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ABSTRACT

The dry period is a well-established factor that deter-
mines lactation success. A retrospective observational 
study used 32,182 lactations from 16 farms to deter-
mine whether management versus biological reasons 
for deviations from the targeted 60-d dry period have 
the same associations with subsequent lactation perfor-
mance. Herd inclusion criteria were Holstein cows, herd 
size ≥900 cows, breeding by artificial insemination, and 
(minimally) bimonthly milk testing. Dry period length 
(DPL) and gestation length (GL) were each catego-
rized as short [>1 standard deviation (SD) below mean 
within herd; means 45 d DPL, 269 d GL] or long (>1 
SD above mean within herd; means 73 d DPL, 284 d 
GL) and combined to generate the following 7 study 
groups: short DPL, short GL (SDSG, n = 2,123); short 
DPL, average GL (SDAG, n = 1,418); average DPL, 
short GL (ADSG, n = 1,759); average DPL, average GL 
(ADAG, n = 19,265); average DPL, long GL (ADLG, n 
= 3,325); long DPL, average GL (LDAG, n = 2,573); 
and long DPL, long GL (LDLG, n = 1,719). Responses 
evaluated included milk and component yields at first 
test and over the whole lactation, days to first service, 
first service conception risk, days open, and herd re-
tention through 60 and 365 d postpartum. Continu-
ous data were analyzed by mixed models and time to 
event data by Cox proportional hazard models, both 
accounting for clustering at the herd level. First test 
and whole-lactation milk and component yields were 
lowest for SDSG. Within cows that experienced calving 
difficulty, rates of receiving first service were 13 and 
20% less for SDSG and ADSG compared with ADAG. Haz-
ard of leaving the herd by 60 d in milk (DIM) was 34% 
greater for ADSG than ADAG. Similar effects between 
SDSG and ADSG but not SDAG indicated that short GL 
was a greater contributor to poor performance than 

DPL itself. Overall production was similar between 
ADAG and SDAG; however, somatic cell linear score at 
first test was greater for SDAG, and milk yield at first 
test was lesser for SDAG cows with greater milk at last 
test before dry-off. Although short DPL might be a 
successful strategy for some herds or cows, cows with 
high milk yield at dry-off should not be subjected to a 
short dry period. Long DPL or GL did not influence 
early-lactation or whole-lactation milk yield. Cows with 
a long DPL due to early dry-off (LDAG) likely experi-
enced issues related to excessive lipid mobilization, as 
milk fat concentration and fat:​protein ratio at first test 
were greater and hazard of leaving the herd was 30 
and 24% greater compared with ADAG by 60 and 365 
DIM, respectively. We conclude that deviations in DPL 
length caused by biology (short GL) were associated 
with greater effects than management causes of short 
DPL, whereas management reasons for long DPL were 
associated with more negative outcomes than long GL.
Key words: gestation length, performance, survival, 
reproduction, dairy cow

INTRODUCTION

Optimal dry period length (DPL) has been long 
debated (Annen et al., 2004a). As far back as 1936 
and especially from the 1970s to the 1990s, retrospec-
tive observational studies conducted to identify op-
timal DPL (Arnold and Becker, 1936; Schaeffer and 
Henderson, 1972; Keown and Everett, 1986) generally 
found negative associations between short dry periods 
and subsequent milk production. However, nonrandom 
assignment of cows (Bachman and Schairer, 2003) and 
failure to account for factors other than DPL in statis-
tical models (Wiggans et al., 2002) created speculation 
regarding the validity of these results. As Bachman 
and Schairer (2003) discussed, inherent bias exists in 
these retrospective study groups because they repre-
sent unplanned short or long dry periods. Many of the 
unplanned short dry periods in these studies were likely 
the result of various factors that caused cows to calve 
early (carrying twins, heat stress, or other reasons), 
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which are known to decrease cow productivity indepen-
dent of DPL. Similarly, a large portion of cows with an 
unplanned long DPL were likely dried off early because 
of their inability to maintain a minimum level of milk 
production in late lactation, and this low productivity 
is likely carried over to the next lactation (i.e., inferior 
genetics). To account for at least some of the afore-
mentioned bias, Funk et al. (1987) and Makuza and 
McDaniel (1996) demonstrated the necessity of includ-
ing previous lactation days open and milk yield when 
evaluating the effect of DPL on subsequent milk yield; 
however, even after such adjustments, both provided 
evidence supporting an optimal DPL between 60 and 
69 d.

Production potential of cows has changed consider-
ably over the last 20 years. Such high levels of milk 
production have resulted in relatively high milk yield at 
220 d of gestation (approximately 24–30 kg/d; Annen et 
al., 2004a), leading to concerns about mammary gland 
health and animal welfare (Zobel et al., 2015). Shorten-
ing the dry period has been proposed as a mechanism 
to reduce milk at the time of dry-off (Annen et al., 
2004a). It has also been proposed that shifting milk 
production from the challenging time after calving to 
the weeks before could improve early-lactation energy 
balance and subsequently health and fertility of cows 
(van Knegsel et al., 2013). Thus, reexamination of DPL 
for cows in the 21st century is warranted.

More recent retrospective analyses aligned with pre-
vious studies, reporting negative associations between 
short or long dry periods and subsequent lactation 
performance (Pinedo et al., 2011; Atashi et al., 2013). 
Although these studies accounted for other explana-
tory variables (such as parity, calving season, year of 
calving, previous 305-d milk yield, or herd) to reduce 
the biases associated with nonrandom assignment of 
cows to DPL categories, neither were conducted in the 
United States, nor did they differentiate among reasons 
for the deviations in DPL. It is known that short or 
long gestation lengths (GL) are associated with greater 
incidence of dystocia, stillbirth, retained placenta, and 
metritis, and lower milk production (Vieira-Neto et al., 
2017). As such, it is possible the adverse effects associ-
ated with short or long DPL reported by Pinedo et al. 
(2011) and Atashi et al. (2013) were actually related to 
biological factors (genetics, stress, or others) causing 
early or late parturition rather than effects of DPL per 
se.

To our knowledge, no study has ever evaluated the 
lactation outcomes associated with DPL while account-
ing for the reasons underlying the deviation from the 
target DPL. Incorporation of GL as a reason for DPL 
deviation may provide insight into which DPL associa-

tions are linked to underlying or pre-existing biological 
processes versus those mainly resulting from manage-
ment decisions (early dry-off, incorrect recording, or 
similar). The objective of this study was to determine 
whether biological and management reasons for a short 
or long dry period are associated with different effects 
on subsequent lactation productivity. Our hypothesis 
was that subsequent lactation productivity would be 
most hindered by short or long DPL caused by devia-
tions in GL rather than management factors.

MATERIALS AND METHODS

Dairy Herds and Animals

A convenience sample of 16 dairies from the West-
ern and Midwestern regions of the United States were 
used in a retrospective cohort design. Participating 
herds were identified through nutrition consultants 
and included based on their willingness to share herd 
records and the following herd inclusion criteria: Hol-
stein cows, herd size ≥900 cows, use of AI or ability to 
exclude bull breedings, and at least bimonthly DHIA 
testing. Descriptive statistics of dairies are presented 
in Supplemental Table S1 (https:​/​/​doi​.org/​10​.3168/​
jds​.2020​-18462). Medians for herd size, herd turnover 
rate, and previous-lactation 305-d mature equivalent 
(MEq) milk yield were 2,769 cows (range: 928–10,047), 
44.3% (range: 29.1–53.4%) and 12,816 kg (range: 
11,655–18,615 kg), respectively.

Data Collection

Previous and subsequent lactation data for cows calv-
ing in 2016 were extracted from archived herd records 
(DairyComp 305, Valley Ag Software, Tulare, CA). 
Data cleaning was performed on individual dairy data 
sets in SAS (version 9.4, SAS Institute Inc., Cary, NC) 
to remove observations that did not satisfy cow-level 
inclusion criteria. The complete data set totaled 60,773 
observations, 28,591 of which were removed. The rea-
sons for removal and percentage of cows removed from 
the initial 60,773 observations for each reason were as 
follows: first-lactation cows (38.8%), cows not specifi-
cally defined as Holstein (2.7%), duplicate data or in-
formation for the second lactation for cows that calved 
twice in 2016 (2.5%), cows missing GL data (<0.01%), 
cows without a dry period or that were missing DPL 
data (0.28%), and cows with DPL >280 d (0.003%). 
Because gestations <260 d are generally considered to 
end in abortions (Gädicke and Monti, 2013), a post hoc 
removal of observations with GL <260 was performed 
(116 observations, 0.19%).
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Treatment Category Determination

Treatment categorization was conducted on an in-
dividual farm basis to account for differences in man-
agement and genetics that are reflected in the varied 
distributions of DPL and GL across farms (Supplemen-
tal Figure S1, https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). 
The UNIVARIATE procedure of SAS was run twice 
for both DPL and GL: first to remove outliers for both 
(>|3| SD from the mean) and second to determine short 
(>1 SD below the mean), average (within ± 1 SD of the 
mean), and long (>1 SD above the mean) categories 
within each herd. Mean DPL and GL used to catego-
rize cows in each farm are listed in Table 1 with their 
respective SD. Mean DPL for all farms were within in-
dustry norms. A 3 × 3 factorial design for DPL and GL 
categories was used to generate the following 9 study 
groups: (1) short DPL, short GL (SDSG, n = 2,123); 
(2) short DPL, average GL (SDAG, n = 1,418); (3) 
short DPL, long GL (SDLG, n = 50); (4) average DPL, 
short GL (ADSG, n = 1,759); (5) average DPL, average 
GL (ADAG, n = 19,265); (6) average DPL, long GL 
(ADLG, n = 3,325); (7) long DPL, short GL (LDSG, n 
= 310); (8) long DPL, average GL (LDAG, n = 2,573); 
and long DPL, long GL (LDLG, n = 1,719). Categories 
SDLG and LDSG were not analyzed due to the small 
number of observations in each and lack of biological 
plausibility. A total of 32,182 lactating cows from the 
16 dairies were used for analysis.

Outcome Variables

First test day variables evaluated were milk yield 
(MY1), milk fat and protein concentrations and yields, 

and SCC. Somatic cell count is reported as somatic 
cell linear score (LSC1), calculated as log2(SCC/100) 
+ 3 (Shook, 1993). Observations were restricted to 
those with a first test between 5 and 35 DIM. Because 
no observations had a first test on d 5 or 6 of lacta-
tion, DIM at first test actually ranged from 7 to 35 
DIM. Similarly, whole-lactation variables investigated 
included milk yield, milk fat and protein concentrations 
and yield, and average linear somatic cell count (LSC). 
For insight into whole-lactation milk production, 305-d 
MEq milk yield, predicted at third test of lactation, was 
used (MEq305). The third test was chosen because it 
included a large proportion of observations, lessening 
survivor bias, as well as incorporating the precision of 
data from multiple tests (see Supplemental Table S2, 
https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). Excluding 
first test data, milk component concentrations and LSC 
were averaged across lactation. Whole-lactation milk 
fat and protein yields were calculated as the average 
component values multiplied by MEq305.

Reproduction for the lactation period following the 
studied dry period was evaluated by the following out-
come variables: (1) DIM at first service, (2) first ser-
vice conception risk, and (3) days open, defined as the 
number of days between calving and the breeding that 
resulted in pregnancy. Herd retention was analyzed as 
hazard of leaving the herd, either through death or live 
culling, and was assessed within the first 60 or 365 d 
after calving.

Explanatory Variables

The explanatory variables can be grouped to con-
sider 3 periods: (1) previous lactation, (2) dry-off, and 
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Table 1. Mean and SD for dry period and gestation length used to calculate study group by each dairy

Dairy n

Dry period length

 

Gestation length

Mean SD Mean SD

A 1,550 59.2 12.7 276.8 5.1
B 713 54.2 7.5 274.3 5.2
C 1,763 59.5 13.7 277.2 5.3
D 1,422 50.2 11.9 275.9 4.9
E 590 61.8 7.1 276.1 5.0
F 1,313 48.0 11.7 276.2 5.4
H 780 52.4 8.1 276.2 5.4
I 1,602 56.3 12.3 276.8 5.3
J 766 58.9 15.7 278.0 5.6
K 6,345 58.1 7.4 276.9 5.1
M 2,854 56.0 10.6 276.5 5.9
N 1,566 63.3 5.6 277.3 4.9
O 3,848 60.2 15.1 277.1 5.5
P 2,875 63.1 10.7 276.5 5.5
Q 2,263 56.4 11.6 276.7 4.8
R 2,408 56.0 5.8 276.7 5.1
Overall 32,182 57.6 11.1 276.9 5.1
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(3) calving and subsequent lactation. Variables from 
the previous lactation included previous days carried 
calf, 305-d MEq milk yield (PRVME), days open 
(PDOPN), and both milk yield and LSC at last test 
before dry-off (LMILK and LLSC, respectively). The 
last test before dry-off must have occurred within 40 d 
before dry-off, to be considered. Dry period information 
included DPL and days in the close-up pen. Calving and 
subsequent lactation information included parity group 
(categorized as 2 or 3+), fresh month, calf description 
(female, male, twin), calf dead on arrival (DOA), calv-
ing difficulty (CFDIF; yes or no), mastitis at first test 
(defined as LSC >4.5; yes or no), and PTA for milk 
yield (PTAM), fat yield, and protein yield. Milk yield 
at first test was tested as an explanatory variable for 
first test milk fat and protein models. Quadratic terms 
were created for all continuous variables and tested 
in all models for which the respective linear term was 
included.

Statistical Analysis

To determine significant predictors of study group as-
signment, multinomial logistic regression was conducted 
for each dairy using the LOGISTIC procedure of SAS 
with the glogit link function. Fixed effects evaluated 
were parity group, fresh month, calf description, DOA, 
previous lactation GL, PRVME, and LMILK.

Associations between study group and outcomes of 
interest were all assessed in STATA/IC 12.1 (Stata-
Corp LLC, College Station, TX). Continuous variables 
of interest were assessed by multivariable mixed effects 
regression models, and first service conception risk by 
a mixed logistic regression mode. Time to event data 
(days to first service, days open, survival) were analyzed 
by Cox proportional hazard models and visualized with 
Kaplan-Meier survival graphs. The hierarchical struc-
ture of the data consisted of cows nested within herds. 
To account for clustering at the herd level, herd was 
included as a random intercept in mixed models and as 
a shared frailty term for Cox models.

Multivariable models were constructed for each out-
come of interest using variables significant at the 20% 
level (P < 0.20) in the univariable screen. The main 
predictor of interest, study group, was forced into all 
models. All 2-way interactions between study group 
and other predictors were tested. Manual backward 
elimination was used to remove all nonsignificant vari-
ables (P > 0.05) unless they were part of a significant 
interaction term or their quadratic term was significant. 
Models were assessed for collinearity using Spearman’s 
correlation coefficient; however, no correlated variables 
(|r| > 0.80) were detected for any of our final models.

Diagnostics of final multivariable linear and logistic 
mixed effects models involved examination of residuals 
at both the dairy and the cow level. Predicted values 
(BLUP) were generated for the random effect (herd), 
and standardized residuals were calculated for lower-
level residuals (cow). Both levels of residuals were visu-
ally examined to assess model fit and identify potential 
outliers. Potential outliers were individually assessed 
for biological plausibility. Those with biologically im-
plausible values were removed from the analysis. Re-
sults are presented as the coefficients for all significant 
variables with means also generated for categorical 
variables. Pairwise comparisons among study groups 
were adjusted for multiple comparisons by the method 
of Bonferroni. Intraclass correlation coefficients were 
calculated to determine the proportion of total variance 
in the population that could be attributed to variation 
between groups.

Time to event data (days to first service, days open, 
herd retention) were analyzed by Cox proportional 
hazard models and visualized with Kaplan-Meier sur-
vival graphs. The proportional hazards assumption was 
evaluated both graphically and via statistical assess-
ment using Schoenfeld residuals. To fully understand 
the main effect of study group and obtain hazard ratios 
that would represent the Kaplan-Meier graph, a uni-
variable Cox model containing only study group was 
run for survival models. Kaplan-Meier survival curves 
were generated for each study group and tested for ho-
mogeneity by the Wilcoxon test. To further determine 
which study groups differed, the univariable Cox model 
was run several times, each with a different study group 
as the referent.

RESULTS

Data analyzed in this study represented 32,182 cows 
from 16 dairy herds across the Midwestern and Western 
United States. Distributions of DPL and GL for each 
study group are shown in Figure 1. Medians and inter-
quartile ranges for DPL (SDSG = 44, 40–48 d; SDAG = 
46, 43–50 d; ADSG = 53, 48–56 d; ADAG = 56, 51–60 
d; ADLG = 60, 57–64 d; LDAG = 77, 70–85 d; LDLG = 
70, 67–77 d) and GL (SDSG = 268, 266–270 d; SDAG 
= 273, 272–275 d; ADSG = 270, 268–271 d; ADAG = 
277, 275–279 d; ADLG = 284, 283–285 d; LDAG = 277, 
275–280 d; LDLG = 284, 283–287 d) reflect appropriate 
DPL and GL categorization.

Because study group classification was determined on 
an individual herd basis, associated factors were also 
investigated on the individual herd basis. Factors that 
predicted study group were generally similar across 
herds; however, the direction of prediction for the study 
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group was not consistent across dairies. Predictive fac-
tors were PRVME, PDOPN, previous lactation GL, 
LMILK, DOA, calf description, and parity group (P < 
0.05). The full regression model is available at https:​/​/​
figshare​.com/​s/​fb46c107417262a00f85. Generally, cows 
in lactation 3+ had greater odds of being in LDAG, 
LDLG, and ADLG; cows bearing male calves had greater 
odds of being in a long GL group; twin-bearing cows 
had greater odds of being in either short GL group; 
cows with a DOA calf had greater odds of being in 
either of the short GL groups and ADLG; greater milk 
yield at last test was associated with greater odds of 
being in either short DPL group or ADLG; and greater 

previous-lactation GL was associated with greater odds 
of the long GL groups. Predicted transmitting ability 
for milk production was tested but not retained for any 
herd. In only one dairy did the aforementioned vari-
ables not predict study group (dairy E).

First Test Lactation Variables

Full final regression models for all milk lactation 
outcomes are available at https:​/​/​figshare​.com/​s/​
fb46c107417262a00f85. The main effects of study group, 
interactions with study group, and study group means 
for lactation outcomes at first test and over 305 d are 
presented in Tables 2 and 3, respectively.

The association between MY1 and study group was 
dependent on PRVME, LMILK, and PDOPN (P < 
0.001; Figure 2). A positive relationship appeared be-
tween MY1 and PRVME, but the magnitude was less 
for cows with a short DPL or GL, and least for cows 
with both a short DPL and GL. The study group × 
LMILK and study group × PDOPN interactions for 
MY1 were similar. Although MY1 either increased or 
was similar across the LMILK and PDOPN ranges for 
other study groups, MY1 progressively decreased for 
SDAG cows as LMILK or PDOPN increased. Although 
the main effect of study group was not significant (P 
= 0.16), SDSG had the least mean MY1, followed by 
ADSG and SDAG; these means are consistent with the 
results shown in the interaction graphs (Figure 2). Milk 
at first test was greater for cows in lactation 3+ than 
for second-lactation cows (43.4 vs. 40.7 ± 0.96 kg), was 
less for cows bearing twins (39.5 vs. 42.2 ± 1.01 kg) 
or a dead calf (40.0 v. 42.3 ± 0.97 kg), decreased with 
mastitis at first test (41.1 vs. 42.7 ± 0.97), and varied 
by month of parturition (all P < 0.001).

Milk fat concentration decreased with increasing 
milk yield at first test. The slope reflecting this rela-
tionship was similar across study groups, except for a 
steeper slope for LDAG (Figure 3A). The study group × 
PDOPN interaction indicated relatively constant milk 
fat concentration across PDOPN (ADAG and ADSG) 
or increases as PDOPN increased (SDSG, SDAG, ADLG, 
LDAG, LDLG; Figure 3B). Again the interaction was 
most drastic for LDAG. First test milk fat concentration 
was greater for cows with 3+ lactations (4.01 vs. 4.09 
± 0.10%), lowest for cows calving in summer months, 
less for twin-bearing cows (3.90 vs. 4.07 ± 0.10%), and 
greater for cows with mastitis at first test (4.03 vs. 4.15 
± 0.10%), and this trait increased with increasing PTA 
fat yield but decreased with PTAM and PRVME (all 
P < 0.001).

Milk fat yield at first test was greatest for LDLG and 
ADLG, intermediate for SDAG, ADAG, LDAG, decreased 
for ADSG, and least for SDSG (P < 0.001). Milk fat yield 
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Figure 1. Box-and-whisker plots of (A) dry period length (DPL) 
and (B) gestation length (GL) for each study group. The horizon-
tal red line indicates the data set mean (DPL = 57.6, GL = 276.9). 
For the box plots, line within the box indicates the median; top and 
bottom of the box indicate 75th and 25th percentiles, respectively; 
whiskers above and below the box indicate the upper adjacent value 
[quartile 3 + 1.5(interquartile range)] and lower adjacent value [quar-
tile 1 − 1.5(interquartile range)], respectively; and dots outside the 
whiskers represent outliers. Study groups were categorized as SDSG 
= short DPL, short GL; SDAG = short DPL, average GL; ADSG = 
average DPL, short GL; ADAG = average DPL, average GL; ADLG = 
average DPL, long GL; LDAG = long DPL, average GL; LDLG = long 
DPL, long GL.
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at first test was greater for cows with 3+ lactations 
(1.81 vs. 1.66 ± 0.10 kg/d) and less for cows calving 
twins (1.59 vs. 1.75 ± 0.06 kg/d), cows with a calf DOA 
(1.65 vs. 1.74 ± 0.06 kg/d), and cows with mastitis at 
first test (1.71 vs. 1.75 ± 0.06 kg/d; all P < 0.001). 
Milk fat yield increased with LMILK, PRVME, and 
PDOPN (P < 0.001); however, the negative coefficient 
for the quadratic term of PDOPN (P < 0.001) indi-
cates a threshold for the positive relationship between 
PDOPN and first test milk fat yield.

Olagaray et al.: DRY PERIOD LENGTH

Figure 2. The association between milk yield at first test and 
study group was dependent on (A) previous lactation 305-d mature 
equivalent (MEq) milk yield, (B) milk yield at last test before dry-off, 
and (C) previous lactation days open (all P < 0.001). Values are LSM 
± SEM. Study group was categorized as follows: SDSG = short dry 
period, short gestation length; SDAG = short dry period, average gesta-
tion length; ADSG = average dry period, short gestation length; ADAG 
= average dry period, average gestation length; ADLG = average dry 
period, long gestation length; LDAG = long dry period, average gesta-
tion length; LDLG = long dry period, long gestation length.

Figure 3. Association between study group and milk fat concentra-
tion at first test depended on (A) milk yield at first test and (B) previ-
ous lactation days open (both P < 0.001). Values are LSM ± SEM. 
Study group was categorized as follows: SDSG = short dry period, short 
gestation length; SDAG = short dry period, average gestation length; 
ADSG = average dry period, short gestation length; ADAG = average 
dry period, average gestation length; ADLG = average dry period, long 
gestation length; LDAG = long dry period, average gestation length; 
LDLG = long dry period, long gestation length).
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Differences in milk protein concentration at first test 
by study group were generally inversely related to differ-
ences in MY1 (P < 0.001), with greatest concentrations 
for SDSG, least for LDAG and LDLG, and intermediate for 
SDAG, ADSG, ADAG, and ADLG. Other factors associ-
ated with milk protein concentration at first test also 
reflected dilution by milk yield and included decreases 
for cows in their third lactation or greater (3.09 vs. 
3.11 ± 0.02%), increased milk protein concentration for 
cows with calves DOA (3.14 vs. 3.10 ± 0.03%) and with 
mastitis at first test (3.17 vs. 3.08 ± 0.02%), and dif-
ferences by fresh month (P ≤ 0.002). Milk protein con-
centration decreased with increasing MY1 and PRVME 
but increased with increases in PTA protein percent 
and PTA protein yield (P < 0.001). Previous lactation 
days open and LMILK were positively related to milk 
protein concentration at first test, but quadratic terms 
indicate a threshold for which the relationship remains 
positive (P ≤ 0.01).

Milk protein yield at first test was least for SDSG and 
ADSG, intermediate for SDAG and LDLG, and greatest 
for ADAG, ADLG, and LDAG (P < 0.001). We detected 
an interaction with PTA protein yield in which milk 
protein yield increased as PTA protein yield increased; 
however, the slope was greatest for SDSG (P = 0.03; 
Supplemental Figure S2A, https:​/​/​doi​.org/​10​.3168/​jds​
.2020​-18462). Protein yield was either similar across 
PTAM range (ADSG and LDLG), or decreased with 
increasing PTAM (SDSG, ADAG, ADLG, and LDAG), 
especially for SDSG (P < 0.001; Supplemental Figure 
S2B, https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). Milk 
protein yield was similar across treatments at PRVME 
of 15,000 kg, but SDAG and ADLG had greater protein 
yield among cows with greater PRVME, yet SDAG had 
the least protein yield among cows with lesser PRVME 
(Figure 4A). Interactions with LMILK and PDOPN 
largely reflected observed interactions for MY1. In-
creases in LMILK were associated with increased milk 
protein yield for all study groups except for SDAG, which 
decreased (P < 0.001; Figure 4B). Similarly, despite 
little difference across PDOPN for most study groups, 
increased PDOPN was associated with decreased milk 
protein yield at first test for SDAG (P = 0.02; Figure 
4C).

Overall, LSC1 was positively related to LLSC at last 
test before dry-off, but LSC1 was greatest for SDAG 
cows across the range of LLSC (P = 0.004; Supplemen-
tal Figure S3, https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). 
We found that LSC1 was greatest in cows with 3+ 
lactations (2.69 vs. 2.06 ± 0.17) and cows that expe-
rienced CFDIF (2.46 vs. 2.38 ± 0.17), lesser in cows 
with a calf DOA (2.12 vs. 2.41 ± 0.18), and varied by 
fresh month. We found LSC1 to be least for October 
calvings, greatest for January calvings, and intermedi-

Olagaray et al.: DRY PERIOD LENGTH

Figure 4. Associations between study group and milk protein yield 
at first test were dependent on (A) previous lactation 305-d mature 
equivalent (MEq) milk yield (P < 0.001), (B) milk at last test before 
dry-off (P < 0.001), and (C) previous lactation days open (P = 0.02). 
Values are LSM ± SEM. Study group was categorized as follows: SDSG 
= short dry period, short gestation length; SDAG = short dry period, 
average gestation length; ADSG = average dry period, short gestation 
length; ADAG = average dry period, average gestation length; ADLG = 
average dry period, long gestation length; LDAG = long dry period, av-
erage gestation length; LDLG = long dry period, long gestation length.

https://doi.org/10.3168/jds.2020-18462
https://doi.org/10.3168/jds.2020-18462
https://doi.org/10.3168/jds.2020-18462
https://doi.org/10.3168/jds.2020-18462
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ate the remainder of the year (P ≤ 0.05). Milk yield at 
first test was inversely associated with LSC1, whereas 
PDOPN was positively associated with LSC1.

Associations between study group and fat:​protein 
ratio at first test (FP1) were investigated to provide 
some insight into early-lactation metabolic status. 
Study groups did not differ in FP1 overall (P = 0.54) 
but, rather, interacted with MY1, PRVME, and 
PDOPN (P ≤ 0.01; Figure 5). The LDAG study group 
had greater FP1 when MY1 was less than 40 kg, was 
similar across the PRVME range, but increased greatly 
with increased PDOPN.

Olagaray et al.: DRY PERIOD LENGTH

Figure 5. Association between study group and fat:​protein concen-
tration at first test of lactation with (A) milk yield at first test, (B) 
previous lactation 305-d mature equivalent (MEq) milk yield, and (C) 
previous lactation days open. Values are LSM ± SEM. Study group 
was categorized as follows: SDSG = short dry period, short gestation 
length; SDAG = short dry period, average gestation length; ADSG = av-
erage dry period, short gestation length; ADAG = average dry period, 
average gestation length; ADLG = average dry period, long gestation 
length; LDAG = long dry period, average gestation length; LDLG = long 
dry period, long gestation length.

Figure 6. Association between study group and 305-d mature 
equivalent (MEq) milk yield predicted at third test of lactation inter-
acted with (A) previous lactation 305-d MEq milk production and (B) 
previous lactation days open. Values are LSM ± SEM. Study group 
was categorized as follows: SDSG = short dry period, short gestation 
length; SDAG = short dry period, average gestation length; ADSG = av-
erage dry period, short gestation length; ADAG = average dry period, 
average gestation length; ADLG = average dry period, long gestation 
length; LDAG = long dry period, average gestation length; LDLG = long 
dry period, long gestation length.
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Whole-Lactation Variables

Full final regression models for whole-lactation 
variables are available at https:​/​/​figshare​.com/​s/​
fb46c107417262a00f85, with study group means sum-
marized in Table 3. Overall MEq305 was least for 
SDSG cows compared with all other study groups (P < 
0.001). The association between milk production and 
study group did, however, interact with fresh month, 
calf description, PRVME, and PDOPN (P ≤ 0.02). No 
clear pattern in the study group × fresh month inter-
action was detected. Study group differences for cows 
birthing female calves mirrored overall differences, with 
305MEq lowest for SDSG compared with all other study 
groups. Within cows birthing male calves, 305MEq 
was again least for SDSG but greatest for ADLG, and 
intermediate for all other study groups. We detected no 
difference in milk production among study groups for 
twin-bearing cows. Unsurprisingly, 305MEq was posi-
tively associated with PRVME, but slopes were greater 
for cows with any combination of average and long DPL 
and GL compared with cows with short GL (Figure 
6A). As PDOPN increased, milk production decreased; 
however, cows with long GL (ADLG and LDLG) were 
least influenced by increasing PDOPN (Figure 6B). 
Predicted MEq305 milk was lesser for cows with 3+ 
lactations compared with second-lactation cows (11,833 
vs. 12,045 ± 250 kg), cows with a calf DOA (12,160 
vs. 12,502 ± 256 kg), and cows with mastitis at first 
test (12,197 vs. 12,604 ± 250 kg; all P < 0.001). Milk 
increased with PTAM and LMILK (P < 0.001).

Average fat concentration varied by study group and 
study group interactions with both parity group and 
PRVME (P ≤ 0.02). No study group differences were 
detectable among second-lactation cows, but for cows 
in their third lactation or greater, average milk fat con-
centration was greatest for ADAG and ADLG cows, least 
for LDAG, and intermediate for the others. Average fat 
concentration decreased with increased PRVME, with 
decreases greatest for SDSG and ADLG (Supplemental 
Figure S4, https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). 
Additional factors associated with increases in aver-
age fat concentration were PTA fat yield and LMILK, 
whereas PTAM was inversely associated (P ≤ 0.03), 
and fat concentration also differed by fresh month.

Whole-lactation fat yield was least for SDSG, interme-
diate for ADSG, and greater for other study groups (P 
= 0.03). Although whole-lactation fat yield increased 
with PRVME, the degree of increase was least for SDSG 
and ADSG (P = 0.02; Figure 7A). Whole-lactation fat 
yield decreased with greater LLSC, with the greatest 
decrease for ADSG (Figure 7B). Decreased fat yield was 
associated with parity 3+ (445.7 vs. 456.7 ± 14.3 kg), 
calf DOA (441.9 vs. 451.2 ± 14.6 kg), mastitis at first 

test (446.2 vs. 452.1 ± 14.4 kg), PTAM, and PDOPN, 
and increased fat yield was associated with LMILK and 
DIM when cows left the herd (P ≤ 0.03).

Average protein concentration was greatest for cows 
with a short dry period, intermediate with an average 
dry period, and lowest for cows with a long dry period 
(P < 0.001). Additional associations (all P ≤ 0.01), such 
as decreased protein concentration for cows with 3+ 
lactations (3.10 vs. 3.12 ± 0.03%) and cows bearing live 
singletons (3.11 vs. 3.13 ± 0.03%) could be attributed 
to dilution, as milk yield effects were opposite. Milk 
protein concentration was positively associated with 
PTA protein and yield variables and with LMILK, but 
negatively associated with PTA milk yield, PRVME, 
and PDOPN (P ≤ 0.01).

Olagaray et al.: DRY PERIOD LENGTH

Figure 7. Association between study group and whole-lactation 
milk fat yield interacted with (A) previous lactation 305-d mature 
equivalent (MEq) milk production and (B) somatic cell linear score 
(LSC) at last test before dry-off. Values are LSM ± SEM. Study group 
was categorized as follows: SDSG = short dry period, short gestation 
length; SDAG = short dry period, average gestation length; ADSG = av-
erage dry period, short gestation length; ADAG = average dry period, 
average gestation length; ADLG = average dry period, long gestation 
length; LDAG = long dry period, average gestation length; LDLG = long 
dry period, long gestation length.

https://figshare.com/s/fb46c107417262a00f85
https://figshare.com/s/fb46c107417262a00f85
https://doi.org/10.3168/jds.2020-18462
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Whole-lactation protein yield was greatest for ADAG 
and ADLG, least for SDSG and LDAG, and intermediate 
for LDLG, SDAG, ADSG (P < 0.001). Protein yield was 
less for cows in lactation 3+ (371.8 vs. 383.2 ± 7.8 kg) 
and for cows with mastitis at first test (375.8 vs. 377.8 
± 7.8 kg), and differed by fresh month (all P ≤ 0.02). 
Additional factors associated with lactation protein 
yield included positive relationships with PTA protein 
concentration and yield, PRVME, LMILK, and DIM 
when cows left the herd (P < 0.01). Previous lactation 
days open was the only factor with a negative associa-
tion (P < 0.001).

Associations between study group and average LSC 
throughout lactation was dependent on fresh month, 
mastitis at first test, and LLSC (P < 0.01). The interac-
tion with fresh month showed no clear pattern. Average 
LSC increased with increasing LLSC for all study groups 
except ADSG (Supplemental Figure S5, https:​/​/​doi​.org/​
10​.3168/​jds​.2020​-18462). The positive relationship was 
greatest for ADLG. We detected no difference in average 
LSC between study groups in second-lactation cows, 
but in cows with 3+ lactations, average LSC was great-
est for ADLG cows, least for ADAG, and intermediate for 
other study groups. Overall average LSC was greatest 
for cows with mastitis at first test (3.26 vs. 2.15 ± 0.16) 
and cows with 3+ lactations (2.61 vs. 2.10 ± 0.16; P 
< 0.001). Average LSC decreased with PRVME and 
LMILK but increased with LLSC (P ≤ 0.01).

Reproductive Variables

Differences for days to first service between study 
groups were dependent on CFDIF (P = 0.01; Table 4). 
Although no difference was detectable between study 
groups for cows without CFDIF, hazard of insemina-
tion (reduced calving to first service interval) for cows 
with CFDIF was greatest for ADAG and SDAG, least 
for ADSG, and intermediate for others. Overall, median 
number of days to first service was 67. Conception risk 
at first service was not associated with study group 
(P = 0.06). First service conception risk was greatest 
for cows in their second lactation, that had carried fe-
male calves born alive, and varied by fresh month (P < 
0.001). Factors positively associated with first service 
conception risk were MY1 and DIM at first service, 
whereas LMILK and PDOPN were negatively associ-
ated (P ≤ 0.001).

Number of days open (up to 365 DIM) was associ-
ated with study group; hazard of pregnancy was less 
for ADLG compared with ADAG, but days open did not 
differ for any other study group compared with ADAG 
(Table 4). Overall, cows with a calf DOA had poorer 
fertility (P < 0.001); and although no fertility differ-

ence was detected between study groups for cows with 
calves born alive, within cows that had a calf DOA, 
fertility was greater for ADAG compared with all other 
study groups (P = 0.02). Fertility was less for cows 
in their third or greater lactation and cows that had 
twins, and was positively associated with MY1 and 
negatively associated with PRVME, PDOPN, and fat:​
protein concentration at first test.

Herd Retention

Hazard of removal from the herd by either death or 
culling within in the first 60 DIM differed by study 
group, was greater for cows in their third or greater par-
ity and those with mastitis at first test, increased with 
PDOPN, and decreased with increased MY1 (P ≤ 0.04; 
Table 5). Results of the multinomial model indicated 
that hazard of removal was 34 and 30% greater for 
ADSG and LDAG compared with ADAG (P < 0.05), but 
no significant difference was detected for SDSG despite 
being the group with the greatest hazard of removal 
in the Kaplan-Meier curve (Figure 8A). Because MY1 
was least for SDSG, it is probable that the incongruence 
between the Kaplan-Meier curve and the Cox model 
is due to a large proportion of the SDSG effect being 
explained by the MY1 term in the Cox model.

When analyzed through 365 DIM, herd removal dif-
fered by study group, was greater for cows in lacta-
tion 3+ and those with mastitis at first test, and was 
positively related to PDOPN but negatively related 
to MY1 and LMILK (P < 0.001). Similar to the 60-d 
model, differences for study groups did not align be-
tween the multivariate analysis and the Kaplan-Meier 
graph (Figure 8B). The multivariate model indicated 
24% greater hazard of removal for LDAG compared with 
ADAG, whereas hazard was similar for all other study 
groups compared with ADAG. The 33% greater hazard 
of removal generated for SDSG in the univariate Cox 
models is likely explained by other variables included 
in the multivariate model.

DISCUSSION

Previous retrospective studies that investigated the 
associations between DPL and subsequent lactation 
productivity failed to consider potential reasons for the 
deviation in DPL (Makuza and McDaniel, 1996; Pinedo 
et al., 2011; Santschi and Lefebvre, 2014). In those stud-
ies, cows with a shortened dry period were likely cows 
that calved early for various reasons (carrying twins, 
abortion), many of which are independently associated 
with poor performance (Bachman and Schairer, 2003; 
Overton, 2005). Further stratification of DPL by GL 
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allowed us to begin to tease apart the effects of DPL 
coupled with involuntary GL deviations from those 
more directly associated with DPL.

Although the target DPL was 60 d for all but 1 herd 
(dairy I = 55 d), considerable variation in DPL dis-
tribution occurred across farms (Supplemental Figure 
S1A, https:​/​/​doi​.org/​10​.3168/​jds​.2020​-18462). For ex-
ample, the DPL ranges for the herds with the tightest 
and widest DPL distribution were 34 to 83 d, compared 
with 16 to 135 d. The intraclass correlation coefficients 
obtained from a univariate model for DPL indicated 
that 14.4% of the variability in DPL occurred at the 
herd level. Similarly, GL distributions varied by herd 
(Supplemental Figure S1B, https:​/​/​doi​.org/​10​.3168/​
jds​.2020​-18462), although only 2.6% of the variation 
was explained by herd. Our objective was to segregate 
DPL effects caused by biological versus management 
reasons. Thus, DPL and GL categorization at the farm 
level was deemed most appropriate to meet our objec-
tive, rather than categorizing across the distribution 

of the entire data set or using predefined thresholds 
determined by literature.

Long Dry Period Associations

Coupled with a long or average dry period, little 
evidence indicated that extended GL hampered subse-
quent lactation productivity. The interaction of study 
group with PRVME for MY1 suggested the most posi-
tive relationship for LDLG, suggesting that cows with 
greater lactation potential actually benefited from the 
longer DPL and GL. Long GL was again associated 
with the most positive relationship between PRVME 
and 305MEq milk in the following lactation, but only 
for long-gestation cows with average DPL. Little effect 
of long GL with an average or long DPL is consistent 
with the lack of effect of long GL on milk yield through 
300 DIM reported by Vieira-Neto et al. (2017). The 
only relationship between long gestation and milk com-
ponents was less milk protein yield for LDLG compared 
with ADAG and ADLG.

Adverse associations with long DPL were exhibited 
in LDAG cows and closely aligned with the negative 
consequences of excessive body condition at calving. 
Extended dry periods increase the odds of BCS gain 
(Chebel et al., 2018), which, in turn, can lead to en-
hanced lipolysis and metabolic stress at calving (Weber 
et al., 2015). This metabolic scenario also generally 
results in poor DMI postpartum (Schuh et al., 2019), 
contributing further to metabolic disease and increased 
risk of culling (Morrow, 1976). Mammary uptake of 
these mobilized fatty acids subsequently results in 
greater milk fat concentration and a greater milk fat 
to protein ratio (de Vries and Veerkamp, 2000). Both 
milk fat concentration and FP1 were greater for low-
producing LDAG cows and decreased with greater milk 
yield more than any other group. The low production 
coupled with greater milk fat and milk FP1 indicates 
that a subgroup of LDAG struggled. Additionally, both 
milk fat concentration and FP1 had strong positive re-
lationships with PDOPN, which provides more support 
for the focus on overconditioning, as this is a greater 
risk for cows conceiving later in lactation (De Vries et 
al., 2010). On the other hand, despite being challenged 
with excessive lipid mobilization, likely due to excessive 
body condition, LDAG cows with greater initial levels of 
production showed fat:​protein ratios in early lactation 
(FP1) similar to those of cows in other study groups. 
Although our study was not designed to parse out 
reasons for different responses to such challenges, risk 
factors such as dystocia would be expected to decrease 
peripartum feed intake (Proudfoot et al., 2009). Cows 
with adequate feed intake postpartum are better able 
to keep the rate of lipolysis moderate and are also able 

Olagaray et al.: DRY PERIOD LENGTH

Figure 8. Kaplan-Meier survival curves for time to leave the herd 
by either death or culling to (A) 60 DIM or (B) 365 DIM. Study 
groups: SDSG = short dry period, short gestation length; SDAG = short 
dry period, average gestation length; ADSG = average dry period, 
short gestation length; ADAG = average dry period, average gestation 
length; ADLG = average dry period, long gestation length; LDAG = 
long dry period, average gestation length; LDLG = long dry period, 
long gestation length.
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to increase milk production more quickly (Ingvartsen, 
2006). Whatever the underlying causes, we speculate 
that LDAG cows with greater initial milk production 
benefited from greater postpartum DMI.

Despite potential challenges with lipid metabolism in 
early lactation, neither first test milk yield nor 305-d 
MEq milk yield were different for LDAG cows compared 
with ADAG. The likely metabolic issues did, however, 
manifest in 30 and 24% greater risks of death or culling 
by 60 and 365 DIM, respectively, compared with ADAG. 
Previous studies have associated greater early-lactation 
fat:​protein ratio with greater odds of postpartum disease 
(retained placenta, displaced abomasum, and metritis) 
and increased risk of culling, especially within the first 
30 d of lactation (Toni et al., 2011). Heuer et al. (1999) 
reported that even though milk production was greater, 
cows with FP ratio >1.5 had greater risk of disease 
and poorer reproductive performance (decreased first 
service conception risk, increased calving-to-conception 
interval, and increased services per conception). De-
spite indications of metabolic stress and the greater 
odds of removal from the herd, reproductive variables 
were not different for LDAG cows. The greater early-
lactation cull rate likely removed cows that would have 
had poor reproductive performance, had they remained 
in the herd longer and been subjected to reproductive 
protocols.

Short Dry Period Associations

In general, subsequent lactation performance was the 
worst for cows with both a short DPL and a short GL. 
Both early-lactation and whole-lactation milk and com-
ponent yields were least for SDSG compared with other 
groups. Comparisons of SDSG with SDAG and ADSG 
suggest that GL is likely a larger contributor to poor 
performance than short DPL is. The ADSG study group 
was also associated with lesser MY1, and milk fat and 
protein yield at first test were intermediate between 
SDSG and ADAG. Unlike SDSG, impaired performance 
did not completely extend throughout lactation among 
ADSG cows, as 305MEq was similar to that of other 
study groups; however, differences in milk fat yield did 
continue, with whole-lactation yield of ADSG cows in-
termediate to those of SDSG and ADAG. Kaplan-Meier 
survival graphs illustrated greater removal from the 
herd within the first 60 d of lactation for both SDSG and 
ADSG relative to both ADAG and SDAG. After adjust-
ing for parity group, mastitis at first test, milk at first 
test, LMILK, and PDOPN, hazard of removal was 34% 
greater for ADSG but only 7% greater for SDSG (both 
relative to ADAG). Because MY1 was positively associ-
ated with survival and MY1 was less for SDSG, a large 
proportion of variance that would’ve been explained 

by the SDSG study group was likely captured by the 
MY1 variable. Days to first service were also greater for 
both SDSG and ADSG cows that had CFDIF. The main 
difference between SDAG and ADAG was greater LSC1 
for SDAG. Thus, our data set suggests that despite some 
negative effects of a short dry period, the parallels be-
tween SDSG and ADSG point to short GL as a greater 
contributor to poor performance, which can be further 
compounded by a short DPL.

The performance parallels between SDSG and ADSG 
seem to support our hypothesis that dry periods at 
least in part caused by shorter GL result in poorer per-
formance. As noted previously, the poor performance 
associations with short DPL in past retrospective stud-
ies were likely because of factors that stimulated early 
calving and thus resulted in the involuntary short DPL 
(Bachman and Schairer, 2003; Overton, 2005). Known 
factors associated with reduced GL, carrying twins, 
female versus male calves, heifers versus cows (Norman 
et al., 2009, also found in this data set), and dry pe-
riod heat stress (Tao et al., 2012), are also associated 
with lower production and increased perinatal morbid-
ity (Tao et al., 2012; Damaso et al., 2018). Even after 
controlling for GL, parity, season of calving, and sex 
of calves, Vieira-Neto et al. (2017) reported that short 
GL (mean = 266, range = 256–269) was associated 
with greater incidences of stillbirth, retained placenta, 
and metritis, higher rate of removal from the herd 
(38% greater through 300 DIM), decreased milk yield, 
and smaller proportion of cows receiving at least 1 AI. 
Therefore, short GL seems to be the primary culprit for 
poor performance that had previously been attributed 
to short dry periods. We do not imply that short GL is 
necessarily causal for impaired health and productivity; 
rather, we speculate that early parturition is commonly 
a response to physiological stressors that (in addition 
to triggering early parturition) also lead to impaired 
health and milk secretion. One established example 
is heat stress; failing to adequately cool late-gestation 
cows in a hot, humid environment shortened gestation 
by 4 d, on average (Tao et al., 2012), while also decreas-
ing subsequent productivity (Dahl et al., 2017). Other 
problems, perhaps with the common characteristic 
of driving peripartum inflammation (Bradford et al., 
2015), could trigger early parturition, although this has 
been better studied in humans than in cattle (Wei et 
al., 2010).

The lack of differences for lactation variables, sur-
vival, and reproduction between SDAG and ADAG cows 
aligns with suggestions that a shorter dry period may 
be better for the modern high-producing dairy cow 
(Kuhn et al., 2005). Several controlled studies compar-
ing short DPL (30–35 d) with traditional DPL (55–60 
d) showed either no difference in subsequent milk yield 
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(Bachman, 2002; Gulay et al., 2003; Rastani et al., 
2005) or milk yield decreases that were restricted to 
second-lactation cows (Annen et al., 2004b; Watters et 
al., 2009; Pezeshki et al., 2010; Santschi et al., 2011).

At first glance, the main effects for SDAG in our study 
support the idea that short dry periods may be appro-
priate for today’s high-yielding dairy cows. However, 
Kok et al. (2017) used thousands of lactations across 16 
herds to conclude that a 6- to 8-wk dry period support-
ed the greatest whole-lactation fat and protein yield, 
further justifying the standard practice for most farms. 
Our observed interactions also support the caution of 
Santschi and Lefebvre (2014) that short dry periods 
may not be suitable for all cows or herds. Milk yield at 
last test before dry-off was negatively associated with 
MY1 for SDAG cows, and LSC1 was greater for SDAG 
across all levels of LLSC. These results align with the 
findings from a controlled experiment, where eliminat-
ing the dry period increased subsequent mastitis risk 
among cows with high SCC in late lactation (van Hoeij 
et al., 2016). Although milk yield has increased by 30 
to 40% in the last 4 decades (Thornton, 2010), sudden 
dry-off is still the most common management practice 
on commercial dairy farms (Bertulat et al., 2015). Milk 
yield at last test before dry-off (restricted to within 
40 d of dry-off) ranged from 0.9 to 78.5 kg (median = 
28.1, interquartile range = 21.8–34.5 kg). Greater milk 
yield at dry-off is associated with greater prevalence of 
milk leakage and slower formation of the keratin plug, 
which leaves the teat canal open for bacterial entry, 
increasing susceptibility to IMI (Rovai et al., 2007). 
The negative interaction between length of previous 
lactation (PDOPN) and MY1 suggests that SDAG cows 
would benefit from earlier dry-off. Although it is com-
mon practice to extend lactations for high-producing 
cows, our evidence suggests that this practice hinders 
performance. Thus, our data support Dingwell et al. 
(2002), in that cows with high levels of production at 
dry-off should not be subjected to a short dry period. 
Other strategies can be used to reduce milk yield before 
dry-off, including intermittent milking and low-energy 
rations (Dingwell et al., 2001).

Cows with the greatest genetic potential seemed to 
be most sensitive to short GL and DPL. The positive 
relationship between PRVME and MY1 was weakest 
for SDSG cows and intermediate for SDAG and ADSG, 
compared with cows with combinations of average or 
long DPL and GL. The study group interaction for first 
test protein yield and PRVME indicated lower milk 
protein yield for the groups with worst early-lactation 
survival (SDSG, ADSG, and LDAG) as PRVME increased. 
Predicted 305-d MEq milk yield and whole-lactation 
fat yield increased with increasing PRVME, but to the 
lowest degree for SDSG and ADSG. Thus, cows with the 

greatest milking potential, based on PRVME, were 
most negatively affected by short gestation.

Our data do support previous studies suggesting 
that shortened dry periods (approximately 40 d) may 
be an option for today’s high-producing dairy cows; 
however, cow production potential, calving interval, 
and milk yield at dry-off should all be considered when 
making such a decision. When making decisions related 
to DPL, it should be realized that natural variation 
in actual versus expected calving date and the normal 
distribution of GL present within every farm will inevi-
tably result in cows having shorter or longer DPL than 
managed for (Overton, 2005).

Has Gestation Length Shortened?

A 280-d gestation has been the hallmark for Holstein 
dairy cows and is used in most herd management soft-
ware, unless manually adjusted, to determine expected 
calving date. Such is supported by Norman et al. (2009) 
with their data set of 11 million parturitions from 1999 
to 2006 that generated GL means of 277.8 and 279.4 d 
for Holstein heifers and cows, respectively. More recent-
ly, Vieira-Neto et al. (2017) reported a GL mean and 
SD of 276 ± 6 d from their data set of primiparous and 
multiparous cows from 2 California herds. In our data, 
GL mean and SD of 277 ± 5 d was slightly greater, as 
it only included multiparous cows, but supports their 
findings and, together, suggest that GL for Holstein 
cows may be decreasing. It is important to note that 
our data set and that of Vieira-Neto et al. (2017) have 
been cleaned and exclude extreme GL (shorter or longer 
than 3 SD from the mean) that may otherwise inflate 
or deflate a raw herd average. In further support, the 5 
million Holstein bulls (born after 1995) used to develop 
the PTA for GL reported a base GL of 277 d and SD of 
1.4 d (Wright and VanRaden, 2017).

Study Limitations

Farms included in this study represent a convenience 
sample of dairy farms in the Western and Midwestern 
United States. Thus, some selection bias is present, as 
the farms do not represent a random sample of farms 
from our target population (large commercial dairy 
farms in the United States). Inclusion of more herds, 
especially herds from the Eastern US, would have 
increased our external validity while also allowing for 
investigation of regional and herd-level effects.

Further stratification of DPL by GL was employed 
as a means to segregate DPL categories into either 
biological or management reasons for the deviation. 
Biological reasons for a short or long GL could be at-
tributed to stressors (such as social or environmental 
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stresses, and others) and genetics. Although reasons 
for management-related DPL deviations cannot be spe-
cifically be determined in our study, possibilities could 
include postponed dry-off due to pen space limitations 
and high levels of milk production at time of dry-off, 
among others. One notable limitation related to our 
classification of cows relates to improper recording of 
conception dates. Such would be considered a man-
agement issue; however, as we could not definitively 
determine which cows this might have affected, they 
likely were classified into the study groups representing 
biological reasons (SDSG or LDLG).

To account for seasonality, month of calving was 
included in all our models. We considered further cat-
egorization by season but felt it might be misleading 
for our data set, given the differences in climates across 
herds. Although differences in weather characteristics 
are also present when comparing months across region, 
we believed its inclusion would best account for season-
ality while also decreasing risk for misinterpretation. 
If our data set allowed, a variable categorized by tem-
perature and humidity index or the ability to account 
for region would have strengthened the interpretative 
ability of seasonality in our models.

Many explanatory variables were included in the 
models, to account for potential biases across study 
groups; however, we have identified additional vari-
ables that should be accounted for in the future. Stock-
ing density of dry pens could greatly influence both 
management decisions regarding timing of dry-off and 
biological stress on the animal that could contribute 
to early calving. A metric related to stocking density 
would be helpful to account for such variation across 
study groups, as well as to account for its direct ef-
fect on cow performance in the subsequent lactation. 
The bias of milk production potential across groups is 
somewhat accounted for by the inclusion of PRVME 
in models; however, reproductive protocols (e.g., use 
of sexed semen) also vary by production potential but 
were not accounted for in our study. A variable for 
sexed versus conventional semen could be implemented 
when evaluating reproductive efficiency across groups, 
so that the decreased reproductive efficiency associated 
with sexed semen is not unintentionally attributed to 
the study group. Inclusion of these variables would fur-
ther strengthen future models.

CONCLUSIONS

Retrospective observational studies investigating 
effects of DPL need to account for causes underlying 
the deviations in DPL. In stratifying DPL by GL, we 
determined short GL to be the main factor associated 

with poor performance in the subsequent lactation. 
Short dry period did appear to compound the effects of 
short GL, as lactation performance and herd retention 
rate were least for SDSG cows compared with any other 
study group. Overall productivity was similar between 
SDAG and ADAG, which supports the use of shorter dry 
periods (approximately 40 d); however, based on inter-
actions with PRVME and LMILK, a short dry period 
should not be applied to cows with high production 
potential or high milk production at dry-off. Long GL, 
independent of DPL, had little effect on subsequent lac-
tation performance. Greater milk fat concentration and 
FP1 in cows subjected to a long dry period due to man-
agement decisions (LDAG) indicated issues with early-
lactation lipid metabolism that ultimately resulted in 
decreased herd retention. In conclusion, deviations in 
DPL caused by biology have greater influence relating 
to short DPL, whereas management reasons for DPL 
deviation have the greatest effect in causing long dry 
periods.
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