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ABSTRACT

The effects of lactation status and body composition on ; 
reproductive performance were studied in seventy-one mature Brangus 
cows, thirty-eight non-lactating (NL) and thirty-three in late 

lactation (L). During Phase I (192 days) both groups were fed a low 

energy diet (50% NRG recommendation). During Phase II (65 days) a 

high energy diet (120 % NRC recommendation) was fed to 19 of the 

non-lactating cows (NL-H) and to 17 of the lactating cows (L-H).
The other non-lactating and lactating cows remained on the low , 

energy diet (NL-L and L-L).
Energy restriction.during Phase I did not affect ovarian 

activity although losses in body weight and condition were sub
stantial.

Rapid changes in body weight, condition, and percent empty 

body lipid (EBLP) during Phase II did not substantially influence 

fertility although a five-fold difference in EBLP was observed 

(NL-H vs. L-L). Treatment groups did not differ (P >.05) in con-r 
ception rate, days to breeding, days to conception, conception at 

. first service, and number of services per conception.

It appears that changes in body weight and composition have 

little effect on likelihood of pregnancy in non-lactating and late— 

lactating beef cows once estrous cycles are initiated.



INTRODUCTION

Optimum reproductive performance in beef herds is a key factor 

in assuring that beef remains a competitive source of protein for 

humans» The main goal of the cattleman is to obtain a calf a year from 
each cow. To achieve this goal, cows must be rebred within 82 days 

after parturition, assuming a 283-day gestation period. However, there 

is substantial evidence that this does not occur even in a good portion 
of well-managed herds.. Low pregnancy rates and high perinatal calf 

losses are the two major factors that reduce reproductive performance 
in beef cows. /Showing normal estrus as soon as possible after parturi

tion is one of the most important factors for increasing the proportion 
of cows bred early in the breeding season.6 In many beef herds a signif
icant proportion of lactating cows have not ovulated by the beginning of 

the mating period (Wiltbank, 1970.) . Cows mated at first estrus follow
ing calving show lower conception rates than those bred after several 

estrous cycles. There is increasing evidence that luteal function may 

be deficient during early estrous cycles improving only gradually during 

subsequent cycles (Short et al., 1972; Whitmore etal., 1974).

Long postpartum anestrous intervals are more likely to occur in 

cows under range conditions.: During winter months forage scarcity re
sults in an. inadequate nutritional plane for beef females which, in most 

cases,: is not compensated by ah adequate supplemental feed. /
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In addition to nutrition, other factors have been shown to sig-r* 

nificantly affect length of postpartum intervals« These include suckl
ing intensity and lactation (Graves et al., 1968; Laster et al., 1973; 
Wettemann et al., 1978), season of breeding (Casida, 1971; Loyacano et 

alo, 1974), age (Wiltbank, 19.70), breed (Koger et al., 1962; Reynolds, 

1967), dystocia (Carrol, 1972; Laster. and Gregory, 1973) and peripar- 

turient disease (Morrow et al., 1969; Carrol, 1972).

Many complex processes are involved for establishment of a 

viable pregnancy. Both sexes must produce and release functional and 

fertile gametes. The female must exhibit estrus and mating must occur 

within the period, of viability of the gametes. After conception the 

embryo and the fetus must be provided an adequate maternal environment 

for proper development and successful birth. Many physiological, 
hormonal, nutritional, and behavioral factors involved in these pro

cesses are poorly understood.
According to Wiltbank (1978), three critical areas provide the 

best opportunities to achieve optimum reproductive performance: (1)

increase the number of cows showing estrus during the first 21 days of 
the breeding period; (2) increase the conception rate at first service; 

and (3) decrease the losses at or near calving. Methods of shortening 

the postpartum interval and improving overall reproductive performance 

have, been proposed and tried with varying degrees of success. However, 

in order to approach the problem correctly more information arid addi

tional studies are needed.
This study was designed to investigate the influence of body 

composition, as attained by different levels of energy, on reproductive



'performance of non-lactatitig and lactating mature beef cows during the 
late postpartum period. .



LITERATURE REVIEW

The Postpartum Interval 
The interval beginning with parturition and ending with silent 

(not detected) or overt estrus and ovulation is commonly referred to as 
the postpartum or anestro.us period. Long postpartum anestrus is widely 
recognized as. a limiting factor in efficiency of production of beef 
cattle. Cattle have an indefinite postpartum anestrus. The reproduc
tive system undergoes a series of changes from the point of pregnancy 

termination to a condition capable of initiating and maintaining a new 

pregnancy. The importance of obtaining a normal estrus from breeding 

cows as early after calving as physiologically reasonable becomes an 

increasingly important factor for calving every twelve months. To have 

a twelve month calving interval, cows must conceive by 85 days post

partum (Britt, 1975) .

Under typical conditions, up to one-third of the herd may not 

exhibit estrus until after ninety days postpartum (Pelissier, 1972).

It has been suggested that breeding dairy cows at the first estrus 
after forty days postpartum yields very reasonable fertility rates 

while delaying breeding until the first estrus after sixty days, the 
generally accepted breeding time, does not give enough increase in 

. fertility rates to justify postponement of breeding. There may be only 

a 10% increase in fertility rates by delaying breeding until after sixty 
days (Britt, 1975);. : The normal patt erns of hormone secret ion must be



(reestablished after calving. According to Morrow et al, (1969)* dairy 
cows show a growth of follicles followed by regression almost immed
iately after parturition, regardless of duration of interval to first 
estruso Echtemkamp and Hansel (1973) report there is a rise in plasma 

concentration of luteinizing hormone (LH) which occurs about 21 days 

before estrus followed by a rise in progesterone as in a normal cycle, 

Sorensen (197 9) hypothesized this activity triggers the mechanism for 
normal folliculogenesis, estrus, and ovulation.

Differences in length of the postpartum interval have been 
shown to exist between beef cows and dairy cows with the former having 
a longer interval (Wagner"and Hansel, 1969). In general, the first 
standing estrus in the cow usually occurs between 32 and 76 days but a 

careful examination, of the ovaries reveals that the first ovulation may 

occur earlier postpartum, as reported by Morrow et al, (1969)• For 

dairy cows, first ovulation occurs 19 days postpartum (Menge et al,, 

1962). Morrow et al, (1969) reported that the occurrence of standing 

estrus in dairy cows was 23% at the first, 46% at the second, and 64% 

at the third ovulation. This means that the first follicular growth 

and ovulation is accompanied by silent estrus and explains some dis
crepancies in much of the data recorded on first postpartum estrus,
The first cycles after parturition were reported to be shorter than 

normal (Short et al,, 1972), perhaps due to a deficiency of progesterone 

. by the corpus luteum, Wagner and Hansel (1969) stated that differences 

in luteal progesterone content are not of particular significance for 
length of first cycles postpartum, since the progesterone content of 

corpora decline rather sharply at the end of the cycle.



Among the most important changes which occur in the female dur
ing the postpartum period is the involution of the uterus, although it 
is not a limiting factor for reestablishing normal estrus cycles after 
parturition.

Uterine Involution

After parturition the uterus of the cow undergoes a series of. 

changes necessary for it to return to its normal non-pregnant size and 

to be capable of supporting another pregnancy. ^It is considered to be 

normal when it has returned to its non-pregnant position in the pelvic 
cavity and the horns are symmetrical and showing normal consistency 
and tonus. Most of the decrease in uterine size is stimulated by 
vasoconstriction but contraction of the uterine muscles that continues 

for 2 to 3 days following parturition also plays an important role 
(MoHer, 1970). The process is associated with enzymatic breakdown of 

mucopolysaccharides, a rapid shrinkage of cytoplasm in the cells and, 
at the end of the involution period, a grouping of the nuclei of the 

muscle cells (Hafez, 19.74) . The horns diminish quickly in diameter 

for the first 22 days and then the decrease is slower. The internal 

surface of the uterus shrinks and the surface of the caruncles under

goes necrosis as the stalk i's constricted due to vasoconstriction (Gier 
and Marion, 1968)o. The resulting cellular detritus mixes with fetal 

fluid, blood and mucus to form the uterine lochia. The latter authors 

observed that the necrosis was initiated by the fifty day postpartum 
and caruncular debris, was sloughed into the lochia by the twelfth day; 
by the second to third week the. caruncles had returned to almost their



original size and by day 25 they were completely repaired. Similar 

findings were reported by Wagner and Hansel (1969) who reported car- 

uncular tissue was sloughed between day 7 and 14 postpartum and .surface 
epithelium over the caruncles was regenerated at day 30. According to 
Marion et al. (1968) the weight of the puerperal bovine uterus dimin
ished -from 10 kg at parturition to 1 kg at 25 days and to 0.7 kg at 50 

days. Involution was reported to be complete by 30 to 40 days (Marion 

et al., 1968). Morrow et al. (1969), reviewing six studies with dairy 

cattle, showed the interval to the time of uterine involution to be 

26.2 to 52.0 days. For beef cattle a review of three studies resulted 
in a range of 37.7 to 56.0 days.

The interval from parturition to uterine involution may be iu- . 
fluenced by several factors although experimental results are con̂ - 
flicting for some of them. A longer period of time is required for 
uterine involution following an abnormal parturition (Buch et al., 
1955). The same authors reported an average time from calving to 
involution of the uterus of 50 days in pluriparous cows compared to 

42 days in primiparous cows. Wiltbank et al. (1962) found a trend for 

the uteri of cows receiving low energy levels eithier before or after 

calving to involute more slowly. > Suckling was also demonstrated to 

delay uterine involution (Riensen et al., 1968) although Wiltbank and 

Cook (1958) and Wagner and Hansel:(1969) have not confirmed such ad- . 

verse effects<, Foote, and Hunter (1964) found that progesterone, with 

or without estradiol, shortened the interval to postpartum involution. 

However, Marion et al. (1968) found that progesterone delayed uterine 
regression in cattle.
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It appears that the process of involution is not essential for 

resumption of normal, cyclic ovarian activity as that process was shown 
not to be significantly associated with either the interval to first .
estrus or to conception (Morrow et al., 1969; Wagner and Hansel, 1969).

Endocrinology of the Postpartum Period ,

In analyzing the events leading up to the first ovulation post
partum, several hormonal interactions are important considerations. 

Pituitary LH levels are low following parturition and gradually in
crease up to day 30 postpartum as the resumption of estrual cyclicity 

approaches (Saiduddin and Foote, 1964)« The increase in plasma LH 

concentration paralleled the increase in bovine pituitary LH content 

during these first 30 days postpartum and Saiduddin and Foote (1964) 

reported that LH levels in postpartum cows rose from 66» ng/mg to 21,1 

ng/mg dried pituitary between 5 days and 30 days postpartum. Wagner 
et al. (1969) supported the idea that there was indeed a rise in 

pituitary LH following parturition, but nursing of calves appeared to 

have no effect on the pituitary LH content. Edgerton and Hafs (1971) 
also showed that there was an increase in basal levels of plasma LH 

during the first six weeks postpartum. Humphrey et al. (1976) demon
strated an increase in the number of weekly plasma LH peaks as the 
ocurrence of first postpartum estrus approached. Echtemkamp and. 

Hansel (1973) reported that plasma LH levels were low (0.5 ng/mg) and 

gradually increased to 1.5-3.0 ng/ml as first postpartum estrus 

approached. At first estrus large increases werevnoted.
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Secretion of LE appears not to be affected by prolactin since 

inhibition of prolactin release did not influence LH secretion in beef 

heifers (Williams, 1978), Plasma follicle-stimulating hormone (FSH) 
concentration is reduced during the early postpartum but increases 
gradually and it is normal by ten days to two weeks after parturition 
.(Fernandes et al., 1978). ,

Progesterone may play an important role in the resumption of 
normal ovarian activity in the postpartum cow. Corah et al• (1974) 

reported low plasma progesterone levels following parturition but 
plasma progesterone levels increased prior to the first postpartum 

estruso Williams et al. (1973) demonstrated that estrus was never ob

served in dairy cows without prior elevations in plasma progesterone. 

Several researchers have observed that a brief rise in serum progesterone 

levels precedes the first postpartum ovulation (Donaldson et al., 1970; 

Henricks et al., 1972; Arije et al., 1974; Castenson et al., 1976; 

Humphrey et al., 1976; Webb et al., 1977). This short term elevation 

in serum progesterone has also been noted in beef heifers reaching 

puberty (Gonzalez-Padilia et al., 1975; Williams, 1978) „
The role of progesterone in relation to the initiation of ovula

tion in the postpartum cow is still hot clear. Webb et al. (1977) be
lieve progesterone may have a feedback action on the hypothalamus and/ 

or pituitary to initiate a pattern of gonadotropin secretion associated 
with normal cyclic ovarian function.

Feder and Mar rone (1977) showed that LH release in ewes was 

facilitated by progesterone withdrawal. Saiduddin et al. (1966) sug

gested that the occurrence of first.ovulation postpartum in dairy cows



was dependent on follicular maturation and estradiol-17B secretion to 

trigger LH release and ovulation. However5 Gonzalez-Padilla et al. 

(1975) reported that progesterone primes the ovary to prepare it for 

gonadotropin release and increased follicular development„

The source of the short term elevation in progesterone in the 
postpartum cow is not completely elucidated yet. Donaldson et al.

(1970) suggested small, luteinized follicles as the source of the 
progesterone levels postpartum based on rectal palpations. Hansel and 

Trimberger (1952.) have attributed the small, transient elevations in 
progesterone during the postpartum period to luteinization of follicular 
tissue. Balfour et al. (1957) demonstrated that the adrenal gland can 

also be a source of progesterone. Factors such as prolactin levels and 

stress may affect the adrenal’s secretion of progesterone (Piva et al., 
1973)o Castenson et al. (1976) suggest this short term elevation in 

progesterone, at least in heifers, is the result of luteal tissue 

formation and, in most cases, of ovulation. This evidence was later 

supported by Williams (1978)e

Estrogens are especially high just prior to parturition 

(Henricks et al., 1972; Smith et al., 1973). Excretion of placental 
estrogen in urine decreases dramatically from parturition until day 

three postpartum (Erb et al., 1971). Similar reduction was observed in 

a study conducted by:Arije et al. (1974). Following parturition, es

trogen levels declined and remained lower than .10 pg/ml and increased 
. just prior to:the first postpartum estrus in dairy cows (Henricks et 
al.. , yi972) . : - This was also demonstrated by Corah et al. (1974) . who , 
working with beef cows, observed, a plama estradiol peak at the time of



parturition which dropped abruptly following parturition. At day 13 
levels began to rise again until first estrus. These authors suggested 
beef heifers have slightly lower postpartum estradiol levels than 

dairy cows since estradiol declined to between 1 and 2: pg/ml for the 

first 13 days postpartum which is lower than the 14 to 28 pg/ml re

ported by Smith et a!. (1973) for dairy, cows for the same period. Pre

ceding the first postpartum estrus, plasma estradiol concentrations are 
elevated for two to three days (Henricks et al.> 1972; Echternkamp and 

Hansel,.1973). Gradual increase in plasma estradiol concentrations un
til day 19 postpartum was observed by Kesler et al. (1976). Williams
(1978) found peaks of astradiol-17B preceding abbreviated increases in 
serum progesterone during the first 3 to 4 weeks postpartum. He also 
suggests that endogenous concentrations of ovarian steroids are impor

tant in the modulation of subsequent luteal function. Wagner and 
Oxenreider (1971) found that the interval from parturition to develop

ment of a follicle greater than 10 mm was 16 days in suckled cows. It 

would appear that this increased follicular size is then accompanied 

by an increased estradiol secretion.

In conclusion, time sequence of hormones involved in post

partum, period of beef cows could be summarized as follows:
Progesterone.Circulating levels remain at low or undetectable levels 

following parturition and show a small increase 3 to 5 days prior to 
first ovulation regardless whether this ovulation is accompanied by 

standing estrus or not (Arij e et al. , 1974; Humphrey et al., 1976) . 

v Gdhadotropihs. Circulating levels of PSH and LH are at low levels 
during early postpartum period, increase as the period progresses, and
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are restored to normal by ten days to two weeks after parturition 
(Webb et al, 9 1977; Fernandes et al,, 1978). Circulating, levels of LH 

show periodic increases after two weeks postpartum, culminating with 
a high peak at the first: postpartum estrus (Arije et al., 1974). 
Estrogenso Circulating levels are low in first week after parturition, 

gradually increase with time until day 19 and are elevated for two to 

three days preceding the first postpartum estrus (Kesler et al,, 1976; 

Arije et al., 1974).

Factors Affecting the Postpartum Interval 
The endocrine control of reproductive changes following calving 

is not fully understood. Interrelationships exist between the various 

organs of the reproductive system in overcoming anestrus as well as 
controlling the estrus cycle. Several factors have been identified as 
capable of affecting the length of the interval from calving to first 
estrus and to conception. Some changes occurring during this period 

have been delineated but variations in hormonal patterns and in 
ovarian function related to those factors have not been completely 

elucidated.
Among the factors known to affect the postpartum interval, 

plane of nutrition, body condition, suckling-1actation complex, season 

of breeding, age, breed, dystocia, and periparturient disease have 

been studied the most, with the first three appearing to be the most 

important.



Plane of Nutrition/Body Condition
An inadequate level of nutrition, is one of the most important 

factors causing poor reproductive performance in beef cattle which, in 
turn, is the most important aspect.to. be considered for the success of 
a beef breeding enterprise. Because of its importance, there is a 

growing interest in, and an increasing need for improving the reproduc
tive efficiency of beef herds. The relatively great number of related 
investigations involving studies on underfeeding/ supplemental feeding, 

and feeding above-recommended standards have shown that malnutrition 

can negatively affect reproduction. It is well known, since the first 

investigations on the subject, that differences in forage availability 

and condition (fatness) of the cow are two of the main factors respon

sible for variations in calf crop. Calf crop as low as 49% was obtained 
on seven ranches where forage was scarce compared to 80% on eight 

ranches where forage supply was normal (Parr and Klemmendson, 192.5) *

Calf crops of 77% and 68% in years following a drought compared- to an. 
average of 85% in years following normal rainfall were reported by 

Baker and Quesenberry (19,44) . Marsh at al. (195:91 in Montana reported 

that cows on heavily grazed range (23.1 acres per cow), averaged 15% 
fewer calves b o m  than those on moderately (30.5 acres per cow), or 
lightly grazed range (38.8 acres per cow). A shortage of forage ap^ 

peared to be responsible for the results obtained. Thus, the first . 

requirement is that there be sufficient feed for the animal to be 

provided the necessary energy required to maintain the body. Any 

surplus:energy aboye these needs may be. used f or.growth, reproduction 

and other productive functions.
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The importance of adequate nutrition, before and after calving, 

has been widely demonstrated (Asdell, 1949; Reid, 1960; Wiltbank et 
al., 1961; Clanton and Zimmerman, 1965). Level of energy intake, both 
before and after calving, influences the length of the postpartum an

ovulatory and/or anestrous period. Dunn et al. (1969) showed that 

level of energy intake can markedly alter reproductive performance in 

2-year-old heifers nursing their first calves. In his study pregnancy 
. rate 120 days after calving was directly related to the post-calving 

level of digestible energy.
Eighty-seven percent of the cows fed the high energy level (48.2 

Meal) after calving were pregnant compared with 72% of those fed the mod
erate level (27.3 Meal) and 64% of those fed the low energy level (14.2 
Meal). The findings of this experiment are in agreement with others who 

have reported a greater pregnancy rate in cows that were rapidly gaining 

weight and low pregnancy rates in those losing weight during the breed
ing season (Wiltbank et al., 1962; Warnick et al., 1967). The interval 

from calving to first estrus-i is also affected. Dunn et al. (1969) re

ported that 19% of the cows fed the low post-calving energy level 

(14.2 Meal) failed to show estrns by 100 days after calving compared 

to only 2% of those fed the high post-calving energy level (48.2 Meal). 

Studying the effect of pre-calving and post-calving levels of energy 

on reproductive performance in mature Hereford cows Wiltbank et al.

.(1962) showed that onset of estrns: was significantly influenced by 

both pre- and the post-calving total digestible nutrients (TDN) levels 

and that the pre-calving level appeared to be relatively more important 

since a higher proportion of the cows had cycled by 90 days post-calving



(90.5 vs. 58.5%) and es.traus was exhibited sooner in the cows receiving 
the high energy ration (4.0 kg TDN) prior to calving than in those fed 

the low energy ration (2.0 Kg TDN). The proportion of cows diagnosed 

pregnant during the experiment was 95, 77, 95 and 20% for cows fed the 

high-high, high-low, low-high and low-low rations, respectively. The 
difference among these groups was largely the result of a large propor

tion of cows failing to show es.trous on the low level of energy after 
calving. Joubert (1954), working on the influence of high and low 

nutritional planes on the estrous cycle and conception rate of range 

beef heifers, found considerable delay in post-parturn estrus. The 
high-plane heifers (grazing plus supplementary feeding during winter 
months) came on heat only after weaning their calves while the low- 
plane heifers (only natural grazing) required nearly a year in addition 

to regain depleted body reserves before sexual activity was restored. 
Similar results were obtained by Bellows and Short (1978) with dry-lot 

cows fed. low (3.2 or 3.4 Kg TDN) or high (6.3 or 6.4 Kg TDN) daily feed 

levels for 90 days before calving. Dams receiving the high feed levels 

had shorter post-parturn intervals, (66 vs. 87 days) greater number ex

hibiting estrous before the breeding season (79 vs. 47%) and tended to 

have a higher fall pregnancy rate (77 vs. 60%). Reduced pregnancy 

rates in cattle on low energy diets were suggested to be caused by 

embryonic loss after. 4 days post-mating.and not by fertilization fail
ure (Spitzer et al., 1975).

. Many workers have concluded that, protein level can have a 
detrimehtal effect on feproduction. . Turton (1969) .feported lowered 

conception rates in cows fed protein deficient diets.These findings
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are not in agreement with WiltEank et al. (1965). They found in post
partum cows receiving three different levels of protein (.10, .06 and 
.02 kg of digestible protein/45.3 kg of body weight) that onset of heat 

was delayed in those fed the low level but conception was not adversely 

affected.,.. Other studies, however, show the importance of feeding ad
equate level of protein for reproduction, Witt et al. (1958) working 

with 3-year-old and 8-^year-old Brahman cows obtained significantly 

longer post-partum intervals for cows of both ages fed only 50% of the 

NRG protein requirements (128 days) in comparison to cows fed 100% of 
the recommendations (68 days). The percentage of lactating females, 

pregnant at the end of breeding season for both ages, was significantly 

lower for low protein level animals (16 vs. 53%). Williams et al. 
(1980) treated two groups of primiparous Hereford heifers with both 
adequate (.96 kg crude protein) and deficient (.32 kg crude protein) 
levels of protein from 150 days preparturn to 100 days post-partum. 
Rations were later adjusted for lactation by increasing the intake of 
total respective rations by 33%. Heifers consuming an adequate ration 

had a shorter interval from parturition to first estrus (75 vs. 86 
days). Further, first service conception rate and overall conception 
rate were adversely affected by reduced crude protein intake (33 vs.

71% and 32 vs. 74%, respectively). Extra dietary protein may have an 

effect on fertility in addition to its usual effect of helping the 

animal to maintain weight. It was found that when cows of similar 

weights were compared, those that had received a protein supplement 
were much more fertile than unfed cows (Ward, 1968) . The conception



: . .17
rate of the protein-supplemented cows (2 lb of groundnut cake) was 76% 
compared to only 36% of the control cows (only grazing on veld).

Wiltbank (1978) and Topps (1977) have concluded independently 
that, condition of the cow and whether she is gaining or losing weight 
are the major determinants of post-partum interval to estrus. Accords 
ing to them a nutritional regimen must be used during late pregnancy 
and early lactation so that condition of cows at calving is moderate 
and weight losses during early lactation limited. Whitman et al.

(1975) found that mature beef females that gained weight before par- . 

turition had. a greater likelihood, of estrus by 50 days than did cows 

that lost weight before parturition. The likelihood of estrus 60 to 

90 days post-partum was significantly affected by body condition at 
calving. The likelihood of estrus increased as body condition at 

partutition improved from thin to moderate to good. However body con
dition had little effect on likelihood of pregnancy once estrus was 
expressed. Considering only weight changesas no measurements of body 

condition were taken. Ho In ess et al. (1978) found that postpartum 

anestrus was significantly shorter in cows that lost than in those that 
gained in live weight postpartum.. - Two possible interpretations were 

presented to explain this unexpected finding. First, a loss of live 

weight identified cows that were in. better body condition at calving.

A strong negative relationship between postpartum weight and subsequent 

gain was reported (Steenkamp et al. , 1975) . Secondly , cows that lost 

weight were able to mobilize tissue > reserves more rapidly and there
fore, were better equipped to proyide for normal metabolic- function 

during this time of heavy demand for available, nutrients. Schilling



and England (1968) and Lamond (1970) showed that beef cows may lose up 
to 15% of their fall weight during the second and third trimester of 
pregnancy without interfering with total calf production, provided they 
are in a positive energy balance from calving to mating = Hargrove et 
alo.(1980) reported precalving feeding level did not significantly af

fect subsequent pregnancy rate in two-year-old heifers fed to lose 
weight during the last 60. days of gestation (83%) compared to those 
fed to maintain (80%) or to gain weight (70%) . This was also demon-* 
strated by Wiltbank et al. (196.4) e In this experiment both body weight 

and condition score increased postpartum for all cows. Condition 

scores greater than 5,0 at 84 days postpartum were observed for cows 

with higher pregnancy rates whereas condition scores of 4,5 or less 

at 84 days postpartum were observed for cows with lower pregnancy 

rates, Braugus heifers considered, to be below normal in body condition 

at calving showed longer interval from calving to conception and a 

lower conception rate as. compared to heifers considered in normal 

body condition. Both groups lost weight from calving to the end of 
breeding period but the mean weight loss was lower for the normal 
heifers (7,2 vs, 23*5 kg) (Butler, 1980)* However, considering only 
precalving condition score. Bellows and Short (1978) and Corah et al. 
(1975) demonstrated, that this factor does not affect postpartum in-r- 

tervals to first estrus, In the. first study, cows with a precalving 

condition score of 10,6 showed a postpartum interval to first estrus 

of 66 days compared to 87 days for those with a precalving condition 

score of 6.4v In the second study, the average interval to first



postpartum estrus was 51 and 52 days, respectively for the cows fed 

100% (good condition at calving) and 65% (poor condition at calving) 
of recommended pre-parturn energy level starting 100 days prior to 
parturitiono. Low body weight or large weight losses are known to be 
closely related with poor conception rates* The study of Richardson 

et al* (1975) has produced data which have quantified the relationship 
between weight loss and subsequent calving percentage* In their 
study, beef cows, were subjected to either a high, medium or low plane 

of nutrition combined with two' ages of weaning the calves, 150 or 240 
days * The relat ionship between weight change and calving percentage 
was shown to be curvilinear* No relationship was found between calv
ing rate and the percentage change of body weight from parturition to 

mean weight in the breeding season, indicating that the ability of the 
cow to conceive depends on. the body weight itself (or condition) and 

not on the rate of weight change during this period. Steenkamp et 

al* (.1975) working with Afrikander cows under extensive subtropical 

grazing, obtained, the same evidence showing that postpartum weight 

was the most important factor affecting subsequent conception* In

deed, medium and large size cows could gain little or even lose 

weight after calving and* .still conceive, whereas small cows had to . 
gain considerably in weight* Prior to the above mentioned results, 
Lamond (1970) had already presented the concept of a target body 

weight based on an optimum body weight for successful conception*

As body weight increased above or declined below this target so the 
ability, of the cow to. reproduce; decreased* . The concept of a target



body weight was later supported by Buck et al« (1976} in Botswana who 

found that indigenous cows weighing less than 300 kg at the beginning of 

the breeding season achieved a 50% calving rate and those weighing 430 

kg achieved an 85%. calving rate. In both studies (Lamond, 1970 and Buck 

et ale 9 1976) 9 the decrease, in fertility observed when animals were over 
a given weight was reported to be due to excess fat. This effect was 
demonstrated on conception rate by Arnett et al. (1971). Although fat
ness is believed to affect fertility, some studies do not show that 
fatness has any effect on conception rate (Finney et al., 1961;

Totusek et al., 1961). These studies indicate that fat heifers do 

have more difficulty at first calving then underfed cows. Pendlum et 

al. (1977) also demonstrated that conception rates were not affected 

in fatter heifers as a result of increased; increments of supplemental 

energy. Results of feeding animals above recommended levels are. some

what controversial. Jdubert (19.54) obtained no improvement in fertility 

by feeding mature cows above maintenance over the wintering period prior 

to calvingo Under dry—lot. conditions, feeding excess postpartum energy 
did not cause any benefit to first-calf, heifers (McGinty and Ray, 1973; 
Ray et al.., 1974) . Estimated energy intakes of 150% of NRC standards 
during the postpartum period delayed the onset of estrus in Hereford 

cows (Wiltbank et al., 1964)e Similar results were obtained by Bellows 

and Thomas (1976) when they fed lactating range beef cows a high level 
of grain supplement (3.86 kg daily) before and during the breeding 

season compared to cows fed only range forage. The high level of grain 
feeding did.not significantly affect the interval from calving to first
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estrus (63,2 vs, 62,5 days)., Further? the high level, of grain reduced 

the fall pregnancy rate in the supplemented group (61,5 vs, 93,8%) 
although the reduction was not significant.

Schilling et. al, (1980) demonstrated a delayed onset of the 

reproductive, processes postpartum from feeding high yielding dairy 

cows, an above-recommended energy diet (maintenance plus enough extra
■ Oenergy for the production of 16 kg FCM) . Intervals from calving to 

uterine involution5 first ovulation, first estrus and to conception 
were significantly longer for the cows on the high diet, However, no 
significant differences could be found concerning silent ovulations 
compared to the restricted diet group (maintenance plus energy for only 

6'kg FCM) , This did not agree with Whitmore et al. (1974) who reported 

high incidence of silent ovulations in dairy cows fed high plane of 

nutrition. On the other hand, feeding low nutritional levels, mainly 

energy, leads not only to a poor reproductive performance, as previously 
discussed, but also to a complete cessation of estrous cycles, this 

depending on the severity of the feeding restriction, Joubert (1954) . 

found that on a low plane of nutrition beef heifers invariably ex- 

. perienced an anestrous.. condition during winter, lasting up to 218 days. 

Sexual activity was restored only after they regained the losses in live 
weight» Similar results were obtained from the work of Hale (1975) .

. He undemourished dry cows until sexual activity ceased. This required 
/ an average body weight loss of 70. kg. (from approximately 390 to 320 Kg) . 
V After a period of about three months the animals were then fed to gain 
in weight. Sexual activity did not return until a body weight was



achieved which was significantly greater than that at which the animals
• ' / , ■■ ■* . . ' ' : ... : .■ ■ ■ . 

stopped, cycling. The difference was approximately 70 Kg. This may mean

that it is more efficient physiologically to maintain animals in reas
onable condition than to allow them to lose weight and attempt to re

plete immediately before the mating season. Bond et al. (1958) also 

induced complete cessation of cytlic activity by feeding beef heifers 

a ration estimated to supply 1.1 Kg TDN and 0.09 Kg DP and then re

established normal cycles by increasing feeding level. From beginning 

of experiment to cessation of estrus heifers lost 59.4 Kg in an average 

of 136 days. The average time from cessation of estrus to its re- 
establishment was 228 days and average gain during this period was 

101.1 Kg a finding similar to that recqrded by Hale9 previously men
tioned. Feeding mature beef cows a low level of nutrition (5 kilograms 
of hay per day) Rakha and Igboeli (1971.) observed that approximately 
55% of them ceased to cycle before the end of the experiment. It was 

observed that this response was both gradual and sequential9 starting 
with a lengthening of the estrous cycle, followed by the occurrence of 

silent ovulations and then anestrus.

Feeding supplements high in phosphorus has been shown to in

crease calf crop in certain geographic areas (Black et al., 1949;

Bosticcb and Carries., 19.61) .; Knox arid Watkins (19581 also pointed out 

that the high cdnterit .of phosphorus rather than protein may be the 

reason that cottonseed meal is a better supplement than grain. Hill 

(1958) indicated that phosphorus deficiencies are the cause of many 

silerit heats arid prolonged first heat after calving.. Also calcium-, 
phosphorus ratio is:suggested as an important factor since when
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calcium exceeds phosphorus cows conceive most readily. Butcher et al.
(1979) fed seven-month old beef heifers for 4 years rations containing 
66% and 174% NRC requirements for phosphorus and found no adverse ef
fects on fertility of cows. Similarly9 Simmons et al. (1980) reported 
no significant effect of a phosphorus-deficient diet on estrus cycles 

and breeding capabilities of lactating dairy cows. Other minerals

have also been incriminated as being related to heat periods and con-
' - - :

ception, among them copper. However, experimental result's have failed 

to show that the fertility of. cows is seriously impaired by lack of 

trace-minerals in the. diets.

Under natural conditions vitamin A is the only vitamin likely 

to be deficient in cattle diets, mostly during long periods of drought. 

However, Church et al. (1956) have indicated that liver vitamin A de

pletion can occur in lactating beef, cows even, though carotene intakes 

are above NRC recommendations. A severe deficiency of vitamin A may 
result in a low conception rate and poor calf crop although estrus 
cycles may remain normal (Ensmingdr, 1976) . A 13% increase in concep

tion rate was shown when cows received a single injection of 1 million 

International Units ClU) of vitamin A prior to breeding (Bradfield and 
Behrens, 1968) , In Arizona Lane (1964) , working with range cows on 

ranches under extremely droughty conditions, reported an increase in 

calf crop from 65 to 76% by giving a rumen injection of 1 million IU 

of vitamin A plus one hundred thousands units of vitamin D, per cow. 

Verdugo (1965), in California, also obtained an increased calf crop 

Y which he attributed was due to the .addition of ten thousand IU of vitamin 
A to . the daily supplement used during periods of forage, scarcity..
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The mechanisms by which undernutrition or dietary deficiencies

delay postpartum estrus or affect reproductive performance have not been 
conclusively established* Insufficient gonadotropin release to ad
equately stimulate gonadal hormone secretion was suggested to be the 
cause of failure of cows to show estrus fed low energy rations after 
calving (Wiltbank, et al».9 19.62) . In agreement with this point, Leathern 
(1966) demonstrated that in most mammalian species that were under
nourished a reduced secretion, of gonadotropin was observed. Indeed, 

cows restricted in energy intake show reduced follicular growth and 

1 ovarian activity (Wiltbank et al. 9 1964; Oxenreider and Wagner s, 1971) „ 

Whitman et al.. (1975) also postulated a. decline in ovarian sensitivity 
to gonadotropins as an alternative explanation. Hill et al. (1970) 

reported a reduction in plasma levels of progesterone and in corpus 

luteum (CL) weight in undernourished heifers; however, no apparent 

effect on plasma LH was observed indicating undernut r it ion may reduce 

ovarian responsiveness to LH. The. same reduction in progesterone out

put and in size of corpora lutea was observed by Gombe and Hansel

(1973)o These authors hypothesized that lower luteal and circulating 
progesterone levels caused by energy restriction were responsible for 
an increase in LH concentration as a result of a decrease in the nega

tive feedback from progesterone.. Results of studies regarding concen
trations of hormones are not in full agreement. Spitzer et al. (1975) 

did not find any differences in blood levels of progesterone of LH be

tween heifers fed one third of NRC recommendations and a control group 
(100% NRC. recommendation) . Similarly, Echtefnkamp and Hruska (1980) 

reported plane of nutrition did not affect LH secretion in Hereford



heifers at either 2 weeks or A weeks postpartum,. In a study conducted 
by Dunn et al„ (19.74), progesterone levels were consistently higher 

with higher peak levels of LH for restricted fed (3.6 Kg cubed alfalfa 

hay) vs. control cows (3.6 Kg. cubed alfalfa, hay plus 2.3 Kg ground 

barley). Corah et al. (1974) did not find significant, effect of nutri

tion on peripheral levels of progesterone either prior to or following 
parturition. More recent work (Beal et al., 1978) indicates that 
undernut r it ion may also act directly on the hyp o t hal amo -p i t u it ar y com
plex; spayed, cows fed a. low energy ration (3.9 Meal, of net energy/day) 
had greater peak concentrations of serum LH and total LH response to 
injected gonadotropin releasing hormone (GnRH) than cows fed a high 

energy ration (9.Q Meal of net energy/day) . Although research into 

the mechanisms whereby undernutrition reduces fertility has produced 
conflicting results regarding the release of LH and luteal function 

there appears to be some agreement that energy restriction reduces 

luteal progesterone secretion and increases tonic LH release into the 

circulation.
It is possible to produce differences in the onset of estrus 

following parturition by varying feeding levels before or after calv

ing, but the levels of feeding that result.in the most economical 
performance are yet to be determined. The system of condition scoring 
suggested, by Wiltbank (19.78) and Topps (1977) would enable the rancher 
to adjust the amount of supplement given to cows in late gestation of 

early lactation in order to achieve the bodyweight change likely to be 
followed by the desired successful conception rate. However, knowledge
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of weight-change/calving rate relationships is required for more effec

tive prediction of the likelihood of conception and the need for extra 
feeding.

Suckling-Lactation Complex

The postpartum suckled beef cow is one of many mammals which 

undergoes a lengthy period of lactational anestrus. The effect of 

suckling appears to be an important factor affecting the postpartum 

interval to ovulation. The effect of lactation or suckling in de
laying postpartum reproductive activity was first demonstrated by 
Clapp (1937) who showed that the interval from calving to first 
estrus was longer in suckled cows (71.8 days) than in cows milked 
twice a day (46.4 days) and cows milked four times a day (69.4 days). 

These effects were later confirmed by Wiltbank and Cook (1958) who 
found, an interval from calving to first estrus approximately 30 days 

longer in nursed cows and an interval from calving to uterine in- v 
volution also significantly longer in nursed cows than in cows milked 

twice daily. Nursed cows required more services per conception 

(1.84) than milked cows (1.54) and a larger proportion of milked cows 

(71%) conceived at first service compared to only 57% for nursed cows. 

These findings were substantiated by other researchers (Casida et al., 

1968; Graves et al., 1968; Riesen et al., 1968; Wagner and Hansel, 

1969}. Wiltbank (1970), reviewing various related studies, found the 
difference in the average interval from calving to first estrus in 

suckled and non^suckled cows varied from 15 to 52 days indicating that 

the interval from calving to first estrus could be substantially.



shortened by overcoming the effect of sucklinge Oxenreider and Wagner
(1971) confirmed that the length of the postpartum interval in the cow 

is related to the strength of the suckling stimulus. In their expert- . 
ment was also shown that lactation treatments affected the interval 

from parturition to the development of a follicle > 10 mm. Holstein 
cows suckling two calves required a longer period (16 days) from 
parturition to presence of follicle > 10 mm diameter than did twice- 

milked cows (13 days) or non-1act at in g cows (9 days)„ Smith et al.

(1972) obtained similar results. Cows suckling calves had a longer 

anestrous period than cows that were milked by machine two times 

daily. Milking cows 4 times a. day resulted in a postpartum interval 

approximately equal in length to that in suckled cows. Goiizalez- 
Stagnarp (1980), in his study of dual purpose half-breed cows 5 con
cluded that suckling pre- and post-milking and the presence of the calf 

affect ovarian function developing ovarian atrophy and anestrus. It 

also prolongs postpartum intervals and decreases reproductive ef

ficiency, especially in first calving heifers.

Incidence of silent ovulation is also influenced by suckling. 
Wiltbank and. Cook (1958) reported that nursed cows averaged 0.65 more 

silent ovulations before the first postpartum estrus than milked cows, 

although;the difference was not statistically significant. They 

suggested as possible, causes for the increase in the number of silent 

ovulations either the levels of estrogen which were sufficient to 

cause ovulation but insufficient to bring about estrus or a condition 

of relative insensitivity to estrogen stimulation. This[greater
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incidence of silent ovulations was confirmed in later works (Graves at 
alo 5 1968; Wagner and Oxenreider, 1971; England et al., 19.73).„ Ward 
et al, (1979) also confirmed that suckling inhibited estrus at the 

first postpartum ovulation and reported weaning calves before the first, 

estrus after calving drastically increased the percentage of beef cows 
with short cycles»

However 5 Short at ale (19.72) hypothesized, that, the reported high 

incidence of quiet ovulations during the early postpartum period is a 
result of a . failure to detect short or weak, estrual periods rather than 
no estrus being expressed•

The effects of nutritional level on the interval to return to 

ovarian cyclicity after calving are confounded by suckling and by the 

marked increase in nutrients required by the female to meet the de-̂

. mands for lactation« It appears that ovarian activity in the post
partum cow is depressed by both nutritional stress due to milk 

production and sensory stimulation of the mammary gland (Oxenreider 
and Wagner, 1971)., Short at al, (1972) adjusted feed levels of post

partum Angus cows, for lactation status and showed that the prolonging, 

effect of suckling-1 actation on postpartum interval to estrus and 
ovulation did not result only from increased nutrient demand. When 

suckled cows were fed so that they lost 20 Kg, the non-suckled still 

showed estrus 40 days earlier. Mastectomy performed in another group 

: of cows in this same experiment shortened:the interval even further,

. To explain this effect, the. authors presumed mastectomy magnified the 

effect of non-suckling by completely removing any inhibitory effect of 

lactation or nursing. Even though calf removal and mastectomy shortened
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the postpartum interval9 these treatments had no significant effect on 
the interval from calving to conception. Apparently the very early 
postpartum estrous periods were infertile as suggested by the larger 
number of services per conception required for the non-suckled and 
mastectomized groups (2.2 and 3.0 respectively) in comparison to the 
suckled .group (1.7). Studying influence of suckling intensity in . 
range cows fed in such a way that body weight loss during lactation 
was similar for all groups, Wettemann et al. (1978) demonstrated that . 

the first postpartum estrus and ovulation occurred significantly earlier 
in cows nursing one calf (natural or foster) than in cows suckling two 
calves o. It can be concluded that increasing the suckling intensity 
increased the postpartum anestrous interval and that the decreased 

ovarian activity caused by the increased suckling intensity is prob

ably independent of nutritional influences. Similarly, feeding primi- 

parous Brahman x Hereford cows above-recommendation energy level 

beginning about 60 days before parturition was reported to be less 

effective than restricting suckling (once daily) in shortening post

partum. interval to first estrus (Randel and Welker, 1977). Bellows et 
al. (1974) observed shorter postpartum interval to first estrus in v  

beef cows with calves weaned at 3 days and 10 days after calving com-?J" 
pared to those with chives weaned at 90 days. This shortening of post

partum interval was observed regardless of type of birth (single or 
multiple)V Also conception rates can be improved as a result of early 

weaning. In a study performed to investigate the effects of weaning 1 
week before the beginning of the breeding period on 55 4* 21 day- 

postpartum beef,cows. Laster et al.; (1973) showed an increase in .



overall conception rate of 2-year-old9 3-year-old9 and mature cows.

The increased percentage of 2-year-old and 3-year-old cows exhibiting 

estrus observed in this experiment indicated5 that the mechanism is 

related to suckling and nutritional status of the cows„ This inter

pretation is based on the increased level of estrous activity in the 
young9growing cows as a result of weaning and the associated increase 
in nutritional status resulting from the cessation of lactation com

pared to no increase in estrous activity as a result of weaning in the 
mature cowso Earliness of conception and conception rate were shown 

to be improved by weaning at.approximately 70 days in primiparous 
heifers under poor range conditions when heifers are losing weight 

(Ray et al., 1973). However, if heifers are gaining weight, early 
weaning had no effect on conception rate. Similar results were ob

tained with range cows in a study by Wettemann et al. (1980) who 

reported no influence of calf separation on reproductive performance 

of cows that maintained their fall body weight until calving in the 

spring, although the same treatment may enhance reproductive perfor

mance in cows with greater weight loss during pregnancy. MacPherson 
et al. (1976) found no differences in pregnancy rates following the 

breeding reason as a result of weaning calves at 58 days but cows 

whose calves were weaned early conceived sooner in the breeding season 
than the control cows (90 vs. 60%).

The mechanism by which suckling-lactation affects reproductive 

performance has been the object of many studies. It is.difficult to 

separate the effects of suckling from those caused by lactation. The 
difference in reproductive performance between nursed and milked cows
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was suggested to be due. to a decreased supply of gonadotropic hormone, 
in the nursed cows (Wiltbank and Cook, 1958) . Wettemann et al. (1978) , 

suggested that in range cows suckling blocks the synthesis and/or 

release of gonadotropins, probably follicle stimulating hormone» They 

demonstrated that suckling decreased ovarian activity and that injec

tions of gonadotropic hormone (pregnant mare serum gonadotropin) in 
suckled animals resulted in increased ovarian activity.

Work by Short et al. (1972) suggested that lactation-induced 

anestrus is at least partly mediated through elevated circulating 
prolactin levels associated with lactation. Clemente et al. (1978), 

however, did not confirm this in work.using prolactin inhibitor or 
antiprolactin antibodies. Akers et al. (1979) concluded that an in

crease in secretion rates of.prolactin is associated with increased 
milk yields in dairy cows. Tucker (1971) demonstrated increased plasma 

concentrations of prolactin in milked cows, which was later confirmed 
by Han and Moody (1974), but plasma concentrations of LH were reported 

to remain unchangede That is probably because milking stimulus does 

not have an immediate effect on the pulsatile release of LH as demon

strated by Rahe et al. (1980). Other researchers related lactational 

anestrus to higher prolactin levels postpartum (Morrow et al., 1969; 

Kann and Martinet, 1975). These latter authors concluded that sup

pression or reduction of ovarian activity during lactation are caused 

by surges of prolactin secretion specifically induced by suckling. 

Spikes of prolactin are released in response to suckling.episodes 
(Karg and Schams,1974).Because elevated prolactin levels occur " 

concomitant with decreased levels of gonadotropins it is assumed that
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prolactin is an antigonadotropic agent or at least, under certain cir
cumstances, production and secretion of LH and prolactin were mutually 
.antagonistic (Topps, ,1.977) , Humphrey et al, (1976); and Walters et al» 
(1979) , showed, an increase in the number and magnitude of secretory 
spikes of LH as a result of weaning» In the latter work, weaning 
caused an increase in the level of prolactin in the follicular fluid. 

In more recent work, the. same authors concluded that suckling de

presses, in vivo basal release of LH (Walters et al., 1980). The 

suckling-induced suppression of serum LH in early postpartum cows may 

result from decreased pituitary response to GnRH and not from reduce 

tions in hypothalamic GnRH (Carruthers et al., 1978) However, Lu et 
al. (1976), working in rats,, showed that suckling is capable of in

hibiting gonadotropin release suggesting that suckling stimulates 
prolactin release and gonadotropin inhibition by two separate hypo

thalamic mechanisms. Data obtained from beef heifers by Williams 
(1978) failed to provide evidence of antigonadotropic effects in 

. prolactin.
Since suckling is necessary for stimulation of oxytocin for 

milk letdown, this hormone has been related to ovarian activity and 
thought by many to; be depressor of this activity (Tucker, 1971). When 

cows are milked.,, plasma concentrations of oxytocin increase (Folley 

and Knaggs, 19.66); however, Wilks and Hansel (1971) did not find an : 

alteration in plasma luteinizing hormone concentrations in cows in

jected with oxytocin. ̂ Short et al. (1976) demonstrated no difference 
in calf or milk weights between cows in which sensory nerves to the
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mammary system were removed and normal cows with suckling calves o These 
data failed to support, the. hypothesis that sensory stimuli from the 
udder associated with lactation are a cause of postpartum anestruse

There is some evidence that the adrenal gland, might be involved 
in. resumption of cyclic activity by postpartum cows. In contrast to an 
early study by Wagner, et al. (1969)3 in,which a decrease in adrenal 
gland content of cortisol was reported in suckled cows compared to 

milked cows, Oxenreider and Wagner (1971) did not observe any differ
ences in adrenal gland content of cortisol that could be related to 

lactation, or suckling. In the same experiment an increase in- plasma 

corticoid level did occur in the suckled animals (Wagner, 1970). How

ever, Ellicott et al. (1979) obtained a significant Increase in mean 

cortisol levels in young beef cows 10 minutes after suckling began.

The mean peak height of suckling-induced cortisol tended to decrease 

. from days 25 to 75 postpartum.

Pre-estrus progesterone peaks reported to occur in postpartum 
cows (Humphrey et al., 1976; LaVoie and Moody, 1976) indicate that pro

gesterone is also involved in re-establishment of estrus cycles follow
ing parturition. Peaks of progesterone secretion taking place after 

estrus. were reported by Stupnicki et al. (1980).

Other Factors Affecting.the 
Postpartum Interval

Season of Breeding

All females show seasonal cyclic changes in ovarian activity , 

or inactivity, which is influenced by the environment.. Environmental
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adverse effects on reproductive performance include poor conception 

rates, and longer postpartum intervals. Factors which elicit the seas
onal response are length of daylight, temperature, and humidity although 

other less investigated factors like gravity and barometric pressure may 
influence under more specific conditions.

Nutritional state of the . animal is capable of modifying the 
influence of such factors. As a seasonal factor nutritional state be
comes important only when periodic variations during a year determine
inadequate supplies of one or more nutrients. Mercier and Salisbury

. . ■ ■ j (1947), in Canada, found a significative correlation between conception
rates and the monthly average length of daylight. Spring was.found to

be the season of highest fertility whereas winter showed the lowest
rates. In the United States postpartum intervals to first estrus were

reported to be at a maximum during spring and at a minimum in the summer

to autumn period (Wamick, 1955) .

Peters et al. (19.80) in England, reported that cows that calved 

in the autumn resumed ovarian cycles after calving sooner than those 

that calved in the spring. These authors stated that season is a more 
important factor, than suckling in the control of ovarian activity in 
the postpartum beef cow. GasIda (1971) and Loyacano et al. (1974) 

have demonstrated that the. season of calving has a significant effect 

on the length of the postpartum interval. In the first study, longest 

anovulatory period followed the winter calving season while the summer 

calving season had the shortest anovulatory interval. Spring and fall 
were intermediates. In other studies reviewed by Thibauit and Levasseur
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(1974), an influence of season on length of the postpartum interval have : 
been demonstrated»

The influence x>f number of hours of daylight on cattle is not 

completely understoodo There is some evidence that selection for year- 

round breeding may have been playing a role in reducing such influence.

In areas nearer to equator, the effects of daylength are less pronounced 

since there is no marked seasonal variation in hours of daylight, and the 

breeding season gets extended over the whole year (Mercier and Salisbury, 
1947).

Gangwar et al. (1965) demonstrated that the length of the 
estrous cycle in heifers was longer under hot climatic conditions, and 
that duration and intensity of estrus was decreased. An increase in 

incidence of silent ovulations was reported in this study as a result 

of high temperatures» Increase in number of silent heats was also demon
strated in a study by Rakha and Igboeli in Zambia (1971), although they 

found an effect of season on the length of estrous cycles only in animals 

on a low plane of nutrition. Bond et al. (1960) reported a complete 

cessation of cyclic activity in Shorthorn heifers subjected to constant 

32°C and 60% relative humidity for five weeks. Low seasonal breeding 

efficiency in lactating dairy cows was demonstrated to be associated 

with high ambient temperatures in Arizona (Stott and Williams, 1962) .

The authors indicated that a low rate of fertilization and a high rate 
of embryonic mortality were the major causes.

From the above, it is possible to conclude that postpartum in
terval is;markedly affected by climatic factors. The length of postpartum :
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•anestrus is lengthened following winter calving,. High environmental
temperatures (constant 9G?F) will lengthen the anestrus period but this 
may be mediated through an induced hypothyroid condition (McDonald9 
1975), Roman-Ponce et al. (1978) suggested a decrease in uterine blood 

flow as a mean by which high environmental temperature may exert its
negative effects on fertility in cattle,

- ■ .■ - ■ ■ / ■ ■ . :: ■ '
Age

It is not easy to separate the effects of age since these ef

fects are associated with many other factors• However, many studies 
have been made concerning the influence of age on fertility and most of 

them agree and confirm the findings of Tanabe and Salisbury (1946).
They, studied 12,621 1- to 12-year-old dairy females and demonstrated 

that their fertility increased up to four years of age remained stable 

up to six years of age, and then declined in subsequent years. In 
general, it is believed that fertility increases slightly after the 

first or the first two gestations and decreases after the tenth one. 
Wiltbank and Cook (1958) indicated that the difference in postpartum 

interval between milked and nursed cows tended to diminish with increas

ing age. in some instances. Young cows have a longer interval from calv

ing to first estrus than older cows. In another study, an interval from 

calving to first estrus of 53.4 days in 5-year-old or older cows was re^ 

ported, compared to 91.6 days in 2-year-old cows (Wiltbank, 1970). By 

80 days postpartum, 80% of the 5-year-old cows had shown estrus, while 

only 68% of the;3—year-old cows had shown estrus„ - Inskeep and Lishman 
(1977) reported that mature postpartum cows, four years of age and older.
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had shorter postpartum.intervals (50 days) than two- and three-year- 
olds (57 and 62 days respectively). However, Wiltbank (1970) and 
Whitman et al, (1975) suggested that much of the difference in reprpd^ 
uctive performance attributed to age may be due to differences in 
nutrition since in most beef herds young and mature cow are fed to
gether and differences in requirements are not taken in account. This 

is strongly supported by the experiments conducted by Knox and Watkins 
(1958), Dunn et al.. (1969) , and Laster and Gregory (1973) „ In the 

first two studies supplementing young cows improved calving rate but 

supplementing older cows caused no response. In the last study, re

quirements of young cows were reduced by calf removal and this in
creased the percentage of cows exhibiting estrus during the first 21 

days of breeding by 39.2 percent, but it had no influence on the oc

currence of estrus in mature cows. In aged animals, there appears to 
be a slight decrease in ovulation and fertilization rates. Thibault 
and. Levasseur (1974). ,cited embryonic mortality and still births as 

major effects of senescence. Regardless of the mechanism involved, 
anestrus due to aging probably alters the functional relationships of 
the hypothalamus-pituitary-ovarian axis thereby leading to a decrease 
in gonadotropin secretion or a change in the ovarian response to these 

hormones (Hafez , 19.74) .
V; Young females are more affected than mature ones. After calv

ing, young heifers are more difficult to rebreed than older cows' 

(Schoonover,. 1969) . According to Church.(1977), cows bred to calve 

at two years of age have increased chances of delaying conception since



at that age they will not have reached proper mature weight„ The re

duction of fertility in primiparous beef cows may be due to a com
bination of lactational stress * suckling of calves, need for 

continuous body growth and marginal nutritional intake.

Breed
It has been demonstrated that the interval from calving to 

first estrus and conception rate in beef cows are also influenced by 
breedo Koger et al. (1962) and England et al. (1963) indicated that 

a significant interaction between breed and lactation status occurs, 

because non-1actat ing cows of all breeds perform at nearly the same 

level, while lactating cows show wide breed differences. Dairy cows 

appear to ovulate earlier postpartum than beef cows. The averages 
for the dairy breeds range from 20^45 days after parturition and for 

the beef breeds, 36-71 days (Graves et al., 1968). GasIda (1971), in 

a review, found intervals to first estrus ranging from 30 to 72 days 
for dairy cows and from 46 to 104 days for beef cows. Foote (1974) 
stated that the postpartum intervals to uterine involution, first 
ovulation, and first estrus were approximately 45, 50, and 60 days, 

respectively for beef cows. Unequal conditions of feeding and manage

ment account for much of the difference since when both types are com

pared under similar conditions the difference declines, but beef cattle 
still shows a longer interval (Casida, 1971)„

Inskeep and Lishman (1977) examined 1,164 cows in 24 herds 

; during a fourtyear period and concluded that at two years of age, 

while rearing their first" calf, Angus cows and crosses of non-British



breeds were more likely to have a CL at a given stage postpartum than 
Hereford or various crosses of the British breeds. However, Laster et 
al, (1973) found no effect of breed on interval from calving to first 
estrus in Hereford,.Angus and Charolais-cross cows,• These studies have 
confirmed differences among beef breeds recorded earlier (Wamick,

1955; Reynolds, 1967)« Cows of Zebu origin are reported, to show lower 
reproductive performance than cows of European origin (Roger et alo, 
1962; Reynolds, 1967). However, under unfavorable environmental condi

tions 9 crosses of Brahman and British cattle show higher reproductive 

rates compared with straightbred cows (Cartwright et al», 1964). Cross
breeding tends to improve calving rate and other reproductive traits 

whereas inbreeding tends to adversely affect the reproductive perfor
mance (Cundiff, 1970; Schilling and England, 1968). The latter study 

involved four straightbreds and twenty different crossbred-dam groups 
and the authors found an average calving rate of 63.3% for the purebred 

cows and of 79.9% for the crossbreds. Furthermore, Brahman-Hereford 
crosses exhibited the highest level of fertility.

Dystocia
Difficult births may cause pathological conditions resulting 

in uterine tissue damage and they very likely will result in reduced 
fertility. Calving difficulty may be described as a parturition that 

is markedly prolonged or becomes difficult or impossible for the dam 

.without assistance. . Factors associated with calving difficulty include 

age of dam, sex of calf, weight:arid shape of calf, gestation length, 

breed,; mating system,: sire, of calf, pelvic area of dam and weight of



dam (Bellows et.a l . 1969; Sagebiel et al., 1969; Rice and Wiltbank, 

1972; Bellows et al., 1971)• Birth weight is reported to be the main 

cause of calving difficulty (Bellows et al., 1971; Smith et al., 1976). 
In a study conducted by Laster et al. (1973), sire breed, dam breed, 
dam age, calf sex and calf birth weight were demonstrated to influence 
the occurrence of dystocia. Moreover, only 14.4% of cows that ex
perienced dystocia were detected in e.strus during the breeding period, 
but dystocia had no significant effect on interval from calving to 
either first, breeding or conception. In all cows, dystocia resulted 

in a 15.9% lower overall conception rate. Postpartum interval to 
first estrus and to conception were shown to be lengthened as a result 

of calving difficulty. In a study of 1,889 Angus and Hereford cows 

and heifers, it was demonstrated that calving difficulty increased the 

percentage of cows that did not resume their normal estrus cycle before 

the end of the breeding season (ABS, 1973). Carrol (1972) also demon

strated that cows experiencing difficult calving had significantly 

lower subsequent reproductive performance. Doornbos (1978), studying 

the effects of duration of labor on postpartum performance of the dam, 
found that a 10-minute increase in duration of labor lengthened the in
terval from calving to first estrus by two days and decreased the 

percentage, of animals pregnant after a 45-day Al - period by 6%. Studies 

by O’Brien and Stott (1977) and Osinga (1978) suggest that females that 

experience dystocia may exhibit abnormal hormonal profiles before 
parturition.



Periparturient Disease
Diseases occurring at parturition are shown to affect the subse

quent reproductive performance in beef cows, A longer, period of uterine 

involution a lengthened postpartum interval to first and second estrus 

was demonstrated to occur (Morrow et al.,. 1969) « The duration of 
estrous cycles is also lengthened (Erb et al., 1958). Carroll (1972)
suggested that genital vibriosis, trichomoniasis, and non-specific endo-

■ ' ' ' ■ . •
metritis are the three major pathological conditions associated with in

fertility in the postpartum cow. Hinze (1958) reported that a high 
percentage of cows appearing to be normal condition after parturition 
and failing to conceive is because of a mild uterine infection of non

specific origin. In his study, medication of the uterus immediately 
postpartum did not enhance breeding efficiency; conception was actually 

delayed by this practice. Average calving intervals 22 days longer 

and a greater number of inseminations per conception were reported by 

Morrow (1971) in diseased dairy cows as compared to normal animals.



MATERIALS AND METHODS

Data for this experiment were taken from a group of 71 four- 

year-old cows maintained under drylot conditions at the University of 
Arizona experimental farm in Tucson. One group consisted of 38 non- 

lactating cows and the other of 33 in late lactation (5-6 months).
The period of observation started on July 9, 1979 and continued until 

the end of the breeding period (March 219 1980), totaling approximately 
257 days9 after which some animals were slaughtered for further collec

tion of data.

Both groups were initially submitted to a 192^day pre- 
experimental period (Phase I), during which cows, placed in four pens, 

were fed a low energy diet in order to decrease body condition and re

duce ovarian activity. Animals were group-fed once each day. The 

initial average weight.was approximately 370 kg for lactating cows and 
440 kg for n oh-1act at ing ones. Table 1 shows diet composition, amounts 

fed of each ingredient, and daily TDN intake during this period. 

Lactating cows received a pre-experimental diet consisting of approx

imately 90% roughage and 10% supplement whereas non—lactating cows were 

given a diet containing 83% roughage and 17% supplement. Calves were 

creep-fed and consumed about 4 .8 kg per head daily during this period. 
The composition of the creep feed was as follows: ground alfalfa hay,
40%; cottonseed hulls, 35%; dry rolled wheat, 18%; molasses, 5%; 
dicalcium phosphate, i%; salt, 1%; and Vitamin A-iO-P, 0.33 g/kg diet.



Table lo Composition and daily intake of diets (kg/cow).

1 ' • . ̂ _ • .. . ' ......... _ ' - .... - .

Treatment Phase

Roughage
Grain
(Milo) Supplement3

TDK
i

IntakeAlfalfa
Hay

Cottonseed
Hulls kgb %c

NL-H : - I 1.18 1.09 . - 0.45 1.24 .41

II 3.59 3.22 0.91 0.45 3.90 1.30

L-H I 2.54 1.99 / _ — 0.45 2.25 .85

II 4.31 3.85 1.36 0.45 4.80 1,85

; NL-L 1 1.18 1.09 0.45 1.24 .41

ii 1.18 1.09 - 0.45 1.24 .44

' L-L i 2.54 1.99 - 0.45 2.25 .85

ii 2.54 1.99 — 0.45 2.25 . 92

^Composed of Milo (48%)s cottonseed meal (25%), molasses (5%), dicalcium phosphate (12%), and urea (10%). 

, Dry-matter basiso D
In relation to maintenance requirements (NRC, 1976).

Lo
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During this pre-experiment^l“period cows were checked twice daily for 

occurrence of estrus and examined by rectal palpation at 10-day inter

vals for ovarian activity.
On January 17, 1980, cows in each group were randomly assigned 

by weight and body condition score to two treatments (Phase II). The 
first group was fed a low energy diet estimated to provide about 50% 
the recommended requirements for TDN (NRG, 1976). The second group was 
fed a high energy diet estimated to provide about 120% of the recommended 
requirements for TDN.' Diets fed are shown in Table 1. Both diets met 

or exceeded maintenance levels of digestible protein, calcium, phos
phorus and other minerals. The four treatment groups were designated 

as non-lactating-high energy (NL-H) , lactating-high energy (L-H) , non- 

lactating - low energy (NL-L), and lactating - low energy (L-L). Number 

of animals per treatment was 19, 17, 19, and 16, respectively.

During Phase II calves were given access to creep feed similar 
to that provided during the previous period. The average daily consump

tion however, was higher (5.5 kg/head).
After a 15-day period under differential feeding conditions, 

bulls were placed in all subgroups for mating. The breeding period was 

50 days long. Cows bred were identified by a nchin-ball marker” device 

used on the bulls as well as by twice daily visual checking. Bulls 
were rotated daily among pens to.minimize differences in libido and 
fertility among the bulls. They were placed in pens daily at about 

1500 hours and remained with the cows until the next morning before 

feeding time (about 0800 hours) , when they :were moved to a separate pen.



A rectal examination of^the reproductive organs was performed 35 to 45 
days after the end of the breeding period to determine pregnancy.

Weights were taken at approximately 28-day intervals throughout 
the study. Each cow was given a body condition score (5 = very thin, 15 
= very fat) at the time weights were taken. Height of each cow at the 

hooks was measured in centimeters at the beginning and at the end of 

Phase II and a weight to height ratio calculated. Data on weight changes 

of calves were also collected at regular intervals. Average daily gains 

for calves were utilized to estimate milk yield of the cows during both 

periods of the study (Appendix A).
At the beginning and at the end of Phase II eight randomly selec

ted cows from each pen were infused with a urea solution and blood 

samples obtained for determination of body composition according to the 

urea dilution technique described by Preston and Kock (1973). In brief, 

a solution containing 20%,urea dissolved in .9% saline was administered 

through a polyethylene catheter into the jugular vein. The volume in

jected was accurately calculated to provide 130 mg urea/kg live weight.

Heparinized blood samples were collected prior to infusion and at 9, 12, 
and 15 minutes after the infusion time. The blood was centrifuged and 

the plasma frozen for subsequent urea analysis. The procedure used to 

determine plasma urea nitrogen was a modification of the direct colori

metric method described by Fearon (1939) and is detailed in Appendix B .
The following formula was used to calculate urea space as a percentage of 

live weight: Volume of urea infused (ml) X concentration of urea solution
- infused (mg urea-N/100 ml) f difference in plasma urea nitrogen taken from 

blood sample prior to and after urea infusion (mg urea-N/100 ml) 7 live
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weight (grams). A prediction equation was then used to determine "the 
percent of empty body lipid from urea space percentage (Preston and 
Kock, 1973).

Body composition was also estimated in live animals by using a 

prediction equation in which condition score and weight:height ratio 
were the independent variables (Butler9 1980). .Empty body lipid values 
obtained by these two.methods were compared and the degree of accuracy 

of each one determined.

At the end of the experimental period, four of the urea-infused 
animals in each treatment group were randomly selected to be slaughtered. 

Before slaughtering all animals were subjected to a 24-hour fasting 

period and shrunk live weights determined. At slaughter, weights were 

recorded for udder, reproductive tract, adrenals, pituitary, and ovaries 
and amount of follicular fluid was measured. In addition, cold carcass 
weight, fat thickness and ribeye area at the 12th rib were also obtained. 

Laboratory analyses were performed to determine percent lipid, moisture 

and protein in rib samples taken between the 12th and 13th rib of each 

animal. The fat and lean of this cut were ground through a 1.3 cm 

chopper, mixed thoroughly and a random 0.5 kg sample reground in a Hobart 

Model 10814 Food Cutter until a homogeneous mixture was obtained. Then 
two samples of approximately 200 g were placed individually in plastic 

containers and stored at "-25 C until analysis. Details of chemical anal

ysis are presented in Appendix B.

. Percent rib lipid and protein, together with;ribeye area, were 

used to estimate percent carcass lipid (Marchello et al., 1979). and 

percent empty body lipid (Garret and Hinman, 1969).
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Data were statistically analyzed by means of one-way and two-way 

analysis of variance, techniques for Phase I and Phase II* respectively. 

Chi-squared procedures (Steel and Torrie, 1960) were used to analyze 

differences in conception rates. Simple and multiple correlations were 

also computed among various tfaits.
Stepwise multiple regression techniques (Nie et al., 1975) were 

employed to develop prediction equations for body lipid from live animal 
measurements and for conception. Estimated body composition and some 

live animal measurements were utilized in a discriminant function to pre

dict the likelihood of pregnancy.



RESULTS AND DISCUSSION

Phase I
During the 192 days of this phase,.lactating cows lost 0.15 kg 

per day9 whereas non-lactating cows lost 0.21 kg per day. There was a 
large amount of variation between cows within each group. The trend to 
lose less weight shown by lactating cows was a result of the higher 
feeding level these animals received (Table 1. The fact that calves 

were creep-fed may have accounted for reducing some of the lactation- 

suckling stress. Initial and final weights of the cows are presented 

in Table 2.
A corresponding decrease in body condition was observed in both 

groups. A significant difference between groups occurred5 with the 

lactating cows showing a more severe decrease in condition (P < .05). 

Lactation status had a marked effect on changes in condition even though 

differences existed in feeding levels. Table 3 shows the initial and 

final condition scores for cows on both treatment groups.
Extremely low planes of nutrition have been shown to result in 

the cessation of cyclic ovarian activity (Joubert5 1954; Bond et al.,

: 1958; Hale9 1975). In this experiment underfeeding during late stage 

of lactation did not interrupt ovarian cycles. In the non-lactating 

group 9 underfeeding did not induce any cow to cease cyclings whereas 

in the lactating animals only two cows (6%) stopped cyclic activity 

• (Table 4). The difference between the two groups was significant (P <
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Table 2. Weights and weight changes 
tion and energy level.

(kg) of cows as affected by lacta-

Lactation Energy Level3- .
Parameter Status High Low Mean .

Weight at the Beginning NL . 484o2 475.2 479.7b
of Phase I L 399.8 397.3 398.6

Mean 444.4 439.6
Weight at the End of NL 440.8 438.6 439.7b
Phase I L 369.0 369.7 369.3

Mean 406.9 407.1
Weight at the End of . NL 470.0 401.8 435.9b
Phase II . L 380.4 324.5 353.3

Mean 427.7^ 366.5
Weight Change During NL -43.4 -36.5 -40.0
Phase I L -30.8 -27.5 -29.2

Mean -37.4 -32.4
Weight Change During NL 29.2 -36.8 -3.8b
Phase II L 11.3, -45.1 -16.0

Mean 20.7b —40.6
Weight Change During NL -14.2 -73.4 -43.8
Entire Experimental L -19.4 -72.8 -45.3
Period Mean -16.7b -73.1

aAbout 120% (high).and 50% (low) the recommended 'IDN levels, based on
initial weights.

b • . :Significant differences between treatments 9 P < . 05.
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3.Table 3- Body condition scores and condition score changes as affected 

by lactation and energy levels.

Parameter
Lactation
Status

Energy Leyel^ 
High Low Mean

Score at the Beginning NL 11.10 11.21 11.15*
of Phase I L 9.88 9.81 9.84

Mean 10.52 10.57
Score at the End of NL 10.36 10.47 10.42*
Phase I L 8.64 8.43 8.54

Mean 9.55 9.54
Score at the End of NL 11.57 8.89 10.23*
Phase II L

Mean
9.58 

10.63c
6.68 
. 7.88

8.18

Score Changes During . NL V -.73 -.73 -.73*
Phase I L

Mean
-1.23
-.97

-1.37
-1.02

-1.30

Score Changes During NL 1.21 -1.57 -.18
Phase II . L .94 -1.75 — .36

Mean 1.08° -1.65
'Score Changes During NL .47 -2.32 -.92*
Entire Experimental L -.30

.11
-3.13 —1 o 66

Period Mean -2.69

aScores range from 5 (very thin) to 15 (very fat)
b - ■■■■■■' ‘ -V .About 120% (high) and 50% (low) the recommended TDN levels, based on 
initial weights. ^
Q " • - "Significant differences between treatments, P < .05.
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Table 4. Number of cows showing estrus.

Parameter
Lactation
Status

bEnergy Level 
High Low Total

At the Beginning of NL 18(94.7) 19(100.0) 37(97.3)
Phase I L 15(88.2) 14(87.5) 29*87.8)

Total 33(91.6) 33(94.2)

At the End of NL 18(94.7) 19(100.0) 37(97.3)°
Phase I L 14(82.3) 13(81.2) 27(81.8)

Total 32(88.8) 32(91.4)
During Breeding NL 19(100.0) 17(89.4) 36(94.7)
Period L 17(100.0) 14(87.5) 31(93.9)

Total 36(100.0)° 31(88.5)

^Values in parentheses indicate percent of cows showing estrus in each 
group or subgroup.

hAbout 120% (high) and 50% (low) of the recommended TDN levels, based 
on initial weights•

^Significant differences between treatments, P < •05.
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explain the failure to stop cyclic ovarian activity in a higher propor

tion of animals5 as previous work by Bond et al. (1958) and Hale (1975) 

where complete cessation of estrus in dry animals was achieved only when 
they lost at least 20% of their live weight. Rakha and Igboeli (1971) 
reported cessation of estrus in 55% of underfed beef cows with a mean 
weight loss of 11%, although a full year was required for that to occur.

The percentage of the National Research Council (NRC, 1976) total 

digestible nutrients required for maintenance received during Phase I 

was 41% and .85% for non-1act at ing and lactating cows, respectively.
These values, based on the average weight of the animals during this 

phase, were sufficient only to support a 150-kg and a 310-kg mature beef 
cows, respectively. This would correspond to about one-third and two- 

thirds of actual average weight the non-lactating and lactating cows 

weighed, respectively. The data obtained during Phase I indicate that 

feeding either non-lactating or late lactating beef cows a below- . 

maintenance diet for a relatively long period may not affect cyclic 

ovarian activity.
The type of studies previously mentioned can lead to highly 

variable results since these are related to the severity of diet restric- 

tion (in terms of level and length of period) as well as to the initial

body condition of the animals. In the present study, although the
energy restriction could be considered severe and the length of the 

underfeeding period relatively long, both groups of animals were in good 

body condition (X = 10.5) when the period began. The fact that only two

lactating cows stopped cycling is in agreement with Lamond (1970) who
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stated that these animals are less affected by undernutrition when they 
are in good condition.

Although this could not be confirmed in the present study, it 

appears that the ability of animals to maintain cyclic activity depends 
on body weight and condition per se and not on the rate of gain or loss 

during a given period. Also, it may be very difficult to interrupt 
cyclic ovarian activity by means of reducing feeding levels once that 
activity is initiated postpartum.

Phase II

Production Data

Weight ' changes during the 65 days of Phase. II are shown in Table 

2. Non-lactating cows on the high TDN level (NL^H) gained 29.2 kg 

during this period, whereas those on the low level (NL-L) lost 36.8 kg. 

Lactating cows gained 11.3 kg on the high energy diet (L-H) but there 

was a loss of 45.1 kg for those on low energy diet (L-L). Both factors, 

lactation and level of energy, had a highly significant effect (P < .01) 

on weight changes during this phase. Lactating cows showed more severe 

losses in body weight (0.24 kg per day), although the non-lactating 
also lost some weight (0.06 kg per day). Cows on the high energy level 

gained 0.32 kg per day, whereas cows on the low energy level substan

tially reduced body weight (0.62 kg per day). Weight gain by cows fed 

the high energy level was not sufficient to restore the weight lost during 

Phase I. Cows fed the low energy level lost over 25% more weight than 

they lost during Phase TV " If- both periods are considered, lactating ‘
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cows on the low energy diet showed more loss in body weight (20% of in
itial live weight) as compared to those non-lactating on the same diet 

(15% of initial live weight). There was no significant interaction be
tween lactation and level of energy. Linear regression analyses were 

conducted to study the relationship between body weight changes and per
cent of TDN intake. The correlation coefficients were low (.02 to .48) 

when the four subgroups were considered separately during each phase of 

the study. However, these coefficients increased when the nutrition 

subgroups were pooled for lactating (.76) or non-lactating (.80) indi
cating a very close relationship between the two variables. In the case 
of lactating cows the regression equation was: Y = -70.6 >  0.77 (% TDN). 
For non-lactating cows the equation was: Y = -96.6 + 0.57 (% TDN). Non- 

lactating cows only started gaining weight when they consumed more than 

92% of the TDN level required for maintenance whereas those lactating 

gained weight when the TDN intake was 68% above that required for main

tenance. These values indicate the true maintenance requirements. For 
lactating cows this value corresponds approximately to a daily consump

tion of 4.25 kg of TDN per head or 97% of NRG recommendation for a 360-kg 

cow producing 5 kg of milk daily.

Multiple regression.analyses resulted in a multiple correlation 

coefficient of (.80) for weight changes in lactating cows with percent 

of TDN intake, estimated milk yield and percent of empty body lipid as ; 
independent variables. Inclusion of estimated milk yield and percent 

of empty body lipid did not substantially improve the equation obtained 

by simple regression analysis (.76) . This indicates that percent of TDN 
intake was the actual factor affecting body weight changes. In the case



of non-lactating cows, multiple regression analyses showed that weight 
changes were also primarily affected by percent of TDN intake since in

clusion of percent of empty body lipid did not substantially improve the 
correlation coefficient observed in the simple regression analysis („80)V 

Changes in body condition were significantly influenced by the 
level of energy intake (P < .01), although there was no difference in 

these changes between non-lactating and lactating cows. Cows on the high 

energy diet gained in condition score (from 9.55 to 10.63) with the non- 
lac tat ing cows showing a tendency to greater increase than the lactating 

ones (1.21 vs. .94). On the other hand9 cows on the low TDN level had a 
substantial decrease in condition score (from 9.54 to 7.88). Once again
there was a tendency for lactating cows to show a greater decrease in

. • ■ | . condition scores. Lactating cows on the low energy diet showed the most

severe decrease in condition scores not only during Phase'll (from 8.43

to 6.68), but also during the entire experimental period (from 9.81 to

6.68). Condition scores and changes throughout the experimental period

are presented in Table 3. No interaction between lactation and diet was

shown by statistical analysis. The overall mean condition score obtained
by cows fed the high energy diet at the end of Phase II was slightly

superior to that the cows showed at the beginning of Phase I, indicating
that feeding above the recommended level of TDN for 6.5 days was sufficient

to restore the condition lost in a 192-day period of underfeeding (Phase

I). For cows fed the low energy diet, the decline in body condition was

continuous but more pronounced during Phase II. Therefore, it may be
concluded that weight change and body condition were influenced by the .

percent of recommended TDN received by the cows. Lactation status also
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affected weight changes and, although changes in condition scores were 
not statistically different, losses in condition score by lactating 
cows were slightly more than for non-1act at ing cows (.36 vs. .18).

Changed during Phase I were the major cause for the significantly 
higher score shown by non-1actat ing cows at the end of Phase II (10.23 

vs. 8.18). Again, no interaction between lact'ation and diet occurred 

(P > .05).
Table 5 presents all fertility data for different treatment 

groups during the 50-day breeding period.. There were no significant 
effects of either lactation status or energy level on conception rate; 

however, a tendency for lactating cows to have a higher conception rate 

when compared to non-lactating was observed (75.8 vs. 68.4%). A simi

lar tendency was noted for cows fed the high energy diet as compared to 

those fed the low energy level (75.0 vs. 68.6%). Chi-squared analysis 
showed no difference in conception rates among NL-H (68.4%), L-H 

(82.4%), NL-L (68.4%), and L-L (68.8%).
Treatment groups also did not differ (P > .05) in (1) earliness 

of breeding, (2) earliness of conception, (3) number of services per 

conception, and (4) conception at first service (Table 5). Non- 

lactating cows tended to conceive later (20.4 vs. 19.5 days), to show 

a lower percentage of conception at first service (42.1 vs. 51.5), and to 

require mare services per conception (1.55 vs. 1.38) than the lactating 

cows, although they were bred somewhat earlier (11.8'Vs. 12.6 days). It 

is interesting to note the smaller number of services per conception re
quired by lactating cows. The conclusion of Oxenreider and Wagner 

! ; (1971) , later, confirmed by Wettemann et al. (1978) , that ovarian
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Table 5. Reproductive performance of beef cows as affected by lactation 

and energy levels.

Parameter
1.

Lactation
Status

Energy Level3 
High Low Mean

Conception Rate (%) NL 68.4 68.4 68.4
L 82.4 68.8 75.8

Mean 75.0 68.6
Days from Beginning
of Breeding Period to:

Breeding NL 13.2 10.2 11.8
L 12.7 12.4 12.6

Mean 13.0 11.2
Conception NL 23.3 17.4 20.4

L . 19.5 19.5 19.5
Mean •21.3 . 18.4

Conception at First " NL 36.8 47.4 42.1
Service (%) L 58.8 43.7 51.5

Mean 47.2 45.7
Service per Conception NL 1.68 1.41 1.55

L 1.29 1.50 1.38
Mean 1.49 1.45

Estimated Milk NL —  , — —

Production (kg) L 5.35 4.15 4.77
Mean 5.35 4.15

aAbout 120% (high) and 50% (low) the recommended TDN levels, based on 
initial weights.
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activity is related to the strength of the suckling stimulus and that 

this phenomenon is probably independent of nutritional influences, may 

explain the negligible lactation effect on reproductive performance of 

the experimental animals. The fact that cows were in late lactation and 

calves were creep-fed may have reduced the suckling intensity. Never
theless, lactation effects on weight changes were highly significant 

(P < .01). During the breeding period another trend was observed;, cows 
fed low energy diet were bred 1.8 days and conceived 2.9 days earlier 
than cows on the high energy diet. In addition, they required slightly 

fewer services per conception (1.45 vs. 1.49) but tended to be less ef

ficient than the high energy group in conceiving at first service (45.7 

vs. 47.2%).

;The lower fertility observed in the non-lactating animals was 

partly due to poorer conception when mated since TO (26%) cows in this 

group mated but did not conceive. This percentage is almost 33% if only 

the NL-H subgroup is considered. Therefore, it would be worthwhile to 

consider the background of these cows. The fact that they were in a 

non-lactating condition suggests that at least some of them were not 
able to conceive during the previous breeding season or were unable to 

rear their calves.; If true, two different populations would have to be 

considered. Two non-lactating and two Instating cows did not show estrus 
during the breeding season and all four were fed the low energy diet 

(Table 4). However, only the lactating-high energy group (L-H) had 

conception rate (82 4%) that differed from the three other sub-groups 

.(NL-H, NL-L,: and L-L, 68%). ; The explanation for the clear tendency shown 

by L-H cows to achieve a higher pregnancy rate may be related to the higher
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feeding.level they were provided and to the background of the non-* 
lactating cows. This is in agreement with several workers (Wilthank 
et al.9 ,1961; England at al.9 1963; Schilling and England, 1968) who 

observed that dry cows were more difficult to settle than lactating 

cows. Thus, genetic or permanent environmental factors may result in 
open cows during two or more subsequent breeding seasons.

If only cows mated were considered, conception rates would in
crease for the low energy subgroups (NL-L, 76.4%; L-L, 78.5%) but they 

would remain the same for the high energy subgroups (NL̂ -H, 68.4%; L-H, 
82.4%), indicating that the failure to conceive was actually the major 
cause for NL-S cows to show lower fertility. . Of the six open cows in 
this subgroup, three were mated two times during the breeding period 

and two others, three times.

Individually comparing cows that did.or did not conceive failed 

to identify any differences in relation to body weight, condition score, 

or to any other animal measurements. Simple regression analyses showed 
very low correlation coefficients (.02 to .12) indicating no relation

ship between conception and any other animal measurement taken during 

the experimental period. This clearly suggests, that pregnancy was in

fluenced by factors other than changes in body weight, condition, body 

fat, and didfferences in TDN iritake. This conflicts with several studies 

(Wilthank et al., 1962; Dunn et al., 1969; Corah et al., 1975; Butler, 

1980) where body weight and condition have been shown to affect repro
ductive perf ormance. In the present study , body weight ; changes did not ... 

influence conception rate, although severe losses in the low energy 
group (0.62 kg/day) and substantial gains in the high energy group (0.32



kg/day) were observed. In the first group5 there were cows that lost 
over 25% of their initial live weight from the beginning of Phase I to 
the end of Phase II and still conceived. On the other hand cows on the 
high energy diet that gained over 25% of their initial live weight 
during the same period were not able to conceive.

The fact that all treatment groups did not differ in terms of 
reproductive performance also can not be attributed to insufficient 

changes in body condition as such changes did follow patterns similar to 

weight changes. About 40% of open cows were in good condition (10.0 
and over) at the beginning of the breeding period, whereas about 30% 
of pregnant cows showed condition scores of 8.0 and less.

The association of highest pregnancy rate with treatments re
sulting in the least amount of weight and condition loss postpartum 

(Wiltbank et al., 1962; Butler, 1980) or among cows gaining the most 

weight (Warnick et al.9 1967; Dunn et al., 1969) could not be confirmed 

in the present study since the cows were in late stage of lactation.
The results obtained with 1at e-1act at ing cows are more in agreement 

with Bellows and Short (1978) and Corah et al. (1975) where body con

dition was shown not to affect pregnancy rate.

Daily milk production (Table 5) was not significantly different 

for lactating cows on different feeding levels during Phase II (P > .05). 

However5 cows on the high energy diet tended to have higher production 

than cows fed the lower energy levels (5.4 vs. 4.2 kg). Milk production 
for cows on the high energy diet is similar to that reported by Butler 
(1980)3 whereas cows on the low energy diet had values comparable to .
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those found by Joubert (1954). The indirect method used to estimate 
milk yield in the present study may have been biased upward.

Based on the previous discussion, it appears that reproductive 
performance of cows during late lactation and non-lactating cows is not 

significantly influenced by level of TDN intake during the breeding 

period. This supports previous work where no benefit was achieved by 
feeding first-calf heifers (McGinty and Ray, 1973; Ray et al., 1974; 
Pendlum et al., 1977) or mature beef cows (Joubert, 1954; Wiltbank et 

al., 1964; Bellows and Thomas, 1976) above-recommended levels of TDN.

In some cases, very high TDN levels may depress pregnancy rate (Bellows . 

and Thomas, 1976), delay estrus (Wiltbank et al., 1964), and tend to 

delay conception (Hansen, 1976). However, there is no available evi
dence that such occurred in the present study.

The fact that conception rate was not affected by feeding TDN 

at below-recommended levels conflicts with several workers who have 

associated lower pregnancy rates with restricted TDN intake (Wiltbank 
et al., 1964; Dunn et al., 1969; Oxenreider and Wagner, 1971; Hill et 

al., 1970; Ward, 1968; Spitzer et al. , 1975). Although the difference : 

was not significant, cows fed the low TDN diet showed a slightly lower 
conception rate.(68.6 vs. 75.0%). Correlations among percent of TDN 

intake in relation to the requirement for maintenance (PCM) and several 

other animal measurements are shown in Table 6. There was a significant 

(P < .001) relationship: between PCM and weight change (.62).

Some further consideration should be given to the similar 

reproductive performance shown by high and low energy groups. As dis

cussed before, the high _energy diet did hot improve conception rates.
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■ cLTable 6. Correlation coefficients among several animal measurements 

during Phase II.

Variables 1 2 3 4 5

1. Percent of maintenance TDN .62 .60 .61 .77
2. Weight changes .81 .97 .68
3i Condition changes .81 .84
4. Weight:height ratio changes .72

5. Empty body lipid changes

^Correlations include all 71 experimental animals.
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The overall rate of 75% observed for the high energy group can be con

sidered as normalo This agrees with several workers 9 previously men
tioned, who reported no benefit from feeding above-recommended TDN 
levels. The 68% conception rate achieved by the low energy group can* 

be classed as a very reasonable performance. It should be considered 

that those 24 cows which conceived were receiving about half their 
recommended TDN level, and losing weight and body condition. In addi

tion, 11 of them were nursing calves.
One possible explanation could be the high tolerance of the 

animals to underfeeding effects. This type of tolerance to suboptimal 

periods of nutrition has also been demonstrated by Pinney et al. (1961). 

Body weight losses up to 15% without depressing pregnancy rates have 

been reported (Schilling and England, 1968; Lamond, 1970). In the 

present study, these losses averaged about 10% for 'cows fed the low 

energy diets during Phase II, although they were twice as great (20%) 

if only the lactating cows (L-L) during the entire experimental period 

are considered.
The extent of body protein reserves is vital for underfed

animals to maintain a satisfactory level of performance, particularly

suckled cows, as emphasized by Topps (1977). Probably, more than ad

equate pre- and early post-calving feed levels may have provided enough 

body reserves to carry the dams through this critical period and enable 

them to conceive. It is also worthwhile to consider the hypothesis of

Holness et al. (1978) that cows losing weight are able to mobilize

tissue reserves more rapidly, and are thus better equipped to provide
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for normal metabolic functions during times of heavy demand for avail
able nutrients.

The. concept that a "target body weight" (Lamond, 1970) must be 
attained before pregnancy is likely to. take place can not be supported 
by the present study. There was no relationship between conception and 
body weight changes. Mean body weights were similar for open and preg

nant cows (400 vs. 404 kg). Also, some cows conceived that were as 

light as 288 kg, Which is approximately 63% of mature weight for this 

breed; -

Composition Data
Table 7 illustrates shrunk slaughter weight and cold carcass 

weight taken 24 hours after slaughtering.. There were significant dif

ferences (P < .01) in shrunk weights between treatment group means.

Cows on the high energy diet were 22% heavier than cows on the low 

energy diet; non-lactating cows were 20% heavier than those lactating. 

These results are consequences of the highly significant nutrition and. 

lactation effects on body weight changes during the experimental period. 
Cold carcass weights also showed significant differences (P < .01) with 

the high energy and non-lactating groups showing higher values than low 
energy and lactating groups, respectively.

Weight:height ratios are presented in Table 7. Significant dif

ferences (P < .01) existed between high and low energy treatment group 

means (3.24 vs. 2.79) as well as between lactating and non-lactating 

groups (3.28 vs. 2.72) at the end of Phase II. Non-lactating cows on 

the high energy diet showed a greater increase than lactating cows (.18
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Table 7. Mean weight-height ratios3, shrunk and cold carcass weights, 

carcass lipid percentages and fat thickness.

Parameter
Lactation
Status

Energy Levels 
High Low Mean

Wei ght;Height Rat io NL 3.33 3.32 3.32
Beginhing of Phase II L 2.84 . 2.85 2.84

. Mean 3.10 3.10
Weight:Height Ratio NL 3.51 3.04 3.28d
End of Phase II L 2.94 2.50 2.72

Me an' 3.24 2.79
Shrunk Weight (kg) NL 469.4 396.3 432.8

L 404.2 315.8 360.0
Mean 436.8 356.0

Cold Carcass Weight NL 280.7 222.9 251.8
(kg) L 223.0 172.2 197.6

Mean 251.8 197.5

Carcass Lipid (%) NL 21.7 12.3 17.0d
L 14.8 : 7.1 11.0

Mean 18.3d 9.7
Fat Thickness (cm) NL .85 .34 .60

L •53 ; .25 .39
Mean . 69 .29

formula: Wtkg/Htcffl

b24 hours off feed 

Boneless basis \
d - ''v. ■ ■
Significant differences between treatments 9 P < .05

:About 120% (hgih) arid 50% (low) the recommended TDN levels, based on 
initial weights.
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vs. .10). Similarly, on the low energy diet, non-lactating cows showed 
a smaller loss in ratio than the lactating ones (.28 vs. .35). Data 
indicate that major changes in weight;height ratios were due to differ
ences in feeding levels which is in agreement with Butler (1980) where 

average weight:height ratios were less for animals fed a diet to reduce 

body condition. Based on Klosterman et al. (1968), all animals would 

be classes as below average in body condition as they had weight:height. 

ratios less than 4.0.
Increases were observed in the percentage of carcass lipid (P 

<.01) and in the amount of fat over the 12th rib (P < .05) by feeding 

an above-recommended energy level (Table 7). Lactation also significantly 

influenced percent of carcass lipid (P < .05). Non-lactating cows showed 

a higher percent of carcass lipid than lactating cows (17.0 vs. 11.0). 

There was no significant difference between lactating and non-lactating 

cows in fat thickness, although the dry cows tended to have more fat over 

the 12th rib (.60 vs. .39 cm). Magnitude of weight changes in carcass 
components was reported to be significantly affected by both lactation 

and feeding level (Schake and Riggs, 1972). The results of the present 

study are in agreement with Pendlum et al. (1977), Beal et al. (1978), 

and Butler (1980), where significantly higher carcass weight, percent 

lipid, and fat thickness values were reported for cows on higher energy 

diets.
Empty body lipid percentages (EBLP) were estimated by two methods 

in live animals at the beginning and end of Phase II. The methods were 
a blood urea dilution technique and a. prediction equation based on body
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condition and weight:height ratio. Eight animals in each subgroup were 

used to estimate EBLP by the first method whereas all 71 experimental 
animals were included in the second method. Chemical analyses of car

cass samples obtained after slaughter of four animals of each subgroup 
were performed to determine actual values for that parameter. Values 

obtained by these.methods are compared in Tables 8 and 9.
The urea dilution technique has been demonstrated to be a valid 

method of measuring live animal composition over a wide range of body 

fatness with beef steers (Preston, and Kockj 1973; Kock and Preston9 

1979). However.9 the measurements based on this method did not yield 

reliable results when compared to those obtained by chemical analyses 

in slaughtered animals. The correlation of .21 indicated that the urea 

dilution technique could not be used as a live animal measure of body
composition with either dry or late-lactating mature beef cows. There

■ " ■■  ̂ : , . . ,
was a large amount of variation in urea-estimated EBLP between cows 
within each treatment group. The trend for urea space measurements in 

cattle to somewhat overestimate actual percentage of empty body fat 

(Preston and Kock9 1973) was confirmed in the present study. Actual 

values were overestimated by 22% in NL-H9 48% in L-H9. 30% in NL-L 9 and 

45% in L-L (Table 9).
• Estimation of EBLP by using a prediction equation based on 

weight:height ratio and condition score taken at the end of Phase II 

yielded more consistent results as demonstrated by its high positive 

correlation (.87) with EBLP estimated by chemical analysis, The varia
tion in values obtained by using the prediction equation was also sub

stantially lower. The prediction equation used to estimate EBLP in the
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Table 8. Mean EBLP values for treatments obtained by different methods 

at the beginning of Phase II.

Treatment

Methods
Urea Prediction 

Technique (A) Equation (B) Difference

NL-H 15.5 (8.0)b 17.4 (4.7) , -1.9
L-H 11.0 (11.2) 10.8 (3.7) +0.2

NL-L . 16.5 (6.0) 17.7 (4.0) -1.2

L-L 11.5 (14.0) 10.4 (3.2) . +1.1

^Prediction equation developed by Butler (1980) 

bNumbers in parentheses indicate standard deviations



Table 9. Mean EBLP values for treatments obtained by different methods at the end of Phase IX.

Methods
.. Urea Prediction Prediction , Chemical Differences

Treatment Technique (A) Equation (B)a Equation (C) Analysis (D) (A-D) (B-D) (C-D)

NL-H 23.9 (10.1)C 18.5 (4.3) 21.4 (1.9) 19.5 (3.8) +4.4 -1.0 +1.9

L-H 19.5(16.8) 13.9 (3.9) 13.8 (4.3) 13.1 (7.2) +6.4 +0.8 +0.71 -
NL-L 14.0 (11.6) 10.4 (4.2) 12.2 (4.4) 10.7 (1.4) +3.3 -0.3 . +1.5
L-L 8.6 (11.0) 5.5 (3.5) 4.1 (2.9) 5.9 (1.1) +2.7 -0.4 -1.8

aPredicted values based on equation developed in the present study and discussed in the next section.
b : V  -V-; ' . ■- ‘ ■: ■ ■ ■ . ' ■
Predicted values based on equation developed by Butler (1980).

Numbers in parentheses indicate standard deviations.
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present study was developed by Butler (1980) and was as follows: „EBLP 

= -23»7 + (2.816 X condition score) + (3.588 X weight:height ratio).
EBLP estimated by this method was poorly correlated with EBLP estimated 

by urea technique at the beginning (.16) and at the end (.32) of Phase 
II.

A low multiple correlation coefficient (.31) was observed be
tween actual and EBLP estimated at different periods by the urea tech

nique. Converselys this coefficient significantly increased (.89) when 
actual EBLP was used with the same variables estimated by the prediction 

equation. Based on the higher prediction accuracy shown by the equation 

developed by Butler (1980)5 the values for the beginning and end of 

Phase II obtained by this method were selected for use in the analysis 

of reproductive performance of the different treatment groups.

Percent of EBLP for cows on different treatments at the be
ginning and at the end of Phase II are shown in Table 10. EBLP is 

based on the shrunk live animal weight at slaughter minus the digestive 
and reproductive tracts contents. EBLP changes based on weight:height, 

ratio and body condition were significantly influenced by level of 

energy (P < .01). Cows on the high energy diet showed an increase in 

body fat (3.5%) whereas cows fed the low energy diet showed a substantial 

decline (-5.9%). However9 lactation status did not affect these changes 

(P > .05)V although lactating cows tended to lose more body fat than 

those non-lactating (-3.3 vs. -1.5%). No significant interaction was de

tected between lactation status and energy level. It should be noted that 

a five-fold difference in body fat was observed between non-lactating
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Table 10. Mean empty body lipid percentages as affected by lactation 
and energy level.

Parameter
Lactation
Status

Energy Level3 
High Low Mean

EBLP Beginning of 
Phase II

NL
L

Mean
17.4
10.8
14.1

17.7
10.4
14.0

17.5
10.6

EBLP End of Phase 
II

NL
L

Mean
21.4
13.-8.
17.6b

12.2
4.1
8.1

16. 8b 
9.0

EBLP Changes During 
Phase II

NL
L

Mean

4.0
):>

-5.5
-6.3
-5.9

—I o 5 
-3 o 3

3About 120% (high) and 
initial weights.

50% (low) the recommended TDN levels, based on

^Significant differences between treatments, P < .05



cows on high energy and lactating cows on low energy (21.4 vs. 4.1%). 
Significant differences in EBLP during Phase II did not influence con
ception rate. This conflicts with Butler (1980) where pregnancy rates 
were significantly higher (84 vs. 45%) for cows with EBLP above 13% as 
compared to those with EBLP below this value. This suggestion that an 

EBLP of less than 13% would result in reduced reproductive performance 
during a restricted breeding season could not be confirmed in the pres
ent study. Paradoxically, lactating cows that had EBLP less than 13%

(x = 10.6) at the beginning of Phase II tended to have a higher preg

nancy rate (75.8 vs. 68.4%) than non-lactating cows with EBLP above 13%

(x = 17.5). Of the 51 cows that conceived in this experiment, 24 (47%) 
had less than 13% EBLP, whereas among the 20 cows that failed to con
ceive, 12 (60%) had more than 13% EBLP. Thus, body composition does 

not appear to be as important for fertility during late lactation after 

estrus cycles have resumed as it is during the early postpartum period. 

Overall mean EBLP values for.pregnant (14.2) and non-pregnant cows 

(14.1) were similar (P > .05).
Weights of non-carcass components such as reproductive tract, 

udder, endocrine glands, etc., are presented in Table 11 for the four 
treatment Combinations. Adrenal as well as pituitary weights were equal 

for all treatment groups (P > .05), indicating no effect of either 
■ nutrition level or lactation status, although there was a clear trend 

for cows fed higher energy levels to have heavier adrenals (17.5 vs.

15.1 g). Comparing the four subgroups pituitary weights were the greatest 
for the L-L cows and the least for NL-L cows. Lactating cows tended to 

have heavier pituitaries than, non-lactating cows (1.8 vs. 1.7 g), although
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Table 11. Measurements of non-carcass components for different treat

ments.

Parameter
Lactation
Status

Energy Level 
High Low Mean

Adrenal wt. (g) NL 17.9 15.1 16.5
L 17.2 15.1 16.1

Mean 17.5 15.1
Pituitary wt. (g) NL 1.8 1.7 1.7

L , 1.8 1.9 1.8
Mean 1.8 1.8

Udder wt. (kg) NL 4.2 1.6 2.9
L 2.8 1.2 2.0

Mean 3.5a 1.4

Reprod. Tract wt. NL , 1.2 1.5 1.3
(kg) L 1.6 0.7 1.1

Mean 1.4 1.1

Ovarian wt. (g) NL 16.5 18.9 17.7
L 13.8 15.7 14.7

Mean 15.1 17.3

Follicular Fluid (ml) NL 0.63 0.79 : 0,71
L 0.98 0.80 0.89

Mean 0.80 0.80

^Significant differences between treatments, P < .05.

kAbout 120% (high) and 50% (low) the recommended TDN levels, based on 
initial weights.
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the difference was not significant, Similar results were reported by 
Beal et al. (1978) and Oxenreider and Wagner (1971)«

Udder weights were significantly higher (P < .01) in the high 

energy group. Unexpectedly, udder weights were similar (P > .05) for 
lactating and non-lac t at in g cows which is in disagreement with Butler 

(1980) and Schake and Riggs (1972). However a clear tendency for.non- 
lac tat ing cows to have heavier udders (2.9 vs. 2.0 kg) was observed.
Data also suggest an interaction between lactation status and energy 
level, although it was statistically significant (P > .05). High energy 

diets significantly increased udder weights in both lactating and non- 
lactating cows, although the increase was greater in non^lactating cows. 

It could be hypothesized that non-lactating cows utilized the additional 
energy to deposit tissue in the udder, whereas lactating cows utilized 

portion of the energy for milk production.

Reproductive tracts weights were not significantly influenced by 
level of nutrition or lactation status. Cows on the high energy diet 

tended to have heavier reproductive tracts (2.8 vs. 2.2 kg) than those 

on the low energy diet. A similar tendency was found for non-lactating 

cows when compared to lactating cows (2.7 vs. 2.3 kg). A major differ
ence was observed in the reproductive tract weights of the' L-L cows 

(.7 kg) when compared to the three other subgroups (NL-H, 1.2; L-H, 1.6; 

NL-L, 1.5 kg). However, comparison of means made by using the least- 

significant difference (LSD) method showed that L-L cows were different 
from L-H and NL-L cows but were similar to NL̂ -H cows. . .

No significant difference in ovarian weight or in volume of 

follicular fluid (P > .05) was observed during the experimental period.



Non-lactating cows 9 however 9 tended to have heavier ovaries than the 

lactating ones (17.7 vs. 14.7 g). A similar tendency was observed in 
cows on the low energy diet (17.3 vs. 15.1 g). Volume of follicular 
fluid also larger in lactating cows than in those non-lactating (.89 vs. 
.71 ml). ,

It should be noted that of the 16 slaughtered animals, 11 were 

pregnant and two of them carried twins. Pregnant cows had heavier 

udders (2.6 vs. 2.3 kg) and reproductive tracts (1.5 vs. 0.6 kg) than 
open cows. This may have influenced the results particularly with re
spect to udder and reproductive tract weights.

Development and Application of 
Prediction Equations

Accurate prediction of body composition in the live animal would 
avoid the laborious and expensive methods used to determine actual com

position.

Utilizing stepwise multiple regression procedures ($t±e et al. , 

1975), several prediction equations were developed to predict empty 

body lipid percent (EBLP) at slaughter by using traits that could be 

easily obtained in live animals. These independent variables were: 

body condition at the end of Phase II (BCS)9 weight at the beginning of 

Phase II (BW) and at the end of Phase II (BWS)9 weight-height ratio at 

the beginning of Phase II (WH), at the end of Phase II (WHS) and its 
change during Phase II (WHC), and percent of TDN intake in relation to 

maintenance requirements (PGM) during Phase II. Also, changes in con

dition score (BCG) and in body weight (BWC) during Phase II were tested



as predictor variables. Two equations resulted in a coefficient of de- 
2termination (R ) value of 1,00. The first equation included five varia

bles (BCS* BW9 BWS, WHS9 and WHC). The other equation required only 

two variables. The equation was: EBLP = -56.9 + (19.16 X WH) + (8.68 X 
PCM). Table 9 compares predicted EBLP values based on this equation to 
other predicted and determined EBLP values. Based on standardized 

partial regression coefficients, weight-height ratio (1.05) was the 

most important variable in the equation. The standardized partial re

gression coefficients also indicate BW (2.25) and BWS (-4.60) as the 

most important variables in the five-variable equation. The correlation 

coefficient between EBLP and percent of TDN intake was .31. Table 12 

presents the equation developed by Butler (1980) and four other predic

tion equations developed in the present study.

An attempt to develop a prediction equation for EBLP based on 

the same two variables used by Butler (1980) also produced a high co

efficient of determination (.76) and, similarly, body condition was 
selected as the most important variable in the equation. The equation 

was: EBLP = -16.1 + (2.191 X BCS) + (2.668 X WHS). The simple linear 

correlation between EBLP and body condition was .86 and between EBLP 

and weight:height was .82.

Attempts to develop an equation to predict conception were 

not successful. The coefficients of determination observed when the 

relationships between conception and several sets of variables were 

analysed were very low (.18) indicating these equations did not closely 
fit the observed data. The variables included in the multiple regression



Table 12. Equations developed for prediction of percent of empty body lipid (EBLP).

Independent Variables O
Equation3" Intercept BCS BCC BW BWS BWC WH WHS WHO PCM R

■ -23.7 2.81 3.58 .80

2 . : . -28.8 00 H .51 13.40 -15.13 • 73
-16.1 2.19 2.66 .76

4 -56.9 . 19.16 8.68 1.00

■ ' : 5 -33.3 3.23 .26 -.44 29.19 23.52 1.00

^Equation 1 was developed by Butler (1980) ; Equations 2 to 5 were developed in the present study.
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were those related to body weight, body condition, weight:height ratio, 
body composition and their changes, Non-significant Linear relation
ships were found between conception and each of those mentioned varia
bles. r

A discriminant analysis (Nie et al., 1975) was used to dis
tinguish between pregnant and non-pregnant animals, based on variables 

related to body weight, body condition, weight:height ratio, EBLP, and 
changes in these traits during Phase II. The purpose of the discriminant 

analysis is to statistically distinguish between two or more groups.
The direct method, in which all the independent variables enter 

into the analysis concurrently, was used. By this method the discriminant 

functions are created from the entire set of independent variables, rer- 

gardless of the discriminating power of each of the independent variables.

Standardized discriminant function coefficients were also com
puted and used to rank the relative contribution of the variables to the 

discriminant function. Individual cases were classified into either the 

pregnant or non-pregnant group by the function. In the present study 62% 
of grouped cases were correctly classified. In the pregnant group 32 

cows (63%) were correctly classified, whereas in the open group 12 cows 
(60%) were correctly classified.

The standardized discriminant function coefficients, the order 

of importance, and the percent of the discriminating score accounted for 

by the Independent variables are/shown in Table 13. The data indicate" 

that no variable from those which.entered the analysis made a major con

tribution to prediction of pregnancy. Empty body lipid and condition



Table 13. Standardized discriminant function coefficients and rank of importance for variables 
in discriminant analysis.a

^riabies Coefficient Rank
Percent 

Discriminating Score

Empty Body lipid (Beginning Phase II) —4.25 1 24
Weight Change (During Phase II) 2.98 2 17
Condition Score (Beginning Phase II) 2.75 3 15
Weight:Height Ratio Change (During Phase II) -2.44 4 14
Weight (Beginning Phase II) 2.18 5 12 ■

Condition Score Change (During Phase I) 1.01 6 6

Condition Score Change (During Phase II) —0.88 7 5

Weight:Height Ratio (Beginning Phase II) -0.78 8 4

Weight Change (During Phase I) -0.56 9 3 .

an = 7 1  animals.
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score at the beginning of Phase II and changes In weight and in weight: 
height ratio during the same period were the most important variables 
affecting pregnancy rates, Together, they accounted for 70% of the dis

criminating score. Based on the results, it may be concluded that no . 
satisfactory discrimination was achieved, since only 62% of grouped 
cases were correctly classified. The results .agree with those obtained 
in the multiple regression analyses discussed earlier, and emphasize 
the differences between the cow during late lactation and early post

partum «



SUMMARY AND CONCLUSIONS

Seventy-one mature Brangus cows, 33 in late stage of lactation 

(5-6 months) and 38 non-lactating, maintained under drylot conditions, 
were used to study the effects of lactation status and body composi
tion on reproductive performance. Both groups, were initially submitted 
to a 192-day pre-experimental period (Phase I) during which the cows 

were fed a low energy ration in order to decrease body condition and 
reduce-ovarian activity. The ration was estimated to provide approxi

mately half the NRC recommendations. Following this period, each group 

was randomly divided into two groups and assigned to be fed a high 
(about 120 percent the recommended level) or low (about 50 percent the 

recommended level) energy level for 65 days (Phase II). After 15 days 

under differential feeding, bulls were placed in all sub-groups for 

mating. The breeding period was 50 days long. At the end of Phase II 

four cows from each sub-group were slaughtered to determine body com

position.
During Phase I losses in body weight were similar (P > .05)

' for lactating and non-lactating groups, however lactating cows.showed 

a significantly (P < .05) higher decrease in condition. Underfeeding 

did not interrupt ovarian cycles in non-lactating cows. Only two lactat

ing cows stopped cyclic activity as a result of the restricted diet.

During Phase II lactation status and level of energy had a sig
nificant effect (P < .01) on weight changes and weight:height ratios but

\ : . . . ,  - . ' 81 : /  'v - - ... ' . - . - ..



only level of energy affected the changes in body condition (P < .01).
Cows on the high energy diet gained in weight, condition, and weight: 
height ratio, whereas those fed the low energy diet showed decreases in 
all these traits. Lactating cows lost more body weight and showed a 
higher decrease in weight:height ratio when compared to non-lactating 

cows, however the groups did not differ in body condition changes.

Also, there was a change in cyclic activity during Phase II.
Cyclic activity was restored in five cows, four of them on the high 

energy diet, and was stopped in one lactating cow on the low energy 
diet.

Cows on the high energy diet significantly increased body fat 

(P < .01) in contrast to cows fed low energy which showed a substantial 

decline.. Changes in empty body lipid percent did not differ (P < .05) 

between lactating and non-lactating cows.

Treatment groups did not differ (P >.05) in conception rate, 
number of days from the beginning of the breeding season to mating and 

to conception, percent of cows conceiving at first service, and number 

of services required per conception. Conception rates were 6 8, 82, 6 8 , 
and 68% for non-lactating-high energy (NL-H), lactating-high energy (L-H), 
non-lactating-low energy (NL-L), and lactating-low energy (L-L), respec

tively. Rapid body weight and condition losses during the experimental 
period did not substantially influence fertility, although a five-fold 
difference in body fat (EBLP) was observed (NL-H vs. L-L). Regression 

analyses indicated no meaningful relationships between conception and any 

other individual or set of animal measurements taken during the experi

mental period. ■ '
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Feeding high energy levels significantly increased percent of 

carcass lipid and udder weights (P < .01). s as well as fat thickness 

(P < .05). Adrenals, pituitary and reproductive tract weights and 
amount of follicular fluid were not affected by the high energy diet. 
Except for percent of carcass lipid, all these mentioned carcass and 
non-carcass traits were similar for lactating and non-lactating cows 

(P > .05).
Equations were developed to predict empty body lipid percentage 

(EBLP). A coefficient of determination of 1.00 was achieved for an 
equation with weight‘.height ratio taken at the beginning of Phase II 

. and. percent of TDN intake as independent variables.

Attempts to develop an accurate equation to predict conception 

were unsuccessful. In addition, live animal measurements were used in 
a discriminant analysis to distinguish between pregnant and non-pregnant 

animals. Only 62% of grouped cases were correctly classified indicating 
the poor discriminating ability of those variables.

Data from the present study indicate that further research is 

necessary to ascertain the validity of the urea dilution technique as 

a method of measuring live animal composition in mature beef cows. Meas

urements based on this method did not yield reliable results when com

pared to those obtained by chemical analysis in slaughtered animals 

(r = ,21). It may also be concluded that the development of prediction 
equations based on live animal measurements provides a practical and 

valid method to accurately predict body composition.
Data also indicate that feeding beef cows, above-recommended levels 

of energy during a restrictedbreeding season did not improve conception
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rates as compared to cows fed below-recommended levels. Lactation per
se was not a critical factor in affecting pregnancy rates even in those 

cows fed low levels of energy. It appears that changes in condition 
and live weight have little effect on conception ability of late- 
lactating cows. It could be expected that any partition of the avail
able nutrient supply to facilitate conception would have lower priority 
in these animals, but it appears that such did not occur.

Below-recommended levels of energy during a restricted breeding 

period did not depress pregnancy rates, confirming that also in late- 

1actating cows loss of body condition has little effect on cyclic ac

tivity and on likelihood of pregnancy once estrus is expressed. The 

hypothesis that a minimum lipid percent is necessary for estrus and 
conception to occur could not be confirmed for late-lactating cows in 
this study«i Overall mean body fat for pregnant and non-pregnant cows 

were similar (14.2 vs. 14.1%%). Body composition does not appear to 
be as important for fertility during late lactation as it is during the 

early postpartum period.



APPENDIX A

MILK YIELD ESTIMATION

Procedure to Determine Dally Milk Production
Calculate, average daily gain (ADG) for the calf expected to be 
provided by creep feed.

75Calculation: ADG (kg) = (TDN intake f (0,0398 x Wt, ° ))■ - 0,7695
- The difference between gain from feed (ADG) and actual gain (AG) is 
the gain expected to be provided by milk (GM),
Calculation: GM = AG - ADG.

Calculate how much gain is provided by 1 kg of milk:

3.1.: Determine how much TDN is needed to produce 1 kg of gain,

Calculation: TDN(kg) = (0.2678 (134.7 x Wt‘75) f 2,000) 2.2

3.2 Determine how much gain (kg) is provided by 1 kg of milk. It 
is assumed that 1 kg of milk contains 0.156 kg of TDN.
Calculation: Gain(kg) = 0.156 ~ TDN.

Calculate amount of milk (kg) produced by cow. based on the weight 
gain by calf expected to be provided by milk (GM).

Calculation: Milk (kg) = GM 7 Gain.
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APPENDIX B

ANALYTICAL PROCEDURES

Procedures to Determine Urea Nitrogen in Plasma 

Direct colorimetric methods involve the reactions of urea with 
diacetyl in acid solution to produce a colored complex• The procedure 

includes the following steps:
I* Mark 19 x 150 mm test tubes or curvettes B (blank) 5 S (standard),

C (controls), and with numbers for unknown plasma specimens.
2. Pipette 0.025 ml of each sample into the bottom of the corres

pondingly marked tube or cuvette. . Urea Nitrogen Standards, 0 mg/dl and

40 or 80 mg/dl, must be used for the blank and standard respectively.

3. Using a pipette and pipette bulb, add 0.25 ml of Urea Nitrogen 
Thiosemicarbazide Reagent (0.05% Thiosemicarbazide), 0.25 ml of Urea 
Nitrogen Diacetyl Reagent (1.0% diacetyl monoxime), and 2.5 ml of Urea 

Nitrogen Acid Reagent (12.8% sulfuric acid and 1.7% phosphoric acid) to 
each tube or cuvette and mix thoroughly.

4. Place all tubes or cuvettes in a bath rack and immerse in a 

boiling water bath for exactly 7 minutes.

5. Remove the rack of tubes or cuvettes from the boiling water and

immediately plunge into an ice water bath for 5 minutes.

6 . Remove the rack of tubes or cuvettes from the ice water, wipe

each dry, and swirl gently to eliminate striations.
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7. Transfer reaction mixtures to 12 x 75 mm cuvettes and read and 

record the absorbance against the blank at 505 nm, within 30 minutes.
A

8 . The concentration of urea nitrogen in each control and unknown 
sample in mg/100 ml is calculated according to the formula:

 ̂ absorbance of control concentration of standardmg of urea , -X7 . _
nitrogen/100 ml ' °r unknown  ------- - . a .mg/^O ml------- ,-----„absorbance of standard

Procedure to Determine Percent Lipid 
and Percent Total Moisture

The samples were analyzed for total extractable lipid and total

moisture content of the muscle by chloroform-methanol (CHC1 - CHQ0H)
. ■ 3 3 

extraction. The procedure used provided a means by which the total

lipid and moisture content could be determined as separate steps of the

same procedure (Wooten, 1976). The modified procedure was as follows:

1. Analytically weight approximately 10 g of diced and thoroughly 

mixed muscle tissue (with random selection but not including large 

pieces of connective tissue).

2. Mix tissue (Omni-Mixer with 300 ml stainless steel adapter) with 
90 ml CH^OH at high speed (speed control = 6.0) for 90 seconds.

3. Add 50 ml CHCl^ and mix for 30 seconds at slow speed (speed

control = 2 .0).

4. Repeat step 3.

5. Add 50 ml distilled water and mix for 30 seconds at high speed.

6 . Add 0.5 teaspoon (approximately 1.8 g) ainz acetate and mix for
10 seconds at high speed. ■
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7. Filter through two pieces of Whatman No. 42 filter paper in a 

Buchner funnel. Wet filter paper with distilled water before adding
, homogenate. Top piece of filter paper should be analytically weighed 

before filtration.

8 . Wash mixing jar with approximately 30 ml CHC1„ and transfer con-3
tents to Buchner funnel after homogenate has completely filtered.

9. Transfer filtrate to 250 ml graduated cylinder. Rinse flask 
with approximately 10 ml CHCl^ and add to filtrate.

10. Collect, dry in vacuum oven (50 C under vacuum) and analytically 
weigh residue from filtration along with the top piece of filter paper.

11. When two phases have clearly separated (allow to set overnight) 

in a graduated cylinder, read and record the volume of the lower phase 
(CHClg). Remove upper phase by suction and discard.

12. Remove a 10 ml aliquot from the lower phase in predried and 

analytically weighed 50 ml beaker. Evaporate to dryness (overnight)

in vacuum oven at approximately 50 C with a milk vacuum and obtain dried 

weight analytically.

13. Place remainder of lower phase in a 250 ml beaker and evaporate

to dryness (overnight) in a vacuum oyen at approximately .50 C with a
mild vacuum. Bring lipid back in solution with CHC1 and transfer to a 

: , 3 
. 2-dram vial. :

14. Calculations:

% lipid =
aliquot lipid weight % volume of CHCl^ layer _  100
- . " ,  ̂ . - - 10 . . / 

weight of tissue (dry)
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% moisture =

' 0 - filtration residue weight + tissue lipid weight x 100
weight of tissue (wet)

. ■
All extractions were run in duplicate determinations•

Procedure to Determine Protein Content 
All ground samples were analyzed, for total percent nitrogen.

Total nitrogen was then utilized for determining the protein content.

The modified procedure as described by Leander (1975) was as follows:
1. Weigh accurately 0.5 - 2.0 g sample on tissue paper and place

sample plus paper in Kjeldahl flask. Run duplicate sample determinations 
and at least one blank daily.

2. Add one spoonful of catalyst (approximately 10 g K^SO^ plus 3.0 g 

CuSO^) and 2-5 Hengar granules.
3. . Add 25 ml concentrated sulfuric acid.

4. Turn on the Kjeldahl exhaust fan and the hood exhaust fan.

5b Rotate flask gently to wet contents, place on digestion apparatus,

and head for at least 30 minutes after solution turns a clear blue-green 

color. Start burners on low heat until frothing ceases, then turn to high 

heat.

6 . Turn off heat and allow flasks to cool (can speed up cooling by

placing in hood with exhaust fan on).

7. Add 300 ml of distilled water down the side of the flask and swirl
gently to mix.
: 8 . Allow contents to cool.again before distilling. (Determination may

be interrupted at this point by stoppering flasks tightly.)
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9. Place 50 ml of four percent boric acid in a 500 ml widemouth 

Erlenmeyer receiving flasks.
10. Place receiving flasks under end of receiver tube on distilla

tion rack. Make sure the end of the receiver tube is under the liquid.
11. Turn on condenser«, water and distillation heaters.
12. Add two pieces of mossy zinc or approximately 0.5 g granulated 

zinc (20-30 mesh).

13. Hold .the cooled Kjeldahl flask at a 45° angle and add 100 ml of 

45 percent NaOH slowly down the neck so that it forms a layer on the 

bottom.
14. Connect the flask to the condenser tube so that it is airtight 

and swirl flask to mix completely. The solution should be dark blue; 
if not, because of high nitrogen content, add more NaOH in subsequent 

determinations.
15. Distill until about 250 ml of solution have been collected in 

receiver flask (minimum time, 30 minutes).
16. Adjust receiver flask so that glass receiver tube is raised above 

liquid level and condensate can drain into flask.
17. Remove receiver flask and replace with 250 ml beaker of dis

tilled water. Turn off heat and condenser water and allow distilled 

water to suck back through condenser.,

18. Titrate the boric acid-distillate mixture with standard acid 
(0.1 NHn SO,) from a 50 ml buret to the end point (slight pink, pH 5.1 

or same color as blank).
19. Record amount of acid used to nearest 0.05 ml.
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20

% N = ■

Calculations:

(ml HgSO^ (sample) = ml H^SO^ (blank)) x N acid x 0.014 x 100
weight sample

% Crude protein = % N x 6.25
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