global and Philippine studies on agroforestry systems and CBFM programs, highlighting their ecological, social, and governance dimensions. Agroforestry contributes to soil fertility enhancement, microclimate regulation, biodiversity conservation, and carbon sequestration, while CBFM emphasizes participatory governance, tenure security, and equitable livelihoods. Comparative analysis reveals that although agroforestry primarily addresses ecological degradation, CBFM provides a framework for social justice and community stewardship. Both systems face limitations, agroforestry adoption is constrained by tenure insecurity and limited technical or financial support, whereas CBFM is challenged by restrictive policies and insufficient integration of livelihood opportunities. Integrating agroforestry into CBFM strategies offers a pathway to restore degraded landscapes, improve rural livelihoods, and strengthen climate resilience. Key research gaps include long-term monitoring of soil health, socio-economic assessments of agroforestry adoption, gender-inclusive participation, and empirical evaluation of integrated agroforestry-CBFM systems. Policy and practice recommendations emphasize tenure reforms, multi-level governance alignment, livelihood support, and interdisciplinary research to foster sustainable, equitable, and climate-resilient land-use systems.
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1. INTRODUCTION

Soil degradation and inequitable forest governance remain pressing barriers to sustainable development, particularly in tropical countries where agricultural expansion, deforestation, and land tenure insecurity persist. Globally, nearly 25% of soils are moderately to severely degraded, undermining productivity, resilience, and food security (FAO, 2015; Millennium Ecosystem Assessment, 2005). In the Philippines, upland soils face multiple forms of degradation, including erosion, acidification, and nutrient depletion, especially in areas under continuous cultivation and slash-and-burn farming (Asio et al., 2009). These conditions highlight the urgency of adopting land-use strategies that restore ecosystem services while sustaining rural livelihoods.

Agroforestry has been widely recognized for its ecological functions, extending beyond crop production to provide soil fertility enhancement, water and nutrient regulation, biodiversity support, and microclimate stabilization. Meta-analyses show that agroforestry reduces soil erosion by around 50%, increases soil organic carbon (SOC) by 21%, and improves nitrogen and phosphorus availability in humid and sub-humid regions (Muchane et al., 2020). In Southeast Asia, agroforestry has been shown to buffer climate variability and sustain ecosystem services across diverse landscapes (van Noordwijk et al., 2015). Philippine case studies further confirm that agroforestry systems enhance carbon stocks, biomass, and biodiversity, underscoring their ecological services in upland communities (Baliton et al., 2020). More broadly, agroforestry contributes to diversified livelihoods and climate resilience, positioning it as a cornerstone of sustainable intensification (Jose, 2009; Mbow et al., 2014).

Community-Based Forest Management (CBFM), institutionalized through Executive Order 263 in 1995, represents the Philippine government’s flagship strategy for devolving forest management to local communities. CBFM was envisioned to integrate ecological restoration with equity, tenure reform, and poverty alleviation. Studies show that CBFM has contributed to forest cover expansion, biodiversity conservation, and soil and water protection (Lasco & Pulhin, 2006), while also providing upland dwellers with usufruct rights and participatory platforms (Pulhin et al., 2007). However, governance challenges persist restrictive timber regulations and value chain barriers limit livelihood gains (Pulhin & Ramirez, 2016), while short-term tenure arrangements and policy inconsistencies discourage long-term ecological investments (Pulhin et al., 2024). Lessons from other community forestry programs in Asia and Africa likewise emphasize that without tenure security and equitable benefit-sharing, participatory forestry initiatives remain vulnerable to elite capture and limited sustainability (Larson et al., 11).

This comparative review seeks to synthesize and compare selected key studies on agroforestry and community forestry. The review is organized into three thematic sections: ecological services, socioeconomic and governance benefits, and environmental restoration potential. By comparing these studies, the review aims to provide a comprehensive overview of the dual role of agroforestry and CBFM in biodiversity conservation, soil restoration, and rural development. The review also identifies research gaps and suggests policy implications to support the continued integration of these systems into national land-use strategies. Specifically, the review addresses the following research questions: (1) What ecological services are provided by agroforestry systems for soil health improvement? (2) How does CBFM contribute to social justice, livelihoods, and participatory governance? (3) What is the potential of integrating agroforestry into CBFM frameworks for land restoration and climate change mitigation?

By analyzing ecological contributions of agroforestry (Fahad et al., 2022) alongside the governance and social dimensions of CBFM (Pulhin et al., 2024), and situating these within broader global evidence, the paper explores complementarities, gaps, and opportunities for integration. The analysis provides critical insights into how ecological sustainability and social justice can be pursued together under climate change and the United Nations Sustainable Development Goals (SDGs).

2. STUDY SELECTION AND METHODOLOGY
The selected studies were chosen for their direct relevance to agroforestry systems and community-based forestry, with a focus on their ecological and social dimensions. They represent a diverse range of methodological approaches, including literature synthesis, policy analysis, field-based case studies, and participatory assessments. These studies provide comprehensive insights into the multiple ways agroforestry and CBFM interact with the environment and local communities. For analysis purposes, the studies are grouped into two categories:
1. Ecological services of agroforestry systems – represented by Fahad et al. (2022), a global review of agroforestry systems and their impact on soil health. The paper synthesizes case studies from India, Bangladesh, Sudan, and Yemen, highlighting improvements in soil organic carbon (SOC), bulk density, nutrient cycling, and microclimate regulation.
2. Socioeconomic and governance benefits – represented by Pulhin et al. (2024), a policy-focused study on the Philippine CBFM program, analyzing its sustainability and social justice outcomes through national-level thematic assessments, stakeholder consultations, and policy reviews.
The comparative analysis of these studies aims to assess their contributions to the fields of agroforestry and community forestry, and to identify knowledge gaps that require further exploration.

3. Thematic analysis of reviewed studies

3.1 Ecological Services of Agroforestry
Agroforestry systems are increasingly valued for their ecological functions, which extend beyond crop production to broader ecosystem services. By integrating trees with crops and livestock, these systems enhance soil fertility, regulate water and nutrient cycles, buffer climatic variability, and promote biodiversity. The ecological services provided by agroforestry have been widely documented, positioning it as a key strategy for sustainable intensification and climate-resilient agriculture (Jose, 2009; van Noordwijk et al., 2014; Fahad et al., 2022; Islam et al., 2024).
One of the most important services of agroforestry is improved nutrient cycling. Deep-rooted trees recover leached nutrients from the subsoil and return them to the surface through litterfall and root turnover (Isaac & Borden, 2019). In addition, nitrogen-fixing species contribute to biological nitrogen fixation, enriching soils with macronutrients essential for crop growth. Evidence from global meta-analyses shows that cereal–legume intercropping increases total soil nitrogen acquisition and improves nitrogen-use efficiency compared with monocropping, thereby reducing dependence on synthetic fertilizers (Beillouin et al., 2021; Kuyah et al., 2019)
Agroforestry also enhances soil organic matter (SOM) and soil organic carbon (SOC), both of which are critical for soil fertility and climate change mitigation. Continuous organic inputs from leaf litter, root biomass, and exudates increase SOM levels, which in turn improve soil structure and nutrient retention. Long-term studies reveal that alley cropping, and tree-based systems significantly raise SOC, though the effects are most evident after a decade or more of practice (Lorenz & Lal, 2014). These findings underscore the long-term ecological role of agroforestry in carbon sequestration.
Soil structure and water dynamics also benefit significantly from agroforestry integration. Tree roots create macropores and enhance aggregate stability, leading to lower soil bulk density and improved infiltration rates. This facilitates greater water retention and reduces surface runoff, thereby minimizing erosion risks. Research has shown that agroforestry plots often exhibit superior infiltration and soil moisture retention compared with adjacent monocultures, making them more resilient to drought and extreme rainfall events (Isaac & Borden, 2019).
Another ecological service of agroforestry is the regulation of microclimates and support of soil biodiversity. Tree canopies buffer soil temperatures, reduce evapotranspiration, and maintain higher moisture levels, while organic mulches improve soil microhabitats. These conditions favor beneficial microorganisms and soil fauna, which accelerate nutrient mineralization and enhance resilience to climate variability. Studies confirm that agroforestry systems support higher microbial activity and species richness compared with monocropping systems (Jose et al., 2014; van Noordwijk et al., 2014); Visscher et al., 2024).)
Overall, the ecological services of agroforestry highlight its capacity to improve soil fertility, strengthen ecosystem resilience, and mitigate the impacts of climate change. While many of these benefits require long-term establishment to fully manifest, the evidence from diverse systems—such as alley cropping, legume intercropping, and tree-based farming demonstrates consistent ecological gains. These services position agroforestry as an essential component of sustainable land-use strategies, capable of restoring degraded landscapes while supporting agricultural productivity.
3.2. Governance and Social Justice in CBFM
Community-Based Forest Management (CBFM) serves as the cornerstone of the Philippine government’s strategy for sustainable forestry. Institutionalized through E.O No. 263 in 1995, CBFM grants upland communities usufruct rights to forestlands under renewable 25-year agreements, contingent upon reforestation, conservation, and responsible land management (Executive Order No. 263, 1995). By integrating local participation into forestry governance, the program envisions a balance between ecological sustainability and socio-economic development. Over the past three decades, CBFM has facilitated community access to forest resources, expanded reforestation efforts, and introduced participatory models of governance in forest management (Pulhin et al., 2024).
A major contribution of Community-Based Forest Management (CBFM) has been the institutionalization of community participation in forest governance. Through People’s Organizations (POs), upland communities are empowered to design and implement resource management plans, conduct reforestation activities, and monitor forest conditions (Pulhin & Ramirez, 2016a; 2016b). Such participatory structures are seen as crucial for fostering stewardship and ensuring that management practices are tailored to local needs. At the same time, CBFM has served as a platform for community-led reforestation initiatives, which have contributed to increases in forest cover in several regions (Lasco, Evangelista, & Pulhin, 2010). These outcomes highlight the potential of devolved governance mechanisms in addressing deforestation and forest degradation.
In terms of equity and welfare, CBFM was envisioned as a vehicle for poverty alleviation and livelihood support among marginalized upland dwellers. The program provides opportunities for communities to benefit from forest resources, agroforestry, and non-timber forest products (NTFPs), theoretically aligning ecological rehabilitation with socio-economic development (Pulhin & Ramirez, 2016a; 2016b). However, the extent of these benefits has remained uneven, as many communities continue to experience limited livelihood opportunities and unstable incomes. The uneven distribution of benefits reflects systemic challenges in policy implementation, capacity-building, and market access (Pulhin & Ramirez, 2016a; 2016b).
Despite its promise, CBFM faces persistent governance challenges. Land tenure insecurity remains a major constraint, as usufruct rights under CBFM are time-bound and subject to renewal, discouraging farmers from making long-term investments in agroforestry or sustainable land use (Contreras-Hermosilla & Fay, 2005). Restrictive regulations on the harvesting and marketing of timber and NTFPs have further constrained livelihood opportunities, limiting the capacity of communities to translate resource rights into economic gains (Pulhin et al., 2024). Moreover, the program has often prioritized biophysical outcomes—such as hectares reforested or trees planted—over socio-economic indicators, resulting in limited improvements in community welfare (Pulhin & Dressler, 2009).
Scholars argue that without social justice, the sustainability of CBFM is jeopardized. Pulhin et al. (2024) emphasize that adequate livelihood, poverty alleviation, and equitable benefit-sharing must be treated as prerequisites for effective community stewardship. When communities are marginalized or deprived of meaningful economic opportunities, the incentive to engage in long-term forest management diminishes. This perspective aligns with broader global discourses on participatory forestry, which assert that tenure security, inclusive governance, and equitable benefit-sharing are essential for the long-term viability of community forestry (Maryudi et al., 2012).
Overall, CBFM illustrates both the opportunities and limitations of devolved forest governance in the Philippines. While the program has succeeded in promoting reforestation and expanding local participation, it has yet to fully achieve its social justice objectives. Addressing tenure insecurity, regulatory constraints, and livelihood inequities remains critical if CBFM is to realize its dual mandate of ecological sustainability and community welfare. Thus, strengthening governance frameworks to balance conservation goals with equity and livelihoods is essential for ensuring the long-term success of CBFM.
3.3 Complementarities between Agroforestry and CBFM
Agroforestry and CBFM complement each other in addressing the ecological and social dimensions of sustainability. Agroforestry contributes ecological restoration and soil health improvements, while CBFM ensures participatory governance and equitable access. Integrating agroforestry into CBFM management frameworks can simultaneously restore degraded lands and empower upland communities.
4. Comparative Tables
Table 1. Comparative Summary of Agroforestry Study
	Study
	Key Focus
	Methodology
	Findings
	Strengths
	Weaknesses

	Fahad et al. (2022)
	Soil health improvement through agroforestry
	Literature review and synthesis of global case studies (India, Bangladesh, Sudan, Yemen)
	Agroforestry enhances SOC, reduces bulk density, improves fertility and microclimate
	Comprehensive review of ecological processes
	Limited socioeconomic and governance analysis


Table 2. Comparative Summary of CBFM Study
	Study
	Key Focus
	Methodology
	Findings
	Strengths
	Weaknesses

	Pulhin et al. (2024)
	Social justice and sustainability in CBFM
	Policy analysis and thematic review of national-level data
	Identified tenure insecurity, welfare gaps, restrictive policies as barriers
	Strong social and governance perspective
	Weak integration of soil/ecological indicator



Table 1 highlights Fahad et al. (2022) as providing a strong ecological perspective, demonstrating agroforestry’s contributions to soil health, carbon sequestration, and microclimate regulation. In contrast, Table 2 shows Pulhin et al. (2024) emphasizes governance, social justice, and livelihood outcomes within CBFM, but provides limited ecological analysis. Together, these studies illustrate the complementary nature of agroforestry and CBFM: agroforestry primarily addresses ecological restoration, while CBFM ensures participatory governance and equitable access to resources. Integrating both approaches offers a holistic framework for sustainable land-use, combining environmental sustainability with social equity.

5. Research Gaps
1. Integration within CBFM Frameworks: The integration of agroforestry within CBFM governance remains underexplored. While theoretical complementarities exist, there is limited empirical research on operationalizing agroforestry practices within CBFM to simultaneously achieve ecological restoration and social equity. Tenure security, policy alignment, and institutional capacity for monitoring integrated systems require further investigation.

2. Long-Term Monitoring of Soil Health: Despite the documented benefits of agroforestry and Community-Based Forest Management (CBFM), long-term empirical studies on soil health outcomes under diverse agroforestry systems are scarce, particularly in Philippine upland contexts. While global studies highlight improvements in soil organic carbon, nutrient cycling, and microclimate regulation, site-specific and longitudinal data are limited, constraining context-specific recommendations.

2. Socio-Economic Impacts and Livelihoods: There is insufficient evidence on the socio-economic impacts of agroforestry adoption. Most studies focus on ecological benefits, leaving gaps in understanding livelihood outcomes, income diversification, and adoption barriers faced by smallholder farmers. Comprehensive socio-economic assessments are essential to inform incentive structures and policy interventions.

4. Gender and Social Inclusion: Gender and social inclusion considerations are inadequately addressed. Both agroforestry and CBFM programs often overlook disparities in access, participation, and benefits among women, youth, and marginalized groups, limiting equitable outcomes.

5. Climate Resilience and Risk Reduction: There is a gap in understanding the climate resilience and risk reduction potential of combined agroforestry-CBFM approaches. While both systems contribute to sustainability, empirical evidence on their role in buffering communities against climate extremes and enhancing adaptive capacity remains limited.

Collectively, addressing these research gaps will provide critical insights into designing integrated agroforestry-CBFM systems that are ecologically effective, socially equitable, economically viable, and climate-resilient, offering a holistic pathway toward sustainable upland development.

6. Implications
The identified research gaps have several practical and policy implications for sustainable land-use and rural development.
1. Policy and Governance – Strengthening tenure security is imperative to incentivize long-term investments in agroforestry within CBFM areas. Policy reforms should align ecological restoration goals with livelihood objectives, enabling communities to benefit from both timber and non-timber forest products. Integrating agroforestry into CBFM planning requires multi-level coordination among local governments, national agencies, and community organizations to harmonize regulations, technical guidance, and monitoring mechanisms.
2. Livelihood and Socio-Economic Development – Addressing the socio-economic gaps highlighted in research is essential for equitable outcomes. Livelihood support programs, access to credit and markets, and technical extension services can facilitate wider adoption of agroforestry practices while enhancing the economic resilience of upland communities. Ensuring participation of women, youth, and marginalized groups will strengthen social inclusion and governance equity.
3. Environmental Sustainability and Climate Adaptation – The integration of agroforestry and CBFM has the potential to enhance landscape-level ecological restoration, improve soil fertility, sequester carbon, and promote biodiversity. Empirical evidence on long-term outcomes will inform climate-smart land-use strategies and contribute to national commitments under the Paris Agreement and Sustainable Development Goals (SDGs), particularly SDG 15 (Life on Land) and SDG 13 (Climate Action).
4. Research and Knowledge Generation – There is a critical need for interdisciplinary studies that bridge ecological, social, and governance dimensions. Longitudinal monitoring of agroforestry systems, participatory action research with communities, and evaluation of integrated agroforestry-CBFM models can generate actionable knowledge to guide policy and practice. Data-driven insights will allow scaling of sustainable land-use interventions while addressing both environmental and social objectives.

Overall, bridging these gaps will enable agroforestry and CBFM to function as complementary systems that simultaneously restore degraded landscapes, secure livelihoods, promote social justice, and build climate resilience. Strategic integration, supported by robust evidence and inclusive governance, is key to achieving sustainable land-use in the Philippine uplands and similar tropical contexts.

7. Conclusions
Agroforestry and Community-Based Forest Management (CBFM) offer complementary pathways for achieving sustainable land use by combining ecological restoration with participatory governance and social equity. This review demonstrates that agroforestry enhances soil health, nutrient cycling, microclimate regulation, and biodiversity, while CBFM provides institutional frameworks for community participation, tenure security, and equitable benefit-sharing. Despite their documented benefits, both systems face constraints, including tenure insecurity, limited financial and technical support, restrictive policies, and gaps in socio-economic and gender-inclusive outcomes. Integrating agroforestry practices within CBFM frameworks presents a promising strategy to simultaneously restore degraded lands, strengthen livelihoods, promote social justice, and enhance climate resilience. Addressing research gaps through long-term monitoring, socio-economic assessments, and interdisciplinary studies will provide the evidence base necessary to optimize policy, practice, and community engagement, ultimately supporting sustainable, climate-resilient, and equitable upland development.
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