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Abstract

The ability of grazing dairy goats to adapt to short daily access time to pasture is not well
known, while, in practice, access time to pasture (AT) is often lower than 12 h/d. A 3-week
trial was carried out in spring with 36 Alpine dairy goats in mid-lactation to study the effect
of a restriction of access time to pasture, coupled or not with a dehydrated lucerne
supplement. Three treatments were compared: (1) 7 h/d of access time to pasture, between
milkings, without dehydrated lucerne (namely AT7); (2) 7 h/d of access time to pasture,
between milkings, with 371 g DM/d of dehydrated lucerne, distributed individually after
evening milking (namely AT7D); and (3) 11 h/d of access time to pasture, 7 h/d between
milkings plus 4 h/d after evening milking, without dehydrated lucerne (namely ATI11). The
daily pasture allowance was 2.3 kg DM/goat at 4 cm above ground level in each treatment.
Each goat received 602 g DM/d of a commercial concentrate, given twice daily at milking.
Pasture intake decreased by 433 g DM/d (i.e. 18%) between AT11 and AT7 (P<0.01). Pasture
intake also decreased by 259 g DM/d between AT7 and AT7D (P<0.01), which means a
substitution rate of 0.72 between pasture and dehydrated lucerne. Milk production, and milk
fat and protein concentrations were not affected by AT (P>0.10). Milk production response to

dehydrated lucerne was 0.82 kg of milk/kg DM. Grazing time decreased by 2.5 h/d between

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/
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ATI11 and AT7 or AT7D (P<0.001). The pasture intake rate averaged 272 g DM/h and tended
to increase between AT11 and AT7 (P=0.08). It is concluded that an access time to pasture of
7 h/d may be sufficient for lactating dairy goats receiving 600 g/d of concentrate and grazing
high-quality pastures. Supplying 400 g/d of dehydrated lucerne has a much stronger positive

effect on milk production than an additional grazing period of 4 hours after evening milking.

Keywords: dairy goat, time restriction, pasture intake, behaviour, milk production

1. Introduction

Grazing is a good way to improve the feed self-sufficiency of dairy goat farms. To help
farmers to optimise their management choices, the impact of grazing management practices
on intake, performance and grazing behaviour of dairy goats need to be quantified. In many
grazing systems, dairy and suckling cows have an unrestricted daily access time to pasture,
being able to graze day and night. Conversely, small ruminants, and particularly lactating
dairy goats, are only allowed to graze during the daytime, with these animals being kept
indoors at night for preventing theft, predation, diseases, or health problems, but also to
facilitate farmers’ work organisation (Idele, 2011; Tovar-Luna et al., 2011). Nevertheless,
daily access time to pasture may also be a time constraint for grazing goats that need time to
graze as the other ruminants.

Responses of dairy goats to restriction of daily access time lower than 12 h/d are scarce in the
literature. It is, however, probably within this range that access time mostly impacts pasture
intake, milk production and behavioural responses, as shown on meat goats (Berhan et al.,
2005; Romney et al., 1996) and on dairy goats (Charpentier and Delagarde, 2018; Keli et al.,
2017). For lactating dairy goats milked twice daily, the interval between morning and evening

milkings is often close to 7-8 hours. Therefore increasing access time to pasture to 10 to 12
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h/d implies a new daily pasture allocation, after evening milking and before night. The ability
of goats to eat a large amount of pasture and to produce milk, with or without this post-
evening milking period, as well as the ability to replace it with a dietary supplement, is
unknown.

The aim of this experiment was to study the effect of a restriction of access time to pasture, by
suppressing access to pasture after the evening milking and to test the goats’ responses to the

replacement of this evening grazing period with a supplement based on dehydrated lucerne.

2. Materials and methods

This experiment was carried out according to a completely randomised design in spring 2016,
over 3 consecutive weeks, from 1 April to 22 April, at the INRA experimental farm of
Méjusseaume (1.71°W, 48.11°N, Le Rheu, Brittany, France). The procedures relating to the
care and management of the animals used for this trial were approved by an animal care
committee from the French Ministry of Agriculture, in accordance with French regulations

(decree-law 2001-464, 29 May 2001).

2.1 Treatments

Three treatments were compared: (1) 7 h/d of access time to pasture without dehydrated
lucerne (namely AT7); (2) 7 h/d of access time to pasture with a fixed amount of dehydrated
lucerne (namely AT7D); and (3) 11 h/d of access time to pasture without dehydrated lucerne
(namely AT11). Goats had access to pasture from 09:00 to 16:00 in AT7 and AT7D, and from
08:00 to 16:00 and 17:30 to 20:30 in AT11. The AT11 goats had access to pasture one hour
earlier in the morning to be back inside before sunset (between 20:45 and 21:00). Goats on
treatment AT7D received individually 371 g DM/d of dehydrated lucerne distributed once

daily after PM milking (Table 1).
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The first week of the experiment was an adaptation period and the second and third weeks
were for measurements. For each treatment, the daily pasture allowance was 2.4 kg DM/goat
determined at 4 cm above ground level. Each goat received 301 g DM of a commercial
concentrate (Table 1) through an automatic feeder in the milking parlour twice daily (i.e. 602
g DM/d). The concentrate consisted of the following ingredients on a dry matter basis: barley,
28%; sugar beet pulp, 24%; soyabean meal, 23%; lucerne, 11.5%; wheat bran, 6%; molasses,
3%; linseed, 2%; vegetable oils, 1%; sodium chloride, 0.5%. Goats were milked twice daily at
07:00 and 16:15. Goats were penned inside and bedded on deep litter at night. Water was

available at pasture and indoors and a mineral lick was available only indoors.

{Insert Table 1 approximately here}

2.2 Goats

Thirty-six multiparous Alpine goats were selected for the experiment. Their average kidding
date was 10 February 2016. Goats were fed ad libitum with grass hay plus concentrate from
kidding until turn-out to pasture on 7 March 2016. After a transition period from hay to
pasture, all goats grazed together as one single herd with 602 g DM/d of concentrate, 371 g
DM/d of dehydrated lucerne and 7 h/d of access to pasture from 20 March to 30 March. Three
homogeneous groups of 12 goats were balanced according to their individual characteristics
measured from 21 March to 27 March: lactation number (3.9 = 1.6 lactations), stage of
lactation (47 + 5.6 days in milk), milk production (3.7 + 0.6 kg/d), milk fat concentration
(38.5 + 3.9 g/kg), milk protein concentration (31.0 + 2.7 g/kg) and body weight (53.6 + 7.1
kg). The difference between groups did not exceed 2% for any of these variables, except for
lactation number (6%). Each group was then affected to one of the three treatments for the

duration of the experiment.
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2.3 Pasture and grazing management

The pasture used was sown in autumn 2011 with a mixture of perennial ryegrass (Lolium
perenne L. cv Tryskal, 10 kg/ha), tall fescue (Festuca arundinacea Schreb cv Callina, 10
kg/ha), white clover (Trifolium repens L. cv Trissid, 3 kg/ha), chicory (Cichorium intybus L.
cv Puna, 1 kg/ha) and inoculated lucerne (Medicago sativa L. cv Prunelle, 10 kg/ha).

The 2-ha pasture was divided into three paddocks: two 6000 m? paddocks and one 8000 m?
paddock. The largest was grazed during the pre-experimental period. During the experiment,
the two 6000 m2? paddocks were divided into three sub-paddocks by electric fences for
approximately 10 days of grazing in each paddock. The three groups of goats grazed in
adjacent sub-paddocks, working in a strip-grazing system with the front fence moved daily
and the back fence moved twice weekly. The area allocated daily to each treatment was
calculated from a daily estimate of pre-grazing pasture mass by multiplying daily pre-grazing

sward height by sward bulk density (see 2.4. Feed and pasture measurements).

2.4. Feed and pasture measurements

The dry matter concentration of the commercial concentrate, of the specific concentrate
containing ytterbium oxide for intake measurement (called Yb-concentrate, see chapter 2.5.2),
and of dehydrated lucerne was determined daily from days 14 to 15 and from days 18 to 21 on
100-g subsamples.

On days -2, 4, 8, 13 and 18, pasture was sampled on 2 strips of 0.5 X 5 m per treatment with a
motor-scythe, at a cutting height of 4 cm above ground level. Pasture harvested in each strip
was weighed and pasture DM concentration was determined on a representative 500 g
subsample, to calculate pasture harvested on a DM basis (kg DM/ha). Pre-cut and post-cut
sward heights were measured 10 times on each cut strip with a rising plate meter (30 x 30 cm,

4.5 kg/m2, Aurea Agrosciences, Blanquefort, France) to calculate the depth of cutting (cm).
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The sward bulk density (kg DM per ha per cm) was calculated on each strip by dividing the
pasture harvested (kg DM/ha) by the depth of cutting (cm), and then averaged per date.

The chemical composition of pasture offered was determined on other 500 g subsamples
collected on days 13 and 18 in each cut strip, washed to eliminate soil residuals, dried, and
bulked per treatment and per week before analyses.

The botanical composition of offered pasture was determined on day 14, from handfuls of
pasture (minimum 1 kg per treatment) cut with scissors, randomly selected in the pasture to be
grazed in the next seven days. Samples were manually sorted into 5 classes: grass, clover,
chicory, dandelion, lucerne and other species, then dried and weighed to calculate the
proportion of each class on a dry matter basis.

From days 14 to 15 and from days 18 to 20, every morning before grazing, pasture apparently
selected by goats was sampled (minimum 500 g per treatment), imitating the post-grazing
sward height of the previous day, by cutting handfuls of pasture with scissors. Samples were
oven-dried and bulked per treatment and per week before chemical analyses.

Pre- and post-grazing pasture heights were determined daily from 30 random measurements
per treatment with an electronic plate meter on the strip to be grazed the next day and on the
strip just grazed, respectively. Pre-grazing extended tiller height and extended sheath height
were measured with a ruler on days 14, 18 and 20 on 50 randomly selected ryegrass tillers per
treatment. Post-grazing extended tiller height and extended sheath height were measured on
100 randomly selected ryegrass tillers per treatment on days 15, 19 and 21. Pre- and post-
grazing lamina lengths were calculated using the difference between tiller height and sheath
height. The post-grazing proportion of lamina-free tillers was calculated as the proportion of

tillers whose main lamina was totally defoliated.

2.5. Animal measurements
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2.5.1. Milk production and body weight

Milk production was measured individually at each milking. Milk fat and protein
concentrations were determined at each milking from days 11 to 13 and from days 18 to 20 by
mid infra-red spectrophotometry (Milkoscan, Foss Electric, Hillergd, Denmark). Body weight

was recorded on day 22 after morning milking.

2.5.2. Intake and energy balance

Individual pasture DM intake (PI) was determined during the last 5 days of the experiment
from daily faecal output and diet OM digestibility, according to the indirect 2-step calculation
of the ytterbium oxide (Yb)/faecal index method (Pérez-Ramirez et al., 2012; Delagarde et al.,
2018a). Daily faecal output was estimated from the dilution of Yb incorporated in a pelleted
Yb-concentrate. The pelleted Yb-concentrate consisted of the following ingredients on a fresh
matter basis: wheat, 35%; wheat bran, 29.5%; soyabean meal, 16%; maize, 15%; molasses,
4%; ytterbium oxide, 0.5%. Throughout the experiment, each goat received 15.0 g (= 0.1 g) of
the Yb-concentrate after each milking (i.e. 0.13 g/d of ytterbium oxide). On the last 7 days,
the straw litter was covered by wood chips to prevent straw intake by goats. Faeces were
rectally sampled from the evening milking on day 17 to the morning milking on day 22, after
each milking. Occasionally, faecal sampling was not successful due to empty rectum, but this
happened at maximum one times per goat over the ten sampling times. Faeces per goat were
then stored at +4°C before oven-drying and chemical analyses. Then, PI was calculated

according to Equation 1 (Pérez-Ramirez et al., 2012):

Dy»
1 Fyb

PI=
oMy | (1-oMDp)

_ OMIs (Eq. 1)

where PI represents the daily pasture intake (kg DM/d); OMp represents the selected pasture

OM concentration (g/kg DM); Dy, represents the daily dose of Yb (mg Yb/day); Fyb
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represents the faecal Yb concentration (mg/ kg OM); OMIs represents the OM intake from all
supplements (kg OM/d) and OMDp represents OM digestibility of the diet, calculated from
Equation 2:

0.0194 + A
OMDp =0.922 - ———— - 0.445 x FapF? (Eq. 2)
CP

(n=41,R2=0.82, RSD =0.017)

where OMDp represents the diet OM digestibility, Fcp represents the faecal CP concentration
(g/g OM), Fapr represents the faecal ADF concentration (g/g OM), and A represents a
corrective factor related to dehydrated lucerne (A = + 0.00192 for diets containing dehydrated
lucerne and A = - 0.00192 for diets without dehydrated lucerne). This equation was built by
multiple regression analysis from a dataset comprised of 5 indoor experiments carried out
between autumn 2015 and spring 2017 (Charpentier et al., 2017; Delagarde et al.,
unpublished). In these experiments, goats were fed a large range of diet quality, diet
composition and intake levels which mimic what could happen under grazing conditions.
Intake of each feed and faecal output by total collection was precisely measured during 5
consecutive days at the end of each experimental period.

Individual net energy (in UFL, Unité Fourragere Lait, 1 UFL = 7.12 MJ of NE) and
metabolisable protein (PDI) balances were calculated according to INRA (2010) equations
and expressed as the proportion of requirements covered by supply. The UFL and PDI
requirements for maintenance and milk production were calculated from body weight (BW)
and 3.5% fat corrected milk (FCM) production. The UFL and PDI supplies were calculated
using pasture intake and supplement intake and based on their respective concentrations in
UFL and PDI. Nutritive values (UFL and PDI) of pre-grazing and selected pasture were
calculated using their chemical composition according to INRA (2010). The digestive

interactions related to feeding level and to concentrate supplementation level were considered



199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

in the calculations, estimated from the ratio between milk production and live weight (INRA,

2010).

2.5.3. Blood metabolites

Blood glucose, urea and NEFA (Non-Esterified Fatty Acids) concentrations were collected on
the morning of day 22, after weighing. A blood sample was withdrawn in each goat by jugular
venepuncture into evacuated collection tubes containing Lithium heparin. After centrifugation

(2 000 x g at 4°C for 15 min), the plasma was stored at -20°C.

2.5.4. Grazing behaviour

Grazing activities were determined with the Kenz Lifecorder Plus Device (LCP, Suzuken Co.
Ltd., Nagoya, Japan) placed in a waterproof box under the goat's neck. This device makes it
possible to record grazing time with a good level of accuracy on dairy cows (Delagarde and
Lamberton, 2015) and dairy goats (Delagarde et al., 2018b). Grazing time was recorded from
days 15 to 21, with at least 3 or 4 recording days per goat. As only 21 devices were available,
7 goats per treatment were first equipped from days 15 to 17, the other 5 goats being equipped
from days 18 to 21, along with 2 goats for which the first days of recordings were eventually
unsatisfactory. Grazing meal and grazing time were defined in accordance with Charpentier
and Delagarde (2018). The pasture intake rate (g DM/h) was calculated per goat by dividing

the average PI by the average grazing time.

2.6. Chemical analyses
The DM concentration of all feeds was measured by drying in a ventilated oven at 60°C for
48 h for pasture and supplements, and for 72 h for faeces. All oven-dried feed and faecal

samples were ground through a 0.8 mm screen before chemical analyses. The OM
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concentration was determined by ashing at 550°C for 5 h in a muffle furnace (AOAC, 1990).
Nitrogen concentration was determined using the Dumas method (AOAC, 1990) on a Leco
apparatus (Leco, St Joseph, MI). The concentrations of neutral detergent fibre (NDF), acid
detergent fibre (ADF), and acid detergent lignin (ADL) were measured according to AOAC
(1990) on a Fibersac extraction unit (Ankon Technology, Fairport, NY). Pepsin-cellulase
digestibility was determined according to Aufrére and Michalet-Doreau (1988). Ytterbium
oxide was determined by atomic absorption spectrophotometry with a nitrous oxide/acetylene
flame after calcination and digestion in nitric acid, in accordance with Siddons et al. (1985).
Blood metabolites concentration was assessed using a multi-parameter analyser (KONE

Instruments 200 Corporation, Espoo, Finland).

2.7. Statistical analyses

Data from the adaptation period (days 1 to 7) were not considered for statistical analyses. The
pasture data, averaged per treatment and per week, were analysed according to the principles
of the Generalised Linear Model of SAS Institute (2008) as follows:

Yj; = n + Treatment; + Week; + €;

Where Yjj represents the analysed variable, p represents the overall mean, Treatment;
represents the fixed effect of the treatment (n=3), Week; represents the fixed effect of the
week (n=2), and ejj represents the residual error term.

Animal data from days 8 to 21 were averaged per goat before statistical analyses.

The animal data for which a covariate from the reference period was available (milk
production, milk composition, and body weight) were analysed according to the Generalised
Linear Model of SAS Institute (2008):

Yij = 1 + covi + Treatment; + €;j

10
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Where Yjj represents the analysed variable, p represents the overall mean, covi, represents the
covariate, Treatment; represents the fixed effect the treatment, and ej; represents the residual
error term.

The animal data with no available covariates (feed intake, blood metabolites, grazing
behaviour) were analysed according to the following model: Yi = pu + Treatment; + e;

Where Yi represents the analysed variable, p represents the overall mean, Treatment;
represents the fixed effect the treatment, and e; represents the residual error term.

In the Results section, treatment effect (P < 0.05) or tendency (P < 0.10) refer to the global F
test. Pairwise comparisons between treatments were tested by Student T-test and differences

between adjusted means are presented only if P < 0.05.

3. Results

3.1. Weather

The weather conditions were typical of spring conditions for the region. The mean
temperature and total rainfall in April 2016 were 9°C and 51 mm, respectively. This figure

was colder than the average April period for 2011-2015 (11°C and 55 mm).

3.2. Pre-grazing pasture characteristics

As expected, pre-grazing pasture characteristics were not different between treatments (Table
2). The pasture botanical composition was on average 50% grass (ryegrass and fescue), 29%
dandelion (naturally present), 11% chicory, 8% clover, 1% lucerne and 1% other species, on a
DM basis. Pre-grazing pasture mass at 4 cm above ground level averaged 2467 kg DM/ha.
Pre-grazing rising plate meter, extended tiller height, extended sheath height and extended

lamina length averaged 14.2, 26.3, 7.3 and 19.0 cm, respectively. Average pre-grazing pasture

11
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OM digestibility (0.776), CP concentration (196 g/kg DM) and NDF concentration (463 g/kg
DM) are indicative of high-quality pastures.

{Insert Table 2 approximately here}

3.3. Grazing management and post-grazing pasture characteristics

Pasture allowance averaged 2.3 kg DM/d per goat, regardless of treatments. Post-grazing
rising plate meter height (6.2 cm), extended sheath height (5.3 cm) and extended lamina
length (4.5 cm) were unaffected by treatments (Table 3). Post-grazing extended tiller height
was greatest in AT7D and lowest in AT11 (P<0.05). Thereby, the percentage of lamina-free
tillers was greatest in AT11 and lowest in AT7D (P<0.05). The quality of the apparently
selected pasture was in general unaffected by treatments and was numerically greater than that
of offered pasture by 0.032 for OM digestibility and by 22 g/kg DM for CP concentration.
The ADF concentration of apparently selected pasture was greater by 11 g/lkg DM on AT11
than on AT7 and AT7D (P<0.01). The ADL concentration of apparently selected pasture
averaged 30 g/kg DM and was lowest on AT11, greatest on AT7D and intermediate on AT7
(P<0.05).

{Insert Table 3 approximately here}

3.4. Milk production, milk composition and body weight

Milk production and 3.5% FCM production were respectively greater by 0.30 kg/d and 0.28
kg/d on AT7D than on AT7 and ATI11 (P<0.001; Table 4). Without dehydrated lucerne
supplementation, the increase in access time from 7 to 11 h/d did not affect milk, fat or
protein productions. The milk response to dehydrated lucerne supplementation at 7 h/d of
access time to pasture was 0.82 kg of milk/kg DM of dehydrated lucerne. Milk fat and milk

protein concentrations were unaffected by treatments and averaged 35.1 and 29.9 g/kg of

12
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milk, respectively. Milk fat production was greater by 11 g/d on AT7D than on AT7 and
ATI11 (P<0.01). Milk protein production was greater by 10 g/d on AT7D than on AT7
(P<0.01). Body weight averaged 52.1 kg and was unaffected by treatments.

{Insert Table 4 approximately here}

3.5. Faecal output, diet OM digestibility, intake and energy balance

Faecal output was greater by 78 g OM/d on AT7D and AT11 than on AT7 (P<0.001; Table
4). Diet OM digestibility was lower on AT7D than on AT7 and ATI11 (0.791 vs 0.823;
P<0.001). There was no concentrate or dehydrated lucerne refusal throughout the experiment.
The total supplement intake was of 602 g DM/d for concentrate, 27 g DM/d for Yb-
concentrate and 361 g DM/d for dehydrated lucerne. Pasture intake increased by 433 ¢ DM/d
when access time was increased from 7 to 11 h/d (P<0.01). Pasture intake decreased by 259 g
DM/d when dehydrated lucerne was supplied (P<0.01), which means an average substitution
rate of (.72 between pasture and dehydrated lucerne. Total intake was greater by 383 g DM/d
on AT11 than on AT7 and AT7D (P<0.01). Energy (UFL) and protein (PDI) supplies covered
100 to 150% of the requirements according to treatments and were greater by 19 and 26% on

ATI11 than on AT7 and AT7D, respectively.

3.6. Blood metabolites

Blood urea concentration was greater on AT7D than on AT7 (59.4 vs 53.2 mg/dl; P<0.05;
Table 4). Blood glucose and NEFA concentrations were unaffected by treatments and
averaged 61.1 mg/dl and 414 pumol/l, respectively.

{Insert Table 5 approximately here}

3.7 Grazing behaviour

13
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The grazing time and the number of grazing meals were greater on AT11 than on AT7 and
AT7D by 154 min and 3.0 meals, respectively (Table 6). Consequently, the proportion of time
spent grazing was lower on AT11 than on AT7 and AT7D (0.81 vs 0.90; P<0.001). Mean
grazing meal duration was lower on AT11 than on AT7D (84 vs 129 min; P<0.05). The first
grazing meal duration averaged 247 min and was unaffected by treatments. The pasture intake
rate tended to be lower on AT7D and AT11 than on AT7 (260 vs 295 g DM/h; P=0.08).

The daily pattern of grazing activity was similar between AT7 and AT7D, with an intense
grazing activity (more than 50 min/h) during the first 6 hours of access to the pasture (Figure
1). Goats on these treatments still grazed actively, i.e. approximately 40 min/h the seventh
hour of access. On AT11, grazing activity decreased progressively from the second hour (60
min/h) to the seventh hour (38 min/h) of access between the two milkings. After PM milking,
grazing activity was intense (more than 50 min/h) for at least 2 hours (Figure 1).

{Insert Table 6 approximately here}

{Insert Figure I approximately here}

4. Discussion

This experiment was carried out under good weather conditions, in early spring, and on high-
quality multi-species pastures, as shown by the botanical and chemical composition of the
pasture offered and selected in all treatments. The results may thus not be extrapolated to
more adverse grazing conditions, such as summer or autumn seasons, with lower pasture
quality. This study would need to be repeated, particularly considering the very few data
available in the literature on intake regulation of grazing dairy goats. Although this study was
of short duration, the number of goats per treatment was sufficient to detect significant effects

of treatments.
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Total DM intake in our study (5.2% of BW or 139 g/kg BW7) was greater than the average
value reported for grazing Alpine dairy goats supplemented with 1 kg DM/d of concentrates
(3.0% of BW or 82 g/kg BW%7%; Keli et al., 2017). It was however close to the voluntary DM
intake predicted from pre-experimental BW and milk production, supplementation level and
pasture fill value (4.8% of BW or 130 g/lkg BW®”, INRA, 2010). The great intake level
observed in our study may be clearly related to the high-quality of the pasture offered, that
increases its ingestibility (INRA, 2010). The method used to estimate pasture DM intake has
been validated indoors against actual intake in lactating goats and seems greatly accurate over

the range of feeding conditions studied in this experiment (Delagarde et al., 2018a).

Goat responses to access time to pasture

The effect of AT on pasture intake

Studies on the effect of daily access time to pasture on intake or performance are scarce and
mainly carried out on meat goats, with young castrated males (Berhan et al., 2005), dried
meat goats (Romney et al., 1996), or suckling goats (Tovar-Luna et al., 2011). Two recent
studies were carried out on Alpine dairy goats in early lactation (Keli et al., 2017) or mid-
lactation (Charpentier and Delagarde, 2018).

The decrease in pasture intake when access time was restricted from 11 to 7 h/d was
significant (-433 g DM/d, i.e. 18% or 108 g DM/d per hour of reduction of access time). The
reduction of pasture intake with restriction of access time has already been observed in
grazing goats, but generally to a lesser extent. Tovar Luna et al. (2011) reported a decrease in
pasture intake of 36 g DM/d per hour of AT less when AT decreased from 24 h to 12 h/d. A
similar range of variation of pasture intake (-34 g DM/d per h of AT less) was observed for a
reduction of AT from 8 h to 4 h/d on growing meat goats or dried meat goats (Berhan et al.,

2005; Romney et al., 1996). At the contrary, Keli et al. (2017) reported no effect of AT on
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pasture intake, either between 22 h and 8 h/d or between 8 h and 6 h/d), probably due to a
high supplementation level and a low pasture intake. Lower pasture intake with restricted AT
has also been observed on sheep (lason et al., 1999; Molle et al., 2014) and dairy cows

(Kennedy et al., 2009 ; Pérez-Ramirez et al., 2008).

The effect of AT on grazing behaviour

Daily grazing time was greatly impacted by AT restriction, with an 18% reduction (-2.5 h/d)
between 11 and 7 h/d of AT. Grazing times recorded are close to those observed on grazing
dairy goats with 8 h/d of AT (Charpentier and Delagarde, 2018; Keli et al., 2017) or with 13
h/d of AT (Charpentier and Delagarde, 2018). It is also within the range of grazing time
observed on meat goats with 8 h of AT (319 to 381 min/d; Berhan et al., 2005 ; Romney et al.,
1996) or with an AT of at least 12 h/d (434 to 624 min/d; Berhan et al., 2005; Keli et al.,
2017; Tovar-Luna et al., 2011). The reduction of grazing time with decreasing AT is high (-39
min/d per h of AT less), and close to the reduction observed between 8 and 6 h/d or between 8
and 4 h/d of AT in dairy goat studies (31 min/d per h of AT less on average; Berhan et al.,
2005; Charpentier and Delagarde, 2018; Keli et al., 2017; Romney et al., 1996).

The average pasture intake rate observed (272 g DM/h) is within the greatest values of the
range reported for grazing adult goats (105 to 276 g DM/h; ; Askar et al., 2013; Keli et al.,
2017; Romney et al., 1996; Tovar-Luna et al., 2011). This should be related to the high milk
production level (> 3.5 kg/d) that can stimulate intake and motivation to eat fast (INRA,
2010), but also to the high quality of the pasture and to the high pre-grazing height that makes
it possible to maximise intake rate (Edwards et al., 1995). The trend on the increase in pasture
intake rate when AT was reduced is consistent with previous studies on dairy goats (Keli et
al., 2017), meat goats (Berhan et al., 2005; Romney et al., 1996), sheep (Molle et al., 2017)

and dairy cows (Pérez-Ramirez et al., 2008), and shows the ability of ruminants to eat the
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same feed faster when under greater time constraint (Ginane and Petit, 2005). In our
experiment, the relative increase in pasture intake rate between 11 to 7 h/d of access time is
about 13%, which is lower than the values reported by the above-cited studies (20-40%),
suggesting that the time constraint to graze was not so significant.

Goats also showed a great ability to postpone activities other than grazing (i.e. rumination and
rest) to prioritise intake, with more than 90% of available time spent grazing, as already
observed by Charpentier and Delagarde (2018). In all treatments, goats showed a great ability
to maintain a long grazing activity period from the beginning of the grazing session in the
morning, with a first mean grazing meal duration of more than 4 h and then a slow
progressive reduction of grazing activities until the evening milking. This was also reported
by Keli et al. (2017), with an AT of 6 h/d, but not for an AT of 8 h/d, where 2 mean grazing
activity periods were observed. Grazing cows do not seem to have the ability to graze for such
long periods of time, with a clear interruption of grazing at midday after 3 h of grazing,
including when access time to pasture is short (Pérez-Prieto et al., 2011; Pérez-Ramirez et al.,

2009).

The effect of AT on milk production and composition

The lack of significant effect of AT on milk production between 7 and 11 h/d of AT has
already been observed in dairy goats (Charpentier and Delagarde, 2018; Keli et al, 2017) and
in dairy cows (Kennedy et al., 2009; Pérez-Ramirez et al., 2009) within the same range of
access time to pasture. In our study, this result may also be related to the fact that goats grazed
on high quality pastures and received 600 g/d of concentrate, which seems not restrictive
nutritional conditions even at 7 h/d of AT. The lack of effect of AT on milk fat and protein
concentrations is also consistent with previous studies done with grazing lactating goats

(Charpentier and Delagarde, 2018; Keli et al., 2017; Tovar-Luna et al., 2011). It is not clear
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however why the reduction in pasture intake when access time was restricted to 7 h/d was not
reflected by a similar reduction in milk production. We can hypothesise greater extent of
digestion of pasture, with more time for rumination after evening milking, and less energy
requirement for grazing activities, as grazing time was reduced by 2.5 h/d (-28%) when access

time at pasture was reduced from 11 to 7 h/d.

Goat responses to supplementation

With a daily access time to pasture of 7 h/d, the substitution rate between pasture and
dehydrated lucerne averaged 0.72, which is intermediate between substitution rates observed
for concentrates (0.2 to 0.4) and for conserved forages (0.8 to 1.1) used as supplements
(INRA, 2010) for a similar level of inclusion in the diet. Dehydrated forages may be
considered as concentrates when given as pellets, as in this experiment, due to their low
rumen filling effect (INRA, 2010). The value of 0.72 may thus be regarded as relatively high:
this can be explained by the high quality of the pasture grazed (NRC, 2007) and by the fact
that goats already receive 600 g/d of commercial concentrate, leading to a greater marginal
substitution rate than when compared to goats fed only on forages (INRA, 2010; Sauvant et
al.,, 2012). In the conditions of this experiment, the relatively high substitution rate also
suggests that pasture intake was not restricted by access time itself for goats not receiving
dehydrated lucerne. In fact, substitution rate is lower when pasture intake is restricted by a
grazing management factor than when ruminants are fed ad libitum (Delagarde et al., 2011).
The increase in milk production with supplementation was high (+0.82 kg/kg DM of
dehydrated lucerne) and within the range observed for milk production response to
concentrate supplementation of grazing dairy goats (Lefrileux et al., 2008; Rubino et al.,
1995). The reason for such a high milk production response to the supply of pelleted

dehydrated lucerne is unclear, particularly considering the relatively great substitution rate
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and the fact that energy and protein supplies did not increase when goats received the lucerne.
The fact that milk fat and protein concentrations were unaffected by dehydrated lucerne
supplementation is consistent with the results of Lefrileux et al. (2008), who tested several
levels and sources of concentrates at grazing. In large databases, concentrate supplementation
generally leads to a decrease of milk fat concentration, but to no variation of milk protein
concentration (Sauvant et al., 2012), contrary to what occurs in grazing or stall-fed dairy cows
(Delaby et al., 2003; INRA, 2010).

The results of this experiment suggest that providing 400 g/d of dehydrated lucerne to grazing
goats has a much stronger positive effect on milk production than an additional grazing period
of 4 hours after evening milking. This does not come from a greater intake, as total intake was
greater in the AT11 than in the AT7D treatment, due to the great substitution rate between
pasture and dehydrated lucerne. It can be hypothesised that the increase in energy
requirements in relation to greater access time and effective grazing time and activities in

ATI1 leads at least partly to an increase in DM intake not reflected in milk production.

5. Conclusions

Dairy goats under rotational grazing systems on multispecies temperate pastures in spring
demonstrated their ability to adapt their grazing behaviour to an access time restriction from
11 to 7 h/d. However, these adaptations were not sufficient to maintain daily pasture intake.
Despite the reduction of pasture intake, it seems that 7 h/d of access time to pasture was
sufficient for goats to produce their expected milk production, because of the 600 g/d of
concentrate fed and to the high quality of the pastures. The results of this experiment also
suggest that providing to grazing dairy goats 400 g/d of dehydrated lucerne has a much
stronger positive effect on milk production than an additional grazing period of 4 hours after

evening milking.
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Table 1 Chemical composition and nutritive value of supplements

Supplement Concentrate Deftydrated Yb-concentrate
lucerne

Chemical composition (g/kg DM)
DM (g/kg of fresh) 906 929 901
oM 937 903 954
CP 210 177 188
NDF 379 490 238
ADF 156 322 67
ADL 20 72 16

Nutritive value
PDIN (g/kg DM)! 150 120 135
PDIE (g/kg DM)! 135 104 117
UFL (/kg DM)? 1.05 0.70 1.05

! Metabolisable Protein when Nitrogen (PDIN) or Energy (PDIE) is limiting for microbial protein synthesis in

the rumen ( INRA, 2010)

2 UFL: Unité Fourragere Lait, 1 UFL = 7.115 MJ of Net Energy (INRA, 2010)
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Table 2 Pre-grazing pasture characteristics: pasture mass, sward height, chemical

composition and nutritive value of offered pasture.

Variables Treatment SEM Povalue
AT7 AT7D ATI11
Pasture mass (kg DM/ha)’ 2415 2472 2513 70.0 0.670
Pre-grazing sward height (cm)
Rising plate meter 14.0 14.2 14.4 0.29 0.659
Extended tiller 26.5 26.0 26.5 0.90 0.915
Extended sheath 7.4 7.7 6.8 0.16 0.096
Extended lamina® 19.1 18.3 19.7 0.87 0.594
Chemical composition (g/kg DM)
DM (g/ kg of fresh) 148 155 149 4.2 0.560
oM 907 909 905 2.8 0.605
CP 200 178 200 5.1 0.149
NDF 472 461 456 10.2 0.599
ADF 231 228 227 3.6 0.778
ADL 27 30 28 1.4 0.611
Nutritive value
OM digestibility (g/g)? 0.773 0.771 0.783 0.0087 0.639
PDIN (g/kg DM)* 128 114 129 3.6 0.157
PDIE (g/kg DM)* 100 97 100 1.5 0.375
UFL (/kg DM)? 0.96 0.95 0.97 0.012 0.737

Access time to pasture (AT) : 7 h/d without dehydrated lucerne (AT7); 7 h/d with dehydrated lucerne (AT7D);

and 11 h/d without dehydrated lucerne (AT11). SEM = Standard Error of the Mean.

! Measured at 4 cm above ground level

2 Difference between extended tiller height and extended sheath height.

3 Calculated from pepsin-cellulase digestibility (Aufrére and Michalet-Doreau, 1988)

4 Metabolisable Protein when Nitrogen (PDIN) or Energy (PDIE) is limiting for microbial synthesis in the rumen

(INRA, 2010)

> UPFL = Unité Fourragere Lait (1 UFL = 7.115 MJ of Net Energy; INRA, 2010).

ab For each variable, mean values with different superscript letters are significantly different (P < 0.05)
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Table 3 Effect of daily access time to pasture and of dehydrated lucerne supplementation on

post-grazing pasture characteristics and on quality of the pasture apparently selected by

goats.
Variables Treatment SEM Povalue
AT7 AT7D AT11

Post-grazing sward height (cm)
Rising plate meter 6.0 6.7 6.0 0.20 0.201
Extended tiller 9.7%® 10.4° 9.32 0.11 0.037
Extended sheath 5.3 5.2 5.3 0.16 0.834
Extended lamina! 4.4 52 4.0 0.28 0.165
Lamina-free tillers (%) 192 16? 24 0.9 0.049

Chemical composition (g/kg DM)
DM (g/ kg of fresh) 140 135 146 3.1 0.229
oM 906 899 900 1.3 0.095
CP 210 216 218 33 0.398
NDF 461 446 482 19.2 0.528
ADF 213 215* 225° 0.4 0.003
ADL 30° 34¢ 25° 0.6 0.013

Nutritive value
OM digestibility (g/g)* 0.803 0.820 0.802 0.0127 0.589
PDIN (g/kg DM)? 135 140 140 23 0.442
PDIE (g/kg DM)? 104 105 104 0.4 0.151
UFL (/kg DM)* 1.00 1.02 0.99 0.022 0.607

Access time to pasture (AT):7 h/d without dehydrated lucerne (AT7); 7 h/d with dehydrated lucerne (AT7D);

and 11 h/d without dehydrated lucerne (AT11). SEM = Standard Error of the Mean.
! Difference between extended tiller height and extended sheath height.
2 Calculated from pepsin-cellulase digestibility (Aufrére and Michalet-Doreau, 1988)

3 Metabolisable Protein when Nitrogen (PDIN) or Energy (PDIE) is limiting for microbial synthesis in the rumen

(INRA, 2010)

4 UFL = Unité Fourragere Lait (1 UFL = 7.115 MJ of Net Energy; INRA, 2010).

b For each variable, mean values with different superscript letters are significantly different (P < 0.05)
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Table 4 Effect of daily access time to pasture and of dehydrated lucerne supplementation on

milk production, milk composition and body weight of strip-grazing dairy goats.

Variables Treatment

AT7 AT7D ATI11
Milk production (kg/d) 3.56* 3.92° 3.68*
Milk fat concentration (g/kg) 35.8 35.2 34.2
Milk protein concentration (g/kg) 29.7 29.6 30.1
3.5% fat-corrected milk production (kg/d) 3.55% 3.86" 3.61°
Milk fat production (g/d) 127% 137° 125¢
Milk protein production (g/d) 105® 115° 110
Body weight (kg) 51.6 52.0 52.6

SEM

0.060
0.63
0.26

0.064

2.8
2.1
0.32

P-value

0.001
0.221
0.409
0.005
0.010
0.008
0.102

Access time to pasture (AT): 7 h/d without dehydrated lucerne (AT7); 7 h/d with dehydrated lucerne (AT7D);
and 11 h/d without dehydrated lucerne (AT11). SEM = Standard Error of the Mean.
b For each variable, mean values with different superscript letters are significantly different (P <0.05)
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634  Table 5 Effect of daily access time to pasture and of dehydrated lucerne supplementation on
635 intake and blood metabolites of strip-grazing dairy goats.

Variables Treatment
SEM P-value
AT7 AT7D ATI11

Feed intake
Faecal OM output (g OM/d) 409° 498° 475° 13.7 0.001
Diet OM digestibility (g/g)" 0.823° 0.791* 0.823° 0.0017 0.001
Pasture intake (g DM/d) 1893° 16342 2326°¢ 82.1 0.001
Total intake (g DM/d)? 2521* 2623 2955° 82.4 0.003
UFL supply (% of requirements) * 1022 99° 120° 2.7 0.001
PDI supply (% of requirements)* 133% 125¢ 155° 3.5 0.001

Blood metabolites
Urea (mg/dl) 53.2¢ 59.4° 56.7%® 1.59 0.034
Glucose (mg/dl) 60.4 61.6 61.2 1.38 0.824
NEFA (umol/l)? 358 497 387 49.3 0.139

636 Access time to pasture (AT): 7 h/d without dehydrated lucerne (AT7); 7 h/d with dehydrated lucerne (AT7D);
637 and 11 h/d without dehydrated lucerne (AT11). SEM = Standard Error of the Mean.

638 ! From faecal indicators

639 2Total intake = Pasture + concentrate + Yb-concentrate + dehydrated lucerne intake

640  *UFL = Unité Fourragere Lait (1 UFL = 7.115 MJ of Net Energy; INRA, 2010)

641  *PDI = Metabolisable Protein (INRA, 2010)

642  5NEFA = Non esterified fatty acids

643 4 For each variable, mean values with different superscript letters are significantly different (P < 0.05)

644
645
646
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Table 6 Effect of daily access time to pasture and of dehydrated lucerne supplementation on

grazing behaviour of strip-grazing dairy goats.

Variables Treatment
SEM P-value
AT7 AT7D ATI11

Grazing time (min/d) 385 3792 536° 7.8 0.001
Proportion of time spent grazing 0.90° 0.90° 0.812 0.014 0.001
Number of grazing meals (meals/d) 3.7 3.4 6.6° 0.31 0.001
Mean grazing meal duration (min) 113® 129° 842 11.5 0.029
First grazing meal duration (min) 241 257 243 13.7 0.667
Pasture intake rate (g DM/h) 295 260 261 12.2 0.075

Access time to pasture (AT): 7 h/d without dehydrated lucerne (AT7); 7 h/d with dehydrated lucerne (AT7D);
and 11 h/d without dehydrated lucerne (AT11). SEM = Standard Error of the Mean.

4 For each variable, mean values with different superscript letters are significantly different (P < 0.05)
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Figure captions
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Figure 1 Daily pattern of grazing activity of strip-grazing dairy goats according to access
time to pasture (AT) and dehydrated lucerne (D) supplementation (® AT7, O AT7D, A ATII,

positive SE bars). AT7: 7 h/d of AT without D; AT7D: 7 h/d of AT with D; ATI11: 11 h/d of AT

without D.
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