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CHAPTER I
INTRODUCTION

Beef.catele producers‘have long recognized the importance of .milk
production in their cow herds. The preweaning growth of the calf as
measured by its gaip frem.birth to weaning reflects to a certain extent
the amount.of milk thatfthe calf recelved from its dam.. The cow not
only provides the nutritional environment but also half of the calf's
genes. It is this combination of maternal and direct genetic effects
that determines the preweaning performance of the calf.

The existence of a high correlation between preweaning gain from
birth to weaning with milk production of the dam is well known. Pope et.
als (1963) noted that this correlation was higher early in the .life of
the calf up to three months of age after which it.began to decline as
the calf;depended less and less on the dam's milk ane more on other
nutritional eources. Few studies have attempted to isolate the various.
sources of variation affecting the daily milk yield in beef cows. En-
vironmental eources other than the nutritional levele are important and
have beenvobseréed»to~cauee differences in 1ectation yield. However,
the real issue is not the ability of the cow to produce milk rather the
response .of the calf to the'ﬁaternal influence, namely the ability of
' the calf te'consumeythe milk produced and convert it into gain,

Milk yield estimates, however, are difficult to obtain because of

the cumbersome procedures involved. With the calf suckling technique



~the calf has to be weighed both before and after suckling to obtain an
indirect estimate of the dam's milk yield. This techniqqe_is tedious,
especially when monthly measurements have to be taken twice a day for a
large number of cow-calf pairs that are being kept in large pastures of
-native range. Also, using the calf weilght change as the estimate of.
milk yield may not feflect the actual milk producing capability of the
dam, rather‘it méasgreavthe’amountiof-milk the calf can consume during
one auckling.i Since ‘the correlationvbetween calfVWeight gain and the
dam's milk yield is high, predicting the daily milk yield from prewean-
ing performancevof the”calf’gould possibly eliminate some of the steps
in the milk measuring routine and improve the efficiency in the milk
measuring technique. i

Excessivé Increases in the amount of milk produced by the dam may
hot,be entirely desirable. In some instances increased milk production
due to too liberal feeding has been observed to lbwar the reproductive
performance of the cow. Therefore the amount of-milk;necessary or even
desirable in beef cattle operations may not be the ma%imum possible. In
addition calves that are slow groWing due to lack of ﬁilk can compensate
in accelgratéd'growth and efficiency of growth during the postweaning
perioed.. Thus milk is'esséntial only to produce an adequate amount of -
growth from birth to Wegning in the most efficient manner.

A study was conducted from 1967 to 1972 at the Fort Reno Livestock
Experiment Station to study the milk producing ability of two lines of
Herefore‘and four lines of Angus cows.. The ébjectives of the present
étudy were: |

(1) to .examine the various sources of varlation affecting the milk

production of the cows,



(2) to predict the daily milk yield of the dam using growth
performgnce'of her cglf as well as her own weight and -condition changes
during the lactation perioed, and

(3) to examine the extent to which milk yield could be adequately

estimated using fewer actual measures of daily milk yield.



CHAPTER II
REVIEW OF LITERATURE
Maternal Effects

Growth during the suckling period is affected by at least two
factors, offspring growth and a maternal effect contribution by a.dam.
Wilham (1972) defined a maternal effect as a phenotybic value of ‘a dam
measurable only as a component part of her offspring'svphenotypic value, -
The most obvious feature of the-maternal~effec;;for gain from birth to
‘weaning is:the milk supplied by the cow and the way the cow cares for
her calf, such as protecting and nourishing it.at the proper time, .
Differences in the milking;abilit§ would seem to be the most important.
element in materngl environment, since milk is the major source of
‘nutrients for the calf during the early months of growth..

Koch and Clark (1955) suggested that possibly there exists a nega-
tive correlation between the~materna1'environﬁent from birth to weaning
with gain and score. A.corgelation‘of -.01 between weaning score of the
dam and preweaning gain of her calf was reported. Theimaternal gain
from birth to weaning was also found to be lowly correlated with the -
calf's weaning gain (r = 0.04).

Mangus and Brinks (i97l) found a correlation of -.02 between the.
mést<probable‘producing ability (MPPA) of the dam and her weaning score.
Improvement of weaning weights of beef calves was suggested -to be pri-

marily dependent upon increased preweaning growth potential of calves



and mothering ability of.théir dams. Heilfers that were fed a high level.
of nutrition during their preweaning growth had their 1ifetime milk pro-
ductlon slightly depressed. This was indicated by a partial regression
coefficient‘of.MPPAfof the heifer upon her weaning weight of 0.03.

However, Boston, Whiteman and Frahm (1973) and Boston, Frahm and
Whitemﬁn (1973) in their study involving 680 Angus and 183 Hereford cows
found that the-regressiOn:coefficient for the change in calves' weights
per pound change in a cow's ownlWeaning.weight w;s;0.23 for Herefords
and 0.12 for Angus which indicated that i1f the heifer calves with heav-
ier than average‘weighta at weaning are saved as replacements they can
be expected to produce heavier weaning calwves than i1f the lighter hel-
fers had been saved. The repea;ability for Hereford cows indicated that
Herefordrcows were more consistent in thelr level of productivity as
measured by calf weanlng welghts.

Hohenboken and Brinks (1971) found that the negative environmental
covariance between a dam's own prewganing growth and her subsequent
maternal ability inflated the genetic antagonism between direct and
materhal effects on weaning weight when covariance of offspring and dam
but not covarilance of offspring and sire was used. Estimates of direct:
effegts, maternal effects and .combined effects on weanlng weight were
+0.23 - 0.27, 0.34 - 0.40 and 0.28 ~ 0.34, respectively, indicating that
mere of the varilability in preweaning groﬁth was associlated with mater-
nal éffects-than~with direct.éffects.. The genetic'correiation of direct
‘and méterﬁal-effects of —}28 was;also reported.

These gecenthstudieslpluS"csmprehensiveNreviews By Koch (1972) and
Wilham (1972) provide substantial evidence that maternal effects account

for a significant portion .of ‘the varlance in most preweaning growth



traits. Since the role of the dam is so important in beef cattle
operation, it becomes readily apparent that the maternal influence of
beef females must be evaluated in order to be able to manage production

systems in the most efficlent manner.
Factors Affecting Milk Yield

Prior to the study by Gifford in 1953 there is a paucity of informa-
tioh known about the milk yields produced by beef cows and their effects’
on growth-of_suckling.beef»calvesf Also little information is available
concerning the envirohmental influences on milk ylelds of beef females.
Most of the results available are based on the estimates of milk produc-
tion using the calf suckling technique. By this technique, the differ-
ence in Qeight before and ‘after suckling is taken as the milk yield.
.estimate.

Gifford (1953) in his study involving 28 Hereford, seven Angus and
five Shorthorn cows found that the milk production of the Herefora §ows
increased till six years of age after which period the milk yield began
to decline. There waS'more.variability in the milk yleld of the Angus
and Shorthorn cows of different ages. Cows between the ages of two and
threé years pfoduced,leés milk than cows of any other age studied,
Maximumtmilk,production‘on.the average7was.attained during the first
month:ofﬂlaétatioﬁ. The lactation curve did not follow the norm report-~
ed for dalry cows. Gifford also suggesthd thét the three limiting fac-
tors affecting,high!milk,proauction in mbs; beef herds are genetic
.influences,'fe;ding and management and calf effects on the physio;ogical
processes of milk secretion, including the ability of .the calf to con-

sume the milk produced by the dam.



Neville (1962) studied the influence of dam's milk production on
preweaning weights of 135 Hereford calves and found that the effects of
year, nutritional .treatment, birth order of\calQes, milk yield in
different treatments and birth weight of calf were significant factors
influencing 120-day weight. With regard to 240-day calf weight, sex was
reported to have a significant influence, along with nutritional treat-
ment, milk yield-in]different treatﬁents and birth weight of the calf.
Of the total variance in eight-month weight, 66% was due to differences
in the amount-ofﬁmilk.ébnsﬁmed by the calves.

Pope et al. (1963) collected milk production data for three years on
more than 300 range beef cows and reported that -the levels of winter
feed did influénce the milk production of -the cows.. Fall-calving cows
fed poorly during the winter gave less milk than those fed more liber-
ally. But too iiberal feeding was observed to have an adverse effect on
milk yleld. Age of dﬁm, calf birth date, sex of calf and calf birth
welght were significant. The average milk production per day over the
five-month lactation period for fhe two-yéar, three-year and four-year
olds were 8.36, 9.88 and 10,28 1lbs., respectively. Later calving cows
were in a higher stage of lactation at the time of first measurement of
milk production. Cows nursing male calves gave more milk than cows
nursing females, The correlétion between the calf birth weight and
average milk production for the entire lactation period was 0.14, indi-
cating heavier calves at birth tended to consume more milk. As much as:
50% of the variation in calf gain from birth to weaning could be attri-
buted to differences in the amount of milk produced 5y thé dams.

A modified veréion of the calf suckling technique was used by

Christian et al, (1965) to study the effect of the dam's milk and other



preweaning influences on weaning weight of 88 Hereford calves that were
creep-fed. Milk yield‘waSLthimated twice daily at four-week intervals
by hand-milking tw0'of'§he udder sections while the .calf nursed the
otﬁe;‘half'of-thevudder. Calves from three- and four-year old dams were
heavier at birth, consumed more milk from their dams, utilized more
cfeep feed and were heavier at weaning than calves from two-year old
dams.. . Birth weight of calves was lowly correlated with milk production
of the dam whic¢h indicated that grea;erfbirth welght did not increase
milk production.. Sex of~ca1f‘was_fqund to have no significant effect on
the dam's milk'yield, Dams suckled by male calves did not produce any
more milk than dams of female calves.

Rutledge et al. (1972) found quite;ﬁ different result with 279
Herefore cew—calf’pairs. Dams nursing female: calves gave significantly
more milk than those nursing males as female calves consumed 2,53 lbs,
more milk over the entire seven-month . lactation period than male calves.
A significant ‘quadratic effect was found for age of dam on milk yield,
whereaé the linear effect was not significant. The linear regression of
total milk yield on calf birth weilght was 0.51, indicating that heavier
calvesvat birth had a great capacity to consume milk and thus demanded
more milk from their dams.

Neville et al. (1974) studied the age of dam effects on milk produc-
‘tion in 1218 lactations of Hereford dams. Age of dam was found to have
a significant influence on ‘daily milk yield whicb suggests the impor-
tance of using age of dam-correction factors for milk production in beef
cows. Calf birth date significantly affected milk production, but sex

of the calf did not.



Most of the results available were based on investigations involving
the Hereford and the Angus, two of the most popular beef breeds in the
country teday. . Thus, very few.comparisons have been made between the
milk yleld estimates of the different beef breeds. However, Melton et
al. (1967) reported a comparative study in the milk production, milk
composition and calf gains of 15 Angus, 15 Charolais and 15 Hereford
cows, . The average estimated daily milk ylelds for the 175-day lactation
period for the Angus, Charolais and Hereford cows were 9.86, 8.35 and
7.30 1lbs,, respectively. Age of dam was also found‘t§~have~a signifi-
cant effect on dam's milk yield; with older cows having the tendency to
ﬁroduce more milk. Cows nursing bull calves gave 1.28 lbs. more milk
per day than cows nursing heifer calves; however, this difference was
not statistically significant.

Auran (1973) studied the monthly milk yield records of dairy catéle
in Norway. Age at calving did influence the monthly milk yield but the
effect ‘decreased with advancing age of the dam. About 417 of the varia-
tion in milk yleld at the first month was attributed to this factor.
Month of calving accounted for about 1.87 of the varlation on the first
test~day, but c0ntinued to increase as la;tation progressed. The effect
of herd accouﬁted for quite a substantial portion of the wvariation in
milk yield (between 25-45Z% ofithe variation).

These studies provide ‘ubtantial evidence that .varlation in daily
milk production of the beef cow was due to several environmental factors,
namély age of dam, calf birth welght and breed of cow. On the other
hand, calf birth date, sex of calf and sire of calf were variable in
their effects on milk yleld. Since age of dam 1s the most consistent

factor affecting the milk yield of beef cows, it is important to use age



10

of dam correction factors for beef milk production in order to make
. better genetlc comparisons between beef cow productivity and calf

weaning weights.

Calf Gain as an Indicator of

Dam's Milk Production

The economic value of rapid gain especlally from birth to weaning
has long been_fealized.by most beef producers.. Most studies dealing
Qith milk production of beef cows have attempted to correlate the
amount of preweaning gain made by the .calf with the damfs milk yield.

In most of the research cited thus far, the choice of the method for
measuring the milk yield was the calf suckling technique. This tech-
nique .assumes that the gain made by the calf during the nursing perioed
was due to the milk consumed and that this represents the milk yield
capabilities of the cow.

About 60-66% of the varlation in weaning weight has been reportéd to
be due to milk consumption by the calf (Drewry et al, 1950; Neville,
1962 and Rutledge et al., 1972). Most ‘of the results indicated a posi-
tive correlation between weight gain from birth to weaning and the
amount of milk consumed by the calf. Knapp and Black (194l) reported a-
correlation of 0.52 between daily gain and the amount of milk produced.

Giffér& (1953) reported that the average daily gain in weight each
month from birth to weaning date for 28 Hereford calves ranged fromvl;l‘
to 1.6 lbs., even though the average daiiy milk production of their dams
ranged from 8.5 1lbs. during the first menth to 4.1 lbs. the eighth ﬁonth
In fact ﬁhe gain in welght was 'quite uniform during ;he eight-month -

period, with a slight trend toward larger galns with lncreased age, even
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though there was a gradual decline in milk and butterfat production.
The correlations for the average daily milk production of the Hereford
dams with the eight monthly gains from the first to the eighth moenth
were 0,60, 0.71, 0.52, 0.35, 0.19, 0,24, 0.39 and 0.57, respectively.
Burris and Baugus (1955) estimated milk production of 23 Hampshire
ewes by allowing the lambs to suckle their dams four times per day.
Milk production was highly correlated wifh average daily galn of their:
lambs during the first four weeks (r = O.9O).A The correlation decreased
rapidly as the lambs grew older and the avgrage‘aaily gain of the lambs
- was no~longer:sign1ficantlylcorrelated with milk consumption from 12 to
16 weeks of the-teSt'ﬁeriod.' However, the total milk production was:
highly cgrrelated'&ith the average daily gain of the lambs (r = 0,83).
Drewry et al. (1959) studied the milk production of 48 Angus cows
and repérted a negative correlation of -.15 between the dam's milk pro-
duction and total weight gain of the calf during the first month of .
lactation. But the correlation was positive for the subsequent months
showing that the calf would gain more as milk consumption increased.
Lampkin and Lampkin (1960) studied the effect .of dam's milk produc-
tion and growth of thelr suckling calveskin Zebu cattle in East Africa.
Male calves gained more than females over the total suckling period.
This possibiy reflected .a higher 1evel of milk consumed by the male
calves and a correlation between calf daily gain and dam's milk
production.
Todd et al. (1969)'foﬁnd that the amount of variation in gain of the
pfogeny‘due4to the difference in dam's mi1k yield decreased as the -lac-

tation period progressed. This suggested that the dam's milk yield had-
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progressively less influence on progeny gain as the calf approached
Qeaning.

Research results injthe efficlency of gain from beef milk production
were,quite_variable.. Drewry et al. (1959) estimated that Angus calves
requifed 12,5, 10.8 and 6.3 1bs. of milk to produce a pound of gain in
the first, third and sixth months of lactation, respectively. Calves
that -suckled higher producing dams made the least gain from a pouné’of,
milk, probably due to the higher maintenance requirements of the heavier
calves. Melton et'al.,(1968) comparedvAngus, Charolais and Hereford
dams for milk production and found that on the average the calves re-
quired 5.2 lbs, of milk to produce one pound of gain over all breeds.
Hereford was most efficient.;equiring only 4.7 lbs. of milk per pound of
gain, wheréas Angus and Charolais needed 5.7 and 5.2 lbs. of milk,
respectively, for every pound. of gain.

Wistrand and Riggs . (1968) studied 10 to 20 Santa Gertrudis calves
and found that they needed‘slightiy more milk to produce a pound of gain
than those reported by Melton et al. (1968). Todd et al. (1969) found
that Brahman and thelr crosses and Angus-Hereford-Brahman crosses re-
quired more milk per pound of gain than Herefords. Herefords were the
most efficient among all the groups, requiring only 4,53 lbs, of milk
per pound of gain.

Most .studles reviewed thus far agreed that a high correlation
existed between preweaning gain of the calf and the dam's daily milk
production. This wﬁs the basis for taking the calf weight gain as a
measure of the milk yleld of the dam in the calf ‘suckling technique.
This relationship was preminentiénd seemed to increase till up the

middle of the lactational period after which it started to decline.
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Results in the efficlency of gain from milk of the varicus beef breeds
were variable and on the average most 'beef calves required about 12 lbs.

of milk to produce a pound of gain,

Sampling Procedure and the Milk

Measuring Technique.

Estimating the milk yield of beef cows has not received the same
kind of interest and attentlion as that which has occurred in dairy
cattle. Among the reasons for the probable causes of . this lack of
enthusiasm are firstly, the beef cow is not historically known te have
been selected and bred for milk production; secondly, it 1s difficult to
obtain an-accurate estimate of the milk yield.in beef cows, especially
under range condition; and thirdly, since beef milk production could .be
estimated from a calf weight gain,.the‘actual»measurement of her milk .
yield did not seem very necessary or economical.

Dickinson'and McDaniel (1970) stated that there are two types of
problems associated with any sampling plan, bilas and random wvariation.
Random‘variatién is inherent to any sampling procedure. However, bias
is not necessarily present in sampling and in moest cases bias hopefﬁlly
is absent. On the other hand, the goal of any sampling procedure is to
minimize both bias and random variation and yet stili be practical and
economical 'to operate. .

Porzio (1953) proposed that monthly testing based on only one milk=-
ing be used as an alternate form of milk yleld recording. The morning
milking would be weighed one month and the night milking the alternative
monthg No bias in the result was found in the 150 dairy lactations

studied. .
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McDaniel (1969) reviewed the literature currently availlable on the
accuracy of sampling‘procedﬁres for estimating lactation ylelds in dairy
cows. A single day's yield at a monthly test period has become more and
more accepted as the standard ;o estimate the lactation yleld in the
United .States and in Europe. Monthly sampling procedure has been
assumed - to give rathér'accurate estimates of lactation yields.

When lactation yileld estimated from bimonthly testing with the same
record based on~monthly tests were compared, Aiexander and Yapp (1930),
Bifford (1930) and Bayley et.al. (1952) found that the bimonthly tests
could glve unbilased estimateé of the lactation ylelds. 1In general,
‘bimonthly records are certainly sufficlent for purposes such as herd
averages, siré evaluation and group'averages.- They are also satisfac-
tory for ranking cows within herds. But these estimates are not accep-
able for inclusion in the national dairy herd improvement program.

However, there is a lack of information on the accuracy of -sampling
procedures used in milk production studies in beef cows. Most studies
reported so far have involved the monthly milk recording te estimate the
milk production of the dam (Gifford, 1953; Neville, 1962; Melton et al.,
1967 and Rutledge et al., 1972), One'probable»reason why most research-.
ers were not concerned about the accuracy of this sampling procedure was
that it is not the total milk production of the cow fhat 18 of utmost
importance, rather it is how ﬁuch.milk could the calf consume and
convert‘to gain.

Several methpdé have been developed in trying to estimate the milk
production 1in beef cows., Most of these milk yieid measuring techniques

do not exactly measure the actual milk producing ability of the cows;
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instead they are measuring otheritraits which have some relationship
with the -dam's milk éroducing ability.

Calf suckling technique was widely used ‘in a nuﬁber of studles in-
beef milk production (Knapp and Black, 1941; Drewry et al.,, 1959;

Dawson et al.,, 1960; Lampkin and Lampkin, 1960; Neville, 1962; Van
Cottem, 1962; Pope et al., 1963; Gleddle and Berg, 1968; Rutledge et al.,
1972; Dickey, 1972 and Neville et ‘al., 1974). By this method :the differ-
ence in.welght before and after the calf has:suckled'its dam 1s taken

as a measure;bf‘the milk yleld estimate of the dam.

Jara-Almonte and ‘White (1973) used this technique to measuré»the
milk yileld of mice. The young mice were allowed to suckle thelr dams
. - for a perlod of ‘1.5 hours. The difference in individual weight before
 and after suckling was taken as‘the milk intake of the youngs.

Lams et al. (1969’ compared7thfee techniques for estimating milk.
production, namely a six-hour oxytecin tesﬁ.which,was.gctually a measure
of the rate of milk secretion, a 24-hour calf suckling method which
estimated the daily milk intake and an ovérnight calf suckling together
with oxytocin injection which was really an estimate of the udder capa-
city. The first two methodé gave similar estimates while the latter
gave a significantly higher .estimate, 23Z‘higher than the other twov
estimates.

Lamond et él. (1969) suggested that one reason for the use of
oxytocin injection was to evacuate the udder in order to eliminate
variation due to residual milk since the volume of residual milk varied
from day to day, particularly when the cow was stressed.

Nursing technique has an advantage over milking'the cows by hand or.

with a machine in that-it takes advantage of any ability of the calf to



16

encourage the cow to give milk, But this method is limited by the
amount of milk a calf can consume and the estimate obtained may not
give the true lactation yield. Use of oxytécin injection in milk eval-
.uation technique is primarily for the purpose of -stimulating milk let-
'downe Milk yield estimates were commonly sampled at monthly intervals

in most of:the_studies cited.
Summary of Literature. Review

Milk constitutes the major source of nutrients early in a calf's.
life. Some differences in the maternﬁl effect could be accounted for by
differences in the milking ability of -the cows. The existence.of a
possible negative genetic -correlation between the direct and maternal
effects would indicate that rapidly gain heifers would tend to have a
lower production in the future., Certain environmental factors have been
reported to influence:thé milk production of the dams. Age of:dam
effects were highly significant with older cows glving more milk than
younger cows. Sex of calf was variable in its effects on milk produc-
tion with the majority of the reports indicating nohsignificance in the
sex of calf effects. Calf birth date and sire of calves were also
vafiable in theilr effects on the lactgtional performance of the dams.
Preweaning gain in weight from birth to weaning was highly correlated
with the milk yield of the dam. On tﬁe aQerage*about 12 1bs, of milk
ﬁas-needéd:te produce a pound of calf gain but this varies with breed
of calf., The calf nursing fechniﬁue was the most common method used in
most beef_milk‘production stu&ies. By this technique the calf was
weighed before and after suckling and the difference in the two pre-

and post-nursing weights was taken as thé‘estimate of the 1l2-hour
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period. Two estimates were commonly obtained daily at monthly intervals
to estimate the daily milk production of the dam.. Other methods of
measuring the-milk yield are hand milking with ghe use of oxytocin in-
jection and~hand‘milkiné one half of the udder and calf suckling the

other half.



CHAPTER III
MATERIALS AND METHODS
General Procedure

This study involves the lactational performance of 459 beef cows,
144 Heréfords and 315 Angus. The data comes from a long-term beef
cattle selection project being conducted'at the ‘Oklahoma Agricultural -
Experiment Station.  The overall objectives for this selection study
located at the Ft. Reno Livestock Research Station are (l) to measure.
direct'and correlated genetic response to selection for increased body
welght at 205 and 365 days of age, (2) to measure genetic¢ relationship
between body weight at 205 and 365 days of age and (3) to compare real-
ized genetic‘response‘from seleétion based on individual performance
with selection based on a combination of individual and progeny test
performance ‘for increased body weight at 205 days of age.

The design of the selectilon eiperimen; 1s presented in Table I. The
general procedure 1s to measure direct and correlated selection respon-
ses for weaning (205—day) and yearling (365-day) weight in two Hereford
lines, 5 and 6, and twé Angﬁs lines, 7 and 8. An additional Angus line,
9, is mailntained as a control line to aid in the evaluation of selection
progress. A fourth Angus line is maintalned to evaluate the effective-
ness of progeny testing for increasing weaning weight. Selection is.
based on individual performance of lines 5, 6, 7 and 8, Line 9 is a

random mating line in which the breeding stock are as near to the herd

18
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TABLE I

DESIGN OF THE BEEF CATILE SELECTION EXPERIMENT

Line Number

5 6 7 8 9 10
a ‘
Breed ' H H A A A A
Trait Selected:

Wt. at Specified Age 205 365 205 365 R 205
Selection Criteria® I I I I gb /P
Number of Males Selected d

per Year 2 2 2 2 2 5/2
Number of Years Selected

Males Used 2 2 2 2 2 2
Number of Females per Year. 10 10 10 10 10 10

%1 = Hereford, A = Angus.

bRandom mating control line. Replacement breeding stock are as near
herd average in 205-day wt. and 365-day wt. as possible,

‘I = Individual, P = Progeny.
dFive sires initially selected for progeny testing on the basisiof

their 205-day wt. The top two bulls are selected for use in the line
based on progeny 205-day wt. .
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average for 205-day gnd 365-day weight as possible. A combined
selection criterion df individual performance and progeny testing is .
used in line 10. Two bulls are selected in a line each year except for
line 10 where five sires’are_initially_selectgd for progeny testing on
the basis of their 205-day weight and the two top bulls are selected for
use in the line based on the average 205-day welght of their progeny.
The two selected sires are used in two succeséive years. Every year 10
females arevselected in each line as replacements for the 50 cows
maintained in each line.

The cows from the six selection lines were managed generally as one
herd except during the 90-day breeding season from May 1l to July 31 when
they were run in thelr réspective breeding groups; The breeding geason
was .reduced to 60 days by 1971 énd,has been continued at that length to
the present. During the late fall and winter, the cows were run on
wheat pasture when avallable, otherwise, they were pastured on native
range - throughout .the year and ‘supplemented with prairie hay and alfalfa
as needed. The nursing calves were allowed ‘to run with their dams on
the native pasture without creep feed until weaning at an average age of -
205 days.

Estimates of daily milk yield of the_dams were .obtained at:montﬁly
intervalsifrqﬁ April to Septémber‘for each year studied. The number of .

cow-calf pairs sampled each year is presented in Table II.

Estimates of ‘Daily Milk

Yield of the Dams

In this study.the calf suckling technique was used to estimate the

daily milk yield of the dam and was similar to that described by Pope et



TABLE II

NUMBER OF COWS SAMPLED FOR ESTIMATING DAILY

MILK YIELD BY SELECTION LINE AND YEAR

Line 5 6 7 8 9 10
Year

Breed® H H A A A A
1967 | 34 33
1968 35 41 -
1969 34 39
1970 39 38
1971 21 20 18 17
1972 22 24 22 22
Total 73 71 78 85 74 78

'l = Hereford, A = Angus.

21



22

al, (1963) and Hendrix (1971). This procedure is based on using the
difference in the welght of the calf before and after suckling as the
estimate of the milk consumed.

In the present ‘study, the suckling technique consisted of separating
»the,calves from thelr dams at approximately 10:00 a.m., the day prior to
the test. The calves remalned separated until 6:00 p.m. when they were
allowed to nurse their dams.. This is simply a pretest milkout in order-
to place the cows and the calves on an equal basis relative to udder
fill and hunger, respectively. After nursing, the calves were imhe-
diately separated. At 6:00 a.m. on the test day, the calves were
weighed before nursing, allowed to nurse their dams and reweighed imme-
diately after nursing. Although the actual time interval from nursing
varied from group to group, it generally was in the range of 18 to 30
minutes. vThe,difference in the pre- and post-nursing weights was . taken
as the milk production of the dam for the 1l2-hour overnight period. The
calves wére kept separated from their dams until 6:00 p.m., at which
time the weighing and nursing procedure was -again fepeated., The sum of
thé‘two'12-hour_estihates-of milk production were used as an estimate of .
the milk production by the dam for .a 24-hour period, Milk yleld was
measured on one half of the cow-calf pairs from each line involved in
milk produﬁﬁion measurement in a given year on a Tuesday near mid-month
and the-remaiﬁing one half were measured on Thursday of the same week.
This was necessary because the facilities were not adequate to accomo-

date ‘all the cattle at the same time.
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Statistical Treatment of the Data

The analysls was carried out in three phases, each phase was aimed
at answering one of the objectives of this study. Phase I dealt with
the ldentification of various factors affecting dally milk production of
the dam. Phase II of the analysis was concerned with the prediction of
daily milk yield using the performance data of the calf and its dam.
Phase III was concerned with estimating daily milk yield based on vari-
ous sub-sets of the milk production data to see if the sampling tech-.
niques for measuring.milk yield could ‘be simplified without seriously
affecting the‘accurécy.of the estimate.

A computer program (SAS) developed by Barr and Goodnight (1972) was
~ used to carry out theiénalysis. Only data from cow-calf pairs in which
all six monthly milk yield measurements as well as complete performance
data to weaning on the calf were included in the analysis.

The grouping of the cow-calf pairs into each phase of the analysis
is presented in Table III. In Phase I, the two Hereford lines, 5 and ‘6,
were .grouped together for the two years in which they were sampled.
Similarly, the four Angus lines were divided into two groups, lines 7
and 8 into one group and lines 9 and 10 into another group for the three-
years in which each group was sampled; The division of the cow-calf"
palrs inte the three groups was necessary in order to facilifate the
computation of the desired statistics using the SAS program. For pur-
poses of analyzing Phase II and III, the cow-calf pairs were divided by
breed group with the Hereford lines (5 and.6) in one group and the Angus

lines (7, 8, 9 and 10) in another.
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TABLE III

DIVISION OF COW-CALF PAIRS INIO PHASE I,
IT AND III OF THE ANALYSIS

Line 5 6 7 8 9 10
Year :
Breed® H H A A A A
1967 33 34
1968 35 41
1969 34 39
1970 39 39
1971 21 20 18 17
1972 : 22 24 - 22 21
Sub-total 73 71 78 85 74 78
Sub-total 144 163 152
for Phase I : - Group T Group II Group III
o —
Sub-total 144 315

for Phase II and III

PHASE II AND TIIT

%% = Hereford, A = Angus.
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Sources of Variation in Average

Daily Milk Yield

Variation in milk yleld was examined.in 144 and 315 lactations of
Herefore and Angus cows,frespéctively. The dependent variable was the
average daily milk yield which was thg average of the six monthly 24;
hour measures of milk yleld. The model assumed for this within each

analysis group was:

=y + Li + Y

+ Sk + aZ(i,j)

Yijklmno 3

AL HC @D, + (L8)y
+ (L) o+ (¥S) g + ()
+ (SA),, *+ b, (BW - BW) + bz(Acw - G0

+ b3(FCCS-- Fces) + b4(CCWT - CCWT)

+ eijklmno

where

Yijklmno.i? the average dai1y milk yield of the dam;

u is the overall mean common to all dams;

L, is the effect of i-th line (i = 1, 2);

i

Yj:is thé]effeét-ofqthg j-th year (§ = 1, 2 or 1, 2, 3, for Group I
or Groups II‘and_IIi, respectively);

Sk is the effect of the k-th sex of calf (k= 1, 2);

aﬂ(i,j)‘is the effect of the £-th sire of-the‘calf-within the i-th

line and the j-th year (L = 1; 2, «vey 16 6r 22 or 23, for

Groups I or II or III, respectively);
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Am ls the effect of m~th age of dam (m = 1, 2, ..., 4);

Cn is the effect of n-th birﬁh date of .calf (n =1, 2, ..., 5);
(LY)ij is .the 1in§ by year interaction; |

(LS)ik is the liné by sex of calf interaction;

(LA)im is the line by age of dam interaction;

(YS)jk‘is-the year by sex of calf interaction;.

(Ya) the year by age of dam interaction;

im is

(SA)km is the sex of calf by aée'of dam interaction;

bl(BW - BW) is the partial regression coefficient on birth weight of -
calf;

bz(ACW - ACW) is the partial regression coefficient on average cow
welglit which was the average of the cow'fall and spring weights;

b3(FCCS - FCCS) 1s the partial regression coefficient on fall cow
condition score;

b4(C¢WT - CCWI) is the partial regression coefficient on change.in
cow welght which was taken as the difference between the spring
and fall cow welght; and

is the random variable assumed to be normally distributéd

©1iklmno

with mean 0 and variance 62.

Line, year, sex of calf, sire of calf, age of dam and calf birth
date were considered as fixed effects. Sex of calf was classified into
two categories, 1 and 2, for the bull and heifer calves, respectively.
There were four age of dam classifications, namely two year old (less
than 30 months), three year o0ld (between 31 and 42 months), four year
old (between 43 and 54 months) and five year old (greater than 55

months). Calf birth date was classified into five groups, with groups.

l, 2, 3, 4 and 5 for those calves that were born before February 14,
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between February 15-28, between March 1-14, March -15-28 and after March
29 in the year studiled, respectively.

The partial regressioﬁ coefficlents included in the model would
place the average daily milk production on the same basis as if the cows
all had average cow weight, fall cow condition score and change in cow
weight and had calves of averagé;birth weight.,, The fall condition of ‘a
cow was scored on a ségle of 1'to 9 with 1 being very thin and 9 being

very fat.

Predicting the Average Daily

Milk Yield (ADMY)

To predict the ADMY of the dam required thepidentification‘of the
related*vériables that were more ﬁighly correlated with the trait, A
correlation study was performed between ADMY and all possible variables
of the dam's and her calf's performance, to identify the variables that-
were highly correlated with ADMY. All possible one-factor, two-factor,
three-factor, four-factor and five-factor regreéssion models were devel-
oped from the five variagles‘that,weretfound to have the'highest corre=
lations with milk yield. These five variables Were the calf's average
daily gain,.tﬁé éalf'slﬁeaning welght, the calf's weaning condition
score, the fall cow condition score and the change in cow weight,

The prediction ﬁodels assumed‘for the trait ADMY were:

(1) one-factor ﬁodei

Yi - EO + B

X+e

1 i

(ii) two-factor model

Y, =By + BjX; + B,X, + e,
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(ii1) three-factor model

Yi - BO + lel.+ 32X2 + 33X3 + e

(iv) four-factor model

Yi = BO + lel_+ 32X2‘+ 33X3 + B4x “+ e

4 i

(v) five-factor model

Y, =B, +B.X +B,X, +B

4 375 i

3

where
Yi is the predicted average daily ﬁilk yileld;
BO is the overall mean;. |
Bi is the partial regression coefficlent of the independent variable,

Xi>for each of the flve respective models;

The independent variables considered were the average daily gain of
calf, weaning weight of calf, calf-weaning condition score, fall
cow éonditien;score and-¢hange in cow welght; and

ey is the random element normally distributed with mean.O and

2
varlance ¢ .

The analysis for this phase of the study was. done by breed groups
since preliminary examination of the coefficients of determination indi-
cated that-there were large differences in the amount of wvarilation that

could be accounted for by the same model in the twe breed groups.

Improving the ‘Sampling Procedure and-

the Milk Measuring Technique

The analysis for Phase III was done by breed groups similar to Phase

11, namely Hereford .lines 5 and 6 in one group and Angus lines 7, 8, 9
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and 10 in another group. Correlations between the six monthly milk
measures and between ADMY based on the first and second l2-hour esti-
mates and ADMY based on two l2-hour estimates were examined as well as

correlations between subsets of the six monthly milk measures ADMY.



CHAPTER IV
RESULTS AND DISCUSSION

Lactational Performance .of -

Hereford -and Angus Cows

The means and standard deviations for various milk yields and calf:
growth traits by breed groups are presented in Table IV. No direct com~

parisons of milk yleld are possible between the two breeds because the

estimates of the daily milk yields from the two breeds were not obtained
in the same years. Milk yields in the Hefeford'dams were measured in
only. two years, 1967 and 1970, while the Angus milk yield estimates were
sampled from four years, 1968, 1969, 1971Aand“1972. However, averaging
the milk yield of each‘breedlover the respective years each were sappled
provides some indication that Angus dams produced more milk per day than
Hereford dams for .each of the six months sampled and over the entire
lactation period. The avérage daily milk yield over the six-month
periods ﬁere 9,88 and 14,93 lbs, for the Hereford and the Angus dams,
respectively. These were higher than thé_estimates of the'average milk
Yields for a 175-day peried reported by Meiton et al; (1967) which were
7.31 and 8.36 1lbs. for the Hereford and the Ahgus dams, respectively.
Todd et al. (1969) reported a lower daily_miik yleld of 7.3 pounds for
the Héreferd dams. The first 12-~hour milk field.over the entire lacta-
tion period was higher than the second 12-hour milk yield for both the

Herefords and the'Angus.‘ All calf growth tralts examined were higher in

30



TABLE TV

MEANS AND STANDARD DEVIATIONS FOR VARIOUS MILK
YIELDS AND GROWTH TRAITS BY BREEDS
POOLED WITHIN YEAR AND LINEY

31

Hereford Angus
Mean ‘8.0, Mean- S.D.

Number of Cow-calf Pairs 144 315
April ADMY,® Lbs. 11,57 3.79  15.43 4,46
May ADMY, Lbs. 10.67 3.28 17.10 4,53
June. ADMY, Lbs. 10.95 3.40 17.45 4,78
July ADMY, Lbs, 9.94 3.44 14,58 4,42
August. ADMY, Lbs. 8.35  4.02 14,19 5,05
September ADMY, Lbs. 7.60 3.44 11,10 .3.83
First 12-Hr. Milk Yield

(6 Mons.), Lbs, 5.28 1,41 7.69 1.54
Second 12~Hr. Milk Yield

(6 Mons.), Lbs. 4,61 1.24 7.26 1.52
Six Mons. ADMY (April to

September), Lbs, - 9.88 2.46 14,93 2.78
Calf ADGb (Birth to Weaning),

Lbs. 1.66 0.24 1.81 0.25
205-Day Age -of Dam Adjusted :

W. Wt., Lbs. 428.23 48,29  459.77 54,19
Calf Weaning Condition Score 4,04 0.69 4,57 0.75
Fall Cow Weight,; Lbs. 1007.43 116.38 980.35 120.66
Fall Cow Condition Score 5.64 1.01 5,79 1.32

aAverage Daily Milk Yield.
bAverage,Daily Gain.

cWeaning Welght.,

dMeans are calculated from a six-year period with the Hereford dams
sampled in 1967 and 1970 and the Angus dams sampled in 1968, 1969, 1971

and 1972. .
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the Angus than in the Herefords, except for the fall cow weilght which
was higher in the Herefords than in the Angus. Further critical com-
parison between these two breed means for all of the.traits studied
should . be cautloned because the trailts measured in the two breeds were
recorded in different years. There were quite a great deal of fluctua-
tions in the monthly milk yield estimates of the Hereford and the Angus
dams of different lines in different years (Appendix Tables XIX, XX, XXI-
and XXII).

The lactational pattern of the Hereford dams in the two years sam-
pled is given in Figure 1. Generally the trend in the lactational per-
formance of the two lines, 5 and 6, was more alike when examined by the
year when the'estimatés of the daily milk yields were taken. The esti-
mate for the first month was the highest in the entire six months lacta-
tion perlod for the two lines in 1967, but not in 1970, There was a
gradua; decline in the average daily milk yield estimates of line 6 dams-
'in 1967 following the first montﬁ of milk measurement. Milk yield esti-
mates of line 5 dams fluctuated over the entire lactation perioed in
1967, but the labtational,performance of line 5 dams in 1970 showed a
gradual'deqline as the lac;ation progressed., It should be noted thgp
dams selected for weaning welght (line 5 Herefords) showed a consistent
higher level of_milk-yiéld than line 6 Hereford dams, which were
selected for yearling weight.

The lactational pattern of the Angus dams in the four years (1968,
‘1969, 1971 and 1972) sampled ié preéented:in Figures 2, 3 and 4. The
dairy milk yield estimates in lines 7 and ‘8 in 1968 showed sharp
increases after the first month of milk measurement and then began to

decline after the second month of .sampling. The lactational pattern of
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lines 9 and 10 conformed more closely to the lactational curves normally
seen in the da;ry cows, showing a gradual increase following the first
month of milking and stayedvatva relatively high 1eve1‘during the middle
of the -lactational period which coincided with the lush growth of the
summer pasture. Following that, the estimates decreased gradually
towards the end.of the lactational period. There was a relatively large
 fluctuation in the lactationgl'yields of the Angué dams in 1971 ‘with a
:sharp<declinevduring fourth month of sampling (Figure 3). Generally, .
the lagtationai»performance ig 1972 followed that observed in 1968, but
with a much 1ongef,high peak level after the firsﬁ milk measurement
(Figure 4).

The lagtational'pattern for the two breeds averaged over all ‘years
and‘lines is presented in Figure 5. . On-the average thé lactaticnal pat-
tern of -the Angus'dams was nearly alike that -of -the dairy cows showing a .
gradual increasé in milk yield following the first month of milking and
then began ﬁo decline after reaching its peak during the third month of
the lactation period. The Hereford dams exhibited a similar lactational

pattern to that of the Angus but at a lower level,

Sources of Variation in

Daily Milk Yield

Separate ‘analysis was performed on each of the three groups des-
cribed in the experimental procedure. The three groups were Group 1
(Herefords, lines 5 and'é,imeasurediin years 1967 and 1970), Group 2
(Aﬁgus,.iinest7 and 8, measured .in years 1968, 1971 .and 1972) and Group .
3 (Angus,vlines 9 and 10, measured .in years 1969, 1971 and 1972). The

meanusquaresbfrom the analysis of variance for average dailly milk yield
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i

for each of the three groups are presented in Table 'V, Table VI pre-
sentS‘the.ieast square constants for three‘fixeé effects that were im-
portant in influencing daily milk yleld included in the regression model
and the standard partial regression coefficient; for the four covari-
ables, namely calf birth weight, average cow weight, fall cow condition
score and‘change‘in cow weight which was defined as the difference
between the fall .and spring cow weilghts are presénted in Table VII, The
1eastlsquare\constanta for the other fixed effgcts are shown in Appendix’
Table XXIII.

Line effects ﬁere:significant in'Groupé 1l and 2, Line 5 Hereford
dams produced 0,40 1lb. more ﬁilk per day than Hereford dams of line 6.
Angus cows iﬁ line 7 gave 0.66 lb, less milk to their:calveS‘than line 8
dams. Although line effects were not significant in Group 3, the aver-
age daily milk yleld of line 10 dams was 0,18 1lb, higher than that of
line 9‘dams. The effects ﬁf years were highly significant (p < .0l)
only in Group 2 as the estimates of the daily milk,yields of the Angus
dams sampled in 1968 were higher than the estimates obtalned in 1971 and
1972 (1.04 1bs. for 1968 vs. -.16 and -.87 1lb. for 1971 and 1972,
fespectively). Year effects were‘not-significant in Groups 1 and 3.
Rutledge et al. (1972) reported significant year effects on ‘total milk
yiéld as the estimatesﬂdf»the total_milk‘yields of the Hereford dams
sampled in-.1969 were 2.80 1bs,rhighe¥‘than-those sampled in 1968.

Although‘sex‘of~cg1f.was not'significant»iﬂ‘any of the groups
étudied, male calves consumed 0.20, 0.07 and 0.73 lbs. more milk per day
than female calves in Groups 1, 2 and 3, respectively. This result is
in agfeement with those reported by Christian et al., 1965; Melton et

"al,, 1967, and Neville et al., 1974, who found that sex of calf was not
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"MEAN SQUARES AND TESTS OF SIGNIFICANCE. FOR AVERAGE DAILY
' MILK YIELDS OF -GROUP 1 (LINES 5 AND 6), GROUP 2

(LINES 7 AND 8) AND GROUP 3 (LINES 9 AND 10)

Herefords Angus Angué
Source Group 1 Group 2 Group 3
df . MS. . df MS df MS
Fixed Effects:
Line (L) 1 15.123% 1 43,119%* 1 2,303
Year .(Y) 1. 7.645 2 21.675%% 2+ 6,920

Sex (S) o 1 3.438 1 0.310 1 0.695

Sires/Line x Year. 12 4,905 18 6.,722% 19 4,162

Age of Dam (4) . 3 30.,357%=% 3 34,946%* 3 28.,151%%

Calf Birth Date. 4 1.740 4 4.192 4 3,633

LXY. 1 0.076 2" 0.685 2 3.126

LXS - 1 24.377%x 1 0.277 1 9.590

LXA 3 2.723 3 4,389 3 3.433

YXS 1 4,091 2. 1.240 2  6.143

YXA 3 5.387 6 18.525%* 6 5.911

SXA - 3 5.725 3 14.950% 3 5.757 .
Covariables: '

Calf Birth Weight 1 0,095 1 10.739 1 5,382

‘Average Cow Weight . 1 6.277 1 3.484 1 1.582

Fall Cow Condition Score 1 2,175 1 11.614 1 2,389

Change in Cow Weight 1 14.892% 1l 0.031 1. 1.408
Random Effect:

Error ‘ 104 2.833 112 3.794 100 5.629
Total - 142 162 - 151
Coefficient of

521

Determination (Rz). 0.653 0.661

#p < ,05.

%%p < .01,



TABLE VI -

LEAST SQUARE CONSTANTS -AND: STANDARD ERRORS  FOR LINE,
- ‘SEX. OF -CALF AND AGE' OF -DAM FROM ‘THE ANALYSES OF
. VARIANCE -FOR-GROUPS 1, 2 AND 32

Fixed Effects

Least Square Constants + Std. Errors

Group 1 - . Group 2 Group 3
Line® 0.403 + 174 (5) -~ .661 + .196 (7) - \179 + .280 (9)
- .403 ¥ ,205 (6) . 0.661 % ,184 (8) 0.179 ¥ ..284 (10)
Sex of Calf: _
Male - 0,197 + 4179 0.065 + ,227 0.093 + .263
.Age. of Dam
< 2.Yr, 0ld ~1.448 + 445 ~2.,040 + .409 -2.035 + ,609
-4 Yr, 0ld 0.057 ¥ 317 0.671 * .398 0.670 ¥ 494
> 5 Yr. 0ld 1.988 ¥ .318 S 1,183 ¥ .349 1.382 ¥ .459

aGroup'l (Herefords, lines 5 and 6), Group 2 (Angus, lines 7 and 8) and Group 3

lines 9 and 10).
b

Line nos. in parenthesis after std. error.

(Angus,

Y
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TABLE VII

STANDARD PARTIAL REGRESSION COEFFICIENTIS AND STANDARD
ERRORS FOR THE FOUR COVARIABLES -FROM THE ANALYSES
OF VARIANCE FOR GROUPS 1, 2 AND 32

Std. Partial Regression Coef. + S.E.

Covariables -
Group 1 Group 2 Group 3
Calf Birth Weight 0.004 + ,024 0.043 + .025 0,032 + .033
Average Cow Weight - ,004 + .002 0.002 + ,002 0.001 + .004
Fall Cow Condition Score  0.173 + .198 - ,314 + ,180 - ,138 + ,212
Change in Cow Weight. 0.009 + .004 0.000 + .004 - .003 + .006

aGroup 1 (Herefords, lines 5 and 6), Group 2 (Angus, lines 7 and 8)
and Group 3 (Angus, lines 9 and 10).
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significantly associate& wit& miik produ;tion.of the cow. In contrast,
Pope et al., (1965) reported that dams nu*sing maie calves produced more
milk than those nursing females, while Rutledge et.al. (1972) found the
advantage for dams nursing female calves.

Sire effeéts were significant (p < .65) only among the Angus sires
in Group 2 but not among Hereford sires in Group 1 and Angus sires in
Group 3. Rutledge et al. (19?2) found no signifiﬁant sire effects on
total milk yiéld. Age of dam effects were highly significant (p < .01),
a8 older ﬁows produced more milk per day than younger .cows. This was 
indicated by.the'least square constants for, the dams of various ages.
Dams of two &ears of age or younger produced.l.,45, 2,04 and 2.04 1bs.
less milk per daybthan'the herd average for the Hereford dams in Group
-1, Angus dams in Group 2 and Angus dams in Group 3, respectively. Three
year old dams'produced 0.56 and 0.02 lbs. less milk per day in Groups 1
and 3, respectively, but Angus dams of Group 2 of this age category gave
0.29 1b. more milk per day. Four year old, five year old.and older dams
:produced,more mtlk fer day in each of the three groups as four year old
and five year old o? older dams produced 0,06 and 1,99 lbs. per day in
Group 1, 0,67 and 1.18 lbs. per.day in Group 2 and 0,67 and 1.:38 lbs,
per day in Group 3; respectively. The lower milk yields observed in
younger cows 1s in agreement with the standard practice of .adjusting
weaning weights. upwards on two, three -and four year old cows. Rutledge
et al. (1972) féund a sigﬁificaAt quadratic effect for age of dam but-
not a'linear;effect;; Neville et .al. (19745 repérted a highly signifi-
cant effect for age of dam and suggested a set of multiplicative corre-
lation factors of 1.33, 1.20, 1.09 and 1.00 for adjusting daily milk

yields of three, four, five year and older cows in one of the herds in
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Gebrgia. Calf birth date was not significant in any of the groups.
Similar result was reported by Rutledge et al. (1972) with non-signifi-
cancg'lineér calf birth d#te effects on total milk yileld,

For the'twoefactor1interactioﬁs, only 1ine_xAse#,of'calf‘was signi-
ficanﬁ in Group 1 andvyegr X age of‘dam,and sex of .calf x age af,dam
were‘éignificant in Group 2. ' In Group i, the'eétiﬁates of'the,average
daily milk yileld of-}ine 5 dams were different from those of line 6 for-
dams suckled By“eithr heifer”oribuilbcélveé. While in Group 2 the -
daily milk estimates for daﬁs 6f,different-ages.were‘not the same either:
. in the different years whethhe;estimates were taken or when the dams
were suckled by either male or female célves. All other interactions in

f
the three groups, 1, 2 and 3, were not‘significaﬁt1

Among the four covariableS'includediin the model in‘Group 1, only
change in cow weight was significant. The standard partial regression
coefficient for change iﬁ cow weight was 0,01, indicating that 'cows
which gained the'most‘Weight.be£Ween their spring and fall weights tend-
ed to produce more milk, The magnitude of the standard partial regres-
sion coefficients for the four coﬁariables in the three groups suggests

that these effects are not the major factors affecting daily milk yield.
Predictinggthe Average‘Daily Milk Yield.

- To identify the-appropriate,vériables to be included in the predic-
tion equatioﬁs,'a correlation ;study was run on‘several growth traits of-
the dams and .their calves. Theée‘corrélationsIare,presented by year
_ groﬁp‘in~Appendix-Table XIX“for Hereford dams of lines 5 and 6, Appendix
Tables XX, XXI, XXiI-and'XXIII-fqr Angus dams of lines 7, 8, 9 and 10,

respectively. The correlations averaged over all line and year groups
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for sthe ‘two breeds are presented in Tablé VIII., For the Herefords,
average daily gain of ‘the calf from birth to weaniﬁg (ADG), calf's wean-
ing weight (WW) and calf's weaning,condition~scqre (CCS) were signifi-
cantly correlated (p < .0l) with ADMY. The correlation coefficients
ranged from'0.76 to 0;81, 0.77 to 0.79 and 0.56 to 0.65 for ADG, WW and
CCs, respectively. Most of the components of gain from birth to weaning
were alsobhiéhly significant, except for tbe avefage'daily galn during
the last month (August .to September). The cow's growth traits were not .
consistent in the magnitude\gf their corrélations with ADMY..

In the Angus, thé-traits that¢wefe.highly correlated with ADMY were
similar te these~found_in-the_Herefords, but those correlations calcu-
lated fﬁr,197lﬁand 1972 were highly variable in magnitude,

On ;he average, ADG, WW and CCS~were'moderately to highly correlated
with ADMY. The correlation coefficients for ADG, WW .and CCS with ADMY.
were 0.78, 0.77 and.Q;SQ in the HerefordsLandbd.44, 0.46 and 0.35 in the-
Angus, respectively. Two other variables were selected to be included
in the prediction equations, change in cow weight (CHGCWI) and fall cow"
condition score. (FCCS), because they were easily availlable trailts mea-
surable .on the cow.

CHGCWT was moderately correlated (0,31) with ADMY in the Herefords,
 but‘was negatively correlated (-.04) with ADMY in the Angus. As CHGCWT -
was defined as the difference in the fall and spring cow weight, then
Hereford cows that gained the most would tend to produce more milk per
day while Angus cows that lost the most‘amqunt‘of~we;ght.would,produce‘
n@re-milk° |

FCCS was .lowly ‘correlated with ADMY in both the Herefords and the

Angus (0.06 and -.04, respectively). The fatter the cow during the fall
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- ‘CORRELATIONS 'OF VARIOUS TRAITS  WITH AVERAGE
DATLY MILK YIELD OF HEREFORD AND ANGUS -
DAMS -AVERAGED OVER YEARS AND LINES

Correlated Traits. Herefofd» Angus
Birth Date .099 .037
Birth Weight . 245 244
Average Daily Gain .782° 4438
(Birth to Weaning)
Weaning Weight .765° 4552
Calf Weaning Condition Score .. .592° 3482
Spring Cow Weight .3672 242
Spring Cow Condition Score .286 . 009
Fall Cow Weight - 256 ¢ W245
Fall Cow Condition Score .062 -.043
Average Daily Gain b
Birth to April 480 .296
April to May ,643° 502°
May to June .483b + 225
June to July .467b v 262
July to August .482b -.055
~‘August .to September .238 333
Change. in Cow Condition Score .268 .025
Average Cow Weight .318 +251
.309 ~-,041

Change in Cow Weilght.

ap < ,05.

bp < .01,
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period would indicate that she had produced less amount of milk in the
previous summer. The other three variables of tﬁe calf were also easily
obtained -since weights were taken at birth and together with condition
score  at weaning for .each calf,

These five factors,}ADG,'WW,'Ccs; CHGCWT and FCCS, were included in
all,possible.one—factor;'two~factor, three-factor, four-factor and five-
factor models. Thpse.models‘with the»highest cdefficients of determina-
tion were selected as the prediction equations with the most reliability
and accuracy in predicting the ADMY,

The-coefficieﬁts of determination‘fof the various regression models
for .the Herefords and Angus,are‘presented in Table IX, The amount of
variability in ADMY accounted for by the regressioh models was higher in-
the Herefords than in, the Angus. The linear regression variables; aver-
age daily gain of calf (ADG), calf's weaning weight (WW), calf's weaning
condition scere (CCS), fall cow's condition score. (FCCS) and change in
cow weight‘(CEGCWT) were pooled within breed in the Herefords since-
there were no substantial differences: in the‘coeffiqients‘of‘determina—
tion,(Rz) when pooled within line and year.‘ Howevér, in ‘the Angus the
amount of variation explained by the models varied a great deal when the
variables were pooled within line and year. A regression‘equatidn de-.
veloped for each iine and year would not be of much utility for future
pfediction of ADMY of the cows in these herds since a prediction equa-
tion should have a wider scopenof-application irrespective of line and
year. ' As such, the ;egression models were examined within each breed.
seéarately. Among the one-~factor models, the equation with either ADG.
or WW as the'only‘predictor variable had thelhighest coefficient of .

determination in both breeds. The amount of varlation explained by the.



COEFFICIENTS OF DETERMINATION (Rg) FOR VARIOUS .
REGRESSION MODELS FOR DEPENDENT "VARIABLE -

TABLE IX

ADMY POOLED WITHIN LINE AND YEAR

" Model Hereford Angus
~ One-Factor
Fccsé b .012 .000
- CHGCWT .192 ,002
ces® .208 117
apgd ,538 .269
wwe 531 V277
Two-Factor
CHGCWT FCCS 204 ,003
CCS FCCS 248 120
CCS CHGCWT - 365 .122
ADG FCCS 557 «269
ADG CHGCWT - 595 272
WW.FCCS «543 277
ADG WW WS4l 277
ADG CCS 547 278
WW CHGCWT 587 279
WW CCS. 532 .289
Three-Factor -
CCS CHGCWT FCCS «365 126
ADG -CHGCWT - FCCS .596 272
ADG WW FCCS 558 277
ADG ‘CCS FCCS .561 279
" WW CHGCWT FCCS 587 279
ADG WW: CHGCWT «597 279
ADG CCS . CHGCWT - 599 284
: WW.CCS FCCS © 543 +290
- ADG-WW CCS 549 .291
"WW 'CCS" 'CHGCWT 588 +295
" " Four-Factor.

""" ADG WW THGCWT FCCS : 597 279
"ADG:.'CCS _CHGCWT F€CS B «599 .285
‘ADG-WW-'CCS FCGCS - 562 291
"WW ‘CCS".CHGCWT ‘FCCS : 588 .296

" ADG WW CCS CHGCWT . 600 0297
Five-Factor
.298

.. ... ADG.WW. CCS. CHGCWI FCCS . .600

8Fall cow condition score.

bChahgerin~cGW'weight.

cCalf weaning condition score.

dAverage daily gain-of .calf,

'eWeaninggweight'of calf.

48
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model was improved when a second variable was .included in the model
containing .either ADG or WW. The}R2 for the three ‘best two-factor models
in the Hereford groups were 0.557 (ADG FCCS), 0.587 (WW CHGCWT) and-
0.595 (ADG CHGCWT). Among the two-factor models in the Angus, the
models with the three highest Rz,values-were those with ADG and CCS, WW
and CHGCWT, and WW and CCS as théir predictor variables-(R2 = 0,278, .
0.279 and 0.289, respectively). Adding the third or fourth variable-
into the three best two-~factor models di@ not.increaseﬂthe R2 substan-
tially. The five-factor models in the two breeds differed from the
four—-factor models only in thelr third decimal place in the magnitude of
thelr coefficients of determination-(Rz =. 600 and ,298 in the Herefords
and Angus, respectively).

The two best models in each category (one- to four-factor model)
were selected based on their capabilities to acgount for as much of the
variation,in'daily milk as they possibly could and were examined further.
In additibn the five-factor model was also included for comparison.
These nine prediction equaﬁiens are presented in Tables X and XI for.the
Herefords and Angus, respgctively.

Among the Hereford models, yeaning‘weight~ef calf (WW), average
dally gain of calf (ADG) and change in cow weight (CHGCWT) were impor-

- tant ‘variables  influencing ADMY.since they consistently were signifi-
cant in all moedels except for equation 5 where ADG_and‘ww were not
significgnt and for equations 8 and 9 in which WW was not.a significant
factor in affecting ADMY. About 53% of the variability in ADMY could be
explained by the models using only WW or ADG #s the independent vari-

ables. If no other measures of the dam's or her calf's performance were



TABLE X

BEST REGRESSION MODELS. FOR PREDICTING AVERAGE
DAILY MILK YIELD USING THE FIVE SELECTED
VARIABLES FOR HEREFORD DAMS®
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Prediction Equations R2c S.E.E.d
Std. Deviation for ADMY = 2,460
1. Y2 = - 3.55 + .33 Wik .531 1.688
2. Y = - 2,16 +,.75 ADGH* .538 1,674
3. Y = - .99 + .03 WH** + .01 CHGCWI** .587 1.588
4o Y = .24 +6.74 ADG** + .01 CHGCWT** .595 1,573
Sa Y 2 - 028 +4-68 ADG + .Ol WW
+ .01 CHGCWT*% 597 1.574
6., Y = 2,73 + 7.37 ADG** - ,29 CCS
+ .01 CHGCWT** .599 1.572
7. Y = 2,75+ 7.37 ADG** - ,29 CCS
+ .01 CHGCWT** - ,03 FCCS 599 1.577
'8, Y = 2.05 + 5.64 ADG** + ,01 WW
- .26 CCS + .0l CHGCWT#* .600 1.575
9, Y = 2,07 + 5.67 ADG** + .01 WW
- .26 CCS '+ .0l CHGCWT*#*
- .02 FCCS .600 1.581

S =.weaning welight of calf, ADG = average daily gain of:calf,
CHGCWT = change -in“cow weight, CCS = calf weaning .condition score and
FCCS = -fall cow condition score.

Ppredicted -average daily milk yield.

FCQefficientmoffde;erminatien

“;-dStandard"errortof“estimate.

*p< . 05 .

: **P< ° 01 .
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TABLE XI

BEST REGRESSION MODELS FOR- PREDICTING: AVERAGE
DAILY MILK YIELD USING THE FIVE SELECTED
VARIABLES FOR. ANGUS DAMS®&

Prediction. Equations R2 - 8.E.E.
Std. Deviation for ADMY =.2,784

1. Y° = 4.47 + 5.79 ADGH* .270 2.383
2. Y = 3.36 + .03 Wik .277 2.371
3. Y = .70+ 5.20° ADG** + .38 CCS 278 2.374 -
4o Y "3.02 + lOBWW**_ .OOCHGCWT l279 2;372
5. Y == 1,08 + .02 WW%*% + .49 CCS*

- .06 FCCS .290 2.358
6. ¥ = - 2.20 - 3.12 ADG +..04 WW*

+ .52 CCS* .291 2,356
7. ¥ == 3.7 - 2.89 ADG + .04 WW*

+ .61 CCS** = .00 CHGCWT | .296 2.351
B, Y = = 2.76 + .02 WHk* + .59 CCS**

- .00 CHGCWT ~ .07 FCCS .296 2.351

+ .65 CCS*% — 00 CHGCWT

-. .07 FCCS .298 2.353

aWW‘-vweaning-weight'of calf, ADG = average daily gain of calf,
CHGCWT = change in cow weight, CCS = . calf weaning condition score and
~FCCS = fall cow condition score.

bPredicteduaver.age.adailyvmilkayield°
c‘Coeff:f.c:f.ent: of determination.
dStandard.errorfof.estimate.
*p < .05,

*%p < ,01,
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available, either WW or ADG 1s.adequate to- account. for slightly more
than one-half of ‘the wariation in ADMY of the dam.

Including the' WW and CHGCWT in a single model increased the R2 to
58.7%, an increase of only 5% over the model that:included only WW.
Although CHGCWT improved.thetszby only a small: percentage, both of the
variables, CHGCWT and WW, singificantly affected ADMY,

There were little differences in the .amount .of variation: that could
be explained by equations &4, -5, 6, 7, 8 and 9; they only differed in
the third decimal place of-the,RZ,and~accounteduon1y;for about 60% of
the variability in ADMY. It-was:interesting to note that using only ADG
and CHGCWT as the independent: variables as~in.equation 4 was as good as
using any other three-factor or four-factor or five-factor equation.
Both ADG and CHGCWT were highly significant in the model although there.
was no substaﬂtial difference in ‘the Rz between: equatlions 4 and 5; ADG
was no longer significant:in equation 5; only CHGCWI was significant in
affecting ADMY in the model. - ADG and CHGCWI were the only two variables
that were significant in equatieons 6, 7, 8 and 9. All four of these
models were similar in their ability to account for .the variability in
ADMY., Since a three-factor model could explain for the same amount of
variation in ADMY as a four-factor .or five-factor model, equation 6
should be the choice because it only used three variables to: predict
ADMY, while other models required four or five variables to account for
about the same amount of variability in ADMY. . Considering all equations .
examined, equations 4 and 6 had .greater efficiency and advantage than
any other models since they¥inc1uded'onlyutWOfand three variables in
their models, respectively, while .explaining approximately the same.

amount of variation as a five-factor model.
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The amount of variation that could be explained by the models in the
Angus was generally lowgr‘than those in;;he,Herefords. The R2 ranged
from 0.270 in the one-factor model to 0.298 in the five-factor model.
ADG and WW were highly sigﬁificant in models with one or two or three
variables, There was little difference in thevR2 in equations 5, 6, 7,
8 and 9. Only about 29% of the variabllity in ADMY could be accouynted
by each of these five equations. Among the reasons for this low R2
value were_(l) there_were;large différenges in th"elR2 between models
developed from the dam's and her calf performance;sampled elther in 1968
6r-1969,,and models developed from data taken eitﬁer in 1971 or 1972,
(2)4the,low Rz obtained in models constructed from data obtalned in the
last two years, 1971 and i972, could not be clearly understood, and (3)
the standard error of estimate for each of the regression models was
generally larger than that found in the Hereford's model. This could
mean that due to a greater variation in the ADMY in the Angus, predict-
ing the ADMY using the five variables was not as.accurate or reliable.
Very little of the variability in ADMY could be explained by the models.
Possibly some bther,combination-of-différent‘vgriables assoclated with
ADMY could produce a model with a higher~coefficient of determination.
Unless such a model were found, the prediétion of ADMY using the five
variables 1s not recommended in the Angus lines in this particular herd.
EstimatetofEADMY should then be obtained through monthly milk measures.

There was»littlé similarity in the prediction equations developed by
Rutledge et ai‘ (1972) with the one showh‘hére. In that report, alter-

nate month measures of milk yleld were used as the predictor variables.
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Improving the Milk Measuring Technique

and the Sampling Procedure

. The correlations for the six monthly milk measures with ADMY for .
Hereford and Angus cows are reported in Tables XII and XIII, respective~
ly. All correlations were highly significant (p < .0l) in the Herefords
and Angus ‘with the exception of the correiation between ADMY and April
second l2-hour ADMY estimate which was significant only at 57 level in
the;Herefords. Monthly estimates of:ADﬁY were highly correlated with
the total ADMY with the highest correlations éorrespondingrto the middle
of the lactation period, namely from June to August.

The calf suckling technique adopted in this study required that the
calf be weighed before and ;fter suckling to obtain an estimate of  the
amount of milk produced for the first 12 hours. This was repeated in
the late aftefnoon to obtain .the second l2-hour estimate of milk yield.
Any lmprovement in the calf suckling techqiqgefshould involve the two
12-hour~éstimates of milk yield., The correlations between the first 12~
hour estimate averaged over the six‘monthly milk measures with total
ADMY were 0.933 and 0,882 in the Herefords and Angus, respectively.
This'Suggests'that'the-total-ADMY could be estimated rather accurately
from the first 12-hour estimate of milk yield. The correlation was
higher in the Herefords than in the Angus. Thus, in both breeds the
first 1l2~hour milk‘productibn'waS'nearly as good an estilmate of the
total ADMY as. the total of two successive l2-hour milk measures. The
second 1l2-hour milk yield estimate was highly co;related too with the
total ADMY but lower th;n thé_correlations for the first 1l2-~hour esti-
mate. The correlatlion coefficlents for the .second l2-hour estimate were

0.904 and 0,874 in the Herefords and Angus, respectively. Thus, the-



TABLE XII

CORRELATIONS OF SIX MONTHLY MILK MEASURES AND

OTHER TRAITS WITH AVERAGE DAILY MILK YIELD
(ADMY) OF HEREFORD DAMS (LINES 5 AND 6)@

ADMY
Number of Cow-Calf Pairs 144
April ADMY +719
May ADMY 654
June ADMY «798
July ADMY 709
August ADMY . 769
September ADMY 598
First 12-hour estimate ADMY 933
Second l2-hour estimate ADMY . 904
Alternate months ADMY .933

(April, June, August)v
Mid-lactation ADMY +935
(May to August)

April First 1l2-hour ADMY +567
April Second 1l2-hour ADMY 697
May First 1l2-hour ADMY «597
May Second 12<hour ADMY 577
June First l12-hour ADMY 748
June Second 12-hour ADMY 655
July First 12-hour ADMY 573
July Second l2-hour ADMY .612
Augugt First 12-hour ADMY 725
August Second: 12-hour ADMY .610
September First 1l2-hour ADMY 546
September Second l1l2-hour ADMY <289

811 correlations are gsignificant (p < .01).

55



56

TABLE XIII

CORRELATIONS OF SIX MONTHLY MILK MEASURES -
AND OTHER TRAITS WITH AVERAGE DAILY
MILK YIELD (ADMY) FOR ANGUS DAMS2

ADMY (Angus)
Lines Lines Combined
7 and 8 9 and 10 All Lines:
Number of Cow-Calf Pairs 163 152 315
April ADMY 644 .618 629
May ADMY .585 644 614
June ADMY .570 .666 .616
July ADMY 716 642 676
August ADMY 445 632 572
September ADMY 458 .519 480
First 12-hour estimate, ADMY .874 904 .882
Second 12-hour estimate, ADMY - .846 914 874
Alternate months ADMY +823 .896 856
(April, June, August)
Mid-lactation ADMY .897 .928 912
(May to August)
April First 12-hour ADMY .599 548 567
April Second 12-hour ADMY 482 .178° .247°
May First 1l2-hour ADMY 531 571 <547
May Second l2-hour ADMY 452 «525 486
June First 12-hour ADMY 495 451 +475
June Second 12-hour ADMY 470 .628 543
July First l2-hour ADMY ‘ .612 .508 +559
July Second 12-hour ADMY .641 579 .608
August First 12-hour ADMY 424 .533 474
August Second 12-hour ADMY . .357 575 448
September First 12-hour ADMY +336 525 409
September Second l2-hour, ADMY 417 .370 .384

2A11 correlations are significant (p < .0l) except for
Pep < .05).



57

first l2-hour milk yleld estimate could be used to estimate the total
ADMY rather accurately.

In this study, milk prodﬁction was sampled in each of the six months
froﬁ April to September. Under range conditions, monthly milk yield
estimates are difficult to obtain. Therefore the extent of milk yield
samplings is of great significance. Iﬁ‘this study, estimates based on
four .months (May to August) or three mbnths (April, June and August)
were the most highly correlated with the total ADMY., The correlations
between the mid-lactation estimate of ADMY and total ADMY were 0.933 and
0.912 in the Herefords and Angus, respectively. Using the alternate
month sampling (April, June and August) did not improve the correlations
with total ADMY., The cor;elation coefflclents were 0.933 and 0.856 in-
the Herefords -and Angus, respectively, which were lower than those
reported for the correlations with the mid~lactation estimate of ADMY.
To minimize the number of monthly milk yield samplings in the two breeds,
estimating the total ADMY from the four monthly milk yield estimates
(May to-August) Was.adequate._

This suggests that ADMY could be adequately estimated from fewer.
milk samplings. Only the first 1l2-hour milk yield estimates taken for
four months from May to August of the lactation period need be taken to
accurately estimate the total ADMY. The high correlation between the
aléernate months milk yield estimate and total ADMY agreed with that-
reported by Rutledge et al. (1972) iﬁ which a correlation of 0.91 was
reported between the predicted value using the first, third and fifth
monthly milk measures as the-pfedictor varlables and total milk yield,
while Neville (1962) suggested that only two or three milk samplings

during the nursing period were needed to determine the relationship of-
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milk consumption to calf gains. This study was also in general agree-
ment with that reported by Totusek et al., (1973) where estimates based

on four days-(days 30, 70, 112, 210) or five days (days 30, 70, 112,

140, 210) were highly correlated with 210~day yield (r = 0,91 -and 0.93,

respectively).



CHAPTER V
SUMMARY

The objectives of this study were (1) to partition the various
sources of variation affecting the milk production .of cows on native
range conditions, (2) .to predict the daily milk yleld of the dam using
growth performance.of her calf: as well as her own weight and condition
changes during the lactation perilod .and (3) to examine the extent to
which milk yield could be adequately estimated from using fewer actual"
measures of daily milk. yleld.

The data were’collectedminathé4summers.o£.1967.tov1972uon cows
involved in a long term beef cattle selection study at the Oklahoma

- Agricultural Experiment:Station. A total of 459 dams (144 Hereford and
315 Angus) were involved in this milk production study. Monthly milk
measures were obtalned from these dams from April to August each year
for six years (1967 to: 1972). The calf suckling technique was used to
measure the milk yleld where the difference in weight of the . calf before
and after suckling was‘ taken as the estimate of milk yield. Two l2-hour:
estimates, one in' the morning and the other in the late afternoon, were
taken to estimate the 24~hour milk yleld. Line effects were significant-

“(p < .05) only among the Hereford .lines (5 and 6) and among Angus lines
(7 and 8 but not 9 and 10). . Year and sire of calves effects were sig-
nificant among lines 7:and 8:but not among the other lines. Age of dam

effects were highly significant in influencing the ADMY in all lines.
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This indicateg that some of the differences in ADMY between lines may be
the resultsof:differences: in the age: of the dams. Sex-of calf was not.
significant, but malercalves: consumed 0,197, 0.065 and 0,730 lbs. more.
milk- per-day in.lines 5 .and 6,.7 and .8, and .9 and 10, .respectively.
Date ofcalving:was:not:.significant in .all: lines. Among the regression
effects;  only:-change:.ln:.cow welght was significant, only among lines 5
and 6" but-not- in the:other: lines.
'.Prediction*eﬁuationsawereydeVeloped,to«predictfthe'ADMY using the
five variables: :average dailly gain .of calf, weaning weight of calf,
calf's weaning condition:.score, fall cow's condition score and change in
ceW%weightxt=Theucoeffiéients”ofzdetermination.for éll possible regres-
sion models for the'Herefo:ds were higher than for the;Angus (R2 = 0,600
and 0.298 for all”five'variablewmodels,'réspecti§e1y). Among .the Here-
ford models, the'threehfactor“model'(ADMY = 2,73 + 7,37 ADG - 0.29 CCS +-
0001~CHGCWT)§could‘accpunt for the same amount of variation in ADMY as
the model .involving all five variables. In Angus, dailly milk yleld.
could not-be -as' accurately predicted as in Herefords (R2 of 0.600 and
0.298 for fivehfactor;models oftﬂerefords and Ahgus, respectively).

Ali cqrfélations-between'total ADMY ahd‘monthly milk measures were
highly significant (p <-.01), (0.72, 0.65, 0.80, 0.71, 0,77 and 0.60
and 0.63, 0.61, 0.62, 0.68, 0.57 and 0.48 for Apfil, May, June, July,
August Qnd September milk measures for the Herefords and Angus, respec-
tively)sl The first 12—hour.miik_measure was highly correlated to total
ADMY (0.93 and 0.88 for .the Herefqrds‘and»Angus, respectively) which was-
higher than the cerrelation for the second l2-hour milk measure.(0.90
and 0,87 for the Hereford and Angus, respectively). This suggests that

the first 1l2-hour milk measure is as good an estimate of the total ADMY
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as using the two l2-hour measures commonly used in the calf-suckling
technique., Sampling from only four months (May to August) was as good
as sampling from all six monthe in estimating the ADMY., The correla-
tions between the mid—ladtation‘estimate of ADMY and total ADMY was
0.933 and 0,912 in the Herefords and Angus, respectively. Thus, ADMY
could be accurately estimated by taking only the first l2-hour milk mea-
sure from the four months (May'to:August).

If the ‘avallability of labor to undertake the task of measuring the
milk yleld each month was scarce, then it would be economical to obtain
the estimate of ADMY just froﬁ one measurement for each test day and
reduce the number of monthly milk measures from six to four. However,
if milk productilon were to be estimated for a large number of cow-calf
pairs, then predicting the daily milk yield using the recommended pre-
diction equations seem economical ‘and accurate enough, but it would be
better in terms of precision and accuracy of the estimates of ADMY to
actually measure the daily milk yield using the calf-suckling technique

or any other milk measuring technique.
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TABLE XIV

MEANS AND STANDARD DEVIATIONS FOR SIX MONTHLY MILK MEASURES
AND OTHER TRAITS OF HEREFORD DAMS BY YEAR AND LINE

Fall Cow Condition Score

Year 1967 1970
Line 5 6 5 6
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Number of Calves. 34 33 39 38
April ADMY2, Lbs. 12,82 4.30 13.27 4,17 10.15 2.67 10.42 3.02
May ADMY, Lbs., 9.88 3.00 11.83 3.66 10.64 2,96 10.39 3.35
June ADMY, Lbs. 12.06 4.06 11.06 3.29 10.41 . 3.13  10.39 2,95
© July ADMY, Lbs. 10.59 4,26 10.21 3.64 9,72 3.01 9.34 2,83
August: ADMY, Lbs. 11.57 5.00 9,50 3.58 6.79 2,52 6.08 1.98
September: ADMY, Lbs.. 9,12 5.14 7.76: 3.36 6.77 2,21 6.97 2,06
First 12-Hr. Milk Yield
" (6 Mons.), Lbs. 6.23 1.32 5.95 1.61 4,57 0.89 4,58 0.93
Second 12-Hr. Milk Yield
(6 Mons.), Lbs. 4,94 1.60 4,67 1.31 4.57 1,08 4,29 0.86 -
Six Month ADMY (April to
September), Lbs. 11.19 2.76 10.63 2,81 9,09 1.86 8.87 1.54
Calf ADGb'(Birth to. Weaning), Lbs, 1.66 0.25 1.62 0.23 1.60 0.25 1.58 0.23
"205-Day Age of Dam Adjusted
W. Wt.%, Lbs. 436,59 50,13 430,24 45,56 425,95  47.87 421,29  49.99
Calf Weaning Condition Score 4,10 0.62 3.73 0.65 4,24 0.75 4,06 0.65
Fall Cow Weight, Lbs. 1014,56 123.88 1015.91 126.77 1013.08 111.94 987.89 106.58
5.21 0.85 5.09 0.77 6.10 0.97 6.03 1.03

aAverage Daily Milk Yield.
bAverage Daily Gain.

.,.QWeaninngeights
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TABLE XV

MEANS AND STANDARD DEVIATIONS FOR SIX MONTHLY MILK MEASURES AND OTHER TRAITS OF

ANGUS DAMS FOR LINES 7 AND 8 (1968) AND LINES 9 AND 10 (1969)

Year 1968 1969
Line 7 8 9 10
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Number of Calves 35 41 34 39
April ADMY2, Lbs.: 16,27 4,27 16.61 4,35 13.29 4,33 14,46 4,42
May ADMY, Lbs. 18.23 3.93 19.31 4,74 15.79 4,25 15.44 4,62
June ADMY, Lbs. 15.38 4,93 17.76 4,84 15,18 4,54 16,00 4,45
July ADMY, Lbs. 13.23 3.99 15.44 5.30 14,94 5.01 15.74 4,90
August ADMY,. Lbs. 13.11 3.70 12.46 4.15 12,06 3.66 13,31 4,01
September ADMY, Lbs. 10.51 4.41 11.12 4,66 12,53 4,24 12.64 3.84
First 12-Hr. Milk Yield

(6 Mons.)., Lbs, 7.87 1.70 8.53 1.89 6.95 1,57 7.66 1.69
Second 12-Hr. Milk Yield

(6 Mons.), Lbs, 6.54 1.49 6.95 1.38 7.03 1,50 6.90 1,64
Six Month ADMY (April to

September), Lbs. 14,39 2.95 15.48 2.99 13.99 2,95 14,57 3.08
Calf ADGP (Birth to Weaning), Lbs. 1.78 0.20 1.85 0.24 1.61 0.20 1.59 0.25
205-Day Age of Dam Adjusted

W. Wt.©, Lbs. 457,51  39.14 465,90 46,04 415.85 39.40 411.72 46,92
Calf Weaning Condition Score 3,99 0.55 4,08 0.62 4,05 0.43 3.85 0.50
Fall Cow Weight, Lbs,. 974,29 132,31 965,85 117,20 873.68 67,98 919.87 130,41
Fall Cow Condition Score 5.51 1.15 5.54 1.19 5.44 1.24 5.21 1.63

aAverage Daily Milk Yield.
bA.verage Daily Gain.

CWeaning,Weighto
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MEANS AND STANDARD DEVIATIONS FOR SIX MONTHLY MILK MEASURES

TABLE XVI

AND OTHER TRAITS OF ANGUS DAMS FOR 1971 BY LINES

Year
Line 7 8 9 10
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Number of Calves 21 20 18 17
April ADMY2, Lbs. 14.90 3.81 16.00 3.16 11.78 3.73 13.47 4,24
May ADMY, Lbs. 14,33 3.35 15.45 4,08 16.06 3.75 14,06 3.36
June ADMY, Lbs. 16.05 3.75 19,65 6.39 18.33 5.41 16.06 5.12
July ADMY, Lbs. 14.86 4.00 17.00 3.21 12.89 4.35 15,65 3.08
August ADMY, Lbs., . 19.05 7.47 19,70 . 5,15 16,11 5.27 17.76 6.56
September ADMY, Lbs. 11.29 3.36 10,55 . 3.97 10.17 2.98 10.65 3.26
First 12-Hr. Milk Yield

(6 Mons.), Lbs. 7.39 1.19 8.45. 1.11 6.89 1.56 7.05 1.29
Second 12-Hr. Milk Yield

(6 Mons.), Lbs. . 7.67 0.19 1.99 . 0.23 1.81 0.24 7.54 1.08
Six Month ADMY (April to

September).,. Lbs, 14.69 2.78 16.36 2.13 14,26 2.74 14,58 1,97
Calf ADGbM(Birthito,Weaning), Lbs. 1,76 0.19 1,99.. 0.23 1,81 0.24 1.87 0.17
205-Day Age of: Dam Adjusted

W. Wt.€, Lbs. 455.43 45,14 496.90 49,21 457 .33 55.84 472,53 - 34.78
Calf Weaning Condition Score 5.28 0.27 5.34 0.24 5,38 0.53 5.37 0.34
Fall Cow Weight, Lbs, 1006.43 87.11 989.50 101,95 997.22 120,77 1054.12 108.57
Fall Cow Condition Score 6.05 0.97 5.55 1.23 6.44 0.78 6.47 0.87

aAverage Daily Milk Yield.

bAver.age Daily Gaiu.

cWeaning Weight.
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TABLE XVII

MEANS. AND. STANDARD DEVIATIONS FOR SIX MONTHLY MILK MEASURES
AND. OTHER- TRAITS OF ANGUS DAMS FOR 1972 BY LINES

Year 1972
Line 7 8 9 10
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Number of Calves 22 24 22 22
April ADMY2, Lbs. 15.32 4.73 16.33 4,41 18.14 2.83 17.86 5.00
May ADMY, Lbs. 16.86 4,17 18.38 4.45 20,41 3.81 19.05 4,21
June ADMY, Lbs. 18.68 4,25 19,75 3.03 20,91 2,26 18.64 3.46
July ADMY, Lbs, 12,59 4,03 13.03 3.78 15,18 3.26 13.68 4.08
August ADMY, Lbs. 13.09 4,05 12.83 3.51 13.73  3.49 13.05 3.66
September ADMY, Lbs. 10.18 3.05 10.83 3.69 11.55 2.04 9.27 3.01
First 12-Hr. Milk Yield

(6 Mons.), Lbs. 7.27 1.26 7.70 1.00 8.06 0.95 7.84 1.28
Second 12-Hr. Milk Yield

(6 Mons.), Lbs, 6.99 1.81 7.45 1.39 8.61 1.18 7.49 1.70
Six Month ADMY (April to

SeptemEer); Lbs. 14,26 2.83 15.15 2.25 16,69 1.66 15.33 2,80
Calf ADG® (Birth to Weaning), Lbs. 1.91 0.25 1.93 0.15 1.86 0.19 2,00 0.22
205-Day Age of Dam Adjusted

W. Wt.%, Lbs. 485.95  54.42 491.63 44,96 460.00 47.30 504.32 55.61
Calf Weaning Condition Score 4,77 0.60 2,70 0.52 4,92 0.40 4,95 0.40
Fall Cow Weight, Lbs. 1047.05 115.13 1035.12 110.10 1023,18 88.67 1015.45 104.45
Fall Cow Condition Score 6.23 1.66 5.96 1.20 6,32 1.43 6.05 1.33

aAverage Daily Milk Yield,

bAverage Daily Gain.

cWeaning Weight.
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TABLE XVIII

LEAST SQUARE CONSTANTS: AND STANDARD ERRORS FOR THE

FIXED EFFECTS FOR GROUPS 1, 2 AND 32

71

. Least Square Constants + Std. Errors
Fixed , : —
Effects Group 1 Group 2 Group 3

Year’ 0.471 + .287 (67) 1.035 + .196 (68) = .067 + .445 (68)
- 471 + ,300 (70) - .162 + .337 (71) 0.730 + .482 (71)
- 873 + .304 (72) - .663 + 454 (72)

Sires 0.369 + .548 0.743 + .791 0.907 + 1.003

- .027 + .479 - .209 + .951 - .005 + 1.301

0.144 + .486 -1.699 + .794 -1.689 + 1.090

- .190 + .521 ~ .585 + .761 - 612 + .971

1.869 + .601 -1.115 + .822 0.857 + .984

- 653 + .592 1.174 + .843 -1.041 + .933

0.095 + .472 - .608 + 674 0.312 + .734

- .136 + .545 1.160 + .705 0.109 + .663

0.428 + .528 - .827 + .612 0.125 + .752

0.270 + .527 0.327 + .873 - 538 + 1.662

0.228 + ,646 -1.899 + .796 0.711 + 1.578

0.871 %+ .567 1.384 + .991 - 2942 + 1.579

-3.268 + .463 ~- 363 + .890 - .798 + 1.379

- 449 + .683 0.052 + .902

-1.380 + .818 - 575 + 1,251

- 692 + .599 0.787 + 1.165

1.023 + .598 - .853 + .748

- .781 + .573 1.465 + ,751

4.796 + ,508 -1.125 + .800

- 2.853 + 752

Calf Birth Date 1 - .365 *+ .392 - .219 + .530 0.454 + .624

2 0.050 + .297 0.198 + .485 0.620 + .604

3 - .297 + .320 - .066 + .515 1.056 + .730

4 0.287 + .346 1.268 + .655 0.153 + .779

5 0.325 + .328 -1.181 + .663 -2.283 + .769

aGroup 1l (Herefords, lines 5

Group 3 (Angus, lines 9 and 10).

bYear in parenthesis after std, error.

and 6), Group 2 (Angus, lines 7 and 8) and



CORRELATIONS OF VARIOUS TRAITS WITH THE AVERAGE DAILY

TABLE XIX

MILK YIELD OF HEREFORD DAMS BY LINE AND YEAR

72

Line
Correlated Traits
Year 1967 1970 1967 1970

Birth Date .007 ~.020 .225 .184
Birth Weight .182 .460° .052 .3258
Average Daily Gain b b b b

(Birth to Weaning) .764 772 .811 .782
Weaning Weight .738° .785° .770° .766°
Calf Weaning Condition b b b b

Score .562 .570 .653 .583
Spring Cow Weight 1259 .463° .296 .451P
Spring Cow Condition

Score - 278 - .293
Fall Cow Weight .216 .389% 212 ,206
Fall Cow Condition

Score 277 247 -.068 -.208
Average Dally gain b b b

Birth to April 449 .508 648 .313

April to May .728° .559° .626° .659°

May to June .593° .178 .509° .652°

June to July 4867 .509" .3882 .485°

July to August .510° .452P .289 .676°

August to September .327 ~.059 .3962 .286
Change in Cow Condition b

Score -.277 073 .068 404
Average Cow Welght .241 432P .259 .340%
Change in Cow Weight .267 .281 .233 \456°

8 < .05.

b, < oL,



73

TABLE XX

CORRELATIONS OF VARIOUS TRAITS WITH AVERAGE DAILY
MILK YIELD OF ANGUS DAMS OF LINE 7 BY YEAR

Line 7
Correlated Traits
Year 1968 1971 1972
Birth Date ~.128 -.109 .054
Birth Weight .678b .198 .313
Average Daily Gain b
(Birth to Weaning) 648 .406 4648
Weaning Weight .721P .390 4672
Calf Weaning Condition b a
Score .510 .266 489
Spring Cow Weight .573b -.008 .565b
Spring Cow Condition
Score .265 .009 .309
Fall Cow Weight 43P 124 .575°
Fall Cow Condition b
Score -.121 -.533 W 244
Average Daily Gain a
Birth to April .336 .195 -149
April to May . 466° 315 573"
May to June .626b .126 .289
June to July .278 .281 .215
July to August 4532 -.523P .032
August to September 4942 .6928 .208
Change in Cow Condition
Score .295 4432 ~.061
Average Cow Weight ¢ .515° .058 .584P
Change in Cow Weight .311 -.161 -.114
8 < .05,
b

p < .01,
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Line 8
Correlated Traits
Year 1968 1971 1972

Birth Date -.087 .435% .107
Birth Weight .228 .530° .329
Average Daily Gain b a

(Birth to Weaning) 729 .233 464
Weaning Welght .711° .323 4842
Calf Weaning Condition b

Score .658 ~.094 .268
Spring Cow Weight .409b -.111 -.109
Spring Cow Condition

Score .249 -.290 094
Fall Cow Weight .3162 - 145 -.055
Fall Cow Condition

Score .152 -.382 ~.172
Average Daily Gain b

Birth to April 452 -.012 .199

April to May ,554b .555b °681b

May to June .3652 -.044 .001

June to July .579° 5947 ~.128

July to August 3292 ~.606 .320

August to September ,592b '.554b »002
Change in Cow Condition

Score .042 091 +254
Average Cow Weight .3682 -.130 -,086
Change in Cow Welght .281 .058 ~.157

ap < .05,

bp < .01,
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TABLE XXII

CORRELATIONS OF VARIOUS TRAITS WITH AVERAGE DAILY
MILK YIELD OF ANGUS DAMS OF LINE 9 BY YEAR

Line 9
Correlated Traits
Year 1969 1971 1972

Birth Date -.044 .082 -.459
Birth Weight: .264 -.130 -.194
Average Dally Gain b a

(Birth to Weaning) 712 .500 -,234
Weaning Weight .703b 443 ~.245
Calf Weaning Condition b | b

Score 503 246 .668
Spring Cow Weight .461° L 148 ,095
Spring Cow Condition

Score -.250 .193 -.096
Fall Cow Weight .500b .208 .050
Fall Cow Condition

Score »180 152 287
Average Daily Gain a

Birth to April .331 .071 4592

April to May .526° ,590% 074

May to June .450° .043 ,015

June to July .019 .736° ~.039

July to August .665b ~.423 ~.470

August to September .363% .646b -.234
Change in Cow Condition

Score -.263 181 ~,386
Average Cow Weight .Sle .181 .076
Change in Cow Weight -.208 -.176 +137

ap < ,05.

bp < .01,
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Line 10
Correlated Traits
Year 1969 1971 1972
Birth Date .113 -.199 -.206
Birth Weight .413° \167 \137
Average Dally Gain b
(Birth to Weaning) 646 404 +354
Weaning Weight .672b 407 389
Calf Weaning Condition b
Score 519 -.131 277
Spring Cow Weight .517b 423 -.054
Spring Cow Condition
Score -.215 ,092 -.317
Fall Cow Weight | 4767 409 L041
Fall Cow Condition
Score 024 -.076 -,025
Average Daily Gain a b
Birth to April .370 344 569
April to May .403° .631° .655°
May to June .481b »180 »169
June to July .410° -.084 179
July to August 174 ~.5462 -,063
August to September .259 4852 ~-.060
Change in Cow Condition
Score - 177 181 -.299
Average Cow Weight .508b V425 ~,007
Change in Cow Weight ~-.186 043 -,320
ap < .05.
b

p < .01,
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