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Abstract

Mowing is a fundamental management for turfgrass development. However, this operation has a higher cost, requiring alternatives
to mechanical handling, such as growth regulators use. Thus, the objective was to evaluate the use of paclobutrazol and phenoxa-
prope-P-ethyl as growth regulators in Carpet grass Plus®. The experiment was performed in full sun, in the northwest region of Sao
Paulo state, from January to March 2020. The grass used was planted in black plastic containers (50 x 17 cm, with a height of 15
cm, totalling 11 L of volume), previously prepared with a mixture of soil + sand (2:1). The experimental design was completely
randomized, consisting of two doses of paclobutrazol (1.0 and 2.0 mL L") + control and two doses of phenoxaprope-P-ethyl (6.25
and 12.5 uL L") + control. Leaf chlorophyll index, digital image analysis and fresh leaf mass were evaluated. It was observed that
for Carpet grass Plus®, there was paclobutrazol effect when used as a growth regulator, with the recommended dose of 2 ml L
due to its residual effect up to 35 days in reducing fresh mass, without changing the concentration of leaf chlorophyll and green
colour. Phenoxaprope-P-ethyl, on the other hand, had an effect as a growth regulator for the studied species, when used in the dose
of 6.25 uL L.
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Resumo
Potencial do paclobutrazol e fenoxaprope-P-etilico como regulador de crescimento em grama Sio Carlos Plus®

O corte ¢ o um manejo fundamental para o desenvolvimento do gramado. Contudo, essa operagdo apresenta um alto custo, sendo
necessarias alternativas ao manejo mecanico, tal como o uso de reguladores de crescimento. Assim, o objetivo foi avaliar o uso de
paclobutrazol e fenoxaprope-P-etilico como reguladores de crescimento em grama Sao Carlos Plus®. O experimento foi realizado
a pleno sol, no noroeste paulista, durante os meses de janeiro a margo de 2020. A grama utilizada foi implantada em contéineres de
plastico preto (50 x 17 cm, com altura de 15 cm, totalizando um volume de 11 litros), previamente preparados com a mistura de solo
+ areia (2:1). O delineamento experimental foi inteiramente casualizado, composto por duas doses de Paclobutrazol (1,0 e 2,0 mL
L'l) + controle e duas doses de fenoxaprope-P-etilico (6,25 e 12,5 uL L") + controle. Foram avaliados o indice de clorofila foliar,
analise por imagem digital ¢ massa fresca das folhas. Observou-se que para a grama Sdo Carlos Plus®, houve efeito do Paclobutra-
zol quando utilizado como regulador de crescimento, sendo a dose recomendada de 2 ml L' devido a seu efeito residual de até 35
dias na reducdo de massa fresca e seca, sem alterar a concentragdo de clorofila foliar e coloragdo verde. Ja o fenoxaprope-P-etilico
apresentou efeito como regulador de crescimento para a espécie estudada, quando utilizado na dose de 6,25 pL L.
Palavras-chave: Axonopus fissifolius, gramados, taludes.

Introduction sporting, ornamental and environmental lawns (Santos et
al., 2016, Souza et al., 2016; Oliveira et al., 2018).
The use of grass as a permanent vegetation covering In order to minimize environmental impacts resulting

on soil surfaces has been an agricultural practice made for ~from human activities and reduce the negative aspect of
several purposes, which can be landscape, recreational, these activities, which can result in soil modification and
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degradation, earthworks are performed, plant coverings
planting, where the use of turf is recommended (Antoniolli,
2019). The construction of roads and other works that require
earthmoving and with the occurrence of high precipitation
rate in short periods may lead to the maximization of
problems related to embankments instability (Castro et al.,
2015; Souza et al., 2016; Antoniolli, 2019). Slope recovery
through regreening technique (revegetation), in addition
to protecting the soil against direct rain impact, allows
the area to stabilize through plant root system, creating an
environment with deposition of nutritional organic matter,
and water conservative effect (Antoniolli, 2019). In Brazil,
the species most recommended for this purpose are those
that require low maintenance, due to slower growth and
have resistance to droughts (Godoy et al., 2012; Souza
et al., 2016) such as the native Carpet grass (4xonopus
fissifolius).

Carpet grass has its origin centre in South America,
in southern region of Brazil, where it is also known as
“Curitibana”. It is characterized by having a stoloniferous
growth habit, with broad and hairy leaves, with a bright
green colour (Godoy et al., 2012, Dias et al., 2015) and
‘Plus®” is indicated for projects that include areas in full sun
and also those with low light (Itograss, 2020). However,
mowing is necessary, as it avoids dry matter accumulation,
contributing to a lower risk of fire and its control, if
necessary (Affonso and Freitas, 2003).

However, according to Kreuser (2015), mowing may be
difficult due to the embankment slope, and also, resulting
in higher expenses (Santos and Castilho, 2018). Thus, an
alternative to this management would be the use of plant
growth regulators (Dinalli et al., 2015; Marchi et al., 2017,
Dias et al., 2019; Gazola et al., 2019). It has the function
slower the plant growth, without causing visible damage,
such as necrotic spots of phytotoxicity, discoloration or
thinning, but allowing the maintenance of its aesthetics and
characteristic green colour (Gazola et al., 2016; Dias et al.,
2019).

However, in Brazil does not have any product registered
as a growth regulator for grass, so it is necessary to search
for more information (Dias et al., 2019). Paclobutrazol is
a well-studied regulator, and registered for several species
of grass in the European Union (Semillas Fito, 2010)
and in the USA (McEloroy, 2012). It is a compound of
triazole group and reduces plant growth by blocking the
action of the enzyme ent-kaurene oxidase, which inhibits
the conversion of ent-kaurene to ent-kaurenol, which
prevents the formation of any type of gibberellin (Glab
et al., 2020). On the other hand, for several products such
as trinexapac-ethyl and prohexadione-calcium and the
herbicides, imazethapyr, metsulfuron-methyl, imazaquin
and glyphosate (Dinalli et al., 2015; Marchi et al., 2017;
Queiroz et al., 2017; Dias et al., 2019; Gazola et al., 2019)
there are reports as being used in lawns for growth control.
However, for phenoxaprope-P-cthyl (post-emergent
selective herbicide, which has phenoxaprope-P-ethyl as
an active ingredient, which acts as an ACCase enzyme
inhibitor) (Bayer, 2019) there is no use for this purpose.
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In this context, the objective was to evaluate the use of
paclobutrazol and phenoxaprope-P-ethyl doses as growth
regulators in Carpet grass Plus®.

Material and Methods

The experiment was conducted in the field, at Northwest
region of Sdo Paulo state (at the elevation of 335m), in full
sun, in a black plastic container, from January 21 to March
16, 2020 (Mean temperature of 26.8 °C, mean relative
humidity of 85.1% and accumulated precipitation of 385.2
mm).

Two chemical products were used: paclobutrazol (250
g L' of active ingredient) and phenoxaprope-P-ethyl (110
g L' of active ingredient). The experimental design chosen
was completely randomized, with three treatments and
three replicates for each product, on different evaluation
dates. Products were diluted in two concentrations being
1.0 and 2.0 ml L' + control (0 ml L") for paclobutrazol
and two concentrations (6.25 and 12.5 puL L") + control
(0 uL L") for phenoxaprope-P-ethyl. The doses obtained
were in accordance with manufacturers recommendations
(Bayer, 2019), corrected for the area of the experimental
plots.

For experiment installation, made on January 21%,
Carpet grass Plus® sod (4. fissifolius) were used, with a
dimension of 65 cm (length) and 40 cm (width) planted
on black plastic containers (50 cm x 17 cm, with a height
of 15 cm, totalling 11 L volume), previously prepared with
a mixture of soil and sand, proportion 2:1. On the same
day, fertilization with commercial product was performed,
10 g L' of products were diluted, and 2 L per container
was applied, as recommended by manufacturer; the
composition of fertilizer was: 13% N; 5% P,O,; 13% K O;
1% Ca; 0.04% B; 0.08% Mn; 1% Mg; 0.05% Cu; 0.005%
Mo; 5% S; 0.2% Fe and 0.15% Zn.

On January 29, 2020, after turfgrass mowing to
standardize the area, the product was applied. Weed control
was not necessary and watering was daily with 2 L of water
per container, in the late afternoon, using a watering can.

The evaluations assessed were:

a) Leaf chlorophyll index (LCI) reading were taken,
on at 7, 15 and 35 days after products application (DAA),
respectively. For this purpose, a manual chlorophyll meter
(at LEAF) was used, collecting at 3 points per experimental
plot, measured in the middle third of leaves.

b) Analysis by digital image: At 15 and 35 DAA,
photographs of the areas were taken with 12 Mp camera,
1 meter of distance; these images were transferred to a
computer, and with Adobe Fireworks® program, RGB
value (Blue, Green and Red) of each image was verified.
As only green (G) component does not define green colour,
depending also on red (R) and blue (B) components, the
RGB results were compiled into an electronic spreadsheet
in MS Excel and converted to HSB values (hue, saturation
and brightness), and with these, Dark Green Colour Index
(DGCI) was calculated, which varies from 0 - 1 (Karcher
and Richardson, 2003).
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c) Fresh leaf mass: the material was collected manually,
using scissors to remove all leaves from treatments. Thus,
after cutting, the material was stored in a brown paper bag
and weighed to obtain the fresh mass. The samplings were
performed on 0 (before product application), and at 15 and
35 DAA.

The collected data were submitted to analysis of variance
and, subsequently, the means were compared by Tukey test
at 5% of significance using SISVAR (Ferreira, 2019).

Results and Discussion

For fresh mass variable (Table 1), an interaction between
doses and sampling dates was observed, where treatments
with Paclobutrazol differed by 0.46 Kg m? (60.52%),
when compared to control to the dose of 2.0 mL L' at 15
days after application (DAA). At 35 DAA there was no
statistical difference, however, the difference between the
highest dose and the control was 0.22 kg m? (53.66%).

Although the doses of 1.0 and 2.0 mL L' did not differ
from each other, it can be observed that with increasing
concentrations, there is a decrease of fresh mass, which

is explained by its mechanism of action. Paclobutrazol
blocks enzyme ent-kaurene oxidase action inhibiting the
conversion of ent-kaurene to ent-kaurenol, which prevents
any type of gibberellin formation (Glab et al., 2020),
creating more compact leaf (McElroy, 2012). Working with
"TifEagle” (C. dactylon x C. transvaalensis), McCullough
et al. (2004) observed 86% of reduction in grass clippings
amount with two Paclobutrazol applications, with intervals
of three weeks between them. At the present study the
maximum reduction achieved was 60.52% with just one
application, thus inferring that with a new application, this
percentage may be higher.

Still, from the results obtained in the present study
(Table 1), it appears that there is a residual effect of up to
35 days of the product (Tablel). In ‘Tifway 419’ bermuda
grass (Cynodon dactylon x C. transvaaalensis) the use of
Paclobutrazol had an effect within 49 days after application
(Johnson, 1992), corroborating to present study.

In the case of phenoxaprope-P-ethyl (Table 1), the used
dose that presented the best result, decreasing the value of
leaves fresh mass was 6.25 uL. L' at 15 DAA, reducing by
0.20 kg m? (31.25%).

Table 1. Fresh mass of Carpet grass Plus® clippings before and after application of paclobutrazol and phenoxaprope-p-ethyl.

15 DAA 35 DAA
Kg m?
Paclobutrazol
0.76 aA 0.41 aB
0.45 bAB 0.30 aB
0.30 bAB 0.19 aB
0.23
0.23
24.95
3.158*
Phenoxaprope-p-ethyl

Doses 0 DAA
ml L
0 0.54 aAB
1.0 0.58 aA
2.0 0.52 aA
CVC line
CVC column
CV (%)
F dose x time
pl Lt
0 0.51 aA
6.25 0.63 aA
12.5 0.56 aAB
CVC line
CVC column
CV (%)

F dose x time

Means followed by the same lowercase letter in the column and uppercase in the line do not differ by Tukey test at 5% of significance. DAA: Days after

application.
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0.64 aA

0.44 bB

0.58 abA
0.17
0.17
17.28
3.08*

0.33 aB
0.27 aB
0.40 aB
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At 35 DAA, there was no difference between
treatments, however, 6.25 uL L' dose showed the lowest
reduction when compared to the control which presented
0.06 kg m? (18.18%). This decrease may be associated
with the product action mechanism, since the active
ingredient (phenoxaprope-p-ethyl) acts on plants at growth
points, inhibiting Acetyl Coenzyme Ase (ACCase) and,
consequently, lipid biosynthesis. This reaction leads to
reduced growth, increased membrane permeability and
ultra-structural effects on cells, and the growth of roots and
shoots is halted (Bayer, 2019).

The highest phenoxaprope-p-ethyl used dose (12.5 pL
L") showed small reduction at 15 DAA of 0.06 Kg m?
(9.37%), however at 35 DAA presented the highest value,
among treatments. In other words, there was an increase of
0.07 kg m? (21.21%) in mass production. This fact might
might be explained because, instead of reducing growth,
sub-dose caused a hormone effect, there was the residual
effect with a very low dose, which instead of reducing
growth, stimulated plant to develop further. Some chemical
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products, whose main purpose is to be used an herbicide, if
used in low concentrations, may cause this effect (Marques
et al., 2020), thus characterizing a biphasic dose-response
phenomenon, as it presents low-dose stimulation response
and high-dose inhibition (Silva et al., 2016), which may
have occurred in the present study. Furthermore, according
to Dias et al. (2019), the effects of herbicides as growth
regulators depend on several factors, such as plant
species, used herbicides dose, application time, number of
applications and environmental conditions at the time of
application.

The values of leaf chlorophyll index (LCI) (Table 2)
showed a significant interaction between doses and samplings
performed for paclobutrazol. Up to 7 DAA, doses showed
no difference comparing to control, however, after 15 DAA,
it is noted that LCI has decreased in relation to control and
also differing from doses 1.0 and 2.0 ml L', Similar fact
occurred at 35 DAA, where control differed statistically from
the highest dose, presenting the lowest value of all analyses
performed.

Table 2. Leaf chlorophyll index (LCI) of Carpet grass Plus® before and after application of paclobutrazol and phenoxaprope-

p-cthyl.
Doses Installation Day of application 7 DAA 15 DAA 35 DAA
LCI
ml L'
Paclobutrazol
0 49.47 aAB 52.63 aA 52.40 aA 46.93 bB 38.60 bC
1.0 49.07 aB 53.10 aAB 54.03 aA 52.26 aAB 40.77 abC
2.0 46.37 aBC 50.80 aAB 51.77 aA 53.50 aA 42.77 aC
CVC line 4.7
CVC column 4.00
CV (%) 4.05
F dose x time 3.417*
pl Lt Phenoxaprope-p-ethyl
0 50.70 aA 50.30 aA 51.57 aA 46.7 bA 39.67 aB
6,25 48.47 aA 53.43 aA 51.10 aA 49.73 abA 39.83 aB
12,5 48.93 aA 53.70 aA 52.10 aA 52.73 aA 40.73 aB
CVC line 5.81
CVC column 4.94
CV (%) 5.05
F dose x time 1.21™

Means followed by the same lowercase letter in the column and upwpercase in the line do not differ by Tukey test at 5% of significance. DAA: Days

after application.
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For phenoxaprope-p-ethyl (Table 2) there was no
interaction between factors, and the results ranged from
46.70 to 53.70 LCI. At the day of product application,
it was noted that LCI have increased, probably due to
fertilization during implantation. At 7 and 35 DAA no
statistical difference was observed between doses and the
results remained significantly the same.

Regarding sampling dates, in up to 15 DAA there was
no difference in the results, however, at 35 DAA the lowest
LCI values were observed. At 15 DAA control showed the
lowest LCI values, differing statistically in relation to the
highest dose, thus inferring that paclobutrazol stimulates
increment of chlorophyll leaves concentration.

This LCI increase with paclobutrazol application is due
to some plant physiological responses. Chlorophyll was
concentrated in a smaller volume of cells, as paclobutrazol
preventing cell stretching and produced compact leaf
(Silva et al., 2011; Brito et al., 2016). In addition to this,
the increment should be explained as phytol (hydrocarbon
present in the side of the chlorophylls) increasing
synthesis as it is produced in the same route of gibberellins
terpenoids. Concerning the paclobutrazol action, there is
great allocation of intermediate compounds that produce

phytol in greater quantities and, therefore, occurs a gradual
increase in chlorophylls (Silva et al., 2011; Brito et al.,
2016; Taiz et al., 2017). Paclobutrazol also stimulates
biosynthesis of endogenous cytokinins, maximizing
chloroplast differentiation, chlorophyll biosynthesis and
delaying degradation (D’aréde et al., 2017).

Despite having varied results in the present study, all
are similar to those observed by Dias et al. (2018) working
with Carpet grass grown in a protected environment (42.9
to 49.6 LCI). As for Carpet grass Plus®, there are no
reference values for comparison with present study data.
However, it is essential that when a product is used as
a growth regulator, it does not affect the characteristic
colour of grass, it does not decrease leaf chlorophyll
concentration (Gazola et al., 2016). Thus, it is clear that
treatments with paclobutrazol and phenoxaprope-p-ethyl
presented levels of LCI equal to greater than control
(Table 2). Regardless of the use of any of these products,
they will not affect lawn colour as observed through
digital image analysis.

The green component, hue and dark green colour index
(DGCI) showed that there was no significant interaction
between doses and evaluation days (Table 3).

Table 3. Digital image analysis of green component (G), hue and dark green colour index (DGCI) of Carpet grass Plus®
before and after application of paclobutrazol and phenoxaprope-p-ethyl.

Green (G) Hue DGCI
Doses — ©) -
15 DAA 35 DAA 15 DAA 35 DAA 15 DAA 35 DAA
ml L' Paclobutrazol
0 129 aA 110 aA 89 aA 74 aB 0.44 aA 0.34 aB
1.0 104 abA 108 aA 97 aA 74 aB 0.52 aA 0.31 aB
2.0 92 bA 105 aA 96 aA 79 aB 0.53 aA 0.36 aB
CVC line 28 7 0.07
CVC column 34 9 0.08
CV(%) 17.34 5.77 12.15
F dose x time 1.603™ 1.058™ 2.539™
pl Lt Phenoxaprope-p-ethyl
0 139 aA 135 aA 85 aA 90 aA 0.41 aA 0.45 aA
6,25 146 aA 143 aA 87 aA 83 aA 0.44 aA 0.39 aA
12,5 157 aA 124 aB 91 aA 85 aA 0.44 aA 0.44 aA
CVC line 30 9 0.09
CVC column 37 11 0.11
CV(%) 14.44 7.31 14.55
F dose x time 0.274" 0.541m 0.615™

Means followed by the same lowercase letter in the column and uppercase in the line do not differ by Tukey test at 5% of significance. DAA: Days after

application.
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For paclobutrazol, there was a decrease in hue and
DGCI when compared to 15 and 35 DAA, which is possible
to see in Figure 1.

However, the doses used did not differ within each of
the evaluated periods. Regardless of the doses, no change
on the green colour of the lawn was observed. Thus,
paclobutrazol decreased mass production (Table 1) without
LCI reduction (Table 2) and without loss of green colour
(Table 3) independent of dose (1.0 and 2.0 ml L") at 15
and 35 DAA. Glab et al. (2020) also observed this fact,
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where they found that the application of paclobutrazol in
Ryegrass lawn (Lolium perenne) did not affect grass colour.
In relation to phenoxaprope-p-ethyl, only for green
component (G) there was mean decreased from 15 to 35
DAA for dose 2.0 ml L', differing from what happened
with paclobutrazol, which maintained the indexes at 35
DAA, even after the cut (Table 3). However, with 6.25 pL
L' had a moderate reduction of fresh mass at 15 and 35
DAA (Table 1), maintaining LCI values (Table 2) and green
(Table 3), and thus, the aesthetics of the lawn (Figure 2).

phenoxaprope-P-ethyl

Figure 2. Visual aspect of Carpet grass Plus® after application of phenoxaprope-p-ethyl.
DAA- Days after application.

The values of digital image analysis variables, do not present
a pattern considered as ideal, as green may vary from 0 to 255,
however, higher values do not represent greater coloration of
this colour, because it depends on red and blue combination to
reflect the characteristic green (Godoy et al., 2012).

Ownam. Houtic. (Vicosa)

In relation to hue, which describes the colour pigment,
did not reach the maximum green value for any of the
treatments (120°), however, it was within the range for
green colour (60 to 120°), as it was described by Godoy et
al. (2012).
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The DGCI that represents the data of this study vary
from 0-1 and the more close to 1, the more dark green is
reflected. However, unlike other lawns, there is no ideal
value, due to reduced number of researches with Carpet
grass. For other grass species, the appropriate values of
DGCI are 0.50; 0.47 and 0.63 respectively for Emerald
grass (Zoysia japonica), St. Augustine grass (Stenotaphrum
secundatum) and Bermuda grass (Cynodon spp.) (Godoy et
al., 2012). In the present study, the values ranged from 0.31
to 0.53 (Paclobutrazol) and 0.39 to 0.45 (Phenoxaprope-p-
ethyl), being outside the standards for the other mentioned
grass.

Conclusions

The use of paclobutrazol and phenoxaprope-p-
ethyl as a growth regulator in Carpet grass Plus®, with
the recommended dose of 2.0 ml L' and 6.25 uL L7,
respectively, provide reduction in leaf mass production,
without changing the aesthetics of the lawn and with an
increase in the leaf chlorophyll content.
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