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Abstract 

Drylands, spanning over 40% of the Earth's surface, sustain two billion people, half the global livestock population, 

and rich biodiversity. They are crucial carbon reservoirs but are highly susceptible to land degradation, 

emphasizing the need for sustainable management. Silvopastoral systems (SPS) present a promising approach to 

balance productivity with environmental gains. However, the carbon sequestration potential of SPS in drylands 

remains underexplored. 

To address this knowledge gap, the FAO, in partnership with the Alliance of Bioversity International and CIAT, 

has launched a comprehensive global assessment on enhancing carbon sequestration in drylands through SPS. This 

initiative aims to provide evidence-based strategies for sustainable planning, management, and restoration of 

drylands. This study encompasses an integrative methodology combining literature reviews, case studies, and 

scenario modelling to evaluate current carbon reserves and forecast future potential under varying intensification, 

climatic, and policy contexts. Outputs include a guide to best practices and a robust monitoring framework. 

These efforts will culminate in a detailed report offering actionable recommendations for policymakers, 

government bodies, and institutions. Collaboration with the FAO's Committee on Forestry (COFO) will ensure the 

development of tailored, country-specific strategies to maximize the sequestration potential of drylands via SPS. 

Countries will receive targeted support for designing and implementing SPS as tools for Sustainable Land 

Management, contributing to climate mitigation, resilience, and livelihood enhancement. 

This paper highlights the findings so far, emphasizing evidence, best practices, and lessons learned. It underscores 

the potential of SPS to enhance carbon sequestration while supporting sustainable management and restoration. 

By focusing on practical strategies for leveraging SPS, it will underpin actionable recommendations to address 

climate adaptation and mitigation challenges, fostering the rejuvenation of these critical ecosystems and 

strengthening global resilience against climate change. 

Introduction 

Drylands cover about 41% of the Earth's surface, according to the Thornthwaite classification, and face increasing 

pressures from climate change and population growth (Yan et al., 2024). The livestock sector, a significant driver 

of land degradation, contributes 9% of anthropogenic carbon dioxide (CO2) emissions globally, largely due to 
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deforestation and land use changes for pasture and feed crops (Mohammed and Naqvi, 2011; Singh et al., 2017). 

Additionally, livestock account for 35–44% of anthropogenic methane emissions (Yusuf et al., 2012). 

Carbon sequestration has emerged as a critical strategy to offset rising atmospheric CO2 levels. SPS, 

multifunctional systems combining herbage, shrubs, trees, and grazing animals, present a promising sustainable 

land management approach. These systems not only boost productivity but also deliver ecosystem and climatic 

benefits by enhancing carbon storage in biomass and soil organic carbon (Aryal et al., 2019). Compared to open 

grasslands, SPS are particularly effective in increasing carbon storage and fostering ecosystem resilience 

(Feliciano et al., 2018). 

Globally, SPS cover approximately 450 million hectares, accounting for 28% of agroforestry systems (Nair, 2012). 

Their adaptability to diverse environmental conditions and socio-economic needs makes them valuable tools for 

climate adaptation and sustainable development. These systems integrate diverse practices, such as grazing under 

tree cover, live fences, and protein banks, enabling tailored applications across regions. 

This study explores the potential of SPS to enhance carbon sequestration in drylands. It aims to provide evidence-

based strategies for sustainable planning, management, and restoration while addressing knowledge gaps. By 

evaluating current reserves and forecasting future potential, the study offers the evidence-base for designing 

actionable recommendations to support global climate resilience and sustainable land stewardship. 

Methods 

A systematic review was conducted following the methodology of Tranfield et al. (2003), comprising three stages: 

planning, conducting, and reporting. Studies were screened based on abstracts, full texts, and additional literature 

identified through snowballing methods. 

To identify studies on the carbon sequestration potential of silvopastoral systems in drylands, the following search 

strings were used: ("silvopastoral*" OR "silvo-pastoral*" OR "agrosilvopastoral*" OR ("grazing*" AND "tree*") 

OR ("agroforest*" AND "livestock") OR ("pasture*" AND "tree*")) AND ("dryland*" OR "arid" OR "semi-arid" 

OR "desert") AND ("carbon*" OR "greenhouse gas emission*" OR "GHG*" OR "mitigation"). Boolean operators 

combined terms to refine searches. 

Searches included published journals, bibliographic databases, conference proceedings, industry trials, and grey 

literature. Key sources included ScienceDirect, Web of Science, Dimensions Research, Google Scholar, and 

ResearchGate. Grey literature was further identified through manual reference checks, Google Scholar’s cited-in 

function, and targeted searches. Duplicate records were manually removed. 

Inclusion criteria required studies to provide quantitative carbon sequestration data for above-ground, below-

ground biomass, or soil organic carbon in silvopastoral systems within drylands (annual rainfall <900mm) or areas 

classified as Hyper-arid, Arid, Semi-arid, or Dry sub-humid (AI <0.65) (Zomer et al., 2022). Publications needed 

to be recent (2003–2023), peer-reviewed, or reliable grey literature with English-language abstracts. Populist 

publications and inaccessible records were excluded. 

Studies underwent a three-tier screening process—title, abstract, and full text—to ensure only the highest quality 

evidence informed the review. 

Results 

The systematic review has so far analysed 62 publications, highlighting diverse SPS arrangements and their 

contributions to carbon sequestration. Dispersed trees and shrubs in pastures were the most frequently studied 
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arrangement, followed by grazing in timber systems, traditional SPS10, and live fences. (Ibrahim et al., 2005; 

Nahed-Toral et al., 2013). These configurations vary in their structure and functionality, yet all contribute to carbon 

storage in above-ground biomass, below-ground biomass, and soil organic carbon. The adaptability of these 

arrangements allows them to thrive in diverse ecological conditions while addressing local socio-economic needs. 

Dispersed trees and shrubs in pastures demonstrated a broad capacity for carbon sequestration, with total carbon 

stock values ranging from 60 to 183 Mg C/ha. This variation in carbon stocks is influenced by multiple factors, 

including soil properties, climate, tree species composition, and grazing intensity.  

These systems truly bolster above-ground biomass, which ranged from 9 to 47 Mg C/ha across SPS arrangements, 

with grazing in timber systems often contributing to the higher end of this spectrum. Below-ground biomass, a 

critical component of carbon storage in SPS, ranged from 5 to 66 Mg C/ha, with traditional SPS and live fences 

providing notable contributions to below-ground carbon pools. 

Soil organic carbon, often the largest carbon pool in SPS, ranged from 13 to 195 Mg C/ha, with systems integrating 

trees and shrubs, such as dispersed configurations and live fences, showing high values. Annual carbon 

accumulation spanned from 0.3 to 8 Mg C/ha/year, with live fences and grazing in timber arrangements 

contributing to dynamic carbon cycling. CO2 sequestration rates across all arrangements were substantial, 

averaging approximately 1 Mg CO2 eq/ha/year, with some systems, particularly those with denser tree components, 

peaking at 3.5 Mg CO2 eq/ha/year. 

Discussion  

This study highlights the critical role of SPS in addressing global challenges such as climate change, land 

degradation, and food security. By integrating trees, shrubs, herbaceous vegetation and livestock, SPS create 

multifunctional ecosystems that deliver environmental and socio-economic benefits. Beyond their capacity for 

carbon sequestration, SPS contribute to biodiversity conservation, soil health, and water quality, making them 

essential components of sustainable land management strategies. Furthermore, SPS adoption has shown to improve 

livestock productivity by reducing heat stress, improving water availability and enhancing feed quality, 

contributing to higher milk yields and weight gains and reducing greenhouse gas emissions (López-Santiago et 

al., 2024; Rivera et al., 2024) 

A critical insight from this research is the versatility of SPS configurations in achieving region-specific goals. 

Dispersed trees and shrubs in pastures, grazing in timber systems, and live fences are adaptable arrangements 

capable of thriving across diverse ecological conditions while increasing carbon storage. These variations 

influence carbon sequestration potential, with humid environments typically storing more carbon due to increased 

biomass productivity, while arid regions depend on drought-resistant species for below-ground carbon 

accumulation (López-Santiago et al., 2019). The influence of soil type is also critical, as finer-textured soils retain 

more organic carbon, whereas sandy soils require additional organic inputs to enhance sequestration potential. 

Additionally, moderate grazing supports soil structure and nutrient cycling, making SPS viable under varying 

grazing intensities (Howlett et al., 2011).  

There are, however, several barriers to widespread adoption of SPS adoption. Financial constraints, limited 

technical knowledge, unsuitability of land to host trees, incompatible livestock management practices and land 

tenure issues impede their scalability. Addressing these requires targeted policies, adapted financial tools (such as 

 

10 Traditional silvopastoral systems integrate native trees, shrubs, and pastures with grazing livestock, often 

following low-input management techniques and natural regeneration. Unlike intensive SPS, traditional systems 

rely more on native vegetation, less on external inputs, and foster a balance between production and ecosystem 

services.  
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subsidies and low-interest loans), market-based incentives like carbon credit programs, and capacity-building 

initiatives tailored to local needs. Bessi et al. (2024) emphasized the importance of integrating SPS into national 

policies to maximize their impact on both environmental restoration and socio-economic development. 

In conclusion, silvopastoral systems exemplify the convergence of ecological restoration, integrated climate 

mitigation and adaptation, and agricultural productivity enhancement. By integrating carbon sequestration with 

food security and ecosystem restoration, SPS offer a viable solution for mitigating climate change and fostering 

socio-economic resilience. Their strategic implementation, particularly in dryland regions, will play a pivotal role 

in global sustainable development efforts. 
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