PHYSIOLOGICAL QUALITY IN SEEDS FROM
HAPLOID INDUCERS IN MAIZE

Abstract — The objective of the present work was to evaluate the physiological
quality in seeds of haploidy inducers of different types and origins. To this end,
between December 2015 and March 2016, a series of physiological quality
assessments were conducted on nine genotypes inducing haploidy in corn, namely:
the gymnogenetic inducers Stock 6, TAIL P1 and TAIL P2; the hybrid between
the TAIL P1 x TAIL P2 inductors; the hybrid TAIL P2 x TAIL P1, analogous to
the previous hybrid, but with inversion of the female parent at the crossing; and
androgenetic inducers W23, 90109 igig, 91202 igig and 91207 igig. The tests
carried out were germination, accelerated aging, emergence in a bed, emergence
index, fresh and dry mass, length of aerial part and root and the ratio between these
characteristics, the humidity and the weight of 100 seeds. The results indicated that
the physiological quality was improved throughout the selection for greater haploid
induction. The haploidy induction system (andorgenetic or gymnogenetic) does
not interfere with physiological quality, however the results obtained reinforce the
need for care in the multiplication and conservation of haploidy inducing seeds in
tropical conditions for their use in breeding.

Keywords: Zea mays L.; Haploids induction; Tropicalization; Germintion and
vigor.

QUALIDADE FISIOLOGICA EM SEMENTES DE
INDUTORES DE HAPLOIDIA DE MILHO

Resumo - O objetivo do presente trabalho foi avaliar a qualidade fisiologica em
sementes de indutores de haploidia de diferentes tipos e origens. Para tanto, entre
dezembro de 2015 e margo de 2016, fram conduzidas uma série de avaliagdes
de qualidade fisiologica em nove gendtipos indutores de haploidia em milho, a
saber: os indutores gimnogenéticos Stock 6, TAIL P1 e TAIL P2; o hibrido entre os
indutores TAIL P1 x TAIL P2; o hibrido TAIL P2 x TAIL P1, analogo ao hibrido
anterior, mas com inversdo do genitor feminino no cruzamento; e os indutores
androgenéticos W23, 90109 igig, 91202 igig e 91207 igig. Os testes efetuados
foram de germinagdo, envelhecimento acelerado, emergéncia em canteiro, indice
de emergéncia, massa fresca e seca, comprimento de parte aérea e raiz e a razao
entre essas caracteristicas, a umidade e o peso de 100 sementes. Os resultados
indicaram que a qualidade fisiologica foi aprimorada ao longo da selecdo para
maior indug¢do de hapléides. O sistema de indugdo de haploidia (andorgenético ou
gimnogenético) nio interfere na qualidade fisioldgica, porém os resultados obtidos
refor¢am a necessidade de cuidados na multiplicagdo e conservagao das sementes
de indutores de haploidia em condigdes tropicais para seu uso em melhoramento.
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The doubled haploid (DH) technology
has been increasingly used in maize breeding
programs because it allows inbred lines to be
obtained in even three generations, combining
reduced time and reduced cost in developing new
cultivars (Ren et al., 2017; Trindade et al., 2017)

The
based on obtaining haploid maize plants, with
the

species (n =10 for maize). Haploid plants have

doubled haploid technology is

basic chromosome number known for

extremely reduced vigor and difficulties for
reproduction due to the impossibility of normal
meiosis in the reproductive cells, with frequent
male sterility. Treatment of haploid seedlings
with mitosis inhibitors promotes chromosome
duplication, which results in fertile plants that
are called doubled haploid lines, since for
each chromosome that the haploid plant had
previously, it comes to have an exact copy, which
provides it with complete homozygosity and the
same number of chromosomes as a diploid plant
(Prigge & Melchinger, 2011).

To obtain haploids in maize, the protocol
most used at this time is in vivo, which crosses
with  haploid

(Prasanna et al., 2012). Haploid inducers consist

source-genotypes inducers
of genotypes that 1) have a haploid identification
system based on phenotypic markers, the most
used markers being based on seed pigmentation
by anthocyanin (expression of the R1-navajo
gene) and 2) when crossed with a source-
genotype, induce the emergence of haploid seeds
in the ear (Trindade et al., 2017).

All the genotypes currently used as haploid

inducers are derived from Stock 6 lines, which
induce the formation of gynogenic haploids (act
as a male parent), and W23, which generates
androgenic haploids (act as a female parent) (Hu
etal.,2016). Thus, the haploid inducers now in use
were developed in temperate climate locations,
and their agronomic performance is hurt in
tropical environments, requiring characterization
of different phenological aspects of the plant for
their efficient use under tropical conditions.

The physiological quality of a seed
is constituted by the set of all the genetic,
physiological, physical, and health parameters
that affect its ability to give rise to high-yielding
plants. The production of quality seeds is essential
in breeding programs and for plant production as
a whole, since seeds are responsible for initial
establishment of the crop and they significantly
contribute to maintaining a good final stand,
resulting in satisfactory yields (Reis et al., 2011;
Henning et al., 2011). The main characteristics
desirable in seeds are longevity, germination
power, and vigor (Andrade et al., 2001; Pereira
et al., 2005).

Considering the presence of temperate
climate germplasm in the genetic base of the
haploid inducersnow inuse, it can be hypothesized
that there is a difference in the physiological
quality of seeds from haploid inducers in
accordance with genetic characteristics, the
origin and type of inducer, and its adaptability to a
tropical environment. Thus, it becomes important
to evaluate the physiological quality of seeds

from these materials, with a view toward their
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use and conservation within breeding programs
that use the doubled haploid technology to obtain
superior lines.

Considering the lack of information
regarding germination potential in haploid
inducers, the aim of this study was to evaluate
the physiological quality in seeds from haploid

inducers in maize of different types and origins.

MATERIALS AND METHODS

All the studies were conducted in the Seed
Analysis Laboratory and in experimental areas of
Embrapa Milho e Sorgo in the municipality of
Sete Lagoas, Minas Gerais, from December 2015
to March 2016. Nine haploid-inducing genotypes
for maize were evaluated, namely, the gynogenic
inducers Stock 6, TAIL P1, and TAIL P2; the
hybrid between the TAIL P1 x TAIL P2 inducers;
the TAIL P2 x TAIL P1 hybrid, analogous to the
previous hybrid, but with inversion of the female
parent in the cross; and the androgenic inducers
W23, 90109 igig, 91202 igig, and 91207 igig.

In relation to the origin of each inducer
evaluated, Stock 6 (gynogenic inducer) and W23
(androgenic inducer) are inducer lines adapted
to a temperate climate, with a difference only
for the induction system, from which all the
haploid inducers currently in use were derived
(Hu et al., 2016). The TAIL (Tropically Adapted
Inducer Lines) lines are haploid inducer lines
adapted to tropical climate through backcrossing
of the inducers UH400 and RWS with tropical

maize lines (Kebede et al., 2011; Prasanna et

al., 2012). The androgenic inducers 90109igig,
91202igig, and 91207igig are genotypes arising
from the cross between the W23 line and tropical
genotypes (Rabel et al., 2008).

All the seeds evaluated were obtained in
a multiplication field set up at Embrapa Milho
e Sorgo from January to June 2015, and seeds
were obtained by manual crosses between plants
from the same inducer. Approximately 15 viable
ears were obtained from each inducer, resulting
in quantities of seeds ranging from 500 to 2000
grams per inducer.

After harvesting the ears from each
inducer, they were kept in a shed until the seeds
reached 13% moisture, at which time they were
threshed. After classification of the seeds, they
were labeled and stored in kraft paper bags and
kept in climate-controlled cold storage with
temperature at around 10°C and humidity around
15%, where they were stored for four months.

After that period, homogeneous samples
of each haploid inducer were selected for
evaluation of physiological quality based on the
11 laboratory and field tests described below.

I) Germination (GER): carried out with four
replications of 50 seeds placed in rolls of
germitest (germination testing) paper. The sheets
of paper were previously moistened with water
in the amount of 2.5 times the weight of the
dry paper. After sowing, the rolls of paper were
placed in a seed germinator at a temperature of
25°C. The percentage of normal seedlings was

calculated at six days after sowing according to
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the description in the Rules for Seed Analysis
(Regras para Andlise de Sementes) (Brasil,
2009).

IT) Abnormal and dead seedlings (ADS): The
percentage of abnormal and dead seedlings was
calculated in a single reading together with GER

described above.

IIT) Accelerated aging (AA): test performed in a
gerbox (plastic germination box), containing 40
mL of NaCl saturated solution. The seeds were
distributed on an aluminum screen fastened in the
closed gerbox and placed under the temperature
0f42°C in BOD for 96 hours. After that period, the
germination test was set up with four replications
of 20 seeds in rolls of paper; normal seedlings

were counted at four days after sowing.

IV) Seedbed emergence (SE): for this test, seeds
from each inducer were sown in furrows of 1
m length and 5 cm depth at a spacing of 10 cm
in seedbeds. Four replications of 50 seeds were

used, with a single count at 14 days after sowing.

V) Emergence Speed Index (ESI): evaluation
was carried out by daily counting of emerged
plants beginning on the fourth day after sowing
up to 14 days. After that, this vigor index was
determined through the sum of the number of
emerged seedlings on each day divided by the
number of days that had passed from sowing to

emergence, according to the following formula:

ESI=EI/NI1 + E2/N2 + ... En/Nn

where: ESI = emergence speed index; E1, E2,...
En = number of normal seedlings counted in the
first count, in the second count, and in the last
count; and N1, N2,... Nn = number of days from

sowing to the first, second, and last count.

VI) Seedling fresh matter weight (FM): total
weight of normal seedlings from each replication,
checked soon after the germination test in a roll
of paper by weighing on a balance with precision
of 0.001 g.

VII) Seedling dry matter weight (DM): total
dry matter of the normal seedlings from each
replication, which passed through the germination
test in a roll of paper, after drying in a forced air
laboratory oven at 65°C. Weight was determined

on a balance with precision of 0.001 g.

VIII) Shoot length (SL): mean of the length of
the shoots of all the normal seedlings from each
replication after the germination test, measured

in centimeters with the aid of a graduated ruler.

IX) Root length (RL): mean of the length of
the roots of all the normal seedlings from each
replication after the germination test, measured

in centimeters with the aid of a graduated ruler.

X)Root/shoot length ratio (RL:SL): ratio between
the root length and shoot length of seedlings that

passed through the germination test in a roll of

paper.

XI) One hundred seed weight (100SW): four
replications of 100 seeds were used (Brasil, 2009)

in which the seeds were placed in a metallic
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crucible which had previously been weighed on
a balance with 0.001 g precision to determine
weight. Then the samples were weighed and
the weight of the sample was determined by the
difference between the weight of the container and

the total weight of the container with the sample.

XII) Seed moisture content (SM): four replications
of 25 seeds were used, which were weighed on
a balance with 0.001 g precision. After that, the
seeds were placed under a temperature of 105°C
in a forced air circulation oven for 24 hours. After
that period, the containers were placed in a seed
desiccator for 30 minutes and then weighed once
more on a precision balance. The moisture content
of the seeds was determined by the difference

between the weighings.

For analysis of the data obtained from the
evaluations, a completely randomized design was
considered, with four replications and treatments
composed by the nine genotypes under evaluation.
Analysis of variance was initially performed
on th e data, and the degrees of freedom were
decomposed for evaluation of the data through
orthogonal contrasts, established based on the
origin and type of system of haploid induction
(gynogenesis or androgenesis). The following
orthogonal contrasts were compared: i) Stock
6 versus gynogenic inducers; i) W23 versus
androgenic inducers; and iii) gynogenic inducers
versus androgenic inducers.

After analysis of variance, the genotypes
were compared to each other by the Scott-Knott

cluster test. Finally, correlation analysis was

performed among the parameters under study,
and the direct and indirect effects on germination
were evaluated through path analysis. All
analyses were carried out with assistance of
the SISVAR (Ferreira, 2010) and Genes (Cruz,
2013) statistical programs.

RESULTS AND DISCUSSION

All the parameters had values of the
coefficient of variation (CV%) below 18%
(Table 1), which was expected, considering
that most of the analyses were conducted in the
laboratory under controlled conditions, but this
denotes the reliability of the evaluations made.
There were significant values of genotype for all
the parameters evaluated, except for DM (Table
1), indicating that the genotypes evaluated
are different from each other regarding the
physiological quality of their seeds.

Decomposition of the effects of genotype
by type of inducer (Table 1) shows that for the
gynogenic inducers, there were significant
differences for ADS, AA, FM, SL, RL, 100SW,
and SM, which are characteristics linked to seed
germination, vigor, and quality. The androgenic
inducers, in turn, exhibited differences for SE,
ESI, FM, RL, 100SW, and SM.

In relation to the orthogonal contrasts
among types of inducers regarding physiological
quality (Table 1), significant differences were
observed between gynogenic inducers and
androgenic inducers only for shoot length (SL)
and 100 seed weight (100SW). The fact that
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Table 1 — Estimate of mean squares, general mean and contrasts, upper (UL) and lower (LL)
limits and genotypic determination coefficient (H?) for 12 traits evaluated in seeds of nine haploidy

inducers.
Sources of variation DF GER ADS AA SE ESI FM
Genotype 8  253.94%* 3 97** 614.00%** 249.03%%* 22.01%** 13.79%*
GI 4 227.30 4.72%* 651.70%** 66.30 15.66 18.25%*
Al 3 308.67 3.36 495.33 575.22%* 36.19%** 11.12*
GI vs Al 1 196.35 2.87 819.20 1.33 4.92 4.02
Stock 6 vs GI 1 819.20%* 17.71**  768.80%%* 231.20%* 53.48%%* 12.73%*
W23 vs Al 1 432.00%*  4.57%* 901.33** 1333.52*%*  97.64%** 21.65%*
Error 27 39.67 0.45 66.78 31.44 2.41 1.10
General Mean 78.61 21.33 71.17 88.03 26.42 6.16
Stock 6 mean 93.5 6.0 54.5 95.0 30.0 4.9
W23 mean 67.0 33.0 63.5 72.0 21.8 3.8
GI mean 80.7 19.2 66.9 88.2 26.8 6.5
Al mean 76.0 24.0 76.5 85.8 26.0 5.8
UL 98.00 46.00 94.00 100.00 31.90 11.00
LL 54.00 2.00 28.00 64.00 19.20 3.20
CV% 8.01 13.45 11.48 6.37 5.87 17.02
H? (%) 82.54 90.47 89.75 52.59 84.63 93.97
Sources of variation DF DM SL RL RL:SL 100SW SM
Genotype 8 0.06 5.85%* 45.29%* 0.05 79.98%* 3.90%*
GI 4 0.07 8.14%* 67.37%* 0.05 38.67** 3.32%
Al 3 0.07 1.65 29.51%*%* 0.06 19.84** 5.65%*
GI vs Al 1 0.03 9.28** 4.30 0.04 425.67** 0.98
Stock 6 vs GI 1 0.02 14.62*%*  152.68** 0.10%* 0.11 2.02%*
W23 vs Al 1 0.13%* 0.00 66.22%* 0.17%* 25.33%* 12.85%*
Error 27 0.01 0.44 2.78 0.01 0.29 0.44
General Mean 0.255 7.33 14.04 1.98 17.83 11.72
Stock 6 mean 0.21 5.2 8.2 1.66 21.0 12.5
W23 mean 0.07 7.9 10.9 1.42 11.8 10.0
GI mean 0.3 6.9 13.7 2.1 20.9 11.9
Al mean 0.2 7.9 14.4 1.9 14.0 11.5
UL 0.7 10.50 21.50 4.00 25.10 13.10
LL 0.03 4.80 7.30 1.20 10.90 8.30
CV% 45.95 9.14 11.88 6.11 3.01 5.68
H2 (%) 80.86 94.48 95.87 75.07 99.25 86.67

* ** significant at the 5 and 1% levels of probability by the F test. DF = Degrees of freedom. GER= germination percentage; ADS= percentage of
abnormal and dead seedlings; AA = germination percentage after accelerated aging; SE = Seedbed emergence; ESI = emergence speed index; FM
= Seedling fresh matter weight; DM = seedling dry matter weight; SL = shoot length; RL = root length; RL:SL = root/shoot length ratio; 100SW =
One hundred seed weight; SM = seed moisture content. GI = gymnogenetic inducers; Al = Androgenetic inducers; CV% = coefficient of variation.
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there were differences among inducers within
each group but there were no differences between
the groups is an indication that the variations
regarding seed physiological quality in haploid
inducers is determined not according to the
haploid induction system but rather according
to the intrinsic characteristics of the genotype in
question. Physiological quality is a determining
factor for germination under adverse conditions
and can vary according to management practices
in production, harvest, and storage. Physiological
quality should be evaluated in a detailed manner,
considering the variations among cultivars and
the conditions of obtaining the seed (Pereira et
al., 2005; Carvalho et al., 2010).

The contrasts of Stock 6 versus gynogenic
inducers and W23 versus androgenic inducers
for all the
characteristics evaluated, except for DM and
100SW in the contrast between Stock 6 and

gynogenic inducers, and for SL in the contrast

showed significant differences

between W23 versus androgenic inducers (Table
1). The breeding process in haploid inducers
requires both increase in the haploid induction
the
performance of the inducers in relation to the
parents (Prasanna et al., 2012; Hu et al., 2016),

which certainly contributed to gains from

rate and improvement in agronomic

selection in seed physiological quality, resulting
in variations for the characteristics under study.
In the Stock 6 versus gynogenic inducer contrast,
the Stock 6 inducer had significantly higher
mean values for GER, SE, ESI, and SM, whereas
the other gynogenic inducers had greater ADS,

AA, FM, SL, RL, and RL:SL. The W23 inducer,
in turn, had mean values that were significantly
lower than all the inducers derived from it in all
the characteristics evaluated, except for SL.

In addition to that observed above, the
coefficients of genotypic determination (H?)
estimated for the characteristics under study
ranged from 52.59 to 99.25, denoting that
the values observed are due to the genotypic
variability inherent to the haploid inducers
under evaluation, and that there is potential for
increasing these values through selection.

Application of the Scott-Knott cluster
test regarding germination for the inducers
evaluated resulted in three groups — one group
formed by the Stock 6 inducer, which had GER
of 93.5%, followed by the TAILP1 x TAILP2,
90109igig, and 91202igig inducers (Table 2).
The other inducers had GER below 80%, and
the W23 inducer had the lowest germination
percentage (67%). It should be noted that
regulations (Instrucdo Normativa n° 45) of the
Brazilian Ministry of Agriculture (Brasil, 2013)
indicate that commercial maize seeds should
have at least 75% germination. In an analogous
manner, the ADS was greater for the genotypes
TAILP1, TAILP2, TAILP2 x TAILP1, W23, and
91207igig, which showed lower germination
(Table 2).

The accelerated aging test resulted in
variations between 86.5% and 75.0% in the
group with greatest AA, with the 90109igig
inducer standing out (Table 2). The SE parameter
ranged from 97.0% to 85.0%, with the genotype
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Table 2 — Means of 12 traits associated to the physiological quality of seeds of nine haploidy

inducers in maize.

Inducers Traits

GER (%) ADS (%) AA (%) SE (%) ESI FM (g)
Stock6 935 a 6.0 c 545 b 95.0 a 300 a 49 ¢
TAILP1 785 ¢ 215 a 750 a 86.0 a 254 b 56 ¢
TAILP2 77.0 ¢ 230 a 515 b 88.5 a 27.0 a 49 ¢
TAILP1xTAILP2 80.5 b 195 b 775 a 87.0 a 262 b 69 b
TAILP2xTAILP1 74.0 ¢ 26.0 a 76.0 a 84.5 a 251 b 10.0 a
W23 67.0 ¢ 33.0 a 635 b 72.0 b 21.8 ¢ 3.8 ¢
90109igig 82.5 b 180 b 86.5 a 89.0 a 28.0 a 74 b
91202igig 845 b 150 b 850 a 97.0 a 283 a 69 b
91207igig 70.0 ¢ 300 a 71.0 a 85.0 a 260 b 51 ¢

Caracteristicas
Inducers

DM (g) SL (cm) RL (cm) RL:SL 100SW (g) SM (%)
Stock6 021 ¢ 52 d 82 d 1.66 b 21.0 ¢ 125 a
TAILP1 020 ¢ 6.7 ¢ 122 ¢ 1.81 b 226 b 114 b
TAILP2 0.19 ¢ 69 ¢ 138 b 2.07 a 17.1 e 119 b
TAILP1xTAILP2 030 b 6.5 ¢ 150 b 226 a 250 a 10.7 ¢
TAILP2xTAILP1 0.51 a 9.1 a 195 a 2.55 a 187 d 13.0 a
W23 0.07 ¢ 79 b 109 ¢ 142 b 11.8 ¢ 10.0 ¢
90109igig 033 b 88 a 175 a 2.05 a 156 f 1.7 b
91202igig 033 b 73 ¢ 147 b 2.09 a 162 f 129 a
91207igig 0.17 ¢ 76 b 145 b 1.96 a 123 ¢ 11.6 b

Means with the same letter belong to the same group according to the Scott-Knott test at 5%. GER= germination percentage; ADS= percentage of

abnormal and dead seedlings; AA = germination percentage after accelerated aging; SE = Seedbed emergence; ESI = emergence speed index; FM =
Seedling fresh matter weight; DM = seedling dry matter weight; SL = shoot length; RL = root length; RL:SL = root/shoot length ratio; l00SW = One

hundred seed weight; SM = seed moisture content.

91202igig standing out, and with the W23 inducer
showing the lowest SE (72.0%). Application of
the Scott-Knott test to the ESI, which indicates
the speed at which the seedling emerges after
sowing, led to formation of three groups, with
the inducers Stock6, TAILP2, 90109igig, and
91202igig standing out. The AA, SE, and ESI
are characteristics that indicate seed response to

stresses and allow estimation of the physiological

potential of the seeds under a broad range of
environmental conditions (Bittencourt et al.,
2012).

The FM and DM had an analogous
response, in which the TAILP2 x TAILP1
inducer had the highest value of FM and DM
(10.0 and 0.51 g, respectively), forming a single
group, and the W23 inducer had the lowest value
for FM and DM (3.8 and 0.07 g, respectively).
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The TAILP2 x TAILP1 and 90109igig inducers
expressed the highest values of SL (9.1 and 8.8
cm, respectively) and RL (19.5 and 17.5 cm,
respectively). Consequently, the highest RL:SL
ratio was obtained by the genotype TAILP2 x
TAILP1 (2.55). The fresh and dry matter of the
seedling and rapid growth of the root system are
indications of the potential of the genotype for an
“initial take-off”, which is the rapid emergence
and establishment of the seedling, and which
allows the inducer to better tolerate biotic and
abiotic stresses in the initial stages of development
(Jorge et al., 2005; Carvalho et al., 2010). Thus,
the TAILP2 x TAILP1 inducer shows considerable
potential for establishment in the field, which is a
favorable characteristic in isolated lots for haploid
induction.

The TAILP1 x TAILP2 inducer had the
highest value of 100SW (Table 2), followed by
the TAIL P1 inducer. Considering that the female
parent of the TAILP1 x TAILP2 inducer hybrid
is the TAIL P1 inducer line, this 100SW value
denotes that there is a relationship among the
genotypes for this characteristic. According to
Gaspar & Nakagawa (2002), seed germination and
vigor are affected by size — larger seeds had better
germination and vigor results than smaller ones.
Vanzolini & Nakagawa (2007) evaluated seed
vigor in popcorn seedlings and reported in studies
that smaller seeds germinated rapidly; however,
larger seeds gave rise to seedlings of greater size
and weight.

The moisture content of the seeds ranged

from 10% to 13% among the inducers evaluated,

with the highest value of SM for the TAILP2
x TAILP1 inducer hybrid, with differences of
4% between the most extreme values of SM.
Zucareli et al. (2014) studied the physiological
quality of sweet corn seeds and reported that
the moisture content after the accelerated aging
test varied significantly among the genotypes
evaluated. However, the differences were not
lower than 1%. The same authors measured
mean moisture values from 28.7% to 34.11% in
the genotypes studied, which did not interfere
in the seed physiological processes. However,
under low moisture contents, seed metabolic
activity is reduced (Borges & Rena, 1993;
Castro & Hilhorst, 2004), and moisture content
in seeds is an important factor for their storage,
viability, and germination.

Correlation analyses indicated high,
positive, and significant correlations between
GER and the SE and ESI characteristics (Table
3), denoting that the germination potential
evaluated in the laboratory reliably corresponds
In the

latter case, selection based on germination

to what occurs under field conditions.

would have a considerable effect on those
two characteristics, which are parameters for
determination of seed vigor.

However, GER had correlations ranging
from -0.999 to 0.249 with ADS, FM, DM, SL,
RL, and RL:SL. The high negative correlation
of GER with ADS is related to the nature of
the latter characteristic, which represents the
seeds that did not germinate or that resulted in

plants without viability, representing exactly
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the opposite of germination. In contrast, the
low magnitude correlations between GER and
characteristics that show the initial development
of the seedling, such as FM, SL, RL, and RL:SL,
would indicate that larger sized plants would
have more delayed germination compared to
seedlings of lower initial size, a characteristic
called the initial take-off of the plants. The other
characteristics evaluated (AA, DM, 100SW,
and SM) had low magnitude correlations
with germination, ranging from -0.47 to 0.27.
Considering the group of genotypes evaluated,
the correlation results obtained indicate little
effect of important characteristics, such as
moisture content, fresh matter weight, and 100
seed weight (indicative of seed dimensions and,
consequently, seed reserves) with germination,
which would be the main characteristic of
the seed. Thus, the correlations indicate the
relationships among the characteristics, but
do not express the direct and indirect effects
that the characteristics studied have on the
germination of seeds from the haploid inducers.
In this context, path analysis is an alternative for
evaluation of the direct and indirect effects of a
set of characteristics on a main variable (Cruz et
al., 2014), serving for an understanding of the
interrelations among the traits under study. The
path analysis methodology (Wright, 1923) is a
modification of multiple regression in which the
phenotypic correlations among characteristics
are decomposed into direct and indirect effects
on a main variable, allowing understanding of

the relationship between the traits and reliable

selection of parameters for indirect selection.
Measurement of direct and indirect effects is
dependent on the set of traits studied, which is
normally established by previous knowledge
of the researcher and of possible knowledge of
interrelations expressed in path diagrams (Rios
etal., 2012).

The direct effects of the characteristics
on germination are gathered on the diagonal in
bold print in Table 4. Assuming the possibility
the

since they are highly correlated, and the linear

of collinearity among characteristics,
relationship among the variables, we chose to use
the collinearity diagnosis and the methodology
proposed by Carvalho (1994), ridge path analysis,
for estimation of the parameters.

Considering the direct effects of all the
characteristics evaluated on GER, the estimates
of ADS indicate a direct negative effect, but of
lower magnitude, on germination (-0.504 - Table
4) with highly negative correlation, and that
this characteristic negatively interferes in the
effect of the others. In contrast, the SE and ESI
characteristics, which had high direct correlation
with germination, show that their direct effect
was not so high and was dependent on other
characteristics, including ADS. The same occurs
for characteristics related to plant vigor and
physiological quality, such as SL, 100SW, and
SM (Table 4). The importance of the FM and
DM characteristic is also noteworthy. The FM
indirectly and positively contributed to the DM,
SL, RL, and RL:SL characteristics, indicating
that the fresh weight of the plant is an important
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parameter for evaluation and that it is related,
even if indirectly, to other characteristics, and
may even replace them in some situations.
Physiological quality is a fundamental
parameter for indicating the success of a sowing
and the potential for storage of a seed (Scheeren
et al., 2010; Espindola et al., 2018); the greater
the physiological quality, the greater the tolerance
of the seed to storage. The results obtained in
the present study regarding the haploid inducers
evaluated reinforce the temperate origin of these
genotypes and the need for care in multiplication
and conservation of their seeds under tropical
conditions for their use in research and breeding.
It should also be emphasized that the data
obtained indicate the need for new introgression
of tropical genetics in the inducers evaluated
in this study, through backcrosses, in order to
improve the adaptation of these genotypes to
tropical conditions. This process will result in
improvement in agronomic performance, in
inductive potential, and in the physiological

quality of the seeds from the haploid inducers.

CONCLUSIONS

The physiological quality of the seeds
from the gynogenic and androgenic inducers
evaluated was superior to the Stock 6 and W23
inducers, from which the other inducers were
derived, indicating advancement in this parameter
together with selection for greater induction of
haploid plants.

The physiological quality of seeds in

haploid inducers did not vary according to the
induction system (androgenic or gynogenic) but
rather according to the genetic characteristics and
the conditions of obtaining and storing the seeds.

The results obtained in the present study
reinforce the need for care in the multiplication
and conservation of the seeds from haploid
inducers under tropical conditions for their use
in research and breeding, due to their temperate

climate origin.

REFERENCES

ANDRADE, R. V; AUZZA, S. A. Z,;
ANDREOLI, C.; NETTO, D. A. M.; OLIVEIRA,
A. C. Qualidade fisiologica das sementes do
milho hibrido simples HS 200 em relagdo ao
tamanho. Ciéncia e Agrotecnologia, v. 25, n. 3,
p. 576-582, maio/jun. 2001.

BARRET, P.; BRINKMANN, M.; BECKERT, M.
A major locus expressed in the male gametophyte
with incomplete penetrance is responsible for
in situ gynogenesis in maize. Theoretical and
Applied Genetics, v. 117, n. 4, p. 581-594, 2008.
DOI: https://doi.org/10.1007/s00122-008-0803-
6.

BATISTELLI, G. M.; VON PINHO, R. G
JUSTUS, A.; COUTO, E. G.O.; BALESTRE, M.
Production and identification of doubled haploids
in tropical maize. Genetics and Molecular
Research, v. 12, n. 4, p. 4230-4242, 2013. DOI:
https://doi.org/10.4238/2013.october.7.9.

BELICUAS, P.R.; GUIMARAES, C. T.; PAIVA,
L. V.; DUARTE, J. M.; MALUF, W. R.; PAIVA,
E. Androgenetic haploids and SSR markers
as tools for the development of tropical maize

Revista Brasileira de Milho ¢ Sorgo, v.20, e1214, 2021
DOI: https://doi.org/10.18512/rbms2021v20e1214


https://link.springer.com/article/10.1007/s00122-008-0803-6
https://link.springer.com/article/10.1007/s00122-008-0803-6
https://geneticsmr.com/year2013/vol12-4/pdf/gmr3015.pdf
https://geneticsmr.com/year2013/vol12-4/pdf/gmr3015.pdf

14 Trindade et al.

hybrids. Euphytica, v. 156, n. 1/2, p. 95-102,
2007. DOI: https://doi.org/10.1007/s10681-007-
9356-z.

BERNARDO, R. Should maize doubled haploids
be induced among F1 or F2 plants? Theoretical
and Applied Genetics, v. 119, n. 2, p. 255-262,
2009. DOI: https://doi.org/10.1007/s00122-009-
1034-1.

BITTENCOURT, S. R. M.; GRZYBOWSKI,
C. R. S.; PANOBIANCO, M.; VIEIRA, R. D.
Metodologia alternativa para conducdo do teste
de envelhecimento acelerado em sementes de
milho. Ciéncia Rural, v. 42, n. 8, p. 1360-1365,
2012. DOI: http://dx.doi.org/10.1590/S0103-
84782012000800005.

BORGES, E. E. L. RENA, A. B.
Germinagao de sementes. In: AGUIAR, I. B;
PINNARODRIGUES, F. C. M.; FIGLIOLA,
M. B. (coord.). Sementes florestais tropicais.
Brasilia, DF: ABRATES, 1993. p. 83-136.

BRASIL. Ministério da Agricultura, Pecudria
e Abastecimento. Regras para analise de
sementes. Brasilia, DF, 2009. 399 p.

BRASIL. Ministério da Agricultura, Pecudria
e Abastecimento. Instru¢do Normativa n° 45,
de 17 de setembro de 2013. Diario Oficial
[da] Repiblica Federativa do Brasil, 18
set. 2013. Secdo 1. Available in: https://www.
gov.br/agricultura/pt-br/assuntos/insumos-
agropecuarios/insumos-agricolas/sementes-e-
mudas/publicacoes-sementes-e-mudas/copy of
INN45del7desetembrode2013.pdf. Access in:
12 out. 2021.

CASTRO, R. D.; HILHORST, H. W. M.
Embebicdo e reativacdo do metabolismo. In:
FERREIRA, A. G.; BORGHETTI, F. (org.).
Germinacdo: do basico ao aplicado. Porto
Alegre: Artmed, 2004. p. 149-162.

CARVALHO, E. V. D.; SIEBENEICHLER, S.
C.; MATOS, W. L.; SANTOS, R. P. L. Qualidade
fisioldgica de sementes de milho sob diferentes
condi¢gdes de armazenamento. Scientia Agraria
Paranaensis, v. 9, n. 3, p. 58-65, 2010. DOI:
https://doi.org/10.18188/sap.v913.5261.

CARVALHO, P. E. R. Espécies florestais
brasileiras:  recomendacdes  silviculturais,
potencialidades e uso da madeira. Colombo:
Embrapa-CNPF; Brasilia, DF: Embrapa-SPI,
1994. 640 p.

CHAIKAM, V.; NAIR, S. K.; BABU, R
MARTINEZ, L.; TEJOMURTULA, J;
BODDUPALLI, P. M. Analysis of effectiveness
of R1-nj anthocyanin marker for in vivo haploid
identification in maize and molecular markers
for predicting the inhibition of R1-nj expression.
Theoretical and Applied Genetics, v. 128, n. 1,
p. 159-171, 2015. DOI: https://doi.org/10.1007/
s00122-014-2419-3.

COIMBRA, R. R.; MIRANDA, G. V.; CRUZ, C.
D.; MELO, A. V.; ECKERT, F. R. Caracterizagao
e divergéncia genética de populagdes de milho
resgatadas do Sudeste de Minas Gerais. Revista
Ciéncia Agronomica, v. 41, n. 1, p. 159-166,
2010.  DOI: https://doi.org/10.5935/1806-
6690.20100021.

CRUZ, C. D.; CARNEIRO, P. C. S.; REGAZZI,
A. J. Modelos biométricos aplicados ao
melhoramento  genético.  Vicosa, MG:
Universidade Federal de Vigosa, 2014. 668 p.

Revista Brasileira de Milho e Sorgo, v.20, e1214, 2021
DOI: https://doi.org/10.18512/rbms2021v20e1214


https://link.springer.com/article/10.1007/s10681-007-9356-z
https://link.springer.com/article/10.1007/s10681-007-9356-z
https://link.springer.com/article/10.1007/s00122-009-1034-1
https://link.springer.com/article/10.1007/s00122-009-1034-1
https://repositorio.unesp.br/bitstream/handle/11449/3296/S0103-84782012000800005.pdf?sequence=1&isAllowed=y
https://repositorio.unesp.br/bitstream/handle/11449/3296/S0103-84782012000800005.pdf?sequence=1&isAllowed=y
https://e-revista.unioeste.br/index.php/scientiaagraria/article/view/5261
https://e-revista.unioeste.br/index.php/scientiaagraria/article/view/5261
https://link.springer.com/article/10.1007/s00122-014-2419-3
https://link.springer.com/article/10.1007/s00122-014-2419-3
https://www.scielo.br/j/rca/a/Ljfc5hTPFfCgZdSTBKBykKQ/abstract/?lang=pt
https://www.scielo.br/j/rca/a/Ljfc5hTPFfCgZdSTBKBykKQ/abstract/?lang=pt

Physiological quality in seeds from haploid... 15

CRUZ, C. D. GENES: a software package
for analysis in experimental statistics and
quantitative genetics. Acta Scientiarum, v.
35, n. 3, p. 271-276, 2013. DOI: https://doi.
org/10.4025/actasciagron.v35i3.21251.

ESPINDOLA, F.; LIMA, P. R.; BORSOI, A.;
ECCO, M.; RAMPIM, L. Qualidade fisioldgica
de sementes de milho tratadas com diferentes
inseticidas. Revista Engenharia na Agricultura,
v. 26, n. 4, p. 306-312, 2018. DOI: https://doi.
org/10.13083/reveng.v26i4.943.

FERREIRA, D. F. Programa computacional
Sisvar: versao 5.3. Lavras: Universidade Federal
de Lavras, 2010.

FREITAS, R. A.; NASCIMENTO, W. M. Teste
de envelhecimento acelerado em sementes de
lentilha. Revista Brasileira de Sementes, v. 28,
n.3,p.59-63,2006. DOI: https://doi.org/10.1590/
S0101-31222006000300009.

HENNING, F. A.; JACOB JUNIOR, E. A
MERTZ L. M.; PESKE, S. T. Qualidade sanitaria
de sementes de milho em diferentes estadios de
maturagdo. Revista Brasileira de Sementes,
v. 33, n. 2, p. 316-321, 2011. DOI: https://doi.
org/10.1590/S0101-31222011000200014.

HU,H.; SCHRAG,T.A.; PEIS,R.;UNTERSEER,
S.; SCHIPPRACK, W.; CHEN, S.; LAIL J.; YAN,
J.;PRASANNA,B.M.;NAIR,S.K.; CHAIKAM,
V.; ROTARENCO, V.; SHATSKAYA, O. A,
ZAVALISHINA, A.; SCHOLTEN, S.; SCHON,
C. C.; MELCHINGER, A. E. The genetic basis of
haploid induction in maize identified with a novel
genome-wide association method. Genetics, v.
202, n. 4, p. 1267-1276, 2016. DOI: https://doi.
org/10.1534/genetics.115.184234.

JORGE, M. H. A.; CARVALHO, M. L. M.; VON
PINHO, E. R.; OLIVEIRA, J. A. Qualidade
fisiologica e sanitaria de sementes de milho
colhidas e secas em espigas. Bragantia, v.
64, n. 4, p. 679-686, 2005. DOI: https://doi.
org/10.1590/S0006-87052005000400018.

KEBEDE, A. Z.; DHILLON, B. S
SCHIPPRACK, W.; ARAUS, J. L.; BANZIGER,
M.; SEMAGN, K.; ALVARADO, G
MELCHIGER, A. E. Effect of source germplasm
and season on the in vivo haploid induction rate
in tropical maize. Euphytica, v. 180, p. 219-226,
2011. DOI: https://doi.org/10.1007/s10681-011-
0376-3.

PEREIRA, C. E.; OLIVEIRA, J. A
EVANGELISTA, J. R. E. Qualidade fisiologica
de sementes de milho tratadas associadas a
polimeros durante o armazenamento. Revista
Ciéncia e Agrotecnologia, v. 29, n. 6, p.
1201-1208, nov./dez. 2005. DOI: https://doi.
org/10.1590/S1413-70542005000600014.

PIERRE, P.; DAVIDE, L.; COUTO, E.; SILVA, T;
RAMALHO, M.; SANTOS, J. Duplo-haploides:
estratégias para obtengdo e importdncia no
melhoramento genético do milho. Revista
Brasileira de Milho e Sorgo, v. 10, n. 1, p. 1-16,
2011. DOI: https://doi.org/10.18512/1980-6477/
rbms.v10nlpl-16.

PRASANNA, B.M.; CHAIKAM, V.; MAHUKU,
G. (ed.). Doubled haploid technology in maize
breeding: theory and practice. Mexico, DF:
CIMMYT, 2012. 50 p.

PRIGGE, V.; MELCHINGER, A. E. Production
of haploids and doubled haploids in maize. In:
LOYOLA-VARGAS, V. M.; OCHOA-ALEJO,
N. (ed.). Plant cell culture protocols. 3 ed.
Totowa: Humana Press, 2011.

Revista Brasileira de Milho ¢ Sorgo, v.20, e1214, 2021
DOI: https://doi.org/10.18512/rbms2021v20e1214


https://periodicos.uem.br/ojs/index.php/ActaSciAgron/article/view/21251
https://periodicos.uem.br/ojs/index.php/ActaSciAgron/article/view/21251
https://periodicos.ufv.br/reveng/article/view/828
https://periodicos.ufv.br/reveng/article/view/828
https://www.scielo.br/j/rbs/a/ZcgvjdPqCsbHn5KhHm5BWNR/?lang=pt
https://www.scielo.br/j/rbs/a/ZcgvjdPqCsbHn5KhHm5BWNR/?lang=pt
https://www.scielo.br/j/rbs/a/JcFfZrfGnDMBFXBjJTDZ4cx/abstract/?lang=pt
https://www.scielo.br/j/rbs/a/JcFfZrfGnDMBFXBjJTDZ4cx/abstract/?lang=pt
https://www.genetics.org/content/202/4/1267.abstract
https://www.genetics.org/content/202/4/1267.abstract
https://www.scielo.br/j/brag/a/CYbwqJfH5wdVcpK9Ckn8h9D/abstract/?lang=en
https://www.scielo.br/j/brag/a/CYbwqJfH5wdVcpK9Ckn8h9D/abstract/?lang=en
https://link.springer.com/article/10.1007/s10681-011-0376-3
https://link.springer.com/article/10.1007/s10681-011-0376-3
https://www.scielo.br/j/cagro/a/LCHnPhHxKcXrbKYRZ7GgrRy/?lang=pt
https://www.scielo.br/j/cagro/a/LCHnPhHxKcXrbKYRZ7GgrRy/?lang=pt
https://www.scielo.br/j/cagro/a/LCHnPhHxKcXrbKYRZ7GgrRy/?lang=pt
http://rbms.cnpms.embrapa.br/index.php/ojs/article/view/348
http://rbms.cnpms.embrapa.br/index.php/ojs/article/view/348

16 Trindade et al.

PRIGGE, V.; XU, X.; LI, L.; BABU, R.; CHEN,
S.; ATLIN, G.N.; MELCHINGER, A. E. New
insights into the genetics of in vivo induction
of maternal haploids, the backbone of doubled
haploid technology in maize. Genetics, V.
190, n. 2, p. 781-793, 2012. DOI: https://doi.
org/10.1534/genetics.111.133066.

RABEL,M.; GUIMARAES, C.T.; PARENTONI,
S. N.; LANA, U. G. de P; MAGALHAES,
P. C.; PAIVA, E. Obtencdo de gendtipos de
milho tropicais indutores de haploidia. In:
CONGRESSO NACIONAL DE MILHO
E SORGO, 27.; SIMPOSIO BRASILEIRO
SOBRE A  LAGARTA-DO-CARTUCHO,
SPODOPTERA FRUGIPERDA, 3.
WORKSHOP SOBRE MANEJO E ETIOLOGIA
DA MANCHA BRANCA DO MILHO, 2008,
Londrina. Agroenergia, producio de alimentos
e mudancas climaticas: desafios para milho e
sorgo: trabalhos e palestras. [Londrina]: [APAR;
[Sete Lagoas]: Embrapa Milho e Sorgo, 2008. 1
CD-ROM.

REIS, L. S.; PEREIRA, M. G.; SILVA, F.
R.; MEIRELES, R. C. Efeito da heterose na
qualidade de sementes de milho doce. Revista
Brasileira de Sementes, v. 33, n. 2 p. 310-
315, 2011. DOI: https://doi.org/10.1590/S0101-
31222011000200013.

REN, J.; WU, P; TRAMPE, B.; TIAN, X
LUBBERSTED,T.; CHEN, S. Noveltechnologies
in doubled haploid line development. Plant
Biotechnology Journal, v. 15, n. 11, p. 1361-
1370, 2017. DOI: https://doi.org/10.1111/
pbi.12805.

RIOS, S. de A.; BOREM, A.; GUIMARAES,
P. E. O.; PAES, M. C. D. Andlise de trilha para
carotenoides em milho. Revista Ceres, v. 59, n. 3,
p. 368-373, 2012. DOI: https://doi.org/10.1590/
S0034-737X2012000300011.

SCHEEREN, B. R.; PESKE, S. T.; SCHUCH, L.
0. B.; BARROS, A. C. A. Qualidade fisiologica
e produtividade de sementes de soja. Revista
Brasileira de Sementes, v. 32, n. 3, p. 35-41,
2010. DOI:  https://doi.org/10.1590/S0101-
31222010000300004.

TRINDADE, R. dos S.; GUIMARAES, L.
J. M.; NETTO, D. A. M.; SOUZA, I. R. P.
de; GUIMARAES, P. E. de O.; SILVA, A. C.
A. da; GUIMARAES, S. A.; MARIZ, B. L.
Caracteristicas agrondomicas de indutores de
haploidia adaptados ao ambiente tropical.
Sete Lagoas: Embrapa Milho e Sorgo, 2017. 36
p. (Embrapa Milho e Sorgo. Boletim de Pesquisa
¢ Desenvolvimento, 161).

VANOUS, K.; VANOUS, A.; FREI, U. K;
LUBBERSTEDT, T. Generation of maize (Zea
mays) doubled haploids via traditional methods.
Current Protocols in Plant Biology, v. 2, p.
147-157, 2017. DOI: http://dx.doi.org/10.1002/
cppb.20050.

WRIGHT, S. The theory of path coefficients a
reply to nile’s criticism. Genetics, v. 8, n. 3, p.
239-255, 1923. DOI: http://dx.doi.org/10.1093/
genetics/8.3.239.

Revista Brasileira de Milho e Sorgo, v.20, e1214, 2021
DOI: https://doi.org/10.18512/rbms2021v20e1214


https://academic.oup.com/genetics/article/190/2/781/6064044?login=true
https://academic.oup.com/genetics/article/190/2/781/6064044?login=true
https://www.scielo.br/j/rbs/a/k9QfspjFjZ4wFksmYBsdRzK/abstract/?format=html&lang=pt
https://www.scielo.br/j/rbs/a/k9QfspjFjZ4wFksmYBsdRzK/abstract/?format=html&lang=pt
https://onlinelibrary.wiley.com/doi/full/10.1111/pbi.12805
https://onlinelibrary.wiley.com/doi/full/10.1111/pbi.12805
https://www.scielo.br/j/rceres/a/VRj8nLgkVBCGQJNcYxdShhb/?lang=pt
https://www.scielo.br/j/rceres/a/VRj8nLgkVBCGQJNcYxdShhb/?lang=pt
https://www.scielo.br/j/rbs/a/3T8MXrBj7RhsWQtznXdLktS/?lang=pt
https://www.scielo.br/j/rbs/a/3T8MXrBj7RhsWQtznXdLktS/?lang=pt
https://currentprotocols.onlinelibrary.wiley.com/doi/abs/10.1002/cppb.20050
https://currentprotocols.onlinelibrary.wiley.com/doi/abs/10.1002/cppb.20050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1200747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1200747/

