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ABSTRACT

The idea of managing cows for extended lactations
rather than lactations of the traditional length of 1 yr
primarily arose from observations of increasing problems
with infertility and cows being dried off with high milk
yields. However, it is vital for the success of extended
lactation practices that cows are able to maintain milk
yield per feeding day when the length of the calving
interval (ClInt) is increased. Milk yield per feeding day
is defined as the cumulated lactation milk yield divided
by the sum of days between 2 consecutive calvings. The
main objective of this study was to investigate the milk
production of cows managed for lactations of different
lengths, and the primary aim was to investigate the
relationship between Clnt, parity, and milk yield. Five
measurements of milk yield were used: energy-corrected
milk (ECM) yield per feeding day, ECM yield per lac-
tating day, cumulative ECM yield during the first 305
d of lactation, as well as ECM yield per day during
early and late lactation. The analyses were based on a
total of 1,379 completed lactations from cows calving
between January 2007 and May 2013 in 4 Danish com-
mercial dairy herds managed for extended lactation for
several years. Herd-average Clnt length ranged from
414 to 521 d. The herds had Holstein, Jersey, or crosses
between Holstein, Jersey, and Red Danish cows with
average milk yields ranging from 7,644 to 11,286 kg of
ECM per cow per year. A significant effect of the Clnt
was noted on all 5 measurements of milk yield, and this
effect interacted with parity for ECM per feeding day,
ECM per lactating day and ECM per day during late
lactation. The results showed that cows were at least
able to produce equivalent ECM per feeding day with
increasing Clnt, and that first- and second-parity cows
maintained ECM per lactating day. Cows with a Clnt
between 17 and 19 mo produced 476 kg of ECM more
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during the first 305 d compared with cows with a Clnt
of less than 13 mo. Furthermore, early-lactation ECM
yield was greater for all cows and late-lactation ECM
yield was less for second-parity and older cows when
undergoing an extended compared with a shorter lacta-
tion. Increasing Clnt increased the dry period length
with 3 to 5 d. In conclusion, the group of cows with
longer CInt were able to produce at least equivalent
amounts of ECM per feeding day when the Clnt was
up to 17 to 19 mo on these 4 commercial dairy farms.

Key words: extended lactation, dairy cow, milk yield,
lactation curve

INTRODUCTION

Dairy production is characterized by cycles of calving,
lactation including gestation, and a dry period followed
by the next calving. Originally, these cycles were driven
solely by annual changes in daylight and feed avail-
ability, but, in modern intensive dairy systems, these
cycles are mostly driven by decisions of the farmer.
Seasonality may still play a major role in modern dairy
systems, such as the grassland-based production in New
Zealand, where the average calving interval (ClInt) is
368 d (LIC and DairyNZ, 2013). In contrast, the aver-
age Clnt in the confinement systems in Denmark has
increased to around 395 d (Danish Cattle, 2014a). The
dry period length is likely unchanged, and therefore the
extended Clnt results in an extended lactation. Both
planned and unplanned effects such as reduced fertility
may have contributed to this increase in Clnt.

Reduced fertility in intensive dairy systems has been
linked to the continued genetic selection for increased
milk yield through a more severe negative energy bal-
ance around the time of calving (Ancker et al., 2006).
Managing cows for extended lactation means that cows
are likely inseminated after the cows have passed the
most severe negative energy balance. Hence, extended
lactation may be a way of alleviating this issue as well
as reduce the number of cows being dried off with high
milk yields (Knight, 2008). Also, extended lactation
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reduces the required supply of replacement heifers per
year.

Furthermore, extended lactation could potentially re-
duce greenhouse gas (GHG) emission per kilogram of
milk produced through a reduction in herd feed use per
kilogram of milk produced and, thereby, also improve
farm profitability in commercial herds (Knight, 2008;
Eckard et al., 2010; Lehmann et al., 2014). However,
total meat production will be reduced in a system with
extended lactation as a result of fewer calvings and
hence fewer culled cows and bull calves for sale. In ad-
dition, genetic progress may slow down as a result of
longer generation intervals.

The success of using extended lactation as a manage-
ment system is highly dependent on the ability of a cow
to maintain milk yield per feeding day. This yield mea-
sure encompasses the whole lactation and the length
of the dry period, which is in contrast to traditional
figures such as 305-d lactation yield.

Milk yield per feeding day was shown to be maintained
during extended lactations in experimental herds in
Sweden (Osterman and Bertilsson, 2003) and Denmark
(Christiansen et al., 2005), as well as commercial herds
in Israel (Arbel et al., 2001). On the other hand, Auldist
et al. (2007) showed a small negative effect and Kolver
et al. (2007) showed some gains and some losses in milk
yield of cows, which had their lactations extended to
up to 2 yr in a pastoral system. Furthermore, 2 studies
have indicated a potential negative influence of a previ-
ous extended lactation on the dry period length and
milk yield of the following lactation (Arbel et al., 2001;
Osterman and Bertilsson, 2003).

We hypothesized that dairy cows undergoing an ex-
tended lactation should be able to produce the same
amount of milk per feeding day as cows undergoing
lactations of traditional length. Partly because the
number of days lactating relative to the number of days
dry will be increased, and partly because the potential
negative effect of pregnancy on milk yield (Bormann et
al., 2002; Roche, 2003) may be delayed when breeding
is postponed.

Estimating daily milk production from commercial
milk yield recordings is often challenged by data fre-
quency, as farmers typically only conduct monthly or
even bimonthly recordings. A lactation curve can be
fitted with either empirical (e.g., Wood, 1967; Wilmink,
1987) or mechanistic (e.g., Dijkstra et al., 1997) math-
ematical functions. The ability of the model to describe
the asymptotic phase occurring mid to late lactation
is important to estimate daily yield during extended
lactations (Macciotta et al., 2011; Steri et al., 2012).
Legendre polynomials are useful because they can rep-
resent a greater number of lactation curvatures, and
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their mathematical properties cause them to have less
correlation among parameters (Macciotta et al., 2005).

The main objective of our study was to investigate
the milk production of cows undergoing lactations of
different lengths on commercial farms in Denmark
known to deliberately delay insemination. Furthermore,
the aims were to (1) estimate daily milk yield by fitting
a Legendre polynomial model to milk yield recordings,
(2) investigate the relationship between Clnt length,
parity, and milk yield, and (3) investigate the influence
of previous Clnt length on current milk yield.

MATERIALS AND METHODS
Data

The data came from 4 commercial Danish dairy
farms known to deliberately delay insemination of se-
lected cows and, hence, manage the herd for extended
lactations. The 4 farms (Table 1) varied in herd size,
breed, milk production and composition, annual cull
rate, CInt length, and milk recording scheme (6 or 11
recordings per year). The farms were selected based
on work by van Vliet (2012), who identified 6 farmers
practicing extended lactation through contacting dairy
cattle advisors. The 4 farms were chosen because they
had the longest lactations and were willing to partici-
pate in the project.

For completed lactations, the average DIM at first
insemination increased consistently as the average CInt
length increased for herds 2, 3, and 4 with increas-
ing CInt (Figure 1). This illustrates that the voluntary
waiting period increased, but, in these herds, some
cows either failed to conceive at first or second insemi-
nation or did not express mating behavior. This was
particularly pronounced in herd 1, although only 9%
of lactations had a Clnt greater than 17 mo (Figure 1).

Data consisted of milk yield recordings and dates for
inseminations, pregnancy tests, drying off, calving, and
culling. Energy-corrected milk yield was calculated us-
ing the equation of Sjaunja et al. (1991):

ECM = milk (kg) x [0.383 x fat (%)
+ 0.242 x protein (%) + 0.7832]/3.14.

Data were obtained from cows that calved between
January 1, 2007, and May 1, 2013, in the 4 herds, and
data from 176 lactations with less than a total of 3 milk
recordings were removed. Twenty-six lactations (from
15 cows) with no information on date of next calving,
drying off date, or culling date and no records during
the last 3 mo before May 1, 2013, were removed. Herd
1 purchased 11 cows, of which 5 were purchased after
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Figure 1. Average DIM at time of first insemination after calving relative to the average length of the calving interval in days based on raw
data and grouped by calving interval group (CIG) and herd. Error bars indicate standard deviation. CIG = 1: calving interval (CInt) < 13 mo;
CIG = 2: 13 mo < CInt < 15 mo; CIG = 3: 15 mo < Clnt < 17 mo; CIG = 4: 17 mo < Clnt < 19 mo; CIG = 5: 19 mo < Clnt.

their first calving, and herd 2 purchased 5 cows, of drying off, from calving until culling, or from calving

which 1 was purchased after their first calving. Lacta-
tions were removed if the calving had taken place in
another herd. A lactation either went from calving until

until data cut-off (May 1, 2013). If a cow had known
future calving date and a drying off date had not been
reported by the farmer for a given lactation (38%),

Table 1. Characteristics of the 4 Danish dairy farms. Herd averages from 2007 to 2011

Herd
Item 1 2 3 4
Annual cows,' no. 146 87 151 108
System Conventional Organic? Organic’ Organic’
Breed Holstein Holstein Crosses® Jersey
Average fat, % 3.99 3.86 4.86 6.01
Average protein, % 3.24 3.33 3.69 4.18
Milk yield per annual cow, kg 11,448 10,577 7,119 5,859
ECM per annual cow,* kg 11,286 10,333 8,020 7,644
Annual cull rate, % 34.1 30.7 35.2 25.3
Milking system Parlor Robot Parlor Robot
Grazing No Yes Yes Yes
Average lactating days (SD) 358 (61) 477 (91) 420 (35) 451 (121)
Average CInt,” d (SD) 414 (63) 521 (92) 468 (35) 497 (119)
Milk recordings per year, no. 11 6 11 6
Completed lactations in data, no. 480 181 434 284

1 . . .
One annual cow is an average cow fed for 365 d; therefore, it reflects the average number of cows present in

the herd on any day of the year.
*Certified organic according to Danish standards.
3Crosses between Holstein, Jersey, and Red Danish.

*Calculated with the equation of Sjaunja et al. (1991).

’Calving interval.

Journal of Dairy Science Vol. 99 No. 1, 2016
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then a fixed dry period of 49 d was assigned because
the recommended dry period in Denmark is 6 to 7 wk
(Danish Cattle, 2014a).

The final data set consisted of 23,394 recordings from
2,580 lactations, of which 1,379 were completed. A lac-
tation was considered completed if a future calving date
was known and if this calving took place in the same
herd as the preceding one. Each lactation had between
3 and 36 milk yield recordings, which corresponded to
100 to 995 DIM.

Data Analyses

Milk yield was recorded with an interval of either
approximately 30 d (2 herds) or approximately 60 d
(2 herds) for all cows that were lactating on that given
recording day. After calculating ECM, all records were
fitted with a Legendre polynomial model to estimate
daily and cumulated ECM yield (aim 1). Records from
both complete and incomplete lactations were used for
the fit to maximize the information about the curva-
ture at the early part of the lactation.

Five variables were used (aim 2) to describe milk
yield during a completed lactation: (1) average ECM
yield per feeding day (ECM_Feed); (2) average
ECM yield per lactating day (ECM_Lac); (3) cumu-
lative ECM yield during the first 305 d of lactation
(ECM_305); (4) average ECM yield per day during
the first 80 d of the lactation (ECM_80); and (5)
average ECM yield per day during the last 45 d of
the lactation (ECM_45). The longer the dry period,
the greater the difference expected between ECM_Feed
and ECM_Lac. Two variables, ECM_80 and ECM_45,
were used as indicators of early- and late-lactation
yield, respectively, where the number of days between
them is dependent on Clnt length. The decrease in yield
between ECM_80 and ECM_45 illustrates the loss in
daily milk production between early and late lactation.

Parities 1 to 9 were present in data, but the number
of completed lactations for each parity decreases as
the parity number increases. Therefore, parity (PAR)
was grouped in 3 groups by first, second, and third or
greater parities. This meant that a cow may be present
multiple times in PAR 3. Furthermore, each Clnt was
assigned to 1 of 5 calving interval groups (CIG), where
CIG 1 means CInt < 13 mo, CIG 2 means 13 mo <
CInt < 15 mo, CIG 3 means 15 mo < Clnt < 17 mo,
CIG 4 means 17 mo < CInt < 19 mo, and CIG 5 means
19 mo < CInt. One month was assumed to equal 30.5
d. This created a total of 60 possible combinations of
PAR, CIG, and herd.

Finally, the influence of previous CIG on current
ECM yield (aim 3) was investigated, as it could be an
issue if an extended Clnt leads to a decrease in milk
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yield during the following lactation. Here, the influ-
ences of previous ECM_Feed on current ECM_Feed as
well as the influence of previous ECM_45 on current
ECM_80 were included, as they may be related for each
cow, and this would test the strength of their influence.

All data analyses were performed with the R pro-
gram (R Development Core Team, 2015) and all mixed
effects modeling was conducted with the Ime4-package
(Imer-function) for R (Bates et al., 2014). Least squares
means and contrasts were calculated with the least
squares means package (Ismeans) for R (Lenth and
Hervé, 2015) using the Tukey method. A difference was
considered significant if P < 0.05.

Aim 1: Estimating Daily ECM Yield

The ECM yield recordings for each lactation were
fitted with a fourth-order Legendre polynomial based
on equations given by Schaeffer (2004). First, each re-
corded time point, which in our study was measured
as DIM, was standardized to vary between —1 and 1.
Each order of the Legendre polynomial then uses an
equation to weight the standardized time point. Hence,
a fourth-order Legendre polynomial calculates 4 values
for each standardized time point. In addition, Legendre
polynomials use 0.7071 as intercept value rather than
the traditional 1 used in linear regression, and this is
therefore the fifth value used for the regression of ECM
yield recordings. For the present model, they were
denoted LPO, LP1, LP2, LP3, and LP4, respectively,
where LP0O was the intercept value.

This created 5 regression coefficients, and 3 of these
were allowed to vary for each random intercept (i.e.,
random slope effects) to make the regression more flex-
ible and able to reflect differences between different
lactations. Parity was used as random intercept to fit
1 unique curve to each available lactation, and the se-
quence of parities was numbered distinctively for each
herd to avoid cross-classification of parity across herds.
Hence, the final linear mixed regression model used to
estimate daily ECM yields was

Yijkm = [BO + b()ﬁj + bO,k(j) + bO,m(k)] x LPO + Bl
x LPL; + [B2 + by + boyg) + bomag] x LP2; + 33
x LP3; + [B4 + by + by + bamao] x LP4
+ Herd; + Cowy) + Parity,,o + €, 1]
where Y, is ECM yield at recording number i (n =
23,394) for herd j (1-4), cow k (n = 1,316) within herd
j and parity m (1-9) within cow k; LPO is the fixed

Legendre intercept; LP1;, LP2;, LP3;, and LP4; are the
4 Legendre order coefficients calculated based on the
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DIM at recording number i; 3, 31, 3, B3, and (3, are re-
gression coefficients; by ;, bs;, and b,; are random slope
effects of herd j; by, boki, and by are random
slope effects of cow k within herd j and by, bom),
and by, are random slope effects of parity m within
cow k; Herd; is the random intercept of herd j; Cow is
the random intercept of cow k within herd j; Parity,,)
is the random intercept of parity m within cow k; and
€jjkm 1S the residual error, which was normally distrib-
uted and independent. An attempt to improve the fit
by including the remaining Legendre orders as random
slope effects did not converge. Goodness of fit of the fi-
nal model was evaluated with mean squared prediction
error (MSPE), root MSPE (RMSPE) and RMSPE
expressed as percentage of observed mean. The MSPE
value can be divided in 3 components, where error due
to disturbances (Bibby and Toutenburg, 1977) reflects
the part of MSPE that cannot be explained by a least
squares correction of residuals. The estimated daily
ECM yields were then used to calculate ECM_Feed,
ECM_Lac, ECM_80, ECM_45, and ECM_305 for each
completed lactation.

Aim 2: Cint Length, Parity Group, and ECM Yield

The effect of PAR and CIG on ECM_Feed, ECM_
Lac, ECM_80, ECM_45, ECM_305, and dry period
length was analyzed with a linear mixed model for all
completed lactations (n = 1,379, from 810 cows) with
PAR within herd as random intercept. This allowed
for testing the effect of CIG across the 4 very different
farms (Table 1), and the final model was:

Yijkm = B() + PARI + CIGJ + PAAR,l X CIGJ
+ herdk + pari(k) + eijkm) [2]

where Y, is the response variable from the completed
lactation m (n = 1,379) belonging to PAR i (1-3) with
CIG j (1-5) in herd k (1-4); B, is the common intercept;
PAR,; is the effect of PAR i; CIG; is the effect of CIG
j; herdy is the random intercept of herd k; paryy, is the
random intercept of PAR i within herd k; and ey, is
the residual error, which was normally distributed and
independent.

Aim 3: Influence of Previous CIG
on Current ECM Yield

The influence of previous CIG on current ECM yield
was analyzed separately for cows completing both first
and second parity (n = 286) and for cows completing
both second and third parity (n = 149). Each of these 2
data sets were analyzed with 2 different models, where

625

model [3] analyzed the influence of previous CIG and
previous ECM_Feed on current ECM_Feed and model
[4] analyzed the influence of previous CIG and previous
ECM_45 on current ECM_80. Hence, the second model
analyzed the influence of the previous late lactation
ECM yield on current early lactation ECM yield.

The final model analyzing the effect of previous
ECM_Feed and previous CIG on current ECM_Feed
was

Y = Bo + B; x ECM_PRV, + CIG_PRV; + HERD,
+ 8, x HERD, x ECM_PRV, , ey, 3]

where Yy is the current average ECM yield per feeding
day of cow i (n = 286) with a previous CIG j (1-5)
from herd k (1-4); ECM_PRYV; is the previous average
ECM_Feed of cow i; CIG_PRV; is the previous CIG j
and HERDy is the effect of herd k; 3, is the common
intercept; 3, and {3, are regression coefficients; and ey
is the residual error, which was normally distributed
and independent.

In addition, the second initial model analyzing the
effect of previous late lactation milk yield and previous
CIG on current early lactation milk yield was

+ 3, x HERD, x 45_PRV, + ey, 4]

where Yy, is the current average ECM yield per day
during the first 80 d of cow i (n = 149) with a previous
CIG j (1-5) from herd k (1-4); CIG_PRYV; is the effect
of the previous CIG j; HERDy is the effect of herd
k; 45_PRV, is the previous average ECM_45 of cow i;
By is the common intercept; 3, and (3, are regression
coefficients; and ey is the residual error, which was nor-
mally distributed and independent. Herd was included
as a fixed effect because of an inadequate amount of
observations for a random effect.

RESULTS
Farms, Herds, and Management

The 4 farms (Table 1) had Holstein, Jersey, or
crossbred cows with a herd size varying from 87 to
151 annual cows, and milk yield varied from 7,644 to
11,286 kg of ECM per annual cow across herds for cows
calving between 2007 and 2011. From 2007 to 2011,
herd 1 increased average milk yield per annual cow of
823 kg of ECM, herd 2 increased 583 kg of ECM, herd
3 decreased 33 kg of ECM, and herd 4 decreased 283
kg of ECM (data not shown). Annual cull rate varied

Journal of Dairy Science Vol. 99 No. 1, 2016
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Figure 2. Recorded and estimated ECM yield of 2 randomly se-
lected older cows from herd 1 with a calving interval (Clnt) between
13 and 15 mo. Milk was recorded 11 times per year. Cow 1 (solid line)
had a Clnt of 404 d, whereas cow 2 (dashed line) had a Clnt of 420
d. Curves were fitted with a linear mixed model based on a Legendre
polynomial (model [1]).

from 25.3 (herd 4) to 35.2% (herd 3), and average CInt
length varied from 414 (herd 1) to 521 d (herd 2).

In total, 1,379 completed lactations were available
from the 4 herds, and CIG 2 and 3 accounted for 44%
in herd 1, 56% in herd 2, 90% in herd 3, and 51% in
herd 4. Parity group 1 accounted for 45% of completed
lactations, whereas PAR 2 and PAR 3 accounted for 28
and 27%, respectively. Out of the 60 possible combina-
tions of herd, PAR, and CIG, only CIG 1 in PAR 3 for
herd 2 and CIG 1 in PAR 1 and 2 for herd 3 did not
have any completed lactations.

Inseminations per achieved conception was above 2.5
for CIG 2, 3, 4, and 5 in herd 1, for CIG 5 in herd
2, and for CIG 5 in herd 3 (1 cow in PAR 2), and it
was below 2.0 for the majority of CIG. Between CIG 1
and 2 in herd 1, inseminations per conception increased
from 1.2 to 2.3, from 1.2 to 2.0, and from 1.3 to 2.2 for
PAR 1, 2, and 3, respectively, and these increases were
greater than in the 3 other herds. Also, for lactations
in herd 1, CIG 3 and greater had at least 3.9 insemina-
tions per conception.

Results of Data Analyses

Estimating Daily ECM Yield. The fourth-order
Legendre polynomial model [1] fitted data well with
a RMSPE of 2.84 kg of ECM, which corresponded to
10.1% of the observed mean and 98.8% of the MSPE,
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came from random error. Residuals were normally dis-
tributed with a mean of 0 and a SD of 2.8, and a simple
regression of residuals against fitted values gave a slope
of 0.04 whereas a simple regression of residuals against
DIM gave a slope and intercept of 0; residual variance
was 10.5 kg”.

Forty-three percent of the completed lactations
peaked within the first 5 d after calving across PAR,
CIG, and herds. This proportion was lower in all cases
for PAR 1 across CIG and herds when compared with
PAR 2 and 3. Herd 3 had the highest proportion of
peaks occurring before 5 DIM. Lactations that peaked
after 5 DIM peaked on average from 63 to 177 DIM
across PAR, CIG, and herds, and peaks always oc-
curred later in herd 4 than the other herds (data not
shown). Peak milk yield was always earlier for PAR 2
and 3 compared with PAR 1 across CIG and herds.

Figures 2 and 3 show observed values and fitted
curves for 2 selected older cows (PAR 3) from herds
1 (11 recordings per year) and 2 (6 recordings per
year), respectively. They reflect the nature of on-farm
milk recordings, where number of recordings per year
and distance between recordings vary, and each figure
therefore shows a fitted curve with a peak before and
after 5 DIM, respectively.

The average cumulative lactation yield per com-
pleted lactation increased with increasing Clnt for all
combinations of herd and PAR, with the exception of

X  Observed, cow with peak <5 DIM © Observed, cow with peak > 5 DIM

— Estimated, cow with peak <5 DIM = = Estimated, cow with Peak > 5 DIM
n _|
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Figure 3. Recorded and estimated ECM yield of 2 randomly se-
lected older cows from herd 2 with a calving interval (CInt) between
15 and 17 mo. Milk was recorded 6 times per year. Cow 1 (solid line)
had a CInt of 490 d, whereas cow 2 (dashed line) had a CInt of 513
d. Curves were fitted with a linear mixed model based on a Legendre
polynomial (model [1]).
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CIG 5 for PAR 3 in herd 1 (Figure 4). Across PAR and
CIG, the average lactation milk yield for each herd was
12,326 (SD = 2,700), 14,866 (3,624), 9,820 (1,526), and
10,131 kg of ECM (2,813) for herds 1 to 4, respectively.

CInt Length, Parity Group, and ECM Yield.
Model [2] described the 5 milk yield variables well with
a RMSPE of up to 16.2% of observed mean, whereas it
was 24.6% for the model of dry period lengths (Table
2). These tests showed an interaction effect between
PAR and CIG for ECM_Feed (P = 0.04), ECM_Lac (P
=0.01), and ECM_45 (P < 0.001), and they showed an
effect of CIG on ECM_305 (P < 0.01), ECM_80 (P <
0.001), and dry period length (P < 0.01). Hence, CIG
affected all tested variables. The residual SD of the 6
tests was between 0.5 to 0.7% greater in all cases than
the corresponding RMSPE (in kg), and a minimum
99.9% of MSPE for all tests was due to random error
(data not shown).
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Least squares means showed that ECM_Feed was 1.6
to 2.4 kg greater for CIG 5 compared with CIG 1, 2,
and 3 in PAR 1, whereas no difference was noted across
CIG for PAR 2 and 3 (Table 3). The ECM_Lac was
2.1 kg less for CIG 5 compared with CIG 1 for PAR 3,
whereas it was unchanged for all other combinations of
CIG and PAR. The ECM_305 increased with increasing
CIG for all PAR, where cows in CIG 5 produced 710
kg more when compared with CIG 1. Furthermore, the
simple correlation between ECM_Feed and ECM_Lac
was 0.98, and this correlation varied only 0.01 units
when tested for each PAR and CIG.

Cows in CIG 5 produced 1.6 kg of ECM_80 more ir-
respective of PAR when compared with CIG 1, whereas
no significant difference was observed in ECM_80 for
CIG 1 to 4. No difference in ECM_45 was noted across
CIG for PAR 1, whereas it was up to 4.0 and 5.5 kg
less for CIG 4 and 5 in PAR 2 and 3, respectively, when
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Figure 4. Average cumulative lactation ECM yield (kg) based on fitted values from model [1] (linear mixed model based on a Legendre
polynomial) for a completed lactation in each calving interval group (CIG) within parity group within herd. Error bars indicate standard devia-
tion. CIG = 1: calving interval (CInt) < 13 mo; CIG = 2: 13 mo < CInt < 15 mo; CIG = 3: 15 mo < Clnt < 17 mo; CIG = 4: 17 mo < Clnt

< 19 mo; CIG = 5: 19 mo < Clnt.

Journal of Dairy Science Vol. 99 No. 1, 2016



628

compared with CIG 1. Finally, the dry period length
was 2.9 d greater for lactations in CIG 2 compared with
CIG 1, but no difference was seen from CIG 2 to 5.

The difference in daily milk yield between ECM_80
and ECM_45 consistently increased from CIG 1 to CIG
5 for all 3 parity groups (Table 3), with the largest
reduction of 17.3 kg occurring in PAR 3. Dividing these
reductions with the number of days between ECM_80
and ECM_45 gives an indication of milk yield persis-
tency throughout lactation. There was not a consistent
trend across CIG, as the slope varied from —0.015
to —0.014 (PAR 1), —0.038 to —0.033 (PAR 2), and
—0.039 to —0.035 kg of ECM/d (PAR 3) across CIG.
Generally, the largest reductions in PAR 2 and 3 were
calculated for CIG 1 and 2.

Influence of Previous CInt Length on Current
ECM Yield. A total of 286 cows completed both first
and second parity, and 149 cows completed both sec-
ond and third parity. Furthermore, 69% of the cows
completing first parity with CIG 1 to 3 also completed
the second parity with CIG 1 to 3, and the same goes
for 73% of the cows completing both second and third
parity.

Increasing first-parity CIG increased second-parity
ECM_Feed (P < 0.01) and ECM_80 (P < 0.001),
but second-parity CIG did not influence third-parity
ECM_Feed or ECM_80 (Table 4). Therefore, second-
parity ECM_Feed was 1.3 kg greater, and ECM_80
was 4 kg greater when first-parity CIG 4 was compared
with 1 (Table 5).

Increasing ECM_Feed and ECM_45 in previous
lactations increased current ECM_Feed and ECM_80
in all cases. Herd interacted with first-parity lactation
milk yield (P < 0.001), which meant that the effect
of ECM_45 on second-parity ECM_80 only was dif-
ferent from 0 for herd 1 at P < 0.05. Similarly, herd
interacted with second-parity ECM_Feed (P = 0.03),
and therefore the effect of this variable on third-parity

LEHMANN ET AL.

ECM_Feed was only different from 0 at P < 0.05 for
herds 1 and 2.

DISCUSSION

Farms, Herds, and Management

The 4 farmers involved in our study were interviewed
by van Vliet (2012), and in their study the owner of
herd 1 stated that length of the lactation is decided for
the individual cow whereas the owners of herds 2 and
3 manage all cows for extended lactation with a few
exceptions in herd 2. The owner of herd 4 stated that
younger cows are managed for longer lactations than
older cows. They all stated that only few cows are dried
off earlier because of low milk yields. Furthermore, the
4 farmers agreed that one of their main objectives with
managing for extended lactations was to reduce the
number of heifers. They noted that it was not economi-
cally viable to sell surplus heifers, and that fewer heif-
ers would reduce herd feed use (van Vliet, 2012).

According to Danish 2014 milk recording statistics,
the average conventional Holstein herd (n = 2,695) had
164 cows with an average production of 9,333 kg of
ECM/yr, whereas the average organic Holstein herd
(n = 388) had 145 cows with an average production
of 8,331 kg of ECM/yr (Danish Cattle, 2014b). The
average organic Jersey herd (n = 37) had 172 cows
with a production of 7,838 kg of ECM/yr. Herd sizes
and production levels in this study are, therefore, com-
parable to Danish averages. The 4 herds had an annual
cull rate (Table 1) between 25.3 and 35.2%, which is
less than the average cull rate of 42.9 and 39.6% for
Holstein and Jersey in Denmark, respectively (Laurit-
sen and Flagsted, 2014). Therefore, these herds have
had to maintain their herds with either very few or
no imported heifers as fewer replacement heifers are
available when cows are managed for longer lactations.

Table 2. P-values and root mean squared prediction error (RMSPE) measured in kilograms and percent of
observed mean for tests carried out with model [2] — a linear mixed model with herd and parity group (PAR)

within herd as random effects

P-value RMSPE

Response' PAR CI1G? PAR x CIG kg %

ECM_Feed, kg/d <0.001 0.03 0.04 2.70 10.8
ECM_Lac, kg/d <0.001 0.69 0.01 2.84 10.1
ECM_305, kg <0.001 <0.001 0.43 919.65 10.3
ECM_80, kg/d <0.001 <0.01 0.27 3.93 12.5
ECM_45, kg/d 0.28 <0.001 <0.001 3.69 16.2
Dry period, d 0.17 <0.01 0.71 12.2 24.6

'ECM_Feed = ECM per feeding day; ECM_Lac = ECM per lactating day; ECM_305 = cumulative ECM
during the first 305 d; ECM_80 = average daily ECM during first 80 d; ECM_45 = average ECM during last

45 d before dry off.
*CIG = calving interval group.
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=) The 4 herds had an average Clnt (Table 1), from 19
= |2 to 126 d longer than the Danish average of 395 d (Dan-
7 ©o %D g ish Cattle, 2014a), where the SD of the average Clnt
N 22 22|% length was 2 (herd 1), 3 (herd 2), and 4 times (herd 4)
% j greater than the Danish average (Ancker, 2008) apd
3 E herd 3 had a similar SD. Farmers stated to van Vliet
a5 £ (2012) that they manage their herds for extended lacta-
£l vy 5|8 tions, and that this, to some extent, varies from cow
4 SS 38 Ej to cow. The greater variation in CInt lengths and the
g increase in Clnt length with increasing DIM at first
i insemination (Figure 1) supports that the.farme?rs were
o2 e | managing their cows for extended lactation. Figure 1
(?6 E § 25|58 also shows that, particularly for CIG 5, a few cows have
| F % difficulties conceiving, but the causes of these of these
= % difficulties are unknown. . o
= Ur 2R i o Z One of the arguments for using extended lactation is
? Ss S| 3 k) £ improved conception rates, as the cow may have passed
3 %: . B the most sefvere pa‘rt i)f the( élegaﬁivezggeéggyolﬁlag;i lath
. § T3 the time of insemination (Knight, .
o %l ?g % é do not support this argument as conceptign rate was
k = 2 2=z unaffected by Clnt and mostly at levels similar to Dan-
- Sé 2|3 = : E ish averages (Ancker, 2008). Both Kolyer et al. (2097)
% =Y °°|% il ‘f ‘3 and Bertilsson et al. (1997) repo?"te.d higher conception
Evs %L % ;O o rates W(;ﬂi ;n.creasi‘ng t(.JInt. Chrlstlanssn e‘;ozsl.c O(V?](S)OOSI)1
S e
< = 2 F reported 1.7 inseminations per conception
5 E a 12-mo Clnt and 1.5 inseminations for cows on an
5| =28 as|2 R E 18-mo Clnt.
218] 5% °°|z A
D?« "qé § S £ Discussion of Data Analyses
g A H g
| 25 2z|f 5 E3 Estimating Daily ECM Yield. An RMSPE value
E@ 99 9° Eﬁ T %: E of 10.1% of observed mean shows that the Legendre
= R polynomial model [1] was able to produce a re?asi/r[lggg
- % 2 ;' g f‘é overali fit to da(‘ica, where Qi‘? of ghfhv?ileatiﬁrérlge o
Tl 288 88|xS © = came from random error. Also, bo
E % \g/ \g/ % %E ﬁ:o :Qc; § a slope of the linear regression of residuals against their
g %E £ If observed DIM was 0, which shows that model [1] was
g %7: g8 % E flexible enough to fit observation§ across jche variation
E E@ f:j 2 g in observed milk yield and over time dgsplte the varia-
z £ £ =z ;5 I tion in milk yield levels, parities, lactation lengths, and
E £ ey 2 2% distance between milk recordings.
z 2 % B.|E0 2 C8 However, estimated peak milk yield before 5 DIM
E é 5505 N f K . @ £ g occurred in 43% of all lactations, and .1t may be cau§ed
g g 55 ©5 %75; - g% % = by data frequency. Herd 3 had jche hlghe.st proportion
= il Eaiaiaie sz & E Ly of early peaks (66%), with 11 milk recordings per year,
g _g & % ?% §“§ igg g o whereas the proportionﬁ"angeifrom il’:ll ttqt3§% fotr the
e BT E LS8 E E 3 other herds. Others have shown that it is not un-
%; - » £ § C‘T % %Dii %; E} ; common for estimated laqtations to h.ave. a curvatpre
5 % g "§Ei f g Cg =] Ti E E that deviates from the typical shape with its ascendlrllg
é‘ = 2. =3 t o R 8 < f; peak and d.escendlng phases (Macciotta et al., 2005). In
S ER R ?E SRR fact, Macciotta et al. (2005) showed that 17 z.md 36%
< z %ﬁ\ °O°| 2 %g\ §§ < 3 % %| £ £ < of lactations continuously decreased from calving until
= f|i22EEE |58 2 EEEE drying off when using the equations of Wood (1967)
= 5| EQ0S0U 522800 % F 5 o .
= S|ERRERRILEED R A @ d and Wilmink (1987), respectively.
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They also showed that the proportion of atypical
shapes was greater when the first milk recording after
calving took place between 30 and 60 DIM compared
with before 30 DIM, and that the proportion of atypi-
cal shapes was greatest when calving took place during
July and August. In contrast to the study by Macciotta
et al. (2005), we included lactations longer than 340 d
from multiple breeds and testing schemes, which also
may affect the proportion of atypical shapes.

CInt Length, Parity Group, and ECM Yield.
The cows were found to produce the same amount of
ECM_Feed irrespective of Clnt and parity across the
4 commercial herds. Numerically, first-parity cows pro-
duced more ECM_Feed with an extended ClInt, which
was also seen in another Danish experiment with 60
cows (Christiansen et al., 2005), although the results
were not significant. Arbel et al. (2001) found the
same trend for first-parity cows, where a 60-d delay
in time of first insemination resulted in 0.8 kg more
ECM_Feed; older cows produced, numerically, 0.2 kg
more ECM_Feed.

In agreement with this, Osterman and Bertilsson
(2003) found a numeric reduction of 0.3 kg ECM_Feed
when they compared 12-mo with 18-mo Clnt. For first-
parity cows, they reported a numeric increase of 1.3
kg of ECM_Feed and a numeric decrease of 1.0 kg of
ECM_Feed for older cows. Although cows with a Clnt
of 18 mo also had a significantly longer dry period (10.9
vs. 15.6 wk), we found an increase of only 3 to 5 d.
However, we fixed the dry period at 49 d for 38% of the
lactations, but excluding these from the analysis did
not change the result.

Christiansen et al. (2005) reported a numerically
lower milk yield (26.0 vs. 27.1 kg of ECM) during early
lactation (1 to 6 wk after calving) for first-parity cows
on an extended lactation. Cows with longer lactations
produced 1.4 kg of ECM less per day during the latter
part of the lactation (2 to 6 mo after conception), but
produced the same amount of milk per feeding day,
which may be caused by a dilution of the effect of the
dry period on milk yield per feeding day.
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Furthermore, Christiansen et al. (2005) found that
older cows (second parity and older) produced the same
amount of ECM_Feed during the early part of the lac-
tation and produced 4.2 kg of ECM less per day during
the latter part (2 to 6 mo after conception). The same
trend was observed in our study, where cows produced
the equivalent ECM_Feed and yield was lower toward
the end of the lactation for extended lactations. This
may be beneficial, as cows will then not have to be
dried off with as high milk yield.

Influence of Previous CInt Length on Current
ECM Yield. Increasing first-parity CIG increased
second-parity ECM_Feed and ECM_80. This may
be an effect of the cow being closer to fully grown at
the start of this lactation, and hence it may not need
as much energy for growth. Osterman and Bertilsson
(2003) found a significantly shorter dry period length
during the second 18-mo ClInt compared with the first
18-mo ClInt, although it was still significantly higher
than the second 12-mo Clnt. Those authors did not
provide a test of the difference, but the second 18-mo
CInt produced 0.5 kg more ECM_Feed than the sec-
ond 12-mo Clnt, whereas the difference was —0.3 kg
ECM_Feed during the first cycle.

General Discussion

The potential for extended lactation as part of a
management concept appears to be applicable for all
cows, although the increase in milk yield level from first
to second parity may make it economically beneficial
to have a short first parity, despite the fact first-parity
cows generally have more persistent milk yields than
second-parity cows. However, large variation existed
among individual cows in milk yield performance dur-
ing lactation (data not shown), which was also noted
by Bertilsson et al. (1997) and Kolver et al. (2007).
This indicates a potential for optimization through tar-
geting the planned ClInt length to the individual cow.
Relating the characteristics of cows to their ability to
complete an extended lactation and their production

Table 5. Effect of first-parity calving interval group (CIG) on ECM per feeding day (ECM_Feed) and ECM per day during the first 80 d after

calving (ECM_80)"

First-parity CIG

1 2 3 4 5

Yield in second parity LSM SE LSM SE LSM SE LSM SE LSM SE
ECM_Feed, kg/d 25.4" 0.4 26.0" 0.3 26.3" 0.3 26.7" 0.5 27.6" 0.5
ECM_80, kg/d 31.5° 0.7 33.5 0.5 33.2% 0.6 35.5% 0.8 35.9° 0.8

““Different superscripts within row are significantly different at P < 0.05.

Values were calculated based on models [3] and [4]. Model [3] = effect of previous ECM_Feed and CIG on current ECM_Feed; model [4] =
effect of previous CIG and average daily ECM during the last 45 d before dry off on current ECM_80.
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performance may be an appropriate approach. Another
approach may be to investigate if certain genetics are
more suitable for extended lactation, where a trait such
as milk yield persistency could be of interest.

We found that early-lactation milk yield was greater
for cows with a longer CInt compared with cows with a
shorter Clnt. This measure of milk yield could be used
in the future to predict whether or not an individual
cow is suitable for extended lactation, as the informa-
tion would be available around time of first insemina-
tion for a lactation of traditional length.

An argument for extended lactation is that it may
reduce GHG emission per kilogram of milk produced
(Knight, 2008; Eckard et al., 2010; Lehmann et al.,
2014). The reduction in the number of calvings per
year caused by extended lactation reduces the number
of young stock being reared, but it is still possible to
maintain the same replacement rate per lactation. It
also reduces the proportion of dry cows at any given
time if the same dry period length is maintained. Our
study showed that cows with extended ClInt produced
at least the same amount of ECM per feeding day as
cows with a traditional CInt length. Therefore, it seems
possible to maintain herd output of milk while reducing
herd input of feed as a result of fewer animals needing
to be fed.

Herd feed use is major contributor for GHG emission
at farm gate (Kristensen et al., 2011), but the reduction
in GHG emission per kilogram of milk produced caused
by the reduced feed use may or may not be counter-
acted, at a global scale, by a smaller herd output of
meat as the number of bull calves and culled cows for
sale will be reduced. Assuming that the market needs a
constant supply of beef meat, the GHG emission from
the production of the alternative beef meat may also
need to be taken into account. Thus, several aspects
must be taken into account when evaluating the effect
of implementing extended lactation on GHG emission
and farm profitability. Extended lactation has been
shown to both increase (Wall et al., 2012) and reduce
GHG emission (Browne et al., 2015).

CONCLUSIONS

Commercial milk yield recordings from 4 herds man-
aged for extended lactations were fitted well with a
fourth-order Legendre polynomials. In these herds, it
was possible for the cows to maintain an equivalent
milk production per feeding day, and first- and second-
parity cows maintained equivalent milk production per
lactating day within each parity for a Clnt of up to 19
mo. However, an increased ClInt increased dry period
length 3 to 5 d. Late-lactation milk yield decreased for
second-parity and older cows with increasing calving

Journal of Dairy Science Vol. 99 No. 1, 2016
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interval. Increasing first-parity Clnt increased second-
parity milk yield per feeding day and early-lactation
milk yield.

ACKNOWLEDGMENTS

We thank the 4 farmers for taking part in this project
and supplying us with data, as well as our statisticians,
Kristian Kristensen and Sanmohan Baby (Department
of Agroecology, Aarhus University, Foulum, Denmark),
for their support. Thanks to members of the University
of California-Davis Animal Nutrition and Environment
Modeling Laboratory for welcoming and supporting the
lead author during a research stay at the university.
This project was funded by the Danish Council for
Strategic Research (Copenhagen, Denmark), and the
lead author was partially funded by a scholarship from
the Graduate School of Science and Technology at Aar-
hus University.

REFERENCES

Ancker, M.-L. 2008. Large variation in reproduction efficiency of Dan-
ish cattle farmers (Original Danish title: KvaegInfo 1929a - Stor
variation i reproduktionsresultaterne i Danmark). Knowledge Cen-
tre for Denmark, Skejby, Denmark.

Ancker, S., E. Norberg, and H. Callesen. 2006. A synthesis of repro-
duction literature (Original Danish title: Vidensyntese Reproduk-
tion. Rapport nr 113). Knowledge Centre for Agriculture, Skejby,
Denmark.

Arbel, R., Y. Bigun, E. Ezra, H. Sturman, and D. Hojman. 2001. The
effect of extended calving intervals in high-yielding lactating cows
on milk production and profitability. J. Dairy Sci. 84:600-608.

Auldist, M. J., G. O'Brien, D. Cole, K. L. Macmillan, and C. Grainger.
2007. Effects of varying lactation length on milk production ca-
pacity of cows in pasture-based dairying systems. J. Dairy Sci.
90:3234-3241.

Bates, D., M. Maechler, B. M. Bolker, and S. Walker. 2014. Linear
mixed-effects models using Eigen and S4. R package version 1.1-7.
R Foundation for Statistical Computing, Vienna, Austria. Ac-
cessed Jul. 19, 2014. http://CRAN.R-project.org/package=lme4.

Bertilsson, J., B. Berglund, G. Ratnayake, K. Svennersten-Sjaunja,
and H. Wiktorsson. 1997. Optimising lactation cycles for the high-
yielding dairy cow. A European perspective. Livest. Prod. Sci.
50:5-13.

Bibby, J., and H. Toutenburg. 1977. Prediction and Improved Estima-
tion in Linear Models. Wiley, London, UK.

Bormann, J., G. R. Wiggans, T. Druet, and N. Gengler. 2002. Esti-
mating effects of permanent environment, lactation stage, age, and
pregnancy on test-day yield. J. Dairy Sci. 85:263.e1-263.e21.

Browne, N. A., R. Behrendt, R. S. Kingwell, and R. J. Eckard. 2015.
Does producing more product over a lifetime reduce greenhouse
gas emissions and increase profitability in dairy and wool enter-
prises? Anim. Prod. Sci. 55:49-55.

Christiansen, H. C., A. Danfeer, and J. Sehested. 2005. Koens reaktion
pa forskelle i planlagt keelvningsinterval og energiforsyning. Pages
13-26 in Okologisk Melkeproduktion: Fodring og Management
ved hgj Selvforsyning. FOJO-rapport nr. 20. T. Kristensen, ed.
Forskningscenter for @Qkologisk Jordbrug (F@JO), Tjele, Denmark.

Danish Cattle. 2014a. Handbook of cattle production (Original Danish
title: Handbog i Kveeghold). Knowledge Centre for Agriculture,
Landbrugsforlaget, Skejby, Denmark.

Danish Cattle. 2014b. Production economy of Danish cattle farming
(Original Danish title: Produktionspkonomi, Kveeg). J. T. Ander-



MILK YIELD DURING EXTENDED LACTATIONS

sen and J. Krog, ed. Knowledge Centre for Agriculture, Skejby,
Denmark.

Dijkstra, J., J. France, M. S. Dhanoa, M. A. Mass, M. D. Hanigan,
A. J. Rook, and D. E. Beever. 1997. A model to decribe growth
patterns of the mammary gland during pregnancy and lactation.
J. Dairy Sci. 80:2340-2354.

Eckard, R. J., C. Grainger, and C. A. M. de Klein. 2010. Options for
the abatement of methane and nitrous oxide from ruminant pro-
duction: A review. Livest. Sci. 130:47-56.

Knight, C. K. 2008. Extended lactation in dairy cows: Could it work
for European farmers? Pages 138-145 in Fertility in Dairy Cows:
Bridging the Gaps. M. D. Royal, N. C. Friggens, and R. F. Smith,
ed. Cambridge University Press, Cambridge, UK.

Kolver, E. S.; J. R. Roche, C. R. Burke, J. K. Kay, and P. W. Aspin.
2007. Extending lactation in pasture-based dairy cows: I. Geno-
type and diet effet on milk production. J. Dairy Sci. 90:5518-5530.

Kristensen, T., L. Mogensen, M. T. Knudsen, and J. E. Hermansen.
2011. Effect of production system and farming strategy on green-
house gas emissions from commercial dairy farms in a life cycle
approach. Livest. Sci. 140:136-148.

Lauritsen, U., and P. Flagsted. 2014. Ydelseskontrollens
manedsstatistik. Periode: 1/10/13 - 30/09/14. Knowledge Centre
for Agriculture, Skejby, Denmark. Accessed Dec. 15, 2014. https://
www.landbrugsinfo.dk /Kvaeg/Tal-om-kvaeg/Sider /mndstatmain.
aspx.

Lehmann, J. O., L. Mogensen, and T. Kristensen. 2014. Extended
lactations may improve cow health, productivity and reduce green-
house gas emissions from organic dairy production. Org. Agric.
4:295-299.

Lenth, R. V., and M. Hervé. 2015. Ismeans. R package version 2.15. R
Foundation for Statistical Computing, Vienna, Austria. Accessed
Feb.. 7, 2015. http://CRAN.R-project.org/package=lsmeans.

LIC and DairyNZ. 2013. New Zealand Dairy Statistics 2012-13. LIC
& DairyNZ, Hamilton, New Zealand.

Macciotta, N. P.; D. Vicario, and A. Cappio-Borlino. 2005. Detection
of different shapes of lactation curve for milk yield in dairy cattle
by empirical mathematical models. J. Dairy Sci. 88:1178-1191.

633

Macciotta, N. P. P., C. Dimauro, S. P. G. Rassu, R. Steri, and G.
Pulina. 2011. The mathematical description of lactation curves in

_dairy cattle. Ital. J. Anim. Sci. 10:213-223.

Osterman, S., and J. Bertilsson. 2003. Extended calving interval in
combination with milking two or three times per day: Effects on
milk production and milk composition. Livest. Prod. Sci. 82:139-
149.

R Development Core Team. 2015. R: A language and Environment for
Statistical Computing. Version 3.1.2. R Foundation for Statisti-
cal Computing, Vienna, Austria. Accessed Feb. 2, 2015. http://
WWWw.r-project.org.

Roche, J. R. 2003. Effect of pregnancy on milk production and body-
weight from identical twin study. J. Dairy Sci. 86:777-783.

Schaeffer, L. R. 2004. Application of random regression models in
animal breeding. Livest. Prod. Sci. 86:35-45.

Sjaunja, L. O., L. Baevre, L. Junkkarinen, J. Pedersen, and J. Setala.
1991. A Nordic proposal for an energy corrected milk (ECM) for-
mula. Pages 156-157 in Performance Recording of Animals: State
of the Art, 1990. EAAP publication 50. P. Gaillon and Y. Chabert,
ed. Centre for Agricultural Publishing and Documentation (PU-
DOC), Wageningen, the Netherlands.

Steri, R., C. Dimauro, F. Canavesi, E. L. Nicolazzi, and N. P. Mac-
ciotta. 2012. Analysis of lactation shapes in extended lactations.
Animal 6:1572-1582.

van Vliet, S. 2012. Forlenget laktation hos malkekveeg. Effekt pa
ydelse, reproduktion og sundhed. Bachelor thesis. Aarhus Univer-
sity, Aarhus, Denmark.

Wall, E., M. P. Coffey, and G. E. Pollott. 2012. The effect of lactation
length on greehouse gas emissions from the national dairy herd.
Animal 6:1857-1867.

Wilmink, J. B. M. 1987. Adjustment of test-day milk, fat and pro-
tein yield for age, season and stage of lactation. Livest. Prod. Sci.
16:335-348.

Wood, P. D. P. 1967. Algebraic model of the lactation curve in cattle.
Nature 216:164-165.

Journal of Dairy Science Vol. 99 No. 1, 2016



	Effect of calving interval and parity on milk yield per feeding day in Danish commercial dairy herds
	Introduction
	Materials and Methods
	Data
	Data Analyses
	Aim 1: Estimating Daily ECM Yield
	Aim 2: CInt Length, Parity Group, and ECM Yield
	Aim 3: Influence of Previous CIG on Current ECM Yield

	Results
	Farms, Herds, and Management
	Results of Data Analyses
	Estimating Daily ECM Yield
	CInt Length, Parity Group, and ECM Yield
	Influence of Previous CInt Length on Current ECM Yield


	Discussion
	Farms, Herds, and Management
	Discussion of Data Analyses
	Estimating Daily ECM Yield
	CInt Length, Parity Group, and ECM Yield
	Influence of Previous CInt Length on Current ECM Yield

	General Discussion

	Conclusions




