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ABSTRACT

One hundred and one Exotic (European) * Indigenous crossbred cows presented for
artificial insemination (AI) at Pannala Veterinary Range from April to July. 2000 were used to
examine the effect. of environmental temperature (ET). various physiological parameters of the
cows. and management factors at the time of insemination. on conception rate (CR) of Exotic
(European) * Indigenous crossbred cows in Sri Lanka.

Data on breed. age. parity, date of last calving, average daily milk yield and interval from
detection of heat to insemination (IDI) of each cow were recorded based on the information
provided by the owner. Environmental temperature (ET), vaginal temperature (VT). rectal
temperature (RT). pulse rate (PR), respiration rate (RR), length and width of vulva, and body
condition score (BCS) of individual cows at the time of insemination were measured. Heat signs
(HS) of each cow at the time of insemination were assessed by adopting a scoring system, which
assigned a score for each heat symptom examined. based on its intensity of expression, Two
experienced technicians performed all 101 inseminations. Time of insemination and inseminator
number were recorded for each insemination. Per rectal pregnancy diagnosis was performed at 75
days after insemination. Data were subjected to correlation and regression analysis. and analysis of
variance procedures.

Mean ET at the time of insemination was 31.2 ± 1.5 "C. resembling the typical daytime
temperature conditions prevailing during these months in the intermediate zone of Sri Lanka.
Mean age, parity, days postpartum (OPP) and BCS of cows were 5.39 ±2.74 yr, 2.52 ±1.55,
213±115 d and 2.7-1-± 0.65, respectively. These values suggest that the cows included in the study
were a representative sample of the normal population of breedable cows. Mean PRo RR. VT and
RT of 101 cows at the time of insemination were 68.-1-±2.4 beats/min. 24.6 ±1.5 breaths/min.
39.-1-5±0.38 °C and 38.5 ±0.4 °C, respectively. The values of physiological parameters were within
the nonnal range for cattle. Relationships between ET at the time of insemination. and individual
PRo RR, RT, and VT were positive. indicating increase in body temperature at higher ET despite
induced thermoregulatory responses. Mean VT was 0.9 ± 0.1 ° C higher than mean RT in cows.
and VT and RT were positively correlated (r = 0.58. p<0.05). Conception rate (65.-1-±1.2%) was
not significantly different between the two technicians. CR was highest in cows with BCS of 2 to
3, parity of 2 to 3. between 61 and 150 DPP. and when ID! was <13 hr. Inseminations performed
after 19 hr lapse from detection of heat were not successful. CR declined (p < 0.05) by 8%,3.9"10.
5.2% and 4.9% with every 1°C, O.I°C. D.l°C and 1 hr increase in ET, RT. VT. at the time of
insemination. and delay in time from detection of heat to insemination. respectively, CR was
lowest when ET. RT. VT, and IDI at insemination were above 31.7 °C. 38.6 "C. 39.6 "C. and 19 hr.
Highest CR resulted from inseminations performed whenET. RT. VT. and IDI at insemination
were below 30.9 "C. 38.2 °C, 39.3 "C. and 13 hr. respectively. These trends are in the same
direction. but the values are different to those reported for Holstein cows.
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The results suggest that CR in Exotic (European) * Indigenous cross bred cows in the
sample was affected by ET. RT. yr. BCS. parity. DPP and IDI. Highest CR was resulted from
inseminating cows having BCS of 2·3. parity of 3. between 61 to 150 DPP. within 13 hours of
detection of heat. and when ET. RT. VI' were below 30.9 "C, 38.2 "C, and 39.3 "C. respectively.

INTRODUCTION

Conception rate is one of the key determinants affecting efficiency of reproduction in
cows. Reduced fertility resulted from failure to conception, or from early embryonic
mortality. is a common phenomenon among dairy cows reared in tropical countries (Stott and
Williams, 1962) Successful fertilization depends on synchronous transport of gametes in the
female reproductive tract to reach the site of fertilization. This process can be affected by
many environmental, physiological and managerial factors. For example, conception rate in
Holstein cows declined from 66% to 35% as the temperature humidity index (THI) increased
from 68 to 78 (Ingraham et al., 1976). The maximum temperature on the day after estrus and
uterine temperature on the day of insemination significantly affected conception rate
(Gwazdauskas et al., 1973). Heat signs (De Silva et aI., 1981), and body condition (Domecq
et al., 1997) of the cow also affected conception rate in cattle. Although such information has
been generated on the factors affecting, and the critical temperatures to be maintained to
achieve superior conception rate in European breeds of cattle, information is lacking on the
interrelationships among natural thermal environmental conditions, cow parameters,
managemental factors and conception rate of tropical cattle and their crosses. This
experiment was conducted to examine the effect of environmental temperature (ET) at the
time of insemination, physiological parameters (body temperature, pulse rate, respiration rate,
heat signs, body condition) of the cow at insemination, and management factors (time lapse
from detection of heat to insemination) on conception rate (CR) of Exotic (European) *
Indigenous crossbred cows in Sri Lanka.

MATERIALS AND METHODS

Location and animals: The study was conducted in the Pannala Veterinary Range, located in
the intermediate zone of the Kurunegala district of Sri Lanka. A total of 101 Exotic
(European) * Indigenous crossbred cows presented for artificial insemination (AI) to the
Pannala veterinary surgeon's office, between April and July, 2000 were studied. All the
European*indigenous crossbred cows presented for AI during this period were used for the
study to avoid any discrimination or biased sampling.

Parameters measured: Data on breed, age, parity, date of last calving, average daily milk
yield, and interval from the time of detection of heat to insemination (IDI) of each cow, were
recorded based on information provided by the owner. Body condition score (BCS) of each
cow at the time of insemination was assessed by adopting the scoring system of Jones et al
(1982). Heat signs (HS) expressed by each cow at the time of insemination were evaluated by
adopting the scoring system given in Table 1, which assigned a score of 0 to 4 for each heat
symptom examined, based on its intensity of expression. The length and width of the vulva of
individual cows, were measured just before insemination with the use of a vernier caliper.
Environmental temperature (ET) of the area, vaginal temperature (VT), and rectal
temperature (RT) of the cow at the time of insemination, were measured using a dry bulb
thermometer and a digital clinical thermometer respectively. Pulse rate (PR), and respiration
rate (RR) of individual cows at insemination were determined by adopting the standard
methods of counting the number of pulses/minute in the tail vein, and the number of flank
movements/minute, respectively. Two experienced technicians designated as technician I and
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; performed all 101 inseminations. The time of insemination and inseminator number were
; . rded for each insemination. Per rectal pregnancy diagnosis was performed at 75 days
i' ". insemination for the 101 cows, by a veterinary surgeon. Conception rate (CR) at

erent values of each independent variable was computed using the following equation:
Conception rate = (number of cows conceived / number of cows inseminated) * 100

Table 1. Scoring system adopted to assess heat signs in cows

.._ _ !!~.~.!~.!g.!':__ _ _._ _ _..J~~~.r.~_ .
Colour of vulva:

Red
Light red
Pink
Light pink
Normal colour

Mucous discharge:
Thick
Moderate
Thin
None

Frequent urination:
Present
Absent

Restlessness:
Present
Absent

Bellowing:
Present
Absent

Mounting:
Present
Absent

Loss of appetite:
Not eating
Eating normal

4
3
2
1
o

3
2
1
o

1
o

1
o

1
o

1
o

Total maximum score

1
o
12

Statistical analysis: Data on ET, RT, VT, PR, RR, HS and IDI were subjected to correlation
analysis to assess the inter-relationships among environmental, physiological and
managemental parameters at the time of insemination. For the significant correlations that
were revealed, regression analysis was performed to compute the best fitting regression
equation and line. To compare the CR at different ranges of independent variables, analysis
of variance (ANOV A) procedures were performed on completely randomized design.

RESULTS AND DISCUSSION

Environmental parameters: The environmental temperature prevailed at the time of 101
inseminations varied between 28.0 "C and 33.5 "C, with a mean value of 31.2±1.5 "C. These
values resemble the typical daytime temperature conditions in April to July months in the
intermediate zone of Sri Lanka.
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Cow parameters: The 101 crossbred cows presented for artificial insemination during the
study period, were of 2 to 12 yr in age, while the majority (71%) were below 8 yr of age as
reflected by the mean value of S.39±2.74 yr. Parity ranged between I and 8 among the 74
cows for which the parity was reported, while the majority of them (90%) were below parity
of S (mean parity 2.S2±l.SS). Data on DPP were available only on 60 cows, which were
within 42 to 480 DPP. Sixty five percent of the cows were between 90 and 240 DPP,
resulting in a mean value of 213±IIS DPP. This DPP indicates the existence of an
exceptionally long open period among cows, considering the facts that, the recovery of
hypothalamic pituitary ovarian axis is completed within IS DPP (Moss et al., 1985), and that
involution of the uterus, which is a pre-requisite for next conception is completed before 28
DPP in cattle (Butler and Smith, 1989). Negative energy balance, under-nutrition (Butler and
Smith, 1989), and suckling (Smith et aI., 1981) are reported to prolong resumption of ovarian
function following parturition in cows. These factors could have contributed to the lengthy
DPP observed in the cows used in the study. The body condition of most of the cows (88 %)
assumed a score of 2 to 3, (mean 2.74 ± 0.6S), although the BCS varied between 1 and 4.
These values suggest that the cows included in the study can be considered as a
representative sample of the normal population of breed able cows, while the majority were
reasonably young and had satisfactory body condition.

Physiological parameters: The mean values of PR, RR, VT and RT of cows (0=101) at the
time of insemination were 68.4±2.4 beats/min, 24.6±1.5 breaths/min, 39.4S±0.38 "C, and
38.S±O.4 "C respectively. The values of physiological parameters were within the normal
range reported for cattle. Mean VT was 0.9 ± O.loC higher than mean RT in cows. This is in
agreement with the findings of Gwazdauskas et al., (1973). Mean VT reflects the thermal
conditions prevailing in the female reproductive tract to which the gametes are exposed prior
to fertilization. Heat sign score of the cows varied between 3 and 12, while the majority
(72%) had a score between 6 and 9.

Relationships among environmental and physiological parameters: The resulted
correlation coefficients between prevailed ET and RT, VT, PR and RR of cows (n=101) at
the time of insemination are given in Table 2. Environmental temperature at the time of
insemination showed positive correlations to RR, PR, RT, and VT. These physiological
parameters serve as the indices of internal thermal status of the cows. The positive
correlations between ET and physiological parameters are in agreement with the findings
elsewhere (Munida and Yamamoto; 1996). The correlation coefficients (Table 2) suggest
that, despite various thermoregulatory mechanisms employed such as changes in respiration
rate (RR), increased peripheral blood flow (PR) to maintain thermal balance, the body
temperature (as reflected by RT and VT) elevated with increasing ET. Linear regression
between RT and ET indicated that with every 1 0 C increase in ET, RT increased by 0.06 ° C.

RT = 0.OS99 ET + 36.63 (1)

Among the physiological parameters, the highest correlation was found between VT
and RT (r = 0.S8, P < 0.01). Linear regression between VT and RT (Fig. 1) indicated that, for
each 1° C increase in RT, VT which reflects the temperature within the reproductive tract,
increased by O.S °C.
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VT = 0.5027 RT + 20.09 (2)

Apart from the above relationships between ET and physiological parameters, HS of
,the cows declined with increasing ET (r = -0.18) and with increasing IDI (r = -0.36) as
. follows.

HS = - 0.2303 ET + 14.746 (3)

HS = - 0.1324 IDI + 9.6172 (4)

Such reduction in intensity of heat signs under hot climatic conditions, and with time
due to alterations in estrogen: progesterone hormonal balance has been reported (De Silva et
01., 1981;Thatcher et aI., 1985).

Table 2: Correlation coefficients among environmental temperature and physiclogica! parameters at the
time of insemination

Parameter Environmental Rectal Vaginal Pulse rate
..._ ~~JE.p..~~~.t.1:l!.'e._ !.'e.~p.'e..~~!~.~.~ ~~.I!.l.P..~~~.~~!...~ _ _ _ .
Respiration rate 0.25* 0.29* 0.08 0.27*
Pulse rate 0.14 0.15 0.17
Vaginal temperature 0.13 0.58**
Rectal temperature 0.21 *

* p < 0.05; ** p < 0.01

-----_ ... __ ._---_ .. -
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Rectal temperature (C) at the time of insemination

Fig. 1.Relationship between vaginal temperature and rectal temperature at insemination

Conception rate changes with environmental, physiological and management factors: Of
the 101 cows inseminated, 66 cows conceived, resulting in a conception rate of 65.3%.
Conception rate exhibited significant correlations with several environmental, physiological,
and management parameters (Table 3). In addition, CR varied with body condition score,
parity, and days postpartum (DPP). The following (a), (b), and (c) sub-sections of this paper,
discusses the significant changes exhibited by conception rate in relation to environmental
parameters, cow and physiological parameters, and management parameters respectively.
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a). Changes in conception rate with environmental temperature at insemination:
Conception rate declined from 100% to 38% as environmental temperature increased from
280 C to 33.50 C (Fig. 2). Linear regression revealed 8% decline in CR with every 10 C
increase in ET. Such inverse relationships between ET and CR in cows have been reported
(Ingraham et al., 1974). Conception rates achieved from inseminations performed when ET
was below 30.9° C. were significantly (p < 0.05) greater than those achieved from
inseminations performed when ET was above 31.9° C. Although no information is available
regarding the above on tropical cattle for comparison purpose, the results of this study agree
with those of Dunlap and Vincent (1971) who reported zero conception rate in beef cattle
when exposed to 32" C temperature for three days post-breeding, and those of Thatcher et al
(1985), who reported greater decline in CR in lactating Holsteins when ET exceeded 30° C.

Table 3. Correlation coefficients of conception rate, with environmental, ph~·siologicaland managemental
parameters at insemination

Parameter Conception rate
Environmental temperature
Physiological parameters

Rectal temperature
Vaginal temperature

Management parameters
Time from detection of heat to insemination

-0.92**

-0.87**
-0.86**

-0.98**

** p < 0.01
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~=~ 80.3
e
.§ 60
~
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20
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Environmental temperaure (C) at the time of insemination

-_ .._---- ...__ ... -----

Fig. 2_Relationshil) between conception rate and envirnnmental temperature at insemination
b) Changes in conception rate with cow (physiological) parameters at insemination:
Several cow parameters and several physiological parameters affected the CR of cows in this
study.

Body condition score (BeS): Conception rate varied with BCS of the cows (Table 4).
Conception rate was higher among cows which had a BCS of 2 to 3 at insemination. Domecq
et al., (1997) reported that, although the BCS at insemination was not related to conception,
cows experiencing loss of body condition had negative influence on conception. This may
partly explain the lower conception rate among cows with BCS of l .
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Tahlc r. Chan~es in cnnceptiun rate and hod~ condition score at inscmination

Bodv condition score

,

Number of cows
inseminated

..,---,,----.-

2
'j.1_

57
10

Number of CO\\<'5

conceived
Conception rate

0,'0

23
500
:1 g
64 I3 ''7

J I

4 50 (i

Parity: Changes III conception rate with parity IS given III Table" Conception rate vaned and
tended to increase with panty but this linear relationship was not significant. Higher
conception rates were achieved by cows wit h paritv of 2 to 3. and by those with a paritx
above 6 at insemination The number or cows having a parity above f \\ere few. possibly
because the farmers get rid or older unproductive CO\\ s. keeping onlv the verv best older
ones This partlv explams the superior CR In cows with pantv a\10,'<:' (,

T able S, ('han:,!c, in cnncepnon Rall' with Paritv

Parity \iumber of CO\\ 5

Inseminated

, -,
i'

Number (If cows
conceived

11

i"
U
6

Conception rate 0, 0

2
It)

11-,
<;78

.'

71 4~
764'"
666
66 I•

"0 o
100 (i '"

1 ('iti'

..j

6
7

'" Values differ at p: 00:;

Heat sign score (HS): Heat s!gn score of the CO\\/$ also affected CR (Tab!e 6) A ~1~'l1it:cant:)
greater (p«)U') CR was achieved b\' inseminating cows which had') heat sign SCOie at
insemination Heat sign score. which reflects the intensitv of expression of heat signs.
depends on circulating estrogen progesterone ratio While the relative concentration of these
two hormones 111 circulauon is altered under thermal stress. it affects the blood flow 10 the
reproductive tract alia its micro-environment. controls gamete transport. capacitation,
fertilization and development of the embryo .\11 these factors determine the conception rate
(Thatcher ('I al 198.') Although the hormonal concentranons wer e nUT monitored in this
experiment, the observed decline I1l HS with ET t equauon :». and decline in CR with
reduction 111 HS are explained bv the above phenomenon

Rectal temperature (RT): The relationship between RT and CR is given in Fig:; Conception
rate declined (p' (. (I." i b\ 3 ')% with each 0 i c; C Increase in RT at the time of msermnation
while RT which reflects the bodv core temperature ot the animals. Increased by 0 06 " C with
every i " C increase 111 [T (equation 1) lnsernmations. performed when RT \\a' below .18::: ;
C at insemination. had a significantly greater CR compared to msennnauons. conducted when
RT was above 38b C (Fig 3) TIm agrees with the findings of Thatcher ('/ (II (198';), \\ ho
reported a decline In CR due to an inabilitv to maintain normal body temperatures in lactating
cows under thermal stress Elevated body temperatures have been reported to exert negative
influence 011 secretion c,f pr oteins and prostaglandins bv the uterme endometrium, embryonic
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viability and production of embryonic signals for the establishment of pregnancy (Shearer
and Beede, 1990). The observed decline in CR with elevated body temperature can be
explained by the above phenomenon

Table 6. Changes in conception rate with heat sign score of the cow at the time of insemination

Heat sign score Number of cows Number of cows Conception rate %
inseminated conceived....•........ __ _ _._._ _ - _----- __ ._._-_._-----_._ _ .._-----_ .._-_ _._.-. __ .._ .._ .._ __ .._--_._ ..__ __ -....•....__ .._.__ .-

3 4 2 50.0
4 4 2 50.0
5 3 2 66.7
6 20 11 55.0
7 16 9 56.3
8 25 16 64.0
9 12 10 83.3"
10 9 8 88.9"
11 6 6 100 "
12 2 2 100·

a Values differ at p < 0.05
------.---------------.
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§ 60
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j

o
37.2 37.4 37.6 37.8 38 38.2 38.4 38.6 38.8 39 39.2 39.4

Rectal temperature (C) at insemination

----._--
Fig. 3. Relationship between conception rate and rectal temperature at the time of insemination

Vaginal temperature: Conception rate declined by 5.2% with every 0.10 C increase in VT
(Fig. 4) Inseminations performed when VT was below 39.70 C had significantly (p<0.05)
lower CR than inseminations conducted when VT was above 39.3 0 C (Fig. 4). Vaginal
temperature, which reflects the temperature within the reproductive tract, increased by 0.5 0 C
with each 1 0 C increase in RT (Fig. 1) in this experiment. Elevated reproductive tract
temperatures near time of insemination is detrimental to conception rate (Thatcher et al.,
1985) Elevated reproductive tract temperatures are caused by lowered blood flow to the
reproductive tract, due to increased blood flow to the periphery in the animal's attempt to
accelerate heat dissipation to maintain body temperature. Lowered blood flow to the
reproductive tract in turn creates a particularly hostile micro-environment for fertilization
(Shearer and Beede, 1990). Observed decline in CR with increasing VT can be due to such
changes.
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Fig. 4. Relationship between conception rate and vaginal temperature at insemination

('c) Changes in conception rate with management parameters: Conception rate has been
reported to change due to several management parameters such as the skill of the AI

d;lechnician (Alexander et al., 1998), time lapse from detection of heat to insemination
(McMillan and Watson, 1975) and days postpartum (Malven, 1984). The relationship of these
lparameters to CR of the cows in this experiment is discussed below.

; bueminating technician: Conception rates achieved through inseminations performed by the
two technicians were not different (p > 0.05; 64.8% versus 66.8%) resulting in a mean
conception rate of 65.4± 1.2 % for the two technicians. This suggests that both the AI

r technicians used in this study were equally skillful.

Days postpartum (DPP): Conception rate varied with Dl'P (Table 7), A superior CR
(p<O.05) was achieved from inseminations performed in cows that are between 61 and 210
DPP. It appears that inseminations performed before 60 OPP were unsuccessful, even if the
postpartum cow comes into estrus, while considerably a minority came into estrus before 60
DPP (Table 7.). Factors such as suckling, under-nutrition and negative energy balance, which
are common among early postpartum cows, exert negative influence on resumption of

f: postpartum ovarian activity and estrus (Smith et al., 1981; Butler and Smith, 1989). These
factors would have prevented large number of cows in this study from coming to estrus
before 60 DPP. Although the CR was superior even up to 240 DPP, such a long open period
to insemination would adversely affect the overall life-time reproductive efficiency of the
cow. Therefore, it is advisable to inseminate cows within 61-150 OPP to achieve higher CR
and reproductive efficiency.

23



Table 7. Changes in conception rate of cows with da)'s postpartum to insemination

Days Postpartum to
insemination

<60
61-90

91-120
121-150
151-180
181-210
211-240

>241

Number of cows
inseminated

I
5
6
6
14
7
6
15

Number of cows
conceived

o
4
5
5
10
6
4
9

Conception rate %

o
800*
83.3*
833*
71 4*
854*
66.7
60

>I< P < 0.05

Intervalfrom detection of heat to insemination (IDI): Conception rate declined by 4.9%
with every hour delay in time from 6 hr of detection of heat to insemination, while
inseminations performed after 19 hr lapse from detection of heat were not successful (Fig. 4).
Conception rate obtained from inseminations performed within 13 hr of detection of heat was
superior (p<O.OS). This is in agreement with the findings of McMillan and Watson, 1975)
Circulating estrogen: progesterone ratio, which influences the transport of gametes to the site
of fertilization, changes with 101 (Shearer and Beede, 1990), while the released ovum also
becomes aged and unsuitable for fertilization with increasing lOt These factors would have
contributed to the observed decline in CR with increasing IDI beyond 13 hr.

120

100
~'-- so.::!
2

60
fr 40~:::;

20

6 8 10 12 14 16 18 20 22 24 26 28

Interval trum detection of heat to insemination (hr)

Figure 5. Relationship between conception rate and time interval
from heat detection to insemination

----_ .._-_.__ _-------_ .. -_ _---_.

CONCLUSIONS

Fig. 5. Changes in conception rate with time interval from detection of heat to insemination

The results suggest that the CR in Exotic (European) >I< Indigenous cross bred cows in
the study was affected by ET, RT, VT, BCS, parity, DPP and 101. Highest CR was resulted
from inseminating cows having BCS of 2-3, parity of 3, between 61 to ISO DPP, within 13
hours of detection of heat, and when ET, RT, VT at insemination were below 30.9 DC, 38.2 °
C, and 39.3 -c respectively
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