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ABSTRACT

The objective of this study was to investigate the 
effect of altering autumn pasture availability and farm 
system intensity on the productivity of spring-calving 
dairy cows during autumn. A total of 144 Holstein-
Friesian and Holstein-Friesian × Jersey crossbred dairy 
cows were randomly assigned to 2 whole farm system 
(FS) intensities and 3 autumn pasture availability (PA; 
measured above 3.5 cm) treatments in a 2 × 3 factorial 
arrangement. The 2 farm systems consisted of a me-
dium intensity (MI: 2.75 cows/ha, target postgrazing 
sward height of 4.0–4.5 cm) and high intensity system 
(HI: 3.25 cows/ha, target postgrazing sward height of 
3.5–4.0 cm, + 1.8 kg of concentrate dry matter [(DM)/
cow per day]. Within each farm system treatment, cows 
were further subdivided into 3 different PA manage-
ment strategies: high PA (HPA), medium PA (MPA), 
and low PA (LPA). The experimental period lasted for 
11 wk from September 1 to housing of all animals on 
November 20 (±2 d) over 3 yr (2017–2019, inclusive). 
To establish the different average pasture covers for 
each PA treatment during autumn and in particular at 
the end of the grazing season, grazing rotation length 
was extended by +13 and +7 d for HPA and MPA, re-
spectively, beyond that required by LPA (37 d). There 
were no significant FS × PA interactions for any of 
the pasture, dry matter intake, or milk production and 
composition variables analyzed. There were also no dif-
ferences in pregrazing sward characteristics or sward 
nutritive value between FS with the exception of daily 
herbage allowance, which was reduced for HI system 
(12.2 vs. 14.2 kg of DM/cow). Milk and milk solid yield 
were greater for HI groups (15.9 and 1.55 kg/cow per 
day, respectively) compared with MI (15.4 and 1.50 kg/
cow per day, respectively). Mean paddock pregrazing 
herbage mass was significantly higher with increased 
PA ranging from a mean of 1,297 kg of DM/ha for LPA 

to 1,718 and 2,111 kg of DM/ha of available pasture for 
MPA and HPA, respectively. Despite large differences 
in pregrazing herbage mass, there was no difference in 
cumulative pasture production and only modest differ-
ences in grazing efficiency and sward nutritive value 
between PA treatments. On average, closing pasture 
covers were 420, 650, and 870 kg of DM/ha for LPA, 
MPA, and HPA, respectively, on December 1. In addi-
tion to maintaining similar grazing season lengths and 
achieving big differences in availability of pasture on 
farm into late autumn, PA treatment had no significant 
effect on dry matter intake, milk production, and body 
condition score during the study period. The results of 
this study indicate that greater cow performance and 
pasture utilization can be achieved through a greater 
daily concentrate allocation along with an increased 
stocking rate. Moreover, the potential to adapt grazing 
management practices to increase the average autumn 
pasture cover in intensive grazing systems is highlighted. 
In addition, a high dependence on high-quality grazed 
pasture during late autumn can be ensured without 
compromising grazing season length while also allowing 
additional pasture to be available for the subsequent 
spring.
Key words: intensive pasture-based dairy system, 
autumn pasture management, feed budget, farm system

INTRODUCTION

Improving the efficiency of agricultural systems world-
wide is a significant challenge for the future to reconcile 
the growing global food requirement with the necessity 
for more climate, ecosystem, and animal-friendly pro-
duction practices (Godfray and Garnett, 2014; Delaby 
and Horan, 2017; Clay et al., 2020). The general shift to 
more intensive livestock production systems worldwide 
has also occurred in grassland systems, resulting in 
elevated stocking intensities and an increasing reliance 
on inorganic fertilizers and nonpasture supplementa-
tion (Ramsbottom et al., 2015; Stott and Gourley, 
2016; Ma et al., 2018). Despite this intensification, the 
continuing role of grasslands in efficiently converting 
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human inedible feed to high-quality human food is ac-
knowledged (Peyraud, 2017; Mottet et al., 2017), and 
further improvements of grazing systems in Europe are 
considered as a primary opportunity to develop more 
climate-smart food systems for the future (EU, 2019). 
The success of such systems is predicated on increasing 
overall pasture productivity while also maintaining a 
high proportion of grazed pasture in the total animal 
diet over a long grazing season, and thereby, reducing 
the requirement for exogenous supplementary feed in-
puts (Macdonald et al., 2017; Delaby and Horan, 2017).

To capture the maximum benefits of grazed pasture, 
having the correct number of cows per unit area of land 
(stocking rate; SR) calving compactly at the beginning 
of the pasture growth season, is widely acknowledged 
as the main driver of productivity within grazing sys-
tems. The decision rules describing optimum SR and 
calving pattern have been comprehensively described 
(Hoden et al., 1991; McCarthy et al., 2013; Roche et 
al., 2017). The recent general trend toward intensifica-
tion of grazing systems via increasing SR places added 
feed demands on the available land area and can result 
in increased feed supplementation and a shortening of 
the grazing season when pasture supply is limited (Mc-
Carthy et al., 2012; Stott and Gourley, 2016; Roche 
et al., 2017). On that basis, and as grazing systems 
become more intensive, grazing management strategies 
including feed budgeting, grazing rotation planning, 
and grazing intensity must also be adapted to optimize 
the productivity of more intensive systems to support 
the increased feed demands of grazing animals during 
periods of pasture deficits.

Sufficient pasture availability in the spring is a result 
of a comprehensively managed autumn feed budget. 
The importance of greater pasture availability in the 
spring has been widely substantiated (Kennedy et al., 
2005; Claffey et al., 2020). The historical approach 
both in research and on commercial farms to improve 
available pasture in the spring, was to alter autumn 
closing and housing dates (Carton et al., 1988; Roche 
et al., 1996) as earlier closed swards resulted in greater 
pasture production for the subsequent spring (Hen-
nessy et al., 2006; Lawrence et al., 2017). However, at 
farm level, there has been resistance among farmers to 
increase overall pasture supply and pregrazing herb-
age mass (HM) during autumn due to the perceived 
detrimental effects on pasture utilization and animal 
performance (Hanrahan et al., 2017). Moreover, the 
shortening of the grazing season in autumn in favor 
of additional pasture availability in spring also reduces 
grazing season length and increases the requirements 
for supplementary feed to replace pasture in the late 
lactation diet of animals (Roche et al., 1996; Claffey et 

al., 2020). Hence, the provision of additional pasture 
in the spring was given priority over extended grazing 
during late autumn (Carton et al., 1988; Ryan et al., 
2010; Lawrence et al., 2017). Detailed sward nutritive 
value evaluations have also revealed that, although 
earlier housing in autumn can substantially increase 
spring pasture availability, at least some of the poten-
tial benefits of additional spring pasture are negated by 
elevated postgrazing heights, increased herbage senes-
cence, and reduced sward nutritive value (Tuñon et al., 
2014; Beecher et al., 2015). Nonetheless, the substantial 
economic benefits of extending grazing season length in 
both autumn and spring have been quantified (Läpple 
et al., 2012; Hanrahan et al., 2018). On that basis, the 
further appraisal of opportunities to increase pasture 
availability at both extremities of the grazing season 
while maintaining sward nutritive value and animal 
performance merits further evaluation.

The objective of this study was to evaluate the poten-
tial for 3 adapted pasture availability (PA) strategies 
within 2 levels of farm system intensity to deliver the 
advantages of extended grazing in late autumn while 
maintaining sward quality and animal performance 
and conserving adequate pasture for timely turnout in 
spring. Our hypotheses were that (1) extended grazing 
season in late autumn for higher SR systems can be 
sustained with additional concentrate supplementation 
coupled with the achievement of a lower postgrazing 
sward height (PGSH) and (2) strategically increasing 
PA from late summer by extending rotation length 
can maintain animal performance on a predominantly 
pasture-based diet into late autumn while also ac-
cumulating sufficient pasture for the grazing season 
ahead. For this, first, the effect of farm system (FS) 
with regards to increasing SR (+0.5 cows/ha) and 
concentrate supplementation (+1.8 kg of DM/cow per 
day) in combination with a greater pasture utilization 
(−0.5 cm PGSH) was investigated, and second, tar-
get closing pasture covers for differing PA treatments 
were achieved by altering the grazing rotation length 
throughout autumn accordingly.

MATERIALS AND METHODS

This experiment was the first part of a larger systems 
experiment investigating the biological and economic 
effect of alternative SR and pasture management com-
binations on animal and pasture performance, and 
environmental and economic efficiency, undertaken at 
the Animal and Grassland Research and Innovation 
Centre, Teagasc Moorepark, Ireland (50°7N; 8°16W), 
over a 3-yr period (2017, 2018, and 2019 inclusive). The 
measurement period consisted of 11 wk, starting in the 
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first week of September and concluding at the end of 
grazing season in the third week of November.

Experimental Farm System Design,  
Treatments, and Animals

The experiment was a randomized block design with 
a 2 × 3 factorial arrangement of treatments. There were 
two whole farm systems intensities: medium intensity 
(MI; 2.75 cows/ha plus 90% pasture diet) and high 
intensity (HI; 3.25 cows/ha and 80% pasture diet). 
The MI farm system was designed to allow individual 
cows to achieve a high level of daily herbage allowance 
(DHA; measured above 3.5 cm) and milk production 
per cow, whereas the HI farm system was designed to 
investigate the potential to increase pasture utilization 
and milk production per hectare through increased SR 
and grazing intensity while maintaining total individual 
feed allowance per cow using additional concentrate 
supplementation. To each farm system, 3 PA treat-
ments [low (LPA), medium (MPA), and high (HPA)] 
were assigned and designed to achieve target closing 
average PA levels of 400, 600, and 800 kg of DM/ha 
(available above 3.5 cm) at the end of grazing season on 
December 1 for LPA, MPA, and HPA, respectively. The 
LPA treatment group was designed to reflect prevailing 
pasture management practice on Irish commercial dairy 
farms based on current Irish national autumn pasture 
data statistics (PastureBase Ireland; Hanrahan et al., 
2017). In contrast, the MPA treatment was designed 
to reflect current best practice recommendations (Tu-
ñon et al., 2014) based on previous studies, proposing 
a closing cover for December 1 of 600 kg of DM/ha 
for farms that have an SR of approximately 2.5 cows/
ha (Teagasc, 2009) and was therefore considered the 
control PA. Finally, HPA represents a further incre-
mental increase in autumn PA, which may be appropri-
ate within more intensive higher SR dairy production 
systems during autumn.

All PA treatments were managed similarly through-
out the main grazing season. To achieve the desired 
differences in PA on December 1, grazing rotation 
length was extended by 2 d per week from July 15, 
August 1, and August 15 for the HPA, MPA, and LPA, 
respectively. In consequence, the target average peak 
autumn PA for October 8 was 75, 100, and 125% of 
recommended peak PA (equivalent to 750, 1,000, and 
1,250 kg of DM/ha of pasture available) for LPA, MPA, 
and HPA, respectively. Thereafter, the differences in 
PA created were maintained until the end of the graz-
ing season.

A total of 144 cows were used in each year of the 
experiment. The experimental herd was comprised of 

high Economic Breeding Index (EBI) Holstein-Friesian 
and Holstein-Friesian × Jersey Crossbred animals with 
average EBI, milk, fertility, calving, maintenance, man-
agement, and health subindices of €159, 52, 58, 39, 26, 
3, and 2, respectively. Each year, cows were randomly 
assigned precalving based on expected calving date, 
breed, parity, genetic merit (EBI), BW, and BCS to 
one of the 6 autumn experimental treatments. The 
mean (and standard deviation) for calving date, parity, 
precalving BW, and BCS were February 20 (±19.9 d), 
3.2 (±1.70) lactations, 555 kg (±79.6) BW, and 3.1 
(±0.272) BCS units, respectively. At the end of lac-
tation in late autumn, animals were then sequentially 
dried off based on expected calving date (primiparous 
animals were dried off for a minimum of 70 d and mul-
tiparous animals for 56 d), BCS (≤2.75 units) and milk 
yield (<8 kg/cow per day).

Grazing Area, Grazing Management,  
and Feed System

The experimental site soil type was a free-draining, 
acid brown soil with a sandy loam to loam texture. A 
total of 48 ha of permanent grassland were divided into 
17 discrete land blocks of uniform character, giving a 
total of 102 paddocks. The paddocks were balanced for 
location, sward species, soil type, and distance to the 
milking parlor. The swards on the farm were predomi-
nantly made up of at least 80% perennial ryegrass (Lo-
lium perenne L.) and white clover (Trifolium repens L.). 
All 6 treatments were allocated an equal grazing area 
(8 ha), and to create the difference in SR between FS, 
there were 22 cows in each MI group and 26 cows in HI 
to achieve overall SR of 2.75 and 3.25 cows/ha, respec-
tively. Thus, cows from the MI and HI farm systems 
within each PA treatment grazed in adjacent paddocks 
of the same size to facilitate common rotation lengths, 
herbage biomass supply, and paddock residency dura-
tion. Each farmlet remained in the same treatment for 
the duration of the experiment and received an annual 
chemical N fertilizer application of 250 kg of N/ha per 
year. Between August 1 and September 15, 2 fertilizer 
applications were applied to all PA treatments, con-
taining approximately 17 and 33 kg of N/ha each.

Average pasture cover for each PA treatment was 
measured on a weekly basis using visual estimation 
methods as described by O’Donovan et al. (2002). No 
swards were topped (mechanically conditioned) dur-
ing the experiment, and all pasture surpluses were 
conserved as pasture silage. Animals were offered fresh 
pasture on a 24-h or 36-h basis over the main grazing 
season as part of a rotational-stocking system when 
weather conditions allowed. Where necessary, 12-h 
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grazing allocations and on-off grazing (Kennedy et al., 
2009) were practiced to facilitate grazing during peri-
ods of inclement weather. During wet weather, back 
fences were used to minimize damage to paddocks, and 
animals were housed during periods of severe rainfall 
and allocated an equal amount of pasture silage.

Due to the higher SR and the similar area allocation 
and thereby reduced DHA, all HI groups received an 
additional daily allocation of 1.8 kg of DM/cow of con-
centrate for the duration of the experiment to achieve 
a similar total feed allowance, a lower PGSH in each 
paddock (−0.5 cm), and a similar residency time to MI. 
Decisions on the level of concentrate supplementation 
to MI groups were made weekly based on achieving 
target PA each week culminating in the target closing 
PA on December 1. Consequently, concentrates were 
introduced for all 6 treatments when average pasture 
cover for MPA was below target. Likewise, when pas-
ture cover exceeded target levels, concentrates were 
reduced or removed. In yr 1, cows were allocated 97 kg 
of DM of concentrate for MI and 235 kg of DM for HI, 
compared with 298 and 430 kg of DM, respectively, in 
yr 2, and 159 and 288 kg of DM, respectively, in yr 3. 
Where specific feed shortages occurred for LPA or HPA 
groups, conserved forage was used to supplement feed 
supply and recorded for each PA group individually. 
Similarly, when pasture availability exceeded demand 
within a specific PA treatment, paddocks from that 
treatment were conserved for silage. All silage yields 
were recorded.

Herbage Measurements

Pregrazing HM (cut to approximately 3.5 cm) was 
determined before each grazing in all paddocks for each 
of the 6 treatments by harvesting a strip (1.2 × 10 m) 
of pasture with an Etesia mower (Etesia UK Ltd.) at 
11 am daily preceding grazing. All mown herbage from 
each strip was collected and weighed, a 0.1 kg (fresh 
weight) subsample was taken and dried for 16 h at 
90°C for DM determination (Beecher et al., 2013) and 
another 0.3 kg (fresh weight) subsample was taken for 
further chemical analysis. Ten compressed sward height 
(CSH) measurements were recorded before (precutting 
CSH) and after (postcutting CSH) harvesting on each 
cut strip using a folding pasture plate meter with a 
steel plate (Jenquip Rising Plate Meters; diameter 355 
mm and 3.2 kg/m2).

Herbage mass was calculated as outlined by 
O’Donovan et al. (2002):

	 Herbage mass (kg of DM/ha) = Fresh weight (kg) 	  

× area (length × 1.2 m) × 10,000 × DM %/100.

Sward density was calculated, using the measurement 
below (Delaby and Peyraud, 1998):

	 Sward density (kg of DM/cm per hectare) =  

Herbage mass (kg of DM/ha)/ 

(precutting CSH – postcutting CSH).

Pregrazing sward height and PGSH were determined 
for each paddock before and after grazing by taking 30 
CSH measurements across the diagonal of the paddock. 
The average paddock pregrazing HM was corrected to 
3.5 cm by the equation of Delaby and Peyraud. (1998):

	 Pregrazing HM (kg of DM/ha) = 	  

[Pregrazing sward height (cm) – 3.5 cm]  

× sward density (kg of DM/cm per hectare).

Daily herbage allowance was calculated based on resi-
dency time within each paddock and above a cutting 
height of 3.5 cm using the measurements below:

	 DHA (kg of DM/cow per day) = area (ha/d) 	  

× pregrazing HM (kg of DM/ha)/number of cows.

Total herbage removed and individual daily herbage re-
moved (DHR) were calculated above the actual PGSH 
recorded after grazing with the following formulas:

	 Total herbage removed (kg of DM/ha) = 	  

(Pregrazing sward height – PGSH) × sward density 

	 DHR (kg of DM/cow per day) = 	  

area (ha/d) × total herbage removed  

(kg of DM/ha)/number of cows.

The efficiency of grazing was also determined using the 
method of Delaby and Peyraud (1998) based on the 
following formula:

	 Grazing efficiency (%) = total herbage removed/
pregrazing HM.

Total pasture production per hectare per year was 
calculated as the pregrazing HM minus the postgraz-
ing HM of the previous rotation as determined by the 
method outlined by O’Donovan et al. (2002). Daily pas-
ture growth rates were then calculated by dividing the 
herbage accumulated by the interval between grazings.
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Chemical Analysis

Herbage samples were collected from each paddock 
for each treatment during the final grazing rotation 
only (depending on treatment between September 25 
and October 9 until housing on November 20) and 
frozen at −18°C. Herbage samples were then bowl-
chopped, freeze-dried at −50°C for 120 h and milled 
through a 1-mm sieve. Samples were analyzed by wet 
chemistry for ash, ADF, NDF (Van Soest, 1963), CP 
(Leco FP-428; Leco Australia Pty Ltd.), and organic 
matter digestibility (OMd) as described by Morgan 
et al. (1989) and modified by Garry et al. (2018). The 
energy content of the pasture, expressed as unité four-
ragère lait, was subsequently calculated as described by 
INRA (2010).

The concentrate offered was analyzed for DM, ash, 
CP, and NDF. Where silage was fed to treatments dur-
ing periods of inclement weather, a sample was col-
lected, dried at 40°C for 72 h and analyzed for DM, 
ash, ADF, NDF, and CP and calculated for OMd as 
outlined by Morgan et al. (1989). The ingredient com-
position of the concentrate feed was beet pulp 35%, 
corn gluten 26%, barley 25%, soybean meal 11%, and 
minerals plus vitamins 3%. Mean concentrate quality 
was 154 g/kg of CP, 177 g/kg of crude fiber, 105 g/kg 
of ash, and 895 g/kg of OM.

Animal Measurements

DMI. Measurements of individual pasture DMI 
(PDMI) were estimated using the n-alkane technique 
(Mayes et al., 1986) as modified by Dillon and Stake-
lum (1989). Samples for cow PDMI were collected at 
the beginning of October (experimental wk 6), at the 
peak of the average pasture cover during autumn. All 
cows were dosed twice daily, after morning and eve-
ning milking with paper bungs containing 500 mg of 
C32-alkane (n-dotriacontane, an indigestible marker) 
over a 12-d period. From d 7 to 12 of dosing, fecal 
samples were collected from each cow twice daily be-
fore morning and evening milking and stored at −20°C. 
The fecal samples were subsequently thawed, bulked 
(12 g of each collected sample) and dried for 48 h in a 
40°C oven in preparation for chemical analysis. Selected 
herbage samples were manually collected daily on d 6 
to 11 (inclusive) with Gardena hand shears (Accu 60, 
Gardena International GmbH) and cut to the PGSH 
following the PGSH observations of the grazing dairy 
cows. The ratio of herbage C33-alkane (tritriacontane) 
to dosed C32-alkane was used to estimate DMI. The 
n-alkane concentration was determined as outlined by 
Dillon (1993).

Milk Production. Cows were milked twice daily 
throughout lactation across the 3 yr of the experiment. 
The milking process was carried out at 0700 and 1530 
h daily. Weekly milk production was derived from in-
dividual cow milk yield (kg) recorded at each milking 
(Dairymaster). Milk fat, protein, and lactose concentra-
tion for each cow was determined weekly from succes-
sive p.m. and a.m. milkings using a Milkoscan 203 (Foss 
Electric) and subsequently, weekly solids-corrected milk 
(SCM; Tyrrell and Reid, 1965), fat, protein, lactose, 
and MS yields were calculated. Only cows with a mini-
mum lactation duration of 10 wk were kept for analysis 
(n = 140, 130, and 132 in year 1, 2, and 3 respectively). 
Milk, fat, protein, lactose, and MS yield per hectare 
(from grazed pasture) were calculated by adding up the 
total herd daily milk and MS produced from each pad-
dock in each treatment and dividing by the area of the 
paddock to give the yield per hectare. Similarly, grazing 
days per hectare was calculated by adding up the total 
number of cow grazing days in each paddock in each 
treatment and dividing by the area of the paddock to 
give the number of grazing days per hectare.

BW and BCS. Individual animal BW and BCS 
were recorded fortnightly during the experiment. Body 
weight was recorded upon exit from the milking parlor 
using an electronic scale with the Winweigh software 
package (Tru-Test Limited, https:​/​/​www​.livestock​.tru​
-test​.com/​en​-us/​weighing). Animal BCS was measured 
on a 1-to-5 scale (1 = thin, 5 = obese) in increments of 
0.25 as outlined by Edmonson et al. (1989). Body con-
dition score was recorded by one individual throughout 
the experiment.

Statistical Analysis

Grazing Characteristics and Dietary Details. 
Grazing data were analyzed from September 1 until 
housing on November 20 (±2 d) from all paddocks 
grazed during each grazing rotation in each year of the 
experiment. All statistical analyses were carried out us-
ing SAS Version 9.4 (SAS Institute Inc.). The effect of 
year (Y), farm system (FS), pasture availability (PA), 
and month (M) and their interaction on pasture pro-
duction, chemical composition of herbage, pregrazing 
HM, pregrazing sward height, sward density, average 
residency, DHA, PGSH, postgrazing HM, DHR, grazing 
efficiency, and concentrate and forage supplementation 
were analyzed using mixed models (PROC MIXED; 
SAS Institute, 2010). Year (2017–2019, inclusive), FS 
(MI and HI), PA (LPA, MPA, and HPA) and month 
(9–11) were fitted as fixed effects in the model. Pad-
dock was the experimental unit and was included as 
the random effect in the model. The data are presented 
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as the least squares means ± standard error and were 
analyzed using the following model:

	 Yijkl = µ + FSi + PAj + Yk + Ml + (FSi × PAj) 	  

+ (Yk × FSi) + (Yk × PAj) + (Yk × FSi × PAj) + eijkl,

where Yijkl = dependent variable; µ = mean; FSi (i = 1 
or 2); PAj = PA (j = 1 to 3); Yk = year (k = 1 to 3); Ml 
= month (l = 9 to 11); FSi × PAj = interaction between 
FS and PA; Yk × FSi = interaction between year and 
FS; Yk × PAj = interaction between year and PA; Yk × 
FSi × PAj = interaction between year, FS, and PA; and 
eijkl = the residual term error.

DMI and Milk Production. The effect of year, FS, 
PA, parity, breed, experimental week, calving day of 
the year (CD), genetic merit index (GMI), and their 
interactions on daily DMI, milk production, SCM, milk 
fat, protein, and lactose concentrations, fat, protein, 
lactose, and MS yield per cow were analyzed using 
mixed models (PROC MIXED; SAS Institute, 2010). 
Year (2017–2019, inclusive), parity (1, 2, ≥3), FS (MI 
and HI), PA (LPA, MPA, and HPA), and experimen-
tal week (1–11) were included as fixed effects. Calving 
day of the year and the GMI were fitted as continu-
ous covariates. Experimental week was introduced as 
repeated measures, and a new variable was created 
as YearCow to take account of multiple lactations for 
some individual cows and was treated as a random sub-
ject. These variables were analyzed using the following 
model:

	 Yijklmn = µ + FSi + PAj + Bk + Pl + Wm + Yn 	  

+ CDijklmn + GMijklmn + (FSi × PAj) + (Yn × FSi)  

+ (Yn × PAj) + (Yn × FSi × PAj) + eijklmn,

where Yijklmn is the response of animal h of breed k, in 
parity l,in FS i and PA j in year n; µ = mean; FSi = 
FS (i = 1 or 2); PAj = PA (j = to 3); Bk = breed (k = 
1 or 2); Pl = parity (l = 1, 2, ≥ 3); Wm = week m (1 to 
11); Yn = year (n = 1, 2 or 3); FSi × PAj = interaction 
between FS and PA; Yk × FSi = interaction between 
year and FS; Yk × PAj = interaction between year and 
PA; Yk × FSi × PAj = interaction between year, FS 
and PA; CDijklmn = respective CD; GMijklmn = respective 
GMI; and eijklmn = the residual term error.

Dry matter intake for pasture and concentrate were 
analyzed using PROC MIXED in SAS. Treatment (FS 
and PA), breed, parity, year, and the associated inter-
actions were included in the model. Individual cow was 
treated as the experimental unit and was included as 
random effect.

Milk Production and Output per Hectare. Milk 
yield per hectare, SCM per hectare, fat, protein, lactose 
yield per hectare and MS yield per hectare, and grazing 
days per hectare were analyzed with the effect of FS, 
PA, year, and their interactions included in the model 
using PROC MIXED procedure in SAS. Paddock was 
included as the experimental unit and fitted as a ran-
dom effect. The following model was used:

	 Yijkl = µ + FSi + PAj + Yk + Ml + (FSi × PAj) 	  

+ (Yk × FSi) + (Yk × PAj) + (Yk × FSi × PAj) + eijkl,

where µ = mean; Fi = FS (i = 1 or 2); PAj = PA (j = 
1 to 3); Yk = year (k = 1 to 3); Ml = month (l = 9 to 
11); FSi × PAj = interaction between FS and PA; Yk 
× FSi = interaction between year and FS; Yk × PAj = 
interaction between year and PA; Yk × FSi × PAj = 
interaction between year, FS, and PA; and eijkl = the 
residual term error.

RESULTS

Meteorological Data

Although mean annual and autumnal soil tempera-
ture and rainfall during the study period were similar 
to the 10-yr averages (Figure 1), monthly rainfall dur-
ing the summer of 2018 was significantly below normal 
(equivalent to 47% of 10-yr average values), resulting 
in significantly reduced summer and autumn pasture 
growth and greatly increased concentrate supplementa-
tion during autumn 2018 for all treatments. Equally, 
total rainfall during autumn 2019 was 44% above the 
10-yr average (568 and 394 mm, respectively), which 
also reduced autumn pasture availability and conse-
quently led to a period of additional concentrate and 
silage supplementation.

Pasture Production, Grazing Characteristics,  
and Dietary Details During Autumn

Autumn grazing extended until November 20 (±2 d) 
for each treatment in each of the three study years and 
resulted in a mean closing pasture cover of 420, 650, 
and 870 kg of DM/ha available for LPA, MPA, and 
HPA, respectively; Figure 2). Year had a significant 
effect (P < 0.001) on all pasture characteristics and in 
particular the low levels of rainfall during summer and 
early autumn in yr 2. Total autumn pasture production 
(from September 1 to December 31) was greatest (P 
= 0.01) in year 1 (3,528 kg of DM/ha) compared with 
both yr 2 (−375 kg of DM/ha) and yr 3 (−613 kg of 
DM/ha, annual and monthly data are not reported). In 
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consequence, the greatest average pregrazing HM were 
recorded during autumn in yr 1 (1,941 kg of DM/ha), 
whereas the lowest were in yr 2 (1,418 kg of DM/ha), 
and yr 3 was intermediate (1,755 kg of DM/ha). There 
was a significant effect of month on pasture DM content 
(P < 0.001) and pregrazing HM during autumn. Sward 
DM content was 16.2, 13.9, and 14.2%, and pregrazing 
HM was 1,810, 2,000, and 1,306 kg of DM/ha during 
September, October, and November, respectively.

There was no significant interaction between FS 
and PA for any of the autumn sward measurements 
and therefore, only the main effects are presented in 
Table 1. There were no differences in pregrazing sward 
characteristics between the FS with the exception of 
DHA (measured above 3.5 cm), which was reduced (P 
< 0.001) for HI (12.2 vs. 14.2 kg of DM/cow). As a 
result of the design of the study, there were also sig-
nificant differences in PGSH, which was higher (P < 
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Figure 1. Mean (a) daily soil temperature and (b) cumulative monthly rainfall during the study period compared with the previous 10-yr 
average (black line) values (± SE).
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0.001; +0.3 cm) for MI compared with HI, resulting in 
a higher postgrazing HM and lower grazing efficiency 
(P < 0.001; Table 1). Similarly, DHR was greater (P 
< 0.001) for MI (+1.4 kg of DM/cow) compared with 
HI. There was also no significant effect of FS on silage 
supplementation (50 kg of DM/cow); however, the in-
creased daily concentrate allowance for HI resulted in 
increased (P < 0.001) total concentrate supplementa-
tion during autumn compared with MI over the study 
period (365 vs. 213 kg of DM/cow).

Autumn grazing rotation length was significantly af-
fected by PA treatment. To establish HPA and MPA, 
autumn rotation length was extended (+13 and +7 d, 
respectively) beyond that required by LPA (37 d). The 
comparably delayed extension of rotation length dur-
ing late summer for LPA and MPA resulted in small 
amounts of pasture conservation (80 and 55 kg of DM/
ha, respectively) compared with HPA where no pas-
ture conservation occurred. Mean paddock pregrazing 
HM and sward height were significantly higher with 
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Figure 2. Effect of pasture availability treatment (±SE) on weekly average pasture cover during the 11-wk autumn study period. LPA = low 
pasture availability (▲); MPA = medium pasture availability (■); HPA = high pasture availability, (♦).

Table 1. The effect of farm system (FS) and pasture availability (PA) on autumn pasture characteristics and cumulative supplementary feed 
requirements1

Item2

MI

 

HI

SE

P-value

LPA MPA HPA LPA MPA HPA Year FS PA

Pregrazing sward                    
Rotation length (d) 37 43 50 37 43 50 0.9 0.31 0.99 <0.001
  Sward height (cm) 7.7 9.0 10.1 7.7 9.0 10.1 0.17 <0.001 0.86 <0.001
  Herbage mass (kg of DM/ha) 1,270 1,715 2,116 1,324 1,721 2,106 53.9 <0.001 0.71 <0.001
  Sward density (kg of DM/cm) 308 297 309 323 304 309 9.1 <0.001 0.32 0.23
  Average residency (d) 2.3 2.9 3.3 2.3 2.9 3.3 0.13 <0.001 0.96 <0.001
  DHA (kg of DM/cow per day) 13.2 14.3 15.0 11.7 12.2 12.7 0.37 <0.001 0.001 <0.001
Postgrazing sward                    
  Sward height (cm) 3.6 3.9 3.9 3.3 3.6 3.6 0.06 <0.001 <0.001 <0.001
  Herbage mass (kg of DM/ha) 22 109 138 −59 19 29 18.8 <0.001 <.0001 <0.001
  Herbage removed (kg of DM/ha) 1,325 1,714 2,054 1,459 1,804 2,152 54.7 <0.001 0.017 <0.001
  Grazing efficiency (%) 107 100 99 115 106 105 1.7 <0.001 <0.001 <0.001
  DHR (kg of DM/cow per d) 13.4 13.6 14.1 12.0 12.1 12.6 0.37 <0.001 <0.001 0.20
Cumulative supplementary feed  
  (kg of DM/cow)

                   

  Concentrate 211 220 207 367 371 357 9.1 <0.001 <0.001 0.33
  Grass silage 50 50 49 50 50 49 8.3 — 0.93 0.99
1MI = medium intensity; HI = high intensity; LPA = low pasture availability; MPA = medium pasture availability; HPA = high pasture avail-
ability.
2DHA = daily herbage allowance, measured above 3.5 cm; DHR = daily herbage removed, measured above postgrazing sward height.
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increased PA (P < 0.001) ranging from a mean autumn 
pregrazing HM of 1,297 kg of DM/ha for LPA to 1,718 
and 2,111 kg of DM/ha of available pasture for MPA and 
HPA, respectively (Table 1 and Figure 2). Despite large 
differences in pregrazing HM (Figure 3a), there was no 
difference in sward density between PA treatments. Due 
to the increased HM in MPA and HPA paddocks, both 
residency time and DHA increased with increased PA. 
Total herbage removal (kg of DM/ha) increased with 
increasing PA (P < 0.001; +711 kg of DM/ha for HPA 
compared with LPA). Postgrazing sward height ranged 
from 3.4 to 3.7 cm for the LPA and HPA, respectively 
(Figure 3b). Similarly, the postgrazing HM was lowest 
(−23 kg of DM/ha) for LPA, intermediate for MPA (57 
kg of DM/ha) and highest for the HPA (74 kg of DM/
ha). In accordance with the PGSH, grazing efficiency 
was highest for LPA compared with both MPA and 
HPA (P < 0.001). There was no significant effect of 
PA on DHR (13.0 kg of DM/cow per day), indicating 
that lower PGSH adjusted for the lower DHA between 
treatments. There was no significant effect of PA treat-
ments on grazed or total pasture production (3,230 kg 
of DM/ha; Table 2). As per the experimental design, 
there was no difference (P > 0.1) in concentrate and 
silage supplementation per cow between PA treatments 
during autumn with low levels of both concentrate (260 
kg of DM/cow) and silage (50 kg of DM/cow) required 
to maintain all groups on a grazing diet until late au-
tumn each year.

Sward quality parameters were unaffected by FS 
during autumn, and there were also no significant in-
teractions between FS and PA. However, PA had a sig-
nificant effect on sward quality during autumn (Table 
3; Figure 4). Both, sward OMd (P = 0.002) and CP 
content (P < 0.001) were lowest for HPA (77.7% and 
220 g/kg, respectively), highest for LPA (78.6% and 242 
g/kg, respectively) and intermediate for MPA (78.0% 
and 230 g/kg, respectively). The greatest differences 
in both OMd and CP occurred during wk 4 to 8, cor-
responding to the greatest differential in HM between 
PA treatments (Figure 4). Despite the differences in CP 
and OMd, there was no significant difference in ADF, 
NDF, or Unité Fourragère Lait values between LPA, 
MPA, and HPA (253, 430 g/kg and 0.96, respectively).

DMI, Milk Production Performance, BW,  
and BCS During Autumn

The effect of FS and PA treatment on daily DMI, 
milk production, BW, and BCS is illustrated in Table 
4. There was no significant interaction between FS 
and PA for any of the DMI and milk production and 
composition variables analyzed. Year had a significant 
effect on all milk production parameters except for 

protein composition. Farm system had a significant ef-
fect on DMI and all daily milk yield parameters but 
not on milk composition. The MI system, by virtue 
of a lower SR and increased DHA, achieved a higher 
daily PDMI (+1.8 kg of DM/cow) compared with HI 
(12.9 kg of DM/ cow). Based on the additional daily 
concentrate supplementation, HI achieved a greater (P 
< 0.05) daily milk (+0.50 kg), fat (+28.5 g), protein 
(+6.7 g), lactose (+36.3 g), SCM (+0.7 kg), and MS 
(+0.05 kg) yield compared with MI (15.5, 850.0, 639.6, 
699.2, 18.1, and 1.61 kg, respectively). There was no 
significant effect of FS on BW or BCS.

Furthermore, there was no effect of PA treatment 
on daily PDMI (13.8 kg of DM/cow), concentrate (2.7 
kg of DM/cow), or total DMI (16.5 kg of DM/cow) 
during autumn. There was also no significant effect 
of PA on autumn daily milk (15.7 kg), fat (864.2 g), 
protein (648.3 g), lactose (717.3 g), SCM (18.4 kg), or 
MS yield (1.64 kg). Milk fat content was greater for 
MPA (58.9 g/kg) compared with both HPA and LPA 
(57.1 and 57.4 g/kg, respectively), whereas PA had no 
effect on milk protein or lactose content (43.0 and 46.1 
g/kg, respectively). Pasture availability treatment had 
a significant (P < 0.05) effect on BW as MPA achieved 
a greater average BW (+12 kg) compared with LPA 
(513 kg) during autumn, whereas HPA was intermedi-
ate (518 kg). There was no significant effect of PA on 
average BCS during autumn (2.89 units).

Milk Production and Supplementation  
per Hectare During Autumn

The effect of year on grazing days, MS production, 
and supplementary concentrate requirements per 
hectare is displayed in Figure 5. Although it had no 
significant effect on grazing days per hectare, year had 
a significant effect on both MS production and supple-
mentary feed requirements. Total MS production per 
hectare was greatest in yr 2 (358 kg), corresponding 
to the period of greatest concentrate supplementation, 
least in yr 1 (236 kg) and intermediate in yr 3 (334 kg). 
On average, 827 kg of DM of concentrate and 131 kg of 
DM of silage per hectare were fed over the 3-yr period. 
Due to low rainfall and depressed pasture growth dur-
ing summer and autumn in yr 2, the highest levels of 
supplementation were required with 1,406 kg of DM 
of concentrate per hectare fed. In contrast, the lowest 
levels of concentrate supplementation (491 kg of DM/
ha) and no silage were required in yr 1 when pasture 
growth was above average, resulting in the lowest MS 
production period.

While there was no significant effect of FS on silage 
supplementation per hectare, concentrate supplementa-
tion per hectare was greater (P < 0.001) for HI com-
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pared with MI (1,089 vs. 566 kg of DM; Figure 5). The 
HI, by virtue of a higher SR, also achieved a greater (P 
< 0.001) number of grazing days per hectare (246 d/
ha) compared with MI (211 d/ha). In contrast to MI, 
HI consistently achieved greater (P < 0.001) milk, fat, 

protein, lactose, and MS yield per hectare (+723, +31, 
+28, +30, and +52 kg/ha; Table 2).

Pasture availability treatment had no significant 
effect on concentrate and silage supplementation per 
hectare. There was also no significant effect of PA on 
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Figure 3. Effect of pasture availability treatment (±SE) on weekly average (a) pregrazing herbage mass and (b) postgrazing sward height 
during the 11-wk study period. LPA = low pasture availability (▲); MPA = medium pasture availability (■); HPA = high pasture availability, 
(♦).
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the number of grazing days per hectare achieved (233 
d/ha) during autumn. Moreover, there was no differ-
ence in milk, fat, protein, lactose, and MS yield per 
hectare between PA treatment groups (3,758, 154, 162, 
157, and 309 kg/ha, respectively).

DISCUSSION

Although grazing systems are widely recognized for 
the positive effects on both the natural environment 
and the welfare of animals (Plantureux et al., 2016; Eu-
ropean Union, 2019; Mee and Boyle, 2020), the recent 
intensification of such systems and reduced reliance 
on extended grazing due to widespread availability of 
affordable feed supplements is now among the main 

concerns for the European Union dairy sector (Nalon 
and Stevenson, 2019). The current study was conceived 
to evaluate the capability for altered grazing manage-
ment practices within 2 farm systems during autumn 
to increase the average pasture cover on farm and to 
maintain a high reliance on grazed pasture within an 
extended grazing season for intensive pasture-based 
systems. There is a significant focus in grazing systems 
on maximizing animal intake and the utilization and 
quality of pasture throughout the main grazing season 
(Kennedy et al., 2006). Previous studies have indicated 
that for each 1 t of DM/ha of additional pasture utiliza-
tion in grazing dairy systems, annual net farm profit 
is increased [by €173/ha in Ireland (Hanrahan et al., 
2018) and by NZ$297/ha in New Zealand (Neal and 
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Table 2. The effect of farm system (FS) and pasture availability (PA) on cumulative pasture production, supplementary feed and milk 
production per hectare during autumn

Item

Treatment1

SE

P-valueMI

 

HI

LPA MPA HPA LPA MPA HPA Year FS PA

Cumulative pasture production 
  (kg of DM/ha)

                 

  Grazed pasture 3,111 3,212 3,227 2,998 3,156 3,187 120.0 <0.001 0.48 0.40
  Conserved pasture 83 33 — 78 77 — 31.1 — 0.61 0.03
  Total 3,194 3,245 3,227 3,076 3,233 3,187 111.3 <0.001 0.53 0.63
Grazing days (d/ha) 222 213 210 253 250 245 10.8 0.004 <0.001 0.65
Number of grazing rotations 2.1 1.6 1.4 2.1 1.6 1.4 0.08 0.13 0.41 <0.001
Supplementary feed (kg of DM/ha)                    
  Concentrate 652 648 583 1,223 1,255 1,157 60.2 <0.001 <0.001 0.36
  Silage 107 124 123 129 149 157 37.6 <0.001 0.38 0.82
  Total 761 776 710 1,350 1,404 1,314 79.7 <0.001 <0.001 0.62
Milk production per hectare (kg/ha)                    
  Milk yield 3,558 3,466 3,328 4,289 4,165 4,110 182.8 <0.001 <0.001 0.53
  Fat yield 146 135 134 171 164 175 7.7 <0.001 <0.001 0.52
  Protein yield 156 146 140 180 176 172 7.5 <0.001 <0.001 0.29
  Lactose yield 150 144 141 180 173 174 7.7 <0.001 <0.001 0.60
  Milk solids yield 291 281 274 330 340 338 14.8 <0.001 <0.001 0.93
1MI = medium intensity; HI = high intensity; LPA = low pasture availability; MPA = medium pasture availability; HPA = high pasture avail-
ability.

Table 3. The effect of farm system (FS) and pasture availability (PA) and on sward quality during autumn

Item

Treatment1

SE

P-valueMI

 

HI

LPA MPA HPA LPA MPA HPA Year FS PA

OM digestibility (%) 78.5 78.0 77.6 78.7 78.1 77.9 0.26 <0.001 0.30 0.002
CP (g/kg) 242 231 222 241 230 218 4.5 <0.001 0.55 <0.001
ADF (g/kg) 252 252 253 249 256 256 4.1 <0.001 0.66 0.47
NDF (g/kg) 419 439 436 417 432 439 9.9 <0.001 0.75 0.07
UFL2 0.97 0.96 0.96 0.97 0.96 0.96 0.005 <0.001 0.82 0.23
1MI = medium intensity; HI = high intensity; LPA = low pasture availability; MPA = medium pasture availability; HPA = high pasture avail-
ability.
2Unité fourragère lait; the net energy content of 1 kg of standard barley; INRA, 2010.
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Figure 4. Effect of pasture availability treatment (±SE) on weekly average sward (a) organic matter digestibility, (b) CP content, and (c) 
UFL (unité fourragère lait; the net energy content of 1 kg of standard barley; INRA, 2010) during the last grazing rotation. LPA = low pasture 
availability (▲); MPA = medium pasture availability (■); HPA = high pasture availability, (♦).
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Roche, 2020)]. The novel objective of this study was 
to investigate the effects of alternative autumn pasture 
management strategies that increase overall pasture 
availability on farm without increasing the use of 
supplementary feed or shortening the grazing season 
and therefore maintaining a predominantly low-cost 
pasture-based system.

Similar to previous findings (Roche et al., 2009; Pat-
ton et al., 2016; Claffey et al., 2020), meteorological 
conditions can have a significant effect on pasture pro-
duction and quality, resulting in significant year effects 
within multiyear grazing studies. In the current study, a 
nearly 50% reduction in average rainfall during summer 
in yr 2 resulted in significantly increased concentrate 
supplementation requirements to mitigate the decline 
in pasture growth and availability during autumn. Due 
to the lower-than-normal pasture growth rates in yr 
2, grazing rotation lengths were reduced as a result 
of lower pregrazing HM compared with yr 1 and 3, 
and target peak pasture cover for MPA and HPA could 
not be achieved in early October. This also entailed a 
shorter residency time in each paddock and increased 
concentrate supplementation. Equally, an exceptionally 
wet autumn in yr 3 (when rainfall levels were 144% of 
the 10-year average) reduced pasture availability and 
consequently led to a period of additional concentrate 

and silage supplementation. On that basis, and similar 
to the findings of both Patton et al. (2016) and Claffey 
et al. (2020), additional quantities of concentrate and 
silage are required within intensive grazing systems as a 
contingency for unexpected climatic conditions.

Overall grazable land availability is a major limita-
tion for grazing dairy systems and thus, maximizing 
milk output per hectare is important. Stocking rate, 
and therefore grazing days per hectare, are widely 
acknowledged as the main drivers of milk output and 
pasture utilization per hectare (Macdonald et al., 2008; 
McCarthy et al., 2016; Coffey et al., 2018). Previous 
studies have shown that a lower PGSH and a higher 
SR negatively affect individual cow performance due 
to lower DHA (McEvoy et al., 2008; McCarthy et al., 
2014). The modest increase in individual cow perfor-
mance of the HI farm system in this study is consistent 
with other similar studies in which the lower PGSH 
achieved with an increase in SR has been effectively 
combined with additional concentrate supplementation 
(Coleman et al., 2010; Patton et al., 2016). Indeed, 
some studies, in which incorporating concentrates in 
the late lactation diet in higher SR systems resulted in 
an increase in total DMI, have reported significantly 
increased milk and MS production per cow (O’Brien et 
al., 1996; McKay, et al., 2019). We concluded that the 
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Table 4. The effect of farm system (FS) and pasture availability (PA) and on animal intake, daily milk production, BW, and BCS during 
autumn

Item

Treatment1

SE

P-valueMI

 

HI

LPA MPA HPA LPA MPA HPA Year FS PA  

Daily DMI (kg of 
  DM/cow)

                   

  Pasture (PDMI) 14.6 14.6 14.9 13.3 12.7 12.8 0.29 <0.001 <0.001 0.41
  Concentrate (CDMI) 1.7 1.9 1.7 3.5 3.5 3.5 0.03 0.55 <0.001 0.20
  Total (TDMI) 16.4 16.5 16.7 16.8 16.1 16.3 0.29 <0.001 0.59 0.53
Daily milk production                    
  Milk yield (kg/cow) 15.6 15.3 15.5 16.3 15.9 15.7 0.28 <0.001 0.03 0.33
  Fat yield (g/cow) 854.7 864.2 831.2 885.3 892.7 857.5 0.01 <0.001 0.01 0.04
  Protein yield (g/cow) 644.2 637.9 636.6 664.4 663.4 643.3 0.01 <0.001 0.04 0.35
  Lactose yield (g/cow) 709.8 683.3 704.5 764.2 725.1 717 0.02 <0.001 0.02 0.19
  SCM2 yield (kg/cow) 18.4 18.0 17.8 19.2 18.8 18.3 0.04 <0.001 0.01 0.13
  Milk solids yield 
  (kg/cow)

1.64 1.61 1.59 1.68 1.67 1.63 0.09 <0.001 0.03 0.15

Milk composition (g/kg)                    
  Fat 57.6 58.7 56.7 57.2 59.0 57.5 0.06 <0.001 0.61 0.006
  Protein 42.9 43.2 43.1 42.7 43.4 42.7 0.03 0.27 0.53 0.16
  Lactose 46.0 45.5 46.0 46.9 46.1 46.3 0.06 <0.001 0.22 0.52
BW (kg) 516 522 515 510 529 522 5.1 <0.001 0.52 0.04
BCS3 2.87 2.88 2.88 2.88 2.91 2.89 0.024 <0.001 0.20 0.48  
1MI = medium intensity; HI = high intensity; LPA = low pasture availability; MPA = medium pasture availability; HPA = high pasture avail-
ability.
2SCM = solids-corrected milk.
3BCS was measured on a 5-point scale (1 = thin, 5 = fat; Edmonson et al., 1989).
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Figure 5. The effect of year on cumulative per hectare (a) grazing days, (b) milk solid (MS) yield, and (c) concentrate supplementation 
requirements for each farm system and pasture availability treatment during yr 1 (black), yr 2 (white) and yr 3 (gray). MI = medium intensity 
farm system; HI = high intensity farm system; LPA = low pasture availability; HPA = high pasture availability; and MPA = medium pasture 
availability.
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high levels of pasture utilization (characterized by the 
lower PGSH), coupled with the lack of a difference in 
total DMI between FS in this study is indicative of the 
efficient use of additional supplement within HI similar 
to previous studies (Coleman et al., 2010; Patton et al., 
2016).

Although both Lee et al. (2008) and Peyraud and 
Delagarde (2013) observed a reduction in sward quality, 
pasture production, and tiller density with continuously 
laxly grazed swards where a severe difference in PGSH 
of 2 cm was imposed, the difference of 0.3 cm in PGSH 
between FS treatments from this study was comparably 
small and therefore did not deleteriously affect pasture 
quality. Likewise, the increase in PA and associated 
increase in pregrazing HM within MPA and HPA treat-
ments had little or no detrimental effect on pasture 
utilization and DMI and is similar to both Lawrence 
et al. (2017) and Claffey et al. (2020). Although it is 
widely accepted that increasing pregrazing HM during 
autumn results in increased leaf senescence (Holmes et 
al., 1992; Fulkerson and Donaghy, 2001), the effects on 
autumn sward nutritive value are conflicted (Parsons et 
al., 1988; Hennessy et al., 2006; Beecher et al., 2015). In 
this study, where pastures were consistently grazed to a 
PGSH of 3.5 to 4.0 cm during autumn, extending rota-
tion length by up to 13 d (LPA vs. HPA) and increasing 
pregrazing HM had little effect on pasture utilization 
and sward nutritive value. Similarly, both Wims et al. 
(2010) and Beecher et al. (2015) observed no significant 
sward nutritive quality decline with increased pregraz-
ing HM during late summer and autumn and reported 
no effect on animal performance. At a practical level, 
the absence of significant FS and PA interaction effects 
on cumulative pasture production and quality within 
the range of treatments reported here, suggests that 
autumn pasture productivity and quality is relatively 
insensitive to changes in pregrazing HM and grazing 
intensity.

Consistent with the negligible effect on pasture per-
formance, PA treatment had no significant effect on 
animal intake and performance during autumn. The 
overall levels of DMI and milk production achieved 
were similar to previous studies (Coffey et al., 2016; 
Claffey et al., 2020) and indicative of the high produc-
tivity potential of autumn pasture. Similarly, numer-
ous previous albeit short-term studies have reported 
the capability of high HM swards to support increased 
milk production per hectare (Holmes et al., 1992; Ken-
nedy et al., 2006). More recently, Claffey et al. (2020) 
also observed no significant effect of early and delayed 
autumn closing strategies on milk and MS yield dur-
ing autumn, whereas the resulting increase in pasture 
availability in spring in that study resulted in increased 
animal performance.

CONCLUSIONS

The results of the present study confirmed the hy-
potheses and indicate that increasing SR in combina-
tion with additional feed supplementation in intensive 
grazing systems can maintain a high dependence on 
high-quality grazed pasture, can increase pasture uti-
lization, and can achieve a modest increase in animal 
performance in late lactation. Furthermore, this study 
also indicates that increasing PA by extending autumn 
grazing rotation length can be an effective strategy to 
achieve an extended grazing season into late autumn 
while also provisioning additional pasture for early 
spring turnout. Indeed, the overall similarity in cu-
mulative pasture production, quality, utilization, and 
animal performance between PA treatments reported 
here indicates that autumn pasture productivity and 
quality is relatively insensitive to changes in pregrazing 
HM and grazing intensity.
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