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INTRODUCTION

The future of the beef industry will be determined by the cost
of production of edible product and the efficiency by which beef is
produced, If the price of beef becomes excessively high in relation to
other protein sources, an alteration in consumers! diets can be
expected. Also, the world is ever more conscious of its limited
resources and concerned about efficient use of available food sources.

The role of the animal breeder in the beef imdustry is to
identify the most efficient methods of animal breeding. Crossbreeding
is a potential method of improving production when heterosis exists and
is important when combining effects are large and economically
important or when combinations of several traits yield economically
desirable results.

The purpose of this thesis is to evaluate the effects of
erossbreeding on growth rate, feed efficiency and carcass characteristics.
Increased growth rate, improved feed efficiency and improved carcass
characteristics would decrease the growing amd fattening period, reduce
overhead costs, decrease feed requirements and increase the percentage

Yield of edible product.



REVIEW OF LITERATURE

Crossbreeding involves the mating of two or more breeds. The
advantages of crossbreeding are the production of heterosis, the
opportunity to incorporate desirable genetic material and the chance to
combine several desirable traits in a market animal.

The definition of heterosis is in fact a definition of inter-
action, interaction being the failure of an additive scheme to describe
the facts (Willham, 1970). Heterosis results from nonadditive gene
action,

When crossbred offspring are used for meat production, efficiency
of production is a function of three genotypes, that of the sire, the
dam and the crossbred offspring. If specialized crosses are used, the
sire breed may ignore female fertility without loss of efficiency; but
in the dam breed progeny growth and carcass traits must be considered
in addition to number of offspring or else a substantial loss in
efficiency of improvement of overall net merit may be suffered (Smith,
1964), Moav (1966) concluded that, if the contribution of the sire and
dam to profit is unequal, there is justification for the breeding and
use of specialized lines even if the traits were genetically additive,
He also concluded that multiple crosses may improve profit over a two-
way cross only when there is heterosis in one or more of the component

traits,
For most characteristics of size ard growth there is a small

but consistent amount of heterosis exhibited. The amount of heterosis

usually will vary between 1 to 10# deperding upon the experiment, trait



and breed (Mason, 1966). In general the heterotic estimate expressed
as a percent of the mid-parent will decrease with age after approxi-
mately 1 year of age in cattle. This is consistent with the
observation by Willham (1970) that heterosis varies inversely with

heritability.

Birth Weight

Heterosis as indicated by a significant (P<.01) interaction
between breed of sire and breed of dam was reported by Gregory et al.
(1965) for birth weight and had an average value of 2,7% for the
crossbreds over the straightbreds of the Hereford, Angus and Shorthorn
breeds. Both breed of sire and breed of dam had significant (P <.0l)
effects on birth waight. Gainas st al. (1956) using the same breads
found evidence for heterosis in birth weight which averaged 3.1%.
Contrary to the results reported by Gregory et al. (1965), Gaines et al.
(1966) fourd 1little, if any, evidence of maternal influence on birth
weight., The mature size of these three breeds is similar and may be
part of the reason for little demonstration of maternal influence in
this experiment.

Charolais, Hereford and Angus breeds were studied in two
experiments (Pahnish et al., 1969; Sagebiel et al., 1973) and
rese;rchers observed in both cases greater heterosis for birth weight
in the male calves than the female calves. Pahnish et al. (1969)
reported heterosis values of 4.4% for males amd 1.4% for females, while

Sagebiel et al. (1973) reported values of 2.0% for males and 1.0% for



females. The calves by Charolais sires amd Angus dsms were larger
than calves by Angus sires and Charolais dams in both experiments.

Maternal effects have been reported by some researchers to have
an important effect, while others have reported no effect. In most
instances where no significant maternal effects were observed, there
was little difference in the average mature weight of the dams between
breeds. When breeds of nearly the same size are crossed, there is
generally some expression of heterosis; but, when breeds differ in size,
the heterotic estimate is usually smaller amd the calculated value is
apparently influenced by the size of the dam.

Joubert and Hammond (1958) crossed Dexter ard South Devon cattle
which have average birth weights of 23.7 kg and 45.5 kg, respectively,
and mature female weights of 318 kg and 635 kg, respectively. They
observed that the calves born to Dexter dams averaged 26.8 kg and those
borﬁ to South Devon dams averaged 33.3 kilograms. The data from two
breeds very different in mature size actually show a negative heterosis
for birth weight and a large degree of maternal influence.

Two British studies (Dickinson, 1960; Donald, Russell and Taylor,
1962) with Holstein, Jersey and Ayrshire also demonstrated that the size
of the newborn calf may be affected by the size of the mother amd that
differences in birth weight may be due to factors other than genetic.
Dickinson (1960) found that crossbred calves born of the larger breed
were larger at birth in a1l cases. Also, the correlation between birth
weight and mature weight was consistently larger for calves born to cows

of the smaller breed. It was postulated that the maternal retardation



of fetal growth resulted in phenotypes more closely related to their
genotype, whereas the fetal environment provided by the larger breed
obscured the genotype at birth. Dickinson (1960) also found that
traits relatively more mature at birth such as height at withers were
influenced the least by heterosis at birth.

Studies of Holstein and Guernsey crosses reported by Shreffler
and Touchberry (1959) and Touchberry and Bereskin (1966a) indicated
that breed of dam was a large source of variation. Calves from Holstein
dams were 6.22 kg heavier than those born of Guernsey dams, where there
was only a 2.50 kg birth weight difference associated with breed of
sire (Touchberry and Bereskin, 1966a);

Gestation lenegth has pronounced effects on birth weight, is
significantly affected by the breed of sire and breed of dam armd appears
to be largely controlled by additive gene action (Haycock and Stewart,
1973; Sagebiel et sl., 1973; Joubert and Hammond, 1958). Sagebiel
et al, (1973), Touchberry and Bereskin (1966a) and Rollins et al.

(1969) found the effect of heterosis on gestation length to be small

ard values were reported of 0.15%, -.17% and 0.3%, respectively.

Weaning Weight

Heterosis has consistently been demonstrated to have a positive
influence on the weaning weight of crossbred czlves., Table 1 lists the

results of several studies.

The influence of sex on heterosis at weaning has not been
established and in most studies the males and females have not been

analyzed separately. Pahnish et al. (1969) and Gregory et al. (1965)



TABLE 1. HETEROSIS EFFECTS FOR WEANING WEIGHT
OF SINGLE CROSS CALVES

Purebred Crossbred Percent

Experiment Breeds@ Sex wt., kg wt., ke heterosis
Damon et al., A,S,H,B, 187.7 195.0 4.3
Gaines et al., A,S,H 178.7 186.4 4.1

1966
Gregory et al., A,S,H Male 195.5 202.8 3.7
1965 Female 176.0 188.2 6.9
Klosterman H,C 263.5 273.1 3.4
et al., 1968
Lawson and H,High 158.8 173.3 9.2
Peters, 1964
1969 Female 213.9 217.5 1.9
Kellins et 3., E,%,5 1741 181.1 k.5
1969

& A = Angus, B = Brahman, Br = Brangus, C = Charolais, H = Hereford,
S = Shorthorn and High = Highland.
did analyze the sexes separately and reported opposite effects,
Pahnish et al. (1969) fourd steers to have a higher heterosis value,
while Gregory et al. (1965) fourd heifers to have a higher heterosis
value. Brinks et al. (1967) crossing inbred lines of Herefords
reported higher heterosis values for heifers on average daily gain to
Weaning ard weaning weight.

Differences in the growth curves between reciprocal crosses are

regularly observed and may be an indication of maternal ability, although |
as indicated by the dairy studies the differences involve more than just

the postnatal envircnment provided by the dam. McDowell et al. (1969)



crossed three dairy breeds and found that, although the differences
between reciprocal crosses varied as much as S kg at birth, the groups
lighter at birth were equal to or slightly heavier than their reciprocals
by 3 months of age. However, Touchberry and Bereskin (1966b) fourd no
reversal in weight and the animals born of larger dams maintained their
advantage throughout life.

Pahnish et al. (1969) observed that in Angus and Charolais
crosses the calves from Angus cows were larger at birth. However, at
weaning the steer calves from Charolais dams were larger and the
reciprocal cross heifers were nearly equal in weight., Lawson and
Peters (1964) reported the reversing in size advantage of reciprocal
crosses from birth weight to weaning weight, elthough Gregory st al.
(1965) found the larger reciprocals at birth to be the largest at
weaning in all crosses.

Most studies indicate that both breed of sire and breed of dam
are significant sources of variation in weaning weight. Gregory et al.
(1965) reported data which are an exception to this general observation
and found breed of sire to be a significant (P <.0l) source of varia-

tion, while breed of dam was significant only at the 107 level.

Postweaning Growth - Heifers

Gregory et al. (1966a) evaluated postweaning growth traits of
replacement heifers of the Hereford, Angus and Shorthorn breeds and
their reciprocal crosses. Significant (P<.01) heterosis effects were
fourd for 200-day weight, average daily gain from 200 to 396 days,

average daily gain from 200 to 550 days, 396-day weight and 550-day



weight but not for average daily gain from 396 to 550 days. Heterosis
effects were larger in the winter when relatively low levels of gain
were made than during the summer. This was interpreted to be due to
diminished heterosis effects after 1 year of age and to smaller
heterosis effects on feeding regimes that result in a relatively high
level of gain.

Vogt et al. (1967) analyzed heifers of the same breeds which
were put in the feedlot immediately following weaning and found that
the crosses exceeded the purebreds by 3.9% in average daily gain and
4.4% in slaughter ﬁeight when approximately 420 days of age. Jain
ot al, (1971) reported heterotic estimates of 8.0% and 4,0% for
slaughter weight of short armd long fed heifers of Charolais, Hereford
ard Angus crosses at approximately 400 and 475 days of age. These
values are less than those reported by Gregory et al. (1966a) of 10,3%
ard 6.8% at 369 days of age but would agree with Gregory's postulation
that heterosis effects are less at higher levels of gain and decrease
after 1 year of age.

No statistically significant differences between purebreds and
crossbreds were found by Pahnish et al. (1971) when all crosses of the
Hereford, Charolais and Angus breeds were analyzed together. The
heterosis effects they obtained were smaller than most, 1.0% for 190-day
weight, 2.0% for 36l-day weight and 1.3% for 547-day weight with no
significant differences for rate of gain. Statistically important
differences between reciprocal crosses were confined to the British by

Charolais crosses. Crossbreds by Charolais sires ard Hereford or Angus



dams excelled their reciprocal cross in rate of gain ard were larger at
361 days and 547 days. Jain et al. (1971), studying the same cross under
feedlot conditions, reported no statistically significant differences
between reciprocal crosses.

McDowell et al. (1969) analyzed body measurements and body weight
of Brown Swiss, Holstein and Ayrshire crosses and reported heterotic
estimates at 6, 12, 18 and 24 months for body weight of 2,8%, 2.8%, 4.6%
and 3.4%, respectively. Howsver, Touchberry and Bereskin (1966b) found
the effects of crossbreeding decreased linearly as age increased from
?7.1% at 3 months to 1.5% at 48 months.

Variations due to breed of sire ard breed of dam are highly
significant (P<.0l) in most experiments for yearling weight, 550-day

Weight and slaughter weight.

Poatweanins Growth - Steers

Studies of hybrid vigor in feedlot cattle conducted more than 30
years ago (Shaw and MacEwan, 1938; Phillips et al., 1942) concluded that
crossbreds had a definite advantage over purebreds in rate of gain,
quality of carcass and weight at slaughter.

Studies of the influence of heterosis on beef steers conducted by
Gregory et al. (1966b) and Vogt et al. (1967) with Hereford, Angus and
Shorthorn showed the crossbreds had larger yearling and slaughter weights.
Gregory et al. (1966b) found differences in average daily gain between
straightbreds and crossbreds to be significant (P<.01) from weaning to
284 days of age, significant (P<.05) from 284 to 368 days of age amd

not significant for the last third of the feeding period from 368 to 452
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days of age though the average daily gain was larger for the crossbred
in each period. Vogt et al. (1967) found average daily gain to be
significantly (P<.0l) larger for the crossbreds from fall weaning to
the following September. However, in the feedlot there was no differ-
ence in average daily gain between the purebreds and crossbreds. These
two studies are in agreement in that after approximately 1 year of age
there was little heterosis for average daily gain in beef steers,
though the weight advantage the crossbreds obtaiﬁed earlier in life was
maintained, |

An experiment involving the Angus, Charolais and Hereford breeds
was carried out by Lasley et al. (1973). Steer calves born in the fall
were grazed on pasture following weaning until appreximately 1 yeer of
age in 2 years of the experiment and then put in the feedlot. 1In the
other 2 years of the experiment they were put in the feedlot immediately
following weaning. Each year half the steers were fed a short feeding
period (less than 200 days) and half put on a long feeding period
(more than 200 days). Weight gains on grass were between 0.30 and 0,64
kg per day and no significant heterosis effect was obtained in average
daily gain nor did breed of sire or breed of dam have a significant
effect. The conclusion was that possibly the steers were unable to
consume enough nutrients per day to make sufficient gains which may be
necessary for the expression of genetic differences smong breed groups.
In the experiment Charolais gained faster than Angus and hed a heavier
slaughter weight. The Angus by Charolais crosses were the only crosses

which did not exhibit heterosis in average daily gain when on the long



feeding period. However, for the short feeding period heterosis was
12,8% and was significant (P<.0l). Heterosis for slaughter weight was
significant (P<.05) for the Angus by Charolais crosses in both the
short and long feeding periods with values of 4.1% and 4.4%, respec-
tively. Differences between the reciprocal crosses were small except
for slaughter weight on the long fed steers in which case the steers

from Angus sires and Charolais dams were significantly (P <.05) larger.

Feed Efficiency
The heterosis values for feed required to produce gain are small

and improved feed efficiency has not been associated with hybrid vigor
in beef cattle (Gregory et al., 1966b; Phillips et al., 1942; Vogt
et al., 1967).

Under feedlot conditions and using steers of the Hereford, Angus
and Shoi‘thorn breeds, Gregory et al. (1966b) found breed of sire by
breed of dam interaction to be nonsignificant for feed efficiency.
Crossbreds consumed more feed and the heterosis effects on average
daily TDN consumed for the 252.day postweaning feeding period were
significant (P<.01), When adjusted for the effects of mid-weight,
the differences were small, indicating that increased TDN consumption
was mainly due to the heavier weight of the crossbreds. It was concluded
that the increase in average daily gain of the crossbreds was mainly
due to increased consumption and not to efficiency of feed utilization,
which was substantiated by small differences in TDN per unit of gain
between crossbreds and purebreds. Vogt et al. (1967), using the same

three breeds under feedlot conditions, drew the same conclusions and
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found no significant differences in feed efficiency of feedlot steers
or heifers,

Charolais gained more rapidly and ate more feed per head per day
than Herefords, but there was no significant difference between breeds
in the amount of feed required per unit of gain (Klosterman, Cahill and
Parker, 1968). When the maintenance requirements were subtracted from
the total TDN, there was a very small difference between breeds in the
amount of TDN per pourd of gain. The data also indicated that the
crossbreds required slightly more TDN per pound of gain than the average

of the mid.parents,

Carcass Characteristics

Important, significant (P <.01) heterotic effects were fourd by
Gregory et al. (1966c) for carcass weight, rib eye area, dressing
percentage and actual cutability when both crossbred and purebred steers
were slaughtered at the same age, However, the lack of hybrid vigor on
traits associated with carcess composition after the data were adjusted
for weight showed that heterosis effects on carcass composition are
through growth rate. Heterosis increases slaughter weight of the cross-
breds at the same slaughter age. Thus, on a weight constant basis there
is 1ittle heterosis effect on carcass traits,

Gaines et al. (1967) also studied Hereford, Angus and Shorthorn
and observed a heterosis effect in carcass weight of 3.1% in steers and
4.3% in heifers and a significant (P <.05) rib eye area advantage for

the crossbred over the straightbred when the data were adjusted to a
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constant age, No significant differences were found in fat thickness,
marbling score, conformation score or carcass grade.

Carroll and Rollins (1965) found no significant differences for
the previously mentioned carcass traits between purebreds ard cross-
breds, although the trend of the carcass measurements indicated that
the purebreds were higher in carcass grade and fatter. Lasley et al,
(1971) found heterotic effects were negligible for carcass quality as
determined by carc#ss conformation, marbling score, Warner-Bratzler

shear value and carcass quality grade.

SOUTH DAKOTA STATE UNIVERSITY LIBRARY

207581



1%

SOURCE OF DATA

The experiment was initiated in the fall of 1968 with the
purchase of straightbred Angus heifers ard Charolais heifers of no less
than 75% Charolais breeding. Ninety head of each breed were obtained
from South Dakota farmers and ranchers with no more than four Angus or
eight Charolais from any breeder.

The foundation stock was bred artificially to an Angus or
Charolais bull and calves were produced in the years 1970, 1971 and
1972, Only one bull of each breed was used and the same two bulls were
used each year, in that the main purpose of the project was to produce
crossbred and straightbred heifers of similar breeding. All cows were
tho came sge ard thus the cslf crops were produced when the cows were
2, 3 ard 4 year-olds. The number of calves produced in each year and

of each genotype is given in tables 2 and 3.

Feeding and Management of Phase I Cows

The first 3 years of the experiment the phase I cows were kept
at the experiment station at Brookings, South Dakota. The winter of
1968.69 they were fed hay, cracked shelled corn and silage in the
drylot and gained at the rate of epproximately 0.57 kg per day. During
the surmer of 1969 they were managed on pasture and in the drylot.

‘The winters of 1969-70 and 1970-71 they were fed corn silage and hay in
the drylot. All cows were put on pasture in the summer. However,
because of the shortage of pasture, cows with bull calves were put in
the drylot on August 6 in 1970 and July 27 in 1971, while cows with

helfer calves were maintained on pasture until weaning. Some cracked



TABLE 2, NUMBER OF INDIVIDUALS PER YEAR-BREED GROUP-SEX
SUBGROUP FOR BIRTH TRAITS

Birth Heart Width at Height at
Geno- weicht girth shoulders withers
Year type Bull Heifer Bull Heifer Rull Heifer Bull Heifer
1970 AA 22 23 22 23 22 23
AC 22 24 22 24 22 24
CA 10 13 10 13 10 13
cC 10 9 10 9 10 9

1971 AA 19 16 19 16 19 16 19 16
AC 12 9 12 9 12 9 12 9
CA 24 19 24 19 24 19 24 19
cC 19 15 19 15 19 15 19 15
1972 AA 10 10 10 10
AC 9 10 9 10
CA 14 15 14 15
cc 12 11 12 1

Totals 183 174 119 105 138 128 138 138




TABLE 3. NUMBER OF INDIVIDUALS PER YEAR-BREED GROUP-SEX
SUBGROUP FOR POSTWEANING TRAITS

Feed efficiency

Weaning 365-day 550-day  Slaughter Weaning~. Yearling-
Geno= weight weight weight weight yearling 550 days
Year type Steer Heifer Heifer Heifer Steer Heifer Heifer
1970 AA 18 22 22 22 15 22 13
AC 16 21 21 21 14 2 12
CA 10 13 13 13 9 23 7
cc 9 8 8 8 9 8 5
1971 AA 19 16 16 16 17 9 9
AC 12 9 8 8 12 5 5
CA 24 19 18 18 22 10 10
cC 1?7 15 15 15 1n 10 10
1972 AA 10 10 10 10 10 5 5
| iC 9 10 10 10 8 5 5
CA 13 15 15 15 13 6 6
cc 124 > MR Loy FoWE R s J %
Totals 169 169 167 167 151 120 93

9T
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shelled corn was fed the cows prior to and during the breeding
season,

The cows were shipped to the Antelope Range Field Station in
Harding County in the fall of 1971. They were wintered there and the
1972 calf crop was raised under range conditions.

Pertinent management dates are given in table 4,

Feeding and Management of Phase I Calves

The heifers were managed under two systems. One group of
heifers was fed individually in the barn armd will be referred to as
the drylot heifers. Those heifers put on pasture during the summer
but wintered in the lots will be referred to as pasture heifers. The
steers were fed as a group and received the ssme feed and management

throughout the growing and feedlot stages.

Drylot Heifers. The heifers born in 1970 were fed 2,3 kg of

corn silage daily plus a pelleted feed ad libitum which contained 24,74
corn cobs, 24.7% oats, 24.7% alfalfa hay, 7.4% corn, 9.1% soybean oil
meal, 7.4% molasses and 1,2% Durabon:l.' On May 6, 1971, the ration was
changed, The corn silage was replaced by 1.4 kg of hay and the
composition of the pelleted feed was changed to 24% corn cobs, 27%
corn, 29% oats, 7% molasses, 12% alfalfa hay and 1% Durabord, The
ration was changed on November 9, 1971, to alfalfa pellets ad 1libitum
ard 1.4 kg of chopped alfalfa hay daily.

The 1971 heifers were fed shelled corn, alfalfa pellets axd

chopped alfalfa hay. Corn was fed daily at levels of 1.4 kg from



TABLE 4, PERTINENT MANAGEMENT DATES

Management 1969 1970 1971 1972 1973
Start of breeding season July 1 July 1 June 11
End of breeding season Sept. 12 Sept. 18 Aug, 23
First calf born April 4 April 5 Mar, 15
Last calf born June 16 June 26 June 1
Castrated bulls Oct. 22 Oct. 9 At birth
Weaning date Nov. 11 Sept. 20 M2 Nov. 1

Oct. 19 F

Delivered steers to feedlot Nov. 25 Nov, 13 Nov, 18
Started individual feeding Dec, 4 Nov. 19 Dec. 15
Yearling weigh date for heifers May 5 May 5 April 6
550-day weigh date for heifers Nov. 19 Nov. 17 Nov. 2
Slaughter date for steers Aug, 16 July 19 July 20

& M = males, F = females.

8T
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December 22, 1971, to January 29, 1972, 1.8 kg from January 30, 1972,
to June 6, 1972, and 0.9 or 1.8 kg depending upon the condition of the
heifer from June 7, 1972, to August 29, 1972, Alfalfa pellets were
fed ad 1libitum and 1.4 kg of chopped alfalfa hay were fed daily from
the start of the feeding period to February 10, 1972, after which 2.7
kg of chopped hay were fed daily.

The ration of alfalfa pellets, shelled corn and chopped hay
was also fed the 1972 heifers. The alfalfa pellets were fed ad libitum,
chopped alfalfa hay was fed at the rate of 1.4 kg daily and from July 4,
1973, to October 4, 1973, 0.9 kg of corn was fed daily.
| A1l the 1970 heifers were fed individually until a year of age
at which time half of the heifers were put on pasture. Approximately
half of the 1971 and 1972 heifers were allotted to each of the drylot

and pasture management groups at weaning.

Pasture Heifers, The pasture heifers were raised and fed under

8 management system similar to local farm and ranch conditions. They
were wintered in the lots on hay, corn silage ard shelled corn ard
pastured during the summer from approximately the middle of May to the

end of October. A conscientious attempt was made to simulate good

commercial management,

Steers. The steers wsre backgrounded by the Jorgensen Bros.,
Ideal, South Dakota. The growing ration through the winter consisted

of corn silage, hay, grain ard protein supplement. Finishing of the
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steers was at a commercial feedlot and marketing took place in late

summer,

Traits Studied

Growth traits from birth to 550 days for the heifers and to
slaughter weight for the steers were studied., Other traits related to
growth were included in the analysis when available and applicable.
Carcass data were available for the steers only. The feed efficiency

data involved only the postweaning period of the drylot heifers.

Preweaning Growth Traits. Birth weight, width at shoulders,

height at withers and heart girth circumference of the calf were
obtained within 24 hours after birth. Data were available for birth
weight each ygar. for width at shoulders and height at withers in 1970
and 1971 and for heart girth circumference in 1971 and 1972,

Weight of dam at parturition was taken within 24 hours after
parturition in 1970 and 1971.

Weaning weights (WW) were obtained and ad justed for age of calf,

Age of calf adjustment was obtained by the following formula:

days of age

Average daily gain from birth to weaning was calculated by

.dividing the actual weaning weight by days of age at weaning.



Postweaning Growth and Feed Efficiency of Heifers. Yearling

weight (YW) and 550-day weight (5W) were ad justed by the following

formulas:

M justed YW = actual YW - actual WW ‘
on otk days between WW and YW #L60 v odJushod J8d

t = _actual 5W - actual YW
M justed 5W o bt T o x 185 + ad justed YW

Average daily gain weaning to yearling, weaning to 550 days and
yearling to 550 days was calculated as the total kilograms gained for
the period divided by the number of days in the period.

Feed efficiency weaning to yearling, weaning to 550 days and
yearling to 550 days was calculated as the total digestible nutrients
required per unit of gain from the start to the erd of each feeding
period, The trait feed efficiency weoning to yeorling wes not from the
day of weaning to 365 days. There was én ad justment period of several
weeks immediately following weaning before individual feed records were

recorded. The dates are given in table 4,

Feedlot and Carcass Traits of Steers. Average dally gain was

calculated as slaughter weight minus weaning weight divided by the
number of days fram weaning to slaughter.‘

Slaughter weight was the shrunk weight on the day of slaughter,
chilled carcass weights were obtained 24 hours post-mortem and weight
of retail cuts was estimated by multiplying cutability by carcass
weight., These three traits were adjusted for age effects to 452 days
(mean slaughter age) by least squares regression computed from sum of

squares and cross-products for each breed group pooled across years,
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Carcass weight had sigmificant (P<,0l) effects on weight of retail
cuts ard rib eye area. In order to study the effect of heterosis on
the composition of the carcass, these two traits were ad justed to the
mean carcass weight (286.2 kg) in the same manner as age adjustments,

Dressing percent equals the chilled carcass weight divided by
actual slaughter weight.

Cutability is equal to an estimate of boneless retail cuts from
rourd, loin, rib and chuck by the following regression equation
(Murphey et al., 1960):

Percent retail cuts = 52,56 - 4.95 (single thickness of fat

over rib eye, in.) - 1,06 (percent kidney fat) +
6.82 (area of rib eye, sq. in.) - 0.008 (carcass
weight, 1b.)

Fat thickness was measured by a U.S.D.A. grader between the
12thA ard 13th ribs, Marbling and carcass quality scores were assigned
by a U.S.D.A. grader. Marbling was classified from devoid to aburdant
using codes fram 1 through 10, Carcass quali'ty scores were coded 13
to 15, standard; 16 to 18, good; 19 to 21, choice and 22 to 24, prime.
Rib eye area was measured in square centimeters from an acetate tracing

with a polar compensatory planimeter at the 12th rib.
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ANALYSIS OF DATA

The data were analyzed by least squares procedures. The main
effects were breed of sire, breed of dam and year (confourded with age
of dam) ard were cfoss-classified, Management (drylot or pasture) was
a fourth main effect present only in the analysis of postwreaning traits
of the heifers and was cross~classified. Inclusion of age of dam was
unnecessary since all dams in a given year were the same age. Only
single births were analyzed and male and female data were analyzed
separately.

Only one bull of each breed was used in this experiment.
Therefore, variation due to breed of sire also includes variation due
te sire and this variation cannct be saparatsa.

The complete model for the anélysis of preweaning traits, feed
efficiency of the heifers and steer feedlot and carcass traits is as
follows:

Yi5k1 = n + S5 ¢ Dj + Y + SDij + SYjk + DYjk + SDYijk + ekl
where Yj 31 is the observation on the 1'h individual in the kth year
from the jth breed of dam and ith breed of sire.

R is the population mean

S5; is the effect common to all animals of the ith breed of sire

Dj is the effect common to all animals of the jth breed of dam

Y, is the effect common to all animals in the kth year

SDj j refers to the interaction of the ith breed of sire and

the jth breed of dam



SYjy refers to the interaction of the ith breed of sire and the

kth year

DYy refers to the interaction of the jth breed of dam and the

kth year

SDY4 g refers to the interaction of the 1th breed of sire, the

jth breed of dam and the kth year

4 i1 is the random effect particular to the 1th preed of sire,

Jth breed of dam and kth year that causes the 1th
observation to deviate from the expected mean,

The complete model for yearling weight, 550-day weight, average
daily gain from weaning to 365 days, weaning to 550 days and 365 days
to 550 days for the heifers is as follows:

Iidkm1=p+si+Dj+Yk+Mm+SD13+SYik+SM1m+Dij+
DMJ, + M + SDYijk + SDM3 4 + SYMjjm + DYMyjm +
SDYM4 Jkm + €4 jkml
where Yj jkml 1s the observation on the 1th individual from the mth
management group in the kth year from the jth breed of dam and the
1th preed of sire.

p is the population mean

S4 is the effect cammon to all animals of the 1th breed of sire

Dy is the effect common to sll animals of the jth breed of dam

Y, is the effect camon to all animals in the kB year

M, is the effect common to all animals in the mth management

group

SDiJ refers to the interaction of the ith breed of sire and

the jth breed of dam
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SY4) refers to the interaction of the 1th breed of sire and the
kth year

SMjp, refers to the interaction of the ith breed of sire and
the mth management group

DYgc refers to the interaction of the jth breed of dam and the
kth year

D“jn refers to the interaction of the‘Jth breed of dam and the
nth management group

YM,, refers to the interaction of the xth year ard the nth
management group

SDYijk refers to the interaction of the ith breed of sire, jth
breed of dam and the kth year

SDMijm refers to the interaction of the ith breed of sire, jth
breed of dam and mth management group

SYMy)n refers to the interaction of the ith breed of sire, kth
year and the mth management group

DYMka refers to the interaction of the jth breed of dam, kth
year arnd the mth management group

SDYMj yi refers to the interaction of the ith breed of sire,
Jth breed of dam, xth year amd mth management group

e4 jiml is the random effect particular to the 1th preed of sire,
Jth breed of dam, kth year and nth management group that

causes the 1th observation to deviate from the expected

mean.,
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All main effects were considered fixed and the mean square
expectations are given in tables 5 and 6.
TABLE 5. ANALYSIS OF VARIANCE WITH EXPECTED MEAN SQUARES

FOR PREWEANING TRAITS, FEED EFFICIENCY OF HEIFERS
AND STEER FEEDLOT AND CARCASS TRAITS

Source of

variation df EMS
Breed of sire (BS) 5-1 OeZ + kpog
Breed of dam (BD) D-1 062 + kgog
Years (Y) A o? + ksoy
BS x BD (5-1)(D-1) de2 + kiogq
BSx Y (s-1)(¥-1) Ge? + k30gy
BD x Y (D-1)(Y-1) de” + ka0gy
BS x BDx Y (5-1)(D-1)(¥~1) Ge? + k10siy
Within N-(SDY) R

Breed group means were used to estimate heterosis, to estimate
performance of breed groups arnd to make breed group comparisons,
Breed group means are the least squares means constructed from the
overall mean and breed of sire, breed of dam and breed of sire x breed
of dam interaction constants, The means presented for each breed
group are free of year effects including age of dam x year interaction
effects and effects of disproportionate subclass frequencies.

Coefficients for orthogonal comparisons are given in table 7.



TABLE 6. ANALYSIS OF VARIANCE WITH EXPECTED MEAN SQUARES

FOR POSTWEANING TRAITS OF HEIFERS

Source of

variation daf EMS
Breed of sire (BS) S-1 62 + k15o'82
Breed of dam (ED) D-1 o2 + lq_uddz
Years (Y) Y-1 62 + k136y2
Management (M) M-1 C‘wz + k12<5m2
BS x BD (5-1)(D-1) 6 + k1) 08a?
BS x Y (s-1)(¥-1) 62 + k100sy°
BD x Y (D-1)(¥-1) 0wl + kgogy?
BS x M (5-1)(M-1) 6.2 + k8o
BD x M (D-1)(4-1) e
YxM (Y-1)(M-1) 6% + kgoyn?
BS x BD x Y (5-1)(D-1)(¥-1) oy’ + ksosay®
BSx Y x M (5-1)(¥-1)(M-1) 6w? + kiOgyn?
BDx Y x M (D-1)(¥-1)(¥-1) ou? + k364ym°
BS x BD x M (S-1)(D-1)(M-1) R
BSxBDx Y x M (S-1)(D-1)(Y-1)(M-1) 642 + k10sdym?
Within N-(SDYM) o’
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TABLE 7. COEFFICIENTS FOR ORTHOGONAL COMPARISONS

s s o, =

Breed groupsé

Comparisons AA AC CA cC
Straightbred vs. crossbred -l +1 +1 -1
Angus ys. Charolais dams +1 -1 +1 -1
Angus vs. Charolais sires +1 +1 -1l -1
Angus-Char. vs. Char.-Angus 0 +1 -1 0
Angus vs. Charolais -1 0 0 +1
Crossbreds vs. Angus +2 -1 -1 0
Crossbreds vs. Charolais 0 -1 -1 +2

& AA = Angus, AC = Angus-Charolais, CA = Charolais-Angus and
CC = Charolais.

More comparisons are made using these means than there are
inrdeperdent degrees of freedom. Therefore, not _all of the comparisons
are independent ard the confidence level may not be as reliable as
implied by the level of probability. The student!s two tailed t test
was used to test the level of significance between group means,

Heterosis, the genetic interaction resulting from crossbreeding,
is defined as the difference between the mean of the crossbreds anmd
the mean of the parent breeds. In this study heterosis is expressed
as a percent of the mean of the parents,

Combining effect is defined as one-half the difference between
the two straightbreds ard therefore by definition will increase as

the differences between two breeds increase.



The comparison of the mean of the crossbreds and the superior
parent gives a statistical test of the difference between caombining

ard heterotic effects.
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RESULTS

Analysis of Variance

Preweaning Traits and Gestation Lencth. Analyses of variance

for both steers and heifers for preweaning traits and gestation length
are presented in tables 8, 10 and 12, Least squares means for breed
groups are given in tables 9, 11 and 13,

The main effects of breed of sire, breed of dam and year are
significant for most traits (P<.0l1). Year had no effect on gestation
length or width at shoulders of calf. A notable exception was the lack
of significance of breed of sire on weaning weight of steer calves and
average daily gain of steer ard heifer calves. Most studies have shown
breed of sire to have an important effect cn wsaning weight, although
Schreffler and Touchberry (1959) fourd no significant breed of sire
effect until after 12 months of age in Holstein and Guernsey crosses.
Breed of dam had no significant effect on gestation length which may
be explained in part by the fact that Angus dams bred to the Angus sire
had shorter gestation periods than Charolais dams bred to the Charolais
sire, while Angus dams bred to the Charolais sire had longer gestation
periods than Charolais dams bred to the Angus sire.

Interactions between breed of sire and breed of dam were
significant (P<.01) only for weaning weight and preweaning gain of the
steers. The interaction of breed of sire x breed of dam indicates the
presence of heterosis.,

Effects due to breed of sire, breed of dam and the interaction

between breed of sire ard breed of dam are again discussed when specific

comparisons are made.



TABLE 8, MEAN SQUARES FOR GESTATION LENGTH, BIRTH WEIGHT, WIDTH AT SHOULDERS,
HEIGHT AT WITHERS AND HEART GIRTH CIRCUMFERENCE OF BULL CALVES

Heart
girth
Source of Gestation Birth Width at Height at circum-
variation df length weight af shoulders withers af ference
Breed of sire (BS) 1l 344 ,78%# 5968, 3** 1 23,752#*= 837.82#** 1l 256,18**
Breed of dam (BD) 1l 130,97* 5077 .2%* 1 25,805%*= 293,30%* 1l 172,86#**
Years (Y) 2 4o, 45 1217,.8** 1l 4,112 20,31 1 2Uly, 56%*
BS x BD 1l 3.50 1.6 1l 2,522 2,54 1l 14,82
BSx Y 2 27.62 112,5 1 0.849 0.12 1 6.29
BDxY 2 29,84 142.5 1 1.025 3.24 1l 3.98
BSxBDxY 2 67.92 145.4 1 1,583 3.18 1 0.66
Within 171 25.89 101.7 130 2,084 %.a m 9.96
* P<.05.
= P <.0l,

T€
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TABLE 9. LEAST SQUARES MEANS FOR BULL CALVES BY BREED GROUPS

Heart
Height girth
Gestation Birth Width at at circum-
length weight shoulders withers ference
Breed group days kg cm cm cm
Angus 281.60 29.98 18.33 60.44 72.04

Angus-Charolais 283.11 35.15 19.54 63.82 75.32
Charolai s-Angus 284,23 35.57 19.50 65.95 75.88
Charolais 286 . 31 1&0. 56 20.13 68 . 75 77 . 67

TABLE 11. LEAST SQUARES MEANS FOR HEIFER CALVES BY BREED GROUPS

e e e e o s
o s — [Eaivh s s . s

Heart
Height girth
Gestation Birth Width at at circum.
length weight shoulders withers ference
Breed group days kg cm cm cm
Angus 280.15 28.35 17.84 59.69 70,54

Angus-Charolais 279.06 32,84 18.38 63.70 72.62
Charolais-Angus 283,02 34,06 19,05. 64.92 74,43




TABLE 10, MEAN SQUARES FOR GESTATION LENGTH, BIRTH WEIGHT, WIDTR AT SHOULDERS,
HEIGHT AT WITHERS AND HEART GIRTH CIRCUMFERENCE OF HEIFER CALVES

Heart
girth
Source of Gestation Birth Width at Height at circum-
variation df lenzth weight af shoulders withers af ference
Breed of sire (BS) 1l 588, 26** 4335,0%+* 1l 27.515%* 612,53** 1 251,10%*
Breed of dam (BD) 1 0.18 2402,1** 1l 2,804 332,60%* 1 47,26*
Years (Y) 2 74.70 732,0%* 1 3.834 58.43%x* 1 74,28*#
BS x BD 1l 40,10 163.6 1 1.474 9.38 1 11.93
BSx Y 2 14.91 182.3 1 0.379 0.00 1 41.23*
BDx Y 2 11.10 186.8 1l 5.473 750 1 7.33
BSxBDxY 2 37313 156.1 1 6.703 3.20 1 10.29
Within 162 32.39 87.0 120 1,747 6.04 97 10.35
* B<.85,
= p<,01.

€c



TABLE 12, MEAN SQUARES FOR WEANING WEIGHT AND AVERAGE

DATLY GAIN BIRTH TO WEANING

Steers Heifers
Average Average
daily gain daily gain
Source of Weaning birth to Weaning birth to
variation af weight weaning weicght weaning
Breed of sire (BS) 1 1647 0.0306 12541 ** 0.0415
Breed of dam (BD) 1 28095** 0.2211** 28776%* 0.3163**
Years (Y) 2 76289%* 1. 441 %= 45864 %= 0.8886**
BS x BD 1 16871* 0.L4l5] ** 2369 0.0375
BSxY 2 609 0.0039 1327 0.0263
BDxY 2 960 0.0594 716 0.0453
BSxBDxY 2 3144 0.0602 254 0.0045
Within 157 2544 0.0557 1597 0.0352
* P<.05,
TPARRSOL,
TABLE 13, LEAST SQUARES MEANS FOR BREED GROUPS
Steers Heifers
Average Average
daily gain daily gain
Weaning birth to Weaning birth to
weight weaning weight weaning
Breed group ke kg kg kg
Angus 170.73 0.686 166.72 0.675
Angus-Charolais 192,50 0.767 182,77 0.731
Charolais-Angus 183.21 0.720 178.53 0.704
Charolais 185.97 0.708 187.42 0.732
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Postweaning Growth Traits of Heifers., Mean squares and degrees

of freedom for postweaning gain and weight of heifers are given in
table 14 and least squares means for postweaning gain amd weight of
heifers are given in table 15.

Main effects of breed of dam on average daily gain weaning to
yearling and management on yearling weight failed to show significance.

Breed of sire x breed of dam interaction was significant
(P <.05) for average daily gain from weaning to yearling amd yearling
weight and significant (P<.0l) for average daily gain weaning to 550
days, average daily gain yearling to 550 days and 550-day weight.
This is indicative of the presence of heterosis.

Year by management interaction was significant for all post-
weaning growth traits of heifers and several of the interactions

involving year or management were also significant for specific traits,

Feed Efficiency of Heifers. Only years (table 16) had a signifi-

cant effect on postweaning feed efficiency. Effects of years were
significant (P<.0l) on feed efficiency from weaning to yearling and
feed efficiency yearling to 550 days. There were no significant
effects due to breed of sire, breed of dam and the interaction between
breed of sire and breed of dam, Gregory et al. (1966b) reported that
the effects of breed of sire and breed of dam on feed efficiency were
generally significant (P<.0l1). The least squares means for feed

efficiency of breed groups are given in table 17.



TABLE 14, MEAN SQUARES FOR YEARLING WEIGHT, 550-DAY WEIGHT, AVERAGE DATLY GAIN WEANING TO
YEARLING, AVERAGE DAILY GAIN WEANING TO 550 DAYS AND AVERAGE DATLY GAIN
YEARLING TO 550 DAYS FOR HEIFERS

Average daily gain

Source of Yearling 550-day Weaning to  Weaning to Yearling

variation df welight weight yearling 550 days to 550 days
Breed of sire (BS) 1 10828%* 79343** 0.08003** 0.,1132%=* 0,2283**
Breed of dam (BD) 1 23768 58615** 0.01122 0.1079** 0.1284**
Years (Y) 1l 72324%x* 64920%* 0.47716%*+ 0.2643%#* 2,1835%*
Management (M) 1 5025 252714 %= 0.20423%* 2.0725%# 4,8588%*
BS x BD 1l 10762+ 43105%* 0.11500%* 0.1011*= 0,2222%*
BDx Y 1l 2285 8199 0.02798 0.0363 0.1024*
BSxY i 802 3719 0.00650 0.0148 0.0493
BDx BS x Y ! 1240 1699 0.04350 0.0259 0.0179
BD x M 1 857 924 0.00360 0, 0001 0.0000
BS x M 1l 2448 2467 0.00000 0.0004 0.0034
BD x BS x M 1l 7 10550 0.00006 0.0288 0.1743+*
I xM 1 9962+ 26090* 0.16227%* 0.7236%# 0.4939%x
BDx Yx M i 88+ 1114 0.07815 0.0588+ 0.0234
BEx¥IxMNM 1 60 2356 0.00050 0.0426 0.085?7
BDxBSxYxM 1 1029 6403 0.00268 0,0524% 0.0675
Within 87 2472 L198 0.01770 0.0123 0.0311

* P<.05.
= P <0,

9€
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TABLE 15. LEAST SQUARES MEANS FOR BREED GROUPS FOR
POSTWEANING TRAITS OF HEIFERS
Average daily gain
Yearling
Yearling 550~day Weaning to to 550 Weaning to
weight weight yearling days 550 days
Breed group ke ke ke kg ke
Angus 257.38 336.82 0.563 0.429 0.492
Angus-Charolais 279.50 370.97 0.605 0.494 0.547
Charolais-Angus 281.08 371.99 0.638 0.491 0.559
Charolais 286.23 378.96 0.617 0.501 0.555
TABLE 16. MEAN SQUARES FOR FEED EFFICIENCY

Coecamna o .
COUTCS 01

I B Ty e TR -
Feced G1L21CLENCY

wWeaning to

Teariing o

Weaning to

variation af yvearling 550 days 550 days
Breed of sire (BS) 1 0.5560 0.1216 0.2574
Breed of dam (BD) ! 0.6536 0.4917 0.0236
Years (Y) 2 8.022]1** 71.2602%* 0.5170
BS x BD 1 1.9404 2.3103 0.0043
BDx Y 2 0.4385 2,7618 0.6495
BS x Y 2 0.0941 1.5311 0.5756
BD x BS x Y 2 0.2579 0.6205 0.3666
Within 81 0.6617 L,0040 0.8780

R < 505

*‘ P <.01.
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TABLE 17. LEAST SQUARES MEANS FOR BREED GROUPS FOR FEED EFFICIENCY

Feed efficiency

Weaning to Weaning to Yearling to
550 days yearling 550 days
TDN per unit TDN per unit TDN per unit
Breed groun of gain of zain of gain
Angus 7.91 6.44 9.48
Angus-Charolais 7.93 0. 32 9.66
Charolais-Angus 8.00 6.30 9.89
Charolais 8.05 6.76 9.40

Steer Feedlot and Carcass Traits. One degree of freedom was

used for the ad justment of traits affected by age or weight. Therefore,
the crror degress of freedem were reduced frem 139 to 138.

Breed of sire (sire), breed of dam, years and the interaction
between breed of sire and breed of dam (table 18) all had sigrificant
(P<.01) effects on feedlot daily gain and slaughter weight of the
steers.,

Analyses of variance for all carcass traits are given in table
12, Main effects were significant (P <.05) or highly significant
(PAC.Ol).for most carcass traits., The only exceptions were breed of
dam on dressing percentage and weight adjusted rib eye area.

Breed of sire x breed of dam interactions had signmificant
(P<.01) effects on carcass traits associated with quantity, while no
significant effects were observed on carcass traits associated with

carcass quality. The effects of genotype and heterosis on carcass
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TABLE 18.

MEAN SQUARES FOR STEER FEEDLOT AND CARCASS TRAITS

<2 w53 s,
< e 2

Average Age
daily gain ad justed

Source of weaning to slaughter Dressing Rib eye Fat

variation daf slauchter weightd percent area thickness Marbling
Breed of sire (BS) 1 2,0978** 254260%* 15,762+ 127.,17** 0.62832%* 8.4740%*
Breed of dam (BD) 1l 0.9732%* 19404 3** 0.642 9.34* 0.27055%* 8.8102%*
Years (Y) 2 1.2829%*  348237%%  24,212%% 7.70% 0.69045** 23, L937%*
BS x BD 1 0.6969** 86210** 3.050 6.55 0.00090 0.5783
BSxY 2 0.0124 2394 L, ul7 52l 0.02479 1.7286
BDx Y 2 0.0139 1181 0.067 L 52 0.01098 5.6569**
BSxBDxY 2 0.0607 10796 7.008 L.80 0.12000%* 15251
Within 139 0.0626 7751 2,924 2.16 0.01880 0.7814

Age Age Weight Weight
Carcass ad justed adjusted adjusted ad justed

Source of quality carcass retail retail rib eye

variation af Cutability grade weight® cuts? cuts? area?
Breed of sire (BS) 1l 0,01040%* 14,353%* 133050%* 59984 %% 4751.8%# 52,045%*
Breed of dam (BD) 4 0.00100%* 34,162%* 89704** 29477%* 429, 4% 1.326
Years (Y) 2  0,00589**  53,255%%  190113**  L1shh#x 2574 Sex 34 527%%
BS x BD 1l 0.00006 0.720 32Ul 7%= 6726%* 1.8 0.180
BS ¥ Y 2 0.00001 2,783 328 202 5.9 0.715
BDx Y 2 0.00014 8.302%* 812 223 76.4 1.368
BS #BDx Y 2 0.00068 5.308 4121 900 344,7* 1.432
Within 139 0.00020 1.495 2869 855 82.4 1.341

8 One hundred thirty-eight degrees of freedom were allowed for error term because tralt was
adjusted by linear regression.

& P<,05
P <.0k

6t



traits is discussed in greater detail when comparisons of specific
crosses are presented.
The least squares means for steer feedlot and carcass traits

are given in table 19.

Breed Group Comparisons

Birth Traits and Gestation Lenzth, Heterosis (table 20) for

birth weight was greater for heifer calves than for bull calves.
Crossbred ard straightbred bull calves were nearly equal for birth
weight (35.27 kg for the mid-parent vs. 35.36 kg for the crossbreds) and
crossbred heifers were 0.93 kg heavier than straightbred heifers,
although the difference was nonsignificant. These results disagree
with those of Pahnish et al. (1969) =exd Sagebiel et al. (1973) who
reported that estimates of heterosis were higher for males than females
of the Charolais and Angus cross. However, Brinks et al. (1967)
reporfed a higher heterotic estimate for females than males when inbred
lines of Herefords were crossed. The percentage heterosis estimates of
0.3% for msles and 2.9% for heifers are small and consistent with the
review by Pearson and McDowell (1968).

The crossbred steer and heifer calves by Angus dams were 0,42 and
1.22 kg larger than the crossbred calves produced by Charolais dams
(table 13) which was also true in the studies by Pahnish et al. (1969)
ard Sagebiel et al. (1973). The first 2 years of this experiment Angus
cows weighed approximately 56.8 kg less at parturition than did
Charolais. The maternal influence of the Charolais and Angus on birth

weight does not conform with results of other experiments in which the



TASLZ 1S. LEAST SQUARES MEANS FOR EREED GROUPS FOR CARCASS TRAITS

Age Age kge Weight Weight
ad justed ed justed ed justed ad justed 2d justed
carcass slaughter retail retail rib eye Rib eye
weight weight cuts cuts area area
Preed group ke ke ke ke cm? cm?
Angus 251.94 L14.86 125,26 141.55 79.08 73.08
Angus-Charolais 288.77 471,23 1k, 74 143.04 77.35 79.22
Charolais-Angus 293,78 476.13 15C.37 146,74 86.49 88.19
Charolais 302.95 487.41 157.25 148,44 85.70 88.74
Average
Fat daily gain Quality
‘ thickness feedlot Dresising Marbling grade
Breed group cnm ke percent score Cutability score
Angus .35 0.95 60.53 4,98 0.497 18.76
Angus-Charolais 1.14 1.09 61,26 4.35 0. 5UL 17.63
Charolais-Angus 1,08 I3 61.89 4,36 0.513 17.98
Charolais 0.79 1.14 " 8la73 3.98 0.520 17.43

™



TABLE 20, LEAST SQUARES MEANS, DIFFERTITES AND ST MDARD ERRCRS FOR BREED GROUP COMPARISONS
; OF BIRTH W2IGHT AND WIDTZ AT SHOULDIRS

]

Birth waizht

Width st cheulders

Malss ~ Femalss Mgles remales
Broed sroun comnarison ke S3 ko SE cn SE cm SE
Croscor:d vs. stredghtbred
A sand CA 35.3% 33.L5 19.52 18.72
AA and CC 35.27 32.52 19.23 18.45
Differonce 0.09 1.437 0.93 1.355 0.29 0.521 0.23 0.497
Percent hetorosis 0.26 2.86 : 1.51 1.24
Angus vs. Charolais dems
AA and CA 32.78 31.21 18.92 18.45
i} ard CC 37.85 34,77 19.83 18.76
Differance -5.07* 1.437 =3.56%= 1.355 ~.92¢x 0.521 -3 0.457
Angus vs. Charolals sire
M ard 2 32.56 30.60 18.9% 18.11
CA erd CC 38.08 35,38 19.81 19.10
Differenze =5.50%» 1.437 U, 78%% 1.355 -.88%* 0.524 «,99%* 0.497
Angus-Char. vs. Char.-Angus :
A2 35.15 32.84 19.54 18.38
CA 35.57 34.06 19.50 19.05
Differcnce -od2 1.026 -1.22 0.945 0.04 0.375 -. 67" - 0.351
Angus vs. Charolais
AA 29.98 28.35 1:8.39 17.84
GC Lo.55 36.70 20.13 19.1%
Cifference «10,58%* 1.005 =8,35%% 0.972 «1,80%* 0.361 =1,30%* 0.352
Crossbred vs. Angus
Cross 35.38 33.L5 19,52 18,72
A 29.98 28.35 38.33 17.84
Difforence =5.33%* 1.702 D.10%= 1.5 1.19** 0.586 - 0.88»% 0./555
Crosstred vs. Cheroleds
Cross 35.36 33.45 19.52 18.72
Charclais 40,56 36.70 20.13 19.14
Lifference «5.20%% 1.803 =3.2L*e 1.7 -.61% 0.677 =42 0.659
* P<.05.

LIRS

k4|
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dams of the larger breed gave birth to heavier crossbred calves (Hilder

and Fohrman, 1948; Donald et al., 1962; Touchberry and Bereskin, 1966a;

Dickinson, 1960; McDowell et al., 1969). The Angus cows bred to the
Charolais sire had a longer gestation period than the Charolais dam
bred to the Angus sire, which may explain some of the reason for the
differences in birth weight. Sagebiel et al. (1973) also reported a
longer gestation length for crossbred calves from Angus dams than for
crossbred calves from Charolais dams.

Angus calves, Angus-sired calves and calves born to Angus dams
we’ighed significantly (P <.0l) less at birth than their Charolais
countsrparts (table 20) and this is supported by data presented by
Pahnish et al, (1969) and Sagebial et 21, (1973), The crossbred
calves were intarmediate for birth weight and were lerger (P <.0l) than
Angus by 5.4 kg for bulls and 5.1 kg for heifers and smallér (P<.01)
than Charoclais by 5.2 kg fer bulls emd 3.2 kg for heifers, as might be
oxpected when heterotic estimates are small. The combining effect of
the two breeds was significantly (P<.05) larger than heterosis for
birth weight (5.3 amd 4.2 for combining effect vs. 0.09 and 0,93 for
heterotic effect for males and females, respectively). The differences
between the crossbreds and the Charolais that were observed for birth
weight were not demonstrated at subsequent weaning, yearling, 550.day
ard slaughter weights,

Heterosis for the linear measurements (tables 20 and 21) of
height at withers, width as shoulders and heart girth circumference

were small and not significant for any measurement. The heterosis

estimatos were positive in all cases but did not exceed 1.5% for ary



TABLE 21, LEAST SQUARES MEANS, DIFFERENCES AND STANDARD ERRORS FCR EREED GRCUP CCMPARISONS
OF HEIGKT AT WITHERS AND HEZART CIRTH CIRCUMFZRENCE

Heizht at withelrs Heort girth circunfererce
Males Fomaies Males ¥onalss
Breed proun ccmpsaricon cm S5 cm SE cm Sx cm SE
Crossbred vs. stralghtbred
$C and CA 64.88 L. N 75.60 73.52
AA ard CC 64.59 63.74 74.86 72.83
Difforence 0.25 1.034 0.57 0.924 0.74 1.218 0.9 1.298
Percent Letercsis 0.45 0.69 i 0.99 0.95
Argus vs. Charolals dams
AA ard CA 63.19 62,31 73.96 72.43
AZ ard CC 66,28 65.74 76.50 73.87
Difference =3.09%# 1.034 =3.43» 0.924 -2,54% 1.218 =1.39* 1.298
Angus s, Charolais sire
A ond AT 62.13 61.70 73.68 71.58
Ca anmd CC €7.35 66.35 76.77 7%.77
Difference =5.22u% 1.03% -k.65%% 0.924 =3.09%* 1.228 =3.19*+ 1.298
Angus-Cher. vs, Char.-Angus :
o 63.82 63.70 75.32 72.62
CA 65.95 64.92 ?75.88 7%.43
Dirfererce -2,13%% 0,745 -1.22* 0.653 - 56 0.875 <1,81* 0.925
Argus vs. Charolais
AL 60,44 59.69 72.0% 70.54
cc 68.75 67.78 77.67 75802
Difference -8.31#» 0.719 -8,09%* 0.655 -5.,63%% 0.848 L+, 58* 0.910
Crossbrod vs. Angus
Cross 64,88 64,31 75.60 73.52
AN 60.u% 59.69 2,04 70.5%
Difference JIROITE 1,166 L 62%» 1.033 3.56%* 1.522 2.98# 1.593
Crocsbred v3, Charolais
Cross 64,88 64,31 75.60 728,52
Charolais 63.75 67.78 77.6? 75.12
[ifference =3.87%* 1.345 3. 47% 1.225 =2,07%% 1.456 -1.80% 1.577
*» P<.0S.
s* P <,01,
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of the three traits. As was true for birth weight, cambining effects
on height at withers, width at shoulders amd heart girth circumference
were several times larger than heterosis.

Heterosis had no significant effect on the length of gestation"
of either the female or male calves (table 22), The small nonsignifi-
cant effect on gestation is in agreement with studies by Touchberry
and Bereskin (1966a) and Sagebiel et al. (1973).

Charolais bull and heifer calves had 4,7 and 3.8 days longer
(P<.01) gestation periods than did the Angus calves and agrees with
data published by Sagebiel et al. (1973). Differences between sires
were significsnt (P<.0l) for both male ard female cslves, whils the
differences between breed of dam were significant (P <.05) for the
male calves only, indicating that the genotype of the fetus played an
important role in determining the gestation length.‘

Combining effect had a significantly (P<.0l1) greater influence
on length of gestation than did the small heterotic effect.

The combining effect was 2,35 days for males and 1.90 days for
females, while heterotic effects were 0.29 days and 1.0l days., The
inclusion of Charolais breeding increased the length of gestation of
crossbred calves by 2.07 days for the bulls and 0.89 days for the

heifers over the average gestation length of the Angus.

Weaning Weight and Preweaning Gain., Heterotic effects on pre-

weaning gain and weaning weight were higher for steers than for heifers
(table 23) and the differences between crossbred and mid-parent were

significant (P<.05) only for the steers. These results are in close



TABLE 22,

FOR BREED GROUP COMPARISONS OF GESTATION LENGTH

16

LEAST SQUARES MEANS, DIFFERENCES AND STANDARD ERRORS

s e

Gestation lenzth

s p<, 0L,

—Males — Females. -
Breed group comparison Days SE Days SE
Crossbred vs. straightbred
AC ard CA 283,67 281.04
AA amd CC 283.96 282,05
Difference -e29 1.594 =L 00 1.823
Percent heterosis -.10 - )6
Angus vs. Charolais dams
AA ard CA 282,91 281.58
AC and CC 284,71 281.51
Difference -1.80%* 1.594 0.07 1.823
. Angus vs. Charolais sire
AA and AC 282,35 279.60
CA and CC 285.27 283.49
Difference -2,92%* 1,594 =3.89%* 1.823
Angus.Char. vs. Char.-Angus
AC 283.11 279.06
CA 284,23 283.02
Difference =1.12 1.139. =3.96** 1.871
Angus vs. Charolais
-8 281.60 280.15
(o] 4 286.31 283.96
Difference L4, 71%* 1.115 =3.81%** 1.307
Crossbred vs. Angus
Cross 283.67 281,04
Difference 2,07* - 1.889 0.89 2,140
Crossbred vs. Charolais
Cross - 283.67 281. o4
Charolais 286.31 283.96
Difference -2.6“‘* 2,001 «2,92% 2.3‘&2
* p<,05.



TABLE 23, LEAST SQUARTS MEANS, DIFFZRIICES AlD STANDARD ERRORS FCR BREED GROUP COMPLRISONS
OF WZLNING WEIGHY AND AVERAGE DAILY GAIN BIRTH TO WEAWING

—

Wearinz weight fveraze dslly caln birth to weaniny
¥ales Fomal s M2les Femzies
Breec3d rroup comnarison k= 3 ke SE ko SE kz S
Crossbreed v3. straightbred
AC ¢nd CA 187.85 180.65 0.7L4 0.718
AA ord CC 173.25 177.07 0.697 0.70%
Lifforonce 9.50% 7.38 3.58 5.87 C.047*s 0.034 0.01%4 0.028
Porcont hoterosis 533 2.02 6.74 1.59
Angus vs. Cherolcis dems
AL and CA 176.97 172.62 0.703 0.690
L s CC 139.23 185.C3 0.738 0.721
Difference <12,26%* 7.38 <12,k 5.87 ‘=.035% 0.03%4 «. 04l 0,028
Anzus vs. Charolals sire
B =rd A2 181.62 174,74 0.727 0.703
CA ard CC 184,59 ; 182.67 0.714 0.718
Difference -2.97 7.38 =8.23%= 5.87 0.013 0.034 =005 0.028
Argus-Char. vs. Char.-Angus
I3 192,50 182.77 0.767 0.731
Ch 133.21 178.33 0.720 0.78%
Differerce 9.29 5.26 4,24 L.08 0.04%7 0.024 0.027 0.019
Angus vs. Charolais
M 170.73 166.72 0.486 0.6875
(¢33 185.97 187,42 0.708 0.732
Difference «15,24** 5.18 =20.70%* 4.23 -.022 0.024 -. 0572 0.020
Crossbred vs. Angus
Cross 187.85 180, 65 0,754 0.718
A 170.73 165.72 0.686 0.675
Diffeorence 17 12%% 8.72 19,93%= 6.85 0.058%+ 0.041 0.0L3** 0.032
Crossbrod vs. Charolais
Cross 187.85 180.65 0,704 0,718
Charolais 185.97 187.42 0.708 0.732
A fference 1.8 9.31 25,77 .61 - <.0B86 0.044 -0k 0.036
* 1P, 055
L5 <H0D LS

]
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agreement with a study by Pshnish et al. (1969) involving Angus,
Hereford and Charolais, which found higher heterosis for preweaning
traits of steers than of heifers and the heterosis to be significant
(P<.01) only for steers. Brinks et al. (1967) and Gregory et al.
(1966b) reported higher heterotic effects for preweaning gain and
weaning weight of heifer calves than for preweaning gain amd weaning
weight of bull calves.

The percentage heterosis estimated for weaning weight of the
steer calves (5.3%) is above the weighted average heterosis calculated
by Warwick (1968) of 4,9% from 13 experiments. The percentage
heterosis for the heifers (2.0%) is below average.

There was no significant difference between reciprocal crosses
(table 13), although the crossbred steer and heifer calves weaned by
Charolais dams were 9.2 and 4,2 kg heavier than crossbred steer and
heifer cslves weaned by Angus dams., Pahnish et al. (1969) found
reciprocally crossed steer calves from Charolais dams were 19.7 kg
(P<.05) larger than steer calves from Angus dams, although the heifers
of the two reciprocal crosses were nearly equal in weight. This
indicates that there may be differences in maternal ability between
the two breeds ard the Charolais may have an advantage.

A signmificant (P<.0l) maternal advantage in weaning weight was
fourd in favor of the Charolais dams when all dams of each breed were
compared., The Charolais dams weaned 12.26 kg heavier steer calves and

12.47 kg heavier heifer calves than Angus dams.
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The paternal difference in weaning weight was smaller than the
maternal difference and significant (P<.01) for the weaning weight of
only the females. Charolais-sired steer and heifer calves excelled
Angus-sired steer and heifer calves by 2.97 and 8.23 kg, respectively.
This indicates a growth advantage in favor of the Charolais-sired
calves. These results agree with studies by Damon et al. (1959) and
Hidiroglou et al. (1966) which found Charolais-sired calves to be
larger than Angus-sired calves at weaning.

A comparison of the breed groups reveals that the Charolais
were larger than Angus at weaning (table 15). The Charolais steer
calves were 15.2 kg (P<.01) and the heifer calves were 20.7 kg (P<.01)
heavier than Angus. The crossbreds exceeded the Angus in weaning
weight by 17.12 kg and 13.93 kg (P<.01) ard in average daily gain
from birth to weaning by 0.058 and 0.043 kg (P<.01) for steers and
heifers. However, differences between the crossbreds ard Charolais
for weaning weight and preweaning gain were not significant. The
crossbred and Charolais steers were nearly equal in weight at weaning
and the Charolais heifers 6.77 kg heavier than crossbred heifers at
weaning. This suggests that the crossbred calf more closely resembled
the Charolais than the Angus calf in rate of gain from birth to weaning
and that the differences between combining and heterotic effects were
not significant (7.64 kz and 10.35 kg for steers amd heifers for
combining effect vs. 9.50 and 3,58 for steers and heifers for heterosis

effect), although the heterotic effect exceeded the combining effect
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for steers and the combining effects exceeded the heterotic effect

for heifers.

Postweanine Growth of Heifers. Heterotic effects on postweaning

growth traits (table 24) increased with age and were greatest at the
oldest weight studied. The percentage estimate of heterosis for
average daily gain from 205 days to 365 days was 5.2% and increased to
6.1% for the period from 365 days to 550 days. Crossbreds weighed

8.5 kg and 13.6 kg more than straightbreds atvyearling weight ard 550~
day weight and heterotic estimates of 3.1% and 3.8% were obtained for
yearling weight amd 550-day weight. The heterotic effects were signifi.

cant (P<.05) for average daily gain from weaning to 365 days, average

s ]

daily gain from wesning to 550 days, yearling weight and 550.day weight
but not for average daily gain from 365 days to 550 days. These
results parellel those of Gregory et al. (1966a) who fourd no signifi- °
cant heterosis for growth rate from 396 to 500 days. Pahnish et al.
(1971) reported small nonsignificant heterotic estimates of 2.,0% for
365-.day weight and 1.1% for 547-day weight of Charolais and Angus
crosses raised for replacement heifers.

The values for heterosis for yearling and 550-day weights
indicate that heterosis for body weight did not decline after 12 months
as reported by Touchberry and Bereskin (1966b), Gregory et al. (1966a)
and Pahnish et al. (1971) but increased from yearling to 550-day
weight as it did from weaning weight to yearling weight., These results
do agree with data reported by McDowell ot al. (1969) in which heterosis

increased from 2.8% at 12 months to 4.6% at 18 months. Vogt et al.



TABLE 24, LEAST SQUYRES MFALNS, DIFFEZRENCES AMD STANDARD ZRRORS FOR BREZD GROUP COMPARISONS OF YEARLING WEIGHT,
550-DAY WEIGHT AID AVERAGE DAILY GAIN WZANINZ TO YEAPLING, YEARLING TO 550 DAYS

AND VWEANING TO 550 DAYS FOR KHZIF:RS

==

.

Avarzae dailv coin

Yeorling 550-dzy waaninz to Yeerling to Weaning to
- weicht welecht vearlinz 5¢0 daxrs 550 dars
Pre-1 erovo comparison o Sb ke S5 ke S2 i S5 k2 o
Croscored vs. straightbred
JC an? CA 280.29 371.48 0.421 0.493 0.553
LA'ard C3 271.80 357.89 0.590 0.485 0.524
Differenco 8.4o* 7.455 13.59* 11.739 0.031= 0.025 0.028 0.039 0.029* 0.028
Porcent hsterosis 3512 3.80 525 6.02 5853
Argus vs. Charolsis dams
M Zrd CA 269.23 350,41 0.601 0.4%50 0.526
I ard CC 282.36 374.97 0.611 C.498 (01518
Lifforence -13.63%* 7,455 .20.56*¢ 11,739 -.010 0.025 -,038* 0,039 -.025+% 0.028
Angus vsa. Cherolels sire
ANTESA AC 263,44 353.89 0.584 0.462 0.520
CAktand CC 283.65 375.L18 0.628 0.496 0.557
Lifforence =15.21%% 7,455 .21.59%* 11,739 ~.O4%k** 0,025 -.034* 0,039 -.037+4* 0,028
Argus-Char. ys. Char..Angus
§ o 279.50 370.97 0.605% 0.454 0.54%7
CA 281.08 371.99 0.538 0.491 0.559
Uiffororce -1.58 5.220 -1.02 8.220 -.033* 0.018 0.C03 0.028 ..022 0.020
Angzus y3. Charolais
AA 257..38 336.82 0.563 0.429 0.492
ce 286.2 378.96 0.617 0.501 03555
Differerce «28.85%% 5,323 .42, 14=s 8,382 ..054%* 0,018 ..C?2* 0,028 ..053** 0,020
Croschred vs. Angus
ross 280.29 371.48 0.521 0.493 0.553
AR 257.38 336.82 0.563 0.429 0.492
Difference 22,01¢* 8,677  3L.66» 13.660 0.058* 0.029 0.064* 0.046 0.061% 0.033
Crossbred vs. Charolais
Cross 280.29 371.58 0.621 0.493 0559
Clierolais 236.23 378.96 0.617 0.50 0.555
Cifforence -5.94 9.619  .7.48 15.147 0.00% 0.033% -.008. "~ 0.05] =002 0.036
BUP< 05,

s»2P < .0L.
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(1967) reported a significant (P<.05) advantage for crossbreds over
straightbreds up to approximately 18 months of age in slaughter steers
and heifers.

The Charolais excelled Angus in average daily gain for each
period studied (average daily gain weaning to yearling, 0.617 kg vs.
0.563 kg; average daily gain yearling to 550 days, 0.505 kg vs. 0.429
kg; average daily gain weaning to 550 days, 0.555 kg vs. 0.492 kg) and
exceeded Angus in 365-day and 550-day weights by 28.8 kg and 42,1 kg
(table 17). The differences were significant (P<.0l) for each trait.

There were no significant differences for any of the postweaning
traits except average daily gain weaning to yearling (P <.05) between
the reciprocal crosses and at 550 days the reciprocegl crosses differed
in weight by only 1 kilogram. Jain et al. (1971) found no significant
differences between reciprocal crosses in postweaning traits, although
Pahnish et al. (1971) reported heifers by Charolais sires and Angus dams
excelled the reciprocal cross in average daily gain from 190 to 361
days and from 190 to 547 days. This study would, in part, support the
findings of Pahnish et al. (1971).

The crossbreds had significantly (P <.0l) larger 365-day ard
550-day weights and significantly (P<.0l) greater average daily gains
than the Angus, but no significant differences were found between the
crossbred and Charolais for the same traits. The combining effects of
14.42 kg and 21.07 kg and heterotic effects of 8.49 kg and 13.59 kg for
yearling and 550-day weights were not significantly different. As was

true for weaning weight, postweaning heterosis resulted in larger
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differences between Angus, the smallest breed group and the crossbreds

than between Charolais, the largest breed group and the crossbreds.

Feed Efficiency of Heifers. All linear contrasts (table 25)

were nonsignificant for TDN required per unit of gain except for the
comparison of crossbreds and Charolais from weaning to yearling.
Crossbreds required 6.31 kg of TDN per kg of gain campared to 6.75 kg
of TDN per kg of gain for the Charolais. There was essentially no
difference in average daily gain between the crossbreds and Charolais
from weaning to yearling and the 6.00 kg advantage of the Charolais
at the 365-day weight was not significantly different from the cross-
breds. The difference in feed efficiency between crossbreds and
Charolais cennot be explained by the high genétic correlation betwean
feed efficiency and average daily gain (Koch et al., 1963).

Heterotic effects on feed efficiency approached significance
(P<.05) from weaning to 365 days and the estimated percentage heterosis
was 4.6% in favor of the more efficient crossbreds. The data of
Gregory et al. (1966b) showed no significant difference between the
crossbreds arnd straightbreds in TDN required per unit of gain for
feedlot steers, although the heterosis value was the largest for the
84-day period immediately following weaming. The crossbreds required
more feed per unit of gain than straightbreds for the period from 365
days to 550 days, although the differences were nonsignificant. These
results are also similar to the results of Gregory et al. (1966b)
which revealed crossbreds to require more TDN per unit of gain the

final 84 days of the feeding period. Although nonsignificant, t values



TABLE 25. LEAST SQUARES MEAXNS, DIFFZRENCES AND STA'DARD ERRORS FOR BREED GROUP COMPARISONS

'I

OF FZED EFFICIENCY FOR HEIFERS

Yeed ¢flicicrey

reening to

rearing to

Yezrlirg o

550 davs vearling 550 devs
TLN per unit TDN wer univ TDU per unit
Erced group comrzarison of pain S2 of cein SE of zain SE
Crossbred vs. stralghtbred '
C 2l CA 7.97 6.31 9.77
A end CC 7.93 8.60 9.4
lirference -.01 0.413 -9 0.336 0.33 0.882
Fercoat hetorosis - .0 -4.39 +3.50
Angus v3. Charolals dzus
A8 wd CA 7.96 6.37 9.63
M ard CC ?7.99 5.54 9.53
Diflererce «.03 0.413 -.17 0.336 0.15 0.882
hngus vs. Charolsis sire
M a0 7.92 5.33 9.5?7
CA axd CC 8.03 5.53 9.65
Differorce ! 0.413 =t5 0.336 €508 0.882
Angus.Char. vs. Char.-Angus
L 7.93 6.32 9.66
CA 8.00 6.30 9.89
Differsnce .07 0.295 0.02 0.241 L 28 0.630
Angus vs. Charolals
M 7.91 6.4 9.48
cc 8.05 8.76 9.40
Difference =14 0.289 =52 0.235 0.08 0.617
Crozssbred vs. Angus
Cross 7.97 £.31 9.77
AS 7.6 6.54 G..8
Differonce 0.05 0.588 =98 0.404 0.29 0.043
Croscstrod vs. Charolals
Cross 7.97 S8R 9.77
Charolais 8.05 8.76 9.50
Difference -.08 0.519 -. b5 0.416 0.37 1.108
* P<.05.
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for all comparisons were larger for the period from weaning to
yearling than for the period from yearling to 550 days, indicating
that, if any difference in feed efficiency exists, it will 1likely be
exhibited at a young age.

These results are in general agreement with experiments by
Phillips et al. (1942), Klosterman et al. (1968) and Vogt ot al. (1967)
which all showed no statistically significant differences between the
crossbreds amd straightbreds for feed required per unit of gain,
though all found a slight advantage in favor of the crossbreds.

Warwick (1968) reported a weighted average of 0.7% advantage for the

crossbreds in six time-constant trials which were summarized.

8 croschbreds gained 0,07 ke

per day faster and had 22,6 kg larger age adjusted slaughter weizhts
than the average of the straightbreds (table 26). The differences
were both significant (P<.0l1) and heterotic estimates of 5.00% ard
6.73% were obtained for average daily gain and slaughter weight,
respectively. This advantage in favor of the crossbreds in feedlot
performance agrees with studies by Gregory et al. (1966b), Damon
et al. (1961), Lasley et al. (1973), Phillips et al. (1942) and Vogt
et al. (1967), all of which showed a consistent advantage in average
daily gain ard slaughter weight for the crossbreds. The percentage
heterosis estimates of this study are higher than the 2 to 4%
suggested by Warwick (1968).

Charolais were ?72.5 kg (P<.0l) heavier at slaughter and

gained 0.19 kg per day (P<.0l) faster than did the Angus. In



TABLE 26,

BREED GROUP COMPARISONS OF AGE ADJUSTED SLAUGHTER WEIGHT
AND AVERAGE DAILY GAIN FEEDLOT FOR STEERS

56

LEAST SQUARES MEANS, DIFFERENCES AND STANDARD ERRORS FOR

Age ad justed Average daily gain
slaughter weight feedlot
Breed group comparison ke SE ke SE
Crossbred vs. straightbred
AC and CA 473,68 1.11
AA and CC 451.13 1.04
Difference 22,55%* 13.47 0,07%* 0.039
Percent heterosis 5.00 6.73
Angus vs. Charolais dams
AA ard CA L4s, 50 1.04
AC and CC 479,32 1.11
Difference =33.82** 13.47 .o 07%x% 0.039
Angus vs. Charolais sire
AA and AC 443,05 1.02
CA ard CC 481.77 1.13
Difference =38,72%* 13.47 -ell** 0.039
Angus-Char., vs. Char.-Angus
AC - 471.23 1.09
CA 476,13 1.13
Difference -4.90 9.50 -0l 0.027
Angus vs. Charolais
AA T~ 114,86 0.95
cc 487.41 1.14
Difference =72,55%% 9.55 -e19%* 0.027
Crossbred vs. Angus
Cross 473.68 1.11
AA By,.86 0.95
Difference 58, 82%x* 15.78 0.16*x* 0.045
Crossbred vs. Charolais
Cross - 473.68 1011
Charolais 487,41 1.14
Difference «13.73 17.22 -.03 0.049

* % P<.01.
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experiments which included Charolais, the Charolais have excelled the
British breeds (Angus, Hereford and Shorthorn) in growth rate in the
feedlot (Damon et al., 1960;'Carroll ard Rollins, 1965; Lasley et al.,
'1973). The difference between combining effect and heterotic effect
on slaughter weight was nonsignificant, although the combining effect
was approximately one ard one.half times larger than the heterotic
effect (36.21 kg vs. 22.55 kg) as was true of the postweaning traits
of the heifers.

Differences in reciprocal crosses were small (4,90 kg for
slaughter weight and 0.04 kg for average daily gain) and nonsignificant
vhich indicates maternal influences on slaughter weight and feedlot
performance are negligible. This agrees with data reported by Lasley
et al. (1973), though Gregory et al. (1966b) found significant (P<.05)
differences between reciprocal crosses in two of the three crosses

st“died °

Carcass Characteristics., Breed group comparisons for carcass

traits are given in tables 27 and 28. Age adjusted carcass weight and
age adjusted weight of retail cuts were the only carcass traits to
demonstrate significant (P <.01) heterotic effects. The crossbreds
produced 13.83 kg larger carcasses amnd 6.3 more kg of retail cuts than

the mid.parent when all were adjusted to the overall mean of 452 days

of age at slaughter. All other carcass traits studied demonstrated no

significant heterotic effect, although the percentage estimate of

heterosis for rib eye area was 3.5%, Significant heterotic effects

have been reported for carcass traits associated with growth such as



TABLE 27, LE!ST SQUARZS MEANS, DIFFZRENCES AMD STA'DAPD ERRCRS FOR BREZD GROUP COMPARISGXNS OF AGE ADJUSTED
CARCASS WEIGHT AWD RETAIL CUTS, WEIGHT ADJUSTZD RETATL CUTS AND RIB EYE ARZA AND RIB EYZ ARTA

— e
—==

Ave adtusted Yieivht ad just:d
Coranss waleat retail cute detail cuts Aib ¢ya crea Rib ove srea
f8wced eroun comparisons Tk S5 L S= L Sk o< i cns S5
Crosstred vs. streightbred
A2 and Ca 291.28 147,55 1L4,89 81.92 83.71
AA end CC 277.45 141,26 144,99 82.33 80.91
Ciffarcrce 13.83+* 8,20 €.30%% L 48 -.10 1.39 -7 2,52 2.80 321
rercont hetercsis 4,98 4,46 -.0? -.60 3.6
Angus vz, Charolals dams
AR ard CA 272.85 137.82 14515 82.79 80,64
I ad CC 295.85 151.00 145.7% 81.53 83.93
Lifferonco <23.00** 8,20 .13.18*%« L.48 =1.59* 1.39 1.26 2,52 . 3,34 3.21
Anges vs,. Charolais sire
M e A2 270.36 135.00 122,30 78.22 76.15
CA ord CC 298,737 153.81 147.59 85.10 88.47 :
Diffcrence -23,01** 8,20 -13.81** 4,k8 -5.29*% 1,39 .7.88** 2,52 .12,32%s 3,21
Argucs-Char, vs. Char.~Angus
5% 288,77 L4, 74 143,04 77.35 79.22
CA . 293.78 W50..37 148,74 86.49 88.19
Difference -5.01 5.78 ~5.63 3.16 =3.70%* 0,98 9.1lh** 1,77 -8.97%+ 2,26
Angus vs. Charolals
AA 251.94 125.26 141.55 79.08 73.08
cc 302.95 157.25 143,43 85.70 88.7%
Diffurerco -51.01%* 23,14 _31.99¢* 3,17 -6.88%% 0,98 6.62%% 1,79 15.65%* 2.27
Crossored vs. Angus
Cross 261.28 147.56 144,89 81.92 83.71
A\ 251,94 125.26 141.55 79.08 73.08
Differorce 39.34*% 9,60 22,30%*% 5,24 3.34*+ 1,63 2.84 2,95 10.63** 3,76
Crossbred vs. Charolais
Cross 291.28 147,56 144,29 81.92 83.71
Cheorolais 302.95 157.25 148,43 85.70 £8.7%
Diflorence <11.67*  10.47  -9.86%+ 572 3.5kee 1,97 o3.78+ 3,22 -5.03% L.10
* P<,05.
»39p N0

‘8c



TABLE 28, LEAST SQUARTS MSANS, DIFFSREIC

ES A!D STAND!RD ERRORS FCR BREZD GROUP CCMPARISONS
OF FAT THICXNZSS, DRESSING PZRCENT, MARSLING, CUTABILITY A'D QUALITY GRADE

*s P<,01.

Fat Cressing 3 y QTality
~thicknoas corcsnt Marblinz Cntabilite grcie
Frecd eoroup comnarison cn S8 B4 S¥ secoroe S b SE score SE
“Croscbred vs. straightbred
A2 and CA 1.09 61.63 L4.35 0.507 17.80
A z2nd CC 1.07 61.33 L ug 0.5%9 17.95
Cifferenceo 0.02 0.117 0.30 0.579 =.13 0.299 -.092 0.005 el 0.414
Percent heterosis 1.R7 0.9 -2.90 . -.39 ~.84
Anzus vs. Charolais dems
ALzl Ch 1.19 61,41 L.67 0.505 18.37
AC ard CC 0.97 61.55 L7 0.511 .17.38
Uifforence 0.22*+ 0,117 -.14 0,579 0.50*¢ 0,299 -.0C6* 0,005  0.99%* 0.414
Anzus ve. Chorolals sire
AR and 1S 1.25 61.14 4,66 0.499 18.20
CA and CC 0.91 61.81 k.17 0.517 17.55
Difference 0.34%*s 0,117 -.67* 0.579 0.45** 0,269 ..018%* 0,005 0.65*% 0.414
Angus-Char. vs. Char.-Angus V
L : 1.14 61.36 4.35 0.501 17:63
CA .03 61.89 4,38 0.513 17.98
Cifferonce 0,12 0.084 =%53 0.408 ..01 0,221 ..012** 0,003 ~e35 0.292
Angus vs, Charolals
A 125 60.93 4,93 0.k97 18.76
cC 0.79 61473 3.68 0.520 17.48
Difference 0.55** 0,084 -.80 0.410° 2.,00%*% Q.22 =.023%* (05003 1.63%* 0.293
Crossbred vs. Angus
Cross 1.09 61,63 4.35 0.507 17.80
A Le50) 60.93 L.c8 0.497 18.76
Cifference -.26%* 0,137 0.70% 0.678 -.53** 0.351 0.010%* 0.006 -.G6%¢ 0,485
Crossbred vs. Charolais
Cross 1.09 61.63 4,35 0.507 17.80
Chzrolaic 0.79 61.73 3.98 : 0.520 i13)
Liffearenco 0.30** 0.150 ol L) 0.7%0 0.37 0.382 ..013** 0.006 0.67% 0.529
. P<005¢

6§
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carcass weight, rib eye area (Gregory et al., 1966c; Hedrick et al.,
1970; Gaines et al., 1967) and trimmed retail cuts (Gregory et a1.,
1966c; Hedrick et al., 1970; Klosterman et al., 1968). The results of
this study indicate no heterosis for dressing percentage, marbling
score, carcass quality grade or cutability., OCthor studies have
indicated that heterosis on carcass traits not directly related to
growth such as marbling, carcass grade (Gregory et sl., 1966c; Gaines
et &l., 1967; Kinecaid, 1962; Carroll and Rollins, 1965; Lasley et al.,
1971) ard cutability (Gregory et al., 1966c; Gaines et al., 1967) were
negligible. Urick et al. (1974) fed Angus, Hereford, Charoclais and
reciprocal crosses to a constant weight and reported hetercesis was
small and not important for both quantity armd quziity traits and
significant only for carcass weight per day of zge.

No significant heterosis was found when the weight of the retail
cuts and rib eye area were adjusted to the mean carcass weight,
indicating that heterosis had 1ittle effect on the composition of the
carcass. This is in agreement with results reported by Gregory et al.
(1966¢).

- Differences between reciprocal crosses were significant (P<.05)
for cutability, rib eye area, weight adjusted rib eye area and weight
ad justed retail cuts, in which cases the steers of Angus sires axd
Charolais dams exceeded steers of Charolais sires and Angus dams,
Hedrick et al. (1970) and Lasley et al. (1971) found no significant

differences between reciprocal crosses of the Charolais and Angus

breeds,



61

Charolais amd Angus were significantly (P <.0l1) different in all
traits except dressing percentage. Angus carcaszes had greater fat
thickness, a higher rarbling score ard higher carcess quality grede,
vhile Charolsis were higher in traits sssocliated with quantity, carcass
weight, weight or restail cuts, rib eys area erd cutability. This
supports other repcrtis vhich irdicete that Charolais carcasses have
lower quality grades, less fat and larger rib eye areas (Damon et al.,
1960; Urick et al., 1974) and higher percent cutability and more
trimmed retail cuts (Urick et al., 1974) than Angus. Hedrick et al.
(1970) reported that the Charolais produced larger carcasses, more
pounds of retail cuts and larger rib eye areas than did Angus. Lasley
et al. (1971) comparing the same Charolais and Angus revorted higher
marbling and carcass quality. scores and greater fat thickness for Angus.

Crossbred cercasses were intermediate between the tﬁo brecds
except for those traits associated with weight per day of age, in
which case the crossbreds more closely resembled the Charolais. The
crossbred carcasses graded significantly lower (P <.05) than the Angus
carcasses by nearly one-third of a grade (17.80 vs. 18.76) and signifi-
cantly higher (P<,.05) than the Charolais, although the difference was
less than a third of a grade (17.80 vs. 17.13). However, the cross-
breds produced 22.30 more kg of retail cuts (P<.0l) than did the
straightbred Angus and 9.69 less kg of retail cuts (P <.01) than did
the Charolais. This complementary influence of quality and quantity

carcass characteristics may be economically advantageous in specific

instances.
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Discussion

Growth Rate. Growth rate was affected by heterotic and combining
effects for all growth traits studied. Combining effects were greater
than heterotic effects for all of the growth traits except average
daily gain from birth to weaning and weaning weight of the steers.
Thus, the crossbred individuals were intermediate for all growth
traits except the two previously mentioned traits.

In this study combining effects played a greater role in
increasing growth rate of the crossbreds over the inferior parent
than heterotic effects. This is supported by studies by Pahnish et al.
(1969, 1971) and Jain et al. (1971) which showed that, when Charolais,
the breed with the fastest growth rate, were crossed with Hereford or
Angus, breeds with slower growth rates, the crossbred was intermediate
for most growth traits. The review of literature also shows that,
when breeds nearly equal in growth rate and mature weights (Hereford,
Angus and Shorthorn) were crossed, the crossbreds generally excelled
both of the parents in growth rate (Pahnish et al., 1969, 1971; Jain
et al., 1971; Gaines et al., 1966; Vogt et al., 1966; Gregory et sl.,
1965, 1966a,b). Thus, it appears that, as differences between two
breeds crossed increase, the combining effects become more important
than the heterotic effects.

Further evidence of the importance of combining effect when two
breeds differ greatly in growth rate is indicated by the negative
correlation between combining effects and heterotic effects. Indeed,

simple correlations of combining effects and heterotic effects
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calculated from 25 crosses for birth weight, 23 crosses for weaning
weight and 23 crosses for yearling weight (tables 29, 30 ard 31) were
-.41 for birth weight, -.36.for weaning weight and -.37 for yearling
weight. The linear regressions of heterotic effect on combining
effect were -.33 for birth weight, -.13 for weaning weight and -.33
for yearling weight. Thus, it appears that as differences for growth
traits between two breeds crossed increase the heterotic effects on
growth decrease.

The growth rate of the Charolais exceeded the crossbreds and
the Angus in this study. Thus, crossbreeding did not produce enough
hybrid vigor such that the crossbred animal was able to excel its
superior parent and crossbreeding solely to obtain increased growth
rate may not be justified when Charolais and Angus breeds are crossed.
However, the crossbred did approach the Charolais in growth rate and
this, in combination with increased reproduction and livability,

would make the crossbred more economically desirable.

Feed Efficiency. No significant heterotic or combining effects
were fourd for feed efficiency nor was there any significant differ-
ence between the size of the heterotic effect and the combining effect.
The heifers in this study were raised for maternal reproduction and not
for slaughter. Therefore, they were not fed for maximum growth. Under
these conditions this study found no difference between the breeds nor
between the crossbreds and the straightbreds for feed required per unit
of gain. Thus, neither breed nor heterosis had anf significant effect

on feed efficiency of growing replacement heifers.



TABLE 29. STRAIGHTEDRTD, CRCISZRED AMND !TD.PARENT MFANS FOR BIRTH WEIGH
AdD } JfL COLRINING AXD EDTEROCTIC EXFICT
Straighthred Mid« Crossbred Ccmbin;;—‘ Eerot;c
parents parent average effecet effect
Sovrce? Sex k= ke ke ke kob
Anzus Hereford
1 29'“ 3503 32,“ 3305 300 1.1nt
2 M 30.2 34.6 32.4 S5V 73 2.2 0.8nt
2 F 27.9 3243 300 30.9 .12 0.8&nt
3 28.6 32.9 30,8 3.4 242 0.6nt
4 M 32.0 35.9 33.6 95.7 1.6 2.1nt
4 F 3.6 34,6 33.1 9902 1.5 0.1nt
Hereford Sherthorn
1 35.3 327 34.0 68 2855 2
3 32.9 32.5 1257, 34.5 0.2 1.8nt
Angus Shorthorn
1 29.4 BRN7 ) 0] SHEEL] 1.6 0.5nt
3 28.6 32.5 30.6 Faa 249 0.5nt
Hereford Charolais
2 M 34.5 n.4 38.0 39.0 3.4 1.0nt
2 F 32.3 39.6 35.9 35.7 86 ~.2nt
4 M 3533 42,3 38.8 ko,.6 255] 1.8nt
4 o 34.6 39.7 9.2 43,2 %6 6.0nt
5 31.8 37.8 34.8 36.1 3.0 0.3nt
Angus Charoleais :
2 M 30.2 n.y 35.8 36.1 §5k6 0.3nt
2 F 27.9 39.6 8357 34.1 5.8 0.4nt
4 M 32.0 42,3 302 38.1 Sl 0.9nt
L F 27.9 39.6 33.7 34,1 538 0.4nt
8 N 30.0 40.5 35.3 35.k SIC¥) (51K £
8 F 28.4 36.7 3225 33.4 4,2 0,9%**
Ayrshire  Friesian
6 F 33.2 39-5 36-4 36.5 3.1 0.lnt
Ayrshire Jersey
6 F 3312 22.5 27.8 31.0 5.4 3.2nt
Friesian Jorsey
6 F 39.5 22.5 3.0 29.1 8BRS, -2.9nt
Hereford Highlarders .
? ol 28.9 30.5 3*®.6 1.6 2.1nt

2 Source code: 1, urn?orj et 43.. 19A5. 2, Sageblel et 1., 1973; 3, Gaines
et 21., lovv. b, Pahnich et al., 1949; 5, Xlostermen et .1., T1948; 6, Donsld
ot pl., 1552; 7, Lawson and feters, 19c+; and 8, Conztrront study.
— DTjest of significent diffcrorces beatwesn combining and heterotic effeets: nt,
not tested; ns, not significant; and * P<.03, ** P<,01.
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TA3LE 30. STRA GHTPT“D CROSSERED AID MIDLPARENT MPANS FOR WEANIKG WEIGHT
AND | IU COMEZIITING AND HETEROVIC EFIFZCTS

ST A e = .

Strairhtbred Mida rossbred Combining !eterotic
parents parent avorage effect affect
Source® Sex ke ko ko ke kab
Hereford Ensus
1 190.1 190.4 120.2 200.1 0.2 9.9%*
2 175.7 188.0 181.8 138.9 6 2 7.1nt
3 M 205,.2 199.2 203,17 216.8 L,s 135t
3 F 198.0 202.5 200.2 205.4 2.3 5.2nt
8 M 172.0 173..0 17155 180.4 0.5 8.9nt
8 F 157.2 163.2 1690.2 170.1 3.0 9.9nt
Hereford Shorthorn
1 190.1 188.8 189.4 200,3 0.6 10,9**
2 175.7 190.2 183.0 187.0 7.2 L, ont
Anrus Shorthorn
1 190.4 152.8 189.6 195.4 0.8 58
2 188.0 190.2 189.1 200.2 i oil! 1l.1nt
Hereford Charolais
3 M 199.2 253.4 226.3 23%,3 27.1 8.0nt
3 F 193.0 239.9 219.0 2215,7 21.0 2,7nt
&4 235.2 232.8 26%.0 273.3 28.8 9.3nt
8 M 172.0 201.9 187.0 190.9 14.9 3.9nt
8 F 157.2 188.9 173.0 174.8 15.6 1.8nt
Angus Charolais )
3 M 208.2 253.4 230.8 234,6 22,6 3.6nt
‘3 F 202.5 239.9 2202 224,9 18.7 3.7nt
5 M 170.7 185.0 173.3 187.8 7+6 9.5ns
5 F 166.7 157.4 1770 180.6 10.4 3.6ns
8 M 171,06 201.9 185.4 191..0 15.4 h.6nt
8 F 163.2 188.9 176.0 28315 12.8 7.5nt
Hereford Highlarders ;
6 163.4 153.9 158.6 173.2 4.8 14,.6nt
Holstein  Guernsey
7 F 171.9 135.5 154.2 152515 17.7 8.5nt

& Sourco ceda: 1, Gregory ef zl., 1965; 2, Galnes et 2l., 1965; 3, Pahnish
et al., 1949; L, Kloctorman et ﬁl., 104%; S, Concurrent ctudf, 6, Lawuson ard
Pcters, 196%; 7, Touchberry Eresy Zereskin, 1956b; ard 8, Sagebiel ictgals, 2924,
Test of significant differerces botween coxbining and heterotic eifccts: nt,
not tested; ns, not significant; ard * P<,05, ** P<,0l.



TABLZ 31. STRAIGHTERZD, CROSSZREID AMD MID.PARELT MTAMNS  Bgp EZARLING
WZIGHT AND /2TU.L COIBINING AID HETEROTIC

Streighibred Mid- Crosstred Combining ilsteretic
parents parcent averaso effect effect
Sourced Sex | s ke ke ke ke
Heroford Anzus
1 F 239.9 25235 246,2 2524 6.3 6.2nt
2 F 338.4 327.6 33340 63k S.4 30.1nt
3 F 208.2 216. 4 21248 233.2 4.1 20,9#%%
3 F 287.6 270.3 279.0 298.0 8.6 19,0ns
4 M 332.0 324.3 328.4 343.8 3.8 15, h%
5 346.2 350.2 348.2 TE87A%2 2.0 23.0nt
Charolais Anzus
1 F 296,k 268.5 2744 279.8 2.0 5.knt
2 F 378.7 $23.6 353.2 374,0 25.6 20.8nt
6 F 286.2 257.4 271.8 280.3 14,4 8.5ns
Charolais  Hereford
g ! F 296 .4 239.9 268.2 272.3 2852 4.1nt
2 F 378.7 338.4 358.6 387.8 20.2 29.2nt
An~us Shorthorn
3 F 2 6." 205.9 218.5 28855 e UGS jo=w
3 F 270.3 273.5 272,2 288.5 L.6 16.3%=
4 M 324.3 3338 329.3 332.0 L.8 2.7ns
5 350.2 360.2 855.2 374.2 54 0 19.0nt
) Hereford Shorthorn
3 F 208.2 205.9 206.8 232.2 142 25. 4%
3 F 267.6 273.5 280.3 Jo2N 730 2].8%
4 M 332.0 338.3 332.9 354.,3 0.9 21 . %=
5 3”602 36002 353-2 36702 7.0 14.0nt
Holstein  Guernsey
tyrshire  Holstein
8 F 269.0 322.0 295.5 297.5 26.5 1.0nt
Ayrshire Browm Swiss
8 F 269,0 294,0 281.5 232.5 12.5 14 55t
Prowm Swiss Holstein
8 F 294.0 322.0 308.0 313.5 14.0 5.0nt
2 Source code: 1, Pahnich et al., 1971; 2, Jain et 21., 1971; 3, SGrezory
et al., 1965s; 4, Gregory et :ci., “1g55y; 5. Vest gt il TQo,. 6, Concurrent
stuuy. 7, Touchberry and Esrcciin, 106 and 8, clowell et al., 1949,

Test of significant differences bathcan CCa binlna ard heterotic effects: nt,
not tostcd; ns, not significant; ard * P<,05, ** P<.,0l,
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Cercass Characteristics. Only those carcass traits directly

associated with growth, age adjusted carcass weight, age adjusted
retail cuts and rib eye area showed a larger heterotic.effect, though
breed effects were large and significant for all carcass traits. The
combining effects were significantly larger (P <.0l) than hoterotic
cffects for 211 the carcass traits studied except dressing percent,
indicating that carcass characteristics of Angus and Charolais crosses
are affected more by the combining effects than the heterotic effects.

The Cherolais excelled in traits associated with pourds of red
meat, while the Angus excelled in traits associated with carcass
quality, namely, marbling and carcass quality grade. In all traits
the crossbreds were intermediate between the two breeds.

Values were not assigned to individual traits and dollar values
of the cercasses were not calculated., Lowever, because of the
complementary effects of the two breeds, Charolais superiority in
carcass quantity and Angus superiority in carcass quality, the crossbred
steer may be superior to either of the two parent breeds in dollar

value of edible product produced.



SUMMARY

Straightbred Angus, Charolais and their reciprocal crosses were
used to study heterosis and breed effects on growth, feed efficiency
ard carcass characteristics., Data were collected over a 3-year period
and calves were produced from 2., 3- and 4.year-old Angus ard Charolais
cows bred artificially to either an Angus or Charolais bull. Feeding
and management practices were typical of good commercial cow-calf
management, Steer and heifer data were analyzed separately. The
steers were put in the feedlot immediately following weaning and
heifers were grown out for replacement heifers. Approximately one-half
of the heifers were fed individually each year to obtain feed efficiency
data. Data were available for 183 bulls and 174 heifers at birth, 169
steers and 169 heifers at weaning, 167 heifers at 365 and 550 days of
age and 151 steers at slaughter age. All weights were adjusted for age
effects., Records were also obtained on the feed efficiency of 120
heifers from weaning to yearling and 93 heifers from yearling to 550
days.

Least squares analyses of variance showed breed of dam, breed
of sire, years and breed of dam x breed of sire interaction to have
significant effects (P<.05) on most traits studied. Notable exceptions
were breed of dam, breed of sire and breed of dam x breed of sire
interaction effect on feed efficiency and breed of dam x breed of sire
interaction effects on carcass quality traits. Year x breed of dam ard

year x breed of sire interactions were significant (P<.05) for only



five of the traits studied. Management (drylot or pasture) had a
significant effect (P<.0l) on postweaning growth traits of heifers.

Least squares breed group means were constructed from the overall
mean and breed of sire, breed of dam and breed of sire x breed of dam
interaction constants. These means were used to estimate the size of
heterosis and make breed group comparisons. Linear comparisons were
made between straightbreds and crossbreds, Angus dams and Charolais
dams, Angus sire arnd Charolais sire, Angus-Charolais and Charolais-
Angus, Angus and Charolais, crossbreds and Angus and crossbreds and
Charolais,

Heterosis was small and nonsignificant for traits measured at
birth and ranged between -.10 to 2.86%. At weaning heterosis for
growth traits was significant (P<.05) for steers but not heifers,
Heterosis estimates of 5.3% for the steers and 2,0% for the females
werevobtained for weaning weight. Heterotic effects on postweaning
growth traits of the heifers and steers were significant (P<.0l) in
most instances and ranged between 3.12 to 6.02%, No significant
heterosis was found for feed efficiency, though the heterotic value
for feed efficiency from weaning to yearling was 4.39% and approached
significance. Estimates for heterosis of carcass quantity traits were
between 3.5 to 5.0% and were generally significant (P<.0l), while
those dealing with carcass quality were lower and nonsignificant.

Combining effects were significant (P<.0l) for all growth
traits studied and were larger than heterotic effects in most cases.

Combining effects had no significant effect on feed efficiency.



70

Breeds were significantly different (P<.0l1) for all carcass traits
except dressing percent and combining effects were greater than
heterotic effects for all carcass traits studied.

Charclais were larger and gained faster than did the Angus for
all growth traits studied, and there was generally no significant
difference between reciprocal crossés. The growth performance of the
crossbreds was always greater than the Angus and in most cases less
than the Charolais. Differences between the crossbreds and Charolais
were generally not significant and indicate that the crossbreds more
closely resembled the Charolais than the Angus and that the combining

effects and heterotic effects were not significantly different,
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