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ABSTRACT

Sweet corn has potential to increase farmer’s income. Thus,
biostimulants may contribute to increase productivity of sweet
corn, being indicated and used in various crops. The objective of
this study was to evaluate the effects of applying biostimulant on
sweet corn crops and to establish the ideal dose aiming to increase
the crop’s agronomic characteristics. The experiment was installed
in the municipality of Chapaddo do Sul-MS and was conducted from
November 15,2012 to February 19, 2013. Treatments were composed
of eight biostimulant doses (0.0, 4.0, 8.0, 12.0, 16.0, 20.0, 24.0 and
28.0 mL kg of seeds), arranged in a randomized complete block
design with four replicates. The responses of the variables to the best
dose of biostimulant were 12.4,15.3,13.7,12.4,15.7,16.4, 15.4 and
12.5 mL kg™, respectively for plant height, first ear insertion height,
stem diameter, final population, number of ears per hectare, ear mass
with and without straw and ear index. Considering that the ear with
straw is the source of economic return to the producer, the dose of
16.4 mL kg is the best indication in this condition.

Keywords: Zea mays convar. saccharata var. rugosa (sweet corn),
phytohormones, growth regulators.

RESUMO

Desenvolvimento e producio do milho doce tratado com
bioestimulante

O milho doce ¢ uma cultura com potencial para aumentar a renda
de propriedades agricolas. Dessa forma, os bioestimulantes podem
contribuir para o aumento da produtividade do milho doce, sendo
indicados e utilizados em diversas culturas. O objetivo deste estudo
foi avaliar os efeitos da aplica¢@o do bioestimulante para a cultura do
milho doce e estabelecer a dose ideal para aumentar as caracteristicas
agronomicas da cultura. O experimento foi instalado no municipio de
Chapadio do Sul-MS, e foi realizado de 15 de novembro de 2012 a
19 de fevereiro de 2013. Os tratamentos foram compostos por oito
doses de bioestimulantes (0,0, 4,0, 8,0, 12,0, 16,0, 20,0, 24,0 ¢ 28,0
mL kg de sementes), dispostas em delineamento em blocos ao acaso,
com quatro repeticdes. As respostas das variaveis a melhor dose de
bioestimulante foram 12,4, 15,3, 13,7, 12,4, 15,7, 16,4, 15,4 ¢ 12,5
mL kg, respectivamente para altura da planta, altura da inser¢do
da primeira espiga, diametro do colmo, populacéo final, nimero de
espigas por hectare, massa de espigas com e sem palha e indice de
espigas. Considerando que a espiga com palha ¢ a fonte de retorno
econdmico ao produtor, a dose de 16,4 mL kg™ ¢ a melhor indicagdo
nessa condigao.

Palavras-chave: Zea mays convar. saccharata var. rugosa,
fitormodnios, reguladores de crescimento.
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Brazil is the third largest producer
of corn in the world, only after
China and the United States (FAO,
2018). This productive potential implies
that the country also has the necessary
characteristics for producing other
types of corn such as popcorn and those
directed to in natura consumption or for
industrialization. So, sweet corn (Zea
mays convar. saccharata var. rugosa)
is largely cultivated for the canned
products industry, almost exclusively for
human consumption. This characteristic
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attributed it to be classified as a special
cultivation (Oliveira Junior et al., 2006).

In terms of land, the world
area cultivated with sweet corn is
approximately 1.04 million hectares.
The United States of America is the
country with the largest productive
area of about 100,000 hectares and an
average yield of 8.09 t ha'! (USDA,
2017). The Brazilian scenario does not
present great popularity for sweet corn,
although edaphoclimatic conditions
contribute to a productivity of more

than 13.00 t ha! (Luz et al., 2014), the
technological cultivation conditions
maintain productivity below those

observed in countries such as the USA,
with around 17.17 t ha' (FAO, 2018).

Provision of appropriate
management forms allows the country
to target higher productivity (Souza
et al., 2015, 2016) and the insertion
of this product into large consumer
markets. In addition, this scenario
contributes to this species being inserted
in rural properties as an alternative for
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production diversification, while its
cultivation presents a good profit margin
to the producer (Jesus et al., 2016).

In addition to the necessary
improvements in cultural management,
we seek differentiated strategies that
enable the producer to enter the market
in a competitive way with higher
quality products, but without incurring
productive losses. In this context,
introducing biostimulant products
into production systems is seen as an
opportunity, and although there is no
specific legislation to this group of
products, research is continuously being
conducted to improve the performance
of different crops such as popcorn
(Oliveira et al., 2016) and sweet corn
itself (Cunha et al., 2016).

By definition, biostimulants are
mixtures of one or more growth
regulators with other compounds of
different chemical nature, such as
mineral salts (Castro & Pereira, 2008),
which promote hormonal balance and
stimulate root growth (Silva et al., 2008)
due to action mechanisms, especially
when using products composed by
growth regulators (Taiz et al., 2017).

In the context of costs related to
the production system, it is observed
that pre-planting treatment with
biostimulating products is a procedure
that barely burdens rural producers
(Jesus et al., 2016). This is mainly
due to the low concentrations of plant
regulators necessary to incur changes in
the physiological plant system (Taiz et
al., 2017). In this way, small increases
in productivity are sufficient to cover
the investments for acquiring this
technology.

In addition, biostimulant action can
promote vegetative and reproductive
performance when it is implemented
in the initial stages due to the
developmental characteristics of corn
crops, improving the crop’s nutritional
conditions by developing its root system
(Cunha et al., 2016) and increasing
cell division and expansion rates (Taiz
et al., 2017), provided that optimal
doses of the product are implemented.
Good nutritional and physiological
conditions are determinants for the
crop, considering that determining the
productive and vegetative potential

happens until the V3 phenological stage
(Magalhdes & Duraes, 20006).

Despite all positive expectations
with biostimulants and the good results
obtained from the germination of the
seeds to the growth in height of plants,
observed by Avila et al. (2008) in the
soybean crop, Ferreira et al. (2007)
warn that biostimulants cannot always
be favorable, because they depend on
several factors such as the plant species,
the composition of the product used,
among others.

In light of the above, the objective
of the study was to evaluate the effects
of applying biostimulant in sweet
corn cultivation and the proper dose
establishment aiming to increase
the crop’s biometric and productive
characteristics.

MATERIAL AND METHODS

The experiment was installed in
the municipality of Chapadao do Sul-
MS, (18°46°18”’S, 52° 37°28”°W, 813
m altitude) and was conducted from
November 15, 2012 to February 19,
2013. According to K&ppen, the climate
is tropical humid (Aw), with a rainy
season in summer and dry in winter,
and an average annual rainfall of 1850
mm with average annual temperatures
varying from 13°C to 28°C, while the
experimental area’s soil is classified as
Oxysoil.

The experimental design was a
randomized block with four replications,
totaling 32 plots. Each plot was
composed of five lines, five meters
in length, spaced at 0.45 m between
rows and 0.30 between plants, with a
final population of 74,000 plants ha’,
featuring a dense sowing for sweet
corn. The three central plot lines were
considered useful area.

Treatments were composed of
eight commercial biostimulant doses
of Stimulate (0.0; 4.0, 8.0, 12.0, 16.0,
20.0, 24.0 and 28.0 mL kg seeds),
composed of three plant regulators in the
following formulation: 0.009% kinetin
(cytokinin), 0.005% gibberellic acid
(gibberiline) and 0.005% indolebutyric
acid (auxin).

Sweet corn GNZ 2004 hybrid was
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used for sowing. Seeds were treated
with fungicide (8.5% Thiabendazole +
35% Thiran) at 200 g per 100 kg seeds.

The biostimulant was applied using a
graduated pipette directly onto the seeds
packed in transparent plastic bags with
2.0 kg capacity. After application the
whole amount was vigorously stirred
for two minutes, aiming to standardize
the treatments on the seed mass.

Seeds were sown manually, being
sowing and top dressing based on a
soil analysis presenting the following
characteristics: 8.0 mg dm P (mehlich™);
31.1 g dm™ M.O.; 4.8 pH (CaCl,); K",
Ca?, Mg'? and H+Al = 0.38; 2.80;
1.10 and 4.9 cmol_ dm?, respectively,
and 46.6% base saturation. Liming
was performed 60 days before sowing,
using dolomitic limestone, 75% PRNT,
to raise the base saturation to 60%
(Souza & Lobato, 2004). Weeds, pests
and diseases were controlled according
to the plant breeding recommendation
for cultivating corn. Fertilization for
sowing consisted of 30 kg N ha’',
120 kg PO, ha" and 60 kg K,O ha',
using urea, simple superphosphate and
potassium chloride fertilizers. For top
dressing, 180 kg N ha' and 90 kg K,O
ha! were applied, divided into two
applications, when the crop presented
4-6 leaves and 8-10 leaves, respectively,
using urea and chloride fertilizers.
Sowing and top dressing were based on
recommendations of Souza & Lobato
(2004).

The evaluated characteristics were
plant height (PH), first ear insertion
height (EH) and stem diameter (SD).
Height was determined from the ground
level to the tassel insertion node and to
the first ear for PH and EH, respectively.
Stem diameter was measured with a tape
measure in the second internode from
the plant base.

All ears of the plot arecas were
harvested manually. The harvest time
was visually determined when green
ears and kernels were in a milky
stadium. The final plant population
(POP) was also determined at this
time, counting the plants in the useful
plot area, also considering the bedded
and/or broken plants, transforming the
population obtained per hectare.

The number of ears (NE) per area
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was obtained during harvest, counting
all ears in the useful lines of each plot.
All harvested ears had their masses
measured with and without husks after
harvest. In order to obtain the ear index
(EI), plants were counted in the useful
lines of each plot (number of plants per
plot=NPP) and the total number of ears
per plot (NEP) at the time of harvest.
The index is generated by the relation
between these factors (E1 = NPP/NEP).

Regression analysis was used to
verify the fit of polynomial models for
dependent variables as a function of the
Stimulate doses applied to the seeds at
a 5% probability level.

RESULTS AND DISCUSSION

The biostimulant doses interfered in
the characteristics of plant height, first
ear insertion height and stem diameter,
final plant population, number of ears
per hectare, mass of ears with and
without husks per hectare, and the ear
index for sweet corn cultivation (Figures
1 and 2).

There was an increase in the mean
height of sweet corn plants up to the
dose of 12.4 mL kg™, reaching 234.6 cm.
Compared to the control treatment this
maximum dose obtained increase plant
height in 4.24%. Similar behavior was
verified for the first ear insertion height,
where a dose of 15.3 mL kg enabled
the first ear to reach the maximum
height of 141.1 cm. Higher biostimulant
doses impaired the first ear insertion
height; however, the insertion height
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reached a minimum of 124.6 cm without
biostimulant application (Figure 1A).

In relation to stem diameter, the dose
of 13.7 mL kg applied to the sweet
corn seeds provided stems with larger
diameters, reaching a value of 24.3
mm. This maximum dose estimated
culminated in an increase of 4.89% on
the stem diameter (Figure 1B). Higher
yield of corn ears are also positively
linked to stem diameter (Table 1), since
it means higher photoassimilate storage
capacity, which are fundamental for
developing the grains (Kappes ef al.,
2011).

Stem diameter is a highly relevant
factor during the sweet corn plant cycle.
In testing 85 different corn genotypes at
five sites, Gomes et al. (2010) observed
that bedding resistance is linked to
the genotype and the environmental
conditions in which the cultivation is
conducted. Thus, the increase in stem
diameter observed in the present study
may indicate that these same treatments
have the potential to reduce bedding
risk.

There was also a positive correlation
between other evaluated characteristics
(Table 1). This fact implies the need
to maintain better values for these
characteristics in the plant in order to
obtain higher yields. In addition to the
direct effect of stem diameter on yield,
other characteristics greatly affect this
same variable, such as ear insertion
height and number of ears per area,
which in turn have a high correlation
with other characteristics, generating
an indirect effect.

The effects on plant vegetative
development are related to the
phytohormone action present in the
biostimulant’s composition. Cytokinin
and auxin phytonutrients act on cell
differentiation and on phloem and
xylem differentiation, respectively, and
both act on cell division and stretching
these structures, especially in the early
development stages (Taiz et al., 2017).
This promotion of rapid development
in the early stages may improve plant
establishment and plant growth in later
stages, since the plant development
point is below the soil surface up to
the V3 stage, becoming vulnerable to
abiotic factors such as low temperatures,
lack or excess of water (Magalhdes &
Durées, 20006).

Gibberellins are also important
for the establishment, development
and reproduction of plants. This
phytohormone is involved in seed
germination, stem elongation, leaf
expansion, pollen maturation and
flowering induction, and the occurrence
of levels below adequate levels
may result in dwarfism and other
physiological deficiencies (Daviére &
Achard, 2013). Its exogenous application
can alleviate the deleterious effects of
the environment, allowing the plants to
maintain vegetative and reproductive
development even in adverse conditions
(Hamayun et al., 2010; Sakata ef al.,
2014; Khan et al., 2015), resulting an
appropriate growth.

The results corroborate studies on
different species of commercial interest
and sweet corn, which relate increases

Table 1. Estimates of Pearson’s linear correlation coefficients, between characteristics of sweet corn plants under different biostimulant
doses (mL kg) applied to the seeds. Chapaddo do Sul, UFMS, 2013.

Characteristics HP HE SD POP NE MEW EI MEN
HP 1 - - - - - - -
HE 0.779%* 1 - - - - - -
SD 0.665%* 0.628** 1 - - - - -
POP 0.914%** 0.795%%* 0.657** 1 - - - -
NE 0.362% 0.722%%* 0.319ns 0.475%* 1 - - -
MEW 0.646** 0.781%* 0.400%* 0.647%* 0.511%* 1 - -
EI 0.607** 0.477** 0.346ns 0.435% 0.267ns 0.300ns 1 -
MEN 0.424%* 0.664** 0.570** 0.475%* 0.752%* 0.395ns 0.325ns 1

HP= plant height; HE= first ear insertion height; SD= stem diameter; POP= final plant population; NE= number of ears per plot; MEW=
mass of ears with husk; EI= ear index; MEN= mass of ears without husk; *,** and ns = significant at 1%, 5% probability and non-significant

by t-test.
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ofthe biometric characteristics observed
in the plant’s initial development with
the physiological effect provided by the
biostimulant. For cucumber, tomato and
lettuce crops, Vendruscolo et al. (2016)
observed increases in the plant height,
leaf number, leaf size and shoot dry
matter accumulation of the seedlings
when the seeds were maintained for 30
minutes in solution concentrations of 7.0
mL L1, 4,92 mL L and higher than 3.33
mL L, respectively, before sowing. On
rice cultivation there are gains in shoot
development by applying doses up to
10 mL kg to seeds (Rodrigues et al.,
2015), and for sweet corn increases in
height, stem diameter, leaf areca, stem
dry matter, leaf dry matter and root dry
matter were observed in applying doses
up to 20 mL kg on seeds (Cunha et
al.,2016).

The highest population of sweet corn
plants was obtained at a dose of 12.4 mL
kg, reaching 73,673 plants per hectare,
an increase of 13.37% (8,688 plants) in
the final plant population comparing
to the control treatment. Barbieri et al.
(2005) verified that the sweet corn ear
yield increased linearly with the increase
of plant population. The authors also
reported that sweet corn practically
does not have productive plasticity, not
compensating for the productivity when
there is a smaller number of plants per
area. In this way, the importance of
correctly treating seeds using products
with biostimulating action is perceived
with the view to maintain the plant stand,
and consequently good productivity.

There was a decline in the plant
population from the dose of 12.4 mL
kg ! to the lowest final plant population
observed with a biostimulant dose of 28
mL kg with 59,993 plants per hectare,
inferring in 22.8% variation between
these two extreme populations. In
addition, when the dose of 28 mL kg
was applied to the sweet corn seeds
a loss of 4,992 plants or 7.68% was
observed on the final plant population.

The highest amount of ears per
hectare was reached with the dose of
15.7 mL kg, reaching 61,457 ears
in a population of 73,061 plants ha™.
This reduction in ears is probably
due to the high population density
used. On the other hand, higher doses,

until 28 mL kg!, caused reduced ear
production, but the minimum production
was reached without biostimulant
application, reflecting the lower plant
population obtained in this treatment,
applying the dose of 15.7 mL kg'. The
variation between the extremes in ear
production was 18.6% (Figure 2A).
The results again refer to the adequacy
of the biostimulant doses employed so
that the plant stand is adequate, since
the plant stand and number of ears are
intrinsically linked characteristics.

For the variable mass of ears with
husk, the highest productivity per
hectare was reached using the dose
of 16.4 mL kg, reaching 15,813 kg
ha!, while higher doses reduced ear
yield. However, the lowest value was
obtained without applying biostimulant,
13,558 kg, representing a variation of
16.6%, which is 2,255 kg per hectare.

These results may be related to the
cell multiplication action promoted
by the phytohormones present in the
biostimulant during initial development
stage (Taiz et al., 2017) of sweet corn
plants, since determining the maximum
number of kernels is established in
stage V3 (Magalhaes & Duraes, 2006).
In this sense, Dourado Neto et al.
(2014) observed a similar situation in
which application of Stimulate 10X
(1.0; 1.5; 2.0 mL kg') in corn seeds
positively influenced the number of
rows and number of kernels per ear
when compared to the control treatment
without biostimulant application.

The cellular differentiation and
division during the plants vegetative
development is significantly affected
by the flow of intracellular auxin. This
flow allows the maintenance of adequate
levels of this phytohormone which is
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Figure 1. Plant height (HP), first ear insertion height (EH) (A) and stem diameter (B) of
sweet corn plants under different biostimulant doses (mL kg™!) applied to the seeds. Chapadéo

do Sul, UFMS, 2013.
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responsible for numerous developmental
responses (Schaller ef al., 2015). In
addition, the interaction between
auxin and cytokinin governs virtually
all aspects of apical root meristem
development and, consequently, the
growth of the root system (Schaller et
al., 2015), influencing the absorption of
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water and nutrients.

Considering the dose of 12.4 mL
kg!, where the largest plant population
was reached, for the number of ears per
hectare and mass of ears with straw,
the values obtained were 15,678 kg
and 61,039 ears, respectively. These
values represent a negative difference
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Figure 2. Final plant population (Pop) (A), number of ears (NE), mass of ears with husk
(MEW), mass of ears without husk (MEN) (B) and ear index (C) of sweet corn under different
biostimulant doses (mL kg') applied to the seeds. Chapadao do Sul, UFMS, 2013.
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of 135 kg and 418 ears, when compared
to the doses of 15.7 and 16.4 mL kg,
which promoted the highest number
of ears per plant and mass of ears with
straw. Despite the small difference, this
represents a value of about R$100 per
hectare.

The highest yields of ears were
reached using biostimulant doses close
to the best doses for stem development,
characterizing a possible relationship
between these variables. This occurs
because a better stem structure may
reflect increased kernel quality and yield
through efficient use and translocation
of carbohydrates to the kernels, since
these events are negatively influenced
by factors such as plant bedding (Pariz
etal., 2011).

Positive correlation was observed
between most of the studied variables.
Only among the variables index of ear
with stem diameter, number of ears
per hectare, ear mass with straw and
ear mass without straw, between ear
mass with straw and without straw and
between number of ears per hectare
and stem diameter no significance was
observed for the correlations (Table 1).
The mass of ears with straw, which is
the main economic return variable for
the producer, was positively correlated
with plant growth characteristics, in
addition to the final plant population
and number of ears per hectare. This is
a strong indication of the importance of
seeking to improve other characteristics
in the plant or crop in order to achieve
higher yields.

There is recommended that ears with
husk mass is greater than 12 t ha' for
corn destined for in natura consumption
(Pereira Filho et al., 2003). In this
context, all treatments reached higher
productivity than this indication, with a
general average of 15,061 kg ha™'. Even
in the absence of Stimulate application,
ears with husk productivity was above
the recommendation of 13,558 kg ha''.
This higher value was expected because
of'the highest plant density used (74,000
plants ha'), compared to the other study
cited above (50,000 plants ha™').

For yield of ears without husks,
biostimulant application of 15.4 mL
kg culminated in 11,444 kg ha’', a
value higher than that obtained by
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Albuquerque et al. (2008) who obtained
an average of 10,195 kg ha'' of ears
without straw with the same hybrid
and a population of 50,000 plants ha™.
The production behavior observed for
the ears without husk was similar to
that obtained for ears with husk, with
reduced productivity at doses above
15.4 mL kg' and in the absence of
biostimulant (Figure 2B).

The highest ear index was reached
with the biostimulant dose of 12.5 mL
kg1, reaching 0.89. The lowest ear index
was obtained at the highest applied dose
(28 mL kg™), at which time the index
reached 0.79, representing a variation
of 12.7% (Figure 2C). Higher ear
indices result in better utilization of the
planted area, since they indicate that it
is possible to obtain higher yields with
an equal or smaller number of plants.

The results are once again linked to
the phytohormone action during the early
germination and plantlet establishment.
The production characteristics (defined
during the V3 stage) are dependent
on the nutritional, physiological and
environmental conditions in which the
crop is found (Magalhdes & Duraes,
2006). Thus, in addition to the direct
physiological effect on cell division and
expansion maximized by the presence of
the hormone compounds present in the
product (Taiz et al., 2017), the effects
on root development both in size and
in accumulating matter (Cunha et al.,
2016) contribute to soil exploitation by
the plant, increases water and nutrient
absorption capacity, and consequently
improves vegetative and reproductive
development conditions.

The negative effects observed in
this work when applying high doses of
biostimulant may be reflexes from the
action of indolbutyric acid (IBA) and
kinetin. When there are occurrences
of levels above the optimal auxin and
cytokinin levels in plant tissues, even
though these phytohormones are part
of the complex activity of cell division,
there may be a marked effect on organ
growth inhibition such as the stem,
leaves and the ears (Taiz ef al., 2017).

Specifically, in the case of auxins
the deleterious effects are triggered
by the formation of reactive forms of

oxygen and, from these, the occurrence
of oxidative degradation, senescence
and cell death are observed (Pazmifio
et al., 2012). This effect is widely used
in agricultural production systems for
weed control (Grossman, 2010). In this
way, the definition of optimum doses
becomes essential in order to avoid
productive and economic losses.

When used rationally,
phytohormone-based biostimulants may
favor economic gains. It is observed that
their use in different cultivated species
results in increased productivity, as
carrot (Avila et al., 2016), corn (Martins
etal.,2016) and soybean (Bertolin et al.,
2010). In this sense, sweet corn is also
included, for which there was a small
share of the costs with the application of
biostimulants and a significant increase
in the monetary return (Jesus et al.,
2016).

The financial return that can be
obtained with the use of biostimulant
can be simulated considering the current
product price at R$90 per liter and
the value received per kg of corn ears
with husk at R$0.74. Under these
conditions, at a dose of 16.4 mL kg
which resulted in 15,813 kg ears, the
control produced 13,558 kg, resulting
in a favorable treatment difference of
2,255 kg. Expenditure on the use of the
product was R$30 per hectare and the
final profit obtained reached, therefore,
R$1,638.70 per hectare with the use of
biostimulant.

Based on the results observed
in the study, we concluded that the
use of biostimulant results in gains
in the vegetative and reproductive
development of sweet corn. The range of
biostimulant doses that allowed positive
results varied from 12.4 to 16.4 mL
kg'. Individually, the responses of the
variables to the best dose was 12.4, 15.3,
13.7,12.4,15.7,16.4,15.4 and 12.5mL
kg, respectively for plant height, first
ear insertion height, stem diameter, final
population, number of ears per hectare,
ear mass with and without straw and
ear index. Considering that the ear with
straw is the product of sale and therefore
the source of economic return to the
producer, the dose of 16.4 mL kg is the
best indication in this regard.
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