
APPROVED: 

\HORMONAL, ENVIRONMENTAL, NUTRITIONAL 

AND LACTATIONAL INTERRELATIONSHIPS WITH 

ESTROUS BEHAVIOR AND CONCEPTION IN DAIRY CATTLE / 

by 

A. W. M. V.,De Silva1 
\\ f, 

Thesis submitted to the Graduate Faculty of the 
Virginia Polytechnic Institute and State University 

in partial fulfillment of the 
requirements for the degree of 

MASTER DF SCIENCE 

in 

Dairy Science 

M. L. McGilliard R. G. Cragle, Dep?t. Head 

June 1978 

Blacksburg, Virginia 



ACKNOWLEDGEMENTS 

The author wishes to express his sincere appreciation to Dr. F. C. 
I 

Gwa~dauskas, Chairman of the supervisory committee for his encourage-
' ment and assistance throughout the study. As an advisor, he has been 

very energetic, patient and extremely cooperative. . -

Appreciation is extended to Dr. R. G. Cragle for offering the 

author a position and financial assistance to pursue graduate studies, 
i 

and also for continuous encouragement throughout the study. A word 

of thanks goes to 

(University of Wisconsin, Madison), (McGill University, 

· Quebec) for their encouragement. 

The author is extremely grateful to ' J .. A. 
' 

' Lineweaver and M. L. McGilliard for thier valuable suggestions, and 

time spent in reading this manuscript. Thanks are also due to 

a.nd 

planning the experiment. 

for valuable suggestions offered in 

Special appreciation is offered to ' M. L. 

McGilliard, (Dept. of Statistics) for their excellent 

gui~ance with the st~tistical analysis. 

Gratitude is expressed to at the dairy barn, 

and to many undergraduate students for their help in ca'ttle handling. 

Special thanks are also due to , and 

(graduate students) for their encouragement and assistance during the 

study. Gratitude is also expressed to fellow graduate students for 

ii 



iii 

providing a friendly environment to pursue graduate work. 

Appreciation is expressed to , and 

for valuable laboratory assistance.· Many thanks to 

for an excellent job done in typing this manuscript. 

Sincere appreciation and thanks are due. to 

(Dept. of Agricultural Engineering) for providing climatic data. 

The author wishes to express his sincere gratitude to his wife 

for her constant encouragement and assistance during all phases 

of the study. Finally, gratitude is expressed to his parents for 

their concern and encouragement. 



I ABLE OF CONTENTS 

ACKNOWLEDGEMENTS . 

TABLE OF CONTENTS 

LIST OF TABLES . 

LI.ST OF FIGURES 

INTRODUCTipN . . 

LITERATURE REVIEW 

. . . . . . . .. . . . •· . . . 

The Estrous Cycle and Estrous Behavior ... 
Hormonal Involvement with Estrus-Gonadotropins 
Hormona 1 Involvement with Estrus-Steroids -. . . 
Hormonal and Physiological Interrelationships . 

.Effects of Nutrition on Reproduction 
Environmental Effects on Reproduction 

MATERIALS AND METHODS 

Experimental Design 

Blood Collection . 
Types of Ration 
Lactational Data 
Climatic Data ....... . 
Statistical Analysis of Data 

Laboratory Procedures . . ·. . . . 

Cleaning of Glassware for Hormone Analysis . 
Hormone Standards and Isot9pes . . . . . . 

Extraction and Isolation Procedures 

Progesterone . . . . . . . . . 
Estradi0l- l 7s . . . . . . . . 
Progesterone Radioimmunoassay 
Estradiol Radioimmunoassay .. 
Estimation of Plasma Glucose . 
Estimation of Urea in Plasma . 

iv 

. •. 

iv 

vt 
vii 

1 

3 

3 
5 
7 

10 
14 
19 

26 

26 

27 
27 
28 
28 
29 

30 

30 
31 

31 

31 
32 
37 
41 
43 
47 



v 

TABLE OF CONTENTS (Cont'd) 

PAGE 

RESULTS AND DISCUSSION . . . . . . . . . . 49 

Estrous Behavior . . . . . . . . . . . . . • .. 49 
Effect of Location and Estrous Activity.. . . . . . . . 57 
Hormonal Considerations and Their Effects.on Estrous 
· . B:ehavi o.r . . . . . . . . . . . . . . . .. . . . . · . 57 
Infl uenc:e of Hormones on Receptivity . . • . . . . . 60 
Nutritional Interrelationships and Their Effects on 

Estrous Behavior . . . • . . . . . . . . . . . . . • 70 
Influence of Estrus Activity on .Feed Consumption 77 
Influence of Lactation on Estrous Behavior . . . 77 
Effects bf Season on Estrus Ac ti vi ty . . . -. . . . 78 
Effects of Climate on Conception . . • . . . . . . . . . . 82 
Hormoneal and Other Influence,s on Conception Rate 87 

SUMMARY . . 91 

LITERATURE CITED • 95 

APPENDIX . 106 

VITA ... 

ABSTRACT 

117 



LIST OF TABLES 

TABLE 

1 Accuracy of Measuring Progesterone in Bovine 
Plasma Containing Increasing Amounts of 
Progesterone . . . . . . . . . . . . . . . 

2 Accuracy of Measuring Progesterone in Increasing 
Amounts of Bovine Plasma . . . . . . . . . . 

3 Crossreactivity of Selected Steroids With the 
Progesterone Antibody . . . . . . . . . . . . 

4 · Accuracy of Measuring Estradiol-T7s in Bovine Plasma 
Containing ,Increasing Amounts of Estradiol-17s .. 

5 Accuracy of Measuring Estradiol-l7s in Increasing 
Amounts of Bovine Plasma ......... . 

6 Crossreactivity of Selected Steroids With the 
Estradiol Antibody .. · .. 

7 Description of Abbreviations ..... 

8 Means and Standard Deviations for all Parameters 

9 Means and Standard Deviations for Receptivity 1 
for Locations . . . . . . . . . . . . . . 

l 0 Means and Standard Deviations for Hormones and 
_ Conception Rates for Standing Behavior at 12 hr. 

11 Means and Standard Deviations for Blood Glucose 
and Ure.a at O hr and 12 hr for Heifers and 
Lac ta ting Cows . . . . . . . . . . . . . . . . 

.12 Means, Standard Deviations and Coefficients of 

13 

Variation for Glucose and Urea Among Different 
Rat i 0 ns .. . . . . . . . . . . . Ill • • • • • • 

Simple Correlations for Environmental 
Measurements . . . . . . . . . . . . 

vi . 

PAGE 

39 

40 

42 

44 

45 

46 

50 

52 

58 

68 

71 

75 

79 



FIGURE 

1 

2 

3 

4 

5 

6 

7 

8 

LIST OF FIGURES 

Characterization of La 2G columns using Estrone 
and Estradiol separately. . . . . ... 

Characterization of LH 20 columns ·using Estrone 
and Estradfol combined •........... 

Relationship of age with estrous behavior at first 
observed heat (Receptivity l) . . . . . . . . 

Relationship of Progesterone at 0 hr with late 
estrous behavior (Receptivity 2) ..••••. 

Relationship of Estradiol at 12 hr with late, 
estrous behavior {_Receptivity 2). . . 

Relationship of Progesterone at 12 hr with late 
estrous behavior (Receptivity 2) . . . '. . . 

Relationship of maximum temperature C (day +l) 
with conception . . . . . . . . . . . . . 

Relationship of Progesterone at 12 hr with 
conc~pti on . . . . . . . . . . . . . . . . 

vii 

. 

. 

. 

. 

PAGE 

33 

35 

55 

61 

. . . 63 

. . . 65 

. . 84 

. . . 88 



INTRODUCTION 

One of the greatest concerns among those involved in the dairy 

industry today is.the need for sound management practices. Of the 

many factors· that are considered important for improving existing 

reproductive management tools, proper heat detection and timing of 

insemination play a vital role. Foote (1975) stated that accurate 

estrus detection was the key to efficient reproduction and high mi 1 k 

production. Other workers have reported that accuracy and efficiency 

of estrus detection are affected by frequency of observation, time of 

day and length of time spent in observation (Hurnik et a·l., 1975; 

Williamson et a 1 . , 1972). 

Frequently the observed period of standing estrus in the dairy 

cow is short, and not·we.ll defined. Additionally, hot environment 

and changing nutritional. regimes have been speculated as factors. 

which affect estrous behavior. Short heat peri'ods, often during 

hours of darkness, and silent heats a 1 so make estrus detection 

difficult. Diseases and other physio logica 1 disturbances could further 

complicate the problem (Pelissier, 1972). 

Although observations of behavioral changes at estrus in the 

dairy cow take much time, precise estrus detection includes not only 

observation but also correct interpretation of such behavior. 

Economic losses, as a result of a failure in estrus detection can be 

enormous. Louca and Legates (1968) reported a loss of 72 kg of milk 

per cow when the calving interval was 13 months and 216 kg of milk per 
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cow as. the i nterva 1 extended to 15 months. Speicher and Meadows 

(1967) reported that delaying conception beyond 86 and up to 116 days 

after freshening, reduced milk and calf rettirns over feed cost an 

average of $.50 for each day beyond 86. Virginia dairymen lost $1.69 

for each additional day beyond 90 days postpartum that the cow was not 

pregnant (Lineweaver, 1978). · Therefore, in order for dairy farming 

to remain a profitable enterprise with the trends toward lower labor 

intensity, more attention and ski 11 needs to be devoted to methods 

for increasing reproductive efficiency. 

The objectives of our investigation were therefore: 

1. To associate hormonally the events taking place at 
the first observation of estrus and 12 hr later with 
accurate observations of behavioral variatio·ns at 
these times and also to relate these findings with 
concurrent breeding efficiencies. 

2. To observe any differences in intensity of estrous 
behavior as influenced by environment, nutrition and 
lactational performance. · 

3. To relate nutritional, lactational, and environ-
mental factors to reproductive efficiency. 



LITERATURE REVIEW 

Hodgson (1973) reported a decrease of 43% in the total number of 

cows, and an 85% decline in herds over the past 20 years in the United 

States. These differentia 1 rat.es of change have resulted in fewer 

herds containing greater numbers of cows. As a result of a decline in 

the economic situation in recent years, the trend has been to restrain 

production costs in the livestock industry. With increases in average 

herd size, estrus detection has been, and is continuing to be, a pro-

blem. Thus, estrus .detection failure and improper timing of insemi-

nation result in major limitations to highly successful artificial in-

semination in dairy cattle. 

The Estrous Cycle and Estrous Behavior 

Williamson et al. (1972) emphasized the importance of early and 

precise estrus detection in maintaining optimum calving intervals and 

best utilization of production potentials. Wishart (1972) made obser-

vations on the length of the estrous cycle, duration of estrus and time 

of ovulation in a group of Friesian heifers. He r~ported an average 

cycle 1 ength of 22 days. However, seasona 1 differences were found 'to 

exist. During the spring-summer period the average was 20 days and in 

autumn-winter it was 26.2 days. The overall mean duration of estrus 

was 14.7 hr. 

Hurnik et al. (1975) studied the behavioral patterns of 36 post-

partum Holstein cows at estrus over a period of l year: A time lapse 

videorecorder connected with two light intensity television cameras was 

3 



4 

used to monitor behavioral activities. The highest frequency of mounts 

occurred at- night, though the overa 11 distdbution of mounts showed 

evidence of circadian rhythm. Based on these findings, they postulated 

that the- increase in freqf,lency of mounting which usually commenced near 

, 2000. hr.would be stimulated by the cessation of human activities and 

hence a reduction in distractions. They assumed that the lowered 

environmental complexity raised the_arousg.l potential of stimuli in ... 
~ . 

valved wHh estrous behavior. The number of cows in estrus reached.a 

1 peak:around 0800 hr and a low at 1900 hr. Characteristic behavioral 

· symptom.s of estrus varied greatly between individuals. There was a 

' dependency of thi_s trait on the degree of estrus synchronization. 

Behavioral symptoms of estrus were shown to have a relation to social 

factors. 

'Behavioral changes at estrus in a group of 60 Fri esi an cows,_ em-

ploying trained personnel were studied-by Esslemont and Bryant (1976). 

They reported a diurnal pattern of mounting activity. Greater mounting 

activity was assoc-iated with the night time hours, with mounting occur-

ring mo.s_t freq~ently from .approx.imately 2000 to 0500 hr. Relatively 

1 ittl e mounting activity was observed between 0600 and 1300 hr. How-

ever, the frequency of observation of the onset of estrus was evenly 

distributed throughout the day. They postulated that an increase in 

mounting activity duri,ng the night and early morning hours may be a 

result of management habits in that particular herd and suggest~d that 

removal of estrus cows from the herd for insemination during the day, 

routine of mil king-, movement and feeding may have influenced the cows 1 

opportunity to interact. At night when management activities were 
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minimal, estrus cows had better opportunities to express mounting 

activity. Esslemont and Bryant (1976} found that estrous cows dis-

played greater activity in terms of mobility patterns in the drylot 

area and a reduction in feeding and lying behavior than during non-

estrus. 

Hormonal Involvement with Estrus ... Gonadotropins 

The events which occur during the estrous cycle of different 

domestic. animals and the hormonal interactions that are responsible 

- for regulation of the various reproductive processes, have been 

investigated in many species. 

It is now accepted that the hypothalamus controls release of 

pituitary hormones via neurohormones called releasing and inhibiting 

hormones (Convey, 1973). These releasing hormones act on specific 

cells in the adenohypaphysis, which result in the release of gonado-

tropic hormones; Follicle Stimulating Hormone (FSH), Luteinizing 

Hormone (LH), and prolactin (LTH). These are then secreted into the 

circulation and transported to the target organs (Hafez, 1974). 

Hansel and Snook (1970) pointed out the importance of FSH along 

with a small amount of LH for follicle maturation and estrogen secre-. 

tion. They also proposed that in the cow, as in other species, ovula-

tion was brought about by an ovulatory surge of LH (or a combination of 

FSH-LH) early in estrus. Hansel and Trimberger (1951) found that this 

pre-ovulatory rel ease of gonadotropins could be blocked by administra-

tion of drugs such as atropine at the beginning of estrus. Simmons 

et al. (1968) were successful in localizing LH in the delta cells of 
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the bovine pituitary by a fluorescent antibody technique. Based on 

these findings, Hansel and Snook (1970) proposed that the 11 ovulatory 

surge" of gonadotropins in the cow was initiated mainly by Luteinizing 

Hormone Releasing Factor of hypothalamic origin. The molecule, 

Luteini zing Hormone-Releasing Hormone/Fa 11 i cl e Stimulating Hormone-

Releasing Hormone, that had been originally extracted from the hypo-

thalamus of the pig consists of 10 amino acids. It is now known that 

this decapeptide with a designated amino acid sequence has both LH and 

FSH releasing activity (Schally et al., 1971). 

Nonhormonal substances in blood have been shown to influence 

pituitary hormone release in farm animals. For example, infusion of 

large quantities of amino acids were shown to increase serum prolactin 

levels in both sheep and cattle (Davis, 1972; McAtee and Trenkle~ 1971). 

The site of action of nonhormonal compounds remains uncertain.. In 

recent years hormonal release after several exteroceptive stimuli have 

been described in farm animals. These stimuli have varied from that of 

stress to sexual excitation (Bryant et al., 1970; Raud et al., 1971). 

Thus a multiplicity of signals, both internal and external affect the 

hypothalamic-pituitary axis and cause hormone release. 

Two hormones considered to be important in regulating the estrous 

cycle of the cow are LH and progesterone. The cow is unique among all 

other species in that its pituitary contains relatively high levels of LH 

and low levels of FSH (Hansel and Snook, 1970). Akbar et al. (1974) fouAd 

serum FSH levels to be 1.2 times higher on the day of estrus than during 

the luteal phase of the cycle. Hackett and Hafs (1969) observed that 

the preovulatory release of FSH preceded that of LH by about 2 days. 
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They also observed pituitary LH to increase continuously from day 2 to 

day 11, but then a significant r'eduction occurred on day 18 before the 

ovulatory peak was seen on day 20. There was also an elevated level of 

LRP in the hypothalamus during- pro-estrus; estrus and until day 7 of 

the cycle. Swanson and Hafs (1971) observed a nonsignificant linear 

increase in serum LH beginning 4 to 5 days before estrus. in six 

Holstein heifers. Serum LH rose significantly about 4 hr before the 

preovulatory LH peak. The peak occurred about 3 hr before onset of 

standing heat. The time of the preovulatory LH surge, 'varied from 8 hr 

before to 8 hr after estrus onset. Henricks et al. (1970) observed LH 

concentrations to increase markedly at estrus to 40 ng/ml. This rise 

coincided with the initiation of estrus. The highest concentration was 

reached 3 to 6 hr later. Ovulation occurred about 22 to 26 hr after 

LH reached its peak. Based on these. data, they proposed that ovulation 

required a substantia 1 amount of time for LH to complete· its action on 

the fo1liC1 e. 

Hormonal Involv®Jent with Estrus~steroids 

Estrous behavior is due to a local effect of estrogen on.the 

central nervous system. Implantation of minute amounts of Estradiol · 

178 into the hypothalamus of the ewe resulted in estrus activity, while 

, identical quantities administered systemically had no effect. Proges-

. terone has an important synergistic action with estradiol in inducing 

sexual receptivity. Also, it is known that occasionally cows come into 

estrus while pregnan.t, especially during late pregnancy. Th.is activity 

may re~ult from higher than normal estrogen levels or a lower neural 
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threshold for behavioral estrus (Hafez, 1974). 

Sprague et al. (_1971) studied the pattern of progestins, corti-

coids, and LH in cycling beef cows. Their data revealed that the LH 

peak and onset of estrus were coincident and that ovulation occurred 

from O to 52 hr (average 24 hr) thereafter. In a study carried out 
' with six normally cycling dairy cows, Chenault et al. (1975) found· the 

onset of estrus preceded the peak of LH by about 2 to 8 hr, while the 

duration between peak LH to ovulation was 22 to 25 hr. Lemon et al. 

(1975) investigated the pattern of reproductive hormones found in the 

peripheral plasma of the cow at the time of estrus. Simultaneous 

observations were made on sexua 1 behavior of these same animals to 

define true onset of estrus. The durations of sexual receptivity in 

three of the cows were 7. 3, 10 and 15 hr respectively; whereas, the 

duration of the pro-estrus period ranged from 0 to 13 hr. Based on 

observations of the simultaneous variation in the plasma concentration 

of progesterone, estradiol and LH during the pro-estrus and estrus 

periods, they postulated that estradiol could be clearly involved in 

the discharge of LH, but only when progesterone had decreased to low 

concentrations. By means of radioimmunoassay (RIA) procedures, they 

detected 25 pg estradiol/rnl of plasma at the time of estrus. However, 

they found the maximum concentrations of estradiol varied in relation 

to the onset of estrus. 

Wetteman et al. (1972) found plasma estradiol to be lowest (3.0 

pg/T1Jl) on day 2, while the concentrations remained relatively constant 

during the luteal phase of the estrous cycle, averaging 3.6 pg/ml begin-

ning at day 2 through day 11. Plasma estradiol then increased to 4.8 
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pg/ml at 3 days before estrus and continued to increase to 9. 7 pg/ml 

12 hr before estrus onset. · Estradiol rem~i ned high on. the day of 

estrus (8.4 pg/ml). They also found the ovulatory surge of LH to occur 

l or 2 days after the first clear evidence of any rising estradiol. 

Therefore they suggested that estrogen secretion norma 11y may regulate 

the ovulatory surge of LH in cows. They found LH and estradiol to be 

significantly correlated at day -.5 (r = .99) and at day.D {r = ·.85). 

Echternkamp and Hansel (1971) reported comparable concentrations of 

estradiol at estrus. 

Chenault and coworkers (1975) measured estradiol concentrations 

as low as 2 pg/ml of plasma on day -4. At this time they observed that 

estradiol concentrations began to rise until approximately -12 hr (6 

pg/ml), with an abrupt increase to 7.4 pg/ml when the preovulatory LH 

peak occurred. After the LH peak, estradiol levels declined rapidly 

and returned to basal concentrations by 14 hr. They suggest that this 

rapid decline of estradiol was associated with a possible overstimula.-

tion of the follicular estradiol secretion system or luteinization of 

the follicle by LH. They also believed that this rapid decline in 

estradiol may be important for proper transport of the zygote in the 

reproductive.tract. 

Wetteman et al. (1972) found progesterone levels decreased during 

the 3 days before estrus. These concentrations remained low from day -1 

through day 2. Progesterone concentrations were .33 ng/ml on the day of 

estrus. Henricks et al. (1970) found plasma progesterone concentrations 

less than .5 ng/ml from 0 to 15 hr after the beginning of estrus. For 

25 of the 37 determinations made during estrus, progesterone was not 
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detectable (less than .3 ng/inl ). Ayalon and Shemesh {1974) reported a 

preovulatory surge of plasma progesterone about 16 hr prior to onset 

of estrus in the cow. Ghenau 1 t et a T. (197 5 ), however , failed to de-
., 

tect any such increase in plasma progesterone during the 24 hr pre.:: 

ceding the LH surge., even with plasma samples ccfflected every 2 hr. 

Kazama and Hansel {1970) measured progesterone concentrations in 

blood plasma samples collected at 6 hr intervals from the onset of 

estrus. until. ovulation in five Hal stein heifers.. These concentrations 

were less than .28 ng/mlduring estrus in three of five heifers and 

nondetectable in two heifers. Progesterone was detectable in .only 

one of five heifers between the beginning of estrus and ovulation. 

Thus, they postulated that the cow differs from the guinea pig, rat, 

rabbit, and possibly the kangaroo in that no appreciable progesterone 

is secreted during estrus and particularly after mating, and also the 

monkey in which a preovulatory rise in progesterone has been reported. 

- Gwazdauskas (1972) found plasma prog·esterone concentrations to be . 28 

ng/ml on day l of the estrus cycle (14.5 hr post-insemination). 

Hormonal and Physiological Interrelationships 

Though much research has been undertaken in the dairy cow in an 

attempt to relate hormonal changes to other events occurring at estrus, 

information pertaining to timing of Artificial Insemination (AI) and 

endocrine events in cattle is lack~ng. 

In the cow, which normally ovulates about 14 hr after the end of 

heat, the conception rates from inseminations made at the time of 

ovulation are very low._ The best time for insemination is from 6 to 24 
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hr before ovulation (Hafez, 1974). Consideration for proper timing 

of AI is also necessary when one considers changes in uterine environ.;. 

ment, g.arnete survival, sperm and ovum transport from the onset of 

estrus through fertilization. 

A specific effect of estrogen on the uterine vascular bed is 

thought to be vasodi la tion ( Grei ss and Anderson, 1970; Abrams et a 1 . , 

1970) •. Greiss and Anderson (1970) have observed that with continued 

·estrogen stimulation tha degree of ~asodilation diminishes indicating 

a development of resistance to the estrogenic effect. They suggest 

that though progesterone may induce vasoconstriction, its major role 

may be in inducing vascular sensitivity to estrogen induced vasodila-

tion. Killam et al. (1973) propo~ed .that ,the vascular effects of 

estrogens were·theresu,lt of extranuclear events, mediated by the 

cytosol receptor estrogen complex. 

Chenault et al. (1975} showed that in cattle, there was an in ... 

crease in plasma estrogen prior to estrus and a rapid decline during 

estrus. Other workers therefore believe, that these changes in estro-

gen may have distinct thermal effects on the uterus· {Gwazdauskas et al., 

1974). Gwazdauskas (l 972) observed a significant effect of uterine 

temperature at insemination on fertility in cattle. Overall conception 

rates decreased from 53% at 37.7 to 38.2 C to 25.9% at 39.4 to 40.6 C. 

Consequently, those inseminations made when uterine temperatures were 

elevated may have occurred too late or after the end of estrus. Based 

on these observations, he proposed that as a result bf a reduction. of 

uterine blood flow (due to diminished estrogen), temperature of the 
' uterine cavity increased .. This increased temperature may then· have a 
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deleterio·us .effect on the gametes or the zygote. 

By using thermocouples, Gwazdauskas et al. (1974) studied the 

aff.ects of estradiol on uterine and aortic temperatures. They found a· 

decrease in the temperature difference between the uterus and aorta of 

. 25 C over a 4 hr period. Sfnc.e estrogen could induce el eyation in 

uterine blood flow, such a heat loss may be expected and similar 

changes in temperature of the reproductive tract may occur during 

estrus in the bovine. 

Success in fertilization in the bovine depends not only.on the 

viability of the gametes in the female reproductive tract, but also on 

their synchronous transport within the tract. Gamete transport is the 

result of the inherent motility of the female tract as modified by the 

central nervous system, and also as influenced by hormonal activity 

(Hafez, 1974). Several workers have observed uterine contracti ans in 

preavul atary estrus ewes. About five to six such contractions have 

been observed per minute with the majority of the contractions origi-

nating near the uterine body. Hawk and .Bolt (1974) reported that in 

the ewe the majority of uterine contractions near :the beginning of 

estrus travel. toward the oviduct whereas 48 hr post estrus these con-

tractions are directed toward the cervix~ Further work (Hawk, 1974) 

demonstrated that injections of small amounts of estradiol after onset. 

of estrus were able to prevent the change in direction of contracti.ons 

which normally occurred 36 to 48 hr after onset of heat. Brinsfield 

(1968) observed that estrogen given to ovariectomized ewes could in-

crease the frequency of myometrial contraction but not the. amplitude. 
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Both estrogens and progestins are recognized as important entities 

in the control of ova transpori. During progesterone domination the 

uterus is quiescent and changes in the activity pattern of the uterus 

are apparently caused by changing progesterone/estrogen ratio. It is 
I 

a 1 so accepted that progesterone in hi bi ts the conduction properties of 

the myometrial cell membrane, whereas estrogens are thought to stimu-

late good conduction. If the conduction properties between neighboring 

cells are optimal, firing is propagated very quickly and well coordi,.;, 

nated contractions are initiated.. Poor conduction on the contrary will 

lead to local contractions of small groups of muscle cells (Naaktgeboren 

et al., 1973}. 

The evidence available in th~ literature as to the precise roles 

of estrogens and progestins in either accelerating or decreasinQ the 

rate of ova transport is contradictory. Yet, the most commonly accepted 

interpretation of available experimental observations is that estrogens 

stimulate and progestins repress spontaneous oviductal contractil ity 

(Chang and Harper, 1966; Harper, 1964}. It has also been demonstrated 

in the rabbit that low doses of estrogens accelerate ova transport, 

whereas high doses cause retention of tubal passage of ova (Greenwald, 

1959; 1961; 1963}. 

The functional significance of spermatozoa 1 ie in their ability to 

fertilize ova. After being de.posited in the female tract spermatozoa 

acquire the ability to fertilize ova by residing in the reproductive 

tract for a giv.en period'. of time (capacitation}. Several workers have 

observed that rabbit spermatozoa retain their fertilizing ability up to 

30 to 36 hr in the fema 1 e tract (Tesh and Glover, 1966; Seitz et a 1. , 
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1970). 

Vander Vliet and Hafez (1974) .observed a great reduction in the 

number of spermatozoa attached to the ova in the rabbit, when the inter-

val between insemination and ovulation increased from 13 to 16 hr. They 

believed this to be a result of aging of the spermato.zoa. Saacke and 

White (1972) observed an alteration in the acrosomal cap with aging of 

bovine spermatozoa, and also demonstrated that 63% of the variation in 

fertility among bulls could be accounted for by measuring intact 

aero sames. 

Effects of Nutrition on Reproduction 

The effects of undernutrition on fertility are often discussed in 

conjunction with herds in tropical and subtropical regions of the world, 

and are not considered a major problem 1in dairy herds which receive 

sufficient amounts of concentrates for mi 1 k production (Lamond, l 970a). 

Nevertheless, many dairy cows draw on their energy res~rves during early 

lactation and as a result, lose body weight. Therefore, it is important 

to examine any detrimenta 1 effects of such changes in energy and body 

weight on other physiological parameters such as growth, reproduction -

and lactation. 

McClure (1965) found that underfeeding of cattle-at the time of 

freshening and up to mating lowered first service· non-return rates (NR). 

When cows were fed 12-14 lb hay per cow per day in addition to pasture, 

NR was 62% compared to 13% in those on pasture alone. The mean body 

weights of the fertile cows were seen to be rising while the body 

weights of the infertile cows were falling at the time of mating. -Other 
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workers have reported a greater pregnancy rate in cows gaining weight 

rapidly (King, 1968; Wiltbank et al., 1964). Warnick et al. (1967) 

found that cows losing weight at the time of breeding had low pregnancy 
j 

rates. Sc.hilling and England (1968) found that cows which gained 

weight in the calving season had an increased calving percentage. Boyd 

(1972), however, did not observe significant relationships of body 

weight changes on fertility. 

Wiltbank et al. (1969) observed the importance of level of feeding 

on age at puberty. Reid (T960) found age at onset of puberty was in-

versely related to the plane of nutrition. Joubart (1963) suggested 

that though there was a genetically determined size for an individual 

at puberty, nutrition could influence age at which puberty was reached. 

Dunn et al. (1969) observed the influence of pre-calving and post-

calving energy levels on the occurrence of estrus. By 40 days after 

calving, 25% of the cows fed a high energy pre-calving ration displayed 

estrus compared to only 6% of those fed a low energy ration. 

Several workers have observed increased ovulation rates in swine 

by feeding extra nutrients for a short interval prior to ovulation 

(Lodge and Hardy, 1968; Zimmerman et al., 1960). Moreover in mice, 

McClure (l 967) observed that starvation just before estrus prevented 

ovulation. 

Lammond (1970b) showed that plane of nutrition influenced the 

ovarian response to gonadotropins. Hill et al. (1970) found that when 

heifers were maintained on sub.-maintenance rations, there were changes 

in ovarian morphology, length of the estrous cycle and a reduced rate 

of fertilization of the ova. Wiltbank et al. (1964) observed follicular 
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development to be more pronounced when the energy offered in the ration 

was high than when it was low. 

The exact mechanism by which variation in energy intake could 

influence reproduction is almost unknown. However, it has been postu .. 

lated that low energy rations could lead to insufficient gonadotropin 

release, thereby resulting in inadequate gonadal stimulation (Wiltbank 

et al., 1962). Zimmerman et al. (1960) proposed that high energy in• 

take could either increase gonadotropin secretion, or _increase the 

effectiveness of a given amount of gonadotropins. 

Howland et al. (1966) observed an increase in pituitary weight by 

gra.infeeding as opposed to hay feeding in ewes~ Bellows et al. (1963) 

also reported a greater pituitary wei-ght and increased total pitui,tary 

contents of both FSH and LH in grain fed ewes. Howland et al. (1966) 

demonstrated a parallel ism between total gonadotropin potency and 
-

follicular development and thereby proposed that there was a greater 

hormone production in grain fed ewes for both FSH and LH with a greater 

difference seen with LH. Since elevated blood glucose levels in the 

grain fed ewes were found, they postulate(j.that this increased blood 

glucose could stimulate the hypothalamus controlling gonadotropin secre~ 

tion 1 eading to enhanced hormone production and subsequent ovarian 

activity. 

Memon et al. (1969) observed higher ovulatfon rates in ewes fed 

high energy rations. These higher ovulation rates were associated with 

heavier dry we~ight of the pituitary gland. Total protein content was 

also higher in the pituitary glands of ewes receiving high energy. The 

DNA content per gland was not significantly affected by the levels 
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of energy and protein fed, thus failing to suggest an increase in the 

overall cell-number. 

Howland (1972) found restricted feeding in rats depressed circu-

lating levels of LH. A reduction in body, anterior pituitary and 

ovarian weights was al so noted. Glucose supplementation, however, 

appeared to prevent the effects of restricted feed intake~ Downie 

(1976} observed rising levels of plasma glucose during 20 days preceding 

estrus to be characteristic of fertile services, .and falling 1 eve1 s to 

be a feature of infertile services in beef cows~ These changes in glu-

cose occurred independent of changes in body weight. Mason et al. 

(1973) found no significant changes in plasma glucose levels during 

various phases of the estrous cycle of the dairy cow. Parker and Blowey 

(1976) believe blood glucose estimations to be unreliable in predicting 

energy status in dairy cattle. This they attribute to findings of 

higher blood glucose concentration in those cattle receiving low energy 

rations and low glucose in animals receiving high energy rations. 

Bensadoun et al. (l 962) observed the chemical nature and physical 

composition of the ration influenced blood glucose concentration. Evans 

et al. (1975) found the roughage content of the f~ed influenced blood 

glucose concentrations. Such interrelationships ma,y therefore limit 

the value of blood glucose concentrations in determining the energy 

status of animals. 

Hi 11 and coworkers (1970) found a decrease in plasma progesterone 

within 5 days after cattle were placed on a ration containing 85% of 

maintenance requirements for energy and protein. No changes in plasma 

LH were observed. Donaldson et al. (1970) studying cattle and Cumming 
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et al. (1971) studying pregnant ewes noted small rises in plasma 

progesterone followed by a significant reduction when food intake was 

restricted by 25%,. In heifers on restricted energy feeding; plasma 

progesterone levels were reduced and plasma LH was elevated (Gombe 

and Hansel, 1973). The effect of restricted energy intake was thought 

to occur at some step in steroidogenesis ~ithin the corpus luteum 

causing the obs.erved reduction in plasma progesterone. 

Rapid developments in steroid biochemistry coupled with the use 

of radioactive tracers have helped tremendously to elucidate the 

biosynthetic and metabolic pathways of estrogens and progestins. For 

instance estrogens can arise from (a) acetate,. (b) by conversion 

of cholesterol and progesterone, and (c) by aromatJzation of neutral 

c .. 19 and C-18 steroids (Breuer, 1962). Miller and Turner (1963) 

demonstrated that acetoacetate, hydroxymethyl gluterate and squalene 

may be intermediates during such synthesis.· Tamooki and Pincus (1961) 

showed that cholesterol was hydroxylated at the C-20 position and 

further cleaved at the 21-carbon atom giving pregnenolone which was 

then converted to progesterone by two enzymes. Other workers have 

found gonadotropins to act at the point of the side chain in bringing 

about cleavage of the cholesterol molecule (Menon et al., 1965; 

Major et al., 1967). Gombe and Hansel (1973) believe that inadequate 

dietary energy caused an inhibition of this side chain cleavage. 

Wordi nger et a 1. ( 1972) observed that the 1eve1 of nutrition 

could affect the uterine environment. This they believed was due 
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to a change in the estrogen to progesterone ratio. With studies 

involving both acute and chronic starvation,Leatham (1966) reported 

that gonad.al hypofunction during inanition was primarily due to 

diminis.hed leve.l s ofgonadotropins. Srebnick (1964) showed that 

protein depletion may reduce the synthesis of go.nadotropins. 

Wordinger and co-workers (1972) observed the presence of glycogen and 

acidic mucosubstances within the surface and glandular epithelial 
~ 

cells of under-nourished heifers. They believed this to be a result 

of an imbalance of the estrogen to progesterone ratio. 

Oxenreider and Wagner (1971} reported a significant negative 

correlation between plasma glucose and postpartum interval to a 

follicle >10 mm (r·= -.50) and first ovulation (r = -.62). Wide 

variation in energy did not alter the time of first ovulation in 

animals not subject to stress of lactation. Further they·suggested 

that suckling inhibited ovarian activity more severely than milking 

because suckling was associated with delayed follicular development and 

ovulation. Milk production did not differ between suckled and milked 

cows. Therefore, they proposed that ovarian activity in the postpartum 

cow was depressed by. both nutritional stress due to milk production 

and sensory stimulation of the mammary gland. Suckling has been shown 

to have a direct effect on ovarian activity in ewes (Shevah et al., 

1975a; Shevah et al. , l 975b). 

Environmental· Effects on Reproduction 

Even though many attempts have been made by man to control 
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fe:eding and management practices, envi ronmenta] effects of hot and 

humid climates have been responsible for low production and reduced 

reproductive rates in dairy cattle. Results of experiments conducted 

in Louisiana by Johnson and Branton (1953} indicated that fertility 

of dairy bulls was lower during. summer months. Kelly and Hurst (1963) 

concluded that the bull and· cow were contributi.ng about equally to 
\ 

reduced conception rates during summer. The work of Stott (1961) 

revealed that t.he major seasonal variance in breeding efficiency which 

occurred during the hotter seasons was in fact contributed by the 

female. He observed differences in susceptibility to heat stress among 

breeds. Breeding performance was not depressed during summer months in 

Jerseys, but .both Guernseys and Holstein-Friesians had significantly 

lower fertility. Results of a later experiment (Stott and Williams, 

1962) demonstrated that low fertilization rate and increased embryonic 

mortality may be the major causes of low fertility. 

Vincent (1972) proposed that cold has a minimal effect on 
' 

reproduction in the dairy cow. On the contrary, high environmental 

temperatures have been shown to be associated with lowered reproduction 

in many species. The. principal contributory factors of a thermal 

environment are temperature, humidity, wind, ~nd solar radiation. 

Solar radiation, in contrast to the other climatic components, is 

thought to impose a heat load on the body by transforming energy to it 

from outside (Bianca, 1961). 

High environmental temperatures could depress body activities. 

Overheating leading to physiological stress, which conceivably could 
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affect reproduction, may create an unfavorable endocrine balance. The 

direct effects of high temperature may also be acting on the gonads, 

accessory sex glands, uterine environment and al so on the gametes 

(Ha fez, 1965). 

Hall et al. (1959) reported that hot climatic conditions 

decreased the duration and intensity of estrus in dairy cattle. They 

found that cows bred during early summer had extended cycles, possibly 

because of early embryonic 1 ass. Bond and McDowell (1972)' found 

anestrus to be a major reproductive problem under severe heat stress. 

Gangwar et al. (1965) reported that duration of estrus in dairy heifers 

was shorter under hot climatic conditions (11 hr) than under cool 
I 

climatic conditions (20 hr). The average estrous cycle length under 

hot climatic conditions (75 to 95 F) was 25 days compared to 20 days 

under cool climatic conditions (62 to 65 F). These workers suggested 

that the lowered intensity of estrus under hot climatic conditions 

may have been due to a shift in the endocrine balance or a result of 

heat acting directly on the, central nervous system. High ai'r 

temperatures {32 C) cause an increase in body temperature in sheep. 

Ewes subjected to high air temperature at the time of mating, had lower 

fertility because of an increased embryonic death rate (Dutt, 1959; 

Ulberg and Burfening, 1967). Cows with high body temperatures at the 

time of insemination had lower conception rates than cows with normal 

body temperatures (Fallon, 1962). Dunlap and Vincent (1971) found none 

of the 23 Hereford heifers exposed to 32 C for 72 hr immediately after 

breeding maintaining pregnancy compared to 12 out of 25 heifers 
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conceiving after exposure at 21 C. 

Embryo transfer experiments have shown that fertilized ova that 

had developed in reproductive trac.ts of ewes. maintained at high air 

temperatures failed to develop on subsequent transfer to norma 1 ewes 

(Alliston and Ulberg, 1961). Woody and Ulberg (1964) found that 

temperature stress during early development stages lead to death of 

the embryo. They were, however, unable to.detect the precise point 

at which development ceased. Ulberg and Burfening (1967) found that 

fertilized rabbit ova grown for 6 hr in vitro through the first cell 

· di vi siOn at 40 C possessed a significantly lower chance for surviva 1 

than those grown at 38 C when both were transferred into a normal 

reproductive tract. These experiments therefore demonstrated that a 

slight increase in temperature surrounding the embryo at the time of 

the first few cell divisions can· cause embryonic death. It is thus 

relevant to assume body temperature of the female near the time of 

mating is extremely important in promoting or decreasing the chances 

of success of that mating. 

Bi shop (l964) suggested that the mutation rate in spermatozoa, 

may be increased with high temperature. Such damages may possibly 

occur in the uterus, prior to fertilization. Thwaites (1969) reported 

that diurnally variable heat stress after breeding lead to a slight 

reduction in conception rates in sheep. Thatcher et al. (1974) 

found higher conception rates for cows cooled continually or only 

during the day than for non-air conditioned or cows cooled only at 

night. This investigation, however, demonstrated that ferti 1 i ty 



23 

could be maintained witho'ut cooling the animals for 24 hr. Rich and 

All isto·n (1970) observed fluctuating heat stress to be less severe 

than constant heat stress effects on reproductive performance. 

The mechanism of heat induced embryo death has yet to be defined. 

As indicated earlier the direct effects of heat stress may be either 

on the sperm or on the developing embryo. Nevertheles$ the extent and 

type of embryo loss depends upon the degree and 1 ength of thermal. 

stress and the_adaptability of the animal (Hafez, 1964; Ulberg and 

Burfening, 1967.}. Other workers found a significant decrease in the 

rate of embryonic survival of eggs fertilized with spermatozoa 

subjected to elevated temperatures· in utero (Howarth, et al., 1965; 

Burfeni ng and U1 berg, 1968). 
! 

Gwazdauskas et al. (1973) examined the influences of humidity · 

and environmental temperatures on conception rates in dairy cattle. 

This investigation revealed a significant effect on conception rates 

due to environmental temperature on the day after insemination. As 

maxirrium temperatures increased from 21.1 to 35 C, conception rates 

declined from 40 to 31%. Ingraham et al. (1974) found that temperature 

humidity index (THI) two days prior to breeding influenced conception 

rates in dairy cattle. Subsequent experiments (Ingraham and Stanley, 

1976) revealed a significant linear relationship of first service 

conception rates and THI two days prior to breeding. 

Reduced reproductive performance has been associated with elevated 

plasma progesterone levels, and alterations in the endocrine balance, 

resulting from thermal stress. Abilay et al. (1975) found a 



24 

significant elevation of plasma progesterone and greatly depresS·ed 

plasma cortisol during prolonged heat exposure in heifers. Mills et 

al. (1972) found plasma progesterone levels of .97 ng/ml in heifers.· 

exposed to 32.2 C as opposed to .55 ng/m1 in those kept at 21.l C. 

Stott and co-workers (l 967) al so have reported high plasma progesterone 

levels in thermally stressed dairy cattle. 

Wagner et al. (1972) found elevated plasma progesterone levels 

during days 1 to 5 after ACTH treatment in ovari ectomi zed cows. 

Gwazdauskas et al. (1972) reported increased plasma progesterone levels 

after ACTH treatment in cows with intact ovaries. Dickman (1970) 

postula.ted that when estrogen and progesterone are present, they had 

to be in a proper balance for the surviva 1 of the embryo. He observed 

frommorula transfer experiments that when transfer was preceded by 2, 

3, 4, 5 or 6 days of progesterone treatment, only 49%, 38%, 13%, 2:5%, 

and 2% of the morula developed into fetuses. The blastocysts were, 

however, unaffected by prior progesterone treatment. 

If heat stress could alter progesterone, then the delicate 

balance between progesterone, estrogen and LH may also be altered. 

Wagner et al. (1972) hypothesized that increased plasma progesterone 

may feed. back on the hypothalamus or the pituitary to block normal LH 

production. Madan and Johnson (1971) found a reduced peak of 

circulating LH at the time of the ovulatory surge in animals exposed 

to 33.5 C compared to controls at 18.2 C. 

Thatcher (1974) reported peripheral concentrations of prolactin 

to be greatest during hot months of the year. Other workers also 
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found seasonal increases in prolactin levels (Koprowski and Tucker., 

1973). Piva et al. (1973) reported that in the ovariectomized rat 

there was a doubling of circulating progesterone following prolactin 

infusion. Whether prolactin levels influence reproduction in the dairy 

cow is yet unknown. Nevertheless, these changes may reflect an 

alteration in hypothalamic pituitary control associated with thermal 

stress. 

The physiolog.ical impl ic.ations of depressed plasma, cortisol 

during prolonged heat exposure have yet to be clearly defined.· Yousef 

and Johnson (1967) suggested that this decline may be a compensatory 

adjustment phenomena and a protective mechanism to 1 es sen metabolic 

heat production by the calorigenic effects of this hormone. Abilay et 

al. (1975) proposed that a 17-hydroxylating enzyme in the adrneal 

cortex, which is responsible for the synthesis of cortisol from 

progesterone; could be inactivated due to prolonged heat exposure, 

thereby enhancing the accumulation of meta.bol ites of progesterone. 

Administration of glucocorticoids was shown to increase embryonic 

mortality in rabbits and sheep (Kendall and Liggins, 1972; Howarth 

and Hawk, 1968). Therefore, it seems likely that reproductfon in the 

female is markedly affected by the hormones of the pituitary-adrenal 

axis. Baldwin and Sawyer (1974) reported tha't administration of a 

synthetic glucocortico·id, dexamethasone, to rats altered the estrous 

cycle length and also blocked the ovulatory surge of LH. This 

finding may suggest that stress prior to ovulation could block the 

·ovulatory release of LH. 



MATERIALS ANO METHODS 

Experimental Design 

A total of 199 dairy cattle from the Dairy Cattle Center, VPI&SU, 

were used. There were Holstein (n = 195) and Jersey (n = 4) lactating 

cows and breeding age heifers. The cattle were located in three general 

areas. The heifers were confined to a pasture area, isolated from the 

lactating cows, while most of the latter were either housed in free 

stall areas or confined in a tie-stall stanchion barn. Except for 

heifers, all cattle were herded to adjacent dirt-gravel lots for estrus 

detection. 

During the study period, trained personnel were employed to check 

for estrus in all animals twice daily (0800 to 1000 hr and 2000 to 2200 

hr). Standing to be mounted was the criterion used to determ1ne animals 

in estrus. The vulval character and mucus discharge of the animal in 

heat was noted according to the following classification: 

a. Vulval swelling: none, slight, enlarged. 
b. Mucus: none, slight amount, copious. 

These observations were included for all animals in the study at the 

first observation of estrus and also 12 hr later. In·addition, all cows 

in the barn were checked for vulval swelling characteristics and mucus 

discharge before they were turned out. They were then observed for a 

30-min period (0900 to 0930 hr and 2100 to 2130 hr) to quantitate the 

following characteristics: 

a. Number of times standing to be mounted (RECEPTIVITY). For 
purposes of statistical analysis, receptivity at first 
obseryed heat (0 hr) or 12 hr after first observed in heat 
(J 2 hr} was defined as mounts/hr .. 

26 
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. . . _ Number of times stood to be mounted x 60 min 
Receptivity - Time period observed (min) · 
tterein Receptivity at 0 hr will be designated as Recep-
tivity 1 and Receptivity at 12 hr will be referred to as 
R,eceptivity 2. 

b. Number of cows riding the cow in heat. 

Information was recorded on all animals for the first two services 

after 60 days postpartum or for heifers when they were of breeding age. 

Breeding by artificial insemination was performed by three technicians. 

Animals were assigned alternately to groups, to either be bred when 

first seen in estrus (0 hr) or inseminated approximately 12 hr after 

first seen in standing heat (12 hr). This original classification was 

maintained for a returning service. 

Blood Collection. A cow observed in estrus (am or pm) was bled 

immediately regardless of whether she was bred a-t 0 hr or 12 hr. The 

same animal was also bled again at 12 hr. An 18 gauge needle and a 30 

ml syringe (1500 IU/ml heparinized) were used for blood collection via 

ju9ular venipuncture. 

The whole blood was brought back to the laboratory, kept on ice, 

and centrifuged for lOmin at 12,567 gin a refrigerated centrifuge 

(Sorvall RC-5). The plasma was transferred to sterile plastic tubes 

15 x 10 mm (Fisher Scientific Company, Pittsburg, PA) labeled and 

stored in a freezer at -60 C until aliquots could be used to determine 

progesterone~ estradiol, glucose, and urea concentrations. 

T,xpes of Ration. Each heifer was fed ad lib hay (alfalfa) and 

approximately 1.8 kg of grain and 9.1 kg of corn silage (Appendix Table 

1)_. Cows in free stalls were fed corn silage during winter and barley 

silage during summer months (Appendix Table 1). The net energy values 
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of these rations were based ori information given in Nutrient Require-

ments of Dairy Cattle (NRC 1971). 

The animals in the conventional barn were on six different rations, 
, 

as they were on a nutritional trial. These rations had protein values 

ranging from 13.5% to 17% and energy values ranging from 1 .73 to 2.05 

Meal/kg dry matter (Appendix Table2a and 2b}. Daily feed consumption 

of each of these animals was recorded. Thus, the feed intake 3 days 

prior to estrus, day of estrus, and 3 days post estrus was recorded for 

analysis. The type.of feed was also recorded for each animal on the 

study. 

Lactational Pata. All cows producing milk were considered for . 

analysis. The animals were milked twice daily.starting 1100 hr and 

again at 2330 hr. The milk production of a single cow at each mil king 
. ' 

was recorded separately. Monthly milk records were obtained. From 

these records, milk production 3 days prior to heat, day of heat, and 3 

days post heat was included for. analysis. 

Climatic Data. To obtain information on the climatic variables, 

this experiment was conducted through the months of winter, spring and · 

summer. The investigation was begun December 6, 1976 and concluded 

September 1 , 1977. 

The following information pertaining to climate was obtained from 

the Department of Agricultural Engineering, VPI&SU: 

a. Air temperature - maximum, minimum, and average (F). 
b. Relative humidity - maximum, minimum, and average (%). 
c. Precipitation - ampunt of rain or snow (inches). 

Temperatue was converred to C and precipitatjon to cm for statistical 

analysis. 
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Statistical Analysis of Data. Statistical analysis was accomp-

1 ished using SAS procedures (Barr et al., 1976). Least squares analyses 

of variance were used. to interpret results. Initially major dependent 

variables were classifi~d under estrous behavior, conception rate, 

nutritional, lactation or environmental categories. Independent 

variables were added or deleted from statistical models based on physio-

logical importance or level of significance. Backward elimination and 

stepwise procedures were also used. 

The following general models were used: 

Y; = a + blAi + b2Ti + b3HP; + b4E1 + b5Pi + b6EP; + ei 

where Y. = Reproductive measurement for the ith animal 
1 

a = intercept 

b = partial regression of y on independent variables 

A = age in months 

T = time of day (am or pm) 

HP = heats prior to breeding 

E = Estradiol 

P = Progesterone 

EP = Estradiol:Progesterone 

. ei = error. 

Nutritional influence 

Yi = a + blAi + b2T1 + b3HP1 + b4E1 + b5Pi + b6EPi + b?Gi 

+ b8U. + b9Ft. + e. 
1. 1 1 

where G = Glucose 

U = Urea 

Ft = feed type. 
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Environmental influence 

Y. =a+ b1A. + b2T. + b3HP. + b4MXTC -1. + b5MNTC -1. , .. , l .·.1· 1 . l 

where, 

+ b6MXTCOi + b7MNTCO; + b3MXHU -1; + b9MNHU -1; 

+ b10MXHUO i + b11MNHUO i + bl 2PPTC - li + bl lPTCOi 

+ e . . , 

MXTC -1 = Maximum temperature day prior to heat C. 

MNTC -1 = Minimum temperature day prior to heat C. 

MXTCO = Maximum temperature day of heat C. 

MNTCO = Minimum temperature day of heat C. 

MX,HU -1 = Maximum humidity day prior to heat %. 

MNHU -1 = Minimum humidity day prior to heat %. 

MXHUO = Maximum humidity day of heat %. 

MNHUO = Minimum humidity day of heat %~ 

PPTC -1 = Precipitation day. prior to heat cm. 

PPTCO = Precipitation day of heat cm. 

J:.aboratory Procedures 

Cleaning of Glassware for Hormone Analysis. All glassware, except 

pipettes, was soaked in detergent, brushed and rinsed 10 times with tap 

water. It was then soaked in hydrochloric acid (10%) for at least 2 hr, 

rinsed lO times with tap water, 10 times with distilled water, and 

dried in an oven at lOOC. Any glassware contaminated with radio-

activity was rinsed twice with acetone prior to cleaning as described 

above. Pipettes were rinsed with acetone t\'{ice if used to deliver, 

radioactive material, then rinsed with tap water, soaked in chromic acid 
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overnight, rinsed 10 times in tap water, 10 times in distilled water, 

and dried at 100 C. 

Hormone Standards and Isotopes. Progesterone (preg-4-ene-3, 20 

dione} and estradiol-17S (estra-1, 3, 5 (10)-triene-3, l7s-diol) were 

obtained from Sigma Chemical Company (St. Louis, MO). A working 

standard solution (l pg/µl) of each was reconstituted in absolute 

ethanol. 
3 . . 3 3 Labeled fl ,2- HJ progesterone, Il,2,5,7- HJ progesterone, £6,7- H] 

estradiol-17s and [2,4,6,7-3HJ estradiol-17a were obtained from New 

England Nuclear (Boston, MA). Dual-labeled isotopes were used as tracer 

isotopes in.extraction procedures, while the four-label isotopes were 

used for the assays. 

Extraction and Isolation Procedures 

Progesterone. Approximately 4200 dpm (15 pg) of l,2-3H proges-

terone in abso 1 ute ethanol were added to 10 x 150 mm screwcap tubes and 

dried. This tritiated steroid was used as an internal standard for 

subsequent recovery estimates. One ml of plasma was added to each tube 

and allowed to equilibrate at 37 C in a water bath for 10 min. Samples 

were then extracted with 5 ml of freshly distilled isooctane (2,2,4-

trirnethyl pentane). Each sample was shaken for l min, frozen at -90 C 

for a minimum of 30 min and the isooctane phase, which contained 

progesterone, poured into a test tube. This extraction procedure was 

repeated once more. The pooled isooctane extracts were dried in 

15 x 150 mm glass tubes and stored at 4 C until partitioned into assay 

and recovery estimate aliquots. 
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Estradio1-17s. Approximately 4200 dpm (15 pg) of 6,7-3H estradiol 

in abso 1 ute ethano 1 were added to i 3 x 13 0 mm. screwcap tubes and dried. 

four rnl of plasma were added to each tube, and allowed to equilibrate at 

37 C in a water bath for lO min. They were then extracted with approxi-

mately 20 ml of diethyl ether. Each sample was shaken for l min, 

frozen at -90 C, and the ether fraction poured off. This extraction 

procedure was repeated once more. The pooled ether extracts were 

dried in 15 x 150 mm glass tubes and stored at 4 C until chromato-

graphic isolation of estradiol took place. 

Isolation of estradiol from estrone was accomplished by Sephadex 

LH-20 column chromatography~ Sephadex LH-20 was soaked for at least 

4 hr prior to use in freshly distilled Benzene:methanol (9:T) (Chenault 

et a 1 . , 1975). Mi croco1 umns of Sephadex LH.;.2Q were prepared in 2. 5 ml 

glass syringes (Fisher Scientific Company, Pittsburgh, PA). 

A filter paper disc (Whatman 2) was fir:it placed at the bottom of 

the glass syringe, and topped with a slurry of the pre-soaked Sephadex 

LH-20. The column was packed to 2.0 ml and capped with another filter 

paper disc. The columns were then washed with at least 5 ml of solvent 

prior to adding a sample. 
\. 

In order to characterize the elution pattern of estradiol- l 7s and 

estrone, using the above system, approximately 4200 dpm of each were 

added separately to the columns. Aliquots of .5 ml were then collected· 

and counted. The separate patterns of elution of estradiol and estrone 

in this system are shown in figure 1. Figure 2 shows the elution 

patterns of labeled estradiol and estrone when added to a column as a 

mixture. From these elution patterns, it was determined that estradiol 
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PH~URE. 1. Cltqra,ctertzatton of lJt 20 ccil umn~· U$tng E.strone .a,nd 
E:stra,dto1 s~pa,ra,tely; · 
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Pt~UR,E. 2. Cnara,ctertzatton of Ut 2d co1 urons- ustng Estrone and 
E:s tradi'Q 1 comb"tned. · 
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and estrone could be separated employing the described procedure. As 

depicted in Figure 2, the nori:nal elution pattern was as follows: 

Estrone in fractions 2.0 to 3.5 ml, void l ml and estradiol in fractions 

4.5 to 7.0 ml. 

The dried residue of ether extracts of unknown samples were 

applied to the column, using two successive additions of .5 ml of 

Benzene:methanol (9:1). The estradiol fraction was then collected in 
10 x 75 mm culture tubes. The eluting solvent was dried and kept at 

4 C until partitioning prior to assay. Between samples, the columns 

were washed with at least 5 ml of eluting solvent. 

Prior to assay of the dried residues, samples were redissolved in 

2 ml of freshly distilled methylene chloride:methanol (9:1). A .2 ml 

aliquot was taken to assess procedural losses, and allowed to dry in a 

scintillation vial. This was counted using 5 ml of scintillation 

fluid (3~ toluene-scintillation grade, Mallinckrodt, Inc., St. Louis, 

MO; 12 g Omnifluor, New England Nuclear, Boston, MA). The remaining 

l.8 ml was split into .5 and l.O ml fractions, and used for duplicate 

assay estimates. These were dried in 10 x 75 mm culture tubes and 

assayed. 

Progesterone Radioimmunoassay. The progesterone antiserum (anti: 

· progesterone-3-carboxyamine-BSA) used was graciously provided by Dr. 

Roy L. Butcher, West Virginia University. It was stored at -90 C in l 

ml aliquots after being diluted 1:500 with phosphate buffered saline 

(PBS-ga, Appendix 3). 

Progesterone standards were prepared in duplicate using 0, 0, 20, 

50, 100, 250, 500, 1000, and 2000 pg. These were dispensed into 10 x 75 



38 

' 
mm culture tubes using Epperidorf pipettes (Arthur H. Thomas Co., 

/ 

Philadelphia, PA). When all samples and standard tubes were dried, 

100 µl of PBS-ga was added to each tube, followed by 100 µl of 1:1500 

antibody and 100 µl of [1 ,2,6,7-3HJ progesterone. The antibody dilution 

selected (1:1500), bound 25-35% of approxiniately 13,.500 dpm of labeled 
.; 

steroid in the tubes contain~ng no radio-inert steroid. The mixtures 

of buffer, antiserum, and radioactive progesterone were then vortexed, 

and placed in a water bath, at 37Cfor15min. Afterwards, they were 

again vortexed and placed in a plastic tray containing. ice and water 

and were incubated for 2 hr. At the end of this incubation period .8 

ml of dextran-coated charcoal (Appendix 4a) was added to each tube 

except the initial 0 tube, 'which received .8 ml of deionized water . 

. All samples .were then vortexed rapidly and incubated in the same ice 

bath for an additional 10 min, and centrifuged at 1700 g for 10 min in 

a refrigerated centrifuge. Following centrifugation, . 5 ml of super .. 

natant was removed from each assay tube and transferred to a counting 

vial and 5 m1 of scintillation fluid (previous scintillation fluid plus 

20% v/v triton C-100; Amersham/Searle Corporations, Arlington Heights, 

IL). All vials were counted in a Delta Liquid Scintillation Counter 

(Searle Analytic Inc., Des Plaines, IL). 

The validity of this assay was. determined by adding known amounts 

of progesterone to blood plasma. Recoveries of known amounts of 

progesterone when added to plasma samples (.5 ml) are depicted in 

Table 1. Progestero.ne assayed when different volumes of plasma was 

used is shown in Table 2. The specificity of the progesterone antibody 

was tested by measuring its cross-reactivity with various steroids. 
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TABtE 1. Accurac.r of measuring progesterone tn bovine plasma 
contatntng. tncreqs·tng a,rnounts of. progesterone 

. l 

.2 

.5 

1. 0 

2.0 

5.0 

10.0 

ax + ~E; n = 4. 

Amount measured 

.11 + .01 a 

.19 + .04 

.46 + .04 

l .03 + .35 

2.05·+ .19 

5.58 + .68 

10.39 + .96 
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TABLE: 2. Acc1JNC,Y· of rn~a$urtng progesteron~ in tncrea,s·i ng 
a,mountS:. of bovtne pla,sma, 

Amount of plasma' 
. . . 

.5 ml 
1.0 ml 
1 .·5 ml 

Amount of , 
Progesterone/ml 

basts 

a .32 + .20 

.51 i .24 

. 61 + . 21 



41 

The cross-reactivity of these s~lected steroids is shown in Table 3. 

Estradiol Radioimmunoassay. Estradiol antibody was obtained from 
. -

Dr. G. D .. Niswender of Colorado State University. It was produced by 

immunizing sheep with estradiol ... 6-BSA. The antibody was diluted to 

1 :1000 and stored in .5 m1 aliquots at ·90 C until use. 

Estradiol standards were prepared in dUpl icate using doses of 0, 

0, l, 5, 10, 25, 50, 100, 200, and 500 pg. These were dispensed into 

10 x 75 mm cult~re tubes using Eppendorf pipettes ·from a solution 

containing 1 pg/µ1 of estradiol standard. The Sephadex LH-20 column 

eluent containing the estradiol fraction was dried, redissolv:ed in 

methylene chloride:methanol and aliquotted for assay as previously 

described for progesterone. 

At the commencement of the assay, .5 ml of PBS-ga was added to 

each tube followed by a 15 min incubation at 45 C in a water bath. At 

the end of this incubation, tubes were thoroughly vortexed. Following 

this 100 µJ of estradiol antibody (1;19,000) was added, vortexed and 

allowed to incubate at room temperature (25 C) for 30min. The antibody 

dilution thus selected (1:19,000) bound 20-30% o·f approximately 13,500 

dpm of labeled steroid in the tube containing no radio-inert steroid. 

Approximately 24,000 dpm of 3H-estradiol in 100 µl of PBS-ga was 

then added to each tube, vortexed and incubated forl hr at room 

temperature. At the end of this incubation, the tubes were placed on 

ice and .5 ml of dextran-coated charcoal (Appendix 4b) was added to·· 

each tube except the initial a tube, which received :5 ml PBS-ga. 

Following a 5 min incubation in the same ice bath, the assay tubes were 

centrifuged at 1700 gin a.refrigerated .centrifuge, for 10 min. 
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TAB~E.· _3. Crossrea,cttvtt.ya, of sel ecte4 s-terotds wtttt the progesterone 
a,ntttrody · . 

·flormone 

Progesterone 

Testosterone 

Estradtol 

Androstenedtone 

Corttso1 

Corttcosterone 

% · Crossrea,ctjvtty 

100 

8 

0 

0 

0 

0 

aCrossreact1vity :; 

ng of progesterone requtred to displace 50% 
of 3R prog~sterone.bo~rid to the antibody 
ng of sterotd reqtli'red to dtsp lace 50% of 
3H progesterone bound to the ·same antibody 

x 100 
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Following centrifugation, .5 ml of the supernatant was removed from 

each assay tube, transferred to a scintiliation vial and counted using 

5 ml of scintillation fluid containing triton. 

Table 4 presents accuracy of the estradiol assay following 

addition of known amounts of estradiol to plasma following extraction, 

column chromatography and RIA. The result.s of validation when in-

creasing amounts of plasma were used are shown in Table 5. 

The cross-reactivity of the estradiol antibody, and thus its 

specificity, was tested by using standard curves with several selected 

steroids. The cross-reactivity of these steroids is shown in Table 6. 

Estimation of Plasma Glucose. The glucose content of plasma was 

estimated using a Harleco glucose kit (Gibbstown, NJ) (Jenny and Polan, 

1975). 

The technique consisted of adding 100 µl of distilled water into a 

Pyrex screwcapped tube (10 x 150 mm) marked 11 blank 11 , and 100 µl .of the 

plasma to be tested into a similar tube labeled 11 test 11 • A set of 

working standards was prepared from the glucose standard reagent 

(Appendix 5) provided in order to generate a calibration curve. This 

was done by adding known amounts of distilled water to increasing 

amounts of the glucose stock reagent, as illustrated in Appendix 6. 

One hundred µl ~f each of the glucose standards were also dispensed 

into separate screwcapped tubes (10 x 150 mm). Afterward, 2.5 ml of 

glucose reagent (Appendix 7) was dispensed into each of the tubes 

marked 11 blank 11 , 11 test", and the rest containing the standard solutions. 

They were then thoroughly vortexe.d, and incubated in a water bath at 

100 C for 10 min. At the end of the incubation, the tubes were removed 
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TABt,f 4 .. AccL1ra,cY' of Jl)ea,su·rtng e.~:tra.dtol,..17~ tn b·ovtne plasma 
conta,tntng i'ncrea,s.tng amounts, of. estradi·o 1 .... 17 ~ 

Amount added (ng1 

ax + SE; n = 4. 

. l 

.5 

1.0 

2.0 

Amount recovered 

• 09.4 + • 04Sa 

.680 + . l 58 

1 .133 + .065 

l.804 + . l 29 
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TAB~E 5.. AccL1racy of ·roea,surtng estNdto1 ~17~ tn tncreqstng amounts 
of b-ovtne. pla,sroa, · · 

Amounts of Pl a,sma, (ml 1 

1. a 
1. 5 

2.0 

Amount of 
ts-traclto l-:-17~/ml . basts 

. . a .026 + .005 

.049·+ .010 

.023 + .002 
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TAa~E. 6. Cros·srea,cttvtty-a of selected sterot<ts· w-tth th.e estNdtol 
. antttroor. . . . . . . . · . 

Hormone 

E:stra,dto1 

Estrone 

Tes·tos terone 

Androstenedtone 

Corttso1 

Corticosterone 

Progesterone 

· i Crossrea.ctiitty 

lOO 

13 
5 

4 

3 

l 

0 

aCrossrea.ctivi ty :::pg of Estradto1.· by 500 pg steroid x 100 · . 500 pg sterotd .. 
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rapidly and cooled immediately to room temperature by placing in ice 

and water. 

The blank reaction mixture at this stage was transferred into a 

cuvette and set to 100% transmittance at 630 nm on a spectrophotometer 

($pectronic 20·; Bauch and Lomb}. The standards and test reaction 

mixture were transferred at each time to the same cuvette, without 

changing t_he spectrophotometer setting. The % transmittance values 

were converted to optical density (O.D. ). The 0.0 .. values were plotted 

a9ainst the respective values of glucose concentrations of the standard 

curve, on normal graph paper. Plasma glucose values in ing/dl for the 

unknolf!h samples were directly obtained by locating the O.D. values of 

these samples on the 11y 11 axis and reading the corresponding glucose -

concentration on the 11 x 11 axis. 

Estimation of Urea in Plasma. Plasma urea was determined using a 

colorimetric procedure (Coulombe and Favreau, 1963). lhe reagents 

employed and preparation of standards are described in Appendices Ba 

and 8b. 

One ml of plasma- was added into a 10 · x 150 mm screwcapped tube 

containing 9.0 ml of tunstic acid. This was mixed thoroughly and 

allowed to stand for 5 min. It was then filtered through #42 filter 

paper (Arthur H~ Thomas, Philadelphia, PA) and the filtrate collected 

in 10 x 75 culture tubes. Duplicate .2 ml aliquots of the filtrate 

were added tol20 x 13 mm glass tubes. Also a .2 ml aliquot of 

distilled water was added to another glass tube (120 x 13 mm) marked 

11 blank 11 • To a series of glass tubes, .2 ml aliquots of .the standards 
' , 

were added. Five ml of Reagent A were then added to all tu bes. The 
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tubes· were then shaken vigorously on a vortex mixer and placed in a 

90 C water bath for 20 min. They were then removed and cooled under 

running tap water to bring to room temperature. 

The reaction mixture from the tube labeled 11 blank 11 was transferred 

into a cuvette, and set to 100% transmittance at 540 nm on a spectro-

photometer. The contents of the standards and test reaction mixture 

were then transferred to the same cuvette and the percent transmittance 

measured without changing the spectrophotometer setting. 1 The percent 

transmittance values were converted to optical density (0.0.) and 

unknowns compared to a standard curve. 



RESULTS AND DISCUSSION 

Estrous Behavior 

The overall means and standard deviations (SD) for parameters 

investigated (Table 7) are presented in Table 8 .. Of the 199 animals 

investigated,. 5l%. were observed in heat for the first time in the 

morning (0800-1000 hr), whi 1 e 49% we.re detected in estrus for the. first 

time in th~ evening (2000-2200 hr). 

The mean receptivity at o hr was 9.4+8.2 mounts/hr (X,:!:SD) and 

declined to 1. 6+4A at 12 hr. There were no differences in numbers of 

cows first observed in estrus either morning or night. However, those 

first observed in heat at morning checks exhibited more mounts per hour 

Cll.4+9.9) than those first seen in heat at night, when the number of 

mounts per hour was 7 .6+5~6 (P..;.01 ). Findings of Hurnik et al. (1975) 

suggest a greater proportion of animals sh6~ standing heat. during early 

morning hours. Those animals that were observed in heat at 0800hr may 

indeed have commenced estrus activity during early morning hours or 

shortly before they were turned o.ut for heat checks.· Consequently, they 

were more active' and exhibited pronounced behavioral symptoms of estrus 

around 0800 hr;.·· They may, therefore, have been subjected to frequent 

mounting by other cows. Therefore under the criteria we employed they 

were observed standing for more mounts during early morning hours than 

at night.. From work done with sheep, Hulet et al . (162) found about 

36% of the ewes showing first signs of estrus between 0600 and l200hr 

and 16% between 1800 and 2400 hr. These findings also suggest that more 

animals begin estrus activity around 0600 hr. 

49 
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TABLE 7. Description of Abbreviations 

E-Z Estradiol 

E:P Estrogen:Progesterone (ratio} Estrogen .. 
Progesterone 

Prag Progesterone 

Glu Glucose 

Cows Ml Number of different cows mounting the one in 
heatat first observed.heat 

Cows M2 Number .of different cows mounting the one in 
heat at the second heat check · 

MxT Maximum temperature 

MnT Mi.nimum _temperature 

MxH Maximum humidity 

MnH Minimum humidity 

Ppt Preci pi ta ti on 

THI Temperature Humidity Index. 

Slope for feed intake Change in feed consumption from 3 days prior to 
heat to day of heat· 

Milk 

Slope for Milk 

Ohr 

12 hr 

Receptivity 1 

Receptivity 2 

Vulva 

. Mucus 

-3 

Milk production 

Change in milk production from 3. days prior to 
heat to day of heat 

Time first observed fn. heat 

12 hr after first observed in heat 

Mounts/hr at first observed heat 

Mounts/hr 12 hr after first observed heat 

Vulva l character 

Mucus discharge 

3 days prior to day of heat 



-2 
-T · 

0 

+l 

+2 

+3 

Body wt l 

Bodywt2 . 

Bqdy wt 3 

Body wt 4 

Body wt· 5 

Body wt 6 

Body wt 7 

Body wt 8 

51 

2 days prior to day of heat 

l day prior to day bf heat 

day of heat 

lst day after heat 
/' 

2nd day after heat 

3rd day.after heat 

Body wt 2 weeks after talying 

Body wt 4 weeks after calving 

Body wt· 6 weeks after calving 

Body wt 8 weeks after calving 

Body wt lO. weeks after calving 

Body wt 12 weeks after calving 

Body wt 14 weeks after calving 

Body wt 16 weeks after calving 
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TABLE 8. Means and standard deviations· for .all parameters. 

Item 

Age 
Heats prior 
E-2 0 hr. 
E~2 + T2 hr 
Prag O hr 
Prag 12 hr 
Glu O hr 
Gl u + 12 hr 
Urea O hr .' 
Urea + 12 hr 
Receptivity 1 
Receptivity 2 
Vulva 0 hr 
Vulva + 12 hr 
Mucus 0 hr 
Mucus + 12 hr 
Cows Ml 

· Cows M2 
MxT -1 
MnT -1 
MxH ... 1 
MnH -1 
Ppt -1 
MxT 0 
MnT 0 
MxH 0 
MnH 0 
Ppt 0 
MxT +1 

. MnT +T 
MxH +l 
MnH+l 
Ppt +1 
THI -1 
THI·o 
THI +l 

Feed Intake -J 
Feed Intake -2 
Feed Intake -1 
Feed Intake 0 
Feed Intake +l 
Feed Intake +2 
Feed Intake +3 

Mean 

36.9 
.9 

34.6 
30.2 

.47 

.42 
74.l 
71. l 
13. 9 
12.9 

9.4 
1.6 
1.05 
1.04 
1.1 
1.0 
2.51 

. 51 
15.2 
2.7 

94.0 
51. 9 

.28 
15.7 
3.0 

93.5 
51.6 

.21 
16.l 
3.4 

93. 9 
52.2 

.18 
49.9 
50.5 
51.1 

45. 2· 
45;5 
45.6 
44.6 
43.7 
45.2 
45.9. 

S.D. 

·21.5 months 
. 94 

25.6 pg/ml 
24.6 pg/ml 

•. 23. ng/ml 
. 23 ng/ml 

24. 8 mg/100 ml . 
23.0 mg/100 ml 
8.3 mg/100 ml 
6. 7 mg/l 00 ml 
8.2 mounts/hr 
4.4 mounts/hr 

.24 

.19 

.32 

. 15 
1.4 
1.24 

1 l.5 c 
10.4 c 
10.3% 
13.1% 

.78 cm 
11.2 c 
10.1 c 
l 0.6% 
14. 5% 

. 61 cm 
11.0 c 

9.8 
10.6% 
15 .. 6% 

.60 cm 
16.2 
15.8 
15.3 

7. 7 kg 
7.0 kg 
7. 0 kg 
7. 5 kg 
7 .4 kg 
8.3 kg 
8. 1 kg 

(n) 

199 
122 
197 
197 
195 
197 
195 
197 
195 
197 

99 
99 

184 
182 
183 
180 

67 
69 

199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
199 
l 99 
199 

77 
76 

. 77 
77 
77 
77 
77 
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TABLE 8 (cont• d). 

Item Mean s.o. (n) 

Slope for Feed 
Intake -0.13 2.2 66 

Milk -3 30.1 6.8 kg 123 
Milk.-2 30. l 6.5 kg 123 
Milk -l 30.9 6.5 kg 123 
Milk. 0 30.5 6. 1 kg 123 
Milk +l 30~9 6.2 kg 123 
Milk +2 30.6 6.3 kg 122 
Milk +3 30.4 6.6 kg 122 

Slope for Milk .22 1.7 123 

Body wt l 571.2 68.7 kg 66 
Body wt 2 564.6 75.6 kg· 73 
Body wt 3 565.1 63.8 kg 75 
Body wt 4 569.2 · .. 64.9 kg 77 
Body wt 5 577 .9 65.0 kg 77 
Body. wt 6 585~2 66.2 kg 75 
Body wt 7 586.8 59.9 kg 65 
Body wt 8 591.1 63.0· kg 62 

Conception 54.3% 199 
Days post partum 83.0 20.9 123 

'E:P 0 hr 95.7 93. l 195 
E:P 12 hr 101.2 106.3 197 
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Location (P< .05} and age (P<. 01) were significantly associated 

with.estrus activity at 0 hr (Appendix table· 9). The means and SD 

for the age of heifers and lactating cows at the time of breeding were 

18.4+7.3and 48 . .4+19.3 months~ respectively .. Age was found to have a 

significant (P<.Ol) linear relationship with behavioral manifestation 

of heat (receptivity) during early estrus. Thisrelationship is 

diagrammatically shown in Pigure 3. Schein et aJ. (1955) reported a 

highly significant relationship between rank and age (r = .93). Friend 

0973) also found age to be highly correlated with social rank. He 

proposed that traits associated with age such as prior experience and 

body size were important characteri sties affecting rank. Position in 

the hierarchy may also depend upon recognition by other animals in a 

group. The individual is recognized on the basis of such traits as .. [ 

size and aggressiveness and not by color or other outward breed 

characteri sties. The older anima 1 s therefore may be the dominant ones 

and also the ones more experienced in exhibiting estrous behavior than 

the younger subordinates_. These animals may attract others because 

of their prominence in the group. This may also have led to a greater 

opportunity for them to interact with other animals. 

Adult cows have been reported to have· l anger estrus periods than 

heifers (Esslemont and Bryant, 1976). In our study there were 25 

(20.3%) adult cows and 22 (28.9%) heifers that were seen to stand at the 

12 hr heat check. The number of previous heats exhibited by the animal 

prior to breeding had a significant (P<.01) relationship with late 

estrus manifestation. This suggests more rhythmicity in the reproduc-

tive cycle due to previous occurrence of estrus. Also early estrus 
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FIGURE 3. Relationship of age with estrous behavior at first 
observed heat (Receptivity l J. . 
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activity and concurrently stronger manifestations of estrous 

behavior may be indi~ative of full restoration of the estrous cycle. 

Thatcher and Wilcox (1973) found the number of services per pregnancy 

to be associated with frequency of heats 0 to 60 days postpartum. 

Cows exhibiting 0 or 1 heats required 2.59 services per pregnancy, 

while cows with 2, 3 or 4 heats required 2.29 services. Thus a 12% 

improvement in reproductive efficiency was associated with increased 

postpartum estrus activity. These results also suggest the necessity 

for overt signs of estrus in attaining optimal reproductive efficiency. 

Effect bf Location and Estrous Activity 

The means and SD for the number of mounts exhibited by the animals 

in the barn, drylot and pasture are presented in Table 9. Barn housed 

cattle significantly (P<.05) differed from those in free stalls, or 

pasture in exhibiting more activity. Those in barn housing were 

confined to either comfort stalls or stanchions most of the day except 

when sent out for estrus detection and milking. This undoubtedly 

prevented them from exhibiting signs of estrus or riding other animals. 

They may have been more aroqsed soon after they were sent out of the 

barn and herded to adjacent lots for estrus detection. 

_tlormonal Considerations and Their Effects on Estrous Behavior 

Menas and standard. deviations for estrad io l at 0 hr and 12 hr 

were 34.5::_25.6 and 30.2+24.6 pg/ml, respectively. Other workers 

(Chenault et a 1. , 1975; Wetteman et al . , 1972; Echternkamp and 

Hansel, 1971) observed lower values of estrogen ranging from 6 pg/ml 

. i 
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TABLE 9 .. Means and standard deviations for receptivity 1 
for locati.ons. 

Location X +SD (n) 

Barn 11.2+9.0 (67) 

Dryl ot 6.5+6.8 (10) -
Pasture 5 .4+2. 9 (23} 



59 

to 8.4 pg/tnl at estrus. Lemon et al. (1975) detected 25 pg/ml for 

estradiol at the time of estrus. The variability in estimates among 

different laboratories could be due to sampling time relative to onset 

of estrus and/or also caused by procedures and techniques employed 

to estimate blood concentrations across 1 aboratories. In our study 

we a 1 so found estrad·iol significantly higher (P<. 05) at 0 hr than at 

12 hr. ·This would indicate a higher hormonal content in the blood at 

onset of heat than during late estrus. Lemon et aL (1975) found 

maximum concentrations of estradiol ·to vary iii relation to onset of 

estrus. Chenault et ah (1975) found a decline in estrogen from the 

onset of heat to the end.of heat. 

The means and standard deviations for progessterone concentrations 

at 0 hr and 12 hr were .46+.23 and .42+.23 ng/ml, respectively. 

Wetteman et al. (1972) found progesterone concentrations of . 33 ng/rnl 

on the day of estrus. Henricks et al. (1970) found concentrations 

1 ess than . 5 ng/ml plasma 0 to 15 hr after onset of estrus. Kazama and 

Hansel (1970) measured progesterone concentrations every 6 hr after 

onset of estrus and found values of .28 ng/ml. Our values agree 

closely with those reported by these researchers. We found 

progesterone concentrations to be significantly (P<.01) higher at 0 hr 

than at 12 hr. Randel and Mosley, (1977) found concentrations of .3 ng 

at estrus .and .2 ng 24 hr rater. 

The animals were excitable, nervous and restless at onset of 

estrus and may have been under a physiologically stressful condition. 

Gwazdauskas (1972) found an increase in progesterone 2.5_ng/ml 
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(approximately a 2.3 fold increase) after ACTH injection on day 1 of 

the estrous cycle. He suggested a possible rol_e of the adrenal gland 

in causing this increase in progesterone. As suggested earlier, due to 

stress and excitement, the adrenal gland may be responding at onset of. 

heat thereby secreting progesterone. This hypothesis, however, needs 

to be tested in future experiments so as to accurately emphasize the 

nature of the response of the adrenal during estrus in' the bovine 

species. 

Influenceof Hormones on Receptivity 

Receptivity 1 was -not significantly affected (P>. 10) by estradiol, 

progesterone or the ratio of these hormones. Receptivity 2, however, 

was slgnificantly affected by both estradiol and progesterone 

concentrations (P<.05) at 12 hr and also progesterone concentrations 

at 0 hr (P<.Ol). The relationships of these hormones are diagram-

matically illustrated in Figures 4, 5 and 6, respectively. As 

illustrated progesterone at 0 hr (Figure 4) and estradiol at 12 hr 

(Figure 5} appear to exert a stimulatory effect and progesterone at 

12 hr (_Figure 6) an inhibitory effect on late e·strous behavior. 

Estrous behavior has been demonstrated experimentally by 

injecting sma.11 _amounts of estradiol into the hypothalamus. 

Progesterone has been implied to exert a synergistic effect (Hafez, 

1974). We did not find significant relationships when using the ratio 

of the two hormones (E:P) on receptivity in the statistical model. 

This may imply estrogen and progesterone are- acting on the hypothalamus 

at·d1fferent times rather than in a combined fashion. Higher 
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FIGURE 4. Relationship_ of Progesterone at O hr with. late estrous 
behavior (Receptivtty 2}. 
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FIGURE 5. Relationship of Estradi.o1 at 12 hr wi:th late estrous 
behavior (Receptivity 2}. 
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FIGURE 6. Relationship of Progesterone at 12 hr with late estrous 
behavior {Receptivity 2). 
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concentrations of progesterone encountered at 0 hr may have lasted 

longer and thus would have contributed to priming of the hypothalamic 

centres for subsequent action of estradiol. Progesterone during late 

estrus may be inhibitory in a way to alter an already established 

hormonal receptor association. 

Work of Rabi nson ( 1955) agrees with our finding for i ni ti al action 

of progesterone in enhancing sexual receptivity. He suggested that 

the requirements of estrogen for estrus manifestation may be reduced 

as the duration of progesterone influence approaches a normal 

physiological period. From subsequent experiments, Robinson et a1. 

(l 956) found that the full expression of the progesterone .. estrogen 

interaction in the manifestation of estrous behavior in the ewe 
' requires the animal to be under the influence of progesterone for a 

considerable period of time. This latter finding therefore appears 

to fall closely in line with our observations. As progesterone at 0 hr 

may be stimulatory~ it could be acting independently in causing late 

estrous behavior or may be priming the hypothalamus so that estradiol 

during late estrus (12 hr) could act on already primed receptors to 

prolong standing behavior. Robinson et al. (1956) believe progesterone 

may be increasing the sensitivity of the hypothalamic centre to 

estrogen. 

A classification of the standing behavior at 12 hr into non .. 

standing or standtng condition revealed only 23% of the animals were 

mounted at least once at the second heat check (Table 10)~ An analysis 

of variance revealed no significant difference (P>.10) in estradiol, 



68 

TABLE 1 O. Means and standard devi ati.ons for hormones and conception 
rates for standing behavior at 12 h.r. 

Parameter 

Estradiol 12 hr (E) [pg/ml] 

Progesterone 12 hr (P} [ng/ml] 

E:P 12 hr 

Conception rate (%) 

a (n) 

·.·Estrous.·oehaviorat·12 nr 
not standing · ·st~rtd1ng 

29.7+24.l (150)a 31 .8+26. 3 ( 47). ' 

.41+.23 (150} .42+.24 (47) 

100+107 (150) l 03+105 (47} 

51 (152) 66 (47) 
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progesterone or the E:P ratio for those mounted at 12 hr versus those 

not standing at 12 hr. Those standing at 12 hr had a 15% higher con-

ception rate than those not standing, although differences were not 

found to be statistically significant (P>.10). Gwazdauskas (personal 

communication) found those animals that were mounted at 12 hr showed 

significantly higher conception rates. Although in this investigation, 

no differences in hormones were seen associated with either standing 

or non standing findings in previous analysis of a relationship of 

progesterone 0 hr and progesterone and estradiol 12 hr with estrous 

behavior, indicate some physiological role for these hormones in en-

hancing sexual receptivity during late estrus and conception rate. 

Though these findings suggest a hormonal influence on estrous 

behavior during late heat, manifestations of behavioral symptoms during 

early stages of heat were not found to be associated with either 

estrogen, progesterone or a ratio of these hormones (Appendix Table 9). 

Glencross et al. (1977) in a more recent investigation observed no 

relationship of either estradiol 17s or progesterone in influencing the 

intensity of heat. Instead the number of heifers in estrus simultane-

ously were considered to influence intensity of behavior and thereby 

suggested a more causal than direct relationship of hormones to inten-

sity of heat. Hurnik et al. (1975) observed the number of mounts per 

cow to increase from an average of 11.2 with only one estrus cow to 

52.6 with three cows in estrus on the same day. In our study, though 

accurate numbers in heat at the same time were not recorded, there were 

in some instances more than one animal showing true estrus symptoms in 

the same location. This would then have co~tributed to more mounts 
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received per animal than if there had been oi11y one animal expressing 

signs of estrous behavior. We als6 found significant (P<.01) effects, 

due to the numbers of different cows mounting the one in heat on 

Receptivity l and 2. Inclusion of thi.s variable in the statistical 

model accounted for a significantly greater amount of variation in 

receptivity {r2 = .72). ·A plausible explanatton to this would be that 

if cows were more active and excitable, they would then have aroused 

the attention of other animals by their excitatory behavior. This 

would have led to other animals being stimulated. By provoking otper 

animals, the ones in heat were mounted. This may indeed illustrate the 

general ·mounting behavior of the dairy cow. 

Nutritional Iriterrelationships and Their Effe~ts 
on Estrous Behavior 

The means and SD for glucose at O hr and 12 hr were 74.1+24.8 and 

71.1+23.0 mg/lOOml, respectively. These concentrations were not 

significantly different (P>. l 0). Jenny et a 1 . (1974) found s.erum gl u-

cose to be around 61 mg/100 ml during early lactation and 72.8 mg/100 ml 

during mid lactation in Holstein cows. They also observed that high 

grain feeding increased serum glucose during mid lactation but not 

during early lactation. Gorewit et al. (1977) found serum glucose 

levels of 53 mg/100 ml at 1 month of lactation and 65 mg/100 ml at 4 

months of lactation. In general, our results are in agreement with 

previous findings. 

The means and SD for glucose and urea concentrations at 0 hr and 

12 hr for heifers and 1 actating cows are presented in Table 11. The mean 

blood glucose concentrations were significantly (P<.05) highe.r at both 



71 

TABLE 11. Means and standard deviati.ons for blood glucose and 
urea at O hr and 12 hr for h.effers and lactattng cows. 

Parameter Heifers Lactating cows 

Glucose 0 hr 83.2+22.3 (74 )ab 68.5+24.7 Cl 211 

Glucose 12 hr 76. 7+23.1 (74) 67.8+22.4 (123} 

Urea 0 hr 11.2+ 5.8 (74) 15.6+ 9.l (121) 

Urea 12 hr 10.7+ 5.4 (74) 14. 3+ 7. l (123) 

a(n) 
b(mg/l 00 ml) 
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times in heifers. As heifers do not have a drainage of blood glucose, 

in synthesizing lactose in the milk, they would tend to show higher 

serum concentrations. This is only a hypothesis, as no data is avail-

able to document these findings. 

The milking animals were blood sampled when they w,ere 76.7+18.7 

or 96.7+18.7 days postpartum at the first and second service, respec-

tively. Consequently, samplings took place in early lactation. This 

could possibly be another reason for the lower values seen in the 

lactating grou·p. 

The means and SD for urea concentration at 0 hr and 12 hr were 

13.9+8.3 and 12.9+6.7 mg/100 ml, respectively. Mason et al. (1973) re-

ported urea levels of 15.6 mg/100 ml at estrus in lactating cows. Our 

values are in close agreement with those. However, the urea concentra-

tions in heifers were significantly (P<.05) lower than for the lactating 

animals (Table 11 ). It may be proposed that with the demands for higher 

energy intake associated with milk production, the lactating animal 

would show an increased need for gluconeogenesis. This could in turn 

lead to higher blood urea levels. 

The animals under investigation were fed rations ranging in energy 

levels of 1.24 Meal/kg dry matter to 2.05 Meal/kg dry matter and protein 

levels ranging from 13.5% to 18% (Appendix l, 2a, and 2b). We did not 

encounter significant (P>.10) effects on estrous behavior due to these 

different rations. Nor did plasma glucose or urea relate significantly 

.CP>.10) to estrous behavior. Mason et al. (1973) found no significant 

changes in plasma glucose levels during various phases of the estrous 

cycle of the dairy cow. We do not have evidence to support this 
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finding as measurements for glucose and urea were not made during 

different stages of the estrous cycle. 

The animals on the day of estrus tend to show a deviation from 

their normal behavior in being more excitable, nervous and restless 

(Hurnik et al., 1975; Esslemont and Bryant, 1976). In spite of these 

behavioral changes, they may sti 11 be adjusting themselves to ma in ta in 

normal physiologic and metabolic functions, thereby enabling them to 

maintain steady blood glucose and/or urea concentrations. This hypo~ 

thesis could be tested in future experiments, under controlled feeding 

regimes and measurements of blood glucose, urea and amino acids during 

distinct phases of the estrous cycle. 

Although the exact mechanisms by which changes in energy intake 

could influence reproduction are not clearly understood, various 

reports in the literature indicate the need for proper nutrition in im-

proving reproductive efficiency (Wiltbank et al., 1962; Wiltbank et al., 

1964; Wiltbank et al., 1969; Zimmerman et al., 1960; Hill et al., 1970). 

Dunn et al. (1969) observed the importance of pre-calving and post 

calving energy levels on the occurrence of estrus. In our investigation, 

the animals were fed according to NRC recommendations and were, therefore, 

not marginally placed with respect to energy and protein. Therefore, 

even if estrus activity did cause shifts in energy metabolism, we could 

. still not have demonstrated this as the anima 1 s were receiving sufficient 

nutrients. These factors will.also have to be taken into consideration 

in the understanding and interpretation of any nutritional interactions 

with estrus activity in the dairy cow. 
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In a subsequent analysis, feed type was partitioned into a protein 
''4 

·and a fiber component. This was considered only for barn cows as they 

received distinct combinations of protein and energy. Orthogonal 

contrasts were then performed in such a manner that in the first 

analysis (protein component), the two ration types (l + 3) with one 

level of protein (17%) were compared with the other two rations (4 + 5) 

containing the other level of protein (13.5%) (Appendix 2a). In the 

second analysis (fiber component), the two ration types (3 + 4) with 

one level of fiber (16%) were compared with the other two rations (l + 5) 

containing the other level of fiber (13%) (Appendix 2a). The statistical 

procedures adapted to accomplish these tests were as follows. 

Progesterone, estradiol, glucose, and urea for each time of observation, 

0 hr and 12 hr, were used separately as dependent variables. Using the 

procedure of backward elimination, we selected for each of these depen-

dent variabl.es the best statistical model that described them. In 

subsequent analysis, the independent variables together with feed type 

were used under GLM procedures (SAS, Barr et al., 1976) to obtain the 

error mean square. A similar analysis was then_conducted, using the 

protein or the fiber component separately instead of feed type. The 

mean square error obtained by using feed type in the sta ti stica 1 model 

was used to estimate probability tests. These procedures revealed that 

urea concentration at 0 hr was significantly influenced (P<.05) by 

protein and fiber. However, these respective models explained only 3% 

of the variation and therefore do not adequately explain the variation 

in urea. Coefficients of variation (CV) in the estimates for glucose 

and urea within rations were high (Table 12). This indeed may be 
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TABLE 12. Means, standard deviations and coefficients of 
variation for gl~cose and urea among different rations. 

Ration No. Glucose 0 hr .Glucose 12. hr Urea O·hr Urea 12 hr 

(1 )a (74)b 83.2+22.3 76.7+23. 1 11.2+5.8 10.7+5.4 
c.v.c 26.S. 30. l 52.2. 50.4 

(2) (54) 68.2+24.3 68.2+21.8 15. 1+8. 3 14. 1+6. 9 
c.v. 35.6 31.9 54.8 48.6 

(3) (23) 70.4+21.9 66.3+22.3 17.9+11.8 16.2+8.0 
c.v. 31.2 33.7 65.6 49'. 5 

(4) {18) .. 74.8+26.2 64.5+22.0 15.7+9.5 14.4+8.3 
c .v .. 34.9 34.1 60.4 57.9 

(5) ( 11) 70.8+81.5 70. l +27. 9 10.0+3.8 9.8+5.5 
c.v. 44.5 39.9 37.7 55.6 

(6) (14) 55.5+21 .8 72 .1+23. 7 17 .1+9.2 15.3+4.3 
c.v. 39.3 32.9 53.5 28.0 

, a(l) = Heifer ration, 1.24 Meal/Kg dry matter and 18% protein 

(2) = Free stall and barn ration, 1.73 Meal/Kg dry matter ant 15% 
protein 

(3) =Barn ration, 1.92 Meal/Kg dry matter and 17% protein 
(4, 5) = Barn ration, 2.00 Meal/Kg dry matter and 13.5% protein 

. . 

(6) = Barn ration, 2.05 Meal/Kg dry matter and 17% protein 

bValue in parentheses represent numbers of animals within each 
ration type. 

cC.V. ~ coefficient of variation, %. 

" ! 
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masking any true relationships of the parameters considered .in this 

study, thus making it difficult to make more meaningful conclusions. 

Polan and Chandl2r (1972) found serum levels of isoleucine and 

histidine were significantly reduced on the day of estrus when compared 

to a nonestrus day. Riggs (1968) reported that estradiol increased 

the transport of a.-aminoisobutyric acid into the uterus but not into 

liver or muscle. These various studies, therefore, suggest inter-

relationships of hormones with nutritional factors at estrus in the 

dairy cow. More important findings by Polan and Chandler (1972), 
c 

however, indicated that other factors such as time after feeding, milk 

production, nonprotein nitrogen, and storage of samples affect measured 

levels of circulating free amino acids. Webb (personal communication) 

reported a significant variation in blood urea estimates relative to 

feeding time. Other workers, Bensadoun et al. (1962} reported the 

influence of the form of feed on blood glucose concentrations. Evans 

et al. (1975) found low roughages affected metabolism of glucose, which 

led to increased plasma glucose concentrations. Polan and Chandler 

(1972) concluded from their findings that experiments had to be designed 

to control some of these factors in order to reduce the coefficient of 

variation so as to accurately determine treatment responses. In our 

study, we have not had sufficient control of some of these factors 

reported earlier. Therefore, experiments will have to be designed to 

control sufficiently the factors mentioned above in order to precisely 

interpret and understand nutritional interrelationships with reproduc-

tive functions in the dairy cow. 
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Influence of Estrus Activity on Feed Consumption 

The means and standard deviations for feed intake close to and 

around estrus (day ... 3 to day +3) are shown in Table 8 .. There were no 

significant changes (P>.10) in feed consumption over this period. 

There appears to be a slight reduction (1 kg) of feed intake on the day 

of estrus, yet this was not of sufficient magnitude to be of statistical 

significance. There was als.o no signif~cant change (P>.10) in estrus 

activity asso.ciated with feed consumption. A change in feed consump ... 

tion (slope) from 3 days prior to the day of heat had no significant 

e·ffect (P>. l 0) on estrous behavior. Essl emont and Bryant (1976) re ... 

ported cows spend less time feeding on the day of estrus compared to 

a nonestrus day. Other workers, McPhee et al. (1964) have reported 

high social stratum animals spend more time feeding during a 60 hr 

period than those in lower social positions. Lower social stratum· 

animals were found to eat proportionately more at night. Cows are al so 

known to lie recumbent for longer periods during darkness. Esslemont 

and Bryant {_1976) made no reference to the above characters of the dairy· 

animal in interpreting their findings. They al so had building 1 ights 

kept on throughout the hours of darkness. These factors may have to be\ 

considered important in the interpretation of cow behavior. Essl emont 

and Bryant (1976) also did not measure the absolute feed intake by the 

animal. 

Influence of Lactation on Estrous Behavior 

The means and standard deviations for milk production during the 

period around estrus are shown in Table 8. There were no significant·· 
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(P>.10) changes in milk production 3 days prior to or post heat. 

Esslemont and Bryant (1976) found no difference in the time cows spent 

in being milked. Hurnik et al. (1975) found milk production increased 

by 1.59 kg/cow on the second day of estrus. This was not statistically 

significant. We conducted an analysis of variance to determine effects 

of milk production on estrus activity. The results do not suggest a 

significant (P>.10) affect of milk production on estrus activity. We 

also determined whether a change in milk production (slope) from 3 days 

prior to the day of heat had any significan~ relationship on estrous 

behavior. This ahalysis revealed no significant effect of a change in 

milk production on estrus activity. 

Effects of Season on Estrus Activity 

Overall means and standard deviations for maximum and minimum 

temperature, maximum and minimum relative humidity and precipitation 

for the day prior (-1), day of ( 0), and day after ( + l) heat are shown 

in Table 8. Means and standard deviation for these environmental 

measurements for the seasons winter (November through May) and summer 

(June through October) are shown separately in Appendix Table 10. 

These measurements were often significantly correlated as shown in 

Table 13. Those animals observed in heat at the first heat check (0 hr) 

during winter months were more active and exhibited.more mounts 11 .2+ 

8.9 per hr than those observed during summer months, when the number of 

mounts were low (5.7+4.4). These differences were significant (P<.05). 

Estrous behavior at 12 hr was not significantly influenced by season 

(P>.10). 
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TAB~E 13. Simple correlattons· for envtronmental measurements. 

. MNTC,.,1 · .MXHU-1 MNHlJ ... 1 

MXTC-1 • g_Q .41 -.03 

MNTC-1 .38 .24 

MXHU-1 .34 

MNHU-1 

a lrl > 0.18 differs from O CP<.00051. 

MXTC-1 = Maxtmum temperature day prior to heat 
MNTC-1 = Minimum temperature day prior to heat. 

MXHU-1 = Maximum humidity day prior to heat. 

MNHU-1 = Minimum humidity day prior to heat. 
PPTC-1 = Precipitatton the day prior to heat. 

PPTC-1 

.09 

. 19 

.18 

.26 
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High environmental temperatures have been thought to alter repro-

ductive behavior. Gangwar et al. (1965) and Hall et al. (1959) found 

a reduction in estrus intensity during hot months of the year. Bond et 

al. (1972) found anestrous to be the major reproductive problem under 

severe heat stress. In an effort to determine any direct influence of 

such environmental measurements as temperature, humidity and precipi-

tation on estrus activity, we performed a separate regression analysis 

L!Sing Receptivity l or 2 as dependent variables and the climatic mea-

surements for day prior (-1) and the day of {O) heat as independent 

variables. None of these environmental parameters was found to 

significantly (P>.10) affect estrous behavior. It is also often be-

1 ieved that hot environmental temperatures could lead to changes in 

endocrine balances and consequently a reduction in estrus activity. For 

instance there are several reports in the literature to document an 

increase in plasma progesterone associated with thermal stress (Abilay 

et al., 1975; Mills et al., 1972). Gwazdauskas (1972) found maximum, 

minimum and average temperatures the day of insemination significantly 

related to progesterone concentrations. He reported increased pro-

gesterone levels with increased average environmental temperatures. 

We conducted separate analyses using progesterone 0 hr and 12 hr as 

dependent variables and environmental measurements the day prior to (-1) 

and day of {O) heat as independent variables. There were no significant 

CP>.10) temperature effects on progesterone concentrations. Neverthe-

less, minimum humidity the day prior to heat (-1) had a significant 

(P<.05) affect on progesterone at 0 hr. However, the variation in 

progesterone described by this model was only 6%. It is thus apparent, 
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that in our investigation, environmental measurements considered have 

not adequate1y explained variations in progesterone. Results of a 

previous analysis (Appendix Table 9) had not demonstrated any associa-

tion of hormones with early estrus activity. 

Solar radiation by itself rnay cause a heat load on the animal· 

(Bianca, 1961). A greater intensity of heat during surruner months may 

have thus led to a significant reduction in the intensity of estrous 

behavior. Its mode of action may be directly on the centra.l nervous 

system rather than via endocrine changes. It is believed that there 

are two thermoregulatory centers in the hypothalamus (Phillis, 1976). 

The anterior hypothalamus is considered to respond to heat while the 

posterior hypothalamus reacts to cold. In this investigation solar 
J 

radiation was ;not measured primarily due to our inability to obtain 

this information. Attempts need to be made in future experiments to 

measure solar radiation, wind velocity and wind chill factors in 

addition to environmental temperature and humidity in order to under-

stand the nature of climatic influence o~ reproductive functions of the 

dairy cow. 

The effect of daylight on fertility of cattle has also. been 

mentioned in the literature. Increasing light in spring, when tempera-

tures are not extreme, has been thought to provide the optimal period 

'of fertility. In the extreme northern areas during winter, with short 

daylight hours, there is a reduction in fertility (Salisbury and Van 

DeMark, 1961). 
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Effects of Climate on Conception 

Several recent reports have ~mphasized the detrimental effects of 

hot seasons and high environmental temperatures on reproduction in the 

dairy cow(Stott, 1961; Stott and Williams, 1962; Hall et al., 1959). 

We did not encounter a significant effect of season on conception rates. 

fewer inseminations made during the summer months (June through Sep-

tember= 44/199 or 22%) compared to 155/199 or 78% during winter months 

(December through May} may explain this lack of significance. 

When conception was used as a'dependent variable and environmental 

measurements as independent variables, we found minimum temperature the 

day of heat and maximum temperature the day'after heat significantly 

(P<.05) affected conception. These measures of climate accounted for 

11% of the variation in conception. Ingraham et al. (1974) reported 

that average daily temperature and humidity accounted for 80% of the 

monthly variation in conception rates. They also found both temperature 

and humidity to be significantly related to conception. 

We performed additional analyses to re-evaluate effects of 

tempera tu re, humidity and prec i pi tat ion for day prior ( -1 ) , day of ( O) , 

and day after heat (+l) on conception. These analyses revealed both 

maximum and minimum temperature the day of heat and day after heat 

significantly affect conception (P<.05). Thatcher (1974) reported 

maximum environmental temperature the day after insemination to be the 

climatological measurement having the closest association with fertility. 

Gwazdauskas et al. (1973) also reported that environmental temperatures 

the day after insemination affected conception rates. Thatcher (1974) 

demonstrated a curvilinear effect due to maximum tempera.ture the day 
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after insemination. We were not able to observe a similar curvilinear 

response with our data. The only significant relationship we observed 

was linear as represented in Figure 7. 

Environmental temperatures beyond a certain point may be detri-

mental to optimum reproductive efficiency. It is believed that a mild 

heat stress could occur in cattle any time ambient temperatures exceed 

30 C. This may also lead to a higher uterine temperature at·the time 

of breeding and thus affect conception (Gwazdauskas, 1974). 

The studies by Ingraham and coworkers {1974) and those reported 

by Thatcher (1974) were conducted in Mexico and Florida where the 

ambient temperatures were 26.5 to 29.7 C and 30.7 to 32.7 C, respectively. 

These workers also considered data from a large number of services 

(l,721 to 5,062) for the two locations. The average maximum temperature 

during the entire period of our investigation (December 1976 through 

September 1977) was 15.2 C. Only 44 breedings were performed at a time 

when the average maximum temperature was above 25.0 C. Consequently our 

results represent a majority of breedings (78%) performed during cooler 

months. Thatcher (1974) reported a decline in~conception rates as 

environmental temperatures increased beyond 21.1 C. Although we lack 

sufficient data to verify these findings, this may be helpful to explain 

the linear response to maximum environmental temperatures encountered in 

this study. We also found the higher minimum temperature the day of (0) 

and the day after heat (+l) had beneficial effects on reproduction~ 

Ingraham et al. (1974) found that conception rates decreased when 

minimum temperature and humidity inc.reased in mid-June. The average 

minimum temperature in our study ranged from 2.7 to 3.4 C from day (-1) 



84 

flqURE 7. Rela,ti'onstttp of ma,xtnl.IJ1J tellJperature (day +11 c wtth 
concepti'Qn ~ ·. 
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to day (+1) 6f estrus. Vincent (1972) proposed that cold had a minimal 

effect on reproduction in the dairy cow. The environmental temperature 

below which the body produces extra heat to meet the thermostatic heat 

requirement is termed the lower critical temperature. Hamada (1971) 

found the critical temperatures for cows on main.tenance and production 

of 10 and 20 kg (fat corrected milk) to be 2, -4 and -10 C, respectively. 

The minimum temperature encountered during our study may not be the 

critical temperatures for the animals. This may explain the beneficial 

effects of low temperature on reproductive functions. ·To quantitate 

the degree of association of temperature and humidity on conception, 

a temperature humidity index (THI) was calculated using the formula: 

THI= db - (.55 - .55RH) (db - 58) (Ingraham et al., 1974). 

where THI = Average daily temperature humidity index. 

db= Average daily dry bulb temperature in F. 

RH = Average daily relative humidity (RH% ~ 100). 

In the first analysis, THI data for the day prior (-1), day of (0) and 
,. 

day after heat {+l) were included in the same statistical model.· 

Conc.eption was significantly (P< .05) affected by THI day following heat. 

However, the variation in conception explained by this model was only 

4%. However, in subsequent analysis when THI measurements for each day 

were tested separately, they were not found to significantly affect 

conception. Ingraham et al. (1974) found average daily THI above 70 -0n 

day prior to breeding to be associated with a significant linear,decline 

in conception. The mean THI 1 s in our study ranged from 49.9+16.2 to 

51.1+15.3· for day prior to (-1) and following heat (+1). Least squares 

coefficients revealed a positive effect of THI day +l on conception 
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rate. The relative merits of using THI as an indicator of climatic 

influence has also been questioned. Ingraham and coworkers (1974) 

feel that THI does not define the number of heating or cooling hours 

in the day. They also feel that when evaluating the effect of heat 

stress on conception rates, both the THI and the relative acclimation 

of the animal had to be considered. 

Hormonal and Other Influences on Conception Rate 

An overall analysis of variance for conception rate is presented 

in Appendix Table 11. Th~s analysis revealed a significant (P<.05) 

influence of progesterone at 12 hr on con~eption. This relationship of 

progesterone on conception rate is in Figure 8. Gwazdauskas (1972) 

fol!nd progesterone levels to increase as average environmental tempera-

. tures increased. Despite this finding, he was unable to document 

exactly whether a progesterone imbalance associated with environmental 

·heat stress influenced fertility. As progesterone concentrations at 12 

h.r were found to affect conception, we believe high progesterone levels 

are detrimental at fertilization and early embryonic cleavage. It is 

believed that in the bovine, first cleavage of the embryo occurs about 

24 hr after ovulation (Hafez, 1974). Dickmann (1970) showed that rat 

rnorulae degenerated in the uteri of recipients which had. been ovari-

ectomized and injected daily with a physiologic dose (2 mg) of proges-

terone. He concluded that when estrogen and progesterone are present 

they have to be in proper balance, otherwise pregnancy will be 

terminated. 

We also found a significant inseminator effect (P<.05) on con-

ception rates. Reports of other workers (Robbins et al., 1977) suggest 
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flqtJRE 8. Rela,ttonsltip of Proges,terone a,t 12 hr wttfr conception. 
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about a 17% variation in 90 day non return rates among technicians. 

We also considered, in a separate analysis, the conception rates of 

those animals receiving a second service. Feed type was not found to 

have a significant effect (P>.10) on a fertile or non fertile service. 

However, glucose concentration (12 hr) did show a significant positive 

association (P<.05) with conception rates. Downie (1976) observed that 

rising levels of plasma glucose during 20 days preceding estrus were 

characteristic of fertile services and falling levels were a feature 

of inferti1e services in beef cows. Howland et al. (1966) demonstrated 

increased blood glucose concentrations with grain feeding. They 

postulated blood glucose stimulated fhe hypothalamus controlling 

gonadotropin secreti6n. Que to variations seen in our estimates of 

glucose and urea as discussed earlier (Table 12), we could only say 

that certain trends do exist to show relationships of nutritional 

regimes with reproductive functions in the dairy cow. 

It was also interesting to find from this study that there was no 

significant (P>.10) difference in conception rates due to the time of 

breeding 0 hr or 12 hr. 



SUMMARY 

One hundred and ninety-nine (1'99) animals at VPI&SU Dairy Cattle 

Center were used to investigate possible interrelationships of hormonal, 

nutritional and environmental factors as they affect estrous behavior 

and conception. These animals were checked for estrus twice daily from 

0800 to 1000 hr and again from 2000 to 2200 hr. Blood samples were 

·collected twice from a single animal, when first observed in heat (0 hr) 

and 12 hr later (12 hr). Plasma was harvested to measure estradiol, 

progesterone, glucose and urea. Animals were bred using artificial 

insemination. The investigation was conducted from December 1976 

through September 1977 in order to evaluate environmental effects on 

estrus activity and conception rates. 

We found 51% of heats at the morning heat checks (0800-1000 hr), 

while 49% of the heats were at night (2000-2200 hr). Those first seen 

in heat at the morning checks exhibited 11.4+9.9 mounts/hr compared to 

7 .6+5.6 mounts/hr at night. The overall mean receptivity at first 

observed heat (0 hr) was 9.4+8.2 mounts/hr and declined to 1.6+4.4 

mounts/hr at the second heat check (12 hr). 

Barn-housed cattle significantly (P<.05) differed from those in 

free stalls, or pasture in exhibiting more activity. Older animals were 

found to be significantly (P<.01) more active than young animals. This 

may indicate that the older animals are more experienced in exhibiting 

estrous behavior than the young subordinates. We also found that the 

nuil)ber of previou~ heats exhibited by the animal prior to breeding had 

a significant CP<.01) relationship with late estrus manifestation. 
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Thts suggests more rhythm tn the reproductive cycle due to previous 

occurrence of heats. 

Mean plasma, concentrattons for estradto1 at o h:r and 12 hr 

were 34.6+25.6 and 30.2+24.6 pg/ml respecttvely. Progesterone 

concentra,ttons averaged .47+.23 and .42+.23 ng/m1 respecttvely. 

Estradto1 concentrattons were signtftcant1y (P<.051 higher at Ohr 

than at 12 hr. This would tmp1y a higher hormonal content of 

estrogens tn the blood at onset of heat than durtng late estrus. 

Progesterone values were also significantly (P<.01) higher at 0 hr 

than at 12 hr. The animals being excitable, nervous and restless 

may have been in a stressful condition, thereby causing the adrenal 

gland to secrete progesterone. 

Receptivity 1 was not significantly affected (P>.10} by 

estradiol, progesterone or the ratio of these hormones. Receptivity 

2 however, was significantly affected by both estradiol and 

progesterone concentrations (P<.05} at 12 hr and also progesterone 

concentrations at 0 hr (P<.01). Progesterone at 0 hr and estradiol 

at 12 hr exerted a stimulatory effect and progesterone at 12 hr an 

inhibitory effect on late estrous behavior. Progesterone and 

estrogen may be acting independently or synergistically in 

intensifying sexual receptivity at late heat. We found 23% of the 

antma,ls to be mounted at least once at the second heat check. There 

were no stgntftcant CP>.101 differences tn estradiol, progesterone 

or the E:P ratto for those tn standing heat at 12 hr versus those 

not i'n standing heat at 12 ftr. Th_ose that were mounted sftowed a 
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l:ttgher conceptton Nte. W-e a.1so found stgntftcant (P~.al} effects 

on estrus- acttvtty due to the number of dtfferent cows mounttng 

the cow tn lteat at a l'lr and also at 12 ltr. 

The anima 1 s- tn th.ts study were fed accordtng -to ~RC 

reco11JJJendattons and recetved rattans, contatntng 1.24, to 2.05. Meals/kg 

dry matter, and protein concentrattons rangtng from 13.5% to 18%. 

The means and S.D. for glucose at o hr and 12 hr were 74.1+24.~ and 

?1.1+23. O mg/100 ml . These concentra ttons were not different 

(P>.101 at both times tn heifers. The means and S.D. for urea 

concentrattons at O hr and 12 hr were 13.9+8.3 ,and 12.7+6.7 mg/100 

ml, respectively. The urea concentrations tn heifers were (P<.05} 

lower than for the lactattng animals. We di:d not -ftnd (P>.10} 

relattonships of plasma glucose or urea with estrus acttvi,ty. 

Orthogonal contrasts of prate.in and fiber levels among different 

rations revealed that blood urea concentrations at 0 hr were 

(P<.05} influenced by protein and fiber. However, these models 

explained only 3% of the variation in urea. Feed consumption was 

not (P> .1 O} affected by estrus activity. A change in feed -

consumption (slope) from 3 days prior (-3) to the day of heat also 

was not associated with estrous behavior~ There were no (P>.10} 

changes tn mi'l k production 3 days prior to heat or 3 days ppst heat. 

A change tn mtl k product ton Cs 1 ope l_ from 3 days prtor ( -.3 l to the 

day of neat wa,s- not found to be assoctated w·tth estrus acttvtty. 

The antmals ob-served i'n estrus- at the ftrst heat ch.eek. durtng 

wtnter months exhibited 11.2+8.9 mounts/hr compared to 5:7+4.4 

I 
I 

- I 
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mounts/hr during summer month:.s. However, we dtd not observe any 

dtrect tnfluence of temperature, humidtty, or precipitation on estrus 
-

acttvtty. We did not find CP> .1 Ol tempera tu re effects on 

progesterone concentrattons. H may be th.at a reduction tn estrus 

a,cttvi'ty durtng summer months, could 15-e a result of solar radtatton 

acttng on the central nervous system. No seasonal effects on 

conceptton were observed. W'e found both maximum and minimum 

temperature the day of heat (OJ and day after heat C-r.Tl affected 

CP<. 05} conception. 

Progesterone at 12 hr influenced (P<.05} conception. Higher 

concentrations at 12 hr were found to be detrimental. An effect 

(P<.05} due to inseminator on conception was also found. There,was 

no difference CP> .1 O}- in conception due to time of breeding (0 hr or 

12 hr). 
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APPENDIX 1 

Category Type 
of of 

animal feed Ingredients ------
Heifers Heifer Hay 

.ration Corn Silage 
Concentrate* mix 

.Free Barn Corn SilaJe 
stall ration (winter 
cows Barley Silage 

(summer) 

*INGREDIENTS IN 909. l KG OF CONCtNTRATE MIX 

Total % 
protein 

of 
ration 

18 

15 

Ingredient 

Soybean Meal 
Dried Molasses 
Wet Molasses 
Distillers Grain 
Wheat 

Amount in kg 

Pellet Binder 
Trace Mineral Salt 
Ground Limestone 
Dicalcium P04 (or C.D.P.) 
Na2so4 . 
Mg. Oxide . . . 
Methionine Hydroxy Analog 
Vitamin Mix (12 million Vit. A 

& 12 million Vit. D} 

685.5 
l l. 4 
27.3 
22. 7 
52.3 
18.2 
15.9 
22.7 
31.8 
6.8 
6.8 
3.2 
4.5 

909. l Total 

Total energy 
of ration 
Meal/kg dry 

matter 
. l.24 

1. 73 



109 

APPENDIX 2a 

Proportion 
of ingred-

Ration Main i en ts. as Total % 
nurnber ingredients fed protein 

Mature Corn Silage 65.0% 
Supplement 8* 16. 3% 17 
High Moisture Corn 18. 7% 
13% Fiber 

2 Corn Silage 87.0% 
Supplement 7* 9.0% 13. 5 
High Moisture Corn 4.0% 

3 Mature Corn Silage 78.6% 
Supplement 8* 16.3% 17 
High Moisture Corn 5. 1% 
16% Fiber 

4 Immature Corn Silage 75.4% 
Supplement 7* 9.0% 13.5 
High Moisture Corn 15.6% 
16% Fiber 

5 .. Ma tu re Corn Sil age 65.8% 
Supplement 7* 10. 4% 13.5 
High Moisture Corn 23.8% 
13% Fiber 

6 Corn Silage 100. 0% 15 

APPENDIX 2b 
INGREDIENTS FOR SUPPLEMENTS 

Types of Ingredients 

Soybean Meal 

% found in 
Supplement 7 

% found in 
Supplement 8 

Na SO 
L i~es~one 
CaP . 
Trace Mineral Salt 
Vit. A + D 
Magnesium Oxide 
Molasses 
Water 

79.4 
1. 9 
4.3 
4; 1 
2. 1 

.5 

. 6 
3.3 
3.8 

83.0 
1. 5 
4.0 
2. l 
l. 5 

.4 

.4 
3.3 
3.8 

Total energy 
Mca l /kg 
dr~ matter 

2.05 

1.85 

L92 

2.00 

2.00 

1. 73 
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APPENDIX 3 

Assay Reagent Preparation 
Reagents (PBS-ga) 

1 . Sol u ti on A. ( 0. 2 M) 
NaH 2PO · H 0 ---------------------------------- 27.6 g 
Distilfed H20 ---------------------------------~ 1000 ml 2 . 

2. Solution B. (0.2 M) 

3. 

NaHPO · 12 H 0 -------------------------------- 71.64 g 
or Na HP8 (anhy8rous) ---------------------------- 28.4 g 

Di~tilfed H2o ---------------------------------- 1000 ml 
Phosphate Buffer (PBS-a), pH 7.0 
Sodium Azide -----------------------------------
Sodium Chloride ----~---------------------------
Solution A. ------------------------------------
Solution B. ------------------------------------
Distil led H 0 ----------------------------------2 

1 g 
9 g 

195 ml 
305 ml 
500 ml 

4. 0.1% Gelatin in phosphate buffer (PBS-ga) 
Gelatin (Knox unflavored) ---------------------- 100 mg 
PBS-a ------------------------------------------ 100 ml 
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APPENDIX 4a - Dextran coated charcoal so 1 uti on for progesterone assay. 

Ingredients 

1 • Charcoal (NORIJ Al , 
2. Dextran (cl i ntca 1 grade) 
3. Deionized water · 

· · AmOunts 

250 mg 
400 mg 
100 mJ 

APPENDIX 4b - Dextran coated charcoal solution for estradfol assay. 

Ingredients 

1 . Cha rcoa 1 (NORIT A) 
2. Dextran (clinical grade) 
3. PBS - ga 

Amounts 

625 mg 
400 mg 
100 ml 
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APPENDIX 5 

64147xB Glucose Standard, l·ml = 10 mg 
30 ml 

Ingredients 

Dextrose 
Preservative 
Solubilizer 

Concentration 

. 1.0 g/dl 

APPENDIX 6 - Preparation of working standard for glucose. 

Working standard 
glucose concentration 

(mg/dl) . . . 

Glucose 
stock standard 

(ml) . 

25 
50 
75 

100 
150 
200 

APPENDIX 7 

64147A Glucose Reagent, 473 ml 

Ing red i en ts 

Acetic acid, glacial 
0-Toluidine 
Reagent stabilizer 

0.125 
0.25 
0.375 
0.5 
0. 75 . 
i.no 

Concentr.ation 

94.0 ml/dl 
6.0 ml/dl 

Distilled 
water 

(ml) 

4.875 
4.75 
4.625 
4.5 
4.25 
4.00 

I 
! 
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APPENDIX 8a 

Reagents 

l. Sodium tungstate, 10% v/v. Dissolve 10 g of sodium tungstate, c.p. 
in distilled water and dilute to 100 ml. Neutralize the solution 
with H2so4 using phenolphthalein as the indicator. 

2. Sulf.uric acid, 0.083N. Add 2.32 ml of concentrated H?S04. to a liter 
volumetric flask and dilute to volume with distilled water. Check 
normality. 

3. Tungstic acid. Mix just before using, nine parts 0.083N H2so4 with 
one part of 10% sodium tungstate. 

4. Phosphoric acid, 60% v/v. Add 60 ml of H PO (85-87% assay) to a 
100 ml volumetric flask and dilute to voldme4with distilled water. 
Very stable. 

5. Diacetyl monoxime -thiosemicarbazide (DAM-TSC). Add 0.6 g to DAM 
(2.3-butanedione-2-monoxime) and 0.03 g of TSC to a 100 ml volu-
metric flask. Add distilled water to dissolve then dilute to 
volume. (Stable. Pale color which develops does not affect the 
reagent.) 

6. Reagent A. Mix ten parts of 60% H3Po 4 and two parts of DAM-TSC. 
(Not stable for more than one hour.) 

APPENDIX Sb 

Standard Preparation 

l. Stock urea standard. Add 2.142 g of reagent grade urea to a 1 liter 
volumetric flask. Add water to dissolve. Add 10 drops of preser-
vative (benzalkonium chlciride 12.8% - trade name Zephiran) if the 
stock is to be kept. Dilute to volume with distilled water. Con-
tains 1.0 mg urea-N per ml. (Urea is 46.7% N.) 

2. Urea working standards. Dilute stock standard with distilled water 
as described below. 

ml stock 

1.0 
2.0 
3.0 
4.0 
5.0 

di l u te to (ml ) 

100 
100 
100 
100 
100 

Concentration (mg/100 ml) 

l. 0 
2.0 
3.0 
4.0 
5.0 
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APPENDIX TABLE 9. Least squares analysis of variance for receptiyity 
l. 

Source 

Time of day 

Location 

Age 

Heats prior 

Estradiol 0 hr [E] 

Progesterone 0 hr [P] 

E:P 0 hr 

Error 

** (P<.01) 
* (P<.05) 

df 

2 

1 

1 

l 

1 

90 

MS 

405.5** 

155. 5* 

446.7** 

19. 5 

.6 

18.6 

1. 7 

54.6 
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APPENDIX TABLE 10. Means and standard deviations for environmental 
measurements for the two seasons. 

a 

MxT _,a 

MnT -1 

MxH -1 

MnH -1 

MxT 0 

MnT 0 

MxH 0 

MnH. 0 

MxT +l 

MnT +l 

MxH +l 

MnH +l 

Ppt -1 

Ppt 0 

Ppt +1 

Summer (44) 

25.2+4.9 c 
13. 9+3. 9 c 
98.4+3.7% 

59.3+13.5% 

25.7+5.l c 
13.6+4.9 c 
98.4+3.5% 

59.9+16.5% 

25.8+4.9 c 
14.2+4.6 c 
98.7+2.4% 

59.9+15.9% 

.42+.62 cm 

.44+.83 cm 

.33+.60 cm 

Winter (155) 

12. 4+1l.2 c 
-.5+9.5 c 

92. 7+ 11. 2% 

49.8+12.2% 

12.8+10.9 c 
.02+9.l c 

92.l+ll.5% 

49.4+13.0% 

13. 3+10.7 c 
.34+8.6 c 

92. 5+ 11. 5% 

50.O+14.8% 

.24+.82 cm 

. 15+. 51 cm 

.14+.59 cm 

Refer to Table 7 for description of environmental variables. 
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APPENDIX TABLE 11. An overall analysis of variance for conception rate. 

Source df 

Time of day 
Time of breeding 
Inseminator 
Site of semen deposition 
Sire 
No. of heats prior 
Age 
Season 
Service No. 
E-2 0 hr 
Prag 0 hr 
E:P 0 hr 
E-2 12 hr 
Prag 12 hr 
E:P 12 hr 
Glu - O hr 
Glu - 12 hr 
Urea - 12 hr 
Peed type 

Error 

*(P<.05) 
**(P<.01) 

----~-----------

2 
1 

22 
1 
1 
l 
1 

1 
1 
1 

1 
1 
1 

6 

146 

M.S. 

0.55 
0.04 
l. 09** 
0.74 
0.25 
0.001 
0. 12 
0.03 
0. 01 
0.02 
0. 16 
0.07 
0.59 
0.98* 
0.89 
0.03 
0.06 
0.24 
0.13 

0.23 

I 
I 

'! 
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HORMONAL, ENVIRONMENTAL, NUTRITIONAL 

AND LACTATIONAL INTERRELATIONSHIPS WITH 

ESTROUS BEHAVIOR AND CONCEPTION IN DAIRY CATTLE 

by 

A. W. M. V. De Silva 

(ABSTRACT) 

One hundred and ninety-nine animals at the VPI&SU Dairy Cattle Center 

were used to investigate interrelationships between· hormonal, nutri-

tional, lactational and environmental factors which may affect estrous 

behavior and conception rate. All cattle were observed for estrous 

activity twice daily between 0800 to 1000 hr (am) and 2000 to 2200 hr 

(pm). Breedings were made at the first observation of estrus (0 hr) 

or following the next heat check (12 hr). Animals first observed in 

heat in the am stood more (P<.05) times to be mounted (11 .4+9.9 mounts/ 

hr; X~SD) than those initially observed in estrus in the pm (7 .6~5.6 

mounts/hr). Barn-housed cattle exhibited more estrous activity (P<.05) 

than cattle located in free stalls or on pasture. Older animals were 

more active (P<.01) than young animals at the initial estrous observa-

tion. Estrous activity declined (P<.05) from 9.4+8.2 mounts/hr at 0 hr 

to 1 .6+4.4 mounts/hr at 12 hr. Increasing number of heats prior to 

breeding (P<.01), progesterone at 0 hr (P<.05) and estradiol at 12 hr 

(P<.05) were associated with greater estrous activity at 12 hr, whereas 

higher progesterone at 12 hr was associated with lowered (P<.05) 



estrous behavior at 12 hr. Mean plasma estradiol and progesterone 

concentrations at 0 hr (34.6+25.6 pg/ml and .47+. 23 ng/ml) were higher 

(P<.05) than at 12 hr (30.2+24.6 pg/ml and .42+ ... 23 ng/ml). No time 

differences (P>.10) in plasma glucose or urea were found. However, 

glucose was grea'ter (P<.05) and urea lower (P<.05) in heifers than in 

lactating cows. Feed intake and milk production did not differ (P>.10) 

from 3 days prior to estrus through 3 days post estrus. Estrous 

activitywasinfluenced (P<.05) by season (ll.2+8.9mounts/tir for 

winter compared to 5.7+4.4 mounts/hr during the summer). Individual 

daily measurements of temperature, humidity or precipitation near the 

onset of estrus were not associated with estrous behavior (P>. 10). 

Season did not affect (P>.10) conception rate, however, maximum and 

minimum temperatures the day of and day after estrus were associated 

(P<.05) with fertility. Higher progesterone at 12 hr was detrimental 

(P<. 05) to conception rate. Though i nsemi na tor differences ( P<. 05) 

were fou.nd, time of breeding (0 hr vs. 12 hr) did not affect (P>. TO) 

conception rates. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126

