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Abstract

The aim of this study was to evaluate the effect of the hot summer season on the length of service 
period (number of days from calving to the next conception). For the analysis was created two 
databases of twins. Twins had the same sire and dam and the first and second lactations took 
place on the same farm. In the first database (105 pairs) one of the twins was calved (and had the 
following service period) during the summer months and the second of the twin was calved in 
the cooler months. To compare the difference in service period between twins in the hot and cool 
seasons, it was made also second group of twin pairs with reproduction only during the cool period 
of the year (cool vs. cool season; 58 pairs). The data were analysed using PROC GLM of Statistica®. In 
addition to season, the effect of breed (Holstein, Czech Fleckvieh), milk production at 1st lactation and 
calving year were also taken into consideration. The results showed a significantly longer service 
period in the summer (133.8 days) than in the cool months (114.7 days). In the case of twins with 
reproduction in the cool months of the year, the difference between length of service period was 
shorter and insignificant (113.6 vs. 119.4 days). 

Keywords: heat stress, service period

INTRODUCTION
Short term stress is vital to the survival of animals 

in the wild. Longer term or prolonged stress 
however, is associated with reduction of production 
and reproduction yields. In livestock, efforts are 
generally made to minimize stress but one important 
phenomenon in cattle breeding is heat stress 
during the summer hot period and that may affect 
reproduction and production (Al-Katanani et  al., 
1999; Morton et  al., 2007; Schüller et  al., 2014; De 
Rensis et al., 2002). In relation to ​​reproduction heat 
stress can be monitored at different levels. The rate 
of conception has been proven to be influenced by 

heat stress (Schüller et al., 2014; Chebel et al., 2004; 
Morton et  al., 2007 and others). The effect of heat 
stress on nonreturn rate was studied by Al‑Katanani 
et  al. (1999) and Ravagnolo et  al. (2002). From the 
viewpoint of services per conception heat stress was 
evaluated by Ray et al. (1992). Research on heat stress 
has also focused on ​​gametogenesis and subsequent 
development of embryos (Al-Katanani et  al., 2002; 
Ryan et al., 1993; Bezdíček et al., 2015).

In farm livestock practice, an important 
reproduction trait is the number of days between 
calving and the beginning of conception (service 
period), which was studied in relation to heat stress 
by Oseni et al. (2004). In this study the authors report 
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that in Holstein cows, spring calving is associated 
with the longest service period, while the shortest 
was in the fall and winter season. Similar results 
were reported by Ray et  al. (1992), who also found 
a  reduction in reproduction measured as longer 
service period, longer calving interval and higher 
count of services per conception during the hot 
months.

Research on heat stress in relation to oocyte 
and embryo development was studied in vitro by 
Al- Katanani et al. (2002). These authors found that 
the proportion of embryos developed to blastocysts 
(on day 8 after insemination) was lower during the 
warm season than the cold season. They concluded 
that although the cleavage rate of oocytes was 
unaffected in the hot season, there was a reduction 
in development to the blastocyst stage.

Similar findings in this area are reported by Rocha 
et  al. (1998). Authors found a  higher production 
of normal oocytes (75.9%) during the cold season 
(41.0%) and the percentage of oocytes developing to 
the 8-cell and morula stage in the cool season was 
(65.4 and 46.6%, respectively). In contrast, in the hot 
season it was only 21.2 and 6.0% (Rocha et al., 1998). 

Similar findings were reported by Bezdíček 
et al. (2015) in terms of embryo transfer results in 
Holstein cattle. The authors reported a significantly 
lower number of embryos in the hot months 
than in the cold period of the year and a  lower 
proportion of transferable embryos. In a later study, 
the same authors found an influence of heat stress 
on the number of ovarian follicles and on the lower 
number of aspirated oocytes in the summer months 
(Bezdíček et al., 2016).

Ferreira et  al. (2011) also reported better 
reproduction results in Holstein cattle in the 
cold months. There were a  higher number of 
live oocytes in the cold than in the hot season 
(12.51 vs. 8.43). Similarly, Putney et al. (1988) found, 
that stressed superovulated Holstein heifers had 
a higher count of retarded and abnormal embryos. 
Similar findings were reported by Ryan et al. (1993). 
Authors present reduced survival of embryos in 
the hot summer period compared to cooler periods 
of the year (embryo survival 59 vs. 27%). These 
conclusions show that the influence of heat stress 
can be observed up to gamete development. The 
negative influence of heat stress was demonstrated 
not only on females gametes (oocyte development) 
but also on the bulls sperm quality (Mathevon et al., 
1998; Nichi et al., 2006).

In studying heat stress in livestock, it is also very 
important to take into the consideration breed as 
many studies have shown significant differences 
between breeds. Some breeds are thermotolerant 
such as Brahman and Senepol and some are 
thermosensitive (eg Holstein, Angus). Differences 
were found, for example, in embryo resistance to 
heat stress and in thermotolerance to apoptosis 
response in lymphocytes too (Paula-Lopes et  al., 
2003). Similar findings are reported by Hernández-

Cerón et al., 2004 who showed that embryos from 
Brahman and Romosinuano breeds were more 
resistant to heat stress than Angus breed embryos 
(Hernández-Cerón et  al., 2004). In general, the 
research shows that breed is a  crucial factor in 
relation to heat stress.

Research on thermoregulation in animals also 
shows the impact of the individual´s genetic make 
up. The effect of genetics can be monitored at 
different levels. Specific genes related to heta stress 
were reviewed in Collier et  al. (2008). The authors 
also covered the intra- and extracellular signals 
and metabolic changes in heat stressed animals. 
A  significant part focuses on the body surface 
temperature and hair coat characteristics, where 
activation of thermoregulation systems and heat 
stresses begins. Similarly, Dikmen et al. (2008) proved 
that slick-haired holstein cows can regulate body 
temperature in periods of heat stress more effectively 
than wild-type holstein cows.

The temperature load of the animals depended 
not only on the ambient temperature but also on 
other factors such as humidity. Therefore in many 
previous studies of heat stress (Mader et  al., 2006) 
was used the Temperature Humidity Index (THI; 
Buffington et  al., 1981), which includes the air 
temperature and relative humidity. From this point 
of view categorized Armstrong (1994) the level of 
THI (Temperature Humidity Index) into 5  classes: 
no  stress (THI < 72), mild stress (THI = 72– 78), 
moderate stress (THI = 79– 88), severe stress 
(THI  =  89–98) and danger stress (THI  >  98). This 
index has been used in this study too.

Overall, the literature shows that heat stress 
effects on and reproduction are due to a number of 
factors (breed, season, genes) and it is an important 
included this effects into the analyzes. In our study 
we used full twins (cows with identical father 
and mother) to eliminate the effect of ancestor. 
These had the first lactation on the same farm as 
well. As differences between full siblings may be 
in the length of service period, we compared also 
service period between the full siblings in the 
thermoneutral period as well (cool vs. cool season).

MATERIALS AND METHODS
The objective of this study was to evaluate cattle 

reproduction in the hot summer months. The 
reproduction trait assessed was the service period 
(number of days between calving to the next 
conception) after the first lactation. 

For the analysis was created two databases of 
twins. In the first database (105 pairs) one of the 
twins were calved during the summer months 
(calving June and July) and the second twin was 
calved in the cool months of the year (September 
to May). Animals calved in August were excluded 
from monitoring because the service period of 
these animals was at the boundary of hot and cool 
periods. It can be assumed, that between the full 
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twins, there would be a difference in the length of 
service period. For this reason, we created a second 
database and compared the differences between 
the twins in the cool season too (COOL1 vs. COOL2 
season). In this second database (58 pairs) one of 
the twins had calved in the cool season (September 
to December) and the second twins also in the cool 
season (January to April). Twins in both databases 
(not verified as genetically identical) had the 
same father and mother and the first and second 
lactations took place on the same farm. The twins 
consisted from embryo transfers or natural twin 
births. The use of twins eliminated the influence of 
ancestor (father and mother).

Data were analysed using PROC GLM of Statistica® 
using different effects and using t-test (dependent 
samples). A  test for homogeneity was done using 
the Cochran-Hartley-Bartlett test and residuals. 
The results show the suitability of the GLM method 
(Fig. 1).

Selected effects were included in the final 
calculation: the season effect (hot  vs.  cool; 
cool vs. cool season), effect of breed (Holstein, Czech 
Fleckvieh), milk production at 1st lactation and 
calving year. 

The effects of heat season (and other factors) were 
estimated from the model as follows:

Yijkl = µ + Seasoni + Yearj + Milkk + Breedl + eijkl� (1)

where (hot vs. cool season):
Yijkl	�����������corrected value (dependent variable); 
μ	���������������mean value; 
Seasoni	���hot/cool season (hot season  =  calving in 

Jun and July, n = 105; cool season = calving 
in September to May, n = 105);

Yearj	��������year of beginning service period 
(1  =  1997– 1998 n  =  70; 2  =  1999–2001 
n = 62; 3 = above 2001 n = 78);

Milkk	�������milk production in 1st lactation (1 = to 5500 
n  =  76; 2  =  5501–7500 n  =  81; 3  =  above 
7501 kg n = 53);

Breedl	������breed of cow (1  = Holstein n  = 114; 
2 = Czech Fleckvieh n = 96);

eijkl	������������residual error;

where (cool vs. cool season):
Yijkl	�����������corrected value (dependent variable); 
μ	���������������mean value; 
Seasoni	���COOL1/COOL2 season (COOL1 season  = 

September to December n  = 58; COOL2 
season = January to May n = 58);

Yearj	��������year of beginning service period 
(1  =  1997– 1998 n  = 23; 2  = 1999–2001 
n = 37; 3 = above 2001 n = 56);

Milkk	�������milk production in 1st lactation (1 = to 5500 
n  = 32; 2  = 5501–7500 n  = 55; 3  = above 
7501 kg n = 29);

Breedl	������breed of cow (1 = Holstein n = 68; 2 = Czech 
Fleckvieh n = 48);

eijkl	������������residual error.

Mean differences between estimated variables 
were tested at the P < 0.05 (+) level of significance.

The temperature difference between the 
two periods (hot vs. cool; COOL1 vs. COOL2) is 
shown in Tab.  I. The table shows the temperature 
conditions 30 days after calving, which is the time 
of preparation of cows for the next pregnancy. The 
Temperature Humidity Index (THI), which includes 
the air temperature and relative humidity, was 
calculated according to the following equation:

Temperature-humidity index (THI) = 0.8 × ambient 
temperature + [(% relative humidity ÷  100)  × 
×  (ambient temperature-14.4)]  +  46.4 (Buffington 
et al., 1981).

Maximum day temperature and day humidity 
were obtained from the Czech Hydro Meteorological 
Institute in Brno.

RESULTS
Tab.  II presents basic statistical characteristics 

studied databases (hot vs. cool; COOL1 vs. COOL2) 
and difference between twins pairs (t-test 
dependent samples). Differences between twins 
in different temperature season (hot vs. cool) 
was 17.2  days (131.9 vs. 114.7 days), whereas 
differences between twins in temperature similar 
season (COOL1 vs. COOL2) was only 4.67 days 
(114.8  vs.  119.4 days). Differences between season 
(hot vs. cool) was significant. 

I: Weather conditions 30 days after calving siblings pairs

Month of calving n
Weather conditions 30th day after calving

Mean of daily max.temparature; ± SD (°C) Mean THI index; ± SD

HOT season 105 24.9; 4.11 75.9; 6.95

COOL season 105 11.7; 8.24 53.1; 14.17

COOL1 season 58 3.9; 6.5 39.6; 10.98

COOL2 season 58 11.6; 8.65 53.2; 14.91
HOT season = calving in June and July
COOL season = calving from September to May
COOL1 season = calving from September to December
COOL2 season = calving from January to May
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By comparing the influence of the hot and cool 
period (Tab. III, Fig. 2) on reproduction it was found 
that during the hot summer season the service 
period was significantly longer than during the 
cool months (difference + 19.1  days). During the 
hot summer season the average service period was 
133.8 ± 6.27 days, while in cold months it was only 
114.7 ± 6.15  days. This difference is also evident 
from the graphic presentation (Fig. 2). The variability 
of these results was comparable in both cases. 
Comparison was also made between twins calved 
in September to December and between January to 
April (COOL1 vs. COOL2 season, Tab. IV). In this case 
the differences in length of service period between 
twins were lower and not statistically significant 
(difference of 5.8 days).

Another variable included in the study was milk 
production in the 1st lactation. Although there were 
no significant differences between the studied milk 
production groups (to 5500; 5501–7500; above 
7501 kg), it was obvious that cows with higher 
milk production had a  longer time to pregnancy 
(longer service period). In the database including 
comparison of twins in the hot and cool period of the 
year (Tab. III) the length of service period for animals 
with low production (up to 5500 kg) was shorter 
114.3 ± 7.71 days than in cows with milk production 
between 5501–7500 kg (SP  =  126.4 ± 6.98 days) or 
in the case of high-yield cows over 7501 kg of milk 
(SP  =  132.1 ± 9.65 days). A  consistent tendency was 
found also for twins in a database contain only the 
cool season of the year (Tab. IV).

Apropos breed (Tab.  III and Tab.  IV) there was 
a general tendency for a slightly longer service period 
in Holstein cows compared to the Czech Fleckvieh 
breed. In the case of animals with service period 
during the cold months (COOL1 vs. COOL2 season), 
these differences were significant (Holstein 126.7; 
Czech Fleckvieh 106.3 days). The effect of year was 
not significant. However, it is important to focused 
this effect, because there were differences between 
the years in service period. It can be assumed, that 
for some years this effect can be significant.

Tab. V and Tab. VI consist statistical characteristics 
(F ratio; P values) for the length of the service 
period. In the database hot vs. cool seasons, the 
effect of „season“ was shown to be significant effect 
(P = 0.0282).

DISCUSSION
The results showing the impact of the hot summer 

period on reproduction are in agreement with 
other authors. Specifically, Oseni et al. (2004) found 

that spring calving is associated with the longest 
service period (166 days), while in the fall and 
winter season it is shorter (130; 150 days). Ray et al. 
(1992) found a  longer service period and inferior 
reproduction traits in the hot season of the year. The 
authors reported for spring, fall and summer length 
of service periods 103; 103 and 119 days and for 
calving interval 378; 382 and 396 days respectively. 

This tendency of deterioration of reproduction 
traits has been presented by a  number of authors 
also in gametogenesis and embryogenesis, which 
manifest in the subsequent results in the length of 
service period (Putney et  al., 1988; Bezdíček et  al., 
2015; Bezdíček et  al., 2016). Putney et  al. (1988) 
found an effect of heat stress on the proportion 
of degenerated embryos. They confirmed in heat 
stressed heifers only 20.7% of transferable embryos 
compared to 51.5% in heifers in the thermoneutral 
temperature zone. Bezdíček et  al. (2015) reported 
reduced results for embryo transfer in the hot 
season in Holstein cattle. In the summer months 
the average number of embryos was significantly 
lower (3.15 pcs.), than in the cold season of the year 
(5.95 pcs.). In the hot season was found also a lower 
proportion of transferable embryos (2.25 pcs.) than 
in the cold period (3.80 pcs.). 

A  number of authors have also confirmed 
a  reduction in milk production in the summer 
season, presented in this paper too. These findings 
are reported, for example, by André et al. (2011), who 
found loss of milk production duration of the heat 
stress 31.4 ± 12.2 kg of milk/cow per year. Bernabucci 
et  al. (2002) reported that daily milk production 
and protein percentages was significantly lower in 
summer by 10% ev. 9.9%, than in spring (concretely 
milk 26.7 vs. 29.5 l/day; protein 3.01 vs. 3.31%). On 
the other hand, season did no affect somatic cell 
count. Reduction in milk production due to heat 
stress was reported by Bernabucci et al. (2014) and 
in a following study where they found lower values 
of milk components (fat, protein, total solids, and 
solids-not-fat) in the summer months, lowest values 
of casein fractions (with the exception of γ-CN) and 
poorer milk coagulation properties but greater 
content of IgG and serum albumin.

Heat stress in cattle has been demonstrated for 
both production and reproduction traits. This should 
be acknowledged and during the hot season to 
arrange for cooling of the animals. One option is the 
use of cattle showers. This was shown to be effective 
for example, by Legrand et al. (2011), although there 
was great individual variability among animals 
in its use. In the hot summer season, shade is also 
important to reduce the heat load (Schütz et al. 2011).

CONCLUSION
The results showed a  significantly longer service period in the summer months (133.8 days) than in 

the cold months of the year (114.7 days) and thus the influence of heat stress on the reproduction of the 
cows. In the case of comparing twins with a service period in the cold months (cold vs. cold season), these 
differences were lower and not significant (113.6 vs. 119.4 days).
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II: Length of service period (in days) and differences between twin pairs (dependent samples) 

Season Mean (days) ± SD N p

HOT 131.9a 66.88 104
0.0491

COOL 114.7a 57.71 104

COOL1 114.8 46.43 58
0.6158

COOL2 119.4 56.24 58
P < 0.05 (a)
HOT season = Calving in June and July 
COOL season = Calving from September to May
COOL1 season = Calving from September to Dezember
COOL2 season = Calving from January to May

III: LSM (ANOVA test) of the length of the service period between full siblings calved in the hot and cool seasons

Average of Service period (LSM) Service period Std.Err. N

Season of calving
HOT season 133.8a 6.27 105

COOL season 114.7a 6.15 105

Milk production

1 (to 5500 kg) 114.3 7.71 76

2 (5501–7500) 126.4 6.98 81

3 (above 7500 kg) 132.1 9.65 53

Breed
Czech Fleckvieh 122.1 6.86 96

Holstein 126.4 6.08 114

Year

1 121.3 8.23 70

2 134.8 8.00 62

3 117.4 7.29 78
P < 0.05 (a)
HOT season = Calving in June and July 
COOL season = Calving from September to May

IV: LSM (ANOVA test) of the length of service period between full siblings in two cool seasons (September to December 
compared to January to April)

Average of Service period (LSM) Service period Std.Err. N

Season of calving
COOL1 season 113.6 7.30 58

COOL2 season 119.4 7.43 58

Milk production

1 (to 5500 kg) 111.3 9.37 32

2 (5501–7500) 117.7 7.40 55

3 (above 7500 kg) 120.6 12.09 29

Breed
Czech Fleckvieh 106.3a 8.57 48

Holstein 126.7a 6.69 68

Year

1 123.1 11.97 23

2 112.8 8.77 37

3 113.6 7.56 56
P < 0.05 (a)
COOL1 season = Calving from September to December
COOL2 season = Calving from January to May
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