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Extremely high nutrient loads have been reported in grazed grassland regimes compared with cutting regimes in some dairy
systems that include the use of supplemental feeding. The aim of this study was, therefore, to investigate the effects on
productivity and behaviour of high-yielding dairy cows with limited access to indoor feed and restriction in the time at pasture in
a continuous stocking system. During a 6-week period from the start of the grazing season 2005, an experiment was conducted
with the aim of investigating the effect of restrictive indoor feeding combined with limiting the time at pasture on the productivity
and behaviour of high-yielding dairy cows (31.0 ^ 5.4 kg energy-corrected milk) in a system based on continuous stocking. The
herd was split into three groups allocated to three treatments consisting of 4, 6.5 and 9 h at pasture, respectively. Each group of
cows grazed in separate paddocks with three replicates and was separately housed in a cubicle system with slatted floor during
the rest of the day. All cows were fed the same amount of supplement, adjusted daily to meet the ad libitum indoor intake of the
cows at pasture for nine hours. The herbage allowance was 1650 kg dry matter (DM) per ha, and the intake of supplemental feed
was 9.1 kg DM per cow daily. The limitation of the time at pasture to 4 h in combination with restrictive indoor feeding reduced
the daily milk, fat and protein yield and live weight compared with 9 h of access to pasture. The proportion of time during which
the cows were grazing while at pasture increased from 0.64 to 0.86 and the estimated herbage intake per h at pasture decreased
from 2547 g DM to1398 g DM, when time at pasture changed from 4 to 9 h. It can be concluded, that in systems with a high
herbage allowance, the cow was able to compensate for 0.8 of the reduction in time at pasture by increasing the proportion of
time spent grazing and presumably also both the bite rate and mass, although the latter two have not been directly confirmed in
the present study.
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Introduction

There are major concerns about nutrient loads in some
dairy systems where supplemental feeding in combination
with grazing may cause grassland nitrogen (N) surpluses of
up to 400 kg N per ha per season (Vérité and Delaby,
2000; Søegaard et al., 2001). Grazing, with cows at pas-
ture for two restricted periods during the day, has been
demonstrated to reduce N pollution (Aarts et al., 2000) but
the implementation of this system in commercial farming
has been negligible. This is probably connected with the
extra workload of doubling the number of times going to
and from pasture. Year-round indoor feeding could solve
the problem, as less leaching of nitrate is expected in a
grass cutting system compared with a grazing system

(Kristensen et al., 2005) but this may compromise animal
welfare and also increase the feeding costs for dairy produ-
cers. The challenge is therefore to find systems, with one
grazing period daily, where the intake of herbage can be
maintained, while the nutrient load from manure deposited
during pasture time is reduced. This calls for systems
where the grazing time is stimulated. If in such a system
active grazing time is facilitated, an increased intake of
herbage per unit time at pasture, would reduce the depo-
sition of manure relative to the intake of herbage, assum-
ing that defaecation and urination are evenly distributed
throughout the day, as found in more extensive grazing
systems (White et al., 2001).

The cow will only graze for 0.40 to 0.50 of the time at
pasture in traditional systems based entirely on grazing or
with minor amounts of feed supplement (Gibb et al.,† E-mail: Troels.Kristensen@agrsci.dk
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2002a). The proportion of time used actively grazing is
reduced at a high herbage allowance (Gibb et al., 1999),
and as shown by Patterson et al. (1998) the timing of
indoor feeding may also affect the activity, at least during
the first part of the pasture period.

Herbage intake per unit time is related to the time of
day (Gibb et al., 1998; Orr et al., 2001), with the highest
intake during morning and evening meals. Limiting the
time spent on pasture per day might increase grazing
intensity (Jung et al., 2002), as may a high herbage allow-
ance (Pulido and Leaver, 2003). Furthermore, a period
without access to feed before grazing will increase the rate
of intake (Patterson et al., 1998). However, this effect is
primarily observed immediately after start of the pasture
period, and diminishes over the day (Patterson et al., 1998;
Vaughan et al., 2002). Hernandez-Mendo and Leaver
(2004) found that the intake rate during grazing decreased
both with shorter and longer time at pasture compared
with 10 h in a system with a combination of indoor ad
libitum feeding and grazing for a restricted period.

Information about systems combining restrictions in
both indoor feeding and time at pasture is however lack-
ing. It is our hypotheses that high-yielding dairy cows in a
system that combines restrictions in feed intake before
grazing and restricted time at pasture with a high herbage
allowance and high herbage quality can maintain milk pro-
duction due to higher intake rate and higher relative graz-
ing time during the period at pasture.

The aim of this study was, therefore, to investigate the
effects on productivity and behaviour of high-yielding dairy
cows with limited access to indoor feed and restriction in
the time at pasture in a continuous stocking system.

Material and methods

The experiment was conducted over a six-week period
starting with the grazing season of 2005 on the organic
experimental farm Rugballegaard (568N, 108E). Average
mean daily temperature during the experiment was 11.58C,
with an average daily minimum temperature of 9.18C and
maximum of 18.58C and an accumulated rainfall of 78 mm.
Sunrise was at 0506 h at the start of the experiment and
0425 h at the end.

Design
The herd was split into three groups allocated to three
treatments. The treatments were 4 (4 h), 6.5 (6.5 h) and 9
(9 h) hours at pasture, respectively, defined as the period
between the entry of the last cow to the paddock and the
departure of last cow from the paddock. Each group of
cows grazed in separate paddocks and was housed separ-
ately in the three groups in a cubicle system with slatted
floors during the rest of the day.

Swards
Three fields were each divided into three paddocks, giving
a total of nine paddocks of 1.5 ha each. Each field was

located at different distance from the farm, with average
distances of 300, 1000 and 1100 m, respectively, to the
entrances to the three paddocks. There was no visual con-
tact between the three groups of cows during grazing or
from the lanes between the farm and paddock.

The cows grazed in a continuous stocking system. Each
treatment group grazed in each field every 3rd day and
always in the same paddock. This design was chosen in
order to have three replications at field level without intro-
ducing bias between treatments and fields. The area of
each paddock was adjusted before every second grazing
day by moving the electric fence between the grazed part
of the paddock and the buffer area with the aim of keep-
ing a sward height of 8 cm in the grazed part of the pad-
dock. The buffer area was cut for silage 1 and 4 weeks
after the start of the experiment.

The pastures were dominated by perennial ryegrass
(Lolium perenne) and white clover (Trifolium repens). Esti-
mated from visual inspection every 2nd week, botanic
composition was quite different between the three fields
(proportion of white clover 0.17, 0.19 and 0.40, respect-
ively) but without significant difference between paddocks
within fields. The average proportion of white clover was
0.24, 0.31 and 0.22 in treatments 4 h, 6.5 h and 9 h,
respectively. One of the fields was fertilised with 35 t slurry
per ha (135 kg total N) at the beginning of April, while no
fertiliser was given to the other fields. One of the fields
was a 4th-year grass-clover, where the proportion of
weeds, especially dandelion (Taraxacum sp.), was quite
high, 0.19 of the herbage mass as an average of the three
paddocks.

Compressed sward height was measured once a week
in each paddock by a rising plate meter (30 £ 30 cm,
3.8 kg/m2), with an intensity of 100 observation per ha, fol-
lowing a trace from the entrance to the back of the
paddock. Each observation was classified as grazed or
non-grazed based on visual inspection of the herbage.

Herbage was sampled three times during the experiment
by cutting 0.25 m2 at 5 cm stable height. This was done in
three places in the grazed part of each paddock. Herbage
mass was estimated by weight per sample and herbage
quality was analysed on the pooled sample per paddock
and day of registration. At the same interval and following
the same route a sample was collected in each paddock by
hand-plucking the herbage at the height at which cows
were observed to graze. Both sample types were analysed
by near infrared spectroscopy (NIR) calibrated for N, water-
soluble carbohydrates (WSC), in vitro organic digestibility
(IVOMD) and neutral-detergent fibre (NDF).

Herd management
The herd was milked at 0430 h and 1500 h in a two by six
herringbone milking parlour, with the cows in treatment
9 h being milked last at the evening milking. In the morn-
ing the order of milking was random, as all cows were
mixed before milking. After the morning milking the cows
were automatically separated into the three groups and
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the groups were led to the pasture at approximately
0630 h and returned to the farm at approximately 1030 h,
1300 h and 1530 h in each of the treatments, respectively.

Based on Danish feeding standards to Holstein Frisian
cows yielding 35 kg milk daily (Strudsholm et al., 1999), an
indoor fed ration was formulated that on a daily basis
included ad libitum feeding and 160 g crude protein (CP)
per kg dry matter (DM) in the total DM intake based on
0.60 of the DM intake from pasture. The supplemental
feed was mixed on a DM basis by rolled oats (0.42), grass-
clover silage (0.25), maize silage (0.22), rolled lupine
(0.10) and a mineral mix (0.01). The mean DM content
was 450 g DM per kg with 690 g digestible organic matter
(DOM), 130 g CP and 340 g NDF per kg DM. Mineral and
microminerals were added to make a complete ration
based on a planned intake at pasture of 11.5 kg DM, as
found by Hernandez-Mendo and Leaver (2004) in a system
with a 10-h grazing period. The information above is based
on samples of silage, lupine and oats taken once weekly
from the silo. The samples of lupin and oats were pooled
within each type before analysis for nutrient concentration
and feed value.

The cows had access to the supplemental feed immedi-
ately after housing – in treatment 9 h, though, not until
after evening milking. Intake of the mix was measured
each day at group level by the difference between the
weight of leftovers and the initial weight of the mixed
feed. The same amount of supplemental feed was fed in
the three treatments on a daily basis. The actual amount
was adjusted according to the ad libitum intake in treat-
ment 9 h the previous day. Ad libitum was defined as 0.20
of the feed left at 2200 h in the evening. The amount of
feed in the trough was assessed daily in each group at
1300 h, 1530 h, 2200 h and at 0430 h the following morn-
ing by visual estimation of the proportion left compared
with the amount given. This was done in order to estimate
the feed-restricted period in each treatment.

Animals
Sixty Holstein Friesian cows, 96 ^ 58 days in milk (mean
^ s.d.), with milk yields averaging 31.0 ^ 5.4 kg energy-
corrected milk (ECM) and live weights of 592 ^ 62 kg,
were randomly allocated to the three treatments within
parity (1, 2 and 2þ). The proportion of cows was, respect-
ively, 0.45, 0.25 and 0.30 in each of the three parities. All
cows were introduced to pasture 1 week before the start
of the experiment, where they grazed in one group in a
paddock outside the experimental area. During this week
the indoor feed was gradually changed to the composition
of the supplemental feed used during the experiment, the
amount was reduced to 9.5 kg DM and the time at pasture
was increased to 6.5 h daily.

Milk yield and live weight
Milk yield was determined over one evening and morning
milking twice weekly for each cow and representative milk
samples were analysed for content of fat, protein, urea

and somatic cell count. Live weight was automatically
recorded individually after each milking.

Behaviour
Behavioural observations and recording of grazing inten-
sity were carried out three times for each cow during
the experiment, with observations during the time on
pasture on the same day in all groups. There were
three observers, with the distribution of individual obser-
vers balanced across treatments and fields. Registration
of grazing intensity was performed 3 days after regis-
tration of behaviour, so that the same group of cows
was in the same paddock. Ear tags and neck-belt ident-
ified the cow by number.

Behaviour at pasture was observed by scan sampling of
the activity of each cow every 10 min in the following cat-
egories: grazing, walking, lying and standing. Grazing was
defined as cows biting or searching for grass with the
head just above the grass surface, whilst walking was
defined as cows walking with the head clearly above grass
surface. Standing was defined as cows not moving their
legs for 5 s, while lying was defined as cows lying on the
ground. The number of observations within each category
divided by the total number of observations was calculated
for each cow, and referred to as the proportion of time
spent on each activity.

Grazing intensity was measured by counting the num-
ber of bites per cow over two minutes, once every
hour during the time at pasture. This gave approxi-
mately four, six and eight observations per cow in treat-
ments 4 h, 6.5 h and 9 h, respectively, during one day
of observation. The number of observations was depen-
dent on whether the cow was actually grazing during
the period of observation. The registration was classified
as a regular observation if the cow continued to graze
during the 2 min of observation and as an interrupted
observation if the cow stopped grazing for more than
10 s during the observation. If this was the case, the
observation was stopped and the length of grazing,
number of bites and the alternative category of beha-
viour after grazing stopped were noted.

Calculations and statistical analysis
ECM was calculated according to Sjaunja et al. (1990).
Digestibility of organic matter was calculated as
4.10 þ 0.959 £ IVOMD (Strudsholm et al., 1999).
Metabolisable energy (ME) per kg DM of herbage and
supplemental feed was calculated as 14.2 £
DOM þ 5.9 £ CP (Smit et al., 2005). The energy
requirements for maintenance, grazing activity, lactation
and live-weight change in net energy of lactation (NEL)
as described by Macoon et al. (2003) were estimated
from animal performance data at group level, as the
intake of the indoor feed was registered at group level
and converted to ME, assuming a utilisation of ME by
0.65 (Agricultural Research Council, 1980). Herbage DM
intake was estimated as the difference between the
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requirement and ME in supplemental feed at group
level divided by the ME concentration of the hand-
plucked herbage samples (Pulido and Leaver, 2001).

Sward parameters were analysed by PROC GLM (Statisti-
cal Analysis Systems Institute (SAS), 1999) with treatment
and field and the interaction between them as fixed effects
and simple averages within paddock as dependent vari-
ables. The proportion of the paddock that was not grazed
by the cows was calculated as the proportion of sward
height observation classified as non-grazed in relation to
all observations.

PROC MIXED (SAS, 1999) was used to analyse the var-
iance in milk yield, milk content, live weight, grazing beha-
viour and grazing intensity. Somatic cell count was
transformed by log10 in order to obtain normal distribution.
Individual weekly average results were tested in a full
model with stage of lactation, parity, treatment and week
of observation as fixed effects, cow as random effect and
yield or live weight prior to start of the experiment as cov-
ariates and all interactions to treatment. The final model
was reduced for each variable to include only significant
interactions (P , 0.05).

A model of the live weight of each animal during
the experiment was made as a second order regression
model with the daily weight data, by use of PROC REG
(SAS, 1999). The model parameters for each animal and
the daily live weight gain calculated as the difference
between the estimated live weight in week 6 and week
1 were tested in a model with stage of lactation, parity
and treatment as fixed effects and live weight prior to
the start of the experiment as covariate by PROC GLM
(SAS, 1999).

Results

The realised period at pasture was (mean ^ s.e.) 4 h
5 min ^ 4 min, 6 h 35 min ^ 6 min and 9 h 5 min ^ 4
min for each treatment, respectively. One cow was
replaced in treatment 9 h after 16 days, due to a loco-
motion problem. The replacement cow was not included
in the analysis of the individual variables. Data from
one cow in treatment 9 h with a missing value for yield
prior to the start of the experiment were also
excluded. Cows for insemination were fed indoors
during the day of service. Thus, an average of
19.6 ^ 0.8 cows were at pasture daily with no differ-
ence between treatments.

Sward measurements
Mean sward height, herbage allowance and sward qual-
ities are shown in Table 1. There were no differences
between treatments for any of the parameters, except
for the proportion of non-grazed area, which decreased
with increased time allowed at pasture. The area grazed
was 2.94, 3.12 and 3.57 ha in treatments 4 h, 6.5 h
and 9 h, respectively, with the area in treatment 9 h
being significantly larger than in the other two
treatments.

There was variation (P ¼ 0.01) in sward height
between the three replicates with average heights of
85, 103 and 122 mm, respectively, but no difference
between the three paddocks within each replicate.
There was variation in sward height and in the pro-
portion of non-grazed area during the experimental
period (Figure 1). There was a difference (P , 0.05)

Table 1 Effect of time at pasture on mean sward characteristics (height, allowance and nutrient content)†

Treatment
Significance

of treatment‡4 h 6.5 h 9 h s.e.d.

Pasture area (ha) 2.94a 3.12a 3.57b 0.05 0.04
Sward height (mm)

grazed area 103 103 98 3.2 0.58
non-grazed area 192 187 176 8.9 0.41

Non-grazed area, proportion of total area 0.14a 0.08b 0.07b 0.02 0.04
Herbage mass (kg DM per ha) 1765 1643 1545 223 0.80
Herbage quality – cut at 5 cm stable height

DOM (g/kg DM) 748 746 744 8 0.95
Crude protein (g/kg DM) 126 137 146 7 0.20
NDF (g/kg DM) 399 404 401 19 0.98
WSC (g/kg DM) 20.5 18.8 18.0 1.2 0.36

Herbage quality – hand plucked
DOM (g/kg DM) 754 750 752 9 0.94
Crude protein (g/kg DM) 175 180 181 10 0.90
NDF (g/kg DM) 345 362 356 14 0.70
WSC (g/kg DM) 166 156 159 18 0.92

a,b Within a row, values with different letters are significantly different.
† Treatments are: 4 h ¼ 4 h at pasture; 6.5 h ¼ 6 h and 30 min at pasture; 9 h ¼ 9 h at pasture. Other abbreviations are: DM ¼ dry matter; DOM ¼ digestible
organic matter; NDF ¼ neutral-detergent fibre; WSC ¼ water-soluble carbohydrates.
‡ P-value for test of significant treatment effect.
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between treatments in the proportion of non-grazed
area in weeks 3, 4 and 6, with the amount in treat-
ment 4 h being higher than in the other two treat-
ments. The average herbage mass decreased from
2221 ^ 635 kg DM per ha above 5 cm in the 2nd
week, to 1589 ^ 435 kg DM per ha in week 4 and
1137 ^ 277 kg DM per ha in the last week of the
experiment.

A test of the difference between the two methods
used to estimate the herbage quality showed that the
contents of CP, NDF and WSC were affected by the
method (P , 0.01). This was especially the case for CP,
where the content was 0.32 higher in the hand-plucked
samples than in the cut samples. The content of NDF in
the hand-plucked samples increased (14.1 g/week),
whereas the WSC content decreased during the exper-
iment (224.4 g/week), as did the DOM (28.1 g/week),
while the CP content did not change between dates of
sampling.

Milk yield, content and live weight
The daily production of milk and ECM was lower
(P , 0.05) in treatment 4 h than in treatment 9 h, with
treatment 6.5 h falling in between (Table 2). There was
a higher protein yield with increased time allowed at
pasture, while the fat yield was lowest in treatment
4 h, but similar for 6.5 h and 9 h. For ECM there was
an interaction between treatment and week of exper-
iment (P ¼ 0.01), with a lower yield in treatment 4 h
than in the other two treatments in the last three
weeks of the experiment (Figure 2). The persistency in
milk yield was not affected by treatment (data not
shown).

Fat and protein content did not differ between treat-
ments, whereas the somatic cell count tended to be lowest
in treatment 9 h. The number of cows with more than
500 000 somatic cells was 4, 5 and 0 for treatments 4 h,
6.5 h and 9 h, respectively. Urea in milk was in all
treatments at a low level, with the lowest level in
treatment 4 h.

Average live weight was higher in treatment 9 h than in
the other two treatments. The daily live-weight gain was
not significantly different between treatments, despite
large differences between treatments. The weight during
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Figure 1 Effect of time at pasture on sward height in (a) the grazed part
of the paddock and (b) proportion of non-grazed area in each week
during the experiment, mean and s.e. Treatments are: V ¼ 4 h at pas-
ture; B ¼ 6 h and 30 min at pasture; O ¼ 9 h at pasture.

Table 2 Effect of time at pasture on daily milk yield, milk composition, mean live weight and daily live-weight gain†

Treatment
Significance

of treatment‡4 h 6.5 h 9 h s.e.d.

No. of animals 20 20 18
Milk (kg/day) 30.3a 31.3a,b 32.4b 0.7 0.007
Fat (g/day) 1241a 1324b 1301a,b 24 0.05
Protein (g/day) 970a 1022a,b 1067b 23 0.05
Milk (kg ECM per day) 30.1a 31.8b 32.1b 0.5 0.01
Milk composition

Fat content (g/kg milk) 41.1 42.6 40.5 0.9 0.27
Protein content (g/kg milk) 32.0 32.9 33.2 0.4 0.12
Somatic cell count ( £ 103) 401 360 135 114 0.08
Urea (mmol/l milk) 2.55a 3.13b 3.03b 0.10 ,0.001

Mean live weight (kg) 579a 583a 594b 4 0.03
Live-weight change (g/day) 164 293 483 134 0.22

a,b Within a row, values with different letters are significantly different.
† Treatments are: 4 h ¼ 4 h at pasture; 6.5 h ¼ 6 h and 30 min at pasture; 9 h ¼ 9 h at pasture. Other abbreviations are: ECM ¼ energy corrected milk.
‡ P-value for test of significant treatment effect.
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the experiment was modelled for each treatment:

4 h : kg ¼606 ^ 12 2 15:0 ^ 2:7 £ week

þ 2:3 ^ 0:3 £ week2

6:5 h : kg ¼601 ^ 12 2 16:2 ^ 2:7 £ week

þ 2:6 ^ 0:3 £ week2

9 h : kg ¼587 ^ 13 2 4:2 ^ 2:7 £ week

þ 1:1 ^ 0:3 £ week2

where week ¼ weeks after start of the experiment and
kg ¼ live weight in kg.

The estimates for both week and week2 were influenced
by treatments (P ¼ 0.01), with a difference between treat-
ment 9 h and the other two treatments. The weight loss
was 15 and 14 kg during the first 3 weeks of the exper-
iment in treatments 4 h and 6.5 h, respectively, while both
the duration and size of weight loss were lower in treat-
ment 9 h (Figure 3).

Supplemental feed
The DM intake during housing was 9.3 kg DM for both
treatments 4 h and 6.5 h, but 0.5 kg DM lower for treat-
ment 9 h (Table 3), as a result of 0.4 ^ 0.7 kg DM refused
in treatment 9 h. The intake was lowest in weeks 2 and 3
and increased to above 10 kg DM in the last week, but the
daily difference between treatments was low and almost
constant during the whole experiment (data not shown). In
treatments 4 h and 6.5 h, less than 0.05 of the feed
remained at the inspection in the evening, while 0.2 of the
feed remained in treatment 9 h, in agreement with the
definition of ad libitum feeding in treatment 9 h. Although
the cows came from pastures where they had a high her-
bage allowance, they always started to eat immediately
after returning indoors. By visual inspection it was esti-
mated that 0.15 to 0.25 of the intake of the supplemental

feed took place during the first hour after housing in both
treatments 4 h and 6.5 h.

Grazing behaviour and intensity
The proportion of time used on the four different activities
in the time budget during the time at pasture differed
between treatments (Table 4). The proportion of time spent
grazing and walking increased with restriction in time at
pasture. The total grazing time was estimated at 3 h
31 min, 5 h 8 min and 5 h 49 min for each treatment,
respectively. During the 1st hour at pasture there were no
differences between treatments in the proportion of cows
grazing (Figure 4). During the following hours there was a
gradual - and with differences between treatments –
decline in the proportion of cows grazing. In the 2nd hour
at pasture, the proportion of cows grazing in treatment 9 h
was lower than in the other two treatments. Although
different in level, the trend in the proportion of cows graz-
ing during the day in treatment 6.5 h and 9 h was the
same, with an increasing grazing activity after 5 to 6 h at
pasture.
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Figure 2 Effect of time at pasture on milk yield of dairy cows, kg
energy-corrected milk (ECM), in each week during the experiment, mean
and s.e. Treatments are: V ¼ 4 h at pasture; B ¼ 6 h and 30 min at pas-
ture; O ¼ 9 h at pasture.
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Figure 4 Effect of time at pasture on proportion of cows grazing within
each hour after access to pasture, mean and s.e. Treatments are: ¼ 4 h
at pasture; ¼ 6 h and 30 min at pasture; ¼ 9 h at pasture.
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There was no difference in the grazing intensity (bites
per min) between the treatments, nor any effect of time of
day (P ¼ 0.9). The percentage of observations, where graz-
ing was stopped during the 2 min of observation, was
higher for treatment 4 h than for the two other treatments.
The grazing intensity was lower (P , 0.001) in the inter-
rupted than in the regular observations, without any effect
of treatment.

Herbage intake
Estimated herbage DM intake was 10.4 kg DM per cow
at pasture for 4 h, with an increase of approximately 0.5 kg
DM per h at pasture to 12.7 kg DM in treatment 9 h
(Table 5). The estimated intake per bite and min of grazing
were identical for treatments 6.5 h and 9 h, but higher in
treatment 4 h. When intake was related to the realised
time at pasture, the highest intake per h was 2547 g DM
for cows that were at pasture for 4 h, but only 1398 g
DM when they were at pasture for 9 h. The proportions
of DM intake from herbage were 0.52, 0.55 and 0.59 in
treatments 4 h, 6.5 h and 9 h, respectively.

Discussion

The cows were at pasture with the planned variation in
h/day between the three treatments and with ad libitum
indoor feeding only of the cows with the longest period at
pasture, while the other two groups had a period of 6 to
8 h during housing without access to feed.

Sward allowance and quality
In addition to sward height, the proportion of rejected
area, the quality of herbage and density of the sward have
to be considered when measuring herbage allowance
(Ungar, 1996). The higher proportion of rejected area in
treatment 4 h indicates a lower utilisation of the herbage
growth, but sward heights in the grazed part of the pad-
dock and herbage mass measured from the cuts as well as
the quality of the herbage were identical in all treatments,
which indicates that all treatments had the same herbage
allowance.

The sward height in the grazed part of the paddocks
was higher than planned, and showed some variation,
both from day to day due to variation between replicates

Table 3 Effect of time at pasture on daily intake of supplemental feed, mean kg dry matter per cow, and proportion of feed left at different
hours after feeding, mean and standard error in brackets†

Treatment
Significance

of treatment‡4 h 6.5 h 9 h s.e.d.

Feed intake (kg DM per day) 9.3 9.3 8.8 0.16 0.07
Time of feeding 11:16 h 13:30 h 16:53 h
Proportion left at:

12:56 h 0.73 (0.05)
14:35 h 0.47 (0.05) 0.70 (0.08)
21:38 h 0.01 (0.05) 0.05 (0.07) 0.20 (0.13)
04:03 h (next morning) 0 0 0.02 (0.03)

† Treatments are: 4 h ¼ 4 h at pasture; 6.5 h ¼ 6 h and 30 min at pasture; 9 h ¼ 9 h at pasture. Other abbreviations are: DM ¼ dry matter.
‡ P-value for test of significant treatment effect based on daily intake at group level.

Table 4 Effect of time at pasture on behaviour and grazing intensity of dairy cows at pasture

Treatment†

Significance
of treatment‡4 h 6.5 h 9 h s.e.d.

Time budget, proportion of total time at pasture
grazing 0.86a 0.78b 0.64c 0.02 ,0.001
standing 0.04a 0.09b 0.13c 0.01 ,0.001
lying 0.07a 0.10b 0.21c 0.01 ,0.001
walking 0.04a 0.03b 0.02c 0.01 ,0.001

Grazing intensity
Bites per minute, all observations 54.5 56.3 55.1 1.3 0.59
Interrupted observations (%) 30a 20b 18b 3 0.003
Bites per min, interrupted observations 48.3 47.2 46.0 1.8 0.59
Bites per min, uninterrupted observations 56.6 59.2 57.9 1.2 0.29
Calculated length of grazing (min) 211 308 349

a,b,c Within a row, values with different letters are significantly different.
† Treatments are: 4 h ¼ 4 h at pasture; 6.5 h ¼ 6 h and 30 min at pasture; 9 h ¼ 9 h at pasture.
‡ P-value for test of significant treatment effect.
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and in general during the experiment. The stocking rate of
5.6 to 6.8 cows per ha was low compared with Pulido and
Leaver (2003). The low stocking rate may explain the large
sward height in the grazed part of the paddocks and not
least the increasing proportion of rejected area during the
6 weeks of the experiment. In order to avoid social facili-
tation between the cows on the different treatments
during the pasture period, the paddock was only grazed
every 3d day. This might have negatively influenced the
utilisation of the herbage growth compared with continu-
ous stocking.

The differences in herbage composition, due to the
method of sampling, were in line with Hernandez-Mendo
and Leaver (2004) and Pulido and Leaver (2001). The
difference in nutrient content for CP and NDF between the
cut herbage and the plucked herbage indicates a low defo-
liation of the herbage DM production (Kristensen, 1988),
and therefore also a high selection differential (Pulido and
Leaver, 2003). The high DOM of the hand-plucked herbage
was similar across treatments, which indicates that all
cows across treatments had the opportunity to select high-
quality feed.

Milk and live weight
Daily milk production, the amount of protein in the milk
and live weight were lower for cows in the 4 h treatment
than in the 9 h treatment. This is likely to have been due
to a combination of restricted supplement feeding and
time at pasture, as production was found not to be
affected when restriction in time at pasture was combined
with ad libitum access to indoor silage (Hernandez-Mendo
and Leaver, 2004). It is likely that the lower production is a
direct effect of a lower total DM intake at pasture as esti-
mated. The difference of 1.7 kg ECM between treatments
4 h and 9 h is however lower than seen in indoor exper-
iments with restriction in access to feed. This might be
explained by the larger diet selection possibility during

grazing compared with indoor feeding. As found also by
Munksgaard et al. (2005), the cows with to short time for
fed intake reduced the live-weight gain in order to meet
the demand for milk production.

The protein content was higher in the herbage than in
the supplement feed, which potentially induces an asyn-
chronous degradation in the rumen of protein and carbo-
hydrates, and might have a negative effect on milk
production, especially for high-yielding cows when the
total protein supply is low (Nielsen et al., 2003). The effect
on milk yield seems therefore to be related to the lower
herbage intake, but might also be influenced by a low pro-
tein supply, as indicated by the low urea content in the
milk in treatment 4 h.

The experiment was undertaken at the start of the sea-
son. In traditional grazing systems the herbage intake and
milk yield decrease as the season progresses, even at the
same herbage allowance (Kristensen and Aaes, 1999). This
might be due to lower palatability of the sward (Spörndly,
1996) or to a general reduction in motivation to feed due
to duration of daylight (Leaver, 1985). These effects – as
well as the tendency, observed during this experiment, for
an increased effect on milk yield of a limitation in the pas-
ture time – indicate that the effect seen over the entire
season might be higher than established in this
experiment.

Behaviour and grazing intensity
During the period at pasture there was an effect of the
treatments on behaviour, but no effect on grazing intensity.
The proportion of the time spent grazing increased, and
the proportion of time spent lying and standing decreased
with limited time at pasture. Other studies have likewise
demonstrated that restricted access to feed can increase
eating activity during the following period, where the cows
have access to feed at pasture (Patterson et al., 1998) and
under housing conditions (Munksgaard et al., 2005). The
trend in the time spent grazing is identical to the result of
Ayantunde et al. (2001) with calves grazing for 6 to 12 h/
day, while the absolute level is higher than found for dairy
cows grazing day and night (Gibb et al., 2002a). Intense
grazing activity after morning milking is typical for dairy
grazing (Gibb et al., 2002b) and after sunrise in uncon-
trolled systems (Jung et al., 2002). All cows in our exper-
iment have benefited from this effect, as there was no
variation between treatments in the time for turn-out at
pasture.

In all treatments the total calculated grazing time was
shorter than in previous studies with day and night grazing
(Rook et al., 1994; Gibb et al., 2002a). However, the graz-
ing time in treatment 9 h was higher than the grazing time
during daytime for cows on pasture day and night (Rook
et al., 1994) and corresponds to the results from Hernan-
dez-Mendo and Leaver (2004) with 10 h at pasture and ad
libitum access to maize silage indoors.

Thus, the results demonstrate that a period with
restricted access to feed prior to access to pasture can

Table 5 Effect of time at pasture on estimated energy demand and
daily intake of herbage per cow†

Treatment

4 h 6.5 h 9 h

Energy demand (ME MJ) 221 232 242
Intake during housing (ME MJ) 99 99 93
Estimated intake herbage (ME MJ) 122 133 149
Estimated intake herbage (kg DM)‡ 10.4 11.4 12.7
Estimated intake herbage (g DM per

h at pasture)
2547 1732 1398

Estimated intake herbage (g DM per bite)§ 0.90 0.66 0.66
Estimated intake herbage (g DM per

min of effective grazing)k
49 37 36

† Treatments are: 4 h ¼ 4 h at pasture; 6.5 h ¼ 6 h and 30 min at pasture;
9 h ¼ 9 h at pasture. Other abbreviations are: ME ¼ metabolisable energy;
DM ¼ dry matter.
‡ Grass quality data from simulated grazing in Table 2.
§ Grazing intensity from all observation in Table 4.
k

Grazing time calculated in Table 4.

Kristensen, Oudshoorn, Munksgaard and Søegaard

446

https://doi.org/10.1017/S1751731107694117 Published online by Cambridge University Press

https://doi.org/10.1017/S1751731107694117


induce a more intensive grazing behaviour, but this was
not able fully to compensate for the reduced time at pas-
ture, so the total grazing time was reduced with time at
pasture.

The lack of effect on bite rate of time at pasture is in
contrast to both Patterson et al. (1998) and Chilibroste
et al. (1997) who, besides a negative relation between
time at pasture and average bite rate, also found that the
intensity declined during the day. Also Gibb et al. (1998)
found, that the bite rate was higher in the grazing period
following morning milking compared with grazing later in
the day, but it is interesting that time of day did not affect
total jaw movements. This could explain the missing effect
on bite rate, as our method with visual inspection perhaps
tended to register jaw movement and not bites. Also the
estimated large bite mass in treatment 4 h, both compared
with the other two treatments and to the literature (Rook
et al., 1994), indicate that the actual bite rate was higher
in treatment 4 h.

During a grazing period, cows will typically only have
few short periods when the frequent biting of herbage is
stopped (Albright, 1993). It is not known why the number
of observations with interrupted grazing was larger in
treatment 4 h than in the other two groups. The causal
observation of cows walking faster during grazing and
cows running along the lane from stable to paddock indi-
cates that the cows had a very high motivation for eating.
It was noted that in 0.83 (data not shown) of the inter-
rupted observations, the cow walked after it had stopped
grazing. Although not recorded, it was observed that graz-
ing typically started again after only a short break. The
estimated large bite mass in treatment 4 h indicates that
this behaviour could be due to short-term physical regu-
lation of the intake.

Intake of herbage
The herbage intake was estimated from animal perform-
ance and standard energy requirement. The advantage of
this method compared with the use of the n-alkane (Smit
et al., 2005) or the chromium pulse-dose marker method
(Macoon et al., 2003) is that it integrates intake response
over the entire period of study.

The herbage DM intake estimated in treatment 9 h is
higher than for traditional half-day grazing (Nielsen et al.,
2003) or at a similar level (Hernandez-Mendo and Leaver,
2004), which could be an effect of the high allowance and
the high initial milk yield (Pulido and Leaver, 2001). The
size of the reduction in absolute intake and the increase in
intake per hour at pasture in this experiment were higher
than recorded for heifers grazing for a limited time (Ayan-
tunde et al., 2001; Ginane and Petit, 2005) but lower than
the results of Chilibroste et al. (1997), who compared dairy
cows grazing for periods varying from 1 h to 3 h 25 min
after a period of 10 h without access to feed. The large
effect found by Chilibroste et al. (1997) might be an effect
of a longer period of starvation and an even shorter time
at pasture than in this experiment. Patterson et al. (1998)

showed that the intake of herbage increased, if the length
of period before pasturing without access to feed was up
to 6 h, while a longer period had no further effect on the
intake of herbage in the following period at pasture. This
could not be confirmed in our study, as the intake
increased by 1.3 kg DM from treatment 4 h to 6.5 h and
was only reduced to 1.1 kg DM between treatments 6.5 h
and 9 h.

The DM intake of herbage is a combination of grazing
time, bite rate and intake per bite with a compensatory
mechanism to maintain intake between the three com-
ponents, although bite mass has the greatest influence on
intake (Bargo et al., 2003). The estimated bite mass was
higher for treatment 4 h than for the other treatments,
although the sward height was identical in all treatments.
The large sward height supports the potential for an
increased bite mass (Gibb et al., 1999) as well as the
effect of hunger, as stated by Patterson et al. (1998). This
is further underlined by the fact that the bite mass esti-
mated in treatments 6.5 h and 9 h is lower than in studies
with similar sward height (McGilloway et al., 1999; Pulido
and Leaver, 2001).

It can be concluded that in systems with a high herbage
allowance, the cow was able to compensate for 0.8 of the
reduction in time at pasture by increasing the proportion of
time spent grazing and presumably also both rate of biting
and bite mass, although the latter two were not directly
confirmed in the present study.

Implication
Restrictions in both indoor feeding and time at pasture
effectively increased the active grazing time and the intake
of herbage per hour at pasture. This gives positive pro-
spects for the development of systems that reduce nutrient
surpluses in grazed grasslands. Before such a system is
introduced in commercial dairy farming, further investi-
gation is required to identify ways of reducing the negative
impact on daily milk production, examine any effects of
season and evaluate the consequences of restricting access
to feed for several hours on the welfare of the cows.

Acknowledgements

The staff at Rugballegaard are gratefully acknowledged for
their careful and skilled management of the herd and assist-
ance with the recording.

References
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