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Abstract
As housing is adopted to minimise the environmental impacts of farming activities in New Zealand, it becomes important to 
investigate the impact of this on the body condition of cows as a predictor of animal welfare. The P21 project undertaken at Massey 
University’s Dairy 4 recorded the body condition score (BCS) and live weight (LW) of cows either under duration-controlled 
grazing during sensitive periods (‘housed’) or standard feed-pad (‘standard’) system. A total of 10,350 BCS records and 10,950 
LW records were available from 978 cows over three dairy seasons (2013-14 to 2015-16). Random regression curves for daily 
BCS and LW were modelled using a 5th order Legendre polynomial. Data were analysed with a linear model, which included the 
effects of system, season, the system by season interaction and proportion of breeds (Jersey and Friesian), and cow age fitted as 
co-variants. The BCS was greater in 2014-15 than in either 2013-14 or 2015-16, (4.48 vs 4.33 and 4.28, respectively). The BCS 
of the housed and standard cows were significantly different (P <0.01) in 2013-14 and 2015-16. Housed cows were heavier than 
standard cows in both 2013-14 and 2014-15. These results indicate that housing of cows could improve on their BCS and LW. 
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Introduction
As some New Zealand dairy farmers move to using 

cow housing as a means to minimise the environmental 
impact of their farming activities, it becomes important 
to investigate the impact of these systems on the body 
condition of cows as a predictor of animal welfare (Laven 
& Holmes 2008; Roche et al. 2009; NAWAC 2016). The 
P21 project undertaken at Massey University’s Dairy 4 
recorded the body condition score (BCS) and live weight 
(LW) of cows either under duration-controlled grazing 
(‘housed’) or unhoused (‘standard’) at various times 
throughout the milking season, as part of an investigation 
into the environmental effects of using housing to stand 
cows off pasture.

The overarching objective of the P21 project “is 
to provide accessible farm systems-level solutions for 
profitably increasing pastoral production while reducing 
farms’ nutrient losses to water” (Thorrold & Shepherd 
2015). While the Massey project of P21 research 
investigated the effect of duration-controlled grazing on 
the nitrogen leaching of poorly-drained Manawatu soils, 
an output of this research has been the generation of cow-
health and -production data under both standard commercial 
conditions and duration-controlled grazing. Therefore, this 
study aimed to investigate the differences in BCS and LW 
of cows in either the housed or standard systems.

Materials and methods
Cows were farmed under commercial conditions 

on Massey University’s Dairy 4 in two different grazing 
management systems (housed and standard) as part of 
an investigation into the environmental effects of using 
housing to stand cows off pasture when environmental 
conditions required it (duration-controlled grazing 

(housed)) as described by Christensen et al. (2014). The 
housed cows were subject to housing as pasture reached 
water holding capacity and the standard herd were subject 
to normal commercial conditions on lower north island 
dairy farms where cows remained on pasture:
1. ‘Standard’ farmlet/system: The Standard dairy 

herd (200 cows, 2.66 cows/ha, 76 ha effective) was 
managed as a typical pastoral based farm in the 
Manawatu region, at a system 3-4. An uncovered 
concrete feedpad, with a 250-cow capacity, was used 
to feed maize and pasture silage supplements to this 
herd and 40% of the cows in the herd were grazed 
off over the winter period. The herd were primi- and 
multiparous Holstein-Friesian cross cows with an 
average BW of 122 and PW of 145.

2. ‘Housed’ farmlet/system: The Housed dairy herd (200 
cows, 2.88 cows/ha, 73 ha effective) utilised a 200-cow 
free-stall barn to winter all cows on-farm and practice 
duration-controlled grazing (DC grazing)  in summer 
and autumn to reduce the excretal load on pastures, 
and in winter to reduce the treading damage. The herd 
were primi- and multiparous Holstein-Friesian cross 
cows with an average BW of 121 and PW of 142. 
Body condition score (1-10 scale; DairyNZ 2004) was 

recorded every month and walk-over weights were taken at 
every milking during the lactation for all cows. A total of 
10,350 BCS records and 10,950 LW records were available 
for 978 cows over three dairy seasons (2013-14 to 2015-
16). There were 8622 records where both the BCS and LW 
records were on the same day. 

Cows at Dairy 4 had seven herd tests in 2013-14, 
eleven herd tests in 2014-15 and six herd tests in 2015-16. 
Herd tests recorded daily yields of milk, fat, protein and 
lactose, and somatic cell count of the milk, along with daily 
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milk volume, were available for analysis. Calving date 
was available for all cows. A cow’s lactation was assumed 
to be from calving to the date of dry-off. If dry-off date 
was not available the lactation was assumed to end on the 
date of last herd test. Deviation from median calving date 
was calculated for all cows by herd and season. Breed was 
obtained from the cow’s pedigree and breed was assigned 
in sixteenths where the purebred animals were assumed to 
be those which had greater than 15/16 of one breed; cows 
with missing records (less than 16/16 total breed proportions) 
were assumed to have ‘other’ breed for the missing breed 
proportion. Breed proportion was assigned from pedigree 
information as a proportion of purebred in an animal from 
represented breeds Holstein-Friesian (F), Jersey (J) and 
FxJ crossbred cows. Coefficient of expected heterosis (hij) 
was calculated using the method of Dickerson (1973) as 
follows:

hij = αsiαdj + αsjαdi where αsi and αsj are proportions of 
breeds i and j in the sire, respectively, and αdi and αdj are 
proportions of breed i and j in the dam, respectively.
Cows with missing breed, system, season, birth 

identification number or milk trait yields were deleted. 
Cows with milk yield less than 3 litres in a herd test or fat 
or protein yields below 0.3 kg per day were deleted. Cows 
with daily fat yields over 4 kg were deleted, and cows 
which did not complete at least 100 days of lactation were 
also deleted.

Statistical analysis
Random regression curves for BCS and LW for each 

cow were estimated using random regression models with a 
5th order Legendre polynomial. The BCS data were centred 
on the 1st of June as the start of the season, whereas for 
LW the data were centred on the start of calving for each 
season. Lactation curves for daily milk volume for each 
cow we also estimated using a random regression model 
with a 3rd order Legendre polynomial with data centred on 
mean calving date for each herd and season.  The best order 
of the polynomials was determined based on the Akaike 
information criterion. 

Accumulated milk yields at 270 days in milk for 
each cow were obtained as the area under the curve of 
polynomial function.  Average of BCS and LW score during 
the lactation for each cow were obtained as the average 
predicted values of the polynomial function.

Total milk yields and average BCS and LWs were 
analysed using the GLM procedure of Statistical Analysis 
System version 9.3 (SAS Institute Inc., Cary, NC, USA, 
2012) with a liner model that included the fixed effects of 
season, system and season by system interaction, deviation 
from mean calving date (within-season and system) and 
covariate effects of age, proportion F, proportion J and FxJ 
heterosis effects.

Results
Least square means for LW, BCS and milk volume are 

presented in Table 1. The housed cows produced the greatest 

milk volume in the 2014-15 dairy season (5285±69.1 L 
P<0.05), and this is the same season that the control cows 
also produced their greatest volume (4993±67.7L P<0.05). 
Milk production was not different between the systems in 
the 2013-14 or the 2015-16 seasons (P>0.05). The housed 
cows were heavier than the standard cows in both the 2013-
14 and 2014-15 dairy seasons (529 and 525 vs 509 and 
513 respectively, P<0.05) with no difference in the 2015-
16 dairy season (543 vs 542 respectively, P>0.05). Body 
condition score was variable over the three seasons, with 
standard cows having a greater average BCS in 2013-14 
(P<0.05), no difference in 2014-15 (P>0.05) and housed 
cows having a greater BCS in 2015-16 than the standard 
cows (P<0.05). 

The regression curves for BCS over the three seasons 
are presented in Figure 1. The BCS curves show the 
greatest difference in August each year, with both groups 
converging with similar BCS in Feb-Apr in 2013-14 and 
2014-15; in 2015-16 the housed cows had a greater BCS 
for the entire season compared to the standard cows. From 
the curves it can be seen that in the 2013-14 season, the 
standard cows had a greater BCS at mating (Oct-Nov) than 
that of the housed cows. The difference was reversed in 
2015-16 and the groups were not different in the 2014-15 
season.

The regression curves for LW over the three seasons 
are presented in Figure 2. During the 2013-14 and 2014-15 
dairy seasons, it can be seen that LW of the housed cows 
was consistently higher than that of the standard cows. 
In 2013-14 LW loss from the standard cows was greater 
during spring than that of the housed cows, in 2014-15 
and 2015-16 both herds lost LW at similar rates, with the 
curves in 2015-16 following the same curve pattern with 
little difference between the herds, in agreement with the 
similarity in average LW between the herds.

Discussion
Housing of dairy cattle is becoming more common to 

Table 1 Least square means and standard errors of the mean 
for predicted average body condition score, average live 
weight and total milk production by herd and season for 
cows in standard and duration controlled grazing (housed) 
farming systems.

Herd Season BCS (units) Live 
weight 

(kg)

Milk 
production 

(L)
Standard 2013-14 4.36 ± 0.028bc 509 ± 2.8c 4185 ± 67.3d

2014-15 4.45 ± 0.031ab 513 ± 3.2c 4993 ± 67.7b

2015-16 4.24 ± 0.029e 542 ± 2.9a 4720 ± 69.3c 
Housed 2013-14 4.28 ± 0.029de 529 ± 2.9b 4057 ± 70.3d

2014-15 4.51 ± 0.031a 525 ± 3.2b 5285 ± 69.1a 
2015-16 4.33 ± 0.028cd 543 ± 2.8a 4707 ± 67.0c

abcRows with different letters denote significant differences 
(P<0.05)
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Figure 1 Random regression curves for body condition score in 2013-14, 2014-15 and 2015-16 dairy seasons for cows in 
housing (thick line) or standard (thin line). 

meet environmental constraints arising from either nutrient 
budgeting and/or climatic conditions. However, an increase 
in the use of housing for dairy cattle may have impacts on 
the perceived welfare, health or production levels of cattle 
in these systems. 

In contrast to the common perception that housed 
cows produce a greater volume of milk, in the present 
study, housed cows only produced more milk than those 
in the standard system in the 2014-15 dairy season. These 
results indicate that while an increase in production is 
possible from housing cattle, unless the feeding level of the 
cows is increased above that achieved in a standard pasture 
system, milk production may not be significantly altered. 
The daily intakes in the present study were balanced (both 

herds averaged 6,800kg DM per cow per year over the 
study), so that during housing events, the total amount of 
feed offered was not greater than that being offered to the 
cows at pasture. The lack of difference in milk production 
in the present study does, however, indicate that milk 
production isn’t negatively impacted by the housing of 
cows during environmentally sensitive periods. This is 
in contrast to a study by White et al. (2002) comparing 
pasture-fed and confinement-fed US Holstein-Friesians and 
Jerseys, where the confinement-fed cows were heavier, had 
greater BCS and produced more milk than their pasture-fed 
contemporaries. 

The LW of cows was significantly different between 
the two systems during the first two seasons, and although 
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Figure 2 Random regression curves for live weight in 2013-14, 2014-15 and 2015-16 dairy seasons for cows in housing 
(thick line) or standard (thin line). 

the cause of this cannot be directly ascertained, it is 
possible that feeding cows indoors has resulted in greater 
LW gains over the season (Washburn et al. 2002). Cows 
from intensive feeding systems tend to be heavier than 
those from pasture-based systems (Washburn et al 2002); 
it is also possible that breeding strategy could be increasing 
the LW of the cows which are housed during the season. 
Another possible reason could be that housing during the 
spring and autumn periods may allow for greater growth 
rates in the younger cattle, as energy requirements for 
movement and heat production are lower from housing.

Body condition score was variable between the 
systems over the seasons against what would be expected 
from better feeding under housed conditions (Washburn 
et al. 2002). During the first season in which housing was 

used, these cows had lower average BCS over the lactation 
than cows under standard conditions. Only in the last 
season of the present study (2015-16) did the BCS of the 
housed cows significantly exceed that of the standard cows. 
If BCS was the only measure of welfare state and energy 
status, then the effect of the dairy seasons would alter the 
conclusion as to which was the better system. From the 
regression curves it can be inferred that the housed cows 
gained a greater BCS than the standard cows in the 2014-15 
and 2015-16 dairy seasons, however, in all three seasons, 
all cows finished the season (in April) in similar condition. 
On average the cows reached target pre-calving BCS, and 
did not drop below the target BCS at mating (DairyNZ 
2017).

Housing of cows appears to allow them to maintain 
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their BCS in later lactation better than those in the standard 
system (Jan-Mar). Liveweight gain may have been 
experienced by these cows in later lactation, as when BCS 
is maintained or losses slow there appeared to be some 
gains in LW. While the curves are based on the average 
of the cows in each mob/season, this study shows there is 
a pattern of the housed cows maintaining BCS better than 
those in the standard situation while gaining greater LW, 
similar to the confinement cows having a greater BCS than 
pasture-fed cows in the study of Washburn et al. (2002). 
However, the season average BCS for the seasons 2013-
14 and 2014-15 were lower than those reported for a herd 
milked once a day in the same region (Lembeye et al. 2016).

In conclusion, it is possible to estimate the BCS and 
LW using random regression, allowing BCS to be tracked 
and predicted across the entire season for two different 
dairy systems. The BCS of the housed cows in the present 
study was found to be greater than that of standard cows 
only in the final season of the study, and BCS was variable 
both within and across seasons. It can be concluded than 
the BCS of housed cows can be maintained at a higher level 
than possible under standard conditions even when feed 
is not increased above that allocated to cows on pasture. 
However, with adequate feeding the difference in BCS at 
the end of the season was not different, suggesting there 
is no benefit of housing to end-of-season BCS.  While 
this paper has not set out to make any claims as to the 
welfare state or welfare impacts of housing cows, BCS is 
an indicator of welfare state of cattle in any system (Laven 
& Holmes 2008; NAWAC 2016). However, as with any 
welfare assessment, it should not be looked at in isolation 
and further investigation of the effects on other welfare 
indicators for cows in temporary and permanent housing 
situations should be carried out before the overall effects of 
housing on the production and welfare state of dairy cattle 
in housed systems can be truly assessed.
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