SPATIAL  DISTRIBUTION, EVOLUTION AND
STRUCTURE OF MAIZE AND SOYBEAN
PRODUCTION SYSTEMS IN STATE OF PARANA

Abstract — The Brazilian state of Parana is one of the leading producers of maize.
However, expansion of soybean cropping has caused a drop in maize production
and could have impacted production systems. The aim of the study was to verify the
evolution and identify the structure, spatial dynamics and transformation of maize
and soybean production systems in the state of Parana. Municipal Agricultural
Production data from the Brazilian Institute of Geography and Statistics (IBGE)
provided the basis for this study. The Location Quotient was analyzed to identify
microregions specialized in the production of soybean and first and second crops of
maize. Principal components and groups were analyzed in order to characterize the
structure and dynamics of maize and soybean production systems in specialized
microregions. The results show how maize and soybean production systems have
been transformed; soybean is now cropped in areas previously occupied by first
crop maize, and the area occupied by second crop maize has increased. This has led
to the predominant use of the crop rotation system with first crop soybean followed
by second crop maize.
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DISTRIBUICAO ESPACIAL, EVOLUCAO E
ESTRUTURA DE SISTEMAS DE PRODUCAO DE
MILHO E SOJA NO PARANA

Resumo - O milho ¢ um dos principais produtos da agricultura paranaense.
Entretanto, sua retragdo devido a expansdo da cultura da soja, pode ter modificado
os sistemas de produgdo. Nesse contexto, o objetivo deste estudo foi verificar
a evolucdo e identificar a estrutura, dindmica espacial ¢ as transformagdes dos
sistemas de produc@o de milho de primeira ¢ segunda safra e da soja, no Estado
do Parana. Para tanto, foram utilizados dados da Produg@o Agricola Municipal, do
Instituto Brasileiro de Geografia e Estatistica. Foi realizada a analise de Quociente
Locacional, para identificar as microrregides especializadas na producao de milho
de primeira e de segunda safra e da soja. Foram realizadas analises de componentes
principais e de agrupamentos, para caracterizar a estrutura e dindmica dos sistemas
de produg¢do de milho e soja nas microrregides especializadas. A partir dos
resultados verifica-se a transformag@o nos sistemas de produgdo de milho e soja,
sendo que a cultura da soja passou a ocupar areas antes utilizadas para a producdo
do milho de primeira safra, ¢ houve aumento na area de milho de segunda safra.
Com isso, passa a predominar no Parand o sistema de sucessdo das culturas de soja
na primeira safra e do milho de segunda safra.

Palavras-chave: Commodities agricolas, analise regional, Zea mays, Glycine max.
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Food supply and food security pose major
challenges for the 21* century, and Brazil plays a
crucial role, with its capacity to expand agricultural
production (Freitas & Mendonga, 2016). A key
factor of this expansion is the intensification of
areas cropped with soybean, especially since areas
previously occupied by other crops, including first
crop maize, have been turned over to soybean
(Melo et al., 2012), evidence of competition
for land (Caldarelli & Bacchi, 2012). However,
regions with the highest concentration of soybean
also have the highest concentration of maize (Dias
et al., 2016).

The state of Parand is a major grain
producer. In 2016, according to Municipal
Agricultural Production (MAP) data published by
the Brazilian Institute of Geography and Statistics
(IBGE), around 13.8 million metric tons of maize
were produced in an area of 2,566,054 ha, and
some 17 million metric tons of soybean in an
area of 5,421,348 ha. Maize cropping has been
consolidated in Parand over the last 15 years, with
significant growth in cropping area, production
and productivity over the two growing seasons:
first crop (first growing season) and second crop
(second growing season). In 2016, according to
MAP data, first crop maize accounted for 24.4% of
Parand’s total maize production, whereas second
crop maize accounted for 75.6%. Maize produced
in Parana has added value to various agricultural
and livestock production chains, such as poultry,
pork and dairy, which, according to Martin et al.
(2011), consume large quantities of maize.

Second crop maize is grown by dry farming

after the first crop and allows optimization of
farm labor and machinery, reducing the impact
of seasonality on production, supply and prices
(Tsunechiro et al., 2006). Since the climatic
conditions in second growing season are less
favorable, this cropping system has lower
production potential than the first growing season.
Another factor that has contributed to the growth
of the maize cropping is the adoption of the no-
till system, where the crop is planted directly
into the soybean cover, cutting the time between
harvesting the first crop and sowing the second
crop (Bicudo et al., 2009; Albrecht et al., 2009).
With regard to soybean, according to MAP data,
state of Parand was responsible for 17.68%
of total Brazilian production in 2016. This
result was obtained due to the dynamics of the
soybean production chain, consisting of various
stages: grain (agricultural production), brans and
vegetable oils and oils related to input supply for
upstream links (Caldarelli et al., 2009).

Maize production seems to be directly linked
to soybean production. In Parand, the expansion
of soybean cropping raises a number of questions
concerning maize production, such as: What
changes have been brought about by the spatial
interdependency between the maize and soybean
crops? How much has first cropr maize lost in
terms of area? By how much has the second crop
maize area increased? Has production increased
or decreased? These questions provide a basis
for examining a possible spatial interdependency
between maize and soybean production.

Due to the dynamics and complexity
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of the maize and soybean production chains,
characterizing spatial distribution and mapping
these activities provide fundamental data for
developing public initiatives regarding the
storage, transportation and trading of harvests
and derivatives. Such information could further
elucidate the spatiotemporal phenomena involved
in the development of these agricultural activities
in Parand, since spatial changes in production will
depend on the provision of adequate infrastructure,
a market for the produce, credit programs and
technical support (research and extension).
Therefore, the aim of this study was to
verify the evolution and identify the structure,
spatial dynamics and transformations of maize
and soybean production systems in the state of

Parana.

Material and Methods

The study was based on MAP data published
by the IBGE, and data on the National Family
Agriculture Consolidation Program (PRONAF),
National Medium-Sized Rural Producer Support
Program (PRONAMP) and rural credit not linked
to a specific program (CSV) published by the
Brazilian Central Bank (BCB), relating to the
period from 1997 to 2016 for soybean and from
2007 to 2016 for maize'.

The analysis covered 39 microregions in the

state of Parana, delimited by the IBGE: Apucarana,

Assai, Astorga, Campo Mourdo,
Cerro  Azul,

Procopio, Curitiba, Faxinal, Florai, Ibaiti, Foz do

Capanema,
Cascavel, Cianorte, Cornélio
Iguacu, Francisco Beltrao, Goioeré, Guarapuava,
Ivaipora, Irati, Jacarezinho, Jaguariaiva, Lapa,
Londrina, Maringd, Palmas, Paranagud, Paranavai,
Pitanga, Pato Branco, Ponta Grossa, Porecatu,
Prudentopolis, Rio Negro, Sdo Mateus do Sul,
Telémaco Borba, Toledo, Unido da Vitoria,
Umuarama and Wenceslau Braz.

First, harvested area variation trends were
calculated, together with the quantity produced
and productivity per crop, based on the annual
average rate of compound variation. This
estimate was based on the antilogarithm of the
angular coefficient of the log-linear equation,
using the ordinary least square (OLS) method
that correlates estimated harvested area, quantity
produced and productivity for the year of
observation, according to Equation 1 (Greene,
2008). This rate of variation was expressed as
a percentage, since the harvested area and the
quantity produced verified the acceptability of
the assumptions measured by the Student’s t-test,
at a significance of 5%.
In¥, =a + X, +u;

i=1,2,..,n

(M

Where: a is the intercept; B the angular coefficient
of a straight line; X the explanatory variable for

the year corresponding to the i observation; Y

'The data series for analyzing the maize crop were defined as a function of the period during which production was split between the first and second
crops, and during the years compatible with soybean cropping periods. Thus, for soybean there were four periods (1997 to 2001, 2002 to 2006, 2007 to
2011 and 2012 to 2016), and for maize two periods (2007 to 2011 and 2012 to 2016).
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the dependent variable relating to the harvested
area, quantity produced and productivity in the i
year; u random error; and i the number of years.
Next the location quotient (LQ) was
calculated. It indicates the region’s specialization
in maize and soybean cropping. Based on the
basic aggregate, LQ is used to measure and
compare regional specialization for a given
activity. This parameter was applied to estimate
the specialization in first and second crop maize,
and soybean for the microregions of Parana,
based on Gross Production Value (GPV) averages
for the period. In accordance with Equation 2
(Isserman, 1977), LQ was obtained based on the
proportion between the GPV for each crop and
the agricultural activity GPV, which includes

permanent and temporary farming.
E;

£ ?)

Where EJE/ is the GPV for agricultural activity
ii in region jj; E;E; is the total GPV of all
agricultural activities in region j;j; E'E" is the
GPV of agricultural activity ii in all regions; and

EE is the total GPV of all activities in all regions.
In other words, the numerator corresponds to
the way in which production for an agricultural
activity is split in the microregion and the total
agricultural activity in the same microregion.
Similarly, the denominator corresponds to the

split in production for a given agricultural activity

in Parand and the total agricultural production in
Parand. If the result obtained is greater than 1,
the activity is a specialization of the microregion.
Thus, non-specialized microregions have an LQ
<1, and specialized regions an LQ > 1. Note that,
for data availability reasons, the LQs for first and
second crop maize were based on data from 2007
to 2016.

Once the microregions specialized in
growing first and second crop maize and soybean
had been defined, principal component analysis
(PCA) analysis was run. Based on this analysis,
a linear combination was sought among the
observed variables in order to maximize the
total variance explained. Variables with high
correlation are combined to obtain a factor or
component that explains the highest level of
variance in the sample. The second component
exhibits the second highest magnitude of variance
and is not correlated with the first, and so on
(Favero & Belfiore, 2015). The components were
defined based on the Kaiser criterion, selecting
components with eigenvalue > 1 (Kaiser,
1960).

PCA was performed based on the following
variables: LQ, credit earmarked for agricultural
activity (PRONAF, PRONAMP and CSV), and
number of cooperatives. Based on the results of
PCA, cluster analysis was performed taking into
account specialized microregions and using the
Ward method (hierarchical clustering). This is
an interdependent statistical technique allowing
variables to be marshaled into homogeneous

groups, according to a similarity or distance
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measurement (Favero & Belfiore, 2015).
Monetary restatement was based on the
extended national consumer price index (IPCA)
for December 2017. SPSS software was used to
process the data and ArcGIS 10.2 to produce maps.

Results and Discussion

Table 1 givestheresultsrelatingtochangesin
harvested area, quantity produced and productivity
of first and second crop maize in the mesoregions
of Parand in the period from 2012 to 2016. The
results show that, during this period, there was a
drop of 55.8% in the first crop maize harvested
area, an annual rate of 18.9%. All mesoregions in
Parana suffered a drop in cropping area. The West
(27.54% per annum) and West Central (26.97%
p.a.) mesoregions suffered the highest drops. In
the South-Central region, which had the largest
area cropped with first crop maize in Parana (18%
of total area), the drop was 19.6% p.a. Since maize
competes with soybean in first growing season, the
annual variation in area occupied by each crop is
partly due to the substitution of one by the other,
according to Bicudo et al. (2009), mainly because
of the higher profitability of soybean.

Regarding the quantity of first crop maize
produced in Parana, it is evident that between 2012
and 2016, there was a 49% total drop at an annual
rate of 16.2%. All mesoregions suffered a drop
in the quantity of first crop maize produced. The
West Central mesoregion showed the highest drop
(27% p.a.). The South-Central mesoregion was

the highest producer of first crop maize in Parand,

contributing 19% of the total, with high returns
related, among other things, to edaphoclimatic
conditions and soil management. According to
Fontoura & Bayer (2009), a high level of soil
and water conservation agriculture practices
have been adopted in this mesoregion, helping
to manage these natural resources.

In terms of first crop maize productivity,
the Northwest mesoregion had the worst
indices, well below the average for Parana.
However, the West Central, East Central,
West and South-Central mesoregions showed
the best productivity indices, with an average
higher than the average for state of Parana.
Productivity gains reflected the efficiency and
intensification of productivity, i.e. higher yield
per unit area.

Between 2012 and 2016, there was a
5% increase in the first crop maize harvested
area in Parand. In this period, the Southwest and
Southeast mesoregions showed higher growth,
at 87.9% and 58.5% respectively. However,
the West and North Central mesoregions made
the highest contributions in terms of harvested
area, at around 37% and 25% respectively. This
increase isrelated to the pursuit by rural producers
of alternatives to obtain higher economic
profitability, one of the options being to crop
maize after harvesting soybean, i.e. adopting a
soybean-maize as crop rotation system (Bicudo
et al., 2009; Albrecht et al., 2009).

Revista Brasileira de Milho e Sorgo, v.19, e1122, 2020
DOI: https://doi.org/10.18512/rbms2020v19e1122



Volsi et al.

JUBOLIUSIS J0U SN "OOUBIYIUTIS 9/,G :y "OJel [IMOIT [enuue ;7 :SAON

“(ADd]) @munsu] sonsnes pue AyderSoan) uerizerg oy woy eyep (JVIA) uononpoid reimnousy [edomunyy uo paseq paredaid :00mog

- - - - - - S1°0 90T'L 901°L ¥79°9 696'9 1ceL equun) ueyjodonoy
STl PrL'S 8L0°9 99t L69°€ €8L°¢ 98°¢ wL 689 ISI'L €€6'9 8€6°S ISEaYINOS
LY 11 199'% 99%°§ 99T ¥ 80S°¢ 18€°¢ 808 TIs6 10¥'6 wS¥6 6608 6¥6'9 [enud) YInog

€9°C Sy TS 608'¥ Sy LLTY ¥S°01 €758 6£T6 6SL'6 68’8 ¥9T'S 1SoMIN0g
059 S00'9 €79 LEY'S 896G Ly 0T’e 96€°6 L68°6 LLTO1 €96 SEI'8 1SOM
9L9 191°6 €SI 818t 61t STy 10" 8¢6’8 6£6'6 LY8'8 8€5°6 L68'8 [enua) jseq
06°0- wly 18L°S L6ES (44 X3 LETS 10°0 SE19 €SL'S LISy LS9 6¥L'S HON SuLIauoIg
0Tt we 869°S 8IL'S ST9Y LIT'S 60'1 SIT'L €80°L 88¢€L 6€S°L 62S9 [enud) YHON
9°¢ 69T'S 865G 991°6 S69'% 6I8'Y L00- LSY'8 61€01 678°6 816 #58'8 [e1UID) ISOM
LY 1- LLY'E STI's 6SL'Y €T S6SY S€0- 9TL'E 81 185°¢ LTYY SL9'E 1SOMUION
SI'e L68'Y 16°S Sor'S 8y 98 ¥ 8T'¢ S20'8 v1¥'8 €5T'8 91'8 ¥€6'9 puBIEd JO 91BIS
-y 3) Kyaponpoag ey 3) Kyaponpoag
- - - - - - LPEVI- PSL'SIS  T09°89S £€66°965 IS8'LEL  10S°186  quun) uenjodonajy
L €8°TC 1€€°€01 00€°29 00£°8S S19% Y€6°Th LTTPI- 0THLTY ¥LOSSY 70°T6S 81V 9IL  Teb'eeL SeAYINOG
s 10°1- LTT1S €10°€T $TE81 ¥60°€€ ov6'vt LOIE€1-  SOI°LOL £68°606 TLYEST'T  $E€9°G8T T LIT00T1 [enua) yINOg
s 2991 €L9°78¢ §50°01¢ SLYISI 0TH081 00¥°161 sNSETI- 099°LTy 020°699 0£9°068 019°9€1°T  T1TH€9 1somINog
s 6TL  L8I90LY  0£9°9SH'Y £0Sv98°¢ 88T ILTY 619°08€°c  .TTST-  65SE9¥C 12€°08¢ $6€°€TS ¥8TLI8  TTL'SIL 1SOM
N 06°8" 891°€9 Sysiey €81°0S S00°59 06t°C8 LSPPI- SIS'L8S 000°L68 086°€16 OLEESTT  S6I°IEI’] [enua) iseq
sn €176 815°CT6 SS6°€0E°l €0T°€IT T 108°8%0°1 TTTREE’T L88°LI- 0F8PHT 681°01C LY1v9T SSEI9Y  ThYELY YHON SuLIddUOI]
sn6TE 981°9T0°C  T96°TEST 918°1€8°C 8L8°9S€°C €69°679°T . 0L'TT-  696°1¢€1 66L°0LT S15°98¢ 0€1°99¢  8ITII¥ [enud) YION
sn €0°LT- S86°EVOT  8EL'8SS'T $89°TTS’1 9L0°6£9°1 $59°8T9°1 L0'LT- 9L5°06 655561 1¥0°S1C 10V'6€€  880°CEE [e1UD)) ISIM
snC0'1 61¢°L6S 989789 £€8°859 0LELSY 0€t'6LS . €6°0C- 110°T1 808 v1 SLY'LI S91°0¢ 8564 1SOMULION
86’1 6S96Y°01  $88°SLITI TSE69€°01 #80°862°01 PEYI66 LTT91- 60S°06£°C  STSTO9Y  688°€SHS  SITHHO'L  L86'0V9'9 BueIed JO 9jeIg
(3) paanpoad ynuend) (3) paanpoad ynuend)

- - - - - - LLYYl- SLS'IL 020°08 STI°06 788°601 SI6°s€l  eqnun) uenjodonay

s IS°L 066°L1 05201 00S°C1 £8%°CI 0S€°11 LIPLT- 00T°6S SEP 99 06L°C8 0£€°€01 015l JseayInog
sn0TTI- 06601 01Ty S6TY SEV'6 €6T°€1 . 65°61- 0OvEPL 6LL°96 090°CC1 OvL'8ST  0TLTLI [enud) YInog
N E9°€ET 001°¢8 00€°0% 00S°1€ 059°6¢ 0SLvr L1L0T- 081°0 01+°CL 09T°16 0S8°LTI 1L¥0T1 1S9MNOg
su L0 SSLE8L 901°€69 709°689 L9T°LIL YT8LIL LYS'LT 6129 6TH'8¢ 0£6°0S 0S8°t8 Yhe'88 1SOM
sN69¥I-  0VTTI 0S¥'8 SI¥01 00S°ST 000°0T L0T'v1- S¥8°89 0ST06 01€°€01 0€6°0CT  0ST°LTI [enua) iseq
N 9T S08°€TT 095°52T 06L4TT 8TH'L9T 91$°SST L68LI- 016°6¢ 0081 0v8‘vs 0L¥ 0L SeTs YHON SuLIdUOI]
sn §6°0 609°t¥S 9G1°L6Y L8TS6¥ 685°60S SYIEIS L PSET 756°81 0£T'8¢ 18L°8¢ 795°8 €86°79 [enua) yuoN
ssVL'E ¥T0TIE 9€H'8LT TEL'Y6T SOI°6hE rTLEe . L6'9T- 01L°01 75681 6L8°1T T08°S€ 60S°LE [e1UI)) ISOM
N ES'T SSOPST S6SEET 8P €1 10%°SS1 160°9C1 . $9°0C- $S6°C 195°¢ 088t 7189 16L°9 1SOMULION
snL1°0- 89S°ERI‘T  €90°168'1 695°L68°1 8GL°STIT 1YT6€0°CT . 68'81-  98%°TTh 998°9%S $68°099 TETE98  BEL'LS6 BuBIRd JO 9181
(ey) vaae pIjsIAICH (ey) vaae pIjsIAIBH
(%) 1 910T S10T $10¢ €102 7102 (%) 1 910T S102 y10T €102 7102 SUOISIIOSIA[
ETE) T8I srgdeadoan
(do.ad puodas) uoseas suIMo.Is puodIS (do12 )511J) UOSEIS SUIMOIS JSAT] pue e)s

910¢

pUB 7] ()7 U9aM12q SUOISaI0SdW gueIed ul dzrew 1oj padsnpoid Anjuenb pue eare pajsoarey ‘Ayanonpoid ur sauey) *1 d[qeL,

Revista Brasileira de Milho e Sorgo, v.19, e1122, 2020

//doi.org/10.18512/rbms2020v19e1122

https:

DOI



Spatial distribution, evolution and structure of maize and... 7

Between 2012 and 2016, there was growth
of 5.9% in second crop of maize yield in Parana.
The West mesoregion was the main producer,
accounting for over 40% of total yield in Parana.
Note that the maize produced in the West region
is used mainly in poultry and pig breeding, to
satisfy demand from the region’s agroindustrial
facilities (Martin et al., 2011). Maize production
for animal feed has added value to the produce
of this region. Furthermore, over this period there
was an increase in average second crop of maize
productivity in Parana. This was due, in part, to
research on improving and developing seeds,
achieved by using higher performance hybrids
and better land management, and making changes
in seed spacing and sowing density (Von Pinho et
al., 2009; Mendes et al., 2013). These gains are

important and have made a positive contribution

S4000"W 52°30°0"W 49°30'0"W
! 1 I

48°0'0"W
I

to food security.

Between 2007 and 2011, 20 microregions
specialized in the production of first crop maize
were identified, mainly in the South and Southeast
of the State of Parana. In contrast, from 2012 to
2016, this number fell to 18, since the microregions
of Cascavel and Sdo Mateus do Sul had ceased to
specialize in first crop maize (Figure 1).

First crop maize is cropped throughout
Parand in different soil types and under differing
climatic conditions (Gongalves et al., 2002).
However, during both the 2007-2011 period and
the 2012-2016 period, specialized regions were
concentrated mainly in the East Central and
South Central microregions, and in Metropolitan
Curitiba, the Southeast and Southwest.

Figure 2 shows the Parand microregions

specialized in second crop of maize from 2007 to

5000w 52°30°0"W S1°0'0"W 49°30'0"W 400"W
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T
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Microregions
I Specialized
[ Not specialized

Figure 1. Microregions in the State of Parana specialized in the production of first crop maize.

Notes: 17: Ibaiti. 18: Wenceslau Braz. 19: Telémaco Borba. 20: Jaguariaiva. 21: Ponta Grossa. 23: Cascavel. 25: Capanema. 26:
Francisco Beltrdo. 27: Pato Branco. 28: Pitanga. 29: Guarapuava. 30: Palmas. 31: Prudentdpolis. 32: Irati. 33: Unido da Vitéria. 34:
Sao Mateus do Sul. 35: Cerro Azul. 36: Lapa. 37: Curitiba. 39: Rio Negro.
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2011 and 2012 to 2016. During the first period,
11 specialized microregions were identified,
concentrated in the North, West and Northwest of
Parana. During the second period (2012-2016),
the number of specialized microregions increased
to 13, since Londrina and Assai had switched to
specialization in second crop of maize.
Microregions specialized in second
crop maize are concentrated in the North and
West of Parana. These two regions have similar
edaphoclimatic characteristics, with conditions
propitious for second crop maize (Shioga &
Gerage, 2010). Between 2007 and 2011, the
Florai microregion had the highest LQ, and
between 2012 and 2016 Toledo had the highest
LQ. Growth in the production of second crop
maize in the West of Parand was due, in part, to the

poultry and pork production chains, since maize

54°00"W S2°300"W S1°0'0"W 497300"W
1 I 1 I

00w

is an essential input for animal feed (Alves et al.,
2009). Note that the South and Southeast regions
are subject to lower temperatures, limiting the
commercial cropping of winter second crop
maize (Ximenes et al., 2004).

Table 2

in harvested area,

the
quantity produced and

summarizes changes
productivity for the soybean crop in Parana
mesoregions between 2007 and 2016. The
harvested area for soybean in the State of Parana
increased by around 35.28%, with annual
growth of 3.55%. These numbers show how first
crop maize cropping areas were turned over to
soybean, a dynamic that intensified after 2000,
in part due to the improved economic results
obtained with soybean, mainly attributable to
a rise in international prices (Melo et al., 2012;
Castro et al., 2017).

SA00"W 52°300"W S1°00"W 49°30'0"W 48°0°0" W
L 1 I 1 Il

2007-2011

24700"S

25°300"S

2012-2016

25°3010"S

Microregions

I Specialized
[7 Not specialized

Figure 2. Microregions in the State of Parana specialized in the production of second crop of maize.

Notes: 2: Umuarama. 4: Goioeré. 5: Campo Mourdo. 6: Astorga. 7: Porecatu. 8: Florai. 9: Maringa. 11: Londrina. 14: Assai. 15:

Cornélio Procopio. 22: Toledo. 23: Cascavel. 24: Foz do Iguagu.
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10 Volsi et al.

The State of Parana is one of the largest
producers and exporters of soybean in Brazil,
and has ample installed infrastructure to cope
with logistics, storage and processing of soybean
(Caldarelli et al., 2009). Between 1997 and
2016, production of soybean in Parana rose by
43.34%, with annual average growth of 4.98%.
In 2016, the West mesoregion produced the most
soybean, accounting for around 21% of Parana’s
total soybean production. This increase in
production is related to growth in global demand
for soybean, exportation and a rise in the price
of soybean and derivatives, increasing returns for
producers and thus driving expanded production
(Espindola & Cunha, 2015). According to
Carmello (2018), gains in soybean productivity in
Parana can be explained, in part, by the research
on genetic improvement, management, irrigation
and climatic zoning, conducted by institutions
such as the Brazilian Agriculture and Livestock
Research Corporation (EMBRAPA) and the Parana
Agronomic Institute (IAPAR).

Figure 3 shows that, between 1997-2001
and 2012-2006, the number of microregions
specialized in soybean in Parana rose by 57%.
In the 1997-2001 period,
specialized in soybean were identified; in the
2000-2006 period, 16 microregions; in the 2007-
2011 period, 20 microregions; and in the 2012-

14 microregions

2016 period, 22 microregions.

Soybean expansion occurred in the
microregions of Apucarana, Cornélio Procopio,
Faxinal, Lapa, Francisco Beltrdo, Guarapuava,

Ivaipord and Pitanga. The displacement observed

over the years is the result turning over first
crop maize growing areas to soybean. As
already mentioned, this dynamic is related to
the improved economic results obtained from
producing soybean (Melo et al.; 2012). Other
factors driving soybean expansion include the
insertion of new technologies into agriculture,
massive investment through agricultural financing
(Carmello, 2018), and incentives for agricultural
and livestock cooperatives that buy soybean for
processing into other products or for sale to trading
companies, manufacturers or international buyers.
Furthermore, the fact that soybean is easy to trade
explains why farmers produce this commodity, and
the expansion of cropping areas.

Principal component analysis (PCA) was
applied to identify three main components that
together accounted for 84% of the variability in
the data (Table 3). Component 1 explained 38% of
the variability and correlated positively with data
on LQ (soybean), cooperatives, CSV (maize),
PRONAMP (soybean) and CSV (soybean), for
productive microregions specialized in soybean,
located near to agricultural cooperatives and
linked to rural credit facilities earmarked for
medium-sized and large farming businesses.
Component 2 explained 26% of the variability
and correlated positively with data on PRONAF
(maize), PRONAMP (maize) and PRONAF
(soybean), for microregions that, in relative
terms, are correlated with family farming, mainly
in terms of credit facilities earmarked for small
scale farmers. Component 3 explained 20% of

the variability and correlated negatively with
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Figure 3 - Microregions in the State of Parana specialized in soybean production.

Notes: 4: Goioeré. 5: Campo Mourdo. 7: Porecatu. 8: Florai. 9: Maringa. 10: Apucarana. 11: Londrina. 12: Faxinal. 13: Ivaipora, 14:
Assai. 15: Cornélio Procopio. 19: Telémaco Borba. 20: Jaguariaiva. 21: Ponta Grossa. 22: Toledo. 23: Cascavel. 24: Foz do Iguacu. 25:
Capanema. 26: Francisco Beltrao. 27: Pato Branco. 28: Pitanga. 29: Guarapuava. 30: Palmas. 36: Lapa.

data on the first crop of maize LQ and positively
with the second crop of maize LQ in highly
productive microregions specialized in second
crop of maize.

Based on the degree of similarity, six
groups were identified, formed as a function of
(a) specialization in first crop of maize, second
crop of maize or soybean; (b) the number of
cooperatives set up in the microregions; and (c)
the amount and type (PRONAF, PRONAMP
and CSV) of rural credit received by producers.

Group 1 consisted of 16 microregions; Group 2, 3

microregions; Group 3, 14 microregions; Group
4, 2 microregions; Group 5, 1 microregion and
Group 6, 3 microregions (Figure 4).

Group 1 comprises the microregions
of Paranavai, Umuarama, Cianorte, Astorga,
Porecatu, Florai, Maringa, Apucarana, Londrina,
Faxinal, Ivaipora, Assai, Cornélio Procopio,
Jacarezinho, Foz do Iguagu and Paranagua.
These regions are specialized in soybean and
second crop maize. The group consists of
microregions in North Central Parana (known

for high productivity and specialized in soybean
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Table 3. Coefficients of linear combinations and analysis of principal components (PCA)

Variable 1 Com];onent 3

LQ (first crop maize) 0.061 0.140 -0.917
LQ (second crop maize) 0.166 0.300 0.865
LQ (soybean) 0.549 0.305 0.102
Cooperatives 0.716 0.299 -0.093
PRONAF (maize) 0.186 0.964 0.083
PRONAMP (maize) 0.582 0.591 0.499
CSV (maize) 0.913 0.221 0.217
PRONAF (soybean) 0.331 0.923 0.004
PRONAMP (soybean) 0.841 0.394 0.233
CSV (soybean) 0.967 -0.013 -0.100

Notes: LQ: location quotient. PRONAF: National Family Agriculture Consolidation Program. PRONAMP: National Medium-Sized
Rural Producer Support Program. CSV: credit not linked to a specific program.

54"0:0“W 52°30'0"W 51 °0:0"W 49"3(?'0' "W 48“0:0"W

Groups Cooperatives
11 @ 1lor2

. 3or4

. 5or6

T
24°0'0"S

Ll
25°30'0"S

Figure 4 - Groups of microregions specialized in soybean, first crop of maize and second crop of
maize.

cropping), as well as microregions in North distribution of the number of cooperatives across
Central Parana, specialized in second crop maize. the regions. Note that in this Group, there are no
They are characterized by moderate participation —microregions specialized in first crop maize.

in rural credit facilities, and an almost uniform Group 2 comprises the microregions
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of Goioeré, Campo Mourdo and Cascavel,
and is characterized by regions specialized in
both soybean and second crop maize. In these
microregions, there are substantial rural credit
facilities for farmers under the PRONAF,
PRONAMP and CSV arrangements. The Group
includes regions using modern farming methods
to produce grain on a fairly specialized basis, with
a significant number of cooperatives. According
to Fuentes-Llanillo et al. (2006), this Group
includes regions with significant use of employed
labor and little outsourcing of services, such as
the hiring agricultural equipment and machinery.

Group 3 comprises the microregions
of Ibaiti, Wenceslau Braz, Telémaco Borba,
Jaguariaiva, Pitanga, Palmas, Prudentopolis,
Irati, Unido da Vitoria, Sao Mateus do Sul, Cerro
Azul, Lapa, Curitiba and Rio Negro. This Group
consists predominantly of regions specialized in
first crop maize, few cooperatives and low use of
rural credit by farmers.

Group 4 comprises the microregions of
Ponta Grossa and Guarapuava. It is characterized
by regions specialized in soybean and frist
crop maize. Note the high concentration of
cooperatives in this Group, which, according
to Moreira et al. (2012), reflects the importance
to these regions of the production of these
commodities and the agroindustrial complexes
set up. Financing for agricultural production is
obtained mainly through PRONAMP and CSV
credit facilities, highlighting the predominance
of family farming.

Group 5 is the microregion of Toledo.

The region is known for its high degree of
specialization in the production of soybean and
second crop maize (highest producer in Parana).
It accounts for 10.55% of all rural credit raised
by farmers to finance soybean and maize crops,
with most financing raised through the PRONAF
program. Toledo is also known for pig and chicken
production. According to data in the Municipal
Livestock Research Program (IBGE, 2020), in
2017 livestock amounted to over 3.2 million pigs
and 50.6 million chickens. Dairy, poultry and pig
production are key activities in the region and are
the main consumers of maize and other cereals.
According Martin et al. (2011), farmers exercise
multiple activities adding value to the produce
generated by farming and livestock in the region.

Group 6 comprises the microregions of
Capanema, Francisco Beltrdo and Pato Branco,
and groups together microregions specialized
in soybean and first crop maize. Some 70% of
rural credit is obtained through the PRONAF
program to finance soybean and maize crops.
Most of the soybean producers in this region
are family farmers, with production systems
consisting of up to 4 physical modules (Vedana
& Moraes, 2018). In addition, these microregions
also form part of the poultry and pig production
chain. Since maize is an essential component of
animal feed, the proximity of crops to industrial
manufacturers plays a decisive role in adding
value along the crop and livestock production
chain in this region (Alves et al., 2009).

To summarize, the results show that there

has been a transformation in the soybean and
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maize production systems in state of Parana. With
the expansion of soybean cropping in locations
with favorable edaphoclimatic conditions,
soybean is now cropped where first crop maize
used to be the norm. The possibility of producing
two crops a year has led farmers to grow maize
predominantly in the second crop. This in turn
has led to the increasing predominance of crop
rotation system consists of soybean followed by

second crop maize.

Conclusions

Over the past 10 years, soybean and maize
production systems have changed in Parana. The
soybean crop has expanded, and the first crop
maize has contracted, giving way to soybean.
However, annual production of both crops has
intensified, and soybean has become the first
and second crop maize. Thus, the predominant
production system now consists of soybean
followed by second crop maize, i.e. the crops
are used in a complementary manner during the
agricultural year, with the implementation of
crop rotation.

There has been an increase in the number
of microregions specialized in soybean, a drop in
the number specialized in first crop maize, and
an increase in the number specialized in second
crop maize. Regions that used to specialize in
first crop maize have switched over to soybean.

PCA was used to identify three principal
components that, taken together, account for

84% of the variability in the data. Component

1 explained 38%

positively correlated with productive

of the wvariability and
was
microregions specialized in soybean production.
Component 2 explained 26% of the variability
and was positively correlated with family
farming. Component 3 explained 20% of the
variability and was positively correlated with
highly productive microregions specialized in
first and second crop maize.

Based on group analysis, six Groups were
identified as a function of specialization, type
of rural credit acquired and the structure and
dynamics of existing agroindustrial complexes
in each microregion. Group 1 comprised
microregions  characterized by  moderate
participation in credit arrangements, and an
almost uniform distribution of the number of
cooperatives. Group 2 comprised microregions
with a predominance of modern grain agriculture.
Group 3 comprised microregions specialized in
first crop maize production. Group 4 comprised
microregions with the highest number of cropping
and livestock cooperatives. Group 5 included
only one microregion with a high degree of
specialization in soybean and second crop maize.
Group 6 comprised microregions specialized in
the production of both soybean and first crop

maize.
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