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ABSTRACT: The use of prohexadione-calcium (ProCa) is a management alternative to mitigate greater predisposition to
vegetative growth. The objective of this study was to evaluate the use of ProCa in combination with two doses of nitrogen
fertilizer in cover, in the morphophysiological and productive performance of corn hybrids. Experiments were performed
with corn hybrids AS1757, ..., and AG9025, .. ... in a randomized block design, factorial 2x2, with four replications. The
treatments consisted of the application of nitrogen fertilizer in cover, 1x and 2x the recommended dose, and in the absence or
presence of the application of ProCa. The single effect of ProCa on the hybrid AS1757, ... increased the SPAD index by 20%;
in the AG9025, .., hybrid there was a reduction of 8.6 cm in the height of ear insertion and increments of 2.2 mm in the stem
diameter. The application of ProCa with 2x N ha™' increased, on average, 8.2% the number of leaves of the AS1757 ... hybrid
compared to the application to 1x N ha™'. There is single effect of ProCa on morphophysiological characteristics in the tested
hybrids, but without affecting its grain yield. The use of ProCa in association with 2x N ha' does not mitigate the vegetative
growth in the genotypes, sown late in the South of Brazil.

Key words: growth retardant; plant lodging; vegetative growth; Zea mays L.

Desempenho agrondémico de hibridos de milho a aplicacao
de proexadiona calcica e nitrogénio em cobertura

RESUMO: O uso de proexadiona célcica (ProCa) € uma alternativa de manejo para mitigar maior predisposi¢éo ao crescimento
vegetativo, no entanto, h& poucas informagdes quanto ao uso de ProCa em associagcdo com a adubacéo nitrogenada em
cobertura. Objetivou-se avaliar o uso de ProCa em associa¢do a duas doses de adubag&o nitrogenada em cobertura, no
desempenho morfofisioldgico e produtivo de hibridos de milho. Foram realizados experimentos com os hibridos de milho
AS1T57 1op0, € AGI025, . .., €M delineamento em blocos casualizados, fatorial 2x2, com quatro repetigdes. Os tratamentos
consistiram na aplicagéo de adubacg&o nitrogenada em cobertura, 1x e 2x a dose recomendada, e na auséncia ou presenca
da aplicagdo de ProCa. O efeito simples de ProCa no hibrido AS1757, ..., incrementou em 20% o indice SPAD; no hibrido
AG9025, ..., houve redugdo em 8,6 cm na altura de insergéo de espiga e incrementos de 2,2 mm no didmetro do colmo. A
aplicagéo de ProCa com 2x N ha' incrementou, em média, 8,2% o nimero de folhas do hibrido AS1757, ..., em relagéo a
aplicagdo a 1x N ha''. Ha o efeito simples de ProCa sobre caracteristicas morfofisioldgicas nos hibridos testados, mas sem
afetar o rendimento de graos. O uso de ProCa em associagdo a 2x N ha™' ndo mitiga o crescimento vegetativo nos genétipos
utilizados, semeados em época tardia na Regido Sul do Brasil.

Palavras-chave: fitorregulador; acamamento de plantas; crescimento vegetativo; Zea mays L.
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Introduction

Corn (Zea mays L.) is one of the most consumed and
produced cereals worldwide, and its productive potential
is linked to factors such as the chemical composition and
nutritional value of the grain. In Brazil, cultivation ranges
from small properties to large commercial plantations;
according to Conab (2020), national production of 100.48
million tons is estimated for the 2019/2020 harvest, with
average productivity of 5.5 t ha; obtained through the set of
management techniques to achieve high productive ceilings.
One technique is the use of modern hybrids coupled with
modifications in plant arrangement, intensification of nitrogen
fertilization, and the use of products aimed at maximizing
productivity (Kolling et al., 2019).

Therefore, most Brazilian soils are inefficient in the
availability of nitrogen (N) required by some crops, which
is required in larger quantities in Poaceae, requiring
nitrogen application at sowing and top dressing, in order to
complement the needs in periods of greater crop demands
(Sangoi et al., 2016). The recommendation of the nitrogen
fertilizer dose should be as accurate as possible to express
the maximum vyield potential and a good cost/benefit
ratio, in order to provide a lower environmental impact.
Nutritionally some of the beneficial effects provided by
nitrogen fertilization highlight the essentiality in physiological
processes, maintenance of photosynthetic activity, growth
and development of reproductive sinks (Taiz et al., 2017),
however, the increased availability of N intensifies vegetative
growth and promotes undesirable adversities, such as lodging,
as well as environmental adversities such as soil acidification,
and contamination of the water table via leaching and erosion.

Excessive growth increase, in plant height and ear
insertion height, are morphological characteristics that may
indicate pre-disposition to lodging and breaking of corn
plants, intensified when combined with early summer sowing
in the South region of Brazil, corresponding to the end of the
agro-climatic zoning period for the Campos de Lages micro-
region, and under high plant density, due to lower water
availability, incident intensity of solar radiation during the crop
cycle, increased intraspecific competition for environmental
resources (water, light, and nutrients), resulting in reduced
productivity and grain quality (Kolling et al., 2019).

In species of the Poacea family, phytoregulators are
commonly used, which have been an ally in strategies to obtain
high grain yields in high-tech crops. The use of phytoregulators
inhibiting the biosynthesis of active gibberellins acts on plant
architecture, reduces lodging and plant breakage, favors the
absorption of solar radiation, alters leaf dimensions and thatch
diameter, provides a larger root system benefiting water and
nutrient uptake (Pricinotto et al., 2015), and mitigates abiotic
effects that reduce productivity (Rademacher, 2015).

Among the active ingredients available is prohexadione-
calcium (ProCa) (3-oxide-4-propionyl-5-oxo-3-cyclohexene-
carboxylate), efficient phytoregulator to control branch
growth and increase productivity in fruit trees, being
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registered in Brazil for use in wheat, oats, barley, rye, triticale
(Mapa, 2019). According to Rademacher (2016) the ProCa
molecule alone or in association with other phytoregulators
inhibiting gibberellin biosynthesis currently represents the
best technical solutions for controlling vegetative growth and
plant lodging. Its use has already been tested on Oryza sativa
L. (Na et al., 2011), Triticum aestivum L. (Stefen et al., 2014),
Linum usitatissimum L. (Kim et al., 2018), and Zea mays L.
(Pinheiro et al., 2018; Carneiro Junior et al., 2021).

Nitrogen fertilization is an important practice to increase
the grain yield of corn and the phytoregulator ProCa is
used in Poaceae to control the vegetative growth of plants;
however, there is little information regarding the use of ProCa
application in association with the intensification of nitrogen
fertilization and its influence on the morphophysiological
and productive behavior of corn plants. The hypothesis
of this research is based on the fact that the application of
ProCa at the beginning of the accelerated elongation period
in corn plants, in association with twice the recommended
nitrogen fertilization, increases productive responses in the
different hybrids, restricts vegetative growth, confers higher
values of stalk diameter, reduces lodging and plant breakage,
and maintains photosynthetically active leaves during the
reproductive phase.

Thus, the objective was to evaluate the influence of the
use of the phytoregulator ProCa in association with two doses
of nitrogen fertilization applied in the vegetative phase, in the
responses of morphophysiological and productive parameters
of two corn hybrids sown in early summer in southern Brazil.

Materials and Methods

The experiments were conducted in the experimental
area of the Universidade do Estado de Santa Catarina —
Centro de Ciéncias Agroveterinarias (UDESC — CAV), in the
period from December 28, 2018 (sowing) to May 15, 2019
(harvest), in the municipality of Lages, SC, Brazil, located in the
southern plateau region of the state of Santa Catarina, under
geographical coordinates of 27°47°03” S, 50°18’07” W and
average altitude of 930 m. According to the Kdéppen-Geiger
classification, the region climate is of type Cfb, mesothermal,
with mild summers, average temperatures of the hottest
month below 22 °C, and well distributed rainfall during the
year.

The meteorological data were obtained from the Instituto
Nacional de Meteorologia (INMET), collected at the automatic
station at the experimental station of the Empresa de Pesquisa
Agropecudria e Extensdo Rural de Santa Catarina (EPAGRI-
Lages). The information about maximum and minimum
temperatures, and daily rainfall during the experiment are
presented in Figure 1.

The soil of the experimental area is classified as Humudepts
(cambisol, humic-aluminic) (Santos et al., 2013). The chemical
properties of the soil, in the 0-20 cm layer, according to the soil
analysis performed in November 2018, are described in Table
1. Maintenance fertilization consisted of 505 kg ha™® of NPK
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12/ Vertical red lines indicate the sowing and harvest dates of the experiments, respectively.
¥ Vertical green and blue lines correspond to the application dates of prohexadione calcium (plants at phenological stage V7), in corn hybrids AG9025

and AS1757,

VTPRO3 R0y ESPECtiVElY.

Figure 1. Daily rainfall and maximum and minimum temperatures during the experiment (sowing in Dec., 28*; harvest in May,

159%¥), Lages, SC, Brazil, 2019.

Table 1. Chemical analysis of the soil of the experimental area of UDESC-CAV. Lages, SC, Brazil, 2019.

V = base saturation; OM = organic matter; P Mehlich-I = official phosphorus extraction from soil in Southern Brazil; CEC = cation exchange concentration; pH = hydrogen potential;

H*+AI** = exchangeable aluminum.

fertilizer, formulation 5-20-10 (N-P,0.-K,0), distributed close
to the crop rows, following the technical recommendations of
CQFS-RS/SC (2016), aiming to obtain yields of 12,000 kg ha™.
Each experimental unit consisted of three 7.5-m rows, with
0.4-m spacing between rows. The central line was considered
the useful area, totaling 3 m?, discarding the two outer rows.
The soil was prepared in the conventional way, plowing and
harrowing. Sowing was performed mechanically at a density
of 100,000 plants ha?, depositing the seeds at a distance
of 0.25 m, using the hybrids AS1757 ., early cycle; and
AG9025, . ., super-early cycle, both characterized by stability
in growing environments. When the plants were between
the phenological stages of two to three fully expanded
leaves V2 and V3, respectively, thinning was carried out to
adjust the desired population densities. To obtain precise
management indications and specific recommendations of
the phytoregulator alone or in association with nitrogen
cover dressing, each hybrid (AS1757 . . and AG9025 .. )
consisted of one experiment and were analyzed separately.
The experimental design adopted was in randomized
blocks, in a 2x2 factorial scheme, with four repetitions. The
first factor consisted of two doses of nitrogen in the form
of urea, 274 kg of N ha?, applied in a single dose at the V4
stage; and 548 kg of N ha, divided equally into two seasons,
at the V4 and V6 stages of the Ritchie et al. (1993) scale.
These doses are equivalent to 1x and 2x times, respectively,
the recommended nitrogen dose for obtaining the desired
yield potential of 12 t ha™. The second factor represented two
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doses of the growth phytoregulator ProCa, being the doses:
0 (no application) and 100 g active ingredient (a.i.) ha of the
commercial product (c.p.) Viviful° WG, applied in a single dose,
at the V7 stage using a constant pressure sprayer of 30 lb pol?,
pressurized by CO,, calibrated for a spray volume equivalent
to 200 L ha™.

Weeds were controlled in post-emergence when the
plants were at the V3 and V6 stages, using the product
based on atrazine + simazine (Primatop®) at a dose of 6 L
ha* c.p., and mesotrione (Callisto®) at a dose of 300 mL ha™*
c.p., respectively. The insecticides were also applied, with
thiamethoxam and lambda-cyhalothrin (Engeo Pleno®) at
a dose of 250 mL hal c.p, when the plants were at the V3
stage, and imidacloprid and beta-cyfluthrin (Connect®) dose
of 500 mL ha? c.p. at the V5 stage, both for the control of
the green-bellied bug (Dichelops furcatus) and the cartridge
caterpillar (Spodoptera frugiperda), all performed following
recommendations for the corn crop.

The relative chlorophyll content was determined by reading
with a Konica Minolta® SPAD (Soil Plant Analysis Development)
502 plus portable meter, using readings in the middle third of
the index leaf; and the normalized difference vegetation index
(NDVI), taken at the plant canopy leaves, the third or fourth
leaf above the ear, using the PlantPen NDVI-300 handheld
sensor. Phytometric evaluations were performed, such as
plant height (distance measured from the surface to the tip of
the stalk), and ear insertion (measured from the distance from
the soil surface to the main ear), both measured with the aid
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of a tape measure in cm; stalk diameter (determined at the
second internode above ground, from the base of the plant)
was determined using a digital pachymeter; A ruler graduated
in cm was used to measure the length and width of the leaf
opposite the ear, and the leaf above the ear. Also, the total
number of green leaves was determined by direct counting
on the plant. All evaluations were measured on plants that
were at the R1 stage (budbreak and pollination) on five plants
with previously identified phenological and morphological
uniformity at the V5 stage in each experimental unit.

At the physiological maturity of the crop, the number
of lodged and broken plants was counted within the useful
area of the plot, by dividing the number of lodged and
broken plants by the total number of plants in the useful area
multiplied by 100. Being considered bedridden plants, whose
stalk formed an angle of less than 452 with the surface of the
soil and broken plants that presented rupture of the stalk
below the ear.

Harvesting was performed mechanically on May 15, 2019,
collecting all ears contained in the useful area and evaluating
the productive performance, obtained by counting the final
plant population and respective number of ears per plant.
Then the grain yield components were determined, by
collecting five ears of grain from the useful area of the plot
to check the number of grains per ear and thousand grains
weight, as well as the hectoliter weight. To determine the
grain yield, in tons ha?, the grains were placed in paper bags
and stored in an oven, under ventilation and temperature of
65 2C, until they reached constant mass. The weights obtained
from the dry weight of grain harvested from the useful area
of the plots were converted to one hectare, after correction
based on 13% moisture content.

The data were previously tested for homogeneity and
normality at 5% significance level, Bartlett and Shapiro-Wilk,
respectively, and then analysis of variance (ANOVA) by the
F test at 5% significance level. The multiple comparisons of
means test used was Tukey (p < 0.05). Statistical analyses were
performed with the statistical software Sisvar version 5.6 for
Windows (Ferreira et al., 2014). Pearson correlation analyses
between the variables under research were performed using
the statistical analysis language and computing environment
with R Core Team (2019).

Results

The results of the analyses of variance for hybrid
AS1757 ... report significant effects for the interaction
between nitrogen (N) and prohexadione (ProCa) doses for the
variables normalized difference vegetation index (NDVI), plant
height (PH), number of green leaves (NGL), lodging + breaking
index (LBI), number of grains per ear (NGE), and hectoliter
weight (HW). As for hybrid AG9025 . only the variables
number of grains per ear (NGE) and thousand grains weight
reported N x ProCa interaction (Table 2).

The NDVI of hybrid AS1757 . in the absence of the
application of the phytoregulator ProCa and the application
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of 548 kg of N ha’, corresponding to twice the recommended
dose of nitrogen (2x), showed an increase of 4.5% in this
index compared to the recommended dose of N. Twice the
recommended dose of nitrogen, regardless of the presence
and/or absence of ProCa did not show any statistical
difference between the means for NDVI. Whereas, at the
recommended dose (1x) of nitrogen, corresponding to 274 kg
ha, the application of ProCa promoted a 3.1% increase in the
vegetative index in relation to the absence of ProCa (Table 3).

The PH showed a difference in relation to the N fertilization
when the phytoregulator was applied to hybrid AS1757 .
(early-cycle). The ProCa product restricted plant height
growth at the recommended dose of N, a reduction of 13.6
cm compared to twice as much N. A restriction of 11.6 cm
in PH was observed with the application of ProCa at the
recommended N fertilization. There was no influence in PH to
using or not using ProCa with double nitrogen application on
the number of green leaves (Table 3).

An increase in green leaves was obtained in hybrid
AS1757 ... by applying twice as much nitrogen, in the
absence or presence of the application of ProCa in relation
to the recommended dose. However, there was a statistical
difference only when the phytoregulator was applied, with an
average increase of 1.8 leaves in relation to the recommended
dose. The application of ProCa also increased 1.1 green leaves
compared to no application, but only in association with twice
as much nitrogen fertilizer (Table 3).

For hybrid AS1757VTPRO3 the application of ProCa
increased an average of 200 grains per ear compared to no
ProCa in the double N fertilization, the association of ProCa
with double the dose reported an average of 501.1 NGE.
Double the nitrogen fertilization increased by 151 grains per
ear compared to the recommended dose of N in the presence
of ProCa for the same hybrid aforementioned above (Table
3). Similar behavior was observed for HW, with an increase
of 6.7 kg 100L! in the application of ProCa when fertilizing at
twice the recommended nitrogen dose, and of 4.7 kg 100L* in
the presence of ProCa in relation to the absence at twice the
recommended dose (Table 3).

The number of NGE of hybrid AG9025 . .
behavior compared to hybrid AS1757 ., the recommended
dose of nitrogen with ProCa application increased an average
of 64 grains per ear compared to twice the recommended
dose of N in hybrid AG9025 . . (super-early). As for TGW,
there was no distinction between the treatments without
and with ProCa application. However, the highest thousand-
grain weight was obtained in the treatment with double the
nitrogen fertilizer cover, both in the absence and presence of
ProCa, 44.5 and 40.2 g higher than the recommended dose,
respectively, in hybrid AG9025, . .. (Table 3).

The simple effects of the factors on hybrid AS1757 .
are shown in Table 4. Regarding the simple effect of N doses,
it was observed that the application of twice the amount of
nitrogen in covering increased the relative chlorophyll content
in the leaves of corn plants of hybrid AS1757, . ., an increase
of 31%. An increase of twice the N dose in relation to the

showed distinct
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Table 2. Summary of the analysis of variance, mean square values, and significance, for the variables normalized difference
vegetation index (NDVI), relative chlorophyll index (SPAD), plant height (PH), ear insertion height (EIH), stem diameter (SD),
number of green leaves (NGL), length and width of the leaf opposite the ear (LLO; WLO), length and width of the leaf above the
ear (LLA; WLA), Lodging + breakage index (Lodg), number of ears per plant (NEP), number of grains per ear (NGE), thousand
grains weight (TGW), grain yield (GY), and hectoliter weight (HW), for hybrids AS1757 . and AG9025 ., subjected to two
doses of nitrogen and two doses of prohexadione calcium in the 2018/2019 crop. Lages, SC, Brazil, 2019.

** e * = differ statistically by the F-test at (p < 0.01) and (p < 0.05), respectively; ns = Not significant (p 2 0.05); SV = sources of variation; DF = degrees of freedom; CV% = coefficient

of variation. ¥= Indicates that the values of the characteristics that were transformed prior to the ANOVA.

recommended dose was observed for LLO, WLO, LLA, and
WLA. The lodging + breaking index reported an increase of
2.52% when twice the dose of N was applied. NEP increased
by 0.3 ears per plant at twice the dose of N compared to the
recommended dose. Grain yield increased, on average, by
2.46 t ha't when twice as much nitrogen fertilizer was applied.
A simple effect of applying or not ProCa was observed for the
SPAD index variables, a 20% increase when the phytoregulator
was applied. No lodging + breaking of corn plants was observed
in hybrid AS1757 . in the ProCa applied plots.

The simple effects of the factors on hybrid AG9025 . . are
described in Table 5. Applying twice the amount of nitrogen
in the top dressing increased the relative chlorophyll content
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in the leaves of corn plants of hybrid AG9025, .. ., as well as
AS1757, .0, @n increase of 19%. The application of ProCa
resulted in growth restriction of 8.6 cm in ear insertion height,
2.2 mm increments in thatch diameter, 0.7 cm in the width of
the leaf above the ear in corn plants, and 63% in the number
of ears per plant.

Pearson correlation study showed a high association of
the variables involving the optical measurements (SPAD and
NDVI) on the leaves opposite and above the ears, number of
green leaves, regarding the productive performance and the
industrial quality of the grain in hybrid AS1757 . (Figure
2) compared to AG9025 . .. The chlorophyll present in the
leaves can be affected by the variability of the genotypes,
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Table 3. Effects of interactions of applications of nitrogen doses and doses of prohexadione calcium in corn hybrids AS1757

and AG9025 Lages, SC, Brazil, 2019.

VTPRO3"

VTPRO3

Averages followed by the same letter, lower case in the column and upper case in the row, do not differ statistically, by Tukey test (p > 0.05). MSD: minimum significant difference. DR:
recommended dose; DD: double the recommended dose; NDVI: normalized difference vegetation index; PH: plant height; NGL: number of green leaves; NGE: number of grains per

ear; HW: hectoliter weight; TGW: thousand grains weight.

Table 4. Simple effects of N and ProCa on hybrid AS1757

VTPRO3’

for the variables normalized difference vegetation index (NDVI),

relative chlorophyll index (SPAD), plant height (PH), ear insertion height (EIH), stem diameter (SD), number of green leaves
(NGL), length and width of the leaf opposite the ear (LLO; WLO), length and width of the leaf above the ear (LLA; WLA), Lodging
+ breakage index (Lodg), number of ears per plant (NEP), number of grains per ear (NGE), thousand grains weight (TGW), grain

yield (GY), and hectoliter weight (HW). Lages, SC, Brazil, 2019.

Averages followed by the same letter, in the column, do not differ statistically, by Tukey test (p = 0.05). MSD: minimum significant difference.

evaluation stages, sampled leaves, crop management and
development, and especially the form, amount, and timing
of nitrogen fertilizer application. The increase in chlorophyll
content in the leaves at the application of twice the
recommended dose of nitrogen in both hybrids tested is due
to the nitrogen present in the chlorophyll for photosynthetic
activity (Figure 2). From the higher number of correlations
(significant by t-test; p < 0.05) observed in hybrid AS1757

VTPRO3

Rev. Bras. Cienc. Agrar., Recife, v.16, n.4, e8919, 2021

it proved more responsive to nitrogen treatments, ProCa and
in N x ProCa interactions, than AG9025

VTPRO3"

Discussion

The relative chlorophyll content associated with NDVI
is an indication of conversion of light energy into chemical
energy, i.e. into photoassimilates (Kolling et al., 2019). Thus,
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Table 5. Simple effects of N and ProCa on hybrid AG9025, .. .., for the variables normalized difference vegetation index (NDVI),
relative chlorophyll index (SPAD), plant height (PH), ear insertion height (EIH), stem diameter (SD), number of green leaves
(NGL), length and width of the leaf opposite the ear (LLO; WLO), length and width of the leaf above the ear (LLA; WLA), Lodging
+ breakage index (Lodg), number of ears per plant (NEP), number of grains per ear (NGE), thousand grains weight (TGW), grain
yield (GY), and hectoliter weight (HW). Lages, SC, Brazil, 2019.

Averages followed by the same letter, in the column, do not differ statistically, by Tukey test (p = 0.05). MSD: minimum significant difference.

Abbrevviations: SD: stem diameter; EIH: ear insertion height; PH: plant height, NDVI: normalized difference vegetation index; SPAD: relative chlorophyll index; NGL: number of green
leaves; LLO, WLO: length and width of the leaf opposite the ear, LLA, WLA: length and width of the leaf above the ear; LOGD i: Lodging + breakage index; NEP: number of ears per
plant; NGE: number of grains per ear; TGW: thousand grains weight; GY: grain yield; HW: hectoliter weight.

Figure 2. Pearsons correlation values between morphoagronomic characters in the hybrid a) AS1757 PRO3, and b) AG9025

PROS3, in the average of two nitrogen doses and absence/presence of ProCa application.

nitrogen acts in the structural and functional integrity of
photosynthesis, and by being part of proteins and chlorophylls,
and also acts in the maintenance and preservation of source
tissues, prolonging longevity, and delaying leaf senescence
(Taiz et al., 2017).

Nitrogen is part of the chlorophyll molecule directly
influencing its biosynthesis and consequently the shade of
green coloration of light absorption by the canopy, together
with leaf area and leaf angle that under conditions of greater
nitrogen availability, can optimize photosynthetic activity, and
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consequently the integration of molecular structures and the
action in some steps of the reactions that provide the synthesis
of chlorophyll pigments that confer green color (Taiz et al.,
2017). The influence of ProCa on the increase in chlorophyll
content in hybrid AS1757 PRO3 can be explained by the increase
in chlorophyll content present in the leaf tissues per unit area
and/or volume, a reflection of the inhibition of vegetative
growth with the application of the phytoregulator. This response
was also observed by Espindula et al. (2009) when applying the
phytoregulator trinexapac-ethyl to the wheat cultivar Pioneiro.

7110



Agronomic performance of mayze hybrids under application of prohexadione-calcium and nitrogen topdressing

Regarding PH, EIH, and SD, lower heights and larger
diameters may be associated with a lower risk of lodging and/
or cane breakage. Dartora et al. (2013) reported that corn plant
height obtains high variance when subjected to increasing doses
of N, and that the behavior of growth curves varies according
to the phenological stage of the crop. When in the vegetative
stage, there is a stabilization near 120 kg of N ha, while in the
reproductive stage this curve is linearly increasing. According to
Zagonel & Ferreira (2013) plant height is the main phytometric
characteristic that the application of vegetative growth
inhibiting phytoregulators alters. Mendes Fagherazzi et al.
(2018) reported that the phenological stage of the crop at which
the phytoregulator was applied also influences the final height
of corn plants, being of greater sensitivities to the product when
applied to corn plants between the V6 and V7 stages. In addition,
factors such as species, genotype, canopy architecture, and
climatic conditions and management also influence its action.
In study on rice crop (Na et al., 2011), flax (Kim et al., 2018) and
wheat (Stefen et al., 2014) corroborate with the results of this
research on the efficiency of ProCa in restricting the longitudinal
growth of the main stem of the plant. The lack of response in PH
in hybrid AG9025,_, .. may be due to its super-precociousness,
a cycle characterized by a lower requirement in thermal heat
units to reach flowering, and one in which it generally exhibits
less thatch growth. However, ProCa restricted growth in EIA and
increased CD in AG9025 . ., which may have compensated for
the final plant height due to the growth of internodes positioned
above the ear.

According to Leolato et al. (2017) smaller EIG, from an
agronomic point of view, would be more advantageous
because they allow the center of gravity to be closer to the
ground, being more balanced, favoring nutrient uptake,
synthesis of assimilates for grain production, and coupled with
the increase in thatch diameter, reduces the pre-disposition
to lodging and thatch breakage. Stronger basal internodes
with larger diameters are important traits for evaluating
thatch lodging in cereals (Ye et al., 2015). In the present study,
ProCa significantly increased basal internode diameter of the
thatch in hybrid AG9025 ., however, due to the low mean
lodging values and lower final plant heights, the change in SD
and PH did not allow confrontation as to lodging. Na et al.
(2011) observed that the rate of lodged plants in rice crop was
significantly reduced with the application of ProCa alone or
in association with other phytoregulators. This performance
of the hybrids proves the efficiency of prohexadione in acting
on the intercalary meristems of corn plants and preventing
the complete elongation of internode length, which restricted
the complete growth in plant height (AS1757 ) and in ear
insertion height (AG9025 . ).

The compensatory effect on the components number of
grains per ear and thousand grains weight is of fundamental
importance for the technical recommendations of nitrogen
fertilization aiming to increase grain yield. Nitrogen influence
on traits such as NGE and TGW is also depicted, contributing to
increased protein percentage and in ear weight gain, providing
higher yields (Lange et al., 2014). Based on the observations
regarding the number of grains per ear and thousand grains
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weight Pinheiro et al. (2018) observed no significant difference
between treatments with ProCa, however, the phytoregulator
at a dose of 200 g i.a. ha! provided a 7% increase when
compared to the control (0 g i.a. ha?), a fact also verified in
this work in hybrid AS1757, ..

Regarding HW, Stefen et al. (2014) observed in the
wheat crop, and extending this research to the corn crop,
this measurement is correlated with grain size and protein
content, in addition to the fact that a greater grains weight
obtains higher HW values, since HW is a relationship between
grain weight and volume occupied by these grains, it can also
serve as an indirect indicator of storage volume, i.e. higher
HW means lower storage volume, a fact observed in Pearson
correlation (Figure 2), regardless of the hybrid (Figure 2).

In the present study, the grain yield of hybrid AS1757 .
was higher on application of twice the recommended dose
of N. This may be due to nitrogen tending greater security
to high corn yields, which is related to the establishment of
reproductive drain capacity, and this as a function of grain
number and size. According to Souza & Soratto (2006) and
Carneiro Junior et al. (2021) the number of kernels per ear
correlates more strongly with corn grain yield than any other
productive component. In addition, biological yield estimation
also stands out as a simplified assessment of the complex
growth processes and environmental influences that affect
grain yield in corn plants.

Conclusions

Side dressing application of twice the recommended
nitrogen fertilization increases the grain vyield in the
AS1757, ..., hybrid, however, it intensifies the lodging and
breakage index in late-season maize plants in southern Brazil.

The application of ProCa in maize plants at stage V7 is
effective in reducing lodging and broken plants in early hybrid
(AS1757 ....), as well as increasing stalk diameter values in
super-early hybrid (AG9025 ), but it does not affect the
grain yield of the crop.

The application of ProCa associated with twice the
recommended nitrogen fertilization is responsive in the
AS1757, ..., Nybrid and efficient in increasing relative values
of NDVI, number of photosynthetically active leaves, grains

per ear and its weight of hectoliter.
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