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Abstract: This paper aims to identify and analyze the factors that influence the decision of Mato Grosso's
farmers to produce soybean using the Analytic Hierarchy Process (AHP). We found evidence that decision-
making of soybean production is related to rural production aspects such as climate, financing, cost of
inputs, and soil quality rather than marketing and logistics. The novelty of this paper is the empirical analysis
of the decision-making in agricultural production using AHP. The decision model was created and tested
considering 21 farmers and 19 experts linked to the soybean production. Three different scenarios were
considered: farmers' view, experts' view, and combined view. Our findings indicate that farmers and experts
agree with rural aspects are predominant in the decision to plant soybean. Moreover, logistics have been
used as an important flag of soybean competitiveness on international trade by soybean stakeholders in
Brazil. However, our results show that logistics impact in the soybean decision-making process is low. Due
to data limitation access, this study focuses only on Mato Grosso. However, this study has an exploratory
character and presents empirical results that may help to understand soybean production over the country.

Keywords: Analytic Hierarchy Process - AHP, soybean production supply chains, agricultural production,
decision-making, food production.

Resumo: Este artigo tem como objetivo identificar e analisar os fatores que influenciam a decisdo dos
agricultores de Mato Grosso em produzir soja usando o processo de hierarquia analitica (AHP). Encontrou-
se evidéncias de que a tomada de decisdo da producdo de soja esta relacionada a aspectos da produg¢do
rural, como clima, financiamento, custo de insumos e qualidade do solo, em vez de comercializagdo e
logistica. A novidade deste artigo é a analise empirica da tomada de decisdo na produgdo agricola usando
AHP. O modelo de deciséo foi criado e testado considerando 21 agricultores e 19 especialistas vinculados a
producdo de soja. Trés cenarios diferentes foram considerados: visdo de agricultores, visao de especialistas
e visdo combinada. Os resultados indicam que os agricultores e os especialistas concordam que os aspectos
rurais predominam na decisdo de plantar soja. Surpreendentemente, a logistica apresentou baixo impacto
na tomada de decisGes, mesmo sendo usada como uma bandeira da competitividade da soja brasileira no
comeércio internacional. Devido ao acesso limitado de dados, este estudo focaliza apenas o estado de Mato
Grosso, no entanto o trabalho tem um carater exploratério e apresenta resultados praticos que podem vir
a auxiliar o entendimento do processo decisério da soja produzida no Brasil.

Palavras-chave: processo de hierarquia analitica, cadeia produtiva da soja, producdo agricola, tomada de
decisdo, produgdo de alimentos.
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1. Introduction

The world population is expected to reach 9.7 billion by 2050 (United Nations Department
of Economics and Social Affairs, 2019) increasing the demand for agricultural products. One
of the primary global agricultural commodities is soybean, consumed as natural grain, like oil,
and meal for animal protein industry.

Currently, Argentina, Brazil, and the US are responsible for around 81% of global production
(United States Department of Agriculture, 2020). Among them, Brazil has the highest growth
in crop area, production volume, and international trade share (Brasil 2020; United States
Department of Agriculture, 2020). The Brazilian 2019/2020 harvest accounted for 124.8 million
tons covering 36.9 million hectares (Brasil, 2020). For this reason, Brazil is considered one
of the biggest food producers at the global level (Contini, 2010). However, Reis et al. (2016)
report that soybean production in the country faces enormous challenges, including scarcity
of transportation logistics and storage capacity (Lipinski et al., 2013), long distances between
the production areas and the ports used for export (Vilhena & Ribeiro, 2015; Reis et al., 2016),
strong dependence on imported fertilizers (Teixeira et al., 2013; van Tongeren et al., 2014;
Raucci et al., 2015), environmental, social, and economic issues (Zhu & Sarkis, 2004; Cavalett
& Ortega, 2009; Soares, 2016; Toloi et al., 2018).

There is a common ground that all these challenges affected the decisions of producers
and trading companies regarding soybean planting, marketing, and distribution. Therefore,
the decision-making process in agricultural activity should consider information related to the
value chain, the upstream, internal, and downstream chains (Oliveira & Pereira, 2009).

Having said that, in the case of soybean producers, the literature indicates that decisions are
commonly made according to their perception of risk, available resources, perceived capacity, and
external support (Singh et al., 2016). Agricultural decisions are made considering the pressure
from multiple variables that are directly and indirectly related to soybean production, such as
the adoption of technologies (Rupnik et al., 2018), economic and political aspects at the local and
global levels (Puchalsky et al., 2018), production volumes (Goldsmith, 2008), production systems
(Fountas et al., 2006), climate, selection of suppliers (Arvor et al., 2010), availability of inputs
(Associagdo Nacional para Difusdo de Adubos, 2017), and available logistics (Reis & Leal, 2015).

Despite the idea that decision-making is a core issue in agricultural management and revolves
around many variables (Fountas et al., 2006), there is a lack of studies investigating whether
the decisions in agricultural production are made as presented in the literature. Besides, there
are doubts about whether the decisions consider these different variables.

Given these issues, this study aims to analyze which factors affect the decision-making of
Brazilian farmers regarding soybean production. The sample of this paper is represented by
21 farmers located in Mato Grosso, the largest state producer, and 19 experts of the soybean
chain. Despite the sample of this research, we could measure the empirical evidence of the
decision-making factors considering a multicriteria analysis environment.

We created a decision tree to apply the analytic hierarchy process (AHP) methodology (Saaty,
1980), which includes hierarchizing a set of variables based on weighted criteria to improve
the decision-making process. The variables were established based on the literature divided
into three categories: rural production, logistics, and marketing.

The remainder of this paper is organized as follows. After this introduction, section 2 presents
the study theme. In section 3, the decision-making process for rural properties is contextualized.
Section 4 describes the method of data analysis. Section 5 describes the methodological steps
that have been followed to explain how the study was developed. Section 6 shows the results
and the respective analysis. Finally, section 7 presents the final considerations, including study
limitations and suggestions for future studies.
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2. Literature Review

2.1. Mato Grosso

The State of Mato Grosso is located in the Central-West region of Brazil, in the southern part
of the South American continent (latitude 13° S and longitude 56° W). It encompasses 903,207.19
km? and its neighboring states are Para and Amazonas to the north, Mato Grosso do Sul to
the south, Goias and Tocantins to the east, and Ronddnia to the west (Instituto Brasileiro de
Geografia e Estatistica, 2020a). The location of the state on the Brazilian map and the percentual
of soybean production in 2019/20-year crop can be seen in Figure 1. Figure 2 compares the
evolution of production per municipality between 1994 to 2019.
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Figure 1. Mato Grosso location and percentual of Brazilian soybean production in 2019/2020-year
crop. Source: Adapted from Brasil (2020)
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Figure 2. Evolution of Mato Grosso production per municipality. Source: Adapted from Instituto
Brasileiro de Geografia e Estatistica (2020b).
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We note that Mato Grosso is the main producer of soybean in Brazil and soybean is
overspreading into the state. In the 2019/2020 harvest, it accounted for 27.1% of the entire
area used for soybean production in the country, producing 35.8 million tons, equivalent to
29.0% of the national production (Brasil, 2020).

The main production activities in Mato Grosso are linked with agribusiness being the first place
in national production of cotton, corn, the herd of beef cattle, soybean, and sunflower producing
an area of 17 million hectares (Instituto Mato-grossense de Economia Agropecuaria, 2020)

Since the introduction of soybean in Mato Grosso, the crop area has always increased,
particularly owing to the wide availability and low cost of land (Goldsmith & Hirsch, 2006), Figure 3.
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Figure 3. Expansion of soybean crop area in the state of Mato Grosso between 1976 and 2020.
Source: Adapted from (Brasil, 2020).

Arvor et al. (2010) also reported that the expansion illustrated in Figure 2 was a consequence
of the adoption of public policies, financing of agro-industrial projects, wood logging, and trading
companies that started operating in the area.

Of the soybean 2019/20 harvest in Mato Grosso, 29.4% was commercialized in the state
internal market, 8.4% interstate market, and 62.4 was for exportation (Instituto Mato-grossense
de Economia Agropecuaria, 2019), Figure 4. Moreover, the soybean sells in the internal market
76% for soybean meal and 20% for oil (Instituto Mato-grossense de Economia Agropecuaria, 2019).
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Figure 4. Use of soybean produced in Mato Grosso. Source: Adapted from Instituto Mato-grossense
de Economia Agropecuaria (2019).
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Figure 3 showed that exports remain the primary market for soybean producers, reflecting
the role of trading companies in buying soybean from producing countries and reselling it to
the world market, thereby promoting an extremely globalized chain. Land costs and climate
may be factors that help concentrate soybean production in a few countries.

2.2. Soybean decision-making

Because of the complexity of agribusiness, farmers often make decisions based only on
personal intellect, intuition, and expectation of favorable scenarios for their activity. However,
this guidance is useful only to create ideas and foresee scenarios (Fountas et al., 2006).

Decision-making is a core question in the management of soybean production. Soybean
farmers must systematically think about their needs and consider the entire chain to identify
the critical information that will help them make a decision. In this sense, they cannot ignore
the use of technology to predict the production to develop their strategies (Abraham et al.
(2020). However, soybean production has unique attributes that make it a complex business.

The decision-making process should be fast, and any change to a decision already made
about technological and productive operations, management of production quality, distribution
and use of physical, financial, and environmental resources (due to the biological character of
the agricultural production activity) can lead to great losses (Kurlavicius, 2009).

A decision made by the producer based on empirical grounds that expects positive results
still involves strong uncertainties. Cognition and intention based on experience, sociocultural
influences, and beliefs are not enough for proper planning; market globalization, world inventory
prices, environmental preservation, and pressure for food production, among other factors,
should also be considered. Production is not an isolated act, it is a part of a network that starts
with the decision to plant and ends with the consumption of the crop in the form of several
final products (Singh et al., 2016).

In this complex scenario, making decisions regarding soybean production is still a new
process, particularly in the Central-West region of Brazil. It is a poorly understood adaptive
process. Studies have been conducted to provide a better understanding of the decision-making
process in the field of extensive farming.

Singh et al. (2016) pointed out that some traditional approaches to understanding a soybean
producer’s decision-making and behavior were developed on a simplified and biased view,
either an economic bias (where the man was a rational individual that acts to maximize profit)
or an anthropological bias (agricultural choices seen as responsive to the decision-making
environment). Thus, the decisions of farmers have been analyzed through specific theories,
such as planned behavior, limited rationality, and innovation and adoption of agricultural
systems (Rose et al., 2016; Rupnik et al., 2018).

Decision-making is a complicated process to summarize a concept, and its structure requires
a logical and objective consideration of all decisive factors involved, which are usually obscure,
qualitative, intangible, inexpressible, and subjective, making quantification difficult. Thus, to
help understand the decision-making process of the soybean producers in Mato Grosso, this
study used the AHP, which is discussed below.

3. Methodology

3.1. Analytic Hierarchy Process

The AHP was developed by Professor Thomas L. Saaty in the 1970s (Saaty, 1980, 2008). It
seeks to divide the problem related to decision-making into various hierarchical levels. The
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highest level is focused on the problem to be solved and the intermediate levels are focused
on the factors that influence the decision. Alternatives to the decision are at the lowest level.
This way the elements of this hierarchical process are compared with each other (Saaty, 1980;
Vilhena, & Ribeiro, 2015).

For this comparison, Saaty (2008) proposed an absolute scale to compare the criteria, comparing
the first with the second and determining how much more or less importantitis concerning the
second. The author suggests the use of a scale from 1 to 9, defining values for each of the odd
indices, and for intermediate situations, even values of 2 to 8, as described in Table 1.

Table 1. Relative scale for paired comparison

Intensity of importance Description

Equal importance 1 Both activities equally contribute to the objective.

Moderate importance 3 Weak or slight importance over another - Experience and judgment
slightly favor one activity over another.

Strong importance 5 Greater or more essential importance when compared with another -

Experience and judgment strongly favor one activity over another.

Very strong importance 7  Very high or demonstrated importance - An activity is favored very
strongly over another; its dominance is demonstrated in practice.

Extreme importance 9 Extremely high importance - The evidence favors one activity over
another with the highest level of certainty.

Source: Adapted from Saaty (1980) and Granemann & Figueiredo (2013).

Once the AHP model is constructed, the influence of all factors identified is determined by
comparing two factors together in pairs and by comparing specific criteria and subcriteria.

In this sense, the matrix involves evaluating each alternative concerning the decision
criteria. The matrix comprises n criteria and m alternatives (Granemann & Figueiredo, 2013),
as illustrated in Equation 1.

1 al2 - aln
a2l 1 ... a2n

A= (1)
anl an2 1

After the comparison in pairs, the inconsistency of the judgment of decision-makers is
measured (Saaty, 1980). Equation 2 shows the inconsistency index.

A max-n

n-1 2)

IC

Where
A max—n = maximum eigenvalue;
n = matrix dimension.
The maximum inconsistency allowed to ensure reliability in the decision is Cl < 0.1. Above
this level, the comparisons should be adjusted before moving on to the analysis of criteria.
Thus, the consistency ratio, according to Granemann & Figueiredo (2013), can be obtained
using the following Equation 3:

CR= a

RI (3)
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where:

CRis the consistency ratio of the answers from decision-makers;

Clis the consistency index; and

Rl is the random index calculated for square matrices of order n by the Oak Ridge National
Laboratory, in the United States, being 1 = 0.00; 2 =0.0; 3=0.58; 4=0.90; 5=1.12; 6 = 1.24;
and 7 = 1.32 (Saaty, 1980; Granemann & Figueiredo, 2013).

Once the calculations have been made and an acceptable limit of inconsistencies has
been set, to determine the weights for each group of criteria, subcriteria, and alternative, the
answers from the producers must be compared between the preferred scenario and least
recommended scenario.

In this context, when using the AHP for group decision-making, it is recommended that after
collecting data of individual weights, the arithmetic mean values should be calculated as if they
were a single value to prevent inconsistencies in the model.

3.2. Decision model

The first step to build the decision model using the AHP was to clearly define the objective
so that the model would help in investigating factors that influence the decision of soybean
producers regarding the productive, commercial, and logistics aspects of the reality of the
situation in Mato Grosso.

The second step was to determine and categorize the criteria and subcriteria; however, this
activity was possible only after extensively reviewing the literature on the productive, commercial,
and logistics factors that influence the decision-making process of soybean farmers in Mato
Grosso, Table 2.

The model has three factors related to the following criteria: marketing, logistics, and
rural production. Marketing factors include aspects associated with reliability policy, price,
and negotiation that involve the purchase of inputs, materials, and machinery required for
planting. They also include the same aspects regarding soybean buyers. Logistics factors refer
to the transportation and storage of inputs, materials, and machinery used in production and
harvesting, and the short and long-distance transportation and storage of harvested soybeans.
Rural production factors refer to aspects directly related to the production activity that influence
soybean quality, productivity, and production cost.

Each group of criteria had a subcriteria that influenced the decision of soybean producers.
The marketing group of criteria had the following subcriteria: price, negotiation, and reliability.
The logistics group of criteria had storage and transportation as subcriteria, and the rural
production criteria had the following subcriteria: agricultural financing, climate, soil quality,
and cost of inputs. In addition to the criteria and subcriteria, alternatives were created in which
the producer, the expert or both could select according to their best choice for the proposed
scenarios.

The available alternatives included using the efforts and available resources to produce
soybean, produce corn, or another agricultural activity (other than producing corn and
soybean).

To validate the model, a pre-test was conducted with two producers and four experts related
to soybean production, marketing, and logistics. Figure 5 shows the final decision tree of the
model after the pre-test.
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Table 2. Literature review to define the factors of the AHP model

Criteria Factors Author

Production (P) Soil quality Carauta et al. (2017); Yost et al. (2017), Congreves et al.

(2015), Choudhary et al. (2018), Santos et al. (2008);
Lacerda et al. (2015);

Climate Arvor et al. (2010), Féres et al. (2011), Pires et al. (2016);

Cost of inputs Celio et al. (2014); Garrett et al. (2013); Singh et al.
(2016); Goldsmith (2008)

Agricultural financing  Instituto Mato-grossense de Economia Agropecuaria
(2019); Goldsmith (2008)

Logistics (L) Storage Arvor et al. (2010); Vieira & Dalchiavon (2018);
Maia et al. (2013);
Transportation Kussano & Batalha (2012), Martins et al. (2005);

Lipinski et al. (2013); Vilhena & Ribeiro (2015);
Oliveira et al. (2016), Garrett et al. (2013); Goldsmith
(2008).

Marketing (M) Reliability Fountas et al. (2006); Singh et al. (2016); Turzi (2011),
Instituto Mato-grossense de Economia Agropecuaria
(2019), Silva & Lapo (2012); Kunitake & Mota (2016),

Price Oliveira & Pereira (2009), Gongalves et al. (2014),
Goldsmith (2008)
Negotiation Coelho (2000); Dias (2008), Colsera & Henz (2000).

Source: Results of research (2018)

Decision factors that influence the quality and production of the soybean supply
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Figure 5. Hierarchical decision model for soybean production in Mato Grosso. Source: Results of
research (2018).

3.3. Data sampling

To sample producers and experts responsible for decision-making in soybean production,
this study used data on the number of soybean-producing properties in the State of Mato
Grosso, obtained from the Brazilian Agricultural Census (Instituto Brasileiro de Geografia e
Estatistica, 2012). According to Instituto Brasileiro de Geografia e Estatistica (2012), the state
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of Mato Grosso has 3,761 soybean-producing properties, which together cover 9.51 million
hectares and produce 32.30 million tons of soybean.

Factors such as long distances, remote locations, and owners that are often not at the
production farms made a study based on higher sampling unfeasible. Thus, this study chose
to access as many properties as possible throughout the state.

Data collection was conducted in two stages. In the first stage, an electronic questionnaire
was developed using the Google Forms® tool, and the link was sent by email to 70 experts who
had experience in the field of soybean production and were linked to the financial sector, supply
of inputs, research, marketing, and field technical support, as well as consolidated producers;
however, only 6 questionnaires were answered, which reinforced the need to conduct the
second stage of data collection.

In the second stage, a field survey was conducted, in which rural properties and offices of
experts in 8 soybean-producing municipalities were visited (Figure 6). In total 4,360 km were
covered, 640 km of which on unpaved highways.

PortotAlegreldoiNorte
= L
1

[Campo’'NovoldolParecis ;
1
- -

NS .
i

Figure 6. Municipalities visited for data collection. Source: Results of research (2018).

When contacting experts and producers, they were given information regarding the reason
and purpose of the study, clarifying that answering the questionnaire was not mandatory, and
instructions were given on how to compare the criteria concerning the general objective. In
the questionnaire, respondent identification was not mandatory, and participants were asked
to perform several comparisons between the factors influencing soybean decision-making
regarding production, marketing, and logistics, which accounted for a total of 84 questions.
Eventually, we reach the sample presented in this article of 21 farmers and 19 experts.
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3.4. Data analysis

After the interviews, the answers were entered into spreadsheets using Microsoft Excel®. The
respondents provided different answers, which is normal in a scenario of multiple decisions.
Thus, decision-making is considered the highest number of answers for each criterion. Therefore,
ifin the comparison between criterion A and B, most respondents considered criterion A more
important using the Saaty scale, than the criterion was selected for the parity matrix score.

However, even after the criteria were defined, it was necessary to establish their degree of
importance. The geometric mean considered by Saaty (1980) was used to define a mean value
for a group decision. The geometric means are calculated according to Equation 4.

where:
n = number of respondents
a, a, ...a, = equal answer from each respondent

For comparison purposes, the respondents were divided into two groups: (i) experts and
(i) producers. This decision was made because they were distinct groups, sometimes with
conflicting interests. In this manner, it was possible to have a reference understanding of how
producers view the decision-making process and how experts believe this process occurs,
which would greatly contribute to the discussion of this study.

After defining the weights, a paired comparison was required, using the proposed model.
The model was resolved with Expert Choice® v.11 software, which is used in multicriteria
decision problems.

The proposed model was created in the software, and the weights were inserted considering
the scale of importance and the answers provided in the questionnaire. After that, the model
was checked for inconsistencies and required adjustments, without changing the meaning
of the answers provided. Finally, the model was processed. The results are discussed in the
following section.

4. Results and Discussion

The primary objective of this study was to investigate how rural production, marketing,
and logistics influence the decision-making process of soybean producers in Mato Grosso
considering a multicriteria decision analysis.

The three key criteria were determined in the first stage of this study after a literature review.
The subcriteria under the marketing criterion included price, reliability, and negotiation, whereas
the subcriteria under rural production were climate, cost of inputs, agricultural financing, and
soil quality. Finally, the subcriteria under logistics were transport and storage.

The AHP model was used to determine the relative importance of each element in the
hierarchy. All elements from one level were compared with other elements from the same
level, concerning an element from a higher level.

Table 3 shows the results of the paired comparison, with the normalized weights of all three
criteria and nine subcriteria and the perception of the two groups of respondents (experts
and producers).
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Table 3. Summarized priorities and classifications for the criteria and subcriteria.

Producers Experts Overall
Criteria/Subcriteria ——MMMMM ——————————
Weigths (Ranking) Weigths (Ranking) Weigths (Ranking)

Marketing 0.229 (2) 0.271 (2) 0.293(2)
Price 0.691 (1) 0.717 (1) 0.627 (1)
Negotiation 0.218 (2) 0.195(2) 0.280(2)
Reliability 0.091 (3) 0.088 (3) 0.094 (3)
Logistics 0.075 (3) 0.085 (3) 0.067 (3)
Transport 0.833 (1) 0.857 (1) 0.833 (1)
Storage 0.167 (2) 0.143 (2) 0.167 (2)
Rural Production 0.696 (1) 0.644 (1) 0.641 (1)
Climate 0.575 (1) 0.590 (1) 0.556 (1)
Agricultural financing 0.236(2) 0.247 (2) 0.293 (2)
Cost of inputs 0.135 (3) 0.107 (3) 0.100 (3)
Soil quality 0.054 (4) 0.056 (4) 0.050 (4)

Source: Results of research (2018)

The weights resulted from AHP analysis using Expert Choice v.11 © are discussed by each
criterion and subcriteria in the next sections.

4.1. Logistics

As observed in the literature review, several studies address logistics deficiencies in Brazil;
among them, the study conducted by Arvor et al. (2010), which points out that efforts have been
made to minimize such deficiencies since the 1970s with the National Integration Programs
(PINs); pluriannual development plans (PPAs); the “Brazil in Action” (Brasil em A¢do) Program
in force between 1996 and 1999; the “Advance, Brazil” (Avanga Brasil) Project between 2000
and 2003; and the Growth Acceleration Program (Programa de Aceleragdo do Crescimento,
PAC) between 2007 and 2017.

The logistics criterion presented the lowest degree of importance in decision-making to
both the experts (0.085) and producers (0.075); in this scenario, the transportation subcriterion
had the greatest relevance in the decision of both groups: 0.833 among the experts and 0.857
among the growers (Table 3).

4.2. Transportation

The concern of experts and producers was owing to the lack of availability of different
types of transportation systems and the high cost of transportation both to receive inputs
and distribute the soybeans produced in Mato Grosso. This result supports the importance
of transportation systems for the soybean complex, as reported in the studies conducted by
Garrett et al. (2013); Vilhena & Ribeiro (2015); Oliveira et al. (2016).

The field survey indicates that under the logistics criteria, transportation is a subcriteria of
relevant importance in decision-making because the costs of receiving agricultural inputs are
inversely proportional to the type of road paving, road quality, and distance to the place where
the agricultural inputs must be delivered. In other words, poor road conditions (unpaved and
pitted) and long distances for the delivery of agricultural inputs lead to increased costs of
transport, and consequently, higher soybean cost (Garrett et al., 2013).
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In principle, transportation will have a greater impact on producers for the delivery of
agricultural inputs and a smaller impact on soybean distribution, as the costs are incurred
to the buyer. Trading companies define the amounts paid per ton with transport agencies,
depending on soybean supply and demand and the availability of transportation systems and
trucks (Kussano & Batalha, 2012; Martins et al., 2005).

Despite this situation, producers and experts have been unable to establish the importance
of transportation because the cost of receiving the inputs is included in the cost of the product
itself, which is linked to the production criteria (Goldsmith, 2008). Perhaps in a future study, it will
be interesting to check the role of infrastructure instead of only transport costs. Reis et al. (2020)
demonstrate that logistics infrastructure has a huge impact on the international soybean trade.

4.3. Storage

The subcriteria storage is still considered a logistics challenge to be solved. However, experts
and producers indicate that it is a subcriteria of a smaller impact on the decision-making
process, with weights of 0.143 and 0.167, owing to the recent growth in static storage capacity
in the State of Mato Grosso.

Indeed, the investments made in warehouses have resulted in improvements in soybean
storage conditions and capacity in Mato Grosso. It can be observed in reduced traffic jams on
the roads and particularly in warehouse reception yards (Vieira & Dalchiavon, 2018). Indeed,
currently, operators are using a delivery schedule and a bigger storage area to allow the
movement of more fluid of the grains during the harvest.

Although the small importance is given to soybean storage, this cannot be interpreted as
a comfortable situation for producers because the ratio between agricultural production and
static capacity is relatively high, around 1.25 (Maia et al., 2013). The current static storage
capacity of Mato Grosso is 37.9 million tons of grains (Brasil, 2019), 95% of which is for the
private enterprise and 63% is in the rural area (Maia et al., 2013), facilitating management and
organization among producers and warehouse managers.

4.4. Marketing

Marketing was the criterion that presented the second-highest impact on the decision
made by both experts (0.271) and producers (0.229). It means that soybean producers do not
perceive the importance of marketing in the decision-making process and delegate to other
market agents the responsibility for the distribution of their soybean produce (Fountas et al.,
2006; Singh et al., 2016).

4.5. Price

Experts (0.717) and producers (0.691) also highlighted the strong importance of the subcriteria
price, which can be understood as a consequence of the need to ensure the subsistence of
the activity (Singh et al., 2016) considering that the costs of acquisition of inputs and transport
have a direct impact on the activity's profit margin (Garrett et al., 2013; Celio et al., 2014). In
the soybean marketing process, producers end up as price takers (Oliveira & Pereira, 2009;
Gongcalves et al., 2014). The prices determined for the purchase of inputs and the sale of soybean
present great relevance for the decision-making.
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This scenario confirms the theory proposed by Goldsmith (2008) for the difference in prices
received by farmers in Brazil. According to this author, even with prices set by the Chicago Stock
Exchange, a difference is observed between the amounts paid to producers from different
regions of Brazil. In Sorriso, for instance, one of the leading soybean-producing municipalities
in Mato Grosso, the amount paid to soybean producers is 27% lower than the amount set by
the Chicago Stock Exchange (Goldsmith, 2008).

4.6. Negotiation

The experts considered the subcriteria negotiation to be of moderate importance (0.195),
whereas the producers expressed a low degree of importance (0.091). Both groups of decision-
makers do notvalue the real importance of negotiation in this process. Negotiation is responsible
for establishing conditions of purchase and sale that make the business attractive to both buyers
and sellers, minimizing conflicts of interest, and reducing win-lose transactions to the detriment
of transactions in which everyone fulfills their respective interests (Coelho, 2000; Dias, 2008).

The experts’ perception can be explained by the fact that agronomists, input suppliers, and
financial agents are direct or indirect service providers and depend on the producer’s business.
Conversely, negotiation has small importance to producers in the decision-making process
because it represents the crystallization of a single commercial culture that frequently uses
the same transaction channel, same companies, and same delivery conditions. The producers’
ability to impose their will and set the amount to be paid is limited because the influence of
trading companies on business conditions—to the detriment of producers—goes beyond the
agricultural dimension (Colsera & Henz, 2000).

4.7. Reliability

The subcriterion reliability presented small importance in the experts’ decision-making
(0.088) and moderate importance (0.218) to producers. This perception is because global
soybean buyers who operate in the Mato Grosso market are large and consolidated, giving a
perception of security to decision-makers in their relationship of buying and selling soybean
and agricultural inputs (Turzi, 2011).

Bartering transactions with large trading companies such as ADM, Amaggi, Bunge, Cargill,
Dreyfuss, and others allow better control of risks related to the soybean sale price and the
purchase price of inputs used in soybean production (Instituto Mato-grossense de Economia
Agropecuaria, 2019).

In bartering (exchange), the trading company (or reseller) agrees to supply the inputs
required for soybean planting and crop development and, in return, the producer agrees to
give back part of the production as payment at the time of harvest (Kunitake & Mota, 2016;
Silva & Lapo, 2012). This model of negotiation involves trust among the parties involved and
aims for their mutual strengthening in the activity: the trading company secures the supply
of the necessary soybean for its business, and conversely, the producer secures production
financing (Turzi, 2011).

The bartering system offered by trading companies and resellers, according to the Instituto
Mato-grossense de Economia Agropecudria (2019), in the 2019/2020 harvest, presented a
considerable increase in the share of soybean crop financing, accounting for 47% of funding
(equivalent to BRL 10.5 billion), attesting to the reliability between the partners.
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The availability of different ways to finance soybean production has an impact not only on
the decision regarding the aspects under the marketing criteria but also on the decision related
to the rural production criterion.

4.8. Rural Production

The criterion rural production was considered by both experts (0.644) and producers (0.666)
as the most important factor in the decision-making process. This criterion has a strategic
nature as it involves the selection of a production financing system (own, bartering, or public
financing), the technology to be adopted (direct or conventional sowing), the type of seed to be
used (genetically modified or conventional), selection of one, two, or three harvests per crop
year (through crop-livestock integration); if the production will be commercialized in advance
or after the harvest. All of these are decisions that need to be made to maximize profitability
(Carauta et al., 2017).

4.9. Climate

The subcriteria climate was the most important in the decision-making process to both
experts (0.590) and producers (0.575). This can be particularly explained by the sensitivity of
soybean production to the effects of climate (Arvor et al., 2010). The State of Mato Grosso is
characterized by high temperatures and low, concentrated rainfall (Féres et al., 2011); a lack
of rain during the sowing period or excessive rain during the harvest would both cause losses
(Pires et al., 2016).

An increase in temperature owing to global warming harms soybean production, and
according to Féres et al. (2011), such losses may reach BRL 7.4 billion by 2020.

4.10. Agricultural financing

For decision-making, the subcriteria agricultural financing showed high divergence when
comparing the views of experts (0.247) and producers (0.054).

This divergence is explained by the fact that the producers lack capital and have no other
option; hence, they are forced to use financing to ensure the continuity of their agricultural
activities (Instituto Mato-grossense de Economia Agropecuaria, 2019). Therefore, contracting
debt to fund production or invest in it through agricultural financing is indispensable as the
producers have insufficient cash for the purchase and payment of inputs, and the decision to
use such resources becomes intrinsic to soybean production (Goldsmith, 2008).

Conversely, experts do not consider agricultural financing as a crucial tool for the continuity
of soybean production and in their view. It can be replaced with other types of funding. So that,
it can be contracted only as needed and/or when available.

Agricultural financing and bartering are commonly used to buy inputs because their use is
expensive. According to Instituto Mato-grossense de Economia Agropecuaria (2019), the amount
of capital to cover the cost of the 2019/2020 harvest in Mato Grosso was BRL 22.5 billion.

4.11. Cost of inputs

In this context, experts (0.107) and producers (0.135) answered that the cost of agricultural
inputs has a low relevance in decision-making, contrary to the results found in the study
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conducted by Singh et al. (2016). Garrett et al. (2013) reported an inconsistency, stating that
the costs of inputs have a direct impact on agricultural profit. These authors also reported
that, for a producer to maximize profits, the optimal use of inputs must be made rationally.

Regarding the cost of inputs, Goldsmith (2008) also notes that it has had solid growth in recent
years, whereas proportional revenue has not been obtained. The increase in the cost of inputs
is mainly attributed to increased costs of fertilizers, fungicides, and insecticides (Goldsmith,
2008; Instituto Mato-grossense de Economia Agropecuaria, 2019).

4.12. Soil Quality

Finally, the subcriterion soil quality also showed high divergence in terms of importance in
decision-making to experts (0.056) and producers (0.236). Soil is observed by many experts
and producers as the most important agricultural asset as it directly affects productivity, the
number of pesticides used, and the availability of water by retention (Yost et al., 2017).

According to the experts, soil quality has little importance in decision-making as it is
possible to recover its quality by using different systems of direct sowing and crop rotation
(Congreves et al., 2015), or using fertilizers (Choudhary et al., 2018). However, both solutions
would involve additional costs.

In the view of producers, soil quality is directly associated with increased productivity and
profitability of soybean crop (Lacerda et al., 2015; Santos et al., 2008) and with the investments
required to recover soil health through organic matter replacement, acidity correction, improved
fertility (particularly nitrogen N, phosphorus P, and potassium K), soil drainage, and other actions
that require time, and financial and technological resources (Goldsmith, 2008; Congreves et al.,
2015; Lacerda et al., 2015; Choudhary et al., 2018).

5. Conclusions

Soybean is the main commodity produced in Brazil; the country is the world's leading soybean
exporter. With several uses in human food and animal feed products, soybean has a critical role
inthe human diet, and it is strategic considering the estimated increase in the global population.

This study developed a hierarchical decision model based on the AHP theory. Based on the
view of experts and producers, it sought to determine the weights of factors that influence
the decision for planting and the development of the soybean chain. Using the State of Mato
Grosso as a reference, the largest producer in Brazil, it was possible to obtain important results
about the decision-making process.

Considering the criteria, it is possible to state that, for agricultural producers and experts,
soybean is the mostimportant production chain in Brazil, particularly in the Central-West region.

Among the several factors that can affect the production decision, this study concluded that
the aspects related to inputs, agricultural financing, climate, and soil quality highly influence
the decision factor—that is, factors related to rural production (accounting for approximately
70% of the model). It means that both producers and experts acknowledge that producers
are concerned about achieving good productivity levels at low operating costs as these factors
directly affect their profit margins.

Another relevant result is that logistics, although seen as strategic for agribusiness in the
country, is not considered of great impact on the decision process of producers. The process
of selling the soybean production is based on local prices; therefore, the buyer has to hire a
transportation service, which is included in the margin between the sale at local prices and
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the export sale at prices set by the Chicago Stock Exchange, or in the cost of the inputs for the
production of agro-industrial items.

Finally, a greatimpact from the trading companies was observed on the soybean chain, and
on the decision model, which could not be more conclusive owing to the non-participation
of trading companies in this study. This is one of the main limitations of this study. However,
this limitation did not affect the exploratory nature of this investigation, which can be used to
develop future studies, which could also include census data.
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