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H I G H L I G H T S  

• Part-time grazing (PTG) ruminants display compensatory ingestive behaviour 
• They achieve levels of performance as good as 24 h-grazing ruminants if AT is 6-8 h/d. 
• PTG can results in reduction of energy expenditure and selective behaviour but fibre digestibility could be constrained 
• Beneficial FA in milk is usually higher in PTG than stall-fed ruminants 
• Horses show lower intake rates scaled to metabolic weight than ruminants 
• Horses are less adapted to short access time to pasture  
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A B S T R A C T   

Part-time grazing (PTG) is the grazing technique based on the time-restricted access to pasture of farmed her-
bivores, usually supplemented indoors. This review evaluates the effects of the duration of access to pasture on 
the functional responses of grazing time and herbage intake rate in cattle, sheep and horses and the implications 
of these responses on diet selection, diet digestibility, energy expenditure, animal welfare, the performance of 
ruminants and the quality of their products (milk and meat). 

Ruminants with restricted access time to pasture display compensatory behaviour through increased intake 
rate, achieving similar levels of intake and performance compared with 24 h-grazing ruminants, particularly if 
access time is in the range 6-8 h/d. This can depend on the reduction of locomotion energy expenditure, and, 
sometimes, on the selection of a better quality diet than that on offer. Nevertheless, due to lower ingestive fibre 
trituration, fibre digestibility could be reduced, particularly with access time <4 h/d. Moreover, milk content of 
FA regarded as beneficial for consumers’health, such as n-3 PUFA and rumenic acid, is usually higher in PTG 
than stall-fed ruminants, with a minimum access to grass pasture of 6 h/d in cows supplemented with total mixed 
rations or 4 h/d in sheep supplemented with concentrate and hay. Timing the grazing session of ruminants in the 
afternoon and evening hours is a good strategy to match pasture quality and animal attitude to forage intensively 
and efficiently, favouring intake, performance and produce quality. 

Horses show on average lower intake rates scaled to metabolic weight than ruminants, probably due to their 
lower energy requirements but also for the need to spend part of the time outdoor performing physical activity 
and social behavior. Therefore, they probably need longer access time than ruminants. However, access should 
be time restricted or avoided during periods of the year and day hours (from midday to evening) when herbage 
content of non structural carbohydrates (sum of starch and water soluble carbohydrates) is high (> 15 % DM) 
since it can be conducive to equine metabolic syndrome and laminitis. 

In general, PTG can improve ruminant and horse welfare as compared with stall-feeding with reference to 
appropriate behavior and freedom from some pathologies, although further research is needed to quantify these 
effects on a wider range of animal species and welfare indicators. 
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To conclude, PTG in ruminants and horse offers some benefits when properly managed, compared to 24 h- 
grazing and stall-feeding.   

1. Introduction 

In the last two decades several researchers have investigated the pros 
and cons of grazing of ruminants (e.g. Bellarby et al., 2013; Gregorini 
et al., 2017) and horses (Bott et al., 2013) as compared to confinement 
feeding. Benefits include lower feeding costs (Shalloo et al., 2004), 
lower carbon footprint (Dall-Orsoletta et al., 2016) and better animal 
health and well-being (Provenza et al., 2015), provided herbivores are 
sheltered from extreme weather conditions and adequately supple-
mented with concentrates and conserved forages (Molle et al., 2008, 
Knowles and Grace, 2013). Furthermore, grazing provides ecosystem 
services, such as conservation of biodiversity, and protection of soil and 
water resources of utmost importance at local and global levels. Finally, 
‘grass-fed’ dairy and meat products are often featured by high contents 
of micro-nutrients, such as polyunsaturated fatty acids (PUFA), known 
to enhance the “nutraceutical value” of products (Dewhurst et al., 2006; 
Buccioni et al., 2012; Provenza et al., 2019). However, grazing herbi-
vores are more exposed to harsh climatic conditions, toxic plants, fluc-
tuating feed quality and to a vast array of ecto and endoparasites than 
stall-fed herbivores. 

Restricting the access time to pasture, i.e. adopting a part-time 
grazing (PTG) technique, can be a good compromise, providing some 
advantages as compared with 24 h-grazing. They include: i) reduced 
sward damages due to less animal trampling, treading and fouling (e.g. 
Bott et al., 2013); ii) increased rate and evenness of herbage utilization 
due to less pasture contamination (Gregorini, 2012); iii) increased ni-
trogen utilization (Clark et al., 2010; Santana et al., 2017); iv) less risk of 
predation particularly in small ruminant grazing at night. 

In contrast, some of the putative disadvantages of PTG as compared 
24 h-grazing are: i) a lower quality of products (with reference to 
beneficial PUFA and other plant-sourced micro-nutrients (Dewhurst 
et al., 2012; Buccioni et al., 2012); ii) a lower level of ecosystem service 
provision; iii) higher labour input related to animal husbandry in non 
milked herbivores; iv) lower ability of animals to select and limit the 
intake of plants species or parts of plants with low nutritive value; v) 
need to use larger amounts of supplements, likely increasing the cost of 
the diet and the external nutrient inputs. 

The access time to pasture could affect differently feeding behaviour, 
intake and digestion in large ruminants, small ruminants and non- 
ruminant herbivores, such as the horse, whose gastro-intestinal tract, 
requirements and behavioural pattern are well differentiated. 

Rumen capacity is much higher in cows than sheep per unit of energy 
requirements (e.g. Cannas, 2004) and sheep have much higher DM 
intake (Van Soest, 1994) and NDF intake (Cannas et al., 2016), as pro-
portion of liveweight, and are more selective than cattle (Van Soest, 
1994). Horses, due to their monogastric digestive system, need to split 
their foraging in many meals during the daytime but, thanks to their 
large and highly compartmentalized hindgut where fibre is fermented, 
can utilize coarse diets (Van Soest, 1994), and increase to some extent 
their intake with increasing dietary fiber, differently from ruminants 
(Eduard et al., 2008). Moreover, they have usually shorter transit time 
and lower digestibility of fiber than ruminants, particularly at low levels 
of intake (Clauss, 2013). Grazing, i.e. foraging behaviour at pasture, 
hereunder considered as “area of sward canopy enclosed by fences”, is 
affected, among other factors, by the perception of the predation risk by 
the herbivore (Bakker et al., 2005, Laporte et al., 2010). Ruminants, 
particularly if hornless, have limited escape and defensive ability to-
wards predators. Horses, the fastest domesticated herbivores, can extend 
their foraging to the dark hours, when predation risk is higher. On the 
other hand, horses have to do so (i.e. foraging for a long time at a slow 

rate) to compensate for the limited storing capacity of their monogastric 
digestive system. Therefore, it seems reasonable to expect that cow, 
sheep and horse can respond differently to PTG. 

This review primarily aims at highlighting the impact of PTG on 
feeding behaviour and intake of grazing ruminants and the functional 
responses to changes in duration of daily grazing sessions. A side- 
objective is the assessment of the difference in the response to PTG 
among animal species, with particular reference to cattle, sheep and 
horses. 

In the following sections, we will sequentially review:  

1) the literature concerning the biological mechanism underlying the 
effect of time on foraging in grazing animals (overviewed in Section 
2);  

2) the effects of access time (AT, h/d) to pasture of ruminants and 
horses on:  
a feeding behaviour (Section 3), inclusive of grazing time (3.1), 

herbage intake rate (3.2) and their integrated response (herbage 
intake) (3.3);  

b diet selection and digestibility (Section 4);  
c energy expenditure (Section 5);  
d ruminant performance (direct and indirect effects) (Section 6);  
e animal welfare (Section 7). 

Finally, the main take-home messages and and future research needs 
will be presented (Section 8). 

For the purpose of this study, scientific literature was explored by 
using keywords such as grazing AND ruminants OR horses in biblio-
graphic databases. Only papers where at least one grazing treatment was 
time restricted were selected for further analysis. 

Although this review is conceptual in nature, the herbage intake rate 
response to different AT by cattle, sheep and horse was submitted to a 
modelling exercise with the aim to quantify the differences between 
these herbivore species. To this end, papers were filtered using keywords 
such as grazing & intake or pasture & intake, for the different animal 
species. No time span restriction was implemented. Then, selected pa-
pers were screened using as main inclusive criteria: 1) publication in 
peer refereed journals, 2) explicit focus on the effect of AT on herbage 
intake rate; 3) pasture based on grass, (i.e. excluding data referred to the 
grazing of legumes or forbs). 

2. Tenets of the effect of time on foraging 

In wild and free-ranging domesticated herbivores, foraging follows a 
well described pattern (Arnold and Dudzinsky, 1978). This pattern has a 
circadian cycle because of the powerful influence of light-dark cycle. 
However, it often includes an ultradian rhythm of ingestive activities of 
4-6h, depending on animal species and length of digesta retention time. 
In ruminants, the main meals and the main rumination periods are 
concentrated in the day-time and night-time, respectively (Fig. 1a). 
Besides the extreme latitudes of the Poles, in all seasons, the beginning 
of the first grazing meal of ruminants is usually synchronized with the 
time of dawn. 

Light stimulus is sensed by specialized retinal photoreceptors and 
conveyed to the hypothalamic suprachiasmatic nucleus (Meijr and 
Rietveld, 1989). This is the master pacemaker of feeding activity, due its 
cross-talk with the hunger and satiety centres of hypothalamus in the 
central nervous system (Freedman et al., 1999). The pace depends on 
‘clock genes’, which originate transcriptional/translational feedback 
loops able to synchronise the hypothalamic suprachiasmatic nucleus to 
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the 24 h almost exactly (Ko and Takahashi, 2006). Hence, due to the 
wide neural network centred in the light-driven pacemaker, undisturbed 
ruminants tend to start grazing at sunrise and stop grazing during dark 
hours, although nocturnal grazing has been reported in cows grazing in 
summer and hot weather conditions (e.g. Hassoun, 2002). Horses show a 
feeding behaviour pattern with ultradian peaks at pasture spread 
throughout over the 24 h, possibly as a result of a weaker photic 
entrainment in horse than in ruminant species (Murphy, 2019). 

In farmed animals, natural grazing patterns is artificially broken and 
or modulated into more discrete meals (arrangements of ingestive 
bouts), due to handling procedures such as milking in dairy animals, 
supplements offer, corralling to prevent predation (Fig. 1b). 

If the feed (pasture) offer is repeated daily at the same time this meal 
usually becomes a “zeitgeber” (time-maker), promoting the activity of 
another oscillator, named ‘food-entrainable oscillator’ (FEO) (Mis-
tleberger, 2004). This ‘metabolic clock’ is the pacemaker able to elicit a 
circadian rythm, called ‘food anticipatory activity’, which includes a 
simultaneous raise of locomotor activity, body temperature and plasma 
cortisol or corticosterone concentration just before the timed meal. The 
FEO could be located in different peripheral tissues and organs (Stokkan 
et al., 2001). In other words, there could be a web of interacting FEOs 
rather one single FEO, regulated by clock’genes, likewise the light 
entrainable oscillator (Feillet et al., 2006). 

Under free-ranging conditions, FEO and light entrainable oscillator 
are usually coupled (synchronous) but feeding management can dis-
continue this natural synchronization, e.g. when access to pasture is 

time restricted and delayed repeatedly and regularly towards midday or 
evening hours. In this case, as demonstrated in rodents, FEO can 
temporarily ‘overtake’ the light entrainable oscillator (Herzog and 
Muglia, 2006). Under these circumstances, time-bound access to feed:  

i) can be perceived and memorized by the animals due FEO’s web and 
related hormonal cascade, resulting in a reward expectation 
(Grieveldinger et al., 2011);  

ii) this, in its turn, can bring food anticipatory activity with increasing 
intensity along with a) the increased asynchrony (phase angles); b) 
the shortening of time access to feed; and c) the hunger level (Mis-
terberger, 2004; Piccione et al., 2003). 

Therefore, herbivores submitted to a routinary PTG regime can to 
some extent foresee the time of pasture allocation and this can 
contribute to “boost” their feeding behavioural response. 

3. Effect of AT on feeding behaviour 

In the following sections, the effects of PTG in terms of severity 
(constraint of AT in PTG herbivores, measured as h/day) and duration 
(length of PTG method application, measured as days) will be examined, 
considering several facets of herbivores’ ingestive behaviour. 

Fig. 1. A schematic description of the pattern of feeding behaviour at pasture in ruminants without (a) or with restriction of access time to pasture (b). In non- 
restricted time access conditions (a), grazing time is usually concentrated in two or three main grazing bouts at dawn, afternoon and evening, before dusk. When 
time at pasture is restricted (b) grazing usually becomes the main or the only activity at pasture. The time complement to 24 hours can be either devoted to fasting (F) 
or available for eating supplements (S). In both cases the time complement is also partially available for drinking, rumination, idling and social interaction. 
The time restriction can be measured as total time access, i.e. the sum of the daily time allocations to pasture (TA1 + TA2 in the example). The timing of access to 
pasture is indicated by the actual clock time of entry to and exit from pasture (10:00-12:00 and 18:00-20:00, in the example). Finally, frequency of allocation is the 
number of grazing sessions in a day (2, in the example). 
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3.1. Grazing time 

Grazing time (GT) is the time the herbivores devote to search and 
ingest herbage at pasture thus affecting daily herbage intake (Allden and 
Whittaker, 1970; Penning, 1986) as presented below, mechanistically: 

HDMI = GT x HDMIR (1)  

where: 
HDMI herbage DM intake (g DM/d); 
GT grazing time (min of grazing/d); 
HDMIR herbage DM intake rate (g DM/ min of grazing). 

In this general equation, grazing time GT is the measured free 
expression of animal feeding behaviour at pasture. In contrast, in the 
case of PTG, GT does not depend only on the animal behaviour. In fact, 
under PTG, GT can be partitioned in two factors, depending on man-
agement (AT) and on animal behaviour (GTP). The derived equation is 
as follows: 

HDMI = AT × GTP × HDMIR (2) 

Where: 
AT access time to pasture (min/d); 
GTP grazing time as proportion of AT. 

The equation 2 suggests that under PTG, herbage intake is affected 
by AT, in primis through a putative reduction of GT. In theory, the 
constraining effect of AT can be nil, when GT under unrestrained con-
ditions is lower than AT (GT in equation 1 <<AT). For instance, this 
occurs in non-lactating ruminants accessing pasture for 7-8 h/d with 
sufficient herbage availability and accessibility. In contrast, if the stop of 
grazing in PTG occurs well before the natural break, due to surfeit or 
satiety (GT>>AT), this can result in a lower HDMI, unless a raise of GTP 
and HDMIR compensate for the short AT. 

Due to the anatomical and physiological differences previously re-
ported, the effects of the restriction of AT will be discussed separately for 
each species. 

3.1.1. Cattle 
In most of PTG studies with dairy cattle, GT decreases with AT while 

the GTP increases linearly or exponentially, depending on the study 
(Fig. 2a). Similar responses have been reported for beef cattle (Felix 
et al., 2017). A previous review (Chilibroste et al., 2015) found a similar 
relationship in cattle submitted to PTG, with slope coefficient (0.927) 
exponential power (0.037) and R2 (0.79), slightly lower than in our case. 
Our review and that of Chilibroste et al. (2015) concur to evidence a 
compensatory mechanism, where cattle respond to a reduced AT to 

Fig. 2. Grazing proportion of access time in 
part-time grazing cows (a) and sheep (b). Data 
on cattle (2a) refer to: 1, Perez-Ramirez et al., 
2008; 2, Kristensen et al., 2007; 3, Kennedy 
et al., 2009; 4, Gregorini et al., 2009b; 5, Per-
ez-Ramirez et al., 2009; 6, Mattiauda et al., 
2013; 7, Hernandez-Mendo and Leaver 2004; 8, 
Kennedy et al., 2011; 9, Delaby et al., 2008; 10, 
Rego et al., 2008; 11, Dillon et al., 2002. Data 
on sheep (2b) refer to 1, Garcia-Rodriguez 
et al., 2005; 2, Molle et al., 2014; 3, Iason et al., 
1999; 4, Chen et al., 2013; 5, Zhang et al., 2014; 
6, Perojo et al., 2005; 7, Alvarez-Rodriguez 
et al., 2007; 8, Molle et al., 2017; 9, De Reno-
bales et al., 2012; 10, Cabiddu et al., 2017; 11, 
Valenti et al., 2017; 12, Garcia-Rodriguez and 
Oregui, 2004.   
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pasture by re-allocating their time budget in favour of foraging. The 
plasticity of GT is a measure of adaptation capability of free-ranging 
herbivores to tackle the continuous changes of weather, resource 
availability and predation risks that they experience in grazing systems. 

Grazing time is also affected by the level and quality of supplemen-
tation. As reported in numerous studies (Bargo et al., 2003; Tedeschi 
et al., 2019), the greater the level of supplementation the lower the GT. 
This occurs also in cows submitted to PTG, as reported by Per-
ez–Ramirez et al. (2008). This reduction of GT is caused by a 
post-ingestive negative feedback loop. Cereal grains and starch-based 
concentrates at high supplementation level can also depress GT, due 
to a possible impairment of rumen function [sub-clinical or clinical 
acidosis, (e.g. Bargo et al., 2003)]. 

The pattern and duration of grazing in ruminants subjected to PTG is 
also affected by rumen fill. According to Taweel et al. (2006), rumen fill 
affects more the termination of the meal preceding dusk (evening meal) 
than of those following dawn (morning meal) or midday (afternoon 
meal). Gregorini et al. (2007) highlighted the role of rumen fill in con-
trolling the feeding behaviour, by decreasing total eating time, intake 
rate, and bites per feeding station but increasing searching time and bite 
depth. 

Several studies have investigated the influence of AT restriction on 
the number of bouts, which usually decrease, and meal duration, which, 
in contrast, increases (Perez-Ramirez, et al., 2008; Kennedy et al., 2009; 
Gregorini et al., 2011). The restriction of AT decreased the number of 
feeding stations per grazing session, whereas the number of bites per 
feeding station increased (Gregorini et al., 2011). These reports 
demonstrate the change of focus of the animal to foraging rather than 
walking and searching for alternate resources. 

Foraging is usually synchronous among herd or flock mates (Penning 
et al., 1993). Herbivores grazing on the same plot tend to start grazing 
all together at certain clock hours, if free ranging, or shortly after pasture 
is allocated, if under PTG. However, they usually stop grazing at 
different times, according to their different requirements and or hunger 
levels. For example, lactating cows have longer grazing times than 
non-lactating counterparts (Gibb et al., 1999). Therefore, in severely AT 
restricted ruminants, the time constraint could affect proportionally 
more high-yielding than low-yielding ruminants. However, to the best of 
our knowledge, direct and explicit delving into this aspect with refer-
ence to PTG ruminants has not been reported so far. Gregorini et al. 
(2015) found that dairy cows selected for low residual feed intake 
showed a longer GT in the first meal as compared with cows selected for 
high residual feed intake, postponing rumination later in the day. 

Another aspect that deserves further investigation is the the effect of 
the size of grazing herd as modulator of grazing time. Group grazing 
ensures that the experience accumulated by each animal is shared 
among all (in goats: Shrader et al., 2007, Landau and Provenza, 2020) 
but increasing the group size can enhance the inter-individual compe-
tition for feed and may decrease the average intake, through an increase 
of walking vs grazing time, and a lower intake rate. 

Rumination time has a fundamental impact on ingestive process. 
Trituration of particles plays a fundamental role in favouring their 
degradation by rumen microbes and transit through the gastro-intestinal 
tract. Rumination time is usually shorter during ‘short’ AT, with the 
animal postponing rumination to periods in which they have no access 
to pasture (e.g. Perez-Ramirez et al., 2008). 

The pattern of rumination is also important. Gregorini et al. (2012b), 
showed that cows allocated to pasture once daily for 8 h had a lower 
rumination time than cows with c.a. 22 h/d AT, with a much lower 
rumination activity during the night. Splitting the AT in two grazing 
sessions of 4 h each alleviated the effect of the constrained allocation on 
rumination time. In general, the reduction of rumination time can slow 
down the rate of fiber fermentation in the rumen (Beauchemin, 2018). 

3.1.2. Sheep and goats 
Grazing time and eating time have been proven to be sensitive to the 

shortening of AT. For instance, an increase in GTP was observed in 
continuously stocked lactating meat sheep submitted to a moderate time 
restriction [(9.5 vs. 24 h/d, (Iason et al., 1999)] or to a more severe AT 
restriction (2, 4 and 6 h/d) in dairy sheep rotationally grazing Italian 
ryegrass (Molle et al., 2014a) or berseem clover (Molle et al., 2017). The 
functional response to access time of sheep is depicted in Fig. 2b. 

In sheep, like in cattle, rumination time and idling times at pasture 
decrease with short AT, as found in dairy ewes submitted to a severe 
restriction of AT (2 h/d) to Italian ryegrass (Molle et al., 2014a) or 
berseem clover (Molle et al., 2017). Unfortunately, in these studies, the 
authors were unable to measure the total time devoted daily to each 
activity, so a compensation effect during housing cannot be ruled out. 
Goats grazing grass pastures seem to behave like sheep, the shorter the 
AT is, the greater the GTP (Keli et al., 2017; Charpentier and Delagarde, 
2018; Charpentier and Delagarde, 2019). 

3.1.3. Horse 
Taking for granted the compensatory behaviour already shown in 

ruminants, the raise of GTP in horse with restricted AT can be expected. 
As reviewed by Ellis (2010) grazing meals are often shorter and more 
numerous in horses than ruminants, which could be easily explained by 
the limited reservoir volume (the stomach) in their gastro-intestinal 
tract. Therefore, horses could respond to restricted AT with smaller in-
crease in GTP, as compared to ruminants. However, to the best of our 
knowledge, data is lacking to test this hypothesis. 

3.2. Herbage intake rate 

The functional response to AT in the herbivore operates at the level 
of intake rate components, namely bite rate (BR, n. bites/min) and bite 
mass (BM, g DM). 

Bite rate increases with the reduction of AT (Table 1). The time 
devoted to bite is relatively constant [0.68 s, in cattle (Laca et al., 
1994)], whereas the time devoted to orally processing the ingestive 
bolus before swallowing is variable (Ungar, 1996). So PTG herbivores 
tend to reduce mastication in favour of biting, as shown in cattle by the 
raise of the bite to chew ratio (Kennedy et al., 2009). This effect depends 
also on forage characteristics: short but dense swards in general favour 
the increase of BR as compared with tall and sparse swards (Ungar, 
1996). 

Bite mass increases with the reduction of AT or the increase in fasting 
duration (Table 1). Bite mass is probably the most sensitive driver of 
herbage intake. In grazing conditions, BM depends on sward and animal 
factors. Herbage bulk density is the most relevant herbage modulator of 
BM (Ungar, 1996): it changes with forage species, grazing management 
and within species and grazing methods, across swards canopy strata 
and daytime. In other words, many pasture variables can explain the 
increase of BM in herbivores facing a short AT. From the animal point of 
view, if all pasture drivers remain equal, BM can change through an 
increase of bite depth or bite area. In dairy cattle, the latter has been 
found to increase with reduction of rumen fill (Gregorini et al., 2007; 
Gregorini et al., 2009a). 

3.2.1. Cattle 
Taking into account the effects of PTG on the above components of 

the herbage intake rate, it is not surprising that HDMIR increases when 
cattle are submitted to severe decrease of AT (Fig. 3a). In fact, intake 
rate is the product of BM by BR, both of which usually increase as AT is 
shortened. Herbage intake rate varies with hunger level (e.g. affected by 
supplementation regimen), with usually higher HDMIR in cows fed no 
supplements than in counterparts fed supplements (Perez-Ramirez, 
et al., 2008), and a trend to higher values in time-restricted cows grazing 
at low than high herbage allowance (Perez-Ramirez, et al., 2009). Thus, 
as cattle perceive reductions in AT, they compensate for it by eating 
faster. This trend is exponential (Fig. 3a), showing a time threshold 
below which the increase is more relevant. This trend also suggest that 
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Table 1 
Effects of restriction of time access to pasture on bite mass (BM) and bite rate (BR) in part-time grazing ruminants.  

Reference Animal type DIM days IBW kg IMY kg/d Exper. period Pasture type Grazing method HM t DM/ha SH mm AT h/d FA n/d TIMING BM g DM BR n/min 

Kristensen et al., 2007 Dairy cows 96 592 31 Growing season (6 wks) Perennial ryegrass + clover Cont. stocking 1.8 115 4 1 06:30 10:30 0.866 57         
1.6 110 6.5 1 06:30 13:00 0.625 59         
1.5 103 9 1 06:30 15:30 0.622 58 

Kennedy et al. 2009 Dairy cows 202 591 24 Mar-Apr Perennial ryegrass 80% Strip grazing 1.3 64 6 2 § § 0.690 56         
1.2 62 9 1 § § 0.480 58         
1.3 63 9 2 § § 0.520 59         
1.2 61 22 2 § § 0.470 57 

Gregorini et al., 2009b Dairy cows 35 470 24 Sept-Oct Mostly Perennial ryegrass Strip grazing 3.2*  8 1 08:00 16:00 1.99* 55*         
3.3*  8 2 08:00 16:00 1.98* 57*         
3.3*  22 2 08:00 06:00 1.42* 49* 

Mattiauda et al., 2013 Dairy cows 60 550 25 May-July Mixed grass and legume Strip grazing 1.5 65 8 1 07:00 15:00           
1.7 70 4 1 07:00 11:00 0.594 52         
1.5 65 4 1 11:00 15:00 0.709 50 

Iason et al., 1999 Lactating meat ewes 54 - May-Jun Perennial ryegrass Contin. stocking  30 9.5 1 09:30 18:30 0.030 72         
50 9.5 1 09:30 18:30 0.038 70         
30 24 1   0.024 69         
50 24 1   0.028 66 

Molle et al., 2017 Lactating dairy ewes 42 1.95 Mar-May Berseem clover Rotation. grazing 2.2 200 2 1 08:00 10:00 0.250 42        
2.2 190 4 1 08:00 12:00 0.233 36        
2.1 190 6 1 08:00 14:00 0.173 37 

Zhang et al., 2014 Lambs 22  Jul-Sept Steppe Set stocking   2 1 06:00 08:00 0.109 50          
4 1 06:00 10:00 0.070 51          
8 1 06:00 14:00 0.065 48 

Legend: DIM = days in milk; IBW = initial body weight; IMY = initial MY; HM = herbage mass; SH = sward height; AT = access time to pasture; FA = daily frequency of pasture allocation. § timing were approximately 3 
and 4.5 h from morning and afternoon milking in treatments 6 (FA = 2) and 9 (FA = 2), respectively and between morning and afternoon milking in treatment 9 (FA =1). In the 22 TA cows were at pasture all day except for 
the milkings; * initial herbage mass and BM and BR measured in the first 60 minutes of the first daily grazing session. 
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below a certain daily time allocation, some physiological mechanism 
starts to operate, acting even at a pre-meal level, as shown by the rise of 
plasma ghrelin concentration in cows devoid of their rumen content 
(Gregorini et al., 2009b). 

Fasting is in fact among the most important booster of HDMIR, as 
reviewed by Chilibroste et al. (2007). Usually, the longer the fasting, the 
more acute the response to restrictions in AT. However, only few ex-
periments have disentangled the main effect of fasting from its inter-
action with the AT restriction. Very often, the effect of fasting, although 
evident at the beginning of the meal, gradually fades away [transient 
effect, (Erhard et al., 2001)], whereas AT restriction usually has a 
long-lasting effects (see carry-over effects in section 6.2). 

3.2.2. Sheep and goats 
Sheep data support the above presented changes in grazing pattern of 

cattle under PTG (Fig. 3b). Intake rates as high as 10 g DM/min grazing 

have been measured under extremely time-restricted conditions in dairy 
sheep grazing a legume monoculture (berseem clover) with AT of 2 h/ 
d (Molle et al., 2017). Also the forage quality can impinge on this var-
iable. In lactating rotationally grazed meat sheep (Orr et al., 1997) and 
dairy sheep submitted also to PTG (Molle et al., 2014a; Molle et al., 
2017), HDMIR was greater on legumes than grass at equal AT. It was also 
greater in berseem clover than a binary mixture of berseem clover and 
Italian ryegrass, in the first three hours of AT in milked sheep allocated 
to pasture for 6 h/d (Molle et al., 2018). Some works report similar 
patterns of HDMIR response to AT changes in dairy goats (Keli et al., 
2017; Charpentier and Delagarde, 2018). Despite sharing the same 
breed under study (Alpine goats) the intake per hour of AT was almost 
double in Charpentier and Delagarde (2019) as compared with Keli 
et al. (2017) due to higher pasture quality and milk production. 

Fig. 3. Herbage intake rate in dairy cows (a) and sheep (b) submitted to part-time grazing. See legend of Fig. 2 for details on data source.  
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3.2.3. Horse 
Like ruminants, horses are able to increase HDMIR when AT is 

restricted (Dowler and Siciliano, 2009; Glunk and Siciliano, 2011). On 
occasion, their voracity can be high, because they can ingest the herbage 
needed to cover more than half of their maintenance requirements in the 
first 4 h of grazing after an overnight fasting (Dowler and Siciliano, 
2009). Horses may graze during the night for a high proportion of time, 
as found in semi-feral Camargue horses (from 49 to 55% of night hours) 
by Mayes and Duncan (1986). Therefore, we can expect than night 
fasting can have a higher boosting effect on HDMIR in this species as 
compared with ruminants. In general, the response to fasting is more 
relevant in horse than ruminants due to the role of rumen as pre-gastric 
nutrient reservoir. This is also demonstrated by the stereotypic behav-
iours that horse display when their meals are unfrequent or delayed 
(McGreevy et al., 1995), or if the dietary forage contribution in addition 
to complementary feedstuffs is below recommendation (≤ 15 g/kg BW) 
(Harris et al., 2017). 

3.2.4. Differences in intake rate between the three species 
The data for comparing HDMIR response in these animal species 

sourced in N= 11 papers on cattle (N =40 treatment means), N= 5 pa-
pers on sheep (N = 17 treatment means), and N = 2 papers on horses 
(N= 7 treatment means). The modelling exercise was run by regression 
analysis using SAS, according to Riaz et al. (2014). Firstly, data on intake 
rate were scaled to metabolic weight (MW, i.e. BW0.75). Previous liter-
ature results showed that maximum intake rate scales with BW0.71, in a 
range of mammals going from lemmings (0.05 kg) to cattle (547 kg) 
(Shipley et al., 1994), but this study did not refer to animals submitted to 
PTG. 

Comparing dairy cows, sheep and horses for their hourly intake rate 
(HDMIhmw, expressed as g DM/ kg of MW per hour of AT), we found that 
the relationship between the two variables fits an exponential curve for 
all the species under study. After log-transformation of the variables to 
linearize the pattern, we found that the intercepts were different among 
the three species (P < 0.02, among animal species, Fig. 4), while the 
slopes were not. This means that the increase of intake per hour of AT 
reduction was similar among species, even though, based on the inter-
cept, the intake per kg of MW ranked as follows: cattle > sheep > horse. 
This result may be a combined effect of the different selectivity (e.g. 
cattle select less than sheep and thus can eat faster) and of the different 
daily requirements of the animals, since all dairy cattle studies and 
about half the sheep were on animal in lactation, while the rest of sheep 

data and those on horses where not. 
Other reasons can explain the generally slower intake rate of horses. 

In fact, horses invest more chewing per gram of feed relative to body size 
(kg) than ruminants (Shipley et al., 1994). A higher ingestive particle 
comminutation can partially offset their lower digestive capacity. 
Moreover, horses tend to have a higher share than ruminants of time 
budget devoted to non-feeding behaviours while outdoor. This trend in 
leisure horse can be explained by their individual housing while stabled, 
hence a higher need of performing social behaviour. According to 
Dawkins (1990) the concept of suffering embraces an array of aversive 
states (fear, pain, frustration) that are experienced by the individual 
animal. In general, horses seem to suffer i) when diet or management 
force them to eat fast (e.g. < 10 min/kg, Ellis et al., 2005); ii) when they 
are fed low amount of forage (e.g. < 15 g/kg BW of daily forage intake in 
addition to complementary concentrate, Harris et al., 2017; or low 
amount of chaff in cereal-based meals (<30 % of chaff, Harris, 2007, 
Campbell et al., 2020), which can result in digestive and metabolic 
problems and oral stereotypies; or iii) when the forage is available for a 
limited time, which can elicit agonistic behaviour in group-fed horses 
(Burla et al., 2016). 

3.3. Integration of the response: herbage intake 

In spite of the higher GTP and HDMIR, the daily intake of herbage 
(HDMI) is often constrained in cattle and sheep exposed to severe AT 
(Fig. 5a and 5b). These figures suggest that, in practice, two classes of 
AT could be tentatively envisaged: mild (AT ~8-6 h/d) and moderate to 
severe (AT <6 h/d). However, the diversity of animal requirements, 
pasture conditions and supplementation treatments among studies 
suggests adopting a cautionary attitude towards this classification, 
which warrants a further analysis. For instance, comparing AT of 2, 4, or 
6 h/d, the last was regarded as the optimum to maximize herbage intake 
in mid-lactating ewes grazing Italian ryegrass of medium quality (Molle 
et al., 2014b). In contrast, this threshold was set to 4 h/d in 
mid-lactating ewes grazing high quality berseem clover (Molle et al., 
2017) and in late lactating ewes grazing a low-quality natural pasture 
(Valenti et al., 2017). In goats subjected to PTG, HDMI was higher with 
11 h/d than 7 h/d AT (Charpentier and Delagarde, 2019), but with a 
lower herbage quality there was no difference between 6 h/d and 22 h/d 
(Keli et al., 2017). These results suggest that PTG could be shorter than 
6-7 h/d only if herbage quality (low NDF, moderate to high CP) and 
accessibility are high and/or animal requirements are low. The 

Fig. 4. Regression of log transformed herbage 
intake rate (expressed as g DM/ kg BW0.75 per h 
access time) upon log transformed access time 
to pasture (h/day) in part-time grazing dairy 
cows (DC, dashed line, N = 40), sheep (SH, 
dotted line, N = 17), and horses (HS, contin-
uous line, N = 7). P-values: species, P <0.02; 
logAT, P <0.001; species x logAT, P > 0.10. 
Data source: 
Cattle: Delaby et al., 2008; Gregorini et al., 
2009b; Hernandez-Mendo and Leaver, 2004; 
Kennedy et al., 2009; Kennedy et al., 2011; 
Kristensen et al., 2007; Mattiauda et al., 2013; 
Perez-Ramirez et al., 2008; Perez-Ramirez 
et al., 2009; Rego et al., 2008; Sairanen et al., 
2006. Sheep: De Renobales et al., 2012; Cab-
iddu et al., 2017; Iason et al., 1999; Perojo 
et al., 2005; Zhang et al., 2014. Horse: Dowler 
et al., 2012; Glunk et al., 2013.   
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interaction between AT and herbage accessibility was well described by 
Iason et al. (1999) for meat producing sheep. These authors found that 
HDMI was constrained in overnight locked sheep, compared to unre-
stricted sheep continuously grazing pasture, when the animals were kept 
at 3 cm sward height, but when sward height was of 5.5 cm no differ-
ences occurred. Even in horses, HDMI was markedly reduced when they 
were exposed to AT ≤ 6 h/d as compared with AT of 9 or 24 h/d (Glunk 
and Siciliano, 2011). In general, in horses AT to pasture should be at 
least of 8-10 h/d to allow for ad libitum herbage intake. However, this 
level may not suffice to meet the energy requirements in lactating mares 
(Collas et al., 2015) and can be risky in leisure and sport horses prone to 
equine metabolic syndrome (Durham et al., 2018). 

Among the factors underlying the variability of herbage intake 
response to part-time grazing herbivores, we can evoke differences in 
nutrient requirements, herbage composition, especially in regard to CP 
and NDF concentrations, and confounding effect of the replacement of 
the grazed herbage with supplements. In fact, only very few studies 
assess the effect of AT to pasture in unsupplemented herbivores. This 
could provide an uncounfonded response to AT. In contrast, in most of 

the studies PTG response is evaluated in ruminants supplemented at flat 
rate (e.g. Molle et al., 2017) or at variable rate, usually increasing with 
the severity of AT restriction (e.g. Perez-Ramirez et al., 2008;, in cows; 
Valenti et al., 2017, in sheep). When supplemention level is varied 
among AT treatment groups, it is not possible to draw any conclusion on 
how herbage intake is affected by the AT per se but rather by the feeding 
regimen, inclusive of herbage and supplements. 

Pasture availability and herbage quality are typical modulating 
agents of the relationship between access time to pasture and herbage 
intake (Hodgson, 1990). Dobos et al. (2009) found that herbage intake 
of dairy cows strip-grazing a C4 grass, kikuyu (Pennisetum clandestinum) 
was not severely reduced if AT to pasture was at least 4 h/d with 
pre-grazing compressed sward height of 10 cm, but could be even 2 h/d 
with a higher sward height (13 cm). In milked ewes, herbage NDF 
concentration was the main limiting driver of herbage DMI, when access 
time ranged from 2 to 6 h/d (Molle, 2014). Therefore, accessing for few 
hours to a legume pasture can better compensate a severe access time 
restriction than extending AT in a grass based pasture (Molle et al., 
2014a). Also, the modulating effects of level and type of 

Fig. 5. Herbage intake in dairy cows (a) and sheep (b) submitted to part-time grazing. See legend of Fig. 2 for details on data source.  
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supplementation cannot be neglected. In general, if herbage availability 
is not limiting, herbage intake is reduced by the supplement [substitu-
tion effect, see review (Tedeschi et al., 2019)]. In ruminants with 
moderate to low requirements, supplement intake can decrease along 
with the increase of AT to pasture as shown by Hernandez-Mendo and 
Leaver (2004) in cows supplemented with maize-silage ad libitum. 

The presence of plant secondary metabolites in the grazed herbage 
can also limit herbage intake under restricted time access to pasture. A 
recent example is the lower herbage intake in late-lactating dairy ewes 
grazing Sulla with AT to pasture of 8/d than in counterparts with AT of 
22 h/d (Bonanno et al., 2016). Condensed tannins (CT) contained in 
sulla leaves and flowers can in fact slow down the grazing activity if 
sheep have no chance to dilute their rumen content, for instance grazing 
a CT-free forage, as demonstrated using anti-tannic substances such as 
the polyethylene glycol (Molle et al., 2009). Recent results by Feng et al. 
(2016) suggest that increasing the species richness on offer with forages 
belonging to different functional groups (grass, legume and forbs con-
taining plant secondary metabolites) can increase the eating time and 
herbage intake in stall-fed sheep with a AT to feed of 2 h/d. Interest-
ingly, it seems that the dietary diversity affected the end of the meal 
predominantly, with sheep allowed to choose among several forages 
presenting a greater proportion of time devoted to eating than sheep 
confronted with a lower dietary diversity. This result suggests that a 
targeted forage diversity at pasture can improve the efficiency of 
part-time grazing ruminants, as asserted by Provenza, Meuret and Gre-
gorini (2015). 

At equal AT, the actual time of the day of the grazing sessions also 
matters. In fact, due to the increase of DM, water soluble carbohydrates 
(WSC) and precursors of beneficial FA (Delagarde et al., 2000; Gregor-
ini, 2112), and a more favourable hormonal milieu (Gregorini, 2012) 
herbage intake, performance and product quality tend to increase when 
the grazing occurs at PM time compared to AM time, as reviewed by 
Gregorini (2012). Recent results in dairy sheep back the work of Gre-
gorini (2012): e.g. Molle et al. (2016), found higher herbage intake in 
dairy sheep allocated, for 4 h/d, to an Italian ryegrass pasture in the 
evening rather than in the morning. Likewise, Avondo et al. (2008) 
found an increase of WSC (20 vs. 17 % DM) in the herbage selected by 
Girgentana goats grazing Lolium multiflorm Lam. in the afternoon than in 
the morning. Grazing in the afternoon is probably more effective during 
Mediterranean winter and early spring than in late spring, when heat 
load can be significant, depressing intake and performance (Finocchiaro 
et al., 2005). 

Only one study addressed this topic with reference to horses, to the 
best of our knowledge. Chavez et al. (2011) compared AM (7:00-13:00) 
vs PM (12:30-20:30) access time to pasture in geldings (588 kg BW) 
finding a higher intake of fescue pasture in PM than AM grazed horses 
(6.6 vs 5.6 kg DM, P<0.05). This result suggested the authors to 
discourage the delayed turn-out to pasture, due to the higher risk of 
laminitis associated with higher intake of WSC and NSC. In fact, an early 
morning access would probably be safer for this purpose. Early morning 
(from dawn to midday, Longland and Byrd, 2006) or late evening access 
(from 20:00 onwards on cool-season grasses, Weinert-Nelson et al., 
2022) are concerned options since WSC decrease during the night. 
However, late evening allocation can be risky if horses are not previ-
ously supplemented with hay, to prevent high herbage intake rate at 
turnout due to long fasting. Beside the duration and the actual time of 
access to pasture, the intake of NSC depends on other factors such as the 
grazed forage (higher in cool-season C3 than summer season C4-grasses 
e.g. DeBoer et al., 2018) the season (higher in spring and late autumn) 
and sward height (higher in tall (stemmy) than short (leafy) patures (e.g. 
30-40 vs 15 cm, Siciliano et al., 2017). The intake of WSC can be 
effectively reduced (even by 80%) by the use of grazing muzzles 
(Longland et al., 2016) although attention must be paid while training 
the animals to prevent welfare issues (National Equine Welfare Council, 
2015). According to some studies intakes above 7 g/kg BW of fructan 
(the main component of herbage NSC) can substantially increase the risk 

of laminitis (Longland and Byrd, 2006). Therefore, the AT to pasture 
should be planned taking into consideration the content of NSC in the 
herbage and in total diet (< 12% DM in in horses at risk of equine 
metabolic syndrome, Frank, 2009). 

3.3.1. Models for the prediction of intake of herbage in PTG herbivores 
The herbage intake of ruminants and horses subjected to PTG has 

been targeted in some modelling efforts. Although nowadays many 
static or dynamic models are available to predict the intake of cattle 
(recently reviewed by Tedeschi et al., 2019) and sheep (Pulina et al., 
2013), not many models take into account the AT as a determinant of 
herbage intake. In cattle, these are, to the best of our knowledge, Gra-
zeIn, a mechanistic partially dynamic model (Delagarde et al., 2011), 
and Mindy (Gregorini et al., 2013). The latter is a mechanistic dynamic 
model which can devise and evaluate grazing scenarios at a very fine 
temporal scale (min). In sheep, only empirical models are available to 
estimate herbage intake using AT as independent variable, such as the 
empirical regression equations (Molle et al., 2014b) and the ordinary 
and multivariate partial least square regressions reported by Molle 
(2014). These models are based on a dataset (N =114) of intake mea-
surements of sheep grazing grass and legume Mediterranean forages 
with AT of 2, 4 or 6 h/d. The best-fitting ordinary regression model 
included only three explanatory variables, namely sheep milk yield (MY, 
g/d), NDF content of the grazed herbage (NDFh, % DM) and access time, 
which was also quadratically related to the herbage intake: 

HDMI(gDM) = 802+ 0.32MY− 28.98NDFh+ 545.53AT − 51.74AT2

R2=0.82,RMSE=195,P<0.001
(3) 

It is worth noting that, in this equation NDFh had a major negative 
impact, markedly decreasing HDMI as AT was reduced, while the effect 
of milk yield was positive in terms of HDMI but much less marked. 

In horses, a compilation of data (N=23 mean data) by Siciliano 
(2012) sourced a regression equation to estimate herbage intake scaled 
to horse body weight (HDMIBW, g DM/kg body weight), including as 
explanatory variable only the AT: 

HDMIBW = 5.12 AT0.5 − 2.86,R2 = 0.70,P < 0.001 (4) 

To the best of our knowledge there are no intake prediction models 
for goats which explicitly account for AT. 

4. Effects of AT on diet selection and diet digestibility 

Few studies have assessed the effect of time restriction to pasture on 
selected herbage quality and hence diet quality and nutrient intake. 
Ginane and Petit (2005) found that heifers exposed to a AT restriction of 
5 h/d gave priority to the quality rather than the quantity of selected 
herbage, spending proportionally more time grazing vegetative than 
reproductive patches than counterparts exposed to them for 24 h/d. In a 
more recent paper on lambs grazing a Mongolian steppe characterized 
by relatively high species diversity (Zhang et al., 2017), lambs grazing 
for 2 and 4 h/day showed a higher dietary contribution of Leymus chi-
nensis, a perennial grass, than lambs grazing for 8, or 12 h/d. Interest-
ingly, this plant species showed the highest energy content among the 
species on offer, possibly due to the a high level of lipids, namely 
α-linolenic acid. Even under controlled stall-feeding conditions, goats 
with access to diverse feed and submitted to restricted access time, 
shifted their dietary choice in favour of high-quality ingredients 
(Görgülü et al., 2008). This would suggest that ruminants submitted to 
restricted AT to feed tend to compensate for it by increasing energy and 
maybe protein intake rate. 

Diet selection is a time-expensive process, so it is hardly explainable 
how a grazer can conceal it with a faster intake rate, unless sward 
structure can favour the coupling of quantity and quality. For instance, 
in some species (e.g. white clover) legume leaves are available on the 
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upper grazing layer, favouring the coupling of quantity and quality in 
herbivores compelled (or motivated) to eat fast (Baumont et al., 2004). 

There is also a shortage of information on the fate of the ingested 
herbage at rumen and post-rumen levels. In general, the shorter the 
grazing session, the smaller the size of DM and NDF rumen pools, which 
usually peak at the end of the grazing period (dusk meal, Taweel et al., 
2006). Nonetheless, the rate of increase in rumen pools is higher at 
beginning than at the end of a grazing session (Chilibroste et al., 1989). 
The raise depends on rumen fill, being higher in fasted animals, and 
nutritive value of the grazed forage. For instance, Williams et al. (2014) 
showed that cows grazing Persian clover had a relatively slow increase 
in rumen pool sizes after 3 hours of grazing as compared with those 
measured by Chilibroste et al. (1989) on a grass-based pasture. This 
could be explained by the lower NDF level of the legume. 

Rumination is postponed and preliminary mastication reduced in 
part-time grazing ruminants. In severely AT restricted ruminants, 
digestion and passage rate can be slowed down during the time at 
pasture. Therefore, constraints in time access successfully compensated 
by the feeding behaviour (higher GTP and HDMIR) can impair digestion 
later on, particularly if HDMIR had been accelerated by factors such as 
previous fasting and possibly afternoon grazing meals. 

The impairment of digestion due to the reduction of AT to feed has 
been recently backed by Perez-Ruchel et al. (2013), who found lower 
DM intake, and rumination time during the first 6 hours after meal offer, 

and higher passage rate in sheep fed fresh Lotus corniculatus with 
restricted access time of 6 h/d as compared with unrestricted counter-
parts. Also, DM and NDF apparent digestibility coefficients were 
numerically lower in time-restricted than -unrestricted sheep (61 vs. 
64% and 41 vs. 48%, respectively). Similar results were found in an 
experiment on restricted time access to self-feeders delivering a com-
plete diet to housed goats: the most severely time-restricted goats (2 
h/d) showed a lower numerical value for both DM (70.6 vs. 74.7 %, 
control) and NDF (44.7 vs. 54.8 %) apparent digestibility coefficients 
than the time unrestricted control (Silva et al., 2018). In contrast, 
restricting AT to fresh forages to individually fed heifers from almost 24 
h/d to 4 h/d did not result in a reduction of either DM or NDF apparent 
digestibility but tended to lower ruminal microbial protein synthesis 
(from 46 to 17 g of microbial N/d, P < 0.08), (Felix et al., 2017). 

Overall, these limited research data suggest that severely restricting 
access to feed or pasture could impair diet digestibility. Although this 
constraint is complex and not easy to tackle, the use of additives such as 
yeasts (Perez-Ruchel et al., 2013) or buffers such as sodium bicarbonate 
(Silva et al., 2018) may alleviate its effect. 

Horse data reveal that even for this animal species, shortening AT 
can have some drawbacks on digestion, with lower fecal pH due to the 
fast-big meals resulting from PTG (Glunk et al., 2013). However, no 
evidence of these problems was detected by monitoring faecal pH in 
horses with a moderate restriction of AT (12 h/d vs. 24 h/d; (Siciliano 

Fig. 6. Milk yield in dairy cows (a) and milked ewes (b) part-time grazing. See legend of Fig. 2 for details on data source.  
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and Schmitt, 2012). In the horse, differently from ruminants, providing 
episodically large meals based on concentrate can result in hypovolemia 
and dysruption of gut motility pattern with fast gastro-enteric transit, 
which can be conducive to digestive problems at large intestine level: 
colitis, impaction, dispalcement/torsion and diarrehea (Clarke, Roberts 
and Argenzio, 1990). These are due to altered fermentation of carbo-
hydrates, with raise of lactic acid content, lower pH and absorption of 
endotoxins. Gastro enteric transit in horses is dependent on the square 
root of the meal volume (Clarke, Roberts and Argenzio, 1990), thus it 
parallels the herbage intake trend in horse under restricted AT to pasture 
(Siciliano, 2012). Therefore, short time allocation of horses to a lush 
pasture with high NSC (> 15 % DM) is prone to result in these problems 
besides laminitis, particularly if horses are fasted before grazing. 

5. Effects of AT on energy expenditures (EE) 

Data are scanty and basically refer to goats and horses. In a long run 
experiment with goats in different physiological stages, using the heart 
rate/O2 pulse method, Trovar-Luna et al. (2011) found a higher total EE 
in all-day than night-locked grazing goats (754 vs. 687 kJ/kg BW0.75). 
Furthermore, the EE associated with locomotion was numerically higher 
in the all-day grazing goats (64.1 vs. 53.2%, of maintenance re-
quirements, inclusive of thermoregulation, respectively). In an experi-
ment on growing kids, Behran et al. (2005) found a trend of EE 
increasing with the length of access to pasture, amounting to 4.96 (4 
h/d), 5.13 (8 h/d), and 6.19 MJ/d (24 h/d). This result agreed with the 
longer GT and greater number of steps in the goats exposed to the long 
AT. 

In dairy goats, results by Keli et al. (2017), confirmed that PTG can 
be convenient for sparing energy: goats at pasture for 8 h/d walked for 
less time (0.90 vs 1.75 h/d) and spent less energy (667 vs 745 kj/kg 
BW0.75) than goats having unrestricted access to pasture (22 h/d). The 
grazing activity cost was estimated as 27% and 11% of maintenance 
energy requirements for the unrestricted and moderately restricted 

goats, which resulted in higher milk performance in the 8 h/d AT goats. 
Overall, the response to part-time grazing in terms of EE, or walking 

activity (e.g. (Chen et al., 2013 in lambs) suggests that, in many cases, a 
moderate time restriction can result in lower EE and possibly in a better 
efficiency of energy utilization at animal level. Interestingly, in a com-
parison between full time access to pasture versus zero-grazing (same 
diet – different feeding management), dairy cows at grazing spent 19% 
more energy in the first 6-h access period than counterparts fed freshly 
cut herbage, providing a first approximation of extra EE cost of PTG, 
independent of diet quality (Dhome-Meier et al., 2014). 

In the horse, EE for locomotion is fundamental because, it can be 
regarded the main source of energy requirement in adult horse under 
work after the energy requirements for maintenance. Horse at pasture 
increase their EE, but, in some cases, the intake of energy associated to 
long AT is much higher than the corresponding EE. In yearling Thor-
oughbreds with AT of 10 or 17 h/d (including night hours), the EE was 
estimated to be higher by 10 Mcal digestible energy in those grazing for 
longer (1 Mcal/h of AT) (Asai et al., 1999). Proper estimation of herbage 
intake and EE is fundamental in this species for its welfare and sport 
performance but also for avoiding overweight and obesity, which has a 
high prevalence in some countries such as the UK (Stephenson et al., 
2011). A recent survey on athlete and leisure horses in Germany 
(Schmitz et al., 2020) showed that the walking distance of horses, 
measured by global positioning system, unexpectedly increases expo-
nentially along with the decrease of AT to pasture. This concurs to 
explain why horses severely restricted for AT to pasture are unable to 
compensate AT with an increase in GTP. They in fact tend to prioritize 
exercising over feeding (Schmitz et al., 2020). This may have negative 
implications also on pasture persistence, due to the increased trampling 
effects of horses with very short AT to pasture. 

Fig. 7. Conceptual model showing the pattern on per-animal basis of energy intake (EI, Mcal/d), energy expenditures (EE, Mcal/d), and energy retained in the body 
or exported in products [(milk yield (MY, Mcal/d) or growth rate (GR, Mcal/d)] along with the increase of access time (AT) to pasture. The model illustrates the 
pattern of response in PTG ruminants supplemented with a rationed and fixed level of concentrate. As time onto pasture increases the intake rate and the proportion 
of time devoted to grazing decrease but AT increases in a way that the EI can reach its peak when restriction is moderate. In the meantime, EE increase but initially 
they are low because the ruminant prioritizes fast eating, with long meals and infrequent changes of feeding stations. Then EE plafond because most of the loco-
motion expenditures are associated to grazing. Performances depends on the energy balance: they tend to peak after the EI peaks because the balance is still positive. 
This model allows to tentatively classifying the effect of time restriction into four classes of severity from severe to nil. 
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6. Effects of AT on ruminant performances 

6.1. Direct effects 

In ruminants, the reduction of AT can result in lower performance. 
However, the actual response depends on several factors, such as 
severity of time access restriction, daily period of access (e.g. day vs. 
night), level of animal requirements, accessibility and quality of the 
pasture on offer, and supplementation level. Moreover, mobilization of 
body reserves may sometimes mitigate the constraint on nutrient intake 
related to short AT to pasture. As can be seen in Fig. 6a and 6b, overall 
milk production of dairy cows and dairy sheep are often not apparently 
affected by AT, particularly when it is higher than 6 h/d. In lactating 
meat goats, Trovar-Luna et al. (2011) showed a lower milk yield in early 
but not in late lactating does, grazing a grass-legume pasture at 12 h/d of 
AT (night-locked goats) compared with counterparts at pasture for 24 
h/d. More recently, in Alpine dairy goats several papers conveyed that 
AT of at least 7-8 h/d can optimize milk yield, provided that good 
quality supplementation is provided (Keli et al., 2107, Charpentier and 
Delagarde 2018 and 2019). 

In growing cattle, Ginane and Petit (2005) found better performance 
in the unrestricted (24 h/d) than in the restricted AT (5 h/d) heifers. 
Valenti et al. (2014) compared growing Merinos lambs submitted to 8 
h/d AT and 4 h/d AT in either morning or afternoon hours, grazing a 
perennial ryegrass sward. These authors reported better performance in 
the less restricted group, in terms of final body and carcass weights, but 
with undifferentiated dressing percentage among groups. Contrarily, in 
supplemented lambs growing on the Chinese steppe, increasing the AT 
from 2 to 12 h/d did not result in better average daily gains, despite 
some period × AT interaction (Zhang et al., 2014). In growing kids of 
meat breed, 24 h/d access to pasture resulted in minor, but detectable, 
advantage as compared with night-locked counterparts in terms of BW 
daily gain (Trovar-Luna et al., 2011). Berhan et al. (2005), comparing 
shrunk body weight accretion of growing Boer goats submitted to 4 h/d, 
8h/d, or 24h/d of AT to pasture, found that the 4 h/d treatment group 
showed a numerically lower shrunk BW accretion (69 g/d), without 
differences with the performances of the other groups (85 g/d for 8 h/d, 
and 83 g/d for 24 h/d; P>0.05). 

Sparse studies on cattle (mainly Bos indicus or crossbred) grazing 
tropical pastures in Africa, overall, lend support to the severity ranking 
of the effects of AT restriction on performance: for instance while Jung 
et al. (1985) detected lower BW gain and lower milk yield in cows with 
AT of 4.5 than 9 h/d, Smith et al. (2006) did not find any advantage in 
extending the grazing session from 7 to 11 h/d even when providing 
roughage as a supplement to night-locked cows. Ayantunde et al. (2008) 
detected only a small, not-significant increase in BW in cows exposed to 
9 h/d rather than 6 h/d AT to pasture. In these studies, however, pasture 
quality and availability were generally moderate to low, as it can be 
expected in these farming areas, and cattle had to walk to the pasture 
and back to the corral even twice a day to drink (Smith et al., 2006), thus 
exacerbating the increase of energy expenditures associated with the 
extension of daily grazing sessions. 

The results of studies on the effects of AT on energy expenditures and 
ruminant performances, can be resumed in the conceptual model 
depicted in Fig. 7. This shows the expected pattern of energy intake (EI), 
EE and energy retained in the body or exported in products (milk yield 
MY, or growth rate) along with the increase of AT to pasture. In 
particular, the model illustrates the pattern of response in PTG rumi-
nants supplemented with a rationed level of concentrate, based on the 
expected performance, and with ad libitum conserved forages, the latter 
having CP and NDF concentrations lower and higher than the pasture, 
respectively. Using the energy balance as main performance driver, this 
model classifies the severity of AT restriction into 4 classes: severe (less 
than 4 h/d), moderate (4-6 h/d); slight (6-8 h/d) and nil (>8 h/d). These 
thresholds should be regarded as tentative: the actual restriction will 
depend on the level of performance, the intake and nutritive value of the 

grazed herbage, the level and nutritive value of supplementation. 
Relatively few studies have fully addressed the effect of AT restric-

tion to pasture on ruminant product quality. In dairy cows, milk 
composition has been sometimes influenced by the access time, but 
overall, there is no apparent trend in milk fat and protein contents along 
with changes in time restriction. Data on dairy sheep are too few for 
allowing a proper comparison (Molle et al., 2014b; Molle et al, 2017; 
Garcia-Rodriguez et al., 2005; Alvarez-Rodriguez et al., 2007). Although 
lower values of milk fat and protein contents are detectable in 
non-restricted as compared with restricted ewes, this is probably basi-
cally a dilution or ‘study effect’. 

The effect of restricted or unrestricted AT on milk fatty acid profile 
has recently become a popular research subject with reference to dairy 
cows (e.g. Rego et al., 2008). In a recent study by Atkins et al., (2020) on 
high producing dairy cows fed total mixed ration, pasture AT of 6 h/d 
was sufficient to maximize the level of linolenic acid (C18:3 c9 c12 c15 
n-3) and conjugated linoleic acid (C18:2 c9 t11) in milk (P < 0.022 and 
P< 0.052, respectively). These results confirm those by Barca et al., 
(2017) who maximized the content of linolenic acid and n-3 FA in milk 
offering 6 h/d of pasture as compared with stall-feeding a total mixed 
ration. No significant improvement in milk FA composition was found in 
cows having access to pasture for 9 h/d, in two separated grazing ses-
sions. Findings on dairy sheep and goats lag behind. De Renobales et al. 
(2012) focussed on the effects of AT and supplementation on sheep milk, 
finding an increase of beneficial FA (e.g. c-9, t-11 CLA and ω 3 fatty 
acids), in sheep grazing at least for 4 h/d without fat-enriched supple-
ments. Cabiddu et al. (2017) reported similar results with AT of 3 as 
compared with 22 h/d, but with high level of fat-based supplementation. 
In these reports, however, comparison between PTG and control ewes 
were absolute (stall-fed control vs 4 h/d in De Renobales et al. (2012) 
and 22 vs 3 h/d in (Cabiddu et al., 2017). 

Beside the effect of duration of pasture allocation, the actual timing 
of pasture allocation is also important to enahance the content of 
beneficial FA in ruminant milk. Avondo et al. (2008) for example found 
a higher content of these FA in goats fed berseem clover in the afternoon 
as compared with counterparts fed in the morning, thanks to the higher 
content of FA precursors in the herbage mown and fed in the afternoon. 

In meat sheep, comparing lambs allocated to Mongolian pastures for 
2, 4, 8 or 12 h/d, the level of PUFA in meat was optimized with 4 h/ 
d access, due to high level of intake of L. chinensis, a plant particularly 
rich in linolenic acid (Zhang et al., 2014). This was explained by the 
greater preference shown in the lambs having a longer access during 
afternoon hours to less spread but probably more palatable species, 
much richer in non fiber charbohydrates (C. squarrosa) and protein 
(A. ramosum) than the L. chinensis. 

6.2. Carry-over effects 

The effects of feed deprivation and, in particular that of restricting 
AT to pasture, may depend not only on its intensity (severity) but also on 
the duration of time restriction. Only few studies have addressed so far 
this point. Its seems that the longer the application of the grazing 
management, the more the ruminant can adapt to it, using different 
behavioural cues and physiological mechanisms to offset the constraints 
imposed by the limited availability of time for grazing. Conversely, if 
restriction is severe, it can be argued that the herbivore can experience a 
marked distress, becoming unable to accommodate the uncomfortable 
conditions, losing performance and weight. 

Residual effects of PTG may appear later, and persist even more than 
a month after its discontinuing. In fact, dairy cows at pasture for 21 h/ 
d that had been submitted for 5 weeks to AT to pasture of 4 or 8 h/d, 
produced less milk in the following month than control cows kept at 
pasture for 21 h/d across all the study (Delaby et al., 2008). The loss of 
milk increased with restriction severity: 2 kg/cow (8 h/d) vs. 3.5 kg/cow 
(4 h/d). In another study, after the 15 days following discontinuing of 
time restriction, the most severely restricted cows tended to have lower 
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milk protein concentration than time-unrestricted counterparts, sug-
gesting the persistence of an energy deficit in these cows (Kennedy et al., 
2009). In dairy sheep, a carry-over effect was detected in terms of 
reproduction performances, with a lower fertility (n.s.) and prolificacy 
(P<0.05) at the first mating in the sheep exposed to AT to pasture of 2 
h/d as compared to 4 and 6 h/d in the previous two months (Porcu et al., 
2014). This is in line with previous results on the negative carry over 
effect of grazing management in dairy sheep continuously stocked in a 
pasture kept at 30 mm compressed sward height during mid-lactation 
(Molle et al., 1995). 

While the transition from a severely restricted to a more generous AT 
to pasture can result in negative carry-overs, paradoxically, the residual 
effect of shifting from 100% stall feeding to PTG is usually positive, with 
good milk persistence and prompt improvement of milk FA composition, 
as shown in mid lactation cows by Barca et al. (2017). This backs the 
point that ruminant performance and well being is improved by some 
grazing and resting outdoor (Charlton and Rutter, 2017), particularly if 
weather conditions (THI, rainfall) are favourable or neutral. These 
findings are relevant for setting up dynamic mixed feeding systems 
(TMR in early lactation followed by TMR + grazing) able to improve 
milk quality and animal welfare. 

7. Effects of AT on animal welfare 

Although PTG can be beneficial for the animal welfare results on the 
effect of restricting the access time to pasture on specific welfare in-
dicators are rather rare, with particular reference to issues related to 
animal behaviour. Does the restriction of AT to pasture infringe the 4th 

freedom, i.e. the freedom to display most normal pattern of behaviour 
[Brambell report, quoted by Dwyer and Lawrence (2008)]? Do the 
grazers suffer from frustration when the allocation to pasture is limited 
to few hours daily? Or conversely, do the pleasure of grazing fresh 
herbage rather the eating a standard indoor diet (hedonic response) and 
the “happiness” to choose even a short grazing experience rather than 
staying all time housed (eudaimonic response) overcome this putative 
frustration (Becks and Gregorini, 2020)? 

There are no obvious answers to these questions, because research 
has often overlooked the implications of PTG on animal welfare in 
favour of a productivity-driven approach. Whereas several papers report 
on the effects of PTG on feeding behaviour indicators, (grazing and 
ruminating time) or body condition score (Hernandez-Mendo and 
Leaver, 2004), much less focus has been given on adequate resting in-
dicators, such as lying time, and frequency and duration of lying bouts 
(e.g. Chapinal et al., 2010; Kismul et al., 2018; Crump et al., 2019; 
Kismul et al., 2019). Overall, these papers show that providing restricted 
access to pasture, particularly during the night, is beneficial to enhance 
the time the cows lie down outdoor, which is usually associated with 
lower incidence of lameness compared to stall fed cows. However, a 
recent survey (Armbrecht et al., 2019) in Germany suggests that 
extending AT above 10 h/d is needed in order to maximize these 
benefits. 

As for the positive aspects on welfare, the preference for grazing 
rather than stall-feeding and the factors that affect the the outdoor vs. 
indoor accommodation in cattle have been recently reviewed by 
Charlton and Rutter (2017). They found that in many circumstances cow 
prefer to spend their time outdoor more than indoor but results vary 
markedly. They range from 9% to more 70% of available time spent 
outdoors, depending on factors such as grazing experience, weather 
conditions, distance between barn and pasture, and time of the day, with 
higher preference for pasture during the night (basically for resting 
purpose). However, most of preference and motivational studies do not 
account for restricted access to pasture. Moreover, there is a lack of 
studies on the welfare issues of small ruminants subjected to PTG. 

The implication of PTG on horse welfare has been also underex-
plored so far. Restricting the time outdoor (turnout time) from 12 h/ 
week (2 h/d for 6 day) to 2h/week (2h for a single day) has been shown 

to elicit a higher frequency of undesirable behaviour in regularly ridden 
horse, such as bucking at the expense of grazing (Chaya et al., 2006). In 
general, permanently stabled horses display a higher training time and 
more frequent unwanted jumping and bucking behaviours during 
groundwork and while ridden than pasture-kept horses (Rivera et al., 
2002). For this species, many studies have shown that the increase of the 
number of meals and dietary diversity - i.e. mimicking the 
spatio-temporal hetereogenity of grazing - usually results in lessening 
the prevalence of stereotypies, such as wood chewing and crib biting 
(Thorne et al., 2005, Hothersall and Casey, 2012). Moreover, a steady 
eating pattern, with small meals spread over the 24 h (trickle feeding) 
common under 24 h/d grazing conditions, is crucial for preventing 
digestive and metabolic problems, such as the equine metabolic syn-
drome, often associated with insulin dysregulation, which is in its turn 
associated with laminitis and obesity (Frank and Tadros, 2014). A 
relatively steady eating pattern can be achieved in practice even in horse 
under PTG, providing a semi-continuous access to conserved forages 
during housing using “slow feeders” (Rochais et al., 2018) and adding 
chaff to the concentrate. 

8. Concluding remarks and future research needs 

Cattle and sheep can benefit from PTG. In fact, ruminants are 
effective in compensating for the restricted AT to pasture due to the 
increase of GTP and herbage intake rate, provided that restriction is not 
too severe (at least 6-8 h/d of AT in dairy cows and dairy goats, 4-6 h/ 
d in dairy sheep), herbage allowance is not limiting or supplementation 
is adequate. This depends on the reduction of energy expenditure, and 
on occasion, the selection of a better diet. Nevertheless, due to lower 
ingestive fibre comminutation, fibre digestibility can be reduced, but 
only under severe time restrictions (<4 h/d). Moreover, in ruminants, 
milk and meat content of beneficial FA are usually higher in PTG than in 
stall-fed ruminants. For the improvement of milk fatty acids composi-
tion, access on grass-based pastures should be at least 6 h/d in cows 
supplemented with total mixed ration or even 4 h/d, in dairy ewes 
supplemented with concentrate and hay. Timing the grazing session of 
ruminants in the afternoon and evening hours is a good strategy to 
match pasture quality and animal attitude to forage intensively and 
efficiently, favouring intake, performance and produce quality. 

Also sport and leisure horses can benefit from PTG. However, 
although they are similarly effective than cattle and sheep in compen-
sating for the restriction of AT, on average they show lower intake rate 
scaled to MW. This would suggest to allocate longer AT to this species 
than to ruminants. Moreover, PTG of housed horses can be helpful to 
meet their demand of free exercise and socialization and improve their 
well-being, provided that herbage intake is controlled to prevent excess 
of NSC, which makes horses prone to pathologies such as laminitis. 
These risks are greater when horses are allowed to graze in the after-
noon. In contrast, risks are lower if grazing is planned from early 
morning to midday or overnight, provided that hay is previously fed to 
prevent high herbage intake rate at turnout. 

The evaluation of the effects of daily frequency of AT deserves 
further research efforts. Particularly in this area, the measurement of 
ingestive behaviour should be coupled with that of distance walked and 
EE, to gain knowledge on the mechanisms underlying animal response. 

The timing of supplementation with respect of the grazing sessions, 
for sake of brevity, was not examined in this review but the comple-
mentarity and synchronized availability of pasture- and supplement- 
sourced nutrients is another overlooked area that warrants further 
delving. 

Fast-grazing associated to severe restriction of AT to pasture appar-
ently fits better to the grazing of monocultures of forage species, 
featured by a moderate or low content of fibre, legumes or good quality 
grasses, possibly associated as stripes. Also the individual animal ability 
to adapt to short-grazing sessions should be examined more in depth, 
considering both animal and microbiota genome. These are other 
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knowledge gaps to be filled. 
Another subject that warrants further research effort is the effect of 

PTG on herbivore welfare, not only in terms of meeting basic physio-
logical needs (adequate feeding, drinking, thermoregulation and 
resting) but also with reference to negative (the perceived risks of pre-
dation) and positive mental conditions, such as the hedonic (feelings of 
pleasure) and eudaimonic (feelings of purpose) well-being states. 

Finally, a more holistic research is needed to assess these effects at a 
system level and across the whole grazing season, to detect the long term 
direct and residual effects of PTG, including the impact on greenhouse 
gas emissions. To this end, models would be greatly helpful to envisage 
scenarios, predict animal responses and screen hypotheses to be prior-
itized for testing under experimental conditions. 
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