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Abstract
Once-a-day (OAD) milking has been increasing in popularity in New Zealand, while housing cows is being advocated as one 
means of minimising environmental impacts of dairying. The present study aimed to investigate health treatments under four 
different farming systems: OAD, and three twice-a-day (TAD) systems (housed, standard and commercial). There were health 
records from 377 cows milked OAD and 878 cows milked TAD, over the dairy seasons 2013-14, 2014-15 and 2015-16. Data were 
analysed assuming binomial distributions for the dependent variables with a generalised linear model that included the effects of 
season, system (OAD, TAD systems), breed and lactation number. In 2014-15, cows milked OAD were treated less often for mas-
titis than cows milked TAD (12% and 25% respectively; P<0.05). Cows milked OAD had fewer reproductive treatments compared 
to cows milked TAD (standard) in 2014-15 and 2015-16 (1% vs 39% and 2% vs 40% respectively; P<0.01). These results support 
the advice to farmers that milking OAD does not have a major impact on the risk of mastitis but may provide benefits in terms of 
reproductive performance. In addition, cows milked TAD (housed) had 13% of the cows treated for lameness compared to 7% of 
cows milked TAD (standard) (P<0.01). 
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Introduction
Temporarily switching to once-a-day (OAD) milking 

has long been a valuable strategy in the pasture-based 
dairy-farming systems of New Zealand in times of drought, 
food shortage or to increase the body condition of the cows 
(Davis et al. 1999). Since the early 2000s, the percentage 
of farmers milking OAD throughout the entire lactation has 
increased from less than 1% to approximately 5% currently 
(Stachowicz et al. 2014). The switch to milking OAD for 
an entire lactation is mainly caused by a desire for different 
herd management or changing lifestyle expectations 
(Bewsell et al. 2008). Farmers starting to milk OAD 
may expect a loss in milk production of approximately 
25% (Clark et al. 2006). On the other hand, health and 
reproductive performance of the cows is often claimed 
to improve, although research over longer time periods is 
limited to few studies (Lacy-Hulbert et al. 2005; Clark et al. 
2006; Gleeson et al. 2007; O’Driscoll et al. 2010).

The impact of dairy farming on the environment 
increases as the dairy industry intensifies, for example, 
monitoring of water quality between 1990 and 2012 has 
shown that the amount of nitrogen that leached into water 
by agricultural activities increased 29% (Ministry for 
the Environment & Statistics New Zealand, 2015). This 
nitrogen leaching is mainly caused by both the increased 
use of nitrogen fertilizers and an increasing number of 
cows, and thus, more urine returned to the pasture. One 
method of lowering the nitrogen leaching is to keep cows 
on a stand-off area such as cow housing, to be able to collect 
the excreta. Many farmers are also interested in housing as 
a means of reducing pasture damage and improving feed 
utilisation (De Klein 2001). However, housing cows may 

also negatively impact on their health. For example, risk 
of disease spreading might be higher when cows are more 
concentrated, which is the case when housed in a shed 
compared to pasture-based (Laven & Holmes 2008).

The current study aimed to investigate the incidence 
of health treatments under four different farming systems: 
OAD, and three twice-a-day (TAD) systems (housed, 
standard and commercial) where cows per system per year 
were similar.

Materials and methods
Two datasets from Massey University research 

farms (Dairy 1 and Dairy 4; coordinates -40.393563, 
175.614779) were analysed over the 2013-14, 2014-15 
and 2015-16 dairy seasons. Health records from 728 and 
1905 lactations from 377 cows milked OAD and 878 cows 
milked TAD, respectively, were analysed. The herd milked 
OAD was comprised of ⅓ Holstein-Friesian (HF) cows, ⅓ 
Jersey (J) cows, and ⅓ of HF×J crossbred cows. The breed 
composition of the herd milked TAD was mainly comprised 
of crossbred HF×J with a large range of proportion of 
HF and J breeds. Health and reproductive records were 
obtained from the InfoVet system records for both dairy 
1 and 4, reproductive interventions mainly CIDRs were 
applied using the same criteria on both farms. In the 2013-
14 dairy season, the OAD herd was formed at Dairy 1, and 
the housing of cows began at Dairy 4.

Cows in both systems were subject to the same health 
protocols, including pre-mating management. The cows 
milked TAD are divided into three different systems, from 
duration controlled grazing (‘housed’), standard (managed 
to balance total feed intake with the housed cows), and a 
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commercially managed herd (which aims to maximise 
profit as season and milk payout allowed) cows per system 
and year are presented in Table 1. The standard herd had a 
management comparable to the management of the OAD 
herd, except for the milking frequency, as both were low-
input systems based predominantly on grazed pasture the 
standard TAD herd was used to compare TAD with OAD 
milking systems. When comparing housed cows and cows 
kept outdoors, the TAD housed and standard systems were 
used. The housed cows were managed using a methodology 
similar to that described by Christensen et al. (2014) with 
duration-controlled grazing during sensitive environmental 
periods. The commercial herd was managed as it would be 
on a commercial farm with strategic use of OAD milking 
during dry periods or feed shortages. 

Statistical analysis
All data manipulation and statistical analyses were 

carried using the Statistical Analysis Software version 9.3 
(SAS Institute Inc. Cary, NC, USA). Records from cows 
with a calving date before July 2013 were removed.

Lactations were divided into seasons based on the 
calving date of the cows, as cows calving after 1st June each 
season were assumed to lactate in that season. Percentages 
of J and HF breeds per cow were obtained from pedigree 
information. Cows with a percentage of 0.875 or higher of 
HF or J breeds were considered as purebred cows of the 
respective breed. Cows without breed information were 
removed from analyses. Jersey cows from the OAD milking 
herd were excluded from analyses, due to the absence of J 
cows in the TAD milking herd.

The veterinary treatments were categorized in five 
categories: mastitis, lameness, reproductive, metabolic 
and others, and formatted into a binary format for further 
calculations. Veterinary treatment records from cows 
which did not have complete lactation records were 
removed, due to veterinary treatments on dry cows. 
Variables with binomial distributions were analysed with 
a generalised linear model that included the effects of 
season, system (OAD, TAD systems), breed and lactation 
number. To analyse differences in health and reproduction 
treatments the GLIMMIX procedure was used with the 
logit transformation. Least-squares means were back-
transformed into the binomial scale. 

Results
Incidence of mastitis treatments were higher for cows 

in their 4th lactation compared with cows in their 1st, 2nd or 

Table 1 Number of cows by system (OAD=once-a-day; 
TAD-H=twice-a-day housed; TAD-ST= standard; TAD-C 
= commerical) in each season included in the analysis

System
Season OAD TAD-H TAD-ST TAD-C Total
2013-14 140 186 197 256 779
2014-15 220 192 199 268 879
2015-16 199 190 182 217 788

3rd lactation (P<0.01; Table 2). In season 2014-15, 11% of 
the herd milked OAD was treated at least once for mastitis, 
compared to 20% of the cows milked TAD (standard) 
(P<0.01;Table 3). The chance of a cow being treated for 
mastitis in season 2014-15 was 1.7 times higher compared 
to that in season 2015-16. 

For lameness, in the 2014-15 season 11% of all cows 
were treated at least once, whereas in 2013-14 7% of cows 
were treated and in 2015-16 9% of cows were treated 
(P<0.01; Table 2). By milking system 13% of the housed 
cows had at least one treatment for lameness, whereas in 
the standard herd, 7% of cows had at least one treatment 
(P<0.01; Table 2). In 2014-15, 4% of the cows milked OAD 
received at least one treatment for lameness compared to 
8% of the cows milked TAD (standard) (P=0.03; Table 3). 
Sixteen percent of cows in their 4th lactation received at 
least one treatment for lameness, whereas percentages of 
cows with at least one treatment in earlier lactations were 
7% (1st and 2nd year) and 8% (3rd year; P<0.01; Table 2).

Treatments related to reproductive performance 
in season 2013-14 were much lower (7%) than in the 
consecutive seasons (24% in 2014-15 season and 27% in 
2015-16 season; P<0.01; Table 2). Holstein-Friesian cows 
were 50% more likely to receive at least one reproductive 
treatment compared to HF×J cows (P<0.01; Table 2). 
A difference was visible with in a higher percentage of 
reproductive treatments for cows in earlier lactation years 
(P<0.01; Table 2). Also, 3% of the cows milked OAD 
received at least one treatment related to reproductive 
performance compared to 30% of the cows milked TAD 
(standard) (P<0.01; Table 2). 

Discussion
The majority of treatments occurred in the categories 

mastitis, lameness and reproductive disorders. This is 
comparable with literature in which mastitis (10%) and 
lameness (20%) are known to be the most common health 
treatments in New Zealand (Clark et al. 2007). In the 2014-
15 season, the herd milked OAD had a lower percentage 
of cows receiving at least one treatment for mastitis than 
the standard herd (11% versus 20%). It is often feared 
that milking OAD increases cases of mastitis. In a study 
performed by Lacy-Hulbert et al. (2005), somatic cell 
counts of cows milked OAD were double those of cows 
milked TAD, but number of treatments for mastitis were 
lower for cows milked OAD. This is in accordance with the 
present study, in which a lower percentage of cows milked 
OAD were treated at least once for mastitis in the 2014-15 
season. 

Bewsell et al. (2008) stated that one of the reasons 
for farmers to start milking OAD is because of fewer 
problems with lameness, and in support of this, O’Driscoll 
et al. (2010) found that milking OAD generally improves 
the hoof health and locomotion score. Also, the fact that 
cows are only moved once for milking each day means that 
they can spend extra time lying and resting, which may 
also be beneficial for their health (O’Driscoll et al. 2010). 
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However, the present study found that only in 
the 2014-15 season did a lower percentage of the 
herd milked OAD receive at least one treatment 
for lameness compared to the standard herd (4% 
versus 11%). The low incidence of lameness 
treatments on the TAD farm could be explained 
by the location of the milking shed on the farm 
which is more centralised than the shed location 
in the OAD farm. The shed is located in the 
middle of the farm and the pastures are spread 
around it. Therefore, cows do not have to walk 
a very long distance to get to the milking shed, 
which is beneficial for those cows vulnerable to 
developing lameness (Ranjbar et al. 2016). Also, 
because of this short distance, walking one or 
two times per day to the milking shed does not 
significantly increase daily movement of the cow. 
Lameness problems are more likely to occur when 
the road to the milking shed is long or/and of bad 
quality (Ranjbar et al. 2016). Another interesting 
result was the difference in lameness treatments 
between the standard herd (7%) and the housed 
herd (13%). Previous research on lameness has 
reported that lame cows recover better when put 
on grass (Hernandez-Mendo et al. 2007). The 
floor of the house can have a negative impact 
on claw health and the development of lameness 
(Haufe et al. 2012). 
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The higher chance of HF cows requiring at least 
one reproductive treatment compared to HFxJ cows is in 
accordance with a previous study (Xu & Burton 2003). 
From the 2013-14 season to 2014-15 and 2015-16 seasons, 
a large decline in the percentage of cows milked OAD and 
treated at least once for reproductive disorders was visible 
(13% in 2013-14 versus 1% and 2% in 2014-15 and 2015-16 
seasons, respectively). The OAD herd started in 2013, and 
it is possible that this decline in cows treated at least once 
for a reproductive disorder is due to the fact that cows were 
adapting to the new system in their first year. Being milked 
OAD for a full year might have enabled them to restore their 
body condition, as less energy is required for milking, and 
extra energy could be used for body maintenance (Davis 
et al. 1999). The standard herd had a higher percentage of 
cows treated at least once for a reproductive disorder (39% 
and 40% in 2014-15 and 2015-16 seasons, respectively). Xu 
& Burton (2003) reported, that on average, 20% of cows in 
New Zealand were found to be anoestrous prior to the start 
of the mating season. In the present study, no distinction 
was made between different reproductive disorders, but 
anoestrous was the main disorder treated. Compared to the 
24% reported by Xu & Burton (2003), the percentage of 
cows treated at least once for reproductive disorders was 
high for the standard herd. However, a possible reason 
influencing this high number is the higher milk production 
of the cows milked TAD compared to the average New 
Zealand milk production (19.5 kg versus 15.5 kg). A higher 
milk production is often related to decreased reproductive 
performance (Clark et al. 2007). 

In summary, results from the present study indicate that 
number of cows receiving at a least one mastitis treatments 
were not significantly different between cows milked OAD 
and TAD (standard), although there was a trend for fewer 
mastitis treatments in cows milked OAD, however, the 
number of reproductive treatments were significantly lower 
under OAD than TAD after the first year of transition. These 
results support the advice to farmers that milking OAD 
does not have a major impact on the risk of mastitis but 
may provide benefits in terms of reproductive performance. 
Cows housed indoors had higher percentage of treatments 
for lameness compared to cows kept outdoors. Bedding and 
flooring are important contributors to lameness problems in 
dairy cows and should be carefully considered.  
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