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Abstract : We determined the relationships between calving season and the incidence of postpartum disorders, milk
yield, and reproductive performance in dairy cows. Data regarding cow parity, postpartum disorders, milk yield, and
reproduction were collected from 1,478 lactations. The incidence of retained placenta was higher in spring- and summer-
calving cows than in autumn- and winter-calving cows (P <0.05). The incidence of septicemic metritis was highest
in spring- and summer-calving cows, and was higher in autumn-calving cows than in winter-calving cows (P < 0.05).
The incidence of metabolic disorders was higher in summer- calving cows than in autumn- and winter-calving cows
(P<0.01). The mean milk yield 1 and 2 months after calving was higher in spring-calving cows than in summer-
calving cows (P <0.05). The percentage of cows that had resumed cycling, defined by detection of a corpus luteum
using ultrasonography 4 weeks after calving, was highest in autumn-calving cows, and was higher in summer- and
winter-calving cows than in spring-calving cows (P < 0.05). The hazard of first insemination by 150 days after calving
was higher in summer- and autumn-calving cows (hazard ratio [HR]=1.19; P <0.05) than in spring-calving cows.
The hazard of pregnancy by 210 days after calving was also higher in summer-calving (HR =1.24; P <0.05) and
autumn-calving (HR =1.59; P<0.0001) cows than in spring-calving cows. The probability of conception at the first
insemination was higher (P <0.0001) in autumn-calving (odds ratio [OR] = 1.96) and winter-calving (OR = 2.04) cows
than in spring-calving cows. In conclusion, spring calving is associated with the worst, and autumn calving with the
best, postpartum health and reproductive performance, whereas milk yield is higher in spring-calving cows than in
summer-calving cows. Therefore, an effective strategy to support postpartum health and fertility should be instituted
for spring-calving dairy cows kept in the Korean climate.
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Introduction

Production and reproductive outcomes in dairy cows are
affected by numerous factors, such as nutrition, health, char-
acteristics of the animal, and environment, including farm
facilities and climate/weather (13,14). Because Holstein dairy
cows are vulnerable to hot weather, the adverse effects of
heat stress on production and reproductive performance have
been documented in previous studies (2,26). Heat stress may
reduce dry matter intake (DMI) (30), thus aggravating negative
energy balance (NEB) and impairing the immune response,
especially during the transition period (11). Likewise, poor
DMI leads to lower milk yield (6). Heat stress during the
breeding period impairs fertility because it causes hormonal
imbalances and abnormal follicular development, poor oocyte
quality and retarded embryonic development, and embryonic
and fetal death (1,29,31).

Global warming means that heat stress has become a chal-
lenging issue that threatens the profitability of the dairy indus-
try (16,26). Indeed, the climate of Korea is gradually changing
from temperate to sub-tropical. These climate changes might
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severely affect productivity in dairy herds (7), leading to
severe economic losses (39). Moreover, milk yield has rap-
idly increased in Korean dairy herds over recent decades,
which could aggravate the effects of heat stress on produc-
tion and reproductive outcomes (17,19).

Environmental circumstances, as well as health and nutri-
tional management during the dry and postpartum periods,
are crucial for the postpartum health and productivity of
dairy cows (3,12). For this reason, calving during different
seasons in a temperate climate, especially during the hot
summer season, might affect postpartum health and subse-
quent milk production and reproductive performance. Evalu-
ation of the impact of calving season on the incidence of
postpartum diseases, production, and reproductive outcomes
might facilitate the preparation of countermeasures to avoid
the economic losses due to adverse weather conditions, which
are increasing in frequency with global warming. Therefore,
the objective of this study was to determine the relationships
between calving season and the incidence of postpartum disor-
ders, milk yield, and reproductive performance in dairy cows.

Materials and Methods

Animals
This study was performed on ten dairy farms located in
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Chungcheong Province. Each farm housed 80-200 milking
cows, which were maintained in loose housing systems. They
were fed total mixed rations and milked twice daily. A total
of 1,478 lactations, with 2.4 + 1.3 lactations (mean + standard
deviation; range: 1-8 lactations), were included in the study.
All the cows underwent reproductive health checks every 2-4
weeks by veterinarians in the research team, including an
examination of their ovarian structures (follicle and corpus
luteum) and uterus, by transrectal palpation and ultrasonogra-
phy. All experiments were performed with the approval of
the Institutional Animal Care and Use Committee of Chung-
buk National University.

Data collection and case definition

Data were collected from 1,478 lactations, including cow
parity, postpartum disorders, reproductive health data (derived
from examination of their ovarian structures), and the dates
of insemination, pregnancy, and calving. Milk yield data
were collected monthly from the Korean Animal Improve-
ment Association. The definitions of postpartum disorders
that were used in the present study were similar to those
described in previous publications (8,37). Retained placenta
was defined as the retention of the fetal membranes for
longer than 24 h. Septicemic metritis was defined by the
presence of fever (=39.5°C) and a watery, fetid uterine dis-
charge during the first 10 days after calving. Endometritis
was diagnosed on the basis of the presence of a visible
mucopurulent vaginal discharge and/or rectal palpation and
ultrasonography 4 weeks after calving. Ketosis was diag-
nosed on the basis of the following clinical signs: anorexia,
depression, and an odor of acetone on the breath. Milk fever
was diagnosed if weakness and recumbency occurred after
calving. Abomasal displacement was diagnosed by a “ping”
sound during abdominal auscultation by veterinarians in the
research team.

Reproductive management

Resumption of cyclicity was defined by the detection of a
corpus luteum by transrectal ultrasonography 4 weeks after
calving.

The voluntary waiting period from calving to the first arti-
ficial insemination was 40 days. In addition to estrous detec-
tion, Ovsynch synchronization was performed by adminis-
tration of gonadotropin-releasing hormone (GnRH) on Day
0, prostaglandin F,, (PGF,,) on Day 7, and GnRH on Day 9.
Cows that exhibited estrus naturally were inseminated accord-
ing to the am-pm rule, whereas cows that underwent Ovsynch
received timed artificial insemination. Pregnancy was diag-
nosed 35-40 days after insemination by transrectal ultra-
sonography. Data regarding reproductive performance were
collected for a minimum of 210 days postpartum or until
pregnancy or culling.

Study design and statistical analyses

The incidence of postpartum disorders (retained placenta,
septicemic metritis, endometritis, and metabolic disorders)
and mean milk yield (1 and 2 months after calving) were
compared among cows that calved during spring, summer,
autumn, and winter. In addition, reproductive performance

(the percentage of cows with resumption of cyclicity by 4
weeks after calving, hazards of first insemination by 150
days and pregnancy by 210 days after calving, and the prob-
ability of conception after the first insemination) were also
compared.

Data are expressed as mean + standard error of the mean.
For statistical analyses, cow parity was categorized as 1 or
> 2, while calving season was categorized as spring (March
to May), summer (June to August), autumn (September to
November), or winter (December to February). Metabolic
disorders include ketosis, milk fever, and abomasal displace-
ment. Statistical analyses were performed using SAS soft-
ware (version 9.4, SAS Inst., Cary, NC, USA).

The incidence of postpartum disorders (retained placenta,
septicemic metritis, endometritis, or metabolic disorders) and
the percentage of cows that had resumed cycling by 4 weeks
after calving were compared among the calving seasons
using the chi-square or Fisher’s exact test. Statistical analy-
sis of mean milk yield 1 and 2 months after calving was car-
ried out using the general linear model procedure. The model
included farm, calving season, and cow parity as variables.

Cox’s proportional hazard model with the PHREG proce-
dure was used to compare the hazards of first insemination
by 150 days and pregnancy by 210 days after calving among
the calving seasons. This estimated the hazard of a cow being
inseminated or pregnant at a given time. The time variables
used in this model were the intervals in days between calv-
ing and first insemination, and between calving and preg-
nancy. Cows that died, were sold, not inseminated by 150
days, or not pregnant by 210 days after calving were excluded.
Cox models included calving season, cow parity, and post-
partum disorders as variables, and cow and farm were included
in the model as random effects. The proportional hazard rate
was determined on the basis of interactions between explan-
atory variables and time.

The probability of conception at the first insemination was
analyzed by logistic regression using the LOGISTIC proce-
dure. The logistic regression model included calving season,
cow parity, and postpartum disorders. Cow and farm were
included in the model as random effects. Backward stepwise
regression was used for all models, and elimination was per-
formed on the basis of the Wald statistic criterion when P>
0.11. Odds ratios (ORs) and 95% confidence intervals (Cls)
were determined by logistic regression. Results are presented
as percentages, and ORs with their respective 95% Cls. P <
0.05 was considered to represent statistical significance.

Results

Relationships between calving season and the fre-
quency of postpartum disorders

Table 1 shows a comparison of the incidence of postpar-
tum disorders among the calving seasons. The incidences of
retained placenta and septicemic metritis were higher (P <
0.05) in spring- and summer-calving cows than in autumn-
and winter-calving cows. The incidence of septicemic metri-
tis was highest in spring- and summer-calving cows, and was
higher in autumn-calving cows than in winter-calving cows
(P <0.05). The incidence of metabolic disorders was higher
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Table 1. Comparison of the incidence of postpartum disorders in
each calving season

Postpartum disorders %

Calving . o .
season Retained Septlcgmlc Endometritis Metabollcf
placenta metritis disorders
Spring . a e
(n=335) 20.0 9.3 19.1 11.3
Summer a a d
(n = 504) 21.4 12.5 18.3 13.5
Autumn b b f
(n=378) 14.3 5.0 16.7 6.1
Winter b . of
(n=261) 11.1 1.5 23.8 6.9
'Metabolic disorders include ketosis, milk fever, and abomasal dis-
placement.
abeMeans with different superscripts differ with P <0.05 between
groups.

deMeans with different superscripts differ with P <0.01 between
groups.
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Fig 1. Comparison of mean milk yield 1 and 2 months after
calving among calving seasons.

“*Means with different superscripts differ with P < 0.05 between
groups.

in summer-calving cows than in autumn- and winter-calving
cows (P <0.01). However, the incidence of endometritis did
not differ among the calving seasons (P > 0.05).

Relationships between calving season and milk yield

Fig 1 shows a comparison of mean milk yield at 1 and 2
months after calving among the calving seasons. The mean
milk yield 1 and 2 months after calving was higher (P <
0.05) in spring-calving cows than in summer-calving cows.

Relationships between calving season and reproduc-
tive performance

Fig 2 shows a comparison of the percentage of cows that
had resumed cycling, defined by the detection of a corpus
luteum using ultrasonography 4 weeks after calving, among
the calving seasons. The percentage of cows with resump-
tion of cyclicity 4 weeks after calving was highest in autumn-
calving cows, and was higher in summer- and winter-calving
cows than in spring-calving cows (P < 0.05).

Table 2 shows the factors affecting the hazard of insemina-
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Fig 2. Comparison of the percentage of cows with resumption
of cyclicity, evaluated by detection of a corpus luteum using
ultrasonography 4 weeks after calving, among calving seasons.
*beMeans with different superscripts differ with P <0.05 between

groups.

Table 2. Factors affecting the hazard of insemination by 150
days after calving, as analyzed using the PHREG procedure

Variable Level Hazard ratio 95% CI' P-value
Calving Spring Reference
season Summer 1.19 1.018-1.385 <0.05

Autumn 1.19 1.006-1.396 <0.05

Winter 1.03 0.860-1.230 > 0.05
Cow parity >0.05
Postpartum  No Reference
disorders®  Yes 0.74 0.658-0.836 < 0.0001

'Confidence interval.

*Postpartum disorders include retained placenta, septicemic metri-
tis, endometritis, and metabolic disorders (ketosis, milk fever, and
abomasal displacement).

tion by 150 days after calving, as analyzed using the PHREG
procedure. The hazard of first insemination by 150 days after
calving was higher in summer- and autumn-calving cows (haz-
ard ratio [HR] = 1.19; P <0.05) than in spring-calving cows.
In addition, cows with postpartum disorders were less likely
to have been inseminated for the first time by 150 days after
calving (HR =0.74; P <0.0001) than those without postpar-
tum disorders.

Table 3 shows the factors affecting the hazard of pregnancy
by 210 days after calving, as analyzed using the PHREG pro-
cedure. The hazard of pregnancy by 210 days after calving
was also higher in summer-calving (HR =1.24; P <0.05)
and autumn-calving (HR =1.59; P <0.0001) cows than in
spring-calving cows. This hazard was lower in multiparous
cows than in primiparous cows (HR=0.86, P <0.05) and
was lower in cows with postpartum disorders than in cows
without postpartum disorders (HR =0.67; P <0.0001).

Table 4 shows ORs for variables included in the logistic
regression model of the probability of conception following
the first insemination after calving. The probability of con-
ception at the first insemination was higher (P <0.0001) in
autumn-calving (OR = 1.96) and winter-calving (OR = 2.04)
cows than in spring-calving cows. Multiparous cows were
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Table 3. Factors affecting the hazard of pregnancy by 210 days after calving, as analyzed using the PHREG procedure

Variable Level Hazard ratio 95% CI' P-value
Calving season Spring Reference
Summer 1.24 1.038-1.478 <0.05
Autumn 1.59 1.322-1.914 <0.0001
Winter 1.16 0.948-1.430 >0.05
Cow parity Primiparous Reference
Multiparous 0.86 0.744-0.985 <0.05
Postpartum disorders> No Reference
Yes 0.67 0.581-0.765 <0.0001

'Confidence interval.

Postpartum disorders include retained placenta, septicemic metritis, endometritis, and metabolic disorders (ketosis, milk fever, and abo-

masal displacement).

Table 4. Adjusted odds ratios (OR) for variables included in the logistic regression model of the probability of conception after the

first insemination

Variable Level Adjusted OR 95% CI' P-value
Calving season Spring Reference
Summer 1.32 0.958-1.808 >0.05
Autumn 1.96 1.412-2.725 <0.0001
Winter 2.04 1.428-2.904 <0.0001
Cow parity Primiparous Reference
Multiparous 0.78 0.607-0.990 <0.05
Postpartum disorders® No Reference
Yes 0.63 0.497-0.799 0.0001

'Confidence interval.

Postpartum disorders include retained placenta, septicemic metritis, endometritis, and metabolic disorders (ketosis, milk fever, and abo-

masal displacement).

less likely to conceive after their first insemination (OR =
0.78; P<0.05) than primiparous cows. In addition, cows
with postpartum disorders had a lower probability of concep-
tion after the first insemination (OR = 0.63; P =0.0001) than
those without postpartum disorders.

Discussion

We determined the relationships between calving season
and the incidence of postpartum disorders, milk yield, and
reproductive performance in dairy cows. We found that spring
calving is worst, and autumn calving is best, in terms of post-
partum health and reproductive performance, whereas milk
yield is higher in spring-calving cows than summer-calving
COWS.

The incidences of retained placenta and septicemic metri-
tis were higher in spring- and summer-calving cows than in
autumn- and winter-calving cows, and metabolic disorders
were more common in summer-calving cows than in autumn-
and winter-calving cows. These findings suggest that heat
stress due to hot weather during the peripartum period might
lead to poorer DMI, aggravating NEB, and resulting in a
weakened immune response to postpartum contamination,
which increases the risk of postpartum metabolic and repro-
ductive disorders. Consistent with our findings, a previous
study showed that the incidence of retained placenta is higher
during warmer than during colder seasons (21). Similarly,
another study showed that the incidence of metabolic disor-

ders, including parturient paresis and ketosis, is highest in
March and April (32). Contrary to our results, however, a
third study showed that the incidences of retained placenta
and septicemic metritis are higher in autumn- and winter-
calving cows than in spring-calving cows (18). This discor-
dance might be due to differences in climate and regional
geography among the studies.

The mean milk yield 1 and 2 months after calving was
higher in spring-calving cows than in summer-calving cows
in the present study, which is consistent with the findings of
several previous studies (15,28,35). A decrease in milk yield
in cows under heat stress might be explained not only by a
reduction in DMI in heat-stressed animals, but also by a
lower milk energy output resulting from higher basal meta-
bolic requirements (43).

The percentage of cows that had resumed cycling 4 weeks
after calving was highest for those that had calved in autumn,
and was higher in summer- and winter-calving cows than in
spring-calving cows. Consistent with our findings, a previ-
ous study showed that the percentage of cows that resumed
cycling is higher among those that calved in autumn than
among those that calved in winter and spring (42). However,
another study showed that the percentage of cows that resumed
cycling is higher in summer- and autumn-calving cows than
in winter- and spring- calving cows (41). Taken together,
these findings imply that autumn calving may be advanta-
geous because it is associated with earlier resumption of
cyclicity than spring and winter calving, probably because of
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the colder weather. However, the slowest resumption of
cyclicity was associated with the highest milk yield during
early lactation in spring-calving cows. It has been suggested
that heat stress may result in endocrine changes and lower
follicular activity, leading to delayed resumption of cyclicity
after calving (20,36). Contrary to our findings, a study of
cows in central Chile showed that autumn calving is associ-
ated with a lower incidence of estrus detection than calving
during the other three seasons (24). However, in the region
where this study was conducted, autumn was the least favor-
able season, characterized by changes in the weather, the
beginning of the colder rainy season, and the formation of
mud, which might have negatively affected estrus (24).

The hazards of insemination by 150 days and pregnancy
by 210 days after calving were higher in summer- and autumn-
calving cows than in spring-calving cows in the present
study. This might be explained by a large proportion of the
cows calving during spring being inseminated during hot
weather, as shown in a study from USA (25). Likewise,
delayed breeding and a lower conception rate during hot
weather months might have caused the lower hazards of
insemination and pregnancy in our study. A previous study
showed that cows calving in spring and summer have poorer
reproductive performance, as assessed using the calving inter-
val and the number of services required per conception, than
those calving during other seasons (27), which is in agree-
ment with our findings. However, in contrast with our find-
ings, another study showed that cows calving in spring and
winter have a shorter interval to first service than those calv-
ing in summer and autumn (9). In addition, a study from
southwestern Japan found no association between calving sea-
son and the interval from calving to first insemination (45),
and the overall incidence of pregnancy does not differ among
the seasons during which cows calve in central Chile (24).

The probability of conception at the first insemination was
higher in autumn- and winter-calving cows than in spring-
calving cows, which is consistent with the findings of a pre-
vious study (38). This might be partly explained by the
weather conditions during the four seasons in Korea. A
higher probability of conception at the first insemination in
autumn- and winter-calving cows may be due to favorable
weather conditions for conception. Consistent with our data,
another study showed that cows that calve in winter are more
likely to conceive than those that calve in spring and sum-
mer (22). However, the majority of cows that calve in spring
would be exposed to hot weather, which is unfavorable for
insemination and conception, from late spring to summer.

Moreover, the delayed adverse effect of heat stress also
might impair fertility (44). A previous study showed that the
first service conception rate and the cumulative incidence of
pregnancy by 150 days after calving are lower in cows calv-
ing during the warmer seasons (May to September) than in
cows calving during the colder seasons (October to April) (5).
In addition, several studies have shown that the probability of
conception following the first insemination is lower during
summer than during the other seasons (4,40). Badinga et al.
(4) showed that the conception rate of lactating cows is much
lower when the maximum air temperature on the day after
insemination exceeds 30°C. In addition, a temperature-humid-

ity index of 73 is the most likely threshold for the influence
of heat stress on conception rate, and the 3-week period pre-
ceding the day of insemination is when cows are most sensi-
tive to heat stress (33).

Heat stress during the breeding period impairs fertility
because of hormonal imbalances and abnormal follicular de-
velopment, impaired oocyte quality and embryo develop-
ment, and embryonic and fetal death (29,31). Heat stress may
also lead to infertility through a direct effect of hyperthermia
on the reproductive axis and/or an indirect effect on appetite
and feed intake, worsening energy balance (11). Spring was
the worst season for calving with regard to reproductive out-
comes (resumption of postpartum cyclicity, hazards of insem-
ination by 150 days and pregnancy by 210 days after calving,
and probability of conception at the first insemination) in the
present study. Thus, application of a reproductive program,
such as Ovsynch, during early lactation, might compensate
for the lower fertility in spring-calving cows. This was dem-
onstrated by a previous study (10) in which a program of
estrus synchronization and fixed time insemination were
shown to improve the fertility of cows suffering from heat
stress. At the same time, cooling facilities, such as sprinklers
and shades, could be provided to reduce losses due to heat
stress (23,34).

In summary, our data show that spring calving is worst,
and autumn calving is best, with regard to postpartum health
and reproductive performance, whereas milk yield is higher
in spring-calving cows than in summer-calving cows. Persis-
tent heat stress during the spring and summer months, and
higher milk yield during early lactation, in spring-calving
cows likely cause this poor postpartum health and reproduc-
tive outcomes. Therefore, we suggest the use of vigorous
cooling systems, better nutrition, and the use of active repro-
ductive programs to improve health and reproductive perfor-
mance in spring-calving dairy cows.

References

1. Al-Katanani YM, Paula-Lopes FF, Hansen PJ. Effect of
season and exposure to heat stress on oocyte competence
in Holstein cows. J Dairy Sci 2002; 85: 390-396.

2. Alves JRA, Andrade TAA, Assis DM, Gurjdo TA, Melo
LRB, Souza BB. Productive and reproductive performance,
behavior and physiology of cattle under heat stress conditions.
J Anim Behav Biometeorol 2017; 5: 91-96.

3. Atkinson O. Management of transition cows in dairy practice.
In Pract 2016; 38: 229-240.

4. Badinga L, Collier RJ, Thatcher WW, Wilcox CJ. Effects
of climatic and management factors on conception rate of
dairy cattle in subtropical environment. J Dairy Sci 1985;
68: 78-85.

5. Benzaquen ME, Risco CA, Archbald LF, Melendez P,
Thatcher M-J, Thatcher WW. Rectal temperature, calving-
related factors, and the incidence of puerperal metritis in
postpartum dairy cows. J Dairy Sci 2007; 90: 2804-2814.

6. Bouraoui R, Lahmar M, Majdoub A, Djemali M, Belyea R.
The relationship of temperature-humidity index with milk
production of dairy cows in a Mediterranean climate. Anim
Res 2002; 51: 479-491.

7. Collier RJ, Bilby TR, Rhoads ME, Baumgard LH, Rhoads
RP. Effects of climate change on dairy cattle production.



256

10.

11.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Jae-Kwan Jeong, Hyun-Gu Kang and Ill-Hwa Kim

Ann Arid Zone 2008; 47: 393-411.

. Cook N, Oetzel G, Nordlund K. Modern techniques for

monitoring high-producing dairy cows. 1. Principles of herd-
level diagnoses. In Pract 2006; 28: 510-515.

. Darwash AO, Lamming GE, Wooliams JA. The phenotypic

association between the interval to post-partum ovulation
and traditional measures of fertility in dairy cattle. Anim
Sci 1997; 65: 9-16.

De Rensis F, Marconi P, Capelli T, Gatti F, Facciolongo F,
Franzini S, Scaramuzzi RJ. Fertility in postpartum dairy
cows in winter or summer following estrus synchronization
and fixed time Al after the induction of an LH surge with
GnRH or hCG. Theriogenology 2002; 58: 1675-1687.

De Rensis F, Scaramuzzi RJ. Heat stress and seasonal effects
on reproduction in the dairy cow-a review. Theriogenology
2003; 60: 1139-1151.

. Drackley JK, Cardoso FC. Prepartum and postpartum nutri-

tional management to optimize fertility in high-yielding dairy
cows in confined TMR systems. Animal 2014; 8s1: 5-14.
Fabris TF, Laporta J, Correa FN, Torres YM, Kirk DIJ,
McLean DJ, Chapman JD, Dahl GE. Effect of nutritional
immunomodulation and heat stress during the dry period on
subsequent performance of cows. J Dairy Sci 2017; 100:
6733-6742.

Galon N, Zeron Y, Ezra E. Factors affecting fertility of
dairy cows in Israel. J Reprod Dev 2010; 56: S8-S14.
Gantner V, Kuterovac K, Potocnik K. Effect of heat stress
on metabolic disorders prevalence risk and milk production
in Holstein cows in Croatia. Ann Anim Sci 2016; 16: 451-
461.

Gauly M, Bollwein H, Breves G, Briigemann K, Dinicke S,
Das G, Demeler J, Hansen H, Isselstein J, Konig S, Lohélter
M, Martinsohn M, Meyer U, Potthoff M, Sanker C, Schroder
B, Wrage N, Meibaum B, von Samson-Himmelstjerna G,
Stinshoff H, Wrenzycki C. Future consequences and chal-
lenges for dairy cow production systems arising from
climate change in Central Europe - a review. Animal 2013;
7: 843-859.

Honig H, Miron J, Lehrer H, Jackoby S, Zachut M, Zinou
A, Portnick Y, Moallem U. Performance and welfare of
high-yielding dairy cows subjected to 5 or 8 cooling sessions
daily under hot and humid climate. J Dairy Sci 2012; 95:
3736-3742.

Hossein-Zadeh NG, Ardalan M. Cow-specific risk factors
for retained placenta, metritis and clinical mastitis in Holstein
cows. Vet Res Commun 2011; 35: 345-354.

. Kadzere CT, Murphy MR, Silanikove N, Maltz E. Heat

stress in lactating dairy cows: a review. Livest Prod Sci
2002; 77: 59-91.

Kornmatitsuk B, Chantaraprateep P, Kornmaititsuk S, Kindahl
H. Different types of postpartum luteal activity affected by
the exposure of heat stress and subsequent reproductive
performance in Holstein lactating cows. Reprod Dom Anim
2008; 43: 515-519.

Labernia J, Lopez-Gatius F, Santolaria P, Hanzen C, Laurent
Y, Houtain JY. Influence of calving season on the inter-
actions among reproductive disorders of dairy cows. Anim
Sci 1998; 67: 387-393.

LeBlanc SJ, Leslie KE. Short communication: presynchroni-
zation using a single injection of PGF,, before synchronized
ovulation and first timed artificial insemination in dairy
cows. J Dairy Sci 2003; 86: 3215-3217.

Marcillac-Embertson NM, Robinson PH, Fadel JG, Mitloehner
FM. Effects of shade and sprinklers on performance, be-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

havior, physiology, and the environment of heifers. J Dairy
Sci 2009; 92: 506-517.

Melendez P, Duchens M, Perez A, Moraga L, Archbald L.
Characterization of estrus detection, conception and preg-
nancy risk of Holstein cattle from the central area of Chile.
Theriogenology 2008; 70: 631-637.

Oseni S, Misztal I, Tsuruta S, Rekaya R. Seasonality of
days open in US Holsteins. J Dairy Sci 2003; 86: 3718-
3725.

Polsky L, von Keyserlingk MAG. Invited review: Effects of
heat stress on dairy cattle welfare. J Dairy Sci 2017; 100:
8645-8657.

Ray DE, Halbach TJ, Armstrong DV. Season and lactation
number effects on milk production and reproduction of dairy
cattle in Arizona. J Dairy Sci 1992; 75: 2976-2983.

Rejeb M, Najar T, Ben M’Rad M. The effect of heat stress
on dairy cow’s performance and animal behavior. IJPAES
2012; 2: 29-34.

Rivera RM, Hansen PJ. Development of cultured bovine
embryos after exposure to high temperature in the physio-
logical range. Reproduction 2001; 121: 107-115.

Ronchi B, Stradaioli G, Verini Supplizi A, Bernabucci U,
Lacetera N, Accorsi PA, Nardone A, Seren E. Influence of
heat stress or feed restriction on plasma progesterone,
oestradiol-178, LH, FSH, prolactin and cortisol in Holstein
heifers. Livest Prod Sci 2001; 68: 231-241.

Roth Z, Meidan R, Braw-Tal R, Wolfenson D. Immediate
and delayed effects of heat stress on follicular development
and its association with plasma FSH and inhibin concen-
tration in cows. J Reprod Fertil 2000; 120: 83-90.

Saloniemi H, Roine K. Incidence of some metabolic
diseases in dairy cows. Nord Vet Med 1981; 33: 289-296.
Schiiller LK, Burfeind O, Heuwieser W. Impact of heat
stress on conception rate of dairy cows in the moderate
climate considering different temperature-humidity index
thresholds, periods relative to breeding, and heat load indices.
Theriogenology 2014; 81: 1050-1057.

Schiitz KE, Rogers AR, Cox NR, Webster JR, Tucker CB.
Dairy cattle prefer shade over sprinklers: Effects on behavior
and physiology. J Dairy Sci 2011; 94: 273-283.

Shahzad K, Akbar H, Vailati-Riboni M, Basirico L, Morera
P, Rodriguez-Zas SL, Nardone A, Bernabucci U, Loor JJ.
The effect of calving in the summer on the hepatic
transcriptome of Holstein cows during the peripartal period.
J Dairy Sci 2015; 98: 5401-5413.

Shehab-El-Deen MAMM, Leroy JLMR, Fadel MS, Saleh
SYA, Maes D, Van Soom A. Biochemical changes in the
follicular fluid of the dominant follicle of high producing
dairy cows exposed to heat stress early post-partum. Anim
Reprod Sci 2010; 117: 189-200.

Sheldon IM, Lewis GS, LeBlanc S, Gilbert RO. Defining
postpartum uterine disease in cattle. Theriogenology 2006;
65: 1516-1530.

Soydan E, Kuran M. The effect of calving season on
reproductive performance of Jersey cows. Mljekarstvo 2017;
67: 297-304.

St-Pierre NR, Cobanov B, Schnitkey G. Economic losses
from heat stress by US livestock industries. J Dairy Sci
2003; 86 (E Suppl): E52-E77.

Thompson JA, Magee DD, Tomaszewski MA, Wilks DL,
Fourdraine RH. Management of summer infertility in Texas
Holstein dairy cattle. Theriogenology 1996; 46: 547-558.
Vercouteren MMAA, Bittar JHJ, Pinedo PJ, Risco CA,
Santos JEP, Vieira-Neto A, Galvio KN. Factors associated



Relationships between Calving Season and Production and Reproductive Performance in Dairy Cows 257

with early cyclicity in postpartum dairy cows. J Dairy Sci
2015; 98: 229-239.

42. Walsh RB, Kelton DF, Duffield TF, Leslie KE, Walton JS,

LeBlanc SJ. Prevalence and risk factors for postpartum
anovulatory condition in dairy cows. J Dairy Sci 2007; 90:
315-324.

43. Wheelock JB, Rhoads RP, VanBaale MJ, Sanders SR,

Baumgard LH. Effects of heat stress on energetic metabolism
in lactating Holstein cows. J Dairy Sci 2010; 93: 644-655.

44. Wolfenson D, Roth Z, Meidan R. Impaired reproduction in

heat-stressed cattle: basic and applied aspects. Anim Reprod
Sci 2000; 60-61: 535-547.

45. Yusuf M, Nakao T, Yoshida C, Long ST, Gautam G,

Panasinghe RBK, Koike K, Hayashi A. Days in milk at first
Al in dairy cows; its effects on subsequent reproductive
performance and some factors influencing it. J Reprod Dev
2011; 57: 643-649.



