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Abstract. To attract and retain quality staff, dairy farming must be competitive with industries offering conventional
work hours. Full-lactation once-a-day (OAD) milking can improve staff working conditions. The aim of the present study
was to compare the characteristics of OAD herds relative to a peer group of herds milked twice-a-day (TAD). Data were
sourced from the Dairy Industry Good Animal Database, pairing OAD and TAD herds within 25 km, 20% herd size,
and 14 days of planned start of calving. Aggregated data from these herds were extracted for the dairy production years
2007–2008 through 2015–2016. In 2015–2016, 9% of all herds tested in New Zealand were milked full-lactation
OAD. Results are presented from –4 to 4 years, with 0 as the year of switching to OAD. Results indicated that herds
adopting full-lactation OAD milking experienced an 11% decrease in total farm milksolid (MS; fat kg + protein kg)
production (kg MS/herd) in Year 0 but, by Year 3, the prior level of production was regained. However, OAD herds
remained 11%behind their TADpeer group, due to bothOADandTADherds increasing production at a rate of 2171 kgMS/
year in Years 0–4. The annual herd replacement rate was 20% for both groups. Differences also included a higher
6-week calving rate (82% TAD, 87% OAD), and a divergence in herd breed, with an increase in Jersey and a decrease
in Holstein–Friesian genetics for the OAD herds from Year –2. Cows in OAD herds were less likely to be removed due
to not being pregnant, but more likely to be removed due to low production or udder health. Milking interval · year
interactions were significant for milk volume and liveweight breeding values, with OAD herds having lower values at
Year 4. The main conclusion is that to retain an equivalent level of profitability, farm expenditure must be permanently
reduced on the adoption of OAD by the initial production decrease multiplied by the long-term milk price. Farmers
considering OAD should evaluate the trade-off between the ability to decrease costs to offset any decreased production and
impacts on labour and/or lifestyle.
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Introduction

Milking dairy cows once-a-day (OAD) is a practice that has
been adopted by some farmers in New Zealand (Bewsell et al.
2008). The reasons for adopting OAD milking are diverse
(Bewsell et al. 2008). From a labour perspective, the increased
milking interval allows farmers to reduce labour inputs, expand
the pool of available labour (e.g. people only available for
certain hours of the day), or better utilise their labour resource.
For example, allowing more time for pasture management,
heat detection and tending to animal welfare, all of which are
essential for a profitable pasture-based dairy system (Bewsell
et al. 2008). Minimising the total hours spent milking should
improve staff satisfaction and, therefore, retention, together
with lifestyle benefits such as having more time for family or
out of work interests. Reduced physical stress on the body
(Tipples et al. 2007) may help retain older staff in the industry.

Tactically (part lactation), OAD milking can be used to
manage negative energy balance that occurs immediately post
calving or during periods of feed deficit (Phyn et al. 2011; Kay
et al. 2012). Furthermore, OAD can reduce energy expended

walking to and from the milking facilities, or reduce lameness
at times of poor track condition (Gleeson et al. 2007; Kendall
et al. 2008). Alternatively, it can be used temporarily in
an attempt to improve reproductive performance or reduce the
amount of hormonal intervention required (Rhodes et al. 1998),
or, in late lactation, to improve body condition before dry-off.

Strategically (full lactation), OAD milking may be used for
similar reasons but can also result in less involuntary culling
and utilisation of land with hilly terrain or long walking
distances, thus enabling farmers to maintain or increase their
herd size without capital expenditure on farm infrastructure
(Bewsell et al. 2008). However, this may be at the risk of
lower milk production (Stelwagen 2001) and increased milk
somatic cell count (Clark et al. 2006). Considering and
planning for a change from TAD to OAD milking for the full
lactation requires an evaluation of the whole farm system.

Significant research into the effects of tactical OAD
milking has been undertaken, reviewed by Stelwagen et al.
(2013); however, the results are variable. For example,
yield losses have ranged from 5% to 50% (Davis et al. 1999;
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Phyn et al. 2010). Research into strategic OAD milking has
been limited, with only four published studies (Stelwagen et al.
2013). Early work suggested a 50% production loss in the first
lactation and 40% in the second lactation (Claesson et al. 1959).
ANewZealand study suggested that a production loss of 30–35%
may be expected (Holmes et al. 1992). In a more comprehensive,
3-year farm-systems study, Clark et al. (2006) reported improved
reproductive performance and body condition score (BCS) at
dry-off, but that milksolids produced per hectare decreased by
6–16%, depending on the breed.

Some farmers in New Zealand already farm using full-
lactation OAD milking, but no published studies have
examined the performance of commercial herds milking OAD
from a farm-system perspective. Therefore, an opportunity
existed to collect data from these farms and compare them
with conventional TAD herds in a similar environment.
Matching of herds by location to compare herds in similar
environments was a method used by Lembeye et al. (2016).

The objective of the present study was to describe the
changes in characteristics and performance of herds that have
adopted strategic OAD milking relative to paired TAD herds,
and explore the economic considerations of adopting OAD
milking in a fully pastured, low milk-price, environment.

Materials and methods

Data were collated from several sources and databases, the
New Zealand Dairy Industry Good Animal Database (DIGAD;
DairyNZ, Hamilton, New Zealand), the Livestock Improvement
Corporation’s customer database (LIC;Hamilton,NewZealand),
the CRV Ambreed customer database (CRV; Hamilton, New
Zealand) and the milksolid (MS; fat kg + protein kg) levy
database (DairyNZ, Hamilton, New Zealand). Each database
had an approval process to access data. Data from DIGAD
were accessed under access panel request #74, customer data
(farm area, supply number), milking regime codes and breeding
values were accessed under contract LIC95 (LIC), and levy
milksolids under task ID #81 (DairyNZ). To access the data
used in the present analysis, approval should be sought from
these organisations.

Herd classification
Herds were classified using their milking regime codes.
Permission was granted from LIC and CRV to access the
milking regime codes located in DIGAD. A milking regime

code is assigned to each cow at each herd test or milk
recording event, which typically occurs four times annually. If
�95% of the tested cows in the herd at a recording event were
coded as milked OAD, then the herd was classified as being
OAD at that test. Similarly, if �95% of the cows at a herd test
were coded milked TAD, then the herd was classified as being
TAD at that test. If the 95% threshold was not met, then the
herd was classified as MIX, e.g. 60% of the cows were milked
TAD and 40% OAD.

An overall classification for the herd was then derived from
all the herd tests during the season (1 June through to 31 May
of the following calendar year, a typical southern hemisphere
milking season). If all the tests for a herd during the season
were classified as one regime type (OAD, TAD, MIX), then it
was assigned as the overall regime for the herd. Where one
or more herd tests were classified TAD, followed by one or
more herd tests classified OAD, the herd was considered as
‘Switch TAD/OAD’. The remaining herds were considered
‘Switch Other’, such as, for example, a herd completing two
herd tests that were classified as TAD, followed by a herd test
classified as MIX.

All herds that were herd tested since the inception of the
milking regime code (June 2007) were classified for each season;
a summary is provided in Table 1.

Data handling
A requirement of accessing DIGAD was that only aggregated
herd level data could be extracted, but no individual cow data.
Data fields accessed were as follows: herd farm-gate identifier
(a herd location), herd number, animal herd start date, sex, breed
distribution, breed assessed, sire, dam, mating date, mating type,
mating sire, bull AB code, fate of progeny, progeny comment,
animal herd end date, fate code, fate reason, parturition date,
herd test date, morning milk volume, evening milk volume, fat
percentage, protein percentage, somatic cell count and lactation
end date. Key definitions in the aggregation of these data are
described below. All data were summarised by herd-season and
included only cows that had calvedwithin the season of reporting.

Herd size was defined as the number of cows that calved in
a herd within a season. The proportion of breeds within the herd
was determined using the New Zealand Animal Evaluation
Limited (NZAEL, DairyNZ, Hamilton, New Zealand) animal-
evaluation definitions. A cow was defined as Jersey, Holstein–
Friesian, Ayrshire or Other (e.g. Shorthorn, Guernsey, Brown

Table 1. Number of herds by milking regime and year extracted from the Dairy Industry Good Animal Database
OAD, once-a-day milking at all herd tests. TAD, twice-a-day milking at all herd tests. MIX, mixture of cows milking TAD and OAD at all herd tests.
Switch TAD/OAD, switched from milking all cows TAD to all cows OAD. Switch Other, remaining milking frequencies, e.g. switched from all cows

milking TAD to MIX

Milking regime Milking year
2007–2008 2008–2009 2009–2010 2010–2011 2011–2012 2012–2013 2013–2014 2014–2015 2015–2016

TAD 5304 6011 5110 5377 5864 4748 5509 4903 3811
OAD 375 373 435 426 375 441 391 477 631
MIX 81 92 137 159 129 136 147 190 250
Switch TAD/OAD 1855 1044 1136 1117 1069 1999 1507 1754 1415
Switch Other 892 1013 957 1388 1248 1280 1446 1403 1170

Total herds tested 8507 8533 7775 8467 8685 8604 9000 8727 7277
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Swiss) if it was 14/16 or more of that breed. Cows that were
a cross of Jersey and Holstein–Friesian only but did not meet
the above definition were considered crossbreed. The remaining
cows were considered ‘various breed’; for example, the
dominant breed was �13/16 but contained a breed not Jersey
or Holstein–Friesian. The herd proportions of each breed were
defined as the number of cows in each category divided by the
herd size.

Typically, in New Zealand, herds calve in block periods,
rather than throughout the year, to match feed supply and
demand from pasture. Consequently, herds were categorised
into spring, autumn or split (spring and autumn) calving, using
mating date and mating type. Mating date was used for
classification as this decision determines the start of calving,
and establishing rules using calving dates was challenging due
to varying gestation lengths and premature births. A herd was
categorised as spring calving if 95% of the mating dates within
a herd-season occurred in the period August to February of the
following year (inclusive). This range was chosen to reflect the
regional variation in calving patterns. A herd was categorised
as autumn calving if 95% of matings fell outside this window.
A herd was defined as split calving if it did not meet either
criterion. For spring-calving herds, the ‘mating start date’
and length of artificial-insemination (AI) mating period were
determined. Most farms had more than one AI mating period
within the August–February window, when a new period was
declared if there were >3 days without an AI mating. Several
AI mating periods may have been used when hormonal
interventions are utilised, or with short-gestation semen. The
period with the largest number of matings was declared the
primary AI mating period. The mating start date was recorded
as the first day of this period. Planned start of calving was
defined as the mating start date + 282 days.

The calving spread was determined by the number of cows
that calved within 3 and 6 weeks of the planned start of calving,
divided by the herd size. The proportion of AI inseminations
by breed was calculated using the AB bull code. The average
age of the herd was calculated along with the proportion of
the herd in each age class, defined as the number of cows in
each year group divided by the herd size.

Individual cow data from each herd test were converted to
herd lactation averages using the following definitions. Lactation
started 4 days post-calving (after the colostrum period; no
additional days were allocated for OAD herds) and ended at
the last herd test date + 15 days or lactation end date (where
recorded), or whichever came first, to a maximum of 305 days.
Note that due to the timing of the last herd test, therewill generally
be fewer test days in milk than production days in milk. Milk
production results (volume, fat %, protein %) from a herd test
were extended to the midpoint between the next herd test within
the season, or to a maximum of � 60 days. In situations where
a cow had an abnormal herd test code, if the cow had two
normal herd test results in that season, the herd contemporary
group average for the abnormal herd test was used, otherwise
the cow was excluded. Cows with fewer than 100 days in milk
in a lactation were excluded, and if a cow transferred between
herds then production was attributed to the herd with the first
100 days in milk. The weighted mean for the herd for lactation
milk volume and average fat % and protein % per cow was used.

Meanswere calculated for the following eight breeding values
(BVs) in use by NZAEL: milk volume, fat, protein, liveweight,
fertility, somatic cell score, BCS and residual survival, as well
as the overall breeding worth (BW), calculated by multiplying
the breeding values with economic values (DairyNZ 2017).
Breeding values and economic values were current as at 12
September 2016.

The farm-gate identifier was converted to GPS coordinates
using the Land Information New Zealand conversion tool
(LINZ 2016) and used to determine the location of each herd.

Data extraction
All herds that had been classified as milking OAD for one
or more seasons between 2007–2008 and 2015–2016 were
identified. For the season(s) the herd was classified OAD, one
or more comparative herds, or pair(s), were identified from all
herds using the following criteria: classified as TAD, located
within 25 km, within 20% variation in herd size, and within
14 days of the planned start of calving. Aggregated herd data
were then extracted for the identified herds for all years
between 2007–2008 and 2015–2016, irrespective of the herd
meeting the criteria in all of these years. The extract contained
6731 herds, at 5936 locations (i.e. some herds changed
ownership and, therefore, became a new herd), and 43 928
herd-year records.

Farm area, milk processor and supply number were obtained
for each of the 43 928 herd-year records by providing the season,
farm-gate identifier and herd number. Total milk production
(kg milksolids/herd.year) was extracted (6179 processor–
supply-number combinations) from the milksolid levy
database by providing season, milk processor and supply
number. This gave a more complete representation of the herd
milk production than by estimating from herd testing records.

Post-extract data processing
Additional calculations were performed on the extracted data.
Herds with fewer than three herd tests were removed, as well as
autumn- and split-calving herds. If a herd switched from OAD
and back to TAD, subsequent data were excluded. Milksolid %
was calculated by adding the fat % and protein %. Somatic cell-
count data were log10 transformed. Herds that were classified
OAD in 2007–2008 were removed because it was not possible
to determine how many years they had been milking OAD.

Milk-production records from the milksolid levy database
were excluded if there were fewer than 8 months of production.
Total milk production was divided by the herd size to calculate
milk production (kg MS) per cow, and by farm area to calculate
kg MS/ha. Milksolid production was also totalled for the
months of June–December, as a measure of production for the
first half of the season. Stocking rate (cows/ha) was calculated
by dividing the herd size by farm area. Peak milk production (per
cow per day) was calculated by identifying the month with
the greatest production and dividing by the herd size and
number of days.

Removal-fate codes, a farmer-recorded reason when the cow
was removed from the herd, were grouped into categories.
The udder health and mastitis category included cows that had
been removed due to a blind quarter, mastitis, high somatic cell
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count, slow milker, three operating quarters, udder structural
breakdown (e.g. ligament failure) and unsuitable udder and/or
teat condition.

Statistical analyses
For comparison between OAD and TAD, nested matches of
OAD and TAD herds were created, where each TAD herd was
used only as a control for one OAD farm. If a TAD farm was
a match for more than one OAD farm, the pair with the greatest
number of matched seasons and the nearest in location was
chosen. The analysis included up to 4 years prior adoption and
up to 4 years post-adoption of OAD milking. All data were
analysed using a mixed model (Proc Mixed, SAS/STAT 12.1,
SAS Institute, Cary, NC, USA) that included the fixed effects
of milking regime, year, and the interaction of milking regime
and year plus the random effect of the matched pair of herds.
In total, 302 OAD herds were matched with 2424 TAD herds,
creating 6038 pair · year combinations. The unbalanced nature
of the data was overcome by using an individually matched
design, with pair as a random effect. Information was then
extracted from pair · year combinations. An additional analysis
was performed on breeding-value data to include the fixed
effect of the proportion of Holstein–Friesian in the herd as
a covariate. Trends in milk production were analysed using
analysis of covariance in Proc GLM (SAS/STAT 12.1).

Results are reportedover time, ranging fromYear–4 toYear 4,
with 0 being the year that the OAD herds adopted full-lactation
OAD milking.

Economic analysis
This analysis assumed that some loss of herd milk production
would occur on moving from TAD to OAD milking. It further
assumed that management would aim to retain the same
profitability by reducing costs on commencing OAD milking
(Eqn 1).

ProfitOAD ¼ ProfitTAD ð1Þ
Profit (NZ$/kg MS) was defined as revenue (milk price;

NZ$/kg MS) minus costs (farm costs (NZ$)/farm milksolids
(kg MS)). Farm costs refer to all farm costs, i.e. operating
expenses + interest and rent. It was assumed that other sources
of revenue, e.g. stock sales, remained the same between TAD
and OAD, and hence were not included in the analysis. In 2015
and 2016, the average exchange rate was NZ$1.00 = US$0.70.

The cost required to maintain an equivalent level of profit
or loss to TAD, on adopting full-lactation OAD milking, was
derived from Eqn 2, where COAD are the new costs (NZ$/kgMS)
after adopting OAD milking, and CTAD are the costs (NZ$/kg
MS) before adopting OAD milking. DMS is the proportionate
change in annual milksolid production (kg MS) when moving
fromTADtoOADmilking; a loss of 10% inmilksolid production
would be entered as –0.1. MP is the milk price (NZ$/kg MS).

COAD ¼ CTAD þ ðDMS · MPÞ ð2Þ
Equation 3 is derived from Eqn 2 and demonstrates the

reduction in costs required to ensure that profitability is
retained, where CRED is the reduction in costs (NZ$/kg MS)

calculated from the proportionate decrease in milksolid
production and the long-term milk price.

CRED ¼ DMS% · MP ð3Þ
Equation 4 (derived from Eqn 3) allows the calculation of

the proportionate change in TAD costs required when switching
to OAD milking, so as to retain profitability.

DCTAD ¼ DMS · MP� CTAD ð4Þ
Two scenarios were evaluated using Eqn 4. The first scenario

assumed a decrease in milksolid production of 0.11, based
on Fig. 1a. The second scenario assumed NZ$5.34/kg MS for
CTAD. This was calculated using 2014–2015 data (DairyNZ
2016a), with operating expenses of NZ$4.07/kg MS plus
interest of NZ$1.27/kg MS, using term liabilities of NZ$21.13/
kg MS and a long-term interest rate of 6%.

Results

Use of extended milking intervals

Herds that utilised the conventional TAD milking regime at all
herd tests during a season ranged from 3811 (52% of herds) to
6011 (70% of herds), depending on the year (Table 1). The use
of OAD milking at all herd tests during the season ranged
from 373 (4% of herds) up to 631 (9% of herds) in the latest
(2015–2016) season, with a further 81–250 herds or 0–3% (MIX)
having part of their total herd using an extended milking regime
(e.g. OAD or milking 3 times each 2 days). A large number of
herds ranging from 2057 to 3279, representing between 24%
and 38% of herds, used an extended milking regime during part
of the season (Switch TAD/OAD and Switch Other). Of the
herds that adopted OAD, 75% remained OAD in the dataset, 7%
stopped using OAD but restarted and 18% stopped using OAD
and never restarted.

The use of full-lactation OAD milking varied by region. In
2015–2016, 128 of 524 herds (24%) in the Northland region, 54
of 236 herds (23%) in the West Coast region, 26 of 148 herds
(18%) in the Nelson-Marlborough region, and 42 of 388 herds
(11%) in the Wairarapa region were milked OAD. By contrast,
only 4% of herds milked full-lactation OAD in the North
Canterbury (20 of 532 herds) and South Canterbury (6 of 163
herds) regions. In other large dairying areas, 83 of 1119 herds
(7%) were full-lactation OAD in Taranaki, 131 of 2168 herds
(6%) in the Waikato and 26 of 524 herds (5%) in Southland.
Overall, 9% of herds (481 of 5350) in the North Island were
full-season OAD milking herds, and 8% of herds (150 of 1911)
in the South Island.

Production differences between TAD and OAD herds

When comparing milk production (kg MS/herd, kg MS/ha, kg
MS/cow) between OAD and TAD herds, the effects of milking
regime, year and regime · year interaction were all highly
significant (P < 0.0001). Production differences between the
OAD and TAD herds existed in all years (Fig. 1), including
before the OAD herds adopted this milking regime (P < 0.001);
on average, they were always lower-producing herds. Despite
initial production (Year –4 to Year –1) being ~12 600 kg MS/
herd (~11%) less for OAD herds, and there being a clear decrease
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in production of 10 691 kg MS/herd (–11%) in the year that the
OAD herds adopted OAD (Year 0; Fig. 1a), a similar trend of
increasing milksolid production (2171 kg MS/herd.year; s.e.
917; P < 0.05) occurred with both the OAD and TAD groups
in Years 0–4. The OAD group surpassed their Year –1 total
production in their fourth year of milking OAD (Year 3).
However, the OAD group production was ~25 800 kg MS/
herd (~22%) lower due to the continued increase in production
of the TAD group (Years 0–4; Fig. 1a), with 22% being the sum
of the initial gap and loss during the first year milking OAD.
The change in production in Year 0 varied among OAD herds,
appearing to be influenced by the prior cow level of production
(Fig. 2). Herds with a higher cow production in Year –4 to –1
experienced a larger decrease in Year 0.

An increase in milksolid concentration occurred from Year
–2 (P < 0.01) for the OAD herds, with the largest increase
occurring in Year 0 (P < 0.0001; Fig. 1d). The regime · year
interaction was significant. The log10SCC, generated from
herd test averages, was significantly (P < 0.001) higher for the
OAD herds than their TAD pairs from Year 0 onward, with
significant (P < 0.05) regime · year interaction. This difference
was equivalent to ~20 000 cells/mL.Milking regime (P< 0.0001)
and year (P < 0.01) were significant effects on the number of
test days in milk, but not the effect of regime · year interaction.
On average, OAD herds had 220 days in milk, compared with
224 days for their TAD pairs (s.e.d. = 0.89; P < 0.0001)

Milk production (kg MS/herd) from June to December, i.e.
generally before the start of dry summer conditions, and peak
milk production (kg MS/cow.day), had a similar trend to total
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production over the whole year (Fig. 1e, f). The effects of
milking regime, year and the regime · year interaction were
all highly significant (P < 0.0001) for June to December
production and differences existed between the OAD and
TAD herds in all years (P < 0.001). Peak milk production
of the OAD herds was ~7% lower that of their TAD pairs
from Year –4 to Year –1, and was ~22% lower in Years 0–4,
following a 15% reduction from Year 1 to Year 0.

Herds milking OAD had a lower stocking rate than their
TAD pairs, namely, 2.6 compared with 2.7 cows/ha (s.e.d.
0.02; P < 0.0001). The effects of year and the regime · year
interaction were not significant.

Reproduction and herd removal differences between
TAD and OAD herds

Clear differences existed between the OAD herds and their
TAD pairs in 3-week and 6-week calving rates (Fig. 3), with
the effects of milking regime, year and the regime · year
interaction all highly significant (P < 0.0001). The differences
in 3-week calving rates were all significant (P < 0.05) for
Years 1–4 (59% TAD; 64% OAD), and highly significant
(P < 0.0001) for 6-week calving rate for the same years (82%
TAD; 87% OAD).

Differences in the percentage of cows being removed from
the herd due to low production, udder health and mastitis and
not being pregnant (empty) existed between the OAD and TAD
groups (Fig. 4). For OAD herds, fewer cows were removed
from the herd due to being empty, and more were removed

due to low production and udder health and mastitis. The
effects of milking regime, year and regime · year interaction
were all significant for these three removal reasons (P < 0.05).
The difference in the percentage of cows removed existed from
Year –1 to Year 3 (not pregnant), from Year 0 to Year 4 (low
production) and Year 1 to Year 4 (udder health and mastitis).

The average age of the herd was significantly (s.e.d. = 0.02;
P < 0.0001) different between the OAD herds (4.9 years)
and their TAD paired herds (5.0 years), with an effect of year
(P < 0.01) but no interaction of regime · year effect. The
difference was due to there being slightly more cows in the
age group 2–3 years and fewer cows in the age group 6+ years
in the OAD herds. The replacement rate, or percentage of
2-year-old cows in the herd, was not different between OAD
herds and their TAD pairs, averaging 20%, nor was there an
effect of year, or regime · year interaction.

Breed differences between TAD and OAD herds

The breed composition differed between the OAD and TAD
herds (Fig. 5). The effects of milking regime, year and the
regime · year interaction were all significant (negative;
P < 0.05) for the percentage of Holstein–Friesian breed in the
herd. These differences existed fromYear –2 to Year 4 (P < 0.01;
Fig. 5a). The effect of milking regime was significant (positive;
P < 0.001) for the percentage of Jersey breed in the herd;
however, the effect of year and the regime · year interaction
were not. These differences existed from Year 0 to Year 4, as
well as Year –2 (P < 0.05; Fig. 5b). The effects of milking
regime and year were significant (positive; P < 0.001) for the
percentage of Friesian–Jersey crossbreed in the herd; however,
regime · year interaction was not (Fig. 5c).

The type of semen used differed between the OAD herds
and their TAD pairs. On average, 33% of the semen used by
the OAD group was Jersey, compared with 24% for their TAD
pairs over the years from Year –4 to Year 4, with a spike in use
in Year 1. Similarly, 31% of the semen used by the OAD group
was Other (predominantly crossbreed), compared with 22% for
their TADpairs, over the years fromYear –4 toYear 4. The effect
of milking regime was significant (P < 0.0001) for the use of
Holstein–Friesian, Jersey and Other semen. Year was significant
only for Jersey semen (P < 0.05), and regime · year interaction
was significant only for the use of Holstein–Friesian semen
(P < 0.05). Initially (Year –4), Holstein–Friesian contributed
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33% of the semen used by OAD herds, which declined to 30%
(Year 4). By comparison, 46% of the semen used for the TAD
paired herds was Holstein–Friesian in Year –4, which increased
to 53% in Year 4. With OAD herds, the decline in the use of
Holstein–Friesian semen was in response to the use of Other
semen, and the increase in the use of Holstein–Friesian semen
in the TAD paired herds was at the expense of Jersey semen.
Milking regime had a significant (s.e.d. = 0.05; P < 0.0001)
effect on AI mating length, which was 5 weeks for OAD herds
and 5.2 weeks for their TAD pairs, but there was no effect
of year or year · regime interaction.

Breeding value and BW results are presented in Fig. 6.
Milking regime was a significant (P < 0.0001) effect for all
eight BVs and BW, with OAD herds having lower values for
all BVs, except BCS and fertility, and greater for BW. The effect
of year was also significant (P < 0.01) for fat, protein, BCS,
fertility, somatic cell score and BW, signifying that these
differences did not exist in all years. The only two BVs with
regime · year interaction (P < 0.05) were milk volume and
liveweight, with OAD herds starting with similar values
(Year –4) and ending with lower values (Year 4). The average
liveweight BV dropped from ~0 to –14 kg by the fifth season
of milking OAD. By comparison, the average liveweight BV
remained ~0 for the paired TAD herds. Also, the milk volume
BV for the paired TAD herds increased through time (from –41
to 72 kg), in comparison with a decreased value for OAD
herds (from –57 to –91 kg). After including the percentage of
Holstein–Friesian in the statistical model, no regime · year
interaction was detected for any BVs or BW, highlighting that
the main difference in BV between OAD and TAD herds was
due to breed changes.

Economic analyses

The results of the two economic scenarios are presented in
Fig. 7. Figure 7a illustrates the challenge (DCTAD) of
achieving the target cost reduction to maintain profitability
under OAD milking. The challenge is greater for farms
starting with a lower initial cost structure (CTAD) because
the cost reduction required is a greater proportion of their
costs. Additionally, the challenge increases at higher milk
prices, because the required cost reduction determined in
Eqn 3 is greater. Figure 7b shows the level of cost
reduction required with different levels of production
change in Year 0, assuming total farm costs of NZ$5.34/kg

MS. It demonstrates that the higher the milk price, the greater
the cost reduction required to maintain the same level of profit
before adopting OAD.

Discussion

Matching, as in matched case-control design, is a method
commonly used in public-health research (Rose and van der
Leen 2009). It is usually intended to eliminate confounding,
but the main potential benefit of matching in case-control
studies is a gain in efficiency. In matching, each of the cases
of interest (OAD herd) is matched to one or more controls (TAD
herd) on the basis of variables believed to be confounders (i.e.
location, herd size, and planned start of calving). This leads
to a balanced number of OAD and TAD herds across the
levels of the matching variables, which reduces the variance
in the outcome parameters of interest (such as production and
reproduction), and, if analysed appropriately, improves statistical
efficiency. However, matching potentially has an impact on the
study sample, as it creates a sample of controls (TAD herds) that
is not random and may no longer be representative of the TAD
population as a whole. Furthermore, if the number of matching
variables is large, or the different matching variables are highly
correlated with each other, the study may produce spurious
results. This analysis is a retrospective look at herds that
appear to have adopted OAD, based on herd test classification.
As these herds have not been randomly selected, caution must
be exercised not to overextend conclusions as changes made or
experienced by this group of OAD herds may not apply to
all herds. Nevertheless, learning from current users of OAD
provides useful insight for those considering adoption.

The milksolid-production data (from herd testing and levy
databases) show that, after adopting OAD milking, a decrease
in milk volume but increase in percentage milksolids result in
a net decrease in total milksolid production, as reported by
Clark et al. (2006). However, despite this initial decrease, the
total farm milksolid production returned to pre-OAD levels
by the fourth season of full-lactation OAD milking (Fig. 1).
The annual rate of increase in total milksolid production of
the OAD herds and the TAD group of farms was less than
the national average of ~5500 kg MS/year (DairyNZ 2016b).
This may be because of few OAD herds in Canterbury
and Southland, where milk production has grown most
significantly in the past decade (DairyNZ 2016b). Also, this
group of OAD and TAD herds may have used less imported
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feed (e.g. palm-kernel expeller) than the national average. The
similar annual increase in production in the OAD and TAD
groups means that, relatively, the difference between the OAD
and TAD herds remained similar to Year 0. Consequently, cost
must be reduced to maintain a similar level of profitability
relative to the paired TAD herds, despite the OAD herds
regaining lost production by Year 3 (i.e. compared with the
changeover year).

The results of the economic modelling highlighted some
important considerations for farmers adopting OAD milking.
Namely, it is harder to maintain profitability relative to TAD at
high milk prices and when the farm has a low pre-OAD cost
structure and that it is easier to maintain profitability relative
to TAD when milk production loss can be minimised (Fig. 7).
A further consideration is that it is harder tomaintain profitability
for farms with large fixed expenses (e.g. irrigation) or high
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debt servicing (unless OAD prevents an increase in debt, e.g.
a new farm dairy). Conversely, the first-year production loss
may be minimal for herds with low productivity (Fig. 2), making
it easier to maintain profitability. This may explain the regional
variation in the adoption of OAD milking. The present study
provided some indication of where changes in herd attributes
may occur (e.g. reproduction, culling), potentially leading to
reduced costs, or opportunity to minimise the change in milk
production when adopting OAD (e.g. breeding). Interestingly,
stocking rate did not increase in OAD herds in an attempt to
mitigate reduced milk production per cow. Similarly, Armstrong
and Ho (2009) advised caution when considering an increase
in stocking rate. Alternatively, imported feed may have been
removed to reduce costs instead of supporting an increase of
stocking rate. Other studies, such as that of Anderle and Dalley
(2007), have provided further insight into the economics of
adopting OAD milking. Farmers considering OAD should
evaluate the trade-off between the ability to decrease costs
to offset any decreased production and impacts on labour and/
or lifestyle.

After adopting OAD milking, the group of OAD herds had
significantly higher 3-week and 6-week calving rates, and fewer
cows culled due to not being pregnant, than for the TAD paired
group, indicating improved reproductive performance. A better
reproductive performance under an OAD milking regime due
to increased body condition score was shown by Clark et al.
(2006). Fewer involuntary culls, due to not being pregnant,
may represent an additional saving due to needing fewer
replacement cows. However, the age structure indicated that
the OAD herds did not decrease their replacement rate. This
may have resulted from an increase in culling on low production
and udder health and mastitis under the OAD regime, which,
in the long term, could lead to fewer animal-health costs or
improved productive potential of the herd. Higher 3-week and
6-week calving rates should have resulted in an increase in
days-in-milk; however, this may be difficult to capitalise on
due to increased feed costs. Instead, it appears that OAD
farmers have delayed the start of calving to maintain a similar
calving midpoint. Better body condition at the end of
lactation may result in lower feed requirements over winter,
reducing feed costs.

For farmers considering adopting OAD milking, an
alternative and/or complementary strategy to reducing costs is
to minimise the production lost in the initial year of adoption.
Breed influences the response to OAD milking, Jerseys being
more suited than Holstein–Friesians (Clark et al. 2006).
A declining use of Holstein–Friesian semen and proportion of
Holstein–Friesian cows countered by an increase in the use of
Jersey and crossbreeds is a feature of the current dataset.
Interestingly, the switch between Holstein–Friesian and Jersey
for the group of OAD herds occurred two seasons before
adopting OAD, potentially indicating several years of planning
before changing milking regime. The adoption of OAD milking
also coincided with a change in the reason for cows exiting the
herd, with the percentage of cows removed due to udder health
or low production increasing. The importance of an increased
focus on udder health and management of SCC under an OAD
milking system has been reported elsewhere (Lacy-Hulbert
et al. 2005). Likewise, an increase in removals due to low
production is logical, as not all cows are suited to OAD
milking (Holmes et al. 1992). Thus, if these cows were
identified, sold and replaced, before adopting OAD milking,
a smaller production loss might be expected, particularly
if the replacement cows were surplus adult cows from an
existing OAD herd.

One pathway to identify cows not suited to OAD milking
is through breeding values. In the present dataset, there was
a significant change in some BVs after adopting OAD
milking, although it is important to note that the cows in the
OAD herds are currently being evaluated under a TAD animal
evaluation system, and cause and effect cannot be determined.
The BV that had the greatest differences were liveweight and
milk volume, where differences were apparent from Year –2,
which coincided with when the OAD herds began moving
away from Holstein–Friesian towards Jersey and crossbreed.
Incorporating Holstein–Friesian in the statistical model
removed any milking regime · year interaction for all BVs.
However, excluding breed, despite there being some
differences between the groups in other BVs, such as, for
example, OAD herds having lower residual survival and
somatic cell score BVs and higher BCS and fertility BVs, the
differences remained relatively constant compared to liveweight
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and milk volume. Perhaps the OAD farmers were selecting for
lower-liveweight and milk-volume BVs. Davis et al. (1999)
described that the main requirement for minimising production
loss under OAD is sufficient udder capacity, of which there
are two strategies, namely, selecting cows for larger mammary
cisternal storage capacity or increased MS concentration.
Selecting cows with a lower milk volume BV, while
maintaining the fat and protein BVs, would likely aid this
strategy (L’Huillier et al. 1989). Similarly, if there is an upper
limit to howmuch a cow can produce under OADmilking, which
may be influenced by milk volume (Elliott et al. 1960), then it is
logical to breed a cow of matching size to reduce maintenance
feed costs. Consequently, future research should test this
hypothesis as there may be an opportunity to select for cows
better adapted to OAD.

Conclusions

Herds selected in the present analysis were not chosen randomly;
therefore, caution must be exercised not to overextend
conclusions as changes made or experienced by this group of
OAD herds, relative to paired TAD herds, may not apply to
all herds. Herds that adopted full-lactation OAD milking
experienced an 11% decrease in total farm production (kg
MS/herd) in the first year of OAD relative to a TAD peer
group. However, herds with a lower production (kg MS/cow)
before adopting OAD experienced a smaller production
decrease. Prior herd production was regained for the OAD
herds by the 4th year; however, they remained 11% behind
their TAD peer-group herds due to both groups increasing
milk production at the same rate. To retain an equivalent level
of profitability, farm costs must permanently reduce on the
adoption of OAD milking by the proportional decrease in milk
production multiplied by the milk price. The initial decrease
in production could be minimised by animal breeding and
selection before adoption.
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