Gestao Received: 23/01/2023
Accepted: 05/11/2023

Regionalidade

Multidimensional analysis of diversification and
sustainability of agricultural production

Andlise multidimensional da diversificacdo e sustentabilidade da producdo agricola
Bruce Wellington Amorin da Silva'"*, ORCID: https://orcid.org/0000-0002-6216-1884: Wagner

Luiz Lourenzani'®, ORCID: https://orcid.org/0000-0002-0408-9108; Gessuir Pigatto'™, ORCID:
https://orcid.org/0000-0002-5240-2381.

1. Sdo Paulo State University, School of Sciences and Engineering, Department of Management,
Development and Technology, Tupa, Sao Paulo, Brazil

*Corresponding author: bruce.wellington@unesp.br; Domingos da Costa Lopes, 780 - Jardim Itaipu,
17602-496, Tupa, Sao Paulo, Brazil.

Abstract

Agricultural diversification is an important strategy in promoting sustainable rural
development, but its purely economic analysis overlooks significant issues such as
environmental and social aspects. In this context, there is a need to analyze agricultural
diversification from more than one dimension. This paper, therefore, conducts a systematic
literature review with the aim of building the state of the art of agricultural diversification
within the multidimensional framework. It was possible to conclude that specialization is
economically beneficial in the short term. Still, diversification brings long-term sustainability,
considering the economic, social, and environmental pillars, as it allows for the respect of
agroecosystem limits. Additionally, the diversification process is heterogeneous and complex,
requiring respect for the specificities of each case.

Keywords: agricultural diversification, resilience, rural development, sustainability.

Resumo

A diversificagdo agricola ¢ uma estratégia importante na promogao do desenvolvimento rural
sustentavel, mas sua analise puramente econdmica ignora questdes importantes, como as
ambientais e sociais. E nesse sentido que existe a necessidade de se analisar a diversificagio
agricola com mais de uma dimensdo. Este artigo, portanto, realiza uma revisdo sistematica de
literatura com o objetivo de construir o estado da arte da diversificagdo agricola sob o recorte
multidimensional. Foi possivel concluir que a especializagdo ¢ economicamente benéfica no
curto prazo, mas ¢ a diversificagdo que traz sustentabilidade no longo prazo, considerando o
tripé econdmico, social e ambiental, uma vez que permite o respeito aos limites do
agroecossistema. Além disso, o processo de diversificagio é heterogéneo e complexo,
devendo-se respeitar as particularidades de cada caso.
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1 Introduction

Agricultural diversification and concern for food security are not new. Fausto (2006)
explains that even during the colonial period, the Portuguese Crown expressed concern about
diversifying agricultural production in Brazil to ensure the availability of foodstuffs. Therefore,
in addition to large producers, there was a peasantry with smallholdings. This concern remains
relevant today: the diversification of production systems provides a path to deal with
complexity and uncertainty, particularly valuable during global shocks such as pandemics and
prolonged droughts (Petersen-Rockney et al., 2021).

The trend, therefore, is to replace simplified or monoculture systems with diversified
ones. The importance of integration between animal and plant production also comes into play.
It is worth noting that each agroecosystem has its own specificities, and there is no one-size-
fits-all solution. Therefore, it is necessary to understand them and adopt suitable forms of
diversification (Ministry of the Environment [MMA], 2000).

Riquinho and Hennington (2014), starting from the premise that diversification requires
the modification of certain structures such as access to credit, existing markets, and technical
assistance, conclude that it is essential to restore the autonomy and knowledge of farmers.
Additionally, they advocate for promoting cooperative practices and revitalizing structural
public policies, citing examples such as agrarian reform and access to credit.

Agricultural diversification allows us to achieve objectives in various dimensions
(Petersen-Rockney et al., 2021). In this context, it is considered that cultural legacies should
not be disregarded, as they can define appropriate alternatives for agricultural diversification.
Finally, the dependency on agrochemicals should also be reduced (Spangler, Schumacher, Bean
& Burchfield, 2022).

It is worth mentioning, however, that agricultural diversification is a strategy not used
by conventional crop production systems (Revoyron et al., 2022), since these adopt a
productivist (productivity) and economic (profit) logic. On the other hand, it is known that
diversification promotes greater adaptability and resilience, making it possible to resist the
shocks and stresses of the previously mentioned threats (Petersen-Rockney et al., 2021).

Sustainable agricultural systems rely on a vision that considers local and regional
development, emphasizing the use of local varieties and crops to increase agrobiodiversity,
while balancing economic growth, environmental preservation, and social justice (Assis, 2006).
Therefore, the replacement of simplified systems with diversified ones is crucial (MMA, 2000).
In this context, production diversification contributes to the sustainability of agricultural
production. Costabeber and Caporal (2003) support this concept and advocate for the
importance of multifunctionality and polycultures.

As a promoter of agricultural diversification, the Food and Agriculture Organization of
the United Nations (FAO, 2012) is based on the premise that it is an effective strategy for
addressing food and nutrition security, sustainable rural development, job creation, poverty
reduction, and environmental and ecological preservation and conservation

The scientific literature provides various pieces of evidence that support agricultural
diversification. Examples can be found in Garbelini et al. (2022), Mzyece and Ng'ombe (2021),
Antonelli, Coromaldi, and Pallante (2022), Hao et al. (2022), Yan et al. (2022), Gogoi et al.
(2022), among many others. Considering the scientific debate surrounding agricultural
diversification, public policies can be made more efficient and effective. This has the potential
to benefit rural communities, especially those most vulnerable to economic, environmental, and
social changes. As scientific literature informs us, this strategy is crucial for enhancing
resilience and does not disregard the future, preserving natural resources in the long term.
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From the perspective of food security, agricultural diversification is considered an
important strategy. In the long term, it leads to the preservation and conservation of natural
resources. In the short term, there is an economic aspect related to the access of neighboring
communities to diversified food production. In other words, local production can impact food
prices by increasing supply and shortening distances (short food supply chain).

In this regard, this work is based on the following research question: What is the current
state of the art regarding the diversification strategy for the sustainability of agricultural
production? Therefore, the aim of this article is to analyze the multidimensionality of the
productive diversification strategy in agriculture.

To achieve this objective, this work is divided into four sections: Introduction, which
discusses agricultural diversification; Methodology, which describes the research methods;
Results and Discussion, which presents the findings, and finally, Conclusions, which conclude
the work.

2 Methodology

This article adopts a qualitative approach, as defined by Gerhardt and Silveira (2009),
which seeks to understand the reasons behind a phenomenon without necessarily obtaining
statistical values. It also follows an applied nature, which, according to the same authors, aims
to produce practical knowledge. The nature of the methodological objectives is exploratory,
which, according to Gil (2002), aims to gain familiarity with the problem in order to refine
ideas or intuitions. Finally, there is a literature review, which relies on the consultation of
previously published theoretical references, analyzing and discussing scientific contributions,
as explained by Boccato (2006).

Galvao and Ricarte (2020) define literature review as a generic term encompassing all
research that analyzes specific subjects, employing various approaches and stages of
development. The same authors also differentiate between convenience review and systematic
literature review. The first involves gathering and discussing a set of scientific research that the
researcher believes to be important. The second involves following protocols in conducting the
research, establishing criteria for including or excluding articles to achieve a higher degree of
reproducibility

This research employs both forms of literature review in separate sections. The first,
presented in the Introduction of this paper, used the unsystematic technique known as the
'snowball' method, which, according to Ridley (2012), involves analyzing references from other
articles. The second, presented in the third section of the paper, adopted the technique called
Systematic Literature Review (SLR), which allowed for the construction of the state of the art
on 'agricultural diversification'. Table 1 provides the methodological characterization of the
work.
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Table 1
Methodological Characterization
Type of Research Classification
Approach Qualitative
Nature Applied
Objective Exploratory
Procedure Bibliographic
Literature Review Unsystematic and Systematic

Table 2, on the other hand, highlights the model for conducting the Systematic Literature
Review. According to Tranfield, Denyer, and Smart (2003), adapted by Thorpe, Holt,
Macpherson, and Pittaway (2005), the model comprises three stages: Review Planning; Review
Execution; Review Reporting.

Table 2
Model for Conducting Systematic Literature Review

Review Planning Review Execution Review Reporting

Research Identification

Definition of Objectives Article Selection

. Assessment of Article Quality Descriptive Reporting of Citations
Proposal Preparation . . - .
Data Extraction and Process Thematic Reporting of Articles
Protocol Development .
Monitoring

Data Synthesis

Source: Tranfield, Denyer, and Smart, 2003. Adapted by Thorpe, Holt, Macpherson, and
Pittaway, 2005.

The searches were conducted in the Web of Science and Scopus databases in October
2021. The objective adopted for the SLR is to determine the state of the art of productive
diversification in agricultural production. Table 3 presents the details of the search conducted.
Strings were tested until a satisfactory result was achieved, after which filters were applied, and
the export to the StArt software was done in BibTeX format.'

This research adopted the following restrictions for the selection of articles used in the
SLR: only articles published in scientific journals, in the English, Portuguese, and Spanish
languages; a time frame from 2010 to 2021, aiming for contemporaneity of publications;
categorized within knowledge areas deemed relevant to agricultural diversification.

! State of the Art through Systematic Review — http://lapes.dc.ufscar.br/tools/start_tool
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Table 3
Database Search with Respective Filters
Data base Web of Science Scopus
Date of 09/10/2021 09/10/2021
collection
Descrintors productive diversification, productive productive diversification, productive
P concentration, agriculture concentration, agriculture
Search Strings ((TS=(productive diversification)) OR ((lgillzgrsl-f?c }ztsl(-)lé)ng({pr;ﬁl]ldCélzi]ﬁslﬁD
(with Boolean TS=(productive copcentration)) AND KEY (productive AND concentration)) AND
Operators) TS=(agriculture) TITLE-ABS-KEY (agriculture))
Ist result 322 541
Filter I: Only articles published in scientific
Publication Y P Only articles published in scientific journals.
journals.
Type
Result 1 278 430
Filter 2: 2010 to 2021 2010 to 2021
Temporality
Result 2 229 329
Filter 3: Articles in English, Spanish, and Articles in English, Spanish, and Portuguese.
Language Portuguese.
Result 3 225 321
Filter 4: Envﬁﬁﬁﬁ?:g?llisgéemf' zrgl(r)lr(;ulture Agricultural and Biological Sciences.
: pimnary. Agronomly. Environmental Science. Social Sciences.
Database Development Studies. Multidisciplinary Economics. Econometrics and Finance
Knowledge Sciences. Agricultural Economics Policy. Ce e . )
. . . . Multidisciplinary. Business, Management and
Areas Sociology. Economics. Social Sciences Accountin
Interdisciplinary. &
Result 4 136 301
Partial
Selection Reading of Titles and Abstracts Reading of Titles and Abstracts
Criteria
Result 5 41 29
Final Selgctlon Reading of Articles Reading of Articles
Criteria
Result 6 15 15
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3 Results and Discussion

It was possible to identify that the scientific debate about agricultural production
diversification is multidimensional. Thus, the discussion on agricultural diversification can be
classified under social, economic, and environmental aspects, as per the Triple Bottom Line
(TBL) framework defined by Elkington (1997).

It is worth mentioning that science is complex and always seeks to simplify reality for
a better understanding of phenomena. Therefore, the 'social, economic, and environmental'
tripod was chosen to group the results.

Table 4 initiates the discussion of agricultural diversification from the social dimension
perspective. It is important to note that in a single publication, there may be multidimensional
analyses, so some articles are repeated in the following tables. This happens because it is
sometimes difficult to dissociate environmental, social, and economic issues, as they affect each
other.
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Table 4
Social Dimension of Agricultural Diversification
Author Year Contribution
The author treats diversification as a strategy for peasants to escape poverty,
Grammont 2010 ‘F)ut f:(.)ncludes th.atllt is actually just a. defensive strategy arls.lng from tl}e
inability to specialize. Furthermore, this strategy has proven ineffective in
lifting them out of poverty.
It addresses the dual logic of Pronaf: financing of usual activities (grains and
Gazolla and . . . . . . .
. 2013 commodities) and financing of agricultural diversification (small livestock and
Schneider .
basic food)
The authors analyzed the implementation of diversified cropping around
Lydecker and Forman 2013 highways in the United States as a means of obtaining environmental,
economic, and cultural benefits
Scheidel, Farrell,
Ramos-Martin, 2014 With the decline in the availability of land for small-scale farmers, subsistence
Giampietro and diversification plays an important role at the family level.
Mayumi
It i t just tainabl 1 1 t policies: t
Laurenti, Pellini and 1§ necessar.y 0. read.]us sustainable rura deYe opment .po icies promlo e
Telles 2015 agricultural diversification; encourage the expansion of subsistence production
(food and nutritional security) and diversify non-agricultural income.
Rover. Boeira The authors analyzed the possibility of diversifying tobacco production areas in
. ’ 2017 Brazil and concluded that proper socio-environmental and territorial
Birochi and Follmann .
management 1S necessary.
Chapagain et al. 2018 The authors arllaFyzed agricultural production diversification in Nepal and
concluded that it is advantageous.
Mekuria and 2018 Diversification between agriculture and livestock is the best subsistence
Mekonnen strategy for small-scale farming in Ethiopia.
The authors assessed the effects of diversifying the livelihoods of fishing
. families, in this case, combining fishing with agricultural production, and
Sene-Harper, Camara o . .
. concluded that while it reduced poverty among the families, this form of
and Matarrita- 2019 . . . . . .
diversification did not necessarily lead to secure livelihoods. The authors
Cascante . . . o . .
believe that interventions such as providing credit, land, and agricultural
technology would likely increase security.
Galeana-Pizaiia, Among the authors' conclusions, small-scale multi-crop agricultural properties
Couturier, Figueroa 2021 in dry regions of Mexico have the potential to address food security issues in
and Jiménez the country.
Njira, Semu, Mrema 2021 In the authors' analysis, the diversification of agricultural production is crucial
and Nalivata in maintaining a system dominated by small-scale producers.
A% Bil . . . .
enus, 1gram,. To improve the adaptive capacity of small landowners, policymakers should
Sauer and Khatri- 2021 . . . . . . .
Chettri promote the expansion of training and technology aimed at diversification.
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Agricultural diversification can be seen as a strategy to escape poverty, but the literature
is not definitive on this matter. However, there is convergence regarding the need for public
policies that facilitate access to credit, land, technology, and technical knowledge, as the lack
of these elements poses obstacles to diversification (Grammont, 2010; Laurenti; Pellini; Telles,
2015; Séne-Harper; Camara; Matarrita-Cascante, 2019; Venus; Bilgram; Sauer; Khatri-Chettri,
2021).

The social specificities of different countries have an impact on research outcomes.
Therefore, social aspects, including cultural factors, should be considered to facilitate the
reproducibility of research, as the same diversification model may not necessarily be replicable
in another region (Lydecker; Forman, 2013; Spangler, Schumacher, Bean & Burchfield, 2022).

It is important to note that family farming and small-scale producers play a key role in
agricultural diversification. This is because subsistence activities alone may not necessarily be
effective in poverty reduction, which reinforces the need for public policies to create a
conducive environment for these stakeholders (Grammont, 2010; Gazolla; Schneider, 2013;
Scheidel; Farrell; Ramos-Martin; Giampietro; Mayumi, 2014; Laurenti; Pellini; Telles, 2015;
Mekuria; Mekonnen, 2018; Njira; Semu; Mrema; Nalivata, 2021).

They are the biggest beneficiaries of agricultural diversification, as it is not just a matter
of economic viability for them. The impacts go beyond income and also affect their identity,
culture, and the environment. It is important to note, however, that providing credit alone is not
sufficient; training and education are also essential so that small farmers can make informed
decisions and thrive (Grammont, 2010; Scheidel; Farrell; Ramos-Martin; Giampietro; Mayumi,
2014; Laurenti; Pellini; Telles, 2015; Venus; Bilgram; Sauer; Katri-Chettri, 2021).

Resilience is a crucial aspect here: it is essential to reduce the vulnerability of small-
scale farmers and enhance their ability to cope with stressors and shocks while ensuring food
security. There is potential for development in this direction, even in regions that may not be
ideal for cultivation but are still arable (Lydecker; Forman, 2013; Galeana-Pizana; Couturier;
Figueroa; Jiménez, 2021). The social dimension often interacts with the economic one, as
poverty is a direct consequence of the economic/financial condition, and education level and
culture also have their impacts on this condition. In this context, Table 5 presents the debate on
agricultural diversification from the perspective of the economic dimension.
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Table 5
Economic Dimension of Agricultural Diversification
(Continues)

Author Year Contribution
Agricultural producers diversified through the production of resources for

Schneider and 2010 self-consumption, pluriactivity, reduced production of commodities, and

Niederle adoption of alternative markets, indicating heterogeneous agricultural
practices.

Rao, Shahid and 2010 The authors analyzed potential crops for diversifying agricultural production

Shahid in the Arabian Peninsula.

Landscape specialization is associated with maximizing returns but greater
volatility in those returns, whereas land use diversification is positively

Abson, Fraser and . OO . .

Benton 2013 correlated with stability in returns but negatively correlated with expected
returns. There is also scale dependence in the relationships between land use
diversity and the resilience of agricultural returns.

The authors analyzed the implementation of diversified cropping around

Lydecker and Forman 2013 highways in the United States as a means to achieve environmental,
economic, and cultural benefits.

Cecefias-Jacquez and 2015 Crop diversification leads to higher yields in the long term compared to

Morales-Carrillo monoculture.

There was diversification in the occupational composition of the Brazilian

Laurenti, Pellini and rural p.opullatlon of working age in the last d;cade of the.twentlleth century:

2015 a decline in the rural labor force (PEA) in commercial agriculture; an

Telles . . . .
expansion of the labor force engaged in non-agricultural occupations; and a
reduction in economic inequality and informality.

Varietal and cultural diversification of rice-based production systems can

Lal et al. 2017 . o . . .
increase profitability, as evidenced in Eastern India.

- In the Ruhr metropolitan region, a significant portion of rural properties is

Meraner, Polling and 2018 diversified. The intensity of diversification is positively influenced by

Finger . P
proximity to urban areas, as well as specialization in high-value crops.
Gross value added in agriculture, average household income, and the

Pacheco, Ochoa- . . . L .

~ economically active population had a positive influence on agricultural

Moreno, Ordofiez and 2018 ; . . . .

: diversification, while overall value added, education level, unemployment

Izquierdo-Montoya . L
rate, and credit volume had a negative influence.

Chapagain et al. 2018 The authors anglyzed agricultural production diversification in Nepal and
concluded that it is advantageous.

The diversification of agricultural production in Mendoza, Argentina, has

Vazauez 2019 led to the emergence and consolidation of new industries, in addition to fruit

4 production. This has helped to offset the adverse effects of crises that
affected the region's main wine production.
In central Italy, mechanization has positively impacted the resilience of the

Nera et al. 2020 system, but future improvements should involve strengthening the local
hazelnut value chain, collective strategies, and diversification.

Loch, Celentano,

Cardozo and 2021 Families with higher incomes from other sources tend to diversify less.

Rousseau
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Table 6
Economic Dimension of Agricultural Diversification

(Conclusion)
The article emphasizes the importance of considering the heterogeneity of
cropping systems when conducting empirical analyses, in order to provide
insights for diversification policies. The authors mention the case of Malawi
and Zambia, where diversification of maize-based systems is not associated
with income volatility reduction. However, when disaggregating the impact
of diversification by cropping system, variations related to the attributes of
each crop and their combinations become apparent. The spectrum of drivers
leading to diversification is numerous and complex.
Specialization increases technical efficiency, but the sample of small rural
Liu, Shankar and Li 2021 properties analyzed has low technical efficiency due to a lack of qualified

labor.

Maggio and Sitko 2021

Suresh, Wilson,
Khanal, Managi and 2021 Varietal diversification significantly reduces production efficiency.
Santhirakumar

In general, specialization in agricultural production increases returns but exposes
producers to market fluctuations due to higher volatility. Diversification, on the other hand,
enhances return stability but at the cost of lower returns (Abson; Fraser; Benton, 2013; Liu;
Shankar; Li, 2021; Suresh; Wilson; Khanal; Managi; Santhirakuman, 2021).

The literature suggests that in the long term, diversified agricultural production can yield
higher returns compared to monoculture. There are cases in various countries where diversified
farming has brought economic benefits, such as increased profitability. It is even possible that
the effects of economic crises can be reversed, and new industries associated with local
production may emerge (Cecenas-Jacquez; Morales-Carrillo, 2015; Lal et al., Chapagain et al.,
2018; Vazques, 2019; Nera et al., 2020).

The heterogeneity of regional economic variables also influences the strategy of
productive diversification. Different results can be observed in the analysis of production
systems. This is because agricultural diversification depends on numerous and complex
variables, such as access to credit, technology, labor, etc. (Schneider; Niederle, 2010; Pacheco;
Ochoa-Moreno; Ordonez; Izquierdo-Montoya, 2018; Loch; Celentano; Cardozo; Rosseau,
2021; Maggio; Sitko, 2021).

Resilience should be both social and economic. In case of reduced returns, it should be
compensated by other factors, such as stability in earnings. This means that the producer will
not suffer from abrupt market fluctuations and will be able to absorb economic impacts since
they are not dependent on the production of just one item, and the chances of a significant
impact on all items are low (Abson; Fraser; Benton, 2013; Vazquez; 2019; Nera et al., 2020).

It is true that those who specialize in the production of just one agricultural item increase
technical efficiency and yields through economies of scale, but it is also true that they are more
vulnerable to market fluctuations as mentioned earlier. That is why diversification is seen as an
important strategy for gaining scope (Abson; Fraser; Benton, 2013; Liu; Shankar; Li, 2021;
Suresh; Wilson; Khanal; Managi; Santhirakuman, 2021).

The impacts are not only economic. Natural events can also be dangerous to production
systems, which shows that there is a dialogue between the socio-economic and environmental
dimensions. Table 6 presents the debate on the environmental dimension of agricultural
diversification.
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Table 7
Environmental Dimension of Agricultural Diversification
Author Year Contribution
The authors analyze the implementation of diversified cultivation around
Lydecker and . . . . . .
Forman 2013  highways in the United States as a way to achieve environmental, economic, and

cultural benefits.

Cecenas-Jacquez

and Morales- 2015 Crop diversification reduces climate risks.

Carrillo

Rover, Boeira, The authors analyzed the possibility of diversifying tobacco production areas in
Birochi and 2017 Brazil and concluded that appropriate socio-environmental and territorial
Follmann management is necessary.

They concluded that environmental constraints strongly influenced the choice of
crops, and converting certain portions of land to agroenergy production could

Monteleone, significantly increase agricultural diversity.
Cammerino and 2018 Diversification is a signal of a shift in agriculture towards multifunctional activities
Libutti that combine food quality, rural subsistence maintenance, and landscape

preservation, while also promoting environmental conservation, thereby
establishing a more sustainable agro-ecosystem.

The authors analyzed the obstacles to diversification, a necessary step in
transitioning to agroecology, and concluded that these obstacles favor dominant
crop species. Examples include a lack of improved varieties, insufficient plant
protection methods, a shortage of crop rotation references, the complexity of
knowledge to be acquired by farmers, logistical limitations, and difficulties in
coordinating with value chains. The authors also state that these obstacles are
systemic and require the involvement of many stakeholders in driving change.
They also emphasize the importance of interdisciplinary collaboration between
agronomists and economists, which allows for a holistic understanding of this

Meynard et al. 2018

issue.

Chapagain et al. 2018 The authors a.na?lyzed agricultural production diversification in Nepal and
concluded that it is advantageous.

Grahmann,
Dellepiane, Terra 2020
and Quincke

The authors analyzed the effect of conventional agriculture and diversified
agriculture on the soil, concluding that diversification leads to higher soil fertility.

The agroecological transition towards more resilient models that increase
biodiversity in rural communities is urgent. The agroecological transition in

Loch et al. 2021 .. . . . .
Alcantara, eastern Amazonia, increased the diversity of cultivated species but was
not related to formal education.

Palomo- . . .

) Producers who adhere to agroecology adopt more sustainable practices with

Campesino,

2021 greater diversification of productive activities compared to conventional

Garcia-Llorente
producers.

and Gonzales

The authors conclude that diversification of agricultural production systems

Juventia, Rossing, reduces the magnitude of plant injuries caused by pests. They also explain that
Ditzler and 2021 these results are an initial step in promoting synergies between ecosystem services
Apeldoorn in a transition to agroecology, which supports production and regulates the

ecosystem service of pest control.

Diversification of agricultural production offers potential benefits for environmental
preservation and conservation, aligning with the principles of sustainable development. The
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literature has shown that there is a good capacity to reduce climate risks through productive
diversification. However, there is a need for environmentally sound management tailored to the
specific context in which the production system operates (Lydecker; Forman, 2013; Cecenas-
Jacquez; Morales-Carrillo, 2015; Rover; Boeira; Birochi; Follmann, 2017).

There is evidence that agroecological production systems are advantageous and
contribute to the preservation and conservation of natural resources, such as soil fertility and
pest control. Promoting the transition to agroecology supports the sustainability of production
systems, but there are still many obstacles to overcome in this process. Overcoming these
challenges requires public policies that consider not only the social and economic dimensions,
as previously discussed, but also the environmental dimension. Working with this three-
pronged approach can lead to a truly sustainable production system (Meynard et al., 2018; Loch
et al., 2021; Palomo-Campesino; Garcia-Llorente; Gonzales, 2021; Juventia; Rossing; Ditzler;
Apeldoorn, 2021).

In conventional agriculture, the ecosystem is simplified, leading to significant
environmental disruption. In a productive agroecosystem, the level of simplification is lower
than that of a conventional agroecosystem. In other words, its degree of complexity is
considerable to make the agroecosystem less harmful to the biotic and abiotic factors within it
(Assis, 2006; Gliessman, 2000).

In the long term, the benefits are challenging to calculate because environmental
preservation means maintaining the productive system under the conditions it needs to continue
producing. Therefore, multidimensional analysis provides insights that would not be available
through a unidimensional perspective, whether it is economic, social, or environmental. With a
holistic view, you have more and higher-quality information to make decision-making and the
formulation of public policies more reliable.

Sustainable development goes beyond the agricultural aspect, also encompassing
livestock and affecting other sectors of society, such as industries, households, etc. However,
the scope of this work has been delimited with a focus on the need for humanity to sustain food
production and ensure access for all.

Agricultural diversification has its advantages and disadvantages. From a purely
productivity-focused perspective, it may be considered negative as it does not maximize
returns. However, when considering a multidimensional analysis, other factors come into play,
particularly the social, economic, and environmental aspects. Naturally, no rural producer wants
to forgo their production gains, but it is essential to think about the long term. Therefore,
agricultural diversification becomes advantageous, considering factors that purely economic
logic may overlook.

The productivist logic must then be overcome. Obviously, production should not be
neglected, as this affects food security or profits, as they are incentives for producers and allow
reinvestment, in addition to, if well managed and accumulated, serve as emergency reserves to
deal with stresses and shocks. The point is that one must produce responsibly, without depleting
natural resources. This assumes that resources can be restored, provided appropriate techniques
are used.

In other words, sustainable rural development acknowledges the limits of nature and
provides us with the means to operate within those limits, ensuring our needs are met both today
and in the future.

Public policies must then be well grounded in scientific knowledge, as they impact the
lives of millions of people. A political and global agenda cannot be based on dubious
knowledge. Therefore, research on agricultural diversification as a strategy for sustainable rural
development should be encouraged
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It is important to note that specialized or commercial agricultural producers can coexist
with diversified and family agricultural producers. The former will be integrated into the market
and benefit from technical efficiency and economies of scale through monoculture. As a result,
they will need to conduct risk analysis and engage in proper management for decision-making,
while still considering practices related to the ESG (Environmental, Social, and Governance)
framework. It is true that scientific literature indicates the need for a transition to agroecology
in order to respect the limits of agricultural systems, but this is a long journey ahead. To achieve
this, practices that minimize negative externalities and maximize positive externalities are
welcome.

In the second case, producers will have a certain degree of integration into the market,
but their scope of gains relates to subsistence and local supply. Here, the application of
ecological principles to agricultural systems and the reinforcement of food security are
emphasized, which can have a positive impact on local prices, provided that regional vocations
are respected.

Table 7 provides a summary of the results.

Table 8
Summary of the results.

Dimensions/Contributions Social Economic Environmental
e - Potential f
- Specialization increases environr(r)lgrrllt;? or
- Agricultural returns, but they are reservation and
diversification could be volatile. p .
conservation.

important for eliminating

. 1t - Di ificati . .
Potential poverty iversification reduces Potential for reducing
returns, but they are . .
. . climate risks.
- Family farming is the stable.
biggest beneficiary of this
g8 Yy . . - Lower degree of
strategy. - Returns can be higherin . .
simplification of the
the long term.
system.
. - Heterogeneity  of
- There is a need for . . - Need for adequate
ublic policies focusing ceonoric variables environmental
Challenges P : L should be considered in .
on credit, land, training, . .. management tailored to
public  policies  and
etc. the local context.
research.
- Environmental
- Economic resilience resilience helps with
- Social resilience helps to  helps with subsistence and environmental
Resilience resist and recover from reduces the farmer's preservation and
stresses and shocks. exposure to  market conservation and meets
fluctuations. the sustainability
premise.

Therefore, the social, economic, and environmental aspects can be understood according
to their potential, challenges, and what they represent in terms of resilience. The social potential
is related to poverty reduction and the promotion of family farming. The economic potential
involves the stability of returns and the possibility of achieving superior long-term returns. The
environmental potential, on the other hand, is related to environmental preservation and
conservation, reducing climate risks, and minimizing the simplification of the production
system.
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Regarding the challenges, in the same order, there is a need for public policies aligned
with the needs of agricultural producers, considering the various variables that impact the
results and adequate environmental management, always with a focus on the local dimension.

Finally, resilience can manifest itself in the social aspect through the ability to resist and
recover from stresses and shocks, in the economic aspect through the ability to maintain
subsistence and face market variations, and, finally, in the environmental aspect through the
capacity for environmental preservation and conservation, aligning with the concept of
sustainability.

Intertwining these three dimensions with their potentials, challenges, and the concept of
resilience allows for a deeper understanding of the importance of agricultural diversification as
a strategy for sustainable rural development.

4 Final Remarks

The guiding question of this work is to understand the state of the art of agricultural
production diversification. The objective, based on this question, was to analyze the
multidimensionality of this strategy.

In general, it is understood that agricultural diversification is an important strategy to
achieve objectives in the three dimensions discussed - social, economic, and environmental. In
the first case, there is potential in combating poverty, but it is necessary for appropriate public
policies to be implemented, with a focus on family farming, aiming to provide it with resilience.

In the second case, it is understood that diversification of production reduces short-term
returns, but they are more stable, and in the long term, they can be advantageous. The major
challenge here is the heterogeneity of economic variables, which need to be carefully analyzed
and tailored for more effective results.

In the third case, there is the potential for environmental preservation and conservation,
as well as a reduction in climate-related risks, since the system is less simplified than
conventional agriculture. However, proper management is required.

It is understood, then, that the diversification of agricultural production is interesting in
the aspect of sustainability. However, specialization remains a reality and the strategy adopted
by several sectors that fail to diversify. Therefore, this research presents a limitation, which
suggests a path for future research: to understand how to work specialized production systems
in order to make them more sustainable.

References

Abson, D. J., Fraser, E. D. G., & Benton, T. G. (2013). Landscape diversity and the resilience
of agricultural returns: a portfolio analysis of land-use patterns and economic returns

from lowland agriculture. Agriculture & Food Security, 2(2). Recuperado de
https://doi.org/10.1186/2048-7010-2-2

Antonelli, C., Coromaldi, M., & Pallante, G. (2022). Crop and income diversification for rural
adaptation: Insights from Ugandan panel data. Ecological Economics, 195. Recuperado
de https://doi.org/10.1016/j.ecolecon.2022.107390

Assis, R. L. (2006). Desenvolvimento rural sustentavel no Brasil: perspectivas a partir da
integracao de acdes publicas e privadas com base na agroecologia. Economia Aplicada,
10(1), 75-89. Recuperado de https://doi.org/10.1590/S1413-80502006000100005

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
TR NiaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p. 14



https://creativecommons.org/licenses/by-nc-nd/4.0/

Multidimensional analysis of diversification and sustainability of agricultural production

Andlise multidimensional da diversificagdo e sustentabilidade da produgado agricola

Boccato, V. R. C. (2006). Metodologia da Pesquisa Bibliografica da Area Odontolégica e o
Artigo Cientifico Como Forma de Comunicagdo. Revista de Odontologia da
Universidade Cidade de Sdo Paulo, 18(3), 265-274. Recuperado de
https://pesquisa.bvsalud.org/portal/resource/pt/1il-488641

Cecenas-Jacquez, O., & Morales-Carrillo, N. (2015). Perspectivas de desarrollo de los
productores de frijol en sombrerete, Zacatecas. Ra Ximhai, 11(5), 97-109. Recuperado
de https://www.redalyc.org/pdf/461/46142593006.pdf

Chapagain, T. et al. (2018). Intercropping of maize, millet, mustard, wheat and ginger increased
land productivity and potential economic returns for smallholder terrace farmers in
Nepal. Field Crops Research, 227, 91-101. Recuperado de
https://doi.org/10.1016/j.fcr.2018.07.016

Costabeber, J. A., & Caporal, F. R. (2003). “Possibilidades e alternativas do desenvolvimento
rural sustentavel”. In. H. Vela. (Org.), Agricultura Familiar e Desenvolvimento Rural
Sustentavel no Mercosul. (pp. 157-194). Santa Maria, RS: Editora da UFSM/Pallotti.

Elkington, J. The Triple Bottom Line of 21st Century Business. Oxford: Capstone, 1997.

Organizacdo das Nagdes Unidas para a Alimentacdo e a Agricultura. (2012). Crop
diversification for sustainable diets and nutrition: The role of FAO's Plant Production
and Protection Division. Roma, Italia. Recuperado de
https://www.fao.org/ag/agp/greenercities/pdf/CDSDN.pdf. Acesso em: 20 nov. 2021.

Fausto, B. (2006). Historia do Brasil. Sdo Paulo, SP: Editora da Universidade de Sao Paulo.

Galeana-Pizafia, J. M., Couturier, S., Figueroa, D., & Jiménez, A. D. (2020). Is rural food
security primarily associated with smallholder agriculture or with commercial

agriculture?: An approach to the case of Mexico using structural equation modeling.
Agricultural Systems, 190. Recuperado de https://doi.org/10.1016/j.agsy.2021.103091

Galvao, M. C. B., & Ricarte, I. L. M. (2020). Revisao sistematica de literatura: conceituagao,
produgdo e publicacdo. LOGEION: Filosofia da Informagdo, 6(1), 57-73. Recuperado
de https://doi.org/10.21728/logeion.2019v6n1.p57-73

Garbelini, L. G. et al. (2022). Diversified crop rotations increase the yield and economic

efficiency of grain production systems. European Journal of Agronomy, 137.
Recuperado de https://doi.org/10.1016/j.eja.2022.126528

Gazolla, M., & Schneider, S. (2013) Qual "Fortalecimento" da Agricultura Familiar? Uma
analise do Pronaf crédito de custeio e investimento no Rio Grande do Sul. Revista de
Economia e Sociologia Rural, 51(1). Recuperado de https://doi.org/10.1590/S0103-
20032013000100003

Grahmann, K., Dellepiane, V. R., Terra, J. A., & Quincke, J. A. (2020). Long-term observations
in contrasting crop-pasture rotations over half a century: Statistical analysis of chemical

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
BY NiaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p-15

Y NC  ND



https://creativecommons.org/licenses/by-nc-nd/4.0/

Bruce Wellington Amorin da Silva, Wagner Luiz Lourenzani, Gessuir Pigatto

soil properties and implications for soil sampling frequency. Agriculture, Ecosystems
and Environment, 287. Recuperado de https://doi.org/10.1016/j.agee.2019.106710

Grammont, H. C. (2010). La evolucion de la produccion agropecuaria en el campo mexicano:
concentracion productiva, pobreza y pluriactividad. Andamios, 7(13), 85-117.
Recuperado de https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1870-
00632010000200005

Gerhardt, T. E., & Silveira, D. T. (2009). A Pesquisa Cientifica. In: Gerhardt, T. E.; Silveira,
D. T. (Org.), Métodos de Pesquisa (Cap. 2, pp. 31-42). Porto Alegre, RS: Editora da
UFRGS.

Gil, A. C. (2002). Como Classificar as Pesquisas? In: Gil, A. C. Como Elaborar Projetos de
Pesquisa (4a. ed., Cap. 4, pp. 41-56). Sdo Paulo, SP: Atlas.

Gliessman, S. R. Agroecologia: Processos Ecologicos em Agricultura Sustentavel. Porto
Alegre: Editora Universidade UFRGS, 2000.

Gogoi, B. et al. (2022). Raised and sunken bed system for crop diversification, improving water
productivity and economic returns: A case study in low-lying paddy lands of North-east
India. Agricultural Water Management, 264. Recuperado de
https://doi.org/10.1016/j.agwat.2022.107496

Hao, J. et al. (2022). Soil microbial nitrogen-cycling gene abundancies in response to crop
diversification: A meta-analysis. Science of the Total Environment, 8§38. Recuperado de
https://doi.org/10.1016/j.scitotenv.2022.156621

Juventia, S. D., Rossing, W. A. H., Ditzler, L., & Apeldoorn, D. F. (2021). Spatial and genetic
crop diversity support ecosystem service delivery: A case of yield and biocontrol in

Dutch organic cabbage production. Field Crops Research, 261. Recuperado de
https://doi.org/10.1016/j.fcr.2020.108015

Lal, B. et al. (2017). Crop and varietal diversification of rainfed rice-based cropping systems
for higher productivity and profitability in Eastern India. PLoS ONE, 12(4). Recuperado
de https://doi.org/10.1371/journal.pone.0175709

Laurenti, A., Pellini, T., & Telles, T. S. (2015). Evolug@o da Ocupacdo e do Rendimento das
Pessoas no Espaco Rural Brasileiro no Periodo de 2001 a 2009. Revista de Economia e
Sociologia Rural, 53(2). Recuperado de https://doi.org/10.1590/1234-56781806-
9479005302008

Liu, W.; Shankar, S.; Li, L. (2021). Is specialization a strategy to improve farm efficiency in
northwest China? Review of Development Economics, 25(3). Recuperado de
https://doi.org/10.1111/rode.12782

Loch, V. C., Celentano, D., Cardozo, E. G., & Rousseau, G. X. (2021). Towards agroecological
transition in degraded soils of the eastern Amazon. Forests, Trees and Livelihoods,
30(2), 90-105. Recuperado de https://doi.org/10.1080/14728028.2020.1863866

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
BY NiaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p. 16

Y NC  ND



https://creativecommons.org/licenses/by-nc-nd/4.0/

Multidimensional analysis of diversification and sustainability of agricultural production

Andlise multidimensional da diversificagdo e sustentabilidade da produgado agricola

Lydecker, M.; Forman, R. T. T. (2013). Diverse productive roadsides: ecologically integrating
agriculture into our highway system. Oecologia Australis, 17(1), 157-174. Recuperado
de http://dx.doi.org/10.4257/0ec0.2013.1701.13

Maggio, G. Sitko, N. J. (2021). Diversification is in the Detail: Accounting for Crop System
Heterogeneity to Inform Diversification Policies in Malawi and Zambia. The Journal of
Development Studies, 57(2), 264-288. Recuperado de
https://doi.org/10.1080/00220388.2020.1769072

Mekuria, W.; Mekonnen, K. (2018). Determinants of crop-livestock diversification in the
mixed farming systems: evidence from central highlands of Ethiopia. Agriculture &
Food Security, 7(60). Recuperado de https://doi.org/10.1186/s40066-018-0212-2

Meraner, M.; Polling, B.; Finger, R. (2018). Diversification in peri-urban agriculture: a case
study in the Ruhr metropolitan region. Journal of Land Use Science, 13(3). Recuperado
de https://doi.org/10.1080/1747423X.2018.1529830

Meynard, J. M. et al. (2018). A. Socio-technical lock-in hinders crop diversification in France.
Agronomy  for  Sutainable  Development, 38(54). Recuperado de
https://doi.org/10.1007/s13593-018-0535-1

Ministério do Meio Ambiente. (2000). Agricultura Sustentavel. Brasilia, DF: Ministério do
Meio Ambiente.

Mzyece, A.; Ng'ombe, J. N. (2021). Crop diversification improves technical efficiency and
reduces income variability in Northern Ghana. Journal of Agriculture and Food
Research, 5. Recuperado de https://doi.org/10.1016/j.jafr.2021.100162

Revoyron, E. et al. (2022). Diversity and drivers of crop diversification pathways of European
farms. Agricultural Systems, 201. Recuperado de
https://doi.org/10.1016/j.agsy.2022.103439

Monteleone, M.; Cammerino, A. R. B.; Libutti, A. (2018). Agricultural "greening" and cropland
diversification trends: Potential contribution of agroenergy crops in Capitanata (South
Italy). Land Use Policy, 70, 591-600. Recuperado de
https://doi.org/10.1016/j.Jandusepol.2017.10.038

Nera, E. et al. (2020). Assessing the Resilience and Sustainability of a Hazelnut Farming
System in Central Italy with a Participatory Approach. Sustainability, 12(343).
Recuperado de https://doi.org/10.3390/su12010343

Njira, K. O. W., Semu, E., Mrema, J. P., & Nalivata, P. C. (2021). Productivity of pigeon pea,
cowpea and maize under sole cropping, legume-legume and legume-cereal intercrops

on Alfisols in Central Malawi. Agroforestry Systems, 95, 279-291. Recuperado de
https://doi.org/10.1007/s10457-020-00589-0

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
BY NaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p.- 17

Y NC  ND



https://creativecommons.org/licenses/by-nc-nd/4.0/

Bruce Wellington Amorin da Silva, Wagner Luiz Lourenzani, Gessuir Pigatto

Pacheco, J., Ochoa-Moreno, W. S., Ordofiez, J., & Izquierdo-Montoya, L. (2018). Agricultural
Diversification and Economic Growth in Ecuador. Sustainability, 10(2257).
Recuperado de https://doi.org/10.3390/sul0072257

Palomo-Campesino, S., Garcia-Llorente, M., & Gonzales, J. A. (2021). Characterizing
agroecological and conventional farmers: uncovering their motivations, practices and
perspectives toward agriculture. Agroecology and Sustainable Food Systems, 45(9),
1399-1428. Recuperado de https://doi.org/10.1080/21683565.2021.1933671

Petersen-Rockney, M. et al. (2021). Narrow and Brittle or Broad and Nimble? Comparing
Adaptive Capacity in Simplifying and Diversifying Farming Systems. Frontiers in
Sustainable Food Systems, 5. Recuperado de https://doi.org/10.3389/fsufs.2021.564900

Rao, N. K., Shahid, M., & Shahid, S. A. (2009). Alternative Crops for Diversifying Production
Systems in the Arabian Peninsula. Arab Gulf Journal of Scientific Research, 27(4), 195-
203. Recuperado de
https://www.biosaline.org/sites/default/files/publicationsfile/alternative crops for div
ersifying_production.pdf

Rover, O. J.,, Boeira, S. L., Birochi, R. & Follmann, T. M. (2017). Modos de gestdo para a
diversificacdo produtiva em regides produtoras de tabaco. Revista Brasileira de Gestdo

e Desenvolvimento Regional, 13(2), 177-201. Recuperado de
https://repositorio.ufsc.br/handle/123456789/233849

Ridley, D. (2012). The Literature Review: A Step-by-Step Guide for Students. Londres, Reino
Unido: SAGE.

Riquinho, D. L., & Hennington, E. A. (2014). Diversificacdo agricola em localidade rural do
Sul do Brasil: reflexdes e alternativas de cumprimento da Convenc¢ao-Quadro para o
controle do tabaco. Revista de Saude Coletiva, 24(1), 183-207. Recuperado de
https://doi.org/10.1590/S0103-73312014000100011

Scheidel, A., Farrell, K. N., Ramos-Martin, J., Giampietro, M., & Mayumi, K. (2014). Land
poverty and emerging ruralities in Cambodia: insights from Kampot province.
Environment Development and Sustainability, 16(4), 823-840. Recuperado de
https://link.springer.com/article/10.1007/s10668-014-9529-6

Schneider, S., & Niederle, P. (2010). A. Resistance strategies and diversification of rural
livelihoods: the construction of autonomy among Brazilian family farmers. The Journal
of Peasant Studies, 37(2), 379-405. Recuperado de
https://doi.org/10.1080/03066151003595168

Séne-Harper, A. L., Camara, S. M. E., & Matarrita-Cascante, D. M. (2019). Does
Diversification Lead to Livelihood Security in Fishing-Farming Communities? Insight
from the Senegal River Delta. Human Ecology, 47, 797-809. Recuperado de
https://link.springer.com/article/10.1007/s10745-019-00121-8

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
TR NiaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p- 18



https://creativecommons.org/licenses/by-nc-nd/4.0/

Multidimensional analysis of diversification and sustainability of agricultural production

Andlise multidimensional da diversificagdo e sustentabilidade da produgado agricola

Spangler, K., Schumacher, B. L., Bean, B., & Burchfield, E. K. (2022). Path dependencies in
US agriculture: Regional factors of diversification. Agriculture, Ecosystems and
Environment, 333. Recuperado de https://doi.org/10.1016/j.agee.2022.107957

Suresh, K., Wilson, C., Khanal, U., Managi, S., & Santhirakumar, S. (2021). How productive
are rice farmers in Sri Lanka? The impact of resource accessibility, seed sources and
varietal diversification. Heliyon, 7(6). Recuperado de
https://doi.org/10.1016/j.heliyon.2021.e07398

Thorpe, R., Holt, R., Macpherson, A., & Pittaway, L. (2005). Using knowledge withing small
and medium-sized firms: A systematic review of the evidence. International Journal of
Management Reviews, 7(4), 257-281. Recuperado de https://doi.org/10.1111/1.1468-
2370.2005.00116.x

Tranfield, D.; Denyer, D.; Smart, P. (2003). Towards a Methodology for Developing Evidence-
Informed Management Knowledge by Means of Systematic Review. British Journal of
Management, 14, 207-222. Recuperado de https://doi.org/10.1111/1467-8551.00375.

Vézquez, F. R. (2019). State and entrepreneurs facing situations of crisis: conditions and
possibilities for diversification of production in Mendoza (1901-1939). Apuntes 85,
46(85), 191-221. Recuperado de https://doi.org/10.21678/apuntes.85.1069

Venus, T. E., Bilgram, T. E., Sauer, J., & Khatri-Chettri, A. (2021). Livelihood vulnerability
and climate change: a comparative analysis of smallholders in the Indo-Gangetic plains.

Environment, Development and Sustainability. Recuperado de
https://link.springer.com/article/10.1007/s10668-021-01516-8

Yan, Z. et al. (2022). Diversified cropping systems benefit soil carbon and nitrogen stocks by
increasing aggregate stability: Results of three fractionation methods. Science of The
Total Environment, 824.

! Graduado em Biocombustiveis (2016) pela Faculdade de Tecnologia do Estado de Sdo Paulo, com Graduagdo Sanduiche na
Montana State University (2015/2016), em Gestdo Empresarial (2019) pela Faculdade de Tecnologia do Estado de Sao Paulo
e em Engenharia Quimica pelo Centro Universitario Toledo (2021), Especialista em Economia e Negécios pela Universidade
do Oeste Paulista (2022), Mestre em Agronegdcio e Desenvolvimento pela Universidade Estadual Paulista (2023) e Doutorando
em Agronegdcio e Desenvolvimento pela Universidade Estadual Paulista, com Doutorado Sanduiche na Kansas State
University (2024/2025).

i Graduado em Engenharia de Alimentos pela Universidade Federal de Vigosa (1997), mestrado em Ciéncia e Tecnologia de
Alimentos pela Universidade Federal de Vicosa (2000) e doutorado em Engenharia de Producdo pela Universidade Federal de
Sdo Carlos (2005). Estagio Pos-doutoral na Kansas State University (2012/2013) e Livre Docéncia em Analise de Sistemas
Agroindustriais pela Universidade Estadual Paulista (2019).

il Graduado em Economia pela Universidade Federal do Parana (1997), mestre em Engenharia de Produgdo pela Universidade
Federal de Sao Carlos (2001), doutor em Engenharia de Producdo pela Universidade Federal de Sao Carlos (2005), Livre
Docente em Analise de Sistemas Agroindustriais pela Universidade Estadual Paulista (2019) e Pos-doutorado pela Universita
degli Studi di Firenze (2019).

Gestdo & Regionalidade | v. 41 | 20258578 | jan.-dez. | 2025. https//doi.org/10.13037/gr.vol41.20258578

@@@@ Copyright: © 2025, os autores. Licenciado sob os termos e condi¢des da licenca Creative Commons Atribuigdo-
TR NiaoComercial-SemDerivagdes 4.0 Internacional (CC BY-NC-ND 4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/). p- 19


https://creativecommons.org/licenses/by-nc-nd/4.0/

	2 Methodology
	3 Results and Discussion
	4 Final Remarks

