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Evaluation of vigor and tolerance of sweet corn seeds under hypoxia'
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ABSTRACT — Evaluation of the physiological potential of seeds by fast and efficient methods is an important step in the
process of production and commercialization of sweet corn seeds. The aim of this study was to discriminate sweet corn seed
lots by applying multivariate methods regarding the usual vigor tests to verify the sensitivity of these seeds to flood conditions
and to verify if the submersion test has potential for classifying lots of this species regarding vigor. Five seed lots of sweet
corn were tested for moisture content and physiological potential. Cluster analysis and principal component analysis were
performed on the data to discriminate the seed lots regarding initial vigor. Subsequently, two of these lots were selected for the
water submersion test, performed with four replicates of 150 seeds, which were submerged in 100 mL of distilled water for
0, 24, 48, 72, and 96 hours at 25 °C, and they then underwent the germination test. Discrimination of sweet corn seed lots is
possible through multivariate analysis. Sweet corn seeds are sensitive to submersion in water; however, the test did not allow

seed lots to be differentiated for vigor.

Index terms: physiological potential, flooding, germination, Zea mays convar, Saccharata.

Avaliacdo do vigor e tolerancia de lotes de sementes de milho doce a condi¢des de hipdxia

RESUMO - A avaliag@o do potencial fisiologico de sementes por métodos rapidos e eficientes constitui-se em etapa importante
do processo de produgdo e comercializagdo de sementes de milho doce. Nesse sentido, essa pesquisa objetivou-se discriminar
lotes de sementes de milho doce por meio da aplicagdo de métodos multivariados quanto aos testes de vigor usuais, averiguar
a sensibilidade dessas sementes a condigdes de alagamento e verificar se o teste de submersdo tem potencial de classificar lotes
desta espécie quanto ao vigor. Cinco lotes de sementes de milho doce, foram submetidas aos testes para avaliagdo do teor de
agua e potencial fisiologico. Os dados obtidos foram submetidos a analise de agrupamento e componentes principais para a
discriminagdo dos lotes quanto ao vigor inicial. Posteriormente, dois desses lotes foram selecionados para o teste de submersao
em agua, realizado com quatro repeticdes de 150 sementes, que foram submersas em 100 mL de dgua destilada durante 0, 24,
48, 72 e 96 horas a 25 °C, e em seguida submetidas ao teste de germinacdo. A discriminagdo dos lotes de sementes de milho
doce ¢ possivel por meio da aplicagdo de analise multivariada. As sementes de milho doce séo sensiveis a submersdo em agua,

entretanto, o teste ndo possibilitou a diferenciacdo de lotes quanto ao vigor.

Termos para indexagao: potencial fisiologico, alagamento, germinacdo, Zea mays convar, Saccharata.

Introduction

Sweet corn has mutant alleles in its genome that impede
conversion of sugars into starch in the endosperm, lending
the seeds their sweet taste (Luz et al., 2014). From this
characteristic, according to Souza et al. (2013) and Wilson
Junior and Mohan (1998), sweet corn seeds (sh-2, for example)
have high sucrose content, high free fatty acid content in the
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endosperm, and a dysfunctional aleurone layer. This results
in sugar imbalance and rupture of the membrane system, and
culminates in low seed vigor. In addition, studies suggest
that sweet corn genotypes with higher sugar content have a
pericarp and membranes that are more fragile and susceptible
to damage during the harvest and drying processes (Alvarenga
et al., 2013) and, for that reason, special care is necessary for
production of high quality seeds.
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In this context, evaluation of seed germination and vigor
by rapid and efficient methods constitutes an important step in
the process of production and commercialization of sweet corn
seeds because these factors significantly affect establishment
of plants and crop yield.

The physiological quality of a seed lot is not easily
measureable since only one individual evaluation is not sufficient
to define the vigor of the lot. This property is defined by a set of
tests; however, discrimination of lots in regard to vigor by means
of combined observation of the data of all the tests is complex
and time-consuming (Lorentz and Nunes, 2013).

In this respect, the application of multivariate methods
for evaluation and classification of seeds lots regarding
physiological quality through cluster analysis and principal
component analysis may be an efficient alternative.

Cluster analysis explores similarities among individuals,
joining all types of sampling units that show similarities in
clusters, thus establishing homogeneity within the group and
heterogeneity among groups. Principal component analysis,
for its part, aims to condense the information contained in
various variables, explaining the variation with a reduced
number of variables (principal components). This is because
the variables that contribute little to variation are eliminated
(Fortes et al., 2008).

Although statistics have overwhelming importance for
analysis of the variables, obtaining reliable data that translate
the physiological quality of the lots by means of effective vigor
tests is essential since some methods indicated for evaluation
of seed vigor, such as tests based on seedling development,
might not be effective for detecting small differences in vigor
among the genotypes, as in sweet corn or super sweet corn,
or among lots of the same genotype (Zhao et al., 2007).
In addition, these tests are considered less sensitive for
identification of less vigorous seeds in comparison to the tests
that evaluate tolerance to stresses (Alvarenga et al., 2013).

In this context, the water submersion test would be a
viable alternative for evaluation of the vigor of sweet corn
or super sweet corn seeds because it is considered a test that
evaluates tolerance to stress by restricting a factor important
for germination, which is oxygen (Tang et al., 2014), and
by providing for rapid entry of water in the seeds in the first
hours of imbibition, classified as a critical phase of hydration.

Seed response varies according to different degrees
of imbibition, arising from the period of submersion.
Germination, membrane rupture (in the case of sweet corn),
and even seed death may occur (Costa et al., 2008) because the
adverse condition of flooding favors loss of viability and vigor
(Grzybowski et al., 2015) through causing an initial situation
of hypoxia during the first physiological phases of the seeds.

According to Custodio et al. (2009), seed tolerance to
flooding varies according to the genotype and especially
according to seed vigor. The most vigorous seeds are more
tolerant to oxygen deficiency and to the presence of pathogens
favored by high moisture (Dantas et al., 2000).

Given this situation, the aims of this study were to
discriminate sweet corn seeds lots through application
of multivariate methods regarding the usual vigor tests,
discovering the sensitivity of these seeds to flooding conditions
and checking if the submersion test is able to classify seed lots
of this species regarding vigor.

Materials and Methods

Sweet corn seeds of the hybrid Tropical Plus, represented
by five seed lots, were obtained from the Syngenta company.
It is a single hybrid, super sweet (brittle gene), and has the
characteristics of mean plant size of 2.35 m and 90 to 110 day
cycle (1300 heat units). In addition, it is moderately tolerant
to the main diseases that affect this crop. The seeds obtained
were treated with insecticides (50% pirimiphos-methyl 0.016
L .ton! and 2.5% Deltamethrin 0.04 L .ton') and fungicides
(1.0 % Metalaxyl-M + 2.5% Fludioxonil 1.00 L .ton" and
20% Carboxin + 20% Thiram 6.0 L .ton™").

Initially the seeds of each lot underwent testing for
evaluation of moisture content and physiological potential
through the following evaluations:

Moisture content: determined using two replications of 4.5 g,
dried in a laboratory oven regulated to 105 °C + 3 °C for 24 hours
according to the Rules for Seed Testing (Brasil, 2009).

Germination: determined from eight replications of 50 seeds,
which were distributed on “germitest” paper toweling moistened
with distilled water in the amount of 2.5 times the weight of the
dry paper. The rolls of paper were placed in plastic bags and kept
in a Mangelsdorf type germinator in a vertical position, previously
regulated to 25 °C. The number of normal seedlings was counted
seven days after setting up the test according to the descriptions
contained in the Rules for Seed Testing (Brasil, 2009), and the
results were expressed in percentage.

Cold test: conducted using the paper roll method with four
replications of 50 seeds. The rolls remained at 10 °C for seven
days, as described by Cicero and Vieira (1994). After that, they
were transferred to a Mangelsdorf germination chamber at 30 °C
for four more days for counting of normal seedlings.

Accelerated aging: conducted as adapted from the method
recommended by the AOSA (2009) in which four replications
of 60 seeds were distributed in a single layer over a metallic
screen tray fixed within a plastic box containing 40 mL of
distilled water. Lids were placed on the boxes and they were
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kept at 42 °C for 72 hours. After this period, four replications
of 50 seeds were placed to germinate according to the method
described for the germination test (Brasil, 2009). Evaluation
was made four days after the test was set up, computing the
percentage of normal seedlings.

Dry matter of normal seedlings: after counting and
evaluation of normal seedlings in the germination test, they
were placed in paper bags and then placed in a laboratory
oven at 60 °C = 5 °C for 72 hours (period in which the samples
arrived at constant weight). The seedlings were weighed on a
precision balance with 0.001 g resolution to obtain dry matter
(Nakagawa, 1999).

After that, multivariate cluster analysis and principal
component analysis were used to analyze the data for
discrimination of seeds from each lot in regard to initial
vigor. To do so, the mean values of the results of germination,
cold test, accelerated aging, and seedling dry matter from
each lot were calculated and standardized to zero mean and
unit variance to avoid overestimation of each variable in
the final result of ANOVA. Cluster analysis was carried out
through calculation of the Euclidean distance of each lot,
and clustering of similar lots was performed through the
Unweighted Pair Group Method using Arithmetic averages
(UPGMA) with results expressed in a dendrogram. Principal
component analysis was calculated through the n x p matrix,
where “n” was the number of lots (n=5) and “p” the number
of evaluations: germination, cold test, accelerated aging, and
seedling dry matter (p=4). From the correlation matrix, the
eigenvalues and eigenvectors were calculated, and the result
was visually expressed on a biplot display.

Classification of lots in regard to vigor was performed
through a combination of the results of clustering and principal
components, and one seed lot that represented vigorous seeds,
another average vigor seeds, and another non-vigorous seeds
were selected and tested for emergence in a greenhouse for
confirmation of the classification. Emergence was tested with
four replications of 50 seeds for each lot, which were sown in
boxes of sand at a depth of 5 cm. Fourteen days after sowing,
the number of emerged seedlings was counted, and the result
was expressed in percentage.

After classification and confirmation of the physiological
potential of sweet corn seeds, the lot of vigorous seeds
was contrasted with that of non-vigorous seeds through
submersion in distilled water to verify sensitivity to flooding
and if it is possible to discriminate lots with recognizably
distinct physiological potential. To do so, the experiment
was conducted in a completely randomized design in a 2 %
5 factorial arrangement, representing two seed lots of sweet
corn (lot with vigorous seeds and lot with non-vigorous seeds)

and five periods of submersion (0, 24, 48, 72, and 96 hours).

Submersion was performed according to Grzybowski
et al. (2015), in which four replications of 150 seeds per lot
were submerged in 100 mL of distilled water for the periods
of 0, 24, 48, 72, and 96 hours at 25 °C, and then tested for
germination, as described above. The percentage of primary
root emergence and the percentage of normal seedlings
obtained in the germination test (seven days after sowing)
were evaluated. Parallel to the germination test, after each
period of flooding, the moisture content of the seeds was
determined for each treatment for characterization of the
samples after the test.

Analysis of variance was performed on the data obtained
and the times adjusted to the first order and second order
polynomials, and the seed lots were compared by the
Tukey test at 5% probability, if significant. The software
STATISTICA 7 and SAS 9.2 University Edition® was used
for these analyses.

Results and Discussion

The results showed that the lots evaluated had germination
greater than 60%, and were in conformity with the standard
established by Instru¢do Normativa (Normative Instruction) No.
45 (Brasil, 2013). Among the lots studied, Euclidean distances
ranging from 1.8 to 4.1 were observed (Table 1). These results
indicated high similarity for the lots L-01 and L-02, as well as
between the lots L-03 and L-05, due to the lower distance values
observed. Greater distance was observed for L-04, showing its
dissimilarity to the other lots (Figure 1).

Table 1. Characterization of the seed lots of sweet corn,
Tropical Plus hybrid, in regard to germination,

vigor, and Euclidean distances.

Sweet corn seed lots

Characterization

L-01 L-02 L-03 L-04 L-05
Germination (%) 84 87 90 83 86
Cold test (%) 2 24 45 19 54

Accelerated aging (%) 48 51 60 37 61
Seedling dry matter (mg/pl) 0.38 0.43 055 044 047

Distance between lots* L-01 L-02 L-03 L-04 L-05
L-01 0.0 - - - -
L-02 1.8 0.0 - - -
L-03 41 24 0.0 - -
L-04 1.8 23 41 0.0 -
L-05 33 19 19 33 0.0

* Euclidean distance
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With application of principal component analysis, a new
component (PC,) encompassed 77.9% of all data variability.
This component consisted of greater weights for the results
obtained in the germination (0.89), cold (0.89), accelerated
aging (0.89), and total dry matter (0.86) tests. These results
show that the greater the score of the lots for PC, the greater
seed physiological potential was. For its part, the second
component (PC,) represented 12.7% of the variability, and this
component was constituted by the weight of accelerated aging
(-0.38). Thus, the lower the value of the lots for this component
(PC,), the greater the probability of seeds germinating after
being subjected to the adverse conditions of the test.

Thus, L-05 and L-03 (similar lots according to clustering,
Figure 1A) had greater scores of CP| than the other lots, and
they were classified as those that had higher vigorous seeds

Linkage distance

PC, (12.7%)

PC, (77.9%)

Figure 1. A) Supplemental dendrogram for characterization
of sweet corn seed lots in regard to vigor. B) Visual
representation of the principal components (biplot)
with separation based on seeds higher vigor (H.V.
group), intermediary vigor (I.V. group), and lower
vigor (L.V. group) in accordance with cluster
analysis. (germ = germination; a.a. = accelerated
aging; c.t.= cold test; s.d.m.= seedling dry mass).

(H.V. Group, Figure 1B). In contrast, L-01 and L-02 (similar
lots according to clustering, Figure 1A) showed intermediate
scores for this component and were classified as intermediary
vigor seeds (I.V. Group, Figure 1B). Lot L-04 did not form
any group of analysis, as shown in principal component
analysis. It had the lowest score for PC, and the highest for
PC,. Therefore, it was classified as the lot that had the lowest
vigor seeds (L.V. Group, Figure 1B).

From these classificatory results, one of the most
vigorous seed lots (L-03) was selected randomized to contrast
with the one of lowest vigor (L-04). With the lots selected,
a seedling emergence test was set up in a greenhouse for
confirmation of vigor levels.

Through the results obtained, the vigor difference between
the lots was effectively confirmed, which had initially been
determined by laboratory examinations (Figure 2). After
confirmation of the vigor difference, the lots (L-03 and L-04)
were subjected to the submersion test. The moisture content
of the seeds increased considerably according to the increase
in the submersion period, indicating progressive imbibition.
The greatest gain in moisture content occurred in the first 24
hours for both lots (Table 2).

According to Cavariani et al. (2009), the rate of water
uptake by the seed may be an indication of physiological

100%

p<0.0248*

75%

50%

25%

Seedling emergence in greenhouse

0%
L-03 L-04
Sweet corn seed lots
Figure 2. Seedling emergence under greenhouse conditions
of the seed lots L-03 and L-04 of sweet corn.

Table 2. Progression of imbibition in % moisture of sweet
corn in high vigor (L-03) and low vigor (L-04)
seed lots, Tropical Plus hybrid, Zea mays L.
Seed submersion time
Lots

Oh 24h 48h 72h 96h
L-03 82+02 541+0.6 58.7+0.7 60.0+03 629+14
L-04 84+02 569+0.7 61.2+£0.5 624+05 643+0.6
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quality. Costa et al. (2002) found that soybean seeds of lower
physiological quality exhibited greater rates of water uptake
in the first hours of imbibition, which may be related to the
integrity of the seed coat. Low quality seeds generally show
damage in the seed coat or tissues, due to deterioration.

Grzybowski et al. (2015), studying the submersion
test as a stress test for evaluation of common maize seed
vigor, found greater gain in moisture content in the first 24
hours; the increase in moisture in the other periods was less,
corroborating the results obtained in this study.

This occurs because the first phase of hydration only
involves a physical process of diffusion, which is regulated
by the cell water potential, always from greater (substrate) to
lower (seed) potential, regardless of the viability of the seeds.
This first phase is highly dependent on the permeability of
the seed coat and of the colloids that constitute the seed,
which in the case of sweet corn, facilitates water entry
even more due to its intrinsic characteristics, such as lower
thickness of the pericarp and the fragility of the membranes
(Bewley et al., 2013; Zucareli et al., 2013).

In regard to seed performance, the percentages of primary
root emission and of seed germination in sweet corn decreased
as the period of submersion increased (Figures 3A and 3B),
with negative reflection for the final percentage of germination
(Figure 3B). According to Marcos-Filho (2015), emergence of
the primary root is not sufficient to evaluate if the seedling will
continue to grow normally and, for that reason, the percentage
of germination is generally lower than the percentage of seeds
that develop a primary root. Normal and abnormal seedlings may
have a primary root; however, only normal seedlings are counted
in evaluation of germination.

Submersion was able to negatively affect seed germination,
because as the periods in which the seeds are submerged
increases, oxygen availability is reduced (Lima et al., 2004).
According to Tang et al. (2014), oxygen levels are fundamental
for germination of the species; levels below 6 and 2 kPa are
already enough to inhibit the process. Since oxygen gas is
essential in aerobic respiration, lack of oxygen gas leads to lower
efficiency in energy formation, which limits initial development
of the seeds. In addition to energy availability, rapid entry of
water into the seed might bring about imbibition damage, due to
the large difference in water potential (Costa et al., 2008).

According to Vaz-de-Melo et al. (2012), under stress
conditions caused by flooding and injury, as in damage by
imbibition, seedlings direct their metabolism to get around
these conditions. This results in greater energy spent for
adaptation and reduces the energy available for germination,
which ends up being negatively affected (Custodio et al.,
2009). Dantas et al. (2000) observed that maize plants under

periods of flooding greater than 24 hours exhibited a decrease
of approximately 40% in normal seedlings at the time of first
germination count, corroborating the results obtained here.

It is important to highlight that although they exhibited
significant differences in regard to physiological potential and
proved to be sensitive to a flooded condition, the sweet corn
seed lots under the submersion test exhibited similar responses,
indicating that it is not possible to discriminate them under the
conditions of 25 °C in the periods of 24, 48, 72, and 96 hours.

Grzybowski et al. (2015) studied the submersion test as a
stress test at different times and temperatures. In contrast with
the results obtained above, they concluded that if performed at
25 °C for 48 hours, this test is adequate for evaluation of maize
seed vigor. The reason is that more vigorous seeds are more
tolerant to oxygen deficiency and to the presence of pathogens
favored by high moisture conditions (Dantas et al., 2000).

Nevertheless, for sweet corn, the periods of submersion
may have been quite drastic, due to the greater fragility of
these seeds to conditions of excess water. This, together
with the highly reduced water potential of the seeds, led to
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Figure 3. Percentage of primary root emergence (A) and
percentage of germination (B) of sweet corn seeds
under different periods of submersion.

Journal of Seed Science, v.41, n.2, p.180-186, 2019



185 J. L. MARINHO et al.

accelerated imbibition. Accelerated imbibition, for its part,
may have caused rupture of tissues and disorganization of
membranes, bringing about irreversible losses. (Zucareli et
al., 2008). In addition, Silva and Carvalho (2008), studying
Clitoria fairchildiana seedlings reported that excess of water
in imbibition reduces germination, which may be related to
the increase in anaerobic respiration that leads to tissue death
through production of toxic substances, even in vigorous seeds.

Conclusions

Discrimination of sweet corn seed lots is possible by
means of application of multivariate analysis, exhibiting
consistency of seedling emergence with seed lots of
contrasting physiological characteristics.

Sweet corn is sensitive to submersion in water, with
progressive reduction of primary root emergence and of
germination from 24 hours on. However, the test is not efficient
in classification of sweet corn seed lots in regard to vigor.
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