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ABSTRACT 

Twenty-six 2-year-old crossbred heifers in 1970 and 

25 2- and 3-year-old Hereford and crossbred heifers in 1971 

maintained under drylot conditions were used to study the 

effect of 5.5 (normal) and 6.8 (high) kg TDN during the 

postpartum (PP) period. Blood samples were obtained twice 

weekly and rectal palpation of the reproductive tract was 

performed once weekly from parturition to confirmation of 

pregnancy. Progesterone and corticoid concentrations were 

determined by competitive protein binding techniques, and 

leuteinizing hormone (LH) concentrations were determined by 

radioimmunoassay techniques. 

Increasing the TDN level did not have any signifi

cant (P > .05) effects on weight gain; services per concep

tion; or PP intervals to first ovulation, first estrus, and 

conception. Levels of LH were significantly (P < .05) lower 

on the high TDN ration (1.4 and 1.1 ng/ml) than on the 

normal TDN ration (1.6 and 1.3 ng/ml) in 1970 and 1971, 

respectively. Corticoid levels were higher on the high TDN 

ration (24.6 and 24.3 ng/ml) than on the normal TDN ration 

(20.2 and 20.9 ng/ml) in 1970 and 1971, respectively, but 

the difference was significant (P < .05) only in 1970. 

There were no differences in progesterone level either year, 

xii 



xiii 

The lower LH values and higher corticoid values did not have 

any influence on reproductive efficiency. 

If one disregards the peak of LH at ovulation, there 

were no significant (P > .05) changes in LH or corticoids 

during the estrous cycle or pregnancy, but in one of the two 

years there was a significant (P < .05) increase in LH and 

decrease in corticoids in the PP anestrum preceding the 

first ovulation. In the same year, the mean corticoid level 

was significantly (P < .05) lower in pregnancy than in PP 

anestrum, possibly due to an adaptation to the sampling 

technique. Progesterone levels closely followed the develop

ment and regression of the CL as frequently reported, except 

for an occasional small increase prior to the first PP 

ovulation and an occasional decline as low as 1.1 ng/ml 

during pregnancy. 

The influence of providing 2.2 kg per animal daily 

of a supplemental feed (S) during the breeding season or 

early weaning of calves (EW) at approximately 80 days of age 

was evaluated with nulliparous (N) and primiparous (P) Here

ford heifers under range conditions during 2 consecutive 

years. Blood samples were obtained approximately 30 days 

after the beginning of the breeding season and following the 

supplemental period for analysis of LH, progesterone, and 

corticoid concentrations. Range conditions during the first 

year (1971) were considered poor because of an extreme 
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drouth, but conditions were near normal during the second 

year (1972). 

Supplementation of N and P range heifers signifi

cantly (P < .05) improved changes in body weight and con

dition score when forage conditions were poor/ while EW was 

similar to controls (C). Neither S nor EW had any signifi

cant (P > .05) effects in 1972. Either S or EW can be used 

to improve earliness of conception and conception rate in P 

heifers when range conditions are poor and heifers are 

losing weight. If P heifers are gaining weight, S may 

improve earliness of conception, but neither S nor EW has 

any effect on conception rate. There is little benefit, 

however, from supplementing N heifers, providing they are 

maintaining their weight. 

Differences in fertility level could not be 

explained by LH levels. Progesterone levels were elevated 

early in pregnancy in those groups with earlier mean con

ception dates. Lactation appeared to have a chronic de

pressing effect on adrenal output, which could be overcome 

if body condition scores were high. 



INTRODUCTION 

Obtaining an optimum reproductive rate is the most 

important consideration in a cow-calf herd, whether under 

range conditions or in drylot. Although thete are inter

relationships between each successive calving cycle, 

probably the most critical stage involves the breeding 

performance of the primiparous (first-calf) heifer. This 

is particularly true if the heifer is bred to calve first 

at 24 months or less of age, as physiological demands for 

growth are superimposed on the demands for lactation and 

reproduction. 

A number of studies have demonstrated the importance 

of nutritional regime to successful reproduction (Dunn et 

al., 1969; Short and Bellows, 1971; Wiltbank. et al., 1962). 

However, Raleigh a,nd Foster (.1972) have pointed out that 

no consistent set of recoimnendations concerning nutritional 

requirements can be made for all conditions of beef product-

tion. For normal fertility, they concluded that animals 

should be on an increasing plane of nutrition either (1) in 

the latter part of gestation, with a reasonable weight loss 

postpartum tolerated, or (2) immediately prior to and during 

the breeding season, A number of people have recently 

advocated providing sufficient nutrients during the post~ 

partum period to support daily gains of ,5 kg or more. In 
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most cases, the nutritional level required to achieve this 

rate of gain is in excess of current National Research 

Council (NRC) recommendations. Lactation is another factor 

known to influence reproductive performance, particularly 

among heifers suckling their first calf. Laster, Glimp, and 

Gregory (1973) and Smith and Vincent (1972) have shown that 

removal of the calf (early-weaning) improves breeding 

performance as compared to the normally lactating female. 

This study was divided into two parts. The objec

tives of Experiment I were to (1) determine if providing 

total digestible nutrients (TDN) in excess of NRC recom

mendations during the postpartum period would improve 

reproductive efficiency under drylot conditions, and (2) 

determine the effect of additional TDN on plasma luteinizing 

hormone (LH), progesterone and corticoid concentrations and 

their relationship to fertility. The objectives of Experi

ment II were to CI) determine the effect of supplemental 

feeding prior to and during the breeding season of nulli-

parous and primiparous heifers and the effect of early-^ 

weaning calves from primiparous heifers on reproductive 

performance of range heifers, and (2) determine the effects 

of supplemental feeding and early*-weaning on plasma LH, 

progesterone, and corticoid concentrations. 



REVIEW OF LITERATURE 

The onset of puberty in the heifer is usually marked 

by the beginning of estrous cycles. Differences between 

individuals exist both within breeds and between breeds with 

most heifers attaining puberty around 12 to 14 months of 

age (Foote, 1974). 

The estrous cycle of the cow revolves around the 

expression of estrus, which normally occurs every 20 to 21 

days (Foote, 1974). Estrous cycles continue throughout the 

year except during pregnancy and the postpartum anestrum 

period. Estrus, or the period of receptivity of the male, 

usually lasts 12 to 14 hours with ovulation occurring 25 to 

30 hours after the onset of estrus. In the literature the 

day estrus is first observed is denoted as day 0, and each 

subsequent day is numbered in sequence until the next estrus 

is observed. 

The estrous cycle is commonly divided into two 

phases. The luteal phase refers to the growth and develop

ment of the corpus luteum (CL) following ovulation and 

concludes with the decline in activity of the CL on about 

day 16. The remaining portion of the cycle is comprised of 

the follicular phase, which corresponds to the maturation of 

a Graafian follicle and concludes with estrus and ovulation. 
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If conception occurs, the CL which normally develops 

following ovulation is maintained throughout pregnancy. The 

average gestation length of cattle is about 283 days 

(Foote, 197 4) and concludes with parturition. During 

pregnancy estrus and follicular development are normally 

suppressed by the presence of the CL. 

Postpartum Intervals 

The postpartum interval is regarded as the interval 

starting with parturition and concluding with a designated 

event. This event may be the completion of involution of 

the uterus, the first ovulation, the first estrus, or 

conception. The postpartum (PP) period is extremely impor*-

tant because the cow can not rebreed until estrous cycles 

resume. There are numerous reports in the literature con^ 

cerning the length of the intervals from parturition to 

first ovulation. Wide discrepancies exist not only between 

reports but within herds. Dairy cows generally exhibit 

shorter intervals than do beef cows. In a review article 

C^sida et al. CI968} reported that the average PP interval 

to first ovulation ranged from 20 to 45 days in dairy cows 

and from 36 to 70 days in beef cows. Pope, Gupta, and Munro 

(1969) found ovulatory cycles resumed by approximately 20 

days PP in dairy cows, while Smith and Vincent CI972) noted 

that only 62% of the beef cows in their study had ovulated 

by 30 days PP. However, ovarian activity at 30 days PP had 
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no significant effect on the interval to first PP estrus, 

conception rate at this estrus, or overall pregnancy rates. 

After reviewing the literature, Wagner and 

Oxenreider (1971) reported that the incidence of first 

ovulation without estrus (quiet ovulation) was 40 to 50%. 

As the PP interval progressed, the incidence of quiet 

ovulations decreased. The number of quiet ovulations, 

however, had no apparent effect on fertility, even though 

an increase in the PP interval to first estrus played a 

major role in increasing fertility (England, Hauser, and 

Casida, 1973). 

Dairy cows generally exhibit a shorter interval 

from parturition to first estrus than do beef cows, ranging 

from 30 to 72 days in dairy cows and from 46 to 104 days in 

beef cows (Casida et al,, 1968). Mammary stimulation may 

play a major role, since the interval could be prolonged by 

either suckling, or milking four times per day. 

The first estrous cycles observed PP may sometimes 

be shorter than normal. The association of short estrous 

cycles with shorter PP intervals may also be due to a breed 

difference, There was a positive correlation between the 

incidence of short estrous cycles and short PP intervals 

in Holsteins (Menge et al., 1962), There was no correlation 

in second calf Angus heifers, although the first cycle was 

significantly shorter than the second cycle in those cows 

which did not conceive on the first estrus (Short, Bellows, 
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et al., 1972). Wagnon et al. (1972) reported that stress 

had no effect on the mean length of normal-length estrous 

cycles. The relative frequency of short cycles was greater 

with stress, but the difference was not significant. 

A wide range in PP interval to uterine involution 

was also found, ranging from 26 to 56 days (Casida et al., 

1968), Smith and Vincent (1972) reported that uterine 

involution was complete in all primiparous and the majority 

of plur a. parous cows by 30 days PP. This early FP uterus is 

apparently capable of maintaining an embryo, since Graves 

et al. (196 8) did not observe any embryonic deaths in a 

small number of cows conceiving on the first estrus PP. 

England et al, (1973) reported work done by 

Saidduddin which demonstrated a significant increase in 

fertility early in the PP interval if at first estrus the 

cows ovulated from the ovary opposite the side of the 

previous pregnancy. From additional work these authors 

noted that removal of the ovary with the CL of pregnancy 

adversely affected fertility in non-suckled cows, but had 

no effect on suckled cows even though the interval to first 

ovulation was considerably shortened in the suckled cows. 

Circulating Levels of Progesterone 

Postpartum 

Following parturition in the cow, circulating levels 

of progesterone remained at low or undetectable levels until 



the initiation of CL formation following the first PP 

ovulation (Echternkamp and Hansel/ 1973; Robertson, 1972). 

However, other researchers {Arije, Wiltbank, and Hopwood, 

1974; Donaldson, Bassett, and Thorburn, 1970) reported that 

the first PP ovulation, whether accompanied by observed 

estrus or not, was usually preceded by a small increase in 

plasma progesterone 3 to 5 days prior to ovulation. 

Estrous Cycle 

Once estrous cycles resume following parturition, 

plasma progestin levels were noted to rise and fall 

coincident with the growth and regression of the CL, 

Circulating levels of progesterone during the estrous cycle 

were lowest just before, during, and immediately following 

estrus, Robertson (1972) reported levels of ,1 to ,4 ng/ml, 

or similar to levels of ovariectomized cows and cows during 

the early PP period. Other reported levels were ,7 ng/ml 

(Shemesh, Lindner, and Ayalon, 1971), .4 ng/ml (Donaldson 

et all t 1970), ,5 ng/ml {.Wettemann et al. , 1972), and ,3 
i 

ng/ml (Echternkamp and Hansel, 1973)_, 

Levels commenced to rise on days 4 to 6, reached a 

peak on days 9 to 13, and remained stable until a dramatic 

decline over a 24 to 48 hour period ranging from 1 to 5 days 

before the subsequent estrus. Reported peak period values 

fluctuated about a mean level of 5,4 ng/ml (Shemesh et al., 

1971), 4,6 ng/ml (Wettemann et al., 1972), 4,4 ng/ml 
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{Echternkamp and Hansel, 1973), and 6.6 ng/ml (Abilay and 

Johnson, 1973). Stabenfeldt et al. (1969) also noted that 

levels peaked at an average of 6.6 ng/ml, ranging from 6.1 

to 10.2 ng/ml. 

The first cycle PP was often shorter than normal, 

the progesterone levels were lower, and the cycles were not 

always accompanied by the expression of estrus (Robertson, 

197 2). Many reports agreed that individual cows often 

showed fluctuations from day to day even during normal 

length cycles. However, most cows were not as extreme in 

their variation as some of those reported by Hoffman and 

Karg (1970) which occasionally varied considerably from the 

accepted pattern. Sprague et al. (1971) also observed one 

cow showing estrus but not ovulating that demonstrated 

great fluctuations during estrus. 

There is quite possibly a variation among cows as to 

the time requirements for follicle development and matura

tion, as indicated by the variable interval between the 

decline of progesterone and the occurrence of estrus. 

Garverick et al. (1971) noted luteal function remained 

until at least 4 days pre-estrus, with most cows losing 

function of the CL between 3 and 4 days and the remainder 

2 days pre-estrus. Decrease in function for individual 

cows occurred rapidly, usually within a day, Henricks 

et al, (1971) reported that progesterone concentration in 

the plasma fell 50% in less than 2 days, Other reports have 
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listed the time of most rapid decline of CL function as 4 

days before ovulation (Pope et al., 1969) and 3 days before 

estrus (Wettemann et al., 1972). 

Pregnancy 

Because of its importance, many researchers have 

attempted to link fertility problems with progesterone 

levels both preceding and following insemination. Henricks 

et al, (1971) reported that significantly lower levels of 

circulating progesterone during the 2 day period preceding 

estrus resulted in improvements in fertilized ova develop

ment and subsequent fertility. Smith and Vincent (1972) 

implanted a progestin subcutaneously for 10 days in con

junction with FSH injections the last 4 days and an estradiol 

injection on the final day and obtained drastically reduced 

conception rates. However, Folman et al. (.1973) observed 

that dairy cows conceiving after one insemination had 

significantly higher levels of progesterone during the 

preceding estrous cycle than those not conceiving. 

In pregnant cows plasma progesterone was generally 

higher on day 7 post^-estrus (Randel et al., 1971) and 

significantly greater on days 9, 12, and 15 (Henricks et 

al., 1971). Shemesh, Ayalon, and Lindner (1968) observed 

no significant difference between pregnant and open cows 

during days 10 to 18 post-estrus, although pregnant cows 

again tended to be slightly higher. In contrast, other 
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workers (Robertson, 1972; Pope et al., 1969; Folman et al., 

1973) found that progesterone levels in early pregnancy were 

similar to levels during the luteal phase of normal-length 

cycles. 

Wettemann and Hafs (1973) reported that serum 

progesterone levels declined significantly from days 18 to 

22 of pregnancy. This would correspond to the normal time 

of luteolysis in the estrous cycle of an open cow. 

Protesterone levels increased slightly by day 3 5 and 

remained near a level of 11 ng/ml until day 75, 

The CL of pregnancy has been shown to be essential 

for maintaining pregnancy in the bovine prior to days 165 

to 180 (Estergreen et al., 1967). Thereafter a vital fetus 

was sometimes maintained after the removal of the ovary 

containing the CL. However, the CL was essential during 

late pregnancy to prevent shortened gestations and abnormal 

parturitions, including retention of the placenta. 

Robertson (1972) reported a decline in progesterone 

levels to relatively low concentrations from days 90 to 150 

of pregnancy, followed by variable rises. Apparently the 

conceptus itself contributes little toward maintaining 

normal maternal levels of progesterone, since the circu^ 

lating level of progesterone does not increase above the 

level which can be furnished by the CL alone. There was 

a wide variation in levels between cows during mid-

pregnancy, ranging from 1.5 to 12 ng/ml, depending upon the 
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cow and the day of bleeding. The concentration dropped to 

as low as .6 ng/ml on days 21 to 27 of one cow without a 

cessation of pregnancy, indicating that progesterone 

secretion is variable and that there is a wide tolerance in 

the level of progesterone needed to maintain pregnancy. 

Stabenfeldt, Osburn, and Ewing (1970) found an 

average level of 4.6 ng/ml during days 140 to 200 with 

little increase observed. This level increased to 6,8 

ng/ml by day 250, and then declined to 4 ng/ml by day 10 

prepartum, Robertson (.1972) also reported a gradual decline 

over a period of 35 to 70 days prepartum, reaching a level 

less than 2 ng/ml the day before parturition. 

One important observation about progesterone levels 

in all stages of reproduction was that wide fluctuations 

existed in the levels of given cows between bleeding 

periods, although the mean levels of the group showed 

general trends. 

Circulating Levels of LH 

There is some evidence for a circadian rhythm in 

luteinizing hormone (LH) release. Both LH and prolactin 

increased during the morning and afternoon and were lowest 

at noon and during the night (Swanson and Hafs, 1971). The 

half life of LH is very short. Schams and Karg (196 9) 

estimated the half life of exogenous LH in blood to be 

about 35 minutes, Whether serum was sampled from the tail 
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vein or jugular vein did not have any effect on the level of 

LH (Swanson, Hafs, and Morrow, 1972). 

Postpartum 

Erb et al. (1971) reported that plasma levels of LH 

in dairy cows increased significantly as the PP interval 

progressed. An increase in plasma LH by day 8 PP in normal 

cows was followed by ovulation an average of 9 days later. 

Schams et al. (1972) could not find any significant altera

tion in plasma LH levels before, during, and shortly after 

parturition. However, LH values appeared to be slightly 

lower from 20 to 40 days PP than immediately following 

parturition, 

Garverick et al. (.1973) reported dairy cows 

exhibited considerable variation within individuals for 

plasma LH during days 5 to 13 PP, possibly an early attempt 

at cyclic ovarian activity. In beef cows baseline values of 

circulating LH averaged around 1 ng/ml with periodic 

increases up to 3 ng/ml after 2 weeks PP CArije et al,, 

1974), This pattern culminated at the first PP estrus with 

a peak of 42 ng/ml approximately 5 hours after estrus was 

first detected and 27 hours prior to ovulation. Echternkamp 

and Hansel (1973) reported a similar pattern in dairy cattle, 

with LH fluctuating between ,5 and 3 ng/ml except for a 

large increase at the first PP estrus. 
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Estrous Cycle 

There are numerous reports in the literature to 

indicate that estrus in the cow coincides closely with a 

burst of LH release from the anterior pituitary (Swanson 

and Hafs, 1970? Sprague et al. , 1971; Henricks, Dickey, and 

Niswender, 1970; Christensen, Hopwood, and Wiltbank, 1974). 

Swanson and Hafs (1971) reported that LH began a non

significant continuous rise 5 days before estrus and con'-

eluded with a burst of LH 19 times the baseline level. The 

exact time of the peak and the level reported varied con

siderably between studies and were probably due to widely 

differing schedules of sampling. Sprague et al. (1971) 

reported three of four beef cows to have peaks above 10 ng, 

while other levels as high as 100 ng/ml (Henricks et al., 

1970) and an average of 58.9 ng (Christensen et al,, 1974) 

were reported. 

There appears to be some variation in the timing of 

the LH peak. Swanson and Hafs (1970) reported a range of 

6 hours before to 8 hours after the onset of estrus, while 

Christensen et al, (1974) found an average of 7 hours after 

the onset of estrus, Sprague et al, (1971) found ovulation 

occurred from 0 to 52 hours after the LH peak with an 

average of 24 hours, while other averages of 32 hours 

(Swanson and Hafs, 1971) and 24 hours (Christensen et al., 

1974) were reported. The LH peak returned to baseline 

levels by about 6 hours (Swanson and Hafs, 1970; Schams and 
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Karg, 1969), 8 to 10 hours (Henricks et al., 1970), and 12 

hours (Christensen et al., 1974). 

During the remainder of the cycle there are con

flicting reports regarding the level of plasma I,H. Henricks 

et al. (1970) found LH levels remained below 1 ng/ml, 

Christensen et al, (1974) reported a range from .6 to 1.8 

ng/ml with no significant differences, while Echternkamp and 

Hansel (1973) found LH values to vary from .5 to 3.0 ng/ml. 

Schams and Karg (1969) reported that baseline values ranged 

from .4 to 2.7 ng/ml with a small mid-cycle peak around day 

8 or 9 and an occasional peak 3 to 6 days before the next 

subsequent ovulation, Snook, Saatman, and Hansel (1971) 

also found a small luteal phase rise from days 9 to 13 and 

an occasional second small rise 4 to 7 days before ovulation. 

Schams et al. (1972) demonstrated that extraordinary LH 

peaks can occur during the early CL phase in some indi

viduals if they are sampled 4 to 6 times per day. 

Garverick et al. (.1971) reported a significant increase in 

LH level during the last 5 days preceding estrus with no 

significant difference between the remaining days. 

Pregnancy 

Several researchers have attempted to compare LH 

levels of pregnant cows with open cows during corresponding 

time periods following insemination. Successful insemina*-

tion resulted in significantly lower LH levels from days 2 
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to 11 (Wettemann and Hafs, 197 3), from days 2 to 18 

(Edgerton and Hafs, 1971), and on day 8 (Henricks et al., 

1970). However, on days 18 to 20 LH levels were higher in 

the open cows (Edgerton and Hafs, 1971; Randel et al,, 

1971; Wettemann and Hafs, 1973), probably corresponding to 

the rise preceding the LH surge of the subsequent estrus. 

LH levels during the remainder of pregnancy were not 

found to change significantly nor were they influenced by 

the sex of the fetus (Oxender, Hafs, and Edgerton, 1972; 

Schams et al., 1972; Wettemann and Hafs, 1973). In contrast, 

Carr (1971) found that circulating LH levels in a Zebu cow 

during pregnancy had a general baseline value of .5 to 3,0 

ng/ml with occasional peaks ranging from 100 to 2000 times 

the baseline value. Rakha and Igboeli (1972) measured 

pituitary LH concentration at various stages of pregnancy 

in tropical ranch cows and found the concentration at its 

highest value during the first 6 weeks. Thereafter it 

showed a decline to the fourth month where it remained 

steady until a small increase occurred the last 2 months. 

Circulating Levels of Glucocorticoids 

There are numerous reports in the literature conr 

cerning intermittent sampling of plasma corticoid levels at 

various times during the reproductive cycle of cattle. In 

some cases total glucocorticoids were measured, and at other 

times Cortisol and/or corticosterone were measured 
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separately. Swanson et al. (1972) concluded that total 

glucocorticoid analysis was usually as meaningful as 

analysis of Cortisol and corticosterone separately, 

Corticosterone was present in very low levels relative to 

Cortisol and also in a relatively constant proportion to 

Cortisol. 

postpartum 

In lactating Holsteins Echternkamp and Hansel 

(1973) found that PP corticoid levels declined slightly 

from parturition until 4 days PP and then remained between 

,8 to 4.4 ng/ml until day 12 PP. In beef cows corticoid 

levels varied from 27 to 46 ng/ml the first 15 days PP 

(Arije et al,, 1974). After 15 days PP, levels varied from 

11 to 62 ng/ml with high values noted the 2 days preceding 

the first PP estrus and the day of estrus itself. 

Erb et al, (1971) reported that levels indicative 

of stress were observed at random in many individuals at 

various intervals PP. Total corticoids in the plasma 

exceeded 30 ng/ml in 40% of the plasma samples at 5 to 8 

days PP,* in 27% of the samples from 13 to 60 days PP; and 

in only 3% of the samples during the estrous cycle. It 

appeared that plasma levels of corticoids, especially 

Cortisol, were higher during the first 60 days PP than 

following, However, Stott and Robinson (1970) concluded 

that estrous cycles and resulting conception occurred in PP 
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lactating dairy cows only when the plasma corticoid con

centration began to vary intermittently, rather than 

remaining stable as noted in the early stages PP. This 

would suggest that the mechanism controlling ACTH release 

is not independent of gonadotrophin release. 

Estrous Cycle 

Garverick et al. (1971) noted that a non-significant 

cyclic variation in corticoid levels during the estrous 

cycle appeared to exist. The level of Cortisol tended to 

increase during the estrous cycle. The partial regression 

for the linear effect of days was significant, with a peak 

at day 10, The levels of total corticoids exceeded 15 ng/ml 

in 22% of the samples and 30 ng/ml in only 3% of the 

samples. A somewhat similar pattern was observed in estrus^ 

synchronized Guernsey heifers, where plasma corticoid levels 

followed the pattern of progesterone secretion (Abilay and 

Johnson, 1973), Corticoid levels were low during estrus, 

increased gradually to day 8, remained elevated on days 10, 

12, and 16 and gradually declined by day 19. 

An entirely different pattern of secretion was 

reported by Sprague et al, (1971) and Swanson et al, CI972), 

who found plasma levels were high during estrus and reduced 

at midcycle. To further confound matters, neither Erb et 

al. (1971) nor Randel et al, (1971) found any significant 

differences in plasma levels between days of the estrous 
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cycle of dairy cows. Christensen et al. (1974) also 

reported no difference between days of the cycle in non---

lactating beef cows, although there were considerable 

differences between individual cows. The level was lower 

than those reported earlier for the beef cowr possibly due 

to their use of indwelling cannulas for collection of 

blood. They concluded that corticoids were not involved 

in regulating the cycle, except for some possible influence 

if released under stressful conditions. It was suggested 

that the only value of analyzing for plasma corticoids would 

be to determine if stress has been imposed in the experi

ment. 

Several of the previous reports implied that stress 

can involve the individual and can lead to episodic increases 

of Cortisol secretion rate and resultant plasma levels 

throughout the day. Other factors can also result in 

epidosic fluctuations of both ACTH and Cortisol, Since 

these epidosic fluctuations are evident only when repeated 

blood sampling is undertaken, Steinbeck (1972) questioned 

if isolated single samples can be used for valid interpre

tation of the activity of the pituitary»-adrenal system. The 

half*-life of circulating Cortisol is short, estimated to be 

90 to 115 minutes. This observation was substantiated by 

Willett et al, (1971) who reported the detection of 

radioactive Cortisol in the urine only 4 minutes after 

injection in the heifer. 
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Control of Progesterone Secretion 

The exact method by which progesterone output of the 

CL is controlled is not clearly understood. There has 

previously been some thought that progesterone output is 

related to the amount of CL tissue. Cows with three to 

eight CL, resulting from PMS treatment, demonstrated higher 

circulating levels of progesterone than cows with only one 

CL, although the relationship between the number of CL and 

the progesterone level was not clear (Lamond and Gaddy, 

1972), However, Rich, Johnson, and Randel (1972) could find 

no significant difference in progesterone levels between 

single and multiple'-ovulating heifers subsequent to FSH 

treatment. 

After extensive review, Nalbandov (.1970) concluded 

that sheep and cattle both require hypophyseal support for 

CL development and maintenance of the CL of pregnancy, in 

sheep crude LH will prolong the life span of the CL 

indefinitely if given constantly to either intact or hypo-

physectomized sheep and in the presence of the uterus. The 

LH can apparently negate the luteolytic substance of the 

uterus. Removal of follicles from the ovary reduced by one---

fourth the amount of LH needed to maintain the CL. 

The picture regarding CL control in cattle is not 

very clear. Luteinizing hormone appears to be the major 

luteotrophic hormone in cattle, while growth hormone, 

follicle stimulating hormone (FSH), and prolactin are 
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ineffective (Hansel, 1966). Injections of LH on day 16 of 

the cycle resulted in prolonged cycle lengths (Donaldson 

and Hansel, 1965), while administration on day 20 resulted 

in new ovulations with occasional maintenance of the old 

CL (Schomberg, Coudert, and Short, 1967). However, treat

ment with anti-LH after day 12 also increased the length of 

the cycle, attributed to a failure of new follicles to 

develop to mature size rather than a prolongation of the 

life span of the CL (Snook et al,, 1969). Swanson et al, 

(1972) could not find a significant relationship between LH 

level and the size of the CL. 

There is some evidence to implicate a direct 

positive control of progesterone output by LH. Adminis

tration of anti-LH, but not anti-prolactin on days 11 and 

12 of the estrous cycle significantly reduced the circu

lating concentration of progesterone on days 11 to 16, but 

there was a difference between animals in the quantitative 

effect (Hoffman et al., 1974), Snook et al, (1969) obtained 

a reduced progesterone content and weight of the CL with 

anti-LH treatment prior to day 12, However, Schomberg et 

al, (.1967) could only produce erratic changes in the 

progesterone level of open cows treated with LH or human 

chorionic gonadotrophin (HCG), and the variation between 

cows was considerable, 

Armstrong and Black (1966) reported that pro

gesterone biosynthesis in vitro was always increased by the 
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addition of LH to CL slices prior to day 19. The per

centage change in progesterone level increased with 

advancing age of the CL, although the synthetic activity 

per gram of tissue declined with age, becoming undetectable 

about day 18. Glucose uptake and lactic acid production 

were also increased by LH. The addition of triphospho-

+ pyridine nucleotide (TPN ) and glucose-6-phosphate had a 

minimal effect on early progesterone synthesis, but became 

more effective as the cycle progressed. The fact that they 

could restore synthesis of progesterone after day 18 

raises the possibility that LH may affect TPNH synthesis. 

Harsh and Savard (1966) suggested LH increases cyclic 

adenosine monophosphate CAMP) which mediates action of 

the progesterone biosynthetic pathway possibly by 

increasing TPNH synthesis by the phosphate shunt, LH 

increased the conversion of cholesterol into progesterone, 

which requires TPNH. Later work by Armstrong, Leef and 

Miller (.1970) showed that the in vitro effect of LH is not 

on increased cholesterol biosynthesis, supporting the 

theory that there is an inability to form pregnenalone, the 

precursor of progesterone. 

Correlations between circulating levels of 

progesterone and LH at different stages of reproduction in 

the cow have been calculated by a number of researchers in 

an attempt to explain possible modes of regulation. 

Because of conflicting results, one can not implicate 
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either a positive or negative control of progesterone by 

LH. During the PP period there was no significant correla

tion between the two hormones (Erb et al., 1971). However, 

during the estrous cycle a significant negative correlation 

of -.47 resulted if the LH peak at estrus was excluded 

(Christensen et al., 1974). Echternkamp and Hansel (1973) 

also reported a negative correlation of -.21 from days 1 to 

15, Garverick et al. (1971) found no correlation during 

the luteal phase but did find a correlation of »-.33 

during the luteolytic phase. Snook et al. (1971) reported 

a similar negative correlation of *-,42 during a period 

including the luteolytic phase and estrus, This would tend 

to support the proposed theory of a negative feedback by 

progesterone on LH secretion, except for the report by 

Snook et al. (1971) of a positive correlation of ,76 from 

days 3 to 15. 

Several rese^j?chejps tHenricks et al., 1970; Handel 

et al,, 1971? Schams et al., 1972) could not find any 

association between LH and progesterone levels during the 

estrous cycle or early pregnancy. Most of the data indi

cates that progesterone is produced in the cow without large 

amounts of LH, so perhaps progesterone output by the CL is 

controlled by an increase in the utilization of LH by the 

ovary. Anatomical changes may also be involved in the cow, 

since the uterine branch of the ovarian artery, and 

especially its anastomosis with the ovarian artery, was 
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larger on the side near an ovary containing a CL {Lamond 

and Drost, 1974). 

There may also be some refinements in the control 

system associated with age. Garverick et al. (1971) 

demonstrated that heifers have higher levels of plasma LH 

than mature cows during days 1 to 19 of the estrous cycle. 

Carr (1972) found that Zebu heifers showed more variation in 

LH levels during mid*-cycle than mature cows, indicating a 

lesser developed control mechanism. 

Apparently the demise of the CL signals the return 

to estrus. Cows returned to estrus 2 to 7 days after the 

removal of the CL on day 14 of the cycle (Purse and 

Wickersham, 1969), As long as progesterone is being 

produced, estrus will be delayed. Feeding of synthetic 

progestins such as Melengestrol Acetate (MGA, Upjohn Co., 

Kalamazoo, Mich,} result in regression of the CL, but a 

return to estrus is suppressed as long as the progestin is 

fed (Rich et al., 1972), Total circulating progestin levels 

during MGA feeding were less than 1.5 ng/ml while circu

lating LH ranged from .8 to 1.3 ng/ml. There were few 

normal growing follicles during MGA treatment, but the 

number of normal follicles did reach expected levels 2 to 3 

days after the cessation of MGA treatment (Lamond et al., 

1971), This rapid growth indicates that the life span of 

the Graafian follicle can be very short. 
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The natural luteolytic factor in the cow is 

currently thought to be a prostaglandin, PGF2a, which is 

produced naturally by the uterus. Louis, Hafs, and Morrow 

(197 4) deposited 5 mg of PGF2a in the uterine horn of the 

cow and caused dramatic luteolysis, followed by estrogen 

secretion and an ovulatory surge of LH coincidental with 

the onset of estrus. 

Control of LH Release 

Echternkamp and Hansel (1973) and Wettemann et al. 

(1972) have reported a 2 to 3 day proestrus rise in plasma 

estradiol with maximum levels detected prior to the LH 

surge. Injections of exogenous estradiol result in an LH 

peak following either ovariectomy or CL removal (Hobson and 

Hansel, 1972; Short, Randel, et al., 1972; Short et al., 

1973). Hobson and Hansel (1974) proposed that there is an 

initial suppressive effect of estrogen in the cow which is 

exerted at the hypothalamic or higher levels. The LH-

releasing effect of estradiol is at the pituitary level. 

This positive feedback is exerted only after several hours 

of exposure to estrogen and acts on the pituitary both by 

enhancing its response to LH-JRH and by releasing stored LH. 

It has been a widely accepted theory that the 

hypothalamus produces a releasing factor or hormone which 

is involved in the release of LH from the anterior 

pituitary. In recent years a compound referred to as either 
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gonadotrophin releasing hormone (Gn-RH) or FSH/LH-releasing 

factor (FSH/LH-RF) has been synthesized which resembles the 

structure of the natural releasing hormone. Injections of 

synthetic Gn^RH resulted in a release of LH by the cow 

(Zolman, Convey, and Britt, 1974), The magnitude of the 

response appeared to be related to the serum estrogen 

concentration. Pulsatile administration of Gn*-RH (150 ng) 

every 4 hours on days 16 to 19 resulted in a release of LH 

with peaks as high as 10 ng and a return to baseline levels 

within 4 hours (Kinder et al., 1974), However the LH 

response declined in the second half of the 96 hour period. 

The treatment did not result in any significant altera-^ 

tions in ovarian structure. 

Involvement of the Adrenal Gland in Reproduction 

Speculation has existed for years that the adrenal 

gland may be involved in reproduction. Christian, Lloyd, 

and Davis QL965) pointed out that an increase in group size 

or subordination of the animal can result in an increased 

concentration of Cortisol in both the adrenal gland and the 

blood plasma. Dominant individuals had a lower adrenal 

output and increased reproductivity. Overcrowding also 

increased epinephrine output and decreased body growth, 

Stott and Robinson (1970) reported that acute 

thermal stress resulted in a sudden, but short-lived, 

sizeable increase in both plasma Cortisol and progesterone 
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concentration of dairy cows. However, a constant chronic 

stress suppressed the plasma level of both hormones. 

Vanjonack et al. (1973) attempted to relate the effect of 

thermal stress to milk production level. At low tempera

tures high-producing dairy cows exhibited higher levels of 

plasma corticoids than low producers. However, when 

exposed to high temperatures the high producing cows had 

depressed levels while low producers exhibited an 

increase. 

If there is a direct relationship between corticoid 

output and progesterone production, the relationship is not 

very clear. Administration of glucocorticoids in late 

pregnancy resulted in decreased progesterone levels, indi

cating a negative correlation (Schams et al., 1972), 

Administration of ACTH, the pituitary hormone responsible 

for stimulation of corticoid production, during days 2 to 8 

of the estrous cycle of the dairy cow suppressed CL 

formation (Brunner, Donaldson, and Hansel, 1969), This 

would again indicate a negative correlation. However, 

Abilay and Johnson (1973) found a positive correlation of 

,71 between Cortisol and progesterone during the estrous 

cycle, Neither Garverick et al. (1971) nor Okerberg (1972) 

could find any significant correlation between the two 

hormones during late pregnancy, the PP period or the estrous 

cycle. Although progesterone can be a precursor for 

Cortisol synthesis by the adrenal gland, Steinbeck (197 2) 
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reported that the major pathway of Cortisol synthesis is not 

through progesterone. 

The Effect of Suckling on Postpartum Fertility 

The adverse effect of suckling on postpartum 

fertility was first reported by Clapp (1937), who noted 

that dairy cows suckling calves had a longer interval from 

parturition to first PP estrus than cows milked twice 

daily. However, milking four times per day simulated the 

response due to suckling. In more recent years other 

researchers have compared suckling to milking and have 

found similar adverse effects by suckling on the number of 

quiet ovulations and the PP interval to first estrus 

(Wiltbank and Cook, 1958) and on the PP interval to first 

ovulation with an additional adverse effect by low energy 

intake (Wagner and Oxenreider, 1971). Suckling also tended 

to slightly increase the PP interval to occurrence of a 

1Q mm follicle (Wagner and Oxenreider, 1971), 

When comparing suckled beef cows to non-lactating, 

the suckled cows exhibited greater incidence of quiet 

ovulations (England et al., 1973; Graves et al., 1968; 

Wiltbank and Cook, 1958), increased PP interval to first 

ovulation (England et al., 1973; Oxenreider, 1968), and 

increased interval to first estrus (England et al., 1973; 

Graves et al., 1968; Oxenreider, 1968; Short, Bellows, et 

al,, 1972). Short, Bellows, et al. (1972) discovered 
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mastectomy shortened the interval to first estrus even 

further, while Oxenreider (1968) found that removing the 

CL had no effect. Suckling did improve fertility at first 

estrus (England et al., 1973), perhaps due to the longer PP 

interval involved. 

Laster et al, (1973) reported that weaning at the 

beginning of the breeding season increased the percentage 

of cows exhibiting estrus and conception rate, especially 

for 2 and 3 year olds. However,, among cov;s bred, the 

interval to first estrus and the conception rate were not 

affected by early weaning. 

Neither suckling nor lactation had any effect on 

the weight of the anterior pituitary gland, even though LH 

content normally increases after parturition CWagner and 

Oxenreider, 1971). Nor was pituitary LH activity altered 

by suckling CGraves et al,, 1968), However, plasma LH 

levels were reduced at day 7 PP by suckling when compared 

to non-suckled or mastectomized cows, with no differences 

on day 21 PP (£hort, Bellows, et al,, 1972), Lactation had 

no effect on progesterone level either day. Suckling did 

increase the circulating prolactin levels (Han and Moody, 

1974), although the increase could have been due to stress 

caused by removing the calves from their dams at the time 

of blood sampling. 

Other results tend to support the theory that 

oxytocin, which is released at the time of milk removal, 
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may have an effect on the ovary. Daily injections of 

oxytocin the first third of the estrous cycle will inhibit 

CL growth and progesterone output; however, injections of 

exogenous LH overcame this inhibition (Hansel, 1966). 

Oxytocin did not, however, alter the release of LH from 

the pituitary (Wilks and Hansel, 1971). The reported 

decline in progesterone concentration and total content of 

the CL can possibly be explained by an earlier report that 

oxytocin inhibits progesterone synthesis at the same 

biochemical site where LH exerts its major stimulating action 

converting cholesterol to pregnenolone (.Wilks, Hansel, and 

Armstrong, 1969). 

There is some indication that the delaying effect 

of suckling on expression of estrus PP may be partially 

mediated by the adrenal gland. Wagner, Saatman, and 

Hansel (1969) observed a decrease in adrenal gland content 

of progesterone and Cortisol in suckled animals when 

compared to normally milked animals, Wagner and Oxenreider 

CL971) could not find any significant difference in adrenal 

gland weight or adrenal gland content of Cortisol between 

suckled and milked cows. However, the Cortisol content of 

blood at the time of slaughter was higher in the milked 

cows, Milk removal itself, whether by suckling or milking, 

resulted in a significant increase in plasma Cortisol 

level. Diurnal variation and average plasma level was 

greater for the suckled than the milked, and lowest in the 
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non-lactating cow, a fact confirmed by Wagner and 

Oxenreider (1972). The effect of milk removal on corticoid 

output may have been on oxytocin release. The infusion of 

synthetic oxytocin into the jugular of non-lactating cows 

resulted in significantly higher corticoid levels. The 

fact that carotid infusion had no effect would indicate 

the oxytocin is perhaps working directly on the adrenal and 

not on the hypothalamus or pituitary. 

The Effect of Energy and/or Protein on 
Reproductive Performance 

There are numerous reports in the literature to 

support the contention by McClure C1968a) that malnutrition, 

especially reduced energy intake, is an important cause of 

low fertility in beef herds under range conditions. In an 

extended study under South African range conditions, 

Joubert (.1954) observed that a low plane of nutrition 

delayed age at first calving and also increased the 

subsequent interval to rebreeding. Reducing energy intake 

also increased variation in the length of estrous cycles 

(Hill et al., 1970), although Joubert (1955) reported that 

nutrition had no significant effect on the mean length of 

the estrous cycle. The heifers in the latter study did, 

however, fail to exhibit estrus during the dry winter 

months. 

Other researchers have reported similar observations 

regarding the cessation of estrous cycles. Heifers losing 
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50 to 60 kg on a low plane of nutrition ceased to cycle and 

did not resume cycling until the lost weight was regained 

(Bond, Wiltbank, and Cook, 1958). Blakely et al. (1963) 

demonstrated that the cessation of estrous cycles on a low 

plane of nutrition was accompanied by reduced serum 

cholesterol values. 

Beef heifers wintered to gain at low rates were 

adversely affected with respect to number bred, number 

conceived, conception date and embryonic death (Short and 

Bellows, 1971). Wiltbank et al. (1962) found that the 1958 

NRC recommendations of 4.1 kg TDN prepartum and 7.2 kg TDN 

postpartum were adequate for reasonably high levels of 

reproductive performance in mature Hereford cows. A 50% 

reduction in the prepartum level resulted in an increased 

interval from calving to first estrus, Reducing only the 

postpartum level by 50% decreased the number of cows 

showing estrus and increased the number of services per 

conception. No significant differences were noted for 

uterine involution. Similar results were reported for first 

calf 2 year«-old beef heifers (Dunn et al., 1969). 

Restricting prepartum energy to 85% of NRC recommendations 

had no adverse effects on reproductive performance (Falk 

et al,, 1974), 

Wiltbank et al, (.1964) studied the effects of three 

different planes of nutrition PP on cows restricted to 50% 

of NRC recommendations the last 140 days of gestation. Cows 
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on the normal plane of nutrition had a significantly shorter 

interval to first estrus than cows on either the low or high 

plane. Although the high plane of nutrition delayed the 

onset of estrus, overall expression of estrus and conception 

rate were increased. The increased conception rate may have 

been due to large follicles being present continuously at 

least 3 weeks before estrus. In the same study, the plane 

of nutrition was not elevated in one group of cows until 

later in the PP period, when the ovaries might be more 

responsive. This resulted in a slight disadvantage in 

interval to first estrus with no change in number con

ceiving . 

Because of the adverse effects on reproductive 

performance due to a low plane of nutrition, research has 

been conducted to determine if there might be beneficial 

results from a high plane. Dairy cows on a high plane of 

nutrition required fewer inseminations and conceived 19 

days earlier CFolman et al,, 1973). The first ovulation 

occurred about the same time as on the standard ration, but 

the first PP estrus occurred 10 days earlier. However, 

Whitmore, Tyler, and Casida (1974) found Holstein cows on 

a high plane of nutrition exhibited an increased per

centage of first PP ovulations without estrus. The interval 

to first PP estrus was also longer for cows on the high 

plane and for genetically high producing cows. Extremely 

high levels of nutrition apparently also have an adverse 
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effect since beef cows kept in drylot conditions required 

more services per conception and produced less milk if they 

were allowed to become obese (Arnett, Holland, and Totusek, 

1971). 

Restricting daily food intake of rats to 50% of 

normal resulted in a cessation of estrous cycles, 

accompanied by decreased ovarian weight, reduced 

pituitary LH concentration and hypothalamic LRF content, 

and marked atrophy of interstitial and follicular tissues 

(Piacsek and Meites, 1967) . Howland (.1972) could not find 

any significant difference in pituitary LH concentrations 

of rats on a restricted diet, but plasma LH values were 

reduced on the restricted diet. Protein level had no 

effect on any of the preceding parameters. In the ewe a 

high intake of energy, but not protein, has been associated 

with cellular hypertrophy of the pituitary, with no change 

in gonadotrophin concentration CMemon et ^1,, 1969), 

Wiltbank et al. (1962) reported that low levels of 

energy resulted in ovarian inactivity and postpartum 

anestrus in young cows suckling calves, regardless of 

protein level. However, Svajgr et al. (1972) noted that 

severe protein restriction in the gilt during gestation 

and lactation significantly impaired subsequent reproduc

tive efficiency. This would support an earlier theory by 

Bellows et al. (1963) that increased follicular development 

on a flushing ration was due to increased body protein. 
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A marked stimulation of follicular development has 

been demonstrated in the gilt (Zimmerman et al., 1960) and 

the ewe (Bellows et al., 1963) by increasing the caloric 

content of the ration. Cooper et al. (1973) noted that 

reducing the intake of gilts resulted in a nonsignificant 

increase in atretic follicles at the subsequent estrus, 

fewer CL and embryos at day 20 of gestation, a greater 

frequency of anestrum and a higher residual level of LH in 

the pituitary. Increasing the feed intake on day 1 of the 

estrous cycle significantly reduced the residual pituitary 

LH level. Brooks et al. (1972) reported, however, that 

residual pituitary LH was unaffected by feed level during 

the estrous cycle of the gilt. Gombe and Hansel (1973) 

found that plasma LH levels increased over three successive 

estrous cycles of Holstein heifers subjected to a low 

energy diet, suggesting that ovarian hypofunction in the 

cow on restricted energy may be due to reduced ability of 

ovarian tissue to respond to LH and not to decreased levels 

of LH. 

Hill et al. C1970) noted that beef heifers on a 

restricted energy diet exhibited lengthened estrous cycles, 

a temporary reduction in the number of mediums-sized 

follicles, impaired fertilization, reduced plasma 

progesterone levels, and markedly reduced CL weight. 

However, there was no significant effect on plasma LH 

levels, nor any relation between plasma progesterone and 
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size of the CL. Gombe and Hansel (1973) reported a similar 

decline in plasma progesterone levels on a low energy diet, 

but Folman et al. (1973). found that increasing the plane of 

nutrition had no effect on progesterone level, nor did the 

plane of nutrition prepartum have any effect on postpartum 

progesterone levels (.Corah et al,, 1974). 

The Effect of Blood Glucose Level on Reproduction 

Howland et al, (1966) cited findings by McClymont 

and Setchell that the sheep brain cannot use volatile fatty 

acids as an energy source; therefore, blood glucose becomes 

a limiting factor for cellular activity in the brain. Ewes 

fed on a high energy level maintained higher glucose levels 

which, via hypothalamic stimulation, may have resulted in 

the increased ovarian activity which was observed. It was 

inferred that the incidence of hypoglycemia due to stress 

of lactation would probably suppress hypothalamic function. 

Lindsay C1959). suggested that gluconeogenesis from 

protein must make a major contribution to the glucose 

requirements of ruminants, especially during gestation 

and lactation. Ruminants must also utilize volatile 

fatty acids as an energy source, and propionate is the 

primary volatile fatty acid utilized for glucose synthesis. 

Bellows et al, (1963). found that the addition of 

propionate did not promote the significant increases in 

body weight, ovarian follicular development and pituitary 
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weight in the ewe that feeding of grain did. It was 

suggested that some of the increased carcass weight may 

have been due to an increase of body protein. The high 

plane of nutrition also resulted in an increased response 

of the ovary to exogenous hormones, 

McClure (1968b) reported that insulin-induced 

hypoglycemia in the cow on each of days 17 to 2 0 of the 

cycle significantly increased estrous cycle length. Since 

cows treated the two days prior to mating and those treated 

the four days after mating were both significantly less 

fertile than controls, perhaps hypoglycemia may affect 

hypothalamic function. 



EXPERIMENTAL PROCEDURE 

This study was divided into two separate experi

ments. Experiment I was a 2-year study involving first- and 

second-calf heifers raised and maintained in a drylot cow-

calf operation. It was designed to determine the effect of 

level of energy intake postpartum on subsequent reproductive 

performance and blood plasma levels of leuteinizing hormone 

(LH)f corticoids and progesterone. Experiment II was also 

a 2-year study involving two^- and three-year old nulliparous 

and primiparous heifers raised and maintained in a semir-

arid range environment. It was designed to determine the 

effects of energy supplementation postpartum or early 

weaning on subsequent reproductive performance and blood 

plasma levels of LH, corticoids, and progesterone. 

Experiment I 

Experiment I was initiated in the fall of 1970 at 

the feedlot facilities of The University of Arizona in 

Tucson utilizing a cow herd maintained in complete confine^ 

ment. The first trial involved 26 two-year-old heifers of 

crossbred breeding. The second trial involved 25 two-

and three-year-old heifers of Hereford and crossbred 

breeding. All heifers were fed to gain approximately 0.45 

kg per day prior to parturition. The ration consisted of 

37 
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6.75 kg of a 50:50 alfalfa hay-bermuda straw mixture until 

the last 45 days of gestation when the amount was increased 

to 9.0 kg. All heifers were in good condition prior to 

calving. 

In 197 0 the calving season began on October 9 and 

continued for 50 days. All heifers were allotted by 

calving date within breed group to one of two energy levels 

38 days after the beginning of the calving season. All but 

four heifers had calved by this time. 

In 1971 the calving season began on October 10 and 

continued for 56 days. All heifers were allotted by calving 

date within age group and breed group to one of two energy 

levels 30 days after the beginning of the calving season. 

All but seven heifers had calved by this time with six of 

the seven calving within the first week after the imposition 

of energy levels. 

The normal ̂ nd high energy levels represented 

approximately 100% and 122% respectively of the N,R,C, 

(.1970) recommendations for 450 kg mature beef cows three to 

four months postpartum. The number of animals involved, 

their breeds, and the respective rations are presented in 

Table 1. The heifers were maintained on these energy levels 

until pregnancy could be positively diagnosed by rectal 

palpation. 

Blood sampling and rectal palpation began at the 

initiation of the trial for those heifers which had already 
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Table 1. Rations and breed allocations of heifers for 
Experiment I. 

Year and TDN level 

Parameter 

1970 

Normal High 

1971 

Normal High 

% N.R.C. (1970) 
Recommendations 

TDN, kg 

Ration, kg: 
Cottonseed Hulls 
Alfalfa Cubes 
Milo 
Dicalcium phosphate 

Number of Heifers 

2-year-old 

3-year-old 

Angus X Hereford 

Red Angus X Brown 
Swiss-Hereford 

Hereford 

100% 

5.5 

4,5 
4.5 
1.5 

13 

13 

122% 

6.8 

4.5 
4.5 
3.1 

13 

13 

8 

1 

100% 

5.6 

10,1 

.08 

11 

6 

5 

3 

4 

3 

121% 

6.7 

11.2 
.7 
.06  

14 

8 

6 

3 

4 

7 

Hereford X Brown 
Swiss Hereford 1 
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calved and was started soon after parturition in those 

heifers calving later. All heifers were worked through a 

squeeze chute twice per week between 0800 and 1000 hours and 

prior to feeding. Twenty ml of blood was collected each 

time from the tail vein or artery using two 10 ml vacutainer 

tubes (Becton, Dickinson and Company, Rutherford, N. J,) 

containing ethylenediaminetetraacetic acid (EDTA) to prevent 

clotting. Samples were kept chilled in a polyurethane ice 

chest until they could be transported to the laboratory 

where they were centrifuged and the plasma extracted. 

Plasma samples were stored in snap-cap plastic vials at 

-20 C until analyses for hormones could be completed. 

Rectal palpations to assess ovarian function and pregnancy 

status were performed once per week at the same time a blood 

sample was obtained. Blood sampling and rectal palpations 

were continued until pregnancy was positively diagnosed. 

AH heifers were weighed within 30 days following 

parturition and again at 90 to 120 days PP. Change in 

weight was used to evaluate the effect of the two levels 

of energy intake. Reproductive performance on the two 

rations was evaluated using the intervals from parturition 

to first ovulation, first estrus and conception and also 

the number of services per conception. All data were 

analyzed using Studentfs t-test (Steel and Torrie, 1960} , 

and differences were considered significant at the 5% level 

of probability, 



Evaluation of the hormone data started with graphs 

of individual cows showing plasma LH, corticoid and 

progesterone concentrations. For purposes of statistical 

evaluation of hormone data, the PP period was categorized 

into types of cycles. Each type of cycle was further 

divided into stages which are defined in Table 2. 

Table 2. Definitions of stages and types of reproductive 
cycles. 

Type of Cycle Stage Definition 

Anestrous 1 Days -1 to -10 preceding first 
estrus or ovulation 

2 Days -11 to -20 
3 Days -21 to -30 
4 Days -31 to -40 

Silent and Normal 21 Days 1 to 5 CDay 0 = Estrus) 
Estrous Cycles 22 Days 6 to 10 

23 Days 11 to 15 
24 Days -4 to -1 

Pregnancy 21 Days 1 to 5 CDay 0 = Estrus) 
22 Days 6 to 10 
23 Days 11 to 15 
24 Days 16 to 20 
25 Days 21 to 25 
26 Days > 25 

The anestrous cycle was defined as that period from 

parturition until the occurrence of the first PP estrus or 

ovulation. Ovulation, if not accompanied by estrus, was 

estimated using a combination of rectal palpation and 
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hormone data. The silent cycle was defined as a cycle which 

was preceded by ovulation, not by estrus, A normal cycle 

was defined as a normal estrous cycle preceded by estrus and 

ovulation. Only silent and normal cycles with a length of 

17 to 24 days were used for analysis. The day of estrus 

(Day 0) was also excluded from analysis, since it was not 

represented equally in the different treatments and because 

of the large fluctuation in LH levels which has been 

reported to occur within short periods of time on that day. 

Pregnancy was defined as a cycle starting with 

estrus and resulting in a successful conception. Data were 

statistically evaluated by least-squares techniques 

(Harvey, 1960). Duncan's new multiple range test (Steel 

and Torrie, 1960) was used to determine where mean differs 

ences existed. Differences were considered to be significant 

at the 5% level of probability. Mean squares from the 

analyses of variance are presented in Appendix C. 

Experiment II 

Experiment II was a 2 year study initiated in the 

spring of 1971 utilizing a range herd of registered Herefords 

owned and managed by the San Carlos Apache Indian Tribe. 

The herd is maintained approximately 100 km east of Globe, 

Arizona, at an elevation of 1500 meters. Range forage 

consists primarily of desert grassland vegetation as 

described by Nichol (1952), Average annual rainfall is 
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approximately 350 mm with a range in mean temperature from 

7°C in January to 29 °C in July. 

In 1971, 124 two-year-old nulliparous and 98 three-

year-old primiparous heifers were allotted to six single-

sire pastures 30 days prior to the breeding season tMay 1 

to August 1) , In 1972, 22 two-year-old primiparous 

heifers, 21 two-year-old nulliparous heifers, and 113 three-

year-old primiparous heifers were allotted in the same 

manner. Breeding pastures were originally designed to 

minimize differences due to forage and water availability. 

Approximately equal numbers of each age group were allotted 

to each pasture. There were two replicates with 3 pastures 

in each replicate. One pasture in each replicate received 

one of the following treatments: control, supplementationf 

or early-weaning CEW). Allotment to pasture was based on 

quantity of available forage. The supplement was prepared 

in a pellet and consisted of the following ingredients: 

62% milo, 31% cottonseed meal, 5% molasses, 1% dicalcium 

phosphate, 1% salt and 22,000 I.U. vitamin A per kilogram 

of supplement. Feeding wa,s initiated 2 to 4 weeks prior to 

the breeding season and continued for 90 days. The pellet 

was fed on the ground three times weekly at a rate 

equivalent to 2,2 kg per animal daily, Calves in the 

early-weaned groups were weaned approximately 3 weeks after 

the beginning of the breeding season at an average age of 

80 days and self*-fed in drylot. 
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Weights and condition scores for all groups were 

obtained prior to and following the supplemental period in 

1971, but only following the supplemental period in 1972. 

Condition was subjectively rated on a 15 point scale, with 

larger values indicating higher condition. A score of 

"12" was considered to indicate adequate condition for 

optimum reproductive performance. 

Twenty ml of blood was obtained via jugular puncture 

30 days after the beginning of the breeding season and again 

at the end of the supplemental period from each of the 

treatment groups in replicate 1. All samples were obtained 

with vacutainer tubes containing EDTA. Samples were kept 

cool in an ice chest until plasma could be extracted. Plasma 

samples were stored in tight plastic vials at *-20°C until 

analyses for LH, corticoids and progesterone could be 

completed. 

Final weights and condition scores, and changes in 

weight or condition score where applicable, were used to 

evaluate the effects of the treatments on body condition 

of the heifers. Reproductive performance was evaluated by 

date of birth of the subsequent calf and by the per cent 

calf crop in the subsequent calving season. For purposes of 

determining any effects of reproductive status on hormone 

data, the reproductive status of each heifer at the time of 

sampling was estimated using rectal palpation data and 

subsequent calving records, Data were statistically 
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evaluated by least-squares techniques (Harvey, 1960). 

Duncan's new multiple range test (Steel and Torrie, 1960) 

was used to determine where mean differences existed. 

Differences were considered to be significant at the 5% 

level of probability. Mean squares from the analyses of 

variance are presented in Appendix C, 

Radioimmunoassay of LH 

All of the solutions required for the radio<-

immunoassay of LH are listed in Appendix A. 

Radioimmunoassay 

Bovine LH was measured using a modification of the 

radioimmunoassay method of Niswender et al. CI969). The 

assay was made up of four different types of tubes; CI) 

3 Total Count (TCT) tubes contained only 100 pi of 

iodinated LH and were used to determine the total cpm added 

to each tube; (2) 3 Normal Rabbit Serum (NRS) tubes to 

determine the cpm retained by the precipitate; (3) 9 

Phosphate-Buffered Saline (PBS) tubes to determine the 

maximum amount of binding by the bovine LH antibody Canti-r 

BLH); and (4) sample tubes containing either the standards 

in triplicate or the unknown plasma samples in duplicate. 

Disposable culture tubes (10 x 75 mm) were used for 

the assay. All of the tubes and reagents were kept in an 

ice bath during preparation of the assay. On day lf 

Phosphate Buffered Saline*-»-l% Egg White - ,25% Normal Rabbit 
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Serum (PBS—1% EW--.25% NRS) was added in the following 

quantities: 700 pi to NRS; 500 yl to PBS; and 300 Ml to 

sample tubes. Each of the sample tubes then received 200 yl 

of either the standard solutions or the unknown plasma 

samples and was mixed on a vortex mixer. After mixing, 

200 yl of anti-BLH was added to PBS and sample tubes, and 

tubes were again vortexed, This resulted in a constant 

volume of 700 yl. All of the tubes were covered with 

aluminum foil and incubated for 24 hours at 4 C. On day 2, 

100 yl of iodinated LH was added to all of the tubes. Tubes 

were again vortexed and incubated at 4 C. On day 6, 200 yl 

of anti-Rabbit Gamma Globulin (anti-RGG) was added to the 

NRS, PBS and sample tubes. Tubes were again vortexed and 

incubated at 4 C for 24 hours. On day 7, the NRS, PBS and 

sample tubes were centrifuged for 20 minutes at 2000 rpm at 

4 C, and the supernatant was aspirated off. All tubes, 

including TCT tubes, were counted for 1,0 minute in a well-

type gamma scintillation counter. 

Standards and unknowns were expressed as a per

centage of the average cpm of the PBS tubes. The average 

values for each of the standard solutions were plotted on 

semi-log paper and a curve fitted to the points. Levels of 

hormone in the unknown plasma samples were determined from 

the standard curve, All duplicates of unknowns which varied 

by more than 5% were repeated. To minimize the effect of 

assay differences in Experiment I, all plasma samples for 
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the same cow were analyzed in one assay and each assay 

contained cows from both treatment groups. In Experiment II 

each assay contained all of the samples taken on a given 

sampling date. 

This radioimmunoassay procedure is of the double 

antibody type. The PBS - 1% EW - .25% NRS solution is 

basically a diluent containing EW to minimize binding of the 

protein hormone, LH, to the culture tube and NRS to increase 

the amount of precipitate. To this solution is added the 

unknown plasma sample or standard containing LH. and anti-

BLH, a specific antibody to bovine LH. The anti-BLH then 

combines with the LH. On the following day, LH tagged with 

125 I is added to the solution and competes with the LH 

already present for sites on the anti-BLH structure. An 

inverse relationship eventually results—the more LH present 

125 in the unknown plasma sample, the less LH- I which is 

bound by anti-BLH. Finally, when equilibration has 

occurred, a second antibody, anti-RGG, is added. Since the 

first antibody, anti-BLH, was produced in rabbits, the 

second antibody, anti-RGG, is an antibody specific for 

rabbit gamma globulin. When the anti-RGG combines with 

the anti-BLH, a precipitate is formed. The supernatant is 

aspirated off, the precipitate is counted to determine how 

125 much LH- I is present, and the results are compared to 

standard solutions. 
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Radioiodination of LH 

At least 24 hours prior to preparing a column for 

iodination, 2 grams of Sephadex G-7 5-120 were hydrated with 

70 to 80 ml of .05 M sodium phosphate. The beaker was 

covered with parafilm and stored at 4 C, At the time of 

iodination a bottle of 5% EW, the beaker of hydrated 

Sephadex and 10 0 ml of .05 M sodium phosphate were placed 

in a cold vacuum oven for a minimum of 3 0 minutes. A 10 ml 

disposable pipet (8 mm internal diameter) was fitted with a 

short piece of rubber tubing, a clamp, and a small glass 

bead to serve as a column. Approximately 4 ml of ,05 M 

sodium phosphate was added to the column and 2 ml was 

allowed to drain out. Excess buffer was aspirated off the 

beaker of hydrated Sephadex, The remaining amount was 

swirled in the beaker and poured into the column. The 

clamp was removed and the Sephadex allowed to settle to 

a height of 18 cm. One ml of 5% EW was added to the top of 

the column, followed by a rinse of 20 ml of ,05 M sodium 

phosphate. The tubing was clamped off leaving 2 ml of 

buffer above the gel and the column ready for use, 

Purified bovine LH (LER 1072~2, Dr. L, E, Reichert, 

Division of Basic Health Services, Emory University, 

Atlanta, Georgia) was radioiodinated at room temperature by 

a modification of the method of Greenwood, Hunter, and 

125 
Glover (1963), One millicurie (mc) of sodium I-iodide 

(Industrial Nuclear Company, 9641 Lackland Road, St, Louis, 
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Missouri) was ordered to be shipped in ,4 ml V-vials in a 

minimum volume. At the time of iodination 10 pi of ,5 M 

sodium phosphate and 2.5 yg of purified bovine LH (1 yg/yl) 

were added to the V-vial, and the contents were gently 

mixed. Following mixing 45 yg chloramine-T in 15 yl of 

.05 M sodium phosphate was added, and the reaction mixture 

was agitated for exactly 2 minutes by fingers-tapping the 

vial. The reaction was stopped by adding 125 yg of sodium 

metabisulfite in 50 yl of .05 M sodium phosphate. Fifty yl 

of transfer solution was added, and the contents of the vial 

were layered beneath the buffer on a prepared Sephadex 

column. An additional 50 yl of transfer solution was added 

to rinse the vial, recovered, and layered on the column. 

The iodinated mixture was eluted with ,05 M sodium 

phosphate and collected in 20 aliquots of .5 ml in tubes 

containing ,5 ml of 5% EW. After each aliquot was collected, 

the contents of the tube were mixed. Five yl of the mixture 

was counted for .1 minute in a well-type gamma scintillation 

counter to determine the elution pattern. Two peaks were 

observed. The first peak contained the iodinated LH and was 

usually found in tubes 6 to 12 with the maximum in tube 7. 

Tube 8 was then used for the assay, with tube 9 also being 

used if needed. The contents of the desired tube were 

diluted with .1% EW until .1 ml gave 50,000 to 60,000 cpm. 

The solution was stored at 4 C if being used within 2 days. 
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If being held for a longer period of time, the solution was 

stored at -20 C. 

Preparation of Antisera 

Antiserum against bovine LH tanti-BLH) which had 

been prepared in the rabbit was furnished by Dr. W. D. Odell 

(Division of Endocrinology, Harbor General Hospital, 1000 

Carson Street, Torrance, California). A titration curve was 

then set up to determine the working dilution of the 

antiserum. The anti-BLH was diluted with .05 JM EDTA-PBS-

.25% NRS at levels ranging from 1:1000 to 1:80,000. The 

titration curve was handled just like the PBS tubes in a 

regular assay, A dilution of 1:24,000 gave a binding 

percentage of approximately 50% of the total count tubes and 

was adopted for use in the assays. The remainder of the 

anti-BLH was diluted at this ratio, allotted to 30 ml and 

60 ml polyethylene bottles, and stored at *-20 C until 

needed. About 24 hours before it was needed for an assay, 

enough diluted antiserum to complete an ass^y was removed 

and allowed to thaw at 4 C. If more than one bottle was 

needed for an assay, the entire amount of antiserum was 

pooled prior to use in the assay. 

Anti<-rabbit gamma globulin (anti^-RCG). was prepared 

in adult female sheep by repeated subcutaneous injection of 

50 mg of RGG emulsified in 2.5 ml of sterile physiological 

saline and 2,5 ml of complete Freund's adjuvant at initial 
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intervals of 12 days. Approximately 500 ml of blood were 

obtained from the jugular vein 3 weeks after the third 

injection. Blood was then routinely collected at two week 

intervals with additional booster injections of RGG given 

at monthly intervals. 

After the blood was collected, it was allowed to 

clot at 4 C and the serum was aspirated off following 

centrifuging. Each of the serum samples was then checked 

for its precipitation qualities by combining 200 yl of 

normal rabbit serum (NRS) with 200 pi of the anti-RGGf 

vortexing it, and then allowing it to incubate for 24 

hours at 4 C. Those serum samples which provided a firm 

precipitate of maximal volume were then checked for titer 

to determine the dilution factor. The anti-RGG was diluted 

with PBS in ratios up to 1:8. The titration curve was 

handled like the PBS tubes in a regular assay. The lowest 

dilution level which gave a maximum binding percentage was 

selected, and the remainder of the anti-RGG was diluted at 

twice the concentration of the selected dilution. The 

diluted anti-RGG was then dispensed in 120 ml polyethylene 

bottles and stored at -20 C until needed. When needed for 

an assay, the diluted anti-RGG was handled in the same 

manner as the anti-BLH, 
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Preparation of Standards 

Standard solutions of bovine LH were prepared from 

NIH-LH-B7 furnished by National Institute of Health (Hormone 

Distribution Officer, Office of the Director, Building 31-

9A47, NIAMMD, NIH, Bethesda, Md.). Approximately 70 to 100 

yg of the dried standard were weighed on a Cahn gram 

electrobalance and added to an appropriate volume of 1% EW, 

To avoid serial dilutions, final dilutions were made in one 

step to give concentrations suitable for the assay. All 

glassware was precoated with 1% EW prior to being used. 

Standard solutions were diluted so that 200 yl contained 

,05, .1, .2, .3, ,4, .5, .7, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 

and 20.0 ng of LH, Each of the standard solutions was 

dispensed in 1 ml aliquots into screws-cap glass vials, 

quick frozen by immersion in a dry ice^ethanol mixture, and 

stored at *-20 C, When needed, one vial of each standard was 

thawed rapidly by gentle agitation in lukewarm water. 

Progesterone Assay 

Solutions used in the progesterone assay are listed 

in Appendix B. Plasma levels of progesterone were measured 

using a modification of the rapid competitive protein 

binding method of Johansson (1969), Corticoid binding 

globulin (CBG) was prepared in adult male dogs by feeding 

1 mg of diethylstilbestrol per day for a period of 6 weeks. 

Following the 6 week period, 15 ml of blood was collected 



53 

twice weekly and the serum aspirated off and stored in 2.5 

ml quantities at -20 C until needed. 

3 Corticosterone -1, 2- H purchased from New England 

Nuclear (206 Professional Bldg., El Cerrito, Ca.) was 

diluted by adding .25 mc to a 25 ml volumetric flask and 

filling to volume with absolute ethanol. This dilution was 

stored in screw-cap glass vials in ,7 ml quantities at -20 C 

until needed. 

CBG solution to be used in the assay was prepared 

by adding . 5 ml (5 ]ic) of the diluted corticosterone -1, 

2-^H and 2.5 ml of the dog serum containing CBG to a 100 ml 

volumetric flask. Phosphate buffer was added to bring it to 

100 ml, and the solution was mixed and stored in a dark 

glass bottle at 4 C until needed. 

The assay was begun by pipetting 500 ul of bovine 

plasma into a 15 ml conical test tube. Approximately 3 ml 

of hexane was added and the tube mixed for one minute on a 

vortex mixer. The hexane layer, containing the progesterone, 

was then removed with a disposable pipet and transferred to 

a 15 X 85 mm culture tube, Hexane extraction of the 

remaining plasma was then repeated, with the extract being 

added to the first extract. 

The tubes containing the hexane extract were dried 

under nitrogen at 40 to 50 C, When dry, 1 ml of cold CBG 

was added to each culture tube in an ice bath, and each tube 

was vortexed for 10 seconds. The tubes were then incubated 
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for 5 minutes at 45 C followed by a minimum of 10 minutes in 

an ice bath. Approximately 40 mg of Florisil (Sigma, 3500 

DeKalb St., St. Louis, Mo.) was then added to each tube and 

vortexed for 30 seconds. Exactly 3.0 minutes after the 

addition of Florisil, 500 ill of the mixture was transferred 

to a scintillation vial containing 10 ml of scintillation 

fluid, making sure not to transfer any of the Florisil, 

Each vial was counted for 5 minutes or 2% error in a 

liquid scintillation counter and compared to a standard 

curve derived from standards containing 0, .5, 1.0, 2,0, 

3.0, 4,0, 5,0, 6.0, 8,0, and 10,0 ng, 

Corticoid Assay 

Solutions used in the corticoid assay are listed in 

Appendix B, plasma levels of glucocorticoids were measured 

using a modification of the competitive protein binding 

method of Murphy (1967), CBG solution to be used in the 

ass^y w^s prepared as outlined in the procedure for the 

progesterone ^ss^y, 

The assay was begun by adding 50 pi of bovine plasma 

to a 15 ml conical centrifuge tube, followed by 500 pi of 

ethanol. The tubes were mixed for 30 seconds on a vortex 

mixer and then centrifuged at approximately 2000 RPM for 15 

minutes, The ethanol layer was transferred to a 15 X 85 mm 

culture tube, and the ethanol extraction was repeated, 

adding the second extract to the first. 
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The tubes containing the ethanol extract were dried 

under nitrogen at 40 to 50 C. When dry, 1 ml of cold CBG 

was added to each culture tube in an ice bath, and each 

tube was vortexed for 10 seconds. The tubes were then 

incubated for 5 minutes at 45 C followed by a minimum of 

10 minutes in an ice bath. Approximately 40 mg of Florisil 

was then added to each tube and vortexed for 3 0 seconds. 

Exactly 3.0 minutes after the addition of Florisil, 500 ul 

of the mixture was transferred to a scintillation vial 

containing 10 ml of scintillation fluid, making sure not to 

transfer any of the Florisil. Each vial was counted for 

5 minutes or 2% error in a liquid scintillation counter and 

compared to a standard curve derived from standards conr 

taining 0, ,5, 1,0, 2,0, 3,0, and 4,0 ng. 



RESULTS AND DISCUSSION 

Experiment I 

Weight changes during approximately the first 90 

days of the experimental period are shown in Table 3. In 

1970 heifers on the normal TDN level gained 27 kg during 

this period, whereas those on the high level gained 30 kg. 

In 1971 the weight gains were 9 and 13 kg, respectively. 

There was a large amount of variation between heifers within 

each of the treatment groups. Although heifers on the high 

TDN ration gained more weight both years, the differences 

were not significant even though the high TDN ration con

tained 22% more energy. Since the heifers were nursing 

calves, the fact that even heifers on the normal TDN ration 

gained weight indicates that the demands for lactation were 

more than being met. 

Restricting energy intake has been shown to have an 

adverse effect on some of the parameters of postpartum {PP) 

reproduction including the interval to first estrus, . 

interval to rebreeding, and number of services per con

ception (Dunn et al., 1969; Joubert, 1954; Wiltbank et al., 

1962). In this experiment increasing the TDN level above 

the recommended rate had no significant effect on any of 

the measures of reproductive performance for either 1970 or 

1971 (Table 3). The PP intervals were in the range 
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Table 3. Body weights and reproductive performance of drylot cows as affected by 
TDN level in 1970 and 1971, 

1970 1971 

TDN TDN 

Item Normal High Normal High 

Number of animals 13 13 14 11 

Weight/ 15 days postr-
partum, kg 386 + lla 399 + 7 378 + 13 373 + 9 

Weight/ 105 days postr-
partum,' kg 413 + 14 429 + 9 387 17 386 + 12 

Weight change, kg 27 + 8 30 + 7 9 + 7 13 + 4 

Days, parturtion tot 
First ovulation 40 + 3 36 + 4 40 + 4 44 + 9 

First estrus 44 + 2 54 + 5 50 + 5 52 + 8 

Conception 68 + 11 76 + 7 76 + 10 83 + 10 

Services/Conception 1,9 + .3 2,0 + .3 2il + .3 2.1 + ,2 

^ean + Standard Error, 
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previously reported for suckling beef cows (Casida et al., 

1968). The trend was for PP intervals to first estrus and 

conception to be longer in heifers on the high TDN ration. 

This is in agreement with previous reports that a high plane 

of nutrition delayed the onset of estrus in both beef cows 

(Wiltbank et al., 1964) and dairy cows (Whitmore et al., 

1974). However, Folman et al. (1973) reported that dairy 

cows in a high plane of nutrition required fewer insemina

tions and conceived 19 days earlier. 

In 1970, 54% of the heifers on the high TDN ration 

conceived on the first service as compared to 46% for the 

normal TDN; however, in 1971 only 18% of the high TDN group 

conceived on the first service as compared to 43% of the 

normal TDN group. Whitmore et al. (1974) reported that 

Holstein cows on a high plane of nutrition exhibited a 

higher incidence of "silent" ovulations. In 1970 there was 

a higher incidence of heifers exhibiting a "silent" ovula

tion in the high TDN group (46% vs. 23%), but there was no 

difference in 1971 (36% vs 36%). It is apparent from the 

parameters used in this study that the N.R.C. (1970) 

recommendations for PP beef cows are sufficient for repro

duction in beef cows, since higher levels may actually 

result in a negative effect. 
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Circulating Levels of 
Luteinizing Hormone (LH) 

Figures 1 and 2 show the effect of TDN level on the 

circulating levels of LH during the different reproductive 

phases following parturition and concluding with a sub

sequent pregnancy. In 1970 heifers on the high TDN ration 

generally maintained a consistently lower level of circu

lating LH than heigers on the normal TDN ration. Although 

not quite as consistent in 1971, the general trend was still 

basically the same. 

There was a significant effect due to both TDN level 

and type of cycle on LH levels for the entire sampling 

period in 1970/ but only due to TDN level in 1971. The mean 

levels of LH in ng/ml for 1970 were 1.6 for the normal TDN 

and 1.4 for the high TDN groups (Table 4). In 1971 levels 

were 1.3 and 1.1, respectively (Table 5). Levels of LH were 

higher for the normal TDN group in all types of cycles 

except for the PP anestrous period in 1971. However, the 

pregnancy cycle in both 1970 and 19 71 was the only type of 

cycle in which the differences were significant (P < .05). 

Increasing the caloric content of the ration has 

been shown to increase ovarian function, as evidenced by a 

marked stimulation of follicular development, in the gilt 

(Zimmerman et al., 1960) and the ewe (Bellows et al., 1963). 

Gombe and Hansel (1973) demonstrated that plasma LH levels 

in cows increased over three successive estrous cycles when 
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Table 4. Leasts-squares means of plasma LH in drylot cows as 
affected by TDN level and type of cycle in 197 0, 

Plasma LFI (ng/ml) 

TDN Level 

Type of Cycle Normal High Mean 

Anestrous 1 - 6  *  
1.3 1.4d 

' (39) (35) (74) 

Silent 1.8 1.4 1.6d'' 
(4) (23) (27) 

Normal 1,7 1.6 1, 7e 
C15) (20) (35) 

Pregnancy l,4b 1,3° 1.4d 
C47) C50) (97) 

Mean 1.6b 1.4° 
C105) (128). 

Values in parentheses are number of observations. 

ID C ' TDN level means and TDN level within type of 
cycle means followed by different superscripts are 
significantly different CP < .05), 

D G 
' Type of cycle means followed by different 

superscripts are significantly different CP < ,05), 
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Table 5. Least-squares means of plasma LH in drylot cows as 
affected by TDN level and type of cycle in 1971. 

Plasma LH (ng/ml) 

TDN Level 

Type of Cycle Normal High Mean 

Anestrous 1.2 a 
(44) 

1.3 
(54) 

1.2 
(80) 

Silent 1.3 
(16) 

.9 
(4) 

1.1 
(20) 

Normal 1.2 
(18) i 

1.1 
(20) 

1.2 
(38) 

Pregnancy 11 2b 
(54) 

1.0° 
(43). 

1.1 
(97) 

Mean l,3b 
(132) 

1,1° 
(103) 

Values in parentheses are number of observations, 

be 
' TDN level means and TDN level within type of 

cycle means followed by different superscripts are 
significantly different (P < ,05). 
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cows were subjected to a low energy diet. In this experi

ment plasma levels of LH were reduced on the high TDN ration. 

Thus# in the cow it appears that the ovarian hypofunction 

which results on restricted energy is not due to decreased 

levels of LH, but rather is due to a reduced ability of 

ovarian tissue to respond to LH. Whether the lower levels 

of LH on the high TDN ration are due to a reduction in LH 

secretion or to an increase in LH utilization can not be 

predicted from these results. 

LH values for the normal cycle (1.7 ng/ml) in 1970 

(Table 4) were significantly higher than for either the 

anestrous period (1.4 ng/ml) or pregnancy (1.4 ng/ml). 

Since the normal cycle begins with estrus and its associated 

burst of LH (Christensen et al., 1974) and ends with an 

increase in LH the last 5 days preceding the subsequent 

estrus (Garverick et al., 1971) , it would not be unreason

able to assume that the values for the normal cycle should 

be higher than for the anestrous period, where there is no 

initial estrus, or pregnancy, where there is no subsequent 

estrus. Since the heifers were bled only every 3 to 4 

days, chance sampling could put more or fewer of the samples 

closer to the actual day of estrus. This may explain why 

there was no difference in 1971. 

Postpartum Anestrous Period. During the PP 

anestrous period, LH values fluctuated from .3 to 11.7 
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ng/ml, with most values ranging between 1 and 3 ng/ml. This 

agrees with reports for the beef cow (Arije et al., 1974) 

and dairy cow (Echternkamp and Hansel, 1973) that LH values 

fluctuated between 1 and 3 ng/ml and culminated in a LH peak 

at the first PP estrus. The occasionally higher values may 

be due to early attempts at cyclic ovarian activity as 

theorized by Garverick et al. (19 73). 

In 1970 there was a significant increase in the mean 

LH levels as the first ovulation and/or estrus was 

approached (Table 6). This trend was less obvious in 1971. 

Some individual heifers exhibited this pattern very 

definitely, while others varied to the point of actually 

decreasing in LH as the PP interval increased and ovulation 

approached. Erb et al. (1971) reported that plasma levels 

of LH in dairy cows increased significantly as the PP 

interval progressed. However, Schams et al. (1972) noted 

that values appeared to be slightly lower from 20 to 40 days 

PP than immediately following parturition. The increase in 

LH seen in 1970 prior to the first estrus may be similar to 

the increase seen the last 5 days of a normal estrous cycle 

and preceding the subsequent estrus (Garverick et al., 

1971; Swanson and Hafs, 1971). 

Silent Cycle. There were no significant differences 

in LH values between stages of silent cycles in either 1970 

or 1971 (Tables 7 and 8). In 19 70 there was a general trend 
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Table 6. Least-squares means of plasma LH in drylot cows as 
affected by stage during postpartum anestrum in 
1970 and 1971, 

Plasma LH (ng/ml) 

Stage (Days) 1970 1971 

1 (*•1 tO r-lQ) 1.9ba 
(21) 

1.3 
(24) 

2 (—11 to *-20) 1.4C 
(21) 

1.4 
(22) 

C-21 to -3 0) 1 ?c 

U9) 
1 . 7 
cis) 

4 (*-31 to -40). 1.1° 
CI 3). 

1.2 
(16) 

Values in parentheses are number of observations, 

b c 
' Means in a column with different superscripts are 

significantly different (P < ,05}, 
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Table 7, Least-squares means of plasma LH in drylot cows as 
affected by stage in three types of cycles in 
1970, 

Plasma LH (ng/ml) 

Type of cycle 

Stage (Days) Silent Normal Pregnant 

21 (1 to 5) 1. 7 
(7) 

1.8 
(9) 

1.4 
(25) 

22 (6 to 10) 1.5 
(6) 

1.4 
(9) 

1.2 
(23) 

23 (11 to 15) 1.1 
(7) 

1.6 
(9) 

1.3 
(25) 

24 (-4 
(16 

to 
to 

-1) 
20) 

2,2 
(7) 

1.9 
(8) 

1.4 
(24) 

25 (21 to 25) 1.2 
(24) 

26 (> ; 25) 1.3 
(25) 

Values in parentheses are number of observations. 
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Table 8. Leasts-squares means of plasma LH in drylot cows as 
affected by stage in three types of cycles in 
1971, 

Plasma LH (ng/ml) 

Type of cycle 

Stage CDays) Silent Normal Pregnant 

21 (1 to 5) 1 • 2a 
(5) 

1,5 
(10) 

1.4b 
(25) 

22 (6 to 10) 1.2 
(5) 

1,0 
C10) 

1.1° 
(23) 

23 (11 to 15) 1,0 
(5) 

1,1 
(9) 

1.0C 
(24) 

24 (-4 
(16 

to 
to 

-1) 
20) 

1.1 
(5) 

1,1 
C9) 

i.oc 

(25) 

25 (21 to 25) 1,0C 
C22) 

26 (> : 25) l.lc 
(25) 

Values in parentheses are number of observations, 

C 
' Means in a column with different superscripts are 

significantly different CP < ,05}, 
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for the values to decline following ovulation and then 

increase during stage 24, or the last 5 days of the cycle. 

This trend was also true for the one heifer sampled on the 

high TDN ration in 1971, but not for heifers on the normal 

TDN ration (Figure 2). 

Normal Estrous Cycle. There were no significant 

differences in LH values between stages of normal estrous 

cycles in either 1970 or 1971 (Tables 7 and 8). In both 

years there was a general trend for the values to decline 

following estrus. In 1970 LH increased in both stages 2 3 

and 24. In 1971 there was a slight increase at stage 23, 

but no continual increase at stage 24. The high values 

observed during the first 5 days following ovulation (stage 

21) may be due to the remnants of the LH peak seen in con

junction with ovulation by Christensen et al. (1974), 

Henricks et al. (1970), and Sprague et al. (1971). The 

levels of LH in stages 22 and 23 agree with the value 

reported by Echternkamp and Hansel (1973). Small mid-cycle 

peaks have been reported (Schams and Karg, 1969; Snook et 

al., 1971). These peaks were not observed in any of the 

heifers in this study, possibly due to the infrequent 

sampling periods. This is evidenced by the low values seen 

at stage. 22. The increased values noted in stage 24 in 1970 

agree with the reports by Garverick et al. (1971) and 
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Swanson and Hafs (1971) of an increase in LH the last 5 

days of the cycle. 

Pregnancy. In 1971 there was a significant decrease 

in LH values following the initial 5 days after breeding 

(Table 8). In 19 70 this general trend was also noted 

(Table 7), but LH values did not remain at the low levels 

seen at the later stages of sampling in 1971. This dif

ferent trend in 1970 was due primarily to the heifers in 

the normal TDN group (Figure 1). 

LH values during stages 21, 22, and 23 (days 1 to 

15) were somewhat lower in the pregnant cycle than in the 

normal cycle in 19 70 (Table 7). This trend was not so 

evident in 1971. Other researchers found that successful 

insemination resulted in significantly lower LH levels from 

days 2 to 11 (Wettemann and Hafs, 1973) and from days 2 to 

18 (Edgerton and Hafs, 1971). The higher LH level seen in 

stage 24 of the normal cycle agrees with previous reports 

of higher levels in open than pregnant cows on days 18 to 

20 (Edgerton and Hafs, 1971; Randel et al., 1971; Wettemann 

and Hafs, 1973). 

Circulating Levels of Progesterone 

Figures 3 and 4 show the effect of TDN level on the 

circulating levels of progesterone during the different 

reproductive phases following parturition and concluding 

with a subsequent pregnancy. In 1970 there was very little 



6r 

Normal TDN 
High TDN 

Normal TDN 
High TDN 

. •* 

5 

8 

J_ 

10 
9 

I 

/ 

Stage ^ 

12 12 1 1 1 1 4 4 4 3 12 11 12 12 11 12 

9 9 6 5 6 6 5 5 5 5 13 12 13 12 13 13 
| i i i l i I 1 i i i i i I 1 | 
2 1 21 22 23 24 21 22 23 24 21 22 23 24 25 26 

J L J L J L 
Type of 
Cycle Anestrous Silent Normal Pregnancy 

Figure 3. Least-squares means of plasma progesterone in drylot cows on two levels 
of energy in 1970 t-- Numbers of heifers sampled for each energy level 
are presented directly below the graph. 



6 

d> c 0 
s-
+J 
to 0) 01 
o 
s-

CL. 

cn 
to 

Normal TDN 
High TDN 

Stage 

. Type of 
Cycle 

Figure 4. 

Normal TDN 
High TDN 

/\ 

1 

/ 

/ 
\# 

1 
I • /• 

/ 

9 11 11 13 4 4 4 4 5 5 4 4 14 13 13 14 12 14 
7 7 11 11 1 1 1 1 5 5 5 5 11 10 11 11 10 11 

| I i I I i i 1 1 I I I i i I I 1 | 
4 3 2 1 21 22 23 24 21 22 23 24 21 22 23 24 25 26 

J L J L J t 

Anestrous Silent Normal Pregnancy 

Least-squares means of plasma progesterone in drylot cows on two levels 
of energy in 1971 Numbers of heifers sampled for each energy level 
are presented directly below the graph. 



73 

difference between the two energy groups in regard to 

either the patterns or levels of secretion of progesterone. 

In 1971 the level of progesterone during the middle stages 

of the silent cycle was considerably higher in the high TDN 

group; however, this particular cycle was composed of 

samples from only one heifer in the high TDN' group. In the 

normal and pregnancy cycles heifers in the high TDN group 

exhibited a generally lower level of progesterone, although 

the difference was small. 

There was no difference in the mean progesterone 

levels for the entire sampling period between heifers on the 

normal or high TDN rations in either 1970 (Table 9) or 1971 

(Table 10). This is in agreement with the report by Folman 

et al. (1973) that a high plane of nutrition had no effect 

on progesterone level. Restricting the amount of energy has 

been reported to reduce the level of circulating progesterone 

(Gombe and Hansel, 1973; Hill et al., 1970). This would 

seem to suggest that progesterone will be produced at a 

maximum providing that sufficient energy is supplied. In

creasing the level of energy above that required apparently 

has no beneficial effect, while restricting the energy level 

reduces progesterone secretion. 

There was a significant effect due to type of cycle 

on progesterone levels in both 1970 and 1971. In 19 70 

(Table 9) the mean plasma level of progesterone was lower 

in the anestrous period (.4 ng/ml) than in the silent (2.0 
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Table 9. Least-squares means of plasma progesterone in 
drylot cows as affected by TDN level and type of 
cycle in 197 0l, 

Plasma Progesterone (ng/ml) 

TDN 

Type of Cycle Normal High Mean 

Anestrous • 4 a 
(39) 

.4 
(35) 

• 4d 
(74) 

Silent 1.9 
(4) 

2.0 
(23) 

2. 0e 
(27) 

Normal 2,3 
(15) 

2,5 
(20) 

2. 4e 
(35) 

Pregnancy 3,3 
(47) 

3.1 
(50) 

3, 2f 
(97) 

Mean 2.0 
(105) 

2, 0 
(128) 

Values in parentheses are number of observations, 

d e f ' ' Type of cycle means followed by different 
superscripts are significantly different (P < .05), 
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Table 10. Least'-squares means of plasma progesterone in 
drylot cows as affected by TDN level and type of 
cycle in 1971, 

Plasma Progesterone (ng/ml) 

TDN 

Type of Cycle Normal High Me^n 

Anestrous *3 a (44) 
.3 
(36) 

,3d 
(80) 

Silent 1,4 
(16) 

2,0 
(4) 

1.6e 
(20) 

Normal 1.4 
(18) 

1,2 
(20) 

l,3e 
(38) 

Pregnancy 1.4 
(54) 

1,2 
(43) 

1. 3s 
(97) 

Mean 1,1 
(132) 

1, *1* 
(103). 

^Values in parentheses are number of observations, 

d 6 ' Type of cycle means followed by different supers-
scripts are significantly different CP < .05), 
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ng/ral) or normal (2.4 ng/ml) cycles, with the highest level 

occurring in pregnancy (3.2 ng/ml). In 1971 (Table 10) the 

mean plasma, level of progesterone was again lower in the 

anestrous period (.3 ng/ml) than the silent (1.6 ng/ml), 

normal (1.3 ng/ml), or pregnancy (1.3 ng/ml) cycles. The 

higher level in the silent cycle than in either the normal 

or pregnancy cycles resulted from the high TDN group which 

was represented by only one heifer. The lower levels of 

progesterone in 1971 were believed to be due to a difference 

in the assay rather than a true difference between years. 

The low levels of progesterone observed during the 

anestrous period are to be expected. Since progesterone is 

secreted primarily by the corpus luteum (CL), there should 

not be' very high levels of progesterone in the PP anestrous 

period when there is no functional CL. The higher levels of 

progesterone observed in pregnancy than in the silent or 

normal cycles in 1970 are probably due to the continuation 

of CL function and resulting progesterone secretion in 

pregnancy and to the demise of the CL in silent and nonmal 

cycles (Garverick et al., 1971). 

Postpartum Anestrous Period. During the anestrous 

period, progesterone levels varied very little from base

line values of .3 ng/ml. This pattern and level agreed wtih 

previous reports (Echternkamp and Hansel, 1973; Robertson, 

19 72). There was an occasional small increase from this 
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level, especially as the first PP ovulation approached. 

This pattern was reflected in 1970 (Table 11), but not in 

1971, in the mean values of the stages of the anestrous 

period, where progesterone increased significantly from a 

baseline value of .3 ng/ml to .6 ng/ml in the 10 days 

preceding the first PP ovulation (stage 1). Donaldson et 

al. (1970) and Arije et al. (1974) reported a similar 

increase in progesterone 3 to 5 days prior to the first 

ovulation. 

Silent and Normal Estrous Cycles. In both 1970 

(Table 12) and 1971 (Table 13) mean progesterone values 

significantly increased from relatively low levels during 

stage 21 to the highest levels at stage 23. The decline 

from stage 23 to stage 24 was significant in the silent 

cycles, but not in the normal cycles. This rise and fall 

of progesterone levels coincided with the development and 

demise of the CL. This pattern and the levels of pro

gesterone found in 1970 were similar to previous reports 

(Robertson, 1972; Shemesh et al., 1971; Wettemann et al., 

1972). 

Pregnancy. In both 1970 (Table 12) and 1971 (Table 

13) mean progesterone levels increased significantly from 

stage 21 to stage 22 with a further increase at stage 23, 

Mean levels from stage 23 to stage 26 stabilized at approxi

mately 4 to 5 ng/ml in 1970 and 2 ng/ml in 1971. This 
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Table 11. Least-squares means of plasma progesterone in 
drylot cows as affected by stage during post*-
partum anestrum in 197 0 and 1971, 

Plasma progesterone. (ng/^nJL) 

Stage (Days) 1970 1971 

1 0-1 to -10) * a 
(21) 

.3 
(24) 

2 (^11 to -20) .4° 
C21) 

.3 
(22) 

3 (-21 to t-30! s 4C 
(19) 

.3 
(18) 

4 (t-31 to r-40] .3° 
(13) 

»3 
(16) 

Values in parentheses are number of observations, 

' Means in a column with different superscripts are 
significantly different CP < *05), 
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Table 12. Least-squares means of plasma progesterone in 
drylot cows as affected by stage in three types 
of cycles in 1970, 

Plasma progesterone (ng/ml) 

Type of Cycle 

Stage (Days) Silent Normal Pregnant 

21 (1 to 5) •8a (7) 
• 6b 
C9) 

1.0b 
(25) 

22 (6 to 10) 2,7° 
C6) 

2, 8C 
C9) 

3,2° 
C23) 

23 Cll to 15) 3,7C 

(7) 
3i 9° 
(9) 

3,8C'd 
(25). 

24 («-4 
a 6 

to 
to 

T-l) 
20) 

.6b 

(7) l 

2,2b'C 
C8) 

4t8d'e 
C24) 

25 C21 to 251 4,9d'e 
C24) 

26 O 25) 5, 2e 
(25) 

Values in parentheses are number of observations, 

b /c d ̂ e ' f ' Means in a column with different superscripts 
are significantly different CP < ,05). 
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Table 13, Least-squares means of plasma progesterone in 
drylot cows as affected by stage in three types 
of cycles in 1971, 

Plasma progesterone (ng/ml) 

Type of Cycle 

Stage (Days) Silent Normal Pregnant 

21 (1 to 5) 
•4a (5) 

. 6b 

(10) 
• 5b 

(25) 

22 C6 to 10) 2.0b'C 

(5) 
1.5b'C 

(10) 
1.1° 
C23) 

23 (11 to 15) 3.4° 
(5) 

1.9C 

(9) 
1, 8d 

(24) 

24 (-4 
(16 

to 
to 

^1) 
20) 

.8* 
(5). 

l.lb'C 

C9) 
1, 8d 

(25) 

25 (21 to 25). 1, 9d 

(22) 

26 (> 25) 2,5® 
C25) 

Values in parentheses are number of observations, 

bt°rd/eMeans in a column with different superscripts 
are significantly different (P < .05), 



81 

pattern again reflects the growth and continued maintenance 

of the CL of pregnancy and its resultant secretion of 

progesterone. 

In 1970 mean progesterone levels were slightly 

higher during stage 22 (days 6 to 10) of the pregnant cycle 

than of the normal cycle {Table 12), but the opposite was 

true in 1971 (Table 13). Higher levels of progesterone have 

been observed in pregnant cows on day 7 (Randel et al., 

1971) and day 9 (Henricks et al., 1971). In both years 

there was little difference in the mean progesterone levels 

of stage 23 (days 11 to 15) in pregnant and normal cycles. 

Other researchers (Folman et al., 1973; Pope et al., 1969; 

Robertson, 1972) have reported that progesterone levels in 

early pregnancy were similar to levels during the luteal 

phase of normal estrous cycles. In contrast, Henricks et 

al. (1971) found significantly greater levels of pro

gesterone on days 12 and 15 in pregnant cows than in open 

cows. 

The higher plasma progesterone levels observed in 

the pregnancy cycles than in the normal cycles during stage 

24 (Tables 12 and 13) are to be expected because of the 

demise of the CL at this time in the normal cycles. 

Wettemann and Hafs (1973) reported that serum progesterone 

levels declined significantly from days 18 to 22 of preg

nancy. In contrast, these results show a slight increase 

during this period (stages 24 and 25). 
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During stage 26 (days 26 and over) individual 

heifers showed considerable fluctuations in plasma pro

gesterone concentrations. In 1970 levels fluctuated from 

1.1 to 10.7 ng/ml over a 17-day period in one particular 

heifer. Robertson (1972) reported similar fluctuations, 

with levels dropping as low as .6 ng/ml without a cessation 

of pregnancy. Apparently the CL of pregnancy does not 

secrete at a stable level throughout pregnancy. Although 

the CL is essential during the first 180 days of pregnancy 

(Estergreen et al., 1967), a constant, high level of plasma 

progesterone is obviously not required. 

Circulating Levels of Corticoids 

Figures 5 and 6 illustrate the effect of TDN level 

on the circulating levels of corticoids during the dif

ferent reproductive phases following parturition and con

cluding with a subsequent pregnancy. In 1970 heifers on the 

high TDN ration generally maintained a consistently higher 

level of circulating corticoids in the anestrous and silent 

cycles than heifers on the normal TDN ration; however, 

there was a small, inconsistent difference in the two groups 

for the normal and pregnancy cycles. In 1971 heifers on the 

high TDN ration maintained a consistently higher level of 

corticoid in the anestrous and pregnancy cycles, but an in

consistent pattern developed in the silent and normal cycles. 

There was a significant effect due to TDN level, type of 
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cycle, and TDN x cycle interaction on corticoid levels in 

1970, but not in 1971. In 1970 the mean levels of corti-

coids were 20.2 and 24.6 ng/ml for the normal and high TDN 

groups, respectively (Table 14). The mean levels of corti-

coids were higher for the high TDN group in all types of 

cycles except pregnancy, where there was no difference. 

However, the anestrous cycle was the only type of cycle in 

which the difference was significant. 

Although the mean level of corticoids was again 

higher in 1971 (Table 15) in the high TDN group (24.3 ng/ml) 

than in the normal TDN group (20.9 ng/ml), the difference 

was not significant. The mean levels of corticoids were 

higher for the high TDN group in all types of cycles; how

ever, the pregnancy cycle was the only type of cycle in 

which the difference was significant. This is rather 

interesting since the mean levels of the two groups during 

pregnancy were identical in 1970. Stott and Thomas (1971) 

studied plasma corticosteroids in Holstein heifers on a 

sub-maintenance ration. Corticosteroid concentration was 

elevated for the first 30 to 40 days on the submaintenance 

ration, then declined to subnormal levels. Raising the 

nutritional level resulted in a five-fold increase in 

corticoids with a high level of fertility at the subsequent 

estrus. 

Corticoid values for the pregnancy cycle (18.2 

ng/ml) were significantly lower than for either the 
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Table 14. Leasts-squares means of plasma corticoids in 
drylot cows as affected by TDN level and type of 
cycle in 1970. 

Plasma Corticoids (ng/ml) 

TDN Level 

Type of Cycle Normal High Mean 

Anestrous 20, 4b 30, 3C 25.3d 
(3 9) (35) (74) 

Silent 21.7 28,7 25. 2d 
(4) (23) (27) 

Normal 20,6 21,5 21.0d 
CIS) (20) (35) 

Pregnancy 18, 2 18, 2 18. 2e 
(47) (50) (97) 

Mean 20,2b 24,6° 
(105) (128) 

\ 

Values in parentheses are number of observations, 

c ' TDN level means followed by different supers-
scripts are significantly different (P < ,05). 

d s ' Type of cycle means followed by different supers-
scripts are significantly different (P < ,05), 
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Table 15. Least-squares means of plasma corticoids in 
drylot cows as affected by TDN level and type of 
cycle in 1971, 

• r* ' » 1 •• i— 

Plasma Corticoids (ng/ml) 

TDN Level 

Type of Cycle Normal High Mean 

Anestrous 21,8 25,7 23,8 
(44)a (36). (80) 

Silent 24,7 27.8 26,3 
(16) (4) (20) 

Normal 19tl 21.0 20,0 
(18) (20) (38) 

Pregnancy 18, l*5 22V8C 20,4 
(54) oh) (97) 

Mean 2 0,9 24 13 
(132) (103) 

Values in parentheses are number of observations, 

h c 
' TDN level within type of cycle means followed by 

different superscripts are significantly different 
(P < .05); 
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anestrous (25.3 ng/ml) or silent (25.2 ng/ml) cycles in 

1970 (Table 14). A similar, but nonsignificant, trend 

occurred in 1971 (Table 15). However, Okerberg (1972) 

reported lower mean values for corticoid concentrations 

during the postpartum anestrous period than during the 

following estrous cycles. 

Individual cows showed considerable fluctuations in 

their circulating levels of corticoids with numerous high 

levels. There were numerous levels of corticoids over 25 

ng/ml in each individual independent of the type of cycle. 

The corticoid levels were considerably greater than those 

generally reported in dairy cows (Echternkamp and Hansel, 

1973; Okerberg, 1972) or in beef cows fitted with in

dwelling cannulas (Christensen et al.f 1974). The levels 

were comparable, though, to those in other beef cows 

sampled by venipuncture (Sprague et al., 1971). 

Ray et al. (1972) demonstrated that working beef 

steers through a squeeze chute resulted in a marked increase 

in plasma corticoid levels if 10 or more minutes elapsed 

before the sample was taken. The heifers in this experi

ment were worked through a squeeze chute and often stood 

in the lead-up chute for at least 10 minutes or longer prior 

to moving into the squeeze chute for blood collection. Many 

of the heifers were excited in the process, since a stress 

such as moving can result in an episodic increase in plasma 

corticoids, it is questionable whether the corticoid levels 
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observed in this experiment are representative of the normal 

circulating levels. Because of the episodic increases of 

corticoids which can occur/ Steinbeck (19 72) questioned if 

isolated single samples can be used for a valid interpreta

tion of the activity of the pituitary-adrenal system. 

Christensen et al. (1974) suggested that corticoid analysis 

could be used primarily to determine if stress has. been 

imposed on the experiment. The corticoid values observed in 

this experiment may be more of a reflection of the ability 

of the adrenal to respond to stress than of the normal 

circulating levels of corticoids. 

Postpartum Anestrous Period. During the PP 

anestrous period corticoid values fluctuated from 1.5 to 

72.0 ng/ml. This fluctuation was much greater than in 

lactating Holsteins (Echternkamp and Hansel, 1973) but was 

comparable to that in beef cows (Arije et al., 1974). In 

1970 (Table 16) mean corticoid values increased as the PP 

period progressed until a significant decline occurred the 

10 days preceding the first PP ovulation (stage 1). This 

trend was not evident in 1971. Erb et al. (1971) reported 

that plasma corticoids exceeded 30 ng/ml a greater per

centage of the time at 5 to 8 days PP than from 13 to 60 

days PP, implying a greater mean level early in the PP 

period. 
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Table 16. Least-squares means of plasma corticoids in 
drylot cows as affected by stage during post
partum anestrum in 1970 and 1971, 

Plasma corticoids (ng/ml) 

Stage (Days) 1970 1971 

1 (-1 to *-10} 
U
 

f 

CO 
m

 

a\ 

22, 5 
(21) (24) 

2 (r-H to t20) 30,3° 23,0 
(21) (22) 

3 (*-21 to —30) 27t8b'C 25,8 
(19) (18) 

4 (*-31 to -40) 22t6b'C 23.3 
(13) (16) 

a 
Values in parentheses are number of observations. 

ID C ' Means in a column with different superscripts are 
significantly different CP < .05), 
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Silent and Normal Estrous Cycles. Corticoid levels 

fluctuated in individuals from 1.8 to 79.2 ng/ml; with no 

consistent pattern. Sprague et al. (1971) and Swanson et 

al. (1972) found high plasma levels during estrus and 

reduced levels at mid-cycle; however, Garverick et al. 

(1971) observed a nonsignificant cyclic variation in corti

coid levels with an increase in amount as the estrous cycle 

progressed. Mean levels of circulating corticoids showed a 

nonsignificant decline from stage 21 to stage 22 in both 

1970 {Table 17) and 1971 (Table 18). The patterns of 

secretion were inconsistent throughout the remainder of the 

cycles. This appears to agree most closely with previous 

reports of no significant differences in plasma corticoid 

levels between days of the estrous cycle in dairy cows 

(Sprague et al., 1971; Swanson et al., 1972) and beef cows 

(Christensen et al., 1974). 

Pregnancy. Plasma corticoid levels fluctuated from 

3.6 to 79.5 ng/ml in individuals during early pregnancy. 

The mean levels fluctuated slightly from stage to stage 

(Tables 17 and 18), with no consistent pattern or signifi

cant differences. The decline observed from stage 21 to 

22 in the silent and normal estrous cycles was not observed, 

in the pregnancy cycles in either year. The smaller varia

tion between mean levels of the stages of pregnancy cycle 

than the other types of cycles was also reflected in the 
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Table 17. Least-squares means of plasma corticoids in 
drylot cows as affected by stage in three types 
of cycles in 197 0, 

Plasma corticoids (ng/ml) 

Type of Cycle 

Stage (Days1 Silent Normal Pregnant 

21 (1 to 5) 34. § 
(7) 

23,8 
(9) 

19, 6 
(25) 

22 (6 to 10) 21.3 
(6) 

19,5 
(9) 

18,9 
(23) 

23 (11 to 15) 21, 9 
(7) 

18,9 
(9) 

17,4 
(25) 

24 (t-4 to t1 ) 23,2 
(7) 

22,1 
(.8) 

16,7 
(24) 

25 (21 to 25). 20.5 
C24) 

26 (> 25) 18,1 
C25) 

^Values in parentheses are number of observations. 
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Table 18, Least-squares means of plasma corticoids in 
drylot cows as affected by stage in three types 
of cycles in 1971. 

\ 

Plasma corticoids (ng/ml) 

Type of Cycle 

Stage (Days) Silent Normal . Pregnant 

21 (1 to 5) 27,3 
C5)a 

22,5 
(10) 

20,0 
(25) 

22 (6 to 101 21,0 
C5) 

16,7 
(10) 

23,1 
(23) 

23 (11 to 15) 31, 6 
(5) 

24,6 
(9) 

18,9 
(24) 

24 (t»4 to 1} 25,2 
(5) 

16,5 
C9) 

19,9 
(25) 

25 (21 to 25) 17, 9 
(22) 

26 C> 25) 22\8 
(25) 

Values in parentheses are number of observations, 
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lower overall mean values (Tables 14 and 15). Okerberg 

(1972) also observed a similar lower variation in corticoid 

levels during pregnancy. 

Hormone Interrelationships 

Corticoid-Proqesterone. Because of the problems 

alluded to earlier in obtaining a representative corticoid 

sample# the validity of the corticoid correlations in Table 

19 may be questionable. The correlations between the 

circulating levels of progesterone and corticoids were small 

and inconsistent in the anestrous, normal, and pregnancy 

cycles for 1970 and 1971, varying from -.10 to .12. In the 

silent cycle the correlations were higher but opposite in 

sign for 1970 (-.26) and 1971 (.43). Neither Garverick et 

al. (1971) nor Okerberg (1972) could find any significant 

correlation between the two hormones during the PP anestrous 

period or the estrous cycle. 

Stott and Robinson (1970) reported that acute 

thermal stress markedly increased the plasma concentrations 

of both Cortisol and progesterone in dairy cows, while a 

constant continual stress suppressed the plasma levels of 

both hormones, thus indicating a positive correlation. 

Abilay and Johnson (1973) also found a positive correlation 

of .71 during the estrous cycle. 

Corticoid-LH. Because ACTH and LH are both 

hormones of the anterior pituitary gland, one might expect 
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Table 19. Correlations among plasma LH, progesterone and 
corticoids in drylot cows in four types of 
cycles in 197 0 and 1971, 

Correlation Coefficients 

Type of Cycle 

LH' -Cort. LH-Prog, Cort, -Prog, 

Type of Cycle 1970 1971 1970 1971 1970 1971 

Anestrous -.20 .09 -.12 .14 .12 .12 

Silent -.35 -.06 -.51 -.25 — .26 .43 

Normal ,10 ,07 -.23 -.15 —, 10 , 07 

Pregnancy ,02 , 04 -.12 -.23 r,04 .03 

Overall i •
 
o
 

00
 

. 06 -.14 -.20 -.23 , 02 
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some relationship between circulating levels of LH and the 

corticoids. Except for negative correlations of -.20 for 

the anestrous period and -.35 for the silent cycle in 1970, 

correlations between the two hormones were small and varied 

from -.06 to .10 (Table 19). If there is a relationship 

between the secretion of the two hormones, it is not 

apparent in these results. 

Progesterone-LH. The correlation between LH and 

progesterone was negative in all types of cycles in both 

1970 and 1971 (Table 19)., except for a small positive 

correlation (.14) during the anestrous period in 1971. 

However, the silent cycle in both 1970 and 1971 was the only 

type of cycle in which the correlation was -.25 or greater. 

Christensen et al. (1974) found a correlation of -.47 during 

the estrous cycle, while Garverick et al. (1971) and Snook 

et al. (1971) reported negative correlations during the 

luteolytic phase. One should expect a negative correlation 

during the luteolytic phase since progesterone levels are 

declining because of CL regression while LH levels have 

been shown to increase (Garverick et al., 1971). Snook et 

al. (1971) calculated a correlation of .76 from days 3 to 

15, while other researchers (Henricks et al., 1970; Randel 

et al., 1971; Schams et al., 1972) could not find any 

association between LH and progesterone levels during the 

estrous cycle or early pregnancy. 
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LH has been shown to be the major luteotrophic 

hormone in cattle (Hansel, 1966). Administration of anti-LH 

reduced the progesterone content of the CL prior to day 12 

(Snook et al., 1969) and the circulating concentration of 

progesterone on days 11 to 16 (Hoffman et al., 1974). This 

would indicate that some LH is required for progesterone 

production by the CL; however, Schomberg et al. (1967) could 

produce only erratic changes in the progesterone level of 

open cows treated with LH, suggesting that the level of 

progesterone production is not directly controlled by the 

level of LH. 

Progesterone biosynthesis ill vitro was always 

increased by the addition of LH to CL slices prior to day 

19 (Armstrong and Black, 1966). The observation that 

increases in progesterone were greater with advancing age 

of the CL seems to indicate that higher progesterone 

secretion during the luteal phase of the estrous cycle and 

during pregnancy are due to increased utilization of LH by 

the ovary and not strictly to increases in the level of LH. 

Exogenous progesterone-like compounds will suppress 

estrus and its accompanying LH peak (Rich et al., 1972). 

There is believed to be an estrogen-progesterone inter

relationship which controls this pre-ovulatory surge of LH. 

Estrogen can not induce this surge unless progesterone 

levels are low. This control of LH release by progesterone 

is usually referred to as a negative feedback control. The 
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negative correlations between LH and progesterone (Table 

19) during the silent and normal estrous cycles and 

pregnancy would seem to suggest that a similar negative 

feedback by progesterone operates to also control the base

line levels of LH. This hypothesis is not valid, however, 

when one considers that there was a difference in the levels 

of LH between heifers on the two levels of energy intake, 

but no difference in progesterone levels. Also, there was 

little variation in plasma LH levels during the estrous 

period and pregnancy, even though there was considerable 

change in progesterone levels. 

All of the evidence above suggests that there is no 

direct control of progesterone levels by LH levels, or of 

baseline levels of LH by progesterone levels. One possible 

alternative is that a change occurs in the sensitivity of 

the CL and the anterior pituitary to the respective regula

tory hormones. perhaps along with this change in sensi

tivity, there may also be other hormones, such as estrogens 

or cell metabolites, involved in the control mechanism. 

General Discussion 

Increasing the TDN level in the ration of the PP 

beef heifer to 122% of the N.R.C. (1970) recommendations 

resulted in a small, nonsignificant increase in weight gain. 

There were no significant differences in any of the param

eters of PP reproduction studied; however, heifers in the 
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high TDN group generally exhibited slightly longer intervals 

to first ovulation, first estrus, and conception. This is 

in agreement with other reports that providing energy in 

excess of the requirements has no beneficial effects on PP 

reproductive efficiency and may actually result in detri

mental effects. 

Because there were no significant differences in PP 

reproductive efficiency or weight gain between heifers on 

the two levels of energy intake, one might not expect any 

differences in circulating hormone levels. There were no 

significant differences due to energy level in the circu

lating levels of progesterone; however, the high TDN ration 

did significantly reduce the circulating levels of LH. 

Since Hobson and Hansel (1972) showed that a low level of 

energy intake reduced progesterone levels and increased LH 

levels, these results tend to support their hypothesis that 

ovarian hypofunction on restricted energy diets is not due 

to a reduction in LH release. 

The recommended level of TDN appears to be suffi

cient for maximum progesterone secretion. The lower level 

of LH on the high TDN ration can not be readily explained by 

a negative feedback by progesterone on the pituitary as 

theorized by Hobson and Hansel (1972), since there was no 

difference in progesterone levels. Perhaps the lower levels 

of LH on the high TDN resulted from an increased metabolism 

or uptake of the hormone by the ovary, rather than a change 
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in the secretion rate. Another possibility is that some 

hormone or metabolite other than progesterone is involved 

in regulating LH release. 

Circulating levels of corticoids were higher on the 

high TDN ration. Even though the magnitude of difference 

was similar both years, the difference was significant only 

in 1970. If the corticoid levels in this experiment are a 

reflection of the ability of the adrenal gland to respond 

to a stress such as that imposed by working the animal 

through a squeeze chute, then increasing the level of 

intake appears to increase the responsiveness of the adrenal 

gland. The difference in corticoid output did not have any 

apparent effect on reproductive efficiency. 

Circulating levels of LH increased during the PP 

anestrous period as the time of first ovulation and/or 

estrus approached. This increase may be similar to the 

increase which precedes estrus in a normal estrous cycle. 

Progesterone levels varied very little from baseline values, 

except for an occasional small increase especially as the 

first PP ovulation approached. The increase at this time 

coincided with the increase in LH. This trend was much 

more evident for both hormones in 1970 than in 1971. In 

1970, mean corticoid values increased as the PP period 

progressed and then declined during the 10 days preceding 

the first ovulation. This would indicate that the adrenal 

gland is more responsive early in the PP period and becomes 
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less responsive as the time of ovulation approaches, when 

both LH and progesterone values showed an increase. The 

decline could also have resulted, however, from an adapta

tion to the possible stress imposed by the sampling tech

nique. 

During the estrous cycle, there was a general non

significant trend for LH values to decline following estrus 

and to increase prior to the subsequent estrus. Pro

gesterone levels during the estrous cycle closely followed 

the development and regression of the CL, and the pattern 

was similar to that reported by numerous other researchers. 

There were no significant changes in mean corticoid levels 

during the estrous cycle. 

Circulating levels of LH exhibited a decline fol

lowing the estrus at which conception occurred which was 

similar to that observed in the normal estrous cycle. 

Levels of LH during pregnancy remained low throughout the 

duration of the sampling period in the high TDN group in 

1970 and in both energy groups in 19 71. The lower level of 

LH at 16 to 20 days of pregnancy than at a similar stage in 

the normal estrous cycle agrees with other reports. During 

early pregnancy, progesterone levels were similar to the 

levels found in the luteal phase of the estrous cycle. 

Progesterone levels did not decline from days 16 to 20 as 

they did in a normal estrous cycle, since the CL is main

tained in pregnancy and does not regress as it does during 
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the estrous cycle. The fluctuations in progesterone levels 

after day 25 in pregnancy indicate that the CL of pregnancy 

does not secrete at a uniform level throughout pregnancy. 

A constant, high level of progesterone is obviously not 

required to maintain pregnancy, since progesterone levels 

declined to relatively low levels in some heifers without a 

cessation of pregnancy. Mean corticoid values did not 

change significantly during pregnancy. 

Mean levels of LH for the normal estrous cycle in 

19 70 were significantly higher than for either the anestrous 

period or pregnancy. This difference probably occurred 

because the normal estrous cycle begins and ends with 

estrus. Higher levels of LH have been observed both pre

ceding and following estrus. The low level of progesterone 

observed in the anestrous period is to be expected since 

normally there is no functional CL at this time. 

The control of LH and progesterone release is 

difficult to explain. There is believed to be an estrogen-

progesterone interrelationship which controls the pre-
t 

ovulatory surge of LH. Estrogen can not induce this surge 

unless progesterone levels are low. At other times there 

does not appear to be a strict relationship between circu

lating levels of LH and progesterone. It is known that LH 

is required for progesterone secretion by the CL. Appar

ently progesterone will be produced by the CL as long as a 

certain minimum amount of LH is available. Changes in the 
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amount of LH above this minimum do not produce direct 

changes in progesterone level. By the same token, changes 

in progesterone level do not appear to have any effect on 

LH levels. This can be demonstrated by similar levels of 

plasma LH during the estrous period and pregnancy, even 

though there is a considerable difference in progesterone 

levels. One possible explanation is that there are changes 

in the sensitivity of the CL and the anterior pituitary to 

regulatory hormones. Another possibility is that other 

hormones, such as estrogen, or metabolites, are involved. 

There were wide fluctuations in corticoid levels 

during all types of cycles, probably due in part to the 

stress imposed by the method of blood collection. The lower 

corticoid values noted during pregnancy than during the 

anestrous period indicate that perhaps the adrenal gland is 

less responsive when the ovary has a functional CL than when 

the ovary is inactive during the anestrous period. A more 

logical explanation, however, is that the heifers adjusted 

to the sampling procedure and were not stressed as much 

later in the sampling period. These results did not 

implicate any relationship between circulating corticoid 

levels and the circulating levels of either LH or pro

gesterone. 
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Experiment II 

Weights and condition scores for the 19 71 study are 

presented in Table 20. As would be expected, the final 

weights for the 3-year-old heifers were significantly 

heavier than for the 2-year-olds (342 vs. 312 kg). 

The 1971 study was conducted during a period of 

extreme drouth which had started the previous fall. Supple

mental (S) feeding resulted in a significant difference in 

weight change when compared to control (C) and early weaned 

(EW) treatments. Heifers in the latter treatments lost 

weight (6 and 7 kg), whereas the S group gained 41 kg. Al

though weight change was approximately the same for both age 

groups with S, a difference in weight change of approxi

mately 25 kg existed between the two age groups in the non-

supplemented treatments (C and EW). This resulted in a 

significant age effect of 20 kg in favor of 2-year-old 

heifers and a significant age x treatment interaction. It 

is interesting to note that 3-year-old heifers in the EW 

group showed the same weight loss as C heifers that were 

suckling a calf. This would suggest that the demands for 

lactation were not very great, perhaps because of low milk 

production in the C group. 

Significant differences in final condition scores 

between the two age groups probably reflect the effects of 

gestation and lactation on the 3-year-old heifers (8.5 vs. 

7.9). The S group with a score of 8.7 was significantly 
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Table 20. Least-squares means of weights and condition 
scores in two ages of range cows subjected to 
three treatments in 1971, 

Treatments 

Early 
Parameter Age Control Supplement Weaned Mean . 

Final Weight, 
kg 

2 
3 
Mean 

304 
333 
319c 

334 
374, 
354 

298 
320 
3 09C 

312* 
3 42 

Weight Change, 2 
O 
J  

Mean 

7e 

-19f 
-6C 

44 
3 7 j 
4 0 

5e 
f 

-20 
-7C 

19S 
-lb 

Final Condition 
Score, units 

2 
3 
Mean 

8.4 
7'9c 8,1 

8,9 
8, 5^ 
8,7 

8.4 
7'4c 7,9° 

8 ' 5 h  
7, 9 

Condition Score 
Change, units 

2 
3 
Mean 

.1 

• 5 

7e 
% ' a 

2  .  7  j  

1 t 7 

.3 4a 
l \ t h  

' Age means within parameters followed by different 
superscripts are significantly different CP < ,05)t 

c d 
' Treatment means fpllowed by different super

scripts are significantly different CP < .05), 

0 f ' Age means within treatments and parameters 
followed by different superscripts are significantly 
different (P < ,051, 



106 

higher than either the C (8.1) or EW (7.9) groups. The 

magnitude of difference due to supplementation was similar 

in both age groups. 

Changes in condition score differed significantly 

among treatments with the S 3-year-old heifers showing the 

greatest improvement. This resulted in a significant age x 

treatment interaction. Within age groups, changes in con

dition scores were similar for both unsupplemented treat

ments (C and EW). The 3-year-old heifers showed the greater 

overall improvement in condition score (1.6 vs. .4), even 

though the 2-year-olds had a higher final condition score. 

Weights and condition scores for the 19 72 study are 

presented in Table 21. Rainfall during the 19 72 study was 

normal, and range conditions were much better than in 1971. 

There was a significant difference between ages for both 

the final weights and final condition scores, with the 3-

year-olds being heavier and in better condition than the 2-

year-olds. The general nonsignificant trend was for both 

the weights and condition scores to be lowest in the C 

group, with little difference between S and EW. In 1971 

when forage was sparse, the EW group closely resembled the 

C group rather than the S group. Both the weights and 

condition scores were much higher in 1972 than in 1971, 

indicative of the difference in range conditions. 

There was a significant age effect and age x treat

ment interaction for per cent calf crop at birth in 1971 
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Table 21, Least-squares means of weights and condition 
scores in two ages of range cows subjected to 
three treatments in 1972, 

\ 

Treatments 

Parameter Age Control Supplement 
Early 
Weaned Mean 

Final Weight, 2 330 337 335 334® 
kg 3 388 398 403 399 

Mean 359 372 369 

Final Condition 2 9,6 9.9 9.5 9 7a f V-L 

Score, units 3 10,2 10, 6 10,8 10,5b 
Mean 9,9 10. 2 10. 2 

ci H 
' Age means followed by different superscripts are 

significantly different CP < .05), 
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(Table 22). Two-year-old heifers averaged 13% higher calf 

crop than 3-year-old heifers. This reflects the burden of 

the first gestation and lactation on rebreeding in the 3-

year-old heifers. Supplementation did not improve the 

already quite high calf crop percentage among 2-year-old 

heifers, although substantial differences were noted in 

weight gain between treatments. Among 3-year-old heifers 

both S and EW significantly improved calf crop percentage 

resulting in a 23 to 30% increase over the C group. The 

highest perccent calf crop in 3-year-old heifers was ob

tained from the EW group (91%). This was in spite of the 

fact that they lost approximately the same amount of weight 

as the C group# which exhibited a 62% calf crop. This dif

ference apparently reflects the effects of lactation in

dependent of weight changes during the breeding season. 

Earliness of conception during the breeding season, 

as measured by subsequent day of birth (DOB) (January 1 = 

day 1, etc.), differed significantly between ages and 

treatments (Table 22). The 2-year-olds conceived an average 

of 12 days earlier than the 3-year-olds. This may have been 

due to either the fact that the 2-year-olds were gaining 

weight or to the detrimental effect of lactation on the 3-

year-olds. Both EW and S resulted in DOB being 11 to 13 

days earlier. This trend was the same in both age groups, 

even though the 2-year-olds had not been suckling a calf and 

EW should have affected them in the same way as -the C group. 
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Table 22, Least-squares means of reproductive parameters in 
two ages of cows subjected to three treatments in 
1971 and 1972, 

Treatments 

Early 
Parameter Year Age Control Supplement, . Weaned Mean 

% Calf 
Crop 

1971 2 
3 
Mean 

92% 
61%c 
76% 

90% 
84% 
86% 

92% , 
91% 
92% 

91%* 
78% 

1972 2 
3 
Mean 

86% 
85% 
85% 

93% 
94% 
94% 

78% 
82% 
80% 

86% 
87% 

Date of 
Birth 

1971 2 
3 
Mean 

77 
86 
82c 

63 
7 6 j 
69d 

63 
7 8 j 
71 

68S 
80 

1972 2 
3 
Mean 

87 
74 
81° 

76 
64* 
7 0 

81 
67 . 
74CPd 

82? 
69 

_ 
' Age means within parameters followed by different 

superscripts are significantly different (P < ,05), 

c d ' Treatment means in the same line followed by 
different superscripts are significantly different (P < ,05), 
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In 19 72 there was no difference between ages in per 

cent calf crop (Table 22), even though one replicate of 2-

year-olds had calved in 1972. While the general non

significant trend was for a higher percentage in the S 

group (94%), the difference between treatments was not as 

great as in 1971. The EW group had the lowest per cent 

calf crop at 80%, whereas the C group had 85%. Contrary to 

19 71, DOB for the 3-year-olds (69) was significantly earlier 

than for the 2-year-olds (82). This trend was the same for 

both replicates of the 2-year-olds, even though only one 

had calved. As in 1971 DOB for the S group (70) was again 

earlier than for the C group (81), with the EW group (74) 

in between. 

While the effect of supplementation on final weight 

and condition score was much more dramatic in 1971 when 

forage was sparse, supplementation did result in an earlier 

DOB and increased per cent calf crop in both 19 71 and 1972. 

Other researchers found similar effects by PP energy level. 

Reducing PP energy level by 50% increased the number of 

services per conception (Wiltbank et al., 1962), and in

creased the interval to first estrus (Wiltbank et al., 

1964), which would delay the subsequent DOB, whereas a high 

plane increased the per cent calf crop. Dunn et al. (1969) 

also found that pregnancy rate was directly related to the 

PP energy level in first calf heifers. 
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Wiltbank and Cook (1958) reported that suckling 

delayed the onset of estrus, while Wagner and Oxenreider 

(19 71) noted that low energy intake had an additional 

adverse effect. Early weaning in this experiment did not 

have any significant effect on body weights or condition 

scores when compared to the C group, but it did improve DOB 

and per cent calf crop in 1971, when forage conditions were 

poor. Laster et al. (1973) reported that weaning at the 

beginning of the breeding season increased the percentage of 

cows exhibiting estrus during the breeding season and the 

conception rate. 

It is apparent from these results that early weaning 

can be used in periods of very poor range forage to increase 

the earliness of rebreeding and the conception rate, but 

that it has little effect when range conditions are 

adequate. Supplementation, however, resulted in an improve

ment in DOB and per cent calf crop during both good and poor 

years. Supplementation did not improve the per cent calf 

crop in 2-year-old nulliparous heifers, but it did improve 

the earliness of conception in the breeding season. 

Circulating Levels of 
Luteinizing Hormone (LH) 

There were no significant differences between treat

ments or ages in circulating levels of LH in range cows 

sampled on June 2, 1971 (Table 23). On July 20, 1971 (Table 

24), however, plasma levels of LH were significantly higher 
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Table 23, Leastr-squares means of plasma LH in two ages of 
range cows subjected to three treatments on 
June 2, 1971, 

Age 

Plasma LH (ng/ml) 

Age 

Treatments 

Meap Age Control Supplement Early Weaned Meap 

2 1.7 1.7 1.8 1.7 

(16) 9 C20) C21) (57) 

3 1. 8 1.6 1,8 1.7 

C18] (13). C16) (47) 

Mean 1.7 1.6 1.8 1.7 

(34) (331 (371 (1041 

Values in parentheses are number of animals. 
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Table 24, Least-squares means of plasma LH in two ages of 
range cows subjected to three treatments on 
July 20, 1971. 

Age 

Plasma LH (ng/ml) 

Age 

Treatments 

Mean Age Control Supplement Early Weaned Mean 

2 2.1 1,7 1.5 1,8 

(14)a (18) (21) (53) 

3 2.1 1,7 1.7 1,8 

(15) (13) (17) (45) 

Mean 2;ib 1.7° 1.6C 1.8 

(29) C31) C38) (.98) 

Values in parentheses are number of animals, 

b c ' Treatment means with different superscripts are 
significantly different CP < ,05), 
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in the control group (2.1 ng/ml) than in either the supple

mented (1.7 ng/ml) or early weaned groups (1.6 ng/ml), but 

there was again no difference between ages. It is apparent 

from Table 25 that the higher mean value observed for the 

control group is due largely to the greater number of open 

heifers in the control group with their correspondingly 

higher LH levels. There was very little difference between 

treatments when LH values were compared within the same 

reproductive status. 

On June 1, 1972 (Table 26), plasma LH levels were 

significantly higher in the supplemented group (2.3 ng/ml) 

than in the control group (1.7 ng/ml). The mean plasma LH 

level was also significantly higher in the 2-year-olds (2.2 

ng/ml) than in the 3-year-olds (1.7 ng/ml). There was a 

significant age x treatment interaction; the higher mean 

level observed in the supplemented group was due solely to 

the 2-year-olds. AFter reviewing Table 27, one can conclude 

that the main reason for the higher mean LH levels in the 

supplemented group was the higher level of LH exhibited in 

the 2-year-old open heifers. There was very little dif

ference between the treatment groups in the pregnant heifers. 

On July 11 (Table 28) there were no significant differences 

between ages or treatments. 

If one considers that there is a considerable varia

tion in LH levels within individuals in any given repro

ductive stage as shown in Experiment I, then the single 
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Table 25. Least»-squares means of plasma LH as affected by 
reproductive status in two ages of range cows 
subjected to three treatments on July 20, 1971, 

Plasma LH (ng/ml) 

Age 

Treatment 

Reproductive Status 

Open Open Pregnant 
No CL CL CL 

Open Open Pregnant 
No CL CL CL 

Control 4.7 

(1)' 

2,7 

C3J 

1.6 

(10) 

2,2 

(8) 

1,8 

C7) 

Supplement 2.5 

(1) 

r-r* 1,6 

(17} 

2,6 

(1) 

2,2 

(2 )  

1.5 

(10) 

Early Wean 1.7 

(2) 

1.5 

019) 

2 , 2  

( 2 )  

2.0 

a) 

1,6 

(14) 

^Values in parentheses are number of animals. 
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Table 26, Leasts-squares means of plasma LH in two ages of 
range cows subjected to three treatments on 
June 1, 1972. 

Age 

Plasma LH (ng/ml) 

Age 

Treatments 

Mean Age Control Supplement Early Wean Mean 

2 1, 6f 2, 9g 2yof 2, 2d 

(7)a (7) (8) (22) 

3 1.7 1.6 1,8 1, 7e 

(18) (16) (17) C51) 

Mean 1.7b 2,3° l,9b'C 1.9 

(25) (23) (25) C73) 

Values in parentheses are number of animals, 

fj c 
' Treatment means with, different superscripts are 

significantly different (p < ,05), 

d, 0 '• Age means with different superscripts e\xe 
significantly different (p < ^05), 

f Q 
'gTreatment means within ages with different 

superscripts are significantly different (P < ,05), 
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Table 27, Leasts-squares means of plasma LH as affected by-
reproductive status in two ages of range cows 
subjected to three treatments on June 1, 1972. 

Plasma LH (ng/ml) 

Age 

* -

Reproductive Status 

Open Open Pregnant Open Open Pregnant 
Treatment No CL CL CL No CL CL CL 

Control 2.7 1.5 2.0 2.1 1,5 

(5)a (2) C7) (1) C7) 

Supplement 3,3 1.8 2.0 1.6 1.6 

(5) C2J (2). CD Ul) 

Early Wean 2,2 1.8 1.2 1.8 2,0 M 

(5) 1 2 )  (1) C9i (1) (2) 

'Values in parentheses are number of animals, 
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Table 28, Leasts-squares means of plasma LH in two ages of 
range cows subjected to three treatments on July 
11, 1972, 

Age 

Plasma LH Cng/ml) 

Age 

Treatments 

. . Mean Age Control Supplement Early Wean . . Mean 

2 1,6 1. 6 1,8 1.7 

(6)a (7) (6) (19) 

3 1.7 1.4 1,6 1.6 

(16 J (15) (17) (48). 

Mean 1.7 1,5 1,7 1.6 

C22) (22) (23). (67). 

Values in parentheses are number of animals^ 
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samples taken on range cows in this experiment are probably 

not exact reflections of the true circulating levels of LH 

within an animal for an extended period of time. When 

reproductive status was disregarded, there was an apparent 

effect of treatment on LH levels on July 20, 19 71, and June 

1, 1972, but not on the other two dates. When reproductive 

status is considered, however, one can see that the dif

ference between treatments is really due to a difference in 

numbers of heifers in the various reproductive status 

categories on July 20, 1971, and due only to the open 

heifers on June 1, 1972. The number of heifers sampled in 

each category is small. Chance sampling could have resulted 

in the differences, due either to the normal variation 

within an individual or to differences in number of heifers 

sampled at different stages of the estrous cycle. The 

differences observed in date of birth on the various treat

ments can not be readily explained by differences in cir

culating levels of LH, 

Circulating Levels of Progesterone 

On June 2, 1971, plasma levels of progesterone were 

significantly affected by age, treatment, and age x treat

ment interaction {Table 29). Plasma levels of progesterone 

were higher in 2-year-olds {1.4 ng/ml) than in 3-year-olds 

{.7 ng/ml); however, there was no difference between ages in 
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Table 2 9. Least-squares means of plasma progesterone in 
two ages of range cows subjected to three 
treatments on June 2, 1971, 

Plasma Progesterone (ng/ml) 

Treatments 

Age Control Supplement Early. Wean Mean 

2 l.lf 2, 4f T 6 1, 4d 

(16) a (20) (.21) (57) 

3 ,lg 1.3g ,8 • 7e 

(18) (13) (16) (47) 

Mean ,6b 1,8° ,7b 1.0 

(34) (33) C37) (104) 
\ 

Values in parentheses are number of animals, 
r_ i _ 
' Treatment means with different superscripts are 

significantly different (P < ,05} 

d ' s 
' Age means with different superscripts are 

significantly different (P < ,05), 

f Cf 'yAge means within treatments with different 
superscripts are significantly different (P < ,05). 
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the EW group. The difference between ages may be due to the 

effect of suckling on progesterone secretion. 

The S group with a progesterone level of 1.8 ng/ml 

was significantly higher than either the C (.6 ng/ml) or EW 

(.7 ng/ml). When the effect of reproductive status is 

considered in Table 30, it can be seen that this effect was 

partially due to a difference in numbers of heifers in the 

various reproductive stages. The trend for the S group to 

be higher than either the C or EW held true in 2-year-olds 

with a functional CL {pregnant and open). In 3-year-olds, 

however, the concentrations of progesterone were equal in 

pregnant heifers in the S and EW groups, but much lower in 

the C group. 

The low level of progesterone (.2 ng/ml) observed in 

the pregnant heifers in the C group is much lower than that 

normally observed during periods when the CL is functional 

and more closely resembles the levels seen during the period 

immediately preceding and following estrus, when the CL is 

presumed to be nonfunctional (Donaldson et al., 1970; 

Echternkamp and Hansel, 1973). Robertson (1972) did, how

ever, report progesterone concentrations as low as .6 ng/ml 

during pregnancy without a cessation of the pregnancy. 

Nevertheless, the CL of the C heifers is not secreting at 

its normal level. The low level of progesterone may be 

partially due to the delayed conception date of the C 
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Table 30, Least-squares means of plasma progesterone as 
affected by reproductive status in two ages of 
range cows subjected to three treatments on 
June 2, 1971, 

Plasma Progesterone (ng/ml) 

Age 

2 . ' 3 
\ 

Reproductive Status 

Open Open Pregnant Open Open Pregnant 
Treatment No CL CL CL No CL CL CL 

Control .9 1.4 .1 J .2 

(7}a (81 (8) (4) (6) 

Supplement .1 1.4 2.9 .2 ,1 2,0 

CD (41 (12) (4) CD (8) 

Early Wean .1 .1 .8 .2 .9 2.0 

C2) CD. (121 (9) (3). C4). 
V 

Values in parentheses are number of animals. 



123 

heifers, resulting in a lesser developed CL of pregnancy at 

the time of sampling. 

On July 20, 1971, there were no significant effects 

due to either ages or treatments (Table 31). The markedly 

reduced level of progesterone observed in the pregnant 3-

year-olds in the C group on June 2, 1971, was not noted at 

this date. 

In 1972 when range conditions were improved, there 

again was a significant effect due to treatments on June 1 

but not due to ages (Table 32). In 1972 the replicate of 2-

year-olds which was bled had also calved, which may explain 

why their progesterone output was not different from the 3-

year-olds. As in 1971, supplementation again resulted in a 

higher level of progesterone (2.1 ng/ml) than for the EW 

(1.4 ng/ml) or C (1.4 ng/ml). Upon considering the effect 

of reproductive status in Table 33, it becomes apparent that 

the main effect of supplementation on progesterone secretion 

was in the pregnant animals, as it was in 1971. Unlike 

1971, however, EW did not result*in increased levels. 

On July 11, 1972, there were no significant effects 

due to either age or treatment (Table 34). 

The effect of EW on increased progesterone levels on 

June 1, 1971, can possibly be explained by the inter

relationship between oxytocin and progesterone. Oxytocin 

is released at the time of milk removal. Hansel (1966) 

reported that daily injections of oxytocin inhibited 
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Table 31. Least-squares means of plasma progesterone in two 
ages of range cows subjected to three treatments 
on July 20, 1971, 

\ 

\ 
Plasma Progesterone (ng/ml) 

s 
Treatments 

Age Control Supplement Early Wean Mean 

2 1.2 

(14 J a 

1.9 

(18) 

1.8 

(21) 

1.6 

(53) 

3 1.3 

(15) 

1.2 

CI 3) 

1,7 

(17) 

1,4 

(45) 

Mean • 1.3 

(29) 

1,5 

(31) 

1.7 

C38) 

1,5 

(.981 

Values in parentheses are number of animals^ 
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Table 32. Least-squares means of plasma progesterone in two 
ages of range cows subjected to three treatments 
on June 1, 1972, 

Plasma Progesterone (ng/ml) 

Treatments 

Age Control Supplement Early Wean Mean 

2 1.4 1.8 1.4 1.5 

C7)a (7) C8) (22) 

3 1,5 < 2,4 1.4 1.8 

CIS) C16) (17} (51) 

Mean 1.4b 2. 1C 1.4b 1.6 

N 
C25) (231 (251 (731 

Values in parentheses are number of animals, 

' Treatment means with, different superscripts are 
significantly different (p < ,05), 
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Table 33. Leasts-squares means of plasma progesterone as 
affected by reproductive status in two ages of 
range cows subjected to three treatments on 
June 1, 1972, 

* 1 -

Plasma Progesterone (ng/ml) 

Age 

^ ~ ' 3 

Reproductive Status 

Open Open Pregnant Open Open Pregnant 
Treatment No CL CL CL No CL CL CL 

Control 1,3 1.6 1,1 2,0 1,6 

C5)a C2) C7) CD C7) 

Supplement 1.1 3.8 1,6 4.8 2.6 

(5) (2) C2) CD Cll). 

Early Wean 1,2 1,8 1.8 1.2 3,3 1.4 

C5) C21 CD. C9I CD C2) 
" "• \ 

^Values in parentheses ^re number of ^nim^ls, 
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Table 34. Least-squares means of plasma progesterone in 
two ages of range cows subjected to three 
treatments on July 11, 1972, 

Plasma Progesterone (ng/ml) 

Treatments 

Age Control Supplement Early Wean Mean 

2 1, Q 1.0 1,3 1,1 

(6)a (7) (6) (19) 

3 1,0 1.1 .9 1.0 

(16) (15) CL71 (48) 

Mean 1.0 1,1 1.1 1,1 

(22) (22) (23) C67) 

Values in parentheses are number of animals, 
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progesterone output during the estrous cycle. In this 

experiment in heifers of the same reproductive status, there 

was no effect of suckling on LH output but progesterone out

put was reduced. Wilks et al. (1969) found that oxytocin 

inhibits progesterone synthesis at the same biochemical site 

where LH exerts its major stimulating action converting 

cholesterol to pregnenolone. 

The lower level of progesterone in the C than S 

groups in the June samples in both 1971 and 1972 agrees with 

other results. Hill et al. (1970) and Gombe and Hansel 

(1973) also reported a reduced progesterone level on re

stricted or low energy diets. It is interesting to note, 

however, that supplementation increased progesterone levels 

in the June samples, but not in the July samples in both 

years. 

It is difficult to determine whether the effects of 

S and EW on progesterone levels in this experiment were due 

to the direct effects of these treatments on progesterone 

output, or due to an earlier conception date resulting in a 

more fully functional CL and higher progesterone levels. 

The observation that these treatments had their most 

noticeable effect on pregnant heifers and only early in the 

breeding season suggests that the difference in progesterone 

levels is the effect and not the cause of early conception. 
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Circulating Levels of Corticoids 

The range heifers in this experiment were gathered 

and driven approximately 2 km or more before being sampled. 

Just prior to sampling calves were separated from their 

dams/ and the heifers were then worked through a squeeze 

chute. Because of the problems alluded to in Experiment I 

regarding the effect of sampling stress on circulating 

corticoid concentrations, the corticoid values in this 

experiment are probably not a true reflection of the normal 

pattern of secretion; rather, they may be more an indication 

of the ability of the adrenal gland to respond to stress. 

On June 2, 1971, there was a significant effect due 

to age but not to treatment, on circulating levels of corti

coids (Table 35). The 2-year-old group had a mean level of 

48.6 ng/ml, whereas the 3-year-olds had 29.9 ng/ml. After 

considering the effect of reproductive status in Table 36, 

one can see that the effect of age was independent of repro

ductive status. There were noticeable differences between 

the two age groups. The 2-year-olds were in better condi

tion and also were not lactating,, while two of the treat

ments <c and S) of the 3-year-olds were lactating. This 

would suggest a possible effect due to either nutrition or 

lactation; however, neither S or EW produced any significant 

differences in corticoid levels when compared to controls. 

On July 20, 1971, there were significant effects due 
» 

to age, treatment, and age x treatment interaction (Table 37). 
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Table 35. Least*-squares means of plasma corticoids in two 
ages of range cows subjected to three treatments 
on June 2, 1971, 

Age 

2 

Control 

Plasma Corticoids Cng/ml) 

Treatments 

Supplement Early Wean Mean 

47. 8 

(16)' 

58, 4 

(20) 

39.7 

(21) 

48,6 

C57). 

28, 9 

(18) 

29.9 

(13) 

30, 8 

(16) 

29,9 

(47) 

Mean 38, 3 

(34) 

44 yi 

C331 

35,3 

(37) 

39^2 

(104) 

Values in parentheses are number of animals, 

h Q 
' Age means with different superscripts are 

significantly different (P < ,05), 
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Table 36. Least-squares means of plasma corticoids as 
affected by reproductive status in two ages of 
range cows subjected to three treatments on 
June 2, 1971, 

Plasma Corticoids. Cng/ml) 

Age 
I • 

2 3 

Reproductive Status 

Open Open Pregnant Open Open Pregnant 
Treatment No CL CL CL No CL . CL CL 

Control 42.3 54,0 21,2 37, 6 33,3 

C7)a C81 C8) C4) C6) 

Supplement 94,0 54,7 59.3 23,1 15,9 35,1 

(1) C4J (12) C4) (1) C8) 

Early Wean 41. 0 20,5 431 3 26v, 9 35V3 36,3 

C2) ai. U2). (9) (3) C4). 

Values in parentheses are number of animals. 
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Table 37, Leasts-squares means of plasma corticoids in two 
ages of range cows subjected to three treatments 
on July 20, 1971, 

Plasma Corticoids (ng/ml) 

Treatments 

Age Control Supplement Early Wean Meaji 

2 46, 4f 
f 

57,1 53,8 52, 4d 

(14) a CIS) (21) (53) 

3 27, 9g 23,7g 431 0 31. 56 

CIS) C13) (17) (45) 

Mean 37. 2b 40,4b'C 48,4C 42, 0 

(29) C31} (38) C98 \ 

Values in parentheses are number of animals. 

b c ' Treatment means with different superscripts are 
significantly different CP < .05), 

CI G 
' Age means with different superscripts are 

significantly different CP < ,05), 

^'gAge means within treatments with different 
superscripts are significantly different CP < j05), 
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As in the June 2 sample, corticoid levels were again higher 

in the 2-year-old group (52.4 ng/ml) than in the 3-year-old 

group (31.5 ng/ml). This difference between ages was sig

nificant only in the two treatments where 3-year-olds were 

lactating (C and S). The significant effect of treatments 

was evidenced by the higher corticoid levels in the EW group 

(48.4 ng/ml) than in the C group (37.2 ng/ml), with the S 

group (40.4 ng/ml) falling in between. However, the effect 

of treatments was primarily in the 3-year-olds, with little 

effect in the 2-year-olds. When the effect of reproductive 

status is considered in Table 38, it becomes apparent that 

the higher level of corticoids in the EW group resulted 

mainly from the difference between treatments in the 

pregnant 3-year-olds. 

Since the EW group of 3-year-olds exhibited elevated 

corticoid levels similar to those of the non-lactating 2-

year-olds, it may be theorized that perhaps the effect of 

suckling is equivalent to a chronic stress which decreases 

the ability of the adrenal to respond to further stress. 

Stott and Robinson (1970) reported that a chronic stress 

suppressed the plasma level of Cortisol. The failure of the 

EW group of 3-year-olds on the June 2 sampling date to 

follow this pattern of higher corticoid levels in the non-

lactating heifers may possibly be due to the remaining 

stress of lactation, since they had been weaned only 2 weeks 

earlier. These results indicate that lactation is involved 
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Table 38. Leasts-squares means of plasma corticoids as 
affected by reproductive status in two ages of 
range cows subjected to three treatments on 
July 20, 1971, 

Plasma Corticoids Cng/ml) 

Age 

2 3 

Reproductive Status 

Open Open Pregnant Open Open Pregnant 
Treatment No CL CL CL No CI CL CL 

Control 33. 4 47,6 47. 4 31; 6 23,8 

t u a  C3) (10) C8) C7) 

Supplement 31.9 58,6 36,3 26,8 21,8 

CD (17) CD (2) CIO) 

Early Wean 58, 4 rf* 53,3 29,1 34,7 45,6 

(2) CI 9) C2) (D CL4J 
V 

Values in parentheses are number of animals. 
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more than nutrition, since the mean condition score of the 

3-year-olds in the S group was significantly higher than 

either the C or EW groups and comparable to the 2-year-olds, 

but the corticoid level of the S group was not elevated. 

There were no significant effects due to age or 

treatment on either June 1, 1972 (Table 39), or July 11, 

1972 (Table 40). Although both ages of heifers sampled 

were lactating, corticoid levels were similar to the levels 

observed in non-lactating 2-year-olds in 1971. Mean condi

tion scores were higher in 1972 than the highest mean scores 

noted in 19 71. This would indicate a possible nutritional 

effect on adrenal activity, except that supplementation had 

no effect either year. 

These results seem to indicate an interaction 

between nutrition and lactation in relation to the activity 

of the adrenal gland, with body condition score being more 

important than the level of food intake. Apparently corti

coid output is depressed by lactation when body condition 

scores are low, but lactation has no effect if body condi

tion scores are high. There was a general trend for groups 

with an increased ability to respond to stress, as indi

cated by higher corticoid levels, to also have higher calf 

crop percentages, suggesting that adrenal activity may be 

important in the fertility of the range beef heifer. 
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Table 39, Least*-squares means of plasma corticoids in two 
ages of range cows subjected to three treatments 
on June 1, 1972, 

Age 

2 

Control 

Plasma Corticoids (ng/ml) 

Treatments 

Supplement Early Wean Me^n 

51,8 

(7)' 

46,4 

C7) 

50,6 

181 

49,6 

C22) 

49, 9 

C18J 

44,4 

(16) 

46,9 

cm 

47,0 

C511 

Mean 50,8 

C25] 

45, 5 

C23) 

48,7 

C25). 

48,3 

C73). 

Values in parentheses are number of animals, 
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Table 40, Least*-squares means of plasma corticoids in two 
ages of range cows subjected to three treatments 
on July 11, 1972. 

Plasma Corticoids Cng/ml) 

Treatments 

Age Control Supplement Early Wean Mean 

2 49.6 42,7 46.2 46,2 

(6)a (7) C6) (19) 

3 43̂ ,7 39, 6 50,5 44.6 

(16) CI 5) 0.7} C48) 

Mean 46,6 41,2 48,3 45,4 

(22) (22 > (23) (67) 

Values in parentheses are number of animals. 
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General Discussion 

The effects of supplementation (S) or early weaning 

(EW) on body weights; condition scores; fertility; and 

plasma levels of LH, progesterone, and corticoids were 

studied in nulliparous (N) and primiparous (P) 2-year-old 

range heifers and primiparous (P) 3-year-old range heifers. 

When compared to controls, supplementation signifi

cantly improved body weight and condition scores of heifers 

in 1971, when forage conditions were poor, while EW had no 

significant effect. In 1972 there were no significant dif

ferences between S, EW, and control (C) groups in final body 

weights or condition scores. Both the weights and condition 

scores were higher in 1972 than in 1971, indicative of the 

better range conditions in 1972. 

In 1971, 2-year-old N heifers had a 13% higher calf 

crop at birth and conceived 12 days earlier than 3-year-old 

P heifers. This may have resulted from the higher condition 

of the 2-year-olds or the fact that they were not subjected 

to the effects of lactation. An improvement in DOB was 

noted in 3-year-old heifers from S and EW, and in 2-year-

old heifers from S, while calf crop percentage was improved 

by S and EW only in the 3-year-olds, Since 3-year-olds in 

the EW group lost as much weight as the C group, the effect 

of lactation appears to be independent of weight change. 

In 1972, there were no significant differences 

between ages or treatments in calf crop percentage. It 
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must be remembered that forage conditions were near normal 

in 19 72 and also that one of the replicates of 2-year-olds 

had calved. Contrary to 1971, DOB was earlier in 3-year-

olds than in 2-year-olds. Date of birth was significantly 

improved by S, while EW resulted in a nonsignificant 

improvement. 

The results of both years indicate that there is an 

interaction between the physiological effect of lactation 

and the nutritional status of the range beef heifer in 

regard to fertility. In a year with poor range forage, 

either S or EW can be used to improve calf crop percentage 

in P heifers, while there is no benefit in years of good 

forage. Supplementation improved earliness of conception 

independent of forage conditions, while EW had a significant 

effect only in a poor forage year. 

The effects of age and treatments on hormone values 

were analyzed statistically, disregarding the effect of 

reproductive status because of small numbers of observations 

and missing subclasses. When this was done, LH values were 

significantly higher in the C group than in either the S or 

EW groups on July 20, 1971, but higher in the S group than 

the C group on June 1, 1972. This effect was due mainly to 

a difference in the number of heifers which were pregnant 

or open on July 20, and to a higher level of LH in a small 

number of 2-year-old open heifers without a CL on June 1. 

There were no differences on June 2, 1971, or July, 11, 
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1972. There was no apparent correlation between LH levels 

and the differences observed in fertility parameters. As a 

general observation, however, LH levels were higher in open 

than in pregnant heifers. 

Progesterone levels were significantly higher in the 

S than in the C or EW groups on both June 2, 19 71, and June 

1, 1972; but there were no significant differences in the 

July samples. There was also a general trend for pro

gesterone levels to be higher in non-lactating heifers than 

in lactating heifers on June 2, 1971. These differences in 

progesterone levels were most noticeable in pregnant heifers. 

Since treatment and age groups with the higher progesterone 

levels also had earlier mean conception dates, this would 

suggest that groups with high progesterone values contained 

more animals with a fully functional CL of pregnancy, rather 

than a relationship between progesterone levels and the 

ability to conceive earlier. 

Mean corticoid levels were significantly higher in 

2-year-old N heifers than in 3-year-old P heifers on June 2 

and July 20, 1971. There was also a significant effect due 

to treatments on July 20, which resulted from an elevated 

level of corticoids in the EW group of 3-year-olds similar 

to that of the non-lactating 2-year-olds. There were no 

significant differences in corticoid levels due to treat

ments on either date in 1972, when the condition scores of 
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all of the heifers were considerably higher than those 

recorded in 1971. 

The results tend to indicate an interaction between 

nutrition and lactation in relation to the activity of the 

adrenal gland, with body condition score being more 

important than the current level of food intake. It appears 

that the ability of the adrenal gland to respond to an acute 

stress is depressed by lactation if body condition scores 

are low, but there is no effect if body condition scores 

are high. Since groups with an increased ability to respond 

to stress also tended to have higher calf crop percentages, 

adrenal activity may be important in the fertility of the 

range heifer. However, the adrenal activity may only be an 

indicator of the actual cause, rather than the cause 

itself. 



SUMMARY AND CONCLUSIONS 

Twenty-six 2-year-old crossbred heifers (predomi

nantly Red Angus x Brown Swiss-Hereford) in 1970 and 25 

2- and 3-year-old Hereford and crossbred heifers in 1971 

maintained under drylot conditions were divided into two 

groups at parturition to study the effects of postpartum 

(PP) energy level on reproductive efficiency and plasma 

levels of leuteinizing hormone (LH), progesterone# and 

corticoids. Daily PP energy levels were 5.5 (normal) and 

6.8 (high) kg TDN, representing approximately 100 and 122% 

of N.R. C. (1970) recommendations. Blood samples were 

obtained twice weekly and rectal palpation of the repro

ductive tract was performed once weekly from parturition to 

confirmation of pregnancy. Progesterone and corticoid 

concentrations were determined by competitive protein 

binding techniques, and LH concentrations were determined 

by radioimmunoassay techniques. 

The influence of supplemental feed during the 

breeding season or early weaning of calves was evaluated 

with nulliparous (N) and primiparous (P) Hereford heifers 

under range conditions. During each of 2 consecutive years, 

heifers of each age group were allotted to breeding pastures 

30 days prior to the breeding season, with two pastures 
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receiving either supplemental feed (S), early weaning of 

calves (EW), or control (C). Supplementation using a milo-

cottonseed meal pellet at the rate of 2.2 kg per animal 

daily was initiated approximately 2 weeks prior to the 

breeding season and continued for 90 days. Calves in the 

EW group were weaned approximately 3 weeks after the 

beginning of the breeding season at an average age of 80 

days. Collection of blood samples and rectal palpation of 

the reproductive tract were performed approximately 30 days 

after the beginning of the breeding season and again fol

lowing the supplemental period. Plasma levels of LH were 

determined by radioimmunoassay techniques while progesterone 

and corticoid concentrations were determined by competitive 

protein binding techniques. Range conditions during the 

first year (1971) were considered poor because of an extreme 

drouth/ but conditions were near normal during the second 

year (1972). 

Increasing the TDN level above N.R.C. (1970) recom

mendations in beef heifers under drylot conditions did not. 

have significant effects on weight gain, services per con^ 

ception, or PP intervals to first ovulation, first estrus, 

or conception. Supplementation of N and P range heifers 

significantly improved changes in body weight and condition 

score when forage conditions were poor, while EW had no 

effect. When forage conditions were normal, neither S nor 
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EW had significant effects on body weights or condition 

scores. 

An interaction between the physiological effect of 

lactation and the nutritional status of the range heifer on 

fertility is evident. Calf crop percentage was improved in 

P heifers when range forage was poor by either S or EW, 

while S had no effect on N heifers under similar conditions, 

Neither S nor EW had any significant effect on P heifers 

when forage conditions were normal. Supplementation 

improved earliness of conception in both good and poor 

forage years, while EW had a significant effect only when 

forage conditions were poor. 

There appears to be a minimum level of energy intake 

for optimum reproductive efficiency in the beef heifer. The 

N.R.C. (1970) recommendations for energy are sufficient to 

allow a small weight gain and optimum reproductive effi

ciency. Lactation, or suckling, apparently interacts with 

energy intake. Either S or EW can be used to improve 

earliness of conception and conception rate in P heifers 

when range conditions are poor and heifers are losing weight. 

If P heifers are gaining weight, S may improve earliness of 

conception, but neither S nor EW has an effect on conception 

rate. There is little benefit, however, from supplementing . 

N heifers, providing they are maintaining their weight. 

Increasing the energy level above recommendations 

in drylot heifers had no effect on circulating progesterone 
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levels, but it did reduce LH levels. There were no con

sistent effects of S or EW on LH levels in range heifers; 

however, S significantly elevated progesterone levels early 

in the breeding season in pregnant heifers, with a similar 

effect from EW when range conditions were poor. The most 

likely reason for these higher progesterone levels is that 

these groups of heifers had earlier mean conception dates 

and, as a result, a more developed and active CL. It is 

theorized that the lower levels of LH on the high TDN ration 

may result from an increased metabolism or uptake of LH by 

the ovary or from metabolites other than progesterone. 

The high TDN ration in drylot heifers significantly 

increased the circulating corticoid level, while S on the 

range had no effect. The range studies indicated that there 

may be an interaction between body condition scores and 

lactation. Lactation may produce a chronic stress on the 

heifer which depresses corticoid output. This effect can be 

overcome if body condition scores are high. 

Correlations between the hormones were generally 

small and inconsistent in both range and drylot studies. 

Circulating levels of LH in drylot heifers in the PP 

anestrous period increased as the time of first ovulation 

and/or estrus approached. There was a general nonsignifi

cant trend for LH values to decline following estrus and to 

increase prior to the subsequent estrus. Levels of LH 

declined following conception and generally remained at 
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baseline levels throughout the duration of the sampling 

period. Progesterone levels varied very little from base

line values during anestrum, except for an occasional small 

increase as the first PP ovulation approached. During the 

estrous cycle and pregnancy, progesterone levels closely 

followed the development and regression of the CL as 

previously reported by many researchers. Individual heifers 

did show fluctuations in progesterone levels during preg

nancy, indicating that a constant, high level of pro

gesterone is not required to maintain pregnancy. There was 

a tendency for plasma corticoid levels to increase as the PP 

period progressed and then to decline prior to the first 

ovulation. Levels did not change significantly during 

either the estrous cycle or pregnancy. 



APPENDIX A 

REAGENTS FOR LH RADIOIMMUNOASSAY 

.5 M Sodium phosphate-monobasic 

1. Add 34.502 g of Nal^PO^-^O to a 500 ml volumetric 

flask. 

2. Bring to volume with distilled water and mix. 

3. Store at 4 C. 

.5 M Sodium Phosphate-dibasic 

1. Add 35.49 g of Na2HPO^ to a 500 ml volumetric flask. 

2. Add approximately 3 00 ml lukewarm distilled water 

and mix until completely dissolved. 

3. When solution is at room temperature, bring to 500 

ml with distilled water and mix again. 

4. Store at 4 C. 

phosphate Buffered Saline (PBS)/ pH 7.0 

1. Add 143 g of NaCl to approximately 500 ml of 

distilled water. 

2. Add 1.75 g of merthiolate (thimersal). 

3. Add 100 ml .5 M Sodium phosphate-monobasic. 

4. Add 260 ml .5 M Sodium phosphate-dibasic. 

5. Mix thoroughly and transfer to a large glass bottle. 

Bring up to 17,5 liter volume with distilled water 

and mix. 
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6. Store at 4 C. 

1% Merthiolate (Thimersal) 

1. Add 1.0 g merthiolate to 100 ml of PBS and mix. 

2. Store at 4 C in a brown bottle. 

5% Egg White (5% EW) 

1. Add 495.0 ml PBS to a beaker. 

2. Add 25.0 g Egg White (Sigma, 3500 DeKalb St., St. 

Louis, Mo.). 

3. Add 5.0 ml of 1% merthiolate and stir until dis

solved. 

4. Strain through glass wool and store in 25 ml 

aliquots at -20 C. 

1% EW 

1. Add 10.0 ml of 5% EW to 40.0 ml of PBS and mix. 

2. Store at -20 C. 

.1% EW 

1. Add 1.0 ml of 5% EW to 49.0 ml of PBS and mix. 

2. Store at -20 C. 

PBS - 1% EW - .25% NRS 

1. Add 987.5 ml of PBS to a beaker. 

2. Add 10.0 g of Egg White. 

3. Add 10.0 ml of 1% merthiolate. 



Add 2.5 ml of normal rabbit serum (NRS) and stir 

until dissolved. 

Strain through glass wool and store in 100 ml 

aliquots at -20 C. 

.05 M EDTA - PBS, pH 7.8 

Add 18.612 g disodium EDTA (ethylenedinitrilo tetra-

acetic acid/ disodium salt) to approximately 800 ml 

of PBS. Warm and stir until dissolved. 

Add 10 ml of 1% merthiolate. 

Bring pH to 7.8 by careful addition (dropwise) of 

5 N NaOH while stirring. 

Transfer the mixture to a 1000 ml volumetric flask 

and bring to volume with PBS when at room tempera

ture . 

Store at 4 C. 

.5 M Sodium Phosphate, pH 7.8 
(For radioidination) 

Add 200 ml of .5 M Sodium phosphate-dibasic to a 

beaker. 

While stirring, add .5 M Sodium phosphate-monobasic 

until pH drops to 7.8. 

Store in 1 ml aliquots at -20 C. 

.05 M Sodium Phosphate 

Dilute remainder of .5 M Sodium phosphate 1:10 with 

PBS. 
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2. Add .1 g of merthiolate per 1000 ml of solution and 

mix. 

3. Store at 4 C. 

Transfer Solution 

1. Add 100.0 mg potassium iodide and 1.0 mg bromphenol 

blue to a 10 ml volumetric flask. 

2. Dilute to mark with 16% sucrose (1.6 gm/10 ml water). 

3. Store in 1 ml aliquots at -20 C. 



APPENDIX B 

REAGENTS FOR PROGESTERONE AND 
CORTICOID ASSAYS 

Phosphate Buffer, pH 7.0 

1. Add 34.8 g of I^HPO^ to a 2 00 0 ml volumetric flask. 

2. Add 2 7.2 g of Kf^PO^ to the flask. 

3. Bring to volume with distilled water and stir. 

4. Store at 4 C. 

Scintillation Fluid 

1. Place .3 g POPOP (Sigma, 3500 DeKalb St., St. Louis, 

Mo.) into a 1000 ml volumetric flask. 

2. Add 5.0 g PPO (New England Nuclear, 206 Professional 

Bldg., El Cerrito, Ca.). 

3. Fill to volume with toluene and mix well. 

4. Add 100 ml of biosolve (Beckman Instruments, Inc., 

2500 Harbor Blvd., Fullerton, Ca.), and mix. 

5. Store in a dark bottle. 
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APPENDIX C 

MEAN SQUARES FROM ANALYSES OF VARIANCE OF DATA 
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Table 41. Experiment I—Mean squares of plasma hormone levels in 1970 and 1971 
for TDN level, type of cycle, stage of cycle, and interactions. 

Source of Variation 

Hormone 
TDN 
Level 

Type of 
Cycle 

Stage of 
Cycle 

TDN X 
v Type 

TDN x 
Stage 

Type x 
Stage Error 

1970 

la 3 3 3 3 9 210 

LH 1,38* i;o4* 2,01 ,09 .24 .70 .34 

Prog, i04 104,51** 36,00 .36 .54 15,40 1.12 

Cort, 618,94* 769,70** 76,18 

1S71 

366,34* 36,83 165,76 115,98 

la 3 3 3 3 9 212 

LH 1,10* ,20 .39 ,31 ,58 ,23 .22 

Prog, ,02 17,87** a, 51 ,78 ,06 • 2,71 .53 

Cort, 362.92 280,88 50,16 19,78 188,26 127,42 170,75 

aDegrees of freedom. 

*P < ,05, 

**P < „'Qlt 
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Table 42. Experiment 3>*-Mean squares of plasma hormone 
levels in 1970 by type of cycle for TDN level, 
stage of cycle, and interaction. 

Source of Variation 

Type of Stage of TDN x 
Cycle Hormone TDN Level Cycle Stage Erroj: 

Anestrous la 3 3 66 

LH .81 2,17** .53 ,46 

Prog. .01 ,15** ,11* . 03 

Cort. 1870,52** 445,72* 118,78 146,99 

Silent 1* 3 3 19 

LH .35 ,74 ,03 ,28 

Prog, .01 7,48** , 30 .73 

Cort. 168,56 134,15 100,04 187,33 

Normal la 3 3 27 

LH ,11 .46 .17 ,26 

Prog. .52 16.72** 1.08 1,77 

Cort, 6, 55 46, 28 49.66 108,45 

Pregnancy la 5 5 134 

LH 1,29* .29 .29 .24 

Prog, 3,22 61,15** 2,24 2,02 

Cort. 9.29 46,11 30.37 78. 91 

^Degrees of freedom, 

*P < ,05, 

**P < .01. 
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Table 43. Experiment I-rMean squares of plasma hormone 
levels in 1971 by type of cycle for TDN level, 
stage of cycle, and interaction. 

Source of Variation 

Type of TDN Stage of TDN x 
Cycle Hormone Level Cycle Stage Error 

Anestrous la 3 3 72 

LH .03 . 23 ,32 .19 

Prog. <,01 .01 <, 01 <.01 

Cort, 279.22 38,09 17,20 173,26 

Silent la 3 3 12 

LH .60 .02 ,06 ,23 

Prog^, 1.10 5,87* 1,84 1,33 

Cort, 29,89 63 , 62 437,81 251,20 

Normal la 3 3 30 

LH ,20 ,42 ,10 ,23 

Prog, ,44 2,75* • 10 ,84 

Cort, 29,44 156,16 103,05 123,19 

Pregnancy la 5 5 132 

LH 1.36* , 55* ,20 .21 

Prog. .87 12.12** .43 .74 

Cort. 610,77* 101.41 41,64 133,46 

a 

Degrees of freedom. 

*P < ,05. 

**P < x,01, 



Table 44. Experiment II—Mean squares of body weights, condition scores and date 
of birth (DOB) for age, treatment, replicate, and interactions in 1971 
and 1972, 

Source of Variation 

^Variable Age Tm't Rep, 
Age x 
.Tm't 

Age x 
Rep. 

Tm't x 
Rep. Error 

la 2 1 2 1 2 

Final Wt,f 
1971° 16,13** 13.80** 28,80** ,53 ,56 2.01** .31 (158a) 

Wt, Change, 
1971 6,54** 17.51** 16.50** , 64** .02 1.21** ,11 (158) 

Final Wt,, 
1972 61.59** .84 34.73** .20 3.49* 5.25** .52 (141) 

Final Cond, 
Score, 1971 11,58** 8,10 156,24** ,82 1.02 1.21* .39 (151) 

Condition Score 
Change, 1971 50,02** 19.23** 74,99** 6,53** 9,62** 2.94 1,04 (151) 

Final Cond, 
Score,' 1972 22,42** ,94 45,39** 4,44 12.94** 1.30 1,15 (143) 

DOB, 1971° 58,76** 22,71* .46 11,17 10.72 3,03 6.54 (158) 

DOB, 19.72° . . 33,27** 8.40* .,02 ,16 .67 16.29** 2.65 (86) 

aDegrees of freedom. *P < .05. 

^Mean squares x 10 4. **P < .01. 

c -2 Mean squares x 10 



Table 45. Experiment II—Mean squares of plasma LH in 1970 and 1971 for treat
ment, age, and interaction. 

Hormone Date 

Source of Variation 

Hormone Date Tm't Age 
Age x 
Tm't Error 

2a 1 2 

LH 6-2-71 .29 <,01 ,10 .24 (98 ) 
7^20-71 2,05** * 03 .07 .36 (92) 
6-1T72 1,80* 3.41* 2,46* ,56 (67) 
7^11^72 .16 ,05 .11 .14 (61) 

Prog, 6-2-71 15,18** 10,74** 4,54* 1.14 (98) 
7-20-71 1,87 1,12 1,38 .73 (92) 
6-lr-72 3,57* .82 ,58 ,95 (67) 
7-11-72 .12 .16 .34 1.77 (61) 

Cort', 6-2-71 669,04 8,903,94** 809,82 341.24 (98) 
7-20-71 1132,96** 10,422.80** 1095,97* 223.71 (92) 
6T1-72 149,19 99,13 5.30 216.66 (67) 
7r-11̂ 72 260,25 33,26 123,32 186.96 (61) 

aDegrees of freedom. 

*P < .05, 

**P < .01, 
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