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ABSTRACT

A 1-yr calving interval (CInt) is usually associated
with maximized milk output, due to the calving-related
peak in milk yield. Extending Clnt could benefit cow
health and production efficiency due to fewer transition
periods per unit of time. Extending Clnt can affect lac-
tation performance by fewer days dry per year, delayed
pregnancy effect on milk yield, and greater milk solid
yield in late lactation. This study first investigated the
effects of 3 different voluntary waiting periods (VWP)
from calving until first insemination on body weight,
body condition, milk yield, and lactation persistency.
Second, individual cow characteristics in early lactation
were identified that contributed to milk yield and per-
sistency of cows with different VWP. Holstein-Friesian
dairy cows (n = 154) within 1 herd were blocked for
parity, calving season, and expected milk yield. Cows
were randomly assigned within the blocks to 1 of 3 VWP
(50, 125, or 200 d: VWP50, VWP125, or VWP200,
respectively) and monitored through 1 complete lacta-
tion and the first 6 wk of the subsequent lactation, or
until culling. Minimum and mean Clnt (384 vs. 452 vs.
501 d for VWP50 vs. VWP125 vs. VWP200) increased
with increasing VWP, but maximum Clnt was equal
for the 3 VWP. Fat- and protein-corrected milk yield
(FPCM) was analyzed weekly. Milk yield and FPCM
were also expressed per day of Clnt, to compare yields
of cows with different VWP. Persistency was deter-
mined between d 100 and d 200 of the lactation, as
well as between d 100 and dry-off. Values are presented
as least squares means + standard error of the mean.
During the first 44 wk of lactation, VWP did not af-
fect FPCM yield in both primiparous and multiparous
cows. The VWP did not affect milk yield per day of
CInt. The VWP did not affect FPCM yield per day
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of calving interval for primiparous cows. Multiparous
cows in VWP125 had FPCM yield per day of Clnt sim-
ilar to that of VWP50. Multiparous cows in VWP200
had lower FPCM yield per day of CInt compared with
VWP50 (27.2 vs. 30.4 kg/d). During the last 6 wk be-
fore dry-off, cows in VWP125 had lower yield compared
with cows in VWP50, which could benefit their udder
health in the dry period and after calving. Persistency
was better for cows in VWP200 compared with cows
in VWP50 (—0.05 vs. —0.07 kg/d). Body weight was
not different among VWP groups. Multiparous cows
in VWP200 had a higher body condition score in the
last 3 mo before dry-off and the first 6 wk of the next
lactation, compared with multiparous cows in VWP125
and VWP50. The VWP could be extended from 50 d
to 125 d without an effect on daily yield per day of
calving interval. Extending VWP until 200 d for pri-
miparous cows did not affect their daily milk yield, but
multiparous cows with a 200-d VWP had a reduced
milk yield per day of calving interval and an increased
body condition in late lactation and the subsequent
lactation, compared with multiparous cows with a 50-d
VWP.

Key words: extended calving interval, milk production,
lactation persistency, individual cow variation

INTRODUCTION

Traditionally, farmers aim for a 1-yr calving interval
(ClInt) for their cows, as calving is associated with a
peak in milk yield around wk 4 to 7 of lactation (Butler
et al., 1981). Around calving, however, cows experi-
ence multiple transitions, such as drying off, calving
itself, and the start of the next lactation. During these
transitions, cows have an increased risk for developing
diseases and disorders, such as mastitis, hypocalcemia,
and ketosis (Friggens et al., 2004). With a 1-yr Clnt,
cows face these transitions every year. Moreover, high-
yielding cows in a 1-yr Clnt often have milk yields
above 18 kg at the moment of dry-off, which increases
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the risk for udder infections in the dry period and at
calving (Odensten et al., 2007).

To reduce the number of transitions per unit of time,
CInt can be extended by extending the voluntary wait-
ing period (VWP) from calving until first insemina-
tion. Moreover, extending VWP from 40 to 180 d re-
sulted in a greater proportion (34.2 vs. 54.6%) of cows
being dried off at lower milk yields (<15 kg; Niozas et
al., 2019), which could be beneficial for udder health
(Rajala-Schultz et al., 2005; Odensten et al., 2007) and
cow welfare (Zobel et al., 2015). Cows with an extended
ClInt, however, have fewer peaks in milk yield per unit
of time compared with cows with a 1-yr CInt. This
could result in a lower milk yield per cow per year.
Most studies that analyzed farm data retrospectively
found that cows in longer CInt had a lower yearly milk
yield compared with cows in shorter CInt (Strandberg
and Oltenacu, 1989; Inchaisri et al., 2010; Kok et al.,
2019). In such retrospective analyses of farm data, how-
ever, extended CInt may be the consequence of health
and fertility problems, and cows are not deliberately
managed for an extended ClInt (Mellado et al., 2016).
Moreover, analyses often focused on the 305-d milk
yield (Strandberg and Oltenacu, 1989; Steeneveld and
Hogeveen, 2012). Cows in an extended Clnt, however,
have longer lactation periods and fewer days dry per
year, which both influence the average milk yield per
day and per year (Kok et al., 2019). As an alternative
to 305-d milk yield, milk yield could be expressed as the
milk yield per day of CInt (Kok et al., 2016; Lehmann
et al., 2016), which would account for longer lactation
periods or differences in days dry per year.

The CInt has been deliberately extended in experi-
mental studies (Rehn et al., 2000; Arbel et al., 2001;
Niozas et al., 2019) and on commercial farms (Lehm-
ann et al., 2016). When Clnt was extended from 368 to
430 d for both primiparous and multiparous cows, milk
yield and ECM per day of CInt did not differ (Rehn et
al., 2000). Niozas et al. (2019) also reported a similar
milk yield and ECM per day of Clnt for cows with
VWP of 40, 120, and 180 d, and an increase in lactation
persistency for the cows with an extended lactation.
Milk yield before dry-off was reduced for cows with a
VWP of 180 d compared with a VWP of 40 or 120 d
(Niozas et al., 2019). At the time of dry-off, however,
cows with a VWP of 180 d had a higher BCS compared
with cows with a VWP of 40 or 120 d, which could
negatively affect their health in the subsequent lacta-
tion (Roche and Berry, 2006). Fat and protein content
were similar (Rehn et al., 2000) or greater (Osterman
and Bertilsson, 2003) in longer Clnt compared with
shorter Clnt. This could be attributed to an increase
in fat and protein content later in lactation (Silvestre
et al., 2009). An increase in fat and protein content in
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longer CInt might compensate for possible lower milk
yield.

Parity could affect the results for milk yield of cows
after different VWP. When extending ClInt for pri-
miparous cows, milk and ECM yield per day of Clnt
increased, whereas for multiparous cows, yield stayed
the same (Arbel et al., 2001; Lehmann et al., 2016) or
decreased (Osterman and Bertilsson, 2003). Differences
among parities concerning consequences of an extended
VWP on milk yield could be related to more persis-
tent lactations for primiparous cows compared with
multiparous cows (Niozas et al., 2019). Besides parity,
other characteristics of individual cows, such as peak
yield or persistency, can also be hypothesized to affect
milk yield of cows after different VWP. Knowledge on
relevant individual cow characteristics related to milk
yield after different VWP could support selection of
cows for different VWP.

The first aim of this study was to investigate the
effect of 3 VWP (50, 125, and 200 d) on BW, body con-
dition, milk and solids yield, and lactation persistency.
The second aim was to see how individual cow char-
acteristics in early lactation, such as parity, maximum
yield, time of maximum yield, and slope to maximum
yield affect milk yield per day of Clnt and persistency
in cows with different VWP.

MATERIALS AND METHODS
Animals and Housing

The experimental protocol was approved by the
Institutional Animal Care and Use Committee of Wa-
geningen University & Research (Netherlands) and
complies with the Dutch law on Animal Experimenta-
tion (protocol number 2016.D-0038.005). The experi-
ment was conducted at Dairy Campus research farm
(Leeuwarden, Netherlands) between December 2017
and January 2020.

Cows were selected from a research herd of 500 lac-
tating Holstein-Friesian cows based on the following
criteria: no twin pregnancy, no clinical mastitis or SCC
>250,000 at the final 2 milk test days before dry-off,
and expected to finish a complete lactation based on
being in good general health. The experimental period
started at calving and ended 6 wk after the next calv-
ing, or at 530 DIM if cows were not pregnant. Cows
that were culled were followed until they were culled.
Cows were milked twice daily around 0600 h and 1800 h
in a 40-cow rotary milking parlor (GEA). Partial mixed
ration during lactation consisted of grass silage, corn
silage, soybean meal, and wheat meal, supporting 22
kg of milk. Concentrate supply started at 1 kg/d on
the day of calving, and increased stepwise to 9 kg/d
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for primiparous cows or 10 kg/d for multiparous cows
from d 21 onward. After 100 DIM, individual concen-
trate supply was decreased to match reductions in milk
yield based on the last 5 d of milk yield. In the milk-
ing parlor, 1 kg of additional concentrate was supplied
daily. Ration during the dry period consisted of grass
silage and corn silage, supplemented with wheat straw
and concentrate. In the last 10 d before the expected
calving date, cows received 1 kg of concentrate daily.
Cows were dried off between 42 and 49 d before the
expected calving date. From 7 d before dry-off, cows
were given the dry-cow ration. The 3 d before dry-
off, cows were milked once daily. When cows had SCC
>150,000 at the final milk test day, cows were treated
with antibiotics at dry-off (Orbenin Dry Cow Extra,
Zoetis). All cows were treated with teat sealant at dry-
off (Orbeseal, Zoetis).

Experimental Design

In total, 154 cows were selected (41 primiparous, 113
multiparous). In wk 6 after calving, cows were blocked
for parity, calving date, 305-d milk yield in the previ-
ous lactation (multiparous cows) or expected milk yield
(primiparous cows), and breeding value for persistency
(CRV). Each block consisted of 3 cows. First, 50 blocks
of 3 cows were formed. After removal of 2 cows before
the end of VWP due to culling as a result of diseases, 2
more blocks of 3 cows were added. Mean ranges within
blocks of the variables used to block the cows are pre-
sented in Appendix Table Al. The cows were divided
randomly within blocks over 3 treatment groups: a
VWP of 50 d (VWP50), 125 d (VWP125), or 200
d (VWP200), resulting in equal absolute difference
in days between the 3 groups. Cows in the 3 treat-
ment groups were inseminated after their VWP when
estrous was detected. Estrous detection was carried out
by using the Nedap Smarttag system as well as visually
by the animal caretaker. Cows were inseminated until
300 DIM, meaning that cows in VWP50 had 250 d to
conceive, cows in VWP125 had 175 d to conceive, and
cows in VWP200 had 100 d to conceive. Cows that did
not conceive within 300 DIM stayed in the experiment
until 530 DIM as long as they produced at least 10 L
of milk per day. Cows left the experiment when milk
yield dropped below 10 L of milk per day based on
evaluation of daily milk yield in the preceding 7 d. As
a consequence of this approach, 6 cows that did not
conceive left the experiment before 530 DIM.

Measurements and Calculations

Milk yield was recorded at every milking from day of
calving until dry-off and the first 6 wk of the next lac-
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tation. Milk samples for the analysis of fat, protein, and
lactose were collected for each individual cow from the
container 4 times per week (Tuesday p.m., Wednesday
a.m., Wednesday p.m., Thursday a.m.) in 10-mL tubes
containing Bronopol as a preservative and analyzed for
the percentage of fat, protein, and lactose as a pooled
sample (ISO, 2013; Qlip, Zutphen, Netherlands). Body
condition score was visually evaluated every 4 wk by the
same person using a 1 to 5 scale (Ferguson et al., 1994).
Body weight was recorded twice daily after milking, by
a scale that the cows walked over when returning from
the milking rotary to the pen (GEA).

Milk production was converted to fat- and protein-
corrected milk (FPCM) using the following formula
(CVB, 2012):

FPCM (kg) = milk (kg) x [0.337 + 0.116 x fat (%)
+ 0.06 x protein (%)],

using the weekly contents of fat, protein, and lactose,
and the mean daily milk yield of each week. Milk yield
and FPCM yield per day of Clnt were calculated for
each individual cow for the entire Clnt, or from calving
until culling. Mean fat, protein, and lactose content was
calculated by summing the contents for the entire first
lactation within the experiment and dividing them by
the number of measurements. Fat, protein, and lactose
yields were, similar to milk and FPCM, calculated as
kilograms of yield per day of Clnt in the first lactation
within the experiment. The individual milk or FPCM
yield relative to mean milk or FPCM yield in the first 6
wk of lactation of all primiparous or multiparous cows
in the experiment (relative yield) was calculated, to in-
clude as a covariate in the statistical analysis in some of
the models. The first 6 wk are the period before VWP
treatment started, so if production differed between
groups during this time, their production in the rest of
lactation could be corrected with the relative yield in
early lactation.

Lactation persistency was defined as the reduction
in milk yield after peak yield, and was calculated over
2 different intervals as the slope between (1) d 100 to
200 in lactation and (2) d 100 to start of dry-off ration
(7 d before the dry-off date; Chen et al., 2016). Day
100 to 200 was chosen as the period for a standardized
persistency for each cow, because no effect of pregnancy
on the lactation curve was expected during this period.
Day 100 to the start of dry-off was chosen because a
difference was expected between short and extended
VWP, mainly due to a delayed effect of pregnancy on
the lactation curve after extended VWP (Strandberg
and Lundberg, 1991). To calculate the slope, first a
2-sided moving average was made of the milk yield be-
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tween 5 d around d 100 and around d 200 separately
(adjusted from Poppe et al., 2020). In this way, to
calculate lactation persistency, milk yield at d 100 and
d 200 was defined as the mean milk yield of the 2 d
before, the 2 d after, and the day itself. The moving
average of the milk yield at the start of dry-off was
calculated over the 5 d before the start of dry-off. The
moving average was used instead of the daily milk yield
records to reduce the effcts of daily fluctuations in milk
yield on persistency measures.

To evaluate individual cow characteristics that
predict cow performance after different VWP, several
early-lactation curve characteristics were determined
for each cow for the first 6 wk of lactation. First, maxi-
mum yield in this period was defined per animal as the
greatest 5-d rolling average milk yield in the first 6 wk
of the first lactation within the experiment. Second,
day of maximum yield was defined as the day around
which the 5-d rolling average yield was greatest, and
divided into 3 classes (<30 d, 31-35 d, and 3642 d).
Third, slope to maximum yield was defined as the slope
per day from d 10 in lactation until day of maximum
yield, and was computed as maximum yield minus the
5-d rolling average of the milk yield on d 10 in lacta-
tion (i.e., the average milk yield from d 8 until d 12),
divided by the day of maximum yield minus 10. Slope
to maximum yield was log-transformed to meet the
requirement of a normal distribution.

Next to these lactation curve characteristics, the
mean FPCM yield, the mean milk yield, fat, protein,
and lactose content, fat-to-protein ratio, BCS, and BW
were determined per cow for the first 6 wk in lactation.

Statistical Analysis

Visual inspection of the data indicated normality;
non-normally distributed data were transformed. Par-
ity class (primiparous or multiparous cows) refers to
the parity of the cow during the first lactation within
the experiment.

Model 1: A general linear mixed model (PROC
MIXED, SAS version 9.4, SAS Institute Inc.) was used
to test the effects of VWP on the dependent variables:
CInt (model la), dry period length (model 1b), and
interval length (i.e., calving interval or interval from
calving until the cow left the experiment; model 1c¢):

yi=p+ VWP, + &; [1]
where y represents the dependent variables, p represents
the mean, VWP, represents the VWP (i = 50, 125, or

200 d), and ¢, represents the random residual term from
a normal distribution. Parity class was not included in
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these models, as preliminary analyses showed it was not
significant.

Model 2: A general linear mixed model (PROC
MIXED, SAS version 9.4) was used to test the effects
of VWP and parity class on the dependent variables:
lactation yield per day of Clnt [milk (model 2a), FPCM
(model 2b), fat (model 2c¢), protein (model 2d), lactose
(model 2e)] and persistency [d 100-200 (model 2e) and
d 100 to start of dry-off ration (model 2f)]:

vy =t + VWP, 4+ Par; + (VWP x Par); + ¢, [2]

where y;; represents the dependent variables, p repre-
sents the mean, VWP, represents the VWP (i = 50,
125, or 200 d), Par; represents the parity class (j = 1 or
2+), (VWP x Par), represents the interaction between
VWP and parity class, and ¢;; represents the random
residual term from a normal distribution.

Models 3 and 4: These models were adjusted from
models 2a and 2b but additionally included relative
yield as covariate. These models were performed both
including (models 3a and 3b) and excluding (models
4a and 4b) cows that did not become pregnant or were
culled in the experiment:

Vig = i + VWP, + Par; + (VWP x Par);

+ Relative Yield;, + e, (3, 4]
where Relative Yield, represents the individual milk
yield relative to mean yield in the first 6 wk of lactation
of all primiparous or multiparous cows in the experi-
ment.

Model 5: A Pearson correlation (PROC CORR,
SAS version 9.4) was used to test the relation between
persistency between d 100 and 200 and persistency be-
tween d 100 and the start of dry-off, for each VWP x
parity class combination and for each VWP class.

Model 6: A repeated measurements model in SAS
(PROC MIXED, SAS version 9.4) was used to test
the effects of VWP and parity class on the dependent
variables milk yield (model 6a), FPCM (model 6b), fat
content (model 6¢), protein content (model 6d), lactose
content (model 6¢e), and BW (model 6f):

Vi = i + VWP, 4 Par; + Week; + (VWP x Par);
+ (VWP x Week),; + (Par x Week); + €, [6]

where y;; represents the dependent variable, ;1 repre-
sents the mean, VWP, represents the VWP (i = 50,
125, or 200 d), Par; represents the parity class (j = 1 or
2+), Week,, represents the lactation week from the first
calving within the experiment (1, 2, 3, ..., 6; 1, 2, 3,
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..., 44) or lactation week relative to the second calving
within the experiment (-6, —5, ..., =1 or —12, —11,
., —1;1,2,3,...,6), (VWP x Par),; represents the
interaction between VWP and parity class, (VWP x
Week);;, represents the interaction between VWP and
lactation week, (Par x Week); represents the interac-
tion between parity class and lactation week, and e
represents the random residual term from a normal
distribution. The model included a repeated measure-
ment effect of lactation weeks with cow as the repeated
subject. The same repeated measurements model was
used to test the effects of VWP and parity class on the
dependent variable BCS (model 6g):

Yir = # + VWP, + Par; + Month;, + (VWP x Par);
+ (VWP x Month);, + (Par x Month); + £,

where Month;, represents the lactation month from the
first calving within the experiment (1 or 2; 1, 2, 3, ...,
11) or lactation month relative to the second calving
within the experiment (-3, —3, —1; 1 or 2).

Models 7 and 8: These models were adjusted from
models 6a and 6b, additionally including relative yield
as covariate. These models were performed both includ-
ing (models 7a and 7b) and excluding (models 8a and
8b) cows that did not become pregnant or were culled
in the experiment:

Yig = p + VWP, + Par; + Week,;, + Relative Yield,
+ (VWP x Par);; + (VWP x Week);,

+ (Par X Week)jk —+ Eijkl- [7, 8]
Models 9 and 10: A general linear model was used to
predict individual FPCM yield per day of Clnt (model
9) and lactation persistency from d 100 until the start of
dry-off (model 10) after different VWP. The following
cow characteristics in early lactation (first 6 wk) were
tested: maximum yield, day of maximum yield, slope to
maximum yield, mean FPCM yield, mean milk yield,
fat, protein, and lactose content, fat-to-protein ratio,
BCS, and BW. Next to these early-lactation charac-
teristics, calving date, expected (primiparous cows)
or previous (multiparous cows) 305-d milk yield, and
breeding value for persistency were tested. First, the ef-
fects of each cow characteristic on FPCM yield per day
of CInt and on lactation persistency were tested with a
univariate analysis, using a general linear mixed model
in SAS (PROC MIXED). Second, when P-value was <
0.2, the characteristic was included in the multivariate
model. The multivariate model always included VWP
and parity class as fixed effects. The cow characteristics
in early lactation and their interaction with VWP and
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parity class stayed in the model if P < 0.05 by using
backward selection.

Model 11: To evaluate the effect of Clnt, 3 equal
groups with different CInt length were formed of cows
that completed the CInt within the experiment: <415 d
(n =43), 415 t0 485 d (n = 44), or >485 d (n = 40). A
general linear mixed model (PROC MIXED) was used
to test the effects of Clnt group and parity class on the
dependent variables: lactation yield per day of Clnt
[milk (model 11a), FPCM (model 11b)] and persistency
[d 100 to start of dry-off ration (model 11c)]:

yij = p + Clnt; + Par; + (CInt x Par); + ¢, [11]

where y;; represents the dependent variables, p repre-
sents the mean, Clnt; represents the Clnt group (i is
<415, 415-485, or >485 d), Par; represents the par-
ity class (j = 1 or 24), (CInt x Par),; represents the
interaction between Clnt group and parity class, and
g;; represents the random residual term from a normal
distribution. Results of this model are presented in Ap-
pendix Table A2.

Values are presented as least squares means + stan-
dard error of the mean. All P-values of pair-wise com-
parisons of least squares means were corrected with a
Bonferroni adjustment.

RESULTS

From the 154 cows that entered the experiment, 127
cows started a second lactation within the experiment.
These cows were followed for a complete lactation and
6 wk into the next lactation. In total, 14 cows did not
become pregnant during the first lactation (2 from
VWP50, 3 from VWP125, 9 from VWP200), and 13
cows were culled due to health issues (5 from VWP50, 4
from VWP125, 4 from VWP200). Cows that were culled
before the end of the experiment were followed until they
were culled. Excluding culled and nonpregnant cows,
calving interval was 384 (£6.75), 452 (£7.14), or 501
(£7.50) d for cows in VWP50, VWP125, or VWP200
(Table 1). Dry period length did not differ among the 3
VWP groups. Including culled and nonpregnant cows,
interval length was 363 (£12.2), 445 (£12.8), or 481
(£12.5) d for cows in VWP50, VWP125, or VWP200
(Table 2).

Lactation Yield per Day of Calving Interval

The VWP did not affect the milk yield per day of
ClInt for primiparous or multiparous cows (Table 3).
The VWP did not affect FPCM yield per day of Clnt
for primiparous cows, whereas FPCM yield per day of
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Table 1. Calving interval (Clnt, d) and dry period length (DP, d) of the 127 cows that had a second calf
within the experiment and had a voluntary waiting period after calving until first insemination of 50, 125, or

200 d (VWP50, VWP125, or VWP200)"

Waiting period Clnt Range SEM DP Range SEM
VWP50 384" 324-565 6.75 41 18-63 1.4
VWP125 452" 400-586 7.14 42 8-72 1.5
VWP200 501° 469-575 7.50 43 8-75 1.6

““Different superscript letters indicate a difference among LSM within the column. a-b: P < 0.01; a-c: P <

0.01; b-c: P < 0.01.
Walues represent LSM, range, and SEM.

Clnt was higher for multiparous cows in VWP50 com-
pared with multiparous cows in VWP200. When the
relative yield in the first 6 wk was included in the model
as a covariate, FPCM yield per day of CInt tended to
be higher for multiparous cows in VWP50 compared
with multiparous cows in VWP200. When only cows
that had a second calf were included, FPCM yield per
day of Clnt was higher for multiparous cows in VWP50
compared with multiparous cows in VWP200, both
with and without correction for the relative yield.

The VWP did not affect the protein or lactose yield
per day of Clnt. The fat yield per day of Clnt was
greater for multiparous cows compared with primipa-
rous cows (1.18 vs. 1.03 kg/d, P < 0.01). The protein
yield per day of Clnt was greater for multiparous cows
compared with primiparous cows (1.00 vs. 0.86 kg/d, P
< 0.01). The lactose yield per day of CInt was greater
for multiparous cows compared with primiparous cows
(1.24 vs. 1.07 kg/d, P < 0.01).

Lactation Persistency

The VWP did not affect the persistency between d
100 and 200 of the lactation. Between d 100 and the
start of dry-off, cows in VWP200 were more persistent
compared with cows in VWP50 (—0.05 vs. —0.07 kg/d,
P = 0.02). Primiparous cows were more persistent
compared with multiparous cows between d 100 and
200 (—0.04 vs. —0.09 kg/d, P < 0.01) and between d

Table 2. Interval length (d) of all 154 cows within the experiment that
had a voluntary waiting period after calving until first insemination of
50, 125, or 200 d (VWP50, VWP125, or VWP200)"

Waiting period Interval length? Range SEM
VWP50 363" 43-565 12.2
VWP125 445" 203-586 12.8
VWP200 481" 69-575 12.5

*"Different superscript letters indicate a difference among LSM within
the column. a-b: P < 0.01; b-b: P = 0.14.

Values represent LSM, range, and SEM.

*Calving interval or interval from calving until the cow left the experi-
ment.
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100 and the start of dry-off (—0.04 vs. —0.08 kg/d, P
< 0.01).

For multiparous cows in VWP125 and VWP200, we
detected a correlation between persistency between d
100 and 200 and persistency between d 100 and the start
of dry-off (VWP125: 0.56, P < 0.01; VWP200: 0.74, P
< 0.01). For primiparous cows in VWP50, we detected
a trend for correlation between the 2 persistency mea-
sures (0.51, P = 0.07). For the other VWP X parity
class combinations no correlation between the persis-
tency measures was detectable. Overall, in VWP200
correlation between the 2 persistency measures was
strongest (0.74, P < 0.01), followed by VWP125 (0.69,
P < 0.01), and VWP50 (0.44, P < 0.01).

Milk Yield Before Dry-Off

During the last 6 wk before dry-off, after different
VWP, VWP affected milk and FPCM yield, where
cows in VWP50 had greater yield compared with
VWP125 (milk: 18.9 £+ 0.74 vs. 16.0 £ 0.75 kg/d, P
= 0.02; FPCM: 22.1 + 0.83 vs. 19.3 £+ 0.84 kg/d, P =
0.047) and tended to have greater yield compared with
VWP200 (milk: 18.9 £ 0.74 vs. 16.1 £+ 0.90 kg/d, P
= 0.05; FPCM: 22.1 + 0.83 vs. 19.2 + 1.01 kg/d, P =
0.08). At the moment of dry-off, milk yield was greater
for cows in VWP50 compared with cows in VWP125
(18.2 + 0.89 vs. 14.5 + 0.91 kg/d, P = 0.01), and both
VWP50 and VWP125 did not differ from VWP200
(15.4 £+ 1.10 kg/d).

Weekly Milk Yield and Fat, Protein,
and Lactose Content

During the first 44 wk of lactation, effect of VWP on
milk yield and FPCM depended on week in lactation,
and effect on milk yield tended to depend on parity
(Table 4). Milk yield tended to be higher for multipa-
rous cows in VWP125 compared with multiparous cows
in VWP200. When the relative yield in the first 6 wk
was included in the model, no differences in milk or
FPCM yield were detectable among the VWP x parity
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classes, but FPCM yield tended to be higher for cows in
VWP125 compared with cows in VWP50 (31.1 vs. 29.9
kg/d, P = 0.08). When only cows that had a second
calf were included and relative yield was included as
a covariate, primiparous cows in VWP200 had greater
milk and FPCM yield compared with primiparous cows
in VWP50. In this model, cows in VWP200 tended
to have greater yield compared with cows in VWP50
(milk: 30.5 vs. 29.1 kg/d, P = 0.08; FPCM: 31.5 vs.
30.3 kg/d, P = 0.08).

The VWP did not affect fat, protein, or lactose con-
tent in the first 44 wk of lactation. Parity class did not
affect fat or protein content. The lactose content was
greater for primiparous cows compared with multipa-
rous cows (4.60 vs. 4.47%, P < 0.01).

During the first 6 wk of the second lactation within
the experiment, cows in VWP50 tended to have greater
milk yield compared with cows in VWP200 (37.4 vs.
33.7 kg/d, P = 0.05). No differences were detectable
among the VWP groups in FPCM in the first 6 wk of
the second lactation.

Weekly BW and Monthly BCS

Voluntary waiting period did not affect BW or BCS
during the first 44 wk of the lactation. During the last
12 wk before dry-off, multiparous cows in VWP200
had higher BCS compared with multiparous cows in
VWP50 and VWP125 (Table 5). The VWP did not
affect BW or BCS in late lactation of primiparous cows
or in their subsequent lactation. For multiparous cows,
during the first 6 wk of the second lactation within the
experiment, VWP200 resulted in a higher BCS com-
pared with VWP50 and VWP125.

During the first 44 wk of lactation, primiparous cows
had lower BW compared with multiparous cows (588
vs. 693, P < 0.01) and higher BCS compared with mul-
tiparous cows (2.5 vs. 2.3, P < 0.01). During the last
12 wk before dry-off, primiparous cows had lower BW
compared with multiparous cows (663 vs. 756 kg, P <
0.01).

Cow Characteristics as Predictors
for Lactation Performance

After backward selection, the final multivariate mod-
el for FPCM yield per day of Clnt included VWP class
and parity class as class variables, and FPCM, milk
yield, BW, interaction of BW x parity class, maxi-
mum yield, interaction maximum yield x VWP, slope
to maximum yield, interaction of slope to maximum
yield x VWP, expected (primiparous cows) or previous
(multiparous cows) 305-d milk yield, breeding value for
persistency, and interaction of breeding value for per-
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sistency x VWP as continuous variables (Table 6). In
this model, maximum yield in the first 6 wk of lactation
was positively associated with FPCM per day of Clnt
in all VWP groups, most in VWP50. Slope to maxi-
mum yield was positively associated with FPCM per
day of CInt in VWP125 and negatively associated with
FPCM per day of Clnt in VWP50 and VWP200. The
breeding value for persistency was positively associated
with FPCM per day of CInt in all VWP groups, most
in VWP200. Mean BW in the first 6 wk of lactation
was positively associated with FPCM per day of Clnt
for primiparous cows and negatively associated with
FPCM per day of Clnt for multiparous cows. Mean
FPCM in the first 6 wk of lactation was positively as-
sociated with FPCM per day of ClInt, whereas mean
milk yield in the first 6 wk of lactation was negatively
associated with FPCM per day of Clnt.

After backward selection, the final multivariate
model for lactation persistency from d 100 until the
start of dry-off included VWP class and parity class as
class variables, and milk yield, interaction of milk yield
x VWP, maximum yield, interaction of maximum yield
x VWP, and expected (primiparous cows) or previous
(multiparous cows) 305-d yield as continuous variables
(Table 7). In this model, mean milk yield in the first 6
wk of lactation was negatively associated with lactation
persistency in VWP125 and VWP200, and positively
associated with lactation persistency in VWP50. Maxi-
mum milk yield in the first 6 wk of lactation was nega-
tively associated with lactation persistency in VWP50
and positively associated with lactation persistency in
VWP125 and VWP200. Expected or previous 305-d
yield was negatively associated with lactation persis-
tency.

DISCUSSION

Increasing VWP until 200 d did not affect milk or
FPCM yield per day of Clnt for primiparous cows.
Primiparous cows seem to be appropriate to select for
an extended VWP, without losing milk. This is com-
parable to other studies, where primiparous cows kept
for extended lactations achieved similar or even greater
lactation yields compared with primiparous cows in
shorter lactations (Arbel et al., 2001; Lehmann et al.,
2016). The main reason that primiparous cows achieve
the same yield per day of Clnt after an extended VWP
as after a short VWP of 50 d is their high lactation
persistency (Arbel et al., 2001; Lehmann et al., 2016;
Niozas et al., 2019). Also in the current study, primipa-
rous cows had greater lactation persistency compared
with multiparous cows. This higher persistency of pri-
miparous cows compared with multiparous cows pos-
sibly also resulted in their higher yield in the last 6 wk
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Time
x Par
0.72
0.91
0.49
0.14
0.93
0.20
0.99
0.96

Time
x VWP
0.65
0.58
0.78
0.40
0.39
0.61
0.65
0.58

P-value!
WP

x Par
0.57
0.66
0.71
0.19
0.67
0.01
0.95
0.08

A%

Par

<0.01

0.06
<0.01
<0.01
<0.01
<0.01
<0.01

0.01

0.98
0.35
0.63
0.39
0.10
<0.01
0.36
<0.01

VWP

SEM
5.7
0.06
5.1
0.03
5.8
0.06
7.0
0.06

2.3
2.4

3.5"
3.5"

680
687
779

VWP200
721

2.4
2.3
3.0°
3.0°

Multiparous cows (n = 113)
VWP125
693
692
752
694

VWP50
692
2.3
700
2.3
737
2.6
701
2.7"

9.4

0.09
0.05
0.09
0.10

SEM
8.4
9.5

11.1

2.4
24
2.7
2.8"

)
VWP200
558
592
672
647

=4

2.6
2.6
2.9%
2.9*

VWP125
543
578
661
627

Primiparous cows (n
2.7
2.6
2.5"
2.5°

VWP50
549
592
655
637

BCS (first 1.5 mo)?
**Different superscript indicates a difference among LSM within the row and within the parity class (P < 0.05). Week had P-value < 0.01 in all analyses. Month had P-values as

follows: P < 0.01 for the first 1.5 mo in lactation, P = 0.09 for the first 11 mo in lactation, P < 0.01 for the last 3 mo before dry-off, and P = 0.03 for the first 1.5 mo of the next

lactation within the experiment.

BCS (last 3 mo)
First 6 wk in next lactation

BCS (first 11 mo)
Last 12 wk before dry-off

BCS (first 1.5 mo)?
First 44 wk in lactation

BW
BW
BW
BW

Table 5. Mean BW (kg) and mean BCS for the first 6 wk in lactation, the first 44 wk in lactation, 6 wk before dry-off, and 6 wk into the next lactation, of primiparous and
multiparous cows with a voluntary waiting period after calving until first insemination of 50, 125, or 200 d (VWP50, VWP125, or VWP200); LSM + SEM

First 6 wk in lactation

Item

Journal of Dairy Science Vol. 104 No. 7, 2021

"Par = parity class (primiparous or multiparous). VWP = voluntary waiting period. Time represents week (BW) or month (BCS).

For some cows in this time period, 1 evaluation of BCS occurred; for others in this time period, 2 evaluations of BCS occurred.

tTrend in difference among LSM within the row and within the parity class (P < 0.10).

before and at dry-off in the current study. When pri-
miparous cows are kept for an extended Clnt, however,
they take more time to become a second-parity cow.
Second-parity cows are, in general, more productive
than primiparous cows (Friggens et al., 1999; Lee and
Kim, 2006). Therefore, when primiparous cows were
kept for an extended Clnt, this still resulted in a loss in
milk yield at herd level (Kok et al., 2019).

Increasing VWP until 125 d did not affect milk or
FPCM yield per day of CInt for multiparous cows.
When extending VWP further, until 200 d, the yield
per day of CInt was lower compared with VWP50.
This difference was around 2 to 4 kg/d, depending on
whether culled and nonpregnant cows were included or
whether a correction for the relative yield was used. The
reason for the lower production of multiparous cows in
VWP200 could be that they have more days at the end
of this long lactation, where milk yield is usually lower.
Also, in our earlier study at commercial farms, cows
with the greatest production potential that had calving
intervals >531 d could not sustain production in these
long CInt (Burgers et al., 2021). In that study, however,
the long ClInt consisted of both cows with a voluntarily
extended waiting period for insemination and cows that
failed to conceive at earlier insemination(s). In another
study, milk yield per day of CInt did not decrease when
calving interval was extended up to 18 mo (Osterman
and Bertilsson, 2003). In that study, some of the cows
were milked 3 times per day, increasing their peak milk
yield and their persistency, resulting in similar produc-
tions compared with a calving interval of 12 mo. In line
with other studies on deliberately extended lactations
(Arbel et al., 2001; Lehmann et al., 2016), we used yield
per day of Clnt to compare milk yield after different
VWP. Moreover, yield per day of Clnt is economically
of interest: extended lactations can be profitable when
yield per day of Clnt is maintained at similar levels
as in shorter Clnt, or when milk yield losses can be
compensated for by lower costs, as for insemination,
feed, or disease.

At the moment of dry-off, milk yield was lower for
cows in VWP125 compared with cows in VWP50. Yield
for cows in VWP200 was not significantly lower at dry-
off compared with cows in VWP125 or VWP50. This
could be explained by the greater lactation persistency
between d 100 and the start of dry-off of cows with a
VWP of 200 d compared with cows after a VWP of 50
d, possibly related to a delayed effect of pregnancy on
the lactation curve due to later gestation (Strandberg
and Lundberg, 1991; Kok et al., 2019). Although milk
yield decreased in late lactation, fat and protein con-
tent in milk increased toward late lactation, as it did
in an earlier study (Silvestre et al., 2009). The total
solid yield, however, did not increase in our study, as
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Table 6. Final multivariable model for prediction of fat- and protein-corrected milk yield (FPCM) per day of calving interval (in kg/d) for cows
with a voluntary waiting period (VWP) after calving until first insemination of 50, 125, or 200 d (VWP50, VWP125, or VWP200); LSM + SEM
or regression coefficient (8) with SE and range’

Variable Category LSM (SEM) or 3 (SE) Range’ P-value
VWP 50 30.1% (0.79) 0.02
125 30.1" (0.82)
200 28.8" (0.77)
Parity 1 31.8" (0.59) 0.06
2+ 27.6” (0.34)
FPCM? 0.573 (0.113) 18.8-55.5 <0.01
Milk yield® —0.844 (0.220) 17.2-51.9 <0.01
BW? 0.019 (0.014) 493-870 0.57
BW x Parity 1 0 (=) 493-646 0.04
2+ —0.030 (0.014) 526-870
Maximum yield® 0.835 (0.210) 21.2-59.9 <0.01
Maximum yield x VWP 50" 0(-) 22.0-59.9 <0.01
125 —0.283 (0.068) 24.0-58.8
200 —0.249 (0.066) 21.2-57.8
Slope to maximum yield” —1.802 (1.114) 0.14-1.92 0.93
Slope x VWP 50" 0(-) 0.14-1.04 <0.01
125 4.686 (1.481) 0.15-0.88
200 0.909 (1.331) 0.18-1.92
305-d milk yield® 0.568 (0.243) x 107° 5,862-14.,343 0.02
Breeding value persistency 0.232 (0.127) 92-113 <0.01
Breeding value persistency x VWP 50* 0(—) 95-108 0.03
125 —0.040 (0.152) 92-113
200 0.322 (0.169) 92-108

**Different superscript letters indicate a difference among LSM within the column within 1 variable (P < 0.05).

"The final multivariate model was based on 14 univariate models, with individual early-lactation variables as independent variable, to identify
potential predictors for milk yield after different VWP.

*Ranges for FPCM, milk yield, maximum yield, and slope to maximum yield in kg/d; ranges for BW and 305-d milk yield in kg.

*Measured in the first 6 wk after the first calving within the experiment.

*Reference category.

Expected (primiparous cows) or previous (multiparous cows) 305-d milk yield.

Table 7. Final multivariable model for prediction of lactation persistency (in kg/d) between d 100 and start of dry-off for cows with a voluntary
waiting period (VWP) after calving until first insemination of 50, 125, or 200 d (VWP50, VWP125, or VWP200); LSM + SEM or regression
coefficient (3) with SE and range'

Variable Category LSM (SEM) or 3 (SE) Range’ P-value
VWP 50 —0.077" (0.003) 0.37
125 —0.071* (0.004)
200 —0.059" (0.004)
Parity 1 —0.059" (0.005) <0.01
2+ —0.078" (0.003)
Milk yield® 0.003 (0.002) 17.2-51.9 0.06
Milk yield x VWP 50" 0(—) 17.7-51.9 <0.01
125 —0.008 (0.004) 19.8-49.1
200 —0.011 (0.003) 17.2-48.7
Maximum yield* —0.004 (0. 002) 21.2-59.9 0.47
Maximum yield x VWP 50" 0(—) 22.0-59.9 <0.01
125 0.006 (0.003) 24.0-58.8
200 0.010 (0.003) 21.2-57.8
305-d milk yield —0.455 (0. 207) x 107 5,862-14,343 0.03

*PDifferent superscript letters indicate a difference among LSM within the column within 1 variable (P < 0.05).

'The final multivariate model was based on 14 univariate models, with individual early-lactation variables as independent variable, to identify
potential predictors for lactation persistency after different VWP.

*Ranges for milk yield and maximum yield in kg/d; range for 305-d milk yield in kg.
*Measured in the first 6 wk after the first calving within the experiment.
‘Reference category.

Journal of Dairy Science Vol. 104 No. 7, 2021
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the total production of milk was lower in late lactation,
especially after extended VWP. In the current study,
an extended VWP relative to a VWP of 50 d resulted
in a lower milk yield before dry-off, which could benefit
udder health in the dry period and at calving (Rajala-
Schultz et al., 2005; Odensten et al., 2007). The lower
milk yield before dry-off could be related to an in-
creased risk for fattening of cows in late lactation. The
BCS of cows in VWP200 and VWP125 were 3.1 and 2.9
during the last 3 mo before dry-off, compared with a
BCS of 2.6 for cows in VWP50. This greater BCS could
increase the risk for diseases after next calving (Roche
and Berry, 2006).

During the first 44 wk in lactation, we detected no
differences for FPCM yield among VWP groups. Dur-
ing the first 6 wk of the lactation where VWP treat-
ment was applied, both FPCM and milk yield were
numerically lower for multiparous cows with VWP200
compared with multiparous cows with VWP50, and
VWP125 had a yield in between. During the first 6
wk, no effect of VWP is possible, and therefore we cor-
rected the 305-d milk yield for the yield in these first 6
wk. After this correction, and only including cows that
had a second calf within the experiment, primiparous
cows in VWP200 had greater 305-d yield compared
with primiparous cows in VWP50. During the last 50
d of the first 305 d, pregnancy could already affect the
lactation curves of some cows in VWP50 (Strandberg
and Lundberg, 1991; Kok et al., 2019). This pregnancy
effect may explain the somewhat lower 305-d yield in
VWP50.

During the first 6 wk of the second lactation within
the experiment, cows in VWP50 tended to have greater
milk yield compared with cows in longer VWP, but
FPCM yield was the same in the 3 VWP groups. Al-
though primiparous cows from VWP200 did have more
time to grow before their second calving compared with
primiparous cows from VWP50, they did not achieve
greater milk yield or FPCM during the first 6 wk after
the second calving. In an earlier study, the increase in
milk production in the subsequent lactation compared
with the previous lactation was greater for primiparous
and multiparous cows that had 2 subsequent lacta-
tions of 18 mo compared with 2 subsequent lactations
of 12 mo (Osterman and Bertilsson, 2003). In obser-
vational data from commercial farms, second-parity
cows achieved greater ECM per day of Clnt when their
previous Clnt was extended compared with when their
previous Clnt was shorter (Lehmann et al., 2016). In
the current experiment, we monitored only the first 42
d of the next lactation. This may be too short a time
period for cows to show their possible higher produc-
tion potential. Another reason for the tendency for
lower milk yield in VWP200 could be that only 9 out
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of 12 primiparous cows in VWP200 had a second calf,
which is a relatively low number, also compared with
the primiparous cows in VWP125 (14 out of 15) and in
VWP50 (13 out of 14).

Fat- and protein-corrected milk yield per day of Clnt
of cows with different VWP could be predicted by the
maximum yield in the first 6 wk of lactation, the slope
to this maximum yield, and the breeding value for
persistency. In the model, the breeding value for persis-
tency had a more positive relation with FPCM per day
of CInt in VWP200, with VWP50 as a reference value.
This could indicate that cows with a greater breed-
ing value for persistency perform better in VWP200
compared with VWP50 in terms of FPCM vyield per
day of Clnt, possibly related to the higher importance
of lactation persistency for total milk yield after longer
VWP for insemination compared with a shorter VWP
(Lehmann et al., 2016; Kok et al., 2019). Moreover, in
the model, maximum yield had a less positive effect
on FPCM per day of Clnt in the longer VWP groups
compared with VWP50, possibly related to the lower
lactation persistency that is related to a greater peak
yield (Dekkers et al., 1998).

Lactation persistency between d 100 and moment of
dry-off of cows with different VWP could be predicted
by mean milk yield and maximum yield in the first 6
wk. In VWP50, mean milk yield had a positive rela-
tion to lactation persistency, and maximum yield had a
negative relation to lactation persistency. In VWP125
and VWP200, these effects were reversed compared
with VWP50. A higher peak yield is often associated
with lower persistency (Dekkers et al., 1998). This can
be related to the more negative energy balance when
peak vield is higher, which could be related to reduced
persistency in later lactation (Chen et al., 2016). Next
to these early-lactation production characteristics, the
expected (primiparous cows) or previous (multiparous
cows) 305-d yield was also related to lactation persis-
tency between d 100 and the start of dry-off. A greater
305-d yield was related to lower persistency, possibly
because a greater 305-d yield is often related to a great-
er peak yield, which is related to decreased persistency
(Dekkers et al., 1998; Chen et al., 2016).

In the current study, we investigated the effects of
3 VWP on milk yield and lactation persistency in a
controlled experiment, in contrast with the work on
extended lactations that is performed in observational
studies on farms (e.g., Lehmann et al., 2016; Mellado et
al., 2016; Burgers et al., 2021). All cows were blocked
and randomly assigned to one of the 3 VWP groups,
which had a fixed VWP in days, making it possible to
find cow characteristics that contribute to milk yield of
individual cows in different lactation lengths. Some of
the cow characteristics found in this study that affected
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total lactation yield or persistency after different VWP
might be additionally used by farmers to optimize VWP
for individual cows. Selecting specific cows for extended
VWP could imply that herd-level benefits of longer
CInt, such as reduced frequency of transitions such
as dry-off and calving, reduced labor related to these
transitions and reduced the number of surplus calves,
as well as minimizing loss of milk yield on a herd level.
Some farmers already used different cow characteristics
in early lactation to determine for which cows they ex-
tended the VWP (Lehmann et al., 2016; Burgers et al.,
2021). Early-lactation characteristics that were used in
our earlier study included maximum yield, BCS, and
BW (Burgers et al., 2021). In practice, farmers often
extended VWP until cows reached a certain milk level
(Burgers et al., 2021). Waiting until milk drops below
a certain level helps in selecting more persistent cows
for longer Clnt, as the longer a cow takes to reach this
milk level, the longer the VWP will be, and often the
more persistent this cow is. Together with the early-
lactation cow characteristics, a waiting period based on
milk level might contribute to an individual approach
for extended VWP management.

CONCLUSIONS

For both primiparous and multiparous cows, VWP
was extended until 125 d with no effect on milk or
FPCM yield per day of Clnt. For primiparous cows,
extending the VWP further until 200 d still did not
affect yield per day of Clnt, although, for multiparous
cows, extending the VWP to 200 d resulted in a lower
yield per day of CInt. Moreover, cows in longer VWP
had lower yield at dry-off, which may benefit their
udder health during the dry period and possibly also
the subsequent lactation. On the contrary, multiparous
cows in longer VWP had higher BCS at dry-off and in
the first weeks of the subsequent lactation, which may
hamper metabolic health and adaptation to a new lac-
tation. Milk characteristics in the first 6 wk of lactation
and the breeding value for persistency determined cow
performance after different VWP.
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APPENDIX

Table A1l. Mean range within blocks of the variables used to select
cows for blocks: calving date (d), expected (primiparous cows) or
previous (multiparous cows) 305-d milk yield (kg), parity, and breeding

value for persistency

Variable

Mean range

Calving date

305-d milk yield

Parity

Breeding value persistency

26

975
0.6
4.9

Table A2. Milk and fat- and protein-corrected milk yield (FPCM) per day of calving interval (CInt),1 and lactation persistency” of primiparous
and multiparous cows with CInt of <415 d (CInt-1), 415 to 485 d (CInt-2), or >485 d (CInt-3)

Primiparous cows (n = 36) Multiparous cows (n = 91) P-value®
Item Clnt-1 Clnt-2 Clnt-3 SEM Clnt-1 Clnt-2 Clnt-3 SEM Clnt Par Clnt x Par
n 12 13 11 31 31 29
Milk 23.9 21.9 23.9 1.37 28.7 27.1 25.3 0.84 0.18 <0.01 0.17
FPCM 25.1 23.9 25.5 1.26 29.8 28.4 26.8 0.78 0.33 <0.01 0.19
Persistency d 100-dry* —0.04 —0.04 —0.04 0.01 —0.10 —0.09 —0.07 0.01 0.11 <0.01 0.40

"Milk yield in the first lactation within the experiment per day of calving interval (kg of milk or kg of FPCM per day).
*Reduction in milk yield in the first lactation within the experiment (kg of milk/d).

SPar = parity class (primiparous or multiparous).
*Persistency between d 100 of lactation and dry-off.
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