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ABSTRACT

Extending the voluntary waiting period (VWP) for
primiparous cows can have a positive impact on fertil-
ity without a negative impact on milk production per
day in the calving interval (Clnt). We investigated the
effect of extended VWP during first lactation on milk
yield (MY) during 2 consecutive lactations in primipa-
rous cows. The study involved 16 commercial herds in
southern Sweden. A total of 533 Holstein and Red dairy
cattle (Swedish Red, Danish Red, Ayrshire) dairy cows
were randomly assigned to a conventional 25 to 95 d
VWP (n = 252) or extended 145 to 215 d VWP (n
= 281). Data on calvings, inseminations, and test-day
yields were retrieved from the Swedish Milk Record-
ing System. Cows with VWP according to plan and
completing 1 or 2 CInt with a second or third calving
were included in the data analysis. Whole lactation and
305-d energy-corrected milk (ECM) yield were higher
for the extended VWP group than the conventional
VWP group in both the first lactation (12,307 vs. 9,587
and 9,653 vs. 9,127 kg ECM) and second lactation
(12,817 vs. 11,986 and 11,957 vs. 11,304 kg ECM). We
found no difference between the VWP groups in MY
per day during the first CInt or during the first and
second ClInt combined, although MY per day during
the second ClInt was around 1.5 kg higher for cows with
extended VWP than for cows with conventional VWP.
Thus extended VWP for primiparous cows can be used
as a management tool without compromising MY.
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INTRODUCTION

The effect of voluntary waiting period (VWP), de-
fined as the period between calving and when the cow
is permitted to receive the first insemination, on milk
production and economics has been examined in several
previous studies but with inconclusive results. Random-
ized controlled studies have generally found extended
VWP to be more economically favorable relative to
conventional VWP (Arbel et al., 2001; Burgers et al.,
2021a), than previous simulation studies (Strandberg
and Oltenacu, 1989), simulation studies based on data
from voluntary extension of the VWP (Gaillard et al.,
2016), and studies based on retrospective data (Hol-
mann et al., 1984; Inchaisri et al., 2011). Since the time
of those studies, average yearly milk yield (MY) of
dairy cows has increased dramatically. Moreover, retro-
spective studies risk including data from involuntarily
extended calving intervals (ClInt) due to poor fertility
or poor fertility management, in contrast to studies
with planned extension of VWP (Niozas et al., 2019a;
Rehn et al., 2000; Burgers et al., 2021b). Irrespective
of study design, there is general agreement that ex-
tended VWP and longer CInt are more beneficial for
primiparous cows with high yield and more persistent
lactations than for multiparous cows with less persis-
tent lactations (De Vries, 2006; Lehmann et al., 2019;
Romer et al., 2020).

Planned extended VWP has been shown not to affect
milk production per Clnt day during the first lactation
(Osterman and Bertilsson, 2003; Niozas et al., 2019a;
Burgers et al., 2021a) or to increase it (Arbel et al.,
2001). Milk yield during early lactation after a previous
lactation with extended VWP is reported to be higher
(Arbel et al., 2001; Lehmann et al., 2016) or similar
(Burgers et al., 2021a) to that after a previous lactation
with conventional VWP. In a 3-yr study, Osterman and
Bertilsson (2003) monitored 1 group of cows with 3
consecutive 12-mo Clnt and another group with 2 con-
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secutive 18-mo CInt and found no difference between
the groups in ECM yield per day of Clnt during the
second lactation.

A planned extended VWP can have several conse-
quences. For example, improved fertility has been re-
ported in terms of number of services per conception
(Niozas et al., 2019b; Larsson and Berglund, 2000), in-
terval between first and successful insemination (Lars-
son and Berglund, 2000), and first service conception
rate (Niozas et al., 2019b). It may also be a strategy
to decrease the overall time within their lifetime that
dairy cows spend in the sensitive period around calving
and dry-off (Burgers et al., 2021a) when the incidence
of many diseases is highest (Ingvartsen et al., 2003).
This lowers the labor requirement related to transition
periods such as calving events and dry-offs and also
lowers the proportions of calves, recruitment heifers,
and dry cows in the herd (Lehmann et al., 2019). Ex-
tending the VWP may also lead to lower dry-off yields
(Niozas et al., 2019a), which can decrease the risk of
mastitis during the transition period (Rajala-Schultz et
al., 2005) and has been linked to longer productive life
(Romer et al., 2020). Extended VWP and CInt have
been associated with an increased dry period length
(Rehn et al., 2000) and higher BCS at the end of lac-
tation, especially in multiparous cows (Burgers et al.,
2021a). In a simulation study, an extended lactation
for primiparous cows followed by conventional 10-mo
lactations was identified as one of the most profitable
alternatives (Gaillard et al., 2016). However, to our
knowledge, no randomized controlled study to date
has monitored primiparous cows with extended VWP
in their first lactation and through a complete second
lactation with no VWP intervention.

The 2 most common dairy breeds in Sweden are
Swedish Holstein and Swedish Red dairy cattle. Hol-
stein cows have higher MY, while Red dairy cattle pro-
duce milk with higher fat and protein concentrations
(Vixa Sverige, 2021). Our objective in this study was
to investigate the effects on milk production in these 2
breeds in commercial herds during a first lactation with
conventional or extended VWP and a second lactation
without any VWP intervention.

MATERIALS AND METHODS

Study Design and Herd Selection Criteria

A randomized controlled trial focusing on conven-
tional and extended VWP was carried out on commer-
cial dairy herds in southern Sweden between August
2018 and September 2021 with ethical approval from
Uppsala Ethics Committee for Animal Research, Up-
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psala, Sweden (protocol number 5.8.18-10126/2018).
A total of 218 farmers were invited to join the study,
based on data from the year 2016 to 2017 obtained
from the Swedish national dairy herd recording scheme
(SNDRS) managed by Viaxa Sverige. The inclusion
criteria were: herds with >100 dairy cows in production
and herd-average milk production of at least 9,000 kg
ECM/cow per year, mean Clnt less than 14 mo, and a
system for daily milk recording. Nineteen herds agreed
to participate, but 1 herd dropped off during the study
due to miscommunication and 2 herds were excluded
after analysis of insemination data due to poor compli-
ance with the research protocol. Data from the second
lactation in 1 herd were excluded because that herd
was also involved in another study on extended VWP
in multiparous cows.

Herd Description

The 16 participating herds had mean herd size of 165
cows (range 102 to 305), mean yearly milk production,
defined as the total produced yield in the herd during
the year divided by the mean number of cows in the
herd during the same year, of 10,623 kg ECM (range
9,000 to 12,623 kg ECM), and mean Clnt of 12.7 mo
(range 11.8 to 13.8 mo) during the previous year (2016
to 2017). The herds had either automated milking sys-
tems (n = 12) or parlors (n = 4) and the cows were fed
a partial mixed ration (n = 14) or TMR (n = 2). The
cows were categorized as Holstein (HOL), Red dairy
cattle (RDC, defined as Swedish Red, Danish Red, or
Swedish Ayrshire cattle), or cross/other breeds, with
a cow considered purebred if the dam and sire were of
the same breed. Based on the SNDRS data for 2017
to 2018, the breed distribution in the herds was: HOL
mean 50% (range 5 to 97%), RDC mean 41% (range 2
to 90%), and cross/other mean 9% (range 0 to 34%).

Cow Inclusion, Exclusion, and Intervention
Regarding the Voluntary Waiting Period

The study period started within 1 mo of September
1, 2018, in all herds. Only purebred HOL and RDC
heifers calving within 6 mo of the starting date of each
herd were recruited for the study. The primiparous cows
selected for inclusion were allocated by odd or even ear
tag number to either a control group with conventional
VWP of 35 to 85 d or a test group with extended VWP
of 155 to 205 d. No intervention in VWP was made
during the second lactation. Cows lacking insemination
data or not having a complete first lactation before the
end of data collection in September 2021 were excluded
(n=25).
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Data Collection, Description, and Calculation
of Variables

Data on breed, calvings, inseminations, 305-d lacta-
tion yields, test-day yields, and dry-off dates during
2 consecutive lactations between August 2018 and
September 2021 were obtained from the SNDRS. Infor-
mation about daily MY and number of milkings for in-
dividual cows was obtained from the herds’ milking sys-
tems. All variables included and the way in which they
were calculated are presented in Appendix Table Al.
Supplemental files (documentation, metadata, and so
on) are published in the Swedish National Data Service
catalog (Edvardsson Rasmussen et al., 2022). Research
data cannot be openly published due to restrictions in
the agreement with the principal owner of the data,
Vaxa Sverige. The figures were made using GraphPad
Prism version 9.5.0 (GraphPad Prism, 2022).

Variable Inclusion Criteria

Three inclusion criteria were used, depending on
the variable under investigation. These were: VWP
according to plan, complete lactation, and sufficient
daily MY records.

Voluntary Waiting Period According to Plan
and Complete Lactation. The cows were considered
to have VWP according to plan when the instruction
regarding number of days from calving to the first in-
semination interval was followed, allowing a deviation
of 10 d from the plan. Thus for cows in the conventional
group, VWP of 25 to 95 DIM was considered to comply
with the plan, while for the cows in the extended VWP
group, VWP of 145 to 215 DIM was considered to be in
compliance. Cows that had their second or third calv-
ing before the end of data collection in September 2021
were considered to have a complete first or second lac-
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tation, respectively. Both these inclusion criteria were
applied for all variables studied.

Sufficient Daily Milk Yield Records. Daily MY
records were considered sufficient if there were less
than 50% missing daily yield records in total, no more
than the first 40 d of lactation missing, and no more
than the last 60 daily yields in the lactation miss-
ing. These inclusion criteria were applied for lactation
length, dry period length (DPL), DPL category, MY
at test milking 50 to 20 d before dry-off, and lactation
curve calculations. For cows with between 2 and 60
daily yield records missing in the end of lactation, the
DPL and DPL category was calculated as described in
Appendix Table Al.

Statistical Analysis

Initial data handling was performed in Microsoft
Excel 2016 and statistical analysis was performed in R
software (R Core Team, 2014), using R studio version
R-4.1.2 (RStudio Team, 2021). The confidence level
was set at P < 0.05. All models included VWP group
(2 levels) and breed (2 levels) as fixed factors and the
random effect of herd (16 and 15 levels in first and sec-
ond lactation, respectively). Interaction between VWP
group and breed was also tested as a fixed factor and
was removed from the models if not significant.

For continuous variables with an approximate nor-
mal distribution of residuals, i.e., MY variables, ClInt,
lactation length, and DPL, linear mixed models were
fitted by restricted maximum likelihood using the Imer
function from the packages lme4 and emmeans in R
(Bates et al., 2022; Lenth et al., 2022). The results
of the models were analyzed with Type III Analysis
of Variance with Satterthwaite’s method to obtain P-
values, and the results are presented as least squares
means (LSM) + standard error of the mean (SEM).

Table 1. First and second lactation calving interval, lactation length, dry period length, and milk yield (MY) at test milking (TM) 50 to 20
d before dry-off (DO; LSM + SEM) for cows with conventional (CONV) or extended (EXT) voluntary waiting period (VWP) for the 2 breeds

Holstein (HOL) and Red dairy cattle (RDC)

VWP group Breed
Item n CONV EXT P-value HOL RDC P-value
First lactation
Calving interval (d) 349 368" + 3.7 462" + 3.9 <0.001 413 + 3.7 416 + 4.4 0.60
Lactation length (d) 320 311" + 4.2 398" + 4.3 <0.001 353 + 4.1 355 £ 5.0 0.67
Dry period length (d) 320 56.2° + 2.6 62.6" + 2.6 <0.001 59.8 + 2.6 59.0 £ 29 0.72
MY TM before DO (kg) 285 25.9" + 0.94 24.0" + 0.95 <0.001 26.2" + 0.93 23.7° + 1.0 0.003
Second lactation
Calving interval (d) 219 377 + 6.2 386 + 6.6 0.13 390" + 6.6 373" + 7.4 0.03
Lactation length (d) 127 315 £ 7.8 331 £ 8.7 0.06 332 + 8.2 314 + 9.3 0.06
Dry period length (d) 127 58.8 + 2.1 58.1 + 2.4 0.75 58.2 + 2.2 58.7 £ 2.5 0.84
MY TM before DO (kg) 106 27.3 £ 1.0 272 + 1.1 0.93 30.1* £ 1.0 24.4° + 1.2 <0.001

**Mean values within rows with different superscripts differ significantly (P < 0.05).
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1 CONV-Yes mm EXT-Yes
60y CONV-No EXT-No
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Figure 1. Number of cows that finally received (Yes) or did not
receive (No) the planned voluntary waiting period (VWP) in each
VWP group conventional (CONV) and extended (EXT) in each herd.

For the binary variable, DPL category, a generalized
binomial linear mixed model was fitted by Laplace ap-
proximation, using the glmer function in the packages
Ime4 and emmeans in R (Bates et al., 2022; Lenth et
al., 2022). The model was analyzed with analysis of
deviance using type II Wald chi-square tests for hy-
pothesis testing. Numbers of cows in the short and long
DPL subgroups were compared with the number of
cows with moderate DPL.

RESULTS

The initial number of cows recruited for the study
was 533, of which 252 cows were included in the con-
trol group with conventional VWP and 281 cows were
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included in the test group with extended VWP. The
number of cows per lactation and VWP group following
each combination of inclusion criteria is presented in
Appendix Table A2, and the number of cows following
the planned VWP in each VWP group in each herd
is presented in Figure 1. Breed distribution between
planned VWP groups in each lactation is shown in Ap-
pendix Table A3. The interaction between VWP and
breed was not significant and was removed from all
models.

Effect of Voluntary Waiting Period on Calving
Interval, Lactation Length, and Dry Period Length

For the cows in the extended VWP group, Clnt,
lactation length, and DPL were all longer during their
first CInt than for the group with conventional VWP
(Table 1). When comparing the proportion of cows in
different DPL categories (short, moderate, or long dry
period), we found that the proportion of cows with a
long dry period in their first Clnt was higher in the
extended than in the conventional VWP group. There
was no significant difference between the VWP groups
regarding the proportion of cows with short DPL (Table
2). During the second lactation, Clnt, lactation length,
DPL, and DPL category did not differ significantly
between the 2 VWP groups (Tables 1 and 2).

Effect of Voluntary Waiting Period on Milk
and Energy-Corrected Milk Yield

Whole lactation (WL) yield during the first lactation
was 28% greater for the extended VWP group than
for the conventional group, and the former group also
had 6% higher 305-d yield. However, when yield was
calculated per day of Clnt, there was no difference be-

Table 2. Percent and prevalence (n/N) of short and long dry period in each lactation for cows with conventional (CONV) or extended (EXT)
voluntary waiting period (VWP) for the 2 breeds Holstein (HOL) and Red dairy cattle (RDC)

VWP Breed
CONV EXT HOL RDC

Ttem Niot! % (n/N) % (n/N) P-value % (n/N) % (n/N) P-value
First lactation

Short dry period” 277 8 (13/158) 5 (6/119) 0.33 5 (9/181) 10 (10/96) 0.10

Long dry period® 301 9 (15/160) 20" (28/141) 0.002 13 (25/197) 17 (18/104) 0.35
Second lactation

Short dry period® 111 3 (2/64) 6 (3/47) 0.73 3 (2/66) 7 (3/45) 0.79

Long dry period® 122 13 (9/71) 14 (7/51) 0.86 12 (9/73) 14 (7/49) 0.61

*"Values (%) within rows with different superscripts differ significantly (P < 0.05).

1 . .
N = total number of cows included in each model.

’Less than 40 d dry, n = number of cows with short dry period, N = sum of cows with short and moderate dry period length. Moderate dry

period length = (40-70 d, lactation 1: N = 145; lactation 2: N = 62).

*More than 70 d dry, n = number of cows with long dry period, N = sum of cows with long and moderate dry period length.
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Table 3. First and second lactation 305-d lactation yield, whole lactation (WL) yield, and average milk yield (MY) per day in each calving
interval (CInt) and during 2 consecutive Clnt (kg, LSM + SEM) for cows with conventional (CONV) or extended (EXT) voluntary waiting
period (VWP) for the 2 breeds Holstein (HOL) and Red dairy cattle (RDC)

VWP Breed
Item n CONV EXT P-value HOL RDC P-value
First lactation
305-d ECM 347 9,127° + 228 9,653" + 230 <0.001 9,488 + 231 9,291 + 244 0.28
305-d MY 347 8,882" + 230 9,492" + 233 <0.001 9,474" + 234 8,901 + 249 0.003
WL ECM 349 9,578" + 325 12,307" 4+ 329 <0.001 11,070 £ 331 10,816 £ 352 0.36
WL MY 349 9,279" + 306 11,872 + 311 <0.001 10,926 + 312 10,225" + 335 0.01
Daily ECM 349 26.1 £ 0.75 26.7 + 0.76 0.15 26.7 + 0.76 26.1 + 0.80 0.30
Daily MY 349 25.3 + 0.73 25.7 + 0.74 0.30 26.3" + 0.74 24.7° + 0.78 0.004
Second lactation
305-d ECM 219 11,304 + 241 11,957" 4+ 253 0.002 11,973 4+ 253 11,288" + 281 0.02
305-d MY 219 11,061" + 226 11,778 4+ 240 0.001 12,115 4 239 10,723" + 268 <0.001
WL ECM 219 11,986 + 274 12,817" 4+ 294 0.005 12,907 4+ 289 11,896" + 330 0.008
WL MY 219 11,659" + 253 12,527 4+ 274 0.003 12,963 + 266 11,223" + 307 <0.001
Daily ECM 219 31.8" £+ 0.70 33.3" + 0.73 0.01 33.2 +0.73 31.9 + 0.81 0.10
Daily MY 219 30.9" + 0.68 32.6" + 0.71 0.007 33.3" £ 0.71 30.2° + 0.79 <0.001
Both lactations combined
Daily ECM 219 29.2 + 0.70 30.1 £ 0.72 0.07 30.1 + 0.72 29.2 + 0.78 0.21
Daily MY 219 28.4 + 0.67 29.2 + 0.69 0.10 30.0" + 0.69 277" 4+ 0.75 <0.001

**Mean values within rows with different superscripts differ significantly (P < 0.05).

tween the groups (Table 3). The lactation curves for
first-parity cows in the 2 VWP groups are shown in
Figure 2. During the second lactation, the extended
VWP group had 5 to 7% higher WL yield, 305-d yield,
and yield per Clnt day than the conventional VWP
group (Table 3). The lactation curves for second-parity
cows in the 2 VWP groups are shown in Figure 3. Com-
parisons of average yield per day during the 2 Clnt
combined revealed that this did not differ significantly
between the 2 VWP groups (Table 3).
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40— ® EXT VWP, n=147
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Figure 2. Average daily milk yield per DIM during the complete
first lactation for cows with a conventional (CONV) voluntary waiting
period (VWP; gray, n = 173) or extended (EXT) VWP (black, n =
147) during their first lactation. Based on data from cows with suf-
ficient daily milk yield records, dried-off cows were included with 0 kg
yield per day.
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Effect of Breed

In their first lactation, HOL cows had around 6%
higher MY (305d MY, WL, daily MY) than RDC cows,
but ECM yields did not differ significantly between the
breeds. During the second lactation, HOL cows had
higher WL yield, 305-d yield, and MY per Clnt day
than RDC cows, but there was no significant difference
in ECM yield per Clnt day. Average MY per day dur-
ing the 2 CInt combined was 8% higher for HOL than

® CONVVWP,n=73
® EXTVWP,n=54

Daily milk yield (kg)

0 —
0 100

| I
200 300
Days in milk

400

Figure 3. Average daily milk yield per DIM during the complete
second lactation for cows with a conventional (CONV) voluntary wait-
ing period (VWP; gray, n = 73) or extended (EXT) VWP (black, n
= 54) during their first lactation. Based on data from cows with suf-
ficient daily milk yield records, dried-off cows were included with 0 kg
yield per day.
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for RDC cows, but there was no difference between the
breeds in ECM yield (Table 3).

In terms of Clnt, lactation length, DPL, and pro-
portions of cows in different DPL categories (short,
moderate, or long dry period), there was no significant
difference between the breeds in the first lactation, but
during the second lactation HOL cows had 5% longer
CInt (Tables 1 and 2). HOL cows had 11% higher MY
at the last test milking before dry-off than RDC cows
in the first lactation and 23% higher in the second lac-
tation (Table 1).

DISCUSSION

This study investigated milk production during the
first lactation with conventional or extended VWP and
the following full lactation without a VWP interven-
tion. To our knowledge, no random controlled trial has
done this before at a large scale in commercial herds.

The study was performed on 16 relatively high-
yielding herds (9,000 to 12,623 kg average yearly milk
production) in southern Sweden. These herds had 102
to 305 cows with reasonable average Clnt before the
study (<14 mo) and varying management routines. As
the study was performed on commercial herds, there
is a possibility that herd managers may have treated
the cows differently depending on the VWP group to
which they were allocated as indicated by Figure 1.
We checked whether average MY during the first 4 to
33 d of lactation differed between groups of cows not
following the planned conventional and extended VWP
and found no difference (results not shown). The re-
sults thus revealed no indication of obvious systematic
bias among cows that did not follow the intended VWP
treatment in that regard. Another possible bias related
to commercial herds is possible inconsistency in data
reported to the SNDRS. To mitigate this problem and
other deviations in herd-related management routines,
we included herd as a random factor in all statistical
models.

As expected, because lactations were longer, extend-
ed VWP resulted in higher WL yield, as also reported
by Lehmann et al. (2016) and Burgers et al. (2021b).
Moreover the 305-d yield was higher during the first
lactation, probably due to a delay in the negative effect
of pregnancy on MY (as seen in Figure 2). Our results
for ECM yield per day in the first Clnt, which were gen-
erally not different between VWP groups, correspond
well to previous findings for primiparous cows on ECM
per Clnt day (Osterman and Bertilsson, 2003; Niozas et
al., 2019a; Burgers et al., 2021a) or in extended VWP
(Arbel et al., 2001; Lehmann et al., 2016).

On comparing MY per day during the second Clnt,
the cows with extended VWP in their first lactation
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produced around 1.6 kg more milk per day than the
cows with conventional VWP. As mentioned, we found
few other random controlled studies investigating the
effect of extended VWP on the subsequent lactation
and none following a complete second lactation without
a VWP intervention. Osterman and Bertilsson (2003)
studied 2 consecutive Clnt, both either conventional (12
mo) or extended (18 mo) and found that the difference
between the groups in terms of WL yield increased dur-
ing the second lactation, with higher yield in cows with
extended ClInt, but no difference between the groups
on comparing ECM per Clnt day in either lactation.
In studies on early subsequent lactation, Arbel et al.
(2001) and Lehmann et al. (2016) observed increased
yield per day during the first 80 and 150 d, respectively,
for cows with extended VWP in their first lactation. In
contrast, Burgers et al. (2021a) found decreased MY
per day during the first 42 d in the following lactation
for cows with extended VWP in their first lactation,
but no difference in fat- and protein-corrected milk.
Those authors concluded that 42 d might be too short a
period for cows to show their potential for higher yield.

According to Lehmann et al. (2016), a possible rea-
son for the observed higher second lactation yield in
cows with extended VWP might be that these cows are
more mature in early second lactation, meaning that
they may need less energy for growth and can allocate
more energy to milk production instead. However, our
observations indicated that a higher proportion of cows
allocated to extended VWP were culled due to low milk
production during the first lactation (data not shown).
Thus, it is possible that the observed higher yield in the
second lactation was an artifact related to a higher rate
of culling of cows with lower yield potential.

From a farmer’s perspective, it is interesting to com-
pare average yield per day during the first and second
lactations combined. We found no significant difference
between the VWP groups, which suggests that the long
dry period for cows with extended VWP in their first
lactation was compensated for by higher total yield in
both lactations or a lower proportion of dry days.

As a consequence of extended VWP, both Clnt and
lactation length were prolonged in the first lactation,
but there was no difference between the VWP groups
in the second lactation. Regarding DPL, we found a
higher frequency of extended VWP cows in the long
DPL category, in line with previous findings (Oster-
man and Bertilsson, 2003; Lehmann et al., 2016). Milk
yield at the last test milking before dry-off, which was
investigated here as a measure of dry-off yield before
the application of dry-off routines, was 1.9 kg lower
in the extended VWP group than in the group with
conventional VWP in the first lactation, in agreement
with findings in Niozas et al. (2019a).
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It is well established that HOL cows generally have
higher ECM yield than RDC cows, but in the pres-
ent study there was no such difference between the
breeds in their first lactation. This was supported
by unpublished data indicating that the difference
in ECM yield between the breeds was less prominent
during their first lactation (E. Strandberg, Swedish
University of Agricultural Science, Uppsala, Sweden,
personal communication, 2022). In addition, there was
no interaction between breed and VWP, which sug-
gests that both breeds are equally suited to extended
VWP. However, HOL cows produced more milk before
dry-off than RDC cows, so reduced MY before dry-off
may be an incentive to extend VWP for HOL cows.
Additionally, we found that HOL cows had a longer
second CInt than RDC cows. This may be because the
HOL cows had higher yield and farmers might there-
fore be more willing to delay the first insemination
for these cows. It may also be because higher yield is
linked to longer first-to-successful insemination inter-
val (Romer et al., 2020).

The results for CInt and lactation lengths and WL
yields were consistent with the lactation curves de-
rived from daily MY in both lactations (Figure 2 and
Figure 3), although the curves were based on fewer
animals because only lactations with sufficient daily
yield recordings were included. In the first lactation
(Figure 2), an effect of pregnancy on daily yield was
observed from about 150 DIM for the conventional
VWP group, in line with findings by Osterman and
Bertilsson (2003).

Our results support previous claims that extended
VWP in primiparous cows does not have a negative im-
pact on individual milk production (Rehn et al., 2000;
Kok et al., 2019; Lehmann et al., 2019). And we found
that cows with extended VWP had fewer unproductive
days: 13.5% (62.6 out of 462 d) vs. 15% (56.2 out of
368 d) of the first CInt than cows with conventional
VWP (Table 1). Therefore, it may be beneficial to
extend VWP, especially when taking account of other
potential advantages such as improved fertility (Lars-
son and Berglund, 2000; Niozas et al., 2019b), possibly
better health due to fewer transition periods with high
disease frequency (Ingvartsen et al., 2003), lower MY
at dry-off (Rajala-Schultz et al., 2005; Niozas et al.,
2019a), and a longer productive life (Gaillard et al.,
2016; Romer et al., 2020). However, when applying
extended VWP in practice, consideration has to be
given to what this means for herd dynamics. Longer
VWP leads to more lactating cows, a lower need for
recruitment heifers, fewer dry cows, and fewer calves
born (Lehmann et al., 2019).
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CONCLUSIONS

Cows with extended VWP during their first lactation
had higher 305-d and whole lactation yield than cows
with conventional VWP, not only in the first lacta-
tion when VWP differed for the 2 groups, but also in
their second lactation without a VWP intervention. We
found no difference between the VWP groups regard-
ing yield per Clnt day in the first Clnt or in the 2
CInt combined. In the second Clnt, yield per day was
higher for cows with extended VWP during their first
lactation. Regarding breed, HOL cows generally had
higher MY than RDC cows, but ECM yield did not
differ between the breeds during the first lactation and
there were no interactions between VWP and breed.
These results improve understanding of the effect of ex-
tended VWP on milk production during 2 consecutive
lactations and can have implications for management
decisions regarding VWP for primiparous cows. To con-
clude, extending the VWP for primiparous cows can be
used as a management tool without compromising MY.
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APPENDIX

Table A1l. Variables used in the analysis and the method of calculation

Variable

Description/calculation

305-d yield

Calving interval (Clnt)
Daily milk yield (DMY)

Dry period length (DPL)
DPL category
ECM yield

Lactation length

Last day of lactation
(used to calculate lactation
length and dry period)

Milk and ECM yield per calving
interval day

Milk and ECM yield per day
during 2 calving intervals

Milk yield (MY) at test milking
before dry-off

Whole lactation yield

Data on 305-d lactation milk, fat, and protein yields retrieved from the Swedish national dairy herd
recording scheme (SNDRS).

Number of days between 2 consecutive calving dates.

Sum of individual milk record yields (kg) from the milking systems for a given DIM. Outliers were
defined as DMY values more than 2 SD from the 2-wk mean and removed. Missing values between
recorded values were interpolated based on existing DMY. Missing DMY at the end of lactation were
calculated based on the mean lactation curve for all cows in each VWP group with sufficient DMY at
the end of lactation for first and second lactation, respectively. Daily yields were used to calculate the
lactation curves for each VWP group.

Calving interval minus lactation length.

Short defined as less than 40 d, moderate defined as 40 to 70 d, or long defined as more than 70 d.
Calculated according to the equation by Sjaunja et al. (1990):

kg ECM = kg MY x {[38.3 x fat (g/kg) + 24.2 x protein (g/kg) + 783.2]/3,140}

The interval between calving and the last day of the lactation (see below).

The dry-off date recorded in SNDRS was used as the last day of lactation if this occurred later than
the date of the last test milking and if the date of the last test milking occurred later than the date of
the last recorded daily yield. Otherwise, the date of either the last recorded daily yield or the last test
milking was used, whichever was the latest.

Whole lactation yield divided by calving interval.

Sum of the 2 whole lactation yields, divided by sum of the 2 calving intervals.

Daily milk yield at the test milking between 50 and 20 d before dry-off. If the cow had more than 1 test
milking in this period, data for the test milking closest to 50 d before dry-off were used.

Whole lactation milk, fat, and protein yields calculated based on test milkings, using the test interval
method (Sargent et al., 1968). Dry-off dates reported to SNDRS were used to define end of lactation in
these calculations.

Table A2. Number of cows with conventional (CONV) or extended (EXT) voluntary waiting period (VWP) following the different inclusion
criteria and combinations of inclusion criteria applied in data analysis'

Lactation 1 Lactation 2

CONV VWP EXT VWP

CONV VWP EXT VWP Total lact. 1 in lact. 1 in lact. 1 Total lact. 2
Inclusion criteria (n = 252) (n = 281) (n = 533) (n = 191) (n = 188) (n = 379)
VWP according to plan (VWP OK) 205 179 384 168 139 307
Complete lactation (compl.) 210 211 421 140 125 265
Daily milk yields OK (MY OK) 207 223 430 107 91 198
<50% missing daily yields 228 245 473 129 113 242
<40 missing daily yields in early lactation 248 278 526 160 131 291
<60 missing daily yields at the end of lactation 219 235 454 129 122 251
VWP OK + compl. 187 162 349 123 96 219
VWP OK + compl. + available 305-d yield 186 161 347 123 96 219
VWP OK + compl. + MY OK 173 147 320 73 54 127
VWP OK + compl. + MY OK + available test 151 134 285 59 47 106
milking yield 50-20 d before dry-off
VWP not OK + MY OK 25 63 88 12 20 32

"Lact. = lactation.

Table A3. Number of cows divided by breed [Holstein (HOL) or
Red dairy cattle (RDC)] with a planned conventional (CONV) or
extended (EXT) voluntary waiting period (VWP) in the first and
second lactations

CONV EXT Total
Lactation HOL RDC HOL RDC HOL RDC
First lactation 146 106 181 100 327 206
Second lactation 109 82 115 73 224 155
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