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ABSTRACT

We examined the effects of heat stress (HS) on production traits, somatic cell score (SCS),
and conception rate at first insemination (CR) in Holsteins in Japan. We used a total of
228 242 records of milk, fat, and protein yields and SCS for the first three lactations, as
well as of CR in heifers and in first- and second-lactation cows that had calved for the
first time between 2000 and 2012. Records from 47 prefectural weather stations
throughout Japan were used to calculate the temperature—humidity index (THI); areas
were categorized into three regional groups: no HS (THI<72), mild HS (72<THI<79),
and moderate HS (THI>79). Trait records from the three HS-region groups were treated
as three different traits, and trivariate animal models were used. The genetic
correlations between milk yields from different HS groups were very high (0.91 to 0.99).
Summer calving caused the greatest increase in SCS, and in the first and second
lactations this increase became greater as THI increased. In cows, CR was affected by
the interaction between HS group and insemination month: with summer and early
autumn insemination, there was a reduction in CR, and it was much larger in the mild-

and moderate-HS groups than in the no-HS group.

Keywords: genetic correlation, heat-stress, Holsteins, temperature-humidity index

(THD).
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INTRODUCTION

Heat stress (HS) negatively affects production, health, and reproductive traits in dairy
cows (Kadzere et al 2002; Ravagnolo & Misztal 2002; West 2003; Aguilar et al 2009;
Boonkum et al 2011). Although Holsteins are affected by HS more than are some other
dairy breeds (Garcia-Peniche et al. 2005), Holstein cows still produce larger volumes of
milk under severe HS than do Jersey cows (Smith et al 2013). The magnitude of HS is
determined by the combined effects of temperature, relative humidity, solar radiation,
and wind speed (Dikmen & Hansen 2009), and the most common index of the degree of
HS affecting dairy cows is the temperature—humidity index (THD. Armstrong (1994), for
example, reported that HS begins to affect reproductive traits in dairy cows when
THI>72. Daily milk yield decreases at about 0.2 kg per unit increase in THI (Ravagnolo
et al. 2000). Aguilar et al (2009) investigated the effect of HS on yield traits in the first
three lactations and found that susceptibility to HS increased from the first to the third
lactation. Ravagnolo and Misztal (2002) reported that reproductive performance
(non-return rate at 45 days) in Holsteins decreases with increasing THI.

Almost all dairy cattle in Japan are Holsteins, and the Japanese islands stretch from
45°N to 31°N. Average yearly temperatures in the 47 prefectural regions of Japan vary
from 9 to 23 °C. Wiersma developed formulas that expressed mild, moderate, and severe
heat stress in dairy cattle as a function of THI in Armstrong (1994). In accordance with
the categories devised by Wiersma, there are three HS regions in Japan: no HS
(THI<72), mild HS (72<THI<79), and moderate HS (79<THI<90; hereafter referred to as
THI>79). Nagamine and Sasaki (2008) investigated the effects of environmental factors
on fertility in dairy cows in Japan and found a highly significant effect of temperature in
the southern regions. However, to our knowledge, no published report has yet used
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THI-categorized regions to investigate the effects of HS on production, health, and
reproductive traits in dairy cows in Japan or northeast Asia.

Our objectives were to use HS groups to estimate the effects of HS and season on milk
yield, somatic cell score (SCS), and conception rate at first service (CR) in Holstein cows
in Japan. In addition, we used trivariate animal models to investigate the genetic

correlations among HS groups in terms of milk yield, SCS, and CR.

MATERIALS AND METHODS

Data

Records of yield and somatic cell count (SCC) in the first three lactations in Holstein
cows, and of CR in heifers and first- and second-lactation cows that had calved for the
first time between 2000 and 2012, were provided by the Livestock Improvement
Association of Japan (Tokyo, Japan). Records were collected through the Dairy Herd
Improvement Program. Records of 305-day milk yield (MY), 305-day fat yield (FY), and
305-day protein yield (PY) were estimated by using a multiple-trait prediction (Schaeffer
& Jamrozik 1996) according to Wilmink’s function (Wilmink 1987). Lactation records
that had fewer than eight test-day yields during the lactation period were eliminated.
Average SCCs were log-transformed into SCSs by using the formula SCS =
log2(SCC/100 000) + 3 (Ali & Shook 1980). Three subsets (for first, second, and third
lactations) were analyzed separately in the cases of yield and SCS. In addition, records
of CR were assigned separately as three subsets (heifers, and first- and second-lactation
cows). CR in heifers referred to the CR at first insemination (for first calving); CR in
cows referred to the CR at first insemination during the first and second lactation

4
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periods (for the second and third calvings, respectively). Records of CR were defined as
binary traits of O or 1, where 1 indicated that the first insemination attempt successfully
achieved pregnancy, and 0 indicated otherwise.
Weather records from 47 prefectural weather stations were obtained from the website of
the Japan Meteorological Agency (2015; Tokyo, Japan). THI values were estimated from
average temperature, relative humidity, wind speed, and solar radiation in August over
the 5 years from 2008 to 2012. Adjusted THI (THL.4) values were calculated according to
the steps of Hammami et al. (2013). First, THI was estimated by using the following
formula NRC 1971):

THI= 1.8 x ¢+32—(0.55 — 0.0055 X rA) X (1.8 X ¢— 26),
where ¢1s temperature in degrees Celsius and rAis relative humidity as a percentage.
THI was adjusted as follows (Mader et a/ 2006):

THI.g = 4.51 + THI — 1.992 X ws+ 0.0068 X sr,
where wsis wind speed measured in meters per second and sris solar radiation
measured in watts per square meter. Hereafter, we refer to THI.g as THI. The
distributions of the no-HS, mild-HS, and moderate-HS (Armstrong 1994; Smith et a/
2013) groups in our dataset by prefecture are shown in Figure 1. Smith et al (2013) also
used severe HS (THI>90), but none of the regions studied here fell into that category.
(The maximum THI was 81.) Areas were categorized into three regional groups: no HS
(THI<72), mild HS (72<THI<79), and moderate HS (THI>79). Our data contained
782 710 records in the no-HS group, 162 909 for mild HS, and 133 070 for moderate HS.
About 75,000 records in each HS group were chosen randomly by herd. Pedigree records
obtained from the Holstein Cattle Association of Japan (Tokyo, Japan) were traced back
three generations. A total of 228 242 records were used, with 407 274 animals in

pedigree records.
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Model
Genetic correlations among the three HS groups were estimated by using a trivariate
animal model that took into account the genetic covariance among records for HS
groups. The following linear model (1) was applied to MY, FY, PY, and SCS for cows:
Yikim = HY;i+ HSxMCr+ AC/+ tim+ €jikim ... (1)
and model (2) applied to CR for heifers and cows:
Yikim= HYi+ HSx M+ AL+ tpm+ ejim ... (2)
where Yjumis MY, FY, PY, SCS, or CR; HY;is the fixed effect of herd year # u;»is HS
group j X the random additive genetic effect of animal 72 and ejm is the random
residual in both equations (1) and (2). HSxMCyis the combined effect of HS group jx
month at calving & (three HS-region groups and 12 calendar months); ACris the fixed
effect of age group at calving /(18-20, 21-22, 23, 24, ... 33, 34, and 35 months for first
lactation; <35, 36-37, 38-39, 4041, 4243, 44-45, 4647, and 48-49 months for second
lactation; and <45, 4650, 51-55, 56—60, 61-65, and 66—83 months for third lactation) in
equation (1); HSxMIyis the combined effect of HS group 7 X month at insemination k&
(three HS groups and 12 calendar months); and AZis the fixed effect of age group at first
insemination /(< 18, 14, 15, ... 19, 20, 21-25, 26-30, 31—40, >41 months) in equation (2).

The variances were defined as

2 2
o o o o 0 0
1 1u2 1u3 1
u G® A 0 u uzu ulu e )
var e = 0 RRJI ’ G= O ulu2 O 0-1122143 s R=| 0 O 02
O-uluZ O-u2u3 O-u3 0 0 O-e3

where (7is a 3 X 3 covariance matrix for additive genetics; Ris a 3 X 3 diagonal matrix of
residual variance corresponding to each trait (HS group); Ais the matrix of additive

genetics among animals; /is the identity matrix for records; subscripts 1, 2, and 3 are

6
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traits in the No-HS, Mild-HS, and Moderate-HS groups, respectively; and ® 1is the
Kronecker product.

The GIBBS3F90 program (Misztal et al. 2002) was used for Gibbs sampling to estimate
the genetic parameters of the linear models. A flat prior was used for fixed effects, and
an inverted Wishart distribution was used as the prior on the random effects. For each
analysis, 50 000 samples after a burn-in of 50 000 iterations were used to calculate the
posterior means and standard deviations of the covariance components. Convergence
was determined from a visual inspection of the plotting of Gibbs samples.

Solutions for the fixed effects of HS X month at calving or HS X month at insemination
were obtained iteratively by using a preconditioned conjugate gradient algorithm with
iteration on data (Tsuruta et al. 2001) in a program developed for national evaluation in

Japan by the National Livestock Breeding Center (Nishigo-mura, Japan)

RESULTS

Summary statistics

Mean MY ranged from 8 080 kg to 10 041 kg, mean FY from 321 kg to 390 kg, and mean
PY from 265 kg to 324 kg in the first three lactations (Table 1). SCS increased from the
first lactation (range 2.3 to 2.5) to the third lactation (range 2.7 to 3.0). CR ranged from
62% to 73% in heifers and from 39% to 45% in cows (Table 2). There were fewer CR

records for mild- and moderate-HS heifers than for no-HS heifers.

Heritability estimates

Heritability estimates of MY declined with increasing parity, from 0.40 to 0.46 (first

7
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lactation) to 0.27 to 0.29 (third lactation) (Table 3), in all HS groups. Heritability
estimates also decreased steadily with increasing parity, from 0.39 to 0.41 (first
lactation) to 0.27 to 0.28 (third lactation) for FY and from 0.34 to 0.36 (first lactation) to
0.23 to 0.26 (third lactation) for PY. In contrast, the patterns of change in the
heritabilities of SCS with increasing parity were not clear: the values ranged from 0.14
(third lactation in the no-HS group) to 0.20 (first lactation in the moderate-HS group
and second lactation in the moderate-HS group). Heritability estimates for CR were
very low, ranging from 0.01 to 0.03 (Table 4), with no large differences between heifers

and cows.

Genetic correlations

The posterior means of the genetic correlations among HS groups for yield traits and
SCS were high (Table 5). The maximum was 0.99 and the minimum 0.90 through all
combinations. In general, slightly higher correlations were found for yields in first
lactation: the correlations ranged from 0.97 to 0.99 for MY, from 0.94 to 0.99 for FY, and
from 0.95 to 0.99 for PY. The correlations for MY gradually decreased in later lactations.
The genetic correlations between pairs of HS groups for SCS ranged from 0.90 (between
mild HS and moderate HS in third lactation) to 0.98 (between mild HS and moderate
HS in second lactation) and did not differ greatly over the first three lactations. Those
for CR ranged from 0.92 (between no HS and mild HS in first lactation) to 0.98 (between
mild HS and moderate HS in second lactation); the correlations did not differ markedly

between heifers and cows (Table 6).

Estimated effects of HS group and season

The combined effect of HS group and season (HS-MC) on MY in cows was positive for

8
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winter—spring calvings (first lactation: from +93 kg to 123 kg for January calvings and
from 134 kg to 159 kg for February calvings; second lactation: from +96 kg to +174 kg for
January to April calvings; third lactation: from +144 kg to +278 kg for January to March
calvings) (Fig. 2). In contrast, this effect was negative in the case of summer and early
autumn calvings (first lactation: from —120 kg to —162 kg for September calvings; second
lactation: from —213 kg to —249 kg for September calvings; third lactation: from —215 kg
to —301 kg for July—September calvings), but it did not differ among HS groups (Fig. 2).
The differences in the estimated effects between spring and summer calvings increased
in later lactations.

HS-MC had positive effects on SCS in the case of summer calvings and negative effects
in the case of winter calvings (Fig. 3). The effects of summer calving increased with
increasing THI in the first and second lactations, whereas the effects of HS-MC on SCS
in the third lactation did not differ among HS groups.

The combined effects of HS group and month at insemination (HS-MI) on CR in heifers
were slightly positive with spring insemination and negative with summer insemination
(Fig. 4a); however, the seasonal differences were very small and there were no marked
differences among HS groups.

In contrast, the seasonal effects of HS-MI on CR in first- and second-lactation cows were
very clear and were negative with summer (August) insemination and positive with
spring (March) insemination (Fig. 4b, 4c). The differences in effects between HS groups
were clear in first- and second-lactation cows, ranging from a 0% effect on CR in the
no-HS group to a —13% effect in the moderate-HS group in second lactation with

insemination in August (Fig. 4c).
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DISCUSSION

We assigned HS groups by using the adjusted THI of Mader et a/. (2006), who indicated
that adjustments for wind speed and solar radiation were useful for assessing heat
stress. Nagamine and Sasaki (2008) investigated the environmental factors affecting CR
in Holsteins in Japan. They assigned two HS groups based on latitude and suggested
that CR was affected more by temperature than by humidity. Although the effects of
temperature, humidity, wind speed, and solar radiation on HS under Japanese climatic
conditions have not been clarified, we considered the adjusted THI useful because it
included various environmental factors affecting HS. Ravagnolo and Misztal (2002)
proposed using information from local weather stations to predict heat tolerance in dairy
COWS.

Our posterior means of heritabilities for MY (ranging from 0.27 to 0.46), FY (ranging
from 0.27 to 0.41), and PY (ranging from 0.23 to 0.36) (Table 3) were similar to those
reported before for Holstein cows in Japan (Kawahara et al. 2006; Hagiya et al 2013;
Yamazaki et al. 2013). Our heritability estimates for SCS (ranging from 0.14 to 0.20;
Table 3) were in agreement with those in recent studies of Holstein cows (Pritchard et al
2013; Yamazaki et al. 2013). Our heritability estimates for reproductive traits were
generally low. Using a linear model, Bastin et a/ (2010) estimated that the heritability of
the non-return rate at first lactation in Canadian Holstein cows was 0.026. Liu et al.
(2008) also used a linear model; they reported that the heritabilities of the non-return
rate in three European countries were 0.012 in heifers and 0.015 in dairy cows. Hagiya
et al. (2013), using a threshold animal model, reported that the heritabilities of CR were
0.031 in heifers, 0.034 in first-lactation cows, and 0.028 in second-lactation cows
(Japanese Holsteins). Our heritability estimates for CR (ranging from 0.01 to 0.03) were

10
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in the general range of these reports but lower than those obtained by using the
threshold model (Table 4). For analysis of binary traits, theoretically, the threshold
model is more accurate than the linear model (Gianola 1982), and heritability estimates
obtained by using a threshold model are usually higher than those obtained by using a
linear model (Weller & Ron 1992). However, the correlations between the estimated
breeding values obtained from the threshold and linear models are very high (>0.99;
Weller & Ron 1992). As described in detail by Jamrozik et al. (2005), routine genetic
evaluation of binary fertility traits is performed mostly by using a linear model, because
with the threshold animal model there is a problem with convergence. Therefore, our
results obtained by using a linear model should be useful for routine genetic evaluation.
The genetic correlations of MY among the different HS groups declined slightly with
increasing parity, whereas the genetic correlations of SCS and CR did not differ among
lactations (Tables 5, 6). All posterior means of the genetic correlations were significantly
(P<0.001) smaller than 1.0. These results suggest the existence of interactions between
HS group and breeding value for MY, FY, PY, SCS, and CR under Japanese climatic
conditions.

HS-MC had the greatest negative effect on MY when cows calved from July to
September, but this effect did not differ among HS groups. The differences among HS
groups in the seasonal effects on SCS in third-lactation cows were not clear, because the
95% confidence interval was expanded (Fig. 3c). However, in the first two lactations the
seasonal effects of increasing THI on SCS were highest with summer calving (Fig. 3a,
3b). In contrast, the effects of month at first insemination on CR in heifers were similar
throughout the year in all HS groups (Fig. 4a). However, among cows inseminated in
summer and early autumn (July to September), those in the mild- and moderate-HS
groups experienced a more negative effect on CR than did those in the no-HS group (Fig.

11
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4b, 4c). Therefore, interactions with HS group affected the health and reproductive
traits of cows, rather than the yield traits. In cows inseminated in August—especially
during second lactation—there were large differences among HS groups in terms of the
negative effect on CR (Fig. 4c). Aguilar et al. (2009) considered later-parity cows to be
more susceptible than first-parity cows to HS. Boonkum et a/. (2011) also reported that
response to HS is strongly affected by parity. The differences we found in the effects on
CR among HS groups were in agreement with these findings. Nishiura et a (2015)
found negative genetic correlations between test-day milk yield and fat-to-protein ratio
(as an index of energy balance) in Japanese cows; they suggested that a negative energy
balance in mid- to late lactation was associated with a reduction in milk yield. Negative
energy balance in milking cows likely affects the health and reproductive traits of
different HS groups to different degrees.

In conclusion, the effects of HS on CR in heifers were not very clear through the seasons.
However, there was an interaction between HS group and insemination season in cows:
the reduction in CR in cows—especially those inseminated in August—was much larger
in the mild- and moderate-HS groups than in the no-HS group. This finding should be
considered in statistical modeling in evaluations of the reproductive traits of cows from

various THI regions.
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Figure legends

Figure 1 Distribution of HS groups in the Japanese dataset, by prefecture
HS = heat stress; THI = temperature-humidity index; No HS = THI<72; Mild HS =

7T2<THI<79; Moderate HS = THI>79

Figure 2 Effects and 95% confidence intervals (with bars) of calendar month at calving
on milk yield in cows in (a) first lactation, (b) second lactation, and (c) third lactation, by
HS group

HS = heat stress; THI = temperature-humidity index; No HS = THI<72; Mild HS =
72<THI<79; Moderate HS = THI>79

Average of effects was set to zero for each HS group.

Figure 3 Effects and 95% confidence intervals (with bars) of calendar month at calving
on somatic cell score in cows in (a) first lactation, (b) second lactation, and (c) third
lactation, by HS group

HS = heat stress; SCS = somatic cell score; THI = temperature-humidity index; No HS =
THI<72; Mild HS = 72<THI<79; Moderate HS = THI>79

Average of effects was set to zero for each HS group.

Figure 4 Effects and 95% confidence intervals (with bars) of calendar month of
insemination on conception rate at first insemination in (a) heifers, (b) cows inseminated
during first lactation period and (c) cows inseminated during second lactation period, by
HS group

HS = heat stress; THI = temperature-humidity index; No HS = THI<72; Mild HS =

17
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401  72<THI<79; Moderate HS = THI>79
402  Average of effects was set to zero for each HS group.
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410  Fig. 2b

(b) second-lactation
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(c) third-lactation
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416 Fig. 3a

(a) first-lactation
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(b) second-lactation
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422 Fig. 3c

(c) third-lactation
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425 Fig. 4a
(a) heifers
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428 TFig. 4b

(b) cows during first-lactation period
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431 Fig. 4c

(c) cows during second-lactation period
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Table 1 Means (s.d.) of milk, fat, and protein yields and SCS in cows in different HS groups

Fat, Protein,
No. of records Milk,
Trait kg/305 kg/305 SCS
[SCS] kg/305 days
days days
First lactation
No HS 79389792171 8080  (1493) 321 (58) 265 (48 2.3 (1.1)
Mild HS 72949 [72668] 8608  (1484) 330 (56) 281 (46) 2.4 (1.2
Moderate HS 75904 [75739] 8440 (13890 323 (54) 274 (43) 25 (1.2
Second lactation
No HS 65829 [65504] 9371  (1798) 373 (700 307 (56) 25 (1.3
Mild HS 57606 [57238] 9709  (1803) 371 (69 316 (55 2.7 (1.4)
Moderate HS 61376 [61198] 9483  (1726) 363 (69 309 (63) 2.8 (1.4)
Third lactation
No HS 43069 [42889] 9743  (1874) 390 (75) 317 (58) 2.7 (1.4)
Mild HS 34058[33934] 10041 (1858) 384 (72) 324 (57) 29 (1.5
Moderate HS 36759 [36659] 9863  (1798) 379 (73) 317 (5 3.0 (1.5

HS = heat stress; SCS = somatic cell score; THI = temperature—humidity index;

No HS = THI<72; Mild HS = 72<THI<79; Moderate HS = THI>79
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Page 30 of 35

Table 2 Means (s.d.) of conception rate at first insemination of heifers and cows in different HS

groups
Trait No. of records Conception rate at first insemination, %
Heifers
No HS 50 061 62 (49)
Mild HS 11 204 73 (44)
Moderate HS 14618 70 (46)
Cows 1n first lactation period
No HS 57 165 45 (50)
Mild HS 54 320 43 (49
Moderate HS 56 684 41 (49
Cows 1n second lactation period
No HS 35 192 42 (49)
Mild HS 30 174 41 (49
Moderate HS 31 900 39 (49

HS = heat stress; THI = temperature-humidity index; No HS = THI<72; Mild HS =

T2<THI<79; Moderate HS = THI>79
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440
Table 3 Posterior means (s.d.) of heritabilities (h?) for milk, fat, and protein yields and SCS of
cows in different HS groups
Trait Milk Fat Protein SCS
B2 (s.d.) h? (s.d) ),%4 (s.d) ),% (s.d.)
First lactation
No HS 0.46  (0.01) 0.39  (0.01) 0.35  (0.01) 0.15  (0.01)
Mild HS 0.40  (0.01) 0.39  (0.01) 0.34  (0.01) 0.19 (0.0
Moderate HS ~ 0.45  (0.01) 0.41  (0.01) 0.36  (0.01) 020  (0.01)
Second lactation
No HS 0.34  (0.01) 0.31  (0.01) 0.26  (0.01) 0.18  (0.01D
Mild HS 0.32  (0.01) 0.32  (0.01) 029  (0.01) 0.18  (0.01)
Moderate HS ~ 0.32  (0.01) 0.28  (0.01) 0.26  (0.01) 0.20  (0.01)
Third lactation
No HS 027  (0.01) 028  (0.02) 023  (0.02) 0.14  (0.01)
Mild HS 029  (0.01) 028  (0.02) 025 (0.01) 0.18  (0.02)
Moderate HS ~ 0.28  (0.01) 0.27  (0.02) 0.26  (0.02) 0.19 (0.0
HS = heat stress; SCS = somatic cell score; THI = temperature—humidity index; No HS =
THI<72; Mild HS = 72<THI<79; Moderate HS = THI>79
441
442
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Table 4 Posterior means (s.d.) of heritabilities (h?) for conception rate at first insemination of

heifers and cows in different HS groups

Page 32 of 35

Trait Conception rate at first insemination
h? (s.d)
Heifers
No HS 0.01 (0.00)
Mild HS 0.02 (0.00)
Moderate HS 0.03 (0.01)

Cows 1n first lactation period

No HS 0.01
Mild HS 0.01
Moderate HS 0.01

Cows 1n second lactation period

No HS 0.01
Mild HS 0.02
Moderate HS 0.02

(0.00)
(0.00)

(0.00)

(0.00)
(0.00)

(0.00)

HS = heat stress; THI = temperature-humidity index; No HS = THI<72; Mild HS =

T2<THI<79; Moderate HS = THI>79
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446
Table 5 Posterior means (s.d.) of genetic correlations in HS groups for milk, fat, and protein
yields and SCS of cows
Trait First lactation Second lactation Third lactation
HS group G (s.d) rc (s.d) re (s.d)
Milk
No HS — Mild HS 0.98  (0.00) 0.97 (0.01) 0.96  (0.01)
No HS — Moderate HS 0.97  (0.00) 0.95 (0.01) 092  (0.01
Mild HS — Moderate HS 0.99  (0.00) 0.97  (0.00) 0.91  (0.01)
Fat
No HS — Mild HS 095 (0.01) 0.96  (0.00) 0.96  (0.00)
No HS — Moderate HS 0.94 (0.01) 0.93  (0.01) 0.95  (0.01)
Mild HS — Moderate HS 0.99  (0.00) 0.97  (0.00) 0.93  (0.02)
Protein
No HS — Mild HS 0.97  (0.00) 0.97  (0.00) 0.95  (0.00)
No HS — Moderate HS 0.95 (0.01) 0.94  (0.01) 0.95  (0.01)
Mild HS — Moderate HS 0.99  (0.00) 0.96  (0.01) 091  (0.02
SCS
No HS — Mild HS 093  (0.02 0.92  (0.01) 0.97  (0.01)
No HS — Moderate HS 094  (0.02 0.95  (0.02) 093  (0.02
Mild HS — Moderate HS 0.96  (0.01) 0.98  (0.00) 0.90 (0.02)
HS = heat stress; rg = genetic correlation; SCS = somatic cell score; THI =
temperature-humidity index; No HS = THI<72; Mild HS = 72<THI<79; Moderate HS =
THI>79
447
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Table 6 Posterior means (s.d.) of genetic correlations in HS groups for conception rate at first

insemination of heifers and cows

Page 34 of 35

Cows 1n first Cows 1n second
Trait Heifers

lactation period lactation period

HS group el (s.d.) el (s.d.) rG (s.d.)

Conception rate at first insemination
No HS — Mild HS 0.97 (0.01) 0.93 (0.02) 0.96 (0.01)
No HS — Moderate HS 0.92 (0.01) 0.94 (0.01) 0.95 (0.01)
Mild HS — Moderate HS 0.97 (0.01) 0.98 (0.00) 0.97 (0.00)

HS = heat stress; ra = genetic correlation; THI = temperature—humidity index; No HS =

THI<72; Mild HS = 72<THI<79; Moderate HS = THI>79
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