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HEREDITARY AND ENVIRONMENTAL FACTORS AFFECTING
FEED LOT PERFORMANCE IN BEEF CATThE

INTRODUCTION

The animal breeder of the future is faced 'with the task of main-

taining and improving the genotype of his herd.

Theoretically-, an animals genotype places a limit on its develop-

merit. New genes cannot be created by selection. The effectiveness

of selection depends upon sorting and rearranging the genes into

superior and inferior pairs, and into efficient and non-efficient

working groups.

An arrun1 is extremely complicated. Hundreds of units of

inheritance control its functions and appearance. Each of its genes

are inherited independently and combinations or aggregates of these

genes determine the individual. Improvement through animal breeding

may be effective without a complete knowledge of each detail in

thi8 extremely complicated inheritance of factors. The animal it-

self, from an unending array of phenotypic, geno typic, and environ-

mental expression, is the wilt of selection.

Environment plays a major roll in the development of an indivi-

dual within the limits of its inherited ability to develop. An out-

standing aniin1 is produced when superior genetic material is

exposed to optimal environmental conditions. While environment does

not change the genotype, it may mask or alter genetic expression.

These two forces, heredity and envircnment, account for the total

variation between individuals If environmental variations produce

large trait differences between ininu1 a while the hereditary



differences within the herd are small, we assume that trait to be

low in heritability. If the opposite condition exists, the trait

is considered highly heritable. Thus, selection on individual merit

may not reflect the inherited ability of an animal to perform unless

environment has been standardized or adequate corrections have been

made for that which was not standard. This is especially true where

estimates of heritabili ties in a particnlar herd have not been

established.

Whether selections are to be made on the basis of comparative

feeding trials of prospective brooding animals, or on the basis of

actual progeny tests, the productive traits studied must be used to

predict future performance. If these factors or traits are to be of

value, they must represent to as great an extent as possible, that

portion of variation capable of reproduction in the genetic consti-

tution of future generations.

For example, if gain per day during that pertod of development

between birth and weaning is to be used to predict feed lot perfor-

mance of an animal and thus the performance of the progeny of that

animal, the variations due to environmental influences during that

period should be held to a n n mum. It is reasonable to assume that

weight gained during the suckling period may have some effect on

gains made during the feeding period. The weight of a calf at wean-

ing is the result of at least two factors: age and gains made prior

to that time. Age, as well as weight, may have an effect on gains

during the posta-weaning period. Thus, three factors - age at wean-

ing, weight at weaning, and the interaction bjtween these two -
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exert various influences on future performance and thus affect the

value of suckling gains an predicting the inherited constitution of

an animal.

If we assume that greater weight at weaning, associated with

more rapid suckling gains, causes lower gains after weaning, the

correlation between the two would be negative. We might also assume

that a positive relationship exists between age at weaning and weight

at weaning. The older calves are the heavier calves. If we then

found a positive correlation between age at weaning and gains after

weaning, due to greater skeletal growth in the older calves, our

results would appear contradictory, heavier calves gain less rapidly,

older calves are heavier calves, and older calves gain more rapidly

after weaning.

Actually such restlts may not be contradictory. The answer may

wan lie in the effects of environment during the suckling period.



REVIEW OF LITRATtJRE

Improvement of livestock through breeding and selection is at

best a slow and laborious process. The verr nature Of beef cattle

is a direct challenge to anyone who would attempt to accelerate

their improvement through genotypic selection, In relation to

laboratory animals, they reproduce at a very slow rate, They resist

complete and fundamental stidies because there are no litter mates

of identical breeding to sacrifice by slaughter at various intervals

throughout the test; and they are affected to varying degrees by

innumerable external environmental conditions which are impossible

to control completely,

Research workers throughout the years have attempted many

methods of evaluating breeding animals for beet production. The

value of any method must be measured in terms of its contribution

to the actual improvement of beef cattle. Rate and economy of gain,

from an economical viewpoint, are concrete examples of inherited

performance which show promise for use as measures of genotypic

selection (31, p.250).

The utilization of food enerr, as viewed by iCLeiber, (26,

p.250) is the result of various physiological functions which are

interrelated in many ways; thus, the genetics of efficiency is far

from simple.

Morris, et a]., (13, p.53) selected two lines of rats for differ-

ent levels of efficiency in feed utilization. By applying an effi-

ciency index, they were able to show, at the end of six generations,
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that the low efficiency line was about hO per cent less efficient

and was more variable than the high efficiency line. Palmer, et al,

(hS, pp.2h, SO) also compared high and low efficiency strains of

rats to determine the genetic differences in the biochemistry and

physiology influencing food utilization. They found that the high

efficiency strain of rats exhibited greater efficiency in the stor-

age of food energy. They also found that within each strain, males

were more efficient than females, possibly because they stored

relatively more food energy as protein than females. They concluded

that the over-all efficiency of food utilization in growing rats is

controlled by inheritance factors The difference between the two

strains was not due to differences in ability to digest and metabol-

ize the ration,

In studying the inheritance of feed utilization in growing

chickens, JuU (2h, pp.298_299) found that fast growing birds were

more efficient than slow growing birds. He concluded that there

were inherent differences in feed utilization efficiency among

individuals, families, and strains. These differences could not be

explained entirely on the basis of body weight, rate of gain, or

time.

Blunn and Baker (5, pp.1i28, 1L31) tested the importance of

environment in relation to rate of gain and body- fatness in pigs

and found its effect to be quite high. It is believed that contiri-

uous selection pressure reduces variation due to non-fixed or

heterozygous factors and increases the magnitude of the environ-

mental contribution to the total variation. According to Lush,
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(lii, p.182) changes in the Danish swine population due to selection

began in 1907 and has been continued to the present time. His

estimates of the portion of individual variance due to additive genes

after 29 years of selection range from averages of .08 for eoonor

of gain to .51 for body length. He concluded that this variation

was still high enough to permit changes in the population for a few

more generations.

ie of the classic demonstrations of selection and its effect

on variation was reported by Goodale in 1938 (16, pp.109-110). In

12 to 16 generations, he increased the weight of mice by slightly

more than 10 grams, and increased the average by several grams over

the heaviest of his foundation mice. He found that the genetic

variability in the later generations was actually much greater than

in the early ones. This suggested that the limit of selection In

this particular case had not even been approached.

Rate and Econotr of Gain

Efficiency of meat production measures econon of meat produc..

tion. An example of an early efficiency study was one proposed by

Sheets in 1932, (b9, pp.b5-h6). He suggested that a breeding an1inl

be tested by the efficiency of meat production and carcass quality

of his progeny. Ho proposed to base this econozr of production on

the number of pounds of cold dressed carcass per 100 pounds of

digestible nutrients consumed during the life of the animal.

More recent studies indicate that on a conipaative basis, sires

may be evaluated by feeding their progeny over a shorter period of



isLe. Knapp, et al, (27, p.292) found a feeding period of 186 days

to be sufficient to indicate differences between progeny groups

provided the data were adjusted for differences in initial weight.

These workers also found that approxi.mately eight steers were suf-

ficient to give a good test of a bull's ability to transmit.

Black and Knapp, (2, p.10..-lO7) in measuring efficiency of sires

through progeny test, adopted the period from SoO to 900 pounds as

a period in which as many variables as possible could be controlled.

They found that differences in the progeny of various sires could

best be demonstrated by efficiency of gain during this period.

The importance of size and a period of constant gain was also

demonstrated by Bogart and Blaokwell (6, p.2). They state that rate

of gain is a dependable index of efficiency if comparisons are made

when aniinls are the same size.

It should be pointed out that the relative efficiency of an

animal changes as that animal approaches maturity and a higher degree

of finish. In a study on the inheritance of efficiency of feed

utIlization in the growing domestic fowl, Hess and co-workers

(22, pp.38-39) found that male chickens were consistently more

efficient than females. They indicated that this could be due to a

more rapid decrease in female efficiency because of a lower mature

weight. Comstock, et al, (9, pp.126-127) in establishing growth

rate of pigs, found a sex difference in rate of growth from weaning

to 200 pounds. They state that this sex difference increased with

age in both groups. Warnick and co-workers, (3, p.1) in measuring

gains and feed efficiency of rabbits, found higher gains during the
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first part of the experiment than during the last part. Gramlich

and Thalman (17, pp.S2-53) compared growth rates of two-year-old

steers, yearling steers, and steer calves and concluded that the

two-ye ar-olds required more feed for each 100 pounds gain in live

weight than yearlings, and yearlings in turn, required more than

calves.

Dabmen and Bogart, (10, p.].14) as well as Bogart and Blackwell,

(6, Ps2) found significant differences between bull and heifez' calves

in feed efficiency. They found that, when fed to gain a constant

amount, bulls not only gained faster but were more efficient in feed

utilization than heifërs. Guilbert and Gregory (20, pp.l3-lh)

believe that such a conclusion is unwarranted, in that bulls and

heifers of equal weight represent different segments of their

respective growth curves. For this reason the composition of the

gains made is different and can not be used in efficiency compariscns.

The ideal method of measurement, according to Lambert and co--

workers, (hO, p.239) may be one to determine initial efficiency and

the rate of decrease in efficiency.

A relatively close positive association between rate of gain

and econonr of gain has been demonstrated by many workers: Winters

and McMahon (56, p.27), Bogart and Blaokweil (6, p.2), Blackwel].

(b, p.hh), Roubicek (h6, p.11), Ko].hi, et al, (39, p.363), Black and

Knapp (3, p.77). In studies with Shorthorn steers, Roubicek, (IL6,

p.10) observed a positive correlation of 0.% on rate of gain with

initial height at withers. He also found that the correlation of

efficiency with initial height, 0.52, was the same as that for
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initial height and rate of gain. Baker, at al, (]., p.6) studied the

degree of correlation between feed efficiency and digestion coef-

ficients, between the rate of gain and feed efficiency, and between

rate of gain and digestion coefficients. They found that digestion

of crude fiber was related to feed efficiency but that there was no

significant relation between efficiency and other food nutrients.

This would indicate that the digestion of crude fiber is possibly

one of the most important factors involved in econonr of gains.

They also found a significant positive correlation between feed

efficiency and rate of gain.

This relationship between rate and economy of gains indicates,

as suggested by Bogart and Blaekwell, (6, p.2) that selection for

efficient gains can be made by measuring rate of gain. Such an

association is indeed advantageous to beef cattle selection and

improvement.

Birth Weight and Its Effect on Rate and Economy of Gain

Birth weight, as reported by Knapp and co-workers, (35, p.281&)

is primarily an expression of the size, weight, age, and physiologi-

cal constitution of the darn. These same workers found that a large

proportion of the variation in birth weight could be attributed to

the weight ef the cow, calving sequence, and length of the gestation

period, with the latter having the greatest single influence. This

would indicate that only a minor portion of variations in birth

weight could actually be attributed to genetic growth factors in the

calf. Sawyer, Li, and Bogart, (148, p.5) by holding the age and weight
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of the dam constant, found that each difference of one pound at birth

made a difference of 2.3J pounds in the weaning weight of the calf.

Heritability estimates, as reported by Knapp and Nordskog,

(36, p.tStS) list birth weight at 23 per cent and b2 per cent by

intra-sire correlations and sire-progeny regressions respectively.

Burns and Blunn (7, pp.39-hO) give an estimate of heritability of

birth weight from paternal half-sib regression of 0.22. Estimates

from paternal half-sib correlations by Gregory, Blunn, and Baker

(19, p.3h) from two separate herds are given as o.hS and 1.0. A

heritability of 1.0 implies that all variation has been accounted

for. From a genetic standpoint this seems improbable. These

estimates indicate that considerable progress from selection could

be realized in a program to increase birth weight of calves.

Many studies seem to agree on the importance of the dam in

determining birth weight of the calf. Burns and Blunn (7 pp.39-hO)

state that the regression of birth weight on gestation length was a

positive 0.376 and was highly significant. They also found ahigh2

significant difference between the birth weight for the sexes.

They indicate that gestation length accounted for about 10 per cent

of the sex differences. They found a definite relationship between

age of darn and birth weight of the calf, with the darn reaching her

maximum production in birth weight of the calf at nine to ten years

of age.

In a study by Gregory, Blunn, and Baker (19, p.3hS) weight of

darn was shown to have a significant influence on the birth weight

of the calf. They also recorded a significant difference in birth
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weight of bull over heifer calves. These workers, as well as Koihi,

at al, (39, p.3614), state that calves heavier at birth were also

heavier at weaning.

The effect of size of cow on birth weight of the calf is also

emphasized by Knapp and co-workers (29, pp.11-12) Their analyses

indicate that sex, sire, and dam influences have a significant

effect on birth weight with size of cow being the most inortant

single factor. Gestation length and cow size probably account for

a large share of the variations in birth weight of calves. In their
study, the age of the dam had no significant effect.

The birth weight of calves s6ems to give a fairly accurate

indication of size at one year of age. Galgan, at al, (114, p.?)

believe that larger, more vigorous calves at birth retain those

advantages to maturity. The effects of birth weight on various pro..

duction factors have been studied by numerous research workers.

Dahmen and Bogart (10, p.16) showed that birth weight and age-on-

test accounted for 140 per cent of the variations in gain during the

test period. They listed a partial regression coefficient of rate

of gain during test on birth weight as 0.0].. This indicates that

for every one pound increase in birth weight there is a correspond-

ing 0.01 pound increase in gain per day during the test period.

Of the factors studied by Dabmen and Bogart, only birth weight had

a significant effect on feed efficiency during the test. A one

pound increase above the mean in birth weight represented a two

pound saving in total digestable nutrients for each 100 pound gain

in live weight. These workers also found a correlation coefficient
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of economy of gain with birth weight of 0J2l9. This indicates that

18 per cent CR2 18) of the variance in economy of gain is accounted

for by variations in birth weight.

Knapp, et a]., (30, pp.12-17) believe that the factors governing

growth in the pre-natal period are, in part, the same as those which

govern growth in the post-natal period. They found that birth

weight was not highly correlated with any of the performance factors,

although the correlations were significant with daily gain during

the suckling period. They also found that birth weight was cor-

related significantly in the total population with efficiency, but

within years this correlation was not significant.

Birth weights are an important part of any record of perfor-

mance. Evidence indicates that a large calf at birth is more valu-

able than a sn,11 calf. Sawyer, et a]., (b8, p.S) found that size at

birth has a positive effect on size at weaning. This has been sup-

ported by the work of Gregory, et a]., (19, p.3bS) and Koihi, et a].,

(39, p.362). Galgan, eta]., (114, p.6) indicate that birth size is

an indication of the mature size of the animal.

Suckling Gain and Its Effect on Rate and Economy of Gain

Suckling gain is gain in live weight from birth to weaning.

The genetic influence on suckling gain is difficult to measure.

Mi 1 k from the dam makes up practicRil y all of the ration during the

early part of this period. It is reasonable to assume that variation

in suckling gain between calves will be small unless each calf has

access to all the mi 1 k it can consume. As the suckling period
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progresses and other foods begin to make up more and more of the

calf's total ration, the variation in gain between calves will

increase as each calf's individual inherent abthtr to gain is

expressed.

Evidence indicates, however, that mule production is inherited.

Sawyer, Li, and Bogart (18, p.6) found that large cows of the same

age, that were handled under the same conditions, weaned heavier

calves This indicates that genes for growth may be associated

with genes for heavy milk production, and selection for heavy calves

at weaning will improve breeding herds.

Record of performance under limited versus full feeding was

studied by Knapp and Baker in 19b3 (28, p.32b-326). They found that

under limited feeding conditions, sire groups were significantly

more alike in daily gains than would be expected by chance. On the

other hand, these same groups, when put on unlimited feed, were

significantly different from each other. Their frequency distribu-

tions of the total diges table nutrients consumed and daily gains

made by the steers show that on limited feeding these steers were

much le8s variable in daily gains than on nnl inn ted feeding.

Weaning weight, according to Galgan and co-workers, (lh, p.1)

is to a great extent a measure of milk production in the dam plus

pasture and other feeds available to the calf. Knapp and Black

(31, p.250) report that the quantity of m,lle, hay, and grain consumed

accounted for a large proportion of the variations in gains during

the suckling period. Sire difference between progeny could not be

demonstrated at this time. Black and Knapp (3, pp.73-77) found the
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correlation coefficient of average-daily-gain-from-birth-to-weaning

to average-daily-gain-froni.-weaning-to.slaughter to be -0.36. This

indicates that a high gain on milk probably results in a lower gain

during the feeding period. This may be expected, in that the calf

receiving more milk during the suckling period probably goes into

the test carrying a higher degree of finish than the calf that

received only enough milk during the suckling period to attaan

maximum skeletal growth. The latter calf would therefore have great-

er growth potentialities than the former.

Gregory, at al, (19, p.3b) give heritability estimates of 0.0

and .15 for suckling gain, and .26 and .S2 for weaning weight. These

estimates were made simultaneously on two herds at two different

stations. An estimate of 0.0 indicates that all variation in suck].-

ing gain is due to factors other than heredity. Such an occurrence

is quite unlikely and probably results from an insufficient number

of test animals. Knapp and Nordekog (36, p.69) found heritabilities

for weaning weight of 12 per cent from intra-sire correlations and

0 per cent from sire-progeny regressions.

Gifford (].S, p.606) believes that the ability of the calf to

consume milk determines, to a large extent, the total milk produc-

tion of the dam. He states that if milk is not removed from the

udder, the production from high producing cows seems to level off

before the normal decline occurs. This would seem to emphasize the

importance of the individual calf and its inherited ability- to per-

form and minimize the importance of milk production of the dam during

the suckling period.
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In the same manner, Clark, et a]., (8, pp.5-6) found considerable

difference between weaning weights of calves by different sires.

These differences ran as high as 25 pounds in one year and 57 in

another,

Knapp and co-workers (29, pp.U-].2) studied data from weights

and gains of 770 Hereford calves. Their analysis of weaning weights

showed that age at weaning, sex, sire, dam, and age of darn had a

significant influence on the weaning weights of these calves. They

found that approximately 20 per cent of the total variance in wean-

ing weights was due to cow influence. They also found a negative

correlation between gain or loss of weight by the cow during suckling

and weaning weight of the cal'. Koch (37, pp.7-8) found that differ-

ences between cows accounted for 52 per cent of the variance in the

corrected weaning weights of calves. He states that the extent to

which the weaning weight of calves is a permanent characteristic of

range Hereford cows is 0.52. He believes that this repeatability is

high enough to permit reasonably accurate selection of cows for high

life-time production on the basis of the first calf weaned. Gregory

and co-workers (19, p.3i5) found that cow repeatability for sud{ling

gain and weaning weight of their calves was higher than for birth

weight. Sawyer, Li, and Bogart (18, p.6) found that approximately

23 per cent of the variation in the weaning weight of calves was

accounted for by differences in birth weight, age of darn, and size

1' dam.

The effect of sex on suckling gain and weaning weight is

obscured to some extent by sex differences in birth weight. Most
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authors have found a significant difference in birth weights between

bull and heifer calveag Burns and Blunn (7, pp.39-140), Gregory,

et al, ( 19, p.3LiS), Knapp, et al, (29, pp.11-12),Dawson, et al,

(12, p.2149). Both Galgan, et al, (113, p.1) and Gregory, et al,

(19, p.31iS) report that birth weight gives an indication of the

mature size of an animal. Therefore, one would expect to find .a

significant sex difference in suckling gains and weaning weights.

Gregory and co-workers (19, p.3135) failed to find a significant

sex difference in suckling gains and weaning weights, but stated that

both were in favor of the males. Sawyer, Bogart, and Oloufa (137,

pp.5]J4-Sl5) found that heifer calves were heavier at weaning than

steer calves but the difference was not significant. Koger and

Knox (38, pp.16-17) established the mean weaning weights for the two

sexes, corrected for difference in weaning age, as W.3 pounds for

1319 steers and 1311 pounds for ItliJi heifers. The steers were signifi-

cantly heavier than the hei.fers each year throughout an eight-year

period.

The effects of suckling gain on performance later in the calfts

life has been the object of considerable stucr. As stated before,

Black and Knapp (3, pp.73-77) found a negative correlation between

average daily gain from birth to weaning and average daily gain from

weaning to slaughter. They found a low correlation coefficient of

0.06 of econov of gain from birth to weaning and economy of gain

from weaning to slaughter. However, they established the correlation

of average daily gain with economy of gain from weaning to slaughter

at 0.88 and from birth to slaughter at 0.89. This indicates that



even though there is little relationship between economy of gain

during the suckling period and during the test period, there

high positive relationship between average daily gain and economy

of gain during the entire life of the animal.

Knapp and Black (31, p.2S3) found evidence of a lack of corre].a-

tion between the rate of gain during the suckling period and the rate

of gain after weaning. Knapp and co-workers (30, pp.12-17) found no

correlation between weaning weight or suckling gain and daily gain

in the feed lot. They found a high negative correlation of both

weaning weight and suckling gain with efficiency in the feed lot.

This indicates that the heavier the calf at weaning the more feed is

required for maintenance and thus the lower is the efficiency.

Dahinen and Bogart (10, p.17) found that suckling rate of gain,

age put on test, and weaning score had no significant effect on

economy of gain daring the feeding period. It is interesting to

note that Knapp, et al, (30, pp.12-17) as well as Blackwell (li, p.14)

found a significant negative correlation between score at weaning

and efficiency during the test period. Knapp believed that

due to the fact that the high scoring animals at weaning were the

heavy- animals at weaning, and he had already shown a negative cor-

relation between weaning weight and efficiency.

Dickerson (13, ppJ92_h93) found that in swine, differences in

rate of gain to 22S pounds due to the pigs own genes were more large-

ly in fat deposition than in bone and muscle growth. His evidence

strongly indicates that rapid fat deposition, poor suckling ability,

and low feed requfreints, tended to be caused by the same genes.
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In an attempt to correlate rapidity of growth with milk and fat

production in dairy cows, Davis and Wilett (U, p.62!) found no

apparent association.

Weight, on Test and Its Effect on Rate and iEconony of Gain

There undoubtedly is a relationship between weight at weaning

and most conformation scores taken at that time (30, p.17). The

heavier animal usually is the one carrying more finish. It has been

demonstrated, however, that type or score evaluations of calves at

weaning may show little or no association with feed-lot performance.

Clark and co-workers (8, pp.6-7) found final feed-lot weight between

progeny of two sires to vary as much as 100 pounds. They state that

these differences could not be predicted by visual appraisal before

the feeding period. Lush (12, pp.880-881) found that large amounts

of variation in gain and final value could not be foreseen by trained

men who spent considerable time in close study of the experimental

animals before the beginning of the test. Roubicek (li6, p.10) found

negative correlations of conformation and quality scores with feed-

lot efficiency, indicating the inability of judges to select high

producing animals Dahmen (10, p.12) found no significant correlation

between weaning score and economy- of gain during the feeding period.

This suggests a possibility of revising scoring technique toward more

successful visual selection.

Icnapp and Clark (314, p.370 studied genetic and environmental

relationships between weaning scores and gains in the feed-lot. They

obtained a genetic correlation of 0.30 and an environmental
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correlation of -0.30. They state that the negative correlation may

be due to compensating gains on feed for poorer conditions of en-

vironment before weaning, or a negative correlation that may exist

between milk production and gains They found little value in visual

methods of selection for rapid gains in the feed-lot.

If the relation of weight to score is valid, then we might assume

from these findings that the weight of an animal, at the time it goes

on test, has very little effect on the performance of that animal.

Research seems to indicate that the opposite is true. Joshi., et al,

(23, p.301) made a study of feed consumption in relation to body

weight in laying hens He found that when the feed used for body

maintenance and increase in body weight was deducted, the lower pro-

ducing hens were just as efficient in egg production as the higher

producing ones. Warnick, et al, (3, p.2) showed significant differ-

ences in rate of gain of rabbits between sexes and periods when

adjustments were made for initial weight at the beginning of each

period. Experimental evidence concerning the actual effect of weight

on test as a production factor is liirated. Knapp, et al, (30, pp.12-

17) did show that weaning weight and efficiency of gain were nega-

tively correlated. Black and Knapp (3, pp.73-77) showed a negative

correlation between weaning weight and percent of fat in the carcass.

They state that 140 per cent of the variations in the amount of sub-

sequent fatness found in the steer at slaughter could be accounted

for by variations in weaning weight.

Ko].hi, et al, (39, p.363) found that steers which were shorter
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fore-flank were slightly superior in rate and econonr of gain.

a study of comprest and conventional type Hereford steers, Ston

(52, p.2l) found that comprest type steer calves, when fed to the

grade of low choice, gained as efficiently per unit of feed eaten

as the conventional type calves.

iUiams and Wood (55, p.29) found that a calf's gain tended

to be proportional to the weight of the calf at the time the particu-

lar gain was made. Black and Knapp (2, pp.105-107) found that

measurement of sire differences by performance of their calves could

be more clearly established when calves were tested between 500 and

900 pounds. They found that differences in weight of sire groups at

12 months of age were not significant. Bogart and Blackwell (6, p.2)

state that if comparisons on rate of gain are made when the arnm)

are the same size, the data wiil be dependable as an index of

efficiency.

In view of the results obtained in testing animals at constant

weights, it seems logical to assume that size or increased weight at

a given age may be secured without detrimental effects on type or

testing procedure. Performance of the Line 1 Hereford cattle at

Montana State College (32, p.19) indicates that weight for age may be

increased without apparent loss of quality of carcass.

Warwick (Sb, p.25) states: "The animal which is of the best

type and therefore most nearly suited to the demands of the market,

and which is at the same time the most productive, will be the one

which is the most profitable."



on Test and Its Ztfect on Rate and Econonty of Gain

Age is one of the most important factors to be considered in

production-testing beef animals. As an animal increases in age and

size, there is a corresponding change in the pbysiological functions

governing the utilization and disposition of nutrients. After maint-

enance requirements are met, young cattle can use feed for both

growth and fattening, whereas the mature animal' a use of the ration

above maintenance is confined largely to the production of fat.

It is for this reason that calves fed on full rations usually gain

more economically than yearlings, aid yearlings in turn should make

cheaper gains than two-year-olds (21, p.139).

Keith, et al, (2, p.15) compared steer calves with yearling

steers on several different concentrate-to-hay ratios, aid found that

the calves were more efficient than the yearlings in every comparison.

Williams and Wood (55, p.29) state that if a relatively young

animal is to lay on finish, it is obvious that a greater share of

his feed will be used to produce this finish, leaving less for

growth. A greater degree of finish in a young animal would mean

either a greater açetite and increased food intake or a lower

inherited growth potential. In either case, he would probably

resemble a more nearly mature animal in that his efficiency would

be decreased. The practical a1ue in such an animal would be in a

more rapid feed lot turnover or in the production of a finished

carcass at a smaller size.

In comparative feed lot tests, it is important that environ-

mental variation be reduced to a minimum. Variations due to differ-
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ences in age and weight may be reduced by feeding on either an age-

constant or weight-constant basis. Williams and Wood (%, p.30)

determined, from graphs of individual growth rates of bul I s, that

each bull tended to grow at a constant percentage rate. That is,

the rate of gain tends to depend on an animal's weight at the time

the gain is made. They state that in view of this, animals should

be compared at identical weights.

Blackwell (14, p.143) states that in efficiency tests, it is more

accurate to feed to make a given amount of gain than to feed for a

given period of time. Dahmen and Bogart (10, p.16) emphasize the

importance of age by stating that 140 per cent of the variations in

gains made during the test period could be accounted for by varia-

tions in birth weight and age put on test, They also state that

suckling rate of gain, age put on test, and wePriing score had no

significant effect on economy of gains during the feeding period.

Knapp and Clark (33, pp.177-178) studied genetic and environ-

mental correlations between growth rates of beef cattle at differ-

ent ages. Their annual feeding was divided into three 814-day periods.

They found little environmental correlation between the three periods

while the genetic influence increased as the feeding period progressed.

Baker, Colby and Lyman (1, p.6) concluded from a study of diges-

tion rates and efficiency that differences in rate of gain were

probably not due to any large extent to individual differences in

digestive powers of the animal. Small (Sl, pp.5.7) found that age,

individuality, length of feeding period, or previous treatment did

not ordinarily affect the ability of a steer to digest his ration.
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He stated that age was one of the most important factors controlling

gains per unit of live weight. He pointed out that young steers

tended to use feed for growth while older steers tended to fatten.

Grn1ich (18, p.216) found that heifers produced the most

desirable beef carcass at from eight to fifteen months of age. In

a later study, Gramlich (17, pp.S2-S3) noted that heifers fattened

faster than steers, due to the greater skeletal growth of the steers,

or more precisely the lower mature weight of the heifers. In compar-

ing ages, this author found results in favor of calves of both sexes

in econon of production and popularity of carcass. His two-year-

oldz made greater gains during the first 100 days on feed, while his

calves did best during the last 100 days. In contrast, his yearling

gains were uniform throughout the 17S day feeding period.



METh0L AND N[ATERIAL5

The data are compiled from a study of records of three years

of individual and lot-fed calves at the Eastern Oregon Livestock

Branch Experiment Station at Union, Oregon, on the Western Regional

Beef Cattle Improvement project.

The total number of calves used in the study for the three-year

period included 19 registered bulls, 18 registered heifers, and 9

grade steers fed individually, and 100 grade steers and 60 grade

heifers fed in lots. Al]. calves used in the study were produced on

the station and were dropped in the Spring and early SunmLer. They

were weaned each year between the first and the eighteenth of October.

Stall Calves

Bull, steer, and heifer calves were fed in individual stalls

during the Winters of l9IL9-SO and 19SO-l. Bull and heifer calves

were fed individually in l9Sl-52. All individually fed calves except

the steers wer. purebred.

AU calves fed individually were confined in small individual

stalls while they were eating, but were run together in a large pen

between feedings. Calves that were stall-fed during the Winter of

l9)9-SO were held in an outside pen during the night. Those fed dur-

ing the two Winters following were confined to their stalls each

night. Feeding was done three times daily at uniform intervals.

Feed was carefully weighed and placed in an individual manger f or

each calf, The calves spent about five hours outside each day where



they had access to fresh running water.

Stall-fed calves each year were conditioned before the beginning

of the official test. They were placed in stalls at weaning and fed

for approximately one month before they were weighed onto the test.

The l9t9-5O stall feeding period extended from Januarr 3, 1950

to May 3, 1950. This was a total of 120 days. The 1950-51 period

extended from November 27, 1950 to May 26, 1951, for a total of 180

days. During 1951-52 the feeding trials started on December 20, 1951

and ended 120 days later, on April 18, 1952. Throughout the test,

calves were weighed at the end of each 30-day period with gains per

head per day and feed consumption calculated after each weighing.

Stall record sheets listed initial weight, final weight, total gains

and daily gains, and total and daily feed consumption for each period.

AU weights were taken between 1:00 and 3:00 P.M. This was done

to limit, as much as possible, variations in weight due to fill.

Forage for the stall fed calves during the first Winter consist-

ed of good quality chopped alfalfa-grass hay and equal amounts of

chopped alfalfa-grass-pea hay during the second and third Winters.

Grain for these calves during the first winter consisted of the

Union feed ii1 and dried beet pulp. During the second Winter,

the grain was changed to two-thirds wheat and one-third peas and a

mineral mixture was added. This ration remained the same during the

third Winter except for the addition of linseed meal.

Econoir of gain, as used in this individual feeding study, is

1
Union feed mixture: Oats, wheat and barley, each 29.07 per

linseed meal 11.63 per cent, and molasses 1.16 per cent.
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a measure of total digestible nutrients required for each pound of

gain. Feed analyses used were taken from Morrison's tables of aver-

age composition of feeding stuffs (13h, pp.1086-1131).

Lot-Fed Calves

Grade steer and heifer calves were fed in groups of 10 in open

lots each Winter throughout the three year period. They were con-

fined to lots approximately 50 feet by 100 feet in size. The quality

of forage and grain each year corresponded to that fed the stall-fed

calves. Rations, however, differed between lots and between stall

and lot-fed calves.1 The hay was chopped and fed in. self-feeders.

Grain was weighed at each feeding. At the end of each thirty-day

feeding period, all hay not consumed was removed from the feeders

and weighed. The amount was deducted to give actual hay consumption.

Grain was fed three times each day and fresh running water was

provided in all lots.

All calves were conditioned before the beginning of the official

test; that is, they were placed in. lots at weaning and fed for

approximately one month before they were weighed on to the test.

Individual weights were taken at the onset and conclusion of each

annual feeding period. The l9b9-50 group feeding trials started on

December 3, l9!9 and extended to June 3, 1950, for a period of 182

days. During 1950-51 calves were fed for l91 days, from November 27,

1950 to June 9, 1951. The 1951-52 feeding began on December 20, 1951

1 Complete rations by lots and years appear in Appendix Table
II, page 66.



and ended April 18, 152. This was a total of 120 days,

Throughout the test group weights wore taken at the end of each

30-day period. Average gains and average feed consumption were cal-

culated on each group of 10 calves at each weight period. Records

were kept on sheets 8iBrLlar to those used for the stall-fed calves.

Feed efficiency records were not available on the lot-fed calves.

In assigning calves to lots at the beginning of each test, an

effort was made to equalize the weights of all lots as nearly as

possible. The purpose was to place as much variation as possible

within each lot in an effort to test each factor with a representa-

tive cross section of the calf population. Calves that were quite

late or for any other reason small at weaning time were not included

in the test.

Throughout each annual feeding period, the grain-hay ratio for

both stall and lot calves averaged approximately two parts grain to

one of hay.

The analyses measure the effects of the four independent vari-

ables birth weight, suckling gain, weight-on-test, and age-on-

test on the three dependent variables - gain on test, econonr of

gain, and daily gain-from-birth-to-the-end-of-the-test-period. All

birth weights were taken within 21j. hours after birth. Suckling gain

is weaning weight minus birth weight divided by age in days and

expressed as pounds gain per day. Weight on teat is the actual weight

of each calf in pounds at the beginning of the test period. Age on

test is the a of each calf in days at the beginning of the test

period. Gain on test is expressed as pounds gained per day during



the test period. economy of gain is tatal digestible nutrisnts con-

sumed for each 100 pounds gain in live weight Gain from birth to

the end of test is weight at the end of test minus birth weight

divided by age in days at the end of test and expressed as pounds

gain per day.

The statistics]. methods used in this study were analysis of

variance, multiple regression, linear regressions, and correlations

as outlined by Snedecor (50, pp.103-137; 138-168, 214-252; 340-373).

The method described by Snedecor (50, pp.369-370) for the

deletion of a variate from a niult iple regression equation is used

in the analyses for the determination of significance of each

independent variable In the regression equations. Differences were

taken as statistically significant when the probabilities of their

occurrence by chance alone were 0.05 or less.



RESULI'S

Stall Fed Calves

A total of l.6 Hereford bull, steer, and heifer calves were fed

individually during the years l9b9-50, 1950-51, and 1951-52. Sex

and year variations were eliminated by analysis within sex groups

within years. Records included birth weights, weaning weights, age

at weaning, weight and age on tet, gains per day on test, efficiency

of feed utilization (total digestible nutrients per 100 pounds gain

in live weight) and gain per day from birth to the end of the feeding

period.

Average weights, gains, and economy of gains were computed on

the stall fed calves for the three-year period.

Multiple regressions were computed to determine the regression

coefficients of each of the three dependent variables Y1 (Gain per

day on test), Y2 (Economy of gain on test) and Y3 (Gain per day from

birth to end of test) - on the four independent variables -

(Birth weight), X2 (Suckling gain), X3 (Weight on test) and X (Age

on test),

29



Average Weights and Gains of Stall Fed Calves

Table 1

Average Birth Weights, Weaning Weights, Suckling Gain, Gain-on-Test,
and Economy-of-Gain - Total Digestible Nutrients (TDN) Required per
100 Pounds Gain of Purebred Hereford Bull and Heifer Calves and
Grade Steer Calves (Stafl. Fed) by Sex and Year

30

* Two year average on steers.

In Table 1 it is evident in some instances that total gains

made during the suckling period, as shown by weaning weights, are

not consistent with average daily gsins made during this period.

This is apparently a result of weaning all calves at the same time

regardless of age. For example, for the year 1950-51, bull calves

were heavier than heifer calves at birth, gained more per day during

Year
and
Sex

No.
of
Ani-
mals

Ave.
Birth

Weights

Ave.
Weaning
Weights

Ave.
Suck-
ling
Gain

Ave.
Daily
Gain

on Test

PDN
Per.100
Pounds
Gain

19149-50
Bull 6 65.0 555.0 1.92 2.28 1465.9
Heifer 6 68.2 1430.8 1.75 2.02 530.7
Steer 6 62.7 397.5 1.63 1.93 552.2

1950-51
Bull 14 77.5 1407.5 1.79 2.39 1458.5
Heifer 8 72.7 1408.7 1.71 1.75 577.5
Steer 3 714.8 1463.3 1.87 1.89 587.0

1951-52
Bull 9 73.1 1431.1 1,93 2.57 Io5.6
Heifer 14 614.0 14142.5 1.80 1.82 552.3
Steer

3-Year
Average
Bull 19 71.5 1433.7 1.89 2.1414 1435.8
Heifer 18 69.3 1423.6 1.714 1.83 556.3
Steer* 9 66.8 !i19.b 1.71 1,92 5514.9



the suckling period, but were lighter at weaning because a higher

proportion were born during the last part of the calving season and

thus were younger at weaning.

Effect of Birth Weight in Pounds, Suckling Gain in Pounds Per Day,
Weight-on-Test in Pounds, and Age-on-Test in Days on Gain-Per-Day-

On-Test.

The first multiple regression was designed to test the effects

of birth weight, suckling gain, weight on test, and age on test on

rate of gain during the test period.

The partial regression coefficients of the independent variables

and their confidence intervals are presented in Table 2, with tests

of significance shown in Table 3.

Table 2

Partial Regression Coefficients and Confidence Intervals of Gain-on-
Test in Pounds per Day, on Birth-Weight in Pounds, Suckling-Gain in

Pounds per Day, Weight-on-Test in Pounds, and Age-on-Test in Days.

Variate

Birth Weight

Suckling Gain

Weight on Test

Age on Test

Partial Regression 9 percent

Coefficient (b) Units Confidence
Interval of b

lbs .per .day/lb.

lbs.per day
lbs .per day

lbs.per day/lb.

lbs .per day/day

.003 to .021

-.688 to .021

-.001 to .00Z

.000 to .008



Table 3

Test of Significance of the Partial Regression Coefficients of Gain-
on-Test, on Birth-Weight, Suckling-Gain, Weight-on-Test, and Age-cu-
Test.
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* Significance.

The calculated partial regression coefficients, b, (Table 2)

of gain on test on the four independent variables - birth weight,

suckling gain, weight-on-test, and age-on-test - indicate that only

X1 (birth weight) and Xj (age on test) have a significant effect on

gain per day during the feeding period. The other two variables,

X2 (gain-per_day-during_the_suckling_period) and X3 (weight-on-test)

had no significant effect on feed-lot gain per day.

The test of significance of the completed multiple regression,

given in Table 3, indicates that only birth weight and age-on-test

have a significant effect on gain-on-test. Therefore, a second

multiple regression was set up eliminating the two variables - suck-

ling gain and weight-on-test. Partial regression coefficients and

Birth Weight 1 .2797

Suckling Gain 1 .000lL .01

Weight on Test 1 .0223 .60

Age on Test 1 .1707 1.62*

Regression .1226 3,32*

Additional Variation
due to:

Residual 31i. .0369

CR = _3n
Source of
Variation d.f. Mean Square



confidence intervals are given in Table b, with the test of signifi-

cance shown in Table S.

Table b

Partial Regression Coefficients and Confidence Intervals of Gain-on-
Test in Pounds per Day-, on Birth Weight in Pounds, and Age-on-Test
in Days.

Partial Regression 95 percent
Variate Coefficient (b) Units Confidence

Interval of b

Birth Weight .013 lbs.por day/lb. .005 to .02].

Age on Teat .00Ii lbs.per day/day .003 to .005

The regression of .013 of gain-on-teat on birth weight indicates

that for each difference from the mean in birth weight of 10 pounds,

there would be a difference in gain-per-day on test of 0.13 pound

with the heavier calves at birth gaining faster during the test peri-

od. Also the regression of .00h for gain-on-test on age-on-test

indicates that for every 10 days c1fTerence from the mean in age-on-

test there is a difference in gain-per-day-on-test of .0Z pounds

with the older calves on test gaining faster.



Table S

Test of S:i.gnfficance of the Partial Regression Coefficients of Gain-
on-..Test, on the Two Independent Variables, Birth Weight, and Age-on-
Test.

* Significance.

The value R2 0.26 (R = .511, Table 5) means that 26 per cent

of the variation in gain per day during the feeding period is

accounted for by variations in birth weight and age of the animal

when it goes on test.

Effect of Birth Weight in Pounds, Sucklin Gain in Pounds Per Day,
Weight-on-Test in Pounds and 4e-on-Test in Days on Economy-of-
Gain-During-TesE (Totai Mestab1e Nutrients ?erTOO Pounds Gain)

The test of significance of the multiple correlation coeffi-

cients of 2 (economy of gain on test), on the four independent

variables, 11 (birth weight), X2 (suckling gain), X3 (weight on test),

and X (age on test) showed no statistical significance. This is

presented in Table 6.

(R .511)

Source of
Variation d.f. Mean Square F

Regression 2 .2280 6.37*

Additional Variation
due tot

Residual 36 .0358

Birth Weight 1 .3b96 9.76*

Age on Test 1 .2667 7.b5*



Table6

Test of Significance of the Partial Regression Coefficients of
conomy of Gain on Test, on Birth Weight, Suckling Gain, Weight on

Test, and Age on Test.

(R = 0,412)

The correlation coefficient (r) of economy of gain (total

digestible nutrients per 100 pounds gain) with rate of gain in

pounds per day, was found to be -0.82. The regression of economy

of gain on rate of gain resulted in b .232.8. This indicates that

for every one pound increase in gain per day above the mean, there

is a corresponding saving of 232.8 pounds WN (total digestible

nutrients) for each 100 pounds gain in 1ivo weight.

iffoct of Birth Weight in Pounds, Suckling Gain in Pounds Per Day.
Weight-on-Test in Pounds. and Age-on-Test in Days, on Gain-From
Birth-to-id-of-Iest in Pounds Per Day.

ltiple correlations mere designed to test the effects of

(birth weight), 12 (suckling gain), 13 (weight on teat) and 14 (age

on test) on 13 (gain per day trom birth to the end of test). It
was found that birth weight and weight-on-test had significant

effects but that suckling gain and age-on-test did not.

Sou.rceof
Variation d.f. Mea Square F

Regression

Residual

Total

4

34

38

5,094.558

3,530.000

1.44

e of Gain 4 Eeononw of Gain: Correlation Coefficient and
Regression.
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The partial regression coefficients and confidence intervals of

this test are shown an Table 7, followed by the test of significance

in Table 8.

Table 7

Partial Regression Coefficients and Confidence Intervals of Gain From
Birth to End of Test in Pounds per Day, on Birth Weight in Pounds,
Suckling Gain in Pounds per Day, Weight-on-Test in Pound8, and Age-
on-Teat in Days.

Partial Regression 9 percent
Variate Coefficient (b) Units Confidence

Interval of b

Birth Weight .oO13 lbs.per day/lb. .000 to .008

Suckling Gain lbs.per day
-.271 to .1h7

lbs.per day

Weight on Test .0020 lbs.per day/lb. .001 to .003

Ago on Test .0000 lbs.per day/day -.Q to .002

Residual 31i

* Significance.

Table 8

Test of Significance of the Partial Regression Coefficients of Gain
per Day From Birth to End of Test, on the Four Independent Variables;
Birth Weight, Suckling Gain, Weight on Test, and Age on Test.

(R=.82S)
Source of
Variation d.f. [ean Square F

ii. .1146 18.17*Regression

Additional Variation
due to:

.008

Birth Weight 1 .036

Suckling Gain I .003 .3

Weight on Test 1 .280 314.91*

Age on Test 1 .000 .00
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Because suckling gain (x2) and age-on-test (X1L) had no signifi-

cant effect on gain-per-day-from-birth-to-end-of-test (Y3) as shown

in Table 8, these two variables were omitted and a second multiple

regression was set up to test the significance of birth weight (X1)

and weight-on-test (X3) on galn-per-day-from-blrth-to-the-end-of-te8t

(Y3).

The partial regression coefficient, b, of birth weight was found

to be o.O0l (Table 7) Thus, for every 10 pound increase above the

mean in birth weight, there was a corresponding .ol of a pound

increase in gain per day from birth-to-the-end-of-test. Weight on

test shows a similar effect, where b = 0.002. For every 10 pound

increase in weight-on-test above the mean of the group, there was an

increase of 0.02 pound gain per day in that period from birth to the

end of the test. These two variables, birth weight and weight-on-

test, were studied with suckling gain and age-on-test held constant.

Partial regression coefficients and their confidence intervals

are shown in Table 9. The test of significance is presented in

Table 10.

Table 9

Partial Regression Coefficients and Confidence Intervals of Gain-
from-Birth-to-End-of-Test in Pounds per Day, on the Two Variables,
Birth Weight in Pounds and Weight-on-Test in Pounds.

Variate
Partial Regression 95 percent
Coefficient (b) Units Confidence

Interval of b

Birth Weight .0014 lbs.per day/lb.

Weight on Test .002 lba.per day/lb. .00]. to .002



Table 10

Test of Significance of the Partial Regression Coefficients of Gain-
per-Day-from-Birth-to-End-of-Test, on the Two Independent Variables,
Birth Weight and Weight-on-Test.

Ut .823)
Source of
Variation d.f. Moan Square

Regression 2 .2897 37.713*

Additional Variation
due to:

Birth Weight 1 .01320

Weight on Test 1 .13868 63.131*

Residual 36 .0077

* Significance.

A comparison of Tables 8 and 10 shows very little difference

between the two multiple correlation coefficients. In Table 8,

R .82S, thus R2 = .68. This moans that 68 percent of the varia-

tions in gain from birth to the end of test are accounted for by

the four variables, birth weight, suckling gain, weight-on-test,

and age-on-test. In Table 10, R .823 and R2 .67. Thus the two

variables, birth weight and weight-on-test, remove practically as

much of the total variation in gain-per-day-from-birth-to-the-end-

of-test as the four combined.

Lot Fed Calves

A total of 160 Hereford steer and heifer calves were fed in lots

of 10 each at the Union Station during the winters of 19139-SO, 19S0-

Si, and 19S1-S2. Sex, year, and ration variations were eliminated

38
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by analysis within lots within years. Records used in this study

included birth weights, weight and age at weaning, weight and ago

on test, gain per day during the feeding period, weight and age at

the end of the test, and gain per day from birth to the end of the

test period.

Average weights and gains were computed on the group fed calves

during the three-year period.

Multiple regressions were computed to determine the regression

of each of the two dependent variables Y (gain per day on test)

and 13 (gain per day from birth to the end of test) on each of the
four independent variables - X1 (birth weight) X2 (suckling gain)

X3 (weight on test) and (age on test).

Average Weights and Gaits of Group Fed Calves

Table 11

Average Birth Weights, Weaning Weights, Suckling Gain, and Daily
Gain-on-Test, of Grade Hereford Calves (Group Fed) by Sex and Year.

Year No. Ave. Ave. Ave. Ave.
and of Birth Weaning Suckling Daily Gain
Sex Animals Weights Weights Gain on Test

19b9-50
Steers lj0 71.0 380.9 1.53 2.114Heifers 20 70.6 388.0 1.50

1950-51
Steers 30 77.5 !i149.9 1.76
Heifers 2Q 70.7 Ii2Ll 1.614 1.814

1951-52
Steers 30 714.8 1366.7 1.90Heifers ?O 72.1 1338.7 1.80

3-year
Average
Steers 100 714.1 1327.3 1.71Heifers 60 71.1 1320.14 1.66

1.96

2.00

2.09
1.86
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In Table U, the effects of age variations at weaning time are

again reflected in average weaning weights and per day gain during

the suckling period. The suckling gain per dayweaning weight

association is dependent on the average ago of the calves at weaning.

Effect of Birth Weight in Pounds, Suckling Gain in Pounds per Day-,
Weight-on-Test in Pounds and Age-on-Test in Days on Gain-per-Day-on-
Test.

A multiple regression was set up to test the effects of birth

weight, suckling gain, weight-on-test, and age-on-test on gain-per-

day-during-the-feeding-period. Each of these independent variables

was found to have a significant effect on gain per day. These

results are presented in Tables 12 and 13.

Table 12

Partial Regression Coefficients and Confidence InteL-valS of Gain-on-
Test an Pounds per Day on Birth Weight in Pounds, Suckling Gain in
Pounds per Day, Weight-on-Test in Pounds, and Age-on-Test in Days.

Birth Weight .OIil lbs.per day/lb. .025 to .057

Suckling Gain 379 ibs.per day 2.03 to 5.55
lbs.per day

Weight on Test -.0314 lbs.per day/lb. -.007 to -.022

Age on Test .036 lbs ,per day/day .019 to .053

Partial Regression 95 percent
Variate Coefficients (b) Units Confidence

Interval of b



Source of
Variation

CR. = .5366)

d.f. Mean Square

1

Table 13

Test of Significance of the Partial Regression Coefficients of Gain-
on-Teat on Birth Weight, Suckling Gain, Weight-on-Test, and Age-on-
Test,

Regression Li. .$85 10.00*

Additional Variation
due tot

Birth Weight.

Suckling Gain

Weight on Test

Age on Test

Residual 139

i.2Ji.59 27.18*

.8306 18.12*

.7),1j . 16.18*

.8193 17.68*

* Significance.

The high partial regression coefficient of suckling gain on gaw

on-test, b = 3.79, as shown in Table 12, is largely offset by the

negative effect of weight-on-test on gain-on-test, b -0.0]J. These

indicate that each 0.1 pound increase above the mean in suckling gain

per day results in a corresponding increase of almost 0.14 of a pound

per day in gain on test. The negative effect of weight-on-test on

gain-on-test (b -0.0114) means that an additional 10 pounds above

the mean in starting weight would equal 0.114 pound less gain per day

on test,

An R2 of .29 (R = 0.536, Table 13) indicates that 29 per cent

of the total variance in gain-on-test is accounted for by the four

independent variables, birth weight, suckling gain, weight-on-test,



Interaction

and age-on-test.

Because of the significant effects of the three variables,

suckling gain, weight-on-test, and age-on-test, on gain-on-test

(Table 13), correlation coefficients were computed to determine the

relationships between these three factors. These interactions are

presented in Table ilL.

Table ilL

Correlation Coefficients of Suckling Gain in Pounds per Day with
Weight-on-Test in Pounds, Suckling Gain in Pounds per Day with Age-
on-Test in Days, and Weight-on-Test in Pounds with Age-on-Test in
Days.

As shown in Table )JL, there is a high positive relationship

between suckling gain and weight-on-test aid between weight-on-test

and age-on-test, and a large negative relationship between suckLing

gain and age-on-test. These are all significant.

The Effect of Birth Weight in Pounds, Sucklii Gain in Pounds per
Day, Weight-on-Test in Pounds and Age-on-Test in Days, on Gain-
from-Birth-to-the-End-of-Test in Pounds

The effects of birth weight, suckling gain, weight-on-test,

and age-on-test, on gain per day from birth to the end of test, as

determined by multiple regression, are presented in Tables l and 16.

Suckling Gain with Weight-on-Test o . S90

Suckling Gain with Age-on-Test

Weight-on-Test with Age-on-Test o.b28



Table 1

Partial Regression Coefficients and Confidence Intervals of Gain from
Birth to End of Test in Pounds per Day on Birth Weight in Pounds,
Suckling Gain in Pounds per Day, Weight-on-Test in Pounds, and Age-
on-Test in Days.

Partial Regression 95 percent
Variate Coefficients (b) Units Confidence

Interval of b

Birth Weight .0083 lbs.per day/lb. .002 to .o11

Suckling Gain 7]3 lbs.per day .082 to i.1oi
lbs.per day

Weight on Test .000S lbs.per day/lb. -.002 to .003

Age on Test .0038 lbs.per day/day -.002 to .010

Table 16

Tests of Significance of the Partial Regression Coefficients of Gain
from Birth to End of Test on Birth Weight, Suckling Gain, Weight-on-
Test, and Age-on-Test.

.780)

Source ol'
Variation d.f. Mean Square

Residual 139 .0081

* Significance.

Birth Weight 1 .001 6.21*

Suckling Gain 1 .0317 3.91*

Weight on Test 1 .0008 .09

Age on Test 1 .0091 1.13

Regression b .li.375 S3.91*

Additional Variation
duo to:



In Table 16, both birth weight and suckling gain are shoivn as

having significant effects on gain from birth to the end of the test

period. The partial regression coefficient of gain from birth to the

end of test on birth weight, b .0083 (Table iS), indicates that

for a 10 pound increase above the mean in birth weight there is a

corresponding increase of .083 of a pound in gain per day from birth

to the end of test, Also, an increase of .1 pound in suckling gain

equals an increase in gain per day from birth to the end of test of

.07 of a pound.

A second multiple regression was set up to determine the amount

of total variation in gain from birth to the end of the feeding

period attribitab1e to the two independent variables, birth weight

and suckling gain. These results are sho-wu in Tables 17 and 18.

Table 17

Partial Regression Coefficients and Confidence Intervals of Gain
from Birth to End of Test in Pounds per Day-, on Birth Weight in
Pounds and Suckling Gain in Pounds per Day.

Partial Regression 95 percent
Variate Coefficient (b) Units Confidence

Interval of b

Birth. Weight .006 lbs.per day/lb. .00b to .008

Suckling Gain .S22
lbs .per day

b31 .613
ibs.per day



Source of
VariatIon

Regression

Additional Variation
due to:

Birth Weight

d.f.

Table 18

Tests of Significance of the Partial Regression Coefficients of Gain
per Day from Birth to End of Test on Birth Weight and Suckling Gain.

(R: .719)

Mean Square

.71i50

Residual 1141 .0098

F

75.68*

.2872 29.17*

1.1176 113.514*

* Significance.

The R2 of .52 (R 0.7195, Tablel8) indicates that 52 per cent

of the variations in gain from birth to the end of the test is

accOunted for by birth weight and suckling gain.

1Suckling Gain
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In one respect, successful selection of beef enimaJ.s would

reflect the abilitr to accurately predict relationships in growth

between different periods of development throughout the life of an

animal. The magnitude of growth expressed during any period of devel-

opment is an obscure blending of hereditary and environmental

factors.

Ii' environment could be held entirely constant, and we found

positive relationships in growth tendencies between early and late

periods of development, the accuracy of our predictions would be

increased and selection would be much more simple. If, on the other

hand, environmental factors are not constant throughout growth, we

might expect gain during one period to compensate for high or low

gains made during the previous period. Thus, negative as well as

positive correlations would be found and would tend to result in a

balance between factors. Prediction of results would become more

and more difficult.

In this study both positive and negative relationships have

been found and such a balance is quite evident. Analysis of data

from the group feeding trials, indicates that for every 0.1 pound

gain above the mean in suckling gain per day there is a correspond-

ing increase in gain per day on test of approxunately o.b pounds.

On the other hand, it was found that weight had a significant

negative effect on gain on test. Thus, for every ho pounds increase

above the mean in weight at the beginning of the test, there is a
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decrease of 0.14 pounds per day gain during the feeding period. Even

though rapid gain during the suckling period indicates greater gains

during the feeding period, the same calf that makes these rapid pre

feeding gains is the heavier calf at the beginning of the test, and

we have shown that added weight at the beginning of the test has a

negative effect on gains during the test riod.

Discussion of Stall Feeding Results

In respect to the individually fed calves, the analysis indicates

that only birth weight of the calf and age of the calf at the time

it went on test had significant effects on gain per day during the

test period. These two factors accounted for 26 percent of the

variations in feed lot gain per day. Heavier calves at birth gained

faster on feed than lighter calves at birth. Also, calves which were

older at the beginning of the test gained significantly more than

younger calves This is in agreement with results obtained by

Dabmen, et al, (10, p.16) and Kolhi, at al (39, p.3614). It appears

that calves heavier at birth have a tendency to retain this advantage

throughout the feeding period.

Cow size has been quite well established as one of the more

inortant factors affecting birth weight of calvess Gregory, et a].

(19, p.314S); Knapp, et a]. (3S, p.2814). As the calf retains this

advantage to maturity, it would appear that the inortance of birth

weight as a factor in beef cattle inrovemeat through selection

could hardly be over emphasized. Sawyer, Li, and Bogart (148, p.6)

suggest that hereditary factors controlling "growthines&' and r11k
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production may be the same or closely associated. Thus, dam size,

heavier calves at birth, higher milk production in the dam, and a

greater mature size of the calf suggest a positive association useful

in predicting improvement through selection.

Gain per day during the suckling period and weight of the calf

at the beginning of the test had no significant effect on gain per

day during the test period on the stall fed calves. This lack of

significance would indicate that those two variables, suckling gain

and weight of the calf at the beginning of the test period are of

minor importance in predicting gains in the feed lot. If these

calves had all entered the feeding period at a constant age, it is

conceivable that weight would have had a significant effect on feed

lot gain per day. A six month old calf weighing LLOO pounds would

have less capacity for gains in the feed lot than a six month old

calf weighing 300 pounds This was emphasized by the significant

effect of age on test on gain on test with weight, suckling gain,

and birth weight held constant. The older calf at the beginning of

the test is the calf that has gained less per day during a longer

suckling period and has probably made satisfactory growth in terms

of a circulatory and digestive system but is not carrying the finish

of the younger calf, therefore, the older calf has a greater capacity

to gain. The assumption that the longer suckling riod, characteri-

stic of the older calves, results in less gain per day during this

period is based partially on the fact that calves at the Union

Station are dropped while the cows are on dry feed. Tims, those

dropped early in the calving season are subjected to from four to
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six weeks of cow milk production that is probably below that of cows

that calve near the end of the calving season and near the time when

grass raises milk production to its peak.

There was no significant association between economy of gain on

test and the four independent variables studied - birth weight, suckl-

ing gain, weight on test, and gain on test.

In view of this lack of significant effect, the relationship

between gain on test arid econonr of gain was studied. This correla-

tion was found to be -0.82 and was highly significant. The unit of

change in efficiency associated with each unit of change in gain on

test was found to be -233. In other words, for every 0.1 pound

increase in gain per day on feed, there was a corresponding saving

of 23 pounds of TDN (total digestible nutrients) for each 100 pounds

gain in live weight. This is in agreement with Black and Knapp

(3, .77), Koihi, at al,(39, p.363), Blackwell (Li, p.W) and others.

This simply emphasizes again the indication that rapid gaining calves

are efficient calves.

A study of factors affecting gain per day from birth to the end

of the test period, indicated that, with the individuI1y fed

arwnals, only birth weight and weight on test had a significant

effect. These two accounted for approximately 68 percent of the

variations in gain per day from birth to the end of the test period.

Birth weight affected gain during this extended period to the

extent that for a 10 pound increase in birth weight there was an

associated 0.0k pound increase in daily gain. The magnitude of this

effect of birth weight is less than that of birth weight on test



gain only. It does indicate however, as pointed out before,

the effects of birth weight are extended throughout a good share

of the developing life of the animal.

Each increase of ]O pounds above the

animal at the beginning of the test period had the effect of causing

a 0.01 pound increase in gain per day during that period from birth

to the end of the feeding period. Here the heavier calves are shown

as having an advantage over lighter calves when age on test, aickling

gain, and birth weight are held constant. This effect may be

associated with the possible ability of an older calf to adjust or

more readily take advantage of feed lot conditions. However, all

calves in this study underwent a condition period, one of transition

from mothers milk to concentrates and hay, of 30 days or more between

weaning and the beginning of the official test. The other possible

explanation is that these heavier calves are the larger framed,

growthier calves, with more inherent ability to gain and moze

capacity to gain than the lighter individuals.

Suckling gain and age on test had no significant effect on gain

of the animals from birth to the end of the test period.

Results of the two phases of this study, stall or individually

fed calves and group fed calves, compare quite favorably.

weight was found to be sigrnficantly associated with all factors

studied except econov of gain. Suckling gain was shown to have

significant effect on perfonnance factors in the group fed animals

but not in the stall fed animals. Age-on-.test had a significarrt

affect on gain-on-test in both phases. Weight-on-test significantly
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affected gain-from--birth-to-the-end-or-test in the stall red

animals but not in the group fed animals. Age-on-test had no

affect on gain-from-birth-to-the-end-of-test in either phase.

Differences that do exist may be partially due to the greater

selection pressure which has been applied to the Purebred (stall

fed) animals.

Discussion of Lot Feeding Results

Analysis of data from the group feeding trials indicates that

gain-on-test was significantly affected by alJ four variables

studied, birth weight, suckling gain, weight-on-test and age-on-

test. Approximately 29 percent (R .5366, Table 13) of the total

variance in gain-on-test was accounted for by- these four factors.

Birth weight affects gain-on-test to the extent that for every

1 pound increase in weight at birth above: the mean there is an

increase of O.OLi pounds per day in gain-on-teat. This agrees quite

closely iiith results from the st1l feeding trials.

As mentioned before, suckling gains in the group feeding trials

had a high positive effect on gain-on-test. High gains during the

suckling period were associated with high gains during the feeding

period. Black and Knapp (3, pp.73-77) found a negative correlation

between suckling gain and gain-on-test. Others have found no

association between these two factors (Knapp and Black, 31, p.253,

and Knapp, et al, 30, pp.12-17). freatment of the present data

suggests two possible explanations. As stated before, the calves

fed at the Union Station were conditioned to feed-lot environment
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for a considerable time before the beginning of the test. Thus,

these calves may have been on a more equal basis, from the stand-

point of gaining ability, at the time they were placed on test.

It follows then, that the large positive effects of suckling gains

on feed lot gains found in these trials may be largely due to the

actual ability of the calves to make rapid gains. Or, more pre-

cisely, environmental factors, active during the suckling period,

which tend to mask the inherited ability of the animal, were largely

eliminated.

The other explanation lies in the possibility of correlations

which may exist between gain made during different periods of owth.

Gains per day during the test period are more dependent on suckling

gains than are gains from birth to the end of test. This suggests

a negative correlation between suckling gains and gains made during

the conditioning period. Thus calves making the most rapid gains

during the suckling period would make the least gain during the

conditioning period and would again make rapid compensating gains

during the later test period.

The negative partial regression of gain-on-test on weight-on-

test has been discussed in a previous section.

The regression of gain-on-test on age-on-test coincides with

that found in the stall calves. Calves which are older at the

beginning of the test gain more rapidly than younger calves.

The fact that all four independent variables studied, birth

weight, suckling gain, weight-on-test, and age-on-test, had

significant effects on gain-on-test, would indicate significant



interactions between these variables. It was found that significant

correlations did exist between at least three of these factors. A

positive correlation of o.S8 was found to exist between suckling

gain and weight of the animal at the beginning of the test. The

regression of weight-on-test on suckling gain indicates that for

each 0.1 pound increase above the mean in suckling gain, there is

an increase of almost 16 pounds in weight at the beginning of the

test, This association should exist and does not necessarily

detract from the value of the conditioning p nod in equalizing

environmental variations. The conditioning period should not

appreciably affect the weight of a calf which has the ability to

consume feed and convert this consumption into high gains. Rather,

its function should be that of allowing the calf to make a physio-

logical conversion from a ration made up of milk and grass to one

of dry concentrates and roughages.

The correlation between suckling gain and age on test was

-0.lo. Here the regression of age on test on suckling gain indicates

that each 10 day increase in age reflected 0.0i pounds less gain per

day during the suckling period. This again may reflect environmental

conditions prevalent, during the calving period. Early calves were

subjected to lower milk production from cows on dry seed. Later

calves received the advantage of higher milk production from cows

on grass during a relatively greater portion of their suckling

development.

The association between age-on-test and weight-on-test was a

positive 0.b3. The regression of weight-on-test on age-on-test



meant that 10 days added age above the mean was accompanied by

almost 12 pounds additional weight at the beginning of test. As

was to be expected, older calves were heavier at the beginning of

the feeding period.

The correlation between birth weight and suckling gain was not

statistically significant.

When the effects of birth weight, suckling gain, weight on

test, and age on test, on gain from birth to the end of the test

were studied, it was found that only birth weight and suckling

gain were statistically significant. Of the total variation in gain

per day from birth to the end of the feeding period, S2 percent was

accounted for by variations in birth weight and suckling gain.

When variations due to suckling gain, weight-on-test, and age

on-test were eliminated, a 10 pound increase in birth weight had the

effect of increasing gain per day 0.O of a pound throughout this

period. This persistent effect of birth weight on gains made n

later periods has been evident throughout each phase of this study.

Suckling gain had much the same effect when other factors were

held constant. An increase of 0.1 pound above the mean during this

period resulted in a corresponding increase gain of o.OS pounds per

day during that period of growth from birth to the end of the feed-

ing test.

The results of this study emphasize the value of birth weight

and suckling gain in predicting feed-lot performance of a beef

animal. The age and weight of an animal at the beginning of the

feeding period are influenced greatly by environment and by



performance both during the suckling period and during the condition-

ing period prior to initiation of the test.

There is an indication that either weight-.'on-test or age-on-test

could be used to advantage in predicting feed-lot performance if

calves were fed through either a weight-constant period or an age-

constant period. If both are allowed to fluctuate, the predictive

value of these highly variable factors decreases considerably.



SUMLRY AND CONCLUSIONS

A total of b6 purebred and grade Hereford calves (fed in

individual stalls) and 160 grade Hereford Calves (fed in lots) were

tested at the Union Experiment Station during the winters of 1919-0,

l9S0-]., 191-2. Multiple correlations were set up to test the

single and combined effects of the four independent variablesbirth

weight, suckling gain, weight-on-test, 2nd age-on-test--on each of

the three dependent variablesgain on test, economy of gain (total

digestible nutrienta per 100 pounc gain), and gain per day from

birth to the end of the test period.

Two separate an2lyses were run, one on the indivi.wl1y fed

calves and one on the group fed calves The conclusions are

presented in that order.

Stall Fed Calves

Bull calves have increased 0.29 pounds per day in average

gain-on-test during the three year period. This increased gain has

been accompanied by an average decrease of 60 pounds I'DN (total

digestible nutrients) per each 100 pounds gain in live weight.

Birth weight had a significant effect on gain-on-test and

on gain-from-birth-to_the-end_of-the-test period. Calves 10 pounds

heavier than average at birth gained 0.12 pound per day more on test,

and 0.013 pounds per day more from birth to the end of test.

Gain per day during the suckling period had no effect on

gain-on-test or gain-from-birth-to-the-end-of-test.



IL. Age-on-test had a positive effect on gain-on-test. For each

additional 10 days in age above the mean at the beginning of the

test, there was an added 0.OIL pound per day gain on test.

Weight-on-test had a positive effect on gain-from-birth-to-

the-end-of-test. Calves 10 pounds heavier than average at the begin-

ning of the test period gained 0.02 pounds per day more throughout

the total period from birth to the end of test.

Econony of gain was not affected by either birth weight,

suckling gain, weight-on-test, or age-on-test.

There was a significant regression of econony of gain on

rate of gain. An increase of 0.1 pound per day above the mean in

gain on test resulted in a saving of 23 pounds of total digestible

nutrients for each 100 pounds gain in live weight.

Lot Fed Calves

Birth weight had a significant positive effect on gain-on-

test and on gain-from-birth-to-the-end-of-test. An additional 10

pounds above the mean at birth resulted in O.lsl pounds added gain

per day on test and 0.083 pounds added gain per day from birth to

the end of the test. In both phases of this study, calves heavier

at birth gained faster on test and from birth to market age.

Suckling gain had a significant positive effect on gain-on-

test and on gain-from-birth-to-the-end-of-test. An increase of 0.1

pound above the mean in suckling gain per day resulted in an increase

gain per day on test of 0.379 pounds and an increase in gain per day

from birth to the end of test of 0.0Th pounds. This effect was not



significant with the stall fed calves.

3. Weight-on-test had a significant negative effect on gain-

on-test. Calves which were 10 pounds heavier than average at the

beginning of the test gained 0.114 pounds per day less on test.

14. Age-on-test had a significant positive effect on gain on

test. Calves 10 days older than average at the beginning of the

test gained 0.36 pounds per day more during the test period.

. Age-on-test and weightuon-test had no significant effect on

gain-from-birth-to-the-end-of-test.

There was a significant positive correlation between suck-

ling gain and weight-on-test and between weight-on-test and age-on-

test.

There was a significant negative correlation between suck-

ling gain and age-on-test. Calves younger at the beginning of the

test period had made higher suckling gains over a relatively shorter

period of time. Calves which were heavier at the beginning of the

test had gained less per day during the suckling period but had made

a greater total suckling gain because of their greater age at weanin

It appears that the suckling period is subject to consider-

able environmental influence. Whether or not test calves are weaned

at a constant age, they should undergo a conditioning period before

being placed on official test.

9, This study indicates that production testing may be more

valid if calves are fed through either a weight constant or an age

constant period. Under range conditions where such controls are in-.

practical, adequate correction factors would be used to standardize



test procedures.

S9
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HAl
Chopped
Alfalfa-grass.

Table I

Rations Fed to Stall Calves During the Winters
Of

19)49-SO, 1950-51, aiI 1951-.52

19)49-SO
SUWLEMENT

UNION FD MIXTURE
(Oats -----------
(Wheat ---------
(Barley ------
(Linseed meal - - -
(Molassee - - - -

Dried Beet Pulp.

1950-5].

Chopped Wheat 2/3
Alfalfa-gras s-pea Peas 1/3
(Approximately 1/3 each) Dried beet pulp

Mineral mixture

1951-52

Chopped Wheat 2/3
Alfalfa-grass-pea Peas 1/3
(Approximately 1/3 each) Dried beet pulp

Mil mixture
Linseed meal

- - - - -29.07%)
- - - - -29.07%)

- -29,07%)
u.63%)

- 1.06%)



19149
Hay

Lot I Chopped
Steers a]! aif a,

grass and
pea.

Lot 2 Chepped
Steers alfalfa,

grass and
pea.

Lot 5 Chopped
Heifers álfalf a,

grass and
pea.

ot 6 öhopped
Heif era alfalfa,

grass and
ea.

199)
Supplement

Ground wheat,
Dried beet pulp.

Ground wheat,
Linseed meal,
Dried best pulp.

Lot 3 Chopped Ground wheat 2/3 Chopped Ground barley,
Steers Alfalfa, Ground peas 1/3 alfalfa, Dried beet pulp.

grass and Dried beet pulp, grass and
pea. pea.

Lot 4 Chopped Union feed
Steers alfalfa, mixture,

grass. Dried beet pulp.
Lot 4
Heif era

Ground wheat,
Linseed meal,
Dried beet pulp.

Table II

Rations Fed to Lot Calve8 During the Winters
of

l9li9-O, l94l, and l9142
1950 - 1951

1ement
Chopped Ground wheat,
alfalfa, Dried beet pulp.
grass and
pea.
Chopped Ground wheat 2/3
alfalfa, Ground peas 1/3
grass and Dried beet pulp.
pea.

Chopped
alfalfa,
grass and
pea.

Ground wheat 2/3
Ground peas 1/3
Dried beet pulp.

Ground wheat 2/3
Ground peas 1/3
Dried beet pulp,
Mineral mixture.

1951
Hay

Chopped
alfalfa,
grass arid

pea.
Chopped
alfalfa,
grass and
pea.
Chopped
alfalfa,
grass and
pea.

Chopped
alfalfa,
grass and
pea.
Chopped
alfalfa,
grass and
pea.
Chopped
alfalfa,
grass and

a,

- 1952
Supplement

Ground wheat,
Linseed meal,
Dried beet pulp.

Ground wheat, 2/3
Ground peas, 1/3
Dried beet pulp.

Ground wheat,
Linseed meal,
Dried beet pulp.

Ground wheat, 2/3
Ground peas, 1/3
Dried beet pulp.

Ground wheat, 2/3
Ground peas, 1/3
Dried beet pulp,
Mineral mixture.
Ground wheat,
Linseed meal,
Dried beet pulp.

Ground wheat,. Chopped
Linseed meal, alfalfa,
Dried beet pulp. grass and

pea.



Table III

Birth Weights, Suckling Gains, Weight-on-Test, Age-on-Test,
Gain-on-Test, Total Digestible Nutrients (P1)1) per 100
Pounds Gain, and Gain from Birth to End of Test, by

Sex, Calf Number, and Year

67

Sex
and
No.

Birth
Weight

Suck-
ling
Gain

Weight
on
Test

Age on
Test
(Days)

Gain
on

Test

TDN per
100 lbs.
Gain

Total
per day
Gain

B-b 55.0 1.78

-l9lj.9, 1950-

590 313 2.33 133.2 1.85
B-5l 63,0 1.73 510 297 1.96 53l.1 1.63
B-51 67.0 1.92 580 296 2,33 112.5 1.91
B-63 63.G 1.99 605 293 2.b6 123.l 2.03
B-614 63.0 1.82 515 293 2.16 1i08.7 1.81
B-68 79.0 2.30 705 290 2,13 556.7 2.15

5-20 62.0 1.36 b8o 310 1.75 599.3 l.b6
5-23 19,5 l,19 Ij.65 309 1.67 576,1., 1.13
5-35 60.0 1.53 510 303 2.00 51..3 1.63
s.-1i 62.5 2,06 6$ 301 1.92 583,7 1.86
s-65 68.0 1.77 535 293 2.25 b71.O 1.78
8-77 7t.5 1.60 SoS 279 2.00 5141.7 1.68

H-16 62.0 1.71i 560 311 2.00 558.7 1.71
11-26 80.0 1.77 555 309 2.13 b97,2 1.70
11-39 71i.0 1.73 195 302 2.08 510.3 1.59
H-li6 59.0 1.66 535 299 2.00 557.b 1.71
11-52 70.0 1.92 570 297 1.92 579.5 1.75
H-71L 6tL.0 1,71 14% 2814. 1.97 1481.2. 1.50



Table TV

Birth Weight, Suckling Gain, Weight-on.-Test, Age-on-Test,
Gain-on-Test, Total Digestible Nutrients (TDN) per 100
Pounds Gain, and Gain from Birth to End of Test, by

Sex, Calf Number, and Year

Sex
and
No.

Birth
Weight

Suck-
ling
Gain

Weight
on

Test

Age on
Teat

(Days)

Gain
on

Test

TDN per
100 lbs.
Gain

Total
per day
Gain

-1950, 1951-

B-514 92 1.61 5)J5 21L8 2.39 b86.8 2.06
83 1.69 il5 227 2.75 382.8 2.03

B-85 7b 1.87 380 175 2.33 W46.7 2.Ob
B-666 61 1.98 500 25]. 2.08 517.8 1.89

5-3 67.5 1.97 535 275 2.]1 518.6 1.87
S-55 75 1.75 b70 2b8 1.61 676.7 1.60
s-7b 82 1.90 ias 218 1.92 565.8 1.85

H-25 82.5 l.lt3. boo 262 2.10 bSb.o 1.53
H-35 79 1.53 b30 259 1.97 b98.2 1.58
H-b2 67 1.72 li70 257 1.73 577.b 1.63
H.-63 76 1.79 bSo 229 1.6? 598.2 1.65
H-65 73 1.69 boo 227 1.37 696.8 1.141
H-68 62.5 1.83 lj.20 2214 1.67 5714.b 1.62
H-69 69 1.91 1450 2214 1.77 567.3 1.73
H-73 73 1.81 1430 218 1.714 6514.1 1.57

13-142 63 1.95

-1951,

575

1952-

273 2.79 390.1 2.15
70 1,60 500 270 2.58 1411.14 1.90

B-53 66.5 1.87 1480 2614 2.50 1402.1 1.86
13-55 69 1.82 515 262 2.146 1435.0 1.914
13-39 78 2.140 690 275 2.96 371.8 2.145
13-69 68 1.72 500 2514 2.3? 1431.0 1.92
13-78 814 1.914 535 2142 2.67 375.6 2.13
13-83 814.5 2.05 1465 219 2.62 386.1 2.05
13-88 75 2,00 390 193 2.17 14147.5 1.814

H-29 614 1.81 510 288 1.79 552.1 1.62
H-314 58.5 1.77 510 277 1.50 6514.5 1,59
H-614. 66.5 1.50 1425 256 2.08 1453.9 1.62
H-140 67 2.11 595 2714 1.92 5148.9 1.92



Table V

Birth Weight, Suckling Gain, Weight-on-Test, Age-on-Test,
Gain-on-Test, and Gain from Birth to End of Test, by

Sex, Calf Number, Year, and Lot

Sex Suck- Weight Age on Gain Total
and Birth 1mg on Test on per Day
No. Weight Gain Test (Days) Test Gain

-19149, 1950-

Lot No. 1

69

8-12 71.0 1.30 1415 281 1.91 1.149
3-19 80.0 1.67 5% 278 2.10 1.86

8-27 714.0 1.52 SoS 276 1.88 l.69
S-32 80.0 1.68 590 273 2.214 2.02
5-29 67.0 1,70 525 276 1.99 1,79
S-70 71.0 1.73 550 258 1.77 1.82

3-142 71.0 1.66 575 269 1.914 1.90
8-148

68.0
1.58 1495 266 1.97 1.75

8-61 81.0 1.li.? 1465 262 2.38 1.814

5-66 614.0 1.314 1425 260 1.69 1.51

Lot No. 2

S-3 73.5 1.149 515 287 1.72 1.61
s-6 81.5 1.66 580 2814 2.214 1.914

5-17 614.0 1.67 525 278 1.97 1.78
5-22 75.0 1.39 1470 277 2.514 1.87
5-57 63.0 1.52 14$ 2614 2.05 1.69
5-25 68.0 1.614 550 277 1.99 1.814

8-28 69.0 1.36 525 276 1.86 1.73
5-314 70.0 1.75 5140 273. 2.05 1.86
S-36 67.0 1.38 1435 270 2.08 1.65
s-58 66.0 165 1470 2614 2.10 1.76

Lot No. 3

5-145 67.o 1.62 I.90 268 2.18 1.82
8-33 69.0 1.75 530 271 1.914 1.80
8-72 66.0 1.39 1420 255 1,914 1.62
3-30 68.0 1.67 505 276 2.10 1.79
8-59 71.0 1,63 500 2614 2.18 1.85
8-8 80.0 1.25 1465 281 2.140 1.78
8-21 73.0 1.69 5145 278 2.59 2.0

S-So 714.0 1.90 585 26 2.65 2.22

s-143 71.0 i.14h 500 269 2.20 1.99
S-214 62.0 1.59 525 277 2.18 1.88



Table V (Cont.)

Sex
and
No.

Birth
Weight

Suck-
ling
Gain

Weight
on

Test

Age on
Test

(Days)

Gain
on

Test

Total
per Day
Gain

Lot No. 14

5-86 714.0 1.814 380 220 2.18 1.75
5-87 85.0 1.148 375 221 2,32 1.77
8-89 57.0 1.59 335 215 1.99 1.6].
8-88 75.0 1.35 3145 217 2.32 1.714

S-82 61.0 1.146 3145 233 2.62 1.814
5-80 75.0 1.33 370 239 1.914 1.514
S-7]. 66.0 1.5]. 385 257 2.2]. 1.614

5-3]. 80.0 .90 355 273 2.10 1.145

8-38 78.0 1.28 1470 270 2.68 1.95
5-56 65.0 1.58 1435 2614 2.38 1.80

Lot No, 5

H-]. 71.0 1.145 1495 289 1,72 1.56
H-7 72.0 1.77 5145 2814 1.88 1.75
H-9 61.0 1.32 14145 281 2.02 1.62
H-IS 70.0 1.52 520 279 1.86 1.71
H-ho 68.0 1.11 1425 270 2.143 1.77
H-1414 78.5 1.77 525 269 1.9]. 1.76
H-149 63.0 i.14S 1450 266 1.75 1.57
H-60 68.0 1.140 1470 263 1.97 1.71
H-69 71.0 1.37 1420 258 2.08 1.65
H-85 69.0 1.23 505 3148 1.80 1.1414

Lot No, 6

H-2 79.5 1.67 565 287 2.08 1.8b
H-h 65.5 1.Lil 1485 285 1.72 1.5?
H-S 70.0 1.148 1495 285 2.18 1.76
H-13 65.5 1.141 1455 28]. 1.58 1.146
H-].h 71.0 1,145 1490 279 1.83 1.63
H-18 81.0 1.75 575 278 2.10 1.91
H-53 71,0 1,147 1465 265 1.914 1.67
H-79 71.0 1.67 1455 21i1 2.16 1.814
H-81 80,9 1.56 1460 238 1.97 1.76
H-75 66.5 1.68 1410 2149 2,21 1.73



Table VI

Birth Weight, Suckling Gain, Weight-on-Test, Age-on-Test
Gain-on-Test, and Gain froni Birth to End of Test, by

Sex, Calf Number, Year, and Lot

Sex Suck- Weight Age on Gain Total
and Birth ling on Test on per Day
No. Weight Gain Test (Days) Test :0ii

-1950, 1951-

Lot No, 1

5-10 69.0 1.135 1360 269 1.62 1.52
5-21 67.0 1.58 505 263 1.70 1.68
8-27 72.0 1.39 1315 262 1.93 1.57
5-32 79.0 1.90 530 261 1.86 1.78
5-33 78.0 1.65 1385 260 2.135 1.913
S-ho 68.0 1.71 1385 258 1.73 1.66
8-1313 80.0 1.87 550 2513 2,11 1.56
8-52 78.0 1.81 515 2139 2,22 1.95
8-72 813.0 1.86 1380 231 1.91 1.80
8-86 77.0 1.76 525 250 2.22 1.97

Lot No. 2

3-2 67.5 1.87 535 277 1.91 1.78
8-8 67.5 1.79 530 271 1.91 1.79
5-13 75.0 1.57 1385 266 1.88 1.68
8-29 86.0 1.69 505 261 2.11 1.82
8-36 72.0 1.59 b70 259 2.2? 1.85
8-133 713.0 2.15 585 257 2.132 2.17
5-62 68.0 1.68 1360 2133 1.93 1.75
5-66 65.0 1.80 1355 237 1.93 1.77
5-71 88.0 1.83 1385 232 1.96 1.82
S-76 93.0 1,69 1350 222 1.78 1.69

Lot No, 3

5-1 73.0 1.70 530 279 1.75 1.68
5-7 91.0 1.85 560 272 2.213 1,913
8-17 79.0 1.53 13% 263 1.91 1.63
8-31 70.0 1.72 1385 261 1,93 1.713
S-hi 77.0 1.99 550 258 2.16 1.97
8-137 67.0 1.62 13135 250 1.98 1.71
S-58 86,5 2.06 5% 2136 2.013 1.96
8-70 89.5 1.82 1365 233 2013 1.80
8-78 90.0 2.02 1370 211 1.93 1.86
s-88 913.0 1.73 h30 217 2.19 1.85



Table VI (Cont.)

Sex
and
No.

Birth
Weight

Suck-
ling
Gain

Weight
on

Test

Age on
Test

(Days)

Gain
on

Test

Total
per Day

Gain

Lot No. 14.

H-9 70.5 1.72 510 269 1.91 1.75
H-U 72.0 1.78 535 267 1.78 1.75
H-l14. 67.0 1.714 505 266 1.96 1.78
H-iS 66.5 1.39 14.25 265 1.60 1.14.6
H-20 68.0 1.56 14.80 263 2.19 1.83
H-30 82.0 1.60 14.85 261 1.88 1.69
H-37 67.0 1.66 hiS 259 1.9]. 1.72
H-Si 79.0 1.81 14.95 2h9 2.01 1.8].
H-56 6S.o 1.714. b85 2b7 1.98 1.82
H-90 67.0 1.67 14.85 263 1.68 1.62

Lot No. S

H-h 72.5 1.66 535 27h 1.70 1.69
H-S 67.0 l.6h h85 27h 1.S7 L5h
H-6 76.5 1.76 535 272 1,98 1.81
H-12 65.0 1.37 boo 267 1.52 1.37
H-16 62.0 1.S7 265 1.93 1.67
H-23 62.0 ]..S9 bSS 262 1.75 1.61
H-2h 82. i.Sb lao 262 2.09 1.7b
H-26 82.0 1.79 262 2.0 1.90
H-3b 77.0 1.76 S30 260 2.Oli. 1.87
H-38 S1.0 1.78 b8o 29 1.68 1.66



Table VII

Birth Weight, Suckling Gain, Weight-on-Test, Age-on-Test,
Gain-on-Test, and Gain from Birth to End of Test, by

Sex, Calf Number, Year, and Lot

Sex Suck- Weight Age on Gain Total
and Birth ling on Test on per Day
No. Weight Gain Test (Days) Test Gain

-1951, 1952-

Lot No. 1

73

S-2 6i.o 1.78 605 318 2.01 1.79
5-8 72.0 1.91 580 288 2.00 1.83
S-9 81.0 1.89 630 293 2.33 2.01
S-b 78.5 2.19 665 288 1.83 1.98
5-18 79.5 1.71k 580 283 2.25 1.91
8-20 66.0 1,81 5% 281 2.00 1.82
5-25 71.5 1.97 600 279 1.88 1.89
5-38 63.0 2.09 600 273 1.88 1.914

S-141i. 75.5 2.15 595 268 2.33 2,06
8-68 70.0 2.26 600 252 2.21 2,]14

Lot No. 2

5-3 62.0 1.81 620 312 2.08 1.87
S-i]. 87.0 2.16 635 288 2.50 2.08
5-12 90.5 1.75 610 287 2.50 2.01
S-16 814.0 2.08 660 286 2.38 2.12
8-26 88.0 2.05 605 279 2,08 1.92
8-32 80.0 1.89 550 275 1.92 177
8-36 78.0 1.92 585 273 1.67 1.80
S-Li? 73.0 2.05 605 267 1.79 1.93
S-148 79.5 2.13 605 266 2.13 2.02
5-52 83.0 1.92 560 263 2.08 1.89

Lot No. 3

S-23 73:0 1.79 51i.O 280 2.92 2.014
5-27 76.0 1.72 550 279 2.50 1.914

5-56 61.0 1.58 1435 260 1.75 1.514

S-65 76.0 1.149 145° 2514 2.08 1.67
8-66 63.0 1.87 515 252 1.96 1.85
8-67 77.5 1.79 510 252 2.58 1.99
8-75 68.0 1.57 1420 2147 1.79 1.513

3-79 75.0 2.06 500 2314 1.67 1.75
8-81 81.0 1.61i 1i55 225 1.88 1.714

5-89 68.0 1.99 1420 193 2.17 1.95



Table VII (Cont.)

714

Sex
and

No.
Birth
Weight

Suck-
ling
Gain

Weight
on
Test

Age on
Test
(Days)

Gain
on

Test

Total
per Day
Gain

Lot No. 14

H-i 6545 2.014 675 317 1.142 1.78
H-1h 63.0 1.72 1485 286 1.75 1.56
H-13 77.0 1.63 535 287 1.88 1.68
H-iS 77.0 1.77 575 286 1.79 1.78
H-i? 614.0 1.76 550 283 1.83 1.75
11-21 83.0 1.97 600 281 1.79 1.82
H-28 87.0 1.914 600 279 1.83 1.814
H-33 75.0 1.914 570 275 1.50 1.71
H-35 71.0 1.91 560 275 1.71 1.76
11-58 63.0 2.00 5145 257 1.7]. 1.82

H-14 714.0 1.89

Lot No, S

585 295 1.146 1.65
H-S 72.0 1.80 570 293 1.92 1.76
11-6 81,0 2,07 680 290 1.83 2.00
H-7 73.0 1.89 580 290 1.58 1.70
11-19 78.0 1.67 535 283 1.514 1.59
11-22 73.0 1.81 575 280 1,33 1.65
11-214 714.5 1.92 580 280 1.75 1.79
H-37 59.5 1.80 510 273 1.79 1.69
H-57 714.5 2.20 610 257 2.146 2.20
H-SO 7945 1.68 500 2614 1.83 1.714

Lot No. 6

H-146 5?.o 1.09 360 268 1.75 1.33
H-514 51.0 1.68 1465 260 1.75 1.614

H-59 59.0 1.69 1465 257 1.67 1.61
H-71 714.0 1.27 390 250 2.17 1456
11-72 69.0 1.61 1435 2148 2.13 1.69
H-714 58.o 1.73 1450 2147 2.13 1.76
H-80 85.0 1.89 14140 225 2.25 1.8].

11-814 86.0 1.95 1425 215 2.08 1.76
11-85 75.0 1.91 1415 213 2.014 1.76
H-86 89.0 1.85 385 1914 1,92 1.67




