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ABSTRACT

Super sweet corn hybrids shall present production and quality
traits in order to meet farmer’s, industry and consumer’s expectations.
The aim of this study was to select experimental super sweet corn
hybrids based on the Z index (/). We evaluated 64 experimental
hybrids from crosses between inbred lines of different groups
along with two check hybrids. The experiments were carried out
in Guarapuava-PR in two sowing seasons in 2016. The evaluated
traits were male flowering, ear length, ear diameter, soluble solids
content, husked ear yield, unhusked ear yield, and grain yield. The
traits which most contributed to the Z index were related to ear and
grain yields and soluble solids content. The first sowing season was
the most favorable for the expression of yield related traits. The
experimental hybrid D3-30 x D5-46 showed high performance in both
sowing seasons and the hybrid D2-17 x D5-46 stood out in the second
sowing season, being both promising, showing high productivity and
quality of ear, considering the Z index.

Keywords: Zea mays subsp. saccharata, ear yield, grain yield, Z
index.

RESUMO

Selecdo de hibridos experimentais de milho superdoce com
base em indice de selecdo

Hibridos de milho superdoce devem reunir caracteristicas de
produg@o e qualidade que atendam as expectativas dos agricultores,
da industria e do consumidor. O objetivo deste trabalho foi selecionar
hibridos experimentais de milho superdoce com auxilio do indice
de sele¢do Z (IZ). Foram avaliados 64 hibridos experimentais
provenientes de cruzamentos entre 16 linhagens de grupos distintos,
juntamente com dois hibridos testemunhas. Os experimentos foram
conduzidos em Guarapuava-PR em duas épocas de semeadura no ano
de 2016. Foram avaliados o florescimento masculino, comprimento e
diametro de espiga, teor de soélidos soluveis, rendimento de espigas
empalhadas, rendimento de espigas despalhadas e rendimento de
grios. As caracteristicas que mais contribuiram para o indice Z (12)
foram as relacionadas ao rendimento de espigas, rendimento de graos
e teor de solidos soltveis. A primeira época foi a mais favoravel para
a expressao dos caracteres de rendimento. O hibrido experimental
D3-30 x D5-46 teve bom desempenho em ambas as épocas ¢ o hibrido
D2-17 x D5-46 se destacou na segunda época de semeadura, sendo
promissores, selecionados com alta produtividade e qualidade de
espiga, considerando o indice Z.

Palavras-chave: Zea mays subsp. saccharata, rendimento de espigas,
rendimento de graos, indice Z.
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weet and super sweet corn (Zea

mays subsp. saccharatta) result
from spontaneous mutations which
alter the metabolic pathways of starch
synthesis, providing higher sugar
content in the kernels (Solomon et al.,
2011). The super sweet corn is marketed
and consumed mainly in canned form
after industrial processing, adding
greater value to this vegetable (Dovale
et al., 2011; Favarato et al., 2016).

Sweet and super sweet corn breeding
programs do not have well-defined
heterotic patterns, unlike what occurs
in common corn breeding programs.
Heterosis effects are significant for

the main traits related to productivity
(Solomom et al., 2011; Kuki et al.,
2017; Yuwono et al., 2017); however,
almost always they are not sufficient
for obtaining commercially successful
sweet corn hybrids. This is due to the
fact that traits such as ear diameter, ear
length and soluble solids contents in
grains, as well as high productivity, are
essential to launch hybrids on the market
(Souza Neto, 2019).

Due to a great number of traits
which shall be evaluated, selection
indexes based on linear combinations of
variables can be efficient to assist in the
simultaneous selection of traits (Candido
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et al., 2020), aiming to maximize the
genetic gains, increasing the probability
of success of the breeding program.
Several studies used selection indexes in
corn (Amaral Junior ef al., 2010; Freitas
et al., 2013; Vieira et al., 2017; Lima
et al., 2018) and some recent studies
reported the use of different selection
indexes in sweet corn genotypes (Silva
et al, 2020a, b).

The Z index is obtained using the
sum of standard values of evaluated
variables. This index allows to select the
most promising hybrids considering the
set of traits of greatest interest. Thus, it
is possible to generate more information
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on the phenotypical performance of
the evaluated genotypes (Mendes
et al., 2009; Wu et al., 2015), being
unnecessary the use of estimates of
genetic and phenotypic covariances
(Ramalho et al., 2012).

The aim of this study was to select
experimental super sweet corn hybrids
using traits related to productivity and
quality of ears based on the selection Z
index (7).

MATERIAL AND METHODS

The experiments were carried out
in Guarapuava-PR (25°21°S, 51°30°W,
1100 m altitude). The soil is classified as
Typical Bruno Dystroferric Orison, very
clayey texture (Nitsche et al., 2019).

Sixty four experimental super sweet
corn hybrids were obtained from crosses
between inbred lines of two different
groups. Group I was formed by eight
inbred lines from populations D2
(inbred lines D2-17 and D2-74), D3
(inbred lines D3-20, D3-30, D3-33 and
D3-39) and D4 (inbred lines D4-20 and
D4-59) and group II was formed by
eight inbred lines from D5 population
(inbred lines D5-09, D5-41, D5-42,
D5-43, D5-46, D5-48, D5-53 and D5-
55). The experimental hybrids were
evaluated along with two marketable
super sweet corn hybrids sh2sh2 used
as checks, BRS Vivi (Embrapa) and
Tropical Plus (Syngenta).

The genotypes were evaluated in two
seasons, whose sowings were performed
on October 15 and December 17, 2016.
A randomized complete block design
with three replications was used. Each
plot consisted of one 5-m row, spacing
0.80 m between rows, with final stand
corresponding to 62,500 plants ha™.
Grains were harvested when reached
the milky stage, presenting 73% to 78%
of moisture.

The following traits were evaluated
in each plot: 1) male flowering (MF, in
days), calculated from the sowing date
up to pollen release by the anthers of the
middle third of the tassel in 50% of the
plants; 2) ear length (EL, in cm): using
a graduated ruler measuring samples
of five husked ears; 3) ear diameter
(ED, in mm), with the aid of a digital
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caliper, measuring samples of five
husked ears; 4) soluble solids content
(SS, °Brix): using three samples of
grain mass, obtained with the aid of a
digital refractometer, during harvesting;
5) husked ear yield (HEY, in t ha'),
calculated using the mass of all husked
ears; 6) unhusked ear yield (UEY, in t
ha'), calculated using the mass of all
the unhusked ears; 7) grain yield (GY,
in t ha'), related to the mass of grains
cut close to the cob.

Data were submitted to Lilliefors
& Barlett tests and, after verifying
the normality and homoscedasticity,
individual and joint analyses of
variance for these evaluated traits were
performed. The means were grouped by
Scott Knott test, using GENES software
(Cruz, 2013).

The Z index (/,) was used to
help select the hybrids and identify
the contribution of each trait on the
genotype’s selection. The Z index (7))
was obtained using the sum of the
Z, standardized values of the seven
evaluated traits (Mendes et al., 2009).
Data standardization for each trait was
obtained using the estimator Z,= (¥ -
m)/ S, in which: Z, is the standardlzed
value of the trait in the hybrid i (i = 1,
2, ... 64) in the replicationj (=1, 2, 3);
Y is the observed value of the trait in
hybrid i in replication j; m is the general
average of the trait in replication j; and
S, is the standard deviation of the trait
in replication ;.

For male flowering, in which the
aim is to reduce the means, the values
of the standardized variable Z, were
multiplied by -1, in order to reverse
the order, so that the positive values of
the standardized variables are desirable
for all traits. We also summed the
value 3.0 to all estimates of the Z,
standardized variables in order to avoid
the occurrence of negative values,
considering this value as the population-
average of each standardized trait.

Afterwards, we summed standardized
Z_ values of the seven traits for each
hybrid, in each replication, obtaining
the Z index (/,), which was considered a
new variable. I, values were submitted to
individual and joint analysis of variance.
The highest I, values, associated with
the smallest variances, were favorable

for the selection of best hybrids.

RESULTS AND DISCUSSION

We noticed significant (p<0.05)
hybrids x seasons interaction for male
flowering (MF), ear length (EL), ear
diameter (ED), soluble solids content
(SS), husked ear yield (HEY), unkusked
ear yield (UEY) and grain yield (GY).

Environmental influence on the
expression of all the evaluated traits
was highlighted by the significant effect
of sowing seasons (p<0.01). Santos
et al. (2014) evaluated super sweet
corn genotype’s performance and also
obtained significant environmental
effects. The hybrids x seasons interaction
changes the ranking of genotypes
according to each environment,
interfering with the recommendation
of hybrids (Hallauer & Miranda Filho,
2010; Abe & Adelegan, 2019).

The coefficients of variation ranged
from 1.70% (MF in the second season)
to 15.65% (GY in the first season)
(Tables 1 and 2), whose values are
considered suitable in experiments that
evaluated corn cultivars (Gurgel et al.,
2013).

We verified variability between
genotypes considering the evaluated
traits, being possible to select superior
hybrids, based on the average of
both sowing seasons or individually
(Vencovsky, 1978).

Means of MF showed that the cycle
of most experimental hybrids was late
compared to checks (Table 1). Hybrid
Tropical Plus showed the lowest value
for MF (83 days) in the first season,
which did not differ (p>0.01) from
the other twelve experimental hybrids
whose MF occurred between 85 and 87
days after sowing date (Table 2). In the
second season, occurred prolongation
of the cycle of the experimental hybrids
and checks (Table 1).

For male flowering (MF) the
selection should focus on shorter-
cycle hybrids, which make it possible
to maximize profitability, anticipating
the availability of the area for other
crops. The results obtained showed
that the average MF favored to reduce
the cycle when comparing with other
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Table 1. Means of male flowering (MF), ear length (EL), ear diameter (ED) and soluble solids content (SS) of super sweet corn experimental

hybrids and checks evaluated in two sowing seasons in 2016/2017 in Guarapuava-PR. Guarapuava, UNICENTRO, 2021.

Genotype MF (days) EL (cm) ED (mm) SS (°Brix)
Season 1  Season 2 Season 1 Season 2 Season 1  Season 2 Season 1 Season 2
D2-17 x D5-09 86 d B 101b A 184a A 182a A 508b A 504Db A 139¢ B 155d A
D2-17 x D5-41 89 ¢ B 101b A 175b A 16.6a A 493b A 475c A 150b A 130e B
D2-17 x D5-42 9Ob B 104a A 174b A 163a A 480c A 469c A 16.5a A 16.5¢ A
D2-17 x D5-43 87d B 102b A 193a A 169a B 498b A 464c B 142¢ A 15.8d A
D2-17 x D5-46 8d B 102b A 18.1a A 16.0a B 482c¢c A 484c A 159a B 183a A
D2-17 x D5-48 93a B 105a A 176 b A 156 b B 450c A 476¢c A 143c¢c B 183b A
D2-17 x D5-53 87d B 102b A 173b A 153b B 487¢c A 470c A 140c B 16.7¢ A
D2-17 x D5-55 87d B 105a A 185a A 157b B 494b A 484c A 145b B 19.1a A
D2-74 x D5-09 90b B 103b A 193a A 175a B 46.8¢c B 513b A 128¢c B 174b A
D2-74 x D5-41 89 ¢ B 102b A 185a A 17.0a B 46.8c A 4950 A 139¢ B 157d A
D2-74 x D5-42 91b B 105a A 182a A 159a B 480c A 48.1c A 146b A 151d A
D2-74 x D5-43 87d B 104a A 18.8a A 16.2a B 489c¢c A 457c A 132¢ B 184b A
D2-74 x D5-46 88 c¢c B 103b A 195a A 164a B 509b A 484c A 16.2a A 152d A
D2-74 x D5-48 94a B 105a A 19.1a A 164a B 485¢c A 490c A 16.1a A 176 b A
D2-74 x D5-53 91b B 104a A 16.7b A 150b B 444c A 472c A 13.5¢ B 18.1b A
D2-74 x D5-55 90b B 105a A 176 b A 160a B 46.6c A 484c A 155a A 16.8¢c A
D3-20 x D5-09 88c¢c B 103b A 192a A 16.2a B 507b A 513a A 148b A 16.1d A
D3-20 x D5-41 88c¢c B 101b A 193a A 16.0a B 490c A 494b A 150b A 15.6d A
D3-20 x D5-42 91b B 104a A 190a A 154b B 483¢c A 484c A 16.5a A 17.1¢c A
D3-20 x D5-43 86d B 101b A 189a A 158b B 454c¢c B 503b A 129¢ B 146¢ A
D3-20 x D5-46 88c¢c B 102b A 19.8a A 16.7a B 509b A 50.7b A 16.1a A 170c A
D3-20 x D5-48 94a B 106a A 177b A 164a A 46.6c B 50.7b A 135¢ B 179b A
D3-20 x D5-53 89c B 105a A 185a A 15.8b B 475¢ A 472c A 13.6¢c A 121f A
D3-20 x D5-55 8d B 103b A 187a A 16.6 a B 485¢c B 529a A 151b B 16.7¢ A
D3-30 x D5-09 88c B 102b A 192a A 16.0a B 533a A 488c¢ B 155a A 15.1d A
D3-30 x D5-41 89c¢ B 101b A 174b A 16.8a A 51.1b A 50.1b A 159a A 159d A
D3-30 x D5-42 9Ob B 104a A 1776 A 170a A 505b A 473c¢c A 17.1a A 180b A
D3-30 x D5-43 8c¢c B 101b A 195a A 16.0a B 498b A 490b A 169a A 126 ¢ B
D3-30 x D5-46 86d B 104a A 199a A 169a B 549a A 49.1b B 172 a A 17.1¢c A
D3-30 x D5-48 93a B 106a A 18.1a A 154b B 51.6b A 487c¢ A 154a B 180b A
D3-30 x D5-53 88c B 104a A 17.7b A 16.2a B 496b A 485c A 145b B 168 ¢ A
D3-30 x D5-55 8d B 104a A 185a A 154b B 479c¢c A 471c A 142¢c B 176 b A
D3-33 x D5-09 91b B 102b A 17.7b A 153b B 481¢c A 481c A 145b B 170c A
D3-33 x D5-41 89 ¢ B 102b A 173b A 158b B 507b A 503b A 169a A 140e B
D3-33 x D5-42 91b B 105a A 17.1b A 158b A 469c¢c A 467c A 16.0a A 176 b A
D3-33 x D5-43 87d B 103b A 176 b A 16.7a A 46.7c A 484c A 141c A 106 f B
D3-33 x D5-46 88c B 103b A 18.8a A 147b B 498b A 470c A 150b B 178 b A
D3-33 x D5-48 94a B 108a A 16.8b A 159a A 484c A 49.1b A 154a B 183b A
D3-33 x D5-53 99b B 105a A 17.8b A 159a B 485¢c A 4930 A 152b A 16,6 c A
D3-33 x D5-55 91b B 104a A 16.7b A 153b B 458¢c A 489c A 154a B 176 b A
D3-39 x D5-09 92b B 103b A 173b A 16.0a A 488c A 474c A 156a B 186a A
D3-39 x D5-41 90b B 103b A 183a A 153b B 482c¢c A 46.0c A 13.8¢ B 18.1b A
D3-39 x D5-42 92b B 105a A 182a A 16.1a B 498b A 494Db A 16.2a A 175b A
D3-39 x D5-43 89 ¢ B 103b A 19.0a A 163a B 477¢c A 50.1b A 16.0a A 18.8a B
D3-39 x D5-46 86d B 101b A 187a A 16.0a B 499b A 482c A 151b A 16.6 c A
D3-39 x D5-48 95a B 108a A 18.6a A 16.3a B 486c A 47.6c A 159a A 173b A
D3-39 x D5-53 89c B 104a A 176 b A 16.2a B 484c A 484c A 157a A 17.2b A
D3-39 x D5-55 89c¢c B 104a A 18.1a A 150b B 484c A 4950 A 16.8a A 177b A
D4-20 x D5-09 92b B 102b A 184a A 16.2a B 496b A 4990 A 139¢ B 187a A
D4-20 x D5-41 99b B 105a A 176 b A 16.0a B 521a A 463c B 17.0a A 16.6 c A
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Genotype MF (days) EL (cm) ED (mm) SS (°Brix)
Season 1  Season 2 Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
D4-20 x D5-42 92b B 105a A 17.3b A l16.1a A 490c A 493Db A 16.7a A 172b A
D4-20 x D5-43 89 ¢ B 105a A 184a A 16.1a B 479¢ A 475c¢c A 16.8a A 139e¢ B
D4-20 x D5-46 85d B 103b A 192a A 16.2a B 497b A 485c¢c A 159a A 16.7¢ A
D4-20 x D5-48 94a B 106a A 169b A 150b B 452c¢ A 46.1c A 142¢ B 162¢c A
D4-20 x D5-53 90b B 104a A 164b A 154b A 501b A 4990 A 148b B 174b A
D4-20 x D5-55 99b B 105a A 18.0b A 156 b B 482c¢c A 484c A 16.2a B 18.0b A
D4-59 x D5-09 92b B 103b A 174b A 154b B 481c¢c A 505b A 152b A 157d A
D4-59 x D5-41 99b B 103b A 171b A 16.0a A 479c¢ A 48.1c A 157a A 158d A
D4-59 x D5-42 94a B 104a A 176 b A 16.3a A 457¢ B 513b A 150b A 139¢ A
D4-59 x D5-43 87d B 104a A 183a A 16.4a B 493b A 490b A 151b B 168 ¢ A
D4-59 x D5-46 92b B 106a A 176 b A 159a B 49.1¢c A 482c A 159a A 157d A
D4-59 x D5-48 9% a B 106a A 169b A 150b B 445¢c B 488c A 148b B 183b A
D4-59 x D5-53 89c B 105a A 16.1b A 16.5a A 481c¢c A 500b A 16.7a A 143¢ B
D4-59 x D5-55 92b B 106a A 174b A 150b B 494b A 469c A 152b B 18.8a A
Tropical Plus 83d B 9b A 196a A 154b B 481c A 484c A 17.1a A 179b A
BRS Vivi 91b B 103b A 18.1a A 16.5a B 545a A 49.1b A 16.1a A 12.1¢ B
CV (%) 2.52 1.70 4.18 5.60 4.24 4.29 7.82 4.01
Hybrid’s average 90 B 104 A 18.11 A 16.1 B 487 A 48.66 A 153 B 16.5 A
Check’s average 87 B 101 A 18.88 A 159 B 514 A 48.77 A 16.6 A 145 B

Genotypes followed by the same lowercase letters in the columns or by the same uppercase letters in the lines belong to the same group

by the Scott-Knott test at 5% probability.

studies (Solomon et al., 2011; Santos
etal., 2014).

One of the most important traits for
the processing of super sweet corn is
the ear length (EL), so that ears smaller
than 15 cm are discarded, decreasing
the yield (Santos et al., 2014). The
means of EL of experimental hybrids
ranged from 16.1 to 19.9 cm in the first
season and from 14.7 to 18.2 cm in the
second season,; all the values are within
desirable range for industrial processing
(Table 1). Hybrids D3-20 x D5-46, D3-
30 x D5-46 and D2-74 x D5-09 stood
out with higher values for EL (Table 1).

The means of the ear diameter (ED)
of the experimental hybrids ranged from
44.4 mm to 54.9 mm (Table 1). In the
first sowing season, the experimental
hybrids D3-30 x D5-46, D3-30 x D5-
09 and D4-20 x D5-41 and the check
BRS Vivi showed the highest estimates
for ED, surpassing other genotypes
(Table 1).

The wide range of SS values showed
that the means of hybrids ranged from
12.8°Brix (D2-74 x D5-09) to 17.2°Brix
(D3-30 x D5-46) in the first season
(Table 1), whose values corroborate
other studies, showing values between
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11.2°Brix to 17°Brix (Mamede et al.,
2014; Perfeito et al., 2017; Machado
Filho et al., 2018).

The experimental hybrids D3-30 x
D5-46,D3-30 x D5-42 and D3-39 x D5-
55, along with the check Tropical Plus,
showed the highest values of soluble
solids (SS) (Table 1), being considered
promising (Machado Filho et al., 2018),
once that super sweet genotypes shall
present SS above 15°Brix (Pereira Filho
etal., 2016).

Promising results were also obtained
for UEY, in which only the experimental
hybrid D4-20 x D5-55 obtained mean
below 12.0 t hain the first growing
season, which according to Pereira
Filho et al. (2016) is the lowest value
recommended for a profitable crop. The
experimental hybrids with the highest
means of UEY showed high potential
in comparison to check hybrids and
the experimental hybrid D3-20 x D5-
41 (25.7 t ha') had the highest mean
together with other four experimental
hybrids (Table 2).

In the second sowing season,
most experimental hybrids showed
inferior performance for UEY due to
the environmental effects resulting

from variations of rainfall and daily
minimum and maximum temperatures in
Guarapuava. Better rainfall distribution
during flowering and grain filling were
observed in the first season. In the
second season an increase in the average
temperature and a reduction in the
average of the daily thermal amplitude
was observed in Guarapuava (Shioga et
al.,2017). UEY values ranged from 9.1
tha' (D3-33 x D5-42) t0 20.5 tha'! (D2-
17 x D5-46), and only nine experimental
hybrids surpassed the average of the
checks (Table 2).

In the first sowing season only five
hybrids showed HEY superior than the
other experimental hybrids and checks,
whose values surpassed 16.0 t ha''. In
the second sowing season the average of
HEY decreased considerably, and four
hybrids were superior comparing to the
others, whose values exceeded 13.5 t
ha!. The hybrid D3-30 x D5-46 (Table
2) stood out due to its high performance
in both seasons.

In the first sowing season, nine
hybrids formed the superior group,
whose values of GY were above 8.3 t
ha’!, surpassing the checks. In the second
season, 37 hybrids did not differ from
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Table 2. Means of unhusked ear yield (UEY), husked ear yield (HEY) and grain yield (GY) of super sweet corn experimental hybrids and
checks evaluated in two sowing seasons in 2016/2017 in Guarapuava-PR. Guarapuava, UNICENTRO, 2021.

UEY (t ha') HEY (t ha') GY (t ha')

Genotype

Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
D2-17 x D5-09 21.6 b A 116 d B 144 b A 81 b B 65 ¢ A 47 b B
D2-17 x D5-41 146 ¢ A 152 b A 104 b A 107 b A 53 d A 63 a A
D2-17 x D5-42 187 ¢ A 134 ¢ B 121 b A 98 b A 74 b A 58 b B
D2-17 x D5-43 222 b A 155 b B 156 b A 103 b A 72 b A 57 b A
D2-17 x D5-46 187 ¢ A 20.5 a A 141 b A 136 a A 79 b A 7.0 a A
D2-17 x D5-48 142 ¢ A 156 b A 10.1 b A 115 b A 49 d B 72 a A
D2-17 x D5-53 147 ¢ A 166 b A 93 ¢ A 119 b A 41 d B 73 a A
D2-17 x D5-55 201 ¢ A 149 b B 137 b A 11.0 b A 84 a A 67 a B
D2-74 x D5-09 174 d A 134 ¢ B 117 b A 89 b A 53 d A 53 b A
D2-74 x D5-41 128 ¢ B 178 a A 85 ¢ A 117 b A 44 d B 70 a A
D2-74 x D5-42 185 ¢ A 136 ¢ B 124 b A 100 b A 59 ¢ A 55 b A
D2-74 x D5-43 181 ¢ A 133 ¢ B 122 b A 94 b A 59 ¢ A 45 b A
D2-74 x D5-46 169 d A 183 a A 11.8 b A 124 b A 62 ¢ A 6.5 a A
D2-74 x D5-48 202 ¢ A 139 ¢ B 135 b A 95 b A 79 b A 62 a B
D2-74 x D5-53 129 ¢ B 173 b A 87 ¢ A 119 b A 39 d B 72 a A
D2-74 x D5-55 140 ¢ A 148 b A 99 ¢ A 104 b A 50 d A 60 a A
D3-20 x D5-09 18.0 ¢ A 100 d B 115 b A 74 ¢ A 57 ¢ A 49 b A
D3-20 x D5-41 257 a A 122 ¢ B 18.1 a A 87 b B 8.8 a A 62 a B
D3-20 x D5-42 24.1 a A 132 ¢ B 157 b A 97 b B 85 a A 54 b B
D3-20 x D5-43 184 ¢ A 124 ¢ B 11.8 b A 89 b A 63 ¢ A 57 b A
D3-20 x D5-46 19.6 ¢ A 163 b B 134 b A 107 b A 73 b A 63 a A
D3-20 x D5-48 145 ¢ A 123 ¢ A 103 b A 85 b A 47 d A 50 b A
D3-20 x D5-53 156 d A 155 b A 10.1 b A 108 b A 50 d B 68 a A
D3-20 x D5-55 254 a A 167 b B 16.0 a A 114 b A 8.1 b A 68 a A
D3-30 x D5-09 202 ¢ A 1.1 d B 149 b A 79 ¢ B 74 b A 51 b B
D3-30 x D5-41 183 ¢ A 95 d B 133 b B 13,6 a A 71 b A 46 b B
D3-30 x D5-42 16,6 d A 151 b A 120 b A 104 b A 62 ¢ A 51 b A
D3-30 x D5-43 21.1 ¢ A 122 ¢ B 141 b A 91 b A 65 ¢ A 55 b A
D3-30 x D5-46 231 b A 193 a B 165 a A 136 a A 81 b A 78 a A
D3-30 x D5-48 182 ¢ A 151 b B 125 b A 109 b A 64 ¢ A 65 a A
D3-30 x D5-53 157 d A 135 ¢ A 105 b A 97 b A 46 d B 63 a A
D3-30 x D5-55 163 d A 149 b A 103 b A 104 b A 48 d B 6.6 a A
D3-33 x D5-09 169 d A 105 d B 125 b A 7.0 ¢ A 63 ¢ A 45 b B
D3-33 x D5-41 205 ¢ A 122 ¢ B 139 b A 91 b A 69 b A 6.0 a A
D3-33 x D5-42 192 ¢ A 91 d B 127 b A 7.1 ¢ A 6.1 ¢ A 47 b A
D3-33 x D5-43 163 d A 107 d B 10.7 b A 69 ¢ A 53 d A 44 b A
D3-33 x D5-46 20.8 ¢ A 170 b B 141 b A 119 b A 71 b A 64 a A
D3-33 x D5-48 21.1 ¢ A 162 b B 143 b A 106 b A 85 a A 63 a B
D3-33 x D5-53 169 d A 159 b A 113 b A 1.1 b A 56 ¢ A 64 a A
D3-33 x D5-55 123 ¢ B 151 b A 84 ¢ A 108 b A 44 d B 69 a A
D3-39 x D5-09 187 ¢ A 114 d B 123 b A 75 ¢ A 6.6 ¢ A 51 b A
D3-39 x D5-41 194 ¢ A 182 a A 134 b A 11.5 b A 63 ¢ A 65 a A
D3-39 x D5-42 234 b A 131 ¢ B 17.1 a A 86 b B 93 a A 57 b B
D3-39 x D5-43 187 ¢ A 172 b A 138 b A 128 b A 79 b A 85 a A
D3-39 x D5-46 194 ¢ A 147 b B 141 b A 95 b A 6.7 ¢ A 53 b A
D3-39 x D5-48 249 a A 10,6 d B 18.1 a A 76 ¢ B 10,0 a A 49 b B
D3-39 x D5-53 143 ¢ B 189 a A 95 ¢ A 125 b A 44 d B 71 a A
D3-39 x D5-55 157 d A 148 b A 109 b A 100 b A 59 ¢ A 58 b A
D4-20 x D5-09 171 d A 137 ¢ B 119 b A 102 b A 59 ¢ A 6.8 a A
D4-20 x D5-41 199 ¢ A 136 ¢ B 149 b A 95 b A 89 a A 51 b B
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Table 2 continuation

UEY (t ha) HEY (t ha) GY (t ha')

Genotype

Season 1 Season 2 Season 1 Season 2 Season 1 Season 2
D4-20 x D5-42 217 b A 147 b B 150 b A 96 b A 8.6 a A 59 b B
D4-20 x D5-43 184 ¢ A 124 ¢ B 134 b A 95 b A 76 b A 62 a A
D4-20 x D5-46 201 ¢ A 16.8 b B 141 b A 114 b A 72 b A 65 a A
D4-20 x D5-48 186 ¢ A 148 b B 121 b A 103 b A 6.0 ¢c A 63 a A
D4-20 x D5-53 13.1 ¢ A 137 ¢ A 92 ¢ A 96 b A 46 d B 62 a A
D4-20 x D5-55 116 ¢ B 199 a A 81 b A 113 b A 47 d A 39 b A
D4-59 x D5-09 216 b A 123 ¢ B 147 b A 88 b B 83 a A 64 a B
D4-59 x D5-41 227 b A 199 a B 144 b A 144 a A 64 ¢ A 72 a A
D4-59 x D5-42 166 d A 139 ¢ A 103 b A 97 b A 62 ¢ A 56 b A
D4-59 x D5-43 217 b A 139 ¢ B 148 b A 102 b A 74 b A 56 b B
D4-59 x D5-46 187 ¢ A 164 b A 133 b A 115 b A 6.6 ¢ A 6.6 a A
D4-59 x D5-48 194 ¢ A 194 a A 124 b A 129 b A 71 b A 73 a A
D4-59 x D5-53 187 ¢ A 156 b B 123 b A 109 b A 62 ¢ A 63 a A
D4-59 x D5-55 190 ¢ A 164 b A 12.8 b A 115 b A 65 ¢ A 6.8 a A
Tropical Plus 163 d A 164 b A 11.8 b A 121 b A 6.1 ¢ A 6.6 a A
BRS Vivi 149 ¢ A 173 b A 105 b A 119 b A 58 ¢ A 6.7 a A
CV (%) 10.22 10.10 11.66 14.87 15.65 13.22
Hybrid’s average 185 A 147 B 12.7 A 103 B 6.5 A 6.0 A
Check’s average 156 A 169 A 11.2 A 120 A 59 A 6.7 A

Genotypes followed by the same lowercase letters in the columns or by the same uppercase letters in the lines belong to the same group
by the Scott-Knott test at 5% probability. First season= sowing performed on October 15, 2016; second season= sowing performed on
December 17, 2016.

UEY SS UEY Ss UEY SS
s D3-20 X D5-42 we AyeTAE —D3-30 X D5-9 === AvVerage s D3-20 X D5-46 == AvVerage
Trop. Plus BRS Vivi Trop. Plus BRS Vivi Trop. Plus BRS Vivi
MF MF MF

e )3-20 X D5-55 e A VeETage e D3-30 X D5-46 === AVETAZE e D3-20 X D5-41 = Average
Trop. Plus BRS Vivi Trop. Plus BRS Vivi Trop. Plus BRS Vivi

Figure 1. Experimental hybrids selected based on the values of Z index (/z) using the standardized means of traits: male flowering (MF),
ear length (EL), ear diameter (ED), soluble solid content (SS), unhusked ear yield (UEY), husked ear yield (HEY) and grain yield (GY),
evaluated in the first sowing season in 2016/2017, in Guarapuava-PR. First season= sowing performed on October 15, 2016. Guarapuava,
UNICENTRO, 2021.
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Table 3. Standardized means of the evaluated traits, values of Z index (Iz) and variances (G?) of 10 hybrids which surpassed the checks in

Selecting experimental super sweet corn hybrids based on selection index

the first and second sowing seasons in 2016/2017 in Guarapuava-PR. Guarapuava, UNICENTRO, 2021.

MF

EL

ED SS UEY HEY

GY

Genotypes 1% Season I o’

D3-30 X D5-46 6.48 7.06 798 6.74 6.45 6.68 6.11 47.50 0.31
D3-20 X D5-41 5.45 6.31 5.14 4.79 7.25 7.36 6.67 42.97 1.17
D3-20 X D5-55 6.48 5.64 4.90 4.82 7.17 6.48 6.12 41.61 0.75
D3-30 X D5-09 5.58 620  7.20 5.20 5.57 6.00 5.63 41.37 0.37
D3-39 X D5-42 4.16 5.11 5.51 5.82 6.56 6.95 7.03 41.15 1.10
D3-20 X D5-42 4.55 598  4.77 6.12 6.76 6.34 6.45 40.97 0.69
D3-39 X D5-48 2.87 5.60 4.92 5.56 7.00 7.39 7.54 40.87 2.36
D4-20 X D5-46 6.74 624 548 5.53 5.52 5.63 5.46 40.61 0.21
D3-20 X D5-46 5.58 6.95 6.02 5.74 5.35 5.32 5.60 40.57 0.28
D4-20 X D5-41 4.81 4.40 6.64 6.51 5.46 6.00 6.72 40.53 0.74
Tropical Plus 7.39 6.65  4.69 6.62 4.34 4.64 4.74 39.08 1.42
BRS Vivi 4.55 504  7.79 5.71 3.93 4.09 4.49 35.60 1.64

2 Season

D2-17 X D5-46 5.98 4.97 4.82 6.87 7.15 6.91 6.07 42.75 0.85
D3-30 X D5-46 4.81 6.38 5.30 5.33 6.72 6.89 6.92 42.34 0.71
D3-20 X D5-55 5.20 591 7.91 5.13 5.75 5.61 5.82 41.33 0.81
D2-74 X D5-41 6.17 6.54 5.57 4.65 6.16 5.78 6.09 40.96 0.35
D4-59 X D5-41 5.40 4.97 4.61 4.71 6.92 7.37 6.26 40.24 1.07
D3-20 X D5-46 6.17 6.07 6.42 5.29 5.59 5.23 5.30 40.08 0.20
D3-39 X D5-53 5.01 5.33 4.84 5.37 6.56 6.27 6.10 39.49 0.41
D3-39 X D5-43 5.59 5.39 5.98 1.82 5.94 6.45 7.73 38.90 291
D4-20 X D5-09 5.78 5.23 5.89 6.57 4.62 491 5.82 38.82 0.46
D2-74 X D5-46 5.20 5.59 4.84 4.42 6.34 6.22 5.50 38.12 0.51
BRS Vivi 6.95 5.70 5.27 2.36 5.97 5.95 5.74 37.95 1.82
Tropical Plus 5.20 4.02 4.86 5.73 5.62 6.00 5.61 37.04 0.41

First season= sowing performed on October 15, 2016; second season= sowing performed on December 17, 2016.

the checks (Table 2). The hybrids D2-17
x D5-55, D3-20 x D5-41, D3-33 x D5-
48 and D4-59 x D5-09 were classified
in the group which showed the highest
means of GY in both seasons (Table 2).

Considering both seasons, 16
experimental hybrids showed superior
means of UEY, HEY and GY, or did
not differ from the checks (Table 2),
forming the group of the most promising
genotypes, with high yield values.
For these mentioned traits, the first
season was the best one for genotypes
expressing their genetics potential, in
which the means of the experimental
hybrids D3-30 x D5-46, D3-20 x D5-55,
D3-20 x D5-41, D3-39 x D5-42, D3-39
x D5-48 were superior to both checks

(Table 2).

UEY, HEY and GY are determinant
for the most promising hybrids, even
though CE and DE are directly related
to productivity (Solomon et al., 2011) as
well as SS are determinant for the quality
of the super sweet corn (Santos ef al.,
2014; Pereira Filho et al., 2016). About
90% of super sweet corn production
is destined to the processing industry,
requiring proper and uniform size of
ears and grain quality, contributing for a
good industrial yield (Luz ef al., 2014).

Z index (/,) allows the use of
standardized data of the traits so that
they can be considered together in the
selection, without the need to obtain
estimates of genetic’s and phenotypic’s
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covariances (Ramalho ef al., 2012).
Analysis of variance of /, estimates
showed significant effect both for
hybrids and for hybrids x seasons
interaction (p<0.05). Considering the Iz
values of both sowing seasons, hybrids
with selection potential were noticed,
considering the evaluated traits (Table
3).

The hybrids D3-30 x D5-46, D3-20 x
D5-46 and D3-20 x D5-55 were among
the ten ones which showed estimates of
Iz superior to the checks in both sowing
seasons (Table 3). Besides these hybrids,
in the first sowing season, the hybrids
D3-20 x D5-42, D3-30 x D5-09 and
D3-20 x D5-41 stood out, with high
Iz estimates (Figure 1). In the second
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MF MF MF
EL GY GY _ ‘/\ EL
ED HEY \ HEY \ ED
UEY SS UEY SS UEY SS
D2-17 X D5-46 ==—=Average |====D3-20X D5-55 weew AVEIAZE | o D3-20 X D5-46 === Average
Trop. Plus BRS Vivi Trop. Plus BRS Vivi Trop. Plus BRS Vivi
MF MF MF
GY' A EL N\, EL EL
PN \ \
HEY ' ) ED ED y ED
UEY — UEY SS UEY SS
e D2-74 X D5-41 AVEIage |wmmmeD3-30 X D5-46 === Ayerage | === D4-59 X D5-41 ===Average
Trop. Plus BRS Vivi Trop. Plus BRS Vivi Trop. Plus BRS Vivi

Figure 2. Experimental hybrids selected based on the values of Z index (/z) using the standardized means of traits: male flowering (MF),
ear length (EL), ear diameter (ED), soluble solid content (SS), unhusked ear yield (UEY), husked ear yield (HEY) and grain yield (GY),
evaluated in the second sowing season in 2016/2017 in Guarapuava-PR. Second season= sowing performed on December 17, 2016.

Guarapuava, UNICENTRO, 2021.

season, the hybrids D2-17 x D5-46,
D2-74 x D5-41 and D4-59 x D5-41stood
out (Figure 2).

The analysis of the contribution
of each trait for the /,index allows to
obtain information on the phenotypic
performance of the evaluated genotypes
(Wu et al., 2015). Evaluating the
promising hybrids in the first season,
based on Iz values and in the standardized
means of each trait which make up this
index (Table 3) it was possible to verify
that the contribution of UEY, HEY and
GY was lower for the hybrid D3-20
x D5-46, which did not stand out in
relation to the checks (Figure 1), which
limits the selection (Reis et al., 2011),
considering that they are traits related
to yield.

The hybrid D2-17 x D5-46 showed a
high estimate of /_in the second sowing
season due to its high standardized
means of most of the traits which make
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up the index, mainly the ones related
to yield, surpassing both the general
average and the checks (Figure 2),
highlighting its productive potential
and ear standard suitable for industrial
processing (Luz et al., 2014; Perfeito et
al.,2017; Machado et al., 2018).

In the second sowing season,
based on the estimate of /,and in the
standardized values of each trait which
make up this index (Table 3), we
could notice that no hybrid stood out
considering most traits together (Figure
2), and obtained smaller magnitude
values compared with the ones of the
first season, due to the significant season
effect (Reis et al., 2011; Ramalho et al.,
2012), showing that the second season
was less suitable for the evaluation and
selection of the experimental super
sweet corn hybrids in Guarapuava.

The hybrid D3-30 x D5-46 showed
high standardized means of UEY,

HEY and GY and also showed a good
performance in relation to the traits of
the ear in both sowing season (Figures
1 and 2), confirming the efficiency of
the Iz in the selection of this genotype,
being an important tool to assist in the
selection, according to Reis et al. (2011)
and Wu et al. (2015).

The Z index (/,) allowed to
discriminate the best hybrids for each
sowing season, considering the set of
evaluated traits. The traits which most
contributed for the Z index were the
ones related to ear yield, grain yield and
soluble solids content. The first sowing
season was the most favorable to express
yield related traits. The experimental
hybrid D3-30 x D5-46 showed good
performance in both sowing seasons
and the hybrid D2-17 x D5-46 stood out
in the second sowing season, showing
to be promising, being selected due to
its high productivity and quality of ear,
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considering the Z index.
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