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Abstract

Livestock production supports food security, employment, and rural
development in Latin America, while conventional extensive grazing systems
can contribute to soil degradation, biodiversity loss, deforestation, and
greenhouse gas emissions. Silvopastoral systems (SPS), which integrate trees,
shrubs, forage species, and livestock, offer an approach to addressing these
environmental pressures alongside production objectives. This study aimed to
examine the evolution of SPS research, productive performance,
environmental contributions, and sociotechnical factors influencing adoption
in Latin America. A systematic literature review with qualitative evidence
synthesis was conducted using scientific publications indexed in academic
databases and published between 2014 and 2025. The synthesis examined
reported productive and environmental outcomes alongside the economic,
institutional, and cultural conditions shaping implementation. The reviewed
studies reported improvements in forage quality, animal nutrition, productive
efficiency, animal welfare, and soil fertility. Environmental benefits included
biodiversity conservation and contributions to climate change mitigation
through carbon sequestration and reduced greenhouse gas emissions. The
literature also showed a shift from predominantly ecological and productive
assessments toward broader sociotechnical perspectives incorporating
institutional arrangements, economic conditions, and cultural practices.
Despite these documented benefits, adoption remained constrained by limited
access to financing, inadequate technical assistance, weak public policies, and
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reluctance to modify established production practices. These findings highlight
the importance of connecting technical knowledge with the conditions under
which producers make management decisions. The review concludes that
scaling SPS requires coordination among producers, researchers, institutions,
and policymakers, supported by accessible financing, sustained technical
assistance, and effective public policies. By integrating evidence on production,
environmental outcomes, and adoption, the study provides a basis for
designing strategies responsive to local conditions and advancing sustainable
livestock production across Latin America.

Keywords: Silvopastoral Systems; Sustainable Livestock Production; Climate
Change Mitigation; Animal Welfare; Latin America

INTRODUCTION

Livestock production represents one of the most strategically important economic
activities in Latin America, not only because of its contribution to meat and milk production
but also due to its relevance in employment generation, rural livelihoods, territorial
occupation, and food security. In many countries across the region, livestock systems
constitute a central component of rural economies and serve as a primary source of income
for thousands of small, medium, and large-scale producers. However, despite its economic
importance, conventional livestock production systems have historically been associated with
environmental degradation, inefficient resource utilization, and increasing vulnerability to
climate variability. Extensive grazing systems, characterized by low technological integration
and simplified pasture monocultures, have contributed to deforestation, biodiversity loss,
soil erosion, declining fertility, reduced water infiltration, and increasing greenhouse gas
emissions, generating significant sustainability challenges for agricultural landscapes (Jose &

Dollinger, 2019; Broom, 2017).

The expansion of conventional cattle ranching has been identified as one of the main
drivers of land-use change in tropical and subtropical regions of Latin America. The
conversion of native forests into grazing lands has altered ecological processes, fragmented
habitats, and reduced ecosystem resilience. This transformation has generated productive
systems highly dependent on external inputs and vulnerable to climatic disturbances such as
droughts, extreme temperatures, and irregular rainfall patterns. Furthermore, climate change

has intensified the pressure on livestock systems by affecting forage availability, animal
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performance, and the long-term productivity of rural territories. Under these circumstances,
there is increasing recognition that conventional livestock production models are insufficient
to address the current environmental, productive, and social demands of sustainable

agricultural development.

In response to these challenges, silvopastoral systems (SPS) have emerged as an
innovative and sustainable alternative capable of integrating livestock production with
ecological restoration and climate resilience. Silvopastoral systems are characterized by the
intentional integration of trees, shrubs, forage species, and animals within the same
productive unit, generating positive ecological interactions that improve both productivity
and environmental sustainability. Unlike conventional grazing systems, SPS promote
biological diversity, nutrient cycling, microclimatic regulation, and more efficient resource
use, creating multifunctional landscapes that simultaneously support agricultural production

and ecosystem conservation (Aryal et al., 2022; Torres et al., 2023).

The scientific literature has consistently documented the ecological benefits
associated with silvopastoral systems. The incorporation of arboreal and shrub species
contributes to the improvement of soil physical, chemical, and biological properties. Tree
roots enhance soil structure and reduce compaction, while leaf litter increases organic matter
accumulation and stimulates microbial activity. These processes improve nutrient availability,
water retention capacity, and resistance to erosion, contributing to greater ecosystem stability.
Studies conducted in different regions of Latin America have shown that silvopastoral
systems can significantly improve soil quality compared to conventional pasture systems,
generating long-term benefits for agricultural productivity and environmental restoration

(Ramirez-Barajas et al., 2019; Diaz Lezcano et al., 2020).

In addition to their ecological contributions, silvopastoral systems have
demonstrated substantial productive advantages in livestock production. The integration of
trees and shrubs creates diversified forage resources that improve diet quality and increase
feed availability throughout the year. Many arboreal species used in SPS provide high protein
content, greater digestibility, and additional mineral supplementation, which positively
influence animal nutrition and productive performance. Research has shown that cattle
managed under silvopastoral conditions often exhibit improved weight gain, increased milk
production, better reproductive efficiency, and reduced dependence on commercial feed

supplements (Lopez-Vigoa et al., 2017; Palma Garcia & Anguiano Cardenas, 2015).
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Animal welfare has also become an increasingly important dimension in the
evaluation of sustainable livestock systems. In tropical and subtropical environments, heat
stress represents one of the main factors affecting animal health, behavior, and productivity.
Silvopastoral systems contribute significantly to thermal regulation by providing shade and
improving microclimatic conditions. The presence of trees reduces solar radiation exposure,
lowers ambient temperature, and creates more favorable conditions for grazing behavior,
rumination, and rest. Studies have reported reductions in physiological stress indicators,
improved behavioral patterns, and higher productive efficiency in animals managed under

silvopastoral conditions compared to those in open grazing systems (Huertas et al., 2021).

Another critical contribution of silvopastoral systems lies in their capacity to mitigate
climate change. Agriculture and livestock production are major contributors to greenhouse
gas emissions globally, particularly methane and nitrous oxide emissions associated with
ruminant production systems. SPS contribute to climate mitigation through multiple
mechanisms, including carbon sequestration in biomass and soils, improved feed conversion
efficiency, reduced methane emissions through enhanced forage quality, and greater
ecosystem resilience. Studies conducted in Mexico and other parts of Latin America have
demonstrated that silvopastoral systems can significantly increase carbon storage compared
to conventional grazing systems, positioning them as an important strategy for climate-smart

agriculture (Aryal et al., 2022; Contreras-Santos et al., 2020).

Beyond their productive and environmental advantages, the implementation of
silvopastoral systems also involves important social and institutional dimensions. Adoption
is not solely determined by technical feasibility or scientific evidence but by the interaction
of multiple actors, including producers, researchers, extension agents, policymakers, financial
institutions, and rural organizations. These actors influence access to knowledge, financing,
technical support, and market opportunities, shaping the conditions under which

silvopastoral systems can be adopted and sustained over time.

Despite the growing body of evidence supporting the benefits of SPS, adoption rates
across Latin America remain relatively low. Previous studies have identified numerous
barriers affecting implementation, including high initial establishment costs, limited access
to credit, insufficient technical assistance, weak public policies, cultural resistance, and
uncertainty regarding long-term economic returns (Zepeda Cancino et al., 2016; Sandoval et

al., 2021; Oliva et al., 2018). These barriers suggest that the limited expansion of SPS cannot
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be explained solely by technological limitations but must be understood within a broader

socio-technical framework.

A socio-technical perspective allows for a deeper understanding of how technologies
such as silvopastoral systems are socially constructed, interpreted, adopted, or rejected within
specific territorial contexts. From this perspective, technological innovation is not an isolated
process but rather the result of interactions among social actors, institutional structures,
cultural practices, and material resources. The successful implementation of SPS depends on
the capacity of these actors to build collaborative networks, exchange knowledge, mobilize

resources, and adapt technologies to local realities.

Given the increasing urgency of achieving sustainable livestock systems under
climate change conditions, understanding both the technical performance and the socio-
technical dynamics of SPS has become essential. Therefore, this study aims to analyze the
scientific evolution, productive benefits, environmental contributions, and socio-technical
conditions influencing the adoption of silvopastoral systems in Latin America through a
systematic review of scientific literature. This approach seeks to contribute to a more
comprehensive understanding of the factors that facilitate or limit the scaling of silvopastoral

systems as a pathway toward sustainable livestock development.

METHODS
Research Design

This study was conducted through a systematic literature review with a qualitative
integrative approach to synthesize current scientific evidence on silvopastoral systems (SPS)
and their contribution to sustainable livestock production. Systematic reviews provide a
rigorous and transparent methodology for identifying, evaluating, and synthesizing existing
scientific knowledge, allowing the identification of consistent findings, research trends,

knowledge gaps, and future research opportunities.

Unlike traditional narrative reviews, this study followed a structured methodological
process to ensure the reproducibility and reliability of the evidence synthesis. The review
integrated scientific studies employing quantitative, qualitative, and mixed-methods
approaches, enabling a comprehensive understanding of the productive, environmental,

economic, and institutional dimensions associated with silvopastoral systems.
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The methodological approach adopted in this study was based on qualitative
evidence synthesis, which facilitated the comparative interpretation of research findings
generated under diverse methodological designs. This strategy made it possible to identify
common patterns related to livestock productivity, ecosystem services, environmental
sustainability, and the factors influencing the implementation of silvopastoral systems across

different production contexts.
Literature Search Strategy

A systematic search of scientific literature was conducted using internationally
recognized academic databases that index research in agriculture, livestock production,
agroforestry, environmental sciences, and rural development. The databases consulted
included Google Scholar, SciELO, Redalyc, Latindex, Dialnet, and EBSCOhost, selected
because of their broad coverage of peer-reviewed publications related to sustainable livestock

systems.

The search strategy was developed using combinations of controlled descriptors and
free-text keywords in both English and Spanish. The principal search terms included
silvopastoral systems, sustainable livestock production, livestock agroforestry, silvopastoral adoption, animal
welfare, carbon sequestration, biodjversity conservation, climate change mitigation, sistemas silvopastoriles,
ganaderia sostenible and agroforesteria pecnaria. Boolean operators (AND, OR, and NOT) were

used to broaden or refine the search results according to the objectives of the review.

The literature search focused primarily on scientific articles published between 2014
and 2025, prioritizing recent studies that reflect current advances in the design,

implementation, environmental performance, and sustainability of silvopastoral systems.
Study Selection

The identification and selection of studies followed a multi-stage screening process.
Initially, titles and abstracts were reviewed to determine their relevance to the objectives of
the study. Subsequently, the full text of potentially eligible publications was examined to

verify compliance with the established inclusion criteria.

Only peer-reviewed scientific articles published in indexed journals were included.
Eligible studies addressed silvopastoral systems from at least one of the following

perspectives: livestock productivity, animal welfare, ecosystem services, biodiversity
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conservation, soil quality, carbon sequestration, climate change mitigation, technological

adoption, rural development, or sustainable agricultural management.

Publications lacking sufficient methodological information, duplicate records,
conference abstracts, technical reports, theses, editorials, and documents not directly related
to silvopastoral systems were excluded. This selection process ensured the inclusion of a

representative and scientifically robust body of literature suitable for comparative analysis.
Data Organization and Analysis

The selected publications were organized using a literature review matrix designed to
facilitate the systematic extraction and comparison of information. The matrix included
variables such as authorship, year of publication, country or region of study, research
objectives, methodological approach, principal findings, and the main contributions of each

study to the understanding of silvopastoral systems.

Subsequently, a qualitative comparative analysis was performed to identify
similarities, differences, recurring patterns, and emerging research trends across the selected
studies. Rather than quantifying effect sizes, the analysis focused on integrating scientific
evidence to provide a comprehensive interpretation of the multiple dimensions that

characterize silvopastoral systems.

To improve the analytical consistency of the review, the evidence was organized into
five thematic categories representing the principal areas of research identified in the

literature:

1. Sustainability and productive performance of silvopastoral systems, including
studies on livestock productivity, forage quality, production efficiency, animal nutrition, and

animal welfare.

2. Ecosystem services and environmental benefits, encompassing biodiversity
conservation, ecological restoration, soil quality improvement, water regulation, carbon

sequestration, greenhouse gas mitigation, and climate resilience.

3. Determinants of silvopastoral system adoption, including socioeconomic, cultural,
technological, financial, and institutional factors influencing implementation by livestock

producers.
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4. Innovation, knowledge transfer, and policy support, covering technical assistance,
extension services, capacity building, technology transfer, public incentives, governance

mechanisms, and institutional frameworks that facilitate sustainable livestock transitions.

5. Research trends, knowledge gaps, and future perspectives, integrating studies that
identify emerging scientific challenges, opportunities for innovation, and priorities for future

research on sustainable livestock production through silvopastoral systems.

This thematic organization enabled a comprehensive comparison of scientific
evidence from different geographical regions and production systems while facilitating the

identification of converging and diverging findings reported in the literature.

Finally, the integrated analysis allowed the identification of the principal
contributions of silvopastoral systems to sustainable livestock production, as well as the
environmental, economic, and institutional challenges that continue to limit their widespread
implementation. This methodological approach provided a robust analytical basis for
discussing current scientific evidence and proposing future research directions aimed at

promoting resilient, productive, and environmentally sustainable livestock systems.

RESULTS AND DISCUSSION

The analysis of the selected literature indicates that silvopastoral systems (SPS)
generate consistent benefits across productive, environmental, and social dimensions,
confirming their relevance as an integrated strategy for sustainable livestock production. The
evidence reviewed shows that SPS positively influence multiple components of livestock
systems, improving productive efficiency while simultaneously strengthening ecological and

social sustainability.

From the nutritional perspective, silvopastoral systems improve forage quality by
increasing crude protein content, enhancing digestibility, and promoting greater dietary
diversification for grazing animals. The incorporation of trees, shrubs, and forage species
contributes to more efficient feed utilization, which is reflected in improved animal
productivity, better feed conversion rates, and greater resilience during periods of forage
scarcity or adverse climatic conditions (Lopez-Vigoa et al., 2017; Palma Garcia & Anguiano
Cardenas, 2015; Chara et al., 2020; Jiménez-Santiago et al., 2019; Martinez-Hernandez et al.,

2019; Nota et al., 2024).
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In terms of natural resource management, the literature demonstrates that SPS
contribute significantly to soil improvement, water regulation, and biodiversity conservation.
The integration of arboreal vegetation promotes nutrient cycling, organic matter
accumulation, and enhanced soil structure, while also reducing erosion and improving
ecosystem stability. These ecological interactions allow productive systems to maintain
environmental functionality while reducing land degradation processes (Sandoval et al., 2021;

Apan-Salcedo et al., 2021; Trejo Arista, 2023).

Regarding animal welfare, the reviewed studies indicate that silvopastoral systems
reduce thermal stress by providing shade and favorable microclimatic conditions for
livestock. These conditions improve animal comfort, support the expression of natural
behaviors, and contribute to better physiological responses. As a result, animals managed
under SPS frequently show improved health status, increased productivity, and lower
mortality rates compared with conventional grazing systems (Jose & Dollinger, 2019; Broom,

2017; Huertas et al., 2021; Murga-Orrillo et al., 2025; Améndola et al., 2016).

From an environmental perspective, SPS play a strategic role in climate change
mitigation. The incorporation of trees and perennial vegetation increases carbon
sequestration in biomass and soils, while improved forage quality contributes to reducing
greenhouse gas emissions associated with livestock production. Additionally, these systems
support biodiversity conservation, ecological restoration, and the provision of multiple
ecosystem services within agricultural landscapes (Aryal et al.,, 2022; Chara et al., 2020,

Contreras-Santos et al., 2020; Torres et al., 2023).

From a socioeconomic perspective, the adoption of SPS depends on a combination
of economic, institutional, and cultural factors. Variables such as implementation costs,
access to knowledge, technical assistance, public incentives, and producers’ perceptions
significantly influence adoption processes. The literature also highlights that economic
uncertainty and cultural resistance toward changes in conventional livestock management
can limit the scalability and long-term sustainability of these systems (Jose & Dollinger, 2019;
Apan-Salcedo et al., 2022; Borda, 2023; Vargas-de la Mora et al., 2021; Romero-Mena et al.,
2024).

Finally, the evolution of scientific research on silvopastoral systems reveals a
progressive expansion of conceptual and methodological approaches. Over time, research

has evolved from emphasizing ecological restoration and productive performance toward
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more comprehensive perspectives that integrate environmental sustainability, animal welfare,
climate resilience, and socio-technical adoption processes. This evolution reflects both
scientific progress and the growing global demand for sustainable livestock production

systems

The analysis of the different research stages identified in this review demonstrates a
progressive transition from studies primarily focused on environmental restoration toward
more comprehensive analytical perspectives that integrate productive performance,
ecological sustainability, and socio-technical dimensions. This evolution reflects not only
scientific progress in the study of silvopastoral systems (SPS), but also the increasing need to

address livestock sustainability through multidisciplinary approaches.

The findings of this study confirm that SPS have been consistently validated in terms
of productive efficiency, environmental conservation, and animal welfare. Nevertheless, their
limited expansion across Latin America suggests that their implementation cannot be
explained exclusively through technical performance indicators. Instead, their adoption must
be understood within a broader socio-technical context, where social, institutional, and

economic interactions significantly influence the implementation process.

From this perspective, SPS can be interpreted as productive technologies whose
viability depends on the effective articulation among multiple stakeholders, including
livestock producers, extension technicians, government agencies, research institutions, and
rural organizations. Each of these actors participates under different conditions of
knowledge, resources, interests, and institutional influence, shaping how these systems are

adopted, adapted, or, in some cases, rejected in different territorial contexts.

One of the most relevant findings of this study is the existence of a structural
contradiction. Although previous studies have widely documented the productive,
environmental, and welfare benefits associated with SPS—including higher productivity,
improved animal comfort, carbon sequestration, and biodiversity conservation (Aryal et al.,
2022; Lopez-Vigoa et al., 2017; Chara et al., 2020)—these systems have not yet become a
dominant livestock production model in the region. This finding suggests that the principal
limitations affecting their expansion are not primarily technological, but rather socio-

institutional in nature.

The functioning and consolidation of SPS appear to be more evident in territories

where effective articulation exists between scientific knowledge, local experience, access to
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financing, institutional support, and collaborative learning networks. Under these conditions,
producers are more likely to successfully integrate silvopastoral practices into their

production systems, generating stable productive and environmental benefits over time.

In contrast, adoption remains limited in contexts where these institutional and social
articulations are weak. The literature identifies multiple structural barriers, including limited
technical assistance, high initial establishment costs, insufficient economic incentives,
restricted access to training, and the persistence of conventional livestock production
models, all of which constrain the implementation of SPS (Apan-Salcedo et al., 2022;

Marroquin-Pugas et al., 2022).

Additionally, the reviewed studies reveal the existence of tensions between
contrasting production rationalities. Conventional livestock systems often prioritize short-
term economic returns based on simplified productive landscapes, whereas silvopastoral
systems require a medium- and long-term management vision that integrates productive,
environmental, and social objectives. This difference in productive logic can generate
uncertainty and resistance among producers, particularly under conditions of financial risk

or limited institutional support.

Overall, the scientific evolution of SPS research reflects a growing recognition that
their adoption depends not only on productive or ecological performance, but also on social
organization, institutional coordination, and economic viability. This transition highlights the
importance of moving beyond purely technical approaches toward integrated strategies

capable of addressing the complexity of contemporary livestock systems.

Finally, the large-scale expansion of silvopastoral systems in Latin America depends
on the strengthening of socio-technical alliances that facilitate coordination among
stakeholders. These alliances promote knowledge co-production, experience exchange,
improved access to financial and technical resources, and the adaptation of technologies to
local territorial conditions, thereby increasing the probability of adoption and long-term

sustainability.

CONCLUSION

These findings show that silvopastoral systems involve multiple stakeholders whose

interactions shape complex production dynamics in livestock landscapes. Conventional
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extensive livestock systems generate environmental and productive problems such as soil
degradation, biodiversity loss and climate vulnerability. Silvopastoral systems emerge as a
viable alternative that integrates productivity, natural resource conservation and animal
welfare. Their adoption depends not only on technical performance but also on social,
economic, institutional and territorial conditions. Collaboration among knowledge,
financing, extension services and institutions enhances successful implementation. Main
barriers include limited credit, weak extension and persistent traditional practices. Therefore,

expansion depends on strengthening alliances and institutional coordination.
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