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ABSTRACT The Cerrado plays a crucial ecological and economic role: it is the most biodiverse savanna
in the world, a regulator of water availability, and one of the largest exporters of agricultural commodities
such as soy, corn, and cotton. It is home to traditional peoples and communities, such as Indigenous and
quilombola communities, who possess ancestral knowledge about its biodiversity. But they are poorly
studied and practically ignored by public policies. In the current context of environmental degradation,
where the expansion of agriculture threatens the integrity of the Cerrado biome, compromising the health
and social reproduction of these communities, it becomes essential to map the knowledge produced in
order to support interventions. A bibliometric analysis was employed on a sample of 478 articles (2018-
2024), mapping academic production on the socio-biodiversity of the Cerrado, its relationship with the
environment and health, identifying trends and research gaps. The results indicate that most scientific
production is centered on the themes of ecological dynamics (44%) and impacts of agribusiness (31%), with
the health dimension being marginally addressed (6%), especially the health of traditional peoples. We
conclude that there is a critical gap in the articulation between socio-biodiversity and health, demanding
urgent formulation of public policies that promote cultural preservation and appreciation.
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RESUMO O Cerrado desempenha um papel ecolégico e econémico crucial: é a savana mais biodiversa do
mundo, regulador da disponibilidade hidrica e um dos maiores exportadores de commodities agricolas, como
soja, milho e algoddo. Nele, habitam povos e comunidades tradicionais, como indigenas e quilombolas, que
detém conhecimentos ancestrais sobre sua biodiversidade, mas sdo pouco estudados e praticamente ignora-
dos pelas politicas publicas. No contexto atual de degradagdo ambiental, em que a expansdo agropecudria
ameacga a integridade do Cerrado, comprometendo a saude e a reprodugdo social dessas comunidades, torna-se
fundamental mapear o conhecimento produzido para subsidiar interveng¢des. Uma andlise bibliométrica foi
empregada em uma amostra de 478 artigos (2018-2024), mapeando a producdo académica sobre a sociobio-
diversidade do Cerrado, sua rela¢do com o meio ambiente e a satde, identificando tendéncias e lacunas de
pesquisa. Os resultados apontam que a maior parte da produgdo cientifica estd centrada nas temdticas de
dindmicas ecoldgicas (44%) e impactos do agronegdcio (31%), sendo que a dimensdo da saude é marginal-
mente abordada (6%), especialmente a satide dos povos tradicionais. Conclui-se que hd uma lacuna critica
na articulagdo entre sociobiodiversidade e saude, demandando urgéncia na formulagdo de politicas publicas
que promovam a preservagdo e a valorizagdo cultural.

PALAVRAS-CHAVE Cerrado. Biodiversidade. Satide. Bibliometria.
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Introduction

The Cerrado, the second largest biome
in South America, extends over 1,983,017
km?2 and occupies approximately 23.3% of
Brazilian territory’, distributed among the
states of Goias, Tocantins, Mato Grosso do
Sul, southern Mato Grosso, western Minas
Gerais, the Federal District, western Bahia,
southern Maranhfo, western Piaui, and parts
of So Paulo. Recognized as the most biodi-
verse savanna in the world, harboring 12,829
cataloged native plant species, the Cerrado
also plays a role in water regulation, as it is
the source of the three largest South American
hydrographic basins: the Amazon/Tocantins,
Sdo Francisco, and Parana rivers2.
Currently, 49.9% of the Cerrado area
remains covered by natural vegetation. The
biome also plays an important social role:
this territory is home to diverse peoples and
traditional communities - including indig-
enous ethnic groups, geraizeiros, riverside
dwellers, babacu gatherers, vazanteiros, and
quilombola communities - who together
form part of Brazil’s historical and cultural
heritage. These populations possess vast
ancestral and traditional knowledge about
biodiversity. The interaction between bio-
logical diversity and local cultural practices
defines sociobiodiversity, a central concept
for the sustainable management of resources,
despite being little studied and practically
ignored by public policies. Consequently,
the rights of these communities over their
resources are not yet fully guaranteed?3.
This wealth, however, is under intense
threat. The Cerrado is the main frontier for
the expansion of agricultural commodities,
resulting in high and increasing rates of
deforestation. The expansion of agricul-
ture and environmental degradation, which
includes the intensive use of pesticides, di-
rectly compromises the ecological integ-
rity of the biome and, consequently, affects
food security, traditional medicine, and the
social reproduction of these communities,
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transforming areas into ‘sacrifice zones’ for
national development?.

The academic production on the inter-
relationship between sociobiodiversity, the
environment, and, especially, human health in
the Cerrado is fragmented and little explored.
Therefore, it is essential to map the state of the
art to understand how science has addressed
the vulnerabilities and contributions of socio-
biodiversity and its peoples, particularly the
impacts on health. This bibliometric study
aimed to map recent scientific production
(2018-2024) on the sociobiodiversity of the
Cerrado, seeking to identify trends and, cru-
cially, research gaps focused on the health of
traditional peoples.

The bibliometric analysis consisted of
consulting scientific articles published in da-
tabases specializing in the selected themes,
namely: PubMed, ScienceDirect, Redalyc, Web
of Science, Virtual Health Library (BVS), and
Scientific Electronic Library Online (SciELO).
The expectation is that the results will gener-
ate a solid basis for the formulation of public
policies aimed at preserving biodiversity and
valuing local cultures.

Material and methods

Data collection - PRISMA

In order to ensure rigor and transparency
in the selection of scientific publications,
this study used the PRISMA (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) protocol as a meth-
odological reference for data screening.
Internationally recognized for its robustness
in systematic reviews and meta-analyses>,
PRISMA structures the selection of studies
in four phases: identification, selection, eli-
gibility, and inclusion, as illustrated in figure
1. This approach allows for the filtering of
a large volume of records, ensuring the in-
tegrity and relevance of the analyzed data®.
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Figure 1. Steps of the bibliometric review using the PRISMA protocol
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Search strategy and databases

Bibliometric analysis was conducted using
national and international databases of
recognized reliability and scope: PubMed,
ScienceDirect, Redalyc, Web of Science, BVS,
and SciELO. These databases were selected
due to their editorial characteristics and the-
matic coverage. Table I presents the volume of
documents identified between 2018 and 2024,

Number of reports after eliminating duplicates (1.141)

Number of studies included in qualitative synthesis (685)

v

Number of tracked reports (1.791)

!

< Number of deleted reports (650)

Number of full-text articles
excluded with justification (456)

according to the keywords used, established
based on the thematic focus.

To ensure greater precision in the search,
the Boolean operator ‘AND’ was used, which
restricts the results to articles that simultane-
ously contain all the selected terms, allow-
ing for a more specific selection. The ‘OR’
operator, while broadening the scope, could
compromise the relevance of the results by
including articles on divergent topics.

Table 1. Search results (2018-2024) in the PubMed, ScienceDirect, Redalyc and Web of Science databases

Search results - Range (2018-2024)

Number of articles per database

Keywords PubMed Redalyc ScienceDirect = Web of Science
A.  Cerrado AND Sociobiodiversidade - - - -
B.  Cerrado AND Sociobiodiversity - - - 3
C.  Cerrado AND Ambiente AND Satide 22 - - 47
D.  Cerrado AND Environment AND Health 157 - - 50
E. Cerrado AND Social AND Biodiversity AND Health - - - -
F. Cerrado AND Traditional AND Nature AND Health - - 100 -
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Table 1. Search results (2018-2024) in the PubMed, ScienceDirect, Redalyc and Web of Science databases

Search results - Range (2018-2024)

Number of articles per database

Keywords PubMed Redalyc ScienceDirect =~ Web of Science

G. Cerrado AND Biodiversidade AND Tradicional* AND - 102 50 -
Saude

Number of articles per database 179 102 150 100

Total number of articles

531

Source: Own elaboration.

Each database was selected according to
its specialization: PubMed, focused on bio-
medicine and public health; Redalyc, focused
on social and environmental issues in Latin
America; ScienceDirect, multidisciplinary
with an emphasis on health and environmen-
tal sciences; Web of Science, recognized for
its international scope and broad multidis-
ciplinary coverage.

In order to encompass the socioeconomic,
cultural, and political dimensions of socio-
biodiversity in the Cerrado, the SciELO and

BVS databases, relevant in the dissemination
of scientific information in public health and
social sciences, were introduced, and new
keywords were added, in addition to the term
‘Brazil’ in BVS to restrict the results to the
national context (table 2). The search was
limited to two keywords, as the addition of
a third resulted in few or no articles. In the
other databases, there was no need to add
words, as the terms initially defined generated
a satisfactory number of articles.

Table 2. Search results (2018 to 2024) using keywords appropriate to the SciELO and Virtual Health Library databases

Resultados das buscas - Intervalo (2018-2024)

Keywords

Number of articles per database

Biblioteca Virtual em Saude SciELO

A, Cerrado AND Health

B.  Cerrado AND Agriculture
C.  Cerrado AND Agribusiness
D

Cerrado AND Traditional communities

E.  Cerrado AND Biodiversity

F. Cerrado AND Environment
G.  Cerrado AND Impacts

M. Cerrado AND Fire

O. Cerrado AND Health policies
Q. Cerrado AND Vulnerability
R, Cerrado AND Glifosato

S.  Cerrado AND Public policies
U.  Cerrado AND Women

Brazil 134 33
Brazil 10 53
Brazil 3 8
Brazil 12 8
Brazil 212 91
Brazil 106 45
Brazil 83 40
Brazil 83 33
Brazil n 1
Brazil n 6
Brazil 10 13
Brazil 19 15
Brazil 7 4
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Table 2. Search results (2018 to 2024) using keywords appropriate to the SciELO and Virtual Health Library databases

Resultados das buscas - Intervalo (2018-2024)

Number of articles per database

Keywords Biblioteca Virtual em Satide SciELO
W.  Cerrado AND Water resources Brazil 18 9
Z.  Cerrado AND Water quality Brazil 21 21
Al  Cerrado AND Ecological restoration Brazil 27 13
Number of articles per database 867 393
Total number of articles 1,260

Source: Own elaboration.

Screening and selection of studies

The initial search yielded 1,791 records, dis-
tributed among the databases BVS (867),
PubMed (179), Redalyc (102), ScienceDirect
(150), SciELO (393), and Web of Science (100).
The entire screening process was carried out
on the Rayyan platform, which assisted in
identifying duplicates and applying inclusion
and exclusion criteria. After excluding 650
duplicates and 456 articles unrelated to the
themes, 685 remained. The articles selected for
analysis were exported to a spreadsheetin CSV
(Comma Separated Values) format, containing

abstracts, decisions, and observations made
by the team, allowing for the identification of
the main themes addressed and the construc-
tion of graphs that supported the analysis and
discussion of the results.

Results and discussion

Based on the analysis of the articles selected in
the eligibility phase, 478 studies were includ-
ed, dividing the themes based on a reading of
the full texts (graph I). In total, 6 main themes
and 14 sub-themes were generated.

Graph 1. Number of articles published according to their themes (between 2018 and 2024) on the subject of

sociobiodiversity in the Cerrado, environment and health in the databases BVS, PubMed, Redalyc, ScienceDirect, SciELO

and Web of Science
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* Water (23) /
* Atmosphere and Climate Change (20)

* Bioindicators (8)
* Microorganisms and Soil (32)

Source: Own elaboration.

« Biodiversity (125)
* Bioprospecting (44)
* Ecology (41)

m Ecological dynamics, biodiversity and bioprospecting

m Agribusiness and its impacts

= Socio-ecological technologies for climate and environmental resilience
Public health

Traditional communities

m Socioeconomic dimension and public policies
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The theme of ecological dynamics, biodi-
versity, and bioprospecting stands out due to
the large number of articles included, rep-
resenting 44% of the total; followed by the
themes of agribusiness and its impacts (31%)
and socio-ecological technologies for climate
and environmental resilience (14%). The other
themes did not present significant numbers of
articles: public health (6%), traditional com-
munities (3%), and socioeconomic dimensions
and public policies (2%). The themes will be
presented below, with emphasis on the main
aspects addressed in the articles.

Ecological dynamics, biodiversity and
bioprospecting

Recognized as one of the world’s biodiversity
hotspots and the second largest biome in the
country, present in 23.3% of the territory, the
Cerrado harbors a rich variety of endemic
species? and provides several ecosystem
services, such as climate regulation and the
hydrological cycle, which depend directly on
the conservation of its biodiversity”2. The 125
articles on biodiversity, 41 on ecology and 44
on bioprospecting highlight both the ecologi-
cal relevance of the biome and the impacts of
anthropic actions and the undervaluation of
traditional knowledge®-".

Some studies indicate that environmental
gradients and transition zones, such as ecotones
and riparian forests, play a fundamental role
in the composition and balance of biological
communities, as they harbor highly special-
ized plant and animal species whose survival
depends on factors such as seasonality, lumi-
nosity, and fire regimes'2'3. However, intensive
land use for agricultural production, the growth
of urban areas, among other factors, severely
impact biodiversity, resulting in habitat frag-
mentation, reducing the genetic connectivity
of native species such as pequi (Caryocar bra-
siliense)""14, compromising pollination services
of mites, ants, and bees>¢ and the diversity
of mammals and fish, in addition to altering
the ichthyofauna of streams, associated with
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fragmentation and water quality, aggravated
by agricultural practices in the surrounding
area'. Even after the abandonment of pastures
for more than a decade, the presence of exotic
grasses and soil compaction hinder the restora-
tion of native vegetation'®,

On the other hand, several Cerrado species
exhibit adaptive strategies, such as regrowth
after fires or the accumulation of bioactive
compounds in response to drought, charac-
teristics that have aroused interest in the field
of bioprospecting®. Several studies have inves-
tigated native Cerrado fruits, such as araticum
(Annona montana), pequi (Caryocar brasiliense),
cagaita (Eugenia dysenterica), baru (Dipteryx
alata), mangaba (Hancornia speciosa) and buriti
(Mauritia flexuosa), for their richness in pheno-
lic bioactive compounds, flavonoids and other
substances with anti-inflammatory, anticancer,
prebiotic and antimicrobial properties, with
the potential to prevent chronic diseases and
develop high value-added foods, cosmetics and
pharmaceuticals2%:21,

Essential oils and plant extracts from the
Cerrado have also proven effective as larvi-
cides, repellents, and antifungals, constitut-
ing sustainable alternatives for the control of
pests and vectors, such as Aedes aegypti, with
benefits to public health and agricultural sus-
tainability?223, Phytoremediation is identified
as a promising technique for the recovery of
contaminated soils and waters, with species
such as the lobeira (Solanum lycocarpum)
demonstrating potential for the removal of
heavy metals?425, In parallel, the microbial
biodiversity of the biome has been explored,
mainly endophytic fungi, for their ability to
produce secondary metabolites with applica-
tions in biocontrol, health, and bioenergy?26-28,

Bioprospecting emerges as a link between
traditional ecology and scientific knowledge,
promoting innovations based on biological and
cultural diversity. Species of the genus Solanum
exhibit therapeutic properties, and unconven-
tional vegetables grown by family farmers
demonstrate the potential of the Cerrado for
food security and sustainability2%:3°,



Rossi-Santos et al.3' observed that commu-
nities in southeastern Cerrado structure their
pharmacopoeia from native and exotic species,
highlighting the dynamism and adaptability
of traditional knowledge. Ribeiro Neto et al.32
point out that there is a disconnect between
popular uses and scientific experimentation
with medicinal plants, revealing that research
still neglects the preparation and application
methods used by local communities. Barbosa
et al.33identified 166 medicinal species in the
quilombola community of Cedro/GO, tradi-
tionally used in the production of phytothera-
peutic products, which represent the diversity
of local knowledge, as well as their cultural,
economic, and therapeutic relevance.

Socio-ecological technologies for
climate and environmental resilience

The so-called socio-ecological technologies
have demonstrated the capacity to regenerate
the environment, preserve socio-biodiversity
and promote the health and autonomy of rural
communities. The articles on agroecology (11),
fire management, fires and controlled burns
(44) and ecological restoration (11) reinforce
the fundamental role of these technologies in
mitigating climate change.

Agroecology has proven to be a deeply rooted
alternative in the knowledge and practices of
the peoples of the Cerrado. Among the studies
included in this theme, several analyze the con-
tribution of agro-extractive practices based on
the sustainable use of native fruits, medicinal
plants, and other resources of the territory,
to food security, income generation, and the
strengthening of the cultural identity of local
communities34-37, Research indicates that these
production systems, when well managed, are
efficient allies in carbon sequestration38:39,

The experience described by Siqueira et
al.49 presents the production of agroecologi-
cal seeds not only as a form of cultivation, but
also as a political affirmation of autonomy,
resistance, and belonging. The seed carries a
symbolic value that transcends its agronomic
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function, being the living memory of the
territory. This profound meaning connects
directly to ecological restoration practices
that involve the collection and dissemination
of native seeds by traditional communities.
Technologies such as biodegradable cap-
sules?! and direct seeding?? gain even more
strength when combined with the protagonism
of peoples who, historically, have been the
guardians of biodiversity.

Ecological restoration, in turn, goes far
beyond planting trees: it reactivates vital eco-
system cycles, such as nutrient cycling, water
balance, and soil regeneration, contributing
directly to human and environmental health.
Although studies show that areas undergoing
restoration exhibit significant improvements
in soil quality#344, the discrepancy between
the native species available in nurseries and
those that actually represent the diversity of
the Cerrado compromises the ecological ef-
fectiveness of the restoration?s.

Recent studies (33) show that fire is capable
of fulfilling fundamental ecological functions,
helping to maintain the diversity and balance
of savanna environments#6-48, Traditional
burning practices, carried out in a controlled
and seasonal manner, create mosaics in the
landscape that reduce the intensity and extent
of large-scale fires#%59, The criminalization
of these practices has disrupted sustainable
regimes and contributed to the increase in
uncontrolled fires5"52, Initiatives such as
Integrated Fire Management have been trying
to reverse this scenario, betting on solutions
built on science and local knowledge. Tools
such as early warning systems®? and strategic
mapping>4 have been added to these practices
with good results.

Studies on wildfires (11) show that their
impact on human health continues to be a
serious concern. In cities like Sinop/MT, the
increased concentration of air pollutants
resulting from fires is directly related to the
aggravation of respiratory and cardiovascu-
lar diseases®®. Studies estimate thousands of
deaths associated with pollution generated
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by wildfires5é. In addition, fire affects the
reproduction of various plant species57:58,
modifies the fauna®?, alters the soil micro-
biota¢?, causes water contamination®! and
favors erosive processes, especially in areas
with less vegetation covere2.

Traditional communities

In the context of traditional communities,
the scarcity of articles recorded (15) is note-
worthy, mainly concerning the environmental
damage caused by the expansion of agribusi-
ness in the region or the growing number of
complaints from social movements and civil
associations about violations of the rights
of Cerrado communities. Only two studies
address these consequences for the health of
the communities. Egger et al.¢3 characterize as
ecocide the process of environmental destruc-
tion and dispossession of traditional communi-
ties that has been occurring in the Cerrado,
given the occupation by agribusiness, which
they call a modern-colonial model with state
incentives. Among other impacts, the authors
highlight those caused by the intensive use of
pesticides, such as acute poisoning, congeni-
tal malformations, and childhood cancers. In
2018, the Cerrado concentrated 73.5% of the
total pesticides consumed in the country and
presented more cases of exogenous poison-
ing and childhood cancer compared to other
biomes. Other health conditions are related to
water insecurity and mental illness resulting
from the vulnerability generated by land loss
or restrictions on its use.

Rigotto et al.* follow the same critical direc-
tion regarding agribusiness. Based on research
with women from communities in Serra do
Centro (municipality of Campos Lindos/TO),
they investigate the impacts of soy farming on
the lives and health of these women, which
generate a sense of ‘unease’ regarding a set of
vulnerabilities and risks that did not previ-
ously exist. The authors warn of the need to
broaden the dialogue between public health
and agroecology as a strategy for the political
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and epistemic confrontation of the harmful
consequences of the extractive model for
health and well-being.

Queiroz and Maia%* report on the experi-
ence of the indigenous community Santuario
Sagrado dos Pajés, in Brasilia, during the
COVID-19 pandemic, and the strategies they
adopted to mitigate its negative effects, such
as intensifying communication and adapt-
ing rituals. Reis et al.85 conducted an ethno-
mycological study of the Karaja indigenous
people of Bananal Island, Tocantins (Cerrado-
Amazon transition), and highlighted the com-
munity’s knowledge of fungi and their use in
adornments and medicinal purposes, dem-
onstrating the importance of the relationship
between culture and the environment and its
preservation. Paim et al.¢é conducted a study
on popular ethnobotanical knowledge in the
Kalunga community regarding plants toxic to
livestock in the region.

Socioeconomic dimension and public
policies

The theme of socioeconomic dimension and
public policies was selected given the ten-
sions generated for sociobiodiversity as a
result of the dominant economic model in
the Cerrado, always mediated by politics.
Nine articles were analyzed, three of which
highlight the harmful consequences of the
prevailing economic model. Santos®” analyz-
es the relationship between soybean produc-
tion in the region of the states of Maranh4o,
Tocantins, Piaui and Bahia (Matopiba) and
land and income inequalities. By compar-
ing soybean-producing and non-producing
municipalities, he concluded that, in the
former, there was continued economic
growth, greater than in non-producing mu-
nicipalities, but without significant changes
in land and income concentration, maintain-
ing inequality. In non-producing munici-
palities, even those with smaller incomes
and areas, there was a decrease in land and
income inequality. Oliveira®® and Pires®?



trace the historical trajectory of conservative
development that encourages the economic
exploitation of the biome to the detriment of
its balance, with Pires analyzing the State’s
contribution to the expansion of soy in the
Matopiba region, whose particularity is the
appropriation of land by transnational com-
panies and investment funds, aligned with
the global phenomenon of the financializa-
tion of environmental assets. This form of
expansion and occupation has built strong
political interests that have restricted the
State’s own scope of action in environmental
policies for the biome.

The article by Perosa et al.’? analyzes the ap-
plication of Voluntary Sustainability Standards
(VSS) by companies in the Cerrado Mineiro
coffee region to identify whether they were
able to guarantee labor rights after the 2017
labor reform, which made several standards
more flexible. The authors conclude that,
despite the importance of VSS as a mechanism
of private governance, and their widespread
use in the region, they were not able to go
beyond the rules already provided for by law,
leaving workers exposed to the insecurities
of flexibility.

The article by Bachi and Carvalho-Ribeiro
defines sociobiodiversity as

the conjunction of sociocultural and biological
diversity associated with the collection and
pre-processing of native species, such as non-
timber forest products (NTFPs)71(0,

Based on spatially explicit modeling, the
authors identified suitable areas for combining
Community-Based Tourism (CBT) with the
sale of products managed by local traditional
communities, although they acknowledge that
markets for socio-biodiversity products lack
infrastructure and institutional support, noting
that the only commercially significant NTFP
in the Cerrado is the pequi fruit. This explains
the lower percentage held by the biome in
the 15 CBT initiatives analyzed (11%), with
only 7% located in municipalities with a high

Cerrado, sociobiodiversity and health: A bibliometric analysis

incidence of existing NTFPs in the Cerrado.

In the area of public policy, only two ar-
ticles were identified. Colman et al.”2 esti-
mated that losses of native vegetation in the
Cerrado, mainly on large private properties in
the Matopiba region, will reach 30.6 million
hectares by 2070. To reduce these losses, they
recommend that this segment be targeted by
policies to protect native vegetation. Trigueiro
et al.’® analyze the spatial variability between
Cerrado regions in relation to socioeconomic
and environmental factors and deforestation,
identifying different vectors for the increase
or decrease in different regions, postulating
that public policies aimed at preserving the
Cerrado should focus on spatial and regional
specificities. A similar contribution is pre-
sented by Sano et al.74, who carry out a review
of the biome’s ecoregions. Considering that
conventional agribusiness is not environmen-
tally sustainable, the authors propose defining
specific conservation and restoration targets
for each ecoregion based on indicative assess-
ments of the least and most threatened regions,
in order to achieve better results.

With the exception of two articles that
analyzed social inequalities and land conflicts
caused by the expansion of the agricultural
frontier in the Matopiba region, relevant
structural issues, such as the demarcation of
traditional territories and alternative means of
production to monoculture, were mentioned
superficially or not at all. The expansion of
soybean monoculture in Matopiba is used to
illustrate the change in the biome’s landscape
under the ‘pretext of development’, although
the authors found, in field research conducted
in 18 municipalities, changes in access to land
and water, as well as environmental degrada-
tion, without the promised counterpart of
inclusive development that would reduce
social inequalities?576,

Public health

In the public health theme (27 articles),
the works are mostly (14) about vectors
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and causative agents of endemic or emerg-
ing diseases in areas or states that make
up the Cerrado, marginally exploring the
environmental dynamics of ecosystems
and the theme of biodiversity. The articles
address the presence or distribution of
vectors of diseases such as spotted fever,
leishmaniasis, glanders, malaria, Chagas
disease, yellow fever, cryptosporidiosis and
giardiasis.

In the case of dengue, two articles associ-
ate the disease with environmental dynam-
ics. Fernandes et al.”” analyze dengue in
Mato Grosso and conclude that the increase
in incidence was influenced by factors such
as rainfall and deforestation, in addition to
characteristics of municipal health policy,
indicating areas where government action
could further the reduction of the disease.
Marinho et al.’8, in turn, analyzing environ-
mental changes in Tocantins, conclude that
deforestation and climate change exerted
a strong association with the increase in
infections by dengue, chikungunya and zika.

The ecological study by Brito et al.”? ex-
plores hospitalizations for neglected diseases
in Piaui and points to a temporal decrease
in hospitalization rates, but with clusters
where rates remain high, with the greatest
risks of hospitalization for elderly people,
brown people and residents of municipalities
with medium social vulnerability. Another
ecological analysis associates socioeconomic
conditions with the occurrence of snakebite
in Tocantins and points to the regions with
the highest riskss°.

Silva et al.8' conducted a broad study on
the risk of infection by cryptosporidiosis and
giardiasis and type of land use in Goias. The
conclusions highlight the relationship between
the presence of parasites and watersheds in
pasture areas or pastures with agriculture and
absence of forest, indicating a higher risk of
infection for the population residing in water-
sheds with a percentage of pastures above 50%,
and that animal excrement can be a source of
contamination in the Cerrado.
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Agribusiness and its impacts

The term agribusiness was coined in 1957 by
American economists John Davis and Ray
Goldberg of Harvard University to describe the
integrated system of production, processing,
and distribution of agricultural products. In
Brazil, it gained strength in the 1990s with
liberal policies and the so-called modern-
ization of agriculture, which connected the
agricultural sector to industrial production,
forming global production chains dominated
by large multinational corporations such as
Monsanto, Syngenta, Bunge, and Cargill, which
control everything from the supply of agricul-
tural inputs (fertilizers, machinery, genetically
modified seeds), through the industrial pro-
cessing of raw materials, to the distribution of
exports. From the 2000s onwards, agribusi-
ness consolidated became with the expansion
of agricultural commodities, which began to be
seen as financial assets, with trading on stock
exchanges and foreign investment. Since then,
the Brazilian Cerrado has faced increasing
threats caused by the accelerated replacement
of native vegetation with monocultures such
as soy, corn, and cotton, as well as pastures
and eucalyptus, compromising biodiversity,
human health, and the livelihoods of local
communities.

The Cerrado is the leader in absolute defor-
estation, with 653,000 hectares deforested in
2024, of which almost two-thirds show signs of
illegality. According to the ‘National Inventory
Report of Anthropogenic Emissions by Sources
and Removals by Sinks of Greenhouse Gases
in Brazil’ from the Ministry of Science,
Technology and Innovation®?, in 2022, 70%
of national emissions were generated by the
change in land use and forestry sectors and
by agriculture.

Since intensive agriculture is the main
driver of ecological transformation in the
biome, we have gathered in this section 18
articles on the topic of pesticides, 23 on water,
20 on atmosphere and climate change, 32 on
soil and microorganisms, 8 on bioindicators,



6 on livestock farming, 15 on agribusiness,
and 29 on agriculture, considering the in-
terconnection between the impacts of the
production model and the processes of en-
vironmental degradation, especially of the
soil and water resources.

In the topic of pesticides, the adverse
effects of the intensive application of
herbicides and insecticides on the native
biodiversity of the Cerrado are observed.
Species such as baru (Dipteryx alata)?3:84,
cagaiteira (Eugenia dysenterica)8® and sucu-
pira (Bowdichia virgilioides)®¢ showed high
sensitivity to substances such as glyphosate,
atrazine and nicosulfuron, even in reduced
doses, compromising their survival and
natural regeneration. In parallel, studies8%88
show the use of herbicides to control resis-
tant weeds, such as horseweed (Conyza spp.)
and sourgrass (Digitaria insularis), which
intensify the cycle of chemical dependence
without solving the agronomic problem.

Another important warning concerns the
toxicity of pesticides on non-target organ-
isms. The insecticide imidacloprid has dem-
onstrated lethal effects on earthworms and
soil springtails®?, pesticides have affected the
visitation of pollinating bees®® and genetic
alterations in birds, tiziu (Volatinia jacarina),
used as bioindicators of environmental con-
tamination on coffee farms®. In addition, the
phenomenon of aerial spray drift increases en-
vironmental risks by reaching adjacent areas®?
and the inadequate management of pesticide
packaging still represents a serious problem?3,

The theme of water reinforces the central
role of agriculture in water degradation.
Studies on intensive soybean irrigation point
to the need to improve irrigation management
through the use of technologies that consider
the sensitivity of crops to water deficit®495,
Hydrological modeling has proven fundamen-
tal for forecasting flows, planning water rights
and managing river basins; therefore, such
modeling allows us to simulate hydrologi-
cal behavior in the face of land use changes,
data scarcity, and climate variability®s°7. The
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replacement of native vegetation with pastures
and crops compacts the soil, reduces its poros-
ity and water retention capacity, exacerbating
erosion and surface runoff®s°°,

Water quality monitoring reveals significant
impacts of urban, industrial, and agricultural
origin. Analyses have identified changes in
quality parameters with the presence of heavy
metals, excess nutrients, emerging compounds,
and multi-resistant microorganisms that point
to increasing risks to human health and water
security’90-102, The results of the studies re-
inforce the need for preventive actions and
environmental control, especially in regions
where there is effluent discharge©? and/or
intensive land use04,

In the area of atmosphere and climate
change, the impacts of deforestation, wild-
fires, intensive use of fertilizers, and livestock
farming are alarming. The increase in wildfires
in the Cerrado has significantly increased the
concentrations of tropospheric ozone (03)195;
soil preparation, nitrogen fertilization, and
its agricultural use directly impact emissions
of nitrous oxide (N20) and carbon dioxide
(C02)106197; and the impacts of livestock
farming for beef production, show high levels
of methane (CH4) emissions°8,

Climate change also alters the distribu-
tion of native species, such as vernonia
(Lessingianthus)'°®, jaborandi (Pilocarpus
microphyllus)"° and jatoba (Hymenaea stigo-
nocarpa)M, which already show habitat loss
under future scenarios. Studies highlight the
relationship between deforestation combined
with the conversion of natural areas into
pastures and cropland with the reduction in
precipitation, leading to the intensification
of droughts"213, Research on climate model-
ing and land use projections employs future
scenarios to assess how rising temperatures
and changes in precipitation will influence
agricultural productivity, water availability
and the spatial distribution of crops"4115,

In the area of soil and microorganisms, the
cumulative effects of inadequate agricultural
management appear clearly. The reduction of
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organic matter, compaction, erosion and loss of
microbial biodiversity are direct consequences
of the conversion of the Cerrado into culti-
vated areas"61"7, Conversely, the application
of organic waste, such as composted sewage
sludge"®1° and the use of beneficial micro-
organisms from Trichoderma strains'?° have
proven to be viable alternatives for recovering
fertility and restoring the biological balance
of the soil.

The theme of bioindicators complements
this overview by highlighting how organisms
reflect levels of environmental degradation.
The presence of aquatic insects and fish
indicates the degree of integrity of streams
in agricultural areas'?"122, Bioaccumulative
native fruits reveal contamination by heavy
metals and the ecological response to land
use'?3, On the other hand, studies affirm that,
in agricultural and traditional areas, edaphic
macrofauna is an important bioindicator of en-
vironmental quality, and the results show that
conservation practices maintain or improve
levels of soil stability and biodiversity'24125,

The research gathered under the themes
of agribusiness, agriculture and livestock
farming reveals that changes in land use and
land cover affect freshwater ecosystems at
different spatial scales. The metacommunity
patterns found in 183 headwater stream sites
located in the Cerrado, covering a total area of
46,394 kmz, suggest that the most important
mechanism for community assemblage at the
local scale was environmental filtering and
that land-use change can restrict dispersal
at the regional scale'?¢, Understanding these
processes is crucial to achieving the conserva-
tion and restoration goals of biomes, with the
protection of the entire watershed being the
most efficient way to preserve the health of
streams and aquatic biodiversity, associated
with the promotion of integrative research
between terrestrial and aquatic ecology.

When analyzing the replacement of pas-
tures with agricultural areas, the conversion
of native vegetation into industrial areas
and rural constructions, in addition to the
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reduction in water availability and the growth
of areas with erosion, Alves et al.1?7 estimated
avertiginous increase in exposed soil area on
the order of 3,259.15% in the period from 1986
(7.81 ha) to 2016 (262.35 ha).

The conversion of native vegetation into
monocultures and pastures directly impacts
soil fertility, reducing nitrogen mineralization
and inorganic nitrogen stocks'28, in addition to
causing compaction, hindering root develop-
ment and nutrient absorption by plants'?®. In
recent decades, there has been a significant
increase in soil compaction in the Cerrado
due to intensification practices in short-cycle
crops and the growing use of machinery, even
under the no-till system?3°.

Because it is an essential component for
both soil health and addressing climate
change, the loss of organic carbon in the soil
is another critical problem. Although practices
such as no-till farming and the use of inte-
grated systems (crop-livestock-forestry) help
to recover some of this carbon, this recovery
depends on several factors, such as soil depth
and the type of management adopted™'.

With regard to water, it is well known that
the Grey Water Footprint (GWF) has been
increasing due to the intensive use of agro-
chemicals and agricultural expansion, bearing
in mind that Brazil has led the global con-
sumption of pesticides since 2008, according
to Bombardi cited by Santos and Naval®32, In
the period covered by the research, we found
only one article33, a pioneer in mapping the
temporal and spatial dynamics of the water
footprint of soybeans in the agricultural fron-
tier of the Cerrado in the North and Northeast
regions, from 1999 to 2018, which included the
quantification of the GWF of the herbicide
glyphosate according to the limit allowed by
the European Union. The result confirmed that
the expansion of high-tech soybean cultivation
has increased the water footprint. However,
since there is no continuous monitoring of
this indicator, it will be difficult to plan the
sustainable use of water. In addition, without
a reduction in agrochemicals, the scarcity of



water to dilute toxic residues will threaten
the viability of the crop.

Alarming data also indicate that 29% of
areas irrigated by center pivot systems suffer
severe erosion, with the formation of gullies
up to 1,200 meters deep, due to over-irrigation
on sloping terrain'4. On the other hand, the
occurrence of dry spells and irregular rainfall
harms non-irrigated production, requiring
conservation management that favors the
physical quality of the soil and more efficient
water consumption, so as not to aggravate the
water deficit’s,

Conclusions

The scarcity of publications in the period 2018-
2024 on the socio-biodiversity of the Cerrado
and its relationship with the environment and
human health can be attributed to a combina-
tion of factors: academic bias that prioritizes
other biomes (Amazon and Pantanal) and dis-
ciplinary fragmentation; lack of funding for
biodiversity research, including inventories of
species with the potential to leverage a socio-
biodiversity economy; difficulty in consider-
ing other development trajectories given the
dominant presence of agribusiness, encour-
aged by public policy stimuli; budget cuts that
compromise environmental monitoring and
enforcement; and a lack of public policies spe-
cifically aimed at the biome, aggravated by the
fact that the period studied was particularly
affected by the obscurantism sponsored by
the governments of Michel Temer and Jair
Bolsonaro, marked by negligence in the ap-
plication of environmental legislation, and
by the low production of studies by govern-
ment agencies (Ministry of the Environment
and Climate Change, Institute for Applied
Economic Research and Brazilian Institute
of Geography and Statistics). Not coinciden-
tally, the highest rates of deforestation in the
Cerrado were recorded during the terms
of these presidents (2016-2022), given the
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accelerated and largely illegal incorporation
of new lands for agricultural commodities and
cattle ranching.

In abiome destined to be a ‘sacrifice zone’,
there is a visible disinterest, almost contempt,
in utilizing the knowledge of traditional com-
munities. Similarly, studies addressing land
conflicts and the impacts of deforestation on
the daily lives of these communities, such
as limited access to water, education, and
basic health services, are rare. Furthermore,
without systematic research on the traditional
knowledge of indigenous and quilombola
communities, the understanding of manage-
ment and conservation practices is partial,
compromising the state’s capacity to develop
public policies aimed at the sustainable use
of socio-biodiversity, including native fruits,
oils, medicinal plants, and ethno/ecotourism.

Given this, the articulation between science,
technology, public policies, and traditional
knowledge is a necessary condition to address
socio-environmental impacts and promote
integrated strategies for the conservation and
sustainable use of Cerrado resources. Some
articles have documented the specific expres-
sions of traditional communities and their
role in preserving the biome, but have made
little progress in developing biodiversity-based
alternatives to address the impacts of the he-
gemonic model on the region. It is noteworthy,
for example, that there is a lack of research
that addresses health beyond diseases, but
that treats healthcare as a beneficiary of socio-
biodiversity. To this end, researchers must
seek interdisciplinarity and intersectorality,
although these practices are still rare in the
Brazilian scientific community.

Despite the methodological and empirical
advances observed in the studies analyzed,
scientific production on agroecology in the
Cerrado is still unequal in terms of geographic
coverage, interdisciplinary dialogue, and ar-
ticulation with local knowledge. In general,
academic work follows a technocratic logic,
without considering the sociocultural dimen-
sions associated with agroecological practices
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and structural issues such as land access, envi-
ronmental justice, and gender inequality. This
vast field of research has been covered by non-
governmental organizations working in the
Cerrado (the National Campaign in Defense
of the Cerrado, which brings together 56 enti-
ties), and by some academic niches located at
the Federal University of Goias, the University
of Brasilia, the Oswaldo Cruz Foundation,
among others. Therefore, the production of
the scientific field stricto sensu lacks a position
that values agroecology as a science and as a
political banner.

Despite the thematic diversity of the re-
search analyzed, approaches focused on de-
fending the biodiversity of the Cerrado are
scarce. Most articles avoid strong positions
on hegemonic land use models, treating en-
vironmental impacts as ‘side effects’ of the
production system, and not as reflections of
political and economic choices that margin-
alize traditional knowledge and ways of life.
When there are criticisms, they are directed
at ‘excesses’ in the use of pesticides or the ‘in-
adequacy’ of a particular cultivation method,
but not at the production model as a whole.

Meanwhile, the material basis for a socio-
biodiversity economy remains precarious, as
there is a lack of inventories of useful species,
laboratory experiments, and funding for pro-
duction chains. Even the potential economic
agents are unknown, such as the quilombola
communities that were included in the Census
for the first time in 2022. Furthermore, al-
though they are responsible for the interaction
of biological diversity with the local cultural
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practices that define socio-biodiversity, their
rights over the territories they occupy are not
fully guaranteed. Therefore, there is neither a
legal basis nor sufficient data to guide effective
public policies for this segment.

Without investment, products such as veg-
etable oils, native fruits, and herbal remedies
cannot compete on an equal footing with
agribusiness commodities. This asymmetry
is exacerbated by the climate emergency, as
it affects the very few areas that remain for
traditional communities, bearing in mind that,
for this segment, the territory is not only a
productive space, but, above all, a central
element of their identity. Furthermore, the
lack of support for these value chains both
perpetuates economic inequalities and jeop-
ardizes ancestral knowledge and sustainable
practices that could significantly contribute
to the socio-environmental resilience of the
Cerrado.

Authorship contributions

Oliveira RLS (0000-0001-9920-3251)*, Vinha
VG (0000-0001-6217-2471)* and Lobato
LVC (0000-0002-2646-9523)* contributed
to the conception and design of the work,
data collection, analysis and interpretation,
writing, revision and critical analysis, and
final approval of the manuscript. Lopes CEL
(0009-0004-7788-7284)* and Furtado MN
(0000-0001-7661-0815)* contributed to data
interpretation, writing and critical revision of
the manuscript. m


https://orcid.org/0000-0001-9920-3251
https://orcid.org/0000-0001-6217-2471
https://orcid.org/0000-0002-2646-9523
https://orcid.org/0009-0004-7788-7284
https://orcid.org/0000-0001-7661-0815

References

Instituto Brasileiro de Geografia e Estatistica. Bio-
mas e sistema costeiro-marinho do Brasil [Internet].
Rio de Janeiro: IBGE; [data desconhecida] [acesso em
2025 out 27]. Disponivel em: https://www.ibge.gov.
br/apps/biomas/pdf/Lim08_BiomSist.pdf

Ministério do Meio Ambiente (BR) [Internet]. Bra-
silia, DF: Gov.br; [data desconhecida]. Cerrado; 2022
jan 28 [atualizado em 2024 set 5; acesso em 2025 jun
27]. Disponivel em: https://www.gov.br/mma/pt-br/
assuntos/biodiversidade-e-biomas/biomas-e-ecos-

sistemas/biomas/cerrado

Cunha MM, Magalhées SB, Adams C, organizadores.
Povos tradicionais e biodiversidade no Brasil: contri-
buicdes dos povos indigenas, quilombolas e comuni-
dades tradicionais para a biodiversidade, politicas e
ameacas [Internet]. Sdo Paulo: SBPC; 2021 [acesso
em 2025 out 27]. 351 p. Disponivel em: http://portal.

sbpenet.org.br/livro/povostradicionais7.pdf

Rigotto RM, Santos VP, Costa AM. Territorios tradi-
cionais de vida e as zonas de sacrificio do agronegé-
ciono Cerrado. Satide Debate. 2022;46(Esp 2):13-27.
DOL: https://doi.org/10.1590/0103-11042022E201

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRIS-
MA 2020 statement: an updated guideline for repor-
ting systematic reviews. BM.J. 2021;372:71. DOI: ht-
tps://doi.org/10.1136/bmj.n71

Booth P, Chaperon SA, Kennell JS, et al. Entrepre-
neurship in island contexts: A systematic review of
the tourism and hospitality literature. Int J Hosp Ma-
nag. 2020;85:102438. DOLI: https://doi.org/10.1016/].
ijhm.2019.102438

Lima DS, Piscoya VC, Cunha Filho M, et al. Stocks of
elements in radicular biomasses in different covera-
ges in the cerrado of tocantins, Brazil. Rev Caatinga.
2023;36(1):124-34. DOL: https://doi.org/10.1590,/1983-
-21252023v36nl1l4rc

Maracahipes-Santos L, Santos JO, Reis SM, et

al. Temporal changes in species composition, di-

10.

11.

12.

13.

14.

15.

Cerrado, sociobiodiversity and health: A bibliometric analysis

versity, and woody vegetation structure of savan-
nas in the Cerrado-Amazon transition zone. Acta
Bot Bras. 2018;32(2):254-63. DOT: https://doi.
org/10.1590/0102-33062017abb0316

Souza-Oliveira AF, Zuquim G, Martins LF, et al. The
role of environmental gradients and microclimates
in structuring communities and functional groups of
lizards in a rainforest-savanna transition area. Peer
J. 2024;12:e16986. DOLI: https://doi.org/10.7717/pe-
erj.16986

Lima DS, Piscoya VC, Cunha Filho M, et al. Stocks of
elements in radicular biomasses in different covera-
ges in the cerrado of tocantins, Brazil. Rev Caatinga.
2023;36(1):124-34. DO https://doi.org/10.1590/1983-
-21252023v36nll4rc

Ragusa-Netto J. Syagrus flexuosa (Mart.) Becc. (Are-
caceae) seedling recruitment at the edge and interior
of Cerrado remnants. Braz J Biol. 2024;84:e259137.
DOI: https://doi.org/10.1590/1519-6984.259137

Silva GSD, Ferraro A, Ogando FIB, et al. Struc-
tures related to resprouting potential of two
Myrtaceae species from Cerrado: morpho-ana-
tomical and chemical studies. An Acad Bras Ci-
énc. 2020;92(1):e20180472. DOI: https://doi.
org/10.1590/0001-3765202020180472

Miranda VL, Koch EBA, Oliveira LS, et al. Seasonality
effect on ant (Hymenoptera: Formicidae) activity in
an ecotonal environment in the state of Piaui, Brazil.
Pap Avulsos Zool. 2022;62:€202262003. DOT: https://
doi.org/10.11606,/1807-0205/2022.62.003

Amaral TS, Santos JS, Rosa FF. et al. Agricultural lan-
dscape heterogeneity matter: Responses of neutral
genetic diversity and adaptive traits in a Neotropi-
cal Savanna Tree. Evol Popul Genet. 2020;11:606222.
DOL: https://doi.org/10.3389/fgene.2020.606222

Goldas CS, Podgaiski LR, Silva CVC, et al. Structural
resilience and high interaction dissimilarity of plant-

-pollinator interaction networks in fire-prone gras-

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, e10903, MAIO 2026

15/23


https://www.ibge.gov.br/apps/biomas/pdf/Lim08_BiomSist.pdf
https://www.ibge.gov.br/apps/biomas/pdf/Lim08_BiomSist.pdf
http://Gov.br
https://www.gov.br/mma/pt-br/assuntos/biodiversidade-e-biomas/biomas-e-ecossistemas/biomas/cerrado
https://www.gov.br/mma/pt-br/assuntos/biodiversidade-e-biomas/biomas-e-ecossistemas/biomas/cerrado
https://www.gov.br/mma/pt-br/assuntos/biodiversidade-e-biomas/biomas-e-ecossistemas/biomas/cerrado
http://portal.sbpcnet.org.br/livro/povostradicionais7.pdf.
http://portal.sbpcnet.org.br/livro/povostradicionais7.pdf.
https://doi.org/10.1590/0103-11042022E201
https://doi.org/10.1136/bmj.n71.
https://doi.org/10.1136/bmj.n71.
https://doi.org/10.1016/j.ijhm.2019.102438
https://doi.org/10.1016/j.ijhm.2019.102438
https://doi.org/10.1590/1983-21252023v36n114rc
https://doi.org/10.1590/1983-21252023v36n114rc
https://doi.org/10.1590/0102-33062017abb0316
https://doi.org/10.1590/0102-33062017abb0316
https://doi.org/10.7717/peerj.16986
https://doi.org/10.7717/peerj.16986
https://doi.org/10.1590/1983-21252023v36n114rc
https://doi.org/10.1590/1983-21252023v36n114rc
https://doi.org/10.1590/1519-6984.259137
https://doi.org/10.1590/0001-3765202020180472
https://doi.org/10.1590/0001-3765202020180472
https://doi.org/10.11606/1807-0205/2022.62.003
https://doi.org/10.11606/1807-0205/2022.62.003
https://doi.org/10.3389/fgene.2020.606222

Oliveira RLS, Lopes CEL, Furtado MN, Vinha VG, Lobato LVC

16/23

16.

17.

18.

19.

20.

21

22.

slands. Oecologia. 2022;198(1):179-92. DOI: https://
doi.org/10.1007/s00442-021-05071-x

Ramos DGS, Mascarenhas CS, Braga IA, et al. Pho-
retic mites (Rhinoseius spp.) in Apodiformes from
Cerrado and Pantanal Biomes in midwestern Bra-
zil. Braz J Biol. 2020;80(4):798-802. DOT: https://
doi.org/10.1590/1519-6984.220812

Oliveira ES, Guimaries EC, Brito PS, et al. Ichthyofau-
naof the Mata de Itamacaoca, an urban protected area
from the upper Munim River basin, Northern Brazi-
lian Cerrado. Biota Neotrop. 2020;20(4):20201116.
DOIL: https://doi.org/10.1590/1676-0611-BN-2020-1116

Silva TR, Rodrigues SB, Bringel JBA, et al. Fac-
tors affecting savanna and forest regeneration in
pastures across the cerrado. J Environ Manage.
2023;330:117185. DOT: https://doi.org/10.1016/j.jen-
vman.2022.117185

Machado R, Loram-Lourenco L, Farnese FS, et al.
Where do leaf water leaks come from? Trade-offs
underlying the variability in minimum conductan-
ce across tropical savanna species with contrasting
growth strategies. New Phytol. 2021;229(3):1415-30.
DOL: https://doi.org/10.1111/nph.16941

Arruda HS, Aratjo MVL, Junior MRM. Underex-
ploited Brazilian Cerrado fruits as sources of pheno-
lic compounds for diseases management: A review.
Food Chem Mol Sci. 2022;5:100148. DOI: https://doi.
org/10.1016/j.fochms.2022.100148

Campos NA, Cunha MSB, Arruda SF. Tucum-do-
-cerrado (Bactris setosa Mart.) modulates oxidati-
ve stress, inflammation, and apoptosis-related pro-
teins in rats treated with azoxymethane. PLoS One.
2018;13(11):¢0206670. DOT: https://doi.org/10.1371/
journal.pone.0206670

Martins SMA, Cavalcante KSB, Teles RM, et al. Che-
mical profiling of Dizygostemon riparius (Plantagina-
ceae) plant extracts and its application against larvae
of Aedes aegypti L. (diptera: culicidae). Acta Trop.
2023;237:106706. DOLI: https://doi.org/10.1016/j.ac-
tatropica.2022.106706

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

23.

24.

25.

26.

27.

28.

20.

30.

Silva RL, Mello TRB, Sousa JPB, et al. Brazilian Cer-
rado biome essential oils to control the arbovirus
vectors Aedes aegypti and Culex quinquefasciatus.
Ind Crops Prod. 2022;178:114568. DOI: https://doi.
org/10.1016/j.indcrop.2022.114568

Aratijo CST, Almeida ILS, Rezende HC, et al. Eluci-
dation of mechanism involved in adsorption of Pb(IT)
onto lobeira fruit (Solanum lycocarpum) using Lang-
muir, Freundlich and Temkin isotherms. Microchem
J. 2018;137:348-54. DOL https://doi.org/10.1016/].
microc.2017.11.009

Franca RSSSR, Miranda EEV, Paim GW. Potencial de
espécies arboreas nativas para fitorremediacéo sob
solos de cerrado: revisdo bibliografica. Rev Cerrados.
2023;21(1):377-398. DOLI: https://doi.org/10.46551/
rc24482692202315

Reis JBA, Vale HMM, Lorenzi AS. Insights into ta-
xonomic diversity and bioprospecting potential of
Cerrado endophytic fungi: a review exploring an
unique Brazilian biome and methodological limita-
tions. World J Microbiol Biotechnol. 2022;38:202.
DOTI: https://doi.org/10.1007/s11274-022-03386-2

Menezes FSR, Cruz GG, Lopes MO, et al. Evaluation
of endoglucanase and -glucosidase production by
bacteria and yeasts isolated from a eucalyptus plan-
tation in the cerrado of Minas Gerais. Rev Ambient
Agua. 2019;14(4):e2324. DOI: https://doi.org/10.4136/

ambi-agua.2324

Retore YT, Lucini F, Rial RC, et al. Antifungal activi-
ty of Caryocar brasiliense camb. Alone or along with
antifungal agents against multidrug-resistant Candi-
da auris. J Ethnopharmacol. 2024;330:118240. DOI:
https://doi.org/10.1016/j.jep.2024.118240

Botrel N, Freitas S, Fonseca MJO, et al. Valor nu-
tricional de hortali¢as folhosas ndo convencionais
cultivadas no Bioma Cerrado. Braz J Food Technol.
2020;23:¢2018174. DOL: https://doi.org/10.1590,/1981-
6723.17418

Silva Neto CM, Calaca FJS, Santos LAC, et al. Food

and nutritional potential of two mushrooms nati-


https://www.google.com/url?q=https://doi.org/10.1007/s00442-021-05071-x&sa=D&source=docs&ust=1753314539938993&usg=AOvVaw1EjR5UxabDdhq1TlOhcpES
https://www.google.com/url?q=https://doi.org/10.1007/s00442-021-05071-x&sa=D&source=docs&ust=1753314539938993&usg=AOvVaw1EjR5UxabDdhq1TlOhcpES
https://doi.org/10.1590/1519-6984.220812
https://doi.org/10.1590/1519-6984.220812
https://www.google.com/url?q=https://doi.org/10.1590/1676-0611-BN-2020-1116&sa=D&source=docs&ust=1753377981380221&usg=AOvVaw0nhi3g3dv8UImtD7B1sIv7
https://doi.org/10.1016/j.jenvman.2022.117185
https://doi.org/10.1016/j.jenvman.2022.117185
https://doi.org/10.1111/nph.16941
https://doi.org/10.1016/j.fochms.2022.100148
https://doi.org/10.1016/j.fochms.2022.100148
https://doi.org/10.1371/journal.pone.0206670
https://doi.org/10.1371/journal.pone.0206670
https://doi.org/10.1016/j.actatropica.2022.106706
https://doi.org/10.1016/j.actatropica.2022.106706
https://doi.org/10.1016/j.indcrop.2022.114568
https://doi.org/10.1016/j.indcrop.2022.114568
https://doi.org/10.1016/j.microc.2017.11.009.
https://doi.org/10.1016/j.microc.2017.11.009.
https://doi.org/10.46551/rc24482692202315
https://doi.org/10.46551/rc24482692202315
https://doi.org/10.1007/s11274-022-03386-2
https://doi.org/10.4136/ambi-agua.2324
https://doi.org/10.4136/ambi-agua.2324
https://doi.org/10.1016/j.jep.2024.118240.
https://doi.org/10.1590/1981-6723.17418
https://doi.org/10.1590/1981-6723.17418

31

32.

33.

34.

35.

36.

37.

ve species to the Brazilian savanna (Cerrado). Food
Sci Technol. 2022;42:e64422. DOI: https://doi.
org/10.1590/fst.64422

Rossi-Santos B, Jacintho JO, Milliken W, et al. The
role of exotic species in traditional pharmacopeias of
the Cerrado: A case study in Southeast Brazil. Econ
Bot. 2018;72:38-55. DOI: https://doi.org/10.1007/
§12231-018-9406-6

Ribeiro Neto JA, Pimenta Tardco BR, Batista dos
Santos H, et al. Using the plants of Brazilian Cerrado
for wound healing: From traditional use to scientific
approach. J Ethnopharmacol. 2020;260:112547. DOI:
https://doi.org/10.1016/j.jep.2020.112547

Barbosa KA, Souza LF, Silva FG, et al. Quilombo-
la ethnobotany: a case study in a community of sla-
ve descendants from the center of the Cerrado bio-
me. Res Soc Dev. 2020;9(8):e332985797. DOI: http://
dx.doi.org/10.33448/rsd-v9i8.5797

Ministério do Meio Ambiente (BR) [Internet]. Bra-
silia, DF: Gov.br; [data desconhecida]. Povos e Co-
munidades Tradicionais; [data desconhecida] [aces-
so em 2025 jun 27]. Disponivel em: https://www.
gov.br/mma/pt-br/assuntos/povos-e-comunida-

des-tradicionais

Campos RP, Bortolotto IM, Gomes RJB, et al. Pro-
dutos da Sociobiodiversidade: potencial do agroex-
trativismo sustentavel em Mato Grosso do Sul. Am-
bient Soc. 26. 2023;26:¢00843. DOI: http://dx.doi.
0rg/10.1590/1809-4422as0c0084r3vu2023L3A0

Moura OO, Santos ACP, Aratjo SR, et al. O mer-
cado municipal de Araguaina/TO como pro-
pulsor de alimentos do Cerrado. Rev Cerrados.
2020;18(1):44-62. DOL: https://doi.org/10.22238%
2Frc24482692202018014465

Mello NGR, Gulinck H, Broeck PV, et al. A Quali-
tative Analysis of Non-Timber Forest Products Ac-
tivities as a Strategy to Promote Sustainable Land
Use in the Brazilian Cerrado. Land Use Policy.
2023;132:106797. DOL: https://doi.org/10.1016/j.1an-
dusepol.2023.106797

38.

39.

40.

41.

42.

43.

44.

45.

Cerrado, sociobiodiversity and health: A bibliometric analysis

Zeferino LB, Filho JFL, Santos AC, et al. Simulation
of Changes in C and N Stocks with Land Use and Co-
ver in Amazon Forest-Cerrado Transition Environ-
ment. Geoderma. 2021;404:115388. DOTI: https://doi.
org/10.1016/j.geoderma.2021.115388

Martinelli GC, Schlindwein MM, Padovan MP, et
al. Environmental Performance of Agroforestry
Systems in the Cerrado Biome, Brazil. World Dev.
2019;122:339-48. DOLI: https://doi.org/10.1016 /jworl-
ddev.2019.06.003

Siqueira DL, Ferreira GHC. Producéo de sementes
de hortalicas agroecolodgicas: o caso da bionatur nas
areas de assentamentos do MST no norte de Mi-
nas Gerais. Geopauta. 2019;2:111. DOI: https://doi.
0rg/10.22481/rgv3i2.5641

Lopes K, Machado DL, Silva NM, et al. Biodegra-
dable Capsules May Increase the Seed Germina-
tion of Forest Species from the Cerrado. Cienc
Rural. 2025;55(1):€20220664. DOI: https://doi.
org/10.1590/0103-8478cr20220664

Wiederhecker A, Ferreira MC, Rodrigues SB, et al.
Ten Years of Directing Seeding Restoration in the
Brazilian Savanna: Lessons Learned and the Way
Forward. J. Environ Manage. 2024;365:121576. DOI:
https://doi.org/10.1016/j.jenvman.2024.121576

Novak E, Carvalho LA, Santiago EF, et al. Changes in
the soil structure and organic matter dynamics under
different plant covers. Cerne. 2019;25:230-39. DOIL:
https://doi.org/10.1590%2F01047760201925022618

Boni ST, Pereira EIP, Santos AA, et al. Biomass Resi-
dues Improve Soil Chemical and Biological Properties
Reestablishing Native Species in an Exposed Subsoil
in Brazilian Cerrado. Plos One. 2022;17(6):e0270215.
DOI: https://doi.org/10.1371/journal.pone.0270215

Gomes WB, Corréa RS, Balduino APC. Richness of
Cerrado Woody Species Engaged in Ecological Res-
toration in the Brazilian Federal District. Floresta
Ambient. 2020;27(4):220190017. DOL: https://doi.
org/10.1590/2179-8087.001718

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

17/23


https://doi.org/10.1590/fst.64422
https://doi.org/10.1590/fst.64422
https://doi.org/10.1007/s12231-018-9406-6
https://doi.org/10.1007/s12231-018-9406-6
https://doi.org/10.1016/j.jep.2020.112547
http://dx.doi.org/10.33448/rsd-v9i8.5797
http://dx.doi.org/10.33448/rsd-v9i8.5797
http://Gov.br
https://www.gov.br/mma/pt-br/assuntos/povos-e-comunidades-tradicionais
https://www.gov.br/mma/pt-br/assuntos/povos-e-comunidades-tradicionais
https://www.gov.br/mma/pt-br/assuntos/povos-e-comunidades-tradicionais
http://dx.doi.org/10.1590/1809-4422asoc0084r3vu2023L3AO
http://dx.doi.org/10.1590/1809-4422asoc0084r3vu2023L3AO
https://doi.org/10.22238%2Frc24482692202018014465.
https://doi.org/10.22238%2Frc24482692202018014465.
https://doi.org/10.1016/j.landusepol.2023.106797.
https://doi.org/10.1016/j.landusepol.2023.106797.
https://doi.org/10.1016/j.geoderma.2021.115388.
https://doi.org/10.1016/j.geoderma.2021.115388.
https://doi.org/10.1016/j.worlddev.2019.06.003.
https://doi.org/10.1016/j.worlddev.2019.06.003.
https://doi.org/10.22481/rg.v3i2.5641.
https://doi.org/10.22481/rg.v3i2.5641.
https://doi.org/10.1590/0103-8478cr20220664
https://doi.org/10.1590/0103-8478cr20220664
https://doi.org/10.1016/j.jenvman.2024.121576.
https://doi.org/10.1590%2F01047760201925022618.
https://doi.org/10.1371/journal.pone.0270215.
https://doi.org/10.1590/2179-8087.001718
https://doi.org/10.1590/2179-8087.001718

Oliveira RLS, Lopes CEL, Furtado MN, Vinha VG, Lobato LVC

18/23

46.

47.

48.

49.

50.

51.

52.

53.

54.

Jesus JB, Rosa CN, Barreto IDC, et al. Analise da in-
cidéncia temporal, espacial e de tendéncia de fogo
nos biomas e unidades de conservacéo do Brasil.
Ciénc Florest. 2020;30(1):176-91. DOI: https://doi.
org/10.5902,/1980509837696

Silva PS, Nogueira J, Rodrigues JA, et al. Putting
Fire on the Map of Brazilian Savanna Ecoregions. J
Environ Manage. 2021;296:113098. DOT: https://doi.
org/10.1016/j.jenvman.2021.113098

Batista EKL, Russell-Smith J, Franca H, et al. An Eva-
luation of Contemporary Savanna Fire Regimes in the
Canastra National Park, Brazil: Outcomes of Fire Sup-
pression Policies. J Environ Manage. 2018;205:40-49.
DOL: https://doi.org/10.1016/j.jenvman.2017.09.053

Eloy L, Schmidt IB, Borges SL, et al. Seasonal fire
management by traditional cattle ranchers prevents
the spread of wildfire in the Brazilian Cerrado. Am-
bio. 2019;48(8):890-99. DOL: https://doi.org/10.1007/
$13280-018-1118-8

Schmidt IB, Eloy L. Fire regime in the Brazilian Sa-
vanna: Recent changes, policy and management. Flo-
ra. 2020;268:151613. DOI: https://doi.org/10.1016/].
flora.2020.151613

Moura LC, Scariot AO, Schmidt IB, et al. The legacy
of colonial fire management policies on traditional
livelihoods and ecological sustainability in savan-
nas: Impacts, consequences, new directions. J Envi-
ron Manage. 2019;15;232:600-606. DOI: https://doi.
org/10.1016/j.jenvman.2018.11.057

Baildo AS. Histérias do fogo e das transformacdes de
paisagens no brasil central para naturalistas estran-
geiros no século XIX. Estud Hist. 2023;36(80):370-
91. DOL https://doi.org/10.1590/52178-149420230302

Oliveira U, Filho BS, Rodrigues H, et al. A near real-
-time web-system for predicting fire spread across
the Cerrado biome. Sci Rep. 2023;13(1):4829. DOI:
https://doi.org/10.1038/s41598-023-30560-9

Moreira PAG, Mendes TA, Santos DF. Avaliacdo de

locais potenciais para instala¢éo de torres de obser-

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

55.

56.

57.

58.

59.

60.

6l.

62.

vacdo para prevencdo de risco de incéndios flores-
tais. Ciénc Florest. 2020;30(4):1266-82. DOI: https://
doi.org/10.5902/1980509839686

Jaffe DA, O‘Neill SM, Larkin NK, et al. Wildfi-
re and prescribed burning impacts on air quality
in the United States. J Air Waste Manag Assoc.
2020;70(6):583-615. DOI: https://doi.org/10.1016/j.
apr.2023.102033

Cobelo I, Castelhano FJ, Borge R, et al. The Impact
of Wildfires on Air Pollution and Health across
Land Use Categories in Brazil over a 16-Year Pe-
riod. Environ Res. 2023;224:115522. DOI: https://
doi.org/10.1016 /j.envres.2023.115522

Sousa DG, Cunha HF. Effect of fire on flowe-
ring and fruiting of anacardium humile (ana-
cardiaceae) in cerrado stricto sensu. Rev Ar-
vore. 2018;42(6):€420605. DOI: https://doi.
0rg/10.1590/1806-90882018000600005

Sato MN, Musso C, Miranda HS. Fire induced Da-
mage to Qualea Multiflora Mart. Seeds Depends on
Fruit Protection and the Position in the Tree Cro-
wn. Plant Biol (Stuttg). 2018;20(6):1036-1041. DOI:
https://doi.org/10.1111%2Fplb.12886

Rosa TF, Camarota F, Zuanon LA, et al. The effects of
high-severity fires on the arboreal ant community of a
Neotropical savanna. Oecologia. 2021;196(4):951-961.
DOTI: https://doi.org/10.1007%2Fs00442-021-04922-x

Belmok A, Rodrigues-Oliveira T, Lopes FAC,
et al. Long-term effects of periodical fires on ar-
chaeal communities from Brazilian Cerrado
Soils. Archaea. 2019;27;6957210. DOI: https://doi.
org/10.1155/2019/6957210

Oliveira-Filho EC, Brito DQ, Dias ZMB, el at. Effects
of ashes from a Brazilian savanna wildfire on water,
soil and biota: An ecotoxicological approach. Sci To-
tal Environ. 2018;618(15):101-111. DOI: https://doi.
org/10.1016/j.scitotenv.2017.11.051

Costa MP, Schoeneboom JC, Oliveira SA, et al. A So-

cio-eco-efficiency analysis of integrated and non-


https://doi.org/10.5902/1980509837696
https://doi.org/10.5902/1980509837696
https://doi.org/10.1016/j.jenvman.2021.113098.
https://doi.org/10.1016/j.jenvman.2021.113098.
https://doi.org/10.1016/j.jenvman.2017.09.053.
https://doi.org/10.1007/s13280-018-1118-8
https://doi.org/10.1007/s13280-018-1118-8
https://doi.org/10.1016/j.flora.2020.151613.
https://doi.org/10.1016/j.flora.2020.151613.
https://doi.org/10.1016/j.jenvman.2018.11.057.
https://doi.org/10.1016/j.jenvman.2018.11.057.
https://doi.org/10.1590/S2178-149420230302
https://doi.org/10.1038/s41598-023-30560-9.
https://doi.org/10.5902/1980509839686
https://doi.org/10.5902/1980509839686
https://doi.org/10.1016/j.apr.2023.102033.
https://doi.org/10.1016/j.apr.2023.102033.
https://doi.org/10.1016/j.envres.2023.115522.
https://doi.org/10.1016/j.envres.2023.115522.
https://doi.org/10.1590/1806-90882018000600005
https://doi.org/10.1590/1806-90882018000600005
https://doi.org/10.1111%2Fplb.12886.
https://doi.org/10.1007%2Fs00442-021-04922-x.
https://doi.org/10.1155/2019/6957210.
https://doi.org/10.1155/2019/6957210.
https://doi.org/10.1016/j.scitotenv.2017.11.051.
https://doi.org/10.1016/j.scitotenv.2017.11.051.

63.

64.

65.

66.

67.

68.

69.

70.

-integrated crop-livestock-forestry systems in the
Brazilian Cerrado Based on LCA. J Clean. Prod.
2018;171:1460-71. DOT: https://doi.org/10.1016/j.jcle-
pro.2017.10.063

Egger DS, Rigotto RM, Lima FANS, et al. Ecocidio
nos Cerrados: agronegocio, espoliacdo das aguas e
contaminacio por agrotoxicos. Desenvolv. Meio Am-
biente. 2021;57:16-54. DOL: https://doi.org/10.5380/
dmawv57i0.7621

Queiroz P, Maia B. Territério usado, saide indige-
na e Covid-19 no Brasil. PatryTer. 2021;4(8):60-79.
DOI: https://doi.org/10.26512 /patryterv4i8.35493

Reis MJ, Leonardo-Silva L, Xavier-Santos S. The
ethnomycological knowledge of Karaja indigenous
people from Bananal Island, Brazil. PLoS One.
2024;19(10):€0311716. DOL: https://doi.org/10.1371/
journal.pone.0311716

Paim RCS, Paula LGF, Soares DM. Toxic plants
from the perspective of a “Quilombola” commu-
nity in the Cerrado region of Brazil. Toxicon.
2023;224:107028. DOI: https://doi.org/10.1016/].
toxicon.2023.107028

Santos JFS. Producio de soja, desigualdades no
campo e mudancas climaticas na regio do Matopi-
ba. DRd-Revista. 2020;10:535-61. DOI: https://doi.
org/10.24302/drdv10i0.2703

Oliveira EM. O significado do processo de moder-
nizacflo agricola e os impactos ambientais em are-
as de cerrado. Rev Cerrados. 2018;16(1):40-58. DOI:
https://doi.org/10.22238/rc24482692201816014058

Pires MO. ‘Cerrado’, old and new agricultural fron-
tiers. Bras Political Sci Rev. 2020;14(3):e0004. DOI:
https://doi.org/10.1590,/1981-3821202000030006

Perosa BB, Saes MSM, Jesus CM. Between law and
voluntary sustainability standards: a case study of the
labor conditions in Brazilian coffee production. Rev
Econ Sociol Rural. 2024;62(3):e275418. DOL: https://
doi.org/10.1590/1806-9479.2023.275418

71.

72.

73.

74.

75.

76.

77.

78.

Cerrado, sociobiodiversity and health: A bibliometric analysis

Bachi L, Carvalho-Ribeiro S. Markets for Non-Tim-
ber Forest Products (NTFPs): The Role of Commu-
nity-Based Tourism (CBT) in Enhancing Brazil’s So-
ciobiodiversity. Forests. 2023;14(2):298. DOI: https://
doi.org/10.3390/14020298

Colman CB, Guerra A, Almagro A. et al. Modeling
the Brazilian Cerrado land use change highlights the
need to account for private property sizes for biodi-
versity conservation. Sci Rep. 2024;14:4559. DOI: ht-
tps://doi.org/10.1038/s41598-024-55207-1

Trigueiro WR, Nabout JC, Tessarolo G. Uncove-
ring the spatial variability of recent deforestation
drivers in the Brazilian Cerrado. J Environ Mana-
ge. 2020;275:111243. DOI: https://doi.org/10.1016/j.
jenvman.2020.111243

Sano EE, Rodrigues AA, Martins ES, et al. Cer-
rado ecoregions: A spatial framework to assess
and prioritize Brazilian Savanna environmental
diversity for conservation. J Environ Manage.
2019;232:818-828. DOLI: https://doi.org/10.1016/].
jenvman.2018.11.108

Lopes GR, Lima MGB, Reis TNP. Maldevelopment
revisited: Inclusiveness and social impacts of soy ex-
pansion over Brazil’s Cerrado in Matopiba. World
Dev. 2021;139:105316. DOLI: https://doi.org/10.1016/].
worlddev.2020.105316

Nepomoceno TAR, Carniatto I. A nova fronteira
agricola do Brasil: um ensaio tedrico sobre a insus-
tentabilidade na regido do Matopiba. Rev Cerrados.
2022;20(1):2448-692. DOL: https://doi.org/10.46551/
rc24482692202205

Fernandes KAP, Almeida Filho AR, Moura Alves TV,
etal. A tale of 141 municipalities: the spatial distribu-
tion of dengue in Mato Grosso, Brazil. Trans R Soc
Trop Med Hyg. 2023;117(10):751-759. DOI: https://
doi.org/10.1093/trstmh/trad062

Marinho RSS, Duro RLS, Mota MTO, et al. Envi-
ronmental Changes and the Impact on the Human
Infections by Dengue, Chikungunya and Zika Vi-
ruses in Northern Brazil, 2010-2019. J Environ Res

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, 610903, MAIO 2026

19/23


https://doi.org/10.1016/j.jclepro.2017.10.063.
https://doi.org/10.1016/j.jclepro.2017.10.063.
https://doi.org/10.5380/dma.v57i0.76212
https://doi.org/10.5380/dma.v57i0.76212
https://doi.org/10.26512/patryter.v4i8.35493.
https://doi.org/10.1371/journal.pone.0311716.
https://doi.org/10.1371/journal.pone.0311716.
https://doi.org/10.1016/j.toxicon.2023.107028
https://doi.org/10.1016/j.toxicon.2023.107028
https://doi.org/10.24302/drd.v10i0.2703
https://doi.org/10.24302/drd.v10i0.2703
https://doi.org/10.22238/rc24482692201816014058.
https://doi.org/10.1590/1981-3821202000030006
https://doi.org/10.1590/1806-9479.2023.275418.
https://doi.org/10.1590/1806-9479.2023.275418.
https://doi.org/10.3390/f14020298.
https://doi.org/10.3390/f14020298.
https://doi.org/10.1038/s41598-024-55207-1.
https://doi.org/10.1038/s41598-024-55207-1.
https://doi.org/10.1016/j.jenvman.2020.111243
https://doi.org/10.1016/j.jenvman.2020.111243
https://doi.org/10.1016/j.jenvman.2018.11.108.
https://doi.org/10.1016/j.jenvman.2018.11.108.
https://doi.org/10.1016/j.worlddev.2020.105316.
https://doi.org/10.1016/j.worlddev.2020.105316.
https://doi.org/10.46551/rc24482692202205
https://doi.org/10.46551/rc24482692202205
https://doi.org/10.1093/trstmh/trad062.
https://doi.org/10.1093/trstmh/trad062.

Oliveira RLS, Lopes CEL, Furtado MN, Vinha VG, Lobato LVC

20/23

79.

80.

81

82.

83.

84.

85.

Public Health. 2022;19(19):12665 DOI: https://doi.
0rg/10.3390/ijerph191912665

Brito SPS, Lima MS, Ferreira AF, et al. Hospita-
lizacdes por doencas tropicais negligenciadas no
Piaui, Nordeste do Brasil: custos, tendéncias tem-
porais e padrdes espaciais, 2001-2018. Cad Satde
Publica. 2022;38(8):€00281021. DOI: https://doi.
org/10.1590/0102-311XPT281021

Feitosa SB, Mise YF, Mota ELA. Ofidismo no To-
cantins: anélise ecoldgica de determinantes e are-
as de risco, 2007-2015. Epidemiol Serv Saude.
2020;29(4):2020033. DOI: https://doi.org/10.5123/
S$1679-49742020000400016

Silva DP, Bezerra NR, Basso RE, et al. Health risks
in a Brazilian Cerrado population due to pathogens
transmitted through water and land use conditions.
Water. 2023;15(1):158. DOI: https://doi.org/10.3390/
w15010158

Ministério da Ciéncia, Tecnologia e Inovacdes (BR).
Relatorio do Inventério Nacional das Emissdes An-
tropicas por Fontes e das Remogdes por Sumidou-
ros de Gases de Efeito Estufa do Brasil (NIR 2024)
[Internet]. Brasilia, DF: Ministério da Ciéncia, Tec-
nologia e Inovagdes; 2024 [acesso em 2025 jul 25].
Disponivel em: https://www.gov.br/mcti/pt-br/
acompanhe-o-mcti/sirene/publicacoes/relatorios-
-bienais-de-transparencia-btrs/Relatorio_deInven-

tario_NacionalNIR_2024_PORT.pdf

Bernardes AMA, Moura TM, Alves EM, et al. To-
lerance of cerrado baru tree (Dipteryx alata) sub-
mitted to different doses of glyphosate. Rev Ceres.
2022;69(4):470-5. DOLI: https://doi.org/10.1590/0034-
-737X202269040012

Silva FB, Costa AC, Miiller C, et al. Dipteryx ala-
ta, a tree native to the Brazilian Cerrado, is sensi-
tive to the herbicide nicosulfuron. Ecotoxicology.
2020;29(2):217-225. DOI: https://doi.org/10.1007/
$10646-019-02154-7

Azevedo LPN, Rocha TB, Gongalves FB, et al. Physio-

logical and anatomical responses of Eugenia dysente-

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

86.

87.

88.

89.

90.

91.

92.

93.

rica to glyphosate. Rodriguésia. 2023;74:€01172022.
DOTI: https://doi.org/10.1590/2175-7860202374036

Oliveira APA, Crispim Filho AJ, Santos VRS, et al.
Physiological and morphoanatomic responses of
Bowdichia virgilioides kunth. (fabaceae) to glypho-
sate. Rev Arvore. 2021;45:¢4528. DOT: https://doi.
0rg/10.1590/1806-908820210000028

Correia NM. Interference of glyphosate-resis-
tant conyza sumatrensis in soybean crops in Cen-
tral Brazil. Adv Weed Sci. 2023;41:¢020230071.
DOI: https://doi.org/10.51694/AdvWeedS-
¢i/2023;41:00018

Correia NM, Rampazzo PE, Aradjo LS, et al. Sen-
sitivity of Digitaria insularis to herbicides in agri-
cultural areas, in the Brazilian Cerrado biome.
Pesq Agropec Bras. 2020;55:¢01570. DOI: https://
doi.org/10.1590/S1678-3921.pab2020.v55.01570

Bernardino MM, Alves PRL, Santo FB, et al. Eco-
toxicity of imidacloprid to soil invertebrates in
two tropical soils with contrasting texture. Envi-
ron Sci Pollut Res. 2021;28:27655-27665. DOI: ht-
tps://doi.org/10.1007/511356-021-12562-0

Tschoeke PH, Oliveira EE, Dalcin MS, et al. Bo-
tanical and synthetic pesticides alter the flower
visitation rates of pollinator bees in Neotropical
melon fields. Environ Pollut. 2019;251:591-599.
DOI: https://doi.org/10.1016/j.envpol.2019.04.133

Souto HN, Campos Junior EO, Campos CF, et al.
Biomonitoring birds: the use of a micronuclei test
as a tool to assess environmental pollutants on co-
ffee farms in southeast Brazil. Environ Sci Pollut
Res Int. 2018;25(24):24084-92. DOI: https://doi.
org/10.1007/s11356-018-2466-4

Baio FHR, Antuniassi UR, Castilho BR, et al. Fac-
tors affecting aerial spray drift in the Brazilian Cer-
rado. PLoS One. 2019;14(2):0212289. DOT: https://
doi.org/10.1371/journal.pone.0212289

Rodrigues MA, Lopes JB, Silva EA. Management of

agricultural pesticide packaging in the Piaui Cerra-


https://doi.org/10.3390/ijerph191912665.
https://doi.org/10.3390/ijerph191912665.
https://doi.org/10.1590/0102-311XPT281021
https://doi.org/10.1590/0102-311XPT281021
https://doi.org/10.5123/S1679-49742020000400016.
https://doi.org/10.5123/S1679-49742020000400016.
https://doi.org/10.3390/w15010158.
https://doi.org/10.3390/w15010158.
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/relatorios-bienais-de-transparencia-btrs/Relatorio_deInventario_NacionalNIR_2024_PORT.pdf
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/relatorios-bienais-de-transparencia-btrs/Relatorio_deInventario_NacionalNIR_2024_PORT.pdf
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/relatorios-bienais-de-transparencia-btrs/Relatorio_deInventario_NacionalNIR_2024_PORT.pdf
https://www.gov.br/mcti/pt-br/acompanhe-o-mcti/sirene/publicacoes/relatorios-bienais-de-transparencia-btrs/Relatorio_deInventario_NacionalNIR_2024_PORT.pdf
https://doi.org/10.1590/0034-737X202269040012
https://doi.org/10.1590/0034-737X202269040012
https://doi.org/10.1007/s10646-019-02154-7
https://doi.org/10.1007/s10646-019-02154-7
https://doi.org/10.1590/2175-7860202374036
https://doi.org/10.1590/1806-908820210000028.
https://doi.org/10.1590/1806-908820210000028.
https://doi.org/10.51694/AdvWeedSci/2023;41:00018.
https://doi.org/10.51694/AdvWeedSci/2023;41:00018.
https://doi.org/10.1590/S1678-3921.pab2020.v55.01570
https://doi.org/10.1590/S1678-3921.pab2020.v55.01570
https://doi.org/10.1007/s11356-021-12562-0
https://doi.org/10.1007/s11356-021-12562-0
https://doi.org/10.1016/j.envpol.2019.04.133
https://doi.org/10.1007/s11356-018-2466-4
https://doi.org/10.1007/s11356-018-2466-4
https://doi.org/10.1371/journal.pone.0212289
https://doi.org/10.1371/journal.pone.0212289

94.

95.

96.

97.

98.

99.

100.

101.

do. Ambient Soc. 2021;24:e00711. DOI: https://doi.
0rg/10.1590,/1809-4422as0c20200071r1vu2021L4A0

Farias DBS, Rodrigues LN, Aleman CC, et al. Esti-
mation of soybean crop water deficit sensitivity in-
dex. Sci Agric. 2024;81:¢20230103. DOL: https://doi.
org/10.1590/1678-992X-2023-0103

Alves EDS, Rodrigues LN, Cunha FF, et. al. Evaluation
of models to estimate the actual evapotranspiration of
soybean crop subjected to different water deficit con-
ditions. An Acad Bras Ciénc. 2021;93(4):e20201801.
DOL https://doi.org/10.1590/0001-3765202120201801

Rodrigues JAM, Andrade ACO, Viola MR, et al.
Hydrological modeling in a basin of the Brazilian
Cerrado biome. Rev Ambient Agua. 2021;16(1):e2639.
DOI: https://doi.org/10.4136 /ambi-agua.2639

Oliveira AKM, Piraja RV. Anélise multitemporal da
cobertura vegetal na Bacia Hidrografica do Corre-
go Ceroula, Mato Grosso do Sul. Intera¢des (Cam-
po Grande). 2022;23(4):997-1011. DOT: https://doi.
org/10.20435/interv23i4.3023

Barbosa LR, Oliveira FP, Souza HA, et al. Physical-
-hydraulic properties of an ultisol under no-tilla-
ge and crop-livestock integration in the cerrado.
Rev Caatinga. 2022;35(2):460-9. DOI: https://doi.
0rg/10.1590/1983-21252022v35n221rc

Confessor JG, Silva LL, Aratijo PMS. Avaliacio das
perdas de agua e solo em pastagem inserida em am-
biente de Cerrado brasileiro sob chuva simulada. Soc
Nat. 2022;34:e65618. DOI: https://doi.org/10.14393/
SN-v34-2022-65618

Figueiredo, HP, Figueiredo CRP, Barros JHS, et al.
Water quality in an urban environmental protection
area in the Cerrado Biome, Brazil. Environ Monit
Assess. 2019;191:117. DOTI: https://doi.org/10.1007/
s10661-019-7194-9

Acioly TMS, Silva MF, Barbosa LA, et al. Levels of
potentially toxic and essential elements in water and
estimation of human health risks in a river located at

the interface of Brazilian Savanna and Amazon Bio-

102.

103.

104.

105.

106.

107.

108.

Cerrado, sociobiodiversity and health: A bibliometric analysis

mes (Tocantins River). Toxics. 2024;12:444. DOI: ht-
tps://doi.org/10.3390/toxics12070444

Santos IR, Silva INM, Oliveira Neto JR, et al. The pre-
sence of antibiotics and multidrug-resistant Staphylo-
coccus aureus reservoir in a low-order stream spring
in central Brazil. Braz J Microbiol. 2023;54:997-1007.
DOL: https://doi.org/10.1007/s42770-023-00973-9

Santos IR, Silva INM, Cotrim CFC, et al. Spring wa-
ter quality monitoring using multiple bioindicators
from multiple collection sites. J Toxicol Environ He-
alth A. 2023;86(19):707-19. DOL: https://doi.org/10.1
080,/15287394.2023.2246507

Monteiro LC, Vieira LCG, Bernardi JVE, et al. Eco-
logical risk of mercury in bottom sediments and spa-
tial correlation with land use in Neotropical savan-
na floodplain lakes, Araguaia River, Central Brazil.
Environ Res. 2023;238(Pt 2):117231. DOI: https://doi.
org/10.1016 /j.envres.2023.117231

Pope RJ, Arnold SR, Chipperfield MP, et al. Substan-
tial increases in Eastern Amazon and Cerrado Bio-
mass burning sourced tropospheric ozone. Geophys
Res Lett. 2019;47:¢2019GL084143. DOI: https://doi.
org/10.1029/2019GL084143

Campanha MM, Oliveira AD, Marriel IE, et al. Effect
of soil tillage and N fertilization on N20 mitigation
in maize in the Brazilian Cerrado. Sci Total Environ.
2019;692:1165-74. DOI: https://doi.org/10.1016 /j.sci-
totenv.2019.07.315

Espindola SP, Bobu ska L, Ferreira A de S. Impact
of nitrogen additions on soil microbial respiration
and temperature sensitivity in native and agricul-
tural ecosystems in the Brazilian Cerrado. Journal
of Thermal Biology. 2018;75:120-7. DOI: https://doi.
org/10.1016/j.jtherbio.2018.06.005

Dick M, Silva MA, Silva RRF, et al. Environmental im-
pacts of Brazilian beef cattle production in the Ama-
zon, Cerrado, Pampa, and Pantanal biomes. J Clean
Prod. 2021;311:127750. DOT: https://doi.org/10.1016/j.
jclepro.2021.127750

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

21/23


https://doi.org/10.1590/1809-4422asoc20200071r1vu2021L4AO
https://doi.org/10.1590/1809-4422asoc20200071r1vu2021L4AO
https://doi.org/10.1590/1678-992X-2023-0103
https://doi.org/10.1590/1678-992X-2023-0103
https://doi.org/10.1590/0001-3765202120201801
https://doi.org/10.4136/ambi-agua.2639
https://doi.org/10.20435/inter.v23i4.3023
https://doi.org/10.20435/inter.v23i4.3023
https://doi.org/10.1590/1983-21252022v35n221rc
https://doi.org/10.1590/1983-21252022v35n221rc
https://doi.org/10.14393/SN-v34-2022-65618
https://doi.org/10.14393/SN-v34-2022-65618
https://doi.org/10.1007/s10661-019-7194-9
https://doi.org/10.1007/s10661-019-7194-9
https://doi.org/10.3390/toxics12070444
https://doi.org/10.3390/toxics12070444
https://doi.org/10.1007/s42770-023-00973-9
https://doi.org/10.1080/15287394.2023.2246507
https://doi.org/10.1080/15287394.2023.2246507
https://doi.org/10.1016/j.envres.2023.117231
https://doi.org/10.1016/j.envres.2023.117231
https://doi.org/10.1029/2019GL084143
https://doi.org/10.1029/2019GL084143
https://doi.org/10.1016/j.scitotenv.2019.07.315.
https://doi.org/10.1016/j.scitotenv.2019.07.315.
https://doi.org/10.1016/j.jtherbio.2018.06.005
https://doi.org/10.1016/j.jtherbio.2018.06.005
https://doi.org/10.1016/j.jclepro.2021.127750
https://doi.org/10.1016/j.jclepro.2021.127750

Oliveira RLS, Lopes CEL, Furtado MN, Vinha VG, Lobato LVC

22/23

109. Angulo MB, Pico GV, Dematteis M, et al. Impact of

110.

111.

112.

113.

114.

115.

116.

climate change on the current and future distribu-
tion of threatened species of the genus Lessingianthus
(Vernonieae: Asteraceae) from the Brazilian Cerrado.
An Acad Bras Cienc. 2021;93(2):e20190796. DOI: ht-
tps://doi.org/10.1590/0001-3765202120190796

Monteiro WP, Souza EB, Miranda LS, et al. Potential
distribution of Pilocarpus microphyllus in the Ama-
zonia/Cerrado Biomes under near-future climate
change scenarios. Plants. 2023;12(11):2106. DOT: ht-
tps://doi.org/10.3390/plants12112106

Maia RA, Fernandes GW, Silva AIS, et al. Improve-
ment in light utilization and shoot growth in Hymena-
ea stigonocarpa under high CO2 concentration atte-
nuates simulated leaf herbivory effects. Acta Bot Bras.
2019;33(3):558-71. DOLI: https://doi.org/10.1590,/0102-
-33062019abb0149

Duku C, Hein L. Assessing the impacts of past and
ongoing deforestation on rainfall patterns in Sou-
th America. Glob Change Biol. 2023;29:5292-5303.
DOL: https://doi.org/10.1111/gcb.16856

Caballero CB, Ruhoff A, Biggs T. Land use and land
cover changes and their impacts on surface-atmos-
phere interactions in Brazil: A systematic review. Sci
Total Environ. 2022;808:152134. DOTI: http://dx.doi.
org/10.1016/j.scitotenv.2021.152134

Zilli M, Scarabello M, Soterroni AC, et al. The im-
pact of climate change on Brazil’s agriculture. Sci
Total Environ. 2020;740:139384. DOI: https://doi.
org/10.1016/j.scitotenv.2020.139384

Cunha ER, Santos CAG, Silva RM, et al. Future scena-
rios based on a CA-Markov land use and land cover
simulation model for a tropical humid basin in the
Cerrado/Atlantic forest ecotone of Brazil. Land Use
Policy. 2021;101:105141. DOI: https://doi.org/10.1016/j.
landusepol.2020.105141

Bocuti ED, Amorim RSS, Raimo LADLD, et al.
Effective hydraulic conductivity and its rela-
tionship with the other attributes of Cerrado soils.

Rev Bras Eng Agric Ambient. 2020;24(6):357-63.

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

117.

118.

119.

120.

121

122.

123.

DOI: https://doi.org/10.1590/1807-1929 /agriam-
biv24n6p357-363

Schossler TR, Marchio RL, SAntos ILD, et al.
Soil Physical Quality in Agricultural Systems
on the Cerrado of Piaui State, Brazil. An Acad
Bras Ciénc. 2018;90(4):3975-89. DOL: https://doi.
0rg/10.1590/0001-3765201820180681

Prates AR, Kawakami KC, Coscione AR, et al. Com-
posted sewage sludge sustains high maize produc-
tivity on an infertile oxisol in the Brazilian Cerrado.
Land. 2022;11:1246. DOI: https://doi.org/10.3390/
land11081246

Silva MB, Camargos LS, Teixeira Filho MCM, et al.
Residual effects of composted sewage sludge on nitro-
gen cycling and plant metabolism in a no-till common
bean-palisade grass-soybean rotation. Front Plant
Sci. 2023;14:1281670. DOI: https://doi.org/10.3389/
pls.2023.1281670

Morais EM, Silva AAR, Sousa FWA, et al. Endophytic
Trichoderma strains isolated from forest species of
the Cerrado-Caatinga ecotone are potential biocon-
trol agents against crop pathogenic fungi. PLoS One.
2022;17(4):€0265824. DOTI: https://doi.org/10.1371/
journal.pone.0265824

Veras DS, Pinto NS, Calvéo L, et al. Environmen-
tal thresholds of dragonflies and damselflies from a
Cerrado-Caatinga ecotone. Environ Monit Assess.
2022;194:614. DOI: https://doi.org/10.1007/s10661-
022-10310-6

Avila MP, Carvalho RN, Casatti L, et al. Metrics de-
rived from fish assemblages as indicators of envi-
ronmental degradation in Cerrado streams. Zoolo-
gia. 2018;35:€12895. DOLI: https://doi.org/10.3897/
zoologia.35.12895

Machate DJ, Melo ESP, Arakaki DG, et al. Concen-
tration of heavy metal and metalloid levels in edible
Campomanesia adamantium Pulp from Anthropic
Areas. Int J Environ Res Public Health. 2021;18:5503.
DOI: https://doi.org/10.3390/ijerph18115503


https://doi.org/10.1590/0001-3765202120190796
https://doi.org/10.1590/0001-3765202120190796
https://doi.org/10.3390/plants12112106.
https://doi.org/10.3390/plants12112106.
https://doi.org/10.1590/0102-33062019abb0149.
https://doi.org/10.1590/0102-33062019abb0149.
https://doi.org/10.1111/gcb.16856.
http://dx.doi.org/10.1016/j.scitotenv.2021.152134
http://dx.doi.org/10.1016/j.scitotenv.2021.152134
https://doi.org/10.1016/j.scitotenv.2020.139384.
https://doi.org/10.1016/j.scitotenv.2020.139384.
https://doi.org/10.1016/j.landusepol.2020.105141.
https://doi.org/10.1016/j.landusepol.2020.105141.
https://doi.org/10.1590/1807-1929/agriambi.v24n6p357-363
https://doi.org/10.1590/1807-1929/agriambi.v24n6p357-363
https://doi.org/10.1590/0001-3765201820180681
https://doi.org/10.1590/0001-3765201820180681
https://doi.org/10.3390/land11081246
https://doi.org/10.3390/land11081246
https://doi.org/10.3389/fpls.2023.1281670.
https://doi.org/10.3389/fpls.2023.1281670.
https://doi.org/10.1371/journal.pone.0265824
https://doi.org/10.1371/journal.pone.0265824
https://doi.org/10.1007/s10661-022-10310-6
https://doi.org/10.1007/s10661-022-10310-6
https://doi.org/10.3897/zoologia.35.e12895.
https://doi.org/10.3897/zoologia.35.e12895.
https://doi.org/10.3390/ijerph18115503

124.

125.

126.

127.

128.

120.

130.

Brown GG, Demetrio WC, Gabriac Q, et al. Soil ma-
crofauna communities in Brazilian land-use syste-
ms. Biodivers Data J. 2024;12:e115000. DOT: https://
doi.org/10.3897/BDJ.12.e115000

Silva AMM, Ramos MLG, Nascimento RSMP, et al.
Soil quality indicators under management systems
in a Quilombola community in the Brazilian Cerra-
do. Sci Agric. 2019;76(6):518-26. DOI: https://doi.
0rg/10.1590/1678-992X-2018-0008

Firmiano KR, Cafiedo-Argiielles M, Gutiérrez-Cé-
novas C, et al. Land use and local environment
affect macroinvertebrate metacommunity organi-
zation in Neotropical stream networks. J Biogeo-
gr. 2021;48(3):479-91. DOI: https://doi.org/10.1111/
jbi.14020

Alves WS, Martins AP, Pdssa EM, et al. Geotechnolo-
gies applied in the analysis of land use and land co-
ver (LULC) transition in a hydrographic basin in the
Brazilian Cerrado. RSASE. 2021;22:100495. DOI: ht-
tps://doi.org/10.1016/j.rsase.2021.100495

Lopez-Poma R, Pivello VR, Brito GS, et al. Impact
of the conversion of Brazilian Woodland Savanna
(Cerradio) to pasture and Eucalyptus plantations
on soil nitrogen mineralization. Sci Total Environ.
2020;704:135397. DOLI: https://doi.org/10.1016 /j.sci-
totenv.2019.135397

Ferreira CJB, Silva AG, Tormena CA, et al. Physio-
logical and agronomic response of soybean culti-
vars to soil compaction in the Brazilian Cerrado.
Bragantia. 2023;82:e20220160. DOI: https://doi.
org/10.1590/1678-4499.20220160

Feitosa CEL, Costa PHS, Meneses KC, et al.
Changes in physical quality of oxisols under di-
fferent management systems in the Brazilian
Cerrado. Eng Agric. 2020;40(5):609-16. DOI: ht-
tps://doi.org/10.1590/1809-4430-Eng.Agric.
v40n5p609-616/2020

Cerrado, sociobiodiversity and health: A bibliometric analysis

131. Oliveira DMS, Tavares RLM, Loss A, et al. Climate-
-smart agriculture and soil C sequestration in Bra-
zilian Cerrado: a systematic review. Rev Bras Ciénc
Solo. 2023;47(esp):€0220055. DOT: https://doi.org/
10.36783/18069657rbcs20220055

132. Santos JFS, Naval LP. Spatial and temporal dynamics
of water footprint for soybean production in areas
of recent agricultural expansion of the Brazilian Sa-
vannah (Cerrado). J Clean Prod. 2020;251:119482.
DOL: https://doi.org/10.1016/j.jclepro.2019.119482

133. Santos JFS, Naval LP. Soy water footprint and socio-
economic development: An analysis in the new agri-
cultural expansion areas of the Brazilian Cerrado
(Brazilian Savanna). Environ Dev. 2022;42:100670.
DOLI: https://doi.org/10.1016/j.envdev.2021.100670

134. Batista PVG, Baptista VBS, Wilken F, et al. First evi-
dence of widespread, severe soil erosion underne-
ath centre-pivot irrigation systems. Sci Total Envi-
ron. 2023;888:164119. DOLI: https://doi.org/10.1016/j.
scitotenv.2023.164119

135. Ferreira CJB, Silva AG, Tormena CA, et al. Physio-
logical and agronomic response of soybean culti-
vars to soil compaction in the Brazilian Cerrado.
Bragantia. 2023;82:¢20220160. DOI: https://doi.
0rg/10.1590/1678-4499.20220160

Received on 05/28/2025

Approved on 01/29/2026

Conflict of interest: Non-existent

Data availability: The research data is contained in the manuscript
itself

Financial support: Non-existent

Editor in charge: Guilherme Franco Netto, Fundacdo Oswaldo
Cruz (Fiocruz), Rio de Janeiro (Rio de Janeiro/RJ), Brasil. Lattes:
http://lattes.cnpq.br/5162760718464160, Orcid: https://orcid.
org/0000-0002-8861-8897, e-mail: guilherme.netto@fiocruz.br

SAUDE DEBATE | RIO DE JANEIRO, V. 50, N. Especial 2, €10903, MAIO 2026

23/23


https://doi.org/10.3897/BDJ.12.e115000
https://doi.org/10.3897/BDJ.12.e115000
https://doi.org/10.1590/1678-992X-2018-0008
https://doi.org/10.1590/1678-992X-2018-0008
https://doi.org/10.1111/jbi.14020
https://doi.org/10.1111/jbi.14020
https://doi.org/10.1016/j.rsase.2021.100495.
https://doi.org/10.1016/j.rsase.2021.100495.
https://doi.org/10.1016/j.scitotenv.2019.135397.
https://doi.org/10.1016/j.scitotenv.2019.135397.
https://doi.org/10.1590/1678-4499.20220160
https://doi.org/10.1590/1678-4499.20220160
https://doi.org/10.1590/1809-4430-Eng.Agric.v40n5p609-616/2020
https://doi.org/10.1590/1809-4430-Eng.Agric.v40n5p609-616/2020
https://doi.org/10.1590/1809-4430-Eng.Agric.v40n5p609-616/2020
https://doi.org/10.36783/18069657rbcs20220055
https://doi.org/10.36783/18069657rbcs20220055
https://doi.org/10.1016/j.jclepro.2019.119482.
https://doi.org/10.1016/j.envdev.2021.100670
https://doi.org/10.1016/j.scitotenv.2023.164119.
https://doi.org/10.1016/j.scitotenv.2023.164119.
https://doi.org/10.1590/1678-4499.20220160
https://doi.org/10.1590/1678-4499.20220160
http://lattes.cnpq.br/5162760718464160
https://orcid.org/0000-0002-8861-8897
https://orcid.org/0000-0002-8861-8897
mailto:guilherme.netto@fiocruz.br

