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Abstract

The selection of a genotype for lawn use must consider the plant survival rate and its soil covering ability, which is directly
influenced by the growth of stolons and rhizomes. This study aimed to evaluate the growth and development of Paspalum accession
plugs for turfgrass establishment. Plugs of six prostrate growth accessions of Paspalum lepton (PL 01), P. notatum (from PN
01 to PN 06) and Zoysia japonica (ZJ 01), which was used as the control treatment, were planted adding up to 7 treatments. At
63 days after planting, the survival rate, the number of shoots, the expansion capacity, plant height and soil coverage rate were
evaluated. Moreover, at 72 days after planting, fresh and dry leaf, root, rhizome and/or stolon biomass, as well as root length were
evaluated. Plugs of PL 01 presented the highest values regarding the number of shoots, the expansion capacity, soil coverage and
the development of the root system with the largest biomass production. PL 01 and PN 05 along with ZJ 01 presented a high soil
coverage rate and all the P. notatum (PN) accessions together with ZJ 01 maintained a lower plant height, but with a length root
system higher than the control treatment ZJ 01. The P. lepton (PL 01) and P. notatum (PN 05) accessions can be recommended for
turfgrass establishment using plug propagation methods.
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Resumo
Desenvolvimento de plugs de acessos de Paspalum para o estabelecimento de gramados

A selegdo de um genodtipo para uso como gramado deve considerar a taxa de sobrevivéncia da planta e a capacidade de cobertura
do solo, que esta diretamente influenciada pelo crescimento de estoldes e rizomas. Este estudo objetivou avaliar o crescimento e
desenvolvimento de plugs de acessos de Paspalum para o estabelecimento de gramados. Foram plantados plugs de seis acessos
de crescimento prostrado de Paspalum lepton (PL 01), P. notatum (de PN 01 a PN 06) e Zoysia japonica (ZJ 01) como tratamento
controle, totalizando de 7 tratamentos. Aos 63 dias apos o plantio, foi avaliada a taxa de sobrevivéncia, nimero de perfilhos,
expansio, altura da planta e taxa de cobertura do solo. Aos 72 dias apds o plantio, foi avaliada a biomassa fresca e seca foliar,
radicular, de rizoma e/ou estoldo e comprimento radicular. Os plugs de PL 01 apresentaram bom crescimento com elevado nimero
de perfilhos, capacidade de expansdo, cobertura do solo e bom desenvolvimento do sistema radicular com grande producdo de
biomassa. PL 01 e PN 05, juntamente com ZJ 01 apresentaram elevada taxa de cobertura do solo e todos os acessos de P. notatum
(PN) junto com ZJ 01 mantiveram menor porte da planta, porém com um comprimento do sistema radicular superior ao do
tratamento controle ZP 01. Os acessos de P. lepton (PL 01) e P. notatum (PN 05) podem ser recomendados para o estabelecimento
de gramado utilizando os métodos de propagacao por plugs.

Palavras-chave: Paspalum lepton, P. notatum, crescimento, expansio, grama

Introduction used to prevent erosion, since its roots, stolons and rhizomes

intertwine to form a continuous ground cover, which acts

Turfgrass has been used by humans to enhance their to restore degraded soils (Maximino et al., 2017). Besides,

environment for over 10 centuries (Dhanasekaran, 2018). its use in landscaping brings also some advantages such as
Grass presents great ecological importance and it has been ~ beauty.
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The turfgrass industry is a millionaire sector in the
world. In Brazil, this sector stands out for lawns are
present in football and golf fields, gardens, road side, urban
landscaping, industrial areas, and parks (Souza et al., 2016).

As an example of native grass, Castro et al. (2015a)
state that Paspalum notatum Fliggé, commonly known as
Babhiagrass, is the most widely cultivated native species of
the genus Paspalum L. In Brazil, the species is very popular
for urban areas and it has been used for many different
purposes such as recreational and ornamental lawns in
tropical conditions, in industrial complexes and on road
side (Castro et al., 2015a; Souza et al., 2016; Silva et al.,
2018). P notatum is a species that presents an extensive
and deep root system which makes it tolerant to drought
(Castro et al., 2015b).

For a better understanding of its ecology, growth
dynamics and potential use, it is necessary to know
the propagation method that allows understanding its
development mechanism. The vegetative propagation of
P. notatum is the most used method to stablish turfgrass
areas with the advantage of maintaining the plant parental
characteristic, planting uniformity, faster establishment and
lower weed development (Souza et al., 2016).

Depending on the species and cultivar, the adopted
vegetative propagation may be done by plugging. Plugs are
plant seedlings prepared for cultivation in soils from 6 to
12 centimeters deep. The closer seedlings are transplanted,
faster the soil will be covered, but it requires much more
seedlings, making planting more expensive. Planting
of plugs may be mechanized or manually, in smaller
cultivation areas (Polomski and McCarty, 2003).

Grasses with stoloniferous growth habit (aerial stems
with nodes that develop roots when touch the ground)
or rhizomatous growth habit (subterrancan stems,
aclorophyllous, usually large due the accumulation of
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reserves) could originate roots and new aerial shoots and
plants (Marchi and Sallés, 2015).

However, the selection of a genotype for lawn-use has
consider the survival of the propagating material and its ability
to soil cover (Martello etal., 2014), which is directly influenced
by the plant architecture, the position of its shoots and nutrient
storage. In the Poaceae family, the type of branches, stolons
and rhizomes, influence the growing direction of the stems
in relation to the soil, which allows many species to adapt to
different environments (Fabbri et al., 2019).

As the plant architecture and soil cover may vary
between species or between genotypes of the same species,
this study aimed to evaluate the growth and development of
Paspalum accessions for turfgrass establishment through
planting a single plug.

Material and Methods

The experiment was carried out from July to September
2017, under the following coordinates 8°01°06” South,
34°56°49” West and 6 m of altitude. The region presents
the As’ weather (tropical hot humid with rainfall in fall to
winter) according to the classification of Képpen (1948).

Six accessions of prostrate growth habit provided by
the Germplasm Active Bank of Paspalum from Embrapa
Pecuaria Sudeste (Sdo Carlos-SP, Brazil) were evaluated:
Paspalum lepton (PL 01) and P. notatum (PN 01; PN 02;
PN 03; PN 04 and PN 05). To serve as a control treatment,
a commercial cultivar of Zoysia japonica grass (ZJ 01)
was used, adding up to 7 treatments. The Zoysiagrass cv.
Esmeralda (Zoysia japonica Steud.), a stoloniferous and
rhizomatous species, is the most used species in Brazilian
(Lima et al., 2018). The plug size was standardized around
10 cm (Figure 1) including the rhizomes or stolons and the
aerial part.

Figure 1. Plugs of Paspalum lepton (PL 01 - A), P. notatum (PN 01 - B; PN 02 - C; PN 03 - D; PN 04 - E; PN 05 - F)
and control treatment Zoysia japonica (ZJ 01 - G) standardized with approximate 10 cm to evaluated the growth and
development for turfgrass establishment.
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The experiment was conducted in a protected
environment (21.0 m long, 7.0 m wide and 3.0 m high
greenhouse), covered with a diffuse plastic of 120 microns
and on the sides shading screens of 30%. Plug planting was
done in polyethylene trays (27 cm width x 38 cm length
x 6 cm depth) equivalent to an area of 1026 cm?, with
commercial substrate (Figure 2A), and four repetitions.

The trays were placed on concrete benches (4.80 m
long, 1.4 m wide, 1.06 m high and 5% slope), arranged
in 4 randomized blocks with 7 treatments (6 accessions of
Paspalum spp. and the control treatment ZJ 01) (Figure
2B). Irrigation was performed by capillarity between 45
min intervals and an amount of 0.28 L. s™! every 15 min of
irrigation was applied.

At 63 days after planting (DAP), the following variables
were analyzed: survival rate (SR in %); number of shoot
(NS), measured in the rhizomes or stolons of each plant;
lateral growth expansion (E in cm?), obtained from the

DEVELOPMENT OF PASPALUM ACCESSION PLUGS FOR TURFGRASS ESTABLISHMENT

length of largest side of the plant (cm) multiplied by the
perpendicular length (cm); height (H in cm), obtained from
substrate level up to the apex of the plant; and soil coverage
rate (SCR in %), obtained through image analysis.

The SCR analyzes were obtained through image
analysis, captured by a 14.2-megapixel Samsung camera,
5 x Zoom lens 27 mm Wide Recording 280 x 720p. The
images were then converted into Joint Photographic Experts
Group format (JPEG) and processed by the Embrapa’s
SisCob software.

At 72 days after planting (Figure 2C), plants were
fragmented in the laboratory, in order to separate the roots,
leaves and rhizomes and/or stolons. The biomass and root
length analysis required more handling, both in cleaning
the plant material in order to avoid the loss of the vegetative
parts; as well as in the evaluation of the variables. For it is
an analysis that requires precision, predisposing an entire
day for the analysis each block.

Figure 2. Evaluation of Paspalum accessions propagated by plugs for turfgrass establishment: one plug per tray with
commercial substrate (A); trays 21 days after planting placed on concrete benches with irrigation by capillarity (B); and
experiment 72 days after planting (C).

The parts were weighed to obtain the following
variables: fresh leaf biomass (FLB in g); dry leaf biomass
(DLB in g); fresh root biomass (FRB in g); dry root biomass
(DRB in g); fresh biomass of rhizome and/or stolon (FRSB
in g); dry biomass of rhizome and/or stolon (DBRS in g);
and root length (RL in cm). The dry mass was obtained
by drying the plant parts at 65 °C per 72 hours in a forced
aeration oven, until obtaining constant weight (Haydock
and Shaw, 1975).

The analysis at 63 and 72 DAP occurred in the plugs/
plants per accession (in all four replications). A randomized-
in-block experimental design was used, and the treatments
means were compared by the Scott Knott test and the
Simple Person Correlation (test t) at 1% and 5% probability
level, respectively, by the statistical software GENES
(Cruz, 2013).

Results and Discussion
Differences were observed for the variables evaluated
regarding growth and plant development, which allow

the selection of Paspalum accessions for turfgrass
establishment using the plug propagation methods.

Ownam. Houtic. (Vigosa)

At 63 days after planting, it was found a survival rate
(SR) of 100% in the plugs for all accessions (data not
tabulated). The plug ability to survive reduces the necessity
of replanting and it also improves soil coverage. In an area
with sandy soil, high temperatures and low precipitations,
Castro et al. (2015a) found 100% of survival rates for PN
01, PN 02, PN 03, PN 04 and PN 05 accessions, using
vegetative propagation methods such as plugs (a piece
of sod with roots and soil). It is also essential for their
establishment after the process of commercialization and
period of transportation (Martello et al., 2014).

The PL 01 accession showed the highest number of
shoots (29.50) among the evaluated Paspalum accessions,
but it was inferior to the control treatment ZJ 01 (40.81)
(Figure 3A). The PL 01 accession, with a rhizomatous and
stoloniferous growth habit, showed the greatest lateral
growth expansion (8500.13 cm?), which was higher than
the observed in ZJ 01 (4143.88 cm?) (Figure 3B and Table
1). Kojoroski-Silva et al. (2011) emphasizes that longer
stolon length in the meristematic nodes emitted shoots
at longer distances and had greater capacity of mobility
and colonization of new areas compared to shorter stolon
length; which was observed in the PL 01 accession.
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c Number of Shoot (NS) B, Expansion (E in cm?)
40.81a  8500.13a

29.50b
4143.88b
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24.87a
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Figure 3. Number of shoots (A), expansion (B) and height (C) of Paspalum lepton (PL 01), P. notatum (PN 01 to PN
05) and control treatment Zoysia japonica (ZJ 01) at 63 days after planting. Averages followed by the same lowercase
letter, do not differ significantly by the Scott-Knott test at 5% probability.

Table 1. Expansion (E) and height (H) of Paspalum lepton (PL 01), P. notatum (PN 01 to PN 05) and control treatment
Zoysia japonica (ZJ 01) plants at 63 days after planting one plug per tray.

Accessions E in cm? Hin cm

PL 01

PN 01

Guam. Houtic, (Vigosa) V. 26, N°. 3, 2020 p. 356-366



360

Table 1. cont.

PN 02

PN 03

PN 04

PN 05

ZJ 01

* Each square in the image is 10 cm on a side.

coefficients (r)
observed between number of shoot (NS) and lateral
growth expansion (E) (r = 0.877%*) for the accessions
of Paspalum, indicated that the greater the number of
shoots, the greater the capacity of accession expansion

Pearson’s positive correlation

Ownam. Houtic. (Vigosa)
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(Table 2). In fact, rhizomes or stolons, when emitting
shoots, cause lateral growth and the occupation of
available soil surfaces (Youngman et al., 2017) and it
may favor the recovery of areas damaged by trampling,
insects and diseases (Polomski and McCarty, 2003). The

V. 26, N°. 3, 2020 p. 356-366
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varieties of turf, that present rhizomatous growth, have
a great capacity of regeneration, especially regarding the
injuries caused by excessive traffic. It is caused due to

the rhizome’s location under the ground surface, being
protected from direct mechanical damage (Martello et
al., 2014).

Table 2. Pearson’s correlation between the variables evaluated on Paspalum lepton (PL 01) and P. notatum (PN 01 to

PN 05).

Variables E H SCR FLB

Number
of shoot
(NS)

*0.877 *0.768 0.598 *0.831

Expansion (E in cm?)  **0.918 0.588 **0.909

Height (H in cm) 0.585 *0.850

Soil Coverage Rate

642
(SCR in%) 06

Fresh leaf biomass
(FLB in g)

**0.990

Dry leaf biomass
(DLB in g)

Fresh root biomass
(FRB in g)

Dry root biomass
(DRB in g)

Fresh biomass of
rhizome and/or stolon
(FBRS in g)

Dry biomass of
rhizome and/or stolon
(DBRS in g)

Root length
(RL in cm)

** and * referent to significant at 1% and 5% probability by the t test.

The PL 01 accession also presented greater height (H
equal to 24.87 cm) when compared to the PN 01, PN 02, PN
03,PN 04, PN 05 and ZJ 01 group (11.00 to 14.50 cm) (Figure
3C). Turfgrass species with reduced height are more suitable
for lawn maintenance, as they require lower costs regarding
labor, fuel and equipment used to frequent mowing. Silva et
al. (2018) performed 13 to 14 mowing, respectively, during
the cultivation of PL 01 and PN 02 accessions under tropical
conditions (Pernambuco Forest Zone, Brazil) from 63 to 187
DAP, for they exceeded a height of 7.5 cm, suggested as
ideal the height for lawns.

The PL 01 and PN 05 accessions presented higher
soil coverage rates (SCR equal to 73.04% and 61.01%,
respectively) forming a single group along with the control
treatment ZJ 01 (65.25%). The other accessions presented
soil coverage rates below 59.82% (Table 3). According to
Souza et al. (2016), characteristics such as ground coverage,

Ownam. Houtic. (Vigosa)

DLB

*0.831

*0.892

*0.839

0.677

FRB DRB FBRS DBRS RL

**0.916  **0.922 *0.739 *0.790 0.130

*0.787 *0.783 *0.897 *0.769 0.081

0.651 0.671 *0.848 0.633 0.201

0.571 0.542 0.622 0.464 0.141

*0.825 *0.804 **0.975 *0.784 0.090

*0.849 *0.829 **0.959 *0.762 0.150

**0.990 *0.722 *0.812 0.202

0.697 *0.765 0.218

*0.707 0.090

0.215

height and density, have a high degree of relevance for grasses
used for turfgrass establishment, including ornamental use in
domestic gardens and on green roofs.

The largest fresh and dry leaf; root and rhizome and/
or stolon biomass were observed in P. lepton accession
(PL 01). The accession obtained fresh leaf biomass (FLB)
equal to 109.12 g, dry leaf biomass (DLB) of 18.10 g, and
fresh and dry root biomass (FRB and DRB), were 194.04
g and 43.49 g, respectively. To the fresh and dry biomass
of rhizome and/or stolon, was observed 306.78 g and 49.67
g, respectively. It has been seen that the accession showed
higher accumulation of biomass in the root system, in
rhizomes and stolons (Figure 4A-F).

According to the data, there is a significant positive
correlation between FRB and DRB with the variables FLB (r
=0.825%; and r = 0.804*, respectively) and DLB (r = 0.849%;
and r = 0.829%, respectively) (Table 2).
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Table 3. Development and soil coverage rate (SCR in %) of Paspalum lepton (PL 01), P. notatum (PN 01 to PN 05) and control treatment Zoysia japonica (ZJ 01) at 63 days after
planting (DAP) one plug per tray.

Al 10 DAP Images Siscob? SCR(%)?
o - o
o - o
o - o

61.01 a
PN 05
ZJ 01
65.25a
CV % 31.11
General Media 53.82

'AC — Accessions; 2Images SisCob - SCR images (%) of grass cultivation trays with 1026 cm? area (27 cm wide x 38 cm long) processed by SisCob software (Jorge & Silva, 2009); *Averages followed by the same lowercase
letter in the column, do not differ significant by the Scott-Knott test at 5% probability.
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Figure 4. Fresh and dry leaf biomass (A and B), fresh and dry root biomass (C and D), fresh and dry biomass of
rhizome and/or stolon (E and F) and root length (G) of Paspalum lepton (PL 01), P. notatum (PN 01 to PN 05) and
control treatment Zoysia japonica (ZJ 01) at 72 days after planting. Averages followed by the same lowercase letter in
the column, do not differ significantly by the Scott-Knott test at 5% probability.

Ownam. Houic. (Vigosa)

V. 26, N°. 3, 2020 p. 356-366



364

The other accessions were grouped into smaller
biomass groups, for they were found to be similar to the
control treatment Zoysia japonica (ZJ 01) (Figure 4A-F).
These values demonstrate a high leaf and root density for
PL 01, which is desirable for soil surface coverage, for it
can contribute with benefits such as protective covering
soil.

In the stage of establishment, the lawn covering speed
determines the density of the surface cover (Souza et al.,
2016), which in turn is associated with the production of
biomass. Dense lawns are especially desired for landscaping,
recreational and sporting purposes. High density is required
not only to cover the terrain of sport lawns, but also to form
a cushioning surface, which has the potential to reduce the
impact of athletes’ sports activities (Gobilik et al., 2013).
Density, uniformity, texture, smoothness, soil coverage
and bonding are functional characteristics and aesthetic
value to be analyzed for the evaluation of the quality of a
turfgrass by researchers and breeders (Glab et al., 2020).

This density is associate to the expansion of the
lateral growth of the turf (E), which provides a positive
correlation to the soil coverage rate (SCR; r = 0.588) and
significant correlations to FLB (r = 0.909**), DLB (r =
0.892*), FRB (r = 0.787*), DRB (r = 0.783%*), FBRS (r =
0.897*) and DBRS (r = 0.769%). It shows that when lateral
growth increases, it implies the production of leaf and root
biomass, biomass of rhizomes and stolons (Table 2).

Regarding to root length (RL), the accessions PL 01, PN
01, PN 02, PN 03 and PN 05 showed similar performance,
which was superior to PL 04 and also to the control treatment
ZJ 01 (Figure 4G). For efficient soil coverage, the roots,
along with rhizomes or stolons, help to sustain and cover
the soil, reducing not only the direct environmental impacts
on the soil, but also favoring the absorption of nutrients and
water, which are essential elements for plant survival.

In an experiment evaluating the rate of establishment of
Zoysia spp. and hybrids by sprigs, it has been demonstrated
that the expansion of soil coverage is associated with the
stolons growth rate. However, the number of stolons and
rhizome branching yielded different colonizing capabilities
of the entries. Such turfs have the ability to produce longer
and thicker horizontal stems while others to produce higher
density (Magni et al., 2017). In addition, it is believed
that the potential root development and characteristics of
the lawn profile provide important information about its
drought resistance mechanisms and the development of
drought resistant cultivars (Fuentealba et al., 2015).

The PL 01 accession showed a larger number of
shoots and expansion capacity, greater biomass of the

Ownam. Houtic. (Vicosa)
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aerial part, root system and rhizome and stolon, which
was superior to the control treatment ZP 01. The PL
01 and PN 05 presented highest rates of soil coverage,
prostrate growth and good shoots development, which
are desirable for the rapid turfgrass establishment and
demonstrated the potential use of those accessions for
several functionalities, including permanent protective
soil coverage (Souza et al., 2016).

Conclusions

The accessions of P. lepton (PL 01) and P. notatum
(PN 05) may be recommended for the establishment of
lawns, using the plug propagation method, due to the good
growth and development demonstrated by the high rates
of shoots, as well as expansion and covering capacity, and
accumulation of leaf, root, rhizomes and stolon biomass
and root length.
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