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The time at pasture of dairy cows is often restricted in the context of extending the grazing season in autumn or at the end of
winter. The objective of our study was to evaluate the effects of a restriction of time at pasture on milk production, herbage
intake and feeding behaviour in dairy cows according to feeding regime. The four treatments consisted of 4 h or 8 h of time at
pasture per day tested under two feeding regimes combining rate of supplementation and herbage allowance: either a high
rate of supplementation (10 kg dry matter (DM) of a maize silage-soya bean meal mixture in the ratio 87 : 13 on a % DM
basis) with a low herbage allowance (6 kg DM/cow per day above 5 cm), or a low rate of supplementation (5 kg DM of the
same supplement) with a high herbage allowance (11 kg DM/cow per day). The study was carried out according to a 4 3 4
Latin square design with four 2-week periods, with 48 mid-lactation Holstein cows. The cows in the 4-h treatment had access
to pasture from 0900 h to 1300 h and those in the 8-h treatment from 0900 h to 1700 h. The supplement was given at 1830 h.
When time at pasture was reduced from 8 h to 4 h per day, herbage intake decreased (9.9 v. 8.1 kg DM, P , 0.001), along with
a fall in milk production (22.3 v. 21.2 kg, P , 0.001) and milk protein concentration (30.1 v. 29.6 g/kg, P , 0.001), while milk
fat concentration increased (39.4 v. 39.9 g/kg, P , 0.05). The effect of time at pasture on milk production was slightly more
marked on the low-supplement feeding regime (interaction P , 0.06). Reducing time at pasture by 4 h led to a sharp decrease
in grazing time (327 v. 209 min, P , 0.001), but strongly increased the pasture intake rate (31 v. 39 g DM/min, P , 0.001) and
the proportion of time spent grazing (0.68 v. 0.87, P , 0.001). Cows showed a stronger motivation for grazing when receiving
the low-supplement feeding regime. In conclusion, we showed that reducing time at pasture from 8 to 4 h for cows receiving
5 to 10 kg DM of a maize silage-based supplement decreased moderately milk production and herbage intake, because of the
capacity for behavioural adaptation by the grazing dairy cows.
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Introduction

In temperate dairy systems, the length of the grazing season
is variable and can be as long as 10 months/year. In many
cases, during the full grazing season, daily access time of
cows to pasture is not limited since cows are only off the
pasture for milking, i.e. 2 to 4 h/day. However, various
situations may constrain or lead farmers to voluntarily limit
the daily access time at pasture. For example, extending the
grazing season at the end of the winter, at the beginning of
spring or in autumn provides a useful means of increasing the
proportion of grazed pasture in the diet of dairy cows, thus
reducing production costs (Chénais et al., 2001; Dillon et al.,
2005). During these periods, which are characterized by low

herbage growth rate and allowance, cows are often kept
indoors and supplemented with silage at night time to meet
their nutritional requirements. Another example is when
swards are saturated after heavy rainfall and can be heavily
pugged if cows stay in the paddocks throughout the day.
Limiting access at pasture for a short period of time each day
might prevent pasture degradation. Time at pasture may also
be reduced in hot dry climates with high rates of supple-
mentation off the pasture. Allowing the cows to graze for
some hours per day can also improve the welfare of cows fed
indoors (Sairanen et al., 2006), and limit manure deposition
and nitrogen excretion at grazing in regions with high
stocking rates (Kristensen et al., 2007). Short times at pasture
may limit herbage intake if cows are unable to ingest suffi-
cient pasture in a short period of time.

In general, compared to conserved forage, dairy cows at
pasture have low intake rate and high eating time (Hodgson
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et al., 1991; Baumont et al., 2004; Penning and Rutter,
2004). Thus, reducing time at pasture might represent a
strong behavioural limitation, particularly if cows are unable
to increase their intake rate. The factors affecting intake rate
in grazing cattle have been extensively studied, mainly on
the short-term scale. In addition to factors related to sward
structure such as sward height, herbage mass, bulk density
and proportion of stem and pseudostem (McGilloway and
Mayne, 1996; Prache and Peyraud, 1997), animal factors
such as physiological state, animal nutritional requirements
and fasting duration have been shown to affect intake rate at
pasture (Chilibroste et al., 1997; Patterson et al., 1998; Gibb
et al., 1999). However, little is known about the effect of
restricting time at pasture on the performance, daily intake
and feeding behaviour of dairy cows. Some studies on
restricted time at pasture have been carried out on sheep
(Iason et al., 1999), heifers (Ginane and Petit, 2005) and beef
cattle (Bayer, 1990; Gekara et al., 2005; Smith et al., 2006).
In these studies, restricting time at pasture had a variable
effect on performance and feeding behaviour according to
the severity of the time restriction and the grazing conditions.
Recent studies (Mattiauda et al., 2003; Chilibroste et al.,
2004; Kristensen et al., 2007) have shown that restricting
time at pasture to 4 h per day does not allow dairy cows to
maintain milk production and herbage intake, in spite of high
rates of supplementation. On the other hand, performance
seems unaffected if time at pasture is at least 8 h/day.

The aim of this study was to evaluate the ability of dairy
cows to adapt their feeding behaviour and maintain per-
formance when the time at pasture is restricted. The effect
of restricting time at pasture is studied in two feeding
regimes (combination of rate of supplementation and her-
bage allowance (SHA)), which may affect the nutritional
state of the cows and thus their motivation to graze.

Material and methods

Treatments, experimental design and animals
Forty-eight mid-lactation Holstein cows were assigned to
four treatments in a 4 3 4 Latin square design replicated
12 times balanced for residual effects (Winer et al., 1991),
with a 2 3 2 factorial arrangement of treatments. The factors
studied were the daily time at pasture and the feeding
regime. The two times at pasture were 4 h (from 0900 h to
1300 h) or 8 h (from 0900 h to 1700 h) per day. When they
were not at pasture, the cows were kept indoors in a free
housing system. The two feeding regimes’ combined rate of
SHA was 5 kg dry matter (DM) of supplement plus 11 kg
DM of herbage allowance per cow per day above 5 cm v.
10 kg DM of supplement plus 6 kg DM of herbage allow-
ance per cow per day above 5 cm. The supplement was a
mixture of maize silage and soya bean meal in a ratio
87 : 13 (DM basis). The chemical composition and nutri-
tive value of maize silage and soya bean meal are given in
Table 1. Cows had individual access to the supplement only
after evening milking at 1830 h and throughout the night,
each cow having access to only one trough by means of an

electronic collar. The two herbage allowances were calcu-
lated from a predictive intake model for grazing dairy cows
(Delagarde et al., 2004) with the objective of attaining
similar post-grazing sward height between the two feeding
regimes.

The experiment was carried out in May and June 2005
with four successive periods of 14 days. Each experimental
period consisted of an 8-day period of adaptation to the
treatments and a 6-day period of measurements. The
48 cows were divided into four groups, each of which was
allocated to a treatment sequence. The groups were
balanced according to the number of lactations (four pri-
miparous cows per group), stage of lactation (166 6 38
days in milk), milk production at peak (38.3 6 5.7 kg), milk
production (29.6 6 3.7 kg), milk fat concentration (37.7 6

4.7 g/kg), milk protein concentration (31.2 6 2.1 g/kg), live
weight (599 6 62 kg) and body condition score (2.2 6 0.4,
scale 0 to 5) measured in a pre-experimental period from 4
to 24 April. During this period, the cows grazed day and
night and were supplemented with maize silage (5 kg DM),
soya bean meal (2 kg) and cereals (2 kg). Cows were milked
twice daily at 0700 h and 1730 h.

Paddock management
The experiment was carried out at the INRA experimental
farm of Méjusseaume (1.718W, 48.118N, Brittany, France), on
two perennial ryegrass (Lolium perenne L. cultivar Ohio)
paddocks of 3.2 and 4.3 ha in their third and fourth year of
use. During February and March 2005, these two paddocks
were grazed by dairy cows or heifers until a post-grazing
sward height of approximately 4 cm was obtained 3 weeks

Table 1 Chemical composition and nutritive value of the two com-
ponents of the supplement (maize silage and soya bean)

Component of the supplement Maize silage Soya bean

Dry matter (DM) (g/kg) 331 895
Organic matter (OM) (g/kg DM) 962 932
Crude protein (g/kg DM) 84 496
Neutral detergent fibre (g/kg DM) 394 133
Acid detergent fibre (g/kg DM) 216 72
Acid detergent lignin (g/kg DM) 24 7
Alkanes concentration (mg/kg DM)

C31 23 2
C32 1 1
C33 10 0

Nutritive value
OM digestibility- 0.74 0.92
UFL-

-

(UFL/kg DM) 0.97 1.16
PDIN-

-

(g/kg DM) 51 327
PDIE-

-

(g/kg DM) 72 208

-Calculated from pepsin-cellulase digestibility (Aufrère and Demarquilly,
1989).
-

-

UFL 5 Unité Fourragère Lait (1 UFL 5 7.115 MJ net energy); PDIN 5 Protein
truly Digested in the Intestine when Nitrogen is limiting for microbial
synthesis in the rumen; PDIE 5 Protein truly Digested in the Intestine when
Energy is limiting for microbial synthesis in the rumen (Institut National de
la Recherche Agronomique, 2007).
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before the beginning of each period. Each paddock was then
divided longitudinally into four sub-paddocks, each one being
assigned to a given treatment. Areas of sub-paddocks were
proportional to herbage allowances. One paddock was
grazed in periods 1 and 3, while the second paddock was
grazed in periods 2 and 4. At the end of periods 1 and 2, the
entire paddock (refusals and ungrazed area) was mowed
approximately at 5 cm to allow homogeneous regrowth in
periods 3 and 4 irrespective of the treatment. Rest period
was then of 14 days at the beginning of periods 3 and 4, i.e.
21 to 25 days for the intake measurement period.

A first nitrogen fertilization was applied in mid-April after
the last grazing of preparation (60 kg N/ha, as ammonium
nitrate). A similar N fertilization was applied at the end of
periods 1 and 2. The average temperature during the
experiment was 12.48C, while the total precipitation was
136 mm, compared with an average of 12.28C and 195 mm,
respectively, for the last 10 years.

Pasture management
A strip-grazing system was used throughout the experi-
ment. Each day, the area to be allocated for each treatment
was calculated from the pre-grazing herbage mass esti-
mated from pasture height and pasture bulk density. The
front fences were moved once daily for each treatment and
the back fence 1 day after. Water was always available.
Mineral blocks were available only indoors.

Measurements on pasture
Pre-grazing herbage mass above 5 cm was measured by
cutting with a motorscythe on days 0, 4, 7 and 11 of each
period. On each occasion, two 10 3 0.5 m strips were cut per
treatment. To estimate pasture bulk density, the pasture
height was measured on each strip before and after cutting
(10 measurements), with an electronic platemeter (30 3

30 cm, 4.5 kg/m2, AGRO-Systèmes, France). The pasture DM
concentration was determined on a 700-g sub-sample per
strip. The chemical composition of the pasture was deter-
mined from the samples on days 7 and 11, which were
composited by treatment and period.

Pre- and post-grazing pasture heights were measured
every day by a platemeter (30 measurements per treat-
ment). Pre- and post-grazing extended tiller heights were
determined using a ruler. Before grazing, 50 tillers per
treatment were randomly selected on days 8 and 11. After
grazing, 100 tillers per treatment were randomly selected
on days 11, 13 and 14.

Animal measurements
Milk production was recorded individually at each milking.
Milk fat and protein concentrations were determined
from day 11 to 14 by near-infra-red spectrophotometry
(Milkoscan, Foss Electric, Hillerød, Denmark). Live weight
was measured on the last day of each period after the
morning milking.

The individual herbage intake was determined by the
method of n-alkanes (Mayes et al., 1986) using tritriacontane

(C33) as the internal marker and dotriacontane (C32) as the
external marker, according to the following equation:

Qh ¼

Fi

Fe
De þQs � Seð Þ � Qs � Sið Þ

Hi �
Fi

Fe
� He

� � ;

where Qh represents daily herbage intake (kg DM), Hi, Si and
Fi represents the concentrations (mg/kg DM) of internal
alkane (C33) in herbage, supplement and faeces, respectively;
He, Se and Fe represent the concentrations (mg/kg DM) of
external alkane (C32) in herbage, supplement and faeces,
respectively; Qs represents the supplement intake (kg DM),
De represents the amount (mg) of alkane C32 orally dosed.

Throughout the experiment, cows were dosed at each
milking with a cellulose stopper (Carl Roth, Germany)
containing 392 6 11 mg of C32. Herbage intake was esti-
mated over 5 consecutive days at the end of each period.
Faeces were rectal-sampled after morning milking and
before evening milking from day 10 to 14, and stored at
148C. On day 14, faeces samples were composited by cow
and frozen at 2208C before freeze-drying. To determine the
n-alkanes concentration of selected herbage, 20 herbage
handfuls (approximately 700 g fresh) were randomly
selected at pasture and cut with scissors at ground level on
days 8, 11 and 12. The handfuls were carefully placed in a
tray respecting the vertical structure of the sward, aligning
the basis of tillers and then frozen. At the end of the
experiment, frozen handfuls were cut to the average post-
grazing extended tiller height avoiding clearly refused
patches. The higher fraction, considered as representative
of the selected herbage, was freeze-dried and composited
by treatment and period before chemical analysis.

The amounts of maize silage and soya bean meal offered
were weighed daily for each cow. Dry matter concentration
was determined once daily for maize silage and once
weekly for soya bean meal. The refusals were weighed each
morning individually. Weekly samples of maize silage and
soya bean meal were collected and composited before
chemical analyses.

Net energy balance was calculated by difference between
net energy intake and net energy requirements for milk
production and maintenance, after correction for the
digestive interactions (Institut National de la Recherche
Agronomique, 2007). Net energy intake was calculated
from herbage and supplement intakes, using their respec-
tive net energy contents.

Grazing time was visually and continuously recorded by
trained operators on days 12 and 13, each operator working
by sequences of 2 h. Every 5 min, from 0900 h to 1700 h
(presence of the cows in the paddock), they noted whether
or not each cow was in a grazing activity sequence. Grazing
time was calculated by summation of all 5-min intervals of
grazing activity. The proportion of time spent grazing was
estimated by dividing the grazing time by the total time
spent at pasture. A meal was defined as a sequence of
at least 10 min of grazing (two consecutive observations).
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The end of a meal was defined by a non-grazing period of
at least 10 min (two consecutive observations). The average
meal duration was calculated by dividing grazing time by
the number of meals. Herbage intake rate (g DM/min) was
calculated per cow and period by dividing herbage intake by
the average grazing time.

Feeding time of the supplement was recorded individually
by a video camera on days 12 and 13. When a cow was
observed active in a head-down position in the trough, it was
recorded as being in feeding activity. Because the supplement
was consumed quickly, the feeding time was calculated by
considering all meals having a duration longer than 1 min.
The intake rate of the supplement was calculated each day by
dividing the feeding time by the supplement intake.

Chemical analyses
All the dried and freeze-dried samples were ground through a
0.8 mm screen before chemical analysis. The DM concentra-
tion was determined by drying at 808C in an oven for 48 h.
Except for n-alkanes determination, the chemical analyses
were carried out on dried samples. Ash was determined
by incineration at 5508C for 5 h (Association Française de
Normalisation, 1988) and nitrogen by the method of Dumas
(Association Française de Normalisation, 1988). The pepsin-
cellulase digestibility of pasture was determined according
to the procedure described by Aufrère and Demarquilly
(1989). The NDF, ADF and ADL concentrations were measured
according to van Soest et al. (1991). N-alkanes were deter-
mined after freeze-drying according to Mayes et al. (1986)
after a direct saponification (Vulich et al., 1991).

Statistical analyses
All the animal data were analysed according to a 4 3 4
Latin square design, using the General Linear Model pro-
cedure of Statistical Analysis System Institute Inc. (1987),
and considering the animal as the statistical unit, with the
following model:

Yijkl ¼ mþ ai þ bj þ gk þ dl þ ½gk � dl� þ �ijkl;

where m, ai, bj, gk, dl, [gk 3 dl], eijkl, respectively, represent
the general average, the fixed effects of cow, period, time
at pasture, feeding regime, the interaction time at pas-
ture 3 feeding regime and the residual error. For each
variable, a statistical analysis was carried out on the aver-
age value by cow and period. The average milk production
from day 8 to day 14 was used in this analysis.

The pasture data, averaged per treatment and period,
were analysed according to a 4 3 4 Latin square design
with the following model:

Yjkl ¼ mþ bj þ gk þ dl þ ½gk � dl� þ �ijkl:

Results

For the statistical analyses, one cow was eliminated from
the entire experiment because of early drying-off. One cow

in period 1 and two cows in period 3 were also eliminated
because of health problems.

Pasture and supplements
Pre-grazing pasture characteristics were virtually identical
between treatments, for mass, height, chemical composi-
tion and nutritive value (Table 2). Only some small differ-
ences between treatments were observed for herbage
mass, herbage CP, NDF and ADF concentrations. The C32

and C33 concentrations in pasture selected were, respec-
tively, of 8 and 120 mg/kg DM, and were unaffected by
treatments (Table 3). The C32 and C33 concentrations in
maize silage and soya bean meal were low, representing
less than 8% of the corresponding n-alkanes concentrations
in selected pasture.

Area per cow per day and herbage allowance showed no
significant variation with time at pasture (Table 3). Post-
grazing sward height was higher when time at pasture
decreased from 8 to 4 h (112 mm for platemeter height,
113 mm for extended tiller height, P , 0.01) (Table 3). On
average, post-grazing sward height was lower by 7 mm
(platemeter) and 8 mm (extended height) at the high com-
pared with the low-supplement feeding regime (P , 0.05).

Milk production, milk composition and live weight
Milk production varied significantly with time at pasture
and feeding regime (P , 0.001). On average, milk produc-
tion decreased by 1.1 kg/day when time at pasture was
reduced (Table 4). This reduction tended to be greater with
the low-supplement (21.3 kg/day) than the high-supple-
ment (20.8 kg/day) feeding regime (interaction time at
pasture 3 feeding regime, P , 0.06). Milk production was
greater by 1.0 kg/day at the high-supplement compared to
the low-supplement feeding regime (P , 0.001). Milk fat
and protein production showed similar trends as milk pro-
duction, without any interaction between time at pasture
and feeding regime.

The milk fat concentration was greater only on the treat-
ment of 4 h at pasture and low-supplement feeding regime
(interaction time at pasture 3 feeding regime, P , 0.09). The
milk protein concentration was lower (20.5 g/kg, P , 0.001)
when time at pasture decreased and higher (10.6 g/kg,
P , 0.001) at the high-supplement compared to the low-
supplement feeding regime.

Live weight decreased by 12 kg (P , 0.001) on average
when time at pasture was reduced. This reduction was
more marked with the low-supplement (218 kg) than with
the high-supplement (26 kg) feeding regime (interaction
time at pasture 3 feeding regime, P , 0.01). Live weight
was higher by 18 kg at the high-supplement compared to
the low-supplement feeding regime (P , 0.001).

Intake and energy balance
Herbage intake decreased on average by 1.8 kg DM/day when
time at pasture was reduced from 8 to 4 h/day (P , 0.001,
Table 4). Herbage intake was lower by 3.0 kg DM/day at the
high-supplement compared to the low-supplement feeding
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regime (P , 0.001). Supplement intake was on average 4.9
and 9.8 kg DM/day for the low- and high-supplement
feeding regime, respectively (P , 0.001). Supplement intake
slightly differed between time at pasture treatments (0.1 kg
DM, P , 0.01). This variation was only due to some refusal
on treatment with 8 h of time at pasture and high-supple-
ment feeding regime.

Total intake varied from 14.4 to 18.1 kg DM between
treatments, following the same variations as herbage intake.
The net energy balance of the cows was lower when time at
pasture was reduced (P , 0.001) and higher at the high
compared to the low-supplement feeding regime (P , 0.001).

Feeding behaviour
Feeding behaviour was strongly affected by time at pasture.
When time at pasture was reduced from 8 to 4 h, cows
spent 118 min less grazing (P , 0.001, Table 5). This
reduction of grazing time with time at pasture was greater
at the low-supplement (2133 min, i.e. 238%) than the
high-supplement (2102 min, i.e. 234%) feeding regime
(interaction time at pasture 3 feeding regime: P , 0.001).

Cows allowed 8 and 4 h of time at pasture spent,
respectively, 68% and 87% of their available time grazing
(P , 0.001). The reduction of time at pasture increased
the duration of the first meal (126 min, P , 0.001), the

Table 2 Effects of time at pasture under two feeding regimes on pre-grazing herbage mass, sward height, chemical composition and nutritive
value of herbage offered

Feeding regime (SHA) S5-HA11- S10-HA7- Significance

Time at pasture (T) 8 h 4 h 8 h 4 h s.e.d. T SHA T 3 SHA

Herbage mass (kg DM/ha . 5 cm) 1350 1470 1290 1480 99 0.056 0.722 0.622
Pre-grazing sward height (mm)

Rising plate meter 106 111 103 112 4.6 0.066 0.710 0.589
Extended tiller 228 230 217 231 8.8 0.238 0.440 0.368
Extended sheath 90 90 80 89 6.6 0.388 0.242 0.412

Dry matter (g/kg) 155 165 160 159 5.5 0.318 0.821 0.199
Organic matter (g/kg DM) 864 879 859 873 13.3 0.163 0.563 0.937
Crude protein (g/kg DM) 227 219 237 215 6.8 0.012 0.492 0.179
Neutral detergent fibre (g/kg DM) 578 588 564 585 5.1 0.003 0.035 0.167
Acid detergent fibre (g/kg DM) 253 263 244 263 5.5 0.005 0.303 0.303
Acid detergent lignin (g/kg DM) 18.1 18.4 18.1 18.1 0.77 0.755 0.719 0.755
Nutritive value

Organic matter digestibility-

-

0.771 0.767 0.774 0.769 0.0073 0.396 0.603 0.952
UFLy (UFL/kg DM) 0.90 0.91 0.90 0.91 0.024 0.770 1.000 0.880
PDINy (g/kg DM) 149 143 156 141 4.6 0.012 0.496 0.177
PDIEy (g/kg DM) 103 103 105 102 1.8 0.263 0.806 0.438

-Feeding regimes: S5-HA11: 5 kg dry matter (DM) of supplement 1 11 kg DM of herbage allowance; S10-HA7: 10 kg DM of supplement 1 7 kg DM of herbage
allowance.
-

-

Calculated from pepsin-cellulase digestibility (Aufrère and Demarquilly, 1989).
yUFL 5 Unité Fourragère Lait (1 UFL 5 7.115 MJ Net Energy); PDIN 5 Protein truly Digested in the Intestine when Nitrogen is limiting for microbial synthesis in
the rumen; PDIE 5 Protein truly Digested in the Intestine when Energy is limiting for microbial synthesis in the rumen (Institut National de la Recherche
Agronomique, 2007).

Table 3 Effects of time at pasture under two feeding regimes on offered area, herbage allowance, post-grazing sward height and alkanes
concentration in the herbage selected

Feeding regime (SHA) S5-HA11- S10-HA7- Significance

Time at pasture (T) 8 h 4 h 8 h 4 h s.e.d. T SHA T 3 SHA

Offered area (m2/cow per day) 87 85 58 46 9.5 0.364 0.001 0.482
Herbage allowance (kg DM/cow per day . 5 cm) 10.7 11.2 6.7 6.6 0.64 0.708 0.001 0.496
Post-grazing sward height (mm)

Rising plate meter 57 72 53 63 3.9 0.003 0.037 0.435
Extended tiller 77 93 73 82 3.7 0.002 0.018 0.221
Extended sheath 64 72 62 67 2.6 0.007 0.068 0.536

Alkanes concentration (mg/kg DM)
C31 152 160 160 163 6.3 0.242 0.246 0.612
C32 8 9 9 8 0.5 0.412 0.486 0.226
C33 116 121 120 121 3.9 0.284 0.622 0.460

-Feeding regimes: S5-HA11: 5 kg dry matter (DM) of supplement 1 11 kg DM of herbage allowance; S10-HA7: 10 kg DM of supplement 1 7 kg DM of
herbage allowance.
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average meal duration (181 min, P , 0.001) and strongly
reduced the number of meals (22.2 meals/day, P , 0.001).
The grazing time, the proportion of time spent grazing and
the average meal duration were lower with the high than
the low-supplement feeding regime (235 min, 20.09 and
228 min, respectively; P , 0.001, Table 5).

On average, pasture intake rate increased by 8 g DM/min
(i.e. 126%, P , 0.001) when time at pasture was reduced.
This increase was greater on the low-supplement (111 g
DM/min, i.e.133%) than the high-supplement (16 g DM/min,
i.e.121%) feeding regime (interaction time at pasture 3

feeding regime: P , 0.001). Pasture intake rate was lower
(27 g DM/min, P , 0.001) at the high-supplement com-
pared to the low-supplement feeding regime. Finally,
pasture intake rate varied between treatments from 28 to

44 g DM/min, i.e. an increase in 57% between the least
restrictive treatment (8 h at pasture and high-supplement
feeding regime) and the most restrictive treatment (4 h at
pasture and low-supplement feeding regime).

Time spent eating the supplement indoors decreased by
7 min when the time at pasture decreased from 8 to 4 h
(213%, P , 0.001). This variation was less marked with
the low than the high-supplement feeding regime (interaction
time at pasture 3 feeding regime: P , 0.05). The intake rate
of the supplement increased (122 g DM/min, i.e. 122%,
P , 0.001) when time at pasture was reduced (Table 5). The
feeding time of the supplement was higher by 38 min
(P , 0.001) and the rate of intake of the supplement was
lower by 12 g DM/min (P , 0.001) on the high-supplement
compared to the low-supplement feeding regime.

Table 4 Effects of time at pasture under two feeding regimes on milk production, milk composition, herbage intake, total intake and energy
balance in grazing dairy cows

Feeding regime (SHA) S5-HA11- S10-HA7- Significance

Time at pasture (T) 8 h 4 h 8 h 4 h s.e.d. T SHA T3SHA

Milk production (kg/day) 21.9 20.5 22.6 21.8 0.23 0.001 0.001 0.057
Milk fat production (g/day) 857 819 886 858 9.7 0.001 0.001 0.515
Milk protein production (g/day) 648 597 685 649 7.2 0.001 0.001 0.135
Milk fat concentration (g/kg) 39.4 40.3 39.5 39.5 0.34 0.042 0.152 0.084
Milk protein concentration (g/kg) 29.8 29.3 30.5 29.9 0.14 0.001 0.001 0.398
Live weight (kg) 576 560 591 583 1.7 0.001 0.001 0.004
Herbage intake (kg DM/day) 11.5 9.5 8.4 6.7 0.23 0.001 0.001 0.550
Supplement intake (kg DM/day)

Maize silage 4.2 4.3 8.5 8.7 0.05 0.007 0.001 0.053
Soya bean 0.6 0.6 1.2 1.2 0.01 0.005 0.001 0.006
Total 4.9 4.9 9.7 9.9 0.06 0.006 0.001 0.038

Total intake (kg/day)
DM 16.3 14.4 18.1 16.6 0.23 0.001 0.001 0.266
Organic matter (OM) 14.6 13.1 16.5 15.3 0.20 0.001 0.001 0.351
Digestible OM 11.1 10.0 12.6 11.6 0.16 0.001 0.001 0.364

Energy balance (MJ NE/day) 24.1 211.6 7.3 0.5 1.35 0.001 0.001 0.726

-Feeding regimes: S5-HA11: 5 kg dry matter (DM) of supplement 1 11 kg DM of herbage allowance; S10-HA7: 10 kg DM of supplement 1 7 kg DM of herbage
allowance.

Table 5 Effects of time at pasture under two feeding regimes on feeding behaviour in grazing dairy cows

Feeding regime (SHA) S5-HA11- S10-HA7- Significance

Time at pasture (T) 8 h 4 h 8 h 4 h s.e.d. T SHA T 3 SHA

Grazing
Grazing time (min/day) 352 219 301 199 5.9 0.001 0.001 0.001
Proportion of time spent grazing 0.73 0.91 0.63 0.83 0.016 0.001 0.001 0.418
First grazing bout duration (min) 187 215 165 189 5.7 0.001 0.001 0.612
Number of grazing bouts 3.3 1.1 3.5 1.3 0.12 0.001 0.079 0.859
Mean grazing bout duration (min) 113 205 95 166 7.3 0.001 0.001 0.046
Intake rate (g DM/min) 33.0 43.7 28.2 33.8 0.78 0.001 0.001 0.001
Supplement
Eating time (min/day) 32 29 73 63 2.4 0.001 0.001 0.049
Intake rate (g DM/min) 164 181 146 173 4.4 0.001 0.001 0.106

-Feeding regime: S5-HA11: 5 kg dry matter (DM) of supplement 1 11 kg DM of herbage allowance; S10-HA7: 10 kg DM of supplement 1 7 kg DM of herbage
allowance.
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Discussion

The aim of this study was to evaluate the ability of dairy
cows to maintain their performance and adapt their feeding
behaviour when time at pasture was restricted according to
the feeding regime. Feeding regime was characterized by a
combination of rate of SHA. In our study, the effect of the
rate of supplementation in itself is not easy to interpret
since we did not compare the two rates of supplementation
at similar herbage allowance or at similar post-grazing
sward height. Therefore, this aspect is not discussed here.

Effect of restricted time at pasture on milk production
and herbage intake
In this study, we tested the hypothesis that cows might
adapt to restricted time at pasture by modifying their
feeding behaviour in order to maintain their performance.
Our study showed that milk production could not be
maintained (21.1 kg, i.e. 25%) when time at pasture was
reduced from 8 to 4 h per day. This result is similar to that
reported by Mattiauda et al. (2003) in dairy cows. These
authors showed that the reduction of time at pasture from 8
to 4 h decreased milk production on average by 1.9 kg, i.e.
28%, despite a high rate of supplementation (6 kg DM of
concentrate and 4.5 kg DM of maize silage). For Zebu cows
producing only 4.5 kg milk per day, Jung et al. (2002)
observed a 7% reduction of milk production when time at
pasture was reduced from 9 to 5 h per day. However, in this
latter study, the reduction in time at pasture was associated
with an increase in walking time from 0.5 to 4.5 h. Garcı́a-
Rodriguez and Oregui (2003 and 2004) showed that Laxta
ewes were unable to maintain their milk production when
time at pasture was reduced from 7 to 4 h per day (20.11
and 20.14 kg milk, i.e. 28% and 29% in 2003 and 2004,
respectively).

However, other studies have failed to show any sig-
nificant effect of restricting time at pasture on milk pro-
duction, either because the times at pasture studied were
long (16 h v. 8 h, Mattiauda et al., 2004) or because of
the narrow range in time at pasture tested (6 h v. 8 h,
Chilibroste et al., 2004).

In our study, the reduction in milk production with
restricted time at pasture was related to a decrease of
herbage intake (21.8 kg DM, i.e. 218%). This result is
consistent with the study of Mattiauda et al. (2003) in dairy
cows, which showed a reduction in DM intake of 1.7 kg
when time at pasture was reduced from 8 to 4 h. Similar to
milk production results, other studies show that restricted
time at pasture does not affect herbage intake, provided
that it remains longer than 7 to 8 h per day (Smith, 1997;
Gekara et al., 2005; Smith et al., 2006). Iason et al. (1999)
studied the effect of time at pasture (24 h v. 9.5 h) on the
intake of ewes in two sward heights under continuously
stocked grazing management. The restricted time at pasture
had no influence on intake in the taller sward (5.5 cm),
but herbage intake was reduced by 12% on the shorter
sward (3.0 cm).

In our study, live weight highly decreased (212 kg) when
restricting time at pasture, in spite of the short length of
experimental periods. This weight loss mainly results from
the reduction of intake and weight of digestive content
(Agabriel and Giraud, 1988). In the study of Smith et al.
(2006), the restricted time at pasture had no effect either on
intake or on live weight.

The reduction of milk protein concentration when
restricting time at pasture from 8 to 4 h per day was not
observed by Mattiauda et al. (2003) and Chilibroste et al.
(2001). However, such an effect is consistent with the
reduction of intake and energy supply (Coulon and Rémond,
1991). The increase in milk fat concentration observed
along with restricting time at pasture at a low rate of
supplementation agrees with the results of Chilibroste et al.
(2001). However, Mattiauda et al. (2003) observed a
reduction of milk fat concentration when time at pasture
was reduced from 8 to 4 h. In our study, although the effect
of time at pasture on milk composition remained numeri-
cally low, it reaches a statistically significant level because
of the high power of the experimental design.

Feeding behaviour adaptation when restricting time
at pasture
Restricting time at pasture strongly modified the feeding
behaviour of cows. The main behavioural adaptations
observed (i.e. concentration of grazing activity and
increased intake rate) were the same features generally
described in ruminants when there is a restriction on the
time allocated to collecting the food resource (Newman et al.,
1994a). In our study, restricting time at pasture strongly
reduced daily grazing time (236%), but this reduction was
less than in proportion with the restriction of time at
pasture (250%). In fact, cows increased the proportion of
time spent grazing from 68% with 8 h to 87% with 4 h of
access. Other studies have also showed that ruminants
concentrate their grazing activity when a restriction of time
at pasture is imposed (Jung et al., 2002; Gekara et al.,
2005; Ginane and Petit, 2005). The increase in duration of
the first grazing bout, the mean duration of grazing bout
and the reduction in the number of grazing bouts with
restricted time at pasture can be interpreted as a response
to a difficult feeding situation. Such effects have already
been observed with continuously stocked dairy cows under
low sward height conditions (Gibb et al., 1999).

The large increase in herbage intake rate with decreasing
time at pasture (on average 18 g DM/min, i.e. 127%)
clearly indicates a higher motivation of cows for grazing.
Gekara et al. (2005) found that a restriction of time at
pasture in beef cattle from 24 to 12 h increases pasture
intake rate by 2.5 g DM/min, i.e. 114%. In continuously
stocked ewes, a restriction of time at pasture from 24 h to
9.5 h resulted in an average increase of 35% in intake rate
irrespective of sward height (Iason et al., 1999). The posi-
tive effect of food restriction on intake rate at pasture was
also shown on a short-term scale through the effect of a
fasting period on the subsequent meal (Greenwood and
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Demment, 1988; Newman et al., 1994b). Under these
conditions, the effect of restriction on the ruminant moti-
vation to graze is higher since fasting from 24 to 36 h
increases pasture intake rate during the subsequent meal
(or the first hour) from 30% to 70% compared with non-
fasted animals. These results support the hypothesis that
the intake rate of grazing cows in normal conditions (time
or access not limited) is lower than their capacity (Newman
et al., 1994a). Cows are able to modify some behavioural
traits such as intake rate and efficiency of grazing activity in
response to short-term or long-term constraints, in order to
control intake and nutrient supply. The increased rate of
intake of the supplement under restricted time at pasture
could also be related to a higher state of hunger and
motivation to eat.

In our study, the important behavioural adaptations of
dairy cows to restricted time at pasture were insufficient to
maintain daily intake and performance. These results cor-
roborate other studies carried out with times at pasture
shorter than 8 h (Jung et al., 2002; Mattiauda et al., 2003;
Garcı́a-Rodriguez and Oregui, 2004). On the other hand, for
time at pasture longer than 8 h, ruminants seem to have
adequate capacities of behavioural adaptation to maintain
their performance when herbage availability is sufficient
(Iason et al., 1999; Mattiauda et al., 2004).

Interaction between restricted time and feeding regime
In our study, we tested the hypothesis that restricting time
at pasture might be more limiting for intake and production
with the low-supplement feeding regime, considering that,
in this case, cows have to eat more pasture in the same
time to meet their energy requirements.

In a general way, the effect of restricting time at pasture
on performance and intake was only slightly affected by
feeding regime, due to a higher behavioural adaptation in
the low-supplement feeding regime. No results have been
reported on the interaction between time at pasture and
feeding regime varying by the rate of supplementation, and
only few studies have been carried out on the interaction
between time at pasture and grazing management.
Mattiauda et al. (2004) showed an interaction between
time at pasture and herbage allowance, milk production
being more affected by time at pasture at low compared
with high herbage allowance. Similarly, for Iason et al.
(1999), the intake of ewes was only affected by time at
pasture at low sward height.

Our study shows that cows exhibit a greater behavioural
adaptation under a more severe feeding regime when time at
pasture is reduced. This is probably because a low-supplement
intake increases the state of hunger and hence the motivation
to graze. This interaction between feeding regime and time at
pasture was particularly noteworthy for grazing time and
intake rate. This additional capacity of adaptation of cows
could be expressed in our study because there was no con-
straint on sward height and availability. It has been shown that
the ability of ruminants to concentrate their grazing activity
with restricted time at pasture increases with decreasing

sward height (Iason et al., 1999; Soca et al., 2002; Ginane and
Petit, 2005). However, Iason et al. (1999) did not observe such
an additional adaptation with regard to intake rate.

Conclusion

The present study shows that grazing dairy cows receiving
either 5 or 10 kg DM of a maize silage-based supplement at
approximately similar post-grazing sward height have a good
ability to adapt their feeding behaviour when time at pasture
is reduced from 8 h to 4 h per day. Cows increased the pro-
portion of time spent grazing and the pasture intake rate to
partially compensate for the reduction of time at pasture.
However, these adaptations were insufficient to maintain
pasture intake and performance. Under the conditions of this
study, the decrease of milk production with the shorter time
at pasture remained moderate irrespective of the feeding
regime. This could occur because the cows showed an
increased ability of behavioural adaptation to a short time at
pasture when the feeding regime was more severe.
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PhD studies of Efraı́n Pérez Ramı́rez. This study was partly
financed by ANR in the framework of the ADD Praiterre pro-
gramme and also received financial support from the GALA
association. Thanks are also due to Antoine Antin, Gaël
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