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rings. Popular type has been set by some of the recognized breeders
and college personnel. However, this method is not effective for
making improvements in rate of gain or feed efficiency, and efficiency
of production is the basis of all production procedures. It has been
shown that it is difficult, if not impossible, to evaluate beef cattle for

and efficiency.
Beef, as indicated by consumption figures, is the favored meat in

many parts of the world. Much of the land area in the United States
is suited only for the production of grasses and forage. The use of
these forages is largely by beef cattle: therefore, it is imperative that
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Some Factors Affecting
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INTRODUCTION
The main function of the purebred breeder is to provide sires for

the commercial operator. In times past, much improvement in confor-
mation has been made in the livestock field by the use of a breeding
animal of desirable conformation as determined by show ring win-

efficiency and rate of gain by making visual appraisals. Scales have
come to be recognized as one of the best tools that a rancher can use
in livestock production and improvement.

Rate and efficiency of gain are of utmost importance in a beef
cattle enterprise. These economic factors are affected by many forces
which exert an influence before the calf is born. The age of the dam
at the time of the birth of her calf has been shown to affect the weaning
weight of the calf as well as rate of gain and feed efficiency during
the calf's postweaning treatment. The degree of inbreeding of the
dam has had varied effects on the offspring, but dams having the
higher degree of inbreeding generally produce calves that are older
at a given weaning weight. Bulls usually gain more rapidly and effi-
ciently than heifers. Climate has varied effects on cattle growth rate

cattle having the ability to make maximum use of these roughage-type
feeds be produced. The literature shows that considerable variation
exists with respect to roughage intake. The literature also indicates
that variation in feed intake is closely related to differences in body
weight. It is of interest, therefore, to determine what net use is made
of the feed consumed, by studying utilization of feed over and above
maintenance requirements.



This study was designed to investigate how growth rate and net
feed efficiency of growing beef calves during an 11-year period was
affected by genetic and environmental factors during a weight-constant
period. The ration used in this study was constant in proportion of
total digestible nutrients (60%) and crude protein (14.3%). The
objectives of this study were to:

1. Determine the relationship between body size, feed intake, and
feed efficiency as live weight changes (by 50-pound increments) from
500 to 800 pounds.

2. Determine the efficiency of feed utilization after correcting for
maintenance requirements.

3. Ascertain differences in feed utilization due to sex of calf.
4. Determinine effect of age of dam at calving time on feed utiliza-

tion of the offspring.
5. Determine differences among lines of cattle in growth rate and

feed efficiency.
If it is established that differences of growth rate and feed effi-

ciency exist among lines of cattle, it seems reasonable to assume that
a breeding and feeding program could be developed whereby more
profitable beef cattle could be produced.

LITERATURE REVIEW
According to Webster's New Collegiate Dictionary (1960), effi-

ciency is defined as an "effective operation measured by a comparison
of production with cost in energy, time, money, etc." Efficiency in meat
animal production is measured by the gain in body weight per unit
of feed consumed (Brody, 1945). Schloss (1911) defined growth
as a correlated increase in the mass of the body in definite intervals
of time, in a way characteristic of the species. Growth is, to a large
extent, under the control of the endocrine glands (Dukes, 1955) and
is influenced by feed intake.

It has been stated in a review article (Anonymous, 1956) that
feed intake may be regulated by the following six variables: (1) En-
vironmental temperature; (2) the integrity of several hypothalmic
structures; (3) palatal stimuli and gastro-intestinal distension; (4)
emotional and conditional responses; (5) circulating metabolites; and
(6) genetically determined metabolic pathways.

Oldfield (1964) stated that feed consumption is influenced by
availability, nature and physical state of the feedstuffs, and by nu-
tritional balance.

Age of dam
The age of the cow at the time the calf is born apparently has

a decided effect upon the weaning weight of a calf at a given age.



This is a result of lower milk production of younger and older cows
as contrasted with mature cows in their prime (Blackwell et al., 1958;
Knapp et al., 1942; Marlowe and Gaines, 1957; Pahnish et al., 1958;
Sabin et al., 1961; Sawyer et al., 1948).

First-calf heifers produced calves with the smallest weaning
weights; these calves were about 40 pounds lighter than calves pro-
duced by cows ranging from six to nine years of age. The peak in
calf production was reached at five years and was maintained through
eight or nine years of age. Milk production declined in cows over
nine years of age and, as a result, calves from older cows were smaller
at weaning time (Blackwell et al., 1958; Marlowe and Gaines, 1957).
Some evidence indicated that calves which made lower gains during
the suckling period tended to compensate subsequently for this slower
rate of growth when subjected to conditions where nutrition was not a
limiting factor (Blackwell et al., 1958; Sabin et al., 1961). Blackwell
and others (1958) reported that yearling gains were 14 pounds larger
for offspring from first-calf heifers than yearling gains of calves
from cows in prime production. However, Bennett and Matthew
(1955) concluded that the age of the dam did not influence the post-
weaning rate of gain of calves.

Inbreeding
The effect of the degree of inbreeding of the dam on the per-

formance of her calf was significant only for feed-test gains (Eng-
land et al., 1961). Offspring from more highly inbred cows gained
more rapidly from 500 to 800 pounds. Daily rate of gain increased
0.01 pound for each percent inbreeding of the dam. Older calves at
any given weight ate more, were less efficient, and gained slightly
more. This was shown by the regression of feed consumption, feed
conversion, and rate of gain on age at 500 pounds. There was a cor-
relation coefficient of 0.35 between daily feed consumption and rate
of gain (England et al., 1961). The degree of inbreeding of the calf
had a more adverse effect on performance of heifers than of bulls,
either as a direct influence of genetic material in the sex chromosomes
or as a result of differences in hormone production (Clark et al.,
1963). The higher the degree of inbreeding, the greater was the
detrimental effect on postweaning gains both in bulls and heifers.
Weaning weight of calves was reduced 0.48 pound for each one per-
cent of inbreeding (Koch, 1951) .

Sex influences
A number of studies have shown that rate of growth is influenced

by the sex of the animal; bulls were more efficient and had a higher
growth rate than heifers. Bulls gained about 0.66 pound more per day
than heifers, and heifers required between 20 and 25% more feed



per pound of gain (Sabin et al., 1961; Sutherland and Pettus, 1961).
It is probable that the difference in gains beween bulls and heifers
was due to the hormone difference between the sexes (Bogart, 1959).
Bulls ate no more feed per unit of body weight than heifers, yet they
grew 0.6 pound per day more rapidly; consequently, they were more
efficient (England, 1962). Bulls gained more rapidly than heifers
during the nursing period as well as during the test period; however,
the difference (0.7 pound daily) was significant only during the feed-
ing period (Bogart et al., 1963).

Sex influences were highly significant for rate of gain, but the
age of dam and the weight of the calf at the start of the feed test did
not significantly affect the rate of gain when adjustments were made
for initial weight differences (Bennett and Matthews, 1955). Bulls
gained 0.66 pound more per day than heifers, and bull calves gained
4.63 pounds more than heifers for each hundredweight TDN con-
sumed. Heifers required 6.97 pounds more feed to make a pound of
gain at 800 pounds than at 500 pounds, but bulls required only 3.78
pounds more feed per pound gain at 800 pounds than at a weight of
500 pounds (Ampy et al., 1961). At a given weight, heifers tend to
have more body fat than steers or bulls (Bogart et al., 1963). This
phenomenon may be explained by the fact that more rapidly gaining
animals have a higher percent body protein and less total body fat.
Rate of gain and efficiency

Hankins and Titus (1939) reported that the efficiency of feed
utilization was a linear function of body weight. Feed efficiency de-
creased as body weight increased. This was true in bulls as well as in
heifers (Smith et al., 1961). In a time-constant environment, cor-
relation of the initial weight of calves and feed efficiency was highly
significant. Initial weight showed a negative regression on efficiency
of gain. Each pound increase in initial weight was accompanied by a
decrease of 0.02 pound gain for each 100 pounds TDN consumed
when adjustments were made for sire differences, sex, and age of
dam (Bennett and Matthews, 1955). Most of the muscle growth
which occurred after birth was due to increase in muscle fiber size
(Hammond, 1960).

There appeared to be a high negative correlation between rate of
gain and feed required per unit of gain for the total weight-constant
period from 500 to 800 pounds (Ampy et al., 1961) ; these authors
reported a correlation coefficient of -.84 between rate of gain and
feed efficiency. Smith and others (1961) obtained a correlation coeffi-
cient of -.90 for bulls and -.40 for heifers. Nelms and Bogart (1955)
reported significant correlation coefficients of feed efficiency with
daily gain (r`-.56), age at beginning of test (r = 0.49), and birth
weight (r=-23). Each one-'tenth pound increase in daily gain



above the mean resulted in a saving of 23 pounds of TDN per
hundredweight gain. The highly significant negative correlation co-
efficient between economy of gain and daily rate of gain was -.82.
It would seem that daily gain may be used with a high degree of
accuracy to predict efficiency of gain at comparable weight, but not
to predict observed gross efficiency (Pierce et al., 1954).

Hendrickson and others (1959) fed one group of steers to gain
at a moderate rate of 1.52 pounds per day, and a second group to gain
at a rapid rate of 1.91 pounds per (lay. A third group was fed at the
rapid rate for 200 pounds and then switched to the moderate rate for
200 pounds. The group of steers fed to gain at the moderate rate
required 60 days longer to reach market weight, had less external fat,
lower carcass grades, and 6% more muscle. The high-moderate group
of steers had the greatest efficiency, the highest rate of gain, and

A study by Knapp and others (1941) indicated that daily
gains and efficiency of gains were not significantly correlated in a
time-constant population. This agreed with Black-well's (1951) find-
ings that when beef calves were fed to gain a given amount of weight,
there was a significant correlation (r=:0.59) between time and

Bogart (1959) stated that time of year of the birth was im-
portant because earlier calves gained faster than late calves even when
the breeding season was restricted to three months. Conversely, Koch
and Clark (1955) showed that there were small differences in growth
rates of early and late calves when grown under range conditions. The
difference between the results obtained in these two studies could be

the most desirable carcasses.

amount of feed required to make the total gain.

attributed to differences in environments and populations of cattle.
The age of a calf when put on feed test, assuming a constant

initial weight, materially affected feed efficiency of the calf. The older
calf had a tendency to gain more rapidly and to be less efficient (Dah-
men, 1952; England, 1962; England et al., 1961; Moore et al., 1958;
Nelms and Bogart, 1955).

England (1962) studied three inbred lines of Hereford cattle
and one inbred line of Angus cattle. He reported a significant differ-
ence among the lines for rate of gain, feed efficiency, and daily feed
consumption. Hoornbeek and others (1962) used bulls from the three
inbred Hereford lines on randomly allotted commercial cows. They
found line differences in the offspring of these sires in performance
and carcass traits. However, no line excelled in all the economically
important traits such as rate and economy of gain, weaning weight,
carcass grade, and dressing percent.

Hargrove and others (1959) studied Shorthorn, Brahman, and
Shorthorn-Brahman crossbred calves. They reported that crossbred



The yellow mouse was used to study hereditary obesity and effi-
ciency of food utilization by Dickerson and Gowen (1947). These
investigators mated yellow males of a highly inbred line to albino
females of another highly inbred line. Presumably, the yellow and
black littermates varied only in the one chromosome which carried
the yellow gene. It appeared from this work that the yellow gene in-
creased fat deposition and lowered the food requirement per unit of
gain, even though there was only a slight increase in appetite. A re-
duced energy expenditure was also observed, resulting from lowered
body activity in the yellow mice beginning at 35 to 40 clays of age.
Mature male mice required only 87o as much feed as mature females

upper limit of the size of an animal was determined by heredity.
Although an animal may possess genetic potential for outstanding gain-
ing ability and feed efficiency, these traits may be submerged by
adversely altering the nutrition. It appears that an excessively rapid
or slow rate of growth is incompatible with longevity (Dove. 1935).

Bogart and others (1963) suggested that cattle having inheritance
for more rapid gains have body composition of a higher percentage
of protein and a lower percentage of fat.

Winchester and Hendricks (1953) defined maintenance require-
.meets as the energy costs of normal, nonreproductive, metabolic proc-
esses. As an animal grows, its maintenance cost (protein and energy),
in comparison to weight gain, increases (Brody, 1945). Maynard and
Loosli (1962) pointed out that the maintenance component increased

calves gained more rapidly and were as efficient as Brahmans and
were more efficient than the slower gaining Shorthorn calves. How-
ever, their data were not corrected for the size or age of the calves.

Sabin and others (1961) studied Shorthorn, Hereford, and
Angus calves and indicated there were rather large breed differences
both in rate of gain and efficiency of gain.

Genetic influences

to maintain body weight.
Highly efficient as well as less efficient lines of rats could be de-

veloped from an original mating (Morris et al., 1933). After six to
nine generations, a sizable difference existed between the two strains.
One example cited was a difference in gain of 47 grams in a six-week
period with the same feed consumption. These workers also indicated
that the less efficient animals appeared to be somewhat lower in body
fat content.

Hankins and Titus (1939) stated that it was difficult, if not
impossible, to stimulate growth by nutritional means beyond the ani-
mal's inherited growth capacity. Waters (1908) reported that the

Maintenance



regularly with body size, but the additional demands for growth varied
with the amount and composition of the tissue added. The energy
requirement per unit of body gain increased in accordance with body
fat content. The maintenance component of the total growth require-
ment always markedly exceeded the portion required for the forma-
tion of new tissue. Since balanced rations resulted in less wastage of
heat, these balanced rations had the practical effect of decreasing total
feed required per unit of gain.

Feeds
Brown and others (1957) studied three groups of Hereford bulls

and three groups of Angus bulls. Digestibility ranged from 64.8% to
71.8% for dry matter, 65.3% to 73.3% for crude protein, 47.9% to
58.3% for crude fiber, and from 64.6% to 76.8% for ether extract.
A correlation coefficient of -.58 was found between dry matter digesti-
bility and feedlot gain, and a correlation coefficient of 0.60 was ob-
tained between dry matter digestibility level and feed consumption.
The ration consisted of one-third chopped prairie hay and two-thirds
concentrates.

There was no significant relationship between the coefficient of
digestibility and the growth rate or efficiency of feed conversion of
beef calves in a study by Nelms and others (1955). Mitchell and
others (1932) indicated that low-level feeding of cattle was associated
with the most complete digestibility of all nutrients. The percent
metabolizability of gross energy was 60.6 at the highest level of feed-
ing and 70.0 at the lowest level.

Guilbert and others (1944) showed that a higher nutritional level
at a younger age resulted in better utilization of roughage by calves
and substantial savings in the feedlot. One group of calves was sup-
plemented daily with five pounds of an oil meal-barley mixture while
on grass. These authors reported a saving of 500 pounds of con-
centrates and 400 to 500 pounds of harvested forage during the feedlot
period. The calves which were supplemented yielded more desirable
carcasses (higher lean:fat ratio). The calves on the higher level of
nutrition had 10/"o more hind-quarter than the calves on the lower plane
of nutrition.

Winchester and others (1957), using identical twin calves, found
that the digestible energy consumed per pound of gain within twin
pairs from six months of age to slaughter varied only from 2 to 6%
when one calf was on a severely restricted diet and the other on a
liberal ration. In another study, Winchester and Howe (1955) found
that steers which were fed a low-energy ration were as efficient as
liberally fed steers. However, steers fed the low-energy ration re-
quired approximately 2.5 months longer than the liberally fed steers



to reach 1,000 pounds slaughter weight. Carcass grades and quality of
meat were not lowered by the restricted diet.

A similar trial was conducted by MacDonald (1957) with three
pairs of identical twin steers. One twin in each pair was on a low-
energy ration, while the other twin was placed on a high level of energy
intake. The low-energy intake group ingested 8 pounds of feed daily
and those in the high-energy intake group consumed 12 pounds of
feed daily. The low-intake steers made only half the daily live weight
gains of the high-intake steers because of the higher proportion of
feed used for maintenance.

MATERIALS AND METHODS
Biological methods

The experimental animals used in this study consisted of 493
beef calves born at Oregon State University during the years of 1952
to 1962 inclusive. The calves were purebred Hereford and Aberdeen-
Angus bulls and heifers. The Hereford herd consisted of three geneti-
cally distinct inbred lines, while the Angus was one inbred line. The
lines of cattle were: (1) Lionheart, (2) Prince, (3) David, and (4)
Angus. The inbreeding percentage ranged from 6.25 to 29.96, with an
occasional extreme on either end of the spread. It was estimated that
the average inbreeding coefficient for the herd was 10.42%. The age
of the cows ranged from 2 to 13 years. Cows 10 years and over were
considered as one group statistically.

Most of the calves used in this study were born on March 1
through May 30, with an occasional calf born in June. All calves that
were born in the herd and reached 800 pounds body weight were in-
cluded in this study. The cows and calves were summered on irrigated
pasture, and the cows were wintered on hay and silage.

Weights were taken on all calves at a definite time each week to
minimize the variation of fill. When a calf reached a weight of ap-
proximately 450 pounds, or by November 1, it was weaned, placed in
the experimental barn, and fed the test ration until its weight reached
500 pounds. This tended to minimize the postweaning stresses and
gave the calf adequate time to accustom itself to the test conditions
prior to the start of the feed-test period. The weight-constant test
period started when a calf reached 500 pounds, irrespective of age,
and continued until the calf weighed 800 pounds.

All calves were fed a high-roughage, pelleted ration consisting of
two parts No. 2 or better alfalfa hay and one part concentrate mixture.
These pellets were made by a commercial concern, and were one inch
in diameter and an inch to an inch and a half in length.

The ration contained 14.3% crude protein and had a calculated
total digestible nutrient content of 60.0%.



Table 1. COMPONENTS OF OREGON STATE UNIVERSITY BEEF
PERFORMANCE TESTING RATION

Component

%
Alfalfa, No. 2 grade ---------------------------------------------------------------------------------------------- 66.50
Molasses ................................................ -----.................. --------------------------------------------- 5.00
Rolled barley ------------------------------------------------------------------------------------------------------------ 15.00
Ground oats .......................................................................................................-------- 5.38
Dry beet pulp ............................................................................................................ 3.25
Wheat bran ................................................................................................................ 2.25
Soybean meal (44%) ........................................................................---- ................. 1.75
Linseed meal (32%) ..... .35

Steamed bone meal .................................................................................................. .175
Dry skim milk --------------------------------------------------.-.....---------------------....----------------... .20
Yeast ............................................................................................................................ .009

Salt .............................................................................................................................. .15

A digestibility trial was carried out on this feed by Nelms and
others (1953). They reported an increased feed consumption due to
pelleting. The pelleted ration offered considerably more accuracy in
feed consumption data than a loose, ground ration.

Since it has been shown by Mellenkoff and others (1956) that
differences in circulating metabolites in the blood stream alter the
appetite of cattle, one might expect that animals would vary in appetite
unless the composition of the material eaten is held constant. The use
of a test ration in which the ingredients are in the form of homog-
eneous pellets should stabilize the effect of circulating metabolites of
the animals during this study.

To increase the amount of protein and energy, it was necessary
for the animals to consume a larger quantity of the pelleted ration.
In a nonpelleted ration, the animals may selectively consume more of
one component of the ration than another. In the pelleted ration, the
mixture is homogeneous. Pellets also gave increased accuracy on the
weigh-back of feed.

Six calves of the same sex were placed on test in each lot. The
calves were tied to the feeders twice daily for approximately three
hours and given slightly more feed than they would consume in
this period of time. When the calves were released, the refused feed
was removed from the feed trough. The refused feed was weighed
back weekly at the time the live weights were taken. Fresh water was
available at all times in individual water cups. The pens were bedded
with wood shavings to insure that a minimum of edible material would
be consumed.

The annual mean temperature during the time of this study was
51.7° F; the lower mean was 49.6° F and the upper mean, 54.5° F.
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Evidence in the literature indicated that the weight of the calf
influenced the rate of gain and feed efficiency; therefore, it was con-
sidered that weight-constant periods would be superior to time-
constant periods. The calves were fed for a weight-constant period
that extended from 500 to 800 pounds. In order to give the most pre-
cise information on rate of gain and feed efficiency, this 300-pound
period was divided into six subperiods. Each of the subperiods cov-
ered a range of 50 pounds, and the limits were: (1) 500 to 550, (2)
550 to 600, (3) 600 to 650, (4) 650 to 700, (5) 700 to 750, and (6)
750 to 800 pounds. Midpoints of the subperiods, i.e., 525, 575, 625,
675, 725, and 775 pounds, are used for discussion rather than the

pounds TDN for 525 pounds body weight, 4.51 pounds TDN for
575 pounds, 4.79 pounds TDN for 625 pounds, 5.07 pounds TDN
for 675 pounds, 5.34 pounds TDN for 725 pounds, and 5.61 pounds
TDN for 775 pounds body weight. The calculated maintenance values
were subtracted from the average daily total digestible nutrient con-
sumption to arrive at the "true efficiency."

The basis of selection within each line gave equal emphasis to
suckling gain, feed efficiency, feed-test gain, and conformation. These
selection differentials are shown in Table 2.

The average daily gains at each of the six weight periods for
bulls and heifers of the four lines are presented in Table 3. The bulls
in each line gained more rapidly than the correspondingheifers during
each of the weight periods (Table 3). The average daily gains for bulls
ranged from 2.59 pounds for those in Line Four (Angus) to 2.89

The first calves went on test in September and October, and all calves
were off test by the first of August of the following year. Based on
Brody's (1945) studies, the effect of environmental temperature upon
rate of gain and feed consumption should have been at a minimum.

Statistical methods

ranges.
Feed efficiency is expressed as pound gain per pound of total

digestible nutrients consumed.
Feed for maintenance requirements was computed from Brody's

data (1945). The formula used was Y = AM°73 where Y = TDN
per day for the midpoint weight (M) in pounds. A was the regression
coefficient of .0436. The calculated maintenance values were 4.21

The effects of sex, line, year, daily feed consumption, day of
birth, rate of gain, age of dam, and age of calf at 500 pounds were
estimated by least squares analyses.

RESULTS AND DISCUSSION
Rate of gain



Suckling gain
(Lbs. per day) +0.023

Rate of gain
(Lbs. per day) +0.019

Economy of
gain (Lbs. per 100
lb. gain) ......... _- -3.46

P P 1'

Table 2 YEARLY SELECTION DIFFERENTIALS FOR PERFORMANCE TRAITS AND INBREEDING COMPUTED FROM THE
SIRES, DAMS, AND THE PARENTS COMBINED'

Sire

Lionheart

Dam P' Sire

Prince

Dam Sire

David

Dam Sire

Angus

Dam

3 +0 0111 +0 0172 +0.0647 +0.0001 +0 0324 +0.0453 +0.0052 +0.0252 +0.0408 +0.0012 +0.0210

4 +0 0144 +0 0169 +0.0617 +0.0009 +0 0313 +0.0480 +0.0058 +0.0269 -0.0388 +0.0198 +0.0293

-295 -321 -11.02 +002 -542 -12.89 -2.04 -7.46 -12.15 -10.79 -11.47
Score' +0 0598 +0 0367 +0 0482 +0.2019 -0.0041 +0 0989 +0.0562 +0.0186 +0.0374 +0.0662 +0.0266 +0.0464
Inbreeding

(%) 0 0003 +0.0008 +0.0002 -0.0054 +0.0007 -0 0023 -0.0009 +0.0014 +0.0002 -0.0031 -0.0014 -0.0022

' From Hoornbeek, F. H.; thesis, 1964.
2 Both parents.
3 Subjective rating of conformity ranging from a high of 15 to a low of 5



pounds for bulls in Line Two (Prince). For the test period (period
required for the animals to gain 300 pounds), the bulls of the four
lines combined gained 2.79 ± 0.68 pounds per head per day.

The average daily gains for heifers ranged from 1.99 pounds
for Line Four to 2.28 for Line Three (David). Heifers in Line Two

1

gained at the rate of 2.25 pounds per day, or very slightly less than
those in Line Three. Line Four heifers gained 0.13 pound per day
less than the mean of the heifers. The average daily rate of gain
for all heifers was 2.12 -L .67 pounds per head.

Table 3. AVERAGE DAILY GAINS DURING EACH OF SIX PERIODS FOR

BULLS AND HEIFERS IN FOUR LINES OF BEEF CATTLE

Weight periods (pounds)

Line Sex 525

Lbs

575

Lbs

625

Lbs.

675

Lbs.

725

Lbs

775

Lbs

Mean

Lbs

M 64 3 00 2.66 2.85 2.85 2.94 2 76 2.84

F 59 2.10 2.12 2.30 2.21 1.94 2.10 2.13

M 54 2 70 2.79 2 92 2.91 3 28 2.71 2 89

F 50 2.31 2.29 2.37 2.25 2.19 2.07 2.25

M 59 2.84 2.89 2.93 2.95 2 74 2 88 2 87

F 42 2.36 2 29 2.38 2 30 2.20 2 12 2.28

4 M 65 2.65 2.62 2.55 2.56 2.69 244 2.59

F 100 2.08 2.04 2.09 1.94 192 187 1.99

Mean M 242 2.80 2.74 2.80 2.81 2 90 2 69 2 79

F 251 2.18 2.15 2.24 2.13 2.03 2 00 2.12

Initially, the bulls showed a general increase in daily gain as
body weight increased, but they showed a marked decline in average
daily gain after body weight reached the 725-pound subperiod (Figure
1 and Table 3). The heifers showed a similar increase in daily gain
until body weight reached the 625-pound subperiod, at which time a
decline in daily gain began, and this decline continued through the
remainder of the test period. According to Bogart and others (1963),
heifers grow less rapidly, tend to mature at an earlier age, and store
body fat rather than develop muscle tissue.

Brody (1945) stated that two growth periods existed. The ac-
celerated growth period extends up to the age of puberty and the
decreasing growth velocity starts at the age of puberty. In the present
study, there appear to be definite changes in the slopes of the growth
curves of heifers and bulls (Figure 1), but the changes occur at
weights that are somewhat higher than the average weights of the
calves reaching puberty, as determined by first estrus.
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FIGURE 1. Average daily gain at each of six weight periods for bulls and heifers

of four inbred lines of beef cattle.

In general, bulls of the three Hereford lines gained at about the
same rate. The Angus bulls and heifers (Line Four in Table 3) gained
significantly less rapidly than corresponding bulls and heifers in the
three Hereford lines (Table 3). These differences in rates of gain
could be explained as breed differences within the population studied.

Ages at body weights of 500 and 800 pounds
The ages at body weights of 500 and 800 pounds (Table 4) are

presented because they may assist in interpretation of gains and
efficiency made by the four genetic groups. Age at 500 pounds body
weight reflects the combined influences of birth weight and gains made
up to 500 pounds. Age at 800 pounds body weight reflects the com-



Males

...............................

........ -.....................

and heifers to show a reduction in gain per day per hundred pounds
body weight as body weight increased (Figure 2). This is likely a
normal growth pattern expressed by all farm animals. This may have
been caused by a reduction of feed consumption in relation to body
size or byan increase in maintenance requirements.

Table 4. AGE OF CALVES AT BODY WEIGHTS OF 500 AND 800 POUNDS

Line of
Females

breeding 500 lbs.

Days

800 lbs.

Days

500 lbs.

Days

800 lbs.

Days
1 232 345 259 413
2 242 358 269 411
3 256 371 272 414
4 217 342 252 415

bined effects of gains made during the feed test and what has occurred
prior to the feed test.

Line Four was outstanding in gains made in early life, as both
the males and females were younger than those of the other three
lines at 500 pounds body weight. The heifers in Line Four grew at a
slow rate during the feed test because they were approximately the
same age at 800 pounds body weight as heifers of the other three lines.
Thus, the differences between bulls and heifers in postweaning gains
is much greater in Line Four than in the other lines.

In general, the bulls reached 800 pounds before they were a year
of age (about 355 days), while the heifers were between 13 and 14
months of age (about 413 days) at the time they weighed 800 pounds.
There was not much evidence of compensatory gains among the
groups.

Gain per day per hundred pounds body weight
The average daily gains per hundred pounds of body weight at

each of the six weight periods for bulls and heifers of the four lines
are presented in Table 5. The daily gain per hundred pounds body
weight was greater for bulls than for heifers in each of the four lines.
It was greater for bulls and heifers of Lines One, Two, and Three
than for bulls and heifers of Line Four at corresponding weights. The
average daily gain per hundred pounds body weight ranged from 0.53
at the 525-pound subperiod to 0.35 pound at the 775-pound subperiod
for bulls, and from 0.42 at the 525-pound subperiod to 0.26 pound
at the 725-pound subperiod for heifers (Table 5). The highest level
of gain per hundred pounds body weight for both bulls and heifers
was in the 525-pound subperiod. There was a general trend for bulls



Line Sex No. 525 575 625 675 725

I

2

Table 5. AVERAGE DAILY GAIN PER HUNDRED POUNDS BODY WEIGHT
AT EACH OF Six BODY WEIGHTS

Weight periods (pounds)

Lbs Lbs. Lbs. Lbs. Lbs.

775

Lbs.

Mean

Lbs.
M 64 0.57 0.46 0.46 0.42 0.40 0 36 0.45
F 59 0 40 0 37 0.37 0.33 0.27 0 27 0.34

M 54 0.51 0.48 0.47 0.43 0.45 0.35 0.45
F 50 0.44 0.40 0.38 0.33 0.30 0.27 0.35

M 59 0.54 0.50 0.47 044 0.38 0.37 0.45
F 42 0.45 0.40 0.38 0 34 0.30 0.27 0.36

M 65 0.51 0.46 0 41 0.38 0.37 0.31 0.41
F 100 0.40 0.35 0.33 0.29 0.27 0.24 0.31

M 242 0.53 0.48 0.45 0.42 0 40 0.35 0.44
F 251 0.42 0.37 0.36 0.32 0.28 0.26 0.34

0.55

0.5

0.3

0.25

525 575 625 675 725 775

Weight periods (Ib)
FIGURE 2. Average daily gain per hundred pounds body weight at each of six

weight periods for bulls and heifers of four inbred lines of beef cattle.



Daily feed consumption
The average daily feed consumption at each of the six body

weights for bulls and heifers of the four lines is presented in Table 6.
In general, there was little difference in daily feed consumption of
bulls and heifers when considered on the same body weight. Daily
feed consumption increased in both sexes as weight increased (Figure
3). The mean daily feed consumption when the four lines were com-
bined increased during the test period from 15.7 to 21.1 pounds for
bulls and from 16.0 to 20.1 pounds for heifers. A standard deviation of
4.3 pounds was found for daily feed consumption.

Table 6. AVERAGE DAILY FEED CONSUMPTION AT EACH OF
Six BODY WEIGHTS

Weight periods (pounds)

Line Sex No 525

Lbs.

575

Lbs.

625

Lbs.

675

Lbs

725

Lbs.

775

Lbs.

Mean

Lbs.

M 64 16.17 16.97 18.12 19.71 20.98 21.42 18.90

F 59 15.73 17.25 18.66 20.38 19.93 2098 18 80

M 54 14 73 16.11 17.58 18.47 22.05 19.73 18.10

F 50 15 40 15.98 17.32 18.03 18.68 19.17 17.40

M 59 16.43 17 22 18.74 19.22 21.10 21.59 19.10

F 42 16.46 17.86 22.04 19 70 2025 20.61 19.50

4 M 65 15.48 17.82 18 58 1965 20.40 21.60 18.90

F 100 16.33 17.42 1903 19.88 20 14 19.56 18 70

Mean M 242 15.70 17.00 18.30 19.30 21.10 21.10 18.80
F 251 16.00 17.10 1930 19.50 19.70 20.10 18 60

No statistically significant line or sex differences were evident
in daily feed consumption. The peak average daily feed consumption
for bulls in the four lines was reached in the 725-pound subperiod and
continued at this level through the next (final) subperiod. The highest
average daily feed consumption for heifers (four lines considered)
was not reached until the 775-pound subperiod.

Daily feed consumption per pound of body weight
The feed consumption per pound of body weight at each of the

subperiods for bulls and heifers of the four lines is presented in Table
7. There is remarkable similarity between the two sexes in feed con-
sumption at the same body size (Figure 4). For the test period (time
required for 300-pound gain), the bulls consumed 0.02% more feed
per unit of body weight than the heifers of the four lines combined.
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FIGURE 3. Average daily feed consumption at each of six weight periods for

bulls and heifers of four inbred lines of beef cattle.

Table 7. AVERAGE DAILY FEED CONSUMPTION PER POUND OF BODY
WEIGHT AT EACH OF SIX WEIGHT PERIODS

Lbs.

575

Lbs Lbs. Lbs. Lbs Lbs Lbs.

64 .0308 0295 .0290 .0202 .0289 .0276 .0292
59 .0300 .0300 .0299 .0302 .0275 .0271 .0291

54 0281 .0280 .0281 .0274 .0304 .0244 0279
50 .0293 .0278 .0277 .0267 0258 .0247 .0270

59 .0313 .0299 .0300 0285 .0291 .0279 .0296
42 .0314 .0311 .0353 .0292 .0279 .0266 .0303

4 65 .0295 0310 .0297 0291 .0281 .0279 .0292
100 .0311 .0303 .0304 .0294 .0278 0252 .0290

Mean 242 .0299 .0296 .0293 .0286 .0291 .0272 0290
251 .0304 .0298 .0303 0289 .0273 .0259 0288

Weight periods (pounds)

Line Sex No. 625 675 725 775 Mean

M
F

M
F

M
F

M
F

M
F
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FIGURE 4. Average daily feed consumption per pound body weight at each of

six weight periods for bulls and heifers of four inbred lines of beef cattle.

Feed consumption per pound body weight for bulls was highest
during the 525-pound subperiod and declined to the end of the test
period, except for a slight rise in the 725-pound subperiod. This peak
was followed by a decided drop in consumption during the 775-pound
subperiod. Line Two bulls consumed less feed per pound body weight
than bulls of any of the other three lines throughout the entire test
period except during the 725-pound subperiod. Heifers followed the
same general pattern as the bulls except for a second peak in feed
consumption which occurred in the 625-pound subperiod, or at a
body weight of 100 pounds lower for heifers than for the bulls. This
second peak in feed consumption might suggest a hormonal stimula-
tion of appetite at puberty. The heifers reached puberty at a weight
of 100 pounds less than bulls. Line Two heifers consumed the least
amount of feed per pound body weight of the heifers of any of the
lines for the 300-pound test period.



0.164 pound for Line Two bulls, and 0.108 pound for Line Four
heifers to 0.132 pound for Line Two heifers. For the 300-pound test
period, bulls in the four lines gained 0.153 pound per pound of TDN
and heifers gained 0.119 pound per pound of TDN consumed. In gen-
eral, Lines One and Three gained about the same amount of weight
per unit of feed, while Line Four bulls and heifers were less efficient
than bulls and heifers of any of the other three lines (Table 8). The
rate of gain per unit of TDN for bulls was 30% higher in the 525-
pound subperiod than during the 775-pound subperiod. The rate of
gain per pound of TDN consumed for heifers was 27% higher in the
525-pound subperiod than during the 775-pound subperiod. Bulls were
28% more efficient than heifers for the 300-pound test period. Suther-
land and I'ettus (1961) found that bulls were 20 to 25% more efficient
in feed use than heifers. For bulls and heifers, gross feed efficiency
declined as weight increased, but the sharpest decline occurred between
the 525- and 575-pound subperiods (Figure 5).

From the data in Table 7, it might be concluded that a decline in
rate of gain as body weight increased may have been due to the de-
creased rate of feed consumption per unit of body weight as the
animals increased in body size.

Feed efficiency
Feed efficiency is expressed as gain per pound of total digestible

nutrients (TDN) consumed. The feed conversion efficiency at each
of the six weight periods for bulls and heifers of the four lines is
shown in Table 8. The average feed efficiency by lines ranged from
0.141 pound gain per pound TDN consumed for Line Four bulls to

Table 8. AVERAGE FEED EFFICIENCY EXPRESSED AS POUND GAIN PER
POUND TDN CONSUMED AT EACH OF Six BODY WEIGHTS

Weight periods (pounds)

Line Sex 525 575 625 675 725 775 Mean

1 M
Lbs.
.189

Lbs.
.160

Lbs.
.158

Lbs.
.145

Lbs.
.142

Lbs.
.130

Lbs.
.154

F .135 .124 .124 .109 .098 .101 .115

2 M .185 .175 .169 .159 .155 .140 .164
F .151 .146 .140 .125 .119 .108 .132

3 M .176 .167 .156 .153 .130 .132 .152
F .145 .129 .118 .115 .109 .105 .120

4 M .177 .148 .139 .131 .133 .115 .141
F .129 .117 .111 .098 .096 .095 .108

Mean M .182 .162 .155 .147 .140 .128 .153
F .138 .124 .121 .109 .104 .101 .119
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Feed efficiency, corrected for maintenance, declined as body
weight increased (Table 9). This observation is in agreement with
Brody (1945). In this study, it was not possible to directly measure

the differences in feed requirements for maintenance among lines. It
was assumed, however, that individual differences existed. To de-

.18
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.15

.14

.12

.10

525 575 625 675 725 775

Weight periods (Ib)
FIGURE 5. Average feed efficiency expressed as pound gain per pound TDN

consumed at each of six weight periods for bulls and heifers of four inbred
lines of beef cattle.

Feed efficiency above maintenance



termine the maintenance requirements would have required subjecting
each animal to a digestion stall, and this was not possible due to time
and financial requirements. Maynard and Loosli (1962) stated that
maintenance requirements are not the same for any two animals.

After adjusting total feed intake for maintenance requirements
by the method described by Brody (1945), it was found that bulls
made more efficient use of feed consumed above maintenance require-
ments than heifers during all subperiods. Bulls were 46% more effi-
cient in the 525-pound subperiod than in the 775-pound subperiod, and
heifers were 15% more efficient in the 525-pound subperiod than they
were in the 775-pound subperiod. Bulls were 40% more efficient than
heifers in the 525-pound subperiod and 12% more efficient than
heifers in the 775-pound subperiod. In general, animals in Lines One,
Three, and Four were about equal in feed efficiency above maintenance
within each sex, but Line Two bulls and heifers were significantly
more efficient than those in the other three lines. The average effi-
ciency above maintenance for the 300-pound test period ranged from
0.256 pound gain per pound TDN consumed above maintenance for
bulls of Lines Three and Four to 0.320 pound for Line Two bulls,
and from 0.196 pound for Line Four heifers to 0.248 pound for Line
Two heifers (Table 9). A comparison of the average feed efficiency
above maintenance for each of the six body weights for bulls and
heifers is shown in Figure 6.

Feed consumption, corrected for maintenance, did not differ
significantly between sexes for animals of the same weight, although
the bulls had a significantly higher rate of gain than heifers.

Table 9. AVERAGE FEED EFFICIENCY ABOVE MAINTENANCE
EXPRESSED AS POUND OF GAIN PER POUND TDN CONSUMED

FOR EACH OF Six BODY WEIGHTS

Weight periods (pounds)

Line Sex 525 575 625 675 725 775 Mean

I M
Lbs.
.333

Lbs
.283

Lbs
.279

Lbs.
.248

Lbs.
.234

Lbs.
.223

Lbs.
.267

F .237 .217 .218 .180 .173 .182 .201

2 M .380 .335 .310 .303 .308 .284 320
F .267 .294 .273 .231 .222 .198 248

3 M .301 .283 .265 .262 199 .226 .256
F .249 .220 .194 .192 .190 .188 .206

4 M .343 .251 .245 .222 .275 .201 .256
F .224 .201 .186 .169 .168 227 .196

Mean M .338 .286 .274 .257 253 .231 .273
F .240 .226 .212 .188 .184 .204 .209
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FIGURE 6. Average feed efficiency above maintenance expressed as pound gain

per pound TDN consumed for each of six weight periods for bulls and
heifers of four inbred lines of beef cattle.

Age of dam
Cows that calved as two-year-olds produced calves that were

older at the time of reaching 500 pounds (Table 10). This agrees with
the findings of other authors (Blackwell et al., 1958; Knapp et al.,
1942; Marlowe and Gaines, 1957; Pahnish et al., 1958; Sabin et al.,
1961; and Sawyer et al., 1948). The age of the calf at the time of at-
taining 500 pounds declined with increasing age of the dam. This
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decline continued until the darn age of five years for heifers and six
years for bulls (Table 10). The plateau in calf age in days at 500
pounds was maintained through 9- and 10-year dam ages for bull and
heifer calves, respectively. Age of dam at the time of calving had a
highly significant negative effect on the age of heifer and bull calves
at 500 pounds. The correlation coefficients were -.30 and -.20, respec-

produced by cows at any other age (Table 10). This might suggest
either compensatory gains or the result of selecting for more rapid
rate of gain. Heifers produced from five-, seven-, and nine-year-old
cows reached 500 pounds at the youngest and same age. Heifers pro-
duced by six- and eight-year-old cows were the least efficient of any
group of heifers.

the earlier part of the calving period, were younger at 500 pounds,
on feed test longer, and less efficient than bulls born in any other sub-
period. Bulls born after June 1 reached 800 pounds at a younger age
and were more efficient than bulls born in any other subperiod. Gen-
erally speaking, there was no difference in rate of gain during the
feed test of hulls born after April 15.

tively. The bulls reached 500 pounds at an average age of 27 days
younger than the heifers, being 236 days in age, while the heifers were
263 days in age. Seven-year-old cows produced bulls that gained at
the lowest rate on test and required the greatest amount of feed per
pound increase in body weight. Bulls from nine-year-old cows were
the most efficient on test and reached 500 pounds at the same age
as bulls produced by six- and seven-year-old cows. The older cows
represented a more selected group, as they were kept in the herd be-
cause of their producing ability; however, they were not selected only
on the basis of their feed efficiency.

Heifer progeny from two-year-old cows were the oldest when
reaching 500 pounds in weight. This was likely a result of lower milk
production of these younger cows. These same calves, when on test,
gained at the most rapid rate and were more efficient than heifers

Date of birth
The effect of date of birth is shown in Table 11. Bulls showed

less variability in days of age at 500 pounds than heifers. Bulls born
earliest and latest in the calving period reached 500 pounds at a
younger age than bull calves born in the middle of the calving period.
This is not in agreement with Bogart's (1959) findings, where he
stated that early-born calves gain faster. Bull calves born in March,

Heifers born during the last third of the calving period were
older when they weighed 500 pounds, gained more rapidly on feed
test, and were more efficient than heifers born during other parts of
the calving period.
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Table 10 AVERAGE AGE AT 500 AND 8 DAYS ON TEST, AND FEED PER POUND GAIN FOR BULL AND
HEIFER BEEF CALVES FO T AGES OF DAM, WITH THE LINES COMBINED

Males Females

Age of Age Age Days on Feed per Age Age Days on Feed per
dam 500 lbs 800 lbs test pound gain 500 lbs 800 lbs test pound gain

Years Days Days No. Lbs. Days Days No. Lbs.

2 254 370 116 7.06 285 425 140 8.70

3 242 356 114 7.02 276 428 152 9.19

4 247 362 115 7.12 267 413 146 8.96

5 237 354 117 7.01 256 402 146 9.15

6 227 344 117 7.05 257 409 152 9.27

7 227 350 123 7.54 256 405 149 9.09

8 225 345 120 7.33 257 410 153 9.25

9 227 342 115 6.78 256 409 153 9.21

10 and older 236 354 118 7.17 258 414 156 9.03
Average 236 353 117 7.12 263 413 150 9.10

Table 11 AVERAGE AGE AT 500 AND 800 POUNDS, DAYS ON TEST, POUNDS OF FEED CONSUMED PER DAY, AND
POUNDS OF FEED PER POUND OF GAIN FOR BEEF BULL AND HEIFER CALVES BORN DURING EACH OF SIX

TIME INTERVALS

April April May May
March 1-15 16-30 1-15 16-31 June

Bulls Age at 500 lbs, (days) 231 233 240 253 240 232

Age at 800 lbs., (days) 353 350 354 363 354 342

Days on test (no ) ........ 122 117 114 110 114 110

Feed/day, (lbs.) ...... 18.2 17.9 18.4 19.0 18.7 18.4

Feed/lb. gain, (lbs.) _ 7 39 6.99 7.02 7.02 7.11 6.74

Heifers Age at 500 lbs (days) 257 263 257 262 272 273

Age at 800 lbs. (days) 414 412 406 419 418 412

Days on test (no 157 149 149 157 146 139

Feed/day, (lbs) 18.0 18.4 18.6 18.9 17.7 18.1

Feed/lb gain, (lbs) 9.44 9.15 9.22 9.87 8.59 8.39



General considerations
In this study, all calves that survived were included and the bulls

were intact; consequently, there were bulls and heifers of four lines
included in the study which might be considered as four subpopula-
tions. The data in the present study were obtained on a weight-constant
basis, whereas data in most other studies are on on time-constant basis.
The weight-constant method makes any associations of traits with
weight changes valid because these associations are made for all calves
at the weights considered in the study. Data were obtained each week
on body weight and feed consumption; this made it possible to make
more accurate calculations on daily gain, gain per unit of body weight,
feed consumed per day, feed consumed per unit of body weight, and
feed efficiency.

The present study brings out several facts that have not been
clearly shown by other studies. Bulls gain much more rapidly per
unit of body weight than heifers even though they eat no more feed
per unit of body weight. This indicates that bulls are not gaining
more rapidly because of greater feed intake, but because of their
ability to make more effective use of the nutrients eaten for growth.

There appear to be genetic differences in the ability of animals
to utilize the feed consumed. Line Two calves ate less feed and gained
weight at the same rate as calves of the other lines; consequently, they
were more efficient.

The data in this study showed clearly that the calves consumed
less feed per unit of body weight as weight increased, even though
daily feed consumption increased with increased body weight. Since
maintenance requirements would be expected to increase as body
weight increased, the calves would need as much or more feed per
unit of body weight if gain per unit of body weight were to be main-
tained. However, both feed consumed and gain per unit of body weight
declined with increased body weight. Also, feed efficiency declined as
body weight increased. This decline in efficiency as weight increased
may be due to greater maintenance costs, or to a decrease in the ability
of the calves to effectively utilize the feed for growth. Feed efficiency
above maintenance requirements declined as calves increased in weight
at about the same rate as gross feed efficiency. This is not what one
would expect if the decline in feed efficiency as calves increased in
size was due entirely to increased maintenance costs. It appears that
the calves were losing their ability to utilize feed that was consumed
for growth. No studies were made on the calves to determine body
composition. However, it is apparent that fat deposition was greater
in the calves as they became larger. This would contribute to the
reduction in efficiency as cattle become larger.
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The bulls had greater efficiency of feed utilization than heifers
when the daily feed consumption was corrected for maintenance at
the several subperiod weights. The feed efficiency above maintenance
for the bulls declined 0.107 pound during the test period and 0.036
pound for heifers during the same 300-pound period. There is no
clear explanation why the bulls would decrease efficiency at a much
higher rate than the heifers. Although it may be assumed that the
heifers were depositing more fat than bulls at 500 pounds, which
would make them less efficient, there is no evidence from the present
study to indicate that bulls are increasing in fat deposition more
rapidly than heifers during the period from 500 to 800 pounds.

There were definite line differences in the traits considered. The
Line Four calves consumed as much daily feed as calves of the other
three lines but gained less rapidly; consequently, they were less effi-
cient. The Line Two calves had the same rate of gain as calves of the
other lines even though they ate less feed; therefore, they were more
efficient than calves in the other lines. Conformation scores were about
equal between lines.

It would appear from the variations that exist in the present
data, with small environmental effects from such sources as yearly
differences, that selection would be effective in improving such traits
as rate of gain and feed efficiency. Some consideration would need
to be given to the type of tissue that is being produced. It might be
possible, through selection, to increase growth rate and reduce fat
deposition to a point where sufficient finish could not be obtained at
normal market weights.

It also seems that nutritionists and physiologists should know
something about the genetics of the cattle with which they are con-
ducting studies on feed utilization. Conclusions drawn from studies
made on some genotypes might not apply to other genotypes of cattle.

SUMMARY AND CONCLUSIONS
Data from 493 beef calves produced within an 11-year period

from four inbred lines were analyzed to study the effects of age of
dam, sex, time of birth, daily feed intake, rate of gain, and age on
feed efficiency. Feed efficiency and feed efficiency above maintenance
during the test period from 500 to 800 pounds body weight were studied
in six 50-pound periods to determine the effects of the variables listed
above on overall efficiency and efficiency changes as calves increased
in body weight. Feed efficiency was expressed as weight gain per
pound of total digestible nutrients consumed.

Only calves that attained 800 pounds were included in the study.
This study pointed out the changes in rate of feed consumption per
pound of body weight and gain per pound of body weight as body



weight increased. These same areas were considered from the true
efficiency viewpoint. It has not been pointed out in other studies that
all calves within a population were included in the studies.

The results of the present study can be summarized as follows:
1. Bulls were more efficient than heifers in converting a high

roughage ration into body weight. Bulls, at a given weight, consumed
no more feed than heifers, yet the bulls gained an average of 0.67
pound more daily than heifers. Bulls were 28/o more efficient in feed
utilization than heifers during the 300-pound test period.

2. Line differences existed in efficiency of feed utilization, rate of
gain, and daily feed intake. Animals in Line Two gained at the highest
rate, were most efficient, and consumed the least amount of feed daily.
The Angus bulls and heifers (Line Four) made the least daily gain.
Line Three animals consumed the greatest amount of feed daily and
were least efficient in converting feed to gain.

3. The calves studied were more efficient in feed utilization during
the early part of the feed-test period. Bulls were 30% and heifers were
27% more efficient in the 525-pound subperiod than they were in the
775-pound subperiod. The daily rate of gain declined slightly, whereas
feed consumption increased as the calves became heavier. Gross feed
efficiency declined 0.054 and 0.037 pounds for bulls and heifers,
respectively, for each pound of total digestible nutrients consumed
during the test period.

4. Daily rate of weight gain and feed efficiency were highly cor-
related. Since gain was used to determine efficiency, some correlation
might be expected. It is concluded that rate of gain is generally an
effective tool in selecting cattle for feed efficiency. This would not
require individual feeding of animals under ranch conditions. How-
ever, the results show that certain lines of breeding that are quite
efficient might be missed if the evaluation was on daily gains alone.

5. Feed efficiency above maintenance declined as body weight in-
creased from 500 to 800 pounds. Feed utilization above maintenance
requirements declined at a faster rate for bulls than for heifers;
however, the bulls made an average of 0.064 pound greater gain per
pound of total digestible nutrients consumed above maintenance re-
quirements than the heifers did.

6. Feed consumption per unit of body weight declined throughout
the test period except during the 625- and 725-pound subperiods for
heifers and bulls, respectively. This may indicate that hormonal
changes at puberty may affect appetite. Daily gain per unit of body
weight declined continuously throughout the test period. Daily gains,
corrected for maintenance requirements, declined in a similar manner
except the heifers had an increase during the 775-pound subperiod.
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Calves gained less rapidly per unit of body weight as their body weight
increased because they were unable to consume enough feed.

7. Time of birth within the calving period did not significantly
affect daily gain or feed efficiency. Calves born in March were no
more efficient nor did they gain at a faster rate than those born in
June.

8. Calves born to two-year-old cows were older at 500 pounds
but were approximately the same age at 800 pounds as calves born to
cows in the prime of production. These data inui.:ate. that there were
either some compensatory gains on test or that younger cows were
more highly selected for postweaning gains than older cows, which
was reflected in the gains of their calves.
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