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. PREFACE 

The postpartum interval i s  the period of  t ime from 

parturit ion unti l  the first postpartum estrus that i s  

accompanied by ov�lation . The postpartum interval of  the 

suckled beef cow ranges from 4 6  to 1 6 8  days ( Dunn and 

Kal tenbach , 19 8 0 ) . A prol onged postpartum interval in the 

bee f cow is of maj or economic importance in terms of cow 

product ivity . The achievement o f  a 3 6 5 day calving 

interval requires a calv ing to concept ion interval o f  8 0  to 

8 5  days . S ince average calving rates to a g iven service or 

insemination are only 5 0  to 6 0 %  ( Di skin and S reenan , 1 9 8 0 ) , 

the earl ier a cow beg ins to cycl e  postpartum , the greater 

the chance of  succes s ful concept ion by this time . 

There are many factors wh ich influence the length 

of the postpartum interval . Breed o f  the dam , hetero s i s , 

age o f  the dam , dystoc ia , season of  calving and photoperiod 

are a few o f  the factors contribut ing to the variat i�n in 

postpartum interval . Numerous researchers have l inked the 

nutritional state of beef cows to the durat ion of the 

postpartum interval .  Cows in an adequate nutritional state 

which results in good body cond ition prior to parturit ion , 

have shorter interval s  to f i rst estrus after calving than 

cows in thin body condition at time of ca lving . There is  

increas ing informat ion that man ipulation of  suckl ing can 

influence durat ion of the postpartum anestrous period . In 



addit ion , the presence o f . bul l s  during the postpartum 

interval influences the t ime when cows resume estrous 

cyc les  fol l owing parturit ion . 

2 

The successful management of  these factors could 

result in cows returning to e strus sooner fol l owing 

parturition. Early induct i on of  postpartum estrous cyc l e s  

in  l ate calving cows o r  i n  cows that have l ong postpartum 

interval s  would be advantageous to the producer . However ,  

evidence that concept ion rates are higher in cows that have 

had a postpartum estrous cycl e  preceed ing the time o f  

breeding i s  confl icting . 

The purpose of  the fol l owing l iterature review wi l l  

b e  t o  examine the var ious factors that influence the 

postpartum interva l in beef cattl e ,  spec i f ica l ly bul l  

exposure . 
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Review of Literature 

Knowl edge o f  progesterone , estrogen and luteini z ing 

hormone ( LH ) patterns in the anestrous bee f cow is help ful 

in  understand ing how s ome of the various factors influence 

the postpartum interval . 

Postpartum Endocrine Funct ion 

The early postpartum period i s  character i z ed by 

ovarian inact ivity . Plasma progesterone concentrations are 

l ow a fter calving and rema in l ow until  j ust prior to estrus 

( Ar i j e et al . ,  1 9 7 4 ;  Rawl ings et a l . ,  1 9 8 0; Humphrey et 

a l . ,  1 9 8 3 ) . Arij e et al . ( 19 7 4 ) reported that serum 

progestins increased stead i ly from 0 . 3  ngjml at seven days 

be fore estrus to 2 . 0  ngjml at three days be fore estrus and 

then fel l  to 0 . 2  ngjml at estrus . Humphrey et al . ( 19 8 3 } 

a l s o  noted a progesterone peak with a mean leve l o f  

1 . 3± . 1 ngjml between 4 . 6  and . 6  days be fore the f i rst 

postpartum estrus . The source o f  this  progesterone peak i s  

not known . Bl ood concentrat ions o f  progesterone are 

rel iab l e  indicators of luteal funct ion during the 

postpartum period s ince progesterone is the maj or stero id 

synthes i z ed by the corpus luteum . 

Estrogen l evel s  dec l ine_a fter parturition and 

remain low unt il j ust be fore e strus ( Ari j e et al . ,  1 9 7 4 ;  

Humphrey e t  al . ,  1 9 8 3} .  Preced ing the first postpartum 



e strus there is  a rise in_estrogen level s  for two to three 

days ( Ecternkamp and Hansel ,  1 9 7 3 ; Ari j e et al . ,  1 9 7 4 ; 

Humphrey et al . ,  1 9 8 3 ) . 

4 

Plasma LH concentrat i ons are low be fore parturit i on 

and increase over the postpartum period ( Rawl ings et al . ,  

1 9 8 0; Peters et al . ,  1 9 8 1 ) . Humphrey et al . ( 19 8 3 ) noted 

that the increased mean values for LH were the result of an 

increased frequency and magnitude of LH peaks during 

ep isodes o f  LH secretion . Devel opment o f  a frequent 

pul sat i l e  pattern of LH secret ion seems to be a 

prerequ i s ite for occurrence o f  the f i rst postpartum estru s  

and/or ovulat i on ( Peters e t  a l . ,  1 9 8 1; Humphrey e t  al . ,  

1 9 8 3 ) . 

Postpartum anestrus may be caused by suppress ion o f  

gonadotrop in -releas ing hormone· ( GnRH ) release from the 

hypothalmus , suppress ion o f  LH secretion from the pitu itary 

or  a comb inat ion of these two factors ( Humphrey et al . ,  

1 9 8 3 ) . GnRH treatment o f  postpartum cows resulted in LH 

rel ease ( Fernandes et al . ,  1 9 7 8 ) . In addit ion , 

intermittent admini strat ion o f  GnRH resulted in ovul at ion 

and the completion of one ful l ovarian cyc le in acycl i c  

b e e f  cows ( Ri l ey et al . ,  1 9 8 1 ) . Endogenous op ioid peptides 

are thought to play a ro l e  in regulating pul sat ile LH 

secretion in postpartum cows ( M�lven , 19 8 6; Wh isnant et 

a l . ,  19 8 6 ) . A review by Ma lven ( 1 9 8 6 )  suggests that 

endogenous opioid pept ides inhibit the re l ease of GnRH as 



part o f  the mechanism to inhibit rel ease of pituitary LH . 

Endogenous opioid peptides inhibit pul satil e secretion o f  

LH in the postpartum cow and there fore may play a rol e  in 

regu l ation of the postpartum interva l .  

Breeds and Hetero s i s  

There are d i f ferences between breeds in the number 

of days a fter parturition to the first estrous cycl e .  I n  

genera l , cattle o f  European breeds have shorter postpartum 

interval s  and higher reproductive rates than Zebu cattl e . 

The average interval from calving to estrus for Angus wa s 

6 4  days , Brahman 7 1 . 2  days, Brangus 6 8 . 1  days , and 

Africander - Angus 7 2 . 8  days ( Reynolds et al . ,  19 7 9 ) . 

5 

Thes e data indicate a seven day dif ference between Angus 

and Brahman . Warnick ( 1 9 5 5 ) reported an average interva l 

from calving to estrus o f  5 9 . 2  days for Angus cows and 6 2 . 7  

days for Here ford cows . Wiltb ank et al . ( 19 6 2 ) determined 

the average interva l from calving to estrus for Here ford 

cows varied from 4 3  to 6 5  days , depending upon nutritiona l 

treatment . Mean duration o f  postpartum anestrus was 

6 1 . 4±2 . 3  days in Mashonas and 8 4 . 5±3 . 5  days in Africanders 

( Holness et al . ,  1 9 7 8 ) . 

Cundif f  et al. ( 1 9 7 4 ) compared straightbred 

Here ford , Angus and Shorthorn femal e s  to reciprocal cro s s  

femal e s  t o  determine the e f fects o f  heterosis on 

reproduction. Over a l l  breeds , ages , and systems o f  
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m·anagement the e f fects o f  .heteros i s  s igni f icantly reduced 

the interval from parturition to fi rst estrus . The 

p ostpartum interval was 2 . 7 days shorter on the average for 

crossbred cows than stra ightbred cows . The e f fect of 

hetero s i s  on postpartum interval was greater in Angus­

S horthorn rec iprocal crosses than in Here ford-Angus 

rec iprocal crosses due to the rel at ively l ong interval for 

stra ightbred Shorthorn cows of 6 3 . 2±1 . 9  days compared to 

5 0 . 6+ 1 . 7  days and 5 5 . 1±1 . 7  days for straightbred Here ford 

and Angus cows , respectively . 

Variation in the l ength o f  the postpartum interva l 

exists within breeds as wel l  a s  between breeds . 

Young cows have a l onger postpartum intervai ·than 

o l der cows ( Herman and Edmondson , 19 5 0 ; Wiltbank and Cook , 

1 9 5 8; Wilt�ank , 1 9 7 0; Be l l ows et al . ,  19 8 2 ; Doornbos et 

a l . ,  1 9 8 4 ) . Wiltbank ( 1 9 7 0 )  reported that in one bre�d ing 

season the average interval from calv ing to first estrus 

was 5 3 . 4  days in cows which were f ive years or older , 6 0 . 2  

days in four year old cows , 66.8 days in three year old 

cows and 9 1 . 6  days in two yea r  old cows . Herman and 

Edmondson ( 19 5 0 ) determined that the interval from 

parturition to first estrus i n  d_a i ry cows was longest for 

primipara cows ( 6 0 - 7 5  days ) , shortest for middle aged cows 

( 5 0 - 6 0  days ) , and increa sed for cows over seven years o f  



a�e (60-90 days). Wiltbank and Cook (1958 ) reported that 

. the postpartum interval for Milking Shorthorns decreased 

with increasing age. 

Dystocia 

In situations where dystocia occurs, cows have 

longer postpartum periods of anestrus compared to cows that 

did not have calving difficulty (Laster et al., 1973a; 

Bellows et al., 198 2; Doornbos et al., 1984). Doornbos et 

al. (1984) reported that the postpartum interval in cows 

which experienced prolonged labor was two days longer than 

cows with short duration of labor (54.4 vs 52.4 days). 

Age of dam (Laster et al., 1973a; Bellows et al., 

198 2; Doornbos et al., 198 4) and breed of dam (Laster et 

al., 1973a) are two significant sources of variation 

associated with dystocia. Doornbos et al. (198 4) reported 

that calvin9 difficulty scores and duration of labor were 

greater in heifers than in cows. Laster et al. (1973�) 

noted that dystocia in two year old cows was 36.03±2.96% 

higher than in two year olds and 44.62±2.99% higher than in 

four and five year olds. The heifers in these studies had 

a longer postpartum interval than cows. Laster et al. 

(1973a) also reported that Hereford cows had more calving 

difficulty than Angus cows, 34.7S±3.19% compared to 

27.02±3.13%. Age of dam x breed of dam had significant 

effects on percent calving difficulty (Laster et al., 
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1973a). The difference in percent calving difficulty was 

greater between Hereford and Angus two year olds than 

between Hereford and Angus three year olds or four and five 

year olds. A lower rate of estrus detection during a 

restricted artificial insemination period in these cows 

experiencing dystocia indicates that the interval from 

calving to first estrus is longer in cows having calving 

difficulty. 

Breed of dam and age of dam are two sources of 

variation associated with dystocia. Dystocia results in a 

lengthened postpartum interval and depressed reproductive 

performance. However, little information is available as 

to how dystocia causes these effects. 

Season and Photoperiod 

Season also influences the postpartum interval. 

Various authors have reported that duration of the 

postpartum anestrus is shorter for cows calving in the 

spring and summer than for cows calving in the fall and 

winter (King and Hurnik, 198 0; Peters and Riley, 1982a; 

Hansen and Hauser, 1983). In contrast, others reported 

longest intervals from calving to first ovulation for cows 

calving in the spring (Bulman and Lamming, 1978 ; -Peters and 

Riley, 198 2b). Several authors �ave suggested that 

seasonal effects on postpartum interval may be related 

purely to differences in nutrition and management (Boyd, 



�9 7 7 ; DeKruif, 1 9 7 8 ) . However, these conflicting results 

may be due to confounding of seasonal changes in 

environment with those of management. Hansen and Hauser 

( 19 8 3 ) reported that season interacted with suckling in 

that winter calving cows suckling calves had a much longer 

postpartum interval than nonsuckled winter calving cows. 

The influence of suckling was not as great among cows 

calving in summer. Spring or summer season of calving was 

not effective in shortening the already short postpartum 

interval in nonsuckled cows. A similar interaction was 

observed between season or calving date and high and low 

levels of energy. The influence of season of calving was 

greater for cows fed a low energy diet. The influences of 

season and level of nutrition tended to diminish as age or 

number of calvings increased. 

9 

Hansen and Hauser ( 1 9 8 4 ) examined the influence of 

one aspect _of season, photoperiod, on the postpartum 

interval. Supplemental light was provided to autumn and 

winter calving cows for 18  hours per day beginning at 

parturition. Supplemental lighting shortened the interval 

from calving to estrus in some cases. Interactions were 

present between photoperiod and diet and photoperiod and 

parity. Lengthening the photoperiod shortened the interval 

t6·estrus for multiparous cows fed a diet of hay, but did 

not affect interval to first estrus among multiparous cows, 

which were fed hay supplemented with grain. Supplemental 
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lighting shortened the postpartum interval in primiparous 

cows, but not in multiparous cows under the same managemen t  

scheme. 

In certain situations increasing day length can 

hasten the onset of estrous cycles after calving. The 

effect of photoperiod and season does interact with other 

conditions, such as suckling, parity and n utrition. 

How photoperiod influences the postpartum interval 

is not clear. Hansen and Hauser (198 4) reported that 

supplemental lighting had no effect on serum levels of LH 

or estradiol. 

Nutrition 

Extensive evidence links nutrition to the duration 

of the postpartum interval. Dietary energy levels in both 

the pre- and postpartum periods influence subsequent 

reproductive performance in cattle (Wiltbank et al., 1964; 

Dunn et al., 1969; Bellows and Short, 1978 ; Holness et al., 

1978; Dunn and Kaltenbach, 198 0; Bellows et al., 1982; 

Bartle et al., 1984). Dunn et al. (1969) reported that 

precalving energy level exerted the greatest influence in 

the early postpartum period. By 40 days after calving, 25% 

of the cows fed the high precalving energy level had 

exhibited estrus compared to only 6% of those fed the low 

level. Bellows et al. (198 2) noted that dams fed a high 

(6.8 Kg TON) feed level during gestation returned to estrus 



11. 

11 days earlier than dams fed a low (3. 6 Kg TDN) feed level 

during gestation. He also observed that low feed levels 

during gestation were more detrimental to heifers than 

cows. 

Feeding low levels of energy after calving in cows 

that were restricted prepartum delayed the onset of estrus 

(Wiltbank et al., 1964). Feeding high energy levels 

postpartum resulted in cows regaining body condition and 

shortened the postpartum interval compared to cows fed low 

levels postpartum. However, the detrimental effects of 

feeding low levels of energy in late gestation are not 

completely overcome by feeding high levels postpartum (Dunn 

et al. , 1969). 

Many researchers agree that body condition at 

calving is an important factor -influencing postpartum 

interval. Energy restriction during the late prepartum 

period resu�ts in thin body condition at calving and 

extends the postpartum interval (Dziuk and Bellows, 19�3). 

Corah et al. (1975) concluded that prepartum nutrition did 

not significantly influence the interval to first estrus in 

either heifers or cows. But this may be explained by the 

fact that they were in excellent condition at the start of 

the trial. A review by Dunn and Kaltenbach (198 0) reported 

that a high percentage of cows i� good body condition at 

parturition had shown estrus by 6 0  days postpartum 

regardless of weight changes either before or after 



parturition. Richards et al. ( 1 9 8 6 ) indicated that if 

multiparous cows calve with a body condition score � 5 

(based on 1 to 9 system) postpartum nutrient intake had 

little or no influence on postpartum interval to estrus. 

1 2  

In contrast, Rutter and Randel ( 1 9 8 4 ) observed that mature 

cows and heifers that calved with good body condition and 

were fed low energy diets postpartum had a longer 

postpartum interval than those fed a high energy diet. The 

resrilts of Richards et al. ( 1 9 8 6 )  agree with those of Dunn 

et al. ( 1 9 6 9 ) . Richards et al. ( 19 8 6 )  concluded that 

increasing the postpartum energy level of cows calving with 

a body condition score of � 4 increased the cumulative 

percentage of those exhibiting estrus in a limited breeding 

season. But cows on -a low prepartum energy diet, thus 

calving with a low body condition score have a longer 

postpartum interval regardless of level of energy offered 

postpartum. _ These studies indicate that body condition at 

calving is the determining factor related to 

reestablishment of cyclic ovarian activity in the beef cow. 

The mechanism by which energy influences return to 

estrus is not clear. In cycling cows energy restriction 

results in an increase in plasma LH levels (Dunn et al., 

1 9 7 4; Beal et al., 1 9 78 ) . Researchers disagree on how 

energy restriction affects progesterone levels. Dunn et 

al. ( 1 9 7 4 ) reported that cows on energy restricted diets 

had higher peripheral progesterone concentrations. While 
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Gombe and Hansel (1973) and Beal et al. (1978 ) reported 

decreased progesterone concentrations in low energy cows. 

Gombe and Hansel (1973) suggested that restricting energy 

intake reduces the corpus luteum responsiveness to. LH 

stimulation resulting in the corpus luteum synthesizing and 

releasing less progesterone. The negative feedback 

progesterone exerts on LH secretion is decreased resulting 

in increased systemic levels of LH. Gauthier et al. (1983) 

reported that delayed resumption of cyclic ovarian activity 

in underfed acyclic cows was associated with lower 

concentrations of both LH and follicle stimulating hormone 

(FSH). Rutter and Randel (198 4) observed that cows that 

maintained body condition had a shorter postpartum interval 

and higher basal levels of endogenous LH. Therefore, the 

low LH and FSH levels associated with energy restriction 

and poor body condition may be responsible for the delay of 

the first P?Stpartum estrus. 

suckling 

Mastectomized cows in which the udder was removed 

at 150 days of gestation had much shorter post.partum 

intervals than cows which were allowed to suckle calves ad 

libitum following parturition (Short et al., 1972). This 

occurred even though all cows we�e fed to maintain their 

body weight for the first seven weeks postpartum. The 

mastectomized cows lost more body weight than the suckled 
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cows, yet the mastectomized cows returned to estrus sooner 

than suckled cows. Removing calves from cows at birth also 

shortened the postpartum interval. This data indicates 

that suckling andjor lactation inhibits estrous activity in 

beef cows. 

Wiltbank and Cook (1958 ) compared the reproductive· 

performance of nursed and milked cows. They o�served that 

the interval from calving to first estrus was approximately 

30 days longer in the suckled cows. The nursed cows were 

also less fertile. 

Nonsuckled cows have a shorter postpartum interval 

and evidence indicates that early weaning will also shorten 

the postpartum interval. Bellows et al. (1974) reported 

that early weaning of calves, at or prior to 10 days of. 

age, resulted in a shortened po.stpartum interval ( 2 0. 5 vs 

43.2 days). The fertility of these cows exhibiting estrus 

early postp�rtum was low. 

Weaning calves eight days prior to the start o� a 

42 day breeding season increased the percentage of fall 

calving cows detected in estrus during the first 21 days of 

breeding by about 30% in two and three year old cows 

(Laster et al., 1973b). Early weaning had no effect on 

occurrence of estrus in mature cows during this time. 

Weaning eight days before the breeding season did not 

affect the interval from calving to first estrus. The 

postpartum interval was influenced by calving date and 
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breed of cow. 

Holness et al. (1978 ) reported that temporary 

weaning of calves for eight days (50 to 58 days after 

calving) reduced the postpartum interval in cows on a high 

plane of nutrition.and had no effect on cows on a low plane 

of nutrition. 

The effects of limited suckling on duration of the 

postpartum interval have also been examined. In a study 

with Brahman x Hereford first calf heifers, Randel (198 1) 

observed that once daily nursing beginning 30 days 

postpartum decreased the postpartum interval by an average 

of 99 days. Once daily suckling did not decrease cow-calf 

performance. Allowing once daily nursing in mature Angus 

cows also resulted in. earlier initiation of estrous cycles 

after calving than in cows nursed normally (Reeves and 

Gaskins, 198 1). In this study there was no difference in 

postpartum �nterval to conception between cows nursed once 

a day and normally nursed cows. 

Suckling intensity is alsq thought to influence the 

postpartum interval. Wetteman et al. (1978 ) observed that 

the first postpartum estrus occurred earlier in cows 

suckling one calf than in cows suckling two calves (natural 

plus foster calf). 

As stated earlier weaning calves prior to the 

breeding season results in an increased incidence of 

estrous cycles. Smith et al. (1979) reported that 48 hour 
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calf removal also increased the percentage of cows detected 

in estrus the first 21 days of the breeding season. Also, 

calf removal in combination with Synchro-Mate B treatment 

dramatically increased the number of cows exhibiting 

estrous cycles within 36 hours following removal of the 

Synchro-Mate B implant. 

It has been suggested that suckling might inhibit 

ovarian activity via an effect on gonadotropin release 

(Carruthers and Hafs, 198 0). Short et al. (1972) reported 

that plasma LH levels were higher in nonsuckled cows. 

Peters et al. (198 1) also reported increased LH 

concentrations in milked cows compared to suckled cows. A 

distinct pulsatile pattern of LH secretion was present in 

the profiles of milked, but not suckled cows. Humphrey et 

al. (1983) suggested that the pulsatile LH pattern is a 

prerequisite for the onset of ovarian cycles. Suckling 

also decreased plasma progesterone concentrations in 

postpartum cows (LaVoie et al., 198 1). 

Suckling and energy restriction both result in 

decreased LH levels in the postpartum anestrous cow and a 

longer postpartum interval. But the mechanism.governing LH 

release and the role of other hormones is not clear. 

Bull exposure 

There is limited information available on the 

influence the presence of a bull has on the initiation of 
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cyclicity and subsequent fertility in postpartum anestrous 

cows. It has been reported that the presence of a ram 

before the normal breeding season hastens the onset of 

estrous cycles in seasonally anestrous ewes (Schinckel, 

1 9 5 4; Watson and Radford, 1 9 6 0 ) . Shelton ( 1 9 6 0 )  reported a 

similar effect in goats. Additionally, it has been shown 

that exposure of weaned sows to boars immediately after 

weaning ensured a rapid return to estrus (Walton, 1 9 8 6 ) . 

Boar presence during lactation may also reduce the interval 

from weaning to estrus in older sows. 

Early Russian experiments indicated that the 

presence of a teaser bull after calving stimulated uterine 

involution and sexual activity in cows (Nersesjan, 1 9 6 2 ;  

Sipilov, 19 6 7 ) . The percent detected in estrus was 

increased and the interval to conception by artificial 

insemination was reduced. Ebert et al. ( 1 9 7 2 ) and Foote 

( 19 7 5 )  also Feported higher percentages of cows detected in· 

estrus when run in groups containing vasectomized bull� 

compared with groups observed for estrous activity by 

herdsmen. The reported differences in these studies may be 

due to more reliable detection of estrus by the bulls. 

Skinner and Bonsma (196 4) reported that exposing 

cows to vasectomized bulls prior to the breeding season 

hastened the onset of estrus in heifers and cows. All 

heifers in the teased group had mated within 21 days after 

the start of the breeding season. In the control group 
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matings were spread over 5 2 . days and not all heifers mated. 

Teasing also resulted in an increase in the percentages of 

calves born. Symington and Hale (1967) reported that 

teasing with bulls stimulated ovulation in two of eight and 

!ull heat in three of eight sexually inactive cows. 

Macmillan et al. (1979) also noted a stimulatory effect of 

bulls on suckling cows. Suckling cows and heifers were 

exposed to vasectomized bulls 18 to 21 days before the 

start of an artificial insemination program. Vasectomized 

bulls were utilized in both the control and treated group 

to detect estrus during the breeding season. The presence 

of a vasectomized bull during the premating period 

increased the percentage of spring calving cows detected in 

estrus during the 19 day artificial insemination program 

(69 vs 40%). The presence of bulls during the premating 

period had no effect on fall calving cows and heifers. In 

contrast to the results obtained by Macmillan et al. 

( 1979) , Blaschke et a·l. ( 198 1) observed no increased 

advantage for a higher percent cyclicity in cows exposed to 

teaser bulls for 30 days prior to the onset of the breeding 

season when compared with controls exposed to neutered 

animals. 

Zalesky et al. (198 4) compared the effects of 

exposing cows to intact bulls from 3 to 85 days postpartum 

or from 53 to 85 days postpartum. Cows exposed to bulls 

soon after calving initiated estrous cycles 21 days earlier 
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than the control cows, as determined by progesterone 

values. By. 5 3  days postpartum a greater percent of the 

bull exposed cows had initiated estrous cycles (85 vs 2 3% ) . 

Fulkerson ( 19 8 4 ) utilized steers treated with 

estradiol benzoate to provide a male effect. These animals 

have been proven successful at detecting estrus in dairy 

cattle (Fulkerson et al., 19 8 2 ) . Estrous activity in 

milked cows was unaffected by exposure to hormone treated 

steers. 

Androgenized cows can also be utilized for heat 

detection. _ Kiser et al. ( 1 9 7 7 ) reported that testosterone 

treated cows detected cows in estrus that were not observed 

by the herdsman. Their behavior and actions are similar to 

a bull. Anderson ( 1984 ) reported that the introduction .of 

an androgenized cow soon after 6alving increased the· 

percent detected in heat and bred during the normal 

artificial insemination period. A gomer cow was used to 

detect heat in both the control and exposed group duri�g 

the breeding period. Bruel et al. ( 1 9 8 5 )  observed no 

difference in the interval to first estrus when cows were 

exposed to deviated penized bulls or testosterone treated 

cows beginning 2 4  to 7 2  hours after calving. 

These studies indicate that the presence of a bull 

or bull-like behavior shortens th� postpartum interval in 

cows, at least under certain conditions. The response to 

bull exposure seems to be affected by season, parity and 



perhaps suckl ing . Exposure.to hormone treated steers did 

not reduce the postpartum interval in mi lked cows 

( Fulkerson et al . ,  1 9 8 4 ) . 

2 0  

No studies reviewed examined how bul l exposure a f fects 

hormone l evel s  in the anestrous cow . 
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Materials and Methods 

S eventy-two purebred bee f cows were randomly 

a l l otted to one o f  two treatments a fter calving in the 

spring of 1 985 . The experiment was repeated with 4 1  cows 

in the spring of 1986 . Cows were cul l ed in 1985 due to the 

management scheme to phase out two of the purebred breeds 

ma inta ined at the bee f unit . Other cows were cul l ed due to 

age or because they were open at the end of the breed ing 

season . Addit ional cows were added to the 1986 trial in 

conjunct ion with the expans ion of the S immental herd . 

S everal cows each year were not bred and were ma intained a s  

rec ip ients for embryo trans fer . Treatments cons i sted o f  

cows exposed t o  epididectomi z ed teaser bul l s  ( BE )  beg inning 

3 to 7 d after calving unti l  imp l antat ion with Synchro-Mate 

B ( Ceva Lavoratories , Inc . , Overl and Park , KS )  or cows not 

exposed to bul l s  ( NE ) . There were no bul l s  in close 

prox imity to  the nonexposed cows prior to  the breed ing _ 

s eason . One cow was removed from the BE group in 1 9 8 6  to 

treat her cal f .  Cows were ma inta ined on pasture and 

prov ided corn s i l age and al fal fa hayl age unt il .pasture was 

suf f icient to meet nutrit ional requ irements . A trace 

mineral salt was al so ava i l ab l e  throughout the exp�rimental 

_ pe�iods . 

Cows were observed for estrus twice da ily beg inning 

approximately 4 wk after the beg inn ing o f  calv ing unt i l  
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synchroni z at i on to determine resumpt ion o f  estrus . In 

1 98 6 , b l ood samples were co l l ected weekly by jugular 

venepuncture . Bl ood samp l e s  were col l ected in labeled 

vacuta iner tubes . The blood was centri fuged for 3 5  min at 

2 5 0 0  rpm . The serum was decanted in dupl icate labeled 

tubes and stored at - 2 4  C. S erum progesterone values were 

determined by radio immunoa s s ay to  confirm cycl ing status . 

Resumpt ion of estrous cycl es o f  norma l length was 

determ ined based on either of the two fo l l owing criter i a : 

progesterone concentrat ions o f  above 1 ngjml for two 

consecut ive weeks or progesterone concentrat ions > 2 ngjml 

in a s ingl e  weekly sample . 

Al l cows retained for b reeding were synchroni z ed 

with Synchro-Mate B .  Al l cows rece ived an ear impl ant 

containing 6 mg of 17«-acetoxy-i 1�-methyl - 19 -nor-preg-4 -

ene- 3 , 2 0 -d ione ( Norgestomet ) on May 2 7 , 1985 and May 17 , 

1 98 6 . At th� time of  impl ant insertion an intramuscular 

i nject ion of 5 mg of  estradiol  val erate and 3 mg of  

Norgestomet was also given . The impl ant was removed 9 d 

l ater . Calves were removed from the cows for 48 h a fter 

Norgestomet impl ant removal .  Cows were art i f icially 

inseminated without regard for estrus approximately 48 h 

a fter impl ant removal .  Epid idectomi z ed bul l s  were ut i l i z ed 

for estrous detection in both gro�ps o f  cows during a 3 0  d 

art i f icial inseminat ion ( AI ) period . An intact bul l was 

turned in for the last 3 0  d o f  a 6 0  d breeding season . 
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Each year a group o f  cows were randomly selected 

from the BE group ( n=8 , 1 985; n=7 , 198 6 ) and the NE group 

( n=8 , 1985; n=7 , 198 6 )  and observed for estrus beg inni ng 2 4  

h a fter impl ant removal in 1 98 5  and 18 h after implant 

removal in 1986 . The cows were fitted with a j ugular 

cannula upon observation o f  estru s . Not a l l  cows were 

detected in estrus . These cows were cannul ated regardles s 

o f  heat by 3 4  h fol l owing imp l ant removal . Bl ood samples 

were col l ected at 15  min interval s  for two hours and every 

2 h for 4 6  h after cannulat i on . The b l ood was a l l owed to 

c l ot for 6 h at 4 C and centri fuged for 35  min at 2 5 0 0  rpm . 

The serum was decanted in dup l icate l abeled tubes and 

stored at - 2 4  c. Blood samp l e s  were assayed for serum 

l eve l s  o f  luteini z ing hormone (LH) in 1 985 and 1986 and 

e stradiol  in 1986 . Some of  the -cows· in  these groups were 

reta ined as embryo trans fer rec ipients and not bred . 

Progesterone Assay 

A sol id-phase radio immunoassay technique was used 

for a l l  progesterone measurements .  The ant ibody was 

imnunob i l i zed on the wal l  o f  a polypropyl ene tube as 

prepared by Diagnostics Products Corporation ( Los Angeles , 

b 1 d oth do 0 0 1 2 5  CA ) . Progesterone was la  e e w1 so  1um 10d1de ( I )  

with a h igh spec i fic act ivity and _ tota l counts of 

approximately 7 5 , 0 0 0  cpm at t ime o f  iodinat ion . The 

max imum binding was approximately 4 0% .  The ant i serum was 
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spe c i f i c  for progesterone , with a l ow cross react ivity to 

other stero ids of less than 2 . 4% .  S ens itiv ity o f  the assay 

was determined to be . 0 5 ngjml . The standard curve was 

l inear between 0 . 1 ngjml and 40 ngjml . Increas ing volumes 

of steer serum were found to be paral l e l  to the standard 

curve . Recovery was 1 0 1% .  I nt ra - and interassay 

coe ff i c ients were determined with the use o f  pooled steer 

serum and sp iked steer serum . I ntra- and interassay 

coe f f ic ients o f  variat ion were 1 2 . 8% and 1 3 . 9 5% ,  

respectively . 

A samp l e  quantity o f  2 0 0�1 was used and samples were 

a s s ayed in dup l i cate . After 3 h of incubat ion at 3 7  c, the 

separation of the bound and free fract ion and terminat ion 

o f  the assay was accompl ished by decanting the supernatant . 

The rema ining bound fraction was counted in a gamma counter 

for 1 min . 

E stradiol Assay 

A no extract ion , sol id phas e  rad io immunoassay was 

used for measurement o f  estrad i o l . The ant ibody was 

obtained from Diagnostic Products Corporat ion in the form 

o f  ant ibody coated polypropyl ene tubes . Estradiol was 

l ab e l ed with sodium iodide ( 1 2 5 I )  with a high spec i fic 

activity of about 5 0 , 0 0 0  cpm at iodinat ion . The antiserum 

was speci f ic for estradiol with l ow cross react ivity to 

other stero ids . The maximum b i nd ing ranged from 3 4  to 40%. 
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I ncreas ing volumes o f  pool ed. he i fer serum and sp iked he i fer 

serum para l l eled the standard curve . Standards were 

prepared in the lab us ing estrad iol obta ined from S igma 

( St .  Lou i s , MO ) . The standard curve ranged from 5 pgjml to 

5 0 , 0 0 0  pg/ml . Recovery was determined to be 1 0 0 % . The 

intra- and intera ssay coe f f i c i ents o f  variation were 1 2 %  

and 1 6 . 9 4 % , respectively . 

Al l samples were assayed in dupl icate . From each 

samp l e  1 0 0  �1 of serum was added to ant ibody coated tubes . 

The samp les  were a l l owed to incubate overn ight at 3 7  c .  

After incubat ion the samples were decanted to separate the 

bound and free fract ions . The b ound fract ion was counted 

in a gamma counter for 1 min . 

Luteini z ing Hormone Assay 

Concentrat ions o f  LH were determined by doub le 

ant ibody rad�o immunoas say procedure described by Ni swender 

et al . ( 1 9 6 9 )  with mod i f icat ions . Puri f ied ant igen labe led 

with sodium iodide ( 1 2 5 I )  was obta ined from Diagnost ics 

Products Corporat ion . Dr . G .  D .  Ni swender ( Col orado state 

Univers ity ) prov ided a primary ant ibody ( No . 15) . Cross 

react iv ity exi sted between ovine and bovine LH .  The 

max imum binding ranged from 3 7  to 6 0 % . I ncreasing volumes 

o f  steer serum and sp iked steer serum para l l eled the 

s tandard curve wh ich ranged from 0 . 0 6 3  to 2 5  ngjml . 

Recovery was determined by adding 1 ngjml of LH ( DPC) to 



steer serum and was 1 0 4% . The i ntra- and interassay 

coe f f i c ients of variat ion were 1 3 . 9% and 2 1 . 3% ,  

respectively . 
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Al l samples were assayed i n  dup l icate . From each 

s amp l e  2 0 0�1 of serum was added to properly label ed tubes 

conta ining LH antibody and l ab e l ed ant igen . After 3 d 

incubat ion at 4 c ,  the second ant ibody was added and 

incubated an additional 2 d .  A fter incubati on , the tubes 

were centri fuged for 20  min . The supernatant was decanted 

and the precip itate counted for 1 min in a gamma counter .  

Stat i st ica l Ana lys is  

Estrus detect ion data were ut i l i z ed to  determine 

days to first estrus and percentage cycl ing for 19 8 5 . For 

1 9 8 6 , progesterone values were used . Any cows that had 

calved les s  than 3 0  d before synchroni z ation were not 

inc luded in these calcul at i ons . For cows greater than 3 0  d 

postpartum that had not been in estrus prior to 

synchroni z ation , date of f i rst estrus was ca lcul ated as 2 

d a fter Synchro-Mate B impl ant removal .  Calving records 

were used to est imate percentage conce iving to the t imed 

insemination and pregnancy rate s . For cows sold , palpation 

for pregnancy approximately 77 d a fter the end o f  the 

_br�eding season was used to ca l cul ate concept ion data . A 

2 8 3  d gestation period was used to determine when 

concept ion occurred . 
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Stat i stical analyses_were performed on continuous 

data by analys is of variance u s ing General Linear Model s  

(GLM )  procedure of  Stat i st ica l Analys i s  Systems ( SAS , 

1 9 8 2 ) . The model for days to f irst estrus a l so included a 

covariate for age o f  dam. Categorical data were analyzed 

u sing Chi-square analys i s  ( Steele and Torrie , 1 9 8 0 )  . 

Ana l ys i s  of  variance and Chi - square values are shown in the 

appendix . 
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Results and Discussion 

Return to Estrus 

Init iat ion of estrous cyc l e s  occurred at 4 7±3 . 1 3 d 

for BE cows compared with 7 1 . 4+ 3 . 0 4 d for NE cows in 198 5 

( P< . 0 1; tab l e  1 ) . The mean days , in 198 6 , from calv ing to 

f i rst estrus for BE cows was 4 5 . 8±4 . 14 d postpartum 

compared with 5 2 . 2±4 . 0 2 d i n  NE cows ( P> . 0 5 ) . Init iat i on 

o f  e strous cycles occurred 2 4  d earl ier for BE cows than NE 

cows in 198 5 and 6 d earl ier for BE cows in 198 6 . Analys i s  

o f  variance with adjustment for the covariate age o f  dam 

was carried out for days to f i rst estrus . Age o f  dam did 

not influence ( P> . 0 5 )  days to  f irst estrus in 198 5 and 

198 6 . 

The data for return to estrus were not comb ined 

because of the two d i f ferent methods to determine 

resumption o� estrous cyc les in  each year . In 198 5 , visua l 

observat ion for estrus was ut i l i z ed to determine cyc l i c ity 

and progesterone values in 198 6 . 

The proport ion of cows exh ib iting estrous cycles as 

t ime progressed is  depicted in f igures 1 and 2 . . A greater 

( P< . 0 1 )  percentage of BE cows were in estrus between 5 and 

12 wk postpartum compared to NE cows in 198 5 . By 15 wk 

.postpartum a l l  cows in both groups had exhib ited estrus . 

Cows that were greater than 3 0  d postpartum and had not 

been in estrus prior to synchron i z ati on were cons idered to 



Table 1 .  LEAST-SQUARES MEANS FOR CALVING DATES, DATES OF FIRST ESTRUS, AND DAYS 
FROM CALVING TO FIRST ESTRUS

a 

1985 1 9 8 6  
BE NE BE NE 

No. of cows 35 37 2 0  2 0  

No. of cows >30 d 
postpartum 33 35 16  17 

No. of cows culled 2 2  2 8  6 5 

Avg calving date
bc 

83 . 5  + 3 . 3 1 8 4 . 1  + 3 . 2 2  8 9 . 1  + 4 . 38 85 . 8  + 4 . 38 

Avg date of 
bde 

first estrus 128 . 4  ± 2 . 9 2 153 . 3  ± 2 . 8 4** 12 6 . 7  ± 3 . 29 132 . 2  ± 3 . 19  

Avg days from 
calving to 

de 
first estrus 47 . 2  ± 3 . 13 7 1 . 4  ± 3 . 04** 45 . 8  ± 4 . 1 4 52 . 2  ± 4 . 0 2 

a 
b

Values
.

are means± SE. 
Gregor1an days. �For all cows in the trial. 

e
Determined from visual detection in 1985 and from serum progesterone in 198 6 . 
For cows > 30 d postpartum. 

**P<.01 

N 
� 
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FIGURE 1: CUMULATIVE PERCENTAGE OF BULL 

EXPOSED AND NONEXPOSED COWS EXHIBITING ESTRUS 

AS TIME POSTPARTUM PROGRESSED, 1985. 

.1 2 3 4 5 6 7 8 ·9 10 11 12 13 14 15 
WEEKS POSTPARTUM 

TREATMENT 

- BULL EXPOSED 

- NON EXPOSED 

Determined by visual observation. w 
0 



,....-..._ 
� .....___.... 
(f) 
w _J 
u 
>-
u 
(/) 
:::::> 
0 
Ct::: 
t-
(f) 
w 

100 

90 

80 

70 

60 

50 

4o 

30 

20 

10 

FIGURE 2: CUMULATIVE PERCENTAGE OF BULL 

EXPOSED AND NONEXPOSED COWS IN ESTRUS 
AS TIME POSTPARTUM PROGRESSED ,  1986. 
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b e  i n  estrus 2 d a fter Synchro-Mate B implant removal .  In 

1 9 8 6 , there was no d i f ference ( P> . 0 5 )  in the cumulative 

number o f  cows in estrus as t ime pos tpartum progressed . 

Al l cows were cons idered to be i n  estrus by 1 3  wk 

postpartum . By synchron i z at ion t ime in 1 9 8 5 , 7 6 %  ( 2 5/3 3 )  

o f  the BE cows had init iated estrous cycles compared with 

1 7 %  ( 6/3 5 )  of the NE cows ( P< . 0 1 ) . In 1 9 8 6 , 8 1 % ( 1 3/16 ) o f  

the B E  cows and 6 5 %  ( 1 1/17 ) o f  the N E  cows were determined 

to be estrual by synchroni z at i on time (P> . 0 5; f igure 3 ) . 

Any cows less  than 3 0  d postpartum by synchroni z ation t ime 

were not cons idered in thes e  cal culat ions , because they had 

not had su fficient t ime to resume estrous cycl e s . 

The results of 19 8 5  are s im i l ar to those obta ined 

by Z al esky et al . ( 1 9 8 4 ) . Z a l e sky et al . ( 1 9 8 4 ) reported 

that cows exposed to bul l s  soon a fter parturition initiated 

estrous cycles 2 1  d earl ier than cows not exposed to bul l s . 

By 5 3  d postp�rtum , 8 6 % o f  BE cows had initiated estrous 

cyc l e s  compared with 2 3 %  of NE cows . In  th i s  study 

progesterone va lues were used to determine cycl icity .  

Macm i l l an et al . ( 1 9 7 9 )  a l s o  reported that bul l exposure 

for 18 to 2 1  d be fore breed ing increased the percentage o f  

spring calving cows exhibit ing e strus . In contrast , 

Blaschke et al . ( 1 9 8 1 )  indi cated that bu l l  exposure for 3 0  

d prior to the breeding season had no e f fect on percent 

cycl icity . 

The results o f  1 9 8 6  show no advantage ( P> . 0 5 ) for 



FIGURE 3: PERCENTAGE OF BULL EXPOSED AND 
NONEXPOSED COWS IN ESTRUS PRIOR TO SYNCHRONIZATION 

FOR EACH OF THE TWO RESPECTIVE YEARS. 
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BE cows compared to NE cows regarding return to estrus . 

Thi s  i s  in contrast to the results obta ined in 198 5 . Th i s  

d i f ference could b e  due to a number o f  reasons . The sma l l  

number o f  cows ava i l able in 198 6 l imited the degrees o f  

freedom . The greater the degrees o f  freedom , the greater 

is the chance of finding s ign i fi cance . A trend was noted 

that resulted in a s l ight advantage for BE cows in terms o f  

date o f  f i rst estrus and percentage cycl ing prior to 

synchron i z at ion . 

The advantage for BE cows i n  198 5 may be due 

to fa i lure to detect estrus i n  the NE cows . A rev iew by 

Foote ( 197 5 )  indicated that more cows were detected in 

estrus when a teaser bul l  was used for estrus detect ion 

compared to visual observat i on twice da i ly by a herdsman � 

Many studies have ind icated that the f irst 

postpartum ovulation is frequently not accompan ied by 

observab l e  s igns of estrus ( Trimberger and F incher , 195 6 ; 

Kiracofe et al . ,  1969 ; Stevenson and Britt , 1979) . 

Trimberger and Fincher ( 195 6 )  observed that 9 . 8 % of  the 

cows stud ied had a quiet ovu l at i on preceeding the f irst 

observabl e  estrus fo l l owing partur ition . The cows would 

not stand to be mounted by a teaser bul l . The only 

observabl e  s ign of  estrus was a mucous discharge , and a 

fol l ic l e  palpated on the ovary . Odde et al . ( 198 0 )  

reported that the l i fe o f  the corpus luteum as soc iated with 

s i l ent ovulation i s  shorter than corpora lutea produced at 
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subsequent ovulations·. Stevenson and Britt ( 19 7 9 ) reported 

that for cows having estrous cycles of short duration, 

progesterone levels exceeded 1 ngjml during only two 

sampling days of that cycle . 

The criteria to determine onset of estrous cycles 

in 1 9 8 6  were utiliz ed to eliminate short luteal phases that 

occur prior to the onset of normal length cycles during the 

postpartum period (Humphrey et al., 1 9 8 3 ) . In the present 

study, progesterone concentrations between 1 and 2 ngjml 

followed the next week by concentrations of < 1 ngjml were 

considered indicative of short luteal phases. 

A comparison of visual observation and progesterone 

values to determine return to estrus is presented in table 

2 .  The percentage of cows cycling in the BE group is 

similar for both methods of estrus detection. This would 

indicate that the criteria used to evaluate progesterone 

values eliminated silent estrus and subsequent short 

Table 2 :  COMPARISON OF VISUAL OBSERVATION (VO )  FOR SEXUAL 
BEHAVIOR AND SERUM PROGESTERON� (P4) FOR 
DETERMINATION OF ESTRUS - 1 9 8 6  

No. � 0 in estrus 
Trt of C OWS determined by 

Bull exposed 16  8 1 % 

Nonexposed 17  6 5 %  

acows > 3 0  d postpartum. 

P4 
% in estrus 

determined by VO 

8 7 . 5 % 

2 3 . 5 % 
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cyc l e s . In the NE group 4 1 . 5 % more cows were determined 

to be in estrus ut i l i z ing progesterone values than by 

v i sual observat ion for s igns of  heat . Thi s  indicates that 

e strus detection with teaser bul l s  is more rel iab l e  than 

observat ion for homosexua l behav i or among cows . As 

d is cussed prev iously cows exh ib it more de f i n ite s igns o f  

estrus in the presence of  bul l s . 

The sma l l  number of  cattl e  used in 198 6 and the 

d i f ferent methods of estrus detect i on used each year 

contribute to the of  lack of conclus ive results on the 

e f fects of bul l  exposure on the postpartum interval . 

Synchro-Mate B Treatment and LH l eve l s  

Each year a group o f  cows from each treatment were 

b l ed to determine LH l evel s .  Based on estrus detect ion 

data in 198 5 , 6 2 . 5 % ( 5/ 8 ) of the BE cows and 2 1 % ( 3/ 7 ) o f  

the N E  cows were i n  estrus prior t o  synchron i z ation . One 

cow in the NE group was dropped due to inadequate sampl ing . 

In  198 6 , 1 0 0 %  ( 7/ 7 )  of BE cows and 2 8 . 6 % ( 2/ 7 ) o f  NE cows 

were cyc l ic prior to synchron i z ation based on progesterone 

l evel s .  The number of cows exh i b it ing an LH peak 

corresponding to ovulation did not di ffer ( P> . 0 5 )  between 

treatment or year . In 198 5 , 8 7 . 5 % ( 7/ 8 ) o f  BE cows and 

7 1 . 4 % ( 5/ 7 ) of NE cows exhib ited an LH peak . In 198 6 ,  

7 1 . 4 % ( 5/ 7 ) of  BE cows and 7 1 . 4 % ( 5/ 7 ) o f  NE cows had an LH 

peak . 
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Researchers do not agree on the e f fects of Synchro­

Mate B on induct ion of estrus . Miksch et al . ( 197 8 )  

reported that synchroni zat ion with Synchro-Mate B may 

accel erate ovarian activity in anestrous cows . Concept ion 

rate a fter a s ingle service was 6 0 %  for anestrous cows . In  

contrast , Smith et  al . ( 197 9 )  indicated that Synchro-Mate B 

treatment i s  not effective in induc ing estrus in anestrus 

beef cows suckl ing calves . Miks ch et al . ( 1 9 7 8 ) described 

the cows used in the ir trial as be ing in good body 

cond it ion and ma inta ined on an adequate nutritiona l level . 

Conversely , the cows used in the study by Smith et al . 

( 19 7 9 ) were in thin body condit ion and were ma inta ined on a 

restricted pl ane o f  nutr ition prior to and a fter 

parturit ion . Smith et al . ( 1979 ) theori z ed that cow 

condit ion or energy intake at the t ime o f  treatment may be 

a factor determining whether an anestrous cow wil l respond 

to Synchro-Ma�e B treatment . The cows in the present study 

were in good cond ition each year . 

Cows not exhibit ing a LH peak did not conceive to 

the t imed insemination . For both years , of  the cows having 

an LH peak 5 2 . 6 %  ( 1 0/ 19 ) conce ived to the t imed . 

inseminat ion . S ome o f  the cows in  the 1 9 8 6  trial were kept 

as embryo trans fer recip ients and not bred . 

Rahe et al . ( 198 0 )  reported that the preovul atory 

surge o f  LH fluctuated in a pul sat i l e  manner and that 

durat ion of the surge is approx imately 6 to 8 h in cows . 
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Peak LH l evel s  did not di f fer b etween treatment ( P> . 0 5 )  but 

were di f ferent ( P< . 0 5 )  between years ( tabl e 3 ) . Mean peak 

LH l eve l s  in 1 9 8 5  were 7 . 2 5±5 . 7 8 and 7 . 6 5±6 . 8 4 ngjml for BE 

and NE cows , respect ively . In  1 9 8 6 , peak LH l evels were 

2 1 . 53±6 . 8 4 ngjml for BE cows and 2 1 . 9 9±6 . 8 4 ngjml for NE 

cows . The reason for this d i f ference i s  not known . Time 

to the LH peak fo l l owing Synchro-Mate B implant removal and 

cal f removal did not di f fer ( P> . 0 5 )  between treatment and 

year . The LH surge corresponding to estrus occurred 

between 2 0  and 5 5  h after imp lant remova l .  The LH surge in  

1 9 8 5  occurred 3 1 . 2 8±3 . 1 0 and 3 0 . 2 0±3 . 6 7 h fol l owing 

Synchro-Mate B implant and ca l f  removal in BE and NE cows , 

respect ively . In  1 9 8 6 , the LH surge occurred 2 5 . 0 5±3 . 6 7 

and 34 . 35± 3 . 6 7 h in BE and NE cows , respect ively . Smith 

et al . ( 19 7 7 ) reported that the LH surge correspond ing to 

estrus occurred 24 to 4 0  h a fter implant and ca l f  removal 

and l eve l s  varied from 2 . 4  to 1 5 . 5  ngjml . The LH peak 

level s  in thi s  study ranged from 2 . 4  to 7 2 . 8  ngjml . Schams 

et al . ( 1 9 7 7 ) reported a max imum LH peak va lue of 5 0  ngjml . 

Estradiol level s were determined for the 1 9 8 5  

trial . An estradiol peak occurs on day 18  to 2 1  of  the 

e strous cycl e  ( estrus = day 0 )  that st imulates the 

preovul atory surge of LH ( S chams et al . , 1 9 7 7 ; Bearden and 

_FugUay , 1 9 8 4 ) . Ecternkamp ( 1 9 7 8 )  �eported that estrad iol 

l eve l s  decrease rap idly after a LH surge caused by 

inj ect ion o f  pregnant mare serum . Ecternkamp ( 1 9 7 8 ) 



Table 3 .  LEAST-SQUARES MEANS FOR TIME FROM SYNCHRO-MATE B ( SMB ) IMPLANT §EMOVAL TO 
LH PEAK, PEAK LH LEVELS, AND ESTRADIOL LEVELS AT PEAK LH LEVELS 

1985 

BE NE 

No. of cows 8 7
b 

No. exhibit i ng 
LH peak 7 5 

Hours from SMB implant 
removal to LH peak 31 . 2 8 ± 3 . 1 0  30 . 2 0 ± 3 . 67 

Peak LH levels ( ngjml ) 
c 

7 . 25 ± 5 . 7 8  7 . 65 ± 6 . 8 4 

Estradiol le�els ( pgj ml )  
at 4lf peak 4 . 8 9 + 1 . 32 8 . 39 + 1 . 56 

a 
b

Values are means ± SE. 
1 cow dropped due to inadequate sampling. 

c 
d

Year effect ( P<. 0 5 ) .  
Determ i ned for 1985 only. 

._. 

19 8 6  

BE NE 

7 7 

5 5 

25 . 05 ± 3 . 67 34 . 35 ± 3 . 6 7 

2 1 . 53 + 6 . 8 4 2 1 . 9 9 + 6 . 8 4 

w 1..0 
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reported max imal estradiol l eve l s  o f  8 . 4±1 . 0  pgjml . 

E strad iol  l eve l s  at the t ime o f  the LH peak in the present 

s tudy ranged from 2 . 4 2 to 1 1 . 9  pgjml and d id not d i f fer 

( P> . 0 5 )  between treatment ( tabl e  3 ) . E stradiol level s 

averaged 4 . 8 9±1 . 32 and 8 . 39±1 . 5 6 pgjml for BE and NE 

cows , respectively . 

Concept ion and Pregnancy Rates 

E ffects o f  bul l exposure on concept ion and overa l l  

pregnancy rates are presented in  tab l e  4 .  The percentage 

o f  cows conceiving to the t imed inseminat ion was not 

a ffected ( P> . 0 5 )  by bul l  exposure or year . Concept ion to 

the t imed inseminat ion in 1 9 8 5  was 63 . 3  ( 19/3 0 )  and 4 5 . 2 % 

{ 14 / 3 1 ) for BE and NE cows , respect ively . In  1 9 8 6 , 

concept ion rates for the timed insem inat ion were 4 3 . 8 % 

( 7/ 1 6 )  for BE cows and 5 0 %  ( 8/ 1 6 ) for NE cows . The 

conception rates for f i rst serv i ce in the pres ent study. are 

s im i l ar to those obta ined by Smith et al . ( 1 9 79 )  and Kiser 

et al . ( 1 9 8 0 ) when cows were inseminated 4 8  h after 

Norgestomet implant and cal f removal .  

The percentage o f  cows conc e iv ing during the 30 d 

AI per iod was not dif ferent { P> . 0 5 )  between treatments or 

years . In 198 5 , 54 . 5 % ( 6/ 1 1 )  of BE cows and 64 . 7 % ( 1 1/ 1 7 ) 

o f  NE cows conce ived during the AI . period . In 198 6 , 

concept ion rates during the AI period were 33 . 3% ( 3/9 ) and 

7 5 %  ( 6/ 8 ) for BE and NE cows , respect ively . The tota l ) 



Table 4 .  PREGNANCY RATES IN COWS EXPOSED ( BE )  AND NOT EXPOSED ( NE )  
BULLS DURING THE EARLY POSTPARTUM PERIOD 

1 9 8 5  1 9 8 6  

BE NE BE NE 

No . of cows bred 3 0  3 1  1 6  1 6  

No. conceiv ing to 
( 6 3 . 3 )

a 
timed insem inat ion 1 9  1 4  ( 4 5 . 2 )  7 ( 4 3 . 8 ) 8 ( 5 0 )  

�o. conceiving during 
3 0  d AI period .6 ( 5 4 .  5 )  1 1  ( 6 4 . 7 )  3 ( 3 3 . 3 )  6 ( 7 5 )  

Total no. pregnant
b 

2 8  ( 9 3 . 3 )  3 0  ( 9 6 . 7 ) 1 4  ( 8 7 . 5 )  1 6  ( 1 0 0 )  

�Percentages are given in parenthes i s . 
Breed ing season of 6 0  d ,  3 0  d AI period and 3 0  d clean up. 

� 

TO 

+;:. 
� 
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percentage pregnant at the end o f  the breeding was s imi l ar 

( P> . 0 5 )  between treatments and years ( tabl e  4 ) . Pregnancy 

rate s  at the end o f  the breeding season in 1 9 8 5  were 9 3 . 3  

( 2 8/ 3 0 )  and 9 6 . 7 %  ( 3 0/ 3 1 )  for BE and NE cows , respect ive ly . 

I n  1 9 8 6 , the total percentage pregnant was 8 7 . 5 % ( 1 4/ 1 6 )  

for BE cows and 1 0 0 %  ( 1 6/ 1 6 ) for NE cows . 

These resul ts indicate that bul l exposure soon 

a fter parturition had no e f fect on pregnancy rates to a 

t imed inseminat ion , during the f i rst 3 0  d o f  breeding or 

during the breeding season . F i ndings by Blaschke et al . 

( 1 9 8 1 )  a l s o  indicate no increased advantage in pregnancy 

rates for cows exposed to tease r  bul l s  for 3 0  d prior to 

the breedi ng season . 

The average interval to  concept ion was not 

influenced ( P> . 0 5 ) by bul l  exposure , but was a f fected 

( P< . 0 1 )  by year ( tabl e  5 )  . .  The breeding season in 19 8 6  

wa s started 1 0  d earl ier than i n  1 9 8 5 . The average dais 

from calving to concept ion in 1 9 8 5  were 8 4 . 7±3 . 7 6 and 

8 9 . 3 + 3 . 6 3 d for BE and NE cows , respect ively . In 19 8 6 , the 

interval from calving to concept ion was 6 6 . 9±5 . 3 2 and 

7 7 . 7±4 . 9 7 d for BE and NE cows , respect ively . Average date 

o f  concept ion was not d i f ferent ( P> . 0 5 )  between treatments , 

but was d i f ferent ( P< . 0 1 )  between years ( tabl e  5 ) . The 

_average concept ion date in 1 9 8 5  wa� day 1 6 7 . 2±2 . 8 5 and 

1 7 4 . 0±2 . 7 5 for BE and NE cows , respect ive ly . In 19 8 6 , the 

average date of concept ion was day 1 6 2 . 2±4 . 0 3 for BE cows 

) 



Table 5 .  LEAST-SQUARES MEANS FOR DAYS POSTPARTUM BY BREEDING, DATES OF 
CONCEPTION, DAYS FROM CALVING TO CONCEPTION, AND CALVING DATE 
FOLLOWING TREATMENT

a 

Avg date calved
bc 

Avg days postgartum 
by breeding 

Avg date of conception 
bd 

Avg days from calving 
to conception 

Avg c� lving date 
be 

fol lowing treatment 

a 
b

Values are means ± SE . 

BE 

8 3 . 5  ± 3 . 3 1 

7 4 . 5  ± 3 . 3 1 

1 67 . 2  ± 2 . 8 5 

8 4 . 7  + 3 . 7 6 

8 3 . 8  + 3 . 0 4 

Gregorian days . �I ncl udes al l cows in �he trial . 

e
Year effect ( P< . 0 1 ) . 
Year effect ( P< . 0 5 ) . 

� 

1 9 8 5  1 9 8 6  

NE BE 

8 4 . 1  ± 3 . 2 2 8 9 . 1  ± 4 . 3 8 

7 3 . 9  ± 3 . 2 2 5 8 . 9  ± 4 . 3 8 

1 7 4 . 0  ± 2 . 7 5  1 6 2 . 2 ± 4 . 0 3  

8 9 . 3  + 3 . 6 3 6 6 . 0  + 5 . 3 2 

9 1 . 5  + 2 . 9 4 7 9 . 6  + 4 . 3 1 

NE 

8 5 . 8  ± 4 . 3 8 

6 2 . 3  ± 4 . 3 8 

1 6 0. 4 + 3 . 7 7  

7 7 . 7  + 4 . 9 7 

7 8 . 1  + 4 . 0 3 

..,::::. 
w 
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and day 1 6 0 . 4±3 . 7 7 for NE cows . The apparent advantage for 

BE c ows in 1 9 8 6  regarding days from calv ing to concept ion 

i s  not s een in average concept i on date . Some o f  the late 

calving cows in the BE group conc e ived early in the 

breeding season , whereas some l ate calving cows in the NE 

group were mainta ined as embryo t rans fer rec ip ients and not 

bred . There fore , the interval from calv ing to concept ion 

is  shorter for BE cows , but average concept ion date is not 

d i f ferent from NE cows . 

A rev iew by Wiltbank ( 19 7 0 )  indicated that in bee f 

cows concept ion rate at first service increases unt il 

approximately 90  d a fter calv ing . Conceptions rates prior 

to 6 0  d a fter calving wil l be l ow . Reeves and Gaskin 

( 19 8 1 )  reported that reduc ing the postpartum interval to 

f irst estrus by once da ily suckl ing d id not shorten the 

postpartum interval to concept ion . Short et al . ( 1 9 7 2 ) 

a l s o  observed that the very e�rly postpartum estrus is 

infert i l e . In contrast , Z a l esky et al . ( 1 9 8 4 ) reported 

that a s ign i f icant number o f  cows conce ived at the estrus 

associated with the first postpartum estrous cycle . The 

cows in the �resent study were not bred at f irst estrus and 

were approximately 6 0  d postpartum by breed ing time ( table 

5 ) . There fore , bul l  exposure would not be expected to 

a f fect interval to concept ion or average date of 

concept ion in the present study . 

The average calving date the spring fol lowing bul l 

) 
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exposure was a l so not a f fected ( P> . 0 5 )  by treatment , but 

was a ffected ( P< . 0 5 )  by year ( tab l e  5 ) . Bul l exposed cows 

in 1 9 8 5  calved at day 8 3 . 8±3 . 0 4 and NE cows calved at day 

9 1 . 5±2 . 9 4 in 1 9 8 6 . Cows in the 1 9 8 6  trial calved at day 

7 9 . 6±4 . 3 1 and 7 8 . 1±4 . 0 3 in 1 9 8 7  for BE and NE groups , 

respectively . 

) 
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SUMMARY 

Thi s  study was conducted to determine the ef fects 

of bul l exposure during the early postpartum period on 

return to e$trus and fert i l ity in spring ca lving bee f cows . 

The e ffects of  bul l exposure on LH release fol l owing 

Synchro-Mate B implant removal was a l so examined . I n  the 

spri ng o f  1 9 8 5 , 7 2  purebred bee f cows were e�posed to 

ep ididectom i z ed bul l s  3 to 7 d a fter ca lving unt i l  

synchroni z at ion with Synchro-Mate B or not exposed to 

bul l s . Cows were observed for e strus twice da ily beginn ing 

approximately 4 wk after the start o f  calv ing . The tri al 

was repeated with 41  cows in the spring of 19 8 6 . Blood 

samp l es were col lected weekly by j ugular venepuncture and 

a ssayed for progesterone to determ ine resumpt ion of estrous 

cyc l es . Cows in the 1 9 8 6 trial were a l s o  ob served for 

e strus . 

Al l cows were synchron i z ed with Synchro-Mate B and 

inseminated 4 8  h after impl ant removal without regard for 

e strus . Ca lves were removed for 4 8  h fol lowing impl ant 

removal .  Each year a group o f  cows were randomly sel ected 

from the BE group ( n=8 , 19 8 5 ; n=7 , 1 9 8 6 )  and NE group ( n=8 , 

19 8 5 ; n=7 , 19 8 6 )  and cannul ated at estrus or within 3 4  h 

fol l owing Synchro-Mate B impl ant removal . Bl ood samples 

were col l ected at 15  min interva l s  for 2 h and every 2 h 

for 4 6  h for determinat i on o f  serum LH levels . In 1 9 8 5 , 



bl ood samp l es were a l so assayed for estradiol . 

Bul l  exposed cows returned to estrus 2 4  d ear l ier 

( P< . 0 1 )  than NE cows in 1 9 8 5  ( 4 7 . 2±3 . 1 3 vs 7 1 . 4±3 . 0 4 d ) . 

No d i f ference ( P> . 0 5 )  was observed b etween BE and NE. cows 

for days from calving to resumpt i on o f  estrous cycles in 

1 9 8 6  ( 4 5 . 8±4 . 1 4 vs 5 2 . 2±4 . 0 2 d ) . The percentage of  cows 

exhibit ing estrus prior to synchron i z at i on was greater 

4 7  

( P< . 0 1 )  for BE than NE cows i n  1 9 8 5  ( 7 6  vs 17 % ) . I n  19 8 6 , 

no d i f ference ( P> . 0 5 )  between BE and NE cows was obs erved 

in the percentage of cows cycl ing by synchroni z ation ( 8 1  vs 

6 5 % ) . 

A sma l l  number of  cows were randomly sel ected for 

determinat ion of LH rel ease . The number of cows exhibit ing 

an LH peak fol lowing synchroni z at ion with Synchro-Mate B 

did not d i f fer between BE and NE . cows for either year � I n  

19 8 5 , 8 7 . 5 % of  B E  cows and 7 1 . 4 %  o f  N E  cows exh ib ited a n  LH 

peak . In  19 8 6 ,  7 1 . 4 % of BE and 7 1 . 4 % of  NE cows exhib ited 

an LH peak . Peak LH l eve l s  did not d i ffer between 

treatment ( P> . 0 5 ) , but were d i fferent ( P< . 0 5 )  between 

years . Mean peak LH leve l s  in 1 9 8 5  were 7 . 2 5±5 . 7 8 and 

7 . 6 5±6 . 8 4 ngjml for BE and NE cows , respect ively . I n  19 8 6 , 

peak LH l evel s  were 2 1 . 5 3±6 . 8 4 ngjml for BE cows and 

2 1 . 9 9±6 . 8 4 ngjml for NE cows . T ime to the LH peak 

fol l owing Synchro-Mate B impl ant removal and cal f  remova l 

d id not d i f fer ( P> . 0 5 )  between treatment and year .  The LH 

peak , in 1 9 8 5 , occurred 3 1 . 2 8±3 . 1 0 and 3 0 . 2 0±3 . 6 7 h 
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fol l owing Synchro-Mate B imp l ant and cal f  removal in BE and 

NE cows , respect ively . In 1 9 8 6 , the LH surge occurred 

2 5 . 0 5±3 . 6 7 and 3 4 . 3 5±3 . 6 7 h fol l owing impl ant and cal f 

removal in BE and NE cows , respect ively . Estrad iol l eve l s  

were determined for the 19 8 5  trial  and d id not d i ffer 

( P> . 0 5 )  between treatment . E st rad iol l eve l s  corresponding 

t o  the LH peak averaged 4 . 8 9±1 . 3 2 pgjml for BE cows and 

8 . 3 9±1 . 5 6 pgjml NE cows . 

The percentage o f  cows conce iving to the timed 

inseminati on was not a f fected ( P> . 0 5 )  by bul l exposure or 

year . Concept ion to the t imed inseminat ion in 1 9 8 5 was 

6 3 . 3 % for BE cows and 4 5 . 2 % for NE cows . I n  19 8 6 ,  

c oncepti on rates for the timed insemination were 4 3 . 8  and 

5 0 %  for BE and NE cows , respect ively . The percentage o f  

c ows conceiv ing during the 3 0  d A I  period was not d i f ferent 

( P> . 0 5 ) between treatments or years . I n  19 8 5 , 5 4 . 5 % o f  BE 

c ows and 6 4 . 7 % of NE cows conce ived during the AI peri od . 

I n  1 9 8 6 , concept ion rates during the AI period were 3 3 . 3  

and 7 5 % for BE and NE cows , respect ively . The tota l 

percentage pregnant at the end o f  the breeding season was 

s im i l a r  ( P> . 0 5 )  between treatments and years . Pregnancy 

rates at the end of the breedi ng season in 1 9 8 5 were 9 3 . 3  

and 9 6 . 7 % for BE and NE cows , respect ive ly . In  1 9 8 6 ,  the 

total percentage pregnant was 8 7 . � % for BE cows and 1 0 0 %  

f o r  NE cows . 

Days from calving to conception and average date o f  
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concept i on were not influenced { P> . 0 5 )  by bul l exposure , 

but were affected { P< . 0 1 )  by year . The average calv ing 

date the spring fol l owing bul l exposure was a l so not 

a f fected ( P> . 0 5 )  by treatment , but was in fluenced ( P< . 0 5 )  

by year . The year e f fect i s  exp l a ined by the fact that the 

breeding season was started 1 0  d earl ier in 1 9 8 6 than in 

1 9 8 5 . 

The results o f  the two trial s are inconclus ive . 

The sma l l  number of  cattle used in 19 8 6  and the d i f ferent 

methods of estrus detect ion used in each year make it 

d i f f icult to determine the e f fects o f  bul l  expo sure on the 

postpartum interval . Bul l  exposure s oon after parturit ion 

may reduce the postpartum interval and increase the 

percentage cycling prLor to the breeding season . However ,  

i f  cows are at l east 6 0  d postp�rtum by breeding , pregnancy 

rates are not influenced by bul l exposure . Bul l  exposure 

a l so  does not influence t ime from Synchro-Mate B impl ant 

removal to the LH peak or peak LH l evel s .  Estradiol leve l s  

corresponding t o  the LH peak were not influenced by bul l  

exposure . 
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A P P END I X  

TABLE 1 .  LEAS T - SQUARE S ANALY S I S  OF VAR I ANCE 
F O R  C ALV I N G  DATE 

S o u r c e  o f  
va r i a t i o n  d f  s s a F 

T re a tment 1 4 6 . 8 7 1  . 1 2 
Y e a r  1 3 3 5 . -8 6 8  . 8 8 
T r e atme n t  x ye a r  1 1 0 2 . 7 9 9  . 2 7 
E r r o r  1 0 8  4 1 4 5 0 . 6 1 7  
To t a l  1 1 1  4 1 9 0 4 . 7 1 4  

a 
Sums o f  s q ua r e s  a r e  SAS GLM Type I I I . 

5 8  

p 

. 7 3 

. 3 5 

. 6 1  
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TABLE 2 .  LEA S T - SQUARE S ANAL Y S I S  OF VARIANC E FOR DATEbOF 
F I RST E ST RU S  AND DAY S F ROM CALV ING TO F I RST E S TRU S

a 

S o ur c e  o f  
v a r i a t i o n  

1 9 8 5 
T r e a tme n t  
E r ro r  
To t a l  

1 9 8 6 
T r e atment 
E r ror 
To ta l 

1 9 8 5  
T r e a tme nt 
E r ro r  
To ta l 

1 9 8 6  
T r e a tme nt 
E r ror 
To t a l  

a 

d f  

1 
6 6  
6 7  

1 
3 1  
3 2  

s s  

D a t e  o f  F i r s t E s tr u s  

1 0 4 9 8 . 4 8 8  
1 8 9 9 7 . 2 0 3  
2 9 4 9 5 . 6 9 1 

2 5 9 . 0 9 4 
5 3 6 4 . 9 6 7  
5 6 2 4 . 0 6 1  

F 

3 6 . 4 7 

1 . 5 0 

Da y s  F r om C a l v i n g  to F i r s t E s t r u s  

1 
6 6  
6 7  

1 
3 1  
3 2  

9 9 3 8 . 7 2 8  
2 1 3 4 3 . 0 8 1  
3 1 2 8 1 . 8 0 9  

3 4 6 . 6 6 8  
8 4 9 8 . 0 5 9  
8 8 4 4 . 7 2 7  

3 0 . 7 3 

1 . 2 6 

p 

. 0 0 0 1  

. 2 3 

. 0 0 0 1  

. 2 7 

b Cows > 3 0 d po s tp a r tum . . 
F o r  c ows > 3 0 d po s tp a r tum n o t  l n  e s t ru s , date o f  f i r s t 

e s t ru s  wa s c a lc u l a ted a s  1 1  d a f te r  Sync hro -Mate B imp l a nt 
remova l .  
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TAB LE 3 .  L.EAS T - S QUARE S ANALYS I S  OF VAR IANCE 
FOR DAY S TO F I R S T  E S TRUS 

S o u r c e  o f  
v a r i a t i o n  d f  s s a 

F p 

1 9 8 5  
Tre atme nt 1 1 0 5 0 1 . 7 3 6  3 3 . 0 1 . 0 0 0 1  
Age 1 6 6 4 . 5 1 7  2 . 0 9 . 1 5 
E r ro r  6 5  2 0 6 7 8 . 5 6 4  
To t a l  6 7  3 1 2 8 1 . 8 0 9  

1 9 8 6 
T r e atme n t  1 3 1 1 . 0 7 1  1 . 1 0 . 3 0 
Age 1 1 . 6 4 8  . 0 1 . 9 4 
E r ror 3 0  8 4 9 6 . 4 1 1  
To t a l  3 2  8 8 4 4 . 7 2 7  

a S um s  o f  squa r e s  are SAS G LM Type I I I . 
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TABLE 4 .  CUMULAT I VE NUMB E R  OF C OWS EXH I B I T I�G E S TRUS AS 
T IME PO STPARTUM P ROGRE S S E D , 1 9 8 5 a 

Wee k s  
po s t p a r t um 

a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  

None xpo s e d  
C umu- P e r -

l a t i ve c e n t a g e  

0 
0 
0 
0 
0 
1 
3 
8 

1 3  
1 7  
2 0  
2 5  
3 1  
3 2  
3 5  

0 
0 
0 
0 
0 
3 . 0 
8 . 6  

2 2 . 9  
3 7 · . 0 
4 8 . 6  
5 7 . 0  
7 1 . 4 
8 8 . 6  
9 1 . 4  

1 0 0 . 0 

Bul l expo s e d  
C umu - P e r -

l a t i ve c en t a ge 

0 
2 
3 
3 
8 

1 3 . 
2 0  
2 4  
2 8  
3 0  
3 1  
3 2  
3 2  
3 2  
3 3  

0 
6 . 0  
9 . 0  
9 . 0  

2 4 . 0  
3 9 . 0  
6 0 . 6  
7 2 . 7  
8 5 . 0  
9 1 . 0  
9 4 . 0  
9 7 . 0  
9 7 . 0  
9 7 . 0  

1 0 0 . 0  

b C ow s  > 3 0 d po s t p a r t um . 
C ow s  > 3 0 d po s tp a r tum n o t  i n  e s t r u s , f i r s t  e s t r u s  wa s 

c a l c u l a t ed a s  1 1  d a f ter Sync h r o -Ma t e  B imp l a nt remova l . 
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TABLE 5 .  CUMULAT IVE NUMBER OF C OWS I N  E5TRUS AS 
T IME P O S T PARTUM P ROG RE S S E D , · 1 9 8 6 a 

Nonexp o s e d  Bu l l  exEo s ed 
Wee k s  Cumu- P e r - C umu- P e r -

po s tp a r tum l a t i ve c e nt a g e  l a t i ve c e nt a g e  

1 0 0 0 0 
2 · o 0 0 0 
3 0 0 1 6 . 0  
4 1 6 . 0 1 6 . 0  
5 3 1 7 . 7  4 2 5 . 0  
6 5 2 9 . 4  6 3 7 . 5  
7 9 5 3 . 0  1 0 6 2 . 5  
8 1 3  7 6 . 5  1 3  8 1 . 3  
9 1 4  8 2 . 4  1 5  9 3 . 8  

1 0  1 4  8 2 . 4  1 5  9 3 . 8  
1 1  1 4  8 2 . 4  1 6  1 0 0 . 0  
1 2  1 4  8 2 . 4  1 6  1 0 0 . 0  
1 3 1 7  1 0 0 . 0 1 6  1 0 0 . 0  

a > 3 0  d po s tpa r tum . b Cows 
Cow s > 3 0 d po s tp a r tum n o t  i n  e s tr u s , f i r s t  e s t ru s  wa s 

c a l c u l a t e d  a s  1 1  d a f te r S y n c hr o - Ma t e  B imp l a nt remova l .  



TABLE 6 .  C H I - S QUARE ANALY S I S  FOR CUMU LAT IVE 
NUMBER OF COWS I N  E S TRUS AS T IME P O S T PARTUM 

P ROGRE S S ED , 1 9 8 5  AND 1 9 8 6  

X 
L. v a l ue , 1 d f a 

BE v s  N E  B E  v s  N E  
We e k  1 9 8 5  1 9 8 6  

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  

2 . 1 8 5  
3 . 3 2 9  1 . 0 9 6  
3 . 3 2 9  . 0 0 2  
9 . 6 1 6 * *  . 2 6 7  

1 3 . 8 6 9 * *  . 2 4 3  
2 0 . 5 4 6 * *  . 3 0 8  
1 6 . 9 5 6 * *  . 1 1 3  
1 6 . 1 4 7 * *  1 . 0 0 5  
1 4 . 2 6 4 * *  1 . 0 0 5  
1 2 . 2 6 6 * * 3 . 1 0 6  

8 . 1 7 2 * *  3 . 1 0 6  
1 . 7 5 9  . 0 0 0  

. 9 4 2  

. 0 0 0  

a 
x 2 0 5  va l ue = 3 . 8 4 f or 1 d f . 

* * P < : 0 1 , x 2 • 0 1  va l u e = 6 . 6 3 f o r  1 d f . 

TABL E 7 .  C H I - S QUARE ANALY S I S 
OF VAR IANC E F OR NUMB E R  OF 

C OWS I N  E S T RU S  BY 
SYNC H RON I ZAT I ON 

x 'L v a l u e , 1 d f  
B u l l expo s e d  

v s  
no nexpo s e d  

1 9 8 5  2 3 . 5 2 6 * *  
1 9 8 6  1 . 1 3 7  

* * P < . O l ,  x L.  . 0 1 va l u e = 
6 . 6 3 for 1 d f . 

6 3  



TABLE 8 .  CH I - SQUARE ANALY S I S  FOR NUMBER OF 
COWS EXH I B I T I NG AN LH P EAK 

Bu l l  exp o s e d  vs none xpo s e d  

1 9 8 5  v s  1 9 8 6  

Ye a r  1 9 8 5 
Bu l l  expo s ed vs none xpo s e d  

Ye a r  1 9 8 6  
Bu l l  expo s ed v s  no n e xp o s e d  

a L. 
va l ue = X • 0 5 3 . 8 4 f o r  1 d f . 

2 1 1 d f
a 

x va ue , 

. 2 9 1  

. 2 9 1  

. 6 0 3  

. 0 0 0  

6 4  

TABLE 9 .  LEAS T - S QUARE S ANALY S I S  OF VAR IANCE FOR T IME F ROM 
SYNC H RO -�ffiTE B ( SMB ) I M P LANT REMOVAL TO LH PEAK 

AND P EAK LH LEVELS 

S o ur c e  o f  
va r i a t i o n  d f  s s

a 
F p 

T ime F r om SMB Imp l an t  Remova l to LH P e a k  -- --

T r e a tment 1 9 0 . 9 8 9  1 . 3 5 . . 2 6 
Ye a r  1 5 . 8 1 6  . 0 9 . 7 7 
T r e a tme nt x year 1 1 4 5 . 0 0 1 2 .  1 6  . 1 6 
E r ro r  1 8 1 2 1 0 . 0 8 9  
Tot a l  2 1  1 4 3 6 . 6 6 2  

P e a k  LH Leve l s  

T r e a tme n t  1 . 9 9 8  . 0 0 . 9 5 
Y e a r  1 1 1 0 3 . 3 2 3  4 . 7 1 . 0 4 
T r e atme nt x year 1 . 0 0 5  . 0 0 . 9 9 
E r ro r  1 8  4 2 1 2 . 2 1 3  
To ta l 2 1  5 3 3 6 . 0 8 6 

a 
S ums of square s are SAS GLM . Type I I I . 



Sou r c e  

TABLE 1 0 . LEA S T - S Q UARE S ANALY S I S  O F  VARIANCE F O R  
E S TRAD I OL LEVELS C O RRE S P OND ING TO 

PEAK LH LEVE L S
a 

of 
v a r i at i on df s s  F p 

Tre a tme n t  1 3 5 . 7 1 8  2 . 9 2 . 1 2 
E r r o r  1 0  1 2 2 . 3 9 8  
To t a l  1 1  1 5 8 . 1 1 5  

a 
D e te rmined for 1 9 8 5 on l y . 

6 5 



TABLE 1 1 . CH I - S Q UARE ANALY S I S  F OR NUMBER OF COWS 
C ONC E IV I NG TO T IMED I N S EM I NA T I ON DURING 30 D AI 

PER IOD AND D U R ING B REE D I NG S EA S ON 

x 2 va l ue , 1 d f
a 

No . Conc e i v i ng to T imed I n s em i na t i on 

Bu l l  exp o s e d  v s  nonexpo s ed 
1 9 8 5 vs 1 9 8 6  
Ye a r  1 9 8 5  

Bu l l  expo s ed v s  no ne xp o s e d  
Ye a r  1 9 8 6  

Bu l l  expo s ed v s  no ne xp o s ed 

. 8 7 8  

. 4 3 9  

2 .• 0 2 7  

. 1 2 5  

No . Conc e i v ing D ur i n g  3 0  D A I  P e r iod 

Bu l l  expo s e d  v s  nonexpo s ed 2 . 4 0 9  
1 9 8 5  vs 1 9 8 6  . 2 6 2  
Ye ar 1 9 8 5  

Bu l l  expo s ed v s  no nexp o s ed . 2 8 9  
Ye ar 1 9 8 6  

Bu l l  expo s e d  v s  nonexpo s e d 2 . 9 5 1  

No . Conc e i ving D ur i ng B r e e d i ng Sea son 

Bu l l  exp o s e d  v s  nonexpo s e d  
1 9 8 5  v s  1 9 8 6  
Ye ar 1 9 8 5  

Bu l l  expo s e d  v s  no nexp o s e d  
Y e a r  1 9 8 6  

Bu l l  expo sed vs nonexpo s e d  

a 2 va l ue = X • 0 5 3 . 8 4 f o r 1 d f . 

1 . 9 7 1  
. 0 7 3  

. 3 8 6  

2 . 1 3 3  

6 6  



TABLE 1 2 . LEAS T - S QUA-RE S ANALY S I S  OF VAR IANC E F OR 
DAY S P O S TPARTUM BY BREE D ING 

Sour c e  o f  
va r i a t ion d f  s s

a 
F p 

T r e a tmen t  1 4 7 . 8 1 4  . 1 2 . 7 3 
Y e a r  1 4 7 7 4 . 4 6 4  1 2 . 4 2 . 0 0 1  
Tre a tmen t  x y e a r  1 1 0 1 . 4 1 4  . 2 6 . 6 1 
E rror 1 0 8  
To t a l  1 1 1 

a 
S um s  o f  square s a r e  SAS GLM Typ e I I I . 

6 7  



6 8  . 

TABLE 1 3 . LEAST- S QUARE S ANAL Y S I S  OF VAR I ANCE FOR DATE OF 
CONC E PT I ON , DAY S FROM CALV I NG TO CONC E P T I ON AND 

CALVING DATE F OLLOW I NG TREATMENT 

Sourc e o f  
va r i a t ion 

T r e a tment 
Y e a r  
T r e a tmen t  x y e a r  
E r ror 
To t a l  

d f  

D a t e  o f  C o n c e p t i on 

1 
1 
1 

8 4  
8 7  

1 2 7 . 0 3 9  
1 6 9 7 . 1 3 5 . 

3 6 7 . 0 5 6  
1 9 1 1 9 . 3 6 8  
2 1 5 9 2 . 0 0 0  

F 

. 5 6 
7 . 4 6 
1 . 6 1 

D ay s  F r om C a l v i ng to Conc ep t ion 

T r e atme n t  
Ye a r  
T r e a tment x ye ar 
E r ror 
To t a l  

1 
1 
1 

8 4  
8 7  

1 1 8 1 . 3 6 5  
4 2 7 7 . 9 3 8 

1 8 7 . 8 9 4  
3 3 3 1 7 . 9 2 6  
3 8 6 3 7 . 7 7 3  

2 . 9 8 
1 0 . 7 9 

. 4 7 

Ca lv ing D a t e  F o l lowi n g  Treatme nt 

Tre a tment 
Y e a r  
T r e a tmen t  x year 
E r r o r  
To t a l 

1 
1 
1 

8 4  
8 7  

1 8 3 . 3 5 8 
1 5 1 6 . 9 1 7  

4 2 2 . 5 7 1  

a 
S um s  o f  squar e s  are SAS GLM Type I I I . 

. 7 1  
5 . 8 3 
1 . 6 3 

p 

. 4 6 

. 0 0 8  

. 2 1  

. 0 9 

. 0 0 2  

. 4 9 

. 4 0  . 

. 0 2 

. 2 1 
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