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Abstract: Agroforestry systems (AFSs) exhibit varied composition and dynamics as intrinsic
characteristics of their specificities. In this context, a review of the adoption, composition,
and dynamics of AFSs in the Amazon biome was conducted to identify the origin, insti-
tutions, and researchers of published studies with results on this scientific topic, focused
on trends and characteristics of AFSs diversity in the Amazon. The methodology adopted
was a scoping review, based on searches in the Scopus and Web of Science databases,
using specific keywords to ensure that the articles addressed topics related to the adoption,
composition, and dynamics of AFSs in the Amazon. Following the selection of subtopics,
66 articles were selected and analyzed. The analysis revealed that research on AFSs in the
Amazon highlights interactions among traditional knowledge, innovations, and sustainabil-
ity. The analysis of research published between 1996 and 2023 indicated growth in studies
with an interdisciplinary focus, primarily from Brazil. However, internationalization, collab-
orative networks, and funding factors contribute to the prominence of foreign institutions.
Research studies often address topics such as species diversity, agrobiodiversity, and tree
growth in agroforestry intercrops. In this context, homegarden agroforestry (HAF) emerges
as one of the main subjects of study, encompassing multifunctional environments, richness
diversity, and ongoing experimentation with plant species. The choice of species for AFSs
is influenced by factors such as labor, personal preferences, and market demands, although
loggers and commercial forestry systems tend to have lower diversity, contrasting with
HAF. AFSs implementation methods vary according to financing, management, and the
farmer’s education and gender. Environmental conservation, food security, ecosystem
services, and production flexibility are highlighted as benefits of AFSs, while challenges
include technical and economic limitations. This research highlights the strengthening and
consolidation of AFSs by addressing scientific gaps and demonstrating the need for studies
on the adoption, consolidation, and management of these systems, as well as the relation-
ship between diversity and yield. Future research should be concentrated on deepening
studies on the relationship between diversity and yield in AFSs, as well as on management
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strategies that support the consolidation of these systems in the Amazon biome, integrating
innovation, public policy support, and traditional knowledge of farmers.

Keywords: bibliometrics; homegarden; agrobiodiversity; forest plantation; polyculture;
thematic analysis

1. Introduction
Agroforestry systems (AFSs) are a land use alternative that enhances biodiversity,

helps mitigate species loss in natural forests, and supports the maintenance of refuges for
native species [1]. Additionally, this practice promotes microbial, floristic, faunal, and soil
diversity [2] and plays a crucial role in biodiversity conservation and enhancement [3].
When its inherent complexity is considered in public policies, agroforestry can become
an effective strategy for rural planning [4]. It is one of the most efficient production
strategies, as it not only contributes to food security but also mitigates environmental
degradation [5,6].

The use of fertilizing trees in AFSs increases the value of food crops [7], making
agroforestry a promising approach for climate-smart agriculture due to its positive impact
on food security [8]. The evolving scientific research in this topic is significant, including
the exploration of crop and land use alternatives aligned with environmental conservation
principles [9,10] emphasizing that AFSs offer sustainable production models.

In this context, a scoping review was conducted to identify and analyze scientific
approaches in the literature on key topics, including the adoption, composition, and dy-
namics of various AFSs in the Amazon biome. Several terms were used to locate published
studies on AFSs in the Amazon, including crop forestry, alley cropping, multicropping, and
succession systems. Other terms included homegarden agroforestry (HAF) or equivalent
terms, such as household garden or peri-domestic garden, which are common practices in
the region, serving diverse purposes, and located surrounding households.

The Amazon biome plays a crucial role in regulating the global climate, hosting
significant biodiversity and carbon reserves, and contributing to mitigating the effects of
climate change [11,12]. However, it is under constant anthropogenic pressure from the
expansion of livestock farming, shifting agriculture, mining, and illegal gold prospecting,
which accelerate deforestation and increase degraded areas [13,14]. In this context, the
adoption of AFSs is considered a viable and sustainable alternative solution for food
and raw material production, promoting income generation for farmers and agricultural
practices with the potential to improve biophysical parameters in the rehabilitation of
degraded areas [15,16].

The conduction of bibliographic reviews has been widely used to examine various
aspects of AFSs in different regions of the world. For example, a study conducted in Europe
and North America analyzed the economic performance of these systems and identified
knowledge gaps in this field [17]. Similarly, an evaluation carried out in Germany examined
changes in crop management and modern agroforestry practices [18]. A comprehensive
analysis in tropical, temperate, and arid regions highlighted the multifunctionality of
agroforestry in improving soil health and fertility [19], while another study explored the
effects of agroforestry on biodiversity [4]. In the United States, agroforestry patterns and
their relationship with regenerative agriculture were assessed [20]. A systematic review
focused on Latin America investigated the role of agroforestry in strengthening food
security [6]. Furthermore, other studies of this nature aim to systematize evidence on
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ecosystem services in arid lands [21] and evaluate the potential of agroforestry for carbon
sequestration in aboveground biomass [22].

Scientific research on AFSs in the Amazon has expanded, mainly focusing on adoption,
composition, and dynamics. The diversity of AFSs reflects the richness and complexity
of agroforestry practices in the Amazon. The adoption of these practices is crucial for
conserving biodiversity and strengthening food security for local communities [23] and is
supported by technical training, integration of public policies, strengthening of marketing
chains, and continuous technical assistance [24]. The integration of different production
systems, such as AFSs and HAF, offers economic and environmental benefits, promoting
the sustainability and resilience of production areas when associated with family-based
agriculture in the Amazon [25]. However, the reasons that motivate producers to adopt or
maintain crops with agroforestry practices in the Amazon are still poorly systematized.

Considering these aspects, the following guiding questions were established for this
research: (a) What are the main researched locations, scientific journals, and institutions
and researchers involved in the topic? (b) What are the trends and main characteristics of
scientific research addressing the composition and diversity of AFSs in the Amazon biome?
(c) How are plant species dynamics in different AFSs depicted in research? (d) How do
scientific studies discuss the adoption, promotion, and motivation of farmers or maintainers
of these production systems? Thus, the objective of this study was to conduct a scoping
review of the specialized scientific literature, addressing the determinants related to the
adoption, composition, and dynamics of AFSs in the Amazon biome.

In this context, the bibliometric analysis of the literature has a significant contribution
to elucidating qualitative data regarding, for example, the main investigated locations,
scientific journals publishing studies on the topic, and the institutions and researchers
involved in agroforestry in the region. Furthermore, the qualitative analysis of the literature
aimed to identify relevant topics and understand what is being described in studies on
AFSs. For this purpose, a scoping review was adopted as a strategy, an effective tool
for systematizing and identifying research gaps [26]. This approach has proven to be
powerful in transparently exposing the frameworks of primary studies [27], providing a
comprehensive overview of existing methods and techniques that have been proposed or
applied in research articles [28]. This perspective constitutes the main motivation of this
study concerning AFSs.

2. Material and Methods
A scoping review was conducted to comprehensively identify relevant literature, in-

cluding qualitative and quantitative studies, experimental and observational analyses, and
case studies on AFSs in the Amazon. This type of review is commonly used to map broad
research topics, providing an overview of key findings and knowledge gaps. A systematic
approach was employed to map evidence on AFSs, identifying the main concepts, theories,
sources, and information gaps [26,29,30]. This type of review was chosen because it is
commonly used to map key concepts that underpin a research area and to clarify definitions,
information gaps, and concepts, or investigate research methodologies [31,32].

Thus, for the development of this analysis, the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) protocol [33] was employed. This method
proposes the adoption of clear and objective steps for the selection of articles in a literature
review. The first step, called identification, involves searching for all studies related to the
keywords defined by the authors. At this initial stage, a set of articles are generated, serving
as the basis for the second step, in which the studies are selected. For this purpose, the
authors establish qualitative criteria for analyzing the identified works, in accordance with
the review’s objective. Finally, the studies included in the review are thoroughly examined,
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and the relevant information is synthesized. The final step involves indicating the main
findings of the studies, the timeframe of the results, and the methods adopted.

Therefore, this review was conducted using keywords associated with AFSs and HAF
to facilitate the discussion on the approach of the studies. The searched terms were required
to appear in the title, abstract, or keywords of the selected articles. Therefore, the advanced
search function with Boolean operators (OR and AND) was utilized (Table 1).

Table 1. Search parameters used for screening articles in the Scopus and Web of Science databases,
selected for a scoping review focused on the adoption, composition, and dynamics of agroforestry
systems in the Amazon biome.

Search key

((“Agroforestry syste*” OR agroforest* OR agro-forest OR “alley crop*” OR
“successional agroforest* syste*” OR “biodiverse agroforest* syste*” OR “Agroforest*
practic*” OR “multistrat agroforestry syste*” OR agrossilvicult* OR “commercial
plantation agroforestry” OR “backyard garden” OR “domestic garden*” OR
homegarden* OR “home garden*”) AND (adoption OR composition OR “floristic
analysis” OR dynamics OR decision OR perception OR diversity OR choice OR
“socio-cultural aspect*” OR “social acceptability” OR evolution Or promotion OR
“social influence”) AND (Amazon* OR “Amazon biome” OR “tropical amazon” OR
“Pan Amazon”)).

The search for scientific articles to compose the corpus of this review was conducted
in the Scopus and Web of Science databases, accessed through the portal of the Brazilian
Coordination for the Improvement of Higher Education Personnel (Periódicos CAPES),
using the following filters: language (English) and search type (articles), considering 2023
as the cut-off year. The research was conducted from 4 to 6 April 2024. The Web of Science
(WoS) and Scopus platforms were chosen for being the most internationally recognized
databases, providing relevant information across various research fields [34–36].

The article inclusion criteria were as follows: (a) research conducted on the Amazon
biome; (b) articles published in English and indexed in the two pre-selected databases;
(c) articles reporting research directly associated with AFSs or HAF; and (d) articles pre-
senting original research (case or experimental studies with primary data). The exclusion
criteria, after reviewing the title and abstract of each article, were as follows: (a) articles
reporting research on other biomes; (b) duplicate articles; (c) articles that do not address
AFSs or HAF, or address them without focusing on the topics of interest (adoption and
perception, composition, dynamics, evolution, diversity, and promotion associated with
these production systems); (d) review articles; and (e) articles published in languages other
than English. Additional details on the key information considered in the topics analyzed
regarding AFSs, which served as objective criteria for selecting the articles included in the
review, are available in Table 2.

The search yielded 337 articles in the Web of Science and 227 in the Scopus database.
The records were exported in full using the Bib Tex (.bib) format. Duplicates were then auto-
matically removed using the Bibliometrix package in the R program (www.bibliometrix.org,
accessed on 13 January 2025), resulting in the elimination of 130 duplicates. As a result,
434 articles were manually screened in an Excel spreadsheet using the “classify” tool. This
procedure excluded 55 additional duplicates, leaving 379 articles for further screening.

After reviewing titles and abstracts, articles that did not address the pre-established
topics of interest as their main objective were excluded. Articles addressing AFSs but
with primary objectives focused on other topics were also excluded. These objectives
included specific management or monitoring of plant species; soil attributes and fertility;
soil biota; nutrient dynamics and cycling; wood quality and properties; entomology;

www.bibliometrix.org
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phytopathology; plant growth; biomass; carbon stocks; avifauna; and AFSs in biomes
outside the Amazon. This selection step yielded 66 articles which, after thorough reading,
were deemed pertinent to the scoping review. For a more comprehensive analysis of these
articles, we recommend referring to the supplementary material (Table S1), which provides
detailed information such as authorship, keywords, abstract, document identifier, journal
of publication, language, total page count, year of publication, citation count, and other
relevant data.

Table 2. Main information considered in the analyzed topics on agroforestry systems (adoption and
perception; support and promotion; dynamics; diversity and composition), which served as criteria
for selecting the articles included in the review.

Researched
Topic

Criteria and Information That Should Be Included in the Article
About Agroforestry Systems to Be Selected for the Research

Adoption and
perception

Individual circumstances and personal preferences; motivation related
to the local economic and cultural context; adoption linked to land

ownership or perception of economic benefits; partnerships for
implementing AFSs; actors inclined to adopt AFSs; local initiatives for
implementation; social role of crops; obstacles and expansion of AFSs;

farmers’ preferences.

Support and
promotion

Market impact on AFSs; promotion and economic incentives for AFSs
cultivation; benefits and influence of market forces on system

simplification; impact assessment of incentive actions for AFSs;
performance and commercialization; influences on productivity.

Dynamics

Rotation periods in land use; intensification and emphasis on specific
species in agroforestry systems; management dynamics over time,

introduction or replacement of species, temporal evolution of crops,
cultivation duration.

Diversity

Social reasons, environmental factors, and management techniques
affecting species diversity in AFSs; relationship between area and

species diversity in AFSs; influence of AFSs types or environments on
diversity in AFSs; differences between systems.

Composition
Recommended use for species; number of species and families in AFSs;
cultural influence on AFSs composition; origin of species cultivated in

AFSs; predominant or most frequent species.

A flow diagram was developed to clarify the methodological process, from the obtain-
ing to the selection of the articles (Figure 1).

After selecting 66 articles, a detailed review was conducted based on the full reading
of the studies, allowing the extraction of essential data for the research. Information was
collected on the type of AFSs studied, the research objectives, the methodologies applied,
and the locations where the studies were conducted. Additionally, key findings were
synthesized regarding the botanical composition, diversity indicators, temporal dynamics
of plant species, and social aspects such as farmers’ perceptions and motivations for
adopting AFSs. The effects of support actions and incentives for AFSs were also analyzed,
as well as the advantages and challenges identified in the studies regarding the adoption
and management of AFSs in the Amazon biome. Further details on this stage of the study
are available in the Supplementary Material (Table S2).

The following parameters were identified using the Bibliometrix package in the R
program: (a) year of publication; (b) institutional affiliation of authors; (c) trend topics;
(d) thematic word map; (e) article journal; (f) most prolific authors; (g) most cited articles
in the databases; and (h) productivity by country. In item c, the trend topics function
identifies research tendencies (more common terms) in a study field based on the analysis
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of keyword occurrences across different time intervals. The Bibliometrix package also
extracts words plus, which identifies and classifies research areas by analyzing the co-
occurrence of these words.
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A cluster network was developed using VOSviewer 1.6.20 to connect predominant
keywords found in the titles and abstracts of articles with a minimum frequency of four
occurrences. This threshold was chosen after testing the software and balancing graph
clarity: increasing the threshold reduced the number of displayed terms, while lowering it
led to an excess of words, hindering visualization.

3. Results and Discussion
3.1. Characteristics of the Articles

The 10 most cited articles [37–46] stood out among the 66 selected articles, predomi-
nating in the homegarden agroforestry (HAF) or household garden topic. These articles
address the composition, diversity, and richness of plants, the medicinal use of plant
resources, and agrobiodiversity. The 66 selected articles were published between 1996
and 2023, across 42 journals, with an annual growth rate of 1.5% and a mean citation
count of 19.5 per article. The articles were authored by 230 researchers, with an average
of 3.8 co-authors per article; only three articles had a single author, and 38.0% featured
international co-authorship. A total of 254 unique keywords were identified in the articles,
with 215 words classified as the most frequent in titles and abstracts (words plus).

The number of published articles exhibited annual fluctuations (Figure 2). Production
peaks were identified in 2016, 2019, 2021, and 2022, with six or seven articles published
per year, and significantly low production between 2008 and 2012. This suggests the
occurrence of catalyzing events that either stimulated or discouraged research, including
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the emergence of new areas, climatic events, global discussions, financing availability, and
social or policy issues influencing research. Therefore, the scientific production surveyed
in this review does not seem to follow a growth or decline pattern, suggesting that other
factors are influencing the number of published studies.
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The 19 research institutions with the highest number of articles associated with them
(ranging from 3 to 14 articles) include Brazil with 6, Canada and Germany with 3, the United
States and Ecuador with 2, and Colombia, Spain, and the Netherlands with 1 article each.
The institutions with the highest number of published studies are Wageningen University
and Research (14 articles) and the National Institute for Amazon Research (12 articles).

In addition, the Federal Rural University of the Amazon in Brazil and the University
of Saskatchewan in Canada published nine articles each; McGill University, also in Canada,
published six articles; and the University of Florida, in the United States, published five
articles. McGill University was the institution with the oldest published study (since
1996) but had no new publications after 2008. The universities of Koblenz and Landau
in Bonn and Hamburg, Germany, the Maranhão and São Paulo State Universities (São
Paulo, Brazil), and the National University of Colombia (Bogotá, Colombia) published four
articles each. The other institutions recorded three published articles each, namely the
Mamirauá Sustainable Development Institute and Federal University of Western Pará (San-
tarém, Brazil), National Institute for Agricultural Investigations and Central University of
Ecuador (Quito, Ecuador), University of Miami (Coral Gables, FL, USA), Autonomous Uni-
versity of Barcelona (Barcelona, Spain), and the University of British Columbia (Vancouver,
BC, Canada).

The most productive institutions in Brazil were the National Institute for Amazon Re-
search, the Federal Rural University of the Amazon, Maranhão State University, Mamirauá
Sustainable Development Institute, and the Federal University of Western Pará, all located
in the Brazilian Amazon, as well as the University of São Paulo in São Paulo.

The general analysis of published studies and their origins indicates a prominence
of institutions headquartered outside the Amazon, a reduced participation of institutions
from countries within this biome, including Brazil, Ecuador, and Colombia, and an ab-
sence of institutions from other Latin American countries. The prominence of foreign
institutions in research on the Amazon biome is primarily attributed to factors related
to research internationalization, broad contribution networks, available financing, and
research promotion.
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3.2. Frequent Terms in the Published Studies

Regarding the trend topics, 215 expressions or words were identified as the most fre-
quent in titles and abstracts of articles published from 2004 to 2020. This indicates that there
were insufficient mentions in articles published outside this period to reach the minimum
frequency of five mentions required for inclusion in this group. The most frequently men-
tioned trend topics in the more recent studies (from 2013 onwards) include conservation
(15 occurrences), biodiversity, diversity, management, and forest (12.5 occurrences). This in-
dicates a growing trend in studies emphasizing management and environmental indicators
of AFSs. Other prominent terms include systems, agroforestry, and agroforestry systems,
which together have the highest frequency (above 15). Similarly, homegardens and home
gardens together account for 12 occurrences. In contrast, agriculture, with fewer occur-
rences (five mentions), is spread over a longer period (2004 to 2018), indicating constancy.

A thematic map was created based on the standout keywords in the articles (words
plus). The map included the most consistent terms from the articles, forming six clusters
with the 16 most frequent words (Figure 3), distributed across two axes: density and
centrality. These axes illustrate the importance of highlighted topics within the scope
studied. The two clusters inserted in Motor Themes showed high density and centrality,
suggesting that the articles with these topics align most closely with the focus of the scoping
review. The largest group, containing the terms conservation, biodiversity, and diversity,
was in this quadrant. This cluster highlights the connection between AFSs and discussions
on cultivation, landscape, and richness. The second cluster, also located in the same
quadrant, included the terms in-home gardens, knowledge, and dynamics, representing
other keywords linked to shade plant diversity, composition, and agrobiodiversity. These
terms demonstrated higher centrality in the review, highlighting areas that require further
research and suggesting a possible information gap.
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Figure 3. Thematic map of prominent keywords (most frequent words) from articles in the Scopus
and Web of Science databases, selected for the review on agroforestry systems in the Amazon biome.
Themes are organized by relevance (centrality) and degree of development (density). The quadrants
highlight motor themes (consolidated and central), basic themes (fundamental but less developed),
niche themes (specialized), and emerging or declining themes.

Homegardens, another term referring to HAF, is in the lower-right quadrant under Basic
Themes, forming a cluster with deforestation and patterns. This cluster indicates that these
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terms have low density but high centrality, suggesting that they are essential to the study
area but may be not fully investigated or are broad concepts.

The terms biomass, cocoa, and coffee formed a cluster located in the upper-left quad-
rant under Niche Themes, representing topics with high density but low centrality. This
indicates that, while well researched, these terms are not central to the research focus, as
they are specialized topics within the review scoping. Studies in this quadrant focus on
the composition or diversity of AFSs but are more focused on explaining other parame-
ters, such as assessing the ecological relationship between floristic composition and soil
properties within a cacao AFSs with a short fallow period [47].

Emerging or Declining Themes, located in the lower-left quadrant, included the terms
secondary forest, Rondônia, and regeneration, forming a cluster, and tropics, forming an-
other (Figure 3). These groups exhibit low density and centrality in the research, suggesting
that they may be emerging terms and thus infrequently used, or they could be becoming
less prominent in research.

The distribution of terms in the articles’ co-occurrence network is illustrated in a
cartographic map (Figure 4), depicting the interrelation between words, indicated by
circles, and lines indicating the frequency with which two terms appear together in the
articles. The search identified a total of 2.452 words and 132 expressions of high importance
in the 66 selected articles.
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Figure 4. Diagram illustrating the co-occurrence network of keywords identified in the systematic
review from the Scopus and Web of Science databases, selected for the review on agroforestry systems
in the Amazon biome. The nodes (points) represent keywords (with size proportional to their fre-
quency), the edges indicate co-occurrences (relationships between keywords), and the colors highlight
thematic clusters, such as farmer, Brazilian Amazon, and production (red cluster); crop, type, devel-
opment, and cocoa (blue cluster); structure, richness, and tree species (green cluster); agrodiversity,
diversity, and soil (purple cluster); and plant, garden, and medicinal plant (yellow cluster).

This selection identified five clusters (groups of different colors), formed by the terms
with the highest frequency (Figure 4). The prominent terms were: farmer, Brazilian Amazon,
and production (red cluster); crop, type, development, and cocoa (blue cluster); structure,
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richness, and tree species (green cluster); agrodiversity, diversity, and soil (purple cluster);
and plant, garden, and medicinal plant (yellow cluster).

The red cluster contained the highest number of terms (34 items), indicating research
focused on socioeconomic aspects of the Brazilian Amazon, specifically on production
and management, with emphasis on land use dynamics and the agricultural practices of
smallholders. This group shows a strong association between farmer and experimental
group, as indicated by the large thickness of the line connecting them. Examples of articles
included in this cluster are a study evaluating the trend of polyculture crops with perennial
plants in the Amazon [46]; a study evaluating diversity measures in different types of soil
cover, including AFSs [48]; and a study identifying factors related to access to financing,
management, education, and decision-making in the adoption of commercial AFSs by
smallholder farmers in the state of Pará [49].

The blue cluster contained the second-highest number of terms (31 items), which in-
cluded agroforest system, cacao and tree species, indicating a focus on technical approaches
to AFSs that incorporate cacao crops, primarily because it also included the terms shade,
structure, and effect. This group emphasizes studies related to cacao cultivation in AFSs in
Latin America, focusing on aspects such as shading, small-scale agricultural diversity, and
the diversity of cacao-based systems [50–52].

The green cluster contained 23 terms representing central topics related to richness
and structure, indicating that the studies are broadly connected to several topics, including
homegardens, soils, and agrobiodiversity. This group highlights research on cacao crops
related to shade trees, structure, and carbon stocks [53,54].

The yellow cluster contained 23 items indicating a concentration of research on HAF,
primarily focused on urban evaluations. However, like the purple cluster, it also presented
a strong connection with agrobiodiversity and medicinal plants. The studies listed in this
group primarily focus on investigating factors related to species diversity and richness in
agroforestry homegardens in urban areas, with an emphasis on usage relationships and
social factors [55–57].

This yellow cluster includes studies on agrobiodiversity in HAF, highlighting fruit and
medicinal species in the Amazon estuary (Amapá) and plant management in Bolivia [58,59].
It also features research on food species cultivated in urban HAF in Acre [60]. The term cha-
gra is also present in the yellow cluster, highlighting a study that addressed the knowledge,
perception, and commerce in an indigenous community in Colombia [61], and a study
that compared plant diversity used between chagras and homegardens in Peru [62]. Other
authors use this term, described as crakra, in studies in Ecuador [54,63,64].

The purple cluster contained the lowest number of terms (21), indicating research
centered on agrobiodiversity. The terms garden, exchange, and ADE (referring to Amazon
dark earths) indicated the prominence of studies on the diversity of cultivated plants,
including medicinal plants, and management in HAF, as well as research focused on
Amazon dark earths, also known as Terra Preta or Indian black earth. Several studies
demonstrate the function of these lands (fertile anthropogenic soils) in the conservation of
native and exotic agrobiodiversity, and how their characteristics influence the structure,
diversity, and composition in homegardens in the Amazon biome, along the Madeira and
Urubu Rivers, in the state of Amazonas, Brazil.

The purple cluster also contained the terms site, interaction, management practice,
and soil, indicating specific studies on the influence of locations on agrobiodiversity, as well
as management practices and plant use, reflecting the human dimension of environments.
This cluster includes studies among the most cited, including those of Oliver T. Coomes
on agrobiodiversity in household gardens [37,39,45], and a study highlighting the high
diversity in homegardens with minimal focus on the market [65].
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The distribution of terms and the thickness of the lines that connect them (Figure 4)
indicated trends and research gaps. Fine lines represented a less frequent or weaker
correlation between concepts in the articles. For example, the connection between adoption
and establishment, which was distant and connected by a fine line, indicates an area within
the AFSs topic that requires further investigation. Similarly, management practice is not
connected with adoption or establishment, suggesting areas that could be better addressed,
as management practices influence adoption and are linked to the labor of family farmers,
who predominantly adopt AFSs. Therefore, an article highlights the recognition of local
agroforestry practices and the understanding of the changes in farmers’ subsistence means
that the adoption of AFSs can demand [66]. Studies addressing these links are lacking,
representing an important gap in the evaluation of AFSs implementation. In this regard,
a systematic review on the challenges hindering the adoption of agroforestry practices
revealed that the main barriers are related to technical agronomic, socioeconomic, and
political legislative aspects [24].

The term diversification was connected to biodiversity, deforestation, restoration,
model, and native species (Figure 4). However, studies addressing the diversification
of different AFSs and its impact on production were limited. In addition, studies on
the effect of increasing plant species or abundance of individuals on the management,
labor activities, and farmers’ perception of these changes are scarce. The main objectives of
studies discussing the production aspects of AFSs were cacao yield, decreases in production
costs, shading and coffee production, promotion of non-wood products, and logistics for
marketing AFSs products [53,67–70].

Based on the results and gaps identified in published articles, approaches to fruit and
food production in AFSs can be recommended as potential subjects for new research, as
two related terms were identified: food species and useful plant, which are not connected
(Figure 4). In general, studies addressing plant use and composition show results of surveys
on HAF [60,65,71–73].

Similarly, terms such as seed, development, production system, and diversification
showed no co-occurrence with terms related to food production in AFSs, highlighting an
information gap that can be explored in new research. For example, studies conducted in
Tomé-Açu, Pará, Brazil, featuring the terms development and co-production in their title
primarily focus on integrating collective knowledge and strategies for disseminating and
consolidating the Tomé-Açu Agroforestry Systems (SAFTA) [74,75].

The terms from Figure 4 are distributed by year of publication (Figure 5). Terms
more recently used (2019 to 2020) form the red and orange clusters, including tree species
diversity, type, family farmer, restoration, underutilized tree species, traditional knowledge,
chagra, diversity measure, biodiversity conservation, fallow interval, and collective action,
and synonym for AFSs or HAF, such as backyard. The recent use of these terms reflects
the growing inclusion of small-scale research, indicating an increasing trend of studies in
this scope.

The central words from 2017 to 2018 were structure, richness, and cacao. This period
highlights the concentration of studies on cacao, carbon, and biodiversity, focusing on
practices of smallholder farmers, primarily in Colombia and Ecuador. Examples of articles
from this period include a study evaluating a cacao AFSs with innovative approaches,
estimating canopy shading and understory light availability [76], and a study on rural
homegardens in the Eastern Amazon [77], which demonstrated that the farmers’ origin
influenced the diversity of plant species.

Older terms (2012 to 2015) were primarily distributed into two clusters, including
garden, Brazilian Amazon, plant and farmer, household, village, adoption, pasture, year,
secondary forest succession, density, development, swidden, production system, site, and
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resident. These clusters concentrated terms related to AFSs, production analysis, and
experiments. Examples of articles from this period include two studies conducted in the
Tapajós River region [78,79], focusing on the use of AFSs as an economic alternative to cut-
and-burn practices in small-scale agriculture, and the ethnobotanical use and knowledge
of forest plant diversity in various vegetation areas, including HAF.
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Studies published in 2016 primarily focused on diversity, richness, agrobiodiversity,
abundance, and land use. Several terms related to cacao crops appeared in the studies
from this year, including cacao agroforest, cacao AF, cacao, cocoa, cacao tree, shade, and
tree diversity.

Four articles with older studies (1996 to 1999) relevant to the research scope were iden-
tified [40,45,46,80]. These studies exhibited certain peculiarities not observed in subsequent
research. For example, a study evaluating AFSs in Peru [80] did not use the term chagra
(chakra or chacra) with the same emphasis found in more current studies, despite being
conducted in an environment with fallow management characteristics typical of this type
of system. This article refers to polyculture areas such as forest gardens or agroforestry fields,
terms that were also not identified in the other selected articles.

A pioneering study [40] focused on understanding agroforestry fallow cycles, empha-
sizing the dimension of the available area and its effect on diversity and marketing. In
addition, a survey conducted across several states of the Brazilian Amazon [46] focused
on understanding crop patterns, agroforestry dynamics, and developmental constraints
in polyculture fields. Moreover, the oldest published article on the HAF topic evaluated
plants in the Peruvian Amazon focusing on the influence of tourism and the distance from
urban markets [45].

3.3. Main Authors and Studies

In terms of accumulated production, the scientific journal Agroforestry Systems had
the highest number of published articles (17), and demonstrated consistent growth over
the analyzed period, indicating a specialization in this research area. The journal Eco-
nomic Botany published a total of five articles, though no new studies related to the scope
have been published after 2011. The journals Agriculture Ecosystems & Environment,
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Science Forest, Development and Environment, and Plos One published three articles each;
however, their publication frequency varied starting from 2013 onwards. The journals Sus-
tainability, Acta Amazon, Acta Botanica Brasilica, and Agricultural Economics published
one or two studies connected to the research scope.

The authors with the highest number of published articles included Charles R.
Clement, with six articles, followed by Oliver T. Coomes and André B. Junqueira, each
with four articles. Jorge H. Cota-Sánchez, Izildinha S. Miranda, and Thiago A. Vieira each
published three articles, and Javier Amigo, Natalie C. Ban, John O. Browder, and Verônica
Caballero-Serrano each published two. These results indicate that Charles R. Clement is a
central figure in this field, while authors with fewer published studies may be emerging or
less active in the AFSs field.

The 15 articles with the highest number of citations were published by various journals,
except 4 articles, which appeared in Economic Botany and Agroforestry Systems. The
citation analysis identified the three most cited articles [39,44,45], which contributed to
the understanding of species domestication dynamics and agrobiodiversity in household
gardens or HAF. Moreover, most studies (nine) were conducted between 1996 and 2009,
while only six were published more recently (2014 to 2019). This suggests that the theoretical
and methodological foundations established in these studies remain relevant to current
research and continue to be cited.

The interdisciplinary spectrum demonstrated by several journals through the most
cited articles highlights the multifaceted nature of AFSs, where dialogs between diverse
knowledge areas are essential for advancing research. These studies include research on
household gardens or HAF that encompass agrobiodiversity, floristic diversity, composi-
tion, and ecosystem services [37,43,45,81]; traditional knowledge and its influence on the
diversity of medicinal plants in household gardens [38,41]; characteristics and dynamics
of domestication of species [44]; agroforestry adoption and practices [40]; and diversity of
plants grown in fields and homegardens and its relation to geographical isolation [57].

Studies focused on evaluating AFSs of small-scale farms included an assessment of
crop patterns and agroforestry dynamics in Brazil [46], and an analysis of production
efficiency and marketing [68], primarily of forest products, in four countries in the Amazon
biome (Brazil, Peru, Bolivia, and Ecuador). Studies emphasizing market aspects included
an investigation of product destinations and the diversity of homegardens in the Ama-
zonas [65], and an analysis of the AFSs of Tomé-Açu (Pará) to demonstrate the actions
required for AFSs to serve as an economic alternative to livestock [82].

This list of articles also includes studies addressing species diversity and carbon
stocks [42], as well as factors affecting the adoption of cacao AFSs as a strategy for refor-
esting [83]. The theme with higher visibility, based on the number of citations, is HAF or
household garden.

3.4. International Collaboration in Research

Collaboration among 24 countries was identified based on the scientific contributions
of all authors and co-authors. Brazil stands out with 98 authors, followed by Canada (27),
the United States (24), Germany (22), the Netherlands (16), Peru (15), Ecuador (13), and
Spain (12), while the number of authors from the other 16 countries listed is fewer than 8.

Regarding the country location of the researched areas, 55.4% were in Brazil
(36 articles), 24.6% in Peru (16 articles), 10.8% in Ecuador (7 articles), 6.2% in Bolivia
(4 articles), and 3.1% in Colombia (2 articles). Only one article was not included in this
list, as it involved four countries in its database [68]. However, no studies meeting the
criteria of this review were found from other countries and territories through which the
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Amazon biome extends (Guyana, French Guiana, Suriname, and Venezuela), highlighting
an information gap in these locations.

Publications are often made in local or regional journals, conference proceedings,
and books that are not indexed in higher-visibility databases, such as those used in this
study, and are sometimes published in other languages, which hinders their cataloging
and visibility. It is essential to promote policies that encourage the publication of research
conducted by the academic community in high-impact scientific journals [84]. In addition
to logistical and infrastructure challenges in the Amazon [85], other limitations may be
related to scientific dissemination, including low investment in science, insufficient research
funding, and limited participation in academic cooperation networks. Furthermore, the
emphasis on solutions to social or political problems may contribute to a reduction in
scientific advancement in certain areas.

3.5. Types of AFSs Researched

Figure 6 illustrates the distribution of various types of AFSs that were the focus of
research in the selected articles. The most researched AFSs type was HAF, or household
gardens, representing 39.4% of studies (26 articles). Crop forest AFSs, or commercial
AFSs, were addressed in 13 articles (19.7%), cacao production (AFSs cacao) in 7 articles
(15.2%), while improved fallow, coffee AFSs, and chagra AFSs were less frequently studied.
Among the 66 selected studies, 7 (10.6%) evaluated two to five AFSs types within the
same article, additionally addressing soil enrichment crops, regeneration conduction, forest
livestock systems, and pasture enrichment. Four studies were not listed as they did not
specify the type of AFSs researched, instead focusing on topics related to the adoption
and impact of projects and policies, work relationships, and the domestication and use of
agricultural species.
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3.6. Area Size, Methodology, and Sample Effort

Only 28 articles (42.4%) out of the 66 selected provided information on the size of
the area (rural property or AFSs area). Only 1 of the 11 articles focusing on HAF research
provided information on the total mean size of the property [55], whereas the others
reported the area occupied by homegardens, which ranged from 0.023 to 1.2 hectares (ha).
One exception was identified, where homegardens occupied 2 ha, as the study considered
the agroforestry surrounding the houses as an extension of the homegarden, resulting in
large dimensions [72]. The areas of cacao AFSs ranged from 1 to 4 ha in Peru, Brazil, and
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Colombia [50,69,76]. The size of areas with crop forest, crop livestock, improved fallow, and
chagras AFSs ranged from 0.25 to 20 ha, as reported in 14 articles. The sizes of properties
with commercial AFSs were described in seven articles (10.6%) and ranged from 1.5 to
100 ha.

Regarding the methodologies employed in the selected articles, interviews were the
predominant single tool for data collection in 34 articles (51.5%); inventory practices, in-
volving the implementation of plots, were used in 17 articles (25.74%). Only two articles
(3.0%) relied on secondary data, such as satellite images and production statistics. Addi-
tionally, combined approaches, such as interviews with questionnaires and inventory, were
employed in nine articles (13.6%). The remaining four studies were conducted utilizing a
combination of methods, including interviews, plot inventories, participant observations,
soil sampling, and transect collection.

The collection effort showed no consistency in the sampled units, likely due to factors
such as logistics, accessibility, size of areas, social characteristics, and nature of case studies
in the published research. Sample sizes (plots, properties, or interviews) ranged from 10 to
50 for cacao and coffee AFSs and from 12 to 70 for other crop forest systems. HAF exhibited
the most diverse sampling, with sample sizes ranging from six to 334 research units. Other
studies examining various types of AFSs within the same article utilized 6 to 181 collection
points. One study on improved fallow utilized 32 interviews, while another on chagras
AFSs used 6 to 61 sampling units.

3.7. Choice of Species in AFSs

The choice of species for cultivation or maintenance in AFSs is influenced by numerous
factors. Individual circumstances and personal preferences determine the crops to be
grown and the effort they warrant [80]. Available labor was a significant factor in the
adoption of AFSs, since groups with mixed or non-logger systems have higher regular
labor requirements [86]. However, evidence suggests that crop intensification and a focus
on a single plant species tend to homogenize floristic composition [80]. Studies on cacao
crops suggest that system composition is influenced by fallow intervals, as observed in
Ecuador [47], and by shade tree diversity and management strategies, as observed in
Brazil [50].

Crops guided by donors predominantly involve the planting of seedlings from nurs-
eries, whereas crops managed by smallholder farmers rely on transplanting seedlings and
protecting specimens of natural regeneration [68]. Additionally, farmers use ecological
information to introduce a wide diversity of tree species [87]. However, the inclusion of na-
tive fruit tree species with commercial potential in AFSs is constrained by technical, social,
environmental, and economic factors, particularly the lack of information and operational
challenges related to harvest [88].

In this context, a study conducted in São Félix do Xingu, Pará, Brazil, found that cacao
crops are influenced by labor, market value, reforestation, and soil suitability, although not
specifically during the AFSs implantation stage [83]. Furthermore, a study reported that
the primary potential products of shade trees for cacao crops are fruits, wood, charcoal,
and medicinal products [50]. In Peru, the maintenance of original tree vegetation that is
practiced in cacao AFSs is strongly affected by its production value or service functions [52],
with a preference for timber species or fruit trees to be grown with cacao [89].

Plant species in HAF are selected for food security, household consumption, personal
satisfaction, and well-being associated with shading, and minimally for product sales [90]
to complement family income. Plants cultivated in these environments have important food
value, whereas spontaneously occurring plants are primarily valued for their medicinal
properties [59].
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Regarding the number of plant species identified in the research, 44 articles (66.6%)
provided quantitative data, often including the number of botanical families composing
the studied production systems. Twenty-two of these articles were focused on HAF, sixteen
on other AFSs, and three addressed two or more categories of production systems.

Information on the floristic composition of homegardens varied in the number of
species and botanical families. However, some studies restricted the inventory scope based
on the purpose of collections, such as medicinal, food, condiment, or specific plant groups.
Similarly, not all studies reported the number of botanical families. The number of species
in homegardens ranged from 41 to 484, with a mean of 147.2 ± 102.6 species. Homegardens
with the highest species richness (more than 200 species) were found in three Brazilian
states: Amazonas (ADE), Mato Grosso (urban areas), and Pará (urban and rural areas). The
number of botanical families in homegardens was 28 to 97. The frequency distribution
showed that most articles (59.1%) reported homegardens with 41 to 129 species, whereas
22.7% reported 130 to 218 species. Homegardens with more than 218 species were recorded
in 18.1% of the articles (four studies).

Studies on commercial AFSs (cacao, coffee, crop forest, and chagra) reported 16 to
127 plant species (mean 53.7 ± 31.9) and 12 to 40 botanical families, indicating lower species
richness compared to HAF. However, some studies focused exclusively on specific plant
groups, such as species planted for projects, arboreal and fruit tree species, or palms, wood
trees, and banana trees [52,63,67,76].

Species richness in studies on commercial AFSs varied widely, with 38.9% of articles
reporting 16 to 38 species, 44.4% reporting 39 to 82 species, and 16.7% reporting more than
83 species. The highest species richness was recorded in studies on cacao AFSs in Colombia
and Bolivia [42,76], which reported 127 and 105 species, respectively.

3.8. Diversity and Richness in AFSs

Studies on diversity and richness in AFSs within the Amazon biome primarily focused
on comparing these systems with other environments, such as primary forest, secondary
forest, and fallow areas. For example, one study evaluated arboreal species in cacao AFSs,
secondary forests, and primary forests [52] and found that although AFSs cannot fully
replicate the higher diversity indices of primary forests, they have crucial functions in
conserving agricultural landscapes, where forests are intensely fragmented.

Diversity tends to increase linearly with the sizes of properties and AFSs [40,62]. In
agroforestry crops, few species show a high number of individuals [50]; however, properties
smaller than 10 ha exhibit greater diversification [63]. The reviewed articles indicated
that AFSs integrated with natural regeneration can balance agricultural production with
species richness and diversity [91]. However, managing natural regeneration may be more
effective for promoting species diversity than tree cropping [68]. Historically, management
practices have transformed the abundance of useful plant species and altered floristic
composition [44]. Additionally, agricultural diversity primarily reflects household asset
endowments [51].

In Peru, cacao AFSs with mid-age crops (16–29 years) exhibited lower diversity com-
pared to young AFSs [89]. However, species richness increased significantly as the crops
aged [69]. Moreover, the diversity across various soil cover types, including AFSs, revealed
limitations in measures used to differentiate soil cover types in all strata [48].

HAF exhibits the highest plant diversity among the crop models of farmers [39]. De-
spite extensive knowledge of useful forest species diversity, most plants utilized originate
from modified areas such as homegardens, fallow lands, and secondary forests [78]. House-
hold garden maintainers diversify these spaces by cultivating crops previously grown in
annual fields as a strategy to partially offset agrobiodiversity loss [58].
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HAF with greater plant diversity offers enhanced ecosystem services [81], while plant
species in gardens reflect traces of human history [92]. This is evidenced by the high
diversity of species found in homegardens established in TPA, highlighting the legacy
of previous human occupations [72]. The successive occupation by different cultural
groups over time may have contributed to the higher diversity of useful species observed
today [93].

The studies indicated that HAF structure, diversity, and agricultural species richness
are influenced by several factors, including the origin of farmers and the management of
these environments [77]; soil fertility, natural and anthropogenic variations in soil proper-
ties, and homegarden size [94,95]; family income, homegarden size, and topography [60,96];
farmers’ centrality within exchange networks and proximity to their residence [41]; dis-
tance from urban centers, level of external information exchange, and household garden
size [37,57]; and the propensity to interact and receive plant donations [45].

3.9. Functions of Agroforestry Systems

The AFSs identified in this review highlight HAF as a multifunctional central system
with a wide range of species, serving as areas for testing and conserving plant specimens.
However, few studies have addressed the age of homegardens: one study in Peru and one
in Ecuador, which reported means of 7.6 and 13 years, respectively [38,39,45].

These environments are recognized as centers for cultivating useful plants, points
for the flow of materials for subsequent crops, and areas for experimenting with new
species [39,58,94]. They also serve as sites for establishing seedling nurseries [87], receiving
plants grown in fields [37], and functioning as open laboratories for plant selection [92].
These locations acquire new uses through continuous experimentation, facilitated by in-
creased contact [59]. In commercial AFSs, farmers also foster continuous experimenta-
tion, creating dynamic systems [40,46], with management practices that alter the forest
composition [44].

The exchanges of plant species in HAF reveal a social network strengthened by the
sharing of traditional knowledge [56], leading HAF to be considered the most dynamic
of all ecosystems [93]. Families with higher diversity in their household garden tend
to exchange more plant materials compared to those with limited diversity [37]. More
biodiverse systems enable farmers to participate in cycles of donation and expansion
within social networks [45], while kinship ties and gender influence the exchange patterns
of medicinal plants [41]. Following this implementation logic, some improved fallow
areas near houses can become permanent household gardens over time, dominated by
fruit trees [87]. Homegardens in TPA have more fertile soils and are often used for exotic
crop species, as farmers take advantage of this high fertility to grow nutrient-demanding
species [94,95].

In different AFSs, fruit tree species are emphasized as central due to their frequency
and abundance [39,41,43,58,63,73,77,79]. Beyond the cultivation and maintenance of fruit
trees, studies report at least one additional category of use, including vegetables, medicinal
plants, or non-fruit food plants [45,57,60]. Several studies also discuss the destination of
food plants in AFSs without specifying distinct plant groups [56,61,71,81].

HAF is reported to predominantly contain arboreal individuals that are food plants
and herbaceous plants with therapeutic value [59]. Other AFSs are characterized by the
predominance of native trees that produce forest products other than logs [68]. Several
studies on HAF report the dominance of exotic crop species [46,60,65,77], whereas research
on the Madeira River identified a predominance of native species [94].

The cultivation of medicinal plants in HAF not only reinforces their therapeutic
purposes, but also reflects their cultural heritage [97]. These locations are identified as
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sources of food, essential for subsistence in rural zones, whereas in urban areas, they are
primarily valued for ornamental and shading purposes [81]. In general, the functional
convergence of HAF is emphasized, as despite differences in number of species, the relative
number per category of use is comparable [45].

3.10. Social and Production Aspects of Agroforestry Systems

HAF is described as an extension of houses, with practical and economic values
in meeting domestic needs [58], as senior women predominantly manage these envi-
ronments [45,56,60,71]. This context highlights the importance of women in conserving
agrobiodiversity in household gardens. They are identified as the primary transmitters of
traditional knowledge on medicinal plants [38] and are responsible for introducing new
species [71] and increasing plant diversity in the gardens [45]. In contrast, commercial AFSs
are predominantly managed by men [49,61].

Studies addressing production and economic advantages report divergent results.
Intercropped AFSs improved cacao crop yield and quality due to high diversity [69] while
also reducing costs and increasing income and profitability, primarily in non-monetary
terms [98]. A coffee AFSs in Peru showed increased yields as shade cover decreased [70],
whereas in Ecuador, cacao grown in single-crop systems produced the highest yields [54].
Studies also reported that market forces tend to simplify AFSs configurations [46], and
families with large landholdings utilize AFSs in a way that is potentially more sustainable
and profitable [40].

The low marketing rate of agroforestry products has been attributed to inadequate
market access and a lack of facilities for processing, storage, and sales [67]. The initiatives
for the cultivation of trees and marketing of products found in four countries (Brazil, Bolivia,
Peru, and Ecuador) indicate that AFSs should prioritize non-log products for successful
reforesting, given the limited marketing options [68].

3.11. Motivation and Adoption of Agroforestry Systems

The adoption of AFSs is associated with various reasons and motivations, primarily
related to potential capital accumulation, with land ownership being a crucial factor for the
implementation of perennial agricultural systems [79]. A study conducted in the Brazilian
Northeast, outside the Amazon Biome, revealed that the participation of producers in
institutional food purchase programs is essential to encourage the adoption of AFSs [23]. In
addition, the recognition of agroforestry practices [66] and the widespread use of traditional
knowledge [78] are crucial to this process. Owners of large landholdings, with a higher
number of farm residents, demonstrated a greater propensity to adopt innovative AFSs [86].

Agricultural diversity reflects the allocation and distribution of resources and family
assets, which is a key element for conservation production but can also be a limitation
for the adoption of AFSs [51]. The limitations of rural extension services and the use of
information on AFSs are also identified as obstacles to adoption [99]. A study conducted
in Bragança, Pará, Brazil, identified access to financing, AFS management (including
objectives, cultural practices, and land preparation), education level, and decision-making
(influenced by farmers’ gender), as the main determinants for adopting this production
system [49].

The agroforestry status was shown to be dynamic in the evaluated articles concerning
the adoption of intercropping systems. The articles indicated that AFSs implementations
are not expanding in Bolivia [42], and wood plantations have been less successful in var-
ious countries within the Amazon biome [68]. However, farmers in Rondônia and Pará
expressed the intention to expand the size of agroforestry sites [67,100]. The adoption of an
innovative model of agricultural systems by farmers in Tomé-Açu created new opportuni-
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ties, resulting in greater flexibility in the choice of their arrangements, the development
of new techniques, and expanded marketing options, which inspired local smallholder
farmers to adopt AFSs [74,75].

These motivations and opportunities for adopting agroforestry also include the en-
vironmental and ecosystem services provided by arboreous environments, which are
connected to water quality and food security [54,91,100]; consumption of fruits, medicinal
resources, improvements in other crops, and product sales [88]; higher satisfaction related
to itinerant pasture and agriculture [98]; shade for perennial crops, better working con-
ditions, soil protection and improvement [68]; shade and thermal comfort [86,101]; and
production diversification [42].

A study on farmers under the Program for Socio-Environmental Development of Rural
Family Production (Proambiente) also confirmed that AFSs production resulted in higher
food availability, increased acquisition of goods, promotion of environmental services,
and the inclusion of farmers in the consumer market due to the diversity of products in
agroforestry arrangements [101]. Thus, a trend of spontaneous diffusion of agroforestry is
expected in areas with demonstration plots of agroforestry practices [67].

Studies on environmental aspects of AFSs reported that including wood produc-
tion was a catalyst for forest restoration [67]. These systems enable the conservation and
rehabilitation of land use in areas where tropical forests have been degraded and frag-
mented [52,86]. In addition, their potential for biodiversity conservation in agroforest
programs is significant [59], and this conservation, enabled by the shade of trees, may be a
target of policies encouraging their maintenance [50]. AFSs can enrich the soil, improving
its fertility by reproducing mechanisms of forest conservation [44], and can be used to
restore protected reserves and mitigate environmental liabilities [83]. Studies also reported
that increases in AFSs areas are an attempt to restore the functions and benefits lost to
environmental degradation [100].

An analysis of the potential of AFSs in Tomé-Açu indicated that they represent a
complex social technological system encompassing a distinct philosophy of Amazonian
land use and agriculture, as well as innovative agricultural techniques, processing, and
value-added chains, pointing towards a path for sustainable rural development in the
Amazon [75]. Thus, public financing could be justified by numerous positive externalities of
AFSs for families and communities [79] or incentivized through remuneration for avoided
deforestation [54]. Future efforts for food security and poverty reduction need to focus
more on species-rich AFSs [98].

3.12. Incentives and Promotion of Agroforestry Systems

Although there is evidence that small farmers need support to shift their cultiva-
tion practices toward optimal land use, including AFSs, efforts to disseminate technical
knowledge and demonstrate the economic and ecological benefits are crucial [102]. Studies
addressing the impact of financing or other incentives on the implementation and develop-
ment of AFSs in the Amazon were scarce among the articles selected for this review. The
financing source showed a strong correlation with the AFSs composition in Bragança, Pará,
where the selected species were adopted by farmers due to interest in the crop, despite
delays in the delivery and development of the project [49]. The recommendation is that
financing projects should complement those focused on the use of products from fallow
areas, open fields, and household gardens [78] to avoid overloading the people involved
and altering the main production mode.

Research conducted by the Agroforestry Tree Domestication Program, after 20 years
of implementation, indicated that the objectives were not achieved and, according to
farmers, the program was financially unviable [103]. Another evaluation emphasized
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that (a) there was no difference between the sizes of plantations guided by donors and
those implemented by farmers; (b) donors promote tree plantations with limited success,
neglecting management limitations and underestimating the potential of local independent
tree plantations; and (c) smallholder farmers seldom continued the regular maintenance
of plantations guided by donors after the project ended [68]. In this context, a study in
Peru on agroforestry use grants, where farmers maintain forest remnants and establish
or maintain AFSs, found that most farmers indicated a need for economic incentives,
particularly for tree plantations [66]. In this context, another review on AFSs highlighted
that, in addition to economic incentives to reduce initial costs, it is essential to integrate
AFSs into national policies aligned with global discussions to ensure the recognition of
their functionalities [102].

A study showed that the official technical assistance agency was active only during the
initial years of establishment of AFSs, leading to implementation failure [49]. In addition,
most agroforestry arrangements were established based on farmers’ initiatives rather than
external agents [46]. A study conducted in Rondônia showed that the average area allocated
to AFSs decreased after the agency leading the project closed [99]. This project, conducted
by an association financed by an international organization from 1996 to 2009, successfully
promoted the adoption of AFSs while the organization was active, although it did not result
in significant improvements in the farmers’ financial yield.

Several studies addressed weaknesses of or threats to the adoption and continuity of
AFSs [42,46,62,68,76,79,88] identifying limitations such as (a) insufficient agro-industries;
(b) limited access to quality seeds and seedlings; (c) operational challenges in harvesting
wood within intercropping systems; (d) lack of information on specific agricultural practices;
(e) insufficient labor and equipment for pruning; (f) high initial implementation costs;
(g) unfamiliarity with the cultivation of certain species; (h) difficulties in maintaining
diversity and conservation; and (i) challenges in integrating with market and influencing
biocultural relations that sustain in situ conservation.

However, some promising results were reported, including a study in Rondônia,
which found that most farmers retained at least one or more wood-producing species in
their agroforestry plots after 10 years [67]. Additionally, most farmers expressed interest
in expanding planted areas with valuable timber species or enriching fallow areas [66].
The prominent function of farmers in Tomé-Açu led to the adoption of AFSs by petrol
companies, which initially did not consider the group for financing Elaeis guineensis Jacq.
crops [74,75].

Therefore, despite scientific advances, the expansion of AFSs faces challenges related to
technical knowledge, financial incentives, and the need for programs involving education,
research, and rural extension institutions to enhance understanding and promote the
adoption of these systems. Similarly, another review highlighted that among the challenges
for the adoption and acceptance of AFSs in Europe are high implementation costs, the lack of
financial incentives, and limited marketing of AFSs products, as well as a lack of education,
awareness, and practical field demonstrations [104]. In addition, information gaps limiting
the expansion of AFSs extend beyond the diversity of available perennial species to include
issues related to management and lack of economic data, such as production costs and
profitability, which could assist in shifting the paradigm of traditional monoculture.

The completion of this review highlighted that future research on AFSs, focusing
on the themes addressed in this study, could involve and provide greater visibility to
the Amazonian countries not covered, such as Guyana, French Guiana, Suriname, and
Venezuela. Such an approach would enable the integration of regional data into a broader
understanding of the Amazon, aiming to support the development of more effective and
collaborative public policies among Amazonian countries.
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As proposals for future studies, it is suggested to conduct systematic reviews on the
most deficient topics, such as diversity and productivity, in addition to proposing long-term
studies involving financial and economic feasibility analyses. These approaches would
allow for a deeper evaluation of the relationship between implementation, profitability, crop
diversity, and the consolidation of AFSs. Another relevant aspect would be the integration
of geoprocessing and remote sensing tools which, combined with in loco validations,
could reveal trends and patterns of adoption and promotion of AFSs in the Amazon.
Despite advances in agroforestry research, there is still a clear need for multidisciplinary
approaches and expanded experimental studies to promote specific AFSs models adapted
to the particularities of each locality.

Finally, it is stated that this study’s main limitations are a restricted geographical
focus, the exclusion of keywords related to economic aspects, environmental and ecosystem
services, public policies, and dissemination strategies, as well as the absence of research in
languages other than English and in databases other than those selected. Possible strategies
to address these limitations include considering an expansion of the scope of analysis in
future studies. This would enable complementary investigations and discussions in light
of the findings of this research, emphasizing more specific approaches. Thus, studies with
a narrower focus could identify additional gaps, taking into account the particularities of
each environment.

4. Conclusions
The scope of this review on the adoption, diversity, and evolution of AFSs in the

Amazon leads to the following conclusions:
Brazilian evolution and leadership: Brazil has experienced dynamic and interdisci-

plinary growth, emerging as a leader in research and author affiliations.
Diversity of approaches: The reviewed evaluated articles highlight diverse approaches

across different countries, with a focus on specific crops, such as cacao in Colombia and
Ecuador, and traditional management practices in Peru. This diversity reflects the adapta-
tion of AFSs to local conditions and cultural contexts.

Emphasis on fruit tree species: Regardless of the predominant type, AFSs commonly
include fruit tree species, highlighting the importance of this system as an alternative to
meet family needs. Evidence shows that farmers require external support to consolidate
resilient systems in the Amazon biome.

Scientific gaps: Further studies should explore the connection between AFSs adoption,
consolidation, and management, as well as the relationship between diversity and yield.
The scarcity of data on AFSs composition and dynamics, except for homegardens, reinforces
the need for further research on this topic, primarily considering different contexts and
management practices, with an emphasis on including the perspective of family farmers.
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