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ABSTRACT: In ruminant-forage systems herbage allowance (HAL) has a major impact on grazing intensity
and sward structure, affecting animals, plants, and ultimately, pasture yield. Data on HAL responses of
tropical cultivated pastures are scarce and this information may be useful in optimizing pasture utilization.
The objective of this study was to describe and contrast sward structure and herbage accumulation responses
of ‘Marandu’ palisadegrass [Brachiaria brizantha (A.Rich.) Stapf] pastures to HAL during two grazing
seasons (warm-rainy season of 2003 and 2004). Treatments were four daily HAL levels, 5, 10, 15 and 20
kg herbage mass per 100 kg live weight (%) in a rotational stocking system with 35 days of grazing cycle
(28-day rest; 7-d grazing). Post-graze swards were shorter (~17 cm) under 5% HAL. For the other HAL
levels, postgraze sward height increased throughout the experiment (21 to 50 cm). Changes in sward light
interception (LI) were highly associated with height, but differed across HALs in 2004. Early in the 2003
season, HAL increases resulted in linear increase of the daily herbage accumulation rate (HAR; 47, 66, 78,
and 98 kg DM ha-1 d-1 for 5, 10, 15 and 20%-HAL, respectively). For the subsequent grazing cycles of
2003 and all through 2004, HAR decreased with increasing HAL. This was associated with the excessive
increase in sward height and mean forage mass, caused by lower grazing intensity. The use of lax (high)
HAL to maximize animal performance, especially 10, 15 and 20%-HAL, resulted in decreased pasture
performance (lower herbage accumulation, HAC) in palisadegrass pastures.
Key words: herbage accumulation, sward height, light interception, forage mass

ESTRUTURA DO DOSSEL E PRODUÇÃO DE FORRAGEM EM
PASTAGENS DE CAPIM MARANDU [Brachiaria brizantha (A.Rich.)

Stapf] SOB LOTAÇÃO ROTACIONADA EM RESPOSTA À OFERTA
DE FORRAGEM

RESUMO: A oferta de forragem (OF) aos animais em pastejo causa forte impacto na intensidade de
desfolhação e conseqüentemente na estrutura do dossel, influindo indiretamente no acúmulo de forragem.
O objetivo deste estudo foi avaliar estrutura do dossel e acúmulo de forragem em pastagens de capim-
Marandu em resposta à OF. Os tratamentos foram quatro OFs, 5, 10, 15 e 20 kg massa de forragem por 100
kg peso vivo por dia (%), em ciclos de pastejo de 35 dias (28 d de descanso e 7 d de ocupação). A altura do
dossel no pós-pastejo foi mais baixa para a OF 5%, que se manteve em torno de 17 cm, enquanto que para
as demais houve aumento progressivo dos valores ao longo do experimento (21 a 50 cm). A variação na
interceptação de luz (IL) em função da altura do dossel foi significativa, e em 2004 diferiu entre OFs.
Inicialmente o aumento da OF resultou em aumento linear da taxa diária de acúmulo de forragem (TAF),
com 47, 66, 78 e 98 kg forragem ha-1 (ciclo I – 2003), nas pastagens sob OF 5, 10, 15 e 20%, respectivamente.
Entretanto, nas rebrotações posteriores houve diminuição acentuada da TAF para OFs mais elevadas,
condição que persistiu no segundo ano do experimento (2004), e foi associada ao excessivo aumento da
altura do dossel e da massa de forragem, como conseqüência da diminuição da intensidade de pastejo. A
utilização de OFs generosas com intuito de elevar o desempenho animal, trouxe conseqüências negativas
sobre o acúmulo de forragem em pastagens de capim Marandu.
Palavras-chave: acúmulo de forragem, altura do dossel, interceptação de luz, massa de forragem
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INTRODUCTION

Palisadegrass is one of the most cultivated for-
age grasses in Central Brazil, due mainly to spittlebug
(Deois sp. and Notozulia entreriana) resistance and
high yield potential. In the Zona da Mata of the state
of Pernambuco, Northeastern Brazil, the total herbage
accumulation in palisadegrass pastures can reach 28
Mg DM ha-1 during the rainy season (Santos et al.,
2003). About 10.5 million ha (21% of total improved
grasslands area) are cultivated with palisadegrass in
Central Brazil (Macedo, 2004), supporting 56 million
head of cattle (Bos spp.) (Vilela et al., 2004). Released
by EMBRAPA in 1984 (Nunes, 1984), ‘Marandu’
palisadegrass currently ranks first in the Brazilian for-
age seed market: 44% of the total amount of seed com-
mercialized (Valle et al., 2004).

Grazing systems profitability depends not only
on herbage yield, but also on the efficiency with which
produced herbage is harvested by the grazing animal.
Both yield and efficiency result, among other factors,
from the choice of defoliation strategies that are ulti-
mately devised with animal performance and animal
productivity goals in mind (Pedreira et al., 2005;
Teixeira et al., 1999). Herbage allowance (HAL) has
a major impact on herbage intake and animal perfor-
mance in grazing systems (Boval et al., 2000). In ad-
dition, when used to establish defoliation strategy
guidelines, HAL affects plant regrowth potential as a
result of its effect on sward structure and plant mor-
phology (Kim et al., 2001). Increasing HAL as a man-
agement strategy to maximize animal performance, re-
duces grazing intensity, leading to continued decline
in forage nutritive value and grazing efficiency. Reduc-
ing HAL, on the other hand, increases grazing inten-
sity and maximizes animal gain per unit area, and can
reduce herbage accumulation in extreme situations
(Virkajärvi et al., 2002). Adjei et al. (1980) reported,
however, that in Cynodon spp. pastures under intermit-
tent grazing with rest periods of 28-days, forage yield
was higher for the 4%-HAL treatment (kg herbage
mass 100 kg live weight-1 day-1) when compared to 6-
11%.

Dependence of plant regrowth vigor on re-
sidual leaf area and light interception (LI) immediately
after defoliation has long been established
(Humphreys, 1991). In steady-state stands, such as in
continuously stocked pastures, the role of sward struc-
ture as it relates to canopy LI and to leaf area index
(LAI) is recognized as key in establishing cause-effect
relationships involving agronomic responses to man-
agement (Parsons et al., 1983). It is not clear, however,
whether these associations hold true in swards under
intermittent defoliation, as the dynamics of successive

cycles of defoliation followed by regrowth make for a
wide range of sward conditions over short periods of
time. It is uncertain, for example, whether LAI and LI
can be accurately estimated by measurements of sward
height in intermittently grazed swards (Parsons et al.,
1988). The diverse conditions of sward structure pro-
duced by manipulation of HAL and regrowth period
can help identify relationships between sward height
and LI that support new management guidelines for
palisadegrass under intermittent grazing. The objective
of this study was to evaluate the effects of HAL on
herbage accumulation and its relation with selected
sward structure descriptors in palisadegrass pastures
under rotational stocking.

MATERIAL AND METHODS

The study was conducted in Pirassununga, São
Paulo, Brazil (21°59' S, 47°26' W; altitude 634 m) dur-
ing two years (grazing seasons). Monthly rainfall and
daily mean temperature during experimental period
(Figure 1) were recorded at the Air Force Academy
(AFA) 15 km from the experimental site.

A palisadegrass pasture, established in 1997,
was used in this study. The soil at the experimental site
was a Typic Hapludox with pH (CaCl2) 5.3 and Presin
8.7 mg dm-3. Concentrations of K, Ca and Mg were 1.3,
23 and 10-mmolcdm-3, respectively. The pasture was
limed in Nov. 2001 with 0.7 Mg ha-1 of dolomitic lime
applied to the soil surface. In the first year of the study,
grazing commenced in Dec. 2002 and ended in March
2003 (105 d), and lasted from Jan. through April (105
d) in 2004, thereafter referred to as 2003 and 2004 sea-
sons, respectively. Fertilization during the experimen-
tal period each year consisted of topdress applications
of urea and potassium chloride totalizing 150 kg N and
63 kg K ha-1, split in three postgraze applications.

Figure 1 - Rainfall (P, bars) and daily mean temperature (T, lines)
in Pirassununga, Brazil during the experimental period
and 30- yr average
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Simple superphosphate (18% P2O5) was applied at 39
kg P ha-1 in Oct. 2002 after harvesting the forage me-
chanically at 20 cm, and again in Dec. 2003 after the
first grazing of the second year in each experimental
unit.

Treatments were arranged in a randomized
complete block design with four replications. A total
of 25.5 ha were divided in 16 experimental units of
1.6 ha, each subdivided into five paddocks (35 × 90
m). Four levels of daily herbage allowance (HAL) were
studied in a rotational stocking grazing method: 5, 10,
15 and 20 kg of forage dry matter (DM) per 100 kg
animal liveweight (%), using a 35-d grazing cycle (7
d grazing and 28 d rest). Allowance levels were con-
trolled in one of the five paddocks (control paddock)
of each experimental unit and applied according to
equation (1):

HAL = HMpre-graze [(LW 100-1) × DG]-1  (1)

where: HAL = herbage allowance (kg DM per 100 kg
LW per day, %); HMpre-graze = herbage mass before graz-
ing (kg ha-1); LW = total animal liveweight (stocking
density, kg ha-1)

Allowance values were later recalculated so as
to establish an equivalence between HAL levels ap-
plied as treatments and HAL levels according to the
“Forage and Grassland Terminology Committee”
(FGTC, 1992). For that purpose, the procedure de-
scribed by Sollenberger et al. (2005) was followed. The
stocking rate during entire grazing cycle in the entire
experimental unit (five paddocks) was considered, ac-
cording to equation (2):

HAL = (HMmean) (kg LW)-1  (2)

where, HAL = herbage allowance (kg DM per kg LW);
HMmean = mean HM (kg DM ha-1) calculated as [(pre-
graze + post-graze)/2]; LW = liveweight (stocking rate,
kg LW ha-1)

Animals were yearling Nelore (Bos taurus
indicus L.) heifers with initial live weight of 250 ± 10
kg (mean ± SD), and an average 15 months of age. In
each experimental unit, four testers in 2003 and three
in 2004, were used for assessing animal performance.
Water and a mineral mix were offered ad libitum dur-
ing the experimental period. “Put-and-take” animals
were added or removed according to stocking density
adjustments needed to reach a particular level of HAL,
each grazing cycle in the control paddock. Animal
shrunk weights (16 h without feed and water) were re-
corded every 35 days.

In 2003 pre- and post-graze HM were mea-
sured destructively in the control paddock by clipping
the forage inside three quadrats (1 × 1 m) at soil level,

from sites that represented the mean HM of the pad-
dock, through visual appraisal. In 2004, pre- and
postgraze HM in the control paddock were estimated
each cycle using double sampling and rising plate
meter readings as the indirect measure (50 per pad-
dock). Plate readings were calibrated against actual
HM values during the course of the experiment, both
at pre- and post-graze at five stations, which were
double-sampled (1 × 1 m) every sampling event.
Double sampling stations were chosen so as to cover
that range of lowest to highest HM in the paddock,
through visual appraisal.

Together with HM measurements, mean sward
height was estimated from 30 measurements in the con-
trol paddock at both pre- and post-graze, plus on the
14th day (midpoint) of regrowth. For this purpose, in-
dividual readings were taken at the highest point
reached by leaves and/or stems, avoiding disturbance
in the sward. Light interception (LI) by the canopy was
measured in each rest period, pre- and postgraze, plus
on the 14th day of regrowth, using a LAI-2000 canopy
analyzer (Li-Cor, Lincoln, Nebraska, USA) at 15 sites
in the control paddock. Mean daily herbage accumu-
lation rate (HAR) was calculated by dividing herbage
accumulation (HAC) during a rest period by 28. From
April to December 2003, pastures remained under the
same HAL treatments used in the rainy season, except
that the rest period was doubled to 56 days, keeping
the same 7 days of grazing. During the dry season pas-
tures received no fertilization and were only sampled
for HM.

Data were analyzed using the MIXED and
GLM procedures of SAS (SAS, 1999; Littell et al.,
1996) for analysis of variance and regression analy-
sis, respectively. Because the grazing seasons did not
comprise the exact same time period in each of the two
years, analysis of variance was run by year. In the
mixed models analysis, block, HAL and grazing cycle
were considered fixed effects. Within year, grazing
cycle was considered a repeated measure in time be-
cause it could not be randomized. Responses to HAL
were compared using orthogonal polynomial coeffi-
cients.

RESULTS AND DISCUSSION

Compared to the 30-yr average for the loca-
tion of the experiment, the mean air temperature from
Nov. to Apr. was higher (~1ºC) in 2003 and lower in
2004 (Figure 1). Monthly rainfall was consistent with
the 30-yr average, except for Feb. 2004, wetter than
normal.

Mean HAL values during the grazing periods
in control paddocks, calculated according to the
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method proposed by Sollenberger et al. (2005) were
1.5 (± 0.03), 3.1 (± 0.07), 4.8 (± 0.09), and 6.4 (± 0.10)
kg DM per kg LW, for the 5, 10, 15 and 20% treat-
ments, respectively. These values cover a broad range
of stocking rate and sward conditions, including the
3.3 kg DM per kg LW reported by McCartor &
Rouquette Jr. (1977) for pearl millet [Pennisetum
glaucum (L.) R. Br.] as the threshold value below
which animal performance is dependent on HAL. Still
to be acclaimed by widespread use, the method of
Sollenberger et al. (2005) not only respects the defi-
nition of HAL (FGTC, 1992) but also allows for the
comparison of results from experiments using differ-
ent stocking methods by means of a logical and ratio-
nal procedure. For simplicity sake, however, data from
the present study are presented and discussed using the
HAL levels as applied as treatments 5, 10, 15 and 20%.

There was a HAL × grazing cycle interaction
on postgraze HM (Figure 2A) both in 2003
(P < 0.0001) and 2004 (P < 0.0001). The effect of HA
on HM in 2003 was linear in cycles I and II, whereas
on cycle III both linear and cubic coefficients were sig-
nificant. In 2004, both the linear and the quadratic co-
efficients were significant for the effect of HAL on
postgraze HM in all three cycles. The shape of the re-
sponse relates to the fact that the increase in postgraze
HM from 15 to 20% HAL was consistently lower in
magnitude when compared to those from 5 to 10% and
from 10 to 15% HAL. Pregraze HM was also affected
by the HAL × cycle interaction in 2003 (P < 0.0001)
and 2004 (P = 0.0041). Pregraze HM increased linearly
with increased HAL in all cycles in 2003 (Figure 2B)

as well as in the first grazing cycle of 2004, but for
the second and third cycles of 2004 there was also a
quadratic effect. Under 5% HAL, pregraze HM was
relatively constant throughout the experiment, in con-
trast with the other HAL levels. Mean postgraze HM
was 2650 kg DM ha-1 and mean pregraze HM was
4070 kg ha-1. The increase in postgraze HM as the trial
progressed was associated with the reduced grazing in-
tensity in the higher HAL treatments.

Postgraze sward height was affected by the
HAL × grazing cycle interaction, both in 2003
(P < 0.0001) and 2004 (P = 0.0267). In 2003,
postgraze sward height for the 10, 15, and 20% treat-
ments increased as the season progressed, in contrast
with the 5%-HAL treatment, where it remained around
17 cm (Figure 3A). A similar trend was observed in
2004, more noticeably for 15 and 20% HAL, whereas
for the 5% treatment sward height was less variable,
similar to that of 2003. The postgraze sward height re-
sponse to HAL was positive and linear in all three graz-
ing cycles of 2003, but both linear and quadratic co-
efficients were significant in 2004 (Figure 3B). At
pregraze, sward height also was affected by the HAL
× grazing cycle interaction in 2003 (P < 0.0001) and
2004 (P = 0.0298). Much like postgraze, pregraze
sward height under 10, 15 and 20% HAL was variable
during the experimental period, especially in 2003. The
effect of HAL on pregraze sward height was linear in
2003, and linear and quadratic in 2004. In mid-to-late
rainy season, around February (second cycle in 2003
and first cycle in 2004) palisadegrass turned reproduc-
tive, with the emergence of seedheads, except on pas-

Figure 2 - Herbage mass (HM) on palisadegrass pastures at post-graze (A) and pre-graze (B) during three periods in 2003 and 2004 in
response to herbage allowance (HAL; 5, 10, 15, 20%). Atop each HAL bar are mean standard error (MSE) bars (I). The
orthogonal polynomial coefficients refer to HAL effect: L linear, Q quadratic, C cubic. ***P < 0.001, **P < 0.01, *P < 0.05.
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tures under 5%-HAL, which sustained pregraze sward
height at similar levels to those at first grazing in Dec.
2002 (34 cm). The inflorescence contributed to the in-
crease in sward height on pastures under with 15 and
20% HAL, mainly due to stem elongation. This was
more evident in 2003, probably because in 2004 the
pastures responded to the grazing regime used in the
previous dry season (latter part of 2003) when they
were not harvested mechanically, something that was
done prior to the beginning of the experiment in 2002.
The linear effect of HAL on sward height has been re-
ported for temperate grass pastures (Virkajärvi et al.,
2002), but for most tropical species intense stem elon-
gation seems to be the central issue if timing of defo-
liation is to be addressed. In dwarf elephantgrass
(Pennisetum purpureum Schum. cv. Mott) pastures un-
der continuous stocking, Almeida et al. (2000) found
a linear response of sward height to daily HAL levels
varying from 4 to 14% (kg green HM per 100 kg
liveweight).

In the present study, the increase in sward
height was associated with increased sward light in-
terception, LI (Figure 4), which relates to crop canopy
height by a negative exponential, and this has been
shown in tropical forage grasses (Mello & Pedreira,
2004). Thus, the taller the sward, the smaller the frac-
tion of total incoming radiation that reaches the soil
surface, but only up to a point where increasing sward
height no longer results in increased LI. For grazed
palisadegrass, the relationship between sward height
and the natural logarithm (ln) of the radiation fraction

that reached the soil surface (I/Io) was linear (y = a +
bx) (P < 0.0001), with R2-values ranging from 0.48 to
0.83 across HAL treatments and years (Figure 4). In
2003, the slope (b) was similar (P = 0.4994) among
HAL levels, but not in 2004, when the slope was
higher (P = 0.0354) for 5 and 10% HAL. From 2003
to 2004, the slopes increased in the most intensively
grazed pastures (5 and 10% HAL), where swards pro-
duced prostrate plants. The prostrate growth habit
makes it difficult for the grazing animal to prehend the
forage, which in turn favors a higher residual leaf area
and subsequent regrowth (Lemaire, 2001). In intermit-
tently grazed Tanzania guineagrass (Panicum maximum
Jacq.) pastures, Mello & Pedreira (2004) found a single
relationship between sward height and LI across graz-
ing intensities and seasons of the year.

The sward height at which 95% of the light
was intercepted differed across HALs and years. In
2003 these heights were 59, 49, 49, and 50 cm, and in
2004 they were 30, 37, 41 and 47 cm, respectively for
5, 10, 15 and 20% HALs. The magnitude of the dif-
ference between years was higher for the lower HAL
levels. In 2003, the range of LI values used to gener-
ate the 5%-HAL model, did not include LI values equal
to or higher than 95%, which probably resulted in a
higher error of the estimate. Reproductive swards in
the high HAL treatments probably increased the error
deviation of the regression model of sward height and
LI, and this can be partially explained by stem elon-
gation, as emphasized by Korte et al. (1982). Even for
5%-HAL, however, where stem elongation was almost

Figure 3 - Mean sward height in palisadegrass pastures in the post-grazing (A) and pre-grazing (B) during three periods in 2003 and
2004 in response to herbage allowance (HAL; 5, 10, 15, 20%). Atop each HAL bar are mean standard error (MSE) bars (I).
The orthogonal polynomial coefficients refer to HAL effect: L linear, Q quadratic effect, C cubic. ***P < 0.001, **P < 0.01,
*P < 0.05.



Braga et al.126

Sci. Agric. (Piracicaba, Braz.), v.63, n.2, p.121-129, Mar./Apr. 2006

completey supressed by grazing intensity, the slope (b)
changed from 0.065 (2003) to 0.139 (2004), probably
due to increased tiller density population, a conse-
quence of continued heavy grazing. In a companion
study performed on the same pastures (Peternelli,
2003), mean tiller population densities at the end of
the 2003 grazing season were 1,658, 1,413, 1,217 and
1,087 tillers m-2 for 5, 10, 15 and 20%-HAL. Under
continuous stocking, both herbage production and uti-
lization seem to be linked to a specific sward condi-
tion, such as LAI or LI, and in practice, these struc-
tural guidelines can often be “translated” to sward
height (Parsons et al., 1983). Results of the present
study, however, suggest that the relationship between
LI and sward height can change over time, and that at
least under intermittent defoliation regimens this as-
sociation should be used with caution, as already
pointed out by Parsons et al. (1988) and Busque &
Herrero (2001).

The increased pre- and postgraze HM and pre-
and postgraze sward height during the course of the
experiment resulted from the steady decrease in graz-
ing intensity on the pastures under high HAL. In the
first grazing cycle of 2003, HM disappearance (from

intake and grazing losses) was 33, 28, 22 and 20% for
5, 10, 15 and 20%-HAL, respectively. In the second
grazing of the same year, HM diminished 29, 28, 17
and 13% for 5, 10, 15 and 20%-HAL, respectively.
Therefore, the apparent decline in grazing intensity,
comparing these two grazing cycles, was greater for
15 and 20%-HALs. In perennial ryegrass (Lolium
perenne cv. Belfort) pastures, the decrease of HM af-
ter grazing was 48, 35 and 29% for 3, 5 and 8%-HAL
(8 kg DM per 100 kg live weight per day), respectively
(Kim et al., 2001).

In addition to high HAL, the continuing reduc-
tion of the grazing intensity is thought to have been
caused by the use of the rest period of 28-days, which
proved too long for the conditions of the present study
allowing for the accumulation of large amounts of
stems leading to increased HM and sward height.

There was a HAL × period interaction (P =
0.0025) for HAR in 2003, with a linear and positive ef-
fect of HAL in cycles I and II, but no effect of HAL on
HAR in the third grazing cycle (Figure 5). In 2004, HAL
did not affect (P = 0.1213) HAR, which was higher (P
< 0.0001) in the second (75 kg DM ha-1 day-1) compared
to first and third grazing cycles. Mean HAR was higher

Figure 4 - Relationship between sward height and natural logarithms of the radiation fraction not intercepted (I/Io) in palisadegrass
pastures under four HAL levels (%, in parenthesis) in 2003 and 2004. Data include measurements taken pre- and postgraze,
as well as on the 14th day of regrowth.
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in 2003 than in 2004 (73 vs. 49 kg DM ha-1 day-1), and
was likely associated with lower mean temperatures
during the 2004 grazing season (Figure 1). After the
first two grazing cycles in 2003, when the effect of
HAL on HAR was linear and positive, pasture response
to HAL changed, as 10, 15, and 20%-HALs caused a
reduction in HAR in the third cycle, nulling out the
effect of HAL on HAR. The high HAR in the first and
second cycles of 2003 for the 10, 15, and 20% treat-
ments was consistent with the taller swards in those
pastures (Figure 3), as plant growth under those cir-
cumstances was mainly accounted for by intense stem
development. In native pastures of Rio Grande do Sul,
Brazil (30º S), HAR increased linearly with the in-
crease in HAL, due to the associated increase in LAI
(Corrêa & Maraschin, 1994). Conversely, however,
high proportions of ungrazed stems and excessive

shading of basal tillers can reduce HAR, as reported
by Adjei et al. (1980) for Cynodon spp. pastures. Con-
sistent with the findings of the present study, Korte et
al. (1984) reported that in mixed pastures of perennial
ryegrass (Lolium perenne L.) and white clover (Trifo-
lium repens L.), even though HAR was initially higher
under lenient grazing, it decreased in subsequent
grazings over the season.

Throughout the experiment, the decrease in
HAR with increasing HAL was associated with high
levels of LI (Figure 6), ultimately due to the decrease
in grazing intensity. In the third grazing cycle of
2003, pastures under 15 and 20% HAL approached
100% LI with only 14 d of regrowth. In 2004 there
was a trend for increasing LI of swards kept under
5% HAL. Rather than a consequence of increased
sward height and herbage mass (as was the case for
the other HAL levels), high LI in the 5%-HAL swards
seems to be related to the predominance of more pros-
trate plants, a growth habit response induced by
heavier grazing. Kim et al. (2001) evaluated the ef-
fect of HAL (3, 5 and 8%) on perennial ryegrass
[Lolium perenne (L.) cv. Belfort] regrowth, and re-
ported that only pastures under 3% HAL responded
with a decrease in HAR. The authors attributed this
to intense leaf removal, and also to the low levels of
organic reserves that resulted from the more severe
defoliation. In the present study, HAR for 5%-HAL
remained constant during the course of the experi-
ment, and seems to have responded only to weather
conditions, especially at the end of 2004.

Contrasting with the other three treatments,
mean sward state of pastures under 5% HAL remained
fairly steady throughout the experiment, especially
sward height. This combination of low HAL with the
28-d rest period, though not devised as a sward con-

Figure 5 - Herbage accumulation rate (HAR) in pastures of
palisadegrass during three periods in 2003 and 2004
in response to herbage allowance (HAL; 5, 10, 15,
20%). Atop each HAL bar are mean standard error
(MSE) bars (I ). The orthogonal polynomial
coefficients refer to HAL effect: L linear, Q quadratic
effect, C cubic. ***P < 0.001, **P < 0.01, *P < 0.05,
NS not significant.

Figure 6 - Sward light interception (LI) during regrowth (0, 14, and 28 d after grazing) in palisadegrass pastures during three grazing
cycles in 2003 (A) and 2004 (B), in response to herbage allowance (HAL; 5, 10, 15, and 20%). Dashed horizontal line at the
top of the plot corresponds to 95% LI.
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trol tool, resulted in a narrow range of variation in
sward conditions, in contrast with the three other HAL
levels, where sward state was considerably more vari-
able. This suggests that, if sward state control is a man-
agement goal under a fixed grazing schedule, the 5%/
28-d rest combination may be a viable option, as graz-
ing intensity in this situation was high enough to
“buffer” the sward from significant alterations in struc-
ture over time. The reduction of HAR in pastures un-
der 10, 15 and 20%-HAL was associated with taller
swards and higher HM during the course of the experi-
ment, ultimately a consequence of underutilized for-
age. In pastures under 5% HAL, HAR remained rela-
tively constant as HM and sward height changed little.
The LI response to sward height differed across HALs
and between years, due to changes (increase) in tiller
population density (Peternelli, 2003) and a more pros-
trate growth habit, ascertained by visual appraisal. The
use of lax HAL levels (often used to increase indi-
vidual animal performance) resulted detrimental to
HAR and HAC. This negative effect was even more
so under the grazing schedule employed, as the 28-d
rest period proved excessively long, leading to in-
creased underutilization of the forage on offer. Under
extreme circumstances, this could make for continued
reduction in grazing intensity, and ultimately lead to
less than maximal animal performance due to exces-
sive lodging and low forage nutritive value.

The benefits of using a fixed defoliation
schedule, as opposed to monitoring sward conditions
and using them as grazing management guidelines,
are obvious and relate to applicability and feasibil-
ity. On the other hand, the use of fixed rest periods
often leads to incorrect timing of defoliation and
underutilization of herbage produced, and may lead
to deterioration of sward structure, forage nutritive
value and pasture persistence. In addition, fixed rest
periods and HALs (or stocking rates) make it diffi-
cult to predict and maintain postgraze stubble height,
sward LI, and residual LAI and herbage mass, all key
factors for regrowth. The manager must, therefore
evaluate and understand the risks involved in each
option, especially if management goals include mini-
mal disturbance of the sward such as burning, me-
chanical harvesting of ungrazed forage, or other
costly interventions in the system, especially at times
when forage supply is high.
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