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Abstract
Bahiagrass (Paspalum notatum) is a native species widely found on highways margins, however, cutting practices are necessary, 
which increase the maintenance cost, being an alternative, the use of growth regulators, such as Paclobutrazol. Thus, the objective 
of the present study was to evaluate the use of Paclobutrazol doses as growth regulator in Bahiagrass. The turf was implanted in 
black plastic containers (8.46 L), previously prepared with the mixture of soil + sand + organic compost (1:1:1). The experimental 
design was completely randomized, composed of 3 doses of Paclobutrazol [1.1 and 2.2 kg a.i. (active ingredient) ha-1 + control (0 
kg a.i. ha-1)], in four applications of 2 L of syrup per container, thus forming a factorial 3x4 (doses x response time) with 3 repeti-
tions. The fresh and dry mass, relative chlorophyll index, leaf N and the visual aspect of the green cover rate were evaluated on 
four different dates. It was observed that the product controlled the growth of the lawn, with less production of fresh and dry mass, 
and increase of the relative index of chlorophyll and concentration of leaf nitrogen; however, it decreased turfgrass density of green 
mass, which influenced the visual lawn aspect. Thus, Paclobutrazol controlled Bahiagrass growth at a dose of 2.2 Kg a.i. ha-1 in 
regular applications of 30 to 45 days, however it affected the density and consequently the aesthetics of the turfgrass.
Keywords: Paspalum notatum, visual aspect, growth reducer, triazol.

Resumo
Paclobutrazol como regulador de crescimento em grama batatais 

A grama batatais (Paspalum notatum) é uma espécie nativa amplamente encontrada em margens de rodovias, entretanto, são 
necessárias práticas de corte, que acaba aumentando o custo de manutenção, sendo uma alternativa, o uso de reguladores de cres-
cimento, como o Paclobutrazol. Assim, o objetivo do presente estudo foi avaliar o uso de doses de Paclobutrazol como regulador 
de crescimento em grama batatais. A grama foi implantada em contêineres de plástico preto (8,46 L), previamente preparados com 
a mistura de solo + areia + composto orgânico (1:1:1). O delineamento experimental foi inteiramente casualizado, composto por 
3 doses de Paclobutrazol [1,1 e 2,2 kg a.i. (ingrediente ativo) ha-1 + controle (0 kg a.i. ha-1)], em quatro aplicações de 2 L de calda 
por contêiner, formando assim um fatorial 3x4 (doses x tempo de resposta) com 3 repetições. Foram avaliados em quatro diferentes 
datas, a massa fresca e seca, índice relativo de clorofila, N foliar e o aspecto visual da taxa de cobertura verde. Observou-se que o 
produto controlou o crescimento do gramado, com menor produção de massa fresca e seca, e aumento do índice relativo de clorofila 
e concentração de nitrogênio foliar, contudo, acabou diminuindo a densidade de massa verde da grama, o que influenciou o aspecto 
visual da grama. Com isso, conclui-se que o Paclobutrazol controlou o crescimento da grama batatais, na dose de 2,2 Kg i.a. ha-1 
em aplicações regulares de 30 a 45 dias, contudo afetou a densidade e consequentemente a estética do gramado.
Palavras-chave: Paspalum notatum, aspecto visual, redutor de crescimento, triazol.
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Introduction

Bahiagrass (Paspalum notatum) is a grass species native 
of South America, including Brazil, which highlights for its 
aesthetics, functionality and rusticity (Amaral and Castilho, 
2012; Steiner et al., 2017; Souza et al., 2020a). With leaves 
concentrated in the basal part of plant, it easily covers the 
ground, being used in green areas and embankments along 
road margins, which protects soil against erosion, as its 
surface rhizomes and roots intertwine, managing to retain 
the soil (Marchi et al., 2016; Antoniolli, 2019; Souza et 
al., 2020a). It is resistant to water deficit and well adapted 
to soils with low fertility. However it requires frequent 
maintenance in relation to pruning in periods of rain and 
intense heat, and therefore, there may be an increase in 
cost of constant management (Amaral and Castilho, 2012; 
Marchi et al., 2016; Santos and Castilho, 2018).

However, most lawns formed by this grass are the result 
of planting by “pieces” collected manually in degraded 
pasture areas because the commercial availability of this 
species is scarce (Souza et al., 2020a). Thus, there is a need 
to search for information about it for use on highways, urban 
avenues, or airport runways (Souza et al., 2020b). In recent 
years, research on Bahiagrass has gained prominence to be 
used for this purpose (Souza et al., 2016; Silva et al., 2018; 
Maximino et al., 2017; Souza et al., 2020b) and recently 
being launched commercial cultivars of Paspalum notatum 
registered by EMBRAPA (Brazilian Agricultural Research 
Corporation) (Souza et al., 2020a).

According to Souza et al. (2020b) it is essential that 
Paspalum species, when used as vegetation cover, have 
slower vertical growth, to reduce pruning need. Marchi et 
al. (2016) states that 5 to 7 mowing operations are necessary 
for Bahiagrass during its main growing season (summer), 
and Chaer (2015) mentions that in vegetation areas such 
as highways, it is estimated that the concessionaires 
performed up to 15 annual pruning. Thus, an alternative 
to reduce cutting operations would be the use of growth 
regulators, which has been shown to be an option for 
mechanical handling (March et al., 2013).

Plant regulators are gaining importance in lawn 
management programs, as they suppress vegetative 
growth without impairing their visual quality and without 
promoting phytointoxication, discoloration or leaves 
thinning (McElroy, 2012; March et al., 2013; Gazola et al., 
2019). However, there are no registered products for lawns 
in Brazil for this purpose (Dias et al., 2019; Gazola et al., 
2019). An alternative would be the use of Paclobutrazol, 
which is a regulator already studied and registered for 
other crops such as mango, tomato (Syngenta, 2019), and 
registered for turfgrass in the European Union (Semillas 
Fitó, 2010) and in the USA (McElroy, 2012).

Paclobutrazol acts on the synthesis route of gibberellins, 
and interferes in phase 2, that is, it blocks the action of the 
enzyme Kaurene Oxidase, which inhibits the conversion 
of kurene into kaurenol and, consequently, prevents the 
formation of any type of gibberellin as well as cellular 
elongation, creating compact leaf (McElroy, 2012; March 
et al., 2013; Glab et al., 2020). When applied directly to 
the soil or substrate, it has greater activity and efficiency 

compared to foliar application, as it is translocated almost 
exclusively by xylem and less by phloem, where it is 
absorbed by the roots and moved directly to the growth 
points (McCarty, 2008; Blank et al., 2009).

Studies on Brazilian conditions for growth control in 
Bahiagrass have been published in recent years (Marchi et 
al., 2016; Marchi et al., 2017; Barbosa et al., 2017; Dias 
et al., 2019), however none of them use Paclobutrazol as 
a growth regulator. In this context, the objective of the 
present study was to evaluate the use of Paclobutrazol 
doses as growth regulators in Bahiagrass.

Material and Methods

The experiment was conducted in the Northwest region 
of São Paulo state, in full sun, from September 2019 to 
February 2020 (average temperature of 28 ºC, average 
relative humidity of 72.8%). For planting the lawn, 
the Bahiagrass came from the experimental area of the 
University where the experiment was carried out, and it 
was harvested in the form of «plates». And was implanted 
in black plastic containers (47.5 x 17.5 cm top dimensions, 
41.5 x 11.3 cm bottom dimensions, height of 15.5 cm, 
volume 8.46 L), previously prepared with a mixture of soil 
+ sand + organic compost (1:1:1); height standardization 
cut was also performed, and the green mass obtained was 
discarded. After implantation, fertilization was performed 
with formulated 13-5-13, using 20 g diluted in 2 L of water 
per container. Weed control was performed whenever 
necessary manually, and irrigation was daily with 2 L of 
water per container, done in late afternoon, using a watering 
can.

Twenty-two days after planting, the installation of the 
experiment began, being applied 3 doses of Paclobutrazol 
(in 4 regular applications ranging from 22 to 28 days), 
and evaluated the product response time on 4 different 
dates, thus forming a factorial 3x4 (doses x response time) 
with 3 repetitions. For doses, Paclobutrazol was diluted 
in two concentrations being 1.1 and 2.2 kg a.i. (active 
ingredient) ha-1 + control (0 kg a.i. ha-1), applied 2 L of 
syrup per container, directly on the substrate, as product 
is absorbed by roots (McCarty, 2008; Blank et al., 2009). 
The Paclobutrazol application dates were 0, 28, 55 and 78 
days after the installation of the experiment (DAIE). All 
applications being performed in the morning presented 
data of relative humidity and temperature of 23.5 ºC, 
61.7%; 31.0 ºC, 55.5%; 28.1 ºC, 70.7%; 28.0 ºC, 78.5%, 
respectively on each application date.

For the response time of Paclobutrazol on the lawn, 
evaluation was carried out 28, 55, 78 and 132 DAIE, being 
they: fresh and dry leaf mass; relative chlorophyll index 
(RCI); green coverage rate and leaf nitrogen content. For 
fresh and dry leaf mass, the material was collected manually, 
using scissors to remove all leaves from treatments. Thus, 
after mowing, turfgrass clippings were stored in a Kraft 
paper bag and weighed to obtain fresh mass. After that, they 
were allocated in a forced circulation oven, 60°C for 72 
hours and again weighed to obtain the dry mass. The RCI 
was realized with the manual chlorophyll meter (atLEAF), 
being collected in 3 points per experimental plot, measured 
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in the middle third of leaves. For green coverage rate, the 
treatments were photographed, with a 12 Mp camera, at 
a distance of 1 m; these images were analysed using the 
CanapeoTM software to obtain green coverage rate of the 
turfgrass. It was also evaluated the leaf nitrogen content and 
was done by using methodology described by Malavolta et 
al. (1997).

The collected data were subjected to analysis of 
variance and, subsequently, the average were compared by 
the LSD test at 5% of significance using SISVAR program 
(Ferreira, 2019).

Results and discussion

Results demonstrate for fresh mass that there was 
statistically significant difference between Paclobutrazol 
applied doses, and it was observed that the highest 
concentration (2.2 kg a.i. ha-1) managed to reduce growth 
at 28 and 55 DAIE, differing from control. At 78 and 132 
DAIE, doses of the product differed from the treatment 
without application, inferring that there is greater effect 
of Paclobutrazol, when applied constantly at regular 
intervals.

 
Figure 1. Fresh mass of Bahiagrass clippings after Paclobutrazol application at different evaluated times. Doses were: 
0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1. DAIE: days after the installation of the experiment.

The fact of this reduction has occurred, is probably by 
execute mechanism of Paclobutrazol action, which acts 
in phase 2 of gibberellin synthesis root. Active ingredient 
blocks action performs of Kaurene Oxidase enzyme 
preventing formation of any gibberellin type (March et al., 
2013; Glab et al., 2020), and thus, formation of the most 
compact leaf and, consequently, the lowest lawn growth 
(McElroy, 2012).

In absolute values, it is noted that for all evaluated 
dates (Figure 1), the greatest reduction was at treatment 
2.2 kg a.i. ha-1, where the decrease in growth was 25.35%; 
33.90%; 53.67% and 62.79% at 28, 55, 78 and 132 DAIE, 
respectively. The drop in mass production increases 
over time, when the application of product is constant. 
Mass reduction was also reported up to 91% in ‘Patriot’ 
Bermuda grass (Cynodon dactylon x C. transvaalensis) 
after 4 weeks after Pacloburazol application (Volterrani 

et al., 2015), and 86% in ‘TifEagle’ (C. dactylon x C. 
transvaalensis) (McCullough et al., 2004) after two 
applications, values higher than those of the present 
study.

In the same way, as there was fresh mass reduction 
after Paclobutrazol application (Figure 1), there was also 
decreased in dry mass (Figure 2), where 2.2 kg a.i. ha-1 
showed less growth, following the results of fresh mass. 
According to Santos and Castilho (2018), lower dry 
mass production decreases the need for mowing, which 
is recommended for species such as Bahiagrass. These 
results reported, therefore, the action of Paclobutrazol in 
the species as the product is indicated in the USA and the 
European Union for some turfgrass of warm climate such 
as Bermuda grass (Cynodon spp), Emerald grass (Zoysia 
japonica) and Saint Augustine grass (Stenotaphrum 
secundatum) (McCarty, 2008; Semillas Fitó, 2010).
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Figure 2. Dry mass of Bahiagrass clippings after Paclobutrazol application at different evaluated times. Doses were: 
0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1. DAIE: days after the installation of the experiment.

On the other hand, other growth regulators such as 
Trinexapac-ethyl in different doses had no effect on reducing 
dry mass for studied species (Marchi et al., 2017), as well 
as Prohexadione-calcium in split applications (Marchi et 
al ., 2016). When a product is used as a growth regulator, 

it is essential that it does not decrease leaf chlorophyll 
concentration (Gazola et al., 2016), as this will affect the 
turfgrass physiological processes, as well as green colour 
characteristic (Santos et al., 2019), and the relative chlorophyll 
index (RCI) results demonstrate this fact (Figure 3).

Figure 3. Relative chlorophyll index (RCI) of Bahiagrass after Paclobutrazol application at different evaluated 
times. Doses were: 0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1. 

DAIE: days after the installation of the experiment.

It was observed that at 28 and 132 DAIE were the only 
dates where the RCI showed statistical difference between 
treatments, while at 55 and 78 DAIE doses did not differ 
between them. Thus, these results show that Paclobutrazol 
did not affect RCI and even in some cases, such as at 
28 and 132 DAIE it provided chlorophyll increase. 

According to Brito et al. (2016), Paclobutrazol causes 
chlorophylls concentration in a smaller volume in cells, 
due to product preventing cell elongation, and consequent 
leaf development, which was observed visually, and 
is also inferred at fresh mass (Figure 1). In addition, it 
stimulates endogenous cytokines biosynthesis, maximizing 
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chloroplast differentiation, chlorophyll biosynthesis and 
delaying its degradation (D’Arêde et al., 2017). The results 
of the present study were close to those found by Amaral 
and Castilho (2012) in Bahiagrass from 39.67 to 49.60 
atLEAF, when converting the values to the same unit.

The results of the present study still demonstrate that 
leaf N increased with the Paclobutrazol application (Figure 
4), thus indicating a small relationship between RCI and 
leaf N, as also reported by Santos and Castilho (2015) and 
Oliveira et al. (2018) in Emerald grass and by Santos et 

al. (2019) in Bermuda grass. This is because chlorophylls 
are magnesian porphyrins composed of a central atom of 
Mg linked to another four atoms of N (Taiz et al., 2017). 
In addition, the leaf N values for the dose 2.2 kg a.i. ha-1 
differed to all evaluated dates from control, indicating that 
the product did not interfere with plant nutritional status and 
increased N concentration. For both applied Paclobutrazol 
doses, the values were higher than those found by Amaral 
and Castilho (2012) in an experiment with fertilization of 
Bahiagrass (9.7 to 14.12 g kg-1).

 
Figure 4. Nitrogen (N) content in leaves of Bahiagrass after Paclobutrazol application at different  
evaluated times. Doses were: 0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1.  

DAIE: days after the installation of the experiment.

For Bahiagrass green coverage rate after paclobutrazol 
application, it was observed that at 2.2 kg a.i. ha-1 showed 
lower density (Figure 5). This fact is because Bahiagrass has 
only rhizomatous growth, presenting superficial rhizomes 
(Souza et al., 2020a), and thus does not form an extremely 
dense lawn, where Paclobutrazol application exposed the 
rhizomes decreasing grass leaves density.

At 78 and 132 DAIE it was observed that the green 
coverage rates were low, being less than 50%, showing 
that after each cut, the surface rhizomes are increasingly 
exposed, and when using Paclobutrazol, this exposure 
is more visible, and the visual aspect highlights this fact 
(Figure 6).
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Figure 5. Green coverage rate of Bahiagrass after Paclobutrazol application at different evaluated times.  
Doses were: 0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1. DAIE: days after the installation  

of the experiment.

 
Figure 6. Visual aspect of Bahiagrass after Paclobutrazol application at different evaluated times.  

Doses were: 0 – 0 kg a.i. ha-1 (control); 1 – 1.1 kg a.i. ha-1 and 2 – 2.2 kg a.i. ha-1.

The visual quality of species is essential for product 
acceptance as growth regulator (Gazola et al., 2019), 
especially on highways margins, where the importance 
of green lawns has been emphasized, as they are pleasant 
to drivers’ eyes (Affonso and Freitas, 2003). However, in 
the present study, Paclobutrazol application interfered in 
coverage rate, regardless of dose used, being higher in the 
dose after 78 DAIE (Figure 5). As previously described, 
Bahiagrass only has rhizomatous growth, presenting 
superficial rhizomes, (Souza et al., 2020a), and thus does not 
form an extremely dense lawn such as Emerald grass and 
Bermuda grass, which has rhizomatous and stoloniferous 
growth (Santos et al., 2019; Gazola et al., 2019). Thus, 

by creating a more compact leaf, the application of 
Paclobutrazol ends up causing the turfgrass to leave its 
rhizomes exposed, which reduces the green density of the 
lawn. Dias et al. (2019) also observed reduction in green 
visual quality of Bahiagrass after application of glyphosate 
as growth regulator from the dose of 45 g a.e. (acid 
equivalent) ha-1.

According to Gazola et al. (2016), when growth 
regulator is used on lawns, it is essential that it does not 
impair aesthetics, such as green colour characteristic and 
coverage rate (closed, flawless lawn). However, in the 
present study, from 78 DAIE, the great lack of green mass 
in all treatments is clear (Figure 6), as all leaves were cut for 
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analysis and the lawn did not have time for full recovery, 
inferring that turfgrass mowing height might be high to not 
damage the aesthetics.

Sampaio (2012) recommends not cutting more than 1/3 
of the lawn during maintenance, and for Bahiagrass author 
suggests maintaining the leaf height of 3-6 cm, precisely to 
avoid this exposure of surface rhizomes.

Thus, Paclobutrazol can be a great option to be used 
as a regulator and growth in Bahiagrass, to reduce the 
need for mechanical mowing and consequently the cost 
of the operation. However, the use of the product must 
be associated with the correct management of the lawn, 
observing important issues, such as regular applications of 
the regulator and mowing at the ideal height so as not to 
interfere with the aesthetics of the turfgrass.

Conclusion

Paclobutrazol controlled Bahiagrass (Paspalum 
notatum) growth with dose of 2.2 kg a.i. ha-1 in regular 
applications of 30 to 45 days, however it affected the 
density and consequently the aesthetics of the turfgrass.

Author contribution

 B.H.L.: Idea of the experiment, field analysis, data collection 
and analysis, interpretation of data. P.L.F.S.: Critical review, 
analysis and interpretation of data, approval of the final version. 
J.C.M.B.: Field analysis, data collection and analysis. M.K.P.: 
Critical review and translation. R.M.M.C.: Critical review, 
analysis and interpretation of data, approval of the final version, 
work advisor.

Acknowledgements

The authors are grateful to the Faculdade de Ciências 
Agronômicas (UNESP Botucatu), for donating Paclobutrazol to 
carry out the experiment.

References

AFFONSO, C.H.A.; FREITAS, L.G.B. Implantação e 
manejo de gramíneas em estradas e rodovias. In: VILLAS 
BÔAS, R.L.; GODOY, L.J.G.; OLIVEIRA, M.V.A.M.; 
KAGI, F.Y.; KAWAHARADA, I.D.; SALES, M.R.P.; 
ARIGONI, P.; SOLER, S.R.; BRIZOLLA, T.F. (Org.). 
SIGRA: produção, implantação e manutenção. 
Botucatu: GEMFER, 2003. p.198-205.

AMARAL, J.A.; CASTILHO, R.M.M. Fertilizantes 
comerciais de liberação imediata e controlada na 
revitalização de grama batatais. Revista Científica 
Eletrônica de Agronomia, v.22, n.2, p.1-11, 2012.

ANTONIOLLI, D. Manual para aquisição, instalação e 
manutenção de gramas. Especial: rodovias e áreas de 
segurança. São Paulo: Associação Nacional Grama Legal, 
2019. 12p.

BARBOSA, A.P.; MASCHEDE, D.K.; ALVES, G.A.C.; 
FREIRIA, G.H.; FURLAN, F.F.; ALVES, L.A.R.; JUNCO, 
M.C.  Paspalum notatum growth and pigment content 
in response to the application of herbicides. Revista 
Brasileira de Herbicidas, v.16, n.2, p.142-151, 2017. 
DOI: http://dx.doi.org/10.7824/rbh.v16i2.520

BLANK, A.F.; PAULA, J.W.A.; ARRIGONI-BLANK, 
M.F.; MOREIRA, M.A. Utilização de paclobutrazol 
em vetiver na produção de mudas e seu efeito em 
plantas no campo. Horticultura Brasileira, v.27, n.4, 
p.425-430, 2009. DOI: https://doi.org/10.1590/S0102-
05362009000400005

BRITO, C.L.L.; MATSUMOTO, S.N.; SANTOS, 
J.L.; GONÇALVES, D.N.; RIBEIRO, A.F. F. Effect of 
paclobutrazol in the development of ornamental sunflower. 
Revista de Ciências Agrárias, v.39, n.1, p.153-160, 2016. 
DOI: http://dx.doi.org/10.19084/RCA15044

CHAER, G.M. Grama em rodovias: a visão de uma 
concessionária. In: MATEUS, C.M.D.; VILLAS BÔAS, 
R.L.; ANDRADE, T.F.; OLIVEIRA, M.R.; BACKES, C.; 
SANTOS, A.J.M.; GODOY, L.J.G. Tópicos atuais em 
gramados IV. Botucatu: FEPAF, 2015. p.97-126.

D’ARÊDE, L.O.; MATSUMOTO, S.N.; SANTOS, 
J.L.; VIANA, A.E.S.; SILVA, P.A.R. Morfofisiologia 
do crescimento vegetativo inicial de cafeeiros arabica 
submetidos a aplicação via foliar de paclobutrazol. Coffee 
Science, v.12, n.4, p.451-462, 2017. DOI:  https://doi.
org/10.25186/cs.v12i4.1311

DIAS, R.C.; DADAZIO, T.S.; TROPALDI, L.; 
CARBONARI, C.A.; VELINI, E.D. Glyphosate as growth 
regulator for bahiagrass and broadleaf carpetgrass. Planta 
Daninha, v.37, e019213829, p.1-10, 2019. DOI:  https://
doi.org/10.1590/S0100-83582019370100144

FERREIRA, D.F. SISVAR: A computer analysis system to 
fixed effects Split plot type designs. Revista Brasileira de 
Biometria, v.37, n.4, p.529-535, 2019. DOI: https://doi.
org/10.28951/rbb.v37i4.450

GAZOLA, R.P.D.; BUZETTI, S.; GAZOLA, R.N.; 
CASTILHO, R.M.M.; TEIXEIRA FILHO, M.C.M.; 
CELESTRINO, T.S.; DUPA, E. Nitrogen dose and type 
of herbicide used for growth regulation on the green 
coloration intensity of Emerald grass. Ciência Rural, v.46, 
n.6, p.984-990, 2016. DOI: http://dx.doi.org/10.1590/0103-
8478cr20150276

GAZOLA, R.P.D.; BUZETTI, S.; GAZOLA, R.N.; 
CASTILHO, R.M.M.; TEIXEIRA FILHO, M.C.M.; 
CELESTRINO, T.S. Nitrogen fertilization and glyphosate 
doses as growth regulators in Esmeralda grass. Revista 
Brasileira de Engenharia Agrícola e Ambiental, v.23, 
n.12, p.930-936, 2019. DOI: https://doi.org/10.1590/1807-
1929/agriambi.v23n12p930-936



	 V. 26, No. 3, 2020 p. 413-421

Paclobutrazol as growth regulator in Bahiagrass 420

GLAB, T.; SZEWCZYK, W.; GONDEK, K.; KNAGA, 
J.; TOMASIK, M.; KOWALIK, K. Effect of plant 
growth regulators on visual quality of turfgrass. Scientia 
Horticulturae, v.267, p.1-10, 2020. DOI: https://doi.
org/10.1016/j.scienta.2020.109314

MALAVOLTA, E.; VITTI, G.C.; OLIVEIRA, S.A. 
Avaliação do estado nutricional das plantas: princípios e 
aplicações. 2. ed. Piracicaba: POTAFOS, 1997. 319p.

MARCH, S.R., MARTINS D., MCELROY J.S. Growth 
inhibitors in turfgrass. Planta Daninha, v.31, p.733-
747, 2013. DOI: http://dx.doi.org/10.1590/S0100-
83582013000300025

MARCHI, S.R.; MARTINS, D.; COSTA, N.V. Growth and 
flowering inhibition of Paspalum notatum with application 
of trinexapac-ethyl and prohexadione-calcium.  Revista 
brasileira engenharia agrícola e ambiental, v.20, n.3, 
p.202-208, 2016. DOI: http://dx.doi.org/10.1590/1807-
1929/agriambi.v20n3p202-208

MARCHI, S.R.; SILVA JÚNIOR, A.C.; MARTINS, D. 
Development of different grass species with the use of the 
growth regulator trinexapac-ethyl. Planta daninha, v. 35, 
e017156520, 2017. DOI: http://dx.doi.org/10.1590/s0100-
83582017350100071

MAXIMINO, J.V.O.; MACHADO, M.A.S.; 
MITTELMANN, A.; PINHEIRO, E.C.; PIRES, E.S.; 
LONGARAY, M.B.; SOUZA, F.H.D.; STUMPF, E.R.T. 
Potencial de produção de sementes de gramíneas para a 
implantação em gramados. Ornamental Horticulture, v. 
23, n. 2, p. 200-206, 2017. DOI: https://doi.org/10.14295/
oh.v23i2.1011

MCCARTY, L.B. Reguladores vegetais em gramados. 
In: VILLAS BÔAS, R.L.; GODOY, L.J.G.; LIMA, C.P.; 
BACKES, C. Tópicos atuais em gramados. Botucatu: 
FEPAF, 2008. p.84-96.

MCCULLOUGH, P.E.; LIU, H.; MCCARTY, L.B.; 
WHITWELL, T. Response of ‘TifEagle’ bermudagrass 
to seven plant growth regulators. HortScience, v.39, n.7, 
p.1759-1762, 2004. DOI: https://doi.org/10.1590/10.21273/
HORTSCI.39.7.1759

MCELROY, S. Reguladores de crescimento e controle de 
plantas em gramados. In: BACKES, C.; GODOY, L.J.G.; 
MATEUS, C.M.D.; SANTOS, A.J.M.; VILLAS BÔAS, 
R.L.; OLIVEIRA, M. R. Tópicos atuais em gramados 
III: Botucatu: FEPAF, 2012. p 71-79.

OLIVEIRA, N.B.; OLIVEIRA, J.F.V.; SANTOS, P.L.F.; 
GAZOLA, R.P.D.; CASTILHO, R.M.M. Avaliação do 
estado nutricional de três gramados ornamentais em Ilha 
Solteira–SP: um estudo de caso. Revista LABVERDE, 
v.9, n.1, p.96-119, 2018. DOI: http://dx.doi.org/10.11606/
issn.2179-2275.v9i1p96-119

SAMPAIO, H.A. Manutenção em gramados ornamentais. 
In: BACKES, C.; GODOY, L.J.G.; MATEUS, C.M.D.; 
SANTOS, A.J.M.; VILLAS BÔAS, R.L.; OLIVEIRA, 
M.R.  Tópicos atuais em gramados III. Botucatu: FEPAF, 
2012. p.192-200.

SANTOS, P.L.F.; CASTILHO, R.M.M. Relação entre teor 
de clorofila e nitrogênio foliar em grama esmeralda cultivada 
em substratos. Tecnologia & Ciência Agropecuária, v.9, 
n.2, p.51-54, 2015.

SANTOS, P.L.F.; CASTILHO, R.M.M.; GAZOLA, R.P.D. 
Pigmentos fotossintéticos e sua correlação com nitrogênio 
e magnésio foliar em grama bermuda cultivada em 
substratos. Acta Iguazu, v.8, n.1, p.92-101, 2019.

SANTOS, P.L.F.; CASTILHO, R.M.M. Substrates in 
the development of a sports turfgrass “Tifton 419”. 
Ornamental Horticulture, v.24, n.4, p.138-144, 2018. 
DOI: https://doi.org/10.14295/oh.v24i2.1155

SEMILLAS FITÓ. Áreas verdes: guía técnica de cultivo. 
5ed, Barcelona: Catálago Semillas Fitó, 2010. 49p.

SILVA, A.A.C.G.; SANTOS, A.G.; SILVA, S.S.L.; LOGES, 
V.; SOUZA, F.H.D.; CASTRO, A.C. Characterization and 
selection of Brazilian native grasses for use as turfgrass. 
Acta Horticulturae, v.1215, p.255-28, 2018. DOI: https://
doi.org/10.17660/ActaHortic.2018.1215.45

SOUZA, F.H.D.; CAVALLARI, M.M.; GUSMÃO, M.R. 
Produção comercial de sementes de Paspalum notatum 
var. notatum. São Carlos: Embrapa Pecuária Sudeste, 
2020a. 22p.

SOUZA, F.H.D.; GUSMÃO, M.R.; MATTA, F.P.; 
CASTRO, A.C.R. MITTELMANN, A.; FÁVARO, A.P.; 
JANK L. Atributos desejáveis para gramados a serem 
cultivados sob condições brasileiras: uma proposta. 
Ornamental Horticulture, v.22, n.2, p.154-165, 2016. 
DOI: https://doi.org/10.14295/oh.v22i2.841

SOUZA, F.H.D.; GUSMÃO, M.R.; CAVALLARI, 
M.M.; BARIONI JÚNIOR, W.B. Characterization of the 
potential of native grasses for use as lawns. Ornamental 
Horticulture, v.26, n.1, p.109-120, 2020b. DOI: https://
doi.org/10.1590/2447-536x.v26i1.2067



	 V. 26, No. 3, 2020 p. 413-421

Bruno Horschut de Lima et al. 421

STEINER, M.G.; DALL’AGNOL, M.; NABINGER, C.; 
SCHEFFER-BASSO, S.M.; WEILER, R.M.; SIMIONI, 
C.; SCHIFINO-WITTMANN, M.T.; MOTTA, E.A.M.. 
Forage potential of native ecotypes of Paspalum notatum 
and P. guenoarum. Anais da Academia Brasileira de 
Ciências, v.89, n.3, p.1753-1760, 2017. DOI: http://dx.doi.
org/10.1590/0001-3765201720160662

SYNGENTA. CULTAR® 250 SC. Syngenta Proteção 
de Cultivos Ltda, Escócia: Grangemouth Stirlingshire, 
2019. Bula de defensivo. 16p. Available at <https://
www.syngenta.com.br/sites/g/files/zhg256/f/cultar_250_
sc.pdf?token=1560348090>. Accessed on May 01th 2020.

TAIZ, L.; ZEIGER, E.; MÜLLER, I.M.; MURPHY, A. 
Fisiologia e desenvolvimento vegetal. 6. ed. Porto Alegre: 
Artmed, 2017. 858p.

VOLTERRANI, M.; GROSSI, N.; GAETANI, M.; 
CATUREGLI, L.; NIKOLOPOULOU, A. E.; LULLI, 
F.; MAGNI, S. The effect of increasing application rates 
of nine plant growth regulators on the turf and stolon 
characteristics of pot-grown ‘Patriot’ hybrid bermudagrass. 
HortTechnology, v.25, n.3, p.397-404, 2015. DOI: https://
doi.org/10.21273/HORTTECH.25.3.397


