Growth regulator and maize response to the increase in plant density
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Abstract — The objective of this work was to evaluate the effect of application of the growth regulator
Trinexapac-ethyl on maize response to the increase in plant density at two sowing dates. A field experiment was
carried out in the municipality of Lages, state of Santa Catarina, Brazil, during the 2014/2015 and 2015/2016
growing seasons. Two sowing dates (10/15 — preferential, and 12/5 — late), four plant densities (5, 7, 9, and
11 plants m), with and without Trinexapac-ethyl application, were tested. The growth regulator was sprayed
at a rate of 150 g a.i. ha!, when hybrid P30F53YH was at the V5 and V10 growth stages. The spraying of
Trinexapac-ethyl decreased the stem length above the ear insertion node at both growing seasons. Grain yield
ranged from 11,422 to 14,805 kg ha'!, and increased in a quadratic way with the increment in plant density.
The highest yields were reached when maize was sown in October. The spraying of Trinexapac-ethyl did not
affect grain yield, but decreased the 1,000 kernels mass at both sowing dates. The use of Trinexapac-ethyl
does not enhance grain yield of maize hybrid P30F53YH at crowded stands in response to the densification,
regardless of sowing time.

Index terms: Zea mays, grain yield, Trinexapac-ethyl.

Regulador de crescimento e resposta do milho
ao aumento na densidade de plantas

Resumo — O objetivo deste trabalho foi avaliar o efeito da aplicagdo do regulador de crescimento Trinexapac-
etil na resposta produtiva de milho ao incremento na densidade de plantas, em duas épocas de semeadura. O
experimento foi conduzido no Municipio de Lages, SC, nas safras agricolas 2014/2015 e 2015/2016. Foram
testadas duas épocas de semeadura (15/10 — preferencial e 5/12 — tardia), quatro densidades de plantas (5, 7, 9,
11 plantas m), com e sem aplica¢do do regulador de crescimento Trinexapac-etil. O regulador de crescimento
foi aplicado a dose de 150 gi.a. ha!, nos estadios V5 e V10 do hibrido P30F53YH. A aplicagdo do regulador de
crescimento diminuiu o comprimento do colmo acima da inser¢@o da espiga, nas duas safras. O rendimento
de grdos variou de 11.422 a 14.805 kg ha’!, aumentou de forma quadratica com a elevacdo da densidade
e foi maior para a semeadura em outubro. A aplica¢do de Trinexapac-etil ndo afetou o rendimento, mas
diminuiu a massa de 1.000 grdos nas duas épocas de semeadura. A utilizagdo do regulador de crescimento
Trinexapac-etil ndo aumenta o rendimento de grios do hibrido P30F53YH em resposta ao adensamento,
independentemente da época de semeadura.

Termos de indexagdo: Zea mays, rendimento de graos, Trinexapac-etil.

Introduction

The sowing density is the way of manipulating plant
arrangement that has the highest impact on maize
productivity because small changes in population can
substantially alter final yield (Piana et al., 2008). This
happens because maize, differently from other species
of the Poaceae family, has low vegetative plasticity
and limited capacity to compensate empty spaces
(Brachtvogel et al., 2009). Therefore, the increase in
plant density is an alternative to enhance the crop
efficiency to intercept solar radiation and to improve
its productivity.

However, the use of high plant densities increases
light competition, stimulates apical dominance of the
tassel over the ears, favors plant etiolation and reduces
stem diameter. Such morphological and physiological
modifications increment the percentage of lodged and
broken plants. This trend is accentuated when maize is
lately sown, at the end of spring, due to the reduction
of the period between crop emergence and tasseling,
the lower accumulation of stem stored compounds and
the poor development of plant roots (Serpa et al., 2012).

The use of cultivars with small plant height can help
mitigate the negative effects of crowding. Nonetheless,
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sometimes these cultivars are not available or they
are not adapted to the crop growth region. Therefore,
a search for alternative management practices to
overcome negative consequences of high densities,
such as the use of growth regulators, is needed
(Zagonel & Ferreira, 2013).

Growth regulators are synthetic compounds that can
be used to reduce the undesirable longitudinal growth
of plant shoot without decreasing its productivity
(Rademacher, 2000). Trinexapac-ethyl is a growth
regulator that inhibits the biosynthesis of gibberellins,
reducing stem length and plant height. These effects
were reported in maize by Fagherazzi (2015), Pricinotto
et al. (2015), and Durli (2016).

The application of Trinexapac-ethyl may fulfill the
expectations of maize growers who aim to enhance
the crop productivity using crowded stands or sow
maize late in the Spring and run the risk of having
yield losses due to stem lodging and breaking. This
growth regulator can also bring positive effects on
plant architecture, allowing greater interception of
solar radiation and, consequently, higher grain yield
(Zagonel & Fernandes, 2007).

Zagonel & Ferreira (2013), Fagherazzi (2015),
Pricinotto et al. (2015), and Durli (2016) evaluated the
response of maize hybrids to the use of Trinexapac-
ethyl growth regulator. The divergent results gathered
in these papers emphasized the need of a better
understanding of parameters related to the product,
application method (rate and phenological stage),
hybrid sensibility and effects on maize agronomic
traits. The present work was based on the hypothesis
that the growth regulator Trinexapac-ethyl increases
the response of maize grain yield to crowding,
especially at late sowing dates.

The objective of this work was to evaluate the effect
of application of the growth regulator Trinexapac-
ethyl on maize response to the increase in plant density
at two sowing dates.

Materials and Methods

A field experiment was carried outin the municipality
of Lages (27°50'35"S, 50°29'45"W, at 849 m altitude)
in the state of Santa Catarina, Brazil, during the
growing seasons of 2014/2015 and 2015/2016. The soil
in the experimental area was classified as a Nitossolo
Vermelho distréfico tipico (Santos et al., 2013), i.e., a
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Rhodic Kandiudox. The soil superficial layer, from 0
to 20 cm, presented in September of 2014 the following
phisico-chemical attributes: clay content, 560 g kg';
soil organic matter content, 60.0 g kg'!; water pH, 5.2;
pH SMP, 5.7; phosphorus, 4.4 mg dm?; potassium,
186 mg dm; calcium, 5.79 cmolc dm?3; magnesium,
2.47 cmolc dm3; aluminium, 0.2 cmolc dm3; cation
exchange capacity, 8.94 cmolc dm. The experimental
area was cropped with maize monoculture during four
years, following a winter coverage of black oat (4vena
strigosa), which was desiccated with glyphosate
herbicide in 09/14/2014 and 09/15/2015.

A randomized block design arranged in split-split
plots was used, with three replicates per treatment. Two
sowing dates were tested in the main plots: October
15th (preferential) and December S5th (late). Four
plant densities, equivalent to 5, 7, 9, and 11 plants m?,
were evaluated in the split plots. Treatments with and
without the application of the growth regulator were
assessed in the split-split plots. Each split-split plot
comprised four rows, 0.7 m apart and 6 m long. All
measurements were taken from the two central rows,
totalizing a useful area of 8.4 m?, and the two outer
lines were considered as border.

The experiments were hand planted in no-tillage
system, using manual seeders, over a dead coverage
of black oat. Three seeds of the early hybrid
P30F53YH were dropped per hole. On the sowing day,
30 kg ha' of N, 295 kg ha' of P,Os and 170 kg ha’
of K,O were applied to the soil surface, following the
recommendations of the Tedesco et al. (2004) in order
to reach a grain yield of 21,000 kg ha'. Urea, triple
super phosphate and potassium chloride were used as
N, P,Os and K,O sources, respectively. Nitrogen was
side-dressed in three seasons when plants were at the
V4, V8 and V12 growth stages, according to the scale
proposed by Ritchie et al. (1993), totalizing 300 kg
of N hal. The trial was thinned when plants were at
V3 to adjust plant density to the required value on
each treatment. Pest insects, disecases and weeds were
chemically controlled so that they did not interfere
with the crop agronomic performance. The experiment
was irrigated whenever soil moisture measured by
tensiometers was lower than -0.40 MPa.

The growth regulator Trinexapac-ethyl was applied
two times, when plants were at V5 and V10, using the
commercial product Moddus, at a rate of 150 g a.i.
in each application. The rates, growth stages and
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application amount of the growth regulator were
defined according to Fagherazzi (2015). The product
was pulverized over the crop top leaves with a CO,
backpack sprayer set to deliver a spray volume of
200 L ha'.

Leaf area index (LAI) was assessed at silking by the
relationship between leaf area and the space occupied
by one plant in each density. Plant height and ear
insertion height were determined at R3 (milk grain).
Length of the stem upper internodes was indirectly
estimated by measuring the distance between the
ear insertion node and tassel tip. Stem diameter was
determined on the harvest day using a digital caliper,
by sampling the middle part of the second expanded
internode above the plant surface, in the smallest and
largest diameter directions. All these variables were
evaluated using five phenologically uniform plants
that were previously tagged at V4 on each split-split
plot. The percentage of lodged and broken stems was
also estimated on the harvest day. Plants with stems

forming an angle smaller than 45° with the soil surface
were considered lodged. Plants that showed stem
rupture below the ear insertion node were considered
broken.

Harvests were carried out on 04/11/2015 and
05/30/2015, in the first growing season, and on
04/02/2016 and 05/02/2016, in the second growing
season, for the sowings performed on the recommended
and late date, respectively. Ears were manually
harvested and shelled, and kernels were oven dried at
60°C until they showed a constant mass. Grain yield
and its components (number of ears per plant, number
of grains per ear and mass of 1,000 grains) were
determined and expressed in a standard moisture of
130 g kg,

The data were statistically evaluated by variance
analysis, using the F test, at the significance level of
5% (Table 1). When F values were significant, averages
of the qualitative factors (sowing dates and growth
regulator application) were compared using the Tukey’s

Table 1. F test values, according to the variance analysis, for the variables of maize hybrid P30F53YH: ear insertion height
(EIH), plant height (PH), leaf area index (LAI), distance from the ear insertion node to tassel tip (DIS), stem diameter (SD),
plants lodged and broken (PLB), number of ears per plant (NEP), number of grains per ear (NGE), mass of 1,000 grains
(MTG) and grain yield (GY), as affected by the main effects of sowing date (SD), plant density (PD), growth regulator (GR)
and by the interaction between these factors, during the growing seasons of 2014/2015 and 2015/2016, in the municipality of

Lages, state of Santa Catarina, Brazil.

Variable SD PD GR SDxPD SDxGR PDxGR SDxPDxGR
2014/2015 growing season
EIH 0.41 4.46* 0.71 213 1.35 0.48 1.07
PH 347.49** 0.22 7.56* 1.42 2.10 3.01 1.25
LAI 5.53 232.74%%* 0.16 0.75 0.25 0.50 1.20
DIS 2,078.55%* 6.56%* 11.15% 0.07 0.12 1.39 0.42
SD 1.34 7.58%* 6.22% 0.64 0.28 2.10 1.82
PLB 6.44 1.68 0.39 2.80 0.36 0.57 0.59
NEP 125.87%* 61.94%* 0.02 4.43* 0.00 0.08 0.46
NGE 87.94%* 73.20%* 0.00 3.11 0.21 0.14 0.06
MTG 23.47%* 35.33%* 8.69%* 1.87 0.15 0.52 0.54
GY 158.45%* 9.53** 3.78 1.37 0.34 1.02 0.97
2015/2016 growing season
EIH 5.40 1.19 0.02 1.09 17.00%* 0.50 0.27
PH 1.92 1.79 15.75%* 2.03 29.61%* 0.99 1.33
LAI 2.16 413.49%* 1.41 2.69 2.11 0.53 0.91
DIS 0.19 2.17 33.59%* 0.99 7.41* 1.07 2.12
SD 16.68* 37.77%* 2.28 2.14 3.51 5.96%* 0.91
PLB 0.19 0.38 0.03 0.39 0.28 1.51 0.14
NEP 29.36%* 33.13%* 0.17 3.16 0.00 0.43 1.83
NGE 15.25% 50.75%* 1.59 6.11%* 0.02 0.26 1.04
MTG 4.56 34.78** 55.96%* 7.57%* 2.82 1.93 0.86
GY 20.78* 17.40** 1.96 8.30** 0.41 0.06 0.67

* and **Significant at 5 and 1% probability, respectively.
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test. Averages of the quantitative factor (plant density)
were assessed by polynomial regression analysis. Both
comparisons were conducted at the significance level
of 5%.

Results and Discussion

In the first growing season, plant population increase
promoted a linear increment of the ear insertion height
(Figure 1 A). There was a difference higher than 10 cm
for this variable between the lowest (5 plants m?) and
the highest (11 plants m?) plant density. In the second
growing season, the growth regulator application
decreased ear insertion height at the late sowing date
(Table 2). Fagherazzi (2015) and Pricinotto et al. (2015)
also observed reduction of ear insertion height with the
application of Trinexapac-ethyl.

In 2014/2015, the growth regulator reduced plant
height by 6.0 cm, based on the average of two sowing
dates and four plant densities, representing a 2.2%
decrease of this variable (Table 3). The plants sowed in
December showed a 45 cm average increment of plant
height, when compared to those sowed in October.
In the second growing season, the pulverization of
Trinexapac-ethyl diminished plant height at the late
sowing date and did not affect it when maize was
sown at the preferential time (Table 2). This behavior
complies with the present work hypothesis, which states
that the growth regulator effect on maize plant height is
more pronounced in late sowing dates. The reduction
of maize plant height with the use of Trinexapac-ethyl
was also reported by Fagherazzi (2015), Pricinotto et
al. (2015) and Durli (2016) and in other species of the
Poaceae family, such as wheat (Grijalva-Contreras et
al., 2012; Marco Junior et al., 2013; Chavarria et al.,
2015), rice (Arf et al., 2012; Alvarez et al., 2014) and
white oat (Kaspary et al., 2015).

The reduction of plant height under the influence of
this growth regulator is due to the inhibition of cellular
division and elongation. Trinexapac-ethyl inhibits the
enzyme 3-B-hydroxylase at the end of gibberellic acid
biosynthesis, dwindling the level of active acid GA1l
and enhancing its precursor GA20, which has lower
activity on cellular division and elongation (Davies,
2010).

In 2014/2015, the spraying of growth regulator
reduced the distance between ear insertion node and
tassel tip by 8 cm, representing a 6.2% decrease in
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the stem upper part length (Table 3). The sowing of
maize in December promoted a 47 cm increment in the
length of this variable, in comparison to October. The
increase of plant density decreased linearly the distance
from ear insertion node to tassel tip (Figure 1 B). In the
second growing season, the distance from ear insertion
node to tassel tip was smaller with the growth regulator
pulverization at both sowing dates — the preferential
and the late (Table 2). These results confirmed data
collected by Durli (2016), who also noticed reduction
of this variable with the application of Trinexapac-
ethyl. Therefore, in maize the larger effect of this
growth regulator occurs in the upper stem internodes
whereas in winter cereals, such as wheat and barley,
its restrictive effect is concentrated on the internodes
located at the lower part of the stem (Espindula et al.,
2010; Chavarria et al., 2015). Such differences in the
place where Trinexapac-ethyl acts may be related to
growth stage and the number of times the product
is applied. In wheat, the pulverization is integrally
carried out between the elongation of the 1 and 2™
internodes (Zagonel & Ferreira, 2013). In the present
work, Trinexapac-ethyl was applied two times, at V5
and V10.

The percentage values of lodged and broken plants
were low at all treatments. They ranged from 1.1 to
7.7% and were not significantly influenced by sowing
date, plant density or growth regulator application in
both studied growth stages (Table 1).

In 2014/2015, the pulverization of Trinexapac-ethyl
incremented the stem diameter by 0.5 mm (2.2%),
regardless of sowing date (Table 3). The increase of
plant density linearly reduced stem diameter of maize
(Figure 1 C). In the second growing season, plants
sowed at the recommended planting date had an
average increment of 0.93 mm in the stem diameter,
when compared to those of the late sowing date
(Table 3). In 2015/2016, plant density increase also
caused a linear reduction of stem diameter. However,
the angular coefficient of stem diameter reduction
with crowding was smaller when the growth regulator
was sprayed over the canopy (Figure 2 A). Zagonel &
Ferreira (2013) and Durli (2016) also observed distinct
responses of stem diameter when maize hybrids were
submitted to Trinexapac-ethyl. Despite stem diameter
is important to enhance plant resistance to lodging, in
wheat not always the response of this variable to the
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Figure 1. Ear insertion height (A), distance from the ear insertion node to tassel tip (B), stem diameter (C), grain yield (D),
and mass of 1,000 grains (E) of maize hybrid P30F53YH, as affected by plant densities, on the averages of two sowing dates
(10/15 and 12/05), with and without growth regulator Trinexapac-ethyl, in municipality of Lages, state of Santa Catarina,
Brazil, for the 2014/2015 growing season. Each bar represents the treatment average =+ the standard error.
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application of growth regulators is detected, even in
responsive cultivars (Zagonel & Ferreira, 2013).

In the first growing season, maize sowing at the
recommended planting date promoted a significant
grain yield increase of 3,595 kg ha’, representing
an increment of 32% when compared to the sowing
performed in December, on the average of four
plant densities, with and without growth regulator
application (Table 3). The enhancement of plant density
caused a quadratic increase of grain yield. The highest
productivity was 13,828 kg ha' and was achieved
with 8.8 plants m? (Figure 1 D). In 2015/2016, there
was also a quadratic response of grain yield to the
increment in plant density (Figure 2 B). Confirming
the results of the first growing season, higher yields
were obtained when maize was sowed during the
recommended date, in October, at all plant densities.

L.S. Leolato et al.

The highest yield values were gathered at the densities
of 10.1 and 7.9 plants m?, at the recommended and late
sowing dates, which registered grain productivities of
14,805 and 13,747 kg ha'!, respectively.

Figures 1D and 1B show that grain yield response
to plant density elevation above 7 plants m? was small,
regardless of Trinexapac-ethyl application. Such
behavior is probably due to the morphophysiological
traits of the genotype used in the trial. P30F53YH
is an early cycle hybrid that has decumbent leaves.
Hiper and super early hybrids with erect leaves and
short plant height are more responsive to crowding
than early hybrids with flagged leaves (Strieder et al.,
2008). When grown in low densities, P30F53YH has
the ability to emit productive tillers which can also
contribute to decrease plant density effects on grain
yield (Sangoi et al., 2011).

Table 2. Ear insertion height, plant height, and distance from the ear insertion node to tassel tip (DIS) of maize hybrid
P30F53YH, as affected by sowing date, with and without growth regulator Trinexapac-ethyl, on the average of four plant
densities, in the municipality of Lages, state of Santa Catarina, Brazil, at the 2015/2016 growing season‘”.

Sowing date Ear insertion height® (cm) Plant height (cm) DIS (cm)

With Without With Without With Without
Preferential (10/15) 159aA 151aB 254aA 251aA 95aB 100aA
Late (12/05) 147bB 154aA 239bB 260aA 91aB 105aA
Coefficient of variation (%) 4.29 3.06 5.55

(MAverages followed by the same letter, lower case in the column and upper case in the row, are not significantly different by the Tukey’s test at 5% pro-
bability. ®Variables measured at R3, according to the growth stage scale proposed by Ritchie et al. (1993).

Table 3. Plant height, distance from the ear insertion node to tassel tip (DIS), stem diameter, grain yield, and mass of 1,000
grains of maize hybrid P30F53YH, with and without growth regulator Trinexapac-ethyl, at two sowing dates, on the average
of four plant densities, during the growing seasons of 2014/2015 and 2015/2016, in the municipality of Lages, state of Santa

Catarina, Brazil®.

Variable Growth regulator Coefficient of Sowing date Coefficient of
With Without variation (%) Preferential Late variation (%)
2014/2015 growing season
Plant height (cm)® 266b 272a 2.94 246b 291a 3.10
DIS (cm)® 120b 128a 6.76 100b 147a 2.84
Stem diameter (cm) 22.83a 22.33b 3.13 22.81 22.36® 5.95
Grain yield (kg ha™) 12,696 13,263® 778 14,777a 11,182b 7.62
Mass of 1,000 grains (g) 379 390a 3.27 390a 380b 1.89
2015/2016 growing season
Stem diameter (cm) 23.12 23.409 275 23.73a 22.80b 3.39
Mass of 1,000 grains (g) 380b 396a 1.90 393 383@ 4.24

MAverages followed by the same lower case letter in the column are not significantly different by the Tukey’s test at 5% probability. ®Variables measured
at R3, according to the growth stage scale proposed by Ritchie et al. (1993). ®Main effect of plant density at 5% probability. “Main effect of interaction
between sowing date and plant density with and without growth regulator Trinexapac-ethyl at 5% probability.
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Another factor that might have reduced grain yield
response to the increment of plant density was the
crop productivity potential. The yields recorded in
the experiment were lower than 15,000 kg ha', even
with a fertilization management designed to reach
21,000 kg ha™'. According to Brachtvogel et al. (2009),
the higher maize potential productivity is, the greater
is the grain yield response to higher plant populations.

In 2014/2015, the 1,000 grains mass was higher at
the recommended than at the late sowing time, which
contributed to maize greater productivity when the crop
was sowed in October (Table 3). At the same growing
season, the 1,000 grains mass decreased linearly
with the increment of plant density (Figure 1 E). In
2015/2016, the 1,000 grains mass diminished with
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crowding at both sowing dates (Figure 2 C) and the
greater reduction rates occurred in the December
sowing. Similarly to the first year, the smallest
1,000 grains mass also accounted for the lower yield
of the late sowing, in comparison to the recommended
planting time (Figure 2 B).

The spraying of Trinexapac-ethyl reduced
1,000 grains mass at both growing seasons (Table 3).
There was a significant reduction of 11 g in 2014/2015
and 16 g in 2015/2016, on the average of two sowing
dates and four plant densities. Pricinotto et al. (2015)
and Durli (2016) also reported reductions of maize
1,000 grains mass with the application of this growth
regulator.
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Figure 2. Stem diameter (A) as affected by the interaction between growth regulator Trinexapac-ethyl and plant density, at
two sowing dates (10/15 and 12/05); grain yield (B) and mass of 1,000 grains (C) of maize hybrid P30F53YH as affected by
the interaction between sowing date and plant density, with and without the growth regulator, in municipality of Lages, state
of Santa Catarina, Brazil, for the 2015/2016 growing season. Each bar indicates the treatment average + the standard error.

Pesq. agropec. bras., Brasilia, v.52, n.11, p.997-1005, nov. 2017
DOI: 10.1590/S0100-204X2017001100005


http://dx.doi.org/10.1590/S0100-204X2017001100005

1004

In wheat, plants with smaller height, due to
application of Trinexapac-ethyl, mobilize their
photosynthetic compounds to the ear, enhancing
kernel mass and grain yield (Zagonel & Fernandes,
2007). The reduction of plant height makes it feasible
to increase the amount of nitrogen side-dressed to the
crop, which can also help boost the winter cereals grain
yield (Penckowski et al., 2010). The same pattern was
not observed in the present work, since plant height
reduction and canopy architecture modifications
decreased 1,000 grains dry mass. It is possible that the
changes on maize architecture caused by Trinexapac-
ethyl, with the reduction of stem upper internodes,
have damaged solar radiation interception of the leaves
above the ear. This behavior might have reduced the
production of photoassimilates during grain filling. In
addition to that, shorter internodes have lower amount
of stored compounds to translocate to kernels, which
may also have favored the development of lighter
grains (Fagherazzi, 2015).

This work was organized based on the hypothesis
that the growth regulator Trinexapac-ethyl reduces
plant height, mitigates stem lodging and breaking
problems and increases maize grain yield response to
the increment of plant density, especially at late sowing
dates. This hypothesis was not confirmed under the
experimental and environmental conditions in which
the experiment was carried out. The low response of
hybrid P30F53Y H to plant density, the grain yield values
below the experimental target productivities, the small
percentage of lodged and broken stems and the stem
upper internodes shortening promoted by this growth
regulator are the main factors that probably reduced its
benefits to the crop agronomic performance. Therefore,
new studies assessing rates, application growth stages
and hybrid kinds are necessary to evaluate the viability
of using Trinexapac-ethyl as an efficient management
strategy to enhance maize tolerance to crowding.

Conclusions

1. The application of Trinexapac-ethyl reduces stem
length above the ear insertion node and 1,000 grains
dry mass of maize hybrid P30F53YH, regardless of
plant density and sowing date.

2. The growth regulator Trinexapac-ethyl does not
affect grain yield response of maize hybrid P30F53YH
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to plant population increment, at the recommended
and late sowing dates.
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