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5.

INTRODUCTION

One fundamental nurpose of heef cattle breeding is the
production of cattle capadble of making high quality beef with
the most economical use of feed. As early as 1835, Amos Cruicle~
ghank in his selection of breeding stock, paid particular atten-
tion to the middles of hies cattle with the idea that animalse
having large digestive cavacity were efficient utilizers of
feed. Somewhat this same concent is followed by cattlemen of
todey in their breeding and feeding programs regarding efficiency
of feed utilization. Characteristice of body conformation such
ag body camacity and strong heart girth are considered as indicators
of efficiency. These characteristics may indicate efficiency, dut
since they are subjective measurements and hard to evaluate with
precision, the breeder may have difficulty in measuring relative
merit among bhie a2nimale. The job would bYe simplified if there
was some objective measure of efficiency. For a measure of effi-
ciency to be readily applicable to field conditions, it should
be easy to apply and require no special techniques.

The ratio of feed to sain or feed required per vound ¢f gain
is the common measure of efficiency. Winters and McMahon (1933)
and Knapp and Baker (1944) reported low correlations between rate

of gnin and efficiency when weight was i-nored. This implies that




selection on the basis of observed efficiency would discriminate
against fast gaining animals unless all animslse under consideration
were of equal weight.

To study this problem adequastely, more information is needed
on the relationship between feed consumption and weight as well as
daily zain and weight. Studies of other factors which influence
feed consumption and efficiency are also needed. The general
odbJective of this study was to investignte certain factors that
may influence feed intake and have a bearing on the measurement

of efficiency in beef cattle.




REVIEW OF LITFRATURE

Lambert et.al. (1936), in reviewing the role of nutrition
in genetics research, raised the nroblem of finding a suitable
measure for efficiency. They explained that efficiency was too
comvlex in character to be measured by the groee efficiency of
gein per unit weight of feed consumed. VWhile this was the most
immortant single factor, it was by no means the only one which
deserved consideration. They vrovosed that methods develoved by
PTitus, Jull, and Hendricks (1934) be used to study the relation
between live welght and cumulative feed consummtion.

Titue, Jull, and Hendricks, (1934), arnlied the curve of dimin-
ishing increment, as described by Svillman and Lang, (1924), to
the relationshiv between feed consumption and growth in chickens.
The curve of diminishing inecrement, W = A - BRF, described with a
high degree of accuracy, the relationshir between feed consumption
and live weight over a wide range of levele of feed intake.

Morris, Palmer mand Kennedy, (1937), in a study of feed require-
ments for the growth of the rat, found that at the end of six

generations of selecting two lines of rats for high and low levels

of efficlency of feed utilization,! the low efficiency line was

1Defined as digestible dry matter consumed + mean weight during

gain in live weight
the experiment x 100.




forty percent lees efficient and was more variable than the high
efficieney line., This would definitely suggest that heritable
faetors influence the efficlency of feed utilization.

Winters and MeMahan, (1933), etudied effieciency variations in
62 steers. They revorted that stecrs of essentimlly the same weight,
breeding, age, market grade and condition, exhibited differences
in their abilities to make economical gains. At least a four month
feedingz veriod was needed to determine the relative efficipncyl of
an animal. Feed consumed on the baeie of average body weight was
not a satiefactory indiestion of an animel's efficlency in feed
utilization. The correlation between rate and efficiency of =ain
was 0.34. However, when theee dnts were corrected for mean live
weight differences, the correlation became 0.71. In their ovinion,
average daily gain was the most useful, nracticsl measure of daily
eain.

Knavp and Baker, (1944), studied the correlation between rate
and efficlency of zain in steere. The correlation between rate
and efficiency of gain was 0,49, After adjusting the steers to a
constant weight, the correlation was 0.89, indieating that daily
&ain could be used to vredict efficiency with a high degree of

accuracy when comparing animale of the ssame size. However, com—

lpetined as Pounds of rain 4 Mean live weight

T.D.N. x 100 100
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varisons of gross efficliency made between animals not the same
gize would be misleading and often erroneous.

Knapp, et.al., (1941), in studying progeny testing in
Hereford cattle, found that daily gain and efficiency of ~nin
were not highly correlated, and that ultimate efficiency of ganin,
or rate of gain, could not be predicted with arnreciable aceuracy
from previous rate of gain during the suckling neriod or from con-
formation score at weaning time. They revorted a correlation of
0.44 between daily gein and efficiency of gain.

Black and Knavp, (1936), remorted a correlation of 0.88
between average d=ily gain and economy of gain.

Kunkel, Coldby, and Lyman, (1953), revorted a high eorrelation
between efficieney of gain and s-rum protein bound iodine level.
Rowever, this high correlation exists only within a certain range.
Apparently, the optimum level is between 4,0 and 4.9 x g per 100
ml. serum. Animals with serum protein bound iodine above or below
this level showed lower rates of gain and efficiency of gain.

Xnapp and Nordskog, (1946), estimated the heritability of
efficiency of gzain by intra-class correlation and sire:vrogeny
regression. Thelr estimates were 75 percent by intra-class corre-

lation, and 48 percent by sire:progeny regression. They vointed

out that these estimates were higher than seemed reasonable and the
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causes of these high estimates were not lmown.

In summary, it may be said that investigations have reported
that heritable factors influence efficiency of food utilization,
There is general agreement that a high correlation exists between
daily gain and efficiency of utilization when comparing animals of

the same size.
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SOURCE OF DATA

The data used for this study were collected on bulls and
their steer progeny in Beef Cattle Record of Performance feeding
tests conducted at Blacksburg and at Front Royal, Virginia, over
a period from 1947 to 1952.1

Bulle of Shorthorn, Hereford, and Angus breeds were revre-
sented. However, all three breeds were not represented each year.
The steer progenies were the offsnring of bulls, selected for high
end low rates of daily gain, and grade Hereford cows. The bulls
and steers were on full feed for each test period, and all animale
were fed individually. Twice a day, hand feeding was practiced
from 1947 to 1949 and self feeding from 1950 to 1952. Individual
weighte and feed records of both the bulls and steers by 14 and
28 day intervals were available. The data consisted of periodie
weighte and feed consumption of each animal. The numbers of
animals, number of days on feed, and observations per animal by

years and grouve are shown in Tables 1 and 2.

lghie i a cooperative project with the Virginia Agricultural ¥Ex-
periment Station, United States Department of Agriculture and
State Experiment Statione of the Southern Reglon cooperating.




mTable 1. Number of Animsls per Group, Total Number of Days on
Feed, Number of Periods and Length of ¥ach Period by
Years.
Total Nunber Length
Year Number of of
Grouvs Dayes on Perilods each
Herefordl _ Anpus! Shorthora! Feed Period
1947-48 8 162 6 14 and 28
1948-49 20 134 6 14 and 28
1949-50 5y 6 11 112 8 14
1949-50 So 7 5 154 11 14
1950=-51 10 8 5 168 6 28
1951-52 12 15 14 168 6 28

lnunber of Head

Table 2., The Number of Sire Groups, Total Number of Steers, Total
Number of Days on Feed, Number of Periods, and Length of
¥ach Period by Years.

No. of Total Total Length

Year Sire No. of No. of of each
Grouns Steers Days on Periods Perioed

Feed

1950=51 8 30 196 28

1951=52 10 36 204 varies
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METHODS OF INVESTIGATION

The investigation was conducted in two —hases, The objective
of the first phase was to evaluate the relationship between body
weight and daily feed consumvntion, and to investigate the immortance
of some other influencing factors in daily feed intake. The ob-
Jective of the second vhase was to find a suitadle, practiecal

neasure of efficienecy.

Relationship Between Welght and Feed Consumntion

It hae been suggested that the curve of diminishing increment,
described by Svillman and Lang (1924), expresses the relationship
between feed consumntion from birth to maturity with a high degree
of accurscy. According to data reported by Guilbert and Gregory
(1952), the growth curve of cattle from birth to maturity hes a
segment that extends from six to eighteen monthe which ie aprroxi-
mately linear. ¥or the purposee of this investigation, it was
thought that the linesr regression would describe the relation
between weight and daily feed consumntion with sufficient accuracy.

The data on feed consumption were studied by analysee of
variance and covariance (Snedecor, 1946), to determine the amount
of variation contributed by various sources, and to evaluate the

relation between welght and daily feed consumption.
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The analyses were made within yeare because comparisons
between years were comnliceted by having a completely different
set of animals fed each year which made it imroseible to separate
yearly envirommental differences from animal differences. Looking
at the situation purely from the genetic point of view, selections
are usually made among contemporary animals,

The sums of squares for the analysis of daily feed intake
were adjusted by the linear regression of daily feed consumption on
body weight. A straight line regression of feed consumntion on
weight describes the linear relationship between feed consumption
and veight, but does not consider the rossibility that some non-
linear function may be a2 more accurate description of the true
relationshiyp.

The analyses of variance and covariance were as followe:

Source of Variation Degrees of Freedom
Periods (le=1)
Groups (m=1)
Groupe x Periods (m=1) (k=1)
Animal s=-within-groups (n-m-1)
Regression

Residusl (Animale-within-groups x
Periode Adjusted for Regression) (n=m=1) (k~1)=1

Yhere:
k = number of perlods
m = number of groups
n = total number of animals
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The animals-within-grours and period (error) regression
wae used in making the adjustments for weight differences. The
adjusted variances measure the deviation of each of the observations
for veriods, groupe, etec., from the within-group and period regress-
ion line. The error regression line ehould be the best estimate
of the true relation between weight and daily feed intake, since
it estimates the tendency of animals within a gzroup to eat feed
in proportion to their body weight during a given period.

The mean squares were interpreted as follows:

Residual (Animale-within-grouvs
x Periods Adjueted for Regression)

Source of Variation Interpretation of Mean Squares
Periods P _ $0BP £ R
Groups nkB £ kA 4 nBP 4 R
Groups X Periods nBP £ R
Animal e-within-groups A + R
Regression (=m=1)(l=-1) L 4 R

R

vhere:

I = average number of animale ner p;rou_1
k = number of periods

m = number of groupse

n = total number of animels

131nce the grouvs have varying numbers, the exact n is obtained

from the following equation:—_ _t (% . __% r/ao )
ma\F k- }“/'Uz. hi

Where: h = number of animals in a group and m and n are the same
as before. However, when the variation in group numbers is
small, the coefficient found by the solution of the previous
equation is approximately the same as the averasze number of ani-
mals in each groun. The average number was used throughout this

8 tndyu
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and
= veriod contributions to wvariance
= group veriod interaction contributions to varisnce
B = group contributions to variance
=

linear effects

R = residusl error contributiones to wvariance

Since the coefficients, n, k, m, and n could be determined
from the number of animals, grouve and periods within each year,
estimates of P, B, A, L, and R were obtained by equating the mean
square interpretations to the observed mean square values and 20]l-
ving the resulting equations simultaneously.

It is pointed out that the interpretation of the regression
mean square is not based on rigoroue mathematicel vroof, and this
investigator has been unable to find any interpretation of it in
the literature. The above interpretation is beged on intuitive
reasoning. It is hoped that this paper will introduce the problem

of its interpretation and perhaps lead to a more rigorous mathe-

natical solution,
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Relationship Between Daily Gain and Efficiency

Several investigatores have studied the relationshiv between
average daily sain and efficiency of feed utilization (see Review
of Literature) and found varying degrees of correlation. Ifficiency
ag defined in this study was:

=D (100
= (100)
Where!
E e efficiency
D = average daily gain for the entire feeding period
F = average daily feed consumption for the entire
feeding period

The relationshipes between D, E, and F were investigated by
correlation and partial regression methode (Snedecor, 194€) with
D, as observed, and ¥ and E, both as observed and as adjusted for
weight differences. The relationship between daily eain and time

was studied by analyses of varisnce as follows:

Source of Varistion DF
Grouvs m=-1
Periods -1
First two periodes vs. remaining veriods 1
Linear trend in first two periods 1
Linear trend in remaining periods 1
Quadratic trend in remaining veriods 1

Residusl variation in remaining periods k=5
Frrox (m=1) (1e=1)
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Any trende indicated by this analysis could be inferred to
exist with welght egince welght would be increasing with time. The
firet two periods were sevarated from the remeining periods beecanse
daily egains avveared small when the animals were going on feed and
throush an adjustment veriod. Average d-ily ~ain after the animale
were on feed was thought to be a better estimate of the true
gaining ability of each animal.

The investigation of the unadjusted data did not reveal any
concistent relationship between D, ¥, and P. However, when the
data were adjusted for weight differences, the correlation between
E and D were consistently high,

The resression equation E(¥) = F 4 b(w-%) was used to adjust
for weight differences

Where:

E(F) = expected feed consumption when welght was equal to
the average weight of the group
= observed average daily feed consumption for each
animal
= within group regression eoefficient

= average veilght of an animel during ite feeding trial
= average weight of the group

gix o o

The adjusted efficiency was

D
W (100) .
The vartial regression coefficients which show the amount and
direction of influence of D and T on ¥, were calculated both for

the adjusted and unadjusted data. They were ealeulated by the

following equations:
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and
Byp.y = TED -~ TEF *FD
1-rpp
Where:
Byp.p = the regression of E on ¥ with D held constant
Byp,¥ = the regression of E on D with F held constant
and

Tpp = the correlation between E and D

ryp = the correlation between ¥ and D

PEF = the correlation between X and ¥
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Heritability of Feed Consumption

Heritability was defined as:

H=

a
GFCFPFBP F R

where:

H = heritability of average daily feed consumotion

G = component of variance due to additive genetic dif-
ferences among animals fed in the same year

C = component of variance due to environmental differences
among animals in the same sire group

P = component of variance due to differences among periods
in the feeding trial
BP = component of variance arising from grouv-period inter—
actions
R = variance comvonent due to random enviromnmental variations

of the same 2nimal from period to period

The data on the steers, which were groups of half sibs, were
used in obtaining estimates of heritability. No genetic inter-
vrretation could be vlaced on the dbull data.

Fetimates of P, BP, and R were obtained directly from Table 9.
These components were adjusted for weight differences and were
considered to be true estimates of the real effects contributed by
each source.

Fstimates of G and C were obtained from the group (B) and

animal (A) components. B and A were intervreted as follows:
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(1) B=1l/4GorbtB=2
(2) A=3f/bcfec

Since B and A were obtained from the analyses of variance,

estimates of ¢ and € were obtained by solving equations 1 and 2.




RESULTS

Relationship Between Weight and Daily Feed Consumption

The means of the weights and daily feed consummtion are
shown by veriods, groups and years in Tables 3 and 4,

The welghts and daily feed for the bulle and steere were
condensed to 28 and 56 day averages resvectively, for the sake
of clarity and ease of presentation. For this reason, the
degrees of freedom in the analyses of variance do not agree with
the number of periode shown in the tsbles.

It 1s evident from Tables 3 and 4 that factore other than
veight are affecting daily feed intake. For exemple, in the
1949-1950 bulls, both zroups ate avproximately the ssme amount
of faed per day and yet there was a difference of 80 pounde in
average body weight. In other instances, (1951~1952 bulls), the
varisbility in feed consumption from veriod to period was high
and after the first half of the test, the group intermediate in
weight ate the most feed. The daily feed consumption of the steers
fed in 1951~1952 showed a definite quadratic trend. The dats on
hand do not show any cause for this trend except that the last

period for this particular group of animals extended to May 4th

and climatic conditions might have influenced feed consumption.
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The analyses of variance of feed consumption are shown in
Table 5. These data show that differences among the following
sources of variation were signifieant or highly signifiecant:
periods in all years; groups in all years except 51 and Sp of
1949-1950 bulls; group~period intermctions in all Years except
the Sy of 1949-1950 bulls and 1951-1952 steers; and animale-
within-groups in all years except 1947-1948. 1In short, all the
sourcee of variation other than random errors showed significant
influences on daily feed consumption in most of the years.

Table 6 shows the analyses of variance of daily feed con-
sumption adjusted for regression on weigzht. These date Bhow that
after adjustment for weight, the differences among the following
sources of variation were eignificant or highly signifieant:
periods in all years; groups in 1950-1951, 1951=1952 bulls, and
1950-1951 steers; group-period interactions in all Years except
1951-1952 steers; animal s-within-groups in all years excent 1947~
1948; and regression in all years except Sy of 1949-1950 bulls,

The commonente of variance and the vercentages of the total
veriance contridbuted by each component are shown before and after
adjustment for regression in Tables 7, 8, 9, and 10. These com-

vonents indieate that periods and animal e-within-groups were the

major contributors, other than random error, to the total wvariance.
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Group and group-period interaction contributions account for only
a small fraction of the total variance in feed consumption. The
group and animals-within-groups contributions were smaller in yeare
when hand feeding was practiced (1947-1950) than when self feeding
wae practiced.

The degrees of freedom for group differences among the 1950-
1951 and 1951-1952 steers may be divided into progeny of fast
gaining sires versus progeny of slow gaining sires, and progeny
within fast and slow gaining sires. Table 11 shows the subdiviesion.
Table 11, Subdivision of Group Varlance into Progeny of Fast Gaining

Sires ve. Progeny of Slow Geining Sires and within Fast
and Slow Gaining Sires, Adjusted for Regression.

1950-1951 1951-1952
Source of Variation b)) MS r MS
Tast vs. Slow Caining Sire 1 11.33 1 18,46
Progenles
Progenies within Fast & Slow 6 7.56 8 Lg, 05%*
Gaining Sires
Residual Error 131 2.05 259 7.67

The differences among vrogeniee within fast and elew gaining
sires were highly significant in 1951-1952, 'the data did not indi-
cate any significant differences in the feed consumption of the

progenies of fast and slow gaining sires provided they are of equal

weight.
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The Relationship Between Average Dally Gain and
¥fficiency of Feed Utilization

rffieiency of feed utilization is usually revorted as some
ratio of feed and gain. According to the previous snalyses,
differencee in feed consumntion were vartially explained by weight
difference. Therefore, it would seem that weight should be conslder—
ed in making commarison of efficiency. The relationshin between
average daily eain, average daily feed consumption, and efficieney
were examined before and after adjustment for weight differences.

The relationship between observed average dally zain, average
daily feed consumption and efficlency of feed utilization for
1950-1951 and 1951~1952 bulls were anslyzed by correlation and
partial regression methods. The correlation and partinl resreesion

coefficients for the 1950-1951 and 1951-52 bulls were as follows:

Trp Ty *pp ByF. D Bep. ¥
1950~1951 -0.05 ~0. 54 0.88 -2.22 1.9
1951~1952 0.50 0.42 0.38 -0.71 0.76

These data do not indlcate any consistent relationship be-
tween average dally gnin or average daily feed intake and effi-
eiency. The partial regression coefficients show a negative re-

lationehip between efficlency and average d=ily feed consummtion
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and an avnroximately equal positive relationship between effi-
clency and daily gain.

The means and analyses of variance of average daily gaine
are shown in Tables 11 and 12 reepectively. There were no signi-
fiecant group differences in daily gains in any years. The gains
during the first two veriods were significsntly different from
those in remaining periods in 1949-1950 S, bulle and 1951-1952
steere. Table 12 shows there was s marked tendeney for dsily
gain to be low during the first two feeding periode. The reei-
dual veriation in veriods, after removal of the difference
between the first two and the other vperiods, was significant in
1950=1951 bulls, and 1950-1951 and 1951=1952 steers. This
residual variation was examined for trends by orthozonal noly=-
nomisls. The only eignificant trend found was a quadratic
trend in 1950~1951 bulls. It was concluded from this analysise
that no consistent trend existed with time in these data except
in the adjustment period when the animals were going on feed.
Although this analysis examines the relation between daily gain
and time, any trends or lack of trend, in average daily zain
could be inferred to exist with weight since weight was inecreasing

with time. Tor thie resson, daily z2in was not adjusted for weight

differences in studying efficiency.
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The ecorrelation and partial reeression coefficients between
daily gnin and adjusted feed intake and efficiency are shown in

the following table.

TED TEF T¥D Ber.p _ Bmn.¥
1950-1951 0.84 0.08 0.26 r=0.15% 0.88
1951-1952 0.77 0.39 0.17 0.27 0.73

The correlation between efficiency and average daily gain
shows that deily gain ean be used to measure efficiency of feed
utilization with a high degree of accurzecy. The vartial regreseion
coefficients also indicate that average daily sain was more
important as an indicator of efficiency than daily feed consumption
with welght held constant.

The observed data on the 1950-1951 and 1951-1952 steers for
gain and efficiency showed correlations of 0.63 and 0.46 resvect-
ively, and the correlations between adjusted efficiency and daily
gein were 0.88 and 0.83, indieating that daily gain alone can be

used to measure efficlency with rather good vrecision.
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Fetimate of the Heritability of Feed Consumntion

Fetimates of the heritability of feed consummtion were
obtained on the steers. The eommonent for group differences
(B) among the 1950-1951 steers wes -0.098, and indieates no
genetic influence for that year. Theoretieally, a negative
variance comnonent is exnlained as being due to samvling error
or some biae in the data. The group comvonent for 1951-1952
was 0.552. It wasg ascumed that differences in these components
were due to sampling and they were combined for an estimate
of heritability.

Components obtained by vooling the means squaree (Table

6) for the two years were:

Periods = 6.546
Grouvs = 0.342
Croupe x Periods = 0.204
Animal e~within~grouns = 1,081
Residual Error = 5.786

The estimate of heritability from these values was as
follows:

A=1.081 =3/4G+4C
B~ 0,342 =« 1/4 G
and

H=

1,368
6.586 F 0.20h £ 5,788 ¥ 0.055 # 1.368

Ee= 1-68 - . 8
13.959 0.09




DISCUSSION

The analyses of varlsnce and covariance date in this
study show theat although welght has a eignificant influence on
feed consumption, other factors such as veriods, grouvs, grouv-
period interactions and differences among animals in the sname
group also influence fecd intake,

The components of variance before adjustment for weight
differences showed that period was, by far, the largest contri-
butor to the total variance. fdjusting for welght by regression
reduced the veriod comnonent to ap»roximately the same size ae
random variability amons animals. Thre size of the veriod
comvonent indicates that it is an imvortsnt factor in certsin
types of feeding trials. In welght constant feeding tests,
comparisons made between animals fed in different periods, even
though they were the same weight, would contain differences due
to vperlods. Since it ie imvoesidle to estimate, statistically, the
variance due to verlods unless the animals are fed in the same
veriods, precise analyses of such data can not be made. In time
constant feeding teste with all animals fed over the some period,
comparigon of feed consumption during the test veriods ean contain
considerable variation due to weight differences and may not

reflect real differences in the efficiency of feed utilization.

However, in time constant feeding trials, the variance due to
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differences among periode can be estimnted and weight can be
controlled statistically. Tims it seems that more reliabdle
information can be obtained from time constant feeding trials
than from weight constant feeding trisle.

Group differences account for mvnroximately 5% of the total
variance after adjustment for weight. The differences among
steer grouns contain a genetic comnonent, but the nature of
genetic differences among breeds is so complex that no plausible
genetic interpretation ie vnossidle. During the years in which
hand feeding was practiced (1947-1950), differences among groups
after edjusting for regression were not significant, end the
variance components for group differences in these yveare were
small negatives. On the other hand, in the years (1950-1951 and
1951~1952) when self feeding was practiced the group components
were all poeitive and in some cases accounted for a signifieant
fraction of the total variance. Since there were only two years
with more than one grouv of animals, it is not voesible to state
definitely that hand feeding obscured group differences, but the
data suggest that hand feeding can obscure the deteetion 6f group
differences, even though the animals are suvposedly fed to the

limit of their cavaecity.
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The group~period interactions are especially impertant. They
were highly significant in several years, and the components of
variance indicate they can be a relatively large source of vari-
ation. These interactions are probably due to an interaction
between heredity and environment. There is no other apparent
reason for periods affecting some groups differently from others.
The group-period interactione indicate that several periods should
be used in the comparison of efficiencles, since efficiency may
vary from period to period. Feeding trials on winter feeding
rations and in record of performance feeding tests would need to
be long enough for these interactions to average out.

The component of variance for group-period interaction was
occaslonally increased by adjusting for weight differences. The
reason can be seen by referring to Tables 3 and 4. In some veriods,
groups showing large differences in weight, showed only emall
differencee in feed consumption. In such cases, when the group
variance of feed was adjusted for weight, variance of feed con-
sumption was increased.

The mean squares for animals~within-groups were significant
in every year except one, and the component before and after ad-
Justment for regression show it to be a major souree of variation

along with periods and residual error. This clearly indicates that

individual feed records are important, and that variation in adbility
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to utilize feed may be large even among animals of the same sire
group. This is in arreement with the findinge of Vinters and
MeMahan (1933), who reported that steers of essentially the same
breeding, weight, age, market grade and condition, varied in
their abilities to utilize feed.

The animale-within-grouvs variance comvonent was smaller
when hand feeding was practiced than when the animels were self
fed. The differences amongz animals~within-groups accounted for
approximately 10 percent less of the variance when the animals
were hand fed than when they were self fed. These drnta indicate
that animals falling in the extreme upper or lower ends of the
feed consumption distribution would probably not be detected.
This would not be so important in teeting winter feeding rations,
but is of great importance in genetic studiee in growth and effi-
clency of feed utilization, since the most desirable and undesir-
able animals, from the standnoint of efficiency, could not be
identified.

The animale~within-groups variasnce comvonent also showe that
1f the maximum information is to be obtained from feeding tests,
each animal should be individuslly fed. Approximately 18 percent
of the total variance is accounted for by differences among ani-
mal s-within-groups while only 5 percent of the total variance ie

due to grour differences. Thus, in group feeding trials about 12




percent of the information is lost. In statistical studies made
on group feedirmg data, this 12 percent would be added to the
error variance and decrease the nrecision of estimates of ani-~
mal differences.

The recression of deily feed consumption on weight accounte
for a significant amount of the variance in every year except one.
Regression reduced the mean square by large amounts, especially
those for periode and animal s=-within-grouvs. The components show
that adjusting for feed consumption by regreesion on weight, re-
duced the total variance by envroximately 35 percent which makes
it evident that the precision of feeding experiments can be in-
creased by controlling weight.

In winter feeding and pasture tests, it is usually poseible
to control weight by experimental design, but in reeord of perform-
ance tests when a random sample of a sire vwrogeny or breed is
being tested, one must use statistiesl methods. Weight ecan be
controlled fairly easily by covariance methods. However, when the
relationship departs from linearity, the procedures become more
complieated. It is entirely vossible that some non-linear funection
may exprese more accurately the relationshinp between weight and
feed consummtion than the linear function this suthor has assumed,
even for the short segment of the growth curve examined in this
study., Assuming that some non-linear function expresses the true

relationshiv it appears questionable if the incressed precision
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would Justify the extra lador involved. This problem needs
further investigation.

The analyses of covariance showed thet feed consumption is
partially determined by weight. This has important applications
in studies of efficiency. Fffieciency is usually renorted as the
ratio of sain to feed, feed ver 100 lbs. gzaln or some similar
method. According to the mnalyses of covariance, such figures
will be misleading unless the animals belng compared are of equal
welght. If the animale are not of equal weight, variation in
efficiency may not reflect the true animal differences, and may
be due to variation in weight only. Xven though large and small
animals are making the same gains, the large animals will be
penalized because of larger body maintenance requirements and thus
the small animals will appear the most efficient. Ideally,
efficiency should be compared on the basis of feed required per
pound of gain above body maintenance. However, since it seems
likely that animals of the g~-me size may have different mainten—
ance requirements, the next best alternative would be to adjust
feed consumntion to an average weight or to find some measure
of efficlency other than the ratio of gain to feed.

The second vhase of the study investignted the relationship

between observed and adjusted efficiency and daily gain. fThe

eorrelation between daily gain and observed gross efficlency




ranging from =0.05 to 0.63 indicated the relationship between
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daily gnin and observed gross efficiency is low and that selection

on the basis of gross efficlency would be misleading and often

erroneous.

Table 14, givee examplee of the kind of mistakes that

would arise from selection on the basie of gross efficiency among

animaele of different welghts,

Table 14. Liveweight, Gein, Feed Consumption and Ffficiency
without and with Correction for weight of a Group
of Hereford Bulls Fed in 1950-1951.
Average Daily Daily Feed Efficien
Weight Gain Observed Adjusted Observed AdJjusted
378 1.34 9.67 15.50 13.86 8.64
450 1.1 10.32 14,42 16.57 11.86
L84 1.55 11.17 14,46 13.88 10.72
526 2,05 13.93 16.21 14,72 12,65
630 2,02 15.45 15.23 13.07 13.26
645 1.92 14,23 13.65 13.49 14,06
676 2.1 15.73 14,51 15.32 16.61
€82 2.20 15.83 14,37 13.90 15.31
716 1.92 15.73 13.458 12.20 12,48
722 2,26 18.13 15.70 12.46 14.39

When feed consumption wae adjusted to a weight constant

basis the correlations between efficiency and daily gein were
high, ranging from 0.77 te 0.89.

average daily gain and observed grose efficiency, and average

The correlations between
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daily gain and efficlency after adjusting feed for welght differ-
ences found in this study are in close agreement with the corre-
lations reported by ¥Winters and McMahan (1933), and Knapp and Baker
(1944). They revorted correlations of 0.34 and 0.49 between dailly
gain and observed gross efficlency of 0.74 and 0.89, respectively,
between daily sauin and efficiency after adjusting feed for weight
differences. Althouch Knapp and Baker (1944) used the curve of
diminiehing increment in adjusting for welght differences, the
correlations they reported are not essentially different from
those found in thie study.

According to these data, the best measure of efficiency is
the ratio of gzain to adjusted feed consumption. Daily gain can
aleo be used to measure efficiency with relatively high accuracy
and has advantages in that (1) daily gain or weight for age is
usually included in selection indexes, (2) no adjustment is needed
for weight differences, (3) selecting the fastest growing animele
aleo selects the most efficient animals, and (4) records of indiv-
idual feed intake are not needed.

As was previously mentioned, thesmmalyszis of varisnece indlicated
that rate of gain was relatively constant once the animals were
on feed. During the first two periods when the animals were
going on feed, the daily gaine were below thote made during latter

perieds. According to these data, the first two periode probably




eshould be excluded from the final results since they do not

reflect the true sbilities of the animale or of the feeds being

tested, as the case may be.

Heritability of Feed Consumption

The estimate of heritability should be taken as a rough

approximation, since it was obteined from small numbers and
varied rather widely from one year to the next. The data eug-
geet that with welght constant, les: than 10 percent of the
total varlance in daily feed consumvtion ie associated with
genetic differences. Since the povulation sampled here was the
progeny of fast and slow-gaining bulls, the average genetie
effect includes differences larger than expected from random
sampling, and is likely to over-estimate the average genetie
difference among animals of the same herd.

The data do suggest that procress may be made in selecting

for high and low rates of daily feed consumption.




CONCLUS IONS

The investigation seemed to Justify the following eon-

clusions:

(1) Peed coneumption was influenced by weight. Adjusting

feed consumption of each animal to the average weight of its
group reduced the totsl variance 35 percent.

(2) There were differences in feed intake among breeds,
sire progenies, and animals within breeds or sire progenies
after sdjusting for weight differences.

(3) The large varietion in feed consumotion from period to
period indieates that feeding teste in which all animals are not
fed in the same periode mey contain considerable variation due
to period differences and it may not be possidle to estimate or
eontrol this source of variation statistiecally.

(4) The ratio of feed to gain 1s not a satisfactory measure
of efficiency unless the animels whose efficlencies are being
compared are of equal weight or thelr feed consumption has been
adjusted to a constant weight,

(5) Daily gain avpears to be a satisfactory indication of
efficiency and seems to be independent of weight.

(6) Daily gain was constant for each animal during ite test

veriod and after it was well on feed. All animals were in the




6 - 18 months range of age.

(7) It avpears that progrese can be expected from selection
for high and low rates of daily feed consumvtion. Heritability of
daily feed consumntion was estimated at 9.8 percent, but this es-

timate was subject to consideradble samvling error.
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SUMMARY

Data collected on weight, feed consumvtion, and daily gain
of 66 steers and 121 bulls were studied by analyses of variance,
covariance, correlation, and partial regression. The bulls were
of Hereford, Angus, and Shorthorn breeds, and the steers vere
the offspring of fast and slow gaining bulle that were progeny
tested. The feeding testes for the bulls were from 112 to 170
days, and for the steers, apnroximately 200 days. The bulle and
steere were on full feed for the test veriod, and all animals
vere fed individually. The first four groupe were hand fed and
the remaining groups were self fed.

The withip-year analyses of variance and covarisnce of
feed consumption and weight showed that welght had a significant
influence on feed intake and also that veriod, sire progeny or
breed, group-veriod intersction, and animal within a gire vrogeny
or breed influenced feed consumntion in most Jears. The compon-
ents of variance indicated that avproximately 35 percent of the
total variance of feed consumntion was explained by weight.

The correlation between eznin and esross efficiency ransed
from -0.05 to 0.63, but when efficiency was calculated after
adjusting feed consumvtion to an average weight, the correlation

ranged from 0.77 to 0.88, indicatirg that the rotio of feed to




gain is of little value as a measure of efficiency unless the
animals being compared are of equal veight or their feed consump~
tion has been adjusted to a constant welght.

The analysie of variance of daily gain did not show any
consietent trend with welght when the firet t vo veriods were ex-
cluded. The first two periods were signifieantly different from
the remaining periods in some years and indiecate that daily enins
made during the first 56 days of a feeding test may not be re-
vrresentative of an animal's true ability for a test period of
four monthe or longer.

Heritability of daily feed consumption was estimnted by
intra~class correlation to be 9.8 vercent. The estimate contained
considerable sampling error and is likely to overestimate the
average genetic differences among animals of the same herd. The

data do sugrest that progress can be expected from studying for

high and low rates of daily gain.
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