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ABSTRACT

Mature Angus and Hereford cows raising straightbred and recip

rocal cross calves were individually fed during their lactations. A

total of 92 preweaning lactations and 66 postweaning growth curves

were observed.

Cows were offered, ad libitum, a diet of grass silage and

alfalfa pellets were added as an energy source when needed. Calves

were creep fed alfalfa pellets from approximately 80 days of age until

weaning. Following weaning calves were individually fed a complete

growing and finishing ration until the calves were slaughtered at

their maximum efficiency point (MEP).

Unit TON was the sum of cow and calf TON. Cow-calf unit

weaning efficiency was calculated as the ratio of unit TON to calf

weaning weight. Cow-calf unit efficiency, calf age and calf weight

were determined for endpoints at 12 mm fat and at MEP. Calf fat was

determined at MEP. Postweaning efficiency, postweaning ADG and daily

postweaning TON were determined from weaning to 12 mm fat and MEP,

respectively. Angus cow units were more efficient than were Hereford

cow units (P<.001) but the effect was reduced when the covariates,

milk production and calf weaning weight were added to the basic model.

Crossbred calves were slightly heavier (P<.10) at weaning than

straightbreds, but because of their higher calf TON intake, they

could not be declared more (P<.10) efficient. Calf weaning weight

accounted for about 51 percent of the variation in cow-calf unit

efficiency. Calves with improved efficiencies at weaning consumed

iii
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(P<.001) more daily postweaning TDN. Younger calves were associated
(P<.10) with improved postweaning AD6. When adjusted for calf weaning

age crossbreds were heavier (P<.05) than straightbreds. Calves of

Hereford sires were more efficient (P .01) than calves of Angus sires.

Calf weight, at each respective endpoint, adjusted for calf weaning

age, increased (P<.05) as cow-calf unit efficiency improved. Units
with younger calves at each endpoint tended to be more efficient

(P<.10) than units with older calves. Units with smaller cows were

more efficient (P<.05) at MEP and (P<.10) at 12 mm fat than were units

with larger cows.
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CHAPTER I

INTRODUCTION

Beef cattle producers have become more aware of the importance

of the efficiency of converting feed into body weight as they have

attempted to make profits in the difficult market situation seen in

past years. Major emphasis on rate of gain as the primary criterion

of selection in beef cattle implies the assumption that rapid gaining

animals are more efficient converters of feed into edible beef than

are slower gaining animals. Analysis of feed efficiency data calcu

lated on the basis of feedlot performance (a ratio of feed intake by

the calf to the gain produced by that intake) have shown rate of gain

and efficiency of feed conversion to be positively related. However,

when calculated on postweaning performance alone, this measure of

efficiency does not consider such factors as mature size of the

parents or preweaning influences such as level of milk production of

the cow. Other studies, which examined feed efficiency of the cow-

calf unit, generally indicate that overall nutritional efficiency is

related to a complex set of variables associated with characteristics

of the cow, calf and production system. These studies have employed

feeding levels that were based on nutritional requirements or have

utilized modeling techniques that were based on parameters estimated

from accumulated data.

Ample research has documented that crossbred calves gain faster

and produce heavier weights at weaning; thus, establishing cross

breeding as an accepted practice in the beef industry. However,

1
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little research has been conducted comparing the overall nutritional

efficiency of the two mating systems. Crossbreeding is a more diffi

cult system to incorporate into the small herds of this state and

surrounding states than is straightbreeding. Comparison of the nutri

tional efficiency of straightbred cows raising straightbred and cross

bred calves would allow producers to compare the mating systems in

terms of profitability. Also, this research may determine cow-calf

traits that affect production efficiency.

The purpose of this study was to compare, under unrestricted

feeding levels, the nutritional efficiency at weaning and at various

points postweaning of mature Angus and Hereford cows raising straight-

bred and crossbred calves. Secondly, this study was designed to

evaluate the measurable cow-calf characteristics that may be indica

tive of nutritional efficiency at weaning and at various points post

weaning.



CHAPTER II

REVIEW OF LITERATURE

I. Relationships Among Cattle Traits

Several studies have shown that a positive relationship exists

between cow weight and calf weaning weight (Brinks et al., 1962;

Neville, 1962; Christian et al., 1975; Urick et al., 1971; Marshall

et al., 1976). Neville (1962) reported an increase in weaning weight

of 7 pounds per ICQ pound increase in cow weight. Urick et al. (1971)

reported a 1.93 kg increase in 205-day weaning weight for each 45.4 kg

increase in actual cow weight. Other studies have shown that calf

weaning weights increase with age of dam (Brown, 1960; Brinks et al.,

1967; Neville et al., 1974; Gray et al., 1978). This increase was

generally noted until about seven or eight years of cow age.

Marshall et al. (1976) reported that the regression of weaning

efficiency (kgs of TDN/kgs of weaning weight) on cow weight was small

and nonsignificant (b = -.006). Heavier cows and their calves

required more feed but also produced more weaning weight; thus, one

trait appeared to counterbalance the other when combined in the

efficiency ratio. Onks et al. (1975) reported a similar effect of

initial weight of individually-fed Angus cows. However, Sawyer et al.

(1963) found that calves from heavier cows tended to gain more rapidly,

consume more feed and convert this feed more efficiently. Kress et al.

(1969), Klosterman and Parker (1974) and Dinkel and Brown (1978)

indicated a trend for lighter cows to be more efficient, but only

3
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Kress and coworkers found the relationship to be statistically signif

icant. Marshall et al. (1976) indicated that increased cow condition

negatively affected weaning weight and efficiency. More highly con

ditioned cows tended to produce lighter calves at weaning and to be

less efficient when cow weight and milk production were constant.

Kress et al. (1969) also found cows with higher weight-wither height

ratios to be less efficient and McCurley and McLaren (1981) also found

fatter cows to produce lighter calves at weaning.

Melton et al. (1967) found that milk production increased with

size in data from Charolais cows. Klosterman and Parker (1974) and

Cartweight (1979) also noted an increase in milk production with an

increase in cow body weight. Milk production has also been reported

to increase with cow age (Drewry et al.. 1959; Dawson et al.. 1960;

Williams et al., 1979). Robison et al. (1978) studied Hereford cattle

and reported that total milk production increased until five years of

age with little difference from five to eight years of age. Neville

et al. (1974) reported a similar trend in daily milk productions of

Hereford cows.

Several reports indicate a positive relationship between milk

production and calf gain to weaning. Wistrand and Riggs (1966),

observing Santa Gertrudis cows and calves, reported that a one kg

increase in daily milk production resulted in a 70 gm increase in

daily calf gain. This agrees with the positive correlation of 0.40

between total calf gain and total milk production reported by Melton

et al. (1967) while observing Angus, Charolais and Hereford cows and

calves. Marshall et al. (1976) reported that milk production had

highly significant positive effects on weaning weight and efficiency.
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This agrees with Robison et a1. (1978) who reported correlations of

weaning weight and milk production ranging from 0.44 to 0.63. The

trend for greater efficiency in higher milk producing cows agrees with

results of Kress et al. (1969). However, Holloway et al. (1975) using

dam breeds of widely varying milking ability (Hereford, Holstein and

Hereford x Holstein) reported no significant breed group variation in

weaning efficiency.

Nelson and Kress (1979), observing Angus and Hereford calves,

reported that weaning weight was genetically correlated with post-

weaning average daily gain (ADG) and final weight .10 and .73, respec

tively. This agrees with Christian et al. (1965) who reported positive

standard partial regressions of weaning weight on ADG from 365 days

was 0.05. This author suggested that good preweaning environment

handicapped early postweaning gains but enhanced later gain. The

contrast of genetic versus phenotypic correlations between ADG pre

weaning and postweaning (bulls, 0.14 versus 0.15 and heifers, 0.47

versus 0.07) suggests a negative environmental correlation between

pre- and postweaning ADG in heifers and a positive correlation in

bulls. Dinkel and Busch (1973) reported that weaning weight was

highly positively correlated with postweaning ADG and feed efficiency.

In contrast, Christian et al. (1965) and Kress (1977) reported that

heavier weaning calves were slightly less efficient postweaning.

Final weight has been shown to be positively correlated with

postweaning ADG and feed efficiency (Dinkel and Busch, 1973 and Kress,

1977). Koch et al. (1963) reported that the genetic correlation

between feed efficiency and gain was 0.79, between feed consumption
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and gain was 0.64 and between feed efficiency and feed consumption was

0.04. These results indicate that selecting for gain should be

effective and lead to both increased feed efficiency and increased

feed consumption. This work also indicates that 38% of the variation

in gain could be attributed directly to genetic differences in feed

efficiency and genetic differences in feed consumption accounted for

25% of the variation in gain. Fitzhugh and Cartwright (1971) reported

a small phenotypic correlation for weight gain and weekly feed con

sumption of 0.24. They noted that when small differences in feed con

sumption did occur, they apparently contributed to small differences

in gain. In studies from which TON efficiency had been calculated

during the postweaning phase of performance testing, Fitzhugh et al.,

(1967) and Joandet and Cartwright (1969) indicated that ADG was cor

related negatively with feed per unit of weight gain. These studies

were on a weight- or age-constant basis. According to Cundiff et al.

(1971) selection of cattle based on weight per day of age calculated

on a time-constant basis results in favoring cattle which reach

physiological maturity at a younger age. Average daily feedlot gain

was shown to increase with increasing time on feed to a high of 0.193

kg at 180 days for Hereford steers and heifers (Zinn et al., 1970).

This supports the work of Smith et al. (1976) who reported that days

on feed accounted for 88% of the variation in feed efficiency in

weight-constant intervals.

Harrison et al. (1978) indicated that increased length of

feeding period tended to increase carcass weight and marbling score.

This trend for marbling score to increase with increased days on feed
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was also indicated by Zinn et al. (1970). In a study involving Angus,

Hereford, Charolais-cross and Hereford x Angus calves. Butts et al.

(1980) also indicated that increased days on feed accompanied larger

carcass weight. However, the primary observation of this study was

that increased wither height and decreased initial fat was associated

with increased days on feed and increased carcass weight.

II. Effects of Heterosis on Cattle Traits

Several studies have indicated that preweaning AD6 and weaning

weight of crossbred calves were superior to straightbred calves

(Gaines et al., 1966; Brinks et al., 1967; Long and Gregory, 1974;

Gray et al., 1978; Gregory et al., 1978a). Cundiff (1970) reported an

average estimate of 4.9% heterosis for weaning weight. Long (1980)

reported average heterosis estimates of 4.0 and 5.0 percent for pre

weaning ADG and weaning weight, respectively. Brinks et al. (1967),

working with linecross Hereford cattle, indicated that heifers

exhibited 5.1 and 4.3 percent more heterosis than bulls in preweaning

ADG and weaning weight, respectively.

According to Long (1980), estimates of heterosis for postweaning

average daily gain across studies with varying sexes and management

have ranged from 2 to 11 percent with a mean of 6 percent. Long and

Gregory (1975) reported a heterosis estimate of 5.7 percent for post

weaning gain and indicated that heterosis effects were higher on

calves with a faster rate of gain, on calves measured at younger ages

or both. Olson et al. (1978) indicated that crossbred steers grew

2.8 percent more rapidly throughout a 224-day test and had 2.9 percent
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heavier average weights; thus, higher average maintenance requirements

on a time-constant basis, resulting in 0.8 percent less TON per kg of

gain than straightbred steers. However, on a weight-constant basis

crossbred steers required less TON per kg of gain (-1.6 percent) than

did straightbred steers. Crossbreds tended to gain more rapidly than

straightbreds through the weight-constant feeding period, but slowed

in growth relative to their weight and to straightbreds until effici

ency fell below that of straightbreds during last intervals. This

supports Gregory et al. (1978b) who reported that crossbreds gained

14.5 grams less per day than straightbreds during 312 to 424 days

postweaning. Smith et al. (1976), observing Angus, Hereford and

reciprocal cross calves, reported the heterosis for relative gain in

crossbred steers was negative; that is, the crossbred calves had a

lower growth rate than either straightbred group.

Reports of units feed required per unit gain of individuals

have varied with respect to interval (age-, weight- or fat-constant),

measure of intake (feed weight, TON or other measure), management of

cattle and other factors (Gregory et al., 1966b; Vogt et al., 1967;

Klosterman et al., 1968; Fredeen et al., 1972; Smith et al., 1976c;

Ellersieck et al., 1977; Olson et al., 1978a,c). In a study involving

two management systems of Angus, Hereford and reciprocal cross,

(management 1—steers grazed on grasses and legumes about 170 days

and then placed on full feed for 140 days; management 2—steers placed

on full feed directly after weaning for 196 days) Ellersieck et al.

(1977) reported heterosis of 8.0 and 5.3 percent for feed efficiency

of management systems 1 and 2, respectively. Gregory et al. (1966b)
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reported that heterosis effects on average daily TON consumption for

252-day postweaning feeding period were important (P<.01). However,

when adjusted for the effects of midweight, the difference was small,

indicating that increased TDN consumption of the crossbreds were

largely the result of heavier weights. This is further revealed by

the small difference (-.04 kg) between the crossbreds and straightbreds

in TDN per unit of gain in the 252-day feeding period. Estimating

feed efficiency as units of TDN consumed per unit of gain, Vogt et al.

(1967) reported feed efficiencies of 5.91 and 5.70 for straightbred

and crossbred heifers, respectively. However, this same study reported

values of 7.94 and 8.09 units of TDN consumed per unit of gain for

straightbred and crossbred steers, respectively.

Smith et al. (1976) reported that Hereford-Angus heterosis for

efficiency of feed utilization was -2.8, 3.8 and 0.9 percent for age-,

weight- and fat-constant intervals, respectively. However, none of

these were significant. In the weight-constant interval, total feed

requirements for maintenance were reduced for more rapidly gaining

groups by a substantial reduction in days on feed. In the age-constant

interval, more rapidly gaining groups were more efficient, but the

advantage was tempered by a greater maintenance requirement associated

with larger size throughout the time-constant period. Hence, weight-

constant evaluation maximizes the advantage associated with maturity.

Cundiff (1970) stated that heterosis effects were found to be

large for carcass traits associated with growth but small for most

other carcass characters. This trend has been substantiated in

several reports by the disappearance of heterotic effects when data
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were adjusted for carcass weight (Gregory et a1.. 1966c; Urick et al.,

1974; Long and Gregory, 1975). Interactions for breed of sire by

breed of dam were not significant for carcass traits as reported by

Chapman et al. (1971).

Gaines et al. (1967) reported that the carcass weight of

reciprocal cross Angus and Hereford steers and heifers were 13.8 and

10.5 kgs heavier than straightbred Angus and Herefords. In agreement,

Gregory et al. (1966c) and Hedrick et al. (1970) reported a 13.2 and

20.8 kg advantage in carcass weight of the crossbreds, respectively.

Urick et al. (1974) reported a 3.7 percent advantage in carcass weight

per day of age for crossbreds.

Several studies have generally reported crossbreds to be

superior in carcass rib-eye area to straightbreds (Gregory et al.,

1966c; Gaines et al., 1967; Hedrick et al., 1970; Long and Gregory,

1975).

Lasley et al. (1971) reported that crossbred calves, on the

whole, were not superior in carcass quality characteristics to their

straightbred counterparts. Gregory et al. (1966) also reported a

nonsignificant heterotic effect for slaughter grade.

Hedrick et al. (1970) reported that crossbreds were superior to

straightbreds by 7 to 9 percent with respect to rib-eye area, retail

cuts and carcass weight in the case of short-fed (181-198 days)

heifers. However, none of these traits exhibited heterosis in the

case of longfed (251-268 days) heifers which led the author to suggest

that with increased age or increased length of time on feed the

influence of heterosis on carcass growth traits decreases.
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III. Heritabilities of Cattle Traits

Koch et al. (1973) reported heritabilities of .44, .17 and .20

for birth weight, average daily gain to weaning and weaning weight,

respectively. Estimating by the paternal half-sib method, Swiger

(1961) reported similar heritabilities of .22 and .25 for birth and

weaning weight, respectively. In his study, an interaction of sex

and age of calf was found to be important in weaning weight suggesting

that males and females differ in their rate of maturing. Dinkel and

Busch (1973) and Nelson and Kress (1979) reported larger heritability

estimates of .40 and .35 for weaning weight; however, these estimates

are based on weights taken on the producers ranches or Angus field

records, respectively.

Heritability estimates for final weight have ranged from .36

to .85 (Dinkel and Busch, 1973; Koch et al., 1973; Nelson and Kress,

1979). The paternal half-sib method of estimating heritability has

produced estimates of mature beef cow weight ranging from .52 to .96

(Brinks et al., 1962; Fitzhugh, 1965). Taylor and Fitzhugh (1971)

reported that heritability of 0.37 for time taken to mature was only

slightly reduced to 0.35 when mature weight was held constant.

Moreover, only 22 percent of the genetic variation in mean time taken

to mature was associated with mature weight.

Taylor and Young (1968) estimated that heritability of main

tenance to be .89, and suggested that a large additive genetic var

iance was associated with the efficiency of energy utilization. In

1963, Koch et al. estimated heritability of postweaning feed efficiency

calculated in three different ways. The most accurate method was
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derived by regressing weight gain on feed consumption and produced a

heritability of 0.62. The other methods, regressing feed consumption

on weight and the standard ratio of gain to feed consumed, produced

heritability estimates of 0.28 and 0.36, respectively.

Reports of heritability of most carcass traits have ranged from

low to high (Cundiff et al., 1964; Brackelsberg et al., 1971; Cundiff

et al.; 1971, Dinkel and Busch, 1973). Estimates of heritability

reported of rib-eye area by Brackelsberg et al. (1971) and Dinkel and

Busch (1973) were .40 and .25, respectively. These estimates are

characteristic of values reported in the literature and suggest that

some genetic variation exists for improving this trait.

Estimates of heritability of fat thickness have ranged from

24 percent reported by Shelby et al. (1963) to several estimates in

the forties and fifties reported by Cundiff et al. (1964), Brackelsberg

et al. (1971), Cundiff et al. (1971), and Dinkel and Busch (1973).

Estimates of heritability of carcass grade and marbling have varied

considerably, ranging from 16 to 74 percent and 17 to 73 percent,

respectively (Shelby et al., 1963; Brackelsberg et al., 1971; Cundiff

et al., 1971; Dinkel and Busch, 1973).

IV. Comparison of Angus with Hereford and Angus X Hereford

with Hereford X Angus Cattle

Straightbred Angus calves have generally been shown to gain

faster to weaning and have heavier weights at weaning than straightbred

Hereford calves even though the Hereford calves were heavier at birth

(Gregory et al., 1978; Gaines et al., 1966; Long and Gregory, 1974;
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Gray et al., 1978). This difference was small at weaning, 1.4 and 4.5

kgs according to Gregory et al. (1965) and Gray et al. (1978),

respectively. However, Gaines et al. (1966) and Long and Gregory

(1974) reported differences in weaning weight of 27 lbs. and 18.9 kg,

respectively, favoring Angus calves. Studies comparing Hereford x

Angus calves with Angus x Hereford calves (breed of sire listed first)

have indicated superiority of the Hereford x Angus in preweaning

average daily gain and weaning weight (Gaines et al., 1966; Long and

Gregory, 1974; Gregory et al., 1978). These results support the

findings of Melton et al. (1967) and Cundiff et al. (1974) who reported

that Angus cows produce more milk and provide a superior maternal

preweaning environment than do Hereford cows. Contrary to this. Gray

et al. (1978) reported weaning weights of 185.3 and 184.7 kgs for Angus

X Hereford and Hereford x Angus calves, respectively. This data was

collected under commercial conditions and not from experiment station

cattle. In support of this work, Vanmiddlesworth et al. (1977)

reported repeatabilities of .35 and .25 for weaning weight of the

Hereford and Angus breeds, respectively. He suggests that the weaning

records of a Hereford cow's early calves are more accurate indicators

of her future productivity than those of Angus cows.

Long and Gregory (1975) reported 452-day weights and final

weights of straightbred Angus and Hereford steers of 392 and 388 kgs

and 468 and 472 kgs, respectively. The straightbred Hereford steers

gained faster postweaning than did the straightbred Angus steers

(difference=30 grams/day). This supports the work of Brown et al.

(1972) who reported that later maturing animals eventually overtake
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the early maturing animals at some point prior to maturity. Long and

Gregory (1975) and Gregory et al. (1978) showed superior gains of Angus

X Hereford steers postweaning of 35 and 15 grams per day compared to

Hereford x Angus steers, respectively. Long and Gregory (1975) sug

gested that superior gains enables the Angus x Hereford steers to weigh

heavier at 452-day weights and adjusted final weights. However, in

Gregory et al. (1978) the postweaning gain advantage of Angus x Hereford

steers was not enough to overtake the advantage of the Hereford x Angus

steers preweaning.

Ellersieck et al. (1977) reported feed efficiencies adjusted to

340 kg weight of straightbred Angus and Hereford and Hereford x Angus

and Angus x Hereford steers for two individual postweaning management

systems. In management system 1, steers were grazed about 170 days

after weaning and then placed in the feedlot for 140 days; feed effi

ciencies were 8.90, 7.41, 7.99, and 7.01, respectively. In management

system 2, steers were placed directly in the feedlot for 196 days after

weaning; feed efficiencies were 7.52, 7.85, 7.26, and 7.29, respectively.

Olson et al. (1978) reported postweaning time-constant feed effi

ciencies of straightbred Angus and Hereford and Hereford x Angus and

Angus x Hereford steers of 5.80, 5.16, 5.64, and 5.26 kgs of TON per

kg of gain, respectively. These same breed groups consumed 1074, 1060,

1124, and 1074 kgs of TON on a time-constant postweaning period basis.

On a weight-constant basis, kgs of TON per kg of gain were 5.84, 5.17,

5.55, and 5.32 for straightbred Angus and Hereford and Hereford x

Angus and Angus x Hereford steers, respectively.

Gregory et al. (1978) reports that straightbred Angus steers on
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an age-constant basis produced heavier carcass weights (4.2 kg), higher
2

quality grades (1.8 units) and larger rib-eye areas (3.4 cm ) than did

straightbred Herefords. This study also indicates that Angus x

Hereford steers produced 2.2 kgs heavier carcass weights, 0.2 units

2
higher quality grades and 1.8 cm more rib-eye area than did Hereford

X Angus steers. Long and Gregory (1975) reporting on steers placed

directly in feedlot after weaning, indicated that straightbred Angus

steers had higher marbling scores (0.5 units) and larger rib-eye areas

(3.3 cm ) than did straightbred Herefords at slaughter. Hereford x

Angus steers also had higher marbling scores (0.9 units) and larger

rib-eye areas (2.0 cm ) than Angus x Hereford steers at slaughter.

V. Growth, Composition and Degree of Maturing of Cattle

A study by Brinks et al. (1962) showed that within breed corre

lations indicated that measures of growth in the early stages of life

were positively associated with measures of lean and bone and nega

tively associated with measures of fat in the carcass. This is in

agreement with Berg and Butterfield (1976) who found that maximum

bone growth precedes that of muscle, and muscle growth precedes that

of fat.

Joubert (1956) indicated that the deposition of various tissues

are different but from the standpoint of the quantitative measurement

of animal growth as a whole, each tissue deposition must be considered

as part of the growth process. Berg and Butterfield (1976) indicated

that muscles like the semitendinosus (eye of the round) and psoas

major (fillet) develop and complete growth earlier than other muscles.
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Levan et al. (1979) indicated that although significant breed

differences (Angus and Charolais steers) were noted for fat and bone

content, differences in growth rate and retail lean were relatively

minor when cattle were slaughtered at similar percentages of the cor

responding breed average mature weight.

Zinn et al. (1970) reported that muscle and bone of steers and

heifers developed at about the same proportional rate during the first

150 days of a 270-day feed trial. However, bone growth declined the

last 90 days of the trial.

Cornforth et al. (1980) reported that at a constant body weight,

larger heifers and steers had smaller muscle fibers and less intra

muscular fat cell development than smaller framed heifers and steers,

respectively.

Brown et al. (1972a) reported that Angus females had attained

53 percent of their mature weight at 12 months of age while Herefords

had attained 45 percent. Angus females reached 95 percent of their

maturity a year before Hereford females reached the same point. These

workers also indicated that the weight of a beef animal cannot be

properly evaluated in terms of projected weight or rate of maturing

unless approximate physiological age is known. This was further

reinforced by the fact that heavier yearling weights were associated

with heavier mature weight in Herefords, while yearling weight had

little relationship to mature weight in Angus. Brown et al. (1972b)

indicated that Hereford females were heavier than Angus females at

40 months of age, but the opposite was true at ages prior to 40

months. Angus females exhibited growth up to 71 months of age, while
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Hereford females showed growth until 85 months of age, indicating a

definite earlier rate of maturity for Angus females.

isiC-.

:'5v^ -v.; f



CHAPTER III

EFFICIENCY OF ANGUS AND HEREFORD COWS RAISING STRAIGHTBRED

AND RECIPROCAL CROSS CALVES AS AFFECTED BY COW AND

CALF TRAITS AT WEANING

I. Summary

Mature Angus and Hereford cows raising straightbred and recip

rocal cross calves were individually fed during their lactations over

4 years. A total of 92 lactations was observed.

Cows were offered, ad libitum, a diet of grass silage. Alfalfa

pellets were added as a percentage of forage consumed, to increase the

energy density of the diet to a level estimated to be sufficient to

maintain cow condition equivalent to that of comparable cows on pasture.

Calves were allowed access to alfalfa pellets from approximately 80

days of age until weaning. Cows and calves were weighed monthly for

the first 2 years and biweekly during the remaining 2 years. Milk

production was determined by the weigh-suckle-weigh method after 12-

hour separation.

Cow TDN was defined as the 12-month feed consumption of the cow

derived from the sum of the measured consumption during the lactation

period plus an estimate of her intake throughout the remaining period.

Calf TDN was calculated as the intake TDN from the creep-fed alfalfa

pellets. Unit TDN was the sum of cow TDN and calf TDN. Cow-calf unit

weaning efficiency was calculated as the ratio of the unit TDN to actual

unadjusted calf weaning weight.

18



19

The basis models for analyses of these data included effects of

year and calf breed. Year influenced all dependent variables (P<.001).

Cow TON increased (P<.001) as calf weaning weight increased. Hereford

cow units consumed slightly more TON (P<.10) than did Angus cow units.

Calf weaning weight, adjusted for calf weaning age, was positively

correlated (P<.001) with milk production. Angus cow units were more

efficient than were Hereford cow units (P<.001), but the effect was

reduced when the covariates, milk production and calf weaning weight,

were added to the basic model. Crossbred calves were heavier (P<.10)

at weaning than straightbreds, but because of their greater calf TON

intake, they could not be declared more (P<.10) efficient. Calf

weaning weight accounted for 50.5% of the variation in cow-calf unit

weaning efficiency.

Introduction

Many researchers have shown that crossbred calves gain more

rapidly to weaning and produce heavier weaning weights than straight-

bred calves (Brinks et al., 1967; Gregory et al., 1978; Pahnish et al..

1969). Several studies have examined feed efficiency of the cow-calf

unit or the cow-calf production system (Joandet and Cartwright, 1967;

Klosterman et al., 1968; Long et al.. 1975; Marshall et al.. 1976).

These investigators employed either direct measurement of feed intake

and performance through feeding at the level of accepted nutritional

requirements or utilized modeling techniques which were based on

parameters estimated from accumulated data. Overall nutritional

efficiency was generally indicated to be related to a complex set of ^
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variables associated with characteristics of the cow, the calf and the

production regime.

In general, previous studies of weaning efficiency have been

conducted by feeding cows according to their estimated nutritive

requirements. However, such a nutritional environment is not typical

of that provided cows in normal pasture situations. To the contrary,

grazing cattle are normally presented with a certain quality of forage

and the degree to which they are able to meet their requirements is

dependent upon their ability to consume and utilize the forage. Cows

in the study reported here were allowed to select their intake level

from unrestricted amounts of feed, making the regime more nearly

equivalent to that of cows on pasture. The purpose of this study was

to compare, under unrestricted feeding levels, the nutritional effi

ciency at weaning of mature Angus and Hereford cows (fed grass silage

ad libitum) raising straightbred and crossbred calves, and secondly,

to determine measureable cow-calf characteristics that may be indica

tive of nutritional weaning efficiency.

Materials and Methods

Source of data. Data from 92 lactations of mature Angus and

Hereford cows (4 to 13 years of age) raising straightbred and recip

rocal cross calves were obtained over a four-year period. Cows were

assembled from three herds of The University of Tennessee Agricultural

Experiment Station and were assumed to be representative of the

variation in size and maternal ability present in these herds. Angus
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and Hereford sires were considered to be representative of bulls used

in the university herds.

Cows were calved on pasture. At the end of the calving season,

each spring, twenty-four cows with male calves were selected and ran

domly assigned to individual feeding pens when the calves were about

6 weeks of age. Pens were designed such that the calf had access to

an individual creep feeder and to the cow's feed. Cows and calves

were kept in the pens during the day and in dirt exercise lots at

night. Six Hereford and six Angus cows with their respective

straightbred or crossbred calves were assigned to each lot. Calves

were castrated about 3 weeks after cows and calves were placed in

individual pens. Cows remained in the individual feeding pens until

weaning of the calves. Data from four cow-calf units were deleted

from the study due to death or serious illness of an animal. Calves

were weaned about the same time each year at an average age of 242

days.

Cows were offered, ad libitum, diets of grass silage. The

silage consisted of grass-legume mixtures. Orchardgrass (Dactylis

glomerata ̂ .), red clover (Trifolium pratense L.) and timothy (Phleum

pratense L.) were the component forages of the silage and were avail

able in varying percentages over the four-year period. The silages

were quite homogeneous within year being harvested from one meadow

at one time, but specie composition and maturity varied from year to

year due to varying weather conditions. The basic silage diet was

fortified with energy by adding alfalfa pellets (alfalfa, aerial pt,

dehy grnd, pelleted, mn 17 prot, IRN 1-00-023) as a percentage of
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forage consumed, to a level estimated to be sufficient to maintain cow

condition equivalent to that of comparable cows on pasture. Calves

were allowed access to the alfalfa pellets as a creep from approxi

mately 80 days of age until weaning.

Total digestible nutrient (TON) content of the forages fed were

calculated from NRG (1976). Hence, TON units presented are considered

to be relative and not absolute values. Representative feed samples

collected periodically were evaluated by in vitro dry matter digestion

trials (Tilley and Terry, 1963). TON values derived from these trials

were similar to the calculated NRG estimates.

Data collection. Gows were weighed, and fat thickness estimated

(ultrasonic, between 12th and 13th rib) were taken monthly for the

first 2 years and biweekly during the remaining 2 years of the study.

Daily TDN consumptions were summed over the test period (about

200 days) and averaged for each cow-calf pair. This average consumption

was multiplied by age of calf to estimate the TDN consumed from birth

of the calf to initiation of the trial. Consumption of the cow from

weaning of her previous calf to birth of the calf on test was estimated

by assuming that she was fed during the winter at a level to meet NRG

requirements (1976) for maintenance during the third trimester of preg

nancy. Estimates of TDN consumption during the third trimester of

pregnancy were adjusted for cow weight changes (Knott et al., 1934).

Cow TDN was a 12-month estimate of yearly TDN derived as the

sum of the measured consumption during lactation plus an estimate of

her intake for the remainder of the year based on production require

ments. Calf TDN was calculated as the feed intake from creep feeding
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alfalfa pellets. Unit TON was the sum of cow TON and calf TON. Cow-

calf unit weaning efficiency was calculated as the ratio of unit TON

to actual unadjusted calf weaning weight.

Milk production estimates were determined monthly for the first

2 years and biweekly during the remaining 2 years by the weigh-suckle-

weigh method following 12 hour separation. Twelve-hour estimates were

adjusted to 24-hour milk production estimates (Neville et al., 1974).

Daily milk yields were regressed on number of days in lactation and

the function integrated to estimate production for each cow. Milk

production between calving and initiation of the trial was estimated

from calf gain (NRG, 1976). These two estimates were then summed for

total milk production. Average milk production was calculated as the

ratio of total milk production to number of days in lactation.

Initial cow weight was taken when the cows were alloted for the

test initiation in the spring. Initial cow weight was adjusted to

remove variation due to differences between station herds of origin

and variation due to differences in calf age.

Analyses of data. The basic models for analyses of these data

included effects of year and calf breed. Calf breed, with 3 degrees

of freedom, was partitioned into orthogonal contrasts comparing (1)

straightbred and crossbred calves, (2) breeds of sire, and (3) breeds

of cow. Additional independent variables included in the model were

initial cow weight, calf weaning age, average milk production and

unadjusted calf weaning weight. In view of the relatively small

numbers of records available, differences between reciprocal crosses

were not partitioned.
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Results and Discussion

Means and standard deviations of cow and calf variables are

shown in Table 1 to provide a general description of the data. Cross

bred calves consumed more TON than straightbred calves, were heavier

at weaning and tended to be more efficient. Hereford cows were

heavier at the initiation of the trial but produced less milk per day

than did Angus cows. Calves of Angus cows were heavier at weaning

and the Angus cow-calf units were more efficient than Hereford cow-

calf units.

Least-squares means calculated from a model containing effects

of year, calf breed and regression of the dependent variable on calf

weaning age are shown in Table 2. These means reflect the orthogonal

partitioning of the variation associated with the 3 degrees of freedom

for calf breed into contrasts of breeds of sire, breeds of cow and

crossbred versus straightbred calf. The effect of breed of sire on

all dependent variables was negligible (P<.10) and was not tabled.

Crossbred calves were heavier (P<.10) (206 versus 199 kg) at weaning.

This indicated level of heterosis (3.8 percent) was within the range

of estimates reported by Cundiff et al. (1974b), Gaines et al. (1966)

and Kincaid (1962) from studies of crosses among British breeds.

Crossbred calves could not be declared different from straightbreds

(P<.10), with respect to milk intake or cow-calf unit weaning

efficiency, although slight differences in absolute values of the

estimates in favor of the crossbreds were noted. Angus cows weighed

less (433 versus 488 kg), produced more milk (7.2 versus 6.1 kg) and

weaned heavier calves (210 versus 195 kg) than did Hereford cows.
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Angus cow units were more efficient (10.3 versus 11.4 kg TDN/kg calf

weight) in producing weaning weight than were Hereford cow units.

Cundiff (1970), Gaines et al. (1966) and Pahnish et al. (1969) also

reported that calves of Angus cows were similarly heavier at weaning

than were calves of Hereford cows. The superiority of Angus cows over

Hereford cows in milk production (18 percent) in the present study was

similar to that (15 percent) reported by Melton et al. (1967). These

results suggest that the larger Hereford cows used relatively more

feed for maintenance than did the smaller Angus cows. Angus cows

provided a more favorable maternal environment for preweaning growth

than did Hereford cows.

Results from the addition of certain cow and calf variables, as

covariates, to the basic model containing effects of year and calf

breed in analyses of cow-calf unit weaning efficiency and components

of weaning efficiency are shown in Tables 3 through 7. Year effects

were important (P<.001) in all analyses of dependent variables. Year

differences were assumed to include differences in samples of animals,

feed and, probably, subtle changes in feeding technique over time.

Interpretation of year differences was not attempted.

Models presented in Table 3 indicate that the major effect

(P<.001) on cow annual TON consumption was calf weaning weight. Milk

production and initial cow weight tended to be positively correlated

with cow annual TON consumption, but the correlation was small (P<.10).

Onks et al. (1975) and Marshall et al. (1976) reported similar corre

lations between cow weight and cow TON consumption. Without calf

weaning weight in the model, calf age was positively correlated (P<.05)
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with cow annual TDN consumption. This indicates that a major portion

of the relationship between calf weaning weight and cow TDN consumption

was due to length of lactation and direct consumption of cow diet by

the calf and not to cow traits jointly affecting calf weaning weight

and cow TDN consumption.

Calf TDN consumption (Table 4) was associated primarily with

undefined differences among years. Calf weaning age and weight were

associated (P<.01 and P<.001, respectively) with calf TDN consumption,

but the correlation was small, accounting for only 4 percent of the

variation in consumption. Small positive correlations (P<.10) between

milk production and calf TDN consumption were noted. With calf weaning

weight in the model, small negative correlations (P<.10) between milk

production and calf TDN consumption were observed.

Results of analyses of unit TDN consumption (Table 5) differed

from those of analyses of cow annual TDN and calf TDN consumption only

in that slight differences (P<.10) between Hereford and Angus cow units

were apparent in models containing regression on calf weight at weaning.

Hereford cow units consumed slightly more TDN than did Angus cow units.

Calf weaning weight, adjusted for differences in calf age, was

correlated positively (P<.001) with milk production (Table 6). Com

parison of models presented in Table 6 suggests that the difference in

weaning weights of calves of Hereford and Angus cows (Table 2, page 26)

is attributable largely to breed differences in milk production.

Marshall et al. (1976), Neville (1962) and Reynolds et al. (1978)

found similar relationships between calf weaning weight and milk pro

duction. In Table 6, the small positive correlation (P<.10) between
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calf weaning weight and initial cow weight (partial b = .055) is within

the range of estimates obtained from other studies. Neville (1962) and

Urick et al. (1971) reported comparable values of .07 and .013, respec

tively, for regression of progeny weaning weight on cow weight.

Partial regression coefficients from models relating cow and

calf variables to cow-calf unit weaning efficiency are shown in Table

7. Differences in calf breed were observed since Angus cow-calf units

had lower efficiencies (P<.001) than did Hereford cow-calf units. When

calf weaning weight or a combination of calf age and milk production

were included in the model, the effects of calf breed were reduced

(P>.10). Cow-calf units with older calves were more efficient (P<.001)

than were cow-calf units with younger calves. Cow-calf unit weaning

efficiency improved (P<.001) as milk production increased. This trend

for greater efficiency in higher milk producing cows agrees with

results of Kress et al. (1969) and Marshall et al. (1976). Differences

in calf age and milk production, with calf breed in the model, accounted

for 21.8 percent and 26.1 percent, respectively, of the variation in

cow-calf unit weaning efficiency. However, with calf weaning weight

in the model, milk production and calf age were less important sources

of variation. Variation in calf weaning weight accounted for 50.5 per

cent of the variation in cow-calf unit weaning efficiency. This value

is very similar to the 62 percent reported by Marshall et al. (1976)

if allowance is made for the difference in feeding methods in the two

studies. In the present study, animals were offered the diet ad

1ibitum, whereas, in the Marshall study, animals were fed to meet

estimated nutritive requirements.



CHAPTER IV

TON EFFICIENCY OF ANGUS AND HEREFORD COWS RAISING STRAIGHTBRED AND

RECIPROCAL CROSS CALVES AS AFFECTED BY COW AND CALF TRAITS AT

THE MOST EFFICIENT POINT AND AT 12 MM FAT THICKNESS

I. Summary

Mature Angus and Hereford cows raising straightbred and recip

rocal cross calves were individually fed during their lactations over

3 years. A total of 66 growth periods were observed. Calves were

individually fed a complete growing and finishing ration postweaning.

Unit TDN consumption included that consumed by the cow during the

12-month period preceding weaning and pre- and postweaning consumption

of the calf. Cow-calf unit efficiency defined as the ratio of unit

TDN to calf weight was determined biweekly from weaning to an age

beyond the most efficient point (MEP). Cow-calf unit efficiency, calf

age and calf weight were determined for endpoints of 12 mm fat cover

(12th rib) and MEP. Calf fat was determined at MEP. Postweaning

efficiency, postweaning ADG and daily postweaning TDN were determined

from weaning to MEP and 12 mm fat, respectively.

A one-unit decrease in weaning efficiency resulted (P<.001) in a

.14-unit average increase in daily post-weaning TDN at each endpoint. Younger

calves were associated (P<.10) with improved postweaning ADG. Differences

in postweaning efficiency due to breed of sire may actually be differences

in consumption relative to calf weight. Calf age and fat at the

respective endpoints were basically associated (P<.001) with undefined

35
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differences between years. When adjusted for calf weaning age cross-

breds were heavier (P<.05) than straightbreds, 505 versus 486 kg and

463 versus 440 kg, at MEP and 12 mm fat, respectively. Increased calf

weight at each respective endpoint was associated more (P<.10) with

calf variables at weaning than with actual sire differences.

Calves of Hereford sires were more efficient (P<.10) than

calves of Angus sires at each respective endpoint. This difference

was not explained by the addition of covariates to the model. Calf

weight at each respective endpoint, adjusted for differences in calf

weaning age, was negatively correlated (P<.05) with cow-calf unit

efficiency. Cow-calf unit efficiency at each endpoint tended to

improve (P<.10) as daily milk production increased. Younger calves at

each endpoint tended to be more efficient than older calves. Calves

of smaller cows were more efficient at MEP (P<.05) and at 12 mm fat

(P<.10) than were calves of larger cows.

II. Introduction

Most studies of feed efficiency are reported from the post-

weaning phase. Fewer studies of feed efficiency of the cow-calf pair

or production system (Koch et al., 1963; Kress et al., 1969; Klosterman

et al., 1968; Long et al., 1975; Onks, 1976) have been reported. These

studies have generally indicated that overall nutritional efficiency

is related to a complex set of variables associated with character

istics of the cow, calf and production system. These studies have

employed feeding to satisfy accepted levels of nutritional requirements
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or have utilized modeling techniques based on parameters estimated from

accumulated data.

Ample research has documented that crossbred calves gain faster

and produce heavier weights than straightbreds, establishing cross

breeding as an accepted segment of the beef industry (Long and Gregory,

1975; Olson et al., 1978). Little research has been conducted com

paring the overall nutritional efficiency of the two mating systems.

Since crossbreeding is a more difficult system to incorporate into the

small herds, the benefits of crossbreeding would need to be high enough

to offset additional money and labor related to this system. Comparison

of straightbred cows raising straightbred and crossbred calves beyond

weaning would allow producers to compare the mating systems in overall

nutritional efficiency. Also, this research may determine cow-calf

traits that effect production efficiency beyond weaning.

The purpose of this study was to compare, under unrestricted

feeding levels, the nutritional efficiency of mature Angus and Hereford

cows raising straightbred and crossbred calves at their most efficient

point and at 12 mm fat. Secondly, this study was designed to evaluate

the effects of measurable cow-calf characteristics on nutritional

efficiency at each respective endpoint postweaning.

III. Materials and Methods

Source of data. Data from 66 lactations of mature Angus and

Hereford cows (4 to 13 years of age) raising straightbred and recip

rocal cross calves were obtained over a three-year period. Cows were

assembled from three herds of The University of Tennessee Agricultural
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Experiment Station and were assumed to be representative of the vari

ation in size and maternal ability present in these herds. Angus and

Hereford sires were considered to be representative of bulls used in

the University herds.

Cows were calved on pasture. At the end of the calving season

each spring, 24 cows with male calves were selected and randomly

assigned to individual feeding pens when the calves were about 6 weeks

of age. Pens were designed such that the calf had access to an indi

vidual creep feeder and to the cow's feed. Cows and calves were kept

in the pens during the day and in dirt exercise lots at night. Six

Hereford and six Angus cows with their respective straightbred or

crossbred calves were assigned to each lot. Calves were castrated

about 3 weeks after cows and calves were placed in individual pens.

Cows remained in the individual feeding pens until weaning of the

calves. Data from six cow-calf units were deleted from the study due

to death or serious illness of an animal. Calves were weaned about

the same time each year at an average age of 247 days.

Cows were offered, ad libitum, diets of grass silage. The

silage consisted of grass-legume mixtures. Orchardgrass (Dactylis

qlomerata L.), red clover (Trifolium pratense L.) and timothy (Phleum

pratense L.) were the component forages of the silage and were

available in varying percentages over the four-year period. The

silages were quite homogeneous within year being harvested from one

meadow at one time, but specie composition and maturity varied from

year to year due to varying weather conditions. The basic silage diet

was fortified with energy by adding alfalfa pellets (alfalfa, aerial
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pt, dehy grnd, pelleted, mn 17 prot, IFN 1-00-023) as a percentage of

forage consumed, to a level estimated to be sufficient to maintain cow

condition equivalent to that of comparable cows on pasture. Calves

were allowed access to the alfalfa pellets as a creep from approxi

mately 80 days of age until weaning.

Following weaning each year, calves were individually fed, ad

libitum corn silage (IFN 3-08-154) and 2.73 kgs daily of a concentrate

mixture composed of 86 percent corn (IFN 4-02-914) and 14 percent cotton

seed meal (IFN 5-01-621) for about 160 days. At this time, the calves

were individually offered ad libitum, a high energy growing and

finishing ration. This diet was composed of: 59 percent corn

(IFN 4-02-915), 10 percent cottonseed meal (IFN 5-01-621), 20 percent

cottonseed hulls (IFN 1-01-599), 5 percent molasses (IFN 4-04-696),

3 percent dehydrated alfalfa pellets (IFN 6-02-632), 2 percent animal

fat (IFN 4-00-409), .5 percent ground limestone (IFN 6-02-632) and .5

percent salt.

Total digestible nutrient (TON) content of the forages and

growing-finishing ration fed were calculated from NRC (1976). Hence,

TON units presented are considered to be relative and not absolute

values. Representative feed samples collected periodically were eval

uated by in vitro dry matter digestion trials (Tilley and Terry,

1963). TON values derived from these trials were similar to the

calculated NRC estimates.

Data collection. Cows were weighed, and fat thickness estimates

(ultrasonic, between 12th and 13th rib) were taken monthly for the

first 2 years and biweekly during the remaining 2 years of the study.
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Daily TON consumptions were summed over the test period (about

200 days) and averaged for each cow-calf pair. This average consump

tion was multiplied by age of calf to estimate the TDN consumed from

birth of the calf to initiation of the trial. Consumption of the cow

from weaning of her previous calf to birth of the calf on test was

estimated by assuming that she was fed during the winter at a level

to meet NRG requirements (1976) for maintenance during the third

trimester of pregnancy. Estimates of TDN consumption during the third

trimester of pregnancy were adjusted for cow weight changes (Knott

et al., 1934).

Cow TDN was a 12-month estimate of yearly TDN derived as the sum

of the measured consumption during lactation plus an estimate of her

intake for the remainder of the year based on production requirements.

Unit TDN was the sum of the cow TDN and calf TDN. Unit weaning effi

ciency was calculated as the ratio of unit TDN to actual unadjusted

calf weight at weaning. Fat thickness was sonorayed (ultrasonic, 12th

rib) at weaning.

Milk production estimates were determined monthly for the first

2 years and biweekly during the remaining 2 years by the weigh-suckle-

weigh method following 12 hour separation. Twelve-hour milk production

estimates were adjusted to 24-hour milk production estimates (Neville

et al.. 1974). Daily milk yields were regressed on number of days in

lactation and the function integrated to estimate production for each

cow. Milk production between calving and initiation of the trial was

estimated from calf gain (NRC, 1976). These two estimates were then

summed for total milk production. Average milk production was
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calculated as the ratio of total milk production to number of days in

lactation.

Initial cow weight and cow height were taken when the cows were

alloted for the test initiation in the spring. Each was adjusted to

remove variation due to differences between station herds of origin

and variation due to differences in year and calf age.

Following weaning, calves were weighed and sonorayed (ultra

sonic, 12th rib) biweekly. The TDN consumption of each calf (biweekly)

was added to the unit TDN consumption of the cow and calf. Biweekly

estimates of feed efficiency from weaning to slaughter were calculated

as the ratio of unit TDN consumption to calf weight. Calves were

slaughtered when the biweekly ratios indicates that they were well

beyond their point of maximum efficiency.

The most efficient point (MEP) of the individual calf was

determined as the minimum of a second-order polynomial fitted through

the biweekly efficiency ratios. Calf age at MEP was obtained by

taking the derivative of this polynomial, setting the derivative equal

to zero and solving the equation. Using calf age at MEP, second-order

polynomials fitted through biweekly weights and fat thickness estimates

(ultrasonic, 12th rib) were used to determine weight and fat at MEP.

Age at 12 irm fat thickness of the individual calf was determined from

solution of a second-order polynomial predicting fat thickness. This

age was used to determine weight and efficiency at 12 mm fat thickness.

Postweaning ADG was calculated as the ratio of weight gain to the

number of days fed postweaning from weaning to each endpoint,

respectively. Postweaning efficiency was calculated as the ratio of
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postweaning TDN consumed to postweaning gain from weaning to each

endpoint, respectively. Daily postweaning TDN was calculated as the

ratio of postweaning TDN consumed to the number of days fed post

weaning from weaning to each endpoint, respectively.

Analyses of data. Preliminary analyses were performed to

determine relationships of initial cow and calf variables with sub

sequent calf performance at the respective endpoints and to describe

the sample of animals. Factor analyses were performed on a within

year-calf breed basis and were used to test for redundancies among

descriptive measurements and to describe the sample of animals. Multi

ple regression procedures were used to relate cow and calf traits to

seven dependent variables at each respective endpoint: cow-calf

unit efficiency, calf weight, calf fat, calf age, postweaning effi

ciency, postweaning ADG and daily postweaning TDN consumption. The

basic models for analyses of these data included effects of year and

calf breed. Calf breed, with 3 degrees of freedom, was partitioned

into orthogonal contrasts comparing (1) straightbred and crossbred

calves, (2) breeds of sire and (3) breeds of cow. Additional variables

included as covariates in the model were calf age at weaning, calf

weight at weaning, calf fat at weaning, cow weight, average milk pro

duction, unit weaning efficiency, postweaning ADG, postweaning ADG

relative to metabolic calf midweight, postweaning ADG relative to

metabolic cow weight, daily postweaning TDN, daily postweaning TDN,

daily postweaning TDN relative to metabolic calf midweight and post

weaning days on feed.
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IV. Results and Discussion

Means and standard deviations of cow and calf variables are

shown in Tables 8, 9, and 10 to provide a general description of the

data. Crossbred calves were heavier at weaning and tended to be more

efficient. Hereford cows were heavier at the initiation of the trial

but produced less milk per day than did Angus cows. Calves of Angus

cows were heavier at weaning and the Angus cow-calf units were more

efficient than Hereford cow-calf units. There were no observable dif

ferences in the traits measured at weaning due to breed of sire.

Crossbred calves were heavier at MEP, gained more postweaning, con

sumed more TON to MEP and tended to be slightly more efficient as a

cow-calf unit. Calves of Hereford cows were heavier, older and fatter

at MEP than were calves of Angus cows. There were small differences

in efficiency, gain and consumption postweaning to MEP associated with

breed of cow. Calves of Hereford sires were heavier at MEP and tended

to be more efficient as a cow-calf unit. Calves of Angus sires

consumed more TON, gained less and were less efficient than calves of

Hereford sires postweaning. Crossbred calves were heavier and tended

to be more efficient at 12 mm fat than were straightbred calves.

Crossbred calves consumed more TON and gained more postweaning to 12 mm

fat than did straightbred calves. Calves of Angus cows were heavier

and more efficient as a cow-calf unit at 12 mm fat than were calves

of Hereford cows. Although there was no noticeable difference in gain

postweaning to 12 mm fat, calves of Hereford cows consumed less TON

and were more efficient than calves of Angus cows. Calves of Hereford

sires were heavier at 12 mm fat and more efficient as a cow-calf unit
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than were Angus sired calves. Calves of Angus sires consumed more TDN

postweaning to 12 mm fat, but gained less and were less efficient.

Factor analyses were performed on a within year-calf breed

basis for each endpoint group. These analyses were used to test for

redundancies among descriptive measurements and to describe the sample

of calves. Results from these analyses can be found in Tables 11 and

12.

Table 11 shows the rotated factor pattern for traits at weaning

and MEP. The first factor of the analysis explained 53 percent of the

correlation structure. Calf age at MEP, efficiency at weaning, unit

consumption to MEP, postweaning gain and days on feed to MEP, and ADG

postweaning relative to metabolic calf midweight received high positive

loadings while calf age, weight and fat at weaning, milk production

and metabolic calf midweight postweaning received high negative

loadings. The second factor, explaining an additional 23 percent of

the correlation structure, may be considered a factor associated with

high consumption and high relative consumption unfavorably related to

efficiency at MEP and postweaning efficiency. Factor 3 explained an

additional 12 percent of the correlation structure with high positive

loadings for calf fat at MEP, cow weight and cow height, while post

weaning ADG and relative postweaning ADG to metabolic calf midweight

and cow weight received high negative loadings. Factor 4 explained

an additional 10 percent of the correlation structure with a high

positive loading for calf weight at MEP and a moderate negative loading

for efficiency at MEP.

Table 12 is the rotated factor pattern for traits at weaning



Table 11. Rotated Factor Pattern of Cow and Calf Variables Within
Year-Calf Breed Groups at MEP
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Factor loadings'

Variables 1 2 3 4

Efficiency at MEP .45 .85 -.07 -.24

Calf fat at MEP -.51 .28 .77 .21

Calf weight at MEP -.16 -.09 .08 .97

Calf age at MEP .68 -.43 .53 .00

Postweaning efficiency to MEP -.29 .89 .09 -.27

Postweaning ADG to MEP .29 .26 -.75 .53

Daily postweaning TDN to MEP .01 .87 -.46 .17

Calf age at weaning -.83 .01 .51 .11

Calf weight at weaning -.93 .05 .29 .23

Unit TDN consumption at weaning -.21 .90 .19 .31

Efficiency at weaning .94 .21 -.23 -.11

Calf fat at weaning -.79 -.13 .58 .13

Cow weight -.06 .05 .74 .63

Cow height -.33 -.50 .75 .25

Average milk production -.90 -.33 .29 .12

Unit TDN consumption to MEP .77 .54 -.25 .09

Postweaning gain to MEP .91 -.11 -.28 .27

Postweaning days to MEP

mcm''
.92 -.33 .15 -.05

-.79 .01 .25 .55

ADG postweaning/MCM .68 .16 -.69 .10

ADG postweaning/MCW^ .23 .13 -.96 -.06

Daily postweaning TDN/MCM .34 .78 -.51 -.09

Cumulative portion .53 .76 .88 .98

Principal axis method, varimax rotation.

^Metabolic calf midweight.
'Metabolic cow weight.
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Table 12. Rotated Factor Pattern of Cow and Calf Variables Within
Year-Calf Breed Groups at 12 mm Fat Cover

Factor loadings^
Variables 1 2 3 4

Efficiency at 12 mm .28 .89 -.34 -.12

Calf weight at 12 mm .69 -.25 .61 .29

Calf age at 12 mm .92 -.22 .09 .28

Postweaning efficiency to 12 mm -.34 .79 -.43 .22

Postweaning ADG to 12 mm .41 .16 .89 .07

Daily postweaning TON to 12 mm .15 .84 .47 .25

Calf age at weaning -.95 -.10 -.13 -.15

Calf weight at weaning -.99 -.05 .06 -.13

Unit TON consumption at weaning -.36 .85 .00 -.39

Efficiency at weaning .95 .29 -.07 -.04

Calf fat at weaning -.90 -.26 -.20 -.27

Cow weight -.30 -.06 -.11 -.95

Cow height -.50 -.63 -.23 -.49

Average milk production -.91 -.41 .02 -.03

Unit TON consumption to 12 mm .91 .09 .23 .31

Postweaning gain to 12 mm .92 -.11 .30 .23

Postweaning days to 12 mm .95 -.15 .11 .25

mcm'^ -.39 -.36 .83 .19

ADG postweaning/MCM .76 .41 .49 -.05

ADG postweaning/MCW^ .44 .12 .59 .66

Daily postweaning TDN/MCM .27 .95 .05 .15

Cumulative portion .57 .80 .93 .99

^Principal axis method, varimax rotation.
'^Metabolic calf midweight
^Metabolic cow weight.
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and 12 mm fat. The first factor of the analysis explained 57 percent

of the correlation structure. Calf weight and age at 12 mm fat, effi

ciency at weaning, unit consumption to 12 mm fat, postweaning gain and

days on feed to 12 mm fat and ADG postweaning relative to metabolic

calf midweight received high positive loadings, while calf age, weight

and fat at weaning and milk production received high negative loadings.

Factor 2 explained an additional 23 percent of the correlation

structure and like factor 2 for the traits at weaning and MEP,

described differences relating high consumption to poor efficiency.

The third factor explained an additional 13 percent of the correlation

structure and, like factor 4 for the traits at weaning and MEP, may

be described as a weight and gain factor. Calf weight at 12 mm, post

weaning ADG to 12 mm, metabolic calf midweight and ADG postweaning

relative to metabolic cow weight received high positive loadings.

Factor 4 explained an additional 6 percent of the correlation structure,

with a high negative loading for cow weight, a moderate negative

loading for cow height and a moderate positive loading for ADG post

weaning relative to metabolic cow weight.

Results from the addition of certain cow and calf variables,

as covariates, to the basic model containing effects of year and calf

breed in analyses of efficiency and components of efficiency at each

respective endpoint are shown in Tables 13 through 32. Preliminary

analyses indicated no significant calf breed effects on calf age at

either endpoint or on calf fat at MEP; thus, calf breed was omitted

from those models.
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Table 23. Partial Regression Coefficients and Least-Squares Means
for Calf Fat at MEP

Models

Most efficient point

Trait 1 2 3 4

Intercept 11.73 12.51 23.08 -8.30

Calf weaning age .024 .072 .009 .061

Calf weaning weight - .061*

Milk production^ -1.289*

Weaning efficiency^ .979*

Year

1976 19.8 20.9 21.9 20.8

1978 14.2 12.9 12.8 13.6

1979 17.7 17.7 16.6 17.2

2®r'^ 1.0 5.0 7.0 6.0

Calf fat at the ratio of total cow and calf TON consumption to
calf weight at each respective endpoint.

^Average daily milk production.
^Ratio of total cow and calf TON consumption to calf weaning

weight.

"^Symbols above a mean indicate level of significance for the
class of effects.

®A11 models contained a year effect, accounting for 20% of the
variation in the dependent variable. r2 is the additional variation in
the dependent variable accounted for by the additional independent var
iables included.

*P<.05; **P<.01.
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Daily postweam'ng TDN« Models presented in Tables 13 and 14

(pages 50 and 52) indicate that year differences accounted for 32 and

18 percent of the variation in daily postweaning TON to MEP and 12 mm

fat, respectively. The major covariate effect (P<.001) on daily post

weaning TON was weaning efficiency to each respective endpoint.

Weaning efficiency, adjusted for calf weaning age differences,

accounted for 11 and 16 percent of the variation in daily postweaning

TON to MEP and 12 mm fat, respectively. Calf weaning weight, adjusted

for calf weaning age differences, was positively correlated (P<.01)

with daily postweaning TON to each respective endpoint. Daily post

weaning TDN tended to increase (P<.10) as daily milk production of the

cow increased. Orthogonal comparisons of calf breed (Table 14, page

52) indicate that crossbreds consumed more daily postweaning TDN

(P<.10) to each respective endpoint than did straightbreds, except

when calf weaning weight was included in the model. This suggests

that the increased consumption of crossbreds were largely the result

of heavier weights and not due to heterosis effects. Gregory et al.

(1966b) reported similar findings between heterosis effects and

average daily postweaning TDN consumption, but before and after the

adjustment for the effects of weight. Calves of Angus sires consumed

(P<.10) more daily postweaning TDN to both endpoints than did calves

of Hereford sires when calf weaning weight, daily milk production or

weaning efficiency were added to the model. This disagrees with Olson

et al. (1978) who reported 1074 and 1092 kgs of TDN consumed on a time

constant postweaning basis for Angus and Hereford sired calves,

respectively.
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Postweaning ADG. Models presented in Tables 15 and 16 (pages 53

and 54) indicate that the major covariate effect (P<.10) on postweaning

ADG was calf weaning age. Younger calves at weaning tended to have

slightly higher postweaning ADG; however, the correlations were small

accounting for only 4 and 6 percent of the variation in postweaning ADG

to MEP and 12 mm fat, respectively. Although calf weaning weight had

no appreciable effects (P<.10) on postweaning ADG, heavier calves at

weaning tended to have slightly higher postweaning ADG to MEP.

Christian et al. (1965), Dinkel and Busch (1973) and Nelson and Kress

(1979) reported similar trends between calf weaning weight and post

weaning ADG. Observation of the orthogonal comparisons (Table 16, page

54) of most models shown indicate the superior postweaning ADG (P<.05)

to each endpoint of crossbred calves. Previously, Long and Gregory

(1975) and Olson et al. (1978) reported similar heterosis effects for

postweaning ADG. It was noted, however, that with calf weaning age,

weight and fat simultaneously added to the basic model that the effect

of heterosis on postweaning ADG to 12 mm fat was reduced. Year effects

accounted for 12 and 6 percent of the variation present in postweaning

ADG to MEP and 12 mm fat (P<.05), respectively.

Postweaning efficiency. Models presented in Tables 17 and 18

(pages 55 and 56) indicate the effects of cow and calf covariates on

postweaning efficiency (POEFF). Older calves at weaning tended to have

higher (P<.05) postweaning efficiency to each respective endpoint;

however, the addition of either calf weaning weight or weaning effi

ciency to the model reduced the effects. This suggests that the

effects of age on postweaning efficiency was due largely to associated
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variation in weaning weight or weaning efficiency rather than to a

relationship with age. Calf weaning weight was positively correlated

(P<.01) with postweaning efficiency to each respective endpoint. Dinkel

and Busch (1973) reported that weaning weight was highly positively

correlated with feed efficiency. However, in contrast, Christian

et al. (1965) and Kress (1977) reported that heavier weaning calves

were slightly less efficient postweaning. More efficient calves at

weaning were less efficient (P<.01) postweaning to each respective

endpoint. A small positive correlation was noted (P<.05) between daily

milk production and postweaning efficiency to both endpoints. The

orthogonal comparisons (Table 18, page 56) indicate a sire difference

in postweaning efficiency. Calves of Hereford sires were more effi

cient (P<.05) at each respective endpoint; however, this difference was

greater postweaning to MEP. The covariates tended to account for more

of the differences in variation in postweaning efficiency to 12 mm fat.

Tables 19 and 20 (pages 57 and 58) indicate the effects of calf post

weaning traits on postweaning efficiency. Postweaning ADG relative to

metabolic calf midweight was negatively correlated (P<.001) with post

weaning efficiency to MEP and 12 mm fat and explained an additional 18

and 42 percent, respectively, of the variation above the basic model.

Although each other covariate added to the model was highly significant

the correlations between them and postweaning efficiency to MEP were

small accounting for less than 6 percent of the variation in each

model. Both postweaning ADG and postweaning ADG relative to cow

metabolic weight were negatively correlated (P<.001) with postweaning

efficiency to 12 mm fat and each accounted for 26 percent of the
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variation. Daily postweaning TDN was positively correlated (P<.001)

with postweaning efficiency to each respective endpoint. Calves of

Hereford sires were more efficient (P<.01) to each respective endpoint

(Table 20, page 58) than were calves of Angus sires. This agrees with

findings of Ellersieck et al. (1977) when they reported feed effi

ciencies of 7.95 and 7.70 for Angus sired and Hereford sired calves,

respectively, that grazed about 170 days after weaning and then were

placed in the feedlot for 140 days. Postweaning efficiency to MEP

showed no differences due to breed of sire when daily postweaning TDN

or daily postweaning TDN relative to metabolic calf midweight was

included in the model. This suggests that differences in postweaning

efficiency due to breed of sire may actually be differences in con

sumption relative to calf weight. The addition of postweaning ADG

relative to metabolic cow weight to the basic model of each endpoint

indicated that calves of Hereford cows were more efficient (P<.01) than

were calves of Angus cows.

Calf age. Year differences were the major source of variation

describing calf age to 12 mm fat (80 percent), but accounted for only

5 percent of the variation in calf age at MEP. Tables 21 and 22 (pages

59 and 60) indicate that older calves at weaning were older at MEP

(P<.10) and at 12 mm fat (P<.001) accounting for 4 and 8 percent of the

differences in variation above the basic model. Calf weaning weight

was negatively correlated (P<.01) with calf age at each respective

endpoint. The effect of daily milk production at each endpoint was

negative; however, more of the variation in calf age at MEP was

accounted for by daily milk production (17 percent versus 1 percent)
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than in variation at 12 mm fat. Calves with higher efficiencies at

weaning were older (P<.001) at MEP. This same trend existed for calf

age at 12 mm fat; however, the correlation was less pronounced.

Calf fat. Calf fat at MEP was associated (P<.001) primarily

with undefined differences in year. In Tables 23 and 24 (pages 61 and

62) weaning weight and daily milk production were negatively correlated

(P<.05) with calf fat at MEP, but the correlations were small accounting

for only 4 and 6 percent of the differences in variation, respectively.

A small positive correlation (P<.05) was noted between weaning effi

ciency and calf fat at MEP. This suggests that calves with higher

efficiencies at weaning were fatter at MEP; however, this correlation

was small accounting for about 6 percent of the variation in calf fat

at MEP.

Calf weight. Models presented in Tables 25 and 26 (pages 63 and

64) indicate the effects of cow and calf covariates at each respective

endpoint. Calf weaning weight, adjusted for differences in calf

weaning age, was positively correlated with calf weight at MEP (P<.05)

and with calf weight at 12 mm fat (P<.001). Nelson and Kress (1979),

observing Angus and Hereford calves, reported that weaning weight was

genetically correlated (.73) with final weight. Fatter calves at

weaning, adjusted for calf weaning age and weight, tended to weigh

less (P<.10) at MEP. Calves with lower efficiencies at weaning were

heavier (P<.001) at 12 mm fat, accounting for about 12 percent of the

variation. The same trend was noticeable between weaning efficiency

and calf weight at MEP; however, the differences in variation explained
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was negligible (P<.10). An increase in daily milk production was

associated with increased calf weight at 12 mm fat (P<.05) but not at

MEP (P<.10). Crossbreds were generally heavier (P<.10) than straight-

breds; however, with the addition of calf weaning weight or weaning

efficiency to the model of calf weight at MEP, the differences in

breed of calf were removed. This suggests that the heterosis effects

are more clearly seen on younger calves and that differences in older

calves are more related to relative weights and efficiencies at weaning.

Long and Gregory (1975) reported that heterosis effects were higher on

calves with a higher rate of gain, on calves measured at younger ages

or both. Calves of Hereford sires were heavier (P<.10) at 12 mm fat

than calves of Angus sires, unless daily milk production was included

in the model. In Tables 27 and 28 (pages 65 and 66), all postweaning

covariates included in the models were positively related (P<.001) to

calf weight at MEP. Postweaning days, adjusted for differences in

postweaning ADG and postweaning ADG relative to metabolic cow weight,

accounted for 67 and 62 percent of the variation in calf weight at MEP,

respectively. Year effects were small (P<.10) in describing calf

weight at MEP. An increase in postweaning ADG resulted (P<.001) in

increased calf weight at each respective endpoint. Dinkel and Busch

(1973) and Kress (1977) have shown similar results between postweaning

ADG and final weight. Calves of Hereford cows were heavier (P<.05)

at MEP than calves of Angus cows when the model was adjusted for post

weaning ADG relative to metabolic cow weight. This suggests that

calves of Hereford cows gain more relative to cow weight than do

calves of Angus cows. Crossbred calves were heavier (P<.10) at 12 mm

fat than were straightbreds, but there were no differences in calf
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weights at MEP. This suggests that crossbreds were gaining faster

than straightbreds until some point between 12 mm fat and MEP.

Olson et al. (1978) reported that crossbreds tended to gain more

rapidly than straightbreds during a weight-constant feeding period,

but slowed in growth relative to their weight. Calves of Hereford

sires were heavier (P<.10) at 12 mm fat than calves of Angus sires

unless the model was adjusted for differences in postweaning ADG.

This suggests that the advantage of the calves of Hereford sires in

calf weight at 12 mm fat was due to the faster postweaning ADG of

Hereford sired calves.

Cow-calf unit efficiency. Models relating cow and calf variables

to cow-calf unit efficiency at the two respective endpoints are shown

in Tables 29 through 34 (pp. 67-70, 78, 79). Tables 29 and 30 model 1,

calves of Hereford sires (7.42 and 7.59 at MEP and 12 mm fat) were more

efficient (P<.01) than calves of Angus sires (7.80 and 7.94 at MEP and

12 mm fat). This breed of sire difference was not explained by the

addition of any of the covariates to the models. Ellersieck et al.

(1977) reported similar results for feed efficiencies of calves of

Angus and Hereford sires in a similar management system. Undefined

year effects were correlated (P<.001) with cow-calf unit efficiency

and accounted for 34 and 28 percent of the differences in variation at

MEP and 12 mm fat, respectively. Calf weaning weight, adjusted for

differences in calf weaning age, was negatively correlated (P<.05)

with cow-calf unit efficiency at each respective endpoint. Calves of

smaller cows were more efficient (P<.10) than calves of larger cows at

each respective endpoint. Several researchers have shown this same



Ta
bl

e 
33
. 

Pa
rt
ia
l 

Re
gr
es
si
on
 C
oe
ff
ic
ie
nt
s 

an
d 

Le
as

t-
Sq

ua
re

s 
Me

an
s 
fo
r 
Co
w-
Ca
lf
 U
ni

t 
Ef

fi
ci

en
cy

a
t
 
M
E
P
 
a
n
d
 
1
2
 
m
m
 
F
a
t
 
C
o
v
e
r

M
o
d
e
l
s
 
a
t
 e
n
d
p
o
i
n
t
s

1
2
 i

nn
 f
a
t
 c
o
v
e
r

T
r
a
i
t

1
2

3
4

5
1

2
3

4

I
n
t
e
r
c
e
p
t

7
.
9
8

8
.
9
6

6
.
5
7

9
.
9
7

5
.
6
1

5
.
9
8

9
.
1
8

6
.
4
8

5
.
3
5

Ca
lf

 a
g
e
 a
t
 e
nd

po
in

t
.
0
0
1

.
0
0
4
*
*

.
0
0
5
*
*

.
0
0
2

-
.
0
0
1

.
0
0
5

.0
06

^
.
0
0
7

.
0
0
1

Ca
lf

 w
ei

gh
t 
at
 e
nd

po
in

t
-
.
0
0
6
*
*
*

-
.
0
0
6
*
*
*

-
.
0
0
7
*
*
*

-
.
0
0
8
*
*
*

-
 0
0
9
*
*
*

Co
w 

we
ig
ht
''

.
0
0
4
*

.0
05
''

C
a
l
f
 f
a
t
 a
t
 e
n
d
p
o
i
n
t

.
0
2
5

Po
st

we
an

in
g 
ef

fi
ci

en
cy

*"
.
4
8
0
*
*
*

.
4
1
8
*
*
*

C
a
l
f
 
b
r
e
e
d

*
*
*

*
*

*
*

*
*

*
*

H
H

7
.
5
2

7
.
4
8

7
.
3
6

7
.
4
9

7
.
6
6

7
.
7
2

7
.
6
7

7
.
5
4

7
.
8
1

A
A

7
.
8
1

7
.
7
1

7
.
8
5

7
.
6
9

7
.
6
7

7
.
9
6

7
.
8
3

7
.
9
6

7
.
8
4

H
A

7
.
3
0

7
.
4
1

7
.
4
9

7
.
4
1

7
.
3
4

7
.
4
1

7
.
5
7

7
.
6
5

7
.
4
5

A
H

7
.
7
7

7
.
7
9

7
.
7
0

7
.
8
0

7
.
7
1

7
.
9
3

7
.
9
4

7
.
8
6

7
.
9
1

Y
e
a
r

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

*
*
*

1
9
7
6

7
.
2
3

1
.
2
6

7
.
1
7

7
.
2
0

7
.
2
4

7
.
6
2

7
.
4
8

7
.
4
2

7
.
5
1

1
9
7
8

7
.
5
4

7
.
4
6

7
.
5
6

7
.
5
7

7
.
6
5

7
.
3
9

7
.
5
9

7
.
6
4

7
.
6
2

1
9
7
9

8
.
0
4

8
.
0
7

8
.
0
7

8
.
0
3

7
.
9
0

8
.
2
6

8
.
2
0

8
.
2
1

8
.
1
4

2®
1
.
0

1
3
.
0

1
6
.
0

1
4
.
0

1
6
.
0

1
.
0

1
7
.
0

2
0
.
0

1
7
.
0

®R
at

io
 o
f 
to
ta
l 

co
w 
an

d 
ca
lf
 T
DN

 c
on
su
mp
ti
on
 t

o 
ca

lf
 w
ei
gh
t 
at

 e
ac

h 
re
sp
ec
ti
ve
 e
nd

po
in

t.
''
Ad
ju
st
ed
 f
or

 d
if

fe
re

nc
es

 i
n 
ye
ar
, 
fa
rm
 o
f 
or

ig
in

 a
nd

 c
al
f 
ag
e.

^R
at
io
 o
f 

po
st
we
an
in
g 
TD
N 
co

ns
um

ed
 t
o 

po
st
we
an
in
g 
fr

om
 w
ea
ni
ng
 t
o 
ea
ch
 r

es
pe
ct
iv
e 
en
dp
oi
nt

''
sy
mb
ol
s 
ab
ov
e 
a 

me
an

 i
nd

ic
at

e 
le
ve
l 
of
 s
ig
ni
fi
ca
nc
e 
fo

r 
th
e 
cl

as
s 
ef
fe
ct
s.

®A
11

 
mo
de
ls
 c
on

ta
in

ed
 t

er
ms

 f
or
 y
ea
r 
an
d 
ca
lf
 b
re

ed
, 
ac
co
un
ti
ng
 f
or
 3
4.

0 
an
d 
14
.0
 p
er
ce
nt
 a
t 
HE
P,
 r
es

pe
ct

iv
el

y,
 a
nd

ce
nt

 a
t 
1
2
 m
n 
fa
t 

re
sp

ec
ti

ve
ly

, 
of
 v

ar
ia

ti
on

 i
n 
th

e 
de
pe
nd
en
t 
va
ri
ab
le
,

by
 t

he
 a
dd
it
io
na
l 

in
de

pe
nd

en
t 

va
ri

ab
le

s 
in

cl
ud

ed
.

t
P
<
.
1
0
;
 *
P
<
.
0
5
;
 *
*
P
<
.
0
1
;
 *
*
*
P
<
.
0
0
1
.

2
8
.
0
 a
md

 
1
6
.
0
 p
er
-

R
2
 i
s
 t
h
e
 a
dd

it
io

na
l 

v
a
r
i
a
t
i
o
n
 
in

 
t
h
e
 d
e
p
e
n
d
e
n
t
 v
a
r
i
a
b
l
e
 a
c
c
o
u
n
t
e
d
 
f
o
r

0
0



Ta
bl

e 
3
4
.
 
An
al
ys
is
 o
f
 
Va

ri
an

ce
 f
o
r
 C
ow

-C
al

f 
Un

it
 E
ff

ic
ie

nc
y 
a
t
 M
EP
 
an

d 
1
2
 m
m 
F
a
t
 C
ov

er

M
o
d
e
l
s
 a
t
 e
n
d
p
o
i
n
t
s

M
o
s
t
 e
f
f
i
c
i
e
n
t
 
p
o
i
n
t

T
2
 m
m
 
f
a
t
 c
o
v
e
r

1
2

3
4

5
1

2
3

4

T
r
a
i
t

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

d
f

M
S

Y
e
a
r

2
3
.
4
8
*
*
*

2
3
.
5
9
*
*
*

2
3
.
8
6
*
*
*

2
3
.
6
2
*
*
*

2
2
.
4
0
*
*
*

2
3
.
4
0
*
*
*

2
3
.
1
2
*
*
*

2
3
.
3
5
*
*
*

2
2
.
3
2
*
*
*

Ca
lf

 a
g
e
 a
t
 e
nd
po
ln
t

1
.
0
2

1
1
.
2
3
*
*

1
1
.
5
2
*
*

1
.
1
1

1
.
0
3

1
.
3
7

1
.5
4^

1
.
7
6
*

1
.
0
2

Ca
lf

 w
ei

gh
t 
a
t
 e
nd
po
ln
t

1
2
.
5
4
*
*
*

1
2
.
7
8
*
*
*

1
2
.
7
9
*
*
*

1
3
.
5
4
*
*
*

1
3
.
8
0
*
*
*

Co
w 

we
ig
ht
''

1
.
5
5
*

1
.5

2^
Ca

lf
 f
a
t
 a
t
 e
nd
po
ln
t

1
.
2
7

Po
st

we
an

in
g 

ef
fi

ci
en

cy
'"

1
3
.
2
8
*
*
*

1
3
.
4
9
*
*
*

C
a
l
f
 
b
r
e
e
d

3
.
9
5
*
*

3
.
5
3
*

3
.
6
2
*
*

3
.
5
2
*

3
.
4
9
*

3
1
.
0
9
*
*

3
.
4
4
*

3
.
4
8
*

3
.
7
1
*
*

St
ra
lg
ht
br
ed
 
vs

c
r
o
s
s
b
r
e
d
d

1
.
2
9

1
.
0
0

1
.
0
0

1
.
0
0

1
.
3
2

1
.
4
4

1
.
0
0

1
.
0
0

1
.
3
5

H
 
s
i
r
e
 
v
s
 
A
 
s
i
r
e

1
2
.
3
8
*
*
*

1
1
.
4
9
*
*

1
1
.
8
4
*
*
*

1
1
.
4
0
*
*

1
.
5
1
*

1
2
.
3
5
*
*

1
1
.
1
1
*
*

1
1
.
4
3
*
*

1
.
9
2
*

H 
co
w ̂
 A
 c
ow

1
.
1
3

1
.
0
9

1
.
1
3

1
.
1
2

1
.4
9^

1
.
3
1

1
.
1
8

1
.
0
8

1
.
6
9
*

R
e
s
i
d
u
a
l

5
9

.
1
8

5
8

.
1
4

5
7

.
1
3

5
7

.
1
4

5
8

.
1
2

5
9

.
2
1

5
8

.
1
5

5
7

.
1
4

5
8

.
1
5

Ra
ti

o 
of
 t
ot

al
 c

ow
 a
nd
 c
al

f 
TO

N 
co

ns
um

pt
io

n 
to
 c
al
f 
we
ig
ht
 a
t 
ea
ch
 r

es
pe

ct
iv

e 
en

dp
ol

nt
.

''
Ad

ju
st

ed
 f
or
 d
if

fe
re

nc
es

 I
n 
ye
ar
, 
fa
rm
 o
f 
or

ig
in

 a
nd

 c
al

f 
ag
e.

'■R
ati

o 
of

 p
os

twe
an

ing
 T

ON
 c

ons
um

ed 
to 

po
stw

ea
nin

g 
fro

m 
we

an
ing

 to
 e

ach
 re

sp
ec

tiv
e 

en
dp

oln
t

''or
tho

go
na

l c
om

pa
ris

on
s.

'^P
<.1

0; 
*P

<.
05

; 
•*P

<.
01

; 
***

P<
.00

1.

C
D



80

trend at weaning (Kress et a1.. 1969; Klosterman and Parker, 1974; Onks

1976; Dinkel and Brown, 1978). Onks (1976) showed similar relationships

of cow weight and unit efficiency at MEP and 12 mm fat. Cow-calf unit

efficiency at each endpoint tended to improve (P<.10) as daily milk

production increased. Kress et al. (1969) and Marshall et al. (1976)

showed that calves of higher milking cows at weaning were more effi

cient. Differences in calf weaning weight and cow weight, adjusted for

calf weaning age, accounted for 9 percent of the variation in cow-calf

unit efficiency at each respective endpoint. However, weaning effi

ciency, adjusted for calf weaning age, accounted for 9 and 10 percent

of the differences in variation associated with cow-calf unit effici

ency at MEP and 12 mm fat, respectively. Cow weight and daily milk

production in the model tended to explain about the same amount of

variation as did calf weaning weight. The effects of postweaning calf

traits on cow-calf unit efficiency are shown in Tables 31 and 32 (pages

69 and 70). Each postweaning covariate added to the basic model was

correlated (P<.01) with cow-calf unit efficiency; however, the covar-

iates were more successful in accounting for differences in variation

in cow-calf efficiency at 12 mm fat. Daily postweaning TDN relative

to metabolic calf midweight increased (P<.001) as cow-calf unit

efficiency increased at each respective endpoint. This suggests that

calves consuming more TDN at a constant body weight were more effi

cient than calves consuming less TDN at the same constant body weight.

Cow-calf unit efficiency improved (P<.01) as postweaning ADG and post

weaning ADG relative to metabolic cow weight increased at each

respective endpoint. Koch et al. (1963) reported that the genetic
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correlation between feed efficiency and gain was .79. Fitzhugh et al.

(1967) and Joandet and Cartwright (1969) indicated that ADG postweaning

was negatively correlated with feed per unit of weight gain. Models

presented in Tables 33 and 34 relate calf covariates at each respective

endpoint to cow-calf unit efficiency at that endpoint. Older calves

at each respective endpoint tended to be less efficient (P>.10) than

younger calves. Calf weight, adjusted for calf age, accounted for 13

and 17 percent of variation in cow-calf unit efficiency at MEP and 12

mm fat, respectively. The addition of calf weight increased the

importance of calf age in all cases, indicating the importance of the

relationship between rate of gain and cow-calf unit efficiency. Calves

of smaller cows were more efficient at MEP (P<.05) and at 12 mm fat

(P<.10) than were calves of larger cows. Onks (1976) reported similar

relationships among calf weight, cow weight and cow-calf unit effi

ciency of straightbred Angus cow-calf pairs. As postweaning efficiency

improved, cow-calf unit efficiency at each respective endpoint improved

(P .001). Weaning efficiency, adjusted for calf age, accounted for 16

and 17 percent of variation in cow-calf unit efficiency at MEP and 12

mm fat.

Illustrative curves of cow-calf unit efficiency, calf weight

and calf fat are shown in Figure 1. Curves were plotted from 250 to

450 days according to coefficients calculated from corn silage phase

(Table 39, Appendix). Curves were plotted from 450 to 650 days

according to coefficients from bull feed phase (Table 40, Appendix).
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Table 39. Coefficients of Partial Regression Calculated Postweaning
(Corn Silage Phase)

Source

Cow-calf

unit efficiency
(kgs of TON/ kg
of calf weight)

Calf
weight
(kgs)

Calf
fat

(mm)

Intercept 20.3137 -7.9124 6.0705

Year

1976 -1.4575 29.4702 3.2038

1978 -  .2895 -9.5515 -  .3706

1979 .0000 .0000 .0000

Breed

HH .0237 -7.8032 -  .1857

AA -  .2045 -1.8270 .4008

HA -  .8101 17.4369 .3809

AH .0000 .0000 .0000

Age (linear) - .0480
Age (quadratic) .00005242

.53

.8301

-  .00004460

.75

-  .0420

.00009550

.78

df MS df MS df MS

Residual 642 .7515 642 434529 620 1.4841

'intercepts used in figures were adjusted for year and breed.
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Table 40. Coefficients of Partial Regression Calculated Postweaning
(Bullfeed Phase)

Source

Cow-calf

unit efficiency
(kgs of TON/ kg
of calf weight)

Calf
weight
(kgs)

Calf
fat

(mm)

Intercept 18.1910 -624.1827 .8646

Year

1976 -  .7999 1.4468 .7890

1978 -  .4362 - 16.2951 -5.8425

1979 .0000 .0000 .0000

Breed

HH -  .1425 - 11.5792 -  .4922

AA .0674 - 17.1354 .0671

HA -  .5016 18.0267 .4454

AH .0000 .0000 .0000

Age (linear) -  .0351 3.2511 -  .0459

Age (quadratic)1  .00003094 -  .00219299 .00014143

.46 .73 .83

df MS df MS df MS

Residual 839 .2446 839 1153 839 8.0514

Intercepts used in figures were adjusted for year and breed,
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