Pesquisa Agropecuaria Tropical
ISSN: 1517-6398

ISSN: 1983-4063
cunhajunior.l.c@ufg.br
Universidade Federal de Goias
Brasil

Techio Pereira, Lilian Elgalise; Rodrigues Herling,
Valdo; Cesar Avanzi, Junior; Carneiro da Silva, Sila

Morphogenetic and structural characteristics of signal grass in response to liming and defoliation severity
Pesquisa Agropecuaria Tropical, vol. 48, num. 1, 2018, -Marzo, pp. 1-11
Universidade Federal de Goias
Goiania, Brasil

Disponible en: https://www.redalyc.org/articulo.0a?id=253067973001

Como citar el articulo @98\3@@@
Numero completo Sistema de Informacion Cientifica Redalyc
Mas informacion del articulo Red de Revistas Cientificas de América Latina y el Caribe, Espafia y Portugal
Pagina de la revista en redalyc.org Proyecto académico sin fines de lucro, desarrollado bajo la iniciativa de acceso

abierto


https://www.redalyc.org/comocitar.oa?id=253067973001
https://www.redalyc.org/fasciculo.oa?id=2530&numero=67973
https://www.redalyc.org/articulo.oa?id=253067973001
https://www.redalyc.org/revista.oa?id=2530
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=2530
https://www.redalyc.org/articulo.oa?id=253067973001

e-ISSN 1983-4063 - www.agro.ufg.br/pat - Pesq. Agropec. Trop., Goidnia, v. 48, n. 1, p. 1-11, Jan./Mar. 2018

[D)er |

Morphogenetic and structural characteristics of
signal grass in response to liming and defoliation severity'

Lilian Elgalise Techio Pereira?, Valdo Rodrigues Herling?, Junior Cesar Avanzi®, Sila Carneiro da Silva*

ABSTRACT

The control of soil acidity through liming and the
adoption of adequate management are essential to the
maintenance of pastures productivity. The morphogenetic
and structural characteristics of Urochloa decumbens cv.
Basilisk, in canopies with (0.7 t ha'and 1.0 t ha!') or without
liming and subjected to severe or lenient cuttings (stubble
corresponding to 40 % or 60 % of the pre-harvest height,
respectively), were evaluated throughout regrowth, during
late spring and summer. Treatments were distributed in a
3 x 2 factorial arrangement, in a completely randomized
block design, with 3 replications (80 m? plots). Increased
liming rates do not result in benefits to the herbage mass,
tiller population density or a faster canopy recovering. The
average tiller weight decreases, while the duration of regrowth
linearly increases, with increasing liming rates, particularly
in late spring. Stem elongation and leaf senescence rates
increase and leaf elongation rates decrease from the 15th
day of regrowth, regardless of the liming rates or defoliation
severities. Post-harvest heights ranging from 40 % to 60 % of
the pre-harvest height showed to be within the tolerance limits
to defoliation of U. decumbens. The liming rates adopted had
only marginal impacts on the morphogenetic characteristics
of U. decumbens.

RESUMO

Caracteristicas morfogénicas e estruturais de capim-
braquidria em resposta a calagem e severidade de corte

O controle da acidez do solo por meio de calagem, aliado a
adogao de manejo correto, sdo fatores essenciais para a manutengao da
produtividade de pastagens. Avaliaram-se, ao longo da rebrotagdo, no
final da primavera e verdo, as caracteristicas morfogénicas e estruturais
da Urochloa decumbens cv. Basilisk, em dosséis que receberam
(0,7 tha' e 1,0 t ha') ou ndo calagem, submetidos a cortes severos
ou lenientes (residuo correspondente a 40 % ou 60 % da altura pré-
corte, respectivamente). Os tratamentos foram distribuidos em arranjo
fatorial 3 x 2, em delineamento de blocos completos casualizados,
com 3 repeticdes (parcelas de 80 m?). O aumento nas doses de calcario
ndo resulta em maior massa de forragem, densidade populacional
de perfilhos ou recuperacdo mais rapida do dossel. O peso médio
de perfilhos diminui, enquanto a duracdo da rebrotacdo aumenta
linearmente, com aumentos nas doses de calcario, particularmente no
final da primavera. Aumentos nas taxas de alongamento de colmos
e senescéncia de folhas e diminui¢do nas taxas de alongamento de
folhas ocorrem a partir do 15° dia de rebrotagdo, independentemente
da quantidade de calcério ou severidade de corte. Severidades de
corte variando de 40 % a 60 % da altura pré-corte mostraram-se
dentro dos limites de tolerancia a desfolhacdo em U. decumbens. As
doses de calcério adotadas tiveram apenas impactos marginais nas
caracteristicas morfogenénicas de U. decumbens.

KEYWORDS: Urochloa decumbens cv. Basilisk; stem
elongation; regrowth dynamics; light interception.

INTRODUCTION

The physiological and growth processes at
plant and population level play a central role in
determining how fast the vegetal communities adapt
to the grazing management (Silva et al. 2015). Thus,
the knowledge about the growth characteristics of

PALAVRAS-CHAVE: Urochloa decumbens cv. Basilisk;
alongamento de colmos; dindmica de rebrotagdo; interceptagao
luminosa.

grasses, especially the tropical perennial grasses,
is essential for the establishment of effective
management strategies, which should be easily and
rapidly defined to the canopies, in order to recover
the leaf area (Gastal & Lemaire 2015).

Soil properties, particularly those determining
the nutrients availability, also play an important role
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in grazed pastures, since they modulate how fast
swards recover after grazing (Magalhies et al. 2017).
Since most soils in Brazil are naturally acid, liming is
considered an essential agronomic practice to maintain
pastures productivity and persistence (Oliveira et
al. 2003, Costa et al. 2012), increasing the soil base
saturation, pH values and P availability, and decreasing
Al saturation (Raij et al. 1997, Goulding 2016).

Despite the high tolerance of Urochloa
decumbens pastures to low soil fertility (Werner
et al. 1996, Dias-Filho 2014), the growth patterns
throughout the regrowth process related to the
adjustments in morphogenetic traits at tiller level
and changes in population density and tiller weight
in response to liming are poorly understood. This
knowledge is essential to understand the mechanisms
triggered by this grass species that has preventing
the maximization of herbage accumulation and
buffered productivity, in response to the increasing
liming rates commonly described in the literature
(Premazzi & Mattos 2002, Oliveira et al. 2003).

The defoliation severity is an important
component of grazing management affecting the sward
recovering, once it determines the residual herbage
mass and the remaining leaf area (Pereira et al. 2014,
Silvaetal. 2015), and the time required for regrowth is
normally longer as lower are the post-grazing heights
(Ferraro & Oesterheld 2002). Despite that, a faster
sward recovering would be expected, if fertilization
practices can supply the nutrients required for the
initial sward regrowth. Thus, it was hypothesized
that defoliation severities have a lower impact on the
morphogenetic traits and tiller population density in
Urochloa decumbens, as liming rates increase. On
the other hand, a decreased ability to maintain high
tiller population density and leaf elongation rates is
expected when swards are established on unlimed soils,
particularly when associated to severe defoliation.
Thus, this study aimed to describe the morphogenetic
and structural characteristics of Urochloa decumbens
cv. Basilisk throughout regrowth in response to liming
rates, when swards are subjected to severe or lenient
defoliation (stubble corresponding to 40 % or 60 %
of the pre-harvest height, respectively), during late
spring and summer.

MATERIAL AND METHODS

The experiment was carried out at the
Universidade de Sao Paulo, in Pirassununga, Séo

Paulo state, Brazil (21°36°N, 47°15’W and 620 m
a.s.l.). The slope is moderately undulate and the soil
classified as an Oxisol (Dystrophic Red Latosol,
according to Embrapa 2013). The climate is Cwa
(sub-tropical with dry winter) and the average
annual rainfall is around 1,395 mm. The average
temperatures during the experimental period (October
2015 to March 2016) ranged 18.9-25.0 °C. The
average montly rainfall during late spring (October
to December 2015) and summer (January to March
2016) were, respectively, 203.4 mm and 259.2 mm.

The experimental treatments resulted from
the combination of three liming rates [C0.0 (no
limestone applied); C0.7 (liming rate equivalent
to 0.7 t ha'); and C1.0 (liming rate equivalent to
1.0 t ha!)] and two defoliation severities, in which
the stubble corresponded to 40 % (R40, severe) or
60 % (R60, lenient) of the pre-harvest height. The
experimental area comprised 18 paddocks (80 m?)
distributed in three blocks, according to the soil
slope. The experimental design was a randomized
complete block and treatments were distributed in a
3 x 2 factorial arrangement, with three replications.

The soil samples were collected in January
2015, and the average soil chemical characteristics
(0-20 cm layer) in the paddocks attributed to the
treatments C0.0, C0.7 and C1.0 were, respectively: pH
(CaCl,): 4.8, 5.1 and 5.3; organic matter = 20.5 g kg™,
23.0 g kg! and 23.3 g kg'!; P (resin) = 5.7 mg dm?,
7.3 mg dm™ and 11.2 mg dm*; Ca = 8.8 mmol_dm”~,
12.7 mmol_  dm” and 19.3 mmol_ dm”; Mg =
4.3 mmol dm?, 5.5 mmol_dm~ and 6.2 mmol_ dm~;
K=2.6mmol_dm~,2.5mmol dm~and2.3 mmol dm™;
S = 8.5 mg dm?, 22.0 mg dm™ and 25.0 mg dm;
H + Al = 24.5 mmol_ dm”, 24.2 mmol_ dm” and
24.3 mmol dm™; sum of bases = 15.8 mmol_ dm~,
20.6 mmol_dm~and 27.8 mmol_dm™; cation exchange
capacity = 40.5 mmol_  dm?, 44.8 mmol dm~ and
52.0 mmol dm; soil base saturation = 39.1 %,
45.9 % and 51.2 %.

The liming rates applied corresponded to the
elevation of the soil base saturation to 50 % and
65 %, in the treatments C0.7 and C1.0, respectively.
Dolomitic limestone (89 % TNRP) was applied
after mowing (5 cm above the ground) without
incorporation, in April 2015. The annual fertilization
was equivalent to 106.5 kg ha! of N, 52.5 kg ha'! of
P,O,and 35 kg ha" of K,O (Raij et al. 1997), splitted
in three applications: in November 2015, by applying
the equivalent to 17.5 kgha' of N, 52.5 kg ha' of PO,
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and 35 kg ha'' of K O (formulated fertilizer 5-15-10);
and on 05 December 2015 and 26 January 2016, with
the equivalent to 49.5 kg ha! and 39.5 kg ha! of N,
using ammonium nitrate (33 % of N).

The Urochloa decumbens cv. Basilisk swards
were mowed at 5 cm, in April 2015, after which the
monitoring of the experimental conditions started.
The criterion to define the pre-harvest condition was
the moment in which the swards intercepted 0.95 of
the incoming photosynthetically active solar radiation
(LI, ), following recommendations by Silva et al.
(2015). Plots were defoliated using a costal mower.
The experimental period started in November 2015,
and measurements were carried out up to March
2016, comprising two seasons: late spring (November
and December) and summer (January to March).

Canopy light interception was monitored
during regrowth, using a LAI 2000 canopy analyzer
(LI-COR, Lincoln, Nebraska, USA). Readings were
taken from two sampling areas, in which one reading
was taken above the canopy and five at the ground
level. Sward height was monitored throughout each
regrowth cycle through 20 systematic readings along
four transect lines, using a meter stick graduated in
cm. To determine the herbage mass, two samples
were cut at the ground level using a 0.50 m x 0.50 m
(0.25 m?) metallic frame. After cutting, samples
were weighed and separated into two sub-samples:
one for the determination of the dry matter content
and the other for manual dissection into the leaf (Ieaf
laminae), stem (leaf sheath + stem) and dead material.

The tiller population density (tiller m?) was
determined by counting the number of tillers within
two metallic frames (0.5 m x 0.5 m). Tiller weight
(g tiller!) was acessed from 20 tillers randomly
collected per paddock, which were dried in a forced-
draft oven, at 65 °C, until reaching a constant mass.
Procedures to determine the tiller population density
and tiller weight were performed at three stages
during regrowth: post-harvest, intermediate phase
of regrowth and pre-harvest. Morphogenetic traits
were assessed in five tillers per experimental unit.
Tillers were monitored every 3 days throughout the
regrowth period. Leaves were classified as expanding
(the ligule was not exposed and the lamina length
was measured from the ligule of the last expanded
leaf), expanded (the ligule was visible and/or there
was no variation in the lamina length between two
consecutive measurements) or senescing (the lamina
showed signs of being endangered by senescence).

Stem length was measured as the distance between
the ground level for basal tillers, or from the insertion
point for axillary tillers, up to the ligule of the last
expanded leaf. The variables were calculated as
described by Pereira et al. (2014) to obtain: leaf
elongation (cm tiller' day™), leaf appearance (tiller!
day™), leaf senescence (cm tiller!' day') and stem
elongation (cm tiller! day™') rates.

Variance analysis was performed using the
Mixed Procedure (SAS®, version 8.2). The variance
analysis regarding light interception, herbage mass
and sward height were carried out separately for the
post and pre-harvest stages, considering the liming
rates, defoliation severities, season of the year and
their interactions as fixed factors and blocks as a
random factor. The season of the year was considered
a repeated measure, and VC was the covariance
matrix used. The variance analysis for tiller
population density and tiller weight considered the
liming rates, defoliation severities, regrowth phase
(post-harvest, intermediate and pre-harvest), season
of the year and their interactions as fixed factors and
blocks as a random factor. The season of the year
and the regrowth phase were considered repeated
measures, and UN@CS was the covariance matrix
used. The variance analysis to the morphogenetic
traits considered the liming rates, defoliation
severities, regrowth phase (5-day intervals), season
of the year and their interactions as fixed factors and
blocks as a random factor. The season of the year
and the regrowth phase were treated as repeated
measures, and UN@CS was the covariance matrix
used for all variables.

For all variables, the correction for degrees of
freedom was made by the Kenward & Roger (1997)
method (DDFM = KR). When appropriate, means
were calculated using the ‘LSMEANS’, comparisons
were made using the ‘PDIFF = ALL’ option and
significant differences were declared when p <0.05.
When significant effects were detected for liming
rates, the relationships were quantified using linear
regression (PROC REG of'the SAS®, version 8.2) and
evaluated for goodness of fit (R?) and significance.
When significant effects of liming rates or regrowth
phase were detected for the variables leaf elongation,
leaf appearance, leaf senescence and stem elongation
rates, the relationships were studied by testing models
up to the third order (PROC REG of the SAS®,
version 8.2) and evaluated for goodness of fit (R?)
and significance.
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RESULTS AND DISCUSSION

Light interception during the post-harvest
stage varied only with season (p < 0.0001) and
higher values were observed during summer (80.1 £
1.12 %), if compared to late spring (68.6 £ 1.12 %)).
The average post-harvest heights related to the
defoliation severities R40 and R60 corresponded to
14.7 £ 0.66 cm and 19.7 + 0.66 cm (Table 1), and
the pre-harvest heights varied with the interaction
season x defoliation severity (p = 0.031). Similar
values for the pre-harvest height between R40 (35.0 =
1.83 cm) and R60 (32.6 = 1.83 cm) were observed
during late spring. During summer, higher values
were registered in R60 (38.3 + 1.83 cm), if compared
to R40 (33.1 £ 1.83 cm). Increased liming rates did
not result in benefits to the herbage mass or faster
sward recovering. There were no effects of the liming
rates, defoliation severities and season of the year, or
significant interactions among these factors (p > 0.05),
to the herbage mass at the post- or pre-harvest stage.
The duration of regrowth (DR, days) varied with the
liming rates (p = 0.0052) and with the interaction
season x defoliation severities (p = 0.0228). The
duration of regrowth linearly increased as liming
rates (LR) increased [DR = 16.2 + 0.17*(LR); R =
0.15; p=0.0183]. During late spring, the duration of
regrowth was similar between defoliation severities
(23.2 £ 1.27 days in R40 and 22.0 + 1.27 days in
R60), but longer in R40 (30.5 = 1.27 days) than R60
(23.1 £ 1.27 days) during summer.

Urochloa decumbens is a tropical perennial
grass widely used in grazed systems in Brazil, being
considered one of the grass species most well adapted
to low soil pH and tolerant to high levels of Al
saturation (Valle et al. 2010). Thus, it is classified as a
species with low demand in soil fertility, if compared
with other species of the genera (Raij et al. 1997).
According to Aerts (1999), the natural selection in

nutrient-poor habitats does not necessarily result in
plants with a high competitive ability for nutrients
and high growth rates, but rather on traits which
reduce nutrient losses, such as low tissue nutrient
concentrations, slow tissue turnover rates and high
nutrient resorption efficiency. All those responses
typically comprise resource conservation strategies
and seem to be predominant in U. decumbens,
thus preventing the maximization of sward growth
as liming rates increase. The annual fertilization
levels adopted in this study probably favored the
maintenance of stable growth rates, regardless of the
liming rates adopted. Besides, the absence of response
to increased liming rates, in terms of herbage mass,
was previously reported in the literature (Premazzi &
Mattos 2002, Oliveira et al. 2003).

The persistency of tropical perennial grasses is
ensured by the constant renewal of the tiller population
throughout the growth season, in a process known
as tillering. The proportion of basal and aerial tillers
comprising the total tiller population, as well as the
seasonal patterns of tillering, are species-dependent,
but are also affected by the defoliation regime. Portela
et al. (2011) showed that U. decumbens cv. Basilisk
is able to maintain a similar total tiller population
density throughout the growth season, when canopies
are subjected to frequent grazing (LI ,,) or long
regrowth periods (less frequent grazing regime),
combined with severe (stubble of 5 cm) or less
severe (stubble of 10 cm) grazing. This plasticity to
adjust the total tiller population density facing the
grazing strategies imposed (Pedreira et al. 2017)
was reached by changing the proportion of basal and
aerial tillers in the population (Portela et al. 2011).
Similarly to those results, the total tiller population
density was not affected by liming rates or defoliation
severity, and varied only with the regrowth phase
(p = 0.0028). The lower tiller population density
was registered in the post-harvest stage (787.6 +

Table 1. Sward responses at post- and pre-harvest stages in Urochloa decumbens cv. Basilisk subjected to two defoliation severities.

Post-harvest Pre-harvest
Canopy response*
R407 R60 SEM i SED§ R40 R60 SEM SED
LI (%) 72.8 75.8 +1.12 1.56 95.0 95.7 +0.15 0.211
CH (cm) 14.7 19.7 +0.66 0.93 34.1 354 +1.41 1.650
HM (kg ha! of DM) 3,880.0 4,511.0 +256.60 362.80 4,581.0 5,480.0 +309.10 437.200
DR (days) - - - - 26.9 225 +0.90 1.280

* LI: light interception; CH: canopy height; HM: herbage mass; DM: dry matter; DR: duration of the regrowth period; ¥ R40 and R60: stubble of 40 % or 60 % of the
pre-harvest height, respectively; I: standard error of the mean; §: standard error of the difference for mean comparisons across defoliation severities.
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38.03 tillers m), but increased aproximately 18 %
from the post- to the intermediate phase of regrowth
(932.6 +38.03 tillers m). Non-significant differences
were observed between the intermediate and the
pre-harvest stage (1,003.2 + 38.03 tillers m2). The
tiller weight (g tiller') varied with the interactions
regrowth phase x season (p = 0.0357), liming rates x
season (p =0.0174) and regrowth phase x defoliation
severity x liming rates (p = 0.0354). There were no
significant differences in tiller weight between the
regrowth phases during late spring. During summer,
tiller weight was similar from the post-harvest to
the intermediate phase of regrowth, but increased
aproximately 28 % at the pre-harvest (Figure 1A).
Comparing seasons, significant differences in tiller
weight were registered only in C0.0, with higher

08 7 @

et

Tiller weight (g)

02 7
0.1 7

values during late spring, relatively to summer.
The tiller weight decreased linearly as liming rates
increased during late spring (Figure 1B), but the
linear regression equation was not statistically
significant during summer (p > 0.05).

At the post-harvest and intermediate stage
of regrowth, significant linear regression equations
were adjusted only in R60, showing that the tiller
weight decreased linearly as liming rates increased
(Figure 2). At pre-harvest, the tiller weight decreased
linearly as liming rates increased in R40, but the linear
regression equation was not statistically significant in
R60. A significant difference in tiller weight between
the defoliation severities was observed only in the
post-harvest phase, in which a higher tiller weight
was registered in R60, if compared to R40.

Post-harvest | Intermediate| Pre-harvest
Late Spring
0.8

0.7 4

®)

0.6 -
0.5 -
04 -
03 -

Tiller weight (g)

TW (LS) = 0.92 - 0.007*(LR)
p=0.0001: R2=0.253

Post-harvest | Intermediate| Pre-harvest

Summer

—4 NS

TW(S) = 0.55 = 0.068

C0.0 C0.7 Cl.0

Late Spring

C0.0 Co0.7 C1.0

Summer

Figure 1. Tiller weight (TW) of Urochloa decumbens cv. Basilisk, according to the interactions regrowth phase x season (A) and
liming rates (LR) x season (B). For each season, asterisks indicate significant differences between regrowth phases (A)
or liming rates (B); NS indicates non-significant differences between regrowth phases (A) or liming rates (B); C0.0, C0.7
and C1.0 represent swards without liming, or liming rates equivalent to 0.7 t ha! or 1.0 t ha! of limestone, respectively.
Bars represent the standard error of the means.
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TW(R40) = 0.50=0.029 TW(R40) = 0.52 = 0.029 TW(R40) = 0.83 - 0.0006*(LR)
0.2 1 p=00075:R*=0369
0.1 { TW(R60)=0.84- 0.007*(LR) TW(RG0) = 0.95 - 0.0009%(LR) TW(R60) = 0.57 + 0.029
p=0.0077:R*=0.367 p=0.0022;R*=0.453
0
C0.0 ‘ 0.7 ‘ C1.0 ‘ C0.0 ‘ C0.7 ‘ C1.0 ‘ C0.0 ‘ 0.7 ‘ C1.0
Post-harvest Intermediate Pre-harvest

Figure 2. Tiller weight (TW) of Urochloa decumbens cv. Basilisk, according to the interaction regrowth phase x liming rates (LR) x
defoliation severities. For each regrowth phase, asterisks indicate significant differences between liming rates; NS indicates
non-significant differences between regrowth phases; C0.0, C0.7 and C1.0 represent swards without liming, or liming rates
equivalent to 0.7 t ha! or 1.0 t ha! of limestone, respectively; R40 and R60 correspond to stubble of 40 % or 60 % of the

pre-harvest height, respectively.

A great part of the low demand in soil nutrients
of U. decumbens is related to the ability to maintain
an effective association with arbuscular mycorrhizal
fungi, which increases the soil volume explored by
roots and the absorption of nutrients, particularly
P and N, as well as micronutrients such as Zn and
Cu (George et al. 1995, Clark & Zeto 2000). This
association plays a crucial role for the establishment
and persistency of U. decumbens pastures in nutrient-
deficient acidic soils (Siqueira et al. 1990, Motta et
al. 2017). Besides, Carrenho et al. (2007) observed
that liming decreased the root colonization by
arbuscular mycorrhizal fungi in maize (Zea mays L.
cv. IAC Taitba), peanut (Arachis hypogaea L. cv.
Tat) and sorghum [Sorghum bicolor (L.) Moench
cv. AG 1017].

Despite the fact that variables related to
arbuscular mycorrhizal fungi were not measured
in this experiment, a possible negative impact
of limestone on arbuscular mycorrhizal fungi
association with U. decumbens could help to explain
the absence of response of herbage mass and tiller
population density to liming, as well as the linear
decreasing of the tiller weight as liming rates
increased during late spring. Thus, contrarily to the
hypothesis, the modulation of the morphogenetic and

structural traits in U. decumbens cv. Basilisk were
independent of the liming rates applied, and seem to
be strongly linked to the time and intensity in which
those responses are triggered at plant level throughout
the regrowth process.

Although the effect of defoliation on growth
of individual plants has been studied extensively,
the magnitude and generality of the responses have
been under a great deal of discussion (Ferraro &
Oesterheld 2002). While the sward growth dynamics
and its response patterns to frequency and severity
of defoliation have been well described for tufted
tropical grasses, the responses observed in this
experiment indicate particularities in the growth
processes at tiller level, which affected the sward
recovering in U. decumbens.

The leaf elongation rates varied with
the regrowth phase (p < 0.0001), liming rates
(p < 0.0001) and with the interactions season x
defoliation severities (p = 0.0185) and regrowth
phase x defoliation severities x season (p = 0.0013).
Despite the significant effect of liming rates on leaf
clongation rates, the linear regression equation was
not statistically significant. For both defoliation
severities during late spring and summer, leaf
elongation rates followed a cubic pattern of variation
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along regrowth, increasing during the first phases
of regrowth and then decreasing around 10 to 15
days, and again during the last phase of regrowth
(Figure 3).

The leaf appearance rate varied with the
regrowth phase (p = 0.0028) and with the interaction
regrowth phase x defoliation severities x season
of the year (p = 0.0006). The leaf appearance rate
decreased linearly as liming rates increased in
R60 during late spring and R40 during summer
(Figure 4). The linear and polynomial regression
equations were not able to fit the variation of the
leaf appearance rate in R40 during late spring and
in R60 during summer.

The main process taking place during
early regrowth is related to the restoration of the
photosynthetic surface through the development
of leaf structures (Pereira et al. 2014). In tufted
grasses, similarly to the patterns observed in this
experiment, emerging leaves are quickly exposed
to light immediately after defoliation, through
the maintainance of high leaf appearance and leaf
elongation rates (Rodolfo et al. 2015, Gastal &
Lemaire 2015). At this phase of regrowth, senescence
rates are low (Cruz & Boval 2000). Besides, in most

tropical perennial grasses, the appearance of new
tillers may also contribute to the restoration of leaf
area during the initial phases of regrowth (Pereira et
al. 2014, Rodolfo et al. 2015).

The literature reports that the time required
to recover the new leaf area is longer as defoliation
severity increases (Ferraro & Oesterheld 2002, Silva
et al. 2015), what was verified in this experiment
only during summer. The similar herbage mass at the
post-harvest stage probably favored a fast recovering
during late spring, even when swards were subjected
to severe defoliation. Ferraro & Oesterheld (2002)
showed that the proportion of tissues removed by
defoliation had little impact on the canopy responses
of several tropical and temperate grasses at the final
phases of regrowth. Silva et al. (2015) pointed out that
grazing severities equivalent to a removal of 40-60 %
of the pre-grazing height are within the limits of
grazing resistance and use of tropical perennial
grasses, if associated with an adequate frequency of
defoliation. This is in accordance with the results of
this experiment, since the swards reached the pre-
harvest condition in a similar leaf area index (data
not shown) and herbage mass, regardless of the
defoliation severities.

--R40 -+R60
LER(R40) = 0.48 + 2.13*(Days) - 0.076*(Days)? + 0.075*(Days)*
3.0 1 p = 0.0446; R2 = 0.153
_ LER(R60) = 3.12 - 0.99%(Days) + 0.33*(Days)’ - 0.044*(Days)*
%25 p <0.0001; R = 0.493
S
T
2
T 20 A
g
L
3
5 15 1
=
2
g
g 10 T
s LER(R40)= .13 + 1.22%(Days) - 0.48*(Days)’ + 0.047*(Days)*
S 05 p=0.0003; R2=0.28
[ . 7
LER(R60)= 0.03 + 3.00%(Days) - 1.18*(Days)? + 0.013*(Days)*
p=0.0186; R*=0.20
0.0
1-5 5-10 10-15 | 15-20 20 1-5 5-10 10-15 | 15-20 20
onwards onwards
Late spring Summer

Figure 3. Leaf elongation rates (LER) according to the interaction regrowth phase x defoliation severities x season of the year, in

Urochloa decumbens cv. Basilisk pastures.
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Figure 4. Leaf appearance rates (LAR) according to the interaction regrowth phase x defoliation severities x season of the year, in

Urochloa decumbens cv. Basilisk pastures.

As the regrowth progresses, the light
competition within the canopy increases and plants
change their growth pattern as a mean of optimising
light capturing (Silva et al. 2015). For most tropical
tufted grasses subjected to lenient and/or longer
grazing intervals in rotational stocking, stem
elongation generally takes place at the final phase of
regrowth (Pereira et al. 2014, Rodolfo et al. 2015),
even during the vegetative growth stage (Silva et
al. 2015). The light availability seems to be the
environmental factor controlling stem elongation,
what makes the frequency of defoliation the main
modulator of plant responses (Silva et al. 2015).
Thus, for tufted tropical perennial grasses, the time to
interrupt the regrowth has been defined as the moment
when their canopies are intercepting around 0.95 of
the incoming photosynthetically active solar radiation
(LI, ). In this experiment, stem elongation and leaf
senescence rates increased and leaf elongation rates
decreased from 15 days of regrowth onwards, in both
seasons, regardless of liming rates or defoliation
severities (Figures 3 and 5).

The stem elogation and leaf senescence rates
varied with the regrowth phase (p < 0.0001 for both
variables) and season (p = 0.0459 and p = 0.0278,

respectively). For both variables, average values
were higher during summer (0.50 = 0.081 for stem
elongation rate and 0.68 + 0.106 for leaf senescence
rate) than late spring (0.38 £ 0.037 for stem elongation
rate and 0.54 £ 0.045 for leaf senescence rate). The
stem elongation rate linearly increased as the regrowth
progressed. Meanwhile, the leaf senescence rate
followed a quadratic pattern (Figure 5). The lowest
values for stem elongation and leaf senescence were
registered at the initial phases of regrowth, and
increased from 15 days of regrowth onwards. The
stem elongation and leaf senescence rates increased
aproximately 23.6 % and 126 %, respectively from the
period comprised between 15 and 20 days after harvest
to the last phase of regrowth (20 days onwards).
One possible reason for this pattern is related
to the morphological changes due to the entrance in
the reproductive period of the species, which occurs
during summer (Pedreira et al. 2017). Another
possible explanation is related to the morphogenetic
type expressed by U. decumbens. According to
Cruz & Boval (2000), different morphogenetic types
may be recognized by particularities in ontogenetic
factors controlling the intensity and time for the
expression of morphogenetic traits along regrowth
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Figure 5. Relationship between stem elongation (SER, circles) and leaf senescence (LSR, triangles) rates of U. decumbens cv. Basilisk
along the regrowth, during late spring and summer. Bars represent the standard error of the means.

and their responses to grazing management. In
vegetative stoloniferous plants, leaves and stems
(stolons) are produced as aerial organs, and the stem
elongation rate needs to be considered during the
overall regrowth process of these plants (Cruz &
Boval 2000). This occurs because stem elongation
is triggered earlier during regrowth in some
stoloniferous species (Cruz & Boval 2000, Alderman
etal. 2011), if compared to tufted grasses (Pereira et
al. 2014, Rodolfo et al. 2015). Urochloa decumbens
is not a strictly stoloniferous species, being classified
as a decumbent growth habit grass species. Stems in
erect species, as well as the stolons in stoloniferous
plants, are called ‘spacers’. According to Huber et al.
(1998), the spacer plasticity (vertically or horizontally
oriented internodes) depends primarily on its function
for the plant. Hence, stems on erect plants have
normally a higher plasticity to a vertical orientation,
while a high level of horizontal morphological
plasticity is expected from the stems on stoloniferous
plants (Huber et al. 1998, Kroons & Hutchings 1995).

Thus, even if the frequency of defoliation
had been defined by the LI, criterion, the stem
clongation at the later phases of regrowth was not
controlled in U. decumbens swards, indicating that
this process was triggered earlier during regrowth

(Figure 5). In the conditions of this experiment, low
stem elongation and leaf senescence rates, associated
with the maintenance of higher leaf elongation rates,
could be reached by the adoption of shorter regrowth
intervals, which were up to 20 days, regardless of
liming rates or defoliation severities. However, the
impacts of shorter grazing intervals to the growth
rates and the possible effects to the persistency of
the plant community in the long-term need to be
further evaluated.

CONCLUSIONS

1. Increased liming rates do not result in benefits to
herbage mass, tiller population density or faster
sward recovering;

2. Tiller weight decreases, while the duration of
regrowth linearly increases, as liming rates
increase, particularly during late spring;

3. Increased stem elongation and senescence rates and
decreased leaf elongation rates occur from 15 days
of regrowth onwards, regardless of liming rates or
defoliation severities;

4. Post-harvest heights ranging 40-60 % of the pre-
harvest height showed to be within the limits of
resistence of the species to defoliation;
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5. Liming rates up to 1.0 t ha' have only marginal
impacts on the morphogenetic characteristics of
Urochloa decumbens cv. Basilisk.
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