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Many of the studies in Campos grasslands focus on management aspects such as the control of herbage
allowance, and application of nutrients and/or overseeding with legumes. However, there is little litera-
ture on how the Campos grassland resource is utilised, especially regarding the grazing pattern and the
relationship between pasture quantity and quality on daily grazing activities. The study of the ingestive
behaviour in species-rich and heterogeneous native grasslands during daylight hours, and understanding
how animals prioritise quality or quantity of intake in relation to pasture attributes, are important to
comprehend the ingestive-digestive processes modulating the energy intake of animals and to achieve
a better grazing management. Therefore, the objective was to describe and quantify the daily grazing
behaviour of growing cattle grazing native pasture with different structures as a result of different man-
agement practices, and study the relationship of pasture attributes and intake through multivariate anal-
ysis. The study was carried out at the Faculty of Agronomy, Paysandú, Uruguay. Treatments were native
grassland, overseeding with Trifolium pratense and Lotus tenuis + phosphorus, and native pasture + nitro
gen-phosphorus. Grazing activities were discriminated into grazing, searching (defined when animals
take 1–2 bites in one feeding station and then change to another feeding station and so on), ruminating
and idling. The probability of time allocated to each activity was continuously measured during daylight
hours (0700–1930) and was related to pasture structure and forage quality using regression tree models,
while the bite rate was determined every 2 h. The diurnal pattern of growing cattle showed grazing and
searching sessions, followed by ruminating and idling sessions. The length of sessions (as the probability
of time allocated to each activity) varied throughout the day. The grazing probability was greater during
afternoon than morning and midday (0.74 vs 0.45 vs 0.46, respectively), and it was associated with higher
bite rate (34.2 bites/min). Regression tree models showed different grazing, searching and ruminating
strategies according to pasture attributes. During the morning, animals modified grazing, searching,
ruminating and idling strategies according to bite rate, crude protein in diet and herbage allowance. At
midday, they only adjusted ruminating and idling, while during afternoon sessions, grazing activities
were modified by pasture quantity attributes such as herbage mass and herbage allowance. By control-
ling the herbage allowance, herbage mass and pasture height, animals prioritise quality in the morning
and quantity in the afternoon, integrating and modifying the grazing-searching and ruminating-idling
pattern.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

The present study of diurnal patterns of grazing session helps to
understand different animal responses and contributes to predict
grazing behaviour based on changes in pasture quality and quan-
tity. The management of herbage allowance and pasture structure
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(i.e. herbage mass and herbage height) promote the pasture quality
intake in the morning, and pasture quantity intake in the
afternoon. This is a tool to improve the management of grazing
systems, encouraging the quality or quantity intake. Therefore,
considering the ingestive-digestive processes which occur at a
temporal scale contributes to the daily planification of rotative
grazing systems.

Introduction

The duration and distribution of grazing, searching forage,
ruminating and idling are modified by pasture structure, climate
conditions and time of the day (Hodgson, 1985; Gibb et al.,
1998). At least half of the daily grazing time occurs during daylight
hours (Linnane et al., 2001), divided into three or four grazing ses-
sions (Gregorini et al., 2006). Diurnal animal behaviour controls
forage intake through the relationship between grazing pattern
and ingestive-digestive factors which controls the daily intake
(Gregorini et al., 2006). Cattle decide the time to begin grazing ses-
sions, and the frequency and distribution of each grazing session
throughout the day, linking the information about processes at
the plant-animal-rumen level (Gregorini, 2012). Grazing sessions
and instantaneous intake rate are affected by the time of day
(Gregorini et al., 2006), season of the year (Linnane et al., 2001)
and temperature and humidity (defining the temperature and
humidity index: THI) (Ehrenreich and Bjugstad, 1962).

During daylight hours, discrete sessions of grazing and search-
ing forage are followed by ruminating and idling sessions with
two main grazing-searching sessions during the day, in the morn-
ing and in the evening (Gregorini, 2012; Larson-Praplan et al.,
2015). The intake rate during each grazing-searching session
increases as the day progresses (Gregorini et al., 2006), as a strat-
egy of grazing animals to obtain the higher intake rate during
the discrete grazing-searching sessions (Mezzalira et al., 2012).
However, the length of each grazing-searching session and the
number of sessions during a day are modified by herbage allow-
ance and pasture attributes (Mezzalira et al., 2012).

In Campos grasslands, there is little literature on the grazing
pattern and the relationship between pasture structure-pasture
attributes (i.e. herbage mass, herbage height and heterogeneity,
and forage quality) and how grazing activities are affected by the
herbage allowance. Most of the studies in Campos grasslands eval-
uated process-based technologies through the control of herbage
allowance and manipulating the sward structure as the first levels
of intensification of native grasslands (Carvalho et al., 2011). Under
a wide range of herbage allowance and pasture height, Pinto et al.
(2007) and Mezzalira et al. (2012) studied the daily grazing,
searching and ruminating time, and they found a compensation
between the daily grazing time and the level of herbage allowance
and pasture height. Gonçalves et al. (2009) showed that pasture
height maintained at 11–13 cm maximise bite mass, which is
determinant of animal performance (Carvalho et al., 2015). In that
study, however, animals did not increase grazing time to compen-
sate the lower bite mass, not expressing the classic theory of com-
pensation (Hodgson, 1985). Furthermore, Piaggio et al. (1995)
found that herbage allowance maintained between 7 and 10%
allowed a better-quality diet than the average of the pasture,
resulting in a greater animal selectivity. In mixed pastures, animals
express greater selectivity towards legumes, spending more time
searching and selecting them (Chapman et al., 2007), and bite rate
decreases because of the longer interval between bites (Carvalho
et al., 2011). Under these conditions, animals have to balance the
searching time benefits and cost of searching, as in many condi-
tions could be disadvantageous for grazing animals, by a decrease
in DM intake (Da Trindade et al., 2012). These studies showed that
animals integrate information of pasture quantity (i.e. herbage
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allowance and pasture height) and pasture quality and the com-
pensation through the time destined to each activity and the
instantaneous intake rate through the bite rate and bite mass.

Therefore, through the control of herbage allowance and
manipulating the sward structure, the annual animal production
per area can be triplicated (Carvalho et al., 2011). Additionally,
through input technology pathways, (i.e. the introduction of nutri-
ents and/or overseeding with exotic species), the animal produc-
tion could be increased (Carvalho et al., 2011). However, the
study of daily grazing strategy and grazing pattern throughout
the day under intensification levels in Campos grasslands (from
the control of herbage allowance and manipulating the sward
structure, to input technology pathways) was not addressed. More-
over, the study of the ingestive behaviour in native grasslands dur-
ing daylight hours, and understanding how animals prioritise
quality or quantity intake with different pasture attributes adds
valuable information to the ingestive-digestive processes of ani-
mals under native pastures. Accordingly, the objective of this study
was to describe and quantify the grazing and searching behaviour
of growing cattle grazing native grasslands with different pasture
structures (i.e. animals are not facing forage limitations) altered
by management practices. Thus, identify how pasture attributes
affect components of intake, as the grazing and searching diurnal
pattern.
Material and methods

Experimental site

The study was carried out in 7.8 ha at the Experimental Station
‘‘Mario A. Cassinoni” (EEMAC), Faculty of Agronomy, Paysandú
(32�23055,6700S and 58�2042,3400O), Uruguay, between 10/14/2014
and 12/22/2014. Historical annual average rainfall and tempera-
ture (1980–2009) are 1 238 mm and 18.1 �C, respectively. During
the evaluation months, temperature was similar to the historical
average (20.8 �C) and rainfall was 240 mm higher than historical
average (596 vs 357 mm). The soil types of the study area were
Lithic Hapludolls (28%), Natruaqolls (26%), Argialbolls (23%) and
Argiudolls (22%) (Duran et al., 2006). The vegetation was a native
grassland dominated by species of Poaceae family in low stratum
(<25 cm) like Axonopus affinis Chase, Bromus auleticus Trinius, Mne-
sithea selloana (Hack.) de Koning & Sosef, Nassella mucronata
(Kunth) R. W. Pohl, Paspalum dilatatum Poir. and Paspalum notatum
Flüggé. Species in medium stratum (25–70 cm) were shrubs like
Baccharis coridifolia DC. and Eryngium horridum Malme, and in high
stratum (>70 cm) trees species like Acacia caven Molina and Proso-
pis affinis Spreng.
Experimental design and treatments

The experiment was arranged in a randomised complete block
design, with four replicates. Blocks were defined according to the
topographic position in experimental area. The four treatments
applied were native grassland (NG), NG fertilised with 30 kg/ha
of N + 40 kg/ha of P205 (N30 + P40), NG fertilised with 60 kg/ha
of N + 40 kg/ha of P05 (N60 + P40), and NG overseeded with Tri-
folium pratense (6 kg/ha) and Lotus tenuis (6 kg/ha) + 40 kg/ha of
P205 (NGO + P40). Fertilisers applied were urea (0-46/46-0-0, N-
P-K-S) and a blend of 7-40/40-0-4. Overseeding and fertilisation
were done on 9-Sep, 2014, and measurements started on 14-Oct
until 22-Dec. The animals utilised in the experiment were 28 grow-
ing Holstein steers, with initial BW of 180 ± 22 kg and end BW of
212 ± 38. The steers were weighted every 30 days with a
12-hour fast. The average area of the plots of NG and NGO + P40
treatments was 0.72 ha (totalling 2.88 ha each treatment) while



Fig. 1. Temperature Humidity Index (THI), every 30 min, for each day of the cattle
grazing behaviour evaluation period, between 0600 and 1900.
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the treatments of N30 + P40 and N60 + P40 were 0.26 ha (totalling
1.04 ha each treatment).

The objective daily herbage allowance was between 7 and 10%,
assuming that cattle will consume 2–3% BW per day. Daily herbage
allowance (HA) was defined as the relation of kg DM offered per
100 kg of steer BW per day (%), every grazing cycle, considering
daily herbage growth rate. Outcome of HA in the experimental per-
iod was on average 10% and 8% in NG-NGO + P40 and N30 + P40-
N60 + P40, respectively. To maintain the HA between 8 and 10%,
nine animals were randomly allocated to NG and NGO + P40, and
five animals were randomly allocated to N30 + P40 and
N60 + P40. As a result, the stocking density in NG and
NGO + P40 was three animals per ha (~540 kg BW/ha) while in
N30 + P40 and N60 + P40 was five animals per ha (~900 kg BW/ha).
Grazing management consisted in a rotational stocking system,
where each paddock was subdivided into four plots. Grazing peri-
ods were 8 ± 1 days, and rest periods were 24 ± 2 days, totalling a
grazing cycle of approximately 32 days and resulting in each plot
being grazed twice during the study period.

Measurements

Pasture measurements were made pre- and postgrazing period,
in two blocks per treatment, for two grazing cycles, totalling eight
days of sampling.

Pasture quantity and nutritive value

Pasture characteristics measured were as follows: height, con-
sidered the highest green leaf that contacts the rule according to
Bircham (1981), measured at random 100 times in every survey
of each experimental unit in NG and NGO + P40, and 60 times in
N30 + P40 and N60 + P40. Height deviation, which is an indicator
of the heterogeneity of the pasture, was calculated as the standard
deviation of the height at each day of measurement. Herbage mass
was estimated with the double sampling method by visual scale
(Haydock and Shaw, 1975) using quadrats of 0.5 � 0.5 m. The
visual scale was defined from 1 to 5, where 1 represented the lower
herbage mass and 5 represented the higher herbage mass. At every
sampling event in each experimental unit, 60 visual scales and 40
visual scales were randomly made in NG and NGO + P40, and in
N30 + P40 and N60 + P40, respectively. In order to calibrate the
visual scale, for each scale point (one to five), three reference quad-
rats were cut at ground level. The samples were dried in a forced
air oven over 72 h at 60 �C until constant weight to obtain the
DM content. Considering the total DM of each sample has devel-
oped equations to predict the herbage mass for each sampling
event from the average random samples. The daily herbage growth
rate was estimated as the difference between pregrazing herbage
mass (i) and postgrazing herbage mass (i – 1), divided by the num-
ber of days between the end of grazing i – 1 and the start on graz-
ing i (Campbell, 1966).

Hand-plucked forage samples were taken during each day of
grazing behaviour observation. Those samples represented bites,
simulating animal diet selection in random animals in order to
determine nutritive value of their diet (Bonnet et al., 2015). Sam-
ples were taken in the morning and in the afternoon and then a
compound mixture sample was made. Samples were analysed for
DM and CP (AOAC, 2007), NDF and ADF (Van Soest et al., 1991)
using wet chemistry.

Temperature humidity index

Temperature humidity index (THI) was quantified to
determine if it could have affected the grazing activities through-
out the day. The THI was calculated every 30 minutes during the
3

measurement days with the following equation: THI = (1.8T + 32)
� [(0.55–0.0055RH) � (1.8T � 26)]; where T is temperature
(�C) and RH is relative humidity (%). The values were compared
with the Livestock Weather Safety Index (normal: <74, alert:
75–78, risk: 79–83, emergency: >84) (Johnson, 1994). THI was
mostly normal, being above ‘‘alert” level only in the afternoon per-
iod of four evaluation dates, and reached the risk level on 10-Nov
(Fig. 1).

Grazing behaviour

Animal behaviourwas visuallymonitored, simultaneously for all
plots during daylight hours, between 0600 and 1930, every tenmin-
utes (Hodgson, 1982) in all animals. Three observers were involved
to visually record the behaviour of all animals, where each observer
recorded the activity of 9 or 10 animals simultaneously. Recorders
were trained for 5 h before datawere collected. A total of eightmon-
itoring days were done for each plot. Activities were discriminated
into grazing, searching (defined when animals take 1–2 bites in
one feeding station and then change to another feeding station
and so on, Bailey et al., 1996), ruminating, idling andwatering. Daily
behaviourwasdivided into threedifferent timesof theday:morning
(0600–1030); midday (1030–1500) and afternoon (1500–1930).
Bite ratewas determined every 2 h, as the time animals spent to take
60 bites. If the time between bites was longer than 15 seconds the
measurement was cancelled and started over (Hodgson, 1982).

Statistical analysis

An ANOVA (P < 0.05) was performed to determine differences
between treatments on pasture characteristics (height, height
deviation, herbage mass and HA) and forage chemical composition
(CP, NDF and ADF), using the days of measurements as a repeated
measure. The model performed was as follows:

Pasture attributes=Forage chemical composition Treatment

considering each measurement (eight measurement moments) as a
replication. Means were compared using Tukey test with P < 0.05.

Grazing behaviour, which was discriminated into grazing,
searching, ruminating and idling, and bite rate were analysed by
ANOVA (P < 0.05) according to treatments and three times of the
day (morning (0600–1030); midday (1030–1500) and afternoon
(1500–1930)). Each grazing behaviour probability (GB) was esti-
mated as:

GB� ¼ Sum of each grazing activity observed at each
experimental unit=Total observations at each
experimental unit
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Because the errors of the variables did not have normal distri-
bution, a generalised lineal model considering binomial distribu-
tion was used (Gotway and Stroup, 1997). The groups of animals
of each treatment were considered as the experimental unit and
the days of measurements as a repetition for the grazing behaviour
probability and bite rate. The model considered was as follows:

GB=BR � treatmentþ time of the dayþ treatment

� time of the day

Means were estimated using lsmeans package (Lenth, 2016) in
program R 3.5.1 (R Development Core Team 2018). Tukey test
was used to compare means (P < 0.05).

In order to characterise the factors that affected each grazing
behaviour probability (grazing, searching, ruminating, idling and
watering) in the three different times of the day, a multivariate
analysis was performed using regression trees with party::ctree

function in party package (Hothorn et al., 2006). The regression
tree estimates the relationship between the dependent variable
and the independent variables through binary recursive split zones
in a conditional inference framework (Flores et al., 2017; Hothorn
et al., 2006). The algorithm test hypothesis of independence
between independent variables and the dependent variable, stop-
ping the split if the hypothesis cannot be rejected. Additionally,
when implementing a binary split in the selected variable uses a
significance level of P < 0.05 to select the forward stepwise vari-
able. The model considered was as follows:

GB� BR þHþHDþHAþHMþ CPþ NDFþ ADF

where BR: bite rate, H: pasture height, HD: pasture height devia-
tion, HA: herbage allowance, HM: herbage mass, CP in diet, NDFe,
ADFe. The experimental units were the individual animals, totalling
28 growing cattle. Treatments were not considered as a direct effect
in the multivariate analysis, but there was an indirect effect through
the forage quantity and quality. The objective with this model was a
general evaluation of grazing behaviour activities considering dif-
ferent pasture attributes, as a result of different pasture interven-
tions. All data were analysed using the R 3.5.1 (R Development
Core Team 2018).
Table 1
Effect of pasture management (NG, NGO + P40, N30 + P40 and N60 + P40) for cattle feed

NG NGO + P40

Mean SD Mean SD

Height (cm) 12.3 3.2 13.3 3.2
HD (cm) 6.7 1.4 6.8 0.9
HM (kg DM/ha) 2 128 477 2 282 481
HA (% BW) 9.2ab 1.5 10.5a 2.5

Abbreviations: NG = native grassland; NGO + P40 = NG overseeded with Trifolium pratens
N60 + P40 = 60 kg/ha of N + 40 kg/ha of P205; HD = height deviation; HM = herbage ma
a,b Values within a row with different superscripts differ significantly at P < 0.05.

Table 2
Effect of pasture management (NG, NGO + P40, N30 + P40 and N60 + P40) for cattle feed on
NDF, ADF).

NG NGO + P40

Mean SD Mean SD

CP (%) 11.2b 0.9 12.9ab 1.2
NDF (%) 65.8 2.0 64.9 3.5
ADF (%) 30.4 1.3 31.4 1.5

Abbreviations: NG = native grassland; NGO + P40 = NG overseeded with Trifolium pratens
N60 + P40 = 60 kg/ha of N + 40 kg/ha of P205.
a,b Values within a row with different superscripts differ significantly at P < 0.05.

4

Model prediction

Data were randomly partitioned in training data (70%) and test
data (30%). Regression trees were built using training data, while
test data were used to validate the model. A regression analysis
was performed to contrast observation values (from de test data
in y-axis) and the prediction values (from the regression trees in
x-axis) of each grazing behaviour activity probabilities, based on
Piñeiro et al. (2008). The coefficient of determination (R2) determi-
nes the variance of observation values in test data which is
explained by the model developed with training data. The root
mean square deviation also represents the mean deviation of pre-
dicted values with respect to the observed values of the grazing
behaviour activity probabilities (Piñeiro et al., 2008).

Results

Pasture quantity and nutritive value

Only the herbage allowance and the CP were affected by intro-
duction of nutrients and/or species. On average, herbage mass was
2 180 ± 441 kg DM per ha, pasture height was 13.2 ± 3.1 cm and
height deviation was 7.2 ± 1.1. Herbage allowance, which is related
to pasture quantity, was different between treatments (Table 1).
The greater value was found in NGO + P40 (10.5%), intermediate
in NG (9.2%), while the lower value was in N30 + P40 (7.3%) and
N60 + P40 (8.3%). The CP of diet selection was higher for
N60 + P40 treatment (13.3%) and lower for NG (11.2%), but not dif-
ferent between NGO + P40 (12.9%) and N30 + P40 (12.2%, Table 2).
The average NDF and ADF were 64.6 ± 3.3% and 30.6 ± 1.4%,
respectively.

Grazing behaviour

The daytime affected the probability of time allocated to each
activity (i.e. grazing, searching, ruminating and idling) and bite
rate. Additionally, the THI for each day of the evaluation period
was above ‘‘alert” level, not affecting the grazing behaviour during
the day (Fig. 1). However, the probability of time allocated to each
activity and bite rate was not different between pasture treat-
on height, height deviation, herbage mass and herbage allowance.

N30 + P40 N60 + P40

Mean SD Mean SD P values

13.1 3.1 14.3 2.8 0.598
7.7 1.0 7.6 1.0 0.158
2 067 421 2 250 385 0.743
7.3b 1.1 8.3b 1.3 0.004

e + 40 kg/ha of P205; N30 + P40 = NG fertilised with 30 kg/ha of N + 40 kg/ha of P205;
ss; HA = herbage allowance.

forage chemical composition using hand plucking method to collect the samples (CP,

N30 + P40 N60 + P40

Mean SD Mean SD P values

12.2ab 1.3 13.3a 1.6 0.019
65.2 4.1 62.4 3.5 0.266
30.7 1.6 29.9 1.3 0.276

e + 40 kg/ha of P205; N30 + P40 = NG fertilised with 30 kg/ha of N + 40 kg/ha of P205;



Table 3
Effect of time of the day (morning, midday and afternoon) on the average probability of the time allocated to grazing, searching, ruminating and idling, and average bite rate
(bites/min) in cattle.

Morning Midday Afternoon
0600–1030 1030–1500 1500–1930 P value

Grazing 0.45b 0.45b 0.74a 0.001
Searching 0.05 0.03 0.02 0.189
Ruminating 0.25a 0.28a 0.14b 0.001
Idling 0.20a 0.20a 0.09b 0.001
Bite rate (bites/min) 31.6b 30.4b 34.2a 0.001

a,b Values within a row with different superscripts differ significantly at P < 0.05.

Fig. 2. Diurnal grazing pattern and bite rate in each grazing + searching session in cattle.
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ments, time of day or the interaction between both (Table 3). Dur-
ing morning and midday, grazing, searching, ruminating and idling
probability was the same. Animals alternated grazing and search-
ing sessions with ruminating and idling sessions (Fig. 2). Further-
more, bite rate was not different between the morning and
midday. During afternoon, animals also alternated grazing and
searching sessions with ruminating and idling sessions. However,
the grazing probability and bite rate were lower during morning
(P = 0.001) and midday (P = 0.001), and conversely, the probability
of the time allocated to ruminating and idling was higher during
morning and midday (P = 0.001 and P = 0.001, respectively). Fur-
BR
p < 0.00

1

29

CP
p < 0.001

2

12.6 12.6
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0

Fig. 3. Regression tree for morning grazing behaviour in cattle; dependent variable: pr
BR = bite rate (bites. min�1); HA = herbage allowance (kg DM/100 kg BW).
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thermore, animals shifted more times between grazing + searching
and ruminating + idling + watering activities in the morning and in
the midday than the afternoon. Also, the grazing + searching ses-
sions were longer during the afternoon than the morning and mid-
day (Fig. 2).

Grazing behaviour during each time of the day

Morning
Bite rate, CP and herbage allowance were the variables that

affected the probability of grazing activities (Fig. 3). Shortest
1

29

HA
p < 0.001

5
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Node 6 (n = 1073)

G I R S W
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.2
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.6

.8
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Node 7 (n = 1279)

G I R S W

0

0.2

0.4

0.6

0.8

1

obability to grazing (G), idling (I), ruminating (R), searching (S) and watering (W).
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grazing time (0.41–0.30) occurred with BR � 29 bites/min; how-
ever, the longest grazing time (0.56) occurred with BR > 29 bites/
min and HA � 8% demonstrating influence of forage limitation.
Conversely, the maximum searching time (0.08) occurred when
BR � 29 bites/min and CP in diet > 12.6%, whereas, the shortest
searching time was the result of BR > 29 bites/min and HA � 8%.
The probability of time allocated for ruminating was more affected
by CP with BR � 29 bites/min, while idling was more affected by
HA with BR > 29 bites/min.

Midday
The animals modified the probability of time allocated to rumi-

nating and idling, while grazing and searching were not affected by
the variables considered in the analysis, remaining constant (0.46
and 0.20, respectively). The variables that defined the probability
of time allocated to ruminating and idling were herbage allowance,
ADF in diet and height deviation (Fig. 4). When HA was �8%, or >8%
but height deviation was >8.3 cm, the probability of the time allo-
cated to ruminating was similar (0.35 and 0.33, respectively). Con-
versely, when HA was >8% but pasture height deviation was
�8.2 cm, lower probability of the time allocated to ruminating
(0.19) and the maximum idling probability (0.26) occurred.

Afternoon
In the evening, the grazing and ruminating probability were

affected by herbage mass (Fig. 5). When herbage mass was
�2 683 kg/DM per ha, the probability of grazing was higher
(0.78), and the probability of ruminating was lower (0.11). On
the contrary, when herbage mass >at 2 683, the probability of graz-
ing decreased (0.61) and the ruminating probability was higher
(0.25). However, searching and idling probability remained con-
stant, not being affected by the variables considered.
HA
p < 0.

1

8

ADF
p < 0.001

2

29.8 29.8

Node 3 (n = 428)
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0.8
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Node 4 (n = 1235)

G I R S W

0
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0.4

0.6
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Fig. 4. Regression tree for midday grazing behaviour in cattle; dependent variable: pro
HA = herbage allowance (kg DM/100 kg BW); HD = average height deviation (cm).
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Model prediction

Model prediction for the grazing behaviour activity probabili-
ties was evaluated by a regressing analysis between observed (y-
axis) and predicted data (x-axis) following the recommendations
from Piñeiro et al. (2008), with intercept = 0 and slope = 1
(Fig. 6). The proportion of the variance explained by the model
was 98% (coefficient of determination, R2 = 0.9897) while the root
mean square deviation of the grazing behaviour activity probabil-
ities (grazing, searching, ruminating and idling) was 0.0292.

Discussion

Studies in Campos grasslands worked on the ingestive beha-
viour through the total time destinated to each activity, the
short-term intake rate, bite mass and bite rate. However, there
are no studies of growing beef cattle in native grasslands, through
the control of herbage allowance and manipulating the sward
structure, and the introduction of nutrients and/or legumes. The
grazing management of this study based on the control of herbage
allowance and manipulating sward structure allowed pasture
height of 13.2 cm and herbage mass of 2 180 kg/DM per ha, and
diet CP higher than 10%, which were not limiting the bite mass
and, mainly, the DM intake (Allison, 1985; Gonçalves et al., 2009;
Da Trindade et al., 2016). Therefore, the study was conducted
under optimal range of HA, pasture quantity and nutritive value.
Under these conditions, the most important result of this observa-
tional study is how animals conformed to the daily grazing pattern
and ingestive behaviour activities in heterogeneous pastures with
different structures. Although pasture height deviation is not high,
short differences in pasture height can determine a large decrease
in instantaneous intake rate (Carvalho, 2013). With non-limiting
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conditions, animals have the ability to increase searching and
interspersing grazing and searching sessions with ruminating and
idling sessions, every 80–100 minutes (Fig. 2). Furthermore, the
regression trees showed that animals integrate pasture nutritive
value, through the CP, in the morning, and pasture quantity in
the afternoon.

Grazing behaviour

Grazing, searching, ruminating and idling sessions were modu-
lated by the time of the day, which is coincident with studies that
described the daily grazing pattern, as reported by Gregorini et al.
(2006). Although animals alternated the diurnal patterns in grazing
7

and searching sessions with ruminating and idling sessions (Fig. 2),
the length of each session represented as the probability of the
time allocated to each activity was different throughout the day
(Gregorini et al., 2006). Our results are in accordance with studies
in different environments showing that grazing livestock have
preference for high quality herbage due to an empty rumen in
the morning and that in the evening meal a more fibrous diet is
preferred as has longer residence time in the rumen overnight
(Orr et al., 2001).

The fact that animals were able to alternate grazing-searching
with ruminating-idling sessions, less than 100 minutes, would be
indicating that animals reach the desired intake in each grazing
session, allowing time to ruminating and idling. According to
Piaggio et al. (1995) who studied the ingestive behaviour, diet
quality and diet selection in overseeded native grasslands, the
range of HA values (7.3–10.5%), herbage mass and herbage height
managed in the present study allowed a great animal selectivity,
maximising the difference between the diet forage quality and
the pasture quality. Furthermore, according to Gonçalves et al.
(2009) and Da Trindade et al. (2016), the average height and her-
bage mass values managed in the present study (Table 1) did not
affect the intake rate. In fact, under these conditions, animals could
have been filled without increasing grazing time (Hodgson, 1985),
not expressing the classic theory of compensation, in which ani-
mals must increase grazing time to compensate the low bite mass.
The results of the present trial were different to those found in
Gregorini (2012) and Larson-Praplan et al. (2015), who reported
that adult cows had two main grazing periods, one in the morning
and one in the evening. The present study demonstrated that the
probability of grazing time in the morning was the same as mid-
day, which does not reflect the main grazing period in the morning.
This could be explained by an increase in searching during the
morning due to the high pasture nutritive value indicated by a
large CP of the diet and the high values of herbage mass and
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pasture height which produce a greater selectivity and by the ani-
mal category used in our case, not allowing to express the main
grazing session during the morning. As expected, in the afternoon,
animals increased grazing time (probability = 0.74) and BR (34.2
bites/min), at the expense of the ruminating and idling time
(Fig. 2), to maximise intake and maintain rumen fill in preparation
for the night, when little grazing usually occurs. The fact that graz-
ing ruminants avoid night grazing is due to the risk of predation
which can occur during night hours, as expressed by Gibb et al.
(1998) and Gregorini (2012).

Morning

During the morning, animals defined their activity mainly by
the BR, CP and herbage allowance, rather than pasture quantity
attributes. Greater grazing time (0.56) was associated with higher
bite rates and lower HA. Therefore, animals had a lower selection
capacity, decreasing searching time (Mezzalira et al. 2012) and bite
mass (Carvalho, 2013), while BR increase achieved a higher intake
during the grazing session (Hodgson, 1985). Searching time was
related to BR and CP in diet, where an inverse relationship was
found between searching probability and bite rate, and a positive
relationship with CP in diet. Animals spent more time searching
for a better forage quality during the morning, where according
to Orr et al. (2001), the leaf nitrogen content is maximised. Our
results indicate that during morning grazing session, growing cat-
tle prioritised the harvest of high forage quality evidenced by the
negative relationship between the searching time and the bite rate,
interspersing grazing and searching with ruminating and idling
sessions. The fact that animals interspersed grazing-searching
and ruminating-idling activities would be indicated that animals
satiated in those grazing-searching sessions. However, the greater
selectivity (searching time) could result in a lower bite weight and
a longer time per bite, determining a fall in the intake rate
(Benvenutti et al., 2009). Therefore, under this condition, animals
have to balance between the searching time benefit in terms of for-
age quality (plants have the higher nitrogen content and the lower
DM, Orr et al., 2001), and the lower intake rate and the higher cost
of searching (Da Trindade et al., 2012).

Midday

Both grazing and searching probability were not affected by pas-
ture attributes and this was coincidental with the time of the day
with highest THI (Fig. 1), when animals allocated more time to
ruminating and idling activities. Opposite from expected, the max-
imum ruminating time was given with HA � 8%, which could be
associated with higher grazing time in the morning with those
HA values (�8%). Therefore, an intense grazing session in the morn-
ing is followed by a large ruminating session (Hodgson, 1985). On
the other hand, animals destined similar ruminating time when
HA was >8% and more heterogeneous pasture (height deviation
>8.2 cm). This pasture structure could have allowed better explo-
ration by animals, a higher bite weight, of lower quality, determin-
ing the longer ruminating time (Demment and Greenwood, 1988).

Afternoon

The afternoon pattern was mainly defined by pasture structure
attributes, as grazing prior to night was more intense under values
of herbagemass�2683kg/DM�ha.During the afternoon, forage spe-
cies have the highest non-structural carbohydrate content
(Chilibroste et al., 2015), and the animals perform a more intense
grazing to avoid night grazing (Gibb et al., 1998), resulting in the
highest intake throughout the day (Gregorini et al., 2006). At this
time of the day, the probability of ruminating was lower, which
8

was expected because they are mutually exclusive activities. Con-
versely, ruminating increases when herbage mass >2 683 which
could be a consequence of greater bite weight of lower quality
(Demment and Greenwood, 1988), determining a decrease in graz-
ing time.

It is well established that managing native grasslands through
the control of the stocking rate and herbage allowance increases
the herbage production, utilisation and conversion, improving
the efficiency of biological systems, with a threefold in animal pro-
duction than traditional management (Carvalho et al., 2011). The
present experiment demonstrated that under this management,
animals have the ability to prioritise pasture quality in the morn-
ing and pasture quantity in the afternoon, by an integration and
a modification in grazing-searching pattern and ruminating-
idling sessions. Additionally, the nutrient application (N and P)
and overseeding native grasslands with legumes, and also the con-
trol of herbage allowance and sward structure, are tools to manip-
ulate the animal ingestive-digestive processes through the
selection of forage quality and quantity. Furthermore, understand
the different animal responses contributed to predict the grazing
behaviour and improve the management, as the daily planification
of rotative grazing systems.
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