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Abstract: This article sought to analyze, through data from the Municipal Agricultural Production (PAM"),
the production and productivity evolution of the main crops (soybean, maize and cotton) in the Matopiba region
— confluence of the states of Maranhao, Tocantins, Piaui and Bahia — the new Brazilian agricultural frontier.
From 1998 to 2017, the Herfindahl-Hirschman and Gini indexes, combined with the geographic-distributive
analysis, allowed to conclude that: a) the most relevant volumes of production have been concentrated in the
central-eastern portion of Matopiba, between the west of Bahia and the south of Maranhao and Piaui; b) there is a
trend of spatial dispersion of production in the three crops; c) overall productivity has been below the national
average in soybean and, in maize and cotton, has performances compatible with the main producing centers of the
country; d) it is identified close productivity between the microregions (MCRs) in soybean and cotton and,
although still relatively uneven between the MCRs, there is indicative of convergence of the indicator in maize; e)
there are cities that appear in the productions and productivity of soybean, corn and cotton, which can serve as a
benchmark for agribusiness in the region.

Key words: distribution of production; agricultural production and productivity; agribusiness; regional
economic activity
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1. Introduction

In broad countries such as Brazil, observing the development of various locations is a worthy topic when
considering the perspective of a more decentralized model of income generation. It is also true that better
distributing production is no easy endeavour; however, withdrawing attention from it implies wasting Brazilian

differentials like regional and environmental diversities (Bacelar de Aratjo, 2006, p. 373). To overcome said
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challenge it seems convenient to scrutinize regions that stand out in their specialties, so as to replicate —

whenever possible — their successful experiences.
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; Piaui

Source: adapted from Embrapa, 2014
Figure 1 The Matopiba Region

That said, this article analyzes the growth and concentration of production and productivity for soybean,
maize and cotton crops in Matopiba, also called “Brazil’s new agricultural frontier” (Dutra E. Silva et al., 2014, p.
152). Its name is an acronym for the abbreviations of the states Maranhdo (MA), Tocantins (TO), Piaui (PI) and
Bahia (BA) and refers to an area over 700,000 km? and reaching 31 MCRs and 337 cities?.

The region’s participation in the agricultural GDP for the four federative units which form it can prove its
relevance as a center of primary activities since Matopiba is responsible, on average, for half of the amount of the
sectorial gross value added (GVA) of all the states together from 2010 to 2016°.

Given how significant agriculture is to the national figures, along with other factors — like income and job
generation, progress expansion and environmental impact — this work emphasizes the performance of Matopiba’s
three main crops* currently. This study’s structure derives from observations, especially of Technical Note (T.N.)
no. 9 by Embrapa — Brazilian Company of Agricultural Research (Garagorry et al., 2015), which emphasizes
Matopiba’s consolidated grains production. Through its methods, the current research offers an additional
contribution by updating information about the performance of the selected crops, which improves the results at a
municipal level as well.

Ensuing these preliminary points, the analysis hereby presented organizes itself in five sections: along with
this introduction, the next section presents the theoretical framework; the third block then describes the methods

used; the fourth section follows with the analysis of results and, onwards, conclusions are decreed.

2 Delimitation out of Presidential Decree no. 8,447 of May 6, 2015 and MAPA’s (Ministry of Agriculture, Livestock and Provisions)
Ordinance no. 244 of November 12, 2015, related to the Agricultural Development Plan of Matopiba (PDA-Matopiba).

3 Verification through data by IBGE — Brazilian Institute of Geography and Statistics, available until 2016.

4 Soybean, maize and cotton, in that order, according to data by PAM/IBGE from 2017.
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2. Theoretical Framework

Eradicating hunger is an increasingly pressing worry, being a global problem that already affects over 800
million people (FAO, 2018). In this context Brazil assumes a main role in food production: the availability of land
and the advancement of research and management techniques have expanded the agricultural activities to new
frontiers, such as the scrubland region (Perobelli et al., 2007, pp. 66-67). It is true that the agricultural growth
within this area complies with legal limitations, so it must conciliate the goals of rural exploitation to those of
resources preservation — especially being a legal reservation (Fasiaben et al., 2011, p. 1053). The existence of
areas with great biological value in the country imposes preoccupations beyond economic matters, spanning
environmental externalities. Hence, the search for solutions oriented towards food production without necessarily
opening new cultivation areas — thereby through an increase of productivity — is permanent (Borghi et al., 2014,
p- 265).

Liicker (1992, p. 35) comments precisely about the environmental impact resulting from the agricultural
frontiers’ expansion in the scrublands and the damage deriving from that. At the same time, Mueller (1992, pp.
80-84) points to the fact that Brazilian’s horizontal agricultural expansion, up until the mid-seventies in the
twentieth century, happened without much consideration to the environment, because “woodland could be
destroyed, as well as letting the ground become depleted and eroded, because there was much more land to
occupy ahead”. In regard to the advancement of agribusiness in the scrublands, the author also indicates that the
biggest advent of correction and fertilization of areas occurred, alongside mechanization, in the face of challenges
interposed by poorer and more fragile soils. Incidentally, as soon as such expansion was incentivized, the least
environmental impact was expected, but doubts about that premise arose at a later time.

In the original process of the primary sector’s expansion into the scrublands, the Second National
Development Plan (1975-1979) emphasized such advancement in the states of Mato Grosso, Goids and Minas
Gerais, while the other areas this biome included would assume a generic character. In this context, Matopiba’s
agricultural modernization happens at a relatively late time compared to the boost felt in the scrubland’s previous
exploitation areas (Dutra E. Silva et al., 2018, p. 150).

Matopiba emerges as an area of special interest in face of the agricultural activities’ potential impacts, as well
as due to its recent occupation by large scale agriculture with respective unwanted externalities, which are capable
of better correction and prevention. So much so, that the region is the basis for analysis conducted by IBGE and
UFRIJ (Federal University of Rio de Janeiro) for collecting data assigned to elaborate the world methodological
framework SEEA — Experimental Ecosystem Accounting (IBGE, 2019). This action integrates UN’s initiative in
what is called System of Environmental-Economic Accounting (UN, 2014). Studies in Brazil particularly address
aspects such as erosion and the consequences to agricultural territories’ hydric availability.

Through such ponderings, the relevance of investigating factors related to Matopiba’s crops production and
productivity becomes apparent. This subject matter encourages research towards creating awareness of
agricultural expansions occurred by low efficiency methods which, from the environmental-accounting’s point of

view, can be harmful to ecosystems and populations in the mid and long terms.
3. Methods

The basis used for this study were PAM and IBGE. The observations consisted of data on physical
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production (in tons), harvested area (in hectares’) and production worth (in Brazilian real®), regarding the period
from 1998 to 2017 (PAM’s last available year until June 2019). The integration of information was inspired by
T.N. no. 9 by Embrapa (Garagorry et al., 2015), which analyzed the dynamics of grain harvests’ in Matopiba
from 1991 to 2011.

During the analysis, an analogous measure to that of T.N. no. 9 was to calculate — according to the
verification spectrum — the means of the results in annual intervals, in order to mitigate fluctuations inherent to
agricultural production, like the harvest drop between 2015 and 2016 due to climatic problems in Matopiba
(CONAB, 2017).

Other approaches were also considered for this paper; measures such as those undertaken by Costa and
Santana (2014, pp. 113-117) related to the concentration in the soybean market. To obtain the results for soybean,
milk and cotton in Matopiba, the following indicators were observed (subsequently presented): productivity

variation, concentration ratio and the Herfindahl-Hirschman and Gini indexes.
3.1 Productivity Variation

The productivity variation® was calculated upon comparison of equal cycles (every three years, for instance),
thus diminishing harvest oscillations as mentioned before. Its computation followed these steps:

Zt1+n X
= Z%Jrn X (1)
t
where:
x: productivity variation;
X: annual production (tons);
n: time span;
Zt1+n Y
y =y @
L
where:
y: harvested area variation;
Y: annual area (harvested hectares);
n: time span;
_Za"X
P =t 3)

where:

p: region’s productivity.

3.2 Concentration Ratio

Akin to the approach verified in N.T. no. 9 by Embrapa (2015), quantiles of volume produced per crop
(concentration ratios) were calculated — according to the research’s context — observing the following equation:
RC, = Z:;l Pix, 4)

3 Please note that 1 hectare (ha) = 2.47 acre (ac).

¢ Brazilian real is Brazil’s national currency. Amounts in this currency shown in this paper use the sign R$.

7 In T.N. no. 9 the following crops were observed together: maize, rice, sorghum, castor bean, peanut, soybean, cotton, bean and fava
bean.

8 Production per area (in our study, it corresponds to the ratio of tons produced per harvested hectare - t/ha).
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where:

RCx: concentration ratio for crop (X);

pix: percentual participation of production per region (i) in crop (X);
i: region considered (MCR or city);

n: number of regions considered.
3.3 Herfindahl-hirschman Index (HHI)

The HHI allows to infer, theoretically, what would be the equivalent number of firms operating in a sector
given its concentration profile, in a value resulting from its inverse (1/HHI). The index is also adopted in market
analysis in the United States (Costa, Santana, 2014, p. 116), which reinforces its importance. Following, the HHI
formula and its interpretation as per the American Department of Justice’s methodology (United States of America,
2010, p. 19)°:

n
HHIy = P;, ®)
i=1

where:

HHIx: HHI for crop (x);

p%: percentual participation of production per region (i) in crop (x);
i: region considered (MCR);

n: number of regions considered.

HHI parameterization:

HHI < 0.15: deconcentrated market;

0.15 <HHI £ 0.25: moderately concentrated market;

HHI > 0.25: highly concentrated market.

3.4 Gini Index

Even though it emerged to measure income inequality, this indicator can also be utilized as a tool in the
analysis of concentration coefficients (Coelho J. R., 2016, p. 856). In this paper the index pointed to the
productivity concentration in terms of the distribution between tons produced and harvested areas. Let us examine
its formula:

Gi=1-3", Xnt1-Xp) Vni1 +Yy) (7
where:

Gy: productivity Gini for the Matopiba’s regions (MCRs) in crop (j);

X: accumulated proportions of production per region (i);

Y: accumulated proportions of harvested area per region (i);

i: region considered (MCR);

n: number of regions considered.

® Values divided by 10,000.
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Figure 2 Matopiba’s Main Crops

4. Presentation of Results

Figure 2 contains the performance of the three main grains seeded in Matopiba, which were responsible for
42.2% of the local agricultural production value in 2017'%; exponentially, the total growth for soybean, maize and
cotton from 1999 and 2017 was of about 11.3% annually. In effect, these crops already assume a relevant portion
of the national production!' in the present day.

Table 1 Soybean: Triennial Means of the Harvested Area, Produced Amount and Productivity
Based on annual data from 1998 to 2017

v (I) Harvested area (1,000 ha) (IT) Prod. amount (1,000 t) (I/IT) Productivity (t/ha)
ear CW+S Matopiba CW+S Matopiba CW+S Matopiba
2000 11.384 838 44.865 1.872 3,94 223
2001 11.495 926 47.669 2.059 4,15 222
2002 12.385 1.061 52.371 2.261 4,23 2,13
2003 13.698 1.225 61.672 2.492 4,50 2,04
2004 154749 1.399 65.653 3.191 4,16 2,28
2005 17.544 1.587 67.633 4.025 3,86 2,54
2006 18.493 1.725 66.621 4.461 3,60 2:59
2007 18.260 1.787 71.562 4571 3,92 2,56
2008 17.817 1.825 77.073 4.857 4,33 2,66
2009 17.751 1.873 78.936 5219 4,45 2,79
2010 18.450 2.023 83.580 5.770 4,53 2,85
2011 19.159 2.171 91.321 6.335 4,77 2,92
2012 19.957 2.363 94.000 7.026 4,71 2,97
2013 21.130 2.574 99.766 7.201 4,72 2,80
2014 22.691 2.887 104.067 7.609 4,59 2,64
2015 24.416 3.292 120.261 8.740 4,93 2,67
2016 25.594 3.552 126.882 8.794 4,96 2,48
2017 26.299 3.756 139.709 9.844 5,31 2,62
Accumulated variation 131% 348% 211% 426% 35% 17%

Source: PAM/IBGE

10 Of RS 39 billion for the sum of all 71 crops catalogued by PAM/IBGE.
' In 2017, the soybean, maize and cotton harvested in Matopiba represented, respectively, 10.3%, 5.2% and 24.1% of the total
national production (PAM/IBGE).
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In light of this we then gathered information about their production and productivity history and confronted
them with the results noted in the country’s main producing areas, combined (Central-West and South regions:

“CW + S”). Considering the criterion of triennial means’ verification, these were the correlated performances:

Table 2 Maize: Triennial Means of the Harvested Area, Produced Amount and Productivity

Table 3 Cotton: Triennial Means of the Harvested Area, Produced Amount and Productivity
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