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ABSTRACT: The cultivation of second-harvest with soybean crop
after first-harvest with maize crop has become an alternative to
aggregate income to farmers in the South region of Brazil. However,
thereis little information about this cropping systemin this region. The
aims of this study were to: (i) evaluate the agronomic performance of
soybean (Glycine max L.) cultivars growing in second-harvest during
the summer; and (ii) evaluate the genetic divergence of the cultivars
based on qualitative and quantitative traits. To do this, 18 soybean
cultivars were evaluated in three field trials, sown during January in
the northwestern region of Rio Grande do Sul state, Brazil. In each
experiment, arandomized block design with four replicates was used.

Five quantitative traits (representing the agronomic performance of
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the cultivars) and 12 qualitative traits (morphological descriptors)
were assessed aiming at studying the genetic divergence. Variance
components and genetic parameters were estimated using mixed models
and BLUPs for genotypes were estimated for each quantitative trait.
The cultivars FPS Iguacu RR and BMX Turbo RR have good agronomic
performance and are, based on quantitative and qualitative traits,
genetically distant. These cultivars have shown agronomic features
that allow their cultivation in the second-harvest in the northwestern
of Rio Grande do Sul in addition to be potential genitors for future
soybean breeding programs.

Key words: Glycine max L., mixed models, quantitative and qualitative
traits, UPGMA.
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INTRODUCTION

The area of soybean cultivation in Brazil is 35 million
hectares, being Rio Grande do Sul the second largest
producer state with a cultivated area of 5.69 million hectares
(CONAB 2018). In addition to the soybean crop, the state
of Rio Grande do Sul stands out in the cultivation maize,
a crop that, due to climatic advent and factors related to
the commercialization price at the time of harvest, has
anticipated its sowing by August/September, instead of
October (Matzenauer et al. 2002). As a larger part of the
maize area is harvested up to January, there is the possibility
of soybean cultivation in the second crop, characterizing
a corn/soybean system. This cropping system has gained
more and more followers among farmers of the northwest
of Rio Grande do Sul state.

Studies on soybean cultivation in the second-harvest in
subtropical regions are still limited and should be fostered
by research. Among the research conducted, it can be
cited studies evaluating the agronomic performance of
the soybean in late periods of cultivation in the southern
region of Brazil, that evaluated the first-pod insertion
height across sowing times, plant height, and mass of seeds
(Braccini et al. 2004), the number of branches (Ludwig et al.
2010; Zanon et al. 2015) and the grain yield (Ludwig
et al. 2010).

Besides the agronomic performance of the cultivars,
it is important to study the genetic divergence of soybean
cultivars. Studies with genetic divergence in this crop
were carried out to evaluate the oil content (Peluzio et al.
2014), fatty acid content for biodiesel production (Lima
and Peluzio 2015), crude protein, oil content and average
contents of fatty acids (Rodrigues et al. 2017). Studies are
also reported in the literature to evaluate the morphological
traits and genetic divergence of cultivars in specific cropping
regions and conditions, such as genetic dissimilarity in a
lowland environment in Tocantins (Almeida et al. 2011),
first-crop cultivation in the states of Rio Grande do Sul
(Rigon et al. 2012), Mato Grosso do Sul (Torres et al. 2015),
and Piaui (Sousa et al. 2016), as well as in Tanzania (Lyimo
et al. 2017). These regional evaluations are important
since the soybean crop is responsive to the photoperiod
and temperature (Silva et al. 2015). Hence, the indication
of cultivars with different genetic constitutions should
be based on specific environments, thus, justifying the
regionalized studies.

Studying the agronomic performance of cultivars based
on BLUP prediction associated with genetic divergence is
important for the recommendation of cultivars and for the
choice of divergent parents in breeding programs since
the mixed models provide a robust estimation of variance
components and prediction of the response variable (Duarte
and Vencovsky 2001). Studies to identify the genetic
variability using mixed models were applied to the soybean
crop (Teodoro et al. 2016) and, because this crop presents a
narrow genetic base (Wysmierski and Vello 2013; Marconato
etal. 2016), it is important to look for alleles that contribute to
increase their genetic variability. Therefore, studying genetic
divergence, using both quantitative variables (BLUPs), and
qualitative variables (morphological descriptors), adds a
greater amount of genetic information to the study. In this
sense, the Gower’s algorithm (Gower 1971) is an important
tool to analyze this kind of information, i.e., a mix of both
quantitative and qualitative traits.

In this context, the aims of this study were to: (i)
evaluate the agronomic performance of second-harvest
soybean cultivars (Glycine max L.) using mixed models;
and (ii) evaluate the genetic divergence based on the
Gower’s algorithm and UPGMA (Unweighted Pair-Group
Method Using an Arithmetic Average) grouping, based on
qualitative and quantitative traits.

MATERIAL AND METHODS
Location of field trials

The experiments with the soybean crop sown after
the first-harvest with maize crop were conducted in three
municipalities of the northwest region of Rio Grande
do Sul state, Brazil: (i) Barra do Guarita (lat 27°09 S,
long 53°46’ W, 168 m above sea level); (ii) Vista Gaticha
(lat 29°11’ S, long 53°47° W, 338 m above sea level); and (iii)
Tenente Portela (lat 27°23” S, long 53°46” W, 442 m above
sea level). The sowing dates were January 9, 2013, January
10, 2013, and January 24, 2013, respectively.

Experimental design, crop management,
and assessed traits

The experiments were carried out in a randomized block
design with four replicates (blocks). The experimental units
(plots) were composed of four 5 m-long cropping rows,
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spaced at 0.45 m. The useful area was 3.6 m? obtained by
eliminating the two border rows and 0.5 m at each end
of the rows.

The treatments of the study correspond to the following
18 soybean cultivars: FPS Urano RR, Don Mario 6200,
BRS Tordilha RR, BMX Ativa RR, Fundacep 65 RR, FPS
Solimées RR, BMX Alvo RR, BMX Apolo RR, FPS Iguacu
RR, BMX For¢a RR, BMX Classe RR, BMX Poténcia RR,
FPS Paranapanema RR, BMX Energia RR, BMX Tornado
RR, FPS Jupiter RR, BMX Magna RR, and BMX Turbo
RR. These cultivars were chosen because they represent
a large amount of the used cultivars by farmers of the
northwest region of Rio Grande do Sul state.

The sowing density was adjusted to 15 plants per row
meter under a no-tillage system in the straw, after first-
harvest with maize crop. The base-fertilization in the
three experiments was 5 kg-ha™ of N, 50 kg-ha™! of PO,
and 50 kg-ha™ of K O, applied at the sowing. Cultural
practices, such as insect and weed-plant control were
carried out whenever necessary, so that the crop did not
suffer competition, following technical management
instructions for the study site.

Five quantitative traits were assessed to evaluate the
agronomic performance of the cultivars: first-pod insertion
height (FPIH, in cm), plant height (PH in cm), number
of branches (NB, considering those with > 10 cm), grain

yield (GY, in Mg-ha at 13% of moisture), and hundred-
kernels weight (HKW, in g). For greater representativeness
in the study of genetic divergence, 12 qualitative traits were
also used. These traits were classified into two categories:
(i) nominal variables, including flower color (FC, white = 1,
purple = 2), pod color (PodC: light gray = 1, dark gray = 2,
light brown = 3, medium brown = 4, dark brown = 5),
seed shape (SS: spherical = 1, spherical-flattened = 2,
elongated = 3, elongated-flattened = 4), tegument color
(TC: yellow = 1, greenish-yellow = 2, green = 3, light
brown = 4, medium brown = 5, dark brown = 6, black = 7),
pubescence color (PC: gray = 1, light brown = 2, medium
brown = 3), hilum color (HC: gray = 1, yellow = 2, light
brown = 3, medium brown =4, black imperfect = 5, black = 6),
growth habit (GH: determinate = 1, semi-determinate = 2,
indeterminate = 3), seed brightness (SB: low = 3, medium =5,
high = 7), pubescence density (PD: low = 3, medium = 5,
high = 7), and relative maturity group (RMG, scale of 1 to
10); and (ii) dichotomous variables, including the traits
anthocyanin hypocotyl pigmentation (PAH: absent = false,
presence = true) and peroxidase reaction (RP: positive = true,
negative = false).

The qualitative traits correspond to those reported
by the maintainers of the cultivars (Table 1), published by
the Ministério da Agricultura, Pecudria e Abastecimento
(MAPA 2018).

Table 1. Values of 12 qualitative characters, corresponding to 18 soybean cultivars, informed by the maintainers to the Ministério da

Agricultura, Pecuaria e Abastecimento.

Cultivars RMG* FC PodC SS TC PC
FPS Urano RR 6.3 purple light gray spherical yellow gray
DMario 6200 5.8 white light gray spherical yellow gray
BRS Tordilha RR 6.2 white light gray spherical yellow gray
BMX Ativa RR 5.6 purple light gray spherical yellow gray
Fundacep 65RR 5.9 white light gray spherical-flattened yellow gray
FPS Solimdes RR b7 purple medium brown spherical yellow medium brown
BMX Alvo 5.9 white light gray spherical yellow gray
BMX Apolo b.b white light brown spherical yellow gray
FPS Iguacu RR 5.0 white light brown spherical-flattened yellow light brown
BMX Forca RR 6.2 white light gray spherical yellow gray
BMX Classe RR 6.9 white dark gray spherical-flattened yellow gray
BMX Poténcia RR 6.6 white light gray spherical yellow gray
FPS Paranapanema RR 5.6 purple medium brown spherical yellow light brown
BMX Energia RR 5.0 purple light brown spherical yellow gray
...continue
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Table 1. Continuation...

Cultivars RMG* FC PodC SS TC PC
BMX Tornado RR 6.3 purple dark gray spherical-flattened yellow gray
FPS Japiter RR 5.6 white light brown spherical yellow gray
BMX Magna 6.2 white light gray spherical yellow gray
BMX Turbo RR 5.8 purple dark gray spherical-flattened yellow gray
Cultivars PD HC GH SB PAH RP
FPS Urano RR high light brown determinate low presence positive
DMario 6200 high light brown determinate low absent negative
BRS Tordilha RR high light brown determinate medium absent positive
BMX Ativa RR high  black imperfect determinate low presence negative
Fundacep 65RR high light brown determinate low absent negative
FPS Solimées RR high  medium brown indeterminate low presence positive
BMX Alvo high light brown indeterminate medium absent negative
BMX Apolo high yellow indeterminate low absent positive
FPS Iguacu RR high black indeterminate medium absent negative
BMX Forca RR high light brown indeterminate low absent negative
BMX Classe RR high light brown indeterminate medium absent positive
BMX Poténcia RR high light brown indeterminate low absent positive
FPS ParanapanemaRR  high  mediumbrown  semi-determinate low presence positive
BMX Energia RR high gray indeterminate low presence positive
BMX Tornado RR high  black imperfect indeterminate medium presence positive
FPS Japiter RR high light brown indeterminate low absent negative
BMX Magna high light brown indeterminate low absent negative
BMX Turbo RR high light brown indeterminate medium presence positive

aSee material and methods section to detailed information regarding the qualitative traits.

Statistical analysis

The deviance analysis was performed by subtracting
the reduced model (without heritability estimates) from the
complete model (with heritability estimates). A likelihood
ratio test (LTR) was performed, considering the tabulated
value of chi-square distribution with one degree of freedom.
The variance components were estimated by REML using
the E-M algorithm (Dempster et al. 1977). The genetic
parameters were predicted by BLUP, considering the
following mixed_ model equation (Eq. 1):

v=Xb+Zg+Wi+e¢ (1)

where: y is the vector of data; b is the fixed effects vector
(block within environments); g is the genotypic effect vector
(assumed as random); 7 is the genotype-by-environment

(random) interaction vector; and ¢ is the residual vector;
X, Z and W are the incidence matrices to the effects of b,
g and i, respectively.

The genotypic values free from interaction effects were
predicted from m + g, where m is the overall mean and ¢
is the genotypic effect. These procedures were performed
using the model 54 of the Selegen software (Resende 2016).

The confidence intervals for BLUPs were estimated
according to Eq. 2 (Resende 2002):

cr=Gvei(1-ru)gl]” @)

where: CI is the confidence interval; Gv is the genotypic
value; t is the value of Student’s ¢ distribution associated
to a given significance level in a two-tailed test (¢ = 1.96,
considering & = 0.05); r*,_is the selective accuracy; and
0’ is the genotypic variance.
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Aiming at studying the genetic divergence using both
quantitative and qualitative variables, the Gower algorithm
was used (Gower 1971). Let Sij be the distance between the
genotypes i and j, considering k variables. This distance
was estimated by (Eq. 3):

e Wi X S

1

’ i:l Wijk ®)
where: W, is the weight for the comparation ijk, being
W,, = 1 for valid comparisons and W, = 0 for invalid
comparisons (i.e., when values are omitted for one or both
genotypes); S, is the contribution of the variable k in the
divergence between the genotypes i e j, assuming values
between 0 e 1. For a nominal variable, if the value of the
variable k is the same for both genotypes (i and j), then
Sljk =1, otherwise, Sijk= 0. Considering a continuous variable,
Sy =%, =%, /R, in which x, and x, are the values of the
variable k for the genotypes i and j, respectively, and R, is
the range of the variable k in the dataset. The division by
R, turns the variables in the same scale, generating values
between 0 and 1 and equal weights. For a dichotomic
variable, Sijk =0 ifxl.k =X, = TRUE and Sijk =1 otherwise.
The distance matrix was estimated using the function
gower.dist of the StatMatch package in R 3.4.2 software
(R Core Team 2016).

Hierarchical clustering was obtained by the UPGMA
method using the Gower’s distances matrix. The number
of groups was estimated using the pvclust function of
the pvclust package (Suzuki and Shimodaira 2006) in
R 3.4.2 software. This function assesses the uncertainty
in hierarchical cluster analysis using multiscale bootstrap
resampling. Based on 10,000 resampling, groups with
approximately unbiased p-value < 0.05 were considered
significant. The association between the graphical and
original distance matrices was determined by the cophenetic
correlation coefficient (CCC) (Sokal and Rohlf 1962). The
significance of CCC was determined by the Mantel’s tests
with 1,000 permutations.

RESULTS AND DISCUSSION

The likelihood ratio test has revealed statistical
significance for genotype random effects for all studied
variables (Table 2). The variables PH (S %, = 72.35%), HKW

(0% =72.13%), and FPIH (0, = 50.20%) presented the
largest genetic variance (o2, ), whereas the variables NB
(0% =29.00%) and GY (07 =19.57%) presented lower
genetic variance. On the other hand, the variables with
higher environmental influence were NB and GY. The
larger environmental variance for GY can be justified by
a large number of genes associated with the expression
of this variable.

The BLUP for FPIH (Fig. 1a) revealed positive genotypic
effects for the cultivars BRS Tordilha RR, BMX For¢a RR,
Fundacep 65 RR, BMX Classe RR, BMX Tornado RR, BMX
Poténcia RR, BMX Magna RR, FPS Jupiter RR and BMX
Turbo RR. For the cultivars BMX Alvo RR, Don Mario
6200, FPS Solimdes RR, FPS Iguagu RR, FPS Paranapanema
RR, FPS Urano RR, BMX Apolo RR, BMX Ativa RR, and
BMX Energia RR, the genotypic effect is negative. It should
be emphasized that the genotypic effect is the difference
between the point and the horizontal line (demonstrating
the overall mean of the trait). In the BLUP prediction, the
effects of the ANOVA model are estimated, and then weights
are assigned to the estimates of the random effects (in this case,
genotype and interaction effects), giving a shrinkage effect
to this predictor (Piepho 1994). The cultivar BRS Tordilha
RR presented the largest predicted mean (15.248 cm).
In addition, the cultivars BMX Forga RR (13.172 cm)
and Fundacep 65 RR (13.142 cm) presented overlapped
confidence intervals, indicating no difference between
these cultivars for the studied trait.

The FPIH is a variable of great importance for soybean
cultivars, being related to the efficiency of mechanical
harvest. Depending on the different shapes of the land,
mechanical harvesting is difficulted with FPIH lesser than
10 cm (Rezende and Carvalho 2007); moreover, due to
environmental and crop management influences that may
provide inconstant FPIH, it is preferable to adopt cultivars
with FPIH of 15 cm (Rocha et al. 2012). Among the three
cultivars, only the BRS Tordilha RR cultivar reached 15 cm,
the cultivars BMX Forga RR and Fundacep 65 RR are in
agreement with a study carried out in India evaluating 90
genotypes, which indicates that the ideal FPIH is greater
than or equal to 12 cm aiming at lower grain losses and
high operating efficiency (Ramteke et al. 2012).

The BLUPs for the PH (Fig. 1b) indicated that the
cultivars BMX Classe RR, FPS Iguagu RR, BMX Forc¢a
RR, BMX Poténcia RR, BRS Tordilha RR, BMX Tornado
RR, FPS Solimées RR, BMX Turbo RR, and FPS Jupiter

Bragantia, Campinas, v. 78, n. 2, p.197-207, 2019 201



D.N. Follmann et al.

Table 2. Likelihood ratio test, variance components and genetic parameters of 18 second-harvest soybean cultivars for the traits first-
pod insertion height (FPIH), plant height (PH), number of branches (NB), hundred-kernels weight (HKW) and grain yield (GY).

Variance components FPIH PH [ ] HKW (c) 4
Genetic variance 4189 (50.20%)° 98.082(72.35%) 0.319(29.00%) 1.669(72.13%) 0.049 (19.57%)
Genotype-by-environment variance 0.321 (3.85%) 8.156 (6.02%) 0.072 (6.63%)  0.261(11.28%) 0.023 (9.47%)
Residual variance 3.834(45.95%) 29.316 (21.63%) 0.708 (64.37%) 0.383(16.59%) 0.179 (70.96%)
Phenotypic variance 8.345 135.555 1100 2.314 0.253
Individual heritability without interaction effects 0.502+£0.13 0.723+£0.163 0.290 £ 0.105 0.721+0.163 0.196 + 0.085
Coefficient of determination of the interaction 0.038 0.060 0.066 0.112 0.094
Average heritability 0.907 0.950 0.793 0.933 0.684
Selective accuracy 0.952 0.974 0.890 0.966 0.827
Correlation between locations 0.928 0.923 0.814 0.864 0.675
Overall mean 10.772 55.05 2.162 12.952 1.869
b 35.60 53.65 15.88 4498 8.59
p-value 2.417e-09 2.387e-13 6.729e-05 1.981e-11 0.0033

aParenthetical values represents the explained amount of phenotypic variance.

RR have positive genetic effects. On the other hand, BMX
Magna RR, BMX Alvo RR, FPS Paranapanema RR, Fundacep
65 RR, BMX Apolo RR, Don Mario 6200, BMX Energia RR,
BMX Ativa RR, and FPS Urano RR have a negative genetic
effect. This fact indicates that these cultivars have difficulty
adapting to the late growing conditions. For the soybean
crop, plant height has a positive cause and effect relationship
with GY (Follmann et al. 2017), that is, it can be inferred that
cultivars with an estimated BLUP greater than or equal to
55.158 cm have an additive genetic effect in relation to the
18 cultivars studied and may present a positive relationship
with grain yield.

Considering the confidence intervals, the cultivars from
BMX Classe RR (PH = 69.82 cm) to BMX Tornado RR
(PH = 60.41 cm) have no statistical difference and may
be indicated for second-harvest growing season in the
northwestern of Rio Grande do Sul state. Other studies in
this sowing period have indicated a reduction of the PH in
relation to other (first-harvest) growing seasons (Braccini
etal. 2004; Ludwig et al. 2010; Meotti et al. 2012). Thus, it is
indicated that cultivars that express higher PH be cultivated in
second-harvest, justified by the presence of positive relation
with grain yield (Meotti et al. 2012; Follmann et al. 2017).

For the NB (Fig. 1c), the cultivars that had positive
genotypic effect (higher than the overall mean) were Fundacep
65 RR, BMX Poténcia RR, BRS Tordilha RR, BMX Tornado
RR, Don Mario 6200, BMX Alvo RR, BMX Turbo RR, BMX
Classe RR, BMX For¢a RR, and FPS Jupiter RR. The cultivars
FPS Urano RR, BMX Magna RR, FPS Iguagu RR, BMX

202

Energia RR, FPS Solimdes RR, FPS Paranapanema RR, BMX
Apolo RR, and BMX Ativa RR had negative genetic effect,
indicating low branching ability in late growing seasons.
A study carried out in different sowing times in the state
of Rio Grande do Sul revealed that the NB in the soybean
crop decreases with the delay of the sowing time, with mean
values of NB < 2 (sowing in February), less than a half of
those observed for sowing in September (Zanon et al. 2015).

The cultivars with the most favorable BLUPs for NB
were those included between Fundacep 65 RR (3.012
branches-plant™) and BMX Turbo RR (2.474 branches-plant™).
No statistical difference was observed among these cultivars,
and the predicted values are greater than those observed by
Zanon et al. (2015) for the sowing in February.

The NB is related to the plasticity of the soybean cultivars,
being crucial for canopy establishment, especially when there
is a decrease in the plant density due to diseases and pests.
Cultivars with greater branching capacity have a greater ability
to compensate possible faults (Zanon et al. 2015), possibly
due to the lower cycle of cultivation. The knowledge of the
genetic expression of this trait for each cultivar is important
to define management strategies such as sowing density, for
example. Factors such as environment, cultivars, and growth
habit, are related to the expression of NB, as also observed in
a study carried out in the USA, which indicated a decrease
in the NB, for cultivars of indeterminate growth habit
associated with higher plant density (Setiyono et al. 2011).
A recent study provided evidences that the NB in soybean is
controlled by four QTLs on Chrs 6, 11, 12, and 19. Among
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Dissimilarity of second-harvest soybean cultivars

(a) (b) 80
€ 16 = Average of u+g
—
O L
= 1 70 te ® Above
c 4
2 o 2L ® Below
[ gz
298 1 60 3§
@© b T > =
> c =+ [}
= )
25 1] 17T+ T I g2
I— > =
8 1 MMHH 1 s 5%
O + oo
[ ] ) Q.
=
= —40 O
O T 87 H
o
L
6 30
LRRE R R RRE R PRREE R R LR RREERRREERERSE R R
SESSSISSNSS S SSss
R A R X (S S T i v S
AR S AT NS SR S o SNl N e
<
2
& &
(c) 41 (d)
|16 -
o
2
— (n — =
o2 3 o<
+ 1 + 2
3]
S 2 =)
o O -14 v =
el T I 27
© 5 i -1 ©
. T 144 Trr 25
0} o X
ol J_ll ot
2E -12 20
e s 1/ 25
c
[0 [
O 5 o2
<
L
=
[¢)
0 10 o
LR RR DR RERE R RREE RIS SR REEERREEERRRSERR
B R 8 B e B RO ELLEEELLLLEEEEENELEE
P R0 w0 P O (P D P 0P P O DL C P i 308 @ 2 2 (D 0P P F
S P TR ANEN N NP ST AL O W B NS SO 0 3
N N
0&3&0%“&\@-+§¥c>?‘_‘<%>%\>+\%\" idé\'b*\-\.‘:‘jy /\%\@?goo_,\).‘.‘?‘qyi“d.\s\—,\égs‘f_\&zo@ Sa< Zo":,bc‘idb
@2’ \¥+<§%,\*+o°° %@“‘b\x\ EEES Q}x&%%,ﬁf%@@ @“Qq&a P Q,x:\gre Z\Q—«Q Q’i \% yﬁ\%zgg A
< <
=3 =3
& &
Cultivars Cultivars

Figure 1. Predicted (a) first-pod insertion height, (b) plant height, (
cultivars growing in second-harvest.

these, two QTLs (Chrs 6 and 11) overlapped with total pod
number QTLs, indicating a possible positive correlation
between branching and total pod number (Shim et al. 2017).

For the HKW (Fig. 1d), the cultivars with positive genotypic
effect were BMX Turbo RR, FPS Iguagu RR, BRS Tordilha RR,
FPS Urano RR, BMX Apolo RR, BMX Energia RR, BMX Ativa
RR,and BMX Alvo RR. On the other hand, the cultivars BMX
Tornado RR, FPS Jupiter RR, BMX Magna RR, BMX Poténcia
RR, FPS Paranapanema RR, BMX Forca RR, Don Mario 6200,
FPS Solimées RR, Fundacep 65 RR, and BMX Classe RR
had negative genotypic effect. It is noticed that BMX Turbo
RR, FPS Iguagu RR, and BRS Tordilha RR (15.55, 15.44, and
14.74 g-100kernels™) had no statistical difference between
them and higher HKW.

The values observed in this study were less than the HKW
observed in experiments conducted in Parana (Deuner et al.
2015), but high than the HKW of cultivars in some growing

Bragantia, Campinas,

c) number of branches, and (d) hundred-kernel weight for 18 soybean

season in Bahia (Cruz et al. 2010). In Rio Grande do Sul
state the best values of HKW were observed in sowings up
to December (Rigon et al. 2012). In this regard, the cultivars
BMX Turbo RR, FPS Iguagu RR, and BRS Tordilha RR showed
good performance of in late sowing. The HKW is one of the
main yield components. The seed size also has a positive
relationship with the quality of the seeds, since seeds with
larger size result in seedlings with higher dry mass, even
under conditions of water or saline stress (Soares et al. 2015).

The GY is the main variable to be assessed when evaluating
the agronomic performance of soybean cultivars. The BLUPs
for GY (Fig. 2) revealed that the cultivars FPS Iguagu RR,
FPS Solimdes RR, BMX Turbo RR, FPS Paranapanema RR,
BMX Alvo RR, FPS Urano RR, BMX Poténcia RR, BMX
Classe RR, and BMX Tornado RR had positive genetic
effects. On the other hand, the cultivars BRS Tordilha RR,
BMX Forga RR, FPS Japiter RR, BMX Energia RR, BMX
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Apolo RR, Don Mario 6200, BMX Ativa RR, BMX Magna
RR, and Fundacep 65 RR had negative genotypic effects, i.e.,
had means below of the grand mean. Based on the width of
confidence intervals, the cultivars between FPS Iguacu RR
(2.264 Mg-ha™) and BMX For¢a RR (1.792 Mg-ha™!) had
no statistical difference. This can be explained due to the
high contribution of residual variance on the phenotypic
variance for this trait. The larger the residual variance,
the larger is the shrinkage effect on predicted means. This
is basically what the BLUP does; to shrink the estimated
genotypic and interaction effects towards their zero mean
whenever g2 > 0. This is desirable property of BLUP, since
variance components of random effects are considered in
the prediction of the response variable.

Our results regarding GY are within the expected
productivity for this period of cultivation in the Rio Grande
do Sul state. Compared to a study carried out in Parand
state (two years of cultivation), the GY was close to the
values observed in the months of January and higher than
the productive performance of cultivars sown in February
(Braccini et al. 2004).

The dendrogram represents the divergence among the
studied cultivars (Fig. 3). At 5% probability error, four
clusters (represented by different line types) were formed
and are strongly supported by data. Group 1 (solid lines),
was composed by the following cultivars: BMX Magna, BMX
Forca RR, FPS Jupiter RR, Poténcia RR, BMX Alvo, BMX
Fundacep 65RR, Dom Mario 6200, and BRS Tordilha RR.
Group 2 (dashed line) was composed by the cultivars BMX
Turbo RR, BMX Tornado RR, and BMX Classe RR. Group
3 (dotted line) was composed by the cultivars BMX Energia
RR, BMX Apolo RR, BMX Ativa RR, FPS Urano RR, FPS
Paranapanema RR, and FPS Solimées RR. Finally, group 4
(dot-dash line) was composed by a single cultivar, FPS Iguacu
RR. The cophenetic correlation was 0.79, indicating good
graphical representability of the original distance matrix
(Sokal and Rohlf 1962).

Considering the agronomic performance regarding the GY,
the best cultivars were FPS Iguagu RR, Solimdes RR FPS, BMX
Turbo RR, and FPS Paranapanema RR, indicating that these
cultivars have potential to be cultivated in second-harvests
cultivation, in addition, based on the per se performance,
to be present in future breeding programs. In this sense,
the choice of productive and divergent cultivars is also
recommended, reducing the effect of the narrow genetic base,
which occurs in domesticated crops that undergo intense

selections during their breeding. According to a study by
Wysmierski and Vello (2013), the genetic basis of Brazilian
soybean cultivars has narrowed over the years, with four
ancestral cultivars accounting for 55.3% of the genetic base
of 444 evaluated cultivars.

In addition to make possible the selection of parents
for the artificial crossing in future breeding programs, the
choice of productive and divergent cultivars is an interesting
practice for the recommendation of cultivars, since in case
of an epidemic of any disease or an environmental event
that results in a physiological stress, it is important that the
genetic basis is as broad as possible, reducing the probability
of alarge-scale productivity loss. In this sense, based on the
agronomic performance and genetic divergence, the two
cultivars most suitable for cross-breeding and commercial
cultivation in second-harvest cultivation in northwestern
of Rio Grande do Sul are the cultivars FPS Iguagu RR and
BMX Turbo RR. Besides composing divergent groups, FPS
Iguagu RR had the best performance for GY, HKW, and
PH whereas BMX Turbo RR had a promising performance
for NB.
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Figure 2. Predicted grain yield of 18 soybean cultivars growing in
second-harvest.
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BMX Magna RR
BMX For¢ca RR
FPS Jupiter RR
BMX Poténcia RR
BMX Alvo RR
Fundacep 65 RR
Don Mario 6200
BRS Tordilha RR
BMX Turbo RR
BMX Tornado RR
BMX Classe RR
BMX Energia RR
BMX Apolo RR
BMX Ativa RR
FPS Urano RR
FPS Paranapanema RR
FPS Solimdes RR
FPS Iguagu RR

Gower distance

Figure 3. Dendrogram of 18 soybean cultivars by the UPGMA method
based on Gower’s distance matrix. The different line types represent
the groups with approximately unbiased p-values < 0.05 obtained
with 10,000 multiscale bootstrap resampling.

CONCLUSION

The cultivars FPS Iguacu RR and BMX Turbo RR have
good agronomic performance and are, based on quantitative
and qualitative traits, genetically distant. These cultivars can
be recommended both for cultivation in second-harvest
in the northwestern of Rio Grande do Sul state and to be
genitors in future soybean breeding programs.
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