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Grazing behavior of non-supplemented and supplemented heifers on
Italian ryegrass pasture

Comportamento de pastejo de bezerras recebendo ou nao
suplemento em pastagem de azevém
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Abstract

We evaluated the grazing behavior of heifers, at two phenological stages (vegetative and reproductive)
of ryegrass (Lolium multiflorum Lam.), in four times of the day (early morning, morning, evening,
and evening), with heifers either exclusively grazing or with oat, or corn grain, supplementation. The
experimental design was completely randomized, in sub-subdivided plot arrangement, in which the
main plots were the feeding systems, the sub-plots were the phenological stages and the sub-sub-plots
were the times of day. We assessed ingestion behavior along 24 hours through visual observation, on
four evaluation dates, two during the vegetative stage and two during the reproductive stage, studying
time spent on grazing, rumination, or other activities, as well as number and duration of, and interval
between meals. Supplemented heifers remained less time at a feeding station, performed fewer bites
daily and, during the reproductive stage of the ryegrass, spent more time in other activities. Grazing
time of supplemented heifers was shorter in the morning and at evening, and the duration of their meals
was shorter at evening. A change occurred in the pattern of time use when heifers received supplement,
and when the structural and qualitative characteristics of the pasture changed during the vegetative and
reproductive phenological stages of ryegrass.
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Resumo

O experimento foi desenvolvido com o objetivo de avaliar o comportamento de pastejo de bezerras,
durante dois estadios (vegetativo e reprodutivo) fenoldgicos do azevém (Lolium multiflorum Lam.), em
quatro turnos didrios (madrugada, manha, tarde, noite). As bezerras estavam exclusivamente em pastejo
ou em pastejo e recebendo suplemento (grao de aveia ou de milho). O delineamento experimental foi
inteiramente casualizado, seguindo a estrutura de parcelas sub-subdivididas sendo os sistemas alimentares
as parcelas principais, os estadios fenoldgicos as sub-parcelas e os turnos diarios as sub-subparcelas. O
registro do comportamento ingestivo foi realizado durante 24 horas, por observagao visual, em quatro
datas de avaliacdo: duas no estadio vegetativo e duas no estadio reprodutivo do azevém. Avaliaram-se os
tempos de pastejo, de ruminagao e de outras atividades, além do numero, tempo de duragdo e o intervalo
entre refeicdes das bezerras suplementadas ou ndo em pastagem de azevém. As bezerras que receberam
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suplemento permaneceram menor tempo na estacdo alimentar e realizaram menor nimero de bocados
diarios. No estadio reprodutivo do azevém, as bezerras suplementadas permaneceram por mais tempo
em outras atividades. O tempo de pastejo das bezerras que receberam suplemento foi menor nos turnos
da manha e noite. A duragao das refeigdes foi menor no periodo noturno para as bezerras suplementadas.
O padrao do uso do tempo das bezerras foi alterado pelo recebimento de suplemento e pela mudanga das
caracteristicas estruturais e qualitativas do azevém durante os estadios de desenvolvimento vegetativo

e reprodutivo.

Palavras-chave: Angus. Estacdes alimentares. Estadio vegetativo. Estadio reprodutivo.

Introduction

Forage intake is a complex behavioral process
undertaken by ruminants to satisfy their nutritional
requirements. Production response of the animal
vis-a-vis environment and management depends on
appropriately scaling variables related to their daily
grazing patterns, defining when to start grazing,
with what intensity, with what frequency, and with
what distribution of grazing events over the course
of a day (GREGORINI et al., 2006).

Ruminants may have between three and five
grazing events during the day, mainly in the early
morning, late in the afternoon and early evening.
Afternoon grazing is longer and more significant in
forage intake (GREGORINI, 2012). Metz (1975)
defined a meal as a group of periods in which forage
is taken. According to Barbosa et al. (2007), changes
in the duration of a meal result from behavioral
adjustments caused by changes in canopy structure.
Meals are modified by the phenological stage
and by the height of ryegrass canopy (BAGGIO
et al, 2008). An accumulation of stems and
senescent material occurs in the forage mass as the
phenological stage of the grass progresses, with a
consequent reduction in the quality of the diet of the
animals (PONTES et al., 2003). Also, animals seek
feed stations during the grazing process, preferring
some feed stations to others. The search for feed
stations, the number of feed stations visited per unit
of time, depends on their displacement speed and
on the animal’s selectivity (UNGAR; NOY-MEIR,
1988).

Studies on plant-animal relationships show
that herbivore performance depends directly on
the intake of dry matter, which, in turn, depends

on the manner of consumption (variations in the
grazing process), on the production of forage and
on the inclusion, or not, of diet supplementation.
Supplemented grazing animals have their ingestion
behavior altered. Supplemented heifers grazing
on ryegrass reduce their grazing time and spend
more time in other activities (BREMM et al.,
2008). The decrease in grazing time is proportional
to the amount of supplement provided, without
any changes in rumination time (MACARI et al.,
2007), or forage intake when compared to non-
supplemented animals (BREMM et al., 2005).
Although supplemented heifers change their forage
selectivity by increasing the proportion of leafs to
culms in the forage as grazed (FRIZZO et al., 2003),
the type of supplement does not affect the variables
displacement and forage intake (PIZZUTI et al.,
2012).

It is unknown why and how supplemented
ruminants regulate forage intake on pasture
throughout the day (GREGORINI, 2012). In this
study, we hypothesized that the phenological
stage (vegetative or reproductive) of the grass,
and the offer of energetic supplement to heifers
fed on ryegrass (Lolium multiflorum Lam.) pasture
may cause different behavioral patterns, and, in
particular, modifications in grazing strategy, such as
changing ingestion pattern within times of the day
(early morning, morning, afternoon, evening).

Materials and Methods

The experiment was performed between July
and November 2012 at the Universidade Federal
de Santa Maria (UFSM), Santa Maria, RS, Brazil.
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Climate, according to Koppen's classification
(MORENQO, 1961), is humid subtropical. The soil
is Paleudalf and, in the experimental area, had the
following average ratios: pH-H,0=5.0; pH-SMP =
5.8; %clay = 19.2; P=13.4mg L!; K=92mg L;
%O0OM = 2.7m V'!; AI’*= 0.2 cmolc L!; Ca?" = 4.6
cmolc L1; Mg?*= 2.2 cmolc L*!; saturation of bases
= 56.6%; saturation of Al = 3%. The experimental
area, divided in nine paddocks, comprised 7.2
hectares, where a ryegrass pasture was established
on May 1, 2012. The fertilizer consisted of 200 kg
ha! of the formula 05-20-20 (N-P-K) and 56.5 kg of
N ha'! in urea form subdivided into two applications.
The meteorological data for the months that
comprised the experimental period were obtained
from the UFSM Meteorological Station.

Ingestion behavior patterns were measured
in heifers kept on ryegrass pastures with three
treatments: exclusive pasture; pasture + ground
corn supplement, and pasture + white oat grain
supplement. Supplement, given daily at 2 pm, from
Monday to Saturday, at 0.93% of body weight
(BW), consisted of 91.4 % dry matter (DM); 12.4 %
mineral matter (MM); 94.4 % organic matter (OM);
21.7 % neutral detergent fiber (NDF) and 9.8 %
crude protein (CP), for corn grains, and 91.4% DM;
9.6% MM; 90.3% OM; 31.1% NDF; 13.7% CP, for
white oat grains.

We adopted a continuous grazing method with
a variable number of animals, using Angus heifers
with an initial age of eight months and 168.6+4.9
kg. Each paddock contained three test animals and
a varied number of put-and-take animals, in order
to maintain forage mass between 1,500 and 2,000
kg ha'! DM.

Forage mass (FM, kg.ha') was evaluated by
direct visual estimation, with double sampling.
Forage from cuts was homogenized and separated
into its botanic (ryegrass and other species) and
structural (leaf blades, stem, dead matter and
inflorescence) components. After weighing, the
samples were dried at 65°C for 72h, and, afterwards,

their leaf blade-to-stem ratio was measured. Canopy
height (cm) was measured from 20 different points
per paddock, which were the same points used for
FM evaluations.

Forage accumulation rate (FAR, kg ha day' DM)
was estimated with three grazing exclusion cages
per experimental unit. Stocking rate (kg ha' BW)
was calculated as the sum of the average weights
of the test heifers and of each put-and-take animal
multiplied by the number of days it remained in each
paddock and divided by the total number of days in
the period. Forage allowance (FA), in kg DM 100
kg!' BW, was calculated with the formula: (FM/28
+ FAR)/stocking rate. Leaf blades allowance
was obtained by multiplying FA by the average
percentage of green leaf blades in FM.

Ingestion behavior pattern was simultaneously
evaluated on three test heifers per paddock. Two
evaluations were performed at each phenological
stage of the ryegrass: on August 16 2012 and
September 13 2012 for the vegetative stage, and
on October 18 2012 and November 8 2012 for
the reproductive stage. Data for each stage is the
average of the two evaluations made in that stage.

A feed stations was defined as the half-cylinder
shaped area directly in front of and on each side of
the animal when its front feet are stationary and a
footstep was defined as eachmovementofthe forelegs
(RUYLE; DWYER, 1985). The displacement
patterns were assessed during the daylight grazing
periods, with six cycles of ten feed stations. The
number of feed stations visited per minute, time
spent at each feed station, the number of steps
between feed stations and the number of steps per
minute (displacement pattern) were calculated from
the data collected.

Grazing and rumination periods, and the time
spent in other activities, were measured, during a
period of 24 hours, through visual observation, by
reports of activities with most occurrences at the end
of a ten-minute interval (JAMIESON; HODGSON,
1979), and are reported as total time per day (minute

Semina: Ciéncias Agrdrias, Londrina, v. 37, n. 4, p. 2053-2066, jul./ago. 2016

2055



2056

Hampel, V. S. et al.

day'). Time spent selecting and apprehending
forage, including the displacement intervals used for
diet selection, were considered as grazing periods.
Rumination time was characterized by chewing
activity, without seeking or apprehending forage.
Time for other activities was the period in which the
animal was at rest (FORBES, 1988).

Throught observation of grazing activity, we
recorded the time taken to perform 20 bites, with
a chronometer, during the morning and afternoon,
in order to calculate the bite rate (bite minute")
(HODGSON, 1982). The number of daily bites
(bites day') was obtained by multiplying bite rate
by daily grazing time (minutes day).

We also calculated the number and duration of
meals and the interval between meals from data
collected in the evaluations of ingestion behavior.
A meal is a long grazing sequence with at least
two successive 10-min grazing periods. A 20-min
interruption of grazing by any other activity meant
the end of meal and the start of the interval between
meals (BAGGIO et al., 2008). The variables grazing
time, rumination time, time spent in other activities,
number of meals, duration and intervals of meals
were measured during each of four evaluation
periods, early morning (1:00 am — 06:59 am),
morning (07:00 am-12:59 pm), afternoon (1:00 pm
— 6:59 pm) and evening (7:00 — 12:59 am).

Forage samples to determine the chemical
characteristics were harvested by grazing simulation
at dates close to the period of observations of
grazing behavior. DM, OM and MM ratios in the
forage were measured (AOAC, 1995), whilst CP
ratios were calculated according to Robertson and
Van Soest (1981), and NDF ratios were calculated
following (KOMAREK, 1993).

All variables had a normal distribution and
no difference (P>0.05) was detected by variance
supplemented with
corn or oat grain. Therefore, we combined corn
and oat treatments in one experimental group,
“Supplement”. In the case of variables measured for

analysis between heifers

awhole day, rather than within times of day (grazing,
displacement patterns, bite rate and number of bites
per day), the feed systems were the main plots and
the phenological stages of ryegrass were the sub-
plots. A mixed model was employed, including the
fixed effect of the feed systems and phenological
stages and their interactions, and the randomized
effects of residue and replications within the feed
systems. In the case of pasture variables, paddocks
were the replications, whereas heifers were the
replications in the variables of displacement pattern,
bite rate and number of bites per day.

The variables related to ingestion behavior
(grazing time, rumination time, time spent in other
activities, number of meals, duration and intervals
between meals) were evaluated in a completely
randomized design, following a sub-subdivided
plot structure. Feeding systems were the main plots,
the ryegrass phenological stages were the sub-plots
and times of day were the sub-sub-plots and each
heifer in a group was a replication. A mixed model
was employed, with the fixed effect being feed
systems, phenological stages, times of day and their
interactions and the randomized effects including
residue and heifers within the feeding systems.
Analysis was performed with the MIXED procedure
of SAS 8.2 (SAS Institute Inc., Cary, NC, USA).
Structure selection test was performed with Bayesian
Information Criterion (BIC) to determine the model
which would best represent data. When difference
between times of day was detected, means were
compared using the Ismeans option . Interactions
involving feed systems, phenological stages and
times of day were significant at 5%. Variables also
underwent Pearson’s linear correlation analysis.

Results and Discussion

Meteorological data showed that, during the
experimental period, the minimum temperature
(14°C) was close to the average low (13°C), whereas
maximum temperature was 7.4% higher than the
average high (22°C). The rainfall in August and
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November was 47% lower than average rainfall for
the same period (127 mm), whereas rainfall during
September and October (180 mm) was 43% higher
than average rainfall for the same period (126 mm).

We observed no interaction (P>0.05; Table 1)
between feeding system and phenological stage for
variables related to the structural characteristics of
the pasture or to the nutritive value of the forage.
Similar ratios (P>0.05) were recorded for the two

feeding systems, exclusive or supplemented grazing.
Averages between the two conditions were 1,914 kg
ha' DM for forage mass, 11.7 cm for canopy height,
39.2 kg ha! DM for forage accumulation rate, 9.9kg
DM 100 kg' BW for forage allowance, 2.6% BW
for leaf blade allowance and 1.0 for leaf blade: stem
ratio (Table 1). Calculated CP (average 24.1%) and
NDF (54.8% DM) in forage as grazed were also
similar (P>0.05) for the two feed systems (Table 1).

Table 1. Structural and quantitative characteristics of forage canopy in ryegrass “vegetative” (V) and “reproductive”
(R) phenological stages grazed by non-supplemented and supplemented heifers.

Factors Variables

FM Height FAR FS L:S LBS CP NDF
Ryegrass 1840.5 11.2 42.8 9.9 0.9 2.6 25.1 54.0
Supplement 1986.9 12.1 35.6 9.8 1.1 2.6 23.1 55.5
Vegetative 1948.8 11.2 47.7 9.5 1.6 4.1 30.9 48.0
Reproductive 1878.6 12.2 30.7 10.3 0.3 1.2 17.3 61.5
SD 6.6 4.9 9.3 8.1 7.0 12.1 34 1.3
(P=)
System 0.461 0.304 0.222 0.891 0.266 0.990 0.155 0.192
Stage 0.335 0.009 0.002 0.007 0.001 0.001 0.001 0.001
Sis*Est 0.924 0.116 0.229 0.149 0.097 0.425 0.517 0.381

Ryegrass — heifers exclusively grazing on ryegrass pasture; Supplement — heifer grazing on ryegrass pasture with 93% BW of
supplement (corn and oat grains); SD- average standard deviation; (P=)- significance of effect; Sis*Est- interaction between feeding
systems and phenological stages; FM- forage mass (kg ha' DM); Height- height of canopy (cm); FAR- forage accumulation rate (kg
ha! DM); FS- forage supply (kg DM 100kg' BW); L:S- leaf blade:stem ratio; LBS- leaf blade supply (% BW); CP- crude protein

(%); NDF- neutral detergent fiber (%)

Forage mass (FM, Table 1) was similar for both
phenological stages of ryegrass (P>0.05). However,
the same forage mass may provide different ratios
of forage intake (DEMMENT; LACA, 1993), with
changes in the animals” behavior pattern.

Ryegrass canopy height and total forage
allowance were higher in the reproductive stage
than in the vegetative stage (7.4% and 7.7% higher,
respectively). Conversely, forage accumulation
rate, leaf blades allowance and leaf blade:stem
ratio values were lower in the reproductive stage
than in the vegetative stage (Table 1). Forage as
grazed yielded a 78.6% higher CP rate and a 21.9%
lower NDF rate during the vegetative stage than
during the reproductive stage (Table 1). Variation

in the quality and quantity of forage available over

time causes the development, by herbivores, of
compensatory grazing strategies through the pasture
cycle (CAMARGO et al., 2012).

There was no interaction (P>0.05; Table 2)
between feeding system and the phenological stage
of the grass for variables related to displacement
and feeding stations (steps between stations, steps
per minute, bites per feeding station, station per
minute and time at feeding station), but exclusively
pasture-fed heifers spent 16.21% more time in
the same feeding station (Table 2). Supplemented
heifers remained less time at the feeding station.
One possible reason is that, enjoying better
nutritional conditions, they depended less on canopy
characteristics; additionally, supplemented animals
seem to be more efficient in harvesting nutrients
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from grazing (KRYSL; HESS, 1993). On the other
hand, supplementation may increase the production
of volatile fatty acids, especially propionic acid,
which increase the animal’s satiety (ROCHE et
al., 2008). Heifers also spent 6.8% more time per
feeding station during the vegetative stage (Table
2), when leaf blades allowance was 70.7% higher
(Table 1). There is a positive correlation between
the amount of leaf blades and time spent at the
feeding station (BAGGIO et al., 2009). A high
leaf blades allowance provides greater selectivity
due to greater bites, coupled to an increase in time
spent at the feeding station (GONCALVES et al.,
2009). More time spent at feeding stations during

the vegetative stage resulted in less visits to feeding
stations per minute. When forage was abundant,
intake rates were high and animals had greater bite
mass while traveling greater distances with more
time spent seeking sites with their preferred forage
(ROGUET et al., 1998). On average, heifers visited
one feeding station more during the reproductive
stage than during the vegetative stage (Table 2),
perhaps due to lower availability of leaf blades and
to an increase in inflorescences (BAGGIO et al.,
2009). Time spent at a feeding station also depends
on the animal’s perception of other sites with better
intake opportunities (PRACHE; PEYRAUD, 2001)
and on the frequency of sites with under or over
utilization of forage (QUADROS et al., 2003).

Table 2. Characteristics of ingestion behavior of heifers fed exclusively on pasture (‘ryegrass’) or supplemented

(‘Supplement”).

Factors Variables

Sta/mi Ste.sta Ste/min T/sta Bc.est N°meal Drmea Intmea Graz Rum Oth
Ryegrass 6.2 1.8 11.4 11.1 43 7.9 69.6 120.7 512.0 352.9 575.0
Supplement 7.3 1.8 12.8 9.3 3.9 7.4 53.7 134.9 402.6 339.9 674.6
V. 6.3 1.8 12.7 10.8 4.3 7.8 63.9 126.4 481.4 343.5 602.5
R. 7.3 1.8 12.8 9.6 4.0 7.5 59.4 129.2 433.3 349.3 647.1
SD 5.9 5.8 5.9 5.4 5.1 5.5 4.5 5.2 3.1 6.1 42
(P=)
System 0.096 0986 0.183 0.035 0.238 0.460 0.007 0.164 0.001 0.676 0.016
Stage 0.001 0.736 0.227 0.010 0.249 0.326 0.100 0.778 0.011 0.831 0.110
Time of day - - - - - 0.001 0.006  0.001 0.001 0.001 0.001
Sis*Est 0.668 0.558 0.551 0.839 0.480 0.718 0.002  0.529 0.090 0.398 0.024
Sis*T - - - - - 0.892 0.019 0.681 0.001 0.022 0.011
Est*T - - - - - 0.132 0.005 0.011 0.001 0.001 0.003

Ryegrass- heifers exclusively fed on ryegrass pasture; Sup- heifers grazing on ryegrass with 0.93% BW of energetic supplement
(corn or oats); V- vegetative stage of ryegrass; R- reproductive stage of ryegrass; SD- average standard deviation; (P=)- significance
of effect; Sis*Est- interaction between feeding systems and phenological stages; Sis*T- interaction between feeding systems and
times of day; Est*T- interaction between phenological stages and times of day; Sta/mi- station per minute (stations.minute™); Ste.
Sta- number of steps between feeding stations; Ste/min- number of steps per minute (steps.minute™); T/sta- time per feeding station
(minutes); N° meal- number of meals; Dr.mea- duration of meals (minutes); Int.mea- interval between meals (minutes); Graz —
grazing time (minutes); Rum- rumination time (minutes); Oth- time spent in other activities (minutes); means followed by different
small letters on the same column differ according to the Ismeans test (P<0.05).

The number of steps between stations, steps per
minute, number of bites and stations per minute
were also similar in the two feeding systems (Table
2), probably due to their similarity in canopy height,
leaf blade:stem ratio and leaf blades allowance
(Table 1). Whether or not we supplemented the

heifers, forage as grazed provided similar CP and
NDF ratios (Table 1). Pizzuti et al. (2012) also
reported that variables related to heifer displacement
were unaffected by supplementation when the
animals grazed on the same forage mass and leaf
blade:stem ratio.
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The higher canopy, greater forage supply, lower
leaf blade:ratio and lower supply of leaf blades in
the reproductive stage (Table 1), were insufficient
to modify the number of steps between the feeding
stations, steps per minute, and number of bites
per feeding station (Table 2). Baggio et al. (2009)
reported, in ryegrass and black oat pastures, a
lower number of bites per feeding station in the
reproductive, compared to the vegetative stage,
while Glienke et al. (2010) observed that, in
supplemented heifers grazing on ryegrass pasture,
the number of steps between feeding stations varied
between the evaluation periods.

No
system and ryegrass phenological stage (P<0.05)
for bite rate and daily number of bites. Bite
rate was similar for both supplemented and not
supplemented heifers (26.6 bites; P=0.386). Bite
rate is a behavioral strategy to compensate for the
decrease in forage intake (HODGSON, 1990). Bite
rate was unaltered for similar forage mass between
feeding systems. Bite rate was greater during the
ryegrass reproductive stage (27.6 bites; P=0.014),
corroborating a report by Poli et al. (2001) that bite
rate increases as leaf blade :
(Table 1).

interaction occurred between feeding

stem ratio decreases

Heifers fed exclusively on pasture performed
23,847 bites per day, 18% more than supplemented
heifers (P=0.001). An increase in the number of
bites per day maintains satisfactory intake levels
(CARVALHO et al., 1999). Intake of concentrate
may enhance an additional effect on forage selection
by the animal, influencing the daily number of bites,
due to an increase in forage intake and to an increase
in forage quality (SILVA et al., 2014). Heifers
reduced the number of bites per day by 8.2% during
the reproductive stage compared to the vegetative
stage (23,251 bites per day; P=0.005). The low rate
of leaf blades during the reproductive stage (Table
1) may have required more time for handling and
grasping of forage. This is due to the fact that a
second bite cannot be undertaken when a bite is in
process (CARVALHO, 1997).

There was no interaction (P>0.05; Table 2)
between feeding system and ryegrass phenological
stage and between feeding system and time of day
for number of daily meals and interval between
meals. The number of daily meals was similar
between feeding systems and between phenological
stages (Table 2). Average meal number in different
feeding systems and stages was 7.63+0.42. Similar
daily numbers of meals were probably due to the
similar structural characteristics of the canopy in the
two feeding systems (P>0.05; Table 1). On the other
hand, modifications in the structural characteristics
of ryegrass from the vegetative to the reproductive
stage were insufficient to alter the number of meals
(Table 1). Baggio et al. (2008) reported 6.07 daily
feedings per day on ryegrass grazed by heifers.

The variables grazing time and rumination time
did not reveal any interaction between feeding
system and phenological stage (Table 2). However,
feeding system and phenological stage interacted
for time spent in other activities (Table 2). During
the ryegrass reproductive stage, heifers exclusively
on pasture had the lowest time spent in other
activities. There is a contradiction in literature
existent about the results of pasture management on
animals” response in change of time spent in other
activities. In ryegrass plus oat the time spent in other
activities by heifers proved to be similar, regardless
of supplementation strategy (BREMM et al., 2008).
On the other hand, Pellegrini et al. (2011) reported
that time spent in other activities was reduced to
0.90 minute per day during pasture utilization.

Feeding system and phenological stage of
ryegrass also interacted for meal duration (Figure
1A). During the vegetative stage, meal duration
(63.9 min) was the same for heifers within the two
feeding systems (Figure 1A). Meal duration relates
directly to the speed in which the animals consume
forage (CARVALHO; MORALIS, 2005). The amount
of nutrients provided by the supplement at this stage
was insufficient to change meal duration, probably
due to the great easiness with which forage harvest
occurred. Conversely, during the reproductive
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stage, grazing-exclusive heifers spent 24.8 minutes
more for each meal on ryegrass. Animals change
the duration and the number of meals according
to the level of forage nutrient supply (BARBOSA
et al., 2010). Since heifers fed on pasture alone

depended exclusively on forage nutrients, they
increased feeding time to supply their nutritional
requirements within the same canopy structure and
composition of forage as grazed on the two feeding
systems (Table 1).

Figure 1. Duration of meal, grazing time, rumination time, times spent in other activities by heifers fed exclusively
on pasture (‘ryegrass’) end supplemented (‘Supplement’) at phenological stages and times of day (shifts); different
small letters at the same stage and time of day differ by Ismeans test (P<0.05); Early — early morning; Mor- morning;

Aft- afternoon; Eve- evening.
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Grazing time, rumination time and time spent
in other activities interacted in feeding system vs.
time of day (Table 2; Figures 1B, 1D, 1C). Heifers
fed only on pasture spent 23% more time grazing in
the morning than supplemented heifers (Figure 1B).
Grazing during this time of day corresponded to 29%
of total time spent in daily grazing. Less grazing time
during the morning may have been an anticipation
behavior for the supplement supply at 2 pm. Grazing
decisions depend on grazing environment, actual
and past conditions, and on the animal’s anticipatory
behavior (GREGORINI, 2012). More grazing time
during the morning by heifers grazing exclusively
may have been a response to the hunger stimulus.
According to Gregorini (2012), hunger conditions
animals to start the grazing process in the morning
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even though, at this time, forage has its lowest
nutrient rates. Hundertmarck et al. (2012) reported
that supplemented heifers had a 63.57% shorter
grazing time during the two hours previous to
supplementation, compared to heifers exclusively
on pasture. Heifers exclusively on pasture also spent
more time grazing (28 minutes) than supplemented
heifers during the evening period (Figure 1B). A
longer grazing time may have been a behavioral
strategy for nutrient acquisition, although, as a rule,
grazing time decreases during this time of day as a
defense mechanism against predators (GREGORINI,
2012). Supplemented heifers may have been more
efficient in forage harvest during the other times of
day and, consequently, satiety reduced the evening
grazing period (ROCHE et al., 2008).
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Supplemented heifers had 22% and 29% longer
rumination times during the afternoon and the
morning, respectively, when compared to heifers
exclusively on pasture (Figure 1D). The sum of
rumination times in the morning and the afternoon
for supplemented heifers corresponded to 44.8%
of the daily rumination period (5.6 h). The shorter
rumination time spent by heifers exclusively on
pasture during the morning relates to their greater
grazing activity during the same time of day, since
those activities are mutually exclusive. Increases
or decreases in grazing time may alter other
activities. Likewise, a longer rumination period by
supplemented heifers during the afternoon, when
supplement was offered, relate directly to a decrease
in grazing time, since the type of diet affects
rumination time (VAN SOEST, 1994). When there
1s an increase in the amount of nutrient intake, there
is also an increase in chewing time (SILVA et al.,
2014). Supplemented animals may have ruminated
more and grazed less during the morning due to
their anticipation of the 2 pm supplementation.

Heifers exclusively on pasture spent less time
in other activities during the evening and the early
morning (Figure 1C). According to Di Marco and
Aello (2001), animals fed exclusively on pasture
require higher nutrition rates due to their greater
energy demand caused by seeking and apprehension
of forage, with less time for other activities during
this time of day. Accordingly, time spent in other
activities was greater for supplemented heifers
since, according to Hodgson (1990), when grazing
time decreases, there is an increase in time for other
activities.

Interaction between feeding system and time of
day occurred for meal duration (P=0.019; Figure
2A). During the evening, heifers fed exclusively on
pasture realized meals 38% longer. Supplemented
heifers spent less time during meals, probably
due to a combination of factors related to a better
energy balance and less motivation to eat, due to
satiety (BAUMONT et al., 2004). Supplementation
becomes relevant for the performance of the animal

when is related to the proportion of energy spent on
grazing (PARDO et al., 2003).

An interaction between ryegrass phenological
stage and time of day for time spent on grazing,
rumination and other activities (Table 2; Figures 2B,
2C and 2D) was observed. During the reproductive
stage, grazing time in the morning and the afternoon
was shorter, compared to the vegetative stage (Figure
2B). Regardless of time of day, grazing time was
longer during the reproductive stage (PELLEGRINI
etal., 2011; BAGGIO et al., 2008). Results obtained
by activities divided by shifts of day may fine-tune
this conclusion. Prache et al. (1998) reported that
grazing time is longer in the reproductive stage
when the green forage mass is similar for both
stages. The physical factors that affect forage intake
are forage fiber content, digestibility of forage and
the speed with which fibers are degraded in the
rumen (ROCHE et al., 2008).

We observed longer grazing period during the
evening when ryegrass was in the reproductive
stage (Figure 2B). Thermal comfort for Angus
heifers is around 20°C. During the reproductive
stage, average temperatures during the afternoon
and evening were, respectively, 30°C and 22°C.
Average temperature during the period within
this stage (23.3°C) was 4°C higher than average
temperature during the vegetative stage. Grazing
time may change due to temperature, as ruminants
reduce ingestion and increase heat loss to conserve
body temperature at the appropriate physiological
level (VALENTE et al., 2013).

Rumination time and time spent in other
activities were shorter during the afternoon in the
vegetative stage (Figures 2C; 2D) due to longer
time spent grazing. Responses to ingestion behavior
refer to several satiety stimuli due to interactions
between the ingestion and digestion behavior and
to forage contents. According to Gregorini (2012),
frequency in the distribution of ingestion behavior
patterns may be affected by chemical fluctuations of
photoassimilates, by filling and functioning of the
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rumen (GREGORINI et al., 2008), by photoperiod
(GREGORINI et al., 2011) and by strategies against
predators (GREGORINI, 2012). A longer rumination
period and less time spent in other activities during

the vegetative stage were reported during the early
morning. Nutrients are constantly released during
the period in which ruminants do not graze or graze
for a shorter period, such as during the evening and
early morning periods (GREGORINI, 2012).

Figure 2. Grazing time, rumination time; time spent in other activities, interval between meals and duration of meal
per heifer on ryegrass pasture (‘ryegrass’) or supplemented (‘Supplement’), in times of day (shifts); different small
letters within each time of day differ by Ismeans test (P<0.05); Early- early morning; Mor- morning; Aft- afternoon;

Eve- evening.
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No interaction occurred (P>0.05; Table 2)
between ryegrass phenological stage and time of
day for the number of daily meals. Heifers had a
greater number of meals during the afternoon and
the morning (2.28 feedings; P=0.001) and a lesser
one during the evening and the early morning (1.53
feedings), in conformity with the grazing habits of
ruminants presenting greater grazing events in the
evening and morning (GREGORINI, 2012).
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Interaction between the ryegrass phenological
stage and time of day occurred for meal duration
(Figure 2E) and interval between meals (Figure
2F). Meals were larger during the morning and the
afternoon during the vegetative stage, with less time
spent during the evening meals (Figure 2E). During
the afternoon, increase in the concentration of dry
matter, sugars and essential fatty acids occurs due to
day time fluctuations in the chemical composition
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of forage regarding the accumulation of photo-
assimilates and water loss by transpiration. These
factors cause more efficient forage intake during the
time of day since heifers are capable of maximizing
the acquisition of daily energy by constant release
of nutrients during the night (GREGORINI, 2012).
Longer meals in the morning are due to hunger
stimulus, which prompts the heifers to more intense
grazing (GREGORINI, 2012).

The interval between meals during the afternoon
was longer during the vegetative stage (Figure 2F).
Interval between meals indicates forage quality,
since meal ends when the animal reaches a certain
consumption level and, at this point, the inter-meal
interval starts (BARBOSA etal.,2010). According to
Gregorini (2012), the ingestion-digestion behavior
is molded by daily fluctuations in light intensity that
stimulate the circadian release of neurotransmitters
and hormones, interacting with daily fluctuations
in the nutritional content of the forage. During the
afternoon heifers can harvest forage with a higher
rate of photo-assimilates, and thus take a greater
time to start a new meal. The longest interval
between meals in the evening occurred during the
reproductive stage (Figure 2F). Ruminants add feed
into the rumen which already contain remnants
from previous feedings. The immediate metabolic
consequences of the addition of a single meal may
be affected by the animal’s previous nutritional
status (YEATES et al.,, 2002). Longer intervals
are due to the feed type and, consequently, to the
digestion products of the diet (ROCHE et al., 2008).

Conclusions

Both and the ryegrass
phenological stage altered the time pattern of
grazing. Supplemented heifers decrease time in

the feed station and decrease the number of daily

supplementation

bites. These heifers reduce grazing time during the
morning and the evening and duration of meals
during the evening. Time spent in other activities
decreases during the reproductive stage of ryegrass
for heifers exclusively grazing.
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