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Abstract: Maize is the main crop of Parana State second season, however the
heterogeneity of the environmental conditions creates a challenge for the selection of
adapted superior genotypes. The objective of this study was to stratify the environments
of the Western and Mid-western mesoregions, to identify the environments that are
essential for the selection of genotypes to ensure yield and crop moisture. Data sets
regarding the yield and crop moisture of 16 commercial hybrids were used, sourced from
Cooperativa Central de Pesquisa Agricola (COODETEC) Value for Cultivation and Use
("VCU"), testing in a randomized complete block design with two replicates, of crops
grown in the interim-harvests of 2014 and 2015 in the west of Parana, in the Cascavel,
Toledo and Foz do Iguagu microregions, the Mid-western Campo Mourao microregion
and Mariluz, constituting the Caiud sandstone formation. The evaluation of the
representativeness of the environments was carried out over one year of study, through
environmental stratification analysis, using the factor analysis methodology. The results
of the environmental stratification demonstrated that trials in the same environment
provide redundant results, both for yield and for crop moisture. There were no gains for
the selection of superior genotypes and the positioning in the different microregions
yielded complementary data, aiding the selection. As such, for the West and West Central
regions of Parand, the Cascavel, Palotina, Mariluz, Campo Mourdo and Sdo Pedro do
Iguagu municipalities are indispensable for selection for yield and the Campo Mourdo,
Cascavel, Mariluz, Santa Terezinha do Itaipu, Palotina and Sdo Pedro do Iguagu
municipalities are indispensable for selection for crop humidity.
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Introduction

The West and the Central West of Parana
are responsible for 49% of all production of
second-crop corn cultivated in the State (SEAB/
DERAL, 2019) and are characterized by high
altitude areas with frequent and severe frost and
low altitude areas with high temperatures and
with infrequent frosts (IPARDES, 2003; 2004a).
In part of the low-lying area of the Midwest
mesoregion there are soils from Caiua sandstone,
present in 16% of the state territory, where the
climate resembles the Northwest mesoregion
(IPARDES, 2004b; Melotto et al., 2019).

The second-crop corn, or ‘safrinha’, of
Parana is usually sown after summer soybean
cultivation and its yield can be affected by solar
radiation and temperature limitations (Sans and
Guimaraes, 2006; Batista et al., 2019) and, for
this reason, early planting by using early soybean
cultivars provides better climate conditions for
corn development, increasing yield (Shioga and
Gerage, 2010). In areas of higher altitudes,
limited by low temperatures and frost, hybrids
with lower thermal demands have allowed the
second-crop expansion (Bergamaschi and
Matzenauer, 2009).

The heterogeneity of climatic conditions
makes selection difficult due to genotype X
environment interaction (Shioga et al., 2015).
The studies of genotype X environment
interaction are of fundamental importance in a
breeding program because they allow to
minimize the effects of interaction (Ribeiro and
Almeida, 2011), by selecting consistent
genotypes for different environments, since the
stability of genotypes is so important as the high
productive potential (Martinelli et al., 2012).

For the selection of consistent genotypes,
the experimental areas should represent the
different conditions of the region under study. It
is essential to identify whether there are
environments of similar or complementary
patterns (Pereira et al., 2010), thus reducing the
number of environments without generating
losses in the selection process (Mendonga et al.,
2007; Mendes and Ramalho, 2018). Thus, the
identification of  the similarity or
complementarity of environments is mad
through enviromental stratificatio.

The factor analysis of Murakami and Cruz
(2004) wuses the principle of similarity of
genotypic performance based on multivariate
techniques, reducing a large number of original
variables to a smaller number of abstract
variables called factors. In each factor,
environments are linearly correlated and weakly
correlated with those grouped in the other factors
(Garbuglio et al., 2007), generating not only two
groups of environments (favorable and
unfavorable), which is a questionable fact for
other methodologies (Cruz and Carneiro, 2006).
Factor analysis has been used by several authors
for studies of environmental adaptability and
stratification (Garbuglio et al., 2007; Mendonca
et al., 2007; Pereira et al., 2013; Carvalho et al.,
2014; Mendes and Ramalho, 2018).

The objective of this study was to stratify
second-crop environments of the West and
Central West mesoregions to identify
informative environments for the selection of
maize genotypes for yield and crop moisture
(precocity).

Material and methods

Eighteen experiments of Value of
Cultivation and Use (VCU) of the Cooperativa
Central de Pesquisa Agricola - COODETEC were
evaluated, being half in the second season of2014
and the others in the subsequent year (2015). The
experiments in the West Parana mesoregion were
carried out in the Cascavel (Cascavel 1 and 2),
Toledo (Sao Pedro do Iguagu, Palotina 1 and 2)
and Foz do Iguacu (Santa Terezinha do Itaipu)
microregions. In the Central West Parana region,
the experiments were conducted in the Campo
Mourao (Campo Mourdo) and Mariluz (Mariluz 1
and 2) microregions, which represent the lower
areas of the Central West Center, and part of the
northwest where Caiud sandstone soils occur
(Table 1).

Second-crop climate 2014 was characterized
by irregularities in rainfall, concentrating large
volumes of rain in short periods and sharp drops in
temperature, but no frosts were recorded (Shioga et
al., 2014). In second-crop 2015, in addition to not
having frosts, the maximum and minimum
temperatures were higher compared to the
historical average during the corn cycle, which
favored crop development (Shioga et al., 2015).
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Table 1. Hybrid evaluation trial conduction sites in the 2014 and 2015 second-crop in West and Central West

of Parana.
Season 2014

Mesoregion  Microregion Municipality Assay Altitude (m) Sowing Harvest

Central West Campo Mourdo Campo Mourdo 1 651 26/02/2014 28/07/2014
West Cascavel Cascavel 2 667 11/02/2014 10/07/2014
West Cascavel Cascavel 3 667 11/02/2014 10/07/2014
Northwest Umuarama Mariluz 4 405 13/02/2014 02/07/2014
Northwest Umuarama Mariluz 5 405 13/02/2014 02/07/2014
West Toledo Palotina 6 370 13/02/2014 27/06/2014
West Toledo Palotina 7 373 17/02/2014 12/07/2014
West Foz do Iguagu Santa Teresinha do Itaipu 8 264 11/02/2014 22/07/2014
West Toledo Sdo Pedro do Iguagu 9 523 16/02/2014 25/07/2014

Season 2015

Mesoregion  Microregion Municipality Assay Altitude (m) Sowing Harvest

Central West Campo Mourdo Campo Mourio 10 628 02/03/2015 13/08/2015
West Cascavel Cascavel 11 657 02/02/2015 06/07/2015
West Cascavel Cascavel 12 657 02/02/2015 06/07/2015
Northwest Umuarama Mariluz 13 415 22/02/2015 03/08/2015
Northwest Umuarama Mariluz 14 415 22/02/2015 03/08/2015
West Toledo Palotina 15 362 18/02/2015 29/06/2015
West Toledo Palotina 16 362 18/02/2015 29/06/2015
West Foz do Iguagu Santa Teresinha do Itaipu 17 264 10/02/2015 23/07/2015
West Toledo S30 Pedro do Iguagu 18 510 12/02/2015  23/07/215

The experiments consisted of 50 hybrids The environmental stratification was

(commercial, pre-commercial and experimental)
from which 16 commercial hybrids were
selected, 10 single hybrids and 6 triple hybrids,
present in all trials in the two years of evaluation
for this study. The experimental design was
complete blocks with randomized treatments,
containing two replications. The experimental
unit consisted of two rows of 5 meters with 0.76
m row spacing, with final population of 60,000
plants ha™, adjusted by thinning, carried out
between the phenological stages V3 and V5 of
each assay (Da Rocha, 2011).

Harvesting and determination of harvest
moisture were performed in total plot, with
harvester adapted to harvest plots. The raw
weight data were transformed into kg.ha™'! for
yield adjusted to 14% humidity. Data from each
assay were subjected to individual variance
analysis and Hartley's maximum F test (1950) to
verify homogeneity of residual variances. For the
analysis of joint variance was used correction of
the homogeneity of residual variances of the tests
that did not present homogeneity by Hartley's
maximum F test (1950) through the Cochran
methodology (1954), allowing the joint analysis
of all environments of each crop.

performed using the factor analysis method
proposed by Murakami and Cruz (2004). For the
definition of the final factor numbers, the
recommendation of Cruz and Carneiro (2006)
was followed, which states that the number of
final factors is equal to the number of
eigenvalues greater than 1 in the phenotypic
correlation matrix or until an adequate proportion
of total variability is obtained, usually greater
than 80%. This pattern has been used by several
researchers (Granate et al., 2001; Murakami and
Cruz, 2004; Cruz and Carneiro, 2006; Garbuglio
et al., 2007; Mendonga et al., 2007; Carvalho et
al., 2014).

The final number of factors defined for each
set was used to generate the final factor loads after
rotation by the principal component method. The
grouping of the environments was performed as
described by Johnson and Wichern (1992), who
state that final factor loads equal to or greater than
0.70 and of the same signal indicate environments
with a high similarity standard and can be grouped
within each factor. All the genetic-statistical
analyzes were performed using the software
Genes (Cruz, 2013).
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Results and discussion

Only the harvesting moisture variable of
2015 second-crop corn showed no homogeneity
of residual variances by Barttlett's test and
normality by Lilliefors. The data were corrected
for the degrees of freedom of the residue and the
genotype x environment interaction, according to
the method of Cochran (1954), allowing the joint
analysis.

The joint variance analysis was performed
within each year of evaluation. The coefficients
of variation were classified as low and medium,
according to the criteria proposed by Scapim et
al. (1995) and Pimentel-Gomes (2009), allowing
to conclude that the experimental precision is
acceptable, being adequate for analysis in
different years (Table 2).

For yield in 2014 second-crop and crop
moisture in 2014 and 2015 second-crop,
significance was found at 1% probability for the
sources of variation Environments (E) and
genotype X environment interaction (GxE) by the

F test (Table 2). The high significance of the GXE
interaction indicates different behavior of
genotypes due the environmental variations. The
evaluation of this interaction is important
because a genotype can stand out in some places
and not in others (Faria et al., 2009). The
presence of GXE may result in low correlation
between phenotypic and genotypic values, thus
reducing the progress of selection. This leads to
a bias in estimating heritability and predicting
genetic advance (Dia et al., 2016).

The study of GXE interaction behavior
justifies the realization of environmental
stratification (Cruz and Carneiro, 2006; Pereira
et al.,, 2010). In 2015 second-crop, the yield
variable was not significant for the GXxE
interaction, however, the source of variation
Environments was significant at 5% by the F.
Pereira et al. (2010) state that if significant
differences between sites are detected, this
highlights the possibility of performing
environmental stratification analyzes, as it
indicates that there is variability between sites.

Table 2. Summary of joint variance analysis for productivity and crop humidity in second-crop corn hybrids

in West and Central West of Parand, in 2014 and 2015.

S 2014 2015
v DF MS DF MS
Blocks/ Environments 9 639107.10 9 2489136.50
Genotype (G) 15 1858990.40" 15 10240252.30**
Environment (E) 8 41040152.60** 8 11194712.30*
Yield (kgha) GxE 120 1259538.40** 120 1900651.40™
Error 135 541561.80 135 1934353.50
Mean 7297.09 7693,94
CV (%) 10.09 18,08
Blocks/ Environments 9 9.12 9 2.97
Genotype (G) 15 128.93** 15 171.44%*
Environment (E) 8 417.23** 8 634.50**
harvest % %
moisture (%) GxE 120 16.28 83 13.33
Error 135 4.77 90 4,76
Mean 25.81 22.24
CV (%) 8.46 9.81

Environmental stratification and phenotypic
adaptability can be studied using factor analysis.
In order to apply the information obtained by
factor analysis, it is crucial that each variable
considered can be adequately represented by
common factors, those that will provide values
that allow inference on the strata of the
environment and on the adaptability of the studied
genotypes (Sousa et al., 2015).

All communalities were above 0.64 (Table
3), which shows high efficiency in the
representation of variables by a common part
(Mendonga et al., 2007) and has been considered
as an acceptable value, as it would be equivalent
to the correlation coefficient greater than 0.80
between the standard variable and the common
part explaining this variable. The high
communalities show factoring quality for the
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grouping of environments and small specific
variance (Resende, 2015).

For 2014 second-crop yield, 5 factors were
considered, capturing 84.88% of the variability.
In each of the five factors was isolated an
environment, Campo Mourao, Cascavel 2, Santa
Terezinha do Itaipu, Cascavel 1 and Palotina 1,
in factors 1, 2, 3, 4 and 5, respectively, indicating
low correlation between them and that are
potential complementary information generators
for selection for productivity (Table 3).

For yield in 2015 second-crop were
considered 4 factors, which captured 81.18% of
the variability. Factor 1 grouped the environments
Cascavel 1 and Sdo Pedro do Iguagu, affirming

proximity of response between them. Factor 3
grouped the environments Campo Mourdo and
Cascavel 2 indicating correlation of results. Factor
4 grouped the Palotina 1 and Palotina 2 assays,
and similarly, in factor 2 the Mariluz 1 and
Mariluz 2 environments were grouped. Pereira et
al. (2013) report similar results, where in a single
factor grouped two trials conducted in the same
municipality, according to them, shown reliability
of the analysis. Fritsche-Neto et al. (2010), when
stratifying nine environments, showed that two of
the factors studied grouped together two
environments in the same municipality, probably
due to soil and climatic homogeneity as a result of
their geographical proximity, similar altitude and
location in the hills.

Table 3. Environmental stratification, according to the factor analysis methodology, for yield of corn hybrids
in the 2014 and 2015 second-crop in West and Central West of Parana.

Season Environment Factorl Factor2 Factor3 Factor4 Factor5 Communalities
Campo Mourao 0.849 -0.002 -0.186 0.071 0.144 0.781
Cascavel 1 0.390 0.284 -0.017 0.869 -0.188 0.929
Cascavel 2 0.003 0.955 0.004 0.168 -0.042 0.941
Mariluz 1 0.041 0.360 -0.692 0.051 -0.398 0.771

2014 Mariluz 2 -0.417 -0.167 -0.610 0.578 0.074 0.913
Palotina 1 0.239 -0.085 0.079 -0.177 0.900 0.911
Palotina 2 0.608 0.331 0.310 0.140 0.518 0.864
Sta. Terezinha do Itaipu -0.105 0.145 0.849 -0.052 -0.002 0.756
S. Pedro do Iguagu 0.563 -0.243 0.551 0.093 0.290 0.772
Campo Mourao 0.175 -0.074 0.832 -0.255 0.793
Cascavel 1 0.807 -0.050 0.143 -0.374 0.814
Cascavel 2 0.265 0.206 0.850 -0.209 0.878
Mariluz 1 0.254 0.731 -0.277 -0.171 0.705
2015 Mariluz 2 -0.349 0.798 0.211 -0.039 0.804
Palotina 1 0.149 0.165 0.230 -0.897 0.907
Palotina 2 0.252 0.194 0.216 -0.889 0.938
Sta. Terezinha do Itaipu 0.273 0.616 0.311 -0.312 0.648
S. Pedro do Iguagu 0.803 0.143 0.379 -0.096 0.819

For harvest moisture of 2015 second-crop
were considered 2 factors, capturing 83.65% of
the total variability. In factor 1 the environments
Campo Mourao, Cascavel 1, Mariluz 1 Palotina
1 and Santa Terezinha do Itaipu were grouped. In
Factor 2 Cascavel 2, Mariluz 2 and Sao Pedro do
Iguagu were grouped, all with negative factor
loadings.

The environments Campo Mourdo,
Cascavel 1, and Palotina 1 (Table 3), remained
grouped in distinct factors for yield in the two
years of evaluation, showing that they are

information generators for selection for this
characteristic.

For harvest humidity (Table 4) it is observed
that the pairs of environments Campo Mourado and
Cascavel 1 and Cascavel 2 and Sao Pedro do
Iguacu were grouped in the same factor in the two
years of evaluation, characterizing a redundancy
pattern. In contrast, the Santa Terezinha
environment of Itaipu was isolated in factor 3 for
the 2014 season, proving important for the
selection for this trait, as it presents a unique result
pattern for the mesoregions under study.
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Table 4. Environmental stratification, according to the factor analysis methodology, for crop humidity of corn
hybrids in the 2014 and 2015 second-crop in West and Central West of Parana.

Season Environment Factor 1 Factor 2 Factor 3 Communalities
Campo Mourao 0.851 0.326 -0.208 0.874
Cascavel 1 0.806 0.163 -0.386 0.825
Cascavel 2 0.889 0.207 -0.260 0.901
Mariluz 1 0.136 0.961 -0.046 0.945
2014 Mariluz 2 0.207 0.946 -0.020 0.939
Palotina 1 0.682 0.432 -0.367 0.786
Palotina 2 0.627 0.498 -0.444 0.838
Sta. Terezinha do Itaipu -0.147 -0.011 0.895 0.823
S. Pedro do Iguagu 0.822 -0.027 0.286 0.758
Campo Mourao 0.804 -0.471 0.868
Cascavel 1 0.738 -0.601 0.906
Cascavel 2 0.199 -0.906 0.861
Mariluz 1 0.797 -0.553 0.941
2015 Mariluz 2 0.446 -0.793 0.828
Palotina 1 0.823 -0.255 0.742
Palotina 2 0.628 -0.677 0.852
Sta. Terezinha do Itaipu 0.797 -0.250 0.697
S. Pedro do Iguagu 0.544 -0.732 0.832
The repeated tests in the same municipalities Campo Mourdo, Cascavel and

environment were in the same cluster, for 2015
second-crop yield and 2014 second-crop harvest
moisture, indicating similar responses, causing
redundant results, not contributing to genotype
differentiation and selection. Similar results
were reported by Garbuglio et al. (2007), who
working with factor analysis in summer corn,
grouped the Ponta Grossa environment in
different years into one factor, which, according
to the authors, leads to infer that the genotypes
had similar behaviors.

Conclusions

The sowing of experiments in the same
municipality generated redundant information
for yield and harvest moisture, not contributing
to the selection of superior genotypes. The

Palotina are information generators for selection
aiming at yield. Santa Terezinha do Itaipu, Sao
Pedro do Iguagu and Mariluz are sources of
results to complement genotype differentiation
for yield.

The municipalities Campo Mourao,
Cascavel, Mariluz, Santa Terezinha do Itaipu and
Sao Pedro do Iguagu are generators of
information for selecting hybrids for crop
moisture, but Campo Mourao and Cascavel have
redundant results.

The environments of Campo Mourao,
Mariluz, Santa Terezinha do Itaipu, Sao Pedro do
Iguagu Palotina and Cascavel are a good choice
to evaluate yield and grain moisture loss for the
West and Central West mesoregions of Parana.
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