
INTRODUCTION

Heat stress (HS) can be defined as the point in which 

the animal cannot dissipate adequate quantity of heat to 

maintain body thermal balance (Samal, 2013). Animals 

are exposed to HS when the body temperature is higher 

than the optimal range specified for the normal activity 

because the total heat load is greater than the capacity 

for heat dissipation. There are many different climatic 

zones around the world which are highly affected by lati-

tude, altitude, water area, oceans, winds or evaporative 

conditions. Mammals, including humans and livestock, 
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ABSTRACT    The impact of heat stress (HS) on reproductive performance and its 
problems in cows remains to be investigated in Bangladesh. The study was, therefore, 
aimed to evaluate the effect of HS on fertility and reproductive health problems of 
dairy cows in a selected area of Bangladesh. A total of 1,095 cows from 500 farms 
were included in this study. The climate-related data were recorded daily basis for 
every month in a year and temperature-humidity index (THI) values were calculated 
to determine the level of HS. Concurrently, data on fertility parameters [number of 
services per conception (NSC), conception rate (CR) and calving to the first service 
interval (CFSI)], and reproductive problems were collected through a pre-defined 
questionnaire. The results show that crossbred [Native x Holstein-Friesian, (HF)] cows 
were more vulnerable (p < 0.05) to a magnitude of HS effects considering physiological 
parameters of cows [age, body condition score (BCS), parity and milk yield]. Regarding 
fertility, HS had no effect on NSC, CR and CFSI in both native and crossbred cows (p 
> 0.05). The findings on the reproductive problems indicate that HS had significant 
influence on the prevalence of anestrus (χ2 = 21.814, p < 0.05) and retained placenta 
(χ2 = 24.632, p < 0.05) in cows. Of note, the prevalence of repeat breeding syndrome 
was 2.5 folds higher in stress condition than in no stress condition. Abortion and 
dystocia were not influenced by HS. In conclusion, HS does not influence the fertility 
parameters of cows studied; however, anestrus and retained placenta are likely to 
occur under HS conditions in cows.
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are living in such variable environmental conditions. 

Climatic factors that influence the degree of HS include 

temperature, humidity, radiation, and wind etc. HS affects 

both productive and reproductive performances of dairy 

cows (Bohmanova et al. 2007; Dash et al., 2016). In most 

mammalian species including cattle, HS has deleterious 

effects on nutritional, physiological and reproductive 

functions (Takahashi, 2012). Global warming seems to 

increase temperature, especially in subtropical and tropi-

cal regions. The average ambient temperature changes 

rise up 1.53℃ over the period 1850-1900 to 2006-2015 

(Arneth et al., 2019). Dairy cattle in many subtropical, 

tropical, and semi-arid regions are under the influence of 

high ambient temperatures and relative humidity for long 

periods. Exposure of animals to a hot environment causes 

an increase in body temperature, decrease growth, milk 

production, and fertility in mammals, including domestic 

animals (Dash et al., 2016). Multiple reproductive process-

es are impaired, including oocyte competence, embryonic 

growth, gonadotropin secretion, ovarian follicular growth, 

steroidogenesis, development of the corpus luteum, and 

uterine endometrial responses (Wolfenson and Roth, 

2019). The effect of HS on the reproductive performance 

is multidimensional through several mechanisms ether 

direct reproductive effects or indirect metabolic and nu-

tritional effects (De Rensis et al., 2017). The direct effect 

of HS on the cow with altered endocrine regulation due 

to impairment of hypothalamic-pituitary-ovarian axis 

(Ozawa et al., 2005). The direct effect on ovarian activity 

concerning steroid hormone synthesis or steroidogenesis 

reduces concentration of estradiol (Wolfenson and Roth, 

2000; Bridges et al., 2005; Li et al., 2016) and alters pro-

gesterone concentration (Youllas et al., 1992; Ronchi et 

al., 2001). Consequently, HS reduces estrus-related behav-

iors and continuingly affects fertility such as prolonged 

day open and low conception rate (CR) (Schüller et al., 

2017). High ambient temperature also causes a decrease 

in the length and intensity of estrus by disturbing ovarian 

functions as well as decreasing pregnancy rate after arti-

ficial insemination. The indirect effect would be an ad-

aptation of cow during HS by reduced feed intake (Ozawa 

et al., 2005; Soriani et al., 2013). Moreover, negative 

energy balance (NEB) would be occurred due to the fact 

that cows have increased feed requirement and hepatic 

metabolism, in which the NEB can decrease fertility (She-

hab-El-Deen et al., 2010; De Rensis et al., 2017). Further-

more, HS is associated with occurrence of diseases and 

disorders during pregnancy, parturition, and post-partum 

period in cattle (Mellado et al., 2019). Postpartum repro-

ductive diseases are major stressors that contribute to 

impaired and reduced fertility in dairy cattle (Crowe and 

Williams, 2012). Retained placenta, metritis, and clinical 

endometritis are the three major diseases encompassing 

after calving. Several risk factors are associated with the 

development of reproductive diseases. Parity, dystocia, 

abortion, gender of calf, twinning, stillbirths, prolapsed 

uterus, body condition score, NEB, hypo-calcemia, and 

other stressors can predispose cows to a greater risk of 

developing reproductive disease (Dubuc et al., 2010). Re-

productive disease has negative effects on fertility and 

reproductive performance of dairy cattle (LeBlanc et al., 

2002; Gilbert et al., 2005; McDougall et al., 2007). Besides 

reduced fertility, reproductive diseases are also associated 

with decreased milk production and an increased risk 

of being culled from the herd (Rajala and Gröhn, 1998; 

Dubuc et al., 2011). Therefore, it is important to unveil 

the effects of HS on reproductive functions and diseases/

disorders in order to improve the production of dairy 

cows and farm income. Bangladesh is a tropical country 

where HS is very important. To the best of our knowledge, 

impacts of HS on fertility parameters and reproductive 

health problems (diseases and disorders) of dairy cows 

remains to be investigated in Bangladesh. Therefore, the 

study was conducted to evaluate the effect of HS on fertil-

ity-related parameters and reproductive health problems 

of dairy cows under Bangladesh condition. 

MATERIALS AND METHODS

Study location and period
The present study was conducted in different locations 

of Bhuapur Upazila (24.4583°N 89.8667°E) of Tangail Dis-

trict in the Division of Dhaka, Bangladesh (Fig. 1) during 

the period from July 2020 to June 2021. A total of 1,095 

cows from 500 farms were included in this present study.

Design of the investigation
An experimental outline of the present investigation 

was illustrated in Fig. 2. This investigation was planned to 

work on the dairy farms for one year in which climate-

related data (temperature and humidity) were recorded 

daily basis. From temperature and humidity, temperature-

https://geohack.toolforge.org/geohack.php?pagename=Bhuapur_Upazila&params=24.4583_N_89.8667_E_
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humidity index (THI) values were calculated to determine 

the level of HS. Simultaneously, data on the fertility-

related parameters and reproductive problems of cows 

were collected from the dairy farms through farm visit, 

personal observation or from farm registers using a pre-

defined questionnaire. The data were then analyzed to 

observe the effect of HS on reproductive performance 

(fertility) and problems of cows.

Determination of THI and HS 
THI value was calculated following the formula provided 

by National Research Council (1971). 

THI = (1.8 × T + 32) - (0.55-0.0055 × RH) × (1.8 × T 

-26.8) where, T is the temperature in ℃ and RH is relative 

humidity in %. This THI formula was selected because it 

has been associated with thermal stress in dairy cattle and 

is designed to indicate the level of HS for outdoor cattle 

(Bohmanova et al., 2007). 

Grouping of HS 
HS was categorized into four different groups (Table 1) 

such as none (no stress), mild, moderate, and severe HS as 

described in previous studies (Armstrong, 1994; Dash et 

al., 2016). 

Data acquisition
1. Development of a questionnaire 

A pre-defined questionnaire (Supplementary Table 1) 

was developed according to the objectives of the investi-

gation and was designed in a simple way so that farmer 

could understand easily. The questionnaire includes in-

formation about climate data (temperature and humidity), 

farms identity, housing, and individual cow’s data related 

to fertility such as NSC, CR, and calving to the first service 

interval (CFSI). Data on the reproductive health problems 

(anestrus, repeat breeder, abortion, stillbirth, retained 

placenta, pre-mature birth, dystocia, puerperal metritis, 

and others) were also considered in the study.

2. Visiting the farms and interviewing with farmers

Each farm was visited in person and farmer were kindly 

requested to take part in the interview for research pur-

pose of the present study. The data were then collected 

BhuapurBhuapur

Fig. 1. Location of the study area (Source: https://en.wikipedia.
org/wiki/Bhuapur_Upazila).

Study site selection

Dairy farms

Data acquisition

Climate

Temperature-humidity index

Heat stress

Cows

Reproductive health problems

Temperature
Humidity

Development of a questionnaire
Farm visiting and interviewing with farmers
Personal observation

Fertility

Fig. 2. An experimental outline of the current investigation. 

Table 1. Classification and symptoms of THI

THI Classification of HS Symptoms 

< 72 None Optimum productive and reproductive 

performance

72-78 Mild Dairy cows seek for shade, increase in 

respiration rate and dilation of blood 

vessels

79-88 Moderate Increase in respiration rate and saliva 

secretion. Reduction in feed intake and 

water consumption. Body temperature 

is increased and reproductive 

performances are severely affected  

in cattle

89-98 Severe There is rapid increase in respiration 

and excessive saliva production. The 

reproductive performances in animals 

are significantly decreased
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and recorded for direct interviewing of the farmers.

3. Personal observation

The housing-related data of individual farm were col-

lected by personal observation. Then, individual cow data 

were collected by taking history directly from farmers and 

also from farmers register book. The age and parity of the 

cow were also determined by interviewing the farmer and 

by noticing from farm register. Breed and body condition 

score (BCS) of cows were confirmed by personal investi-

gation. The general farm management was observed by 

visual inspections and asking questions to farmers. The 

ventilation system was also noticed as it is an important 

aspect to reduce HS. 

Statistical analysis
The data were initially entered into Microsoft Excel 

Worksheet and then transported to the SPSS software 

version 14.0 (NY, Chicago, USA) for further analyses. 

Kruskal-Wallis H test was applied to reveal association of 

HS with cow traits (age, BCS, parity, milk yield). Student’

s t-test was performed to compare mean difference be-

tween two groups (native vs crossbred). One-way analysis 

of variance (ANOVA) was carried out to compare mean 

among three groups or more (different categories of HS- 

none, mild, and moderate groups). Chi-square (χ2) test 

was used to examine the effect of HS on prevalence of 

reproductive health problems. p-values < 0.05 were con-

sidered statistically significant difference.

RESULTS 

Climate-related data in the study area over the study 

period 
During the period from July 2020 to June 2021, the 

whole field work was conducted in Bhuapur Upazilla of 

Tangail District, Bangladesh. The data of temperature and 

relative humidity were collected from the Akurthakur para 

(Tangail) weather station. The whole data of temperature 

and relative humidity were categorized on daily basis 

and the mean ± standard deviation (SD) value of each 

month was presented in the Fig. 3. To evaluate the effect 

of HS, THI was also calculated and illustrated in Fig. 3 as 

described earlier by Dash et al., (2016). THI is a single 

value depicting the integrated effects of air temperature 

and humidity associated with the level of HS and exten-

sively used in hot regions across the world. The lowest 

temperatures were found in December (24 ± 2.1℃) and 

January (24 ± 1.4℃), while the highest temperatures were 

observed in April (34 ± 1.4℃) and May (34 ± 2.0℃). The 

relative humidity was the lowest in April (47 ± 5.0%) and 

it was the highest in June (71 ± 10.7%), July (71 ± 7.3%), 

and September (71 ± 5.9%). The lowest values of THI 

were 72.0 ± 3.1 and 72.0 ± 1.8 in December and January, 

respectively, representing none to mild stress conditions 

of HS during these two months. In the month of Febru-

ary, the mean THI value was recorded 74 ± 2.0 which 

represents mild stress conditions of HS. In November, THI 

value of 79 ± 2.4 was found, indicating either mild or 

moderate stress conditions of HS. On the other hand, THI 

values were between 80.0 and 84.0 representing the mod-

erate stress conditions during rest of the eight months (Fig. 

3). No conditions of severe HS (THI ≥ 89.0, Dash et al., 

2016) were observed in the present study. 

Association of HS with cow traits 
The negative effect of HS on individual animal produc-

tion is one of the major problems in livestock produc-

tion. The HS effects on age, BCS, milk yield, and parity 

between the native and crossbred cows are presented in 

Fig. 4. The results showed that crossbred cows were more 

vulnerable to a magnitude of HS effects considering all 

four parameters analyzed. For instance, the mean age was 
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Fig. 3. The temperature-humidity index (THI) of study area. The 
values at the top of graph indicate the numerical values of THI. 
The graphs are presented as mean ± standard deviations. T, 
temperature; RH, relative humidity; J, July; A, August; S, Sep-
tember; O, October; N, November; D, December; J, January; 
F, February; M, March; A, April; M, May; March, and J, June, 
respectively.
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found to be varied across mild, moderate, and none cat-

egories of HS (p < 0.05, Kruskal-Wallis H test). The cross-

bred cows having a mean age of ≥ 2.0 years were more 

prone to mild and moderate forms of HS, and this trend 

was consistent with cows not suffering from HS (none) (Fig. 

4A). The discrepancy in the association of HS with BCS of 

the cows was also evident between the cow groups (native 

vs crossbred). Native cows with an average BCS of ≥ 2.9 

were more prone to mild form of HS than crossbred cows 

(mean BCS ≥ 2.0). Conversely, the crossbred cows having 

an average BCS of ≥ 2.85 were more prone to moderate 

form of HS than native cows (mean BCS ≥ 2.7). Similarly, 

crossbred cows with a mean BCS of ≥ 3.4 showed more 

resilience to HS (none) than their native counterpart (mean 

BCS ≥ 2.3) (Fig. 4B). The parity of the cows had signifi-

cant association with HS effects between the native and 

crossbred cows. The crossbred cow having a parity of ≥ 

1.7 were more susceptible to mild and moderate forms 

of HS than the native cows (average parity ≥ 1.4). This 

difference was more evident among the cows of none HS 

groups, and crossbred cow with an average parity of ≥ 

2.2 showed more negative association with HS than na-

tive cows (average parity ≥ 1.4) (Fig. 4C). In this study, 

marked differences (p < 0.001, Kruskal-Wallis H test) was 

observed between the two cow groups regarding their as-

sociation with HS in terms of milk yield. The crossbred 

producing an average of ≥ 4.0 L per day were more vul-

nerable to both mild and moderate forms of HS, and this 

differences in milk yield was also corroborated with cross-

bred cows (mean milk yield ≥ 4.0 L per day) that were not 

subjected to none HS (Fig. 4D).

Effect of HS on fertility-related parameters in cows
The effect of HS on the different fertility parameters 

such as NSC, CR (%), and CFSI is shown in Table 2. The 

NSC was recorded 1.8 ± 0.8 in none, mild, and moderate 

stress conditions in native cows, while it was recorded be-

tween 1.8 ± 0.8 and 1.9 ± 0.8 in crossbred cows in none, 

mild and moderate stress conditions. The results showed 

that HS has no effect on NSC in both native and crossbred 

cows (p > 0.05) (Table 2). The CR in native and crossbred 

cows were 64.4 ± 8.0% and 67.6 ± 9.1%, respectively, 

in none stress condition. Similarly, in mild categories of 

HS, CR was 66.9 ± 9.0% and 67.4 ± 9.0% for native and 

crossbred cows, respectively. The CR were recorded as 

65.7 ± 9.7% and 65.8 ± 9.7% in native and crossbred 

cows, respectively, in moderate stress conditions. The HS 

had no effect on CR depending on the breed under all 

conditions of HS (p > 0.05). Calving to the first service in-

terval during none, mild, and moderate stress conditions 
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Fig. 4. Relationship of HS conditions with age, BCS, parity, and milk yield of native and crossbred cows. The graphs are presented as 
mean ± standard deviations. 
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were 68.1 ± 3.3, 68.6 ± 3.7, 68.1 ± 3.2 days, respectively, 

in native cows. On the other hand, it was 68.5 ± 3.6, 68.6 

± 3.6, 68.1 ± 3.2 days for none, mild, and moderate HS 

conditions, respectively, in crossbred cows. No significant 

difference (p > 0.05) was found among the HS conditions 

and between the breeds (Table 2).

Effect of HS on reproductive health problems in cows
1. Anestrus

The effect of HS on the occurrence of anestrus is shown 

in Table 3. In this study, a total 199 anestrus cases were 

recorded. The overall prevalence of anestrus in cows was 

18.2% (199/1095) in the study area. Under no HS condi-

tion (none HS), the percentage of anestrus cows was 9.3%, 

which gradually increased to 11.0% and 27.4% during 

mild and moderate HS conditions, respectively. These 

results indicate that HS had significant effect on anestrus 

in cows (χ2 = 21.814, p < 0.05). However, other factors 

such as breed, age, parity, and milk yield of cows might 

be involved which requires further investigations. Cows 

exhibit a distinct seasonal change in displaying estrus and 

calving rate. With the onset of summer (April), breeding 

efficiency in both young and adult cow is reduced, reach-

ing a nadir in the dry hot months of May and June when 

approximately 80% of non-pregnant cows have quiescent 

ovaries. 

2. Repeat breeding syndrome 

The effect of HS on repeat breeding syndrome is shown 

in Table 4. A total 154 repeat breeding syndrome cases in 

cows were observed during the study period. The overall 

prevalence of repeat breeding syndrome was 14.1% in 

cows. The percentage of repeat breeding syndrome was 

10.9% under no stress condition, which gradually inclined 

to 11.1% and 21.5% during mild and moderate stress con-

ditions, respectively (χ2 = 3.214, p < 0.05). Even though 

these variations were not significant, the highest (21.5%) 

prevalence of repeat breeding during moderate HS condi-

tions warrants farmers to take this into considerations. 

3. Abortion

Heat stress can affect reproductive performance in a 

dairy herd, although it will generally cause conception 

problems rather than abortions. While there is some 

evidence to suggest that a very sudden increase in envi-

ronmental temperature may result in abortions, there is 

little evidence to support HS as a common cause of abor-

tions. The effect of HS on abortion is presented in Table 

5. In this study, a total 47 abortion cases were found in 

cows during the study period. The overall prevalence of 

Table 2. Effect of HS on number of services per conception, conception rate (%) and calving to the first service interval (days) in native and 
crossbred cows

Fertility parameters Categories of HS Native Crossbred

No. of services per conception None 1.8 ± 0.8 (n = 9) 1.9 ± 0.8 (n = 120)

Mild 1.8 ± 0.8 (n = 11) 1.8 ± 0.8 (n = 160)

Moderate 1.8 ± 0.8 (n = 55) 1.8 ± 0.8 (n = 740)

Conception rate (%) None 64.4 ± 8.0 67.6 ± 9.1 

Mild 66.9 ± 9.0 67.4 ± 9.0

Moderate 65.7 ± 9.7 65.8 ± 9.7

Calving to the first estrus interval (days) None 68.1 ± 3.3 68.5 ± 3.6

Mild 68.6 ± 3.7 68.6 ± 3.6 

Moderate 68.1 ± 3.2 68.1 ± 3.2

Table 3. Effect of HS on the prevalence of anestrus

Categories of HS Anestrus

None 9.3% (11/129)

Mild 11.0% (17/171) 

Moderate 27.4% (171/795) 

Total 18.2% (199/1095)

χ2 = 21.814, p = 0.000.

Table 4. Effect of HS on the prevalence of repeat breeding syndrome 

Categories of HS Repeat breeding syndrome

None 10.9% (14/129)

Mild 11.1% (19/171) 

Moderate 21.5% (121/795) 

Total 14.1% (154/1095)

χ2 = 3.214, p = 0.201.
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abortion was 4.3%. The proportion of abortion was 7.0%, 

which gradually decreased to 4.7% and 3.8% during mild 

and moderate HS conditions, respectively (χ2 = 2.846, p > 

0.05). These results are inconsistent and might be related 

to the breed, age, parity, and milk yield of cows. 

4. Retained placenta

Retained placenta is a common complication of bovine 

parturition. The incidence in healthy dairy cows is 5-15%, 

whereas the incidence in beef cows is lower. The effect 

of HS on retained placenta is shown in Table 6. A of total 

357 retained placenta cases were found during the study 

period. The overall prevalence of retained placenta was 

32.6%. The percentages of retained placenta were 24.0% 

in no HS conditions, which slightly decreased to 19.3% in 

mild HS and increased to 36.9% in moderate HS condition 

(χ2 = 24.632, p < 0.05). 

5. Dystocia

The effect of HS on the prevalence of dystocia is pre-

sented in Table 7. In the present study, a total of 207 dys-

tocia cases were found in cows. The overall prevalence 

of dystocia was 18.9% in cows. Under no HS condition, 

the percentage of dystocia was 20.9%, which decreased 

to 17.0% in mild HS and 19.0% in moderate HS conditions 

(χ2 = 0.772, p > 0.05). Several predisposing factors are as-

sociated with dystocia such as calf birth weight, gestation 

length, cow age at calving, climate, nutrition, manage-

ment, genetics, and infection. Among the mentioned 

predisposing factors, climate has a significant role in oc-

currence of dystocia. The dystocia rate is higher in the 

winter than in the summer, however, the exact definition 

of these seasons differs. An easier access to a pasture in 

summer, more physical exercises, longer days, and closer 

observation by owner in winter are suggested factors of 

seasonal differences. 

DISCUSSION

Heat stress (HS) has deleterious effects on fertility and 

reproductive diseases and disorders in dairy cows in trop-

ical and sub-tropical countries. It has been known that 

along with other stressors, HS could induce several physi-

ological changes in animals (Hwang et al., 2021; Kang and 

Kim, 2021). However, the impact of HS on these aspects 

of dairy cows remains to be investigated in Bangladesh. 

The present study was, therefore, aimed to evaluate the 

effect of HS on fertility-related parameters, and also to 

observe the effect of HS on reproductive health problems 

of dairy cows in a selected area of Bangladesh.

The HS has adverse effects on production, fertility, and 

health of dairy cattle. Heat stress in dairy cattle results in 

economic losses due to reduced feed intake, milk produc-

tion and reproduction performance and increased lame-

ness, disease incidence, days open and death rates (Polsky 

and von Keyserlingk, 2017). The decrease in conception 

rates during summer seasons can range between 20 and 

30%, with evident seasonal patterns of estrus detection 

(De Rensis et al., 2015). Elevated environmental tempera-

tures negatively affect the cow’s ability to display natural 

mating behaviour, as it reduces both the duration and in-

tensity of estrous expression (Polsky and von Keyserlingk, 

2017). A reduction in estrus behaviour has been argued to 

be the result of reduced Dry matter intake (DMI) and the 

subsequent effects on hormone production (De Rensis et 

al., 2015; Polsky and von Keyserlingk, 2017). The concep-

tion rate of lactating dairy cows is highly affected by heat 

stress. Earlier, NSC was reported 1.8 ± 0.8 under mod-

Table 5. Effect of HS on the prevalence of abortion 

Categories of HS Abortion

None 7.0% (9/129)

Mild 4.7% (8/171) 

Moderate 3.8% (30/795) 

Total 4.3% (47/1095)

χ2 = 2.846, p = 0.241.

Table 6. Effect of HS on the prevalence of retained placenta 

Categories of HS Retained placenta

None 24.0% (31/129)

Mild 19.3% (33/171) 

Moderate 36.9% (293/795) 

Total 32.6% (357/1095)

χ2 = 24.632, p = 0.000.

Table 7. Effect of HS on the prevalence of dystocia 

Categories of HS Dystocia

None 20.9% (27/129)

Mild 17.0% (29/171) 

Moderate 19.0% (151/795) 

Total 18.9% (207/1095)

χ2 = 0.772, p = 0.680.
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erate HS conditions (Ghavi Hossein-Zadeh et al., 2013), 

which resembles to our current observations. The CR of 

crossbred cows under moderate stress conditions (67.4 ± 

9.0%) of the present study corresponds to the finding of 

Ghavi Hossein-Zadeh et al. (2013). The lower percent-

ages of CR were reported with higher THI values (Ghavi 

Hossein-Zadeh et al., 2013; Mellado et al., 2019). 

The HS increases the likelihood of anestrus, and thus it 

has negative impacts on fertility of cows (Rao and Sree-

mannarayana, 1982; Chauhan et al., 1984). Infertility as 

manifested by anestrus is still remained a major problem 

for reducing reproductive efficiency in dairy cows. An-

estrus in cows is a multifactorial problem mainly caused 

by inadequate nutrition, environmental stress, uterine 

pathology, and improper management practices etc. 

Nutrition, season of calving, parity, management prac-

tices, and abnormal parturition were found to influence 

the frequency of postpartum anestrus in cows (El-Wishy, 

2007). Although native cows are well adopted in hot and 

humid climate, the ovarian activity is greatly reduced by 

HS and manifested in the form of anestrus (Singh et al., 

2000). Ovarian inactivity is more frequent in summer 

(41-46%) than in other seasons (7-33%) calvers (Rao and 

Sreemannarayana, 1982; Chauhan et al., 1984). Silent es-

trus is also more common in the hotter months than from 

August to January and it takes longer for ovarian cyclicity 

to resume after calving in the summer (80 additional days) 

(Singh et al., 2000). There was a distinct seasonal varia-

tion of anestrus condition in cows with spring and early 

summer (January to June) as the low breeding season and 

July to December as the active breeding season (Devkota 

and Bohora, 2009). Repeat breeding syndrome is one of 

the major problems affecting reproductive efficiency and 

is a major source of economic loss in dairy herds (Bartlett 

et al., 1986; Yusuf et al., 2010). Our findings on the ef-

fect of HS in repeat breeding syndrome are similar with 

that of Ghanem and Nishibori (2015). Retention of the 

fetal membranes is an important contributor to bovine 

infertility (Noakes et al., 2019). Many factors have been 

implicated in the production of retained placenta such as 

breed, year, season, induction, dystocia, hypocalcemia, 

twins, length of gestation, age, abortion, heredity, defi-

ciency of vitamin A/E, selenium, and iodine, and general 

nutrition (Laven and Peters, 1996). The highest incidence 

of retained placenta was recorded in summer (p < 0.05) 

as compared to spring and winter was observed by others 

(Ahmadi and Mirzaei, 2006) is resembled to this study. 

Heat stress is a major contributing factor to the reduced 

reproductive performance and disorders including dys-

tocia in dairy cows. The findings of the present study 

suggest that the prevalence of dystocia reduces when the 

THI value increases, which is resembled to the finding of 

others (Gaafar et al., 2011; Atashi et al., 2012). Several 

predisposing factors are associated with dystocia such 

as calf birth weight, gestation length, cow age at calving, 

climate, nutrition, management, genetics, and infection. 

Among the mentioned predisposing factors, climate has a 

significant role in occurrence of dystocia. The risk of dys-

tocia in Holsteins was 15.0% higher in winter (October-

March) than in spring and summer (April-September) 

(Johanson and Berger, 2003). Cold weather (Air and wind 

chill temperatures of approximately -5 and -10℃, respec-

tively) during the last trimester has been associated with 

increased dry matter intake, increased thyroid hormone 

concentration, increased blood and nutrient flow to the 

uterus, increased gestation length, and reduced plasma 

oestradiol concentrations leading to increased birth 

weight and dystocia (McClintock, 2004). 

CONCLUSION 

The study concluded that Crossbred (Native x HF) cows 

were more vulnerable to a magnitude of HS effects con-

sidering all parameters analyzed such as age, BCS, parity, 

and milk yield of cows. Surprisingly, HS did not influence 

fertility parameters studied such as NSC, CR, and CFSI in 

dairy cows. Importantly, HS had significant effect on oc-

currence of anestrus and retained placenta in cows. Of 

note, repeat breeding syndrome is likely to occur in mod-

erate stress condition. To understand these mechanisms, 

we think that further study is required to investigate the 

markers for HS directly in cows’ body by measuring cor-

tisol level in blood plasma and/or heat shock proteins 

(HSP70 and HSP90).
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