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Productive and structural responses of Urochloa brizantha cv. piata
subjected to management strategies

Respostas produtivas e estruturais do Urochloa brizantha cv. piata
submetido a estratégias de manejo

Josimar Nogueira dos Santos'; Alexandre Lima de Souza®'; Marcus Vinicius
Pavoni de Carvalho!; Mariane Moreno Ferro®; Anderson de Moura Zanine*

Abstract

This experiment was carried out to evaluate management strategies for Piatd grass grown in the soil-
climatic conditions of the south region of Mato Grosso State, Brazil. The treatments corresponded to
four management strategies determined by the following pre- and post-harvest heights: 30/10, 30/15,
35/20 and 40/15. A completely randomized design with five replications was employed totaling twenty
experimental units. The highest number of harvests was observed in the plots subjected to strategies
35/20 and 30/15, which allowed for two additional harvest cycles when compared with strategies 40/15
and 30/10. The strategies that provided plants with the greatest pre-harvest heights, 40/15 and 35/20,
resulted in lower leaf elongation rates, stem elongation rates, and leaf senescence. Because of the lower
post-harvest height, strategy 30/10 resulted in the largest tiller population, an average of 829 tillers m?.
The highest herbage accumulation value, 18.600 kg ha' DM, was observed with management strategies
40/15 and 30/15. The management of Piata grass based on the harvest target of 30/15 associates elevated
herbage production with a favorable pasture structure for grazing.
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Resumo

Este experimento foi conduzido com o objetivo de avaliar as estratégias de manejo do capim Piatd cultivado
nas condigdes solo-clima da regido sul do Estado do Mato Grosso. Os tratamentos corresponderam a
quatro estratégias de manejo determinadas pelas seguintes alturas pré e pos-colheita: 30/10, 30/15,
35/20 e 40/15. Utilizou-se um delineamento inteiramente casualizado com cinco repetigdes, totalizando
vinte unidades experimentais. O maior nimero de colheitas foi observado nas parcelas submetidas as
estratégias 35/20 e 30/15, o que permitiu dois ciclos adicionais de colheita quando comparados com as
estratégias 40/15 e 30/10. As estratégias que proporcionaram as plantas as maiores alturas pré-colheita,
40/15 e 35/20, resultaram em menores taxas de alongamento foliar, taxas de alongamento do colmo e
senescéncia foliar. Devido a menor altura pds-colheita, a estratégia 30/10 resultou na maior populagao
de perfilhos, uma média de 829 perfilhos m?. O maior valor de acimulo de forragem, 18.600 kg ha' de
MS, foi observado com as estratégias de manejo 40/15 e 30/15. O manejo do capim Piatd baseado na
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meta de colheita de 30/15 associa a producado elevada de forragem a uma estrutura de pasto favoravel

ao pastejo.

Palavras-chave: Acumulo de forragem. Intensidade de desfolha. Manejo do pastejo.

Introduction

The intensification of animal production on
pasture can be achieved through the adoption of
management techniques that allow an efficient
defoliation while maintaining rapid and vigorous
regrowth. In this perspective, a large part of
restrictions to animal production can be solved with
management practices that increase the efficiency
in the use or harvest of the forage produced
(BARBOSA et al., 2007).

Information about the herbage accumulation
of the
morphogenetic and structural characteristics has

dynamics obtained by monitoring
shown to be a tool to understand the morpho-
physiological responses of tropical grasses when
they are subjected to defoliation actions from
harvesting or grazing. This understanding can
contribute to the better planning and adoption of
efficient management practices suitable for each
type of forage plant (RODRIGUES et al., 2011).
In this way, it is possible to establish management
strategies that allow a greater production and greater
efficiency in pasture use.

The responses of a plant to the environment
and to the management strategies results the main
structural characteristics of the pasture: final leaf
size, tiller density, number of live leaves per tiller,
and leaf:stem ratio. The importance of these traits
is because the leaf area index (LAI), considered a
structural variable, has a higher correlation with the
responses of both plants and animals and results
from the combined manifestation of morphogenetic
and structural characteristics of plants in a given
environment (CHAPMAN; LEMAIRE, 1993).

Cultivars are constantly released in Brazil to
be used in pasture-based systems. Despite the
economic importance of marandu grass, problems
such as the death syndrome of marandu grass

associated with the need to intensify production
systems, in a sustainable way, have led to a search
for new grass varieties that more competitive in
quantity and qualify, especially less demanding in
soil fertility, with lower seasonality of production
and more resistant to pests and diseases (VALLE et
al., 2009).

Although of Piata grass has been released in 2006
as results of the work of the program of improvement
of tropical forages of the Embrapa Gado de Corte
few papers have been published about the productive
responses of tropical grasses under different
management conditions. Due of the large territory
and great variations in soil-climatic conditions in
the country, there is limited scientific information
about the productive responses of tropical grasses
under different management conditions. For the
main tropical grasses, it is possible to determine
pasture-management strategies based on targets
characterized by combinations between intensity
and frequency of defoliation (GIACOMINI et al.,
2009; TRINDADE et al., 2007; ZANINE et al.,
2011), which enable the maintenance of the pasture
structure in ideal conditions for an adequate animal
performance.

Thus, the objective of the present study was
to evaluate the morphogenetic and structural
characteristics and herbage
Urochloa brizantha cv. Piata subjected to different
harvest regimes under the climatic conditions of the
South Region of Mato Grosso State.

accumulation of

Material and Methods

The
experimental area at Rondonopolis Campus of
the Federal University of Mato Grosso (16°28°
S latitude, 54°34° W longitude, and 285 m asl).

experiment was carried out in an
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According to Koppen classification, the climate of
the region is an Aw type, characterized by irregular
distribution of rainfall over the year, with well-
defined dry and rainy periods.

The experimental period was of 186 days.
Information about the climatic conditions during
the experimental period (Figure 1) was obtained
from a weather station located 400 m from the
experimental area.

Figure 1. Monthly accumulated precipitation and minimum, average, and maximum temperatures (T) (monthly

means) observed during the experimental period.
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kg; sum of bases = 2.1 cmolc/drn3; cation-exchange
capacity = 4.5 cmol /dm’; base saturation = 46%;
clay =400 g/kg; silt=100 g/kg; and total sand = 500
g/kg. To maintain the soil fertility, 50 kg ha™ PO,
were applied in the form of single superphosphate,
150 kg ha'! nitrogen (N) in the form of urea, and
75 kg ha' K O in the form of potassium chloride
(K,0), following recommendations of Cantarutti et
al. (1999). The phosphate fertilizer was applied in
a single dose, whereas the nitrogen and potassium
fertilizers were split into three applications.

The planting of the Piata grass being was done in
plots of 4.0 x 3.0 m, with the sowing done in lines
with spacing of 32 cm. A completely randomized
design with four treatments and five replications
was adopted. Treatments corresponded to four
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management strategies determined by the following
pre- and post-harvest heights: 30/10 (30 and 10 cm,
respectively); 30/15 (30 and 15 cm, respectively);
35/20 (35 and 20 cm, respectively); and 40/15 (40
and 15 cm, respectively).

The experiment started after cutting plants in the
plots, according each treatment (10, 15, and 20 cm).
The grass height was monitored twice weekly, by
sampling 10 random points per plot. Heights were
read at the midpoint of the curvature of the upper
leaves located around the ruler.

Morphogenetic characteristics were evaluated
during the plant regrowth period and immediately
after the harvest. Ten tillers were used per
experimental unit; these were tagged with colored
ribbons for identification and to facilitate their
visualization. The morphological components
of the tillers were measured twice weekly using
a millimeter-graduated ruler. The length of the
pseudostem (stem plus leaf sheath) was measured
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from the soil to the ligule of the last fully expanded
leaf. The length of fully expanded leaves was
obtained by measuring the distance from the ligule
to the live tip of the leaf blade, while the length of
expanding leaves was measured from the ligule of
the last live leaf'to the tip of the leafunder expansion.
Leaves were classified as expanded when their
ligule was visible and considered dead when more
than 50% of the leaf blade showed senescence.

Based on the above information, the following
variables were calculated: leaf appearance rate
(LAR), leaf elongation rate (LER), pseudostem
elongation rate, phyllochron, leaf lifespan (LLS),
average leaf length, leaf senescence rate, and
number of live leaves per tiller (NLL), following
Marcelino et al. (2006). Tiller density was estimated
by counting the number of existing tillers within
the sward. For this procedure, a 0.15 x 1.0 m metal
frame was placed in two representative points of the
plot.

The net herbage accumulation, based on tissue
flow, was determined in accordance with Grant
et al. (1983), according to which, at the end of
each regrowth interval, 10 tillers were collected
at random per experimental unit and taken to the
laboratory for separation and measurement (mm) of
green leaves and stems. Next, these fractions were

dried in a forced-air oven at 60°C for 72 h. Based
on the length and weight values, it was estimated
the weight indices per unit of green leaf and stem
lengths. With these data plus the leaf elongation
rate, stem elongation rate, leaf senescence rate,
and tiller density values, they were estimated the
herbage accumulation and leaf:stem ratio.

The data were subjected to analysis of variance
and Tukey’s test for comparison of means at the
5% significance level, using SAEG (System for
Statistical Analysis, version 9.1).

Results and Discussion

The management strategies influenced (P<0.05)
the total number of harvests performed during
the experimental period. The highest number of
harvests occurred in the plots subjected to strategies
30/15 and 35/20, which allowed for two additional
cycles as compared with strategies 30/10 and 40/15
(Figure 2). This was a response to the effect of the
regrowth interval, which was significantly affected
(P<0.05) by the management targets, because during
the experimental period, the shortest regrowth
interval was observed for strategy 35/20, followed
by strategy 30/15 (Table 1).

Figure 2. Number of harvests and interval between harvests of Piatd grass subjected to management strategies.
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Table 1. Mean values for the intervals between harvests and for morphogenetic and structural traits of Piatd grass

subjected to different harvest intensities and frequencies.

Variable

Management strategy

30/10 30/15 35/20 40/15
Average interval between harvests (days) 33.5B 31.0C 26.8D 35.5A
Leaf appearance rate (leaf tiller' day™') 0.109A 0.101B 0.115A 0.107A
Leaf elongation rate (mm tiller’ day™") 26.31B 26.46B 30.46A 31.47A
Stem elongation rate (mm tiller' day™') 2.18B 2.07B 2.85A 3.51A
Leaf lifespan (days) 52.3B 58.7A 50.6B 52B
Leaf senescence rate (mm tiller! day™) 2.77B 3.19B 3.06B 4.38A
Number of live leaves 5.4A 53A 5.4A 5.4A
Average leaf length (mm) 154B 143C 157B 184A
Tiller density 829A 782B 697BC 683C

Means followed by common letters in the row do not differ statistically by Tukey’s test (P>0.05).

The shorter regrowth intervals and consequent
larger number of harvest cycles recorded in
strategies 30/15 and 35/20 can be attributed to
differences between the heights of the plants pre-
and post-harvest. In the management strategy with
the targets of 30/15 and 35/20, this difference was
15 cm, whereas in strategies 30/10 and 40/15, this
difference was 20 and 25 cm, respectively. For
this reason, strategies 30/15 and 35/20 required
a shorter regrowth interval for plants to reach the
established targets for the pre-harvest heights. In the
35/20 strategy, the greater post-harvest height and
consequently larger remaining-leaf area promoted a
faster regrowth, with more frequent harvests.

The leaf appearance rate (LAR) was influenced
(P<0.05) by the harvesting strategies tested (Table 1),
with an average of 0.110 leaves tiller' day' recorded
for strategies 30/10, 35/20, and 40/15, which did
not differ from each other, and 0.101 leaves tiller!
day!' for strategy 30/15. The difference in LAR
in experiments evaluating residual heights under
grazing or harvesting has been associated on the
heights of remaining leaf sheaths, i.e., the distance
traveled by the leaf to emerge (MARTUSCELLO et
al., 2006; SANTOS et al., 2011).

A longer sheath causes the plant to show a lower
LAR. In the present study, the observed responses
did not follow this pattern. This result agrees with

Marcelino et al. (2006), who also did not observe an
effect of the harvesting intensities of 10 and 20 cm on
the leaf appearance rate of Marandu palisadegrass.
In a study of Piatd grass under growth, Silveira
et al. (2010) reported an average leaf appearance
rate of 0.09 leaves tiller! day!, which is lower
than that found here. By contrast, Marcelino et al.
(2006) found an increase in leaf appearance rate for
more frequent harvests in Marandu palisadegrass
pastures subjected to the defoliation frequencies
based on the appearance of 5, 7, or 9 leaves per
tiller and defoliation intensities of 10 and 20 cm
residual height. Contrary, Costa Junior et al. (2019)
did not find differences between different height
management strategies of piata grass.

For leafelongation rate (LER), a significant effect
(P<0.05) of the target heights was also observed. The
strategies based on plants with a greater pre-harvest
height (35/20 and 40/15), resulted in higher values
for this variable; the average was 30.96 mm tiller
day! (Table 1), which was very close to the 30.3
mm tiller! day' observed by Silveira et al. (2010)
for Piata grass. Casagrande et al. (2010) did not find
alterations in leaf elongation rate evaluated marandu
grass, recording an average of 17.5 mm tiller' day'.
The variation in leaf elongation rate between these
grasses may be due to the morphological differences
inherent to each cultivar.
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According to Davies (1974), the defoliation
intensity has little influence on the leaf elongation
rate, with a slight decrease observed in this variable
only when defoliation occurs or when the tiller is
fully cut, which did not occur in the present study.
Thus, the differences seem to be related to the
greater pasture heights used in strategies 35/20 and
40/15. Pena et al. (2009) reported that this response
pattern can be attributed to the increase in the apical
meristem resulting from stem elongation, which
shortens the distance traveled by the leaf until its
emergence above the pseudostem.

The stem elongation rate changed with the
harvest strategies (P<0.05), with mean values of
2.8 and 3.5 mm tiller' day' for strategies 35/20
and 40/15, respectively, which did not differ from
each other. These values were, on average, 60%
higher than those obtained with the other strategies
(Table 1). In Xaraés grass fertilized with a nitrogen
dose equivalent to 150 kg ha'!, Cabral et al. (2012)
observed a stem elongation rate of 5.16 mm tiller
day in the rainy season.

The higher stem elongation rates observed for
strategies 35/20 and 40/15 are explained by the
competition for light resulting from the shading
of the lower leaves, caused by the greater sward
height. This response pattern was observed in some
experiments using light interception as indicative of
the harvest frequency or plant grazing (SOUSA et
al., 2011; TRINDADE et al., 2007).

Based on these results, it is possible that in
strategies 35/20 and 40/15 the Piata grass reached a
light interception level greater than 95%, indicating
that these strategies might have led to a higher
percentage accumulation of stem. It should be
noted that in addition to reducing the forage quality
because of the lower nutritional value, the stem
fraction also compromises the pasture structure,
which may considerably interfere with the aspects
involved in the process of use of the herbage by the
grazing animal.

Leaf lifespan was affected (P<0.05) by the
management strategy (Table 1), with mean values
that ranged from 50.6 to 58.7 days and the highest
value observed in strategy 30/15. Leaf lifespan
is the product between number of live leaves and
phyllochron. Thus, because there was no difference
in number of live leaves, the longer leaf lifespan in
strategy 30/15 is attributed to the longer phyllochron
observed in this strategy.

The greater competition for light determined
by the elongation rate and leaf length in strategies
35/20 and 40/15 can also explain the shorter leaf
lifespan in the management strategy adopting
these targets. Martuscello et al. (2006) observed a
reduction of leaf lifespan that is explained by the
greater tissue renewal brought about by the nitrogen
fertilization doses. The authors also explained that,
in unfertilized plants, leaves have a longer lifespan
over the expansion of new leaves, in a process that
was evidenced from LER and the higher LAR and
consequent reduction of phyllochron in fertilized
plants.

An effect of the management strategies was
observed on the leaf senescence rate of the Piata
grass (P<0.05). The average 4.38 mm tiller! day
! obtained with strategy 40/15 for leaf senescence
rate was 46% higher than the average of the other
strategies, which did not differ from each other
(Table 1). The observed difference can be attributed
to the longer regrowth period in the plots managed
under strategy 40/15. With the shading of the lower
sward strata, caused by the prolonged regrowth
period, the competition for light among the plants
intensifies the senescence process, which is also
explained by the shorter lifespan of the leaves for
this strategy.

It should be stressed that the losses stemming
from the higher leaf senescence rates generated
in strategy 40/15 can represent inefficiency in the
process of forage use. Therefore, there may be a
reduction in the carrying capacity of the pastures
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caused by the lower number of accumulated live
leaves, which consequently affects the nutritive
value of the herbage produced and the animal
performance.

There was no effect (P>0.05) of the harvest
strategies on number of live leaves, which was 5.4
per tiller (Table 1). This value is very close to the
5.8 leaves tiller' reported by Silveira et al. (2010)
for the same grass under free growth and the 3.6 to
4.5 leaves tiller' found by Casagrande et al. (2010)
for Marandu palisadegrass subjected to different
herbage allowances.

Based on these results, a maximum regrowth
period equivalent to the number of days necessary
for the appearance of 5 to 6 leaves tiller! can be
recommended for the Piata grass, which will ensure
lower losses due to senescence and greater efficiency
in the use of the herbage produced. Although the
grazing management using number of live leaves is
an appropriate parameter for application in the field,
this variable does not reflect the structural condition
of the pasture or the quality of the herbage provided
to the animals, which requires other criteria to
be evaluated so that the best management can be
established.

Unlike number of live leaves, average leaf length
varied (P<0.05) according to the management
targets adopted. In strategy 40/15, the leaves were
on average 22% longer as compared with those
observed in strategy 30/15, which showed the lowest
value for this variable (Table 1). This response
ratifies Briske (1996), who stated that the final leaf
length is a plastic trait sensitive to the defoliation
management.

The literature seems to have a consensus
regarding the factors determining leaf size. Several
researchers (DURU; DUCROCQ, 2000; WILSON;
LAIDLAW, 1985) have shown that the leaf length

is directly related to the length of the pseudostem,
which determines the distance to be travelled from
the leaf until it is fully expanded. In this way, the
greater leaf length found in strategy 40/15 can be
explained by the higher stem elongation rates and
length, which are a result of the greater pasture
height observed in this strategy.

The tiller density was influenced (P>0.05) by the
harvesting strategies. Mean values ranged from 683
to 829 tillers m?, and the highest value was observed
in strategy 30/10 (Table 1). This tiller density
is close to the 1,069 to 692 tillers m? reported by
Sbrissia and Silva (2008) in Marandu palisadegrass
under continuous rate managed between 10 and 40
cm in height, respectively.

In the plots managed using strategy 30/10,
the lower plant height pre-harvest in relation to
strategies 35/20 and 40/15 and the lower residual in
relation to the other strategies may have benefited
the quantity and quality of the incident light into
the pasture. Variations in the quantity and quality
of light that penetrates the sward are among the
main factors determining morpho-physiological
alterations in plants, which result in an increased
or reduced tiller population (SBRISSIA; SILVA,
2008). Additionally, in pastures managed under
frequent defoliations, plants utilize a larger tiller
population as a strategy to optimize their leaf area
index (KORTE, 1986).

The management strategies affected (P<0.05)
the total herbage accumulation; the highest values
for this variable were recorded with targets 30/15
and 40/15, which did not differ from each other
even with a distinct number of harvests, resulting
in approximately 18,000 kg ha' DM (Table 2).
However, each component of the accumulated
herbage should be carefully analyzed for a precise
evaluation of what can be used by the animal.
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Table 2. Net herbage accumulation and leaf:stem ratio of Piata grass subjected to management strategies.

Management strategy

Net herbage accumulation

Leaf:stem ratio

30/10 14.781 B 3.28A
30/15 17.318 A 332A
35/20 14.168 B 2.95A
40/15 18.648 A 2.20B

Means followed by the same letter in the column do not differ statistically by Tukey’s test (P>0.05).

It is noteworthy that the lower number of
harvests observed in strategy 40/15 in relation to
30/15 was compensated for by the greater herbage
accumulation per harvest, which can be explained
by the lower harvest frequency observed with this
strategy (Figure 2). An analogous response pattern
was reported by Pedreira et al. (2007) for Xaraés
grass. This was not observed in strategy 35/20,
which resulted in two additional harvests relative
to combination 40/15; however, it resulted in an
approximately 31% lower herbage accumulation.
Additionally, the higher leaf and stem elongation
rates contributed to the high herbage accumulation
found in strategy 40/15.

The leaf:stem ratio was influenced (P<0.05) by
the management strategies. The values observed
for the plots subjected to strategies 30/10, 30/15,
and 35/20 were like each other, and higher than
those obtained with strategy 40/15 (Table 2). The
leaf:stem ratio is one of the factors determining ease
at seizure (FLORES et al., 2008), and the nutritional
value of the herbage consumed by animals (PENA
et al., 2009), suggesting that the treatments with
highest values for this variable can be beneficial for
animal performance.

Conclusion

To achieve high efficiency levels in production
and use of Piatad grass, the pre-harvest or grazing
height of 30 cm should be adopted as the target
strategy in conjunction with a post-harvest or grazing
height of 15 cm. This strategy allows for an elevated
herbage accumulation, associated with a favorable

leaf:stem ratio for grazing animals. Strategy 40/15
can be employed in production systems with low

manageability. The longer regrowth intervals

observed with this strategy can provide flexibility to
management strategies at the farm.
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