| agriculture

Article

Development Indicators and Soybean Production in Brazil

Marley Nunes Vituri Toloi

1,2,%

, Silvia Helena Bonilla 1%, Rodrigo Carlo Toloi 2,

Helton Raimundo Oliveira Silva ! and Irenilza de Alencar Niis 1

check for

updates
Citation: Toloi, M.N.V.; Bonilla, S.H.;
Toloi, R.C,; Silva, H.R.O.; Nais, I.d.A.
Development Indicators and Soybean
Production in Brazil. Agriculture 2021,
11,1164. https://doi.org/10.3390/
agriculture11111164

Received: 26 September 2021
Accepted: 13 November 2021
Published: 18 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2020 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Postgraduate Program in Production Engineering, Paulista University—UNIP, Dr. Bacelar Street 1212,
Sao Paulo 04026-002, Brazil; shbonillab3@gmail.com (S.H.B.); kaa_ell@hotmail.com (H.R.O.S.);
irenilza.naas@docente.unip.br (L.d.A.N.)

2 Federal Institute of the Mato Grosso, Rondonépolis 78721-520, Brazil; rodrigo.toloi@ifmt.edu.br

*  Correspondence: marley.toloi@roo.ifmt.edu.br

Abstract: Due to its agricultural potential, land extensions, and favorable climate, Brazil is one of the
largest producers and exporters of various agricultural products. A significant part of this production
is placed in Mato Grosso, the primary national producer of several agricultural commodities. The
soybean complex alone produced more than 33 million tons of soybean for the 2019/2020 harvest,
representing 27% of national production. The economic potential that the soybean commodity
represents is linked to the increase in demand for inputs, planted area, production, and productivity.
Given these factors, the present study aims to analyze how the largest municipalities of soybean
production behave, and the degree of interaction and positive associations between the economic
potential promoted by soybean production and the economic/social development and environmental
impacts in the Mato Grosso State, Brazil. The methodology was to categorize the thirty largest
soybean producing municipalities, using the factor analysis method for selected indicators. The
interpretation is made through the adoption of the Driver-Pressure-State-Impact-Response (DPSIR)
framework. The results indicated that the groups formed are not homogeneous in terms of socio-
economic and environmental development. The three factors that formed, were interpreted using the
DPSIR are characterized by the significant influence of the population, reflect on its development,
how economic activities are other and not just agriculture. The second also belongs to the driver
in the DPSRI framework group. It is associated with the soybean production indicator, implying
larger planting areas, generating jobs focused on agricultural activities. The interpretation is made
through the adoption of the Driver-Pressure-State-Impact-Response (DPSIR) framework. The results
indicated that the groups formed are not homogeneous in terms of socio-economic and environmental
development. The significant influence of the population characterizes the three found factors. The
first reflects on the region’s development and how other economic activities (not just agriculture) are
carried on. The second also belongs to the driver in the DPSRI framework group, and it is associated
with the soybean production indicator, generating jobs focused on agricultural activities. The third
group, formed by municipalities in the Amazon region, with environmental factors associated
with large geographical areas, extensive native forests, and more significant carbon sequestration,
considers the DPSRI framework’s impacts. Showing that there are behavior patterns and taking this
into account is the optimal way to use the predictors appropriately. Municipalities are expected to be
more reactive to some changes than to others to achieve a good level of development.

Keywords: soybean; factor analysis method; behavior; framework DPSRI

1. Introduction

The coalescence among chains and the farmers’ skills makes Brazil a significant player
in producing and exporting agricultural products through its great agricultural potential,
large tracts of land, and favorable climate. Brazilian agribusiness grows quickly due to
several factors and impacts the gross domestic product (GDP). This achievement was due
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to increased agricultural productivity, advanced technologies in irrigation and machinery,
and monitoring systems and investments in research [1-3].

The world population growth, especially in developing countries driven by longevity,
purchasing power, and change in eating habits, causes a growing global demand for water,
food, and fiber, causing pressure on agriculture and demanding a development with more
controlled use of natural resources [4]. According to the Ministry of Agriculture data, the
gross value of agricultural production in 2019 reached more than BRL 600 billion [5]. The
main exported products are sugar, coffee, corn, orange juice, cotton, and soy. Moreover,
soy is currently considered the primary world source of vegetal protein [6], representing
more than 32% of agricultural revenues [5]. The soybean production increase in Brazil
has always been associated with scientific advances and technologies in the agricultural
sector. Its technological advances in recent decades make evident significant changes in
crop exploration, enabling its commercial cultivation [7]. This growth is stimulated by
the demand for soybean to feed several meat chains and the production of biodiesel, food
products, among others [8-11].

The soybean supply chain has been of great importance for generating foreign ex-
change for the country for increasing Brazilian international commercial trade. In half a
century of cultivation, the area of soybean planted exceeded 36 million hectares and its
production for the 2020 harvest was over 122 million tons ha, and the 2020 harvest was
over 122 million tons [12,13]. Mato Grosso is responsible for a significant part of Brazilian
production, being the main national producer of soybean and corn crops, generating for-
eign exchange, moving different segments of the economy [14]. Located in the central-west
region of the country, the state has three different biomes: Amazon, Cerrado, and Pantanal,
and is the state accounts for a significant part of Brazilian production, being the primary
national soybean and corn production, generating trade, and moving different economy
segments [14]. Mato Grosso state is located in the central-west region of the country. It
has three different biomes Amazon, Cerrado, and Pantanal, and is the third-largest state in
the country, behind only Amazonas and Para. The region has 90 million ha in which 21%
are planted pastures. Over 10%, corresponding to 9.3 million ha, are related to agriculture
and forests, making the state a great national agricultural power and forests, making the
state a great national agricultural power [15]. Within several supply chains related to the
agricultural sector of Mato Grosso, the soybean complex produced more than 33 million
tons of soybean in grain for the 2019-2020 harvest, and it represents an increase of almost
80% compared to the last ten years of cultivation. It is 27% of all national production,
exported almost USD 9 billion, equivalent to 25 million tons of soybean [12,16,17]. The
economic potential that the soybean commodity represents is linked to increased demand
for inputs, increased planted area, increased production, and productivity. In this way,
soybean production influences every individual who is directly and indirectly linked to
it. The market income generated from soybean crops occurs before, during, and after
its production. Therefore, soybean influences the inhabitants” income and, consequently,
the quality of life and well-being of the people around it; The market income generated
from soybean crops occurs before, during, and after its production. Therefore, soybean
influences the inhabitants’ income and, consequently, the quality of life and well-being of
the people around it [18].

This study aims to analyze how the largest soybean producing municipalities interact
with the economic potential promoted by soybean production and economic, social, and
environmental development within the Driver-Pressure-State-Impact-Response (DPSRI)
framework. The article is divided into five sections. In addition to the introduction, a
literature review was completed related to this research theme. The following section
is the used methodology, and next, the results are presented and discussed. Finally, the
conclusions are shown driven by the objective of the research.



Agriculture 2021, 11, 1164

30f15

2. Theoretical Background

Some studies in Brazilian literature have evaluated the influence of soybean pro-
duction, approaching the relationship between the variables of soybean production in
150 producing cities compared with the variables of development and well-being of the
population. It was evident that there is a significant relationship between soybean produc-
tion and quality of life There is a significant relationship between soybean production and
the quality of citizen’s life. However, there were also places where the level of well-being
of the population was not related to soybean production [18].

Another study analyzed the effects of soybean production in the cerrado of MATOPIBA
(the group formed by the States of Maranhdo, Tocantins, Piaui, and Bahia). In that previous
study, the authors pointed out a concept of poor development: an uneven process of
change that worsens the local population’s material and social capacities. It is necessary to
include all those involved, promoting the fair distribution of benefits and burdens between
different social groups to develop appropriately [19]. On the other hand, the absence of
inclusion leads to the systematic expropriation of resources and the destitution of local
actors. This comes from dominant crop monocultures that lead to sustainability issues
since soybean’s expansion in MATOPIBA. This scenario reveals how it fails concerning
development in general, as few people benefit. Most local rural residents, deprived of
access to vital resources, such as water and food, are excluded from decision-making bodies,
which lead to the concentration of income, land, and other natural resources in the hands
of a few [19].

2.1. Soybean Production and Its Impacts on Socio-Economic and Environmental Aspects

The economic importance of soybean production is not restricted to producers, show-
ing different destinations and purposes such as export in grain, bran, oil, and a source of
protein for various meat chains around the world. As a result, numerous business and
job opportunities related to industry, distribution, and the input market in these cities are
created [18]. Some similar studies researched with soybean producers demonstrated a pos-
itive result regarding soybean production in terms of income and employment. However,
although it does not employ many direct workers per ha, it indirectly provides other jobs
in its supply chain [10,20]. This is reflected in the generation of income and the people’s
quality of life and well-being [18].

The Brazilian government has carried out actions to improve the social inclusion of
small farmers, mainly for family farming, including soybean production for supply and
production of biodiesel with the Social Fuel Seal. This program aims to help thousands
of families across the country to cultivate and market oilseed crops such as soybeans. In
Mato Grosso, several agrarian reform settlements were involved in this program. However,
many of these small farmers are not the original occupants of the lands donated by the
government. With the technical support of the large soybean farmers, small farmers
manage to profit from soybean production on a small scale [10]. In 2017, 18.2 million
people worked in the country’s agribusiness sector, representing 20.1% of the workforce.
These people are usually unqualified with little formal education. In addition, they are
used to working informally with incomes lower than workers in other economic sectors [1].

Rural employment significantly contributed to the country’s economic, social, and
environmental development [4]. Employment opportunities outside the agricultural sector,
through their sectoral linkages, lead to the development of upstream and downstream
service sectors, such as agrochemical consulting companies, the downstream processing,
emerging soybean crushing facilities, biodiesel and ethanol plants, and increased meat
production, which are dependent on locally produced grains [20].

Regarding environmental aspects, agribusiness, as one of the main economic activities
in Brazil, is a sector with significant representation in greenhouse gas (GHG) emissions [14].
Environmental degradation is directly linked to economic activities practised on the planet.
Many analysts indicate the need to change the current economic development model [21].
Given these concerns, consumers worldwide have asked for more information about the
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origin, quality, and way the food they consume is produced and the impacts it can cause on
the environment [22]. Brazil has several initiatives related to more sustainable production,
such as increased productivity, use of degraded areas by extensive cattle raising, adoption
of economically and environmentally sustainable practices, such as the integration of
livestock farming (ILF), and, finally, the integration of crop-livestock forestry (ICLF) [23].
Actions such as these result in a reduction in chemical inputs and CO, emissions through
the reduced use of fuel and agricultural labor, enhancing the mitigation of greenhouse
gases and carbon sequestration [24].

Regarding the soybean chain, the productive sector, soybean value chain, large soy-
bean producing companies seeking to reduce environmental impacts, have been promoting
several efforts in recent years, such as reducing deforestation, using the no-tillage system,
and creating the soybean moratorium [25]. These listed actions are still not enough, as
soybean production depends on inputs such as fertilizers, fuels, machinery, and pesti-
cides, which help increase GHG emissions into the atmosphere and the product’s carbon
footprint [22]. Even in the face of several actions, there are concerns in Brazilian and
worldwide about deforestation, deterioration of ecosystem services, loss of biodiversity,
and the increase in carbon emissions. Deforestation in both biomes Amazon and Cerrado
might damage regions’ biodiversity [10].

According to some researchers, to achieve a sustainable agricultural system in Brazil,
combining modern agriculture with high diversity and functional ecosystems and improv-
ing socio-economic conditions is necessary to reduce distribution inequalities [26]. Another
worrying factor is social sustainability, widely criticized, as thinkers argue that economic
growth bears fruit. Nevertheless, these are unevenly distributed, and the mechanism that
produced the growth was mainly “throughput growth” (“extracts/produces/discards”),
stimulated by consumption [27].

2.2. The DPSIR Conceptual Framework

The DPSIR conceptual framework was developed by the European Environmental
Agency (EEA) [28] and has been widely used to model environmental problems. As
stated by [29], its application outside the environmental arena is limited. The approach
consists of identifying the linkages between “drivers-D” through “pressures-P” on different
“states-S,” as well as their consequential “impacts-1” on the system, leading eventually to
“responses-R” from the society.

Drivers: Factors that cause changes in the system of interest. These forces can be
social/demographic, economic/technological, or ecological and comprise positive and
negative influences.

Pressure: Means through which drivers are expressed; all the activities and natural
processes result from the driving forces.

State: Situation of the system of interest under current environmental and socio-
economic conditions.

Impacts: Modifications, caused directly or indirectly, in the state of the system of
interest, which influences human well-being.

Response: Efforts to reduce the pressures, address the changes in “state,” or prevent,
repair, or adapt to the impacts. The actions can be voluntary, legally mandated, or
incentive-driven.

The DPSIR framework was selected to structure the analysis and close the indicators
within a logic framework. This framework allows identifying the drivers that promote
changes at some levels, from land use to society, and to support the empirical analysis of
agri-social-environmental linkages. Although cause-effect relationships are challenging to
establish, models that show at least plausible relationships among variables generally have
the most meaning for environmental decision-makers.

The inclusion on the same basis of these different aspects towards a more sustain-
able development motivated studies that applied the driving force-pressure-state-impact-
response (DPSIR) tool. It is possible to identify and describe processes and interactions
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in human-environmental systems using this analysis tool. In the case study carried out
in Jiangsu Province in China (China), the concept and indicators of ecological integrity
are used to assess indicators in the dimensions of the DPSIR between 2003 and 2006. In
this case, productive/economic factors of agricultural development have become more
efficient and brought benefits to society. However, there has been an increase in pressure
on natural resources in general [30]. In the city of Ardabil in Iran, an assessment of the
carrying capacity of four central districts showed that two of the four regions studied
use the maximum capacity of the area according to the components used in the DPSIR.
The DPSIR allows visualizing the "status’ or picture of human interactions/activities with
ecosystems [31] simplistically. The challenge of converting more technical and scientific
information into public policy can be reduced using the DPSIR.

In Brazil, studies aimed at public policies included the DPSIR in the field of water re-
sources. In the search for better water demand management strategies in the Apodi-Mossord
river basin (RN-Brazil), the DPSIR identified flaws in the demand service system by ana-
lyzing four allocation strategies and variations in the conditions required reservoirs [32].
The mapping and diagnosis with the DPSIR method of sub-basins, such as the Mampituba
River in southern Brazil, showed the primary pressure generating activities. These activ-
ities include agricultural, industrial, and urban, but the anthropic pressure is generally
low [33]. Sensitive/negative and positive/benefit points revealed by the DPSIR analysis
act as checks and balances that decision-makers can consider when designing and applying
public policies.

3. Methodology
3.1. Factor Analysis FA

Factor analysis (FA) is a multivariate statistical method that analyzes several variables
to reduce a large data dimension to a relatively smaller number of dimensions, components,
or latent factors [34]. Factor analysis provides a way of reducing the dimensionality of the
data. It enables the graphic representation of intersample and intervariable relationships
offering latent variables to improve understanding and advance development trends.
This technique has three main uses: understanding the structure of a set of variables,
constructing a questionnaire to measure an underlying variable, and reducing a dataset to
a more manageable size while retaining as much original information as possible [35]. The
software used to process the data was the Minitab® with Quartimax as the rotation factor
method. The number of factors was determined by the criterion of eigenvalues higher
than one.

Indicators must be sensitive to the more relevant events, and they also have to be
acquired with a determined and known frequency and offer credibility. In this way, data
from recognized public and international sources were prioritized/; moreover, they must
be available for municipalities [36] (Table 1).

GHG emissions calculations considered the inputs in manufacturing and their use at
the farm (agricultural phase), as shown in Equation (1)

Total_CO,(t/ha) = emission_of_COa,,(Kg/ha) xtotal_of_soybean_planted_area_(ha) 1)

where Total CO; is the total emission from the soybean crop area in each Biome.
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Table 1. Selected indicators to carry out the evaluation.

Indicators Source

Area of the municipality (ha) *
Soybean area (ha) ** [37]
Soybean production (ton) ***

Deforestation until 2019 (ha) ****

Remanent biomes until 2019 (ha) ***** [38]
CO, emission per soybean plantation (ton/ha)
(Equation (1)) [36,39]
Calculations based on remaining forests
CO; sequestration due to remanent biomes areas and according to their biome, made

by the authors.

Global IFDM (Firjam index of municipal de-
velopment, includes health, education, job [40]
and income)

Jobs in other activities (except agriculture)

Jobs in agriculture [41]
Population

Formal jobs

Agriculture GDP [42]
Other activities GDP

* Total area of municipality (ha); ** Total area of soybean planted (ha); *** Total: soybean produced throughout the
planted area (t); **** Total deforestation of biomes by 2019 (ha); ***** Total existing forests by biome until 2019 (ha);
Total existing forests by biome until 2019 (ha); IFDM

Table 2 shows the description used on describes the calculations based on remaining
forests according to their biome.

Table 2. Calculations based on remaining forests according to the biome.

Biome Soybean Crop Area (ha) Carbon Sequestration Potential Index Carbon Sequestration Potential (t)/the
y P by Biome/ha TC/halyear * Total Remaining Forest (ha)

Amazon 12.5 TCFA

Cerrado 54 TCFC

Pantanal 5.4 TCFP

* Source: [43]; TC = carbon metric ton continuous flow; TCFA = total carbon sequestration potential (t)/the total remaining forest (ha) in the
Amazon biome; TCFC = total carbon sequestration potential (t)/the total remaining forest (ha) in the Cerrado biome; TCFP = total carbon
sequestration potential (t)/the total remaining forest (ha) in the Pantanal biome.

The indicators of deforestation areas refer to areas deforested in 2019, according to data
from the National Institute for Space Research (INPE). These areas were not necessarily
deforested for soybean production, but in principle for logging, followed by livestock
raising, and then into agricultural areas [38,44,45]. The remaining areas are the existing
forests of each biome until the year 2019 [38].

As for the choice of social development indicator, we opted for the FIRJAN Municipal
Development Index (IFMD) used by the Federation of Industries of the State of Rio de
Janeiro. It is a human development indicator that annually monitors all Brazilian mu-
nicipalities” social and economic development in three areas of activity employment and
income, education, and health. The index varies between (0 and 1). The closer to 1, the
greater the level of development of the location [40].

The choice of formal jobs indicates the development of each municipality in the gen-
eration of formal jobs. As for the employment indicator in other sectors, all formal jobs
(mineral extraction, transformation industry, public utility industrial services, civil con-
struction, commerce, public administration services) are included to distinguish between
non-agricultural and agricultural jobs for each municipality [41]. Such an approach was
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made for the agricultural GDP and the other non-agricultural sectors considered (industry,
services, administration, defense, education, and public health and social security) [42].
The selected indicators (Table 1) were organized and presented according to the DPSIR
framework (Figure 1). The expansion and intensification of soybean are considered as
a driver, as well as the population size. Population size influences the demand for land
and resources to sustain the needs. These drivers are represented by soybean production
and population. These two drivers combined are expressed through human activities and
natural processes involved in supporting those. Area related to soybean production is
included in this category, and jobs need to meet demands. The more visible effects at soci-
ety /economic and environmental domains are GDP, remanent area, and CO, emitted/area.
The total area is also included in this category since it represents the exert pressure on the
environment. The associated environmental impacts are deforestation and the capacity of
CO;, fixation due to remanent biomes. The IFDM index is used for evaluating our society.

D

Soybean production
Population
Soybean dvea P
R Agric. Jobs
Cther Jobs

Arsa

Agric, GOP
Other GDP
Farmal Jobs
CO.farea S
I Remanent

IF
C0, sequestr.
Deforestation

Figure 1. Indicators selected and its structuration their structural framework according to the DPSIR
Framework. Source: Authors.

Here, the framework was adopted to link the social and economic aspects included
offering a broader vision of the three aspects (social, economic, and environment). The DP-
SIR does not have a core role in the discussion. However, it contributes as a complementary
point of view to understand and support the meaning of the latent variables extracted by
the factor analysis method. It allows the proposal of a structure of the relationships among
the indicators. The framework is used here to address a linkage perspective and includes
social and economic aspects and environmental ones. Indicators related to Response are
not considered. However, later, the discussion section will address possible measures to
lead with impacts.

3.2. Mato Grosso State, Municipalities, and the Data Analysis

At first, in 2018, soybean production in some Mato Grosso municipalities was sur-
veyed. A database of official agencies was used to carry out this study [37]. Within a
total of 141 municipalities, data were collected from the 30 largest cities in annual soybean
production, which together account for 75% of total state production, according to official
data [37]. Based on this ranking, other indicators were raised better to characterize the cities
regarding socio-economic and environmental aspects, as described in Table 2. Mato Grosso
is located in the center region of the country and divided into seven macro-regions [46]. The
state has three biomes (Figure 2). Amongst these, the largest grain and soybean producing
municipalities are distributed.
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= Sorriso

* Nova Mutum
Campo Novo do Parecis
Sapezal

= Nova Ubirata

= Queréncia

= Diamantino

= Primavera do Leste

= Canarana

=Brasnorte

=Lucas do RioVerde

= Paranatinga

= §30 Félix do Araguaia
Ipiranga do Norte
Campos de Julio
Campo Verde
Nova Maringa
Tapurah

= Gaucha do Norte

= Itiquira

Amazon biome

Pantanal biome

Figure 2. The map of Brazil and the Macro regions, and biome of Mato Grosso State: [37,46].

The Mid-North macro-region is the largest soybean producer in the state. Estimated
production for the 2019-2020 harvest according to [17] in 11 million tons, of the 30 munici-
palities analyzed, 12 belong to this region, these being Sorriso, Lucas do Rio Verde, Sinop,
among others. They represent 34% of the total production in the state. Table 3 highlights the
municipality of Sorriso, which alone represents nearly 8% of all state production, followed
by Nova Mutum and Campo Novo do Parecis.

Table 3. Ranking of Mato Grosso municipalities concerning soybean production.

Seq. Municipality Production () Seq. Municipality Production (t)

1°  Sorriso 2,232,000 16° Campo Verde 693,000
2°  Nova Mutum 1,335,600 17° Nova Maringa 610,200
3°  Campo Novo do Parecis 1,322,400 18° Tapurah 597,600
4°  Sapezal 1,235,400 19° Gatcha do Norte 579,120
5°  Nova Ubirata 1,218,000 20° Itiquira 561,600
6°  Queréncia 1,176,000 21°  Agua Boa 528,000
7°  Diamantino 1,091,880 22°  Porto dos Gatichos 526,612
8°  Primavera Do Leste 890,400 23°  Sinop 515,040
9°  Canarana 841,500 24°  Santa Rita do Trivelato 511,600
10° Brasnorte 786,480 25°  Vera 460,200
11° Lucas do Rio Verde 772,800 26° Tabapora 445,200
12° Paranatinga 748,800 27°  Feliz Natal 410,400
13°  Sao Félix do Araguaia 746,428 28° Sé&o José do Rio Claro 390,000
14° Ipiranga do Norte 739,200 29° Tangard da Serra 368,880
15° Campos de Jalio 717,360 30° BomJesus do Araguaia 360,137

Source: [37].

4. Results

Two tests were applied to evaluate the adequacy of data: the Kaiser-Meyer-Olkin
(KMO) test and Bartlett’s sphericity test. KMO statistic is a proportion of variance among
variables that might be common variance: varies from zero to one, in which zero is
inadequate, while close to one is adequate. Bartlett’s test compares the observed correlation
matrix to the identity matrix (off-diagonal is zero) [35] (Table 4).



Agriculture 2021, 11, 1164 9 of 15
Table 4. KMO and Bartlet tests.
Kaiser-Meyer-Olkin Adequacy 0.655
Aprox. Qui-square 717,437
Bartlett’s sphericity test 1d 91
p 0

The result of the KMO test was 0.655, that is, classified as good, meaning that the
sample is adequate for the application of factorial analysis. KMO values above 0.50 and
p < 0.05 for Bartlett’s test are considered acceptable [35]. There are three significant factors
with eigenvalues higher than 1 (Table 5) for an explained variance of 78.1%. The most
significant factor is the first F1 with a variance of 29.9%, followed by the second component,
F2, with 24.9%. Both of them represent a cumulative variance of 54.6%. The third one, F3,
provided an explained variance of 23.6%.

Table 5. Eigenvalues, proportion of the total variance covered by each factor and the cumulative
explanation of data variance.

F1 F2 F3
Eigenvalue 4.18 3.44 3.31
Total explained variance (%) 29.9 249 23.6
Cumulative variance (%) 29.9 54.6 78.1

The eigenvectors for the 14 indicators (Table 6) present the most significant compo-
nents for each indicator are highlighted in bold. The FA reduced dimensionality since the
14 variables were reduced to three, which corresponds to 78% of the total information.

Table 6. Factorial charges and Communality.

Variable F1 F2 F3 Initial Communality Extraction Communality
Soybean production 0.200 0.932 0.135 1.00 0.902
Soybean area 0.166 0.945 0.159 1.00 0.906
Total area —0.161 0.190 0.653 1.00 0.621
Deforestation 0.001 -0.027 0.880 1.00 0.77
Remanent forest —0,254 —0.022 0.927 1.00 0.931
CO; emission 0.058 0.325 0.276 1.00 0.409
CO;, sequester —0.179 —0.053 0.932 1.00 0.849
IFDM 0.347 0.226 —0.265 1.00 0.425
Jobs other sectors 0.989 0.059 —0.106 1.00 0.989
Agricultural jobs 0.213 0.754 —0.301 1.00 0.826
Population 0.983 0.065 —0.079 1.00 0.964
Formal jobs 0.976 0.175 —0.107 1.00 0.991
Agric GDP. 0.157 0.901 —0.235 1.00 0.928
Other sectors GDP 0.948 0.258 —-0.111 1.00 0.979

The municipalities are plotted according to the combined values of their indicators
(Figure 3a), proving their similarity. Since it is isolated at the upper right extreme, munici-
pality #1 (representing Sorriso) has some characteristics different from the others and the
two at the lowest second quadrant #29 and #23 (Sinop and Tangara da Serra). A cluster
is visualized in the third quadrant, whereas the other three quadrants display scattered
points and fewer municipalities.
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Figure 3. The factor analysis score plot (65.7% of cumulative variance) (a), and the factor analysis
loading plot (b).

Figure 3b shows the correlation of the indicators. In this way, the closer the vectors,
the more the indicators are correlated. A 90° angle represents a lack of correlation, whereas
a 180° angle means opposite correlation. The loadings plot shows the relationship between
the factors and the original variables, at least for the first two factors F1 and F2.

Population and jobs generated by other sectors of the economy show a high correlation
being practically overlapped. GDP from economic sectors other than agricultural and
formal jobs correlates well with them and the former two. The strong association among
the indicators suggests that formal jobs are generated by the other sectors of the economy
instead of the agriculture sector. Another group of indicators has a strong association as
the overlapped vectors related to soybean area and production. Although differences in
productivity occur among the different regions of the state, they are not important enough
to be evidenced in the graph. The biplot in Figure 4 depicts the overlapping loadings and
the score plots for the plane formed by F1 and F2.

The closed group located at the third clockwise quadrant has some characteristics
in common. These municipalities are associated with high values of remanent forest and
CO; sequestration. They are not associated with high values of jobs from other sectors,
population, formal jobs, and GDP generated by the other sectors. Neither is associated
with a high GDP of the agriculture sector, soybean, soybean production, and jobs generated
in the agriculture sector. The cluster closest points corresponding to municipalities # 9, 10,
12,13, 14, 15,17, 18, 19, and 20 are primarily situated in the Amazonian region (Canarana,
Brasnorte, Paranatinga, Sdo Felix de Araguaia, Ipiranga do Norte, Tapurah, Nova Maringg,
Gatcha do Norte). However, the increasing deforestation over the years presents more
rigid legal constraints concerning the percentage of the remanent biome.

Municipalities #8 and 11, Primavera del Este e Lucas do Rio Verde, are characterized
by higher jobs from other sectors, formal jobs, and GDP generated by the other sectors.
The ratio between GDP generated by other sectors and agriculture GDP is 3.6 and 5.4 for
Primavera del Este and Lucas do Rio Verde. Moreover, the ratios between jobs generated
from other sectors and those generated by the agriculture sector are almost 5 and 9 for
Primavera del Este and Lucas do Rio Verde. Even among the higher soybean producers,
the main economic activities are not directly related to agriculture.

Another cluster is displayed in the fourth quadrant clockwise, related to points #2, 3,
4,6,7,and 16 (Nova Mutum, Campo Novo do Parecis, Sapezal, Queréncia, Diamantino,
and Campo Verde). According to what was interpreted through the loading plots, these
municipalities are associated with a relevant GDP of the agriculture sector, soybean, soy-
bean production area, and jobs generated in the agriculture sector. It is important to notice
that five of the six that formed the cluster belong to the first seven places according to
soybean production. Figure 5 displays the indicators evaluated structured according to the
combination of the DPSIR framework and the Factors extracted from the factor analysis.
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Figure 4. The factor analysis biplot, obtained by the overlapping of Figure 3a,b.

D

Population

F1

Sor n production
i) e pRg Otherjobs P

R F3 Saybean
area
Agric. jobs

Deforéstation  Remanent

CO; sequest, Area Other GOP
r

Farmal jobs
Agric. GDP

I S

Figure 5. A diagram displays the indicators evaluated structured according to the combination of
the DPSIR framework and the Factors extracted from the factor analysis.

5. Discussion

The current study analyzed the degree of interaction and positive associations be-
tween the economic potential promoted by soybean production and the economic and
social development and environmental impacts development within the Driver-Pressure-
State-Impact-Response (DPSRI) framework. We also examined how the largest soybean
production regions of the Mato Grosso State behave towards the social, economic, and
environmental aspects.

The studied municipalities according to the factors that emerged after the analysis of
indicators in factor analysis and interpreted by the DPSRI confirmed a positive interaction
between soybean production and the economic, social, and environmental segments. The
connection between the soybean production and population is evident, being F1 and F2, and
the impact on the indicators such as job creation in non-agricultural sectors and the GPD of
different sectors [10,18,20]. The soybean production indicator directly impacts the increase
in planted areas and agricultural jobs in municipalities. Places with low population density
show more agricultural employment with less qualification and agricultural GPD with
greater representation [1,19]. The F3, representing the DPSIR framework, was characterized
by the remaining area. It evidenced its change of state as the agricultural sector advanced
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in new frontiers. It can reduce these environmental reserves that directly impact emissions
and the balance of carbon sequestration [10,26].

In Figure 4, the primary trend expressed on the F1 axis is high values of jobs from
other sectors, population, formal jobs, and GDP generated by the other sectors due to
the high loading of these indicators. The F2 axis displays high positive loadings of the
agriculture sector’s GDDP, soybean, soybean production area, and Jobs generated in the
agriculture sector. Intermediate loading of the indicator CO, emission is also observed.

As expected, the area of remanent biomes is high correlated with CO, sequestration
(Figure 4). However, it is essential to notice that the amount of sequestration depends on the
nature of vegetation [10] since the diverse biomes have different abilities to capture carbon
to transform it into biomass. The total area is highly associated with logging. The CO,
emission indicator is almost uncorrelated with remanent biomes and CO; sequestration.

Results suggest that even the group formed by the biggest producers of soybeans is
not homogeneous in terms of social/economic and environmental development (Figure 5).
It was demonstrated that three factors that emerged from the FA could explain the group
pattern represented by the selected indicators. However, a heterogeneous distribution of
how the municipalities develop has different trends to attain high soybean production
through environment/society inter-connections. According to a case study in Jiangsu
(China), agricultural development’s productive/economic factors became more efficient
and brought developments [1]. It is important to note that the indicator related to socio-
economic development, the Firjan Index, the IFDM is not strongly correlated with any
of the remaining indicators. A plausible interpretation is that positive socio-economic
development is associated with multiple factors and does not directly affect agricultural
activities and wealth generation.

Municipalities #8 and 11, Primavera del Este e Lucas do Rio Verde, are characterized
by the strong influence of F1. Observation of Figure 5 allows the designing of a trend
reflecting their development. Although they are among the higher soybean producers, the
main economic activities are other than agriculture activities. Maybe agriculture activities
represent de-triggering for the other economic sector. As stated by [18], agribusiness
expands the relationship between the primary production segment and the upstream
and downstream activities, with a solid connection to technological change, mainly in
the job market [1]. This scenario increases citizens” quality of life due to the region’s job
opportunities generated by industrial units [47].

The cluster displayed in the fourth quadrant clockwise (points #2, 3, 4, 6, 7, and 16 cor-
responding to Nova Mutum, Campo Novo do Parecis, Sapezal, Queréncia, Diamantino,
and Campo Verde) is associated with F2 (Figure 3a). The soybean crop area is large, and the
generation of jobs is devoted to agricultural activities and consequent generation of GDP.
Agricultural jobs require lesser formation and skills than jobs along the upstream chain
or at other sectors. The trend represented by the indicators associated with F2 shows that
these municipalities are more related to agricultural activities (Figure 5). Any improvement
of the development associated with the pattern evidenced at the DPSIR framework will
involve more land use for agriculture, increasing productivity, or increasing the number
of jobs. The first and the second correlate to high environmental impacts, and the third is
improbable to occur. Responses able to solve these problems should be proposed in order
to improve development, as explained by [10,18,20]. The authors argue that jobs in these
municipalities tend to increase within the same agricultural chain [10,18,20].

The closed group (#9, 10, 12, 13, 14, 15,17, 18, 19, and 20) located at the third clockwise
quadrant (Figure 3a) has characteristics associated with factor F3 (Figure 5). This group is
characterized by relatively big geographical areas, which can offer an advantage to manage
land use properly. However, deforestation areas are also high. Since these areas are located
in the Amazon region where legal regulation is strict, an equilibrium is demanded to
manage high production, extensive geographical areas and, legal constraints (such as the
actions to reduce the soybean crops in the legal Amazon area) [25].
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The impacts linked with the State have positive and negative aspects. Nevertheless,
according to Figure 5, the left area of native vegetation is considered a positive expression
of the state category. Since the Amazonian Forest has a high CO, sequestration capacity,
the same remanent area will have more weight than another remanent native vegetation.
Whether society ‘Responds’ to impacts depends on how these impacts are perceived and
evaluated. In [26], they explained that it is necessary to combine modern agriculture with
high diversity and functional ecosystems to improve socio-economic conditions to have
a sustainable agricultural system [26]. For those municipalities whose developed trend
is explained by F3, controlling and maintaining expansion constraints are mandatory to
balance emissions from soybean crops and the balance of sequestration through preserving
remaining forests by biomes [10,22].

One limitation of the present study is that the use of indicators as “predictors” for
assessing the behavior of the municipalities has some limitations when the municipalities
are considered a homogeneous block. We admit that adding more social indicators could
improve our findings; however, there are limitations for obtaining a credible and complete
database. No indicators showing the kind /agricultural properties were chosen to carry out
the analysis, and its inclusion will elaborate more adequate responses.

6. Conclusions

Results indicate that there are behavior patterns and taking them into account will
help properly use the predictors. Municipalities are expected to be more reactive to some
changes than to others to attain a good level of development. There is not a unified way to
visualize the more reliable trajectory of the greatest producers.

Combining the DPSIR framework and the Factors extracted from the factor analysis
allows visualizing the factors with a less static point of view. The factors can be seen as
multilayered. Theoretical approaches indeed sustained DPSIR and FA are different, but we
think one could complement this research.
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