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groforestry, the intentional integration of 

trees and shrubs into agricultural 

landscapes, presents a powerful nature-

based solution for mitigating and adapting to climate 

change. Unlike conventional agriculture, which often 

contributes to greenhouse 

gas emissions through 

deforestation and intensive 

soil tillage, agroforestry 

systems leverage synergistic 

interactions between woody 

perennials and crops or 

livestock to restore 

ecosystem functions. This 

paper explores the multifaceted role of agroforestry in 

combating climate change. It argues that, through high 

rates of carbon sequestration in both biomass and soil, 

significant reductions in nitrous oxide and methane 

emissions, and the provision of sustainable biomass for 

energy, agroforestry serves as a critical carbon sink. 

Furthermore, it enhances climate resilience by 

moderating microclimates, improving soil 

hydrological properties to buffer against droughts and 

floods, and diversifying farm income to reduce 

vulnerability to climatic shocks. By reviewing 

silvopastoral systems, alley cropping, and home 

gardens, this analysis demonstrates that agroforestry 

offers a holistic pathway that not only mitigates the 

drivers of climate change but also adapts agricultural 

systems to its inevitable impacts, while supporting 

biodiversity and food 

security. It suggests that 

policy frameworks should 

prioritize the scaling up of 

agroforestry as a 

cornerstone of global 

climate action strategies.  

The escalating 

impacts of climate change4

manifested through rising temperatures, erratic 

rainfall, and an increased frequency of extreme 

weather events4pose unprecedented challenges to 

global agriculture (IPCC, 2022). Conventional 

agriculture, characterized by monoculture practices, 

heavy tillage, and deforestation, is a major contributor 

to greenhouse gas emissions and increased climate 

vulnerability (Smith et al., 2020). 

Agroforestry, defined as the deliberate integration of 

trees with crops and/or livestock, has emerged as one 

of the most promising and sustainable approaches to 
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address these challenges. It creates synergistic 

interactions that enhance productivity while improving 

ecosystem services (Nair et al., 2021). Agricultural 

systems dominated by monoculture and heavy reliance 

on synthetic fertilizers contribute significantly to long-

term environmental degradation, greenhouse gas 

emissions, and biodiversity loss. 

Growing environmental concerns have 

intensified the search for sustainable and nature-based 

solutions, thereby highlighting the importance of 

agroforestry practices in reducing vulnerability and 

buffering against climatic threats. These systems play 

a crucial role in minimizing the risk of total crop failure 

and enhancing agricultural sustainability (Sharma et 

al., 2026). This paper provides a comprehensive 

analysis of the role of agroforestry in combating 

climate change and enhancing resilience in agricultural 

systems. 

Agroforestry and Carbon Sequestration (Carbon 

and Non-Carbon Effects) 

The conversion of agricultural lands into agroforestry 

systems can increase total carbon stocks by 10 to 50 

tons per hectare, depending on climatic conditions and 

tree species (Kürsten and Burschel, 1993). Trees in 

agroforestry systems accumulate carbon in both 

aboveground and belowground biomass (Lal, 2020). 

Beyond carbon sequestration, agroforestry systems 

also contribute to the reduction of non-carbon 

greenhouse gases such as methane (CH¤) and nitrous 

oxide (N¢O). These systems enhance soil biological 

activity, which helps in breaking down harmful 

compounds and improving overall soil health (Baah-

Acheamfour et al., 2019). 

Livelihood Diversification and Risk Management 

Agroforestry provides diversified income sources for 

small-scale farmers through tree-based products such 

as fruits, nuts, timber, fodder, and medicinal plants. 

This diversification reduces dependence on a single 

crop and helps buffer against climate-induced crop 

failures (Dawson et al., 2019). 

Such economic resilience is particularly important in 

regions frequently affected by climatic shocks, where 

agroforestry contributes significantly to livelihood 

security (World Bank, 2023). 

Factors Affecting Agroforestry Adoption and 

Scaling Up 

Despite its well-documented benefits, agroforestry 

remains underutilized in many parts of the world due 

to several constraints, including: 

• Insecure land tenure systems 

• Long gestation periods of tree crops 

• Lack of financial incentives and carbon credit 

access 

• Limited awareness and technical knowledge 

FAO (2022) emphasizes that governments and 

international organizations should: 

• Recognize agroforestry within national climate 

strategies 

• Link farmers to carbon markets 

• Strengthen extension services 

• Integrate agroforestry into land-use planning 

• Support research on species selection, system 

design, and market development 

Case Study 

Research conducted in the U.S. Midwest has shown 

that alley cropping systems involving walnut or pecan 
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trees can enhance crop yields while sequestering 235 

tons of carbon per hectare annually in both soil and 

biomass (Jose and Bardhan, 2021). 

Conclusion 

Agroforestry is a compelling nature-based solution that 

addresses both the causes and consequences of climate 

change. It enhances carbon sequestration, reduces non-

carbon emissions, and strengthens agricultural 

resilience. However, future efforts should focus on 

overcoming adoption barriers, refining carbon 

accounting methodologies, and ensuring that the 

benefits of agroforestry reach the most vulnerable 

farming communities. 
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