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ABSTRACT

Silvopasture systems, which integrate trees,
livestock, and crops, are gaining recognition
for their ecological and socioeconomic
benefits. This bibliometric study examines
the progression of silvopasture research,
emphasizing key contributors, major
thematic areas, and its alignment with the
United Nations Sustainable Development
Goals (SDGs). The three primary questions
it aims to address are: how silvopasture
research has evolved in terms of publication
trends and key contributors; which thematic
areas are most prevalent in the field and
how they relate to SDGs, especially those
that deal with poverty alleviation, food
security, climate action, and biodiversity
conservation; and what ecological and
socioeconomic impacts are most commonly
seen. Data for this research were drawn
from Scopus, spanning the years 2013 to
2023. Citation networks, co-authorship
relationships, and keyword co-occurrence
were analyzed using VOSviewer software to
provide a clear depiction of research
patterns and collaborative frameworks. The
analysis identified influential researchers
like Bruno C. Pedreira and Dalton H.
Pereira, who have significantly contributed
to advancing silvopasture studies. The study
identified many important topic clusters,
including as carbon sequestration, pasture
management, agronomic practices, and
biodiversity conservation. The potential of

highlighted by these themes, which are well
aligned with SDGs 1, 2, 12, 13, and 15. The
relevance of silvopasture in promoting
sustainable development is highlighted by
its ecological and economic advantages,
which include improved soil health,
increased  biodiversity, and increased
resistance to climatic variability. The study
highlights the need for more research to
fully comprehend these benefits and how
they affect rural development.

Keywords: Silvopasture; Sustainable
Agriculture; Sustainable Development
Goals (SDGs); Ecological Impacts;
Socioeconomic Benefits

INTRODUCTION

Bibliometric analysis (BA) is a useful
method for  methodically  reviewing
advancements in the field of silvopasture.
According to Torres et al. (2023), this
approach aids in locating prominent
researchers, important  networks  of
collaboration, and evaluating the caliber of
academic institutions and peer reviewers.
However, previous reviews lack
comprehensive  bibliometric ~ mapping,
leaving gaps this study addresses.

This review analyzes the research landscape
of silvopasture, emphasizing its alignment
with global sustainability goals. By
highlighting ecological and socioeconomic
impacts, this study aims to provide insights
for  policymakers,  researchers, and

silvopasture to address important global practitioners to optimize silvopasture
concerns in sustainable agriculture is practices.
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BA has grown in popularity as a method for
assessing scientific material in recent years.
Its efficacy in identifying patterns in
publications, journals, cooperation
networks, and other research components is
highlighted by Donthu et al. (2021). By
using bibliometric tools, researchers may
map institutional and worldwide
partnerships, identify relevant articles,
evaluate crucial keywords, and obtain a
greater understanding of the intellectual
landscape of certain themes. Furthermore,
Ellegaard and Wallin (2015) point out that
by quantifying and visualizing scholarly
contributions, BA is  essential to

comprehending academic research
processes.
According to Chen (2017), scientific

mapping is important because it is a useful
technique  for illustrating knowledge
domains and improving our comprehension
of how research has changed over time.
Velastegui-Montoya et  al. (2022)
demonstrated a useful use of bibliometric
analysis in their study of worldwide
research trends in tropical forest land use
and cover, revealing significant regional and
thematic patterns. Similarly, Huang et al.
(2020) used bibliometric techniques to
investigate developments in forest carbon
sequestration, pinpointing important areas
of interest and networks of cooperation.
These examples demonstrate the usefulness
of bibliometric analysis in a variety of study
domains.

Since this bibliometric study is essential to
the advancement of many Sustainable
Development Goals (SDGs) of the UN, its
significance goes well beyond academics.
Integrating trees, forage crops, and
livestock, silvopastoral systems support
sustainable food production under SDG 2
(Zero Hunger), mitigate the effects of
climate change through carbon sequestration

under SDG 13 (Climate Action), and
promote biodiversity conservation,
sustainable land management, and soil

restoration under SDG 15 (Life on Land).

efficiency, which is in line with SDGs 12
(Responsible Consumption and Production)
and 1 (No Poverty).

Silvopastures, a specialized type of
agroforestry, offer sustainable strategies to
address the rising demand for food, fuel,
and fiber while reducing the environmental
footprint of agriculture, particularly under
the pressures of climate change. The
ecological advantages of silvopasture
systems are well-established, including
enhanced soil and water quality, increased
carbon sequestration, moderated
microclimates, and greater biodiversity
(Sharrow et al., 2009; Belsky et al., 1993;
Schroth, 1995; Jackson et al., 2000; Haile et
al., 2008; Bambo et al., 2009; Boyer and
Neel, 2010; Ramakrishnan et al., 2021;
Poudel et al., 2022; Karki and Goodman,
2013).

By combining trees, forage, and livestock,
silvopastures create a comprehensive system
that effectively balances agricultural
productivity with the delivery of ecosystem
services. This integrated approach provides
a robust framework to  address
environmental challenges while ensuring
long-term agricultural sustainability.
Moreover, silvopastoral systems enhance
both animal welfare and productivity,
underscoring their importance in sustainable
farming practices. Research has shown that
these systems create favorable
microclimates, reducing heat stress and
supporting  optimal  physiological and
behavioral outcomes for livestock. For
instance, animals in silvopastures benefit
from improved thermoregulation and
experience lower levels of chronic stress
compared to those in conventional pastures
(Pent et al., 2020a, 2020b, 2021; Poudel et
al., 2022; Vieira et al., 2020; Skonieski et
al., 2021; dos Santos et al., 2021).
Additionally, enhanced animal performance,
including better weight gain and efficient
forage utilization, highlights silvopastures’
potential to harmonize animal welfare with
agricultural productivity (Pent et al., 2020a,

Additionally, silvopasture supports rural 2020Db; Vieira et al., 2020).
livelihoods and  improves  resource
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These findings underscore the pivotal role
of silvopastoral systems in advancing
sustainable livestock management while
addressing pressing environmental and
welfare  concerns.  Recognizing  the
importance of these systems and the gaps in
understanding their research landscape, this
bibliometric review aims to bridge that gap
by offering a comprehensive resource for
exploring the multiple facets of silvopasture
adoption. Through this effort, it seeks to
provide valuable insights for researchers,
policymakers, and practitioners, enabling
more informed decisions to guide future
research directions, practical applications,
and policy development. Ultimately, the

findings of this review can align
silvopastoral ~ practices  with  global
sustainability ~ objectives,  significantly

contributing to the achievement of key
Sustainable Development Goals (SDGS).

As a branch of agroforestry, silvopasture
has become a cornerstone of sustainable
agriculture by integrating trees, forage
crops, and livestock into a unified
productive system. This innovative land-use
strategy delivers both ecological and
economic benefits, making it a promising
solution to the growing demand for food,
fuel, and fiber while tackling environmental
challenges such as climate change, soil
degradation, and biodiversity loss.

Pent and Fike (2021) highlight that
silvopastures enhance ecosystem services by
improving soil health, supporting animal
welfare, and mitigating greenhouse gas
emissions. Similarly, research by Sharrow,
Brauer, and Clason (2015) demonstrates the
contribution of silvopastoral practices to
ecological sustainability. Furthermore, De
Stefano and Jacobson (2018) emphasize
their potential to sequester soil carbon,
playing a vital role in combating climate
change. Sow et al. (2024) also note that
silvopastures exhibit higher levels of soil
organic carbon, improved water retention,
and better overall quality, with cooler
temperatures compared to conventional
pastures, underscoring their effectiveness in

promoting soil health and mitigating climate
challenges.

The integration of trees and forage within
silvopastures, as highlighted by Pent and
Fike (2021), not only aids in carbon
sequestration but also helps reduce enteric
methane emissions from livestock, thereby
supporting efforts to mitigate greenhouse
gases. Moreover, silvopastoral systems
contribute to improved soil health, increased
fertility, and enhanced conservation efforts.
Research by De Stefano and Jacobson
(2018) and Mayerfeld et al. (2023) further
supports these findings, emphasizing the
role of silvopastures in maintaining
ecological  balance and  promoting
sustainability.

Silvopastures are increasingly recognized
for their capacity to foster sustainable
agricultural production, particularly in the
face of climate change. They enhance
ecosystem  service  delivery  without
compromising agricultural  productivity,
offering an efficient land-use strategy with
lower environmental impact, as noted by
Tully and Ryals (2017). A study in the
United States demonstrated that
silvopastures can achieve productivity levels
comparable to conventional pastures while
occupying just a quarter of the land area,
showcasing their economic viability (Tully
& Ryals, 2017). Furthermore, research by
Shi and Conway-Anderson (2022) and
Poudel et al. (2024) emphasizes that the
integration of trees, forages, and livestock in
silvopastures generates both immediate and
long-term economic benefits, significantly
enhancing the sustainability of agricultural
operations.

A lack of information and insufficient
research knowledge have been identified as
significant obstacles for farmers and
landowners considering the adoption of
silvopasture systems. Paciullo et al. (2024)
highlight that these knowledge gaps create
an urgent need for targeted educational and
outreach initiatives to ensure producers are
well-informed about the benefits and
challenges associated with silvopasture.
This is especially crucial in light of the
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absence of region-specific studies that could
offer practical guidance for various
geographical contexts. Additionally,
Paciullo et al. (2024) points out the shortage
of  professionals with  expertise in
silvopasture, which further complicates the
adoption process.

Beyond these informational challenges,
broader issues related to the social
acceptability, economic sustainability, and
environmental impacts of silvopasture
systems also play a crucial role in
influencing farmers' willingness to adopt
these practices. Smith et al. (2022) argue
that these factors are pivotal in shaping
adoption decisions. The economic viability
of silvopasture systems remains an area of
ongoing research, with many farmers
seeking tangible evidence of their
profitability. Moreover, the integration of
trees, forages, and livestock within
silvopastures requires careful management
to ensure that ecosystem services are
enhanced without compromising
productivity.

The successful adoption of silvopasture
systems will likely depend on overcoming
these challenges through collaboration.
Smith et al. (2022) emphasize that fostering
wider adoption requires active partnerships
among researchers, extension agents, and
farmers to develop regionally tailored
solutions and best practices. Such
collaborations are essential not only for
advancing technical knowledge but also for
addressing the social and economic aspects
of silvopasture adoption, ensuring its long-
term success.

Silvopasture systems provide substantial
ecological benefits that enhance ecosystem
services. Research consistently shows
improvements in soil health, water quality,
carbon sequestration, and biodiversity
(Belsky et al., 1993; Schroth, 1995; Jackson
et al., 2000; Haile et al., 2008; Bambo et al.,
2009). Notably, silvopasture’s ability to
sequester carbon through tree growth is a
key strategy for mitigating climate change
(Boyer & Neel, 2010; Ramakrishnan et al.,
2021). This aligns with SDG 13 (Climate

Action) and SDG 15 (Life on Land), as
silvopastures encourage sustainable land use
that enhances ecosystem resilience and
supports long-term environmental health.
The economic advantages of silvopasture
systems are equally compelling. By
diversifying income streams through
livestock, timber, and non-timber products,
these systems offer farmers economic
stability and boost farm productivity
(Fannon et al., 2019; Pent et al., 2021). The
integration of silvopastoral practices also
improves livestock welfare, which in turn
contributes to increased farmer income.
These benefits are particularly important for
achieving SDG 1 (No Poverty), especially
in rural areas where traditional agricultural
systems face challenges. The adoption of
silvopasture systems opens new
opportunities  for income  generation,
supporting the economic sustainability of
farming operations amid climate change and
market volatility.

Silvopasture systems have demonstrated
promising outcomes in enhancing livestock
welfare and productivity. The shade
provided by trees helps reduce heat stress, a
significant  factor  affecting  livestock
performance. Studies have shown that
animals raised in silvopastures experience
better weight gain, improved reproduction
rates, and overall better health (Poudel et al.,
2022; Vieira et al., 2020; Skonieski et al.,
2021). These findings are especially
relevant for SDG 2 (Zero Hunger), as they
suggest that silvopastures promote more
sustainable and  productive livestock
systems, thereby supporting food security
and ensuring the long-term viability of
livestock farming. By improving the health
and productivity of animals, silvopasture
systems play a crucial role in advancing
agricultural sustainability and making food
systems more resilient to climate change.
The shift in focus from ecological to
socioeconomic  factors in silvopasture
research reflects a growing understanding
that the adoption of these systems is driven
not only by their environmental benefits but
also by their economic feasibility and
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impact on local communities. Early research
primarily highlighted the ecological benefits
of silvopastures, such as enhancing
biodiversity, improving soil fertility, and
supporting carbon sequestration. However,
recent studies have expanded their focus to
include socioeconomic aspects, recognizing
that the long-term sustainability of
silvopasture systems depends on the
economic realities and livelihoods of the
farmers who implement them (Torres et al.,
2023; Villarroel-Molina et al., 2019). This
broader perspective is critical for aligning
silvopasture practices with SDG 12, which
promotes responsible consumption and
production. These studies emphasize the
need for systems that are both
environmentally sustainable and
economically viable, underscoring the
importance of developing practices that
ensure ecological health and economic
stability.

Another emerging trend in the literature is
the regional variation in the adoption of
silvopasture practices. In Latin America, for
example, silvopasture has been widely
promoted not only for its environmental
benefits but also as a strategy for poverty
alleviation. ~ Policies and incentives
introduced in these regions have played a
key role in facilitating the widespread
adoption of sustainable farming practices
(Rangel et al., 2020; Mancilla-Leyton et al.,
2022). These policy frameworks serve as
valuable examples of how government
support can accelerate the implementation
of silvopasture systems, particularly in
developing countries where both ecological
restoration and economic development are
pressing concerns. This body of research
highlights the essential role of policy in
promoting the integration of silvopasture
into agricultural systems, particularly in
regions where sustainable practices can
address both environmental degradation and
economic challenges.

Despite the expanding body of research on
silvopasture, several key gaps remain that
require attention. One major gap is the
absence of comprehensive studies that map

the global research landscape using tools
like bibliometric analysis. Torres et al.
(2023) emphasize the need for a clearer
understanding of the key contributors and
collaboration networks driving innovation in
this field. Their study underscores the value
of bibliometric analysis in identifying
emerging trends and influential leaders,
which could help shape future research and
practices in silvopasture.

Additionally, although the ecological
benefits of silvopasture, such as improved
biodiversity and soil health, are well-
documented, more research is needed on the
long-term socioeconomic impacts,
particularly in smallholder farming contexts.
Fannon et al. (2019) highlight the
importance  of  understanding  how
silvopasture  adoption  affects  rural
communities, especially in terms of income,
social equity, and resilience to climate
change. Vieira et al. (2020) also stress that
these aspects need further exploration, as
they could significantly influence the

livelihoods of farmers in developing
regions.
Moreover, there is a lack of research

connecting silvopasture practices to the
Sustainable Development Goals (SDGs).
While it is clear that silvopasture can
contribute to several SDGs, especially SDG
12 (Responsible  Consumption  and
Production) and SDG 15 (Life on Land),
only a few studies have explicitly linked
these practices to the global sustainability
agenda. Poudel et al. (2022) argue that more
research is necessary to quantify how
silvopasture can help achieve these SDGs.
Similarly, Skonieski et al. (2021) suggest
that aligning silvopasture practices with the
SDGs could not only enhance their adoption
but also highlight their potential as a
sustainable agricultural system.

METHODOLOGY

Data Sources

This review used Scopus as the exclusive
data source, chosen for its broad coverage of
peer-reviewed literature across various
disciplines, including agriculture, forestry,
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and environmental science. Scopus was
well-regarded for its vast collection of
scientific publications and reliable citation
data, making it an ideal tool for tracking
research trends, identifying key
contributors, and mapping collaboration
networks in the field of silvopasture. The
search period was set from 2013 to 2023,
reflecting the recent development and
progression of silvopasture research. The
2013-2023 timeframe captured the recent
evolution of silvopasture research, reflecting
emerging themes and practices. Scopus’s
credibility and VOSviewer’s analytical
depth provided a robust framework for this
study.

Data Collection Process

To carry out the data collection, a structured
search query was designed using key terms
such as "silvopasture,” “silvopastoral
systems," "agroforestry,” and “sustainable
agriculture.” The creation of Boolean
characters and keywords was supported by
ChatGPT, ensuring a thorough and focused
search approach. These keywords were
applied to titles, abstracts, and keywords in
Scopus, guaranteeing that the results were
relevant and specific. The search focused on
peer-reviewed journal articles, conference
proceedings, and review papers, with
inclusion criteria limited to studies
addressing the ecological, economic, and
social impacts of silvopasture. Non-peer-
reviewed articles, opinion pieces, and
editorials were excluded to ensure the
quality of the data. The resulting data was
exported to a citation management tool,
such as EndNote or Mendeley, for further
analysis, including details like publication
year, author, title, affiliation, citation count,
and keywords.

Tool for Analysis

For the analysis, VOSviewer was used to
visualize citation networks, co-authorship
relationships, and keyword co-occurrence.
VVOSviewer generated network diagrams
that provided a visual representation of
research collaborations, thematic clusters,

and influential authors. These visualizations
facilitated the identification of leading
research groups and highlighted the primary
areas of focus within the silvopasture field.

Step-by-Step Plan for Data Collection
and Analysis

The methodology was implemented in a
step-by-step process, starting with the
creation of a precise search query in Scopus.
This was followed by the extraction and
cleaning of the data to eliminate duplicates
and irrelevant studies. Descriptive analysis
was conducted using VOSviewer to identify
key trends and contributors  within
silvopasture research. Network mapping
was employed to visualize co-authorship
and citation patterns, helping to uncover
collaborative relationships. The thematic
analysis focused on keyword co-occurrence
networks to identify major research themes
and evaluate their alignment with SDG 1
(No Poverty), SDG 2 (Zero Hunger), SDG
12 (Responsible  Consumption  and
Production), SDG 13 (Climate Action), and
SDG 15 (Life on Land).

Justification of Methods and Tools

This approach, using Scopus as the primary
data source, was supported by the
database’s comprehensive coverage and its
reliability in providing high-quality citation
data. The application of VOSviewer offered
a strong framework for visualizing
collaboration networks and conducting
detailed analyses. Together, these tools
facilitated an in-depth exploration of
silvopasture research and its alignment with
the Sustainable Development Goals (SDGS),
providing valuable insights for researchers,
policymakers, and practitioners.

RESULT AND DISCUSSION

Identifying Key Contributors, Influential
Institutions, and Collaboration Networks
The network visualization (Figure 1)
highlights the leading contributors in the
field of silvopasture research. Researchers
such as Bruno C. Pedreira, Dalton H.
Pereira, and Lynn E. Sollenberger are
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central within their respective clusters,
underscoring their significant influence in
advancing silvopasture research. These
prominent figures are likely affiliated with
institutions that emphasize agroforestry and
sustainable agriculture, helping to position
silvopasture as a vital element of these
fields. Recent contributions highlighted
increased collaboration, addressing
emerging sustainability challenges.

The visualization also reveals dense co-
authorship  clusters, illustrating strong
collaboration  networks  that  foster
knowledge exchange, encourage
interdisciplinary research, and promote
innovative approaches to silvopasture
practices. These networks are critical for

building  partnerships  across  various
disciplines, including forestry, animal
science, and environmental management,
which are essential for furthering
silvopasture research. The temporal overlay
visualization (Figure 2) further illustrates
the evolution of collaboration networks,
showing increased activity from researchers
such as José Ricardo Macedo Pezzopane
and Cristiam Bosi in recent years, as
indicated by the vyellow nodes. This
indicates a growing influx of contributors
addressing emerging topics related to global
sustainability challenges, thereby
strengthening interdisciplinary
collaborations within agroforestry research.

lopes, lugiano b
furtini, isabela v.

vendrusculo, laurimar g.
pezzopane, OSéj;Cal’dO macedo

de oliveira, pglricia perondi

-
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Figure 1. Network visualization of silvopasture research, showing key contributors, collaboration

clusters, and thematic focus areas.

Assessing Thematic Focus Areas and
Alignment with SDGs

The thematic focus within silvopasture
research is illustrated by distinct clusters
within the network (Figure 1). For example,
the red cluster, dominated by Pedreira,
Bruno C. and Pereira, Dalton H., likely
focuses on agronomic  aspects of
silvopasture, such as forage management,
crop-livestock interactions, and nutrient
cycling—key areas relevant to SDG 2 (Zero

Hunger) and SDG 12 (Responsible
Consumption and Production). The green
cluster, centered on Sollenberger, Lynn E.,
is likely focused on forage quality and
pasture science, which supports sustainable
livestock production and aligns with SDG
15 (Life on Land) by promoting biodiversity
conservation and habitat protection.

The blue and yellow clusters appear to
address environmental impacts, including
carbon sequestration, water conservation,
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and erosion control, aligning with SDG 13
(Climate  Action) by  highlighting
silvopasture’s potential to mitigate climate
change. This alignment with the SDGs
underscores silvopasture’s contributions to
sustainable agriculture by incorporating
practices that benefit both people and the
planet. The overlay visualization (Figure 2)
further reinforces these findings by
illustrating the temporal shift in thematic
focus. More recent studies, indicated by
yellow and green nodes, likely concentrate
on sustainability and climate resilience,
reflecting a deliberate shift in research
priorities to address ecological impacts and
socioeconomic benefits.

Evaluating the Ecological and
Socioeconomic Impacts of Silvopasture
Practices

Silvopasture’s ecological benefits, such as
improved soil health and biodiversity, are

well-documented. Socioeconomic impacts
include diversified income and increased
resilience to climate variability. Despite
progress, knowledge gaps in long-term
impacts and geographic coverage persist.
The ecological and socioeconomic impacts
of silvopasture are key themes in the
literature, as evidenced by the collaborative
relationships shown in both visualizations.
Researchers from different clusters work
together on studies that highlight how
silvopasture improves ecosystem services,
such as enhancing soil health, boosting
biodiversity, and sequestering carbon, all of
which  provide significant ecological
benefits. Additionally, by integrating trees,
livestock, and crops, silvopasture creates

diverse income sources and increases
resilience to market and climate
fluctuations, addressing  socioeconomic

goals aligned with sustainable development.
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Figure 2. Temporal overlay visualization highlighting the evolution of silvopasture research themes and

recent contributions.

economic
involved in

The temporal overlay visualization (Figure
2) indicates a growing emphasis on
sustainable practices in recent years,
including agroforestry systems that promote
biodiversity and carbon sequestration while

delivering
communities

benefits
livestock and
forestry. This shift toward multifunctional
landscapes that support both ecological
sustainability and economic viability is

to
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