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ABSTRACT

The aim of this study was to evaluate the genetic dissimilarity
between half-sibling progenies of kale in order to determine the most
divergent progenies and, also, to select potential parents. Thirty-
six kale genotypes were evaluated, being thirty-three half-sibling
progenies and three commercial cultivars, in a randomized block
design with four replicates and six plants per plot. Twenty-eight traits
were evaluated in each plant per plot, thirteen quantitative and fifteen
qualitative traits. Genetic divergence was studied using MANOVA
and canonical variables for quantitative observations. In addition,
dendrograms were made for quantitative, qualitative and joint
analyses by UPGMA method, using Mahalanobis distance. Genetic
divergence was observed between genotypes. Commercial cultivars
were more divergent than half-sibling progenies. Among half-sibling
progenies, the most divergent ones were P1, P21, P23, P25 and P30.
We concluded that half-sibling progenies P1, P23 and P30 can be
used as potential parents to compose the recombinant population.

Keywords: Brassica oleracea var. acephala, diversity, variability,
canonical variables, grouping.

RESUMO

Divergéncia genética entre progénies de meios-irmaos de
couve de folhas por diferentes abordagens multivariadas

Objetivou-se estudar a dissimilaridade genética entre progénies
de meios-irmdos de couve de folhas para determinar as mais
divergentes e para selecionar potenciais genitores. Foram avaliados
36 gendtipos de couve de folhas, sendo 33 progénies de meios-
irmaos e trés cultivares comerciais, no delineamento experimental de
blocos casualizados com quatro repetigdes e seis plantas por parcela.
Foram avaliadas 28 caracteristicas em cada planta por parcela, sendo
treze quantitativas e quinze qualitativas. Procedeu-se o estudo da
divergéncia genética por meio da MANOVA e varidveis candnicas
para as observacdes quantitativas. Além disso, dendrogramas foram
feitos para as observagdes quantitativas, qualitativas e em conjunto
pelo método UPGMA, utilizando-se a distdncia de Mahalanobis.
Foi observada divergéncia genética entre os genotipos. As cultivares
comerciais foram mais divergentes que as progénies de meios-irmaos.
Dentre as progénies de meios-irméos, as mais divergentes entre si
foram P1, P21, P23, P25 e P30. As progénies de meios-irmaos P1, P23
e P30 podem ser utilizadas como potenciais genitores na composi¢ao
da populagdo recombinante.

Palavras-chave: Brassica oleracea var. acephala, diversidade,
variabilidade, variaveis canonicas, agrupamento.
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Kzle(Brassica oleracea var.
cephala) is widely grown in
Brazil, mainly by family farmers. In
these growing fields, kale cultivars and
hybrids, such as Manteiga, Manteiga
Portuguesa, Manteiga da Georgia,
Manteiga Legitima de P¢ Alto, among
others, besides creole genotypes,
selected by the producers, stand out.
However, the consumption of kale has
been increasing, so that more productive
cultivars have been researched and
crop-breeding programs have been
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developed. Kale breeding program
has prioritized higher leaf production,
smaller plants, lower sprout production
and resistance to main pests (Boica
Junior et al., 2010; Azevedo et al.,
2016).

In kale breeding program, the
selection between and within half-sibling
progenies has been frequently used since
this is an allogamous plant which is
difficult to be manually pollinated,
which allows high morphological
diversity (Azevedo ef al., 2012; Liu et

al., 2014). In any breeding program,
understanding the genetic variability
associated with the species is essential,
since it determines strategies which
enhance the selection gains (Cruz et al.,
2012; Vaz-de-Melo et al., 2017). This
variability can be evaluated studying
genetic divergence, phenotypic and/or
molecular traits. Nevertheless, studies
on genetic divergence in plants are
generally carried out using botanical,
morphological and agronomic
descriptors, due to its lower cost (Silva
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etal., 2014).

Worldwide, few studies have been
developed aiming to evaluate the
genetic diversity among kale genotypes.
These studies prioritized information
for breeding programs, using their
genetic diversity evaluation in relation
to morphoagronomic (Singh et al.,
2017; Lotti et al., 2018) and nutritional
(Fadigas et al., 2010; Lotti et al., 2018)
traits, through multivariate techniques
similar to the ones used in this study.
Despite the importance of this line of
research, in Brazil, bibliographies aimed
at evaluating genetic divergence in kale
populations are also scarce, though
(Sawazaki et al., 1997; Azevedo et al.,
2014), which reinforces the importance
of'this study in order to offer information
and improve this crop breeding.

Multivariate techniques are efficient
tools to evaluate genetic divergence
(Azevedo et al., 2013). Several
multivariate procedures are used to
determine genetics divergence, mainly
principal component analysis (PCA),
canonical analysis (VC) and hierarchical
grouping methods (Fadigas et al.,
2010; Benitez et al., 2011). The most
appropriate method is related to the
desired accuracy and used statistical
design (Bezerra Neto ef al., 2010).
Besides, methods as PCA and VC cannot
provide all the necessary information
for genetic diversity study, so that
hierarchical methods can give better
interpretation of the results (Fadigas
et al., 2010; Singh et al., 2017). This
approach is not found in literature on
kale genetic divergence studies.

Given the above, this study aimed
to evaluate genetic divergence between
half-sibling progenies of kale in order to
select divergent parents using different
multivariate approaches.

MATERIAL AND METHODS

The experiment was carried
out in Diamantina-MG, at Setor de
Olericultura, at Universidade Federal
dos Vales do Jequitinhonha e Mucuri
(UFVIM) (18°9’S, 43°21°W, 1400 m
altitude). During the experiment, the
average temperature was 21.3°C and
67.0% relative humidity.

The experimental design was

randomized blocks consisting of 33
half-sibling progenies (P1 to P33) and
three commercial cultivars [Manteiga
da Georgia (P34), Manteiga (P35)
and Manteiga Portuguesa (P36)], as
controls. We used four replicates and
six plants per plot. The seeds were used
as half-sibling progenies obtained by
Azevedo (2015) in Vigosa-MG, using
parent plants of kale germplasm bank
of UFVIM.

Seeds were sown in trays of 72
cells, filled with commercial substrate
Plantmax® and taken to a greenhouse,
closed laterally with 50% shading
screen, automatic irrigation system
and covered with diffuser plastic film
(100 pm). Seedlings were kept in the
greenhouse for 50 days, and then planted
in the field. Soil was plowed, followed
by two harrowings. The seedbeds were
prepared measuring 1.2-meter wide,
with six plants each, representing the
plot of the experiment, being spaced
0.50 m among each other. Planting
and topdressing fertilizations, in both
stages, were performed according to the
recommendations for the crop (Trani
et al., 2015). Thirteen quantitative and
fifteen qualitative traits were evaluated
in each plant. The average values of
each plot were, then, considered for the
statistical analysis.

Thirty days after planting, eight
harvests were performed at 18-day
intervals, evaluating in each plant
the number of sprouts, number of
marketable leaves and total production
of marketable leaves (g). For statistical
analyses of these traits, we considered
eight evaluations. Fresh mass per
marketable leaves was estimated using
the ratio between total production of
marketable leaves and total number of
marketable leaves. Leaves without any
signs of senescence, damaged by pests
and diseases which presented length
greater than 15 cm were considered
marketable (Azevedo et al., 2012).

At 160 days after planting, leaf
phenotyping was performed, evaluating
five representative marketable leaves
of each plant. We evaluated average
values of leaf length (cm), leaf blade
length (cm), petiole length (cm), petiole
base diameter (mm), middle of the
petiole diameter (mm) and leaf width
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(cm). At 170 days after planting, plant
height (cm), stem height (cm) and stalk
diameter (mm) were also evaluated.

For qualitative observations, at
165 days after planting, the note scale
proposed by IBPGR (1990) was used by
three panelists, for leaf blade angle; leaf
blade shape; leaf margin; leaf incision;
apex shape; leaf blade diameter; bubbles
in the leaf blade; leaf tip; leaf color;
widening of the petiole; petiole section;
color of the main vein; petiole color;
stem lengthening and stem color.

Statistical analyses were done with
the aid of R software (R Core Team,
2016). For quantitative observations,
statistical analysis was performed
at average plot level. Multivariate
analysis of variance (MANOVA) was
done with the aid of manova function
in the stats package, using Pillai test
at 5% significance. Subsequently, the
information regarding the observations
was submitted to multivariate analysis
using canonical variables (VC) with
the aid of the candisc package. After
calculating the dissimilarity matrix by
the Mahalanobis distance, a dendrogram
was made by the UPGMA (Unweighted
Pair Group Method with Arithmetic
Mean), function hclust.

Qualitative observations, referring
to note scales, were transformed into
a percentage matrix of occurrence of
each note, considering each evaluated
trait (Cruz et al., 2012). To calculate
genetic dissimilarity (d.) between
the genoptypes i and i’ (i=1,2,3...36
genotypes) we used the estimator:

o B

where Fy is the frequency in which the
genotype i (i=1,2,3...36) received for
the descriptor j (j=1,2....15) the note
associated to its class k, with F values
ranging from 0 to 1; K refers to the
number of classes of the descriptor; J is
the number of descriptors (15).

After obtaining this matrix, we made
a dendogram using the UPGMA method,
function hclust. In order to study the
join dissimilarity (quantitative and
qualitative traits) the two dissimilarity
matrices were standardized in order to
have their values varying between 0 and
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1. Thereunto, we used the following
equation: V= [1+(V -V )J/(V, ) in
which: V' is the standardized value;
V., the observed value and V, is
the maximum value of the matrix.
Afterwards, the weighted average was
calculated considering the number of
descriptors evaluated in each matrix.
Then, another dendogram was created
using the UPGMA method. The cut-
off point of the dendrograms was
established according to Mojena (1977).
The correlation among the three obtained
matrices of dissimilarity was estimated,
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testing the significance using the Mantel
test with 1,000 simulations, “mantel.
rtest” function in ade4 package.

RESULTS AND DISCUSSION

Multivariate analysis of variance
(MANOVA) showed significant effect
(p<0.05) of genotypes, considering
multivariate quantitative traits, which
highlights genetic variability within
the studied population (Rigdo ef al.,
2009). So, the breeder can establish

parent combinations which promote
greater heterotic effect in the descendant
populations and, also, greater gains from
selection.

The dispersion of genotypes
presented in composition VC1 x VC2
(Figure 1A), showed the formation
of five different groups. The most
divergent group was established by
the commercial cultivars Manteiga
Georgia (P34) and Manteiga Portuguesa
(P36), followed by the group formed
exclusively by Manteiga cultivar (P35).
The height of plants and width of
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Figure 1. Dispersion of canonical scores for the first three canonical variables studying thirty-six kale genotypes. Diamantina, UFVIM, 2020.

180

Horticultura Brasileira 39 (2) April - June, 2021



Genetic divergence between half-sibling progenies of kale using different multivariate approaches

Table 1. Correlations between the first three canonical variables and the thirteen quantitative
traits evaluated in thirty-six kale genotypes. Diamantina, UFVIM, 2020.

Canonical variable

Quantitative descriptors

1 2 3
Plant height 0.82 0.07 -0.63
Stem height -0.09 -0.53 0.08
Stem diameter -0.29 0.57 -0.31
Leaf length 0.29 0.25 -0.10
Leaf blade 0.26 0.39 -0.24
petiole length 0.21 -0.10 0.18
petiole base diameter 0.01 0.26 0.22
middle of the petiole diameter 0.18 0.32 -0.04
Leaf width 0.59 0.49 -0.01
number of sprouts 0.10 0.24 -0.10
Number of leaves -0.06 -0.22 -0.07
Leaf production -0.04 -0.15 -0.22
Average weight per leaf -0.02 -0.01 -0.18

leaves were the traits which showed
greater correlation with VC, (Table 1).
The commercial cultivars Manteiga
da Georgia, Manteiga and Manteiga
Portuguesa showed average heights of
37.8, 36.8 and 42.7 cm, whereas the
widths of the leaves were 15.9, 16.3
and 14.7 cm, respectively. In relation
to other formed groups, their heights
were of progenies 74.7 (P1), 75.4 (P30)
and 67.9 cm (other progenies) and leaf
width was 17.0 (P1), 24.0 (P30) and 20.3
(other progenies). So, the dispersions
presented in Figures 1A and 1B showed
that the commercial cultivars showed
shorter plants with narrower leaves.
Considering only the dispersion of
half-sibling progenies in Figure 1A,
the authors verified that P1 and P30
progenies were the most divergent from
each other, forming isolated groups.
Correlations with VC, and VC, (Table
1) showed that progeny P1 represented
the lowest values for plant height (74.7
cm) and stem diameter (29.7 mm),
whereas P30 showed the highest average
value for plant height (75.4 cm). Due
to this greater divergence, these two
progenies have the potential to compose
the recombination population, since
they are the most distant genetically
speaking, considering a set of traits
and can contribute to increase the
genetic variability in the descendant
population. Thus, we strongly believe

that more productive genotypes can be
obtained: genotypes with lower heights
and higher stem diameter, for instance.
We highlight that the genetic variability
with superior-average genotypes are
essential for selection gains and breeding
program development obtained through
hybridization (Souza ef al., 2008).

InVC, x VC, composition VC, x VC,
(Figure 1B) six groupings were formed,
where commercial cultivars (P34, P35
and P36) strongly diverged from half-
sibling progenies. The progenies P1,
P8, P17 and P21, which formed just
one group, with progenies P23 and
P30, also formed individual groups
divergent from the other genotypes. The
correlations among the studied traits and
the VC, and VC, (Table 1) showed that
the main trait associated with progenies
P1,P8,P17,P21 and P23, as well as with
commercial cultivars, was the lowest
height of the plant. The group formed
by P1, P8, P17 and P21 showed average
height of 61.3 cm, whereas the group
formed by P23 was 46.2 cm. The largest
group, formed by the other progenies,
except for P30, showed average height
of 69.3 cm. On the other hand, the
positive correlation established with
VC, showed that progeny P30 differed
from the other progenies mainly for its
highest height (75.4 cm).

In composition VC, x VC, (Figure
1C), the authors observed the formation
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of four groupings. The group with the
greatest divergence was composed of
the progenies P1, P6, P15 and P29,
followed by the grouping formed
by progeny P23. According to the
correlations established with VC,
and VC, (Table 1), the first grouping
was characterized by genotypes with
smaller stem diameter (29 mm) and
plants showing bigger stems (78.3 cm)
in relation to the other groups, whereas
progeny P23, despite having an average
diameter of the lower stem (24.34 mm),
presented lower average stem height
(48.3 cm). The group formed by greater
amount of progenies showed average
values for stalk diameter and stem height
31.6 mm and 63.4 cm, respectively.
Generally, the estimates of
correlations between traits and canonical
variables were low (Table 1). This fact
explained the low phenotypic variation
accumulated by the three first canonical
variables (64.20%). However, this
was an efficient analysis, and it even
allowed the discrimination between
the commercial cultivars and the half-
sibling progenies. This methodology
has been used successfully in studies on
genetic divergence in several vegetables,
such as lettuce (Azevedo et al., 2013),
pepper and green pepper (Martins ef al.,
2013), pumpkin (Ferreira et al., 2016)
and carrot (Carvalho & Silva, 2017).
Considering the above, in general,
the progenies P1 and P30 should be
prioritized in the composition of the
recombinant population with any of
other progenies, since they may provide
greater heterotic effect in the segregating
population. Besides, the analysis
through canonical variables allowed to
identify the importance of quantitative
variables for genetic divergence in the
studied population, highlighting leaf
production, plant height, leaf width
and stem diameter. This corroborates
what was verified by Singh ez al. (2017)
evaluating the genetic variability among
87 kale genotypes collected in the
valley of Caxemira. These mentioned
authors also observed that traits like
leaf production, leaf width and plant
height are traits which significantly
contribute for the variability among kale
genotypes. Okumus & Balkaya (2007)
state that qualitative and quantitative
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Figure 2. Dendrograms obtained by the UPGMA method using dissimilarity matrices based on thirteen quantitative traits (A), fifteen
qualitative traits (B) and set (quantitative + qualitative) (C) in thirty-six kale genotypes. Diamantina, UFVIM, 2020.
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traits of the plant are still more important
to determine genetic variability than
the traits associated with geographical
location of the accessions.

The dendrogram for quantitative
traits formed three different groups
considering cutoff point of 15.62 (Figure

2A). The first group was formed by
commercial cultivars (P34, P35 and
P36), the second group by progeny
P23 and the third group by the other
genotypes. Half-sibling progenies
P21, P23 and P25 were the ones which
showed to be more genetically distant

Table 2. Genotype distances (dendrogram with joint observations) for thirty-six kale

genotypes. Diamantina, UFVIM, 2020.

Quantitative Qualitative Joint

Genotype

DM" MP MD DM MP MD DM MP MD
P1 1895 29 30 6431 22 16 5297 22 30
P2 13.00 12 36 5578 3 28 4349 8 23
P3 16.40 7 34 5540 35 23 45.69 35 23
P4 971 22 36 5058 14 19 3795 14 36
P5 11.28 20 36 71.89 8 23 5215 8 36
P6 1445 15 36 60.04 15 47.14 15 36
P7 13.02 16 36 4793 26 38.69 31 36
P8 11.15 33 36 56.53 35 23 4263 2 23
P9 13.05 14 36 5097 10 5 40.58 10 36
P10 13.70 11 36 50.09 9 19 40.51 9 36
P11 930 22 36 5047 17 5 3759 33 36
P12 9.55 2 36 5136 21 3832 13 36
P13 11.30 17 34 46.73 25 36.73 26 36
P14 995 22 36 5332 4 19 3981 4 36
P15 1468 13 36 6039 24 19 4752 24 23
P16 1048 22 36 5422 10 40.74 9 36
P17 11.55 13 34 48.63 25 38.07 13 5
P18 10.02 22 36 5554 10 5 4122 9 36
P19 11.27 20 36 6924 20 23 50.51 20 36
P20 10.67 19 36 6644 19 23 4837 19 36
P21 1780 8 36 4825 25 5 4230 12 36
P22 8.40 11 36 5573 32 23 40.18 32 36
P23 2371 32 36 68.85 29 19 59.15 17 36
P24 1228 2 36 6155 8 23 46.52 15 34
P25 1655 11 36 47.89 13 41.18 13 36
P26 1480 12 36 46.59 13 39.14 13 36
P27 1429 33 36 5550 32 23 4424 32 36
P28 11.62 22 36 6750 7 23 49.70 7 23
P29 15.38 1 36 59.00 11 19 47.16 4 36
P30 1725 31 36 5056 26 5 4332 31 36
P31 1247 11 36 49.65 26 3935 7 36
P32 1220 22 36 53.46 27 23 4149 27 34
P33 9.20 12 36 5298 25 5 39.06 11 36
P34* 3569 36 30 60.86 14 19 62.81 36 30
P35%** 18.88 17 30 5331 3 23 46.17 36 23
P36*** 40.17 34 30 62.79 35 28 67.18 35 30

VDM= average distance; MP= closer, MD=more distant; ¥*Manteiga da Gedrgia;**Manteiga;

***Manteiga Portuguesa.

Horticultura Brasileira 39 (2) April - June, 2021

from the others (Figure 2A). Such
genotypes showed potential to compose
the recombinant population, so that the
authors recommend priority crosses
with other genotypes which are more
genetically distant (P2, P11, P12,
P19, P20 and P22). In this method,
approximately 89% of the genotypes
are in one group. Through the canonical
variable method, the largest group
formed in each composition (VC,
x VC,, VC, x VC, and VC, x VC))
showed 86%, 75% and 69% of the
genotypes, respectively. This can be a
limiting factor when choosing genitors,
considering greater proximity between
genotypes, especially half-sibling
progenies.

Grouping based on qualitative
observations using UPGMA method
formed eight different groups (Figure
2B), considering half-sibling progenies
P2, P3, P8 and P24 which are more
similar to commercial cultivars (P34,
P35 and P36). The joint dendrogram
allowed the formation of six distinct
groups, the first being formed by
commercial cultivars, the second group
formed by progeny P23, the third group
formed by progeny P1, the fourth group
by progeny P28, the fifth group by
progenies P6, P15 and P24, and the last
group formed by the other half-sibling
progenies (Figure 2C). The number of
groups formed in the dendrogram for
the qualitative traits was higher than that
observed for the quantitative ones. This
stronger discrimination could indicate
its best use in the study of genetic
divergence. However, we highlight
that in kale breeding program, the
quantitative traits are of more interest,
so that, divergence based on this type of
information should be prioritized.

Comparing the groups using the
canonical variable analysis with
dendrogram for quantitative variables
(Figure 2A), some differences, in the
established groups, were verified.
However, other studies have shown
discordant groups with regard to
multivariate techniques when evaluating
genetic dissimilarity (Azevedo et al.,
2013; Sulzbacher et al., 2017). Fadigas
et al. (2010) and Lotti et al. (2018),
studying the genetic diversity between
kale accessions through principal
components and dendrograms, also
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Table 3. Correlation between the dissimilarity matrices and the number of groups established
for thirty-six kale genotypes. Diamantina, UFVJM, 2020.

Correlation between dissimilarity matrices Number of
Dendrogram — — -

Quantitative  Qualitative Joint groups
Quantitative - 0.182m 0.75™ 3
Qualitative - 0.79™ 8
Joint - 6

ns.**Not significant and significant by the Mantel test with 1000 simulations.

verified differences in the composition
of groups, which is associated with
methodological characteristics of each
technique.

Average dissimilarity estimation
ranged from 8.40t040.17 for quantitative
observations, from 46.59 to 71.89 for
qualitative observations and from 36.73
to 67.18 for joint observations (Table 2).
The authors verified that for quantitative
traits, cultivar Manteiga Portuguesa
(P36) was the most divergent (the most
distant) in relation to most genotypes
(80%), followed by half-sibling progeny
P30, which was more distant, in relation
to 11% of evaluated genotypes. For
qualitative observations, the half-
sibling progenies P5 and P23 were
more divergent in relation to 38% and
31% of the genotypes, respectively.
Considering the joint dendrogram,
Manteiga Portuguesa cultivar was also
distant in relation to most genotypes
(67%), followed by progeny P23, which
was the most distant in relation to 17%
of genotypes. These divergences can be
verified by the dispersion based on the
canonical variables.

The dissimilarity matrix of the joint
dendrogram showed a high correlation
with the dissimilarity matrices of
the quantitative and qualitative
dendrograms, however between the
quantitative and qualitative dendrograms
the correlations were low (Table 3). This
low correlation between dendrograms
from different sources of variables was
also reported by other authors. Andrade
et al. (2017), evaluating the genetic
distance in sweet potato genotypes
using morphological and molecular
information, observed that the genetic
variability characterization showed a
differentiated response depending on
the type of data, identifying different
groupings by the UPGMA method.
The same was verified by Sawazaki
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et al. (1997), characterizing the
genetic diversity in kale genotypes
using information obtained through
isoenzymes and RAPD using the
UPGMA method. We highlight that
the three dendrograms formed showed
high cophenetic correlations (superior
to 80%) (Figure 2); this value is higher
than the minimum desired value, 70%
(Streck et al., 2017). This indicates
high agreement between the original
value matrices and the representation
in the dendrogram (Cruz & Carneiro,
2006; Cabral et al., 2011). Besides,
the UPGMA method has also been
recommended and described as highly
accurate when using the Mahalanobis
distance measurement compared to
other genetic distances (Azevedo et al.,
2014; Bertan et al., 2006).

The difference between groups
formed by quantitative and qualitative
variables, and the low correlation
between dendrograms can be explained
by the fact that quantitative traits
are controlled by a large number of
genes, whereas qualitative traits are
determined by one or few genes (Cruz
et al., 2012). Therefore, a correlation
between these traits from different
origins is not expected, resulting in
different groups. Such situation can be
a limiting factor for the breeder when
specific traits, concerning quantitative
and qualitative traits, would be of
simultaneous interest in breeding, since
an association between each other is not
expected.

Thus, genetic divergence in
the studied population of kale and
commercial cultivars is quite dissimilar
in relation to half-sibling progenies.
Progenies P1, P21, P23, P25 and P30
are the most divergent in relation to
most of the studied genotypes. The
progenies of half-sibling P1, P23 and
P30 can be used as parents to compose

the recombinant population. In addition,
plant height, stem height, stem diameter
and leaf width are the quantitative traits
which strongly contribute to the genetic
divergence in the population studied in
this experiment.

ACKNOWLEDGEMENTS

To FAPEMIG and to CNPq
for financial resources and for the
scholarships for this project execution.
This study was supported by
Coordination of Improvement of Higher
Education Personnel, Brazil (CAPES),
financing code 001.

REFERENCES

ANDRADE, EKV; ANDRADE JUNIOR,
VC; LAIA, ML; FERNANDES, JSC;
OLIVEIRA, AJM; AZEVEDO, AM. 2017.
Genetic dissimilarity among sweet potato
genotypes using morphological and molecular
descriptors. Acta Scientiarum. Agronomy 39:
447-455.

AZEVEDO, AM. 2015. Biometria aplicada ao
melhoramento genético da couve de folhas.
Vigosa, MG: UFV. 98p. (Ph.D. thesis).

AZEVEDO, AM; ANDRADE JUNIOR, VC;
OLIVEIRA, CM; FERNANDES, JSC;
PEDROSA, CE; DORNAS, MFS; CASTRO,
BMC. 2013. Selegdo de gendtipos de alface
para cultivo protegido: divergéncia genética
e importancia de caracteres. Horticultura
Brasileira 31: 260-265.

AZEVEDO, AM; ANDRADE JUNIOR, VC;
PEDROSA, CE; FERNANDES, JSC;
VALADARES, NR; FERREIRA, MR;
MARTINS, RAV. 2012. Desempenho
agrondmico e variabilidade genética em
genoétipos de couve. Pesquisa Agropecudria
Brasileira 47: 1751-1758.

AZEVEDO, AM; ANDRADE JUNIOR, VC;
PEDROSA, CE; VALADARES, NR;
ANDRADE, RF; SOUZA, JRS. 2016. Estudo
da repetibilidade genética em clones de couve.
Horticultura Brasileira 34: 54-58.

AZEVEDO, AM; ANDRADE JUNIOR, VC;
PEDROSA, CE; VALADARES, NR;
FERNANDES, JSC; FERREIRA, MRA;
MARTINS, RAV. 2014. Divergéncia genética
e importancia de caracteres em gendtipos de
couve. Horticultura Brasileira 32: 51-57.

BENITEZ, LC; RODRIGUES, ICS; ARGE, LWP;
RIBEIRO, MV; BRAGA, EJB. 2011. Anélise
multivariada da divergéncia genética de
genotipos de arroz sob estresse salino durante
a fase vegetativa. Revista Ciéncia Agronémica
42: 409-416.

BERTAN, I; CARVALHO, FIF; OLIVEIRA, AC;
VIEIRA, EA; HARTWING, I; SILVA, JAG;
SHIMIDT, DAM; VALERIO, IP; BUSATO,
CC; RIBEIRO, G. 2006. Comparagdo de

Horticultura Brasileira 39 (2) April - June, 2021



Genetic divergence between half-sibling progenies of kale using different multivariate approaches

métodos de agrupamento na representagio da
distancia morfologica entre gendtipos de trigo.
Revista Brasileira de Agrociéncia 12:279-286.

BEZERRA NETO, FVB; LEAL, NR;
GONCALVES, LSA; REGO FILHO, LM;
AMARAL JUNIOR, AT. 2010. Descritores
quantitativos na estimativa da divergéncia
genética entre gendtipos de mamoneira
utilizando analises multivariadas. Revista
Ciéncia Agronomica 41: 294-299.

BOICA JUNIOR, AL; CHAGAS FILHO,
NR; SOUZA, JR. 2010. Nao-preferéncia
para oviposi¢ao de traga-das-cruciferas em
gendtipos de couve-flor. Revista Caatinga
23:28-33.

CABRAL, PDS; SOARES, TCB; LIMA, ABP;
ALVES, DS; NUNES, JA. 2011. Diversidade
genética de acessos de feijado comum por
caracteres agrondmicos. Revista Ciéncia
Agronomica 42: 898-905.

CARVALHO, ADF; SILVA, GO. 2017.
Divergéncia genética entre gendtipos de
cenoura através de caracteres agrondomicos.
Revista Agro@mbiente On-line 11: 137-144.

CRUZ, CD; CARNEIRO, PCS. 2006. Modelos
biométricos aplicados ao melhoramento
genético. Vigosa, BR: UFV. 585p.

CRUZ, CD; REGAZZI, AJ; CARNEIRO, PCS.
2012. Modelos biométricos aplicados ao
melhoramento genético. Vigosa, BR: UFV.
514p.

FADIGAS, JC; SANTOS, AMP; JESUS, RM;
LIMA, DC; FRAGOSO, WD; DAVID, JM;
FERREIRA, SLC. 2010. Use of multivariate
analysis techniques for the characterization of
analytical results for the determination of the
mineral composition of kale. Microchemical
Journal 96: 352-356.

FERREIRA, MG; SALVADOR, FV; LIMA,
MNR; AZEVEDO, AM; LIMA NETO,
IS; SOBREIRA, FM; SILVA, DJH. 2016.
Parametros genéticos, dissimilaridade e

desempenho per se em acessos de abobora.
Horticultura Brasileira 34: 537-546.

IBPGR. 1990. Descriptors for Brassica and
aphanus. Rome: International Board for Plant
Genetic Resources. 58p.

LIU, S; LIU, Y; YANG, X. 2014. The Brassica
oleracea genome reveals the asymmetrical
evolution of polyploid genomes. Nature
Communications 5: 1-11.

LOTTI, C; IOVIENO, P; CENTOMANI,
I; MARCOTRIGIANO, AR; FANELLI,
V; MIMIOLA, G; SUMMO, C; PAVAN,
S; RICCIARDI, L. 2018. Genetic, bio-
agronomic, and nutritional characterization
of kale (Brassica oleracea L. var. acephala)
diversity in Apulia, southern Italy. Diversity
10: 2-11.

MARTINS, KC; SOUZA, SAM; PEREIRA, TNS;
RODRIGUES, R; PEREIRA, MG; CUNHA,
M. 2013. Palynological characterization
and genetic divergence between accessions
of chilli and sweet peppers. Horticultura
Brasileira 31: 568-573.

MOIJENA, R. 1977. Hierarchical grouping
methods and stopping rules: an evaluation.
The Computer Journal 20: 359-363.

OKUMUS, A; BALKAYA, A. 2007. Estimation
of genetic diversity among turkish kale
populations (Brassica oleracea var. acephala
L.) using RAPD markers. Russian Journal of
Genetics 43: 409-413.

R CORE TEAM. 2016. R: A language and
environment for statistical computing. R
Foundation for Statistical Computing, Viena.

RIGAO, MH; STORK, L; BISOGNIN, DA;
LOPES, SJ. 2009. Correlag@o candnica entre
caracteres de tubérculos para sele¢do precoce
de clones de batata. Ciéncia Rural 39: 2347-
2353.

SAWAZAKI, HE; NAGAI, H; SODEK, L. 1997.
Caracterizagdo da variabilidade genética
em couve-manteiga utilizando isoenzimas e

RAPD. Bragantia 56: 1-9.

SILVA, JOC; CREMASCO, JPG; MATIAS, RGP;
SILVA, DFP; SALAZAR, AH; BRUCKNER,
CH. 2014. Divergéncia genética entre
populacdes de pessegueiro baseada em
caracteristicas da planta e do fruto. Ciéncia
Rural 44: 1770-1775.

SINGH, SR; AHAMED, N; KUMAR, D;
SRIVATSAVA, KK; YOUSUF, S; MIR, A.
2017. Genetic divergence assessment in kale
(Brassica oleracea L var. acephala (DC.)
Alef.) by using the multivariate analysis.
Journal of Horticultural Sciences 12: 42-48.

SOUZA, MCM; RESENDE, LV; MENEZES, D;
LOGES, V; SOUTE, TA; SANTOS, VF. 2008.
Variabilidade genética para caracteristicas
agrondmicas em progénies de alface tolerantes
ao calor. Horticultura Brasileira 26: 354-358.

STRECK, EA; AGUIAR, GA; MAGALHAES
JUNIOR, AM; FACCHINELLO, HK;
OLIVEIRA, AC. 2017. Variabilidade
fenotipica de gendtipos de arroz irrigado
via analise multivariada. Revista Ciéncia
Agronomica 48: 101-109.

SULZBACHER, LJ; SILVA, VP; ZAGO, BW;
CORREA, CL; DUARTE, AVM; BARELLI,
MAA. 2017. Anélise da divergéncia genética
através de caracteres agrondmicos em
genotipos de feijdo comum. Revista Espacios
38: 1-13.

TRANI, PE; TIVELLI, SW; BLAT, SF; PRELA-
PANTANO, A; TEIXEIRA, EP; ARAUJO, HS;
FELTRAN, JC; PASSOS, FA; FIGUEIREDO,
GJB; NOVO, MCSS. 2015. Couve de folha: do
plantio a pés-colheita. Campinas, BR: Instituto
Agrondmico (Série Tecnologia Apta. Boletim
Técnico IAC, 214). 36p.

VAZ-DE-MELO, A; COLOMBO, GA; VALE,
JC; SANTANA, WD; FERNANDES, MS.
2017. Estratégias de selegdo entre progénies
meios-irmaos de milho-pipoca no cerrado
Tocantinense. Brazilian Journal of Applied
Technology for Agricultural Science 10: 41-50.

Horticultura Brasileira 39 (2) April - June, 2021

185



	_Hlk67402430
	_Hlk44361889
	_Hlk47537855
	_Hlk38464807
	_Hlk44362273
	_Hlk44362548
	_Hlk65575921
	_Hlk65575943
	_Hlk66112091
	_Hlk44362908
	_Hlk65145851
	_Hlk65080367
	_Hlk65158677
	_Hlk65158660
	_Hlk65165173
	_Hlk51147412
	_Hlk65576670
	_Hlk61875188
	_Hlk61940234
	_Hlk61871997
	_Hlk61167749
	_Hlk61017026
	_Hlk62481206
	_Hlk47707769
	_Hlk47594381
	_Hlk47019409

