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ABSTRACT

To evaluate effects of different dry period lengths on
milk yield, milk composition, and energy balance of
dairy cows, 122 multiparous and primiparous Holstein
dairy cows were used in a completely randomized exper-
imental design with 56-, 42-, and 35-d dry period
lengths. Actual dry period lengths for respective treat-
ments (TRT) were 56 ± 5.1 d, 42 ± 2.1 d, and 35 ± 2.7
d. Overall, cows in the 42- and 56-d TRT gained more
body condition than those in 35-d TRT during the dry
period; however, postpartum body condition score did
not change substantially among the TRT. Although
from 3 to 210 DIM, differences were not detected in the
milk yield of multiparous cows between the 35- and 56-
d TRT, primiparous cows in the 35-d TRT produced less
milk than those in 56-d TRT. In primiparous cows, the
milk production at wk 9, 10, and 11 of lactation was
lower in the 35-d compared with the 56-d TRT. Primipa-
rous cows in the 35-d compared with the 56-d TRT
produced less milk protein. In the 35-d TRT, serum
triglyceride concentration was greater in primiparous
cows than in multiparous cows during the peripartum
period. Among primiparous cows, those in the 56-d TRT
had greater concentrations of nonesterified fatty acids
than those in the 35-d TRT during the peripartum pe-
riod. No significant differences were observed in concen-
trations of serum glucose, insulin, and insulin-like
growth factor-I during early lactation among TRT.
There was also no difference among TRT for incidence
of metabolic disorders. Thus, this study indicates that
shortening the dry period to 35 d may be beneficial
in multiparous and overconditioned cows, but not in
primiparous cows.
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INTRODUCTION

A dry period is necessary for involution of the mam-
mary gland and maximizing milk yield in the subse-
quent lactation in cattle (Coppock et al., 1974; Hurley,
1989; Cameron et al., 1998; Rastani et al., 2005). A 51-
to 60-d dry period has been a management constant for
most dairy farms since World War II (Bachman and
Schairer, 2003). It has long been known that shortening
the dry period (to <40 d) depresses milk yield (Coppock
et al., 1974; Swanson, 1965; Wheelock et al., 1965).
Also, lengthening the dry period (to >60 d) may increase
costs and decrease the productive longevity of dairy
cows (Hurley, 1989). Additional milk is produced in
the previous lactation when the dry period is reduced,
which is beneficial if there is no yield depression in the
subsequent lactation. A shorter dry period reduces the
frequency of diet change, thus reducing stress. Also,
reduced dietary changes in the dry period may improve
the survival of desirable population of rumen microbial
flora. Complete omission of the dry period results in
considerable depression in milk synthesis and secretion
during the next lactation. Most studies with the purpose
of determining optimal dry period length have been
carried out with observational data (Smith and Legates,
1962; Wilton et al., 1967; Smith and Becker, 1995).
Recently, several designed studies have evaluated dry
period lengths. These studies reported a range in milk
yield changes from a 10% decrease to a 1% increase
when the dry period length was shortened from 50–57
d to 30–34 d. However, depression in milk yield in the
subsequent lactation was somewhat compensated by
extension of the lactation period in the previous lacta-
tion (Bachman and Schairer, 2003; Grummer and Ras-
tani, 2004; Kuhn and Hutchison, 2005).

Involution of the mammary gland during the dry pe-
riod is associated with mammary cell apoptosis and
proliferation. Mammary epithelial cell turnover during
the dry period is very important for replacement of
senescent cells. Mammary involution in ruminants is
not as extensive as that in rodents (Pandey et al., 1978;
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Table 1. Summary of the number of cows in each group, cows removed from each group, and reasons for removal

Length Cows
of dry period n removed Reasons for removal

35 d 35 9 Incorrect dry period length (n = 6), metabolic disease1 (n = 1) and clinical mastitis1 (n = 2)
42 d 37 3 Died suddenly2 (n = 1); incorrect dry period length (n = 2)
56 d 36 2 Injured3 (n = 1); no data (n = 1)

1Cows were removed from the study plan in the first days of experiment and before calving.
2Sudden shock because of fast jugular administration of antibiotic by milking personnel at milking parlor.
3Severe lameness and inability to move.

Li et al., 1999). Therefore, the optimum length of the
dry period may be shorter than previously considered.
Indeed, recent animal experiments proposed that a 30-
to 40-d dry period is sufficient for maximizing the num-
ber of active differentiated secretory cells in cattle
(Schairer, 2001; Bachman, 2002; Gulay et al., 2003;
Annen et al., 2004; Rastani et al., 2005). The objective
of this study was to determine whether shortening the
dry period would affect performance and energy status
of dairy cows.

MATERIALS AND METHODS

Cows, Treatment, and Feeding

The experiment was conducted between May and De-
cember of 2004. One hundred and twenty-two primipa-
rous and multiparous Holstein cows were assigned to
a completely randomized design with 56-, 42-, and 35-
d dry period lengths. Cows were selected for the study
using the following criteria: 1) no clinical mastitis and
SCC <300,000 cells; 2) days open <200 d; and 3) mean
milk production >20 kg/d. Experimental cows were not
supplemented with bovine somatotropin. Actual dry pe-
riod lengths for respective treatments (TRT) were 56
± 5.1 d, 42 ± 2.1 d, and 35 ± 2.7 d. Fourteen cows
were removed from the study; the reasons for animals
leaving the study are presented in Table 1. One hundred
and eight cows were included for statistical analyses.
All cows were inspected at dry-off by farm veterinarians
and cows that had mastitis at that time, were removed
from the experiment. Teat dipping was routinely per-
formed at milking, and teats were sealed with teat
sealer (Dry Flex, Solocup, Chicago, IL) after the last
milking at dry-off. Milking machines (DeLaval, Tumba,
Sweden) were evaluated routinely and maintained per
the manufacturer’s recommendation. Cows were
housed in individual stalls and the conception status
was confirmed by transrectal palpation. Cows were
transitioned to special pens with deprivation of food for
24 h (abrupt cessation). Dry cows were housed in 2
pens: a far-off group (from 60 to 35 d before expected
calving) and a close-up group, (35 d before expected
calving) and barns were bedded with barley straw once
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daily. The management procedure followed in assigning
cows to the 3 dry period lengths is summarized in Fig-
ure 1. Cows assigned to the 56- and 42-d TRT had 3
diet changes including late lactation diet to far-off diet,
far-off diet to close-up diet, and close-up diet to early
lactation diet (Figure 1), whereas cows in the 35 d TRT
experienced only 2 diet changes (late lactation diet to
close-up diet and close-up diet to early lactation diet;
Figure 1). At the time of moving cows from the far-off
to the close-up pen, cows were injected with 3,000 IU
of vitamin AD3E (Nasr Pharmaceutical Co., Khorasan,
Iran). Immediately after calving, cows were moved to
the fresh-cow pen and fed the lactation ration. All cows
were fed TMR formulated based on production level
and gestation stage. In addition, they received wheat
straw ad libitum during the dry and postpartum periods
and had free access to water. Feed delivery was done
2 and 3 times a day at 0800 and 1700 h, and 0600,
1400, and 2200 h, respectively, for the dry period and
postcalving. Further, all cows received mineral lick

Figure 1. Management scheme of cows subjected to dry periods
(treatments, TRT) of 35, 42, and 56 d. Cows subjected to a 35-d
treatment were transitioned to a close-up dry cow pen and fed a close-
up ration at the time of milk stasis. After milk cessation, cows in the
42- and 56-d groups were transitioned to far-off dry cow pen until
35 d before expected calving date, and then transferred to the close-
up pen and fed a close-up ration until calving.
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Table 2. Ingredient and chemical composition (DM basis) of TMR fed to Holsteins cows1

TMR for TMR for TMR for
Ingredient fresh cows far-off cows close-up cows

Alfalfa hay 32.3 28.89 22.53
Corn silage 19.08 23.64 28.53
Wheat straw — 22.77 10.17
Barley grain 11.69 1.2 7.97
Corn grain 8.45 — 4.83
Whole cottonseeds 5.02 — 1.97
Cottonseed meal 6.2 9.74 6.29
Whole soybeans 0.56 — 5.19
Soybean meal 5.89 — —
Fish meal 0.45 — 6.65
Fat supplement 1.4 — —
Rice bran 0.87 11.82 1.32
Beet pulp 4.89 — —
Calcium carbonate — 0.16 0.88
Calcium sulphate — — 0.37
Chloride sodium — 0.11 —
Magnesium oxide — 0.08 —
Gluten germ 0.87 0.77 0.95
Urea 0.1 0.11 —
Aluminum silicate — 0.27 —
Niacin — — 0.04
Vitamin and mineral mix2 2.4 0.44 2.75
Chemical composition (% DM basis)
DM 51.3 53.1 51.6
CP 18 14.48 15.51
ADF 22.5 27.51 26.08
NDF 40 47.72 42.15
NFC3 35.2 25.4 29.4
Ether extract 4.2 3.37 2.91
NEL

4 (Mcal/kg) 1.75 1.6 1.59

1Feed samples were collected weekly. Analyses of components from Isfahan University of Technology
(IUT) laboratory, Isfahan, Iran.

2Vitamin and mineral mixture (DM basis): 40,000 mg/kg Mn; 40,000 mg/kg Zn; 16,000 mg/kg Fe; 12,000
mg/kg Cu; 640 mg/kg I; 240 mg/kg Se; 160 mg/kg Co; 4,000 kIU/kg vitamin A; 800 kIU/kg vitamin D; and
10 kIU/kg vitamin E.

3NFC calculated as 100 − [(NDF − NDFCP) + CP + ether extract + ash] (NRC, 2001).
4Calculated according NRC (2001).

blocks (Shirindaneh, Shiraz, Iran) to meet mineral re-
quirements.

Body Condition Scoring

Body condition score was recorded 3 times during
the experiment: at dry-off, calving, and at 15 wk of
lactation. The same assessor assigned BCS to each cow
on a scale of 1 (emaciated cows) to 5 (severely over-
conditioned; Lowman et al., 1976) with 0.25-unit incre-
ments. The method was based on a visual and tactile
appraisal of body fat reserves in the back and pelvic
regions.

Sample Collection

Feed Samples. Feed samples were collected weekly
and stored in plastic bags at −20°C until analysis. Feed
samples were analyzed for CP, ether extract, ash, DM,
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ADF, and NDF. These measurements were used for
estimating NEL (NRC, 2001). For prepartum diets, NEL

(Mcal/kg) was computed based on a cow weighing 650
kg and consuming 11.5 kg of DM/d (NRC, 2001). Con-
stituents and composition of feeds are summarized in
Table 2.

Blood Samples. Approximately 10 mL of blood was
sampled from each cow 1 wk before expected calving
and immediately after parturition. Precalving blood
specimens were collected after the morning feeding
from the coccygeal vein and placed in Vacutainer tubes
without anticoagulant (Vacutainer, Becton-Dickinson,
Franklin Lakes, NJ). Samples were allowed to clot and
kept cold on ice until they were transferred to the labo-
ratory and centrifuged at 1,850 × g for 20 min at 4°C
within 2 h of blood collection for the separation of serum.
Serum was harvested, and each sample was divided
into 3 aliquots and stored at −20°C for further analyses.
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Milk Samples and Records. Quarter milk samples
(50 mL) were collected weekly at 3 consecutive milkings
(0500, 1300, and 2100 h) until the eighth week of lacta-
tion. Collected samples were analyzed for milk fat, pro-
tein, and SCC (Fossomatic 5000, Foss Electric, Hillerød,
Denmark). Before parturition, the 35- and 42-d TRT
had 21 and 7 additional DIM, respectively because of
extending the previous lactation period (see Figure 1).
Cows in these TRT were milked 3 times daily until dry-
off, and total additional milk yield was recorded daily
for each TRT separately. Also, previous lactation and
dry-off-day milk yields were recorded and used as a
covariate in data analysis. Average daily milk produc-
tion of cows in the previous lactation (until 60 d before
parturition; i.e., before assigning the cows in TRT) was
used as a covariate for 3 to 210 DIM milk production
analyses. Beginning 3 d after parturition, milk yield
produced by all cows was recorded daily through 210
d of lactation.

Chemical Analyses

Quantification of NEFA, Triglyceride, and Glu-
cose in Blood. Nonesterified fatty acids (NEFA-C,
Wako Chemicals USA, Inc., Richmond, VA; Custer et
al., 1983) concentrations were measured using colori-
metric enzymatic reactions with an automated wet
chemistry analyzer (Hitachi 917, Roche Diagnostics,
Indianapolis, IN). The analyzer was calibrated and con-
trols assayed daily according to the manufacturer’s in-
structions to ensure acceptable assay performance. To-
tal plasma triglyceride concentrations were measured
by using spectrophotometric analysis and a commer-
cially available enzymatic kit (Sigma Chemical, St.
Louis, MO). Serum glucose samples were analyzed by
using a commercial kit (kit Trinder, Sigma Chemical
Co.; Trinder, 1969).

Quantification of IGF-I and Insulin in Blood.
Insulin-like growth factor I was measured by double-
antibody immunoradiometric assays using reagents
from Immunotech (Marseille, France). The protocol for
the IGF-I assay included an acid-ethanol extraction
step to release IGF-I from its binding proteins. To con-
trol the quality, analytical batches systematically in-
cluded 3 standard sera. The intraassay coefficient of
variation was 5.5%; the interassay coefficient of varia-
tion was 9.7%. Serum insulin concentration was mea-
sured by RIA (Hales and Randle, 1963). The intraassay
coefficient of variation was 5.8%; the interassay coeffi-
cient of variation was 4.9%.

Reproduction and Health Disorders

During lactation, cows were monitored for estrus by
milking personnel at milking time and by experienced
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herdmen. After detection of estrus, cows were inspected
by herd veterinarians; those that did not have any re-
productive disease were inseminated utilizing the a.m/
p.m rule (Morton, 2004). Pregnancy confirmation tests
were performed 60 d after insemination by rectal palpa-
tion. Reproductive records maintained included days
open, services per conception, first-service conception,
days to first service, and pregnancy rate, and were ob-
tained within 4 mo after parturition for all cows. The
pregnancy rate was defined as the total cows diagnosed
as pregnant in each TRT over total cows multiplied
by 100.

Technicians visited the herd every day and recorded
health status, and records were verified by herd veteri-
narians. Dystocia (veterinarian-assisted calving and
delay in second phase of calving), mastitis (inflamma-
tion and infection of the udder), displaced abomasums
(movement of the abomasums to the left and bottom of
the rumen), and retained placenta (failure in removing
the fetal membranes 24 h after calving) were defined
as disorders characterized in this experiment.

Statistical Analyses

Daily milk yields were collapsed into weekly means,
and were then subjected to statistical analyses. Yields
were extended to 305 d of lactation and corrected based
on previous 305-d milk yield. The PROC MIXED proce-
dure of SAS (SAS Institute, 1999) was used to analyze
milk yield and composition, BCS, and reproduction and
metabolic status data as a completely randomized de-
sign with repeated measurements. The model used to
analyze the data included the fixed effects of dry period
length, parity, time, 3-way interaction terms of fixed
effects, the random effect of cow nested within treat-
ment, and the residual errors. Far-off milk yield was
considered as a covariate for postcalving SCC yield,
because previous experiments have indicated that far-
off milk yield can affect milk SCC yield (Rajala-Schultz
et al., 2005). The significant difference level was set as
P < 0.05.

RESULTS

BCS Changes

The effect of TRT on BCS is shown in Table 3. Cows
in the 35-d TRT had greater BCS than those in the 56-
d TRT at dry-off (P = 0.02). At calving, no TRT differ-
ences in BCS were detected. The BCS changes was
greater for the 42-d (P = 0.03) and 56-d (P = 0.02) TRT
compared with the 35-d TRT in the prepartum period,
but did not differ in the postpartum period among TRT
(Table 3). Postpartum, the 35-d TRT demonstrated a
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Table 3. Effects of different dry period lengths on BCS of Holstein cows

Contrasts

Dry period length 35 vs. 42 d 35 vs. 56 d 42 vs. 56 d
BCS
measurement1 35 d 42 d 56 d P-value SEM P-value SEM P-value SEM P-value

BCS 1 3.22 3.11 2.98 0.06 0.098 0.26 0.100 0.02 0.098 0.19
BCS 2 3.22 3.24 3.14 0.54 0.099 0.77 0.100 0.44 0.098 0.28
BCS 3 2.96 2.84 2.69 0.27 0.169 0.46 0.169 0.09 0.171 0.38
BCS 2 − BCS 1 −0.002 +0.135 +0.137 0.04 0.062 0.03 0.063 0.02 0.063 0.97
BCS 3 − BCS 2 −0.292 −0.286 −0.445 0.50 0.157 0.98 0.157 0.30 0.159 0.32

1BCS 1 = BCS at drying-off day; BCS 2 = BCS at calving day; BCS 3 = BCS at 15 wk of lactation; measured
on a 5-point scale, from emaciated (score = 1) to severely over-conditioned (score = 5) cows (Lowman et al.,
1976).

tendency (P = 0.092) for increased BCS compared with
the 56-d TRT by wk 15 of lactation.

Milk Yield

Milk yield data are presented in Table 4 and Figure
2 (A and B). The effect of week was significant among
TRT (P = 0.0001). When pre- and postpartum milk
yields were analyzed separately, there were differences
in average daily postpartum milk yields among dry
period lengths, regardless of parity (34.75, 34.56, and
36.15 kg/d for cows in the 35-, 42-, and 56-d TRT, respec-
tively; P = 0.0001). From 3 to 210 DIM, no differences
in daily milk production of the multiparous cows in the
35- and 56-d TRT were observed, even when adjusted
for 305-d lactation milk yield (Table 4). Likewise, no
differences were detected between the 305-d adjusted
milk yields when primiparous and multiparous cows
assigned to the 35-d TRT were compared with each
other. Multiparous cows in the 42-d TRT produced less
daily milk compared with those in the 56- (P = 0.021)
or 35-d (P = 0.004) TRT (Table 4). Among multiparous
cows, differences existed at wk 29 (P = 0.049) for 35-
vs. 56-d TRT and at wk 22 (P = 0.027) for 42- vs. 56-d
TRT (Figure 2B). Additionally, weekly postpartum milk

Table 4. Milk production (kg) of Holstein cows given different dry period lengths (35, 42, and 56 d)1

35 d 42 d 56 d

Variable Primiparous Multiparous Primiparous Multiparous Primiparous Multiparous SEM P-value

210 DIM (adjusted)2 33.74a 35.42b 35.1b 34a 37.12 35.18b 0.49 0.0001
Previous lactation 9,295ab 1,066bc 8,973a 10,258abc 10,473bc 11,121c 860 0.80
Drying-off day 18.07ab 14.23a 23.58 17.08ab 22.09bc 21.04b 2.80 0.39
305-d (adjusted)3 10,564a 11,202ab 10,656a 10,264a 11,918b 10,849ab 661 0.17

a–cMeans within rows with different superscript letters differ (P < 0.05).
1Milk production was recorded daily in three consecutive milking for each cow from 3 through 210 DIM.
2210 DIM represents the average daily milk yield of cows from 3 to 210 DIM. Average daily milk production of cows in previous lactation

(until 60 d before parturition) was used as a covariate. Multiparous cows in 35 d treatment (TRT) produced an additional 285.5 kg of milk
compared with multiparous and primiparous cows in 56 d TRT.

3Previous lactation 305-d milk yield is considered as a covariate.
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production changes tended to be significant between
the 35- and 42-d TRT at wk 6 (P = 0.07), 10 (P = 0.081),
12 (P = 0.088), and 22 (P = 0.07), and at wk 5 (P =
0.082) and 23 (P = 0.096) for the 56- vs. 42-d TRT
(Figure 2B). Milk yield increased during the first 2 wk
of lactation in all TRT (Figure 2B). Subsequently, cows
reached peak milk yield between wk 7 to 10 (Figure
2B). Multiparous cows in the 35-d TRT showed a reduc-
tion in milk production at wk 28 (P = 0.045; Figure 2B).
In the present study, multiparous cows in the 35-d TRT
had greater reduction in milk yield than those in the
56-d TRT around wk 29 and 30 (P = 0.049; Figure 2B).

Among primiparous animals, the average milk pro-
duction of the 35-d TRT was lower than that of the 56-
d TRT (P = 0.0001) and this difference remained even
after adjusting milk yield for 305-d lactation (Table 4).
The difference in daily milk yield of primiparous cows
in the 35- and 56-d TRT declined after adjusting milk
yield for a 305-d lactation (P = 0.001). Primiparous cows
in the 42-d TRT produced less milk than those in the
56-d TRT (P = 0.0001); however, the former produced
more mean daily milk than primiparous cows in the
35-d TRT (P = 0.005). Differences existed at wk 9 (P =
0.049), 10 (P = 0.019), 11 (P = 0.033), and 30 (P = 0.048)
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Figure 2. A) Daily milk production (kg/d) in primiparous Holstein cows assigned to different dry period lengths. Treatments are 35-d
(�), 42-d (◆), and 56-d (▲) dry periods. Fifty-five primiparous cows were subjected to the different dry period lengths, and their postpartum
daily milk yields (kg/d) were collapsed into weekly means. Differences were observed at wk 9 (P = 0.049), 10 (P = 0.019), 11 (P = 0.033),
and 30 (P = 0.048) for 56-d vs. 35-d cows, and at wk 7 (P = 0.041) for 56-d vs. 42-d cows. B) Daily milk production (kg/d) in multiparous
Holstein cows assigned to different dry period lengths. Treatments are 35-d (�), 42-d (◆) and 56-d (▲) dry periods. Fifty-three multiparous
cows subjected on the different dry period lengths, and their postpartum daily milk yields (kg/d) were collapsed into weekly means. Differences
were observed at wk 22 (P = 0.027) for 56-d vs. 42-d cows, and at wk 29 (P = 0.049) for 56-d vs. 35-d cows.

for the 35-d vs. 56-d TRT, and at wk 7 (P = 0.041) for
the 42-d vs. 56-d TRT (Figure 2A).

As expected the multiparous cows in the 35-d TRT
produced a greater amount of daily milk than did the
primiparous cows in the same TRT (P = 0.0009; Table 4).

Milk Composition

Milk composition percentage and yield of different
TRT were compared in the first 8 wk of lactation, and
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data are presented in Table 5. Neither milk fat percent-
age nor yield was affected by shortening the dry period.
Likewise, no differences were observed in milk protein
percentage across TRT (Table 5). Cows in the 35- and
56-d TRT differed in milk protein yields (1.06 ± 0.07
vs. 1.24 ± 0.07 kg/d respectively; P = 0.048). Further,
among primiparous cows, milk protein yield was
greater for cows in the 56-d TRT than in the 35-d TRT
cows (P = 0.05; Table 5).
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Table 5. Milk composition of Holstein cows given different dry period lengths (35, 42, and 56 d)1

35 d 42 d 56 d

Variable Primiparous Multiparous Primiparous Multiparous Primiparous Multiparous SEM P-value

Milk protein yield (kg/d) 0.99a 1.1ab 1.14ab 1.00ab 1.29b 1.19ab 0.14 0.40
Milk protein (%) 2.99 3.04 3.34 3.04 3.44 3.19 0.37 0.78
Milk fat (%) 3.60 3.96 3.68 3.53 3.43 3.79 0.51 0.70
Milk fat yield (kg/d) 1.23 1.45 1.27 1.18 1.29 1.43 0.19 0.54
Adjusted SCC2 (× 1,000) 279.8a 371.5a 272.9a 777.7b 476.6ab 320.5a 263 0.12

a,bMeans within rows with different supserscript letters differ (P < 0.05).
1Milk samples were collected weekly until 8 wk of lactation and samples were used for milk composition analyses.
2SCC is adjusted based on drying-off milk yield.

Milk SCC was greater for multiparous cows in the
42-d TRT compared with those in the 35- and 56-d TRT
(Table 5). Combined across parities, no difference was
detected among the 3 TRT for SCC.

Metabolic Status

NEFA and Triglyceride in Blood. Prepartum
NEFA were different between primiparous cows sub-
jected to the 35- and 56-d TRT (349.0 ± 30.3 vs. 422.4
± 25.9 �Eq/L, respectively; P = 0.044), and a tendency
toward a parity × dry period length interaction during
late pregnancy showed that a part of this resulted from
a decrease in the late pregnancy plasma NEFA concen-
tration for cows in the 35-d -vs. 56-d TRT cows. We did
not detect any differences for prepartum NEFA be-
tween multiparous cows in the 35- and 56-d TRT (375.3
± 21.0 vs. 324 ± 34.4 �Eq/L for 35 and 56 d, respectively).
Subsequently, primiparous cows in the 56-d TRT had
a greater concentration of serum NEFA than did the
cows in the 35-d TRT (419.2 ± 25.1 vs. 348.5 ± 30.0
�Eq/L for 56 and 35-d TRT, respectively; P = 0.045).
Comparison of the serum NEFA among cows in other
TRT did not reveal any differences. Importantly, we
did not observe differences between primiparous and
multiparous cows assigned to the 35-d TRT at any time
for serum NEFA concentration.

Regardless of parity, we failed to detect any effects
of dry period length on prepartum triglyceride (33.02,
29.73, and 34.30 mg/dL for 35-, 42-, and 56-d TRT,
respectively) or postpartum triglyceride (30.61, 28.02,
and 31.04 mg/dL for 35-, 42-, and 56-d TRT, respec-
tively). As expected for serum triglycerides, there was
a difference due to parity in the 35-d TRT both in late
pregnancy (27.3 ± 2.30 and 38.7 ± 3.30 mg/d, P = 0.007)
and early lactation (26.38 ± 1.96 and 34.85 ± 3.03 mg/dL,
P = 0.03) between multiparous and primiparous cows.

IGF-I, Insulin, and Glucose in Blood. No parity
effects were detected for serum glucose, insulin, or IGF-
I concentration because of a reduction in dry period
length. We also observed no differences in prepartum
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and postpartum glucose concentrations among the TRT
(72.45 ± 1.35, 72.59 ± 1.46, and 74.35 ± 1.58 mg/dL
prepartum and 80.17 ± 3.2, 74.6 ± 2.9, and 78.35 ± 2.9
mg/dL postpartum, for cows in the 35-, 42-, and 56-d
TRT, respectively). There were no postpartum differ-
ences in serum insulin (10.67 ± 1.99, 11.61 ± 2.63, and
10.14 ± 2.26 �IU/mL) and IGF-I (178.2 ± 20.9, 157.2 ±
19.3, and 136.4 ± 19.3 ng/mL) concentrations for cows
in the 35-, 42-, and 56-d TRT, respectively. Postpartum
serum IGF-I concentration tended to be greater for cows
on the 35-d TRT compared with those on the 56-d TRT
(P = 0.083).

Reproductive Measurements and Selected
Health Disorders

The incidence of selected health disorders and repro-
ductive performance data are presented in Tables 6 and
7, respectively. Pregnancy rate was greater (P = 0.041)
for multiparous cows (71%) than primiparous cows
(48%) assigned to the 35-d TRT. No difference in preg-
nancy rate occurred among other TRT. Among primipa-
rous cows, the 42-d TRT had increased (P = 0.042) days
open (121 d) compared with the 56-d TRT (85 d). Days
open data were consistent across the rest of TRT. Days
to first service ranged from 46 to 57 d and did not
differ across the TRT. There were fewer services per
conception (2.0 vs. 3.0 respectively; P = 0.026) in multip-
arous cows in the 35-d TRT than those in the 42-d TRT.
First-service conception rate was greater (P = 0.021) in

Table 6. The effect of dry period lengths (35, 42, and 56 d) on incidence
of selected metabolic disorders1

Item 35 d 42 d 56 d

Dystocia 3/35 2/37 3/36
Clinical mastitis at calving 3/35 1/37 1/36
Clinical mastitis during next lactation 9/35 6/37 5/36
Displaced abomasum 1/35 1/37 1/36
Retained placenta 5/35 3/37 7/36

1Technicians visited the herd every day and recorded identification
number of affected cows and date of diagnosis during the experiment.
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Table 7. Summary of reproductive measurements in cows assigned to different dry period lengths (35, 42, and 56 d)1

35 d 42 d 56 d

Variable Primiparous Multiparous Primiparous Multiparous Primiparous Multiparous SEM P-value

Cows, n 16 19 21 16 18 18
Pregnancy rate2 (%) 48.0a 71.22b 49.01ab 50.61ab 69.27ab 67.11ab 11.16 0.16
Open days 105.9ab 91.9ab 121b 109.5ab 85.2a 85.2ab 18.10 0.24
Days to first service 49.6 56.9 53.4 46.1 50.8 55.6 6.80 0.27
Services per conception 2.83ab 2.0a 2.93ab 3.0b 2.09ab 2.39ab 0.46 0.16
First-service conception rate (%) 25ab 53a 19b 25ab 39ab 39ab 0.25

(4/16) (10/19) (4/21) (4/16) (7/18) (7/18)

a,bMeans within rows with different superscript letter differ (P < 0.05).
1Data were collected until 4 mo of lactation for all treatments.
2Pregnancy rate defined as the percentage of pregnant cows in a treatment.

multiparous cows in the 35-d TRT (53%) compared with
primiparous cows in the 42-d TRT (19%). Regardless of
parity, no clear main effects were found on binomial
reproductive measurements between cows in the 35-
and 56-d TRT. Pregnancy rate was reduced (P = 0.038)
in cows in the 42-d TRT (49.76 ± 5.6%) compared with
cows in the 56-d TRT (66.77 ± 5.7%), with cows in the
35-d TRT being intermediate. Services per conception
were greater (P = 0.029) in cows in the 42-d TRT (2.78
± 0.22 d) compared with those in the 56-d TRT (2.06 ±
0.23 d) and tended to be fewer (P = 0.067) in cows in
the 35-d TRT (2.20 ± 0.21 d) compared with those in
the 42-d TRT.

DISCUSSION

It is likely that extremely short dry periods do not
provide optimum time for mammary cell turnover, lead-
ing to decreased milk yield during the next lactation
(Capuco et al., 2003; Annen et al., 2007). Postcalving
BCS changes demonstrated that cows given short dry
periods experienced less negative energy balance than
cows with longer dry periods (Table 3), presumably be-
cause of greater feed intake. Similar to these results,
reduction in BCS loss after parturition by giving short
dry periods is reported by others (Swanson, 1965; Far-
ries and Hoheisel, 1989; Gulay et al., 2003). Rastani et
al. (2005) and Gulay et al. (2005) demonstrated that
BCS at calving was similar among experimental groups
(28-d vs. 56-d and 30-d vs. 70-d dry periods, respec-
tively), but Rastani et al. (2005) found that postcalving
BCS loss for the 56-d dry period group was greater than
that of 28-d dry period group.

Multiparous cows in the 35-d TRT produced more
milk than primiparous cows in the same TRT during
the whole lactation (Table 4). This, coupled with nonsig-
nificant differences in previous lactation milk yield of
the 35-d TRT (9,295 ± 636 vs. 10,661 ± 587 kg for primip-
arous cows vs. multiparous cows, respectively), sup-
ports the notion that primiparous cows are very sensi-
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tive to a short dry period (35 d). The lower milk produc-
tion in primiparous cows given a short dry period may
therefore be attributable to delay in mammary growth,
depression of mammary gland function, or a combina-
tion of both. All TRT demonstrated similar milk yield
trends during the first 30 wk of lactation, but primipa-
rous cows subjected to the 35-d TRT demonstrated less
milk production at wk 9, 10, and 11 than did those in the
56-d TRT (Figure 2A). This was similar to the findings
reported by Annen et al. (2004). Moreover, this observa-
tion supports the fact that milk reduction of primipa-
rous cows in the 35-d TRT occurs in early lactation
rather than in later stages of lactation (Figure 2A). We
speculate that short dry periods do not provide suffi-
cient time for cell turnover, especially in primiparous
cows. Our findings agree with those of others (Wilton
et al., 1967; Gulay et al., 2003; Annen et al., 2004).
Discrepancies in results of different studies on interac-
tion of dry period length and parity apparently arise
from management schemes (Gulay et al., 2005; Rastani
et al., 2005), genetic potential of milk yield (Rastani et
al., 2005), experimental method (between-cow model or
within-cow and half-udder model) and statistical
power. Because of high variation for milk yield in early
lactation, it is important to evaluate the statistical
power of these types of experiments before they are con-
ducted.

There was no difference in average daily milk yield
between multiparous cows in the 35- and 56-d TRT
(Table 4). This is in agreement with the results of other
studies (Gulay et al., 2003, 2005; Annen et al., 2004;
Rastani et al., 2005). In addition, multiparous cows
in the 35-d TRT produced additional milk because of
extension of the previous lactation cycle in the present
study (Figure 1). In this study, multiparous cows in
the 35-d TRT produced an additional 285.5 kg of milk
compared with multiparous and primiparous cows in
the 56-d TRT. Other authors (Bachman, 2002; Gulay
et al., 2003; Rastani et al., 2005) reported additional
milk between 400 to 550 kg for cows in a 30-d dry period
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group compared with those of a conventional dry period.
Lower milk production of multiparous cows assigned
to the 42-d TRT in comparison with the 35- and 56-d
TRT cows is hypothesized to be due to nutritional stress
(Table 4). Frequent diet changes may lead to reduction
in DMI of cows, subsequently resulting in negative en-
ergy balance (Grummer and Rastani, 2004). Cows in
the 42-d TRT were removed from the far-off pen to the
close-up pen within a very short period (7 d, Figure 1).
This could result in more stressful condition of cows in
the 42-d TRT than in the other 2 TRT. Surprisingly,
cows in the 35-d TRT were less productive compared
with those in the 42-d TRT. Multiparous cows in all
TRT did not differ in peak or average milk yields for
the first 30 wk of lactation. Results from milk yield data
support the argument that shortening the dry period in
multiparous cows has no negative effect on milk yield
(Table 4 and Figure 2B).

In the current study, shortening the dry period af-
fected 305-d milk yield (adjusted for previous lactation
milk yield) in primiparous cows, but not in multiparous
cows (Table 4), which is similar to results reported by
others (Makuza and McDaniel, 1996; Bachman, 2002;
Gulay et al., 2003). Bachman (2002) reported that there
was no difference in subsequent 305-d lactation milk
yield of multiparous cows with 57.3- and 33.9-d dry
period lengths. In the present study, cows in the 35-d
TRT produced 501 kg more milk compared with those
in the 56-d TRT during 305 d of lactation.

In this study, milk fat percentage and fat yield were
unaffected by dry period length (Table 5). This is similar
to other studies (Lotan and Adler, 1976; Gulay et al.,
2003; Annen et al., 2004, Rastani et al., 2005). Milk
protein percentage did not differ among dry period TRT
(Table 5), which is in agreement with other studies
(Smith et al., 1967; Gulay et al., 2003). Sørensen and
Enevoldson (1991) reported more milk protein yield for
cows with a 49-d dry period length compared with a
28-d dry period length; this was similar to the results
in the current study (Table 5). Gulay et al. (2003) and
Rastani et al. (2005) reported no differences in milk
protein yield for cows in 30- and 60-d dry periods. Differ-
ent amounts of milk protein yield between primiparous
cows in the 35- and 56-d TRT may be explained by a
reduced milk yield capacity for cows in the 35-d TRT.
The SCC of milk differed across TRT, but this difference
was not consistent across the dry period TRT (Table 5).
Our results in this experiment are in agreement with
others, confirming that, regardless of parity, length of
dry period has no effect on SCC of milk (Sørensen and
Enevoldsen, 1991; Gulay et al., 2003; Rastani et al.,
2005). Others (Chilliard, 1999; Annen et al., 2004) re-
ported a tendency toward increased SCC when the dry
period was shortened or omitted. The main reason for
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this discrepancy may be the limited time of antibiotic
therapy in shortest dry period group. Results were not
consistent with our hypothesis that milk SCC content
would be changed among TRT because of substantial
difference of dry-off milk production among TRT (Table
4). In agreement with our results, Natzke et al. (1975)
reported no clear effect of dry-off milk yield on IMI
rates.

Primiparous cows in the 35-d TRT produced less milk
(Table 4) and for this reason were likely in better energy
balance than cows in the other TRT. Lower concentra-
tions of pre- and postcalving serum NEFA could be
associated with less nutritional stress, more stable ru-
men flora, and less milk production in the 35-d TRT
compared with primiparous cows in the 56-d TRT. Milk
yield was the most important key factor controlling
the energy balance. In contrast to our study, neither
prepartum nor postpartum NEFA concentrations were
different between cows in 30- and 60-d dry period
lengths in previous studies (Lotan and Adler, 1976;
Rastani et al., 2005). This discrepancy may be attrib-
uted to interaction of dry period length and parity,
which must be taken into account when metabolic sta-
tus of cows is studied.

Lower concentration of serum triglycerides reflects a
greater content of liver triglyceride (Grummer, 1993),
which is associated with negative energy balance and
occurrence of other metabolic disorders and infectious
diseases in early lactation (Herdt, 1992). The lower con-
centrations of serum triglyceride in multiparous cows
in the 35-d TRT, compared with primiparous cows in
the same TRT, led to our conclusion that primiparous
cows in the 35-d TRT may experience less negative
energy balance. Because long-chain β-oxidation capac-
ity of liver is one of the important factors controlling
the infiltration concentrations of triglyceride in liver
and its release to the blood flow (Emery et al., 1992),
further studies are needed to evaluate the impact of
short dry periods on liver composition of primiparous
and multiparous cows.

Our data are in agreement with the observations of
Rastani et al. (2005) who reported no difference in pre-
partum serum glucose between 28- and 56-d dry period
lengths. The current study presents new information
regarding the effects of a short dry period on serum IGF-
I and insulin concentrations. Serum or plasma IGF-I
is one of the most important factors controlling mam-
mary proliferation and apoptosis during the dry period
(Accorsi et al., 2002).

Our study supports the concept that nutritional man-
agement strategies during the prepartum period, along
with dry period length, play a critical role in reproduc-
tive status of dairy cows during the subsequent lacta-
tion. The less efficient reproductive status of cows as-
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signed to the 42-d TRT may be contributed to the fre-
quent and sudden diet changes during the dry period
(Figure 1). Our results indicate that shortening the dry
period in addition to making minimum changes in diet
composition during the dry period could be an appro-
priate solution for improving reproduction in subse-
quent lactation. Our results are in agreement with
those of Gumen et al. (2005) who reported similar first-
service conception and pregnancy rates, services per
conception, and days open for cows with 28- and 56-d
dry periods. Lotan and Adler (1976) and Annen et al.
(2004) did not make statistical comparisons, but they
reported an apparent similarity of pregnancy rate and
services per conception between cows with traditional
(60-d) and short (30-d) dry periods. Further studies are
needed for accurate evaluation of the relationship be-
tween short dry periods and cow’s reproductive per-
formance.

CONCLUSIONS

In conclusion, shortening the dry period to 35 d re-
sulted in a significant depression of subsequent milk
yield in primiparous cows, but no effect on multiparous
cows. Providing a 35-d dry period to multiparous Hol-
stein cows did not affect subsequent lactation milk pro-
duction; these cows produced an additional 285 kg of
milk in the extended lactation. Milk protein yield in
primiparous cows was reduced when the dry period was
shortened to 35 d. Finally, assigning overconditioned,
multiparous cows to a 35-d dry period would be an
appropriate management strategy.
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