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ABSTRACT
Lactation and Weani ng Weight Relationships
in Hereford and Simmental-Hereford Cows
in Southern Utah

by
William E. Zimmerman , Master of Science
Utah State University, 1980
Major Professor: Dr . James A. Bennett
Department: Animal, Dairy, and Ve terinary Scienc e
Lactation and weaning weight relationships were studied in 37 cows
grazing Southern Utah irrigated pastures during the summer of 1979.
herd included 23 Hereford

co>~s

The

rangin g i n age from 2 to 12 years and

14 Simmental-Hereford half-blood cows aged 3 to 9 years.

The suckling

calves were sired by Heref ord bulls.
The average daily milk yield of 6. 16 kg was affected by the cow
breed.

Simmental-Hereford cows produced 7.11 kg of milk per day, while

the Herefords produced 5.21 kg per day.
i ncreased days in lactation.

Milk production declined with

The decline was linear in the Simmental-

Herefo r d cows and quadratic in the Herefords.
affected by the sex of the suckling calf.

Milk production was also

Heifer calves received 6.44

kg per day compared t o 5.80 kg p_er day for bull calves.

Calf birth

wei gh t and test day wei ght influenc ed milk y ield as cows nursing heavier
cal ves pr oduced more milk.

Cow bree d affected milk composition.

viii

Simmental-Herefor d cows had higher percent sol i ds-not-fat, while Herefords were higher for percent protein.
Calf weights were affected by sex of calf.

Bull calves weighed

33 .89 kg at birth, while heifers weighed 32.14 kg.
weighed 188.63 kg, while heifers weighed 177.14 kg.

At weaning, bulls
While no breed dif-

ference was evident for birth weight, calves f rom Simmental-Hereford
dams weighed more over the duration of the study than c alves from Herefo r d dams.

The difference between the mean 205-day adjusted weights

for the calves from the Simmental-Hereford and Hereford cows was 24.96
kg (230.50 kg and 205.54 kg, respectively).
correlated to calf gain (r

0. 71).

Milk yi eld was highly

The breed of dam influence upon

weaning weight was largely a result of differences .in quantity of milk
produced.

(71 pages)

INTRODUCTION
Utah, like the other western range states, has vast acreages of
l and which produce forage .

The nature of the terrain, climate, or gov-

ernment regulations and/or ownership necessitates the harvesting of the
forage by grazing livestock.

Any income derived from these areas arises

from either the sale of weaned lambs or calves or the resale of previously acquired yearling cattle.

In either instance, the gains achieved

during the grazing season can be attributed to the forage consumed.
Since young suckling ruminants are limited in their ability to directly
convert fo rage to gain, the lactating dam is primarily responsible for
providing nutrition to the offspring during the bulk of the suckling
period .
The assumption can be made that an increase in milk production in

the lactating dam will have a dramatic effect on the saleable weaning
weigh t of the offspring.

Milk yield has been reported to explain 60%

of the total variance in average daily gain o f calves and 40 t o 50% of
the variance in weaning weight (Jeffe ry et al. 1971b).

Gleddie and

Berg (1968) reported that milk yield had a high correlation with calf
ave ra ge daily gain from birth to weaning (r

=

.84).

Totusek et al. (1973)

showed that, where supplemental feed is limited, as in range operations,

210 day milk yield differences are accurately reflected by 210 day
weight of calve s (r

=

.88).

The relationships indicate good potential

for i ncreasing weaning weights by increasing the ·level of milk pr oduction in the cow herd.

The extreme in this regard would be the use of

straightbred dairy cows managed as beef cattle .
drawbacks.

This plan has three

First , the weanling dairy calf is discriminated against wi th

lower sale price; second, with the limited feed of most western ran ges
there is a natural t endency for reproduc t ion to be sacrifi ce d i n f avor
of milk production; and third, there is some conc ern that excessive

levels of milk may be detrimental to calf health.

Some work has been

done with dairy-beef crossbreds (Willham et al. 1970) that shows excellent potential for increasing weaning weights, but reproductive
failu re is still a problem on limited f eed.

With the influx of new

germ plasm from European dual-purpose breeds, the potentiality may exist
to increase milk yield without sacrificing beef type or fertility.

Of

the new breeds being integrated into Utah range herds, the Simmental,
because of its color pattern, size, and milking ability shows wide acceptance by producers .
Many factors affect milk yield and need to be considered in a study
such as .this .

Breed, age and weight of cow, season of calving, and calf-

related factors are some that have been identified .
Weaning weight is affected by factors other than total milk yield.
These include breed, age and weight of dam, breed and performance of
sire, date of birth , sex of calf, and interrelated growth characteristics.
The purpose of this study was t o compare the various factors affecting total milk yield, lactation persistency, and subsequent calf
weaning weights.

Specific objectives of the study were:

l.

Measure total milk yields among cows of two genotypes.

2.

Determine lactation curves among cows of two genotyp es and of

different ages.
3.

Identify relationships and factors affecting milk production

of cows and growth response in their suckling calves.

LITERATURE REVIEW
Milk Yield and Composition
Beef cattle, like all other mammals, provide milk as the primary
nutrition source for their suckling offspring.

The amount of milk which

is available to the calf and the constituent composition may be affected
by many factors .
Breed Characteristics
The historical development of the beef breeds has resulted in
breed-related differences in milk producing characteristics.

Reynolds

et al. (1978) reported a significant breed effect for differences in
milk yield between three beef genotypes.

Breed of cow accounted for

82.5% of the variance in milk yield in data studied by Gleddie and Berg
(1968).

Differences in average daily milk yield between British breeds

were reported by Jeffery et al. (1971b), who showed that Angus dams
produced significantly more milk (6.01 kg/day) than Hereford dams (4.84
kg / day).

Altho ugh lower for both breeds, the average daily milk yield

values reported by Melton et al.

(1967) for Angus and Hereford dams

were 3.79 kg. and 3.32 kg., respectively.
Crossbred beef cows exhibit various levels of combining ability,
and heterosis for average daily milk yield.

Cundiff et al. (1974) found

that crossbred British breed cows produced more milk than straightbred
British breed cows at two of fo ur test periods.

When compared to

Simmental-Angus cro ssbre d cows during early lacta tion, He re ford -Angus
crossbred cows gave significantly less milk per day, 7.67 kg. and 5.81 kg .,
respectively (Gaskins et al. 1979).

Belcher and Frahm (1979) reported
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that reciproca l hybrids of Hereford and Angus gave significantly less
mi lk (4.35 kg/day) t han eithe r Simmental-Hereford (5.57 kg/day) or
Simmental-Angus (6.63 kg/day) cows when sampled from March to August.
Breed effects on milk composition in beef cattle have also been
reported.

Melton et al.

(1967) investigated butterfat, solids- not-fat,

and total solids in Hereford and Angus cows and found a significant
breed difference in percentage solids-not-fat in favor of the Herefords

(8.94% and 8.64%, respectively).

Klett et al. (1965) reported that the

average percent butterfat for Angus and Hereford cows was 3.67% and

3.35%, respectively .

In contrast, Gleddie and Berg (1968) found no sig-

nificant differences for any milk composition values when comparing
Hereford, Angus and Galloway.
Cundiff et al. (1974) reported a significant difference for percent
solids-not-fat at 200 days postpartum between British straightbreds

(9.70%) and British crossbreds (9.34%).

Belcher and Frahm (1979) found

no difference for butterfat percentage when comparing Hereford-Angus
reciprocal crosses with Simmental- Hereford or Simmental-Angus crossbred
cows.

Age of Cow
The relative maturity of the cow as expressed by chronological age
has been shown to have an effect on milk production traits in cattle.
Studies of British breed cows have generally shown significant age
effects on milk yield.

Dickey (1972) reported significant age effects

in Hereford and Angus cows.

While not reporting any significance for

age on milk production by period, Melton et al . (1967) showed highly
significant effects for age of dam on total milk yield in Hereford and

Angus cows with a generally linear trend for increased production to ten
years of age .

Nev i lle et al. (1974) fo und that age of dam s ignifi cantly

influenced milk production in two unrelated Hereford herds.

Williams

et al. (1979b) also reported significant age of cow effects in Herefords
and a generally linear trend to eight years of age.

A similar linear

trend in Herefords was reported by Robison et al. (1978) with the exception that production leveled off from five to eight years of age and
then began to decline.
An age significance has been reported in other breeds.

Reynolds

et al. (1978) found that age of dam affected total milk yield in Angus,
Brahman, Brangus and Africander-Angus darns.

Notter et al. (1978) showed

significance of age of cow on average daily production of Hereford,
Angus, Jersey, South Devon, Simmental, Lirnousin and Charolais cows, but
no signi ficant interaction be t ween breed ·and age of cow.

This is in

agreement with Gaskins et al. (1979).
In addition to these significant results, Jeffery et al. (1971a)
reported correlations between age of dam and milk yield of Hereford,
Angus and Galloway cows of 0.32 and 0.22 for the two years studied.
Percent composition of milk in Angus, Hereford and Charolais cows

was not significantly affected by age of dam as reported by Melton
et al . (1967).
Weight of Cow
The weight of a beef cow, when consideration of age is removed,

apparently has little effect on milk yield.

Williams et al. (1979b)

fOund no significant co rrelation between the physical traits measured,

including weight and metabolic size (weig ht'

75

), and milk production .

Rutledge et al.
mor e milk.

(1971) reported that heavier dams gave significantly

Hohenboken et al. (1973) r epo r ted no significant asso c ia-

tion between measures of size at calving and lactation performance.

Simple correlations between post-calving weight and milk yield were 0.28
and 0.38, respectively, for two years reported by Jeffery et al. (1971a).
Foreign studies have reported on cow weight and milk yield relationships in Hereford cattle.

Richardson et al.

(1977) showed that milk

yield increased with weight of cow but the effects were negative after
adjusting for feed intake.

Ramirez and Porte (1976) found a negative

cor relation between body weight of the cow and total lactation yield.

Days Postpartum
Total milk yield is a cumulative value based on various sampling
periods.

The percentage of the total milk produced during any period

may be of importance.

Gleddie and Berg (1968) reported that during the

early post-natal period, there is more milk available to the calf than
is being consumed; while later the calf has consumptive capacity exceedinK the available milk.
Drewry et al. (1959) reported siKQificant correlations between age
of calf and average daily milk production of the dam for the first and
third months of lactation but not later, implying a declining lactation
curve in later lactation.

Belcher and Frahm (1979) showed a significant

effect for test month on milk yield and butterfat percentage.

Neidhardt

et al . (1979) plotted lactation curves for Brahman cows and showed peak
milk yield at thirty-five days with a nearly linear declining pattern
thereafter.

Totusek et al. (1973) reported that calf-weight-change

estimates of milk in beef cattle show a peak production at about seven

weeks postp a rtum.

In Hereford cattle, Melt on et al. (196 7), Rami rez

and Po rt e (1976) , and Neidhardt (19 76) a ll r eported pea k dai l y milk
yie l d a t about two months.

Compar i ng Simmental crossbred cows to

Hereford and Angus straightbred cows, Notter et al. (1978) reported a
decline, postpartum , for the crossbreds and a peak at 156 days postpartum
for the straightbreds.

Gaskins et al. (1979) showed significant effects

f or days i n lactation and breed by day s i n l a c t a t ion intera c tions for
Simmen t al-Angus, Jersey- Angus, and An gus- Hereford cows aged two to four
years.

Sex of Suckling Calf
Yield and composition of milk may be i nf luenc ed by the sex of the
suckling calf.

Dickey (1972) reported a significan t sex of calf effect

on milk yield in Angus cows .

Melton et al. (1967) found that sex of

cal f affe c ted percent butterfat and per cent total solids in Hereford,
Angus and Charolais cows, but did not af f e c t milk yield.

Si milar re-

sults t o those of Melton have been reported by Christian et al. (1965),
Gleddie and Berg (1968), Notter et a l . ( 1978 ) , and Reynolds et al. (1978).
Robison et al.

(1978), working with Herefords, found that sex of calf

had no significant influence on milk yield of the dam, but heifer calves
received slightly more milk than bull calves .

Rutledge et al.

(1971)

reported that Angus dams nursing female calves produced significantly
more milk than those nursing males with effects of calf weight and age
remov ed .

Weight of Suckling Calf
Si gnificant corre l ations between birth weight of 'the sucklin g calf

and milk yield of the dam were reported by Drewry et al . (1959) in the

=

f ir st month (r

0.43) and thir d mo n t h (r

=

0.2 9 ) postpa r tum.

Similarly,

Schwulst et al. (1966) found that correlations indicated a positive relationship of birth weight and milk consumption, significant at two weeks
postpartum (r

=

0.39) and overall (r

=

0.50).

Christian et al. (1965)

reported correlations of 0.19 and 0.11 for birth weight and milk yield
a t two test periods; and Jeffery et al. (1971a) reported correlations of
0 . 18 and 0.11 between total milk yield and birth weight for two years
studied.

Richardson et al. (1977) observed that milk yield increased

with the birthweight of the calf.

Neidhardt et al. (1979) also found

a pos i tive correlation between birth weight of calf and milk yield of
dam, and he concluded that calf weight affected milk yield throughout
lactation probably because milk product i on and calf weight mutually
influence each other.
Gleddie and Berg (1968) found no detectable effect of birth weight
of calf on the percentages of milk solids.

In contrast to other re-

searchers, they reported that within mature cow groups, calf birth weight
was not significantly correlated with milk yield of dam.
Preweaning Growth of the Calf

The nature of most cow-calf operations makes preweaning calf growth
and subsequent weaning weight a major economic factor.

Many factors

a f fecting weaning weight can be manipulated by the operator and, as such,
need to be identified.

Milk Consumption and Composition
Jeffery et al. (1971b) reported, "Of all factors studied, milk

yield had the most influence on pre-weaning performance;" and found that
c orrelations of milk yield with average dai l y ga in to weaning wer e 0.78

and 0. 76 for the two years studied.

Milk yield explained 56 to 59% of

the total variation in average daily gain to weaning and 42 to 57% of
the total variation in weaning weight .

Plum and Harris (19 71), report-

ing on Holstein cows managed as beef cows, found the regression of gain
on mi lk consumption was significant from birth to weaning .

Robison et

al. (1978) found that, in Hereford cows after the fourth month , milk
does not supply enough energy to meet maintenance requirements; but

despite that, variation in milk yield accounted for approximately 40%
of the variability in weaning weight.

Wistrand and Riggs (1966) reported

that calf weight was significantly correlated (r

=

0.68) with milk yield

at 120 days.
Average daily gain and average daily milk yield were shown to be
correlated with r

=

0.83, 0.82, 0.88, respectively, for 70, 112, and 210

days postpartum, by Totusek et al. (1973).

Williams et al. (1979) re-

ported significant correlations between average daily gain and daily
milk.

Schwulst et al. (1966) found significant co rrelations between

average daily milk consumption and average daily gain to three weeks
(r

=

0 . 63) and five weeks (r

= 0. 58).

Reynolds et al. (1978) showed

that milk yields in May, June, or total milk yield, were correlated
with average daily gain from birth to May, birth to June, and birth to
July.

Drewry et al. (1959) reported a significant correlation (r

=

0 . 46)

between total calf gain at weaning and average daily milk production of
the dam.

10

Foreign studies show similar correlations .

Ramirez and Porte (1976)

reporting on Herefords in Chile , fo und that mi l k yield of the dam was

significantly correlated with calf weight gain during the second, th ird
and f ourth month of lactation.

Neidhardt (1976) found correlation of

0.48 and 0.50, respectively, between milk yield and calf daily gains in
two years studying Brahmans in Venezuela.

Bidart et al. (1971) found

an average correlation of 0.43 between calf gain and daily milk intake
in Angus cows in Argentina .

Gleddie and Berg (1968) reported high correlations between calf
average daily gain from birth to weaning and milk yield; but milk composition percentages had essentially no correlation with calf gains.
This is consistent with Melton et al. (1967) who reported that correlations between total calf gain and percent butterfat, solids - not-fat and
total solids were near zero; and the correlation between total gain and

total milk yield was r

=

0.40.

Christian et al. (1965) reported signi-

ficant correlations between calf average daily gain from birth to 60
days and milk and butterfat percentage at 60 and 240 days.
Klett et al.

In contrast,

(1965) found that percent composition had little, if any,

effect on calf weight.

Breed Characteristics

Breed of dam has been shown to have an effect on calf preweaning
growth traits including birth weight and all period weights taken to
weaning.

In a study of Angus and Milking Shorthorn crossbreds, Drewry

et al. (1978) reported significant breed of darn effects on all preweaning growth measurements.

Reynolds et al. (1978) found significant breed
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of dam effects for average daily gain when measured for various intervals
from birth (lat e winter) to July .

Hereford and Angus cows studied by Jeffery et al. (197lb) showed
significant differences in weaning weight and average daily gain of
calves to weaning in favor of the Angus dams, but no difference was

noted fo r birth weight.

Cows of various crosses of Hereford, Angus and

Shorthorn were compared by Cundiff et al. (1974) to straightbred cows
and significant effects reported in favor of the crossbred calves for
birth weight, daily gain, and weight at 135 and 200 days.

Gaines et al.

(1978) also studied straightbred and crossbred cows of British origin
and reported significant breed of dam effects for birth weight and weaning weight.
The Hereford-Angus crossbr ed cow has been compared to crosses of
various "exotic" breeds on Herefords.

Gregory et al. (1978ab) using

exotic crosses found significant breed of darn effects for birth weight,
average daily gain, 200-day weight and relative growth rate expressed
as the percentage of change in body weight per day.

Chapman et al. (1978)

reported a significant breed of dam effect on weaning weight in favor of

exotic crossbreds over Hereford-Angus reciprocal hybrids.

Smith et al.

(1976) found a significantly higher value for birth weight for the calves
of Sirnmental crossbred cows over Hereford-Angus crosses, and significant

breed of dam effects for average daily gain, 200-day weight and relative
growth rate.

Notter et al. (1978) found that Sirnrnental c r ossbred cows,

two and three years old, had significantly higher values for birth weight,
average aaily ga in, 120-day weight, 200-day weight, and relative growth
rate than Hereford-Angus cross es.

Belcher and Frahm (1979) reported
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significant differences in favor of Simmental-Angus and Simmental-Hereford
cro ssbred c ows f or bi r th weight, preweaning ave r age dail y gain, and

205-day weight when compared to Hereford-Angus reciprocal hybrids.
Age of Dam
The age of the dam may have an important effect on calf preweaning
growth traits including birthweight.

Drewry et al. (1959) found a cor-

relation of 0.32 between birth weight and age of dam indicating that
older cows give birth to heavier calves.

Chapman et al. (1978) found a

significant quadratic association between age of dam and birth weight.
Olsen et al. (1979) reported that age of dam had a significant effect
on birth weight which was similar for steer and heifer calves.

Signi-

ficant effects of age of darn on birth weight, indicating that older cows
give birth to heavier calves, have also been reported by other workers
(Gregory et al. 1978a, 1979; Drewry et al. 1978; and Nelson and Kress
1979).

In contrast, Gregory et al.

(1978b) reported no effect of darn

age on birth weight.
A correlation of 0 . 36 between darn age and average daily gain from
birth to weaning was reported by Drewry et al. (1959).
Jeffery et al.

Similarly,

(1971) showed a correlation of 0.32 for age of dam and

average daily gain of the calf.

Olsen et al. (1979) stated that age of

dam had a significant effect on preweaning daily gain.

Williams et al.

( 1979) found significant changes in average daily gain of calves with
age of dam classes of two years,

Burfening· et al.

three years and mature dams.

Likewise,

(1978) reported that calf average daily gains were

significantly affected by changes in age of dam from 2 to 5 years in
Simrnental cows.
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Reynolds et al. (1978) found that dam age affected average daily
gains from birth (early win t e r ) to May, June, and July in a quadra t ic

association.

Smith et al.

(1976) and Gregory et al. (1978ab) both re-

po rted significant a:ge of dam eff ects on average daily gain and relat ive
growth rate of the calf.

Nelson and Kress (1979) reported significant

age of dam ef f ects for preweaning average daily gain fo r Angus heifers
and bulls and Hereford bull c alves.

Age of dam had no effect on calf

gains in studies reported by Melton et al. (1967); Drewry et al. (1978)
and Gregory et al. (1979).
Weaning weight and age of dam have been found to be co r related
(r

=

0.42 ) by Drewry et al . (1959 ) .

Age of dam significantly i nfluenced

weaning weight as reported by Neville et al. (1974) .

Highly significant

positive relationships of age of dam and weaning weight have been reported by Smith et al. (1976); Chapman et al. (1978); Burfening et al. (197 8);
Nelson and Kress (1979); and Gregory et al. (1978ab, 1979).

Drewry

et al. (197g) found no effect o f age of dam on 210-day weight in Angus
and Milking Shorthorn crosses.
Weight of Dam
Cundiff et al. (1974), reporting on British breed c rossbred cows,
fo und highly significant effects for post- calving wei gh t of dam on birth
wei ght, daily gain from bi rth to weaning, and c alf weight at 135 and 200
day s.

In a similar study , Gaines et a l . (1978) showed no significant

effect of post-weaning cow weight on weaning weight.
( 1979 ) reported a small co rre la t ion (r
calf average daily gain .

=

Williams et al.

-.OS ) between cow weight and

Carpenter (1972) found that mature body weight

14

of the dam had no significant effect on any preweaning growth trait in
Herefords.
Days Postpartum
Preweaning average daily gain has been shown to be significantly
increased by increased age of the calf (Williams et al. 1979).

Gregory

et al. (1979) also reported significant effects of calf age on average
daily gain and relative growth rate.

This is in contradiction with

Gregory et al. (1978ab) who found that average daily gain was not influenced by calf age but relative growth rate was significantly affected by
calf age.

Drewry et al. (1978) reported a significant influence of calf

age on daily gain from birth to 120 days but no effect on gain from 120
to 210 days .

Melton et al. (1967) reported no effect of calf age on

average daily gain.

Smith et al. ( 1976) found a significant influence

of calf age on relative growth rate.
Weaning weight has been reported to be significantly affected by
age of cal£ by Gregory et al. (1979), Smith et al. (1976), Drewry et al.
(1978), Chapman et al. (1978), Gaines et al. (1978), and Gregory et al.
(1978b) .
Sex of Calf
Sex of calf may influence calf preweaning grow th traits.

While the

effect of sex on birth weight (males heavier than females) i s widely
acknowledged, the reported relationships of calf sex and average daily
gains are not consistent .

Notter et al . (1978) reported a significant

difference in average daily gain favoring male calves over f emales ( . 80
and . 77 kg/day, respectively) .

Nelson and Kress (1979) showed that sex
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of calf in cattle had a signif icant effect on preweaning average daily
galn .

Dr ewry et al . (1978) r eported signifi c ant effec ts for sex on gain

f r om birth t o 120 days and 120 t o 240 days .
Cundiff et al . (1974) reported a significant effect of sex on gain
for straightbred and crossbred cows of British origin.

In Simmental

half- blood and three- quarter- blood cows, Burfening et al. ( 1978) found
sex inf l uences in favor of male calves for ave r age daily gain t o weaning.

Reynold s et al. (1978) reported s ignificant sex effects on gain from
birth to May, June, and July .

Belcher and Frahm (1979) also found sex

of calf influenced preweaning average daily gain.

Gr egory et al. (1978a,

1979 ) reported significant effect of sex of calf on average daily gain
and relative growt h rate.

Christian et al. (1965), Melton e t al. (1967)

and Smith et al. (1976) also found signifi cant influences of sex on
average daily gain.

In contrast, Plum and Harris ( 1971) reported that

when Hols tein cows and calves are managed as beef cattle, sex of calf
has no e ffec t on calf gains.
Weaning weight was shown t o be .significantly affected by sex of calf
in favo r of males by Rutledge et al ·. (1971) and Notter et al. (1978).
All o ther writers addressing the influence of sex of calf on weaning
weight found high significance in favor of male calves .
Birth Weight of Calf
Calves with heavier birth weights seemingly have an advan t age over
ligh ter herdmates for average daily gain and weaning weight.

J effery

et al. (1971) reported that birth weight of the c alf was one of the main
co nt ~ib utin g

factors in explaining variance in weaning weight, with

simple correlations between birth weight and weaning weight of 0.41 and
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0.37 for two years studied.

Drewry et al . (1959) found a similar cor-

r ela tion between birth weight and

~eanin g

weight of 0.32, and correla-

tions between birth weight and average daily gain between period measurements of 0.27 and 0.17 (3 and 6 months, respectively) indicating that
heavier birth weight calves may lose the gain advantage with incr eased
age .

An analysis of data presented by Willham et al. (1970) indicated a

simp l e correlat i on of 0.86 between bi rth we igh t and 180- day weight .
Burfening et al. (1978) found phenotypic correlations for Simmental cows
of 0.34 and 0.19 between birth weigh t and 205- day weight and average
daily gain, respectively.

They also reported genetic correlations be-

tween birth weight and 205 -day weight of .33

±

.11 and birth weight and

average daily gain of .17 ~ . 12.
Milk Sampling Procedure
Techniques for estimating milk yield in beef cattle have been reported on the basis of methodology and the accuracy of the estimation
based on the co rrelation to calf growth traits.
Sampling Methodology
Milk sampling in beef cows has been limited to three methods, or
combina ti ons thereof.

Milk removal by dairy techniques either by hand

or machine has been reported with and without the use of oxytocin as an
aid to milk let down .
et al.

The usefulness of oxytocin was reported by Schwulst

(1966), who found a trend toward higher milk consumption and total

milk production when oxytocin was utilized.

They concluded that the

evidence fr om t heir experiment did not indicate that oxy to cin is useful
as a rout i ne treatment for estimating either milk consumpt ion by calves
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or total milk production of beef cows.

Schmidt (1960) used oxytocin

(1 0 I.U. intravenous l y) t o accomplish removal

udder after machine milking.

of residual milk in the

Kl ett et al. (1965) used oxytocin (40 U.S.P.

units intramuscularly) prior t o machine milking .

Melton et al. (1967)

used hand milking with oxytocin (40 units intramuscularly) t o ob tain
milk samples for composition analysis .

Wistrand et al. (1966) injected

oxyto cin (40 I.U . intramuscularly), machine milked one half of the udder
and allowed the calf to nurse the other side.

This same technique was

reported by Gleddi e and Berg (1968) except that 20 I.U. of oxy t ocin were
injected intrajugularly.

Totusek et al. (1973) reported a similar pro-

c edu re, one half of the udder milked by hand without the aid of oxytocin
while the calf suckled the other half.

Neidhard t et al. (1979) used

oxytocin (20 I . U., intramuscularly) followed by hand- milking.

Another

10 I.U . of oxytocin were injected when milk flow ceased, to facilitate
comp lete removal of residual milk.

They also used 10 I.U. of oxytocin

with hand milking following calf suckling in an accompanying trial to
determine production in excess of consumption in early lactation.

Estimation of milk yield, where compos iti on data are not desired,
can be accomplished by calf weigh-suc kle- weigh techniques.

Milk yield

is estimated by the difference in cal£ weigh t before and after suckling
following an interval of separation from the cow .

Wistrand et al. (1966)

used calf weights after a twelve hour separation following machine milking of one half of the udder with oxytocin assist .

Schwulst et al. (1966)

held calves separate from their dams for 3 hours in the afternoon to
stimulate evening nursing; allowed calves to nurse and removed residual

milk with oxytocin assist.

Calves were again separated from their dams.
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After this twelve hour separati on, data were recorde d on calf weight
change be fo re and after suckl i n g .

Hel ton e t a l.

(1967) used two c ons e c u-

tive twelve hour intervals to estimate daily production by cal f weight
c hange.

Gleddie and Berg (1968) estimated calf milk consumption with

before-and-after-suckling weights of calves taken four times in twentyfour hours.

Dickey (1972) estimated milk yield from calf-suckling weights

after a s i xteen hour separation.

Totusek e t al.

( 1973) allowed calves

to nurse twice daily at twelve-hour intervals and weights were recorded

immediately before and after nursing, six days a week, for thirty
weeks.

Notter et al.

(1978) estimated milk yield twice daily at twelve-

hour intervals three times during the lactation period in 1974; and
single twelve-hour measurements were taken three times in 1975 .

Both

years were estimated by the calf weigh-suckle-weigh method with a 16hour overnight separation interval .

Neidhardt et al. (1979) used a six-

hour afternoon separation preceded by a six-hour pre-test period to
standardize the udder fill at the start o f the study.

Gaskins et al.

( 1979) reported milk yield estimates based on we i gh-suckle-weigh procedures using a six-hour afternoon pre-test period and a twelve-hour

overnight separation.

Williams et al. (1979a) compared the effects of

separation interval on weigh-suckle-weigh mi l k production estimates
using f our-hour, eight-hour, and sixteen-hour separations.

A technique of milk sampling in beef cattle wi thout milking or calf
suckling has been reported.

Lamond et al. (1969) described a method in

wh ich various levels of oxytocin were administered i ntrajugularly and
i mmediately after injection a metal mi l k catheter was inserted into each
teat.

Milk was collected by a f unne l .

No manual r emoval was used .
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Butson et al. (1979) reported use of a similar technique after intrajug ul ar inj ec tion of 20 I.U. o f OAjt oc in.

Ac curacy of Estimation
During early lactation, milk consumption as measured by calf weighsuckle-weigh techniques is not an accurate estimate of milk producing

potential because of limitations of consumptive capacity in young and/or
small calves.

However, a complete milking by hand or machine, with or

without the aid of oxytocin, does not reflect the actual consumption by
the c alf.

The accuracy of the estimation methods may need to be viewed

in terms of the desired result.

Totusek et al. (1973) compared the

weigh- suckle- weigh and hand- milking techniques.

They found that calf-

weight-change estimates of milk yield were higher (29%) and less variable than hand-milking estimates; and suggested that the calf-weightchange method is a more precise estimator of actual milk yield (mi l k
intake by the calf).

They also concluded that because of the extremely

low correlations of milk composition and calf weight, the calf- weightchange procedure should be preferred.

Neidhardt et al. ( 1979) also found

a significantly lower (29%) estimate of milk yield by hand milking than
by calf nursing.

In response to reported i naccuracies in early lactation

by the calf weigh- suckle-weigh method, they reported that only on the
first test day was any notable amount of residual milk found after calf
suckling was completed, suggesting that calves one month old or older
can ingest in 15 minutes nearly all the milk the cow has produced during
the separation period.

They concluded that when selecting from the two

methods, preference should be given to the calf nursing technique.

In
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contrast to these results, Wistrand et al. (1966) found no significant
differenc e in y ield result i ng f r om the two methods.
The effect of separation interval on the accuracy of the estimate
has been of some concern.

Schmidt (1960) reported that in · Holstein and

Brown Swiss cows, the rate of milk secretion is the same ·through 12
hours, but a significant reduction occurs from 12 to 16 hours.

Korkman

(1953) sho•,Jed that these effects are the same for lm·J and high yielding
cows.

Williams et al. (1979a) compared 4-hour, 8-hour, and 16-hour sepa-

ration intervals in Hereford cattle and concluded that the 8-hour interval gave the best estimate of milk production .

Hmvever, in a companion

paper, Williams et al. (1979b) found that the correlations between milk
production and calf average daily gains for the 8-hour and 16-hour separations are 0.46 and 0.45, respectively.
Most estimates of total milk yield in beef cows are based on relatively few observations during the course of the lactation.

Totusek

et al . (1973) recorded data six days a week for thirty weeks of lactation,
and found that estimates made weekly or monthly throughout the 210-day
lactation were highly correlated with 210-day total yield (r
0.94, respectively).

0.99 and

These results suggest that two to four carefully

obtained daily estimates of milk yield, taken at regular intervals during
lactation, can provide a good indication of total milk yield in beef
cattle.
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METHODOLOGY

Introduction

The data for this study were collected during the summer grazing
season of 1979 at the Utah State Univ ersity Panguitch Experimental Farm
at Panguitch, Utah.

The farm is located 3 miles north of Panguitch,

which is in the south central part of Utah at approximately 6700 feet
above sea level.

The animals in this study were maintained on irrigated

pasture made up, primarily, of orchardgrass With some brornegrass, ladino

clover, and alfalfa.

No supplemental feeding was done .

Previous to

calving the cows were kept on lowland areas and wintered on alfalfagrass and oat hay.

Cow Herd
The study herd included 23 straightbred Hereford cows ranging in
age from 2 to 12 years and 14 Simmental-Hereford half-blood cows aged
3 to 9 years.
abl e.

Cow ages were verified by registration papers when avail-

Cows were identified by ear tags.
The Hereford herd has been maintained at Panguitch by Utah State

since 1953 with selection pressure exerted primarily on weaning weight.
The Simmental-Hereford cows used in the study were accumulated from 1976
to 1979 from Utah breeders.

They were selected primarily on reproductive

efficiency based on comparatively early breeding dates and affirmative
pregnancy test results.
·suckling Calves
The calves included in the study were all sired by one of two
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registered Hereford sires which had previously been used in the Universi ty
purebr ed he rd.

Calving dates ran fr om March 30 to May 28, 1979 .

The

mean birthdate for the Simmental-Hereford calves was six days later than
the Herefords .

Calves were identified by plastic tags in both ears.

No calves were dehorned before weaning and bull calves were left intact
for the dura tion of the study.

Sampling Procedure
Milk production data were collected by the calf weigh- suckle- weigh
technique as suggested by Reynolds (1979).

The evening before the weigh-

ing day t he cows and calves were collected from the pastures into a holding corral.

This movement had the effect of stimulating and syncronizing

evening nursing.

The calves were separated from their dams and placed

in pens without access to feed o r water.

The cows were confined in ad-

jacent pens with access to water but no feed.

The morning of the weighing day calves were d ivided at random into
groups of 4 or 5.

Calves of one group were then individually weighed by

holding them in a crate on a balance beam scale.

This initial or "empty

weight" was recorded and the calves were allowed with their dams to nurse.
In the meantime, the dams of the first group of calves had been readied
in an empty pen so the nursing went unhindered by o ther cows or calves.

The calves wer e allowed to nurse 'ad libitum ' during which time observations were recorded on nurs ing behavior of the cow and calf and incidence
of urination and / or defecation.

After nursing was completed the calves

were again weighed individually and a "full" weight recorded.
cess was then repeated until all calves were allowed to nurse.

The pro-
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The entire procedure was accomplished in approximately 4 hours,
s t ar t i ng a t about 12 hours after the even ing sepa r ati on.
of calculation, the difference between the

11

Fo r purposes

full" and "empty" calf

weights was regarded as a 14-hour milk production estimate.

An additive

adjustment of .224 kg for each incidence of urination and/or defecation
was made based on data reported by Neidhardt et al. (1979).

Daily milk

production was extrapolated from the 14-hour estimate by an appropriate
linear multiplicative factor.
llilk yield estimates were made five times during the study at approximately 28 day intervals; June 29, July 27, August 24, September 21
and October 18.

Calf "empty" weights taken on the last test day were

used as weaning weights although the calves were not all weaned until
later.
On October 25, the cows were weighed and a sampling of the herd,
including 10 Herefords and 8 Simmental-Hereford cows, was measured for
milk constituent composition.

Samples were taken by hand-milking both

the front and rear quarters on the right side of the udder, after an
intrajugular injection of 30 I.U. of oxytocin (Med-Tech).
were completely milked out.

The quarters

The samples were analyzed by the Dairy Herd

Improvement Laboratory at Logan, Utah, for percent protein and percent

butterfat using a Foss milk- a- scan .

Solids- not-fat was determined by

the Golding plastic bead method.

Other Considerations
The entire herd

first test period.

wa~

maintained in one pasture from calving to the

At the conclusion of the first test day, the cow-calf

pairs were assigned to one of two breeding pastures dependent only on
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the desired mating for the next year.

An attempt was made t o have eve n

di s tr i but ion of the cow breeds in each pastur e .

used.

No other c rite r i a we re

The pastures appeared to be equal for quality and qua nt i t y of

forage available.

For .t he duration of the experiment, the pasture

groups remained intact and separate.

The weathe r was excellent on all test days and should not have
been a f a ctor in period related responses which were not ed.

Statis t ical Analysis
The data we re analyzed by using the least-squares analysis of
variance procedure (Harvey, 1975) acco rding to the following three
models :

where:
an obs erva t ion for a dependent variable
=

j.J

the population mean
.th

gi

the effect of the

pi

the effect of the J

1

0

c:gik

th

geno t ype (bre ed) of cow
test period

the effect the kth individ ual

=

COW

nested within the

. th

1

geno t yp e (b reed )
t he effect of interaction be tween the ith genotype and
j th test period
b x

m m

eijkl

the linear effect of the mth continuous va r iable

=

the random effect unique to the individual observa ti on.

25

yijkl
where:
definitions the same as above and including:
sk • the effect of the k th sex of calf
(g s)ik =t he effect of the interaction between t he ith genotype and
the kth sex of calf
(ps) j k

the ef f ect of the in t eraction be t ween the jth test period
and the kth sex of calf

where:
ak = the effect of the kth age group of cows
Ot her terms are as previously defined.
Model l was used to ob tain least-squares means fo r test day milk
yield and test day calf weight.

Analysis of variance produced equations

used in plo tt i ng lactation and ca lf weig ht c urves.

Within breed analyses

required the elimination from the mod el of all breed-related effects
and the addition of cows as a main effect.
An anlysis of various individual cow-related effects was achieved
by the use of Model 2 with test day milk yield , test day calf weight,
and per iod average daily gain as dependent varia bl es .

Within breed

analyses required elimination of breed as a main e ffec t and al l b reed
interactions.

Pa rt ial regressions of the continuous variables includi ng

days po stpartum, calf birth we ight, cow ag e, cow weight, calf test day
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weight, and test day milk yield were used as refinements became neces-

sary.

Least-squares analysis of variance using Model 2 resulted in

equations used to produce curves for period average daily gain.

Model 3 was used to analyze total milk yield during the 111-day
study.

Milk constituent composition was first analyzed by eliminating

from Model

all main effects except genotype and removing the inter-

ac·tion and continuous variables.

Partial regressions of appropriate

continuous variables were then added to complete the composition analysis.
Model 3 was also used to analyze calf birth weight, total gain for
the duration of the study, average daily gain from birth to weaning,
and weaning weight as dependent variables.

This was accomplished by

removing age group as a main effect and including appropriate continuous

variables as listed in the description of Model 2.
Simple correlations and tests for significance of means were per-

fo rmed by using the Minitab statistical package (Ryan et al. !976).
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RESULTS AND DISCUSSION
Milk Yield and Composition

Average Daily Milk Production
Least-squares analysis of variance revealed that average 24-hour
t est day milk yield for all cows was 6.16 kg per day.

As shown in

Table l, average test day milk yield was significantly aff e cted by breed
of dam, combined individual cow effects, and period.

Least squares

means corresponding to items in Table 1 are shown in Table 2.
The Simmental-Hereford cows produced 7.11 kg of milk per day as
compared to the Hereford production of 5 . 21 kg per day.

These results

are lower than those reported by Gleddie and Berg (1968) for Herefords
(6. 2 kg), and Gaskins et al. (1979) for Simmental-Angus cows (7. 67 · kg).
No comparable study with Simmental-Hereford cows was reviewed .

Melton

et al. (1967) reported 3. 32 kg per day for Hereford cows, which is lower
than the values found in this study.
Combined individual cow effects were analyzed by refining the statistical model.

Results are shown by Table 3.

The sex of the suckling

calf was included as a main effect, which permitted the addition of interactions of sex with breed and period .

Other factors which made up

the cow effects were days in lactation at each test day , cow age and
weight, calf birth weight and the weight of the calf at each test period.
As shown in Table 3, sex of calf had a significant effect on average
test day milk yield.

An inspection of the corresponding leas t-squares

means presented in Table 4 reveals that, when sex of calf is adjusted
for the effects included in the model, the dams nursing heifer calves
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Table 1.

Least - squares analysis of variance for 24-hour test day milk
Yield (kg). Combined cow effects.
Degrees of

Breed
Cows : Breed
Period number
Period number, linear
Period number, quadratic
Breed x Period
Calf weight , linear (kg)
Remainder

*

P<.05,

Table 2.

**

Mean
Squares

Freedom

Source

1
35
4
1
1
4
1
134

86.41
5.87
7. 21
13.28
10.83
l. 34
. 66
l. 67

**
**
**
**
*

P< . 01

Least-squares means, standard errors, and constants for 24-hour
test day milk yield (kg). Combined cow effects.

Item

Least-squares
Mean

Breed - Hereford
Simmental-Hereford

5.21

Period - June 29
July 27
August 24
September 21
October 18

7.89
7.50
6.21
5.49

Calf weight, linear

7. ll

3. 7l

Standard
Error

Constant
Estimate

. 13
. 20
l. 14

.60
. 24
.71
l. 14
.013
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Table 3.

Least-squares analysis of variance for 24-hour test day milk
yield (kg). Expanded cow effects .
Degrees of
Freedom

Sourc.e

Breed
Period number

Mean
Squares
63. 16 **
18 . 81 **
60 . 78 **
8.67
12.87 *
2 . 39
.01
.77
16 . 39 **
30 14 **
.002
.941
67.96 **
2 . 24

1
4

Period number, linear

Period number, quadratic
Calf Sex
Breed x Period
Breed x Sex
Period x Sex
Days postpartum, linear
Calf birth weight, linear

4

1
1
1
1
1

Cow age, linear

Cow weight, linear
Calf weight, linear
Remainder

0

159

# P<.10,

*

Table 4.

Least-squares means, standard errors, and constants for 24-hour
test day milk yield (kg). Expanded cow effects.

P<.05,

**

P< . 01

Least-squares

Standard
Error

Item

Mean

Breed - Hereford
Simmental-Hereford

5.42
6 . 82

. 16
.20

Period - June 29
July 27
August 24
September 21
October 18

8.05
7 . 60
6. 10
5.31
3.55

.47
.32
. 26
.34
.49

Calf sex - male
female

5.80
6.44

Days postpartum, linear
Calf birth weight, linear
Test day calf weight, linear

0

0

Constant
Estimate

17
19
-.023
.244
.040
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gave significantly more milk than those with bull calves (6.44 kg and
5.80 kg pe r day , r espectively).

al.

This r esult c oincides with Rutledge et

(1971) who reported that dams nursing heifer calves produced more

milk, after adjusting for differences in birth weight, than those nursing bull calves.

Robison et al. (1978) reported that heifer calves re-

ceived slightly more milk than bull calves.

In contrast, Melton et al.

(1967) found that sex of calf had no effect on milk yield .
Average test day milk yield of cows increased significantly with
increases in calf birth weight and calf weight at test day as shown on
Tables 3 and 4.

Neidhardt et al. (1979) reported similar results.

No

significant changes in milk yield were attributed to cow age or postweaning weight.

This coincides with Jeffery et al. (1971a) who reported

low correlations of milk yield with cow age and weight.

The interactions

included in the model had no significant effect on test day milk yield.
Tables

and 4 indicate that when breeds are considered together,

milk yield of cows decreased with days postpartum, or, which is the same
as, days in lactation.

This result agrees with Neidhardt et al. ( 1979)

and Gaskins et al. (1979).

An anlysis of the extended cow effects shown in table 3 was performed within breed groups.

wnen considering the Herefords alone, the

test day milk yield was not affected by days postpartum as it was across
breed lines.

No significant effect for calf birth weight on test day

milk yield was shown for the Simmental-Hereford cows.

A small influence

of cow age on milk was noted for the crossbred cows, indicating that
older cows tend to give less milk.
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Period, or test day, was included in the model to facilitate plotting o f l ac tation curves and t o s epar a te, fr om th e remaining v a r iance,

any effects which may be attributed to test periods but not readily
identified.

Lactation Persistency

The distribution of the total milk yield of the dam may be reflected by the growth curve of the calf.

The rate of change in average daily

milk yield can be graphically expressed by the slope of the lactation
curve determined by a regression of time on milk yield .
The significant quadratic influence of test period on milk yield
revealed in Table 1, is portrayed in the lactation curve shown in Figure
1.

Neidhardt et al. (1979) reported a cubic influence, while Lamond et

al.

(1969) found both linear and curvilinear relationships among dif-

f erent beef herds.
By use of the model shown in Table 5, the data were analyzed separately within breed of dam.

These analyses revealed a significant

quadratic influence of period on test day milk yield for the Hereford
cows and a linear influence for the Simmental-Hereford cows.

The within

breed lactation curves resulting from the least-squares values are ex-

hibited in Figure 2.

These are in contrast to curves reported by Gaskins

et al. (1979) which were quadratic for Simmental-Angus cows and linear
for Hereford- Angus cows.

Notter e t al. (1978) reported a nearly linear

decline postpartum for crossbred cows and a curvilinear pattern for
straightbreds .
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Table 5.

Least-squares analysis of variance for 24-hour test day milk yield (kg) .

Simmental-Hereford

Hereford
Degrees of
Freedom

Source

Cows
Period number
Period number, linear
Period number, quadratic

Period number, c ubi c
Period number, quardic
Test day calf weight,
linear
Remainder

# P<. 10

*

P<. 05

**

22
4

Within breeds.

Mean
Squares

4.72
6.18
10 .08
10. 72

**
**
*
*

Degrees of
Freedom
13
4

1. 17
2. 77

1

.08

87

1. 53

Mean

Squares

7.70
3.25
6 . 20
4 . 04
.06

*

2. 72

.37

51

1. 92

P<.Ol

w
w
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Total Milk Production
Total milk produc t ion, as used in this study , is the sum o f the

daily production for the 111-day test period.

Total milk is affected,

therefore, much the same as test day milk yield.

Table 6 shows the

statistical model used and the mean squares for the effects considered.
The regressi on of cow age was repla ced by cow age groups as a main effect .

Three age groups representing young, ma t ure, and a ged cm.;rs were

included to facilitate plotting of lacta ti on curves by cow age.
ever, the age group effect was found to be non-significant .
sea r chers have reported significance fo r cow a ge .

How-

Most re-

The di ff erence shown

here may be the result of heavy culling for low weaning weights in all
cow ages, thereby selecting for uniform milk production.
mature age g r oup included 70% of the study cattle.

Als o , the

Days pos tpart um- was

left out because a previous analysis showed an "F" value near zero for

t his factor.

Thi s low influence is probably a result of the uniform sam-

pling leng th for all cows , as no attempt was made to establ ish milk production values fo r the period pos tp artum previous to the beginning of
the s tudy.
Breed of cow had a significant effect on total milk pro duct ion .

As

reveal ed by Tables 6 and 7, the Simmental-Hereford cows produced 839 .50
kg of milk duri ng the 111-day study, compared to 632.21 kg by the Herefords.
The regression of birth weigh t of calf on t otal milk yi e ld shows
that inc rea ses in birth weight result in significantly higher t o ta l milk
yield.

Richardson et a!.

Neidhardt et al.

( 1979) .

( 1977) observed similar effects, as did
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Table 6.

Least-squares analysis of variance for total milk yield (kg).

Source

Degrees of
Freedom

Breed
Calf sex
Age group
Age group, linear
Age group, quadratic
Breed x Sex
Calf birth weight, linear
Cow weight, linear

Mean
Squares

277292.47
58794.99
300.04
574.28
25.79
16251.80
231903.43
9406.43
18448.85

1
.1
2
1
1
1
1
1
29

Remainder

**

**

II P<. 10,

**

Table 7.

Leas t-squares means, standard errors, and constants for total
milk yield (kg).

P<.01

Item

Mean·

Standard
Error

Breed - Hereford
Simmental-Hereford

632.21
839.50

34 . 10
52.60

Calf sex - male
female

686.96
784.75

48.61
40.47

Least-squares

Calf birth weight, linear

Constant
Estimate

45.028
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The sex of the suckling calf adjusted fo r birth weigh t, though not
hi ghly significant, affe c ted t otal milk production .

The least-s quares

means shown in Table 7 reveal that heifer calves received slightly
more mi lk than bull calves dur i ng the entire study period.
ports a s imil ar observation made by Robison et al.
ca ttle.

This sup-

(1978) in Hereford

The lack of a significant breed by s ex interaction indicates

that the effect was similar in both breeds .
Post-weaning weight of cow had no significant effect on tot al milk
yi e l d.
Constituent Composition
Milk samples were collected from some of the cows, immediately
post-weaning, and analyzed for percent protein, butterfat and solidsnot- fa t. While not conclusive because of the small data set, a leastsquares analysis of variance using cow breed as the only effect showed
significant breed differences for percent protein and solids-not-fat.
Table 8 shows that the Hereford cows produced milk with 4 . 00% protein
compared to 3.75% for the Simmental-Herefords .

The Simmental-Hereford

cows, however, produced milk with 9.99 % solids-not-fat compared t o 9.63%
for the Her efords.

The value for the Herefords for solids-not-fat is

greater than reported by Melton et al. (1967) of 8.94%.

No reported

values were found for Simmental-Here ford cows.
By expanding the model to include other effects which may affect
milk co mpo s it i o n, some c hanges i n significance were noLed.

As shown in

Table 9 , the expanded model revealed significance only for so l ids-notfat, still favo ring the Simmental-Hereford cows.

The regression of days
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Table 8.

Least-squares means and standard errors for percent constituent
composition of milk samples .
Least-squares

Standard
Error

Item

mean

Percent protein
Hereford
Simmental-Hereford

4 . 00
3.75

. 077
.086

3. 18
3. 36

. 265
. 296

*

Percent butterfat

Herefo rd
Simmental-Hereford
Percent solids-not-fat

Hereford
Si mmental-Hereford

*

Means differ at P<.05

*

9.63
9 . 99

. 101
. 113

Table 9.

Least-squares analysis of variance for percent constituent composition of milk samples.
% Protein

Degrees of
Freedom

Source

Breed
Days postpartum, linear

Calf birth weight, linear
Cow age, l inear
Cow weight, linear
Final calf weight , linear
Remainder
P<. 10,

*

P<.05,

Mean
Squares
.098
.080
.030
. 094
.0005
.002
.077

% Butterfat
Degrees of
Freedom

Mean
Squares
. 142
. 325
.049
2 . 721
.658
2.0 10
.629

% Solids-not-fat
Degrees of
Freedom

Mean
Squares
1 . 105
. 526
. 217
. 077
.001
.061

**
*

.071

** P<.01

w

CtJ
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in lactation on percent solids-not-fat showed that an increase in days
tended to increase percent solids-not-fat.

The expanded model also showed that advances in cow age increased
the percent butterfat in a post-weaning milk sample (P<.10).

All other

effects proved non-significant.

Preweaning Growth of the Calf
Calf Birth Weight
Birth weight is the first effect in the chronology of calf preweaning growth.

A least-squares analysis of variance revealed a signi-

ficant effect of sex of calf on birth weight (P<.OS) .

The least-squares

mean for birth weight for bull calves was 33.89 kg, while heifers weighed 32.14 kg .

This sex effect agrees with J effery et al. (197lb) and

Belcher and Frahm (1979) .

No other effects had significant influence on

calf birth weight in this study.

Preweaning Gain

Calf weights were taken at each test day consequential to the procedur e for estimating milk yield.

These periodic calf weights were

analyzed by the model shown in Table 1, with the addition of a partial
regression of test day milk yield on test day calf weight.

The least-

squares means in Table 10 show that breed of cow and period number
significantly affected test day calf we ight.

Period number had a signi-

ficant cubic influence on calf weight as displayed by the curve in
Figure 3.
A significant effect fo und for the breed by period interaction
suggested that separate analyses within breed were necessary.

These
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Table 10.

Least-squares means, standard e r ro r s , and constants f~ r test
day calf weight (kg).

Item
Breed
Hereford
Simment al- Hereford
Period
June 29
July 27
August 24
Sep temb er 21
Oc t ober 18
Test day milk yi eld, linear

**

P< . 01

Le ast-squar es
Mean

**

130.35
138.04

**

80 . 26
106.25
135. 7 3
163.89
184.85

Standard
Error

Constant
Estimate

.550
.755
. 977
. 973
. 884
. 876
1.033
. 173
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Figure 3. CALF WEIGHT CURVE FOR ALL CALVES
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Figure 4. CALF WEIGHT CURVES WITHIN BREED
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Table 11 .

Least-squares analysis of variance for test day calf weight (kg).

Expanded Cow effects.

a
Degre es of
Freedom

Source

Breed

1

Period, number

4

linear
quadratic
c ubic
quardic

II P<. 10,

* P<.05,

1
1
1

165

254.84

1
1
1
1

4
1
4

1

Degrees of

Mean

Squares

1691. 7l
1131.95
3884.09
287.01
356.45
.02
33.65
326. 7l
4853.56
60.21
20504.95
4924.25
1226.65
8895.47

1

Sex
Breed x Period
Breed x Sex
Period x Sex
Days postpartum, linear
Birt h weight, linear
Cow age , linear
Cow weight, linear
Test day milk yield, linear
Remainder

b
Freedom

*
**
**

**
**
**
*
**

1
4
1
1
1
1
1
4
1

4
1
1

1
1
1
164

Mean

Squares
. 38
1789. 16
6818.93
l. 29
253.85
82.55
345.08
430 . 66
3253.46
59.78
19754. 22
1085.68
861.65
7086 . 65
6937 . 79
214.09

**
**

**
**
*
*
**
**

** P< . 01

.,.
N
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analyses also showed that period number significantly influenced test
da y calf weight-

The resul ting regress ions indicated a linear effect

for Simmental-Hereford cows and cubic for Herefords.

These are shown

by the curves in Figure 4 .
The nested effect of cow within breed significantly (P <.01) affected calf weight.

The results of an analysis of these combined cow

effects are shown in section a of Table 11.
number remained significant.

Breed of cow and period

All of the partial regressions included in

the model had a significant influence on test day calf weight.

Sex of

calf was added to the model as a main effect and, while not significantly
affecting calf weight, allowed the inclusion of a breed by sex interaction which was significant.

Section b of Table 11 shows the results

of adding 24-hour test day milk yield to the model as a partial regression.

The regression is highly significant and, as shown by the mean

square for breed, explains essentially all of the variance previously
noted as a breed difference.
Wi thin breed least-squares analyses of variance including a partial
accounting of cow effects are shown in Table 12, which facilitates
further inspection of the breed by sex interaction.

The least-squares

means for sex indicated that Hereford heifers had significantly higher
test day weights than the ir bull calf herd-mates (135.98 kg and 127.14 kg,
respectively). _ The bull calves, however, were heavier than the heifers
in the Simmental-Hereford data (142.15 kg and 135 .35 kg, resp ec tively).
The analyses also showed that partial regressions of days postpartum and test day milk yield were significant for both breeds.

The

Simmental- Hereford calves were less affected by calf birth weight and

Table 12.

Least-squares analysis of variance for test day ca lf weigh t (kg) .
Hereford
Degrees of
Source

Freedom

Se x
Period, number
linear
quadratic
c ub ic

quardic
Sex x Period

I
4

Days po s tpartum, linear

Birth weight, linear
Cow age , linear
Cow weight, linear

Test day milk yield, linear
Remai nder

II P<. IO,

IOO
* P<.OS,

Within breeds.
Simmental-Hereford

Mean

Squares
1319.75
1340.48
5183 .73
7. 63
154.06
I6 . 42
!. 60
4198.39
825.41
1036.78
6919 . 61
I656 . 95
I97.96

*
**
**

**

*

*
**
**

Degrees of
Freedom
1
4
1
1
1
I
I
4
I
1
1
I

Mean

Squares
4 22.94
611.20
'2194 . 99
51.67
130 .72
67.39
329 . 07
15 83 0 .95
614.04
43.74
664 . 72
6852.90

*
**

**

**

** P<.OI

""
""
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cow weight than the Herefords .
Hereford calf weights .

Cow age had an influence only on the

It should be noted that the age distribution

for the Simmental-Hereford cows was very narrow and clustered about
the mean.
Period average daily gain was calculated by dividing total gain
during a given period by the length of the period in days, using the
test dates as the endpoints for the five periods.

In this way, factors

affecting the calf growth curve could be iden tified.

The least-squares

analysis of variance for period average daily gain is shown in Table 13.
The main effects of sex of calf and period number significantly affected
per iod average daily gain.

Belcher and Frahm (1979) found that sex of

calf influenced preweaning average daily .gain .

Drewry et al.

(1978)

reported significant differences in average daily gain during different
test periods.
The analysis showed that breed of dam had little effect on period
daily gain (P<.10), however, the interaction for breed and sex was importan t (P< .OS) .

Partial regressions of postweaning cow weight and test

day milk yield on period gains were also significant.

Cundiff et al.

(1974) reported highly significant effects for weight of dam on daily
gain from birth to weaning.

Jeffery et al. (1971b) found that milk

yield explained sixty percent of the total variance in average daily
gain in calves .

Table 14 shows the least-squares means and constants corresponding
to Table 13.

The breed by sex interaction means show that in the Here-

fords, sex had very little influence on daily gain .

The quadratic in-

fluence of period number on period average daily gain is shown in Figure 5.
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Table 13.

Least-squares analysis of variance for period average daily
gain (kg/ day) .
Degrees of
Freedom

Source

Breed
Period, number

linear
quadratic
cubic

quardic
Calf sex
Breed x Period
Breed x Sex
Period x Sex
Days postpartum, linear

Calf birth weight, linear
Cow age, linear
Cow weight, linear

Test day milk yield, linear
Remainder
II P<.10,

*

P<.05,

**

P< . 01

1
4
1
4
1
1
1
1
1
164

Mean
Squares
. 091
. 622
.023
2. 435
. 017
. 012
. 129
. 008
. 115
. 025
.052
. 017
.028
. 129
.451
.025

**
**
*
*

*
**
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Table 14 .

Least-squares means, standard errors and constants for period
average daily gain (kg).

Mean

Standard
Error

.85
. 91

. 017
. 022

.72
. 92
l. 04
.97
.76

.050
.035
.027
. 034
.050

Calf sex - male
female

.92
.85

. 018
.020

Breed x Sex - Hereford-males
females
Simmental-Here ford-males
females

.86
.85
.9 7
.85

. 021
. 027
. 031
.030

Least-squares

Item
Breed - Hereford
Si mmental-Hereford
Period - June 29
July 27
August 24
September 21
October 18

Constant
Estimate

Cow we igh t, linear

. 0007

Test day milk yield, linear

.03 23

1. 1
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Table 15.

Least-squares means, standard errors and constants for period average daily gain (kg).
Within breed .
Hereford
Item

Simmental-Hereford

Least-squares

Standard

Constant

Le ast-squares

mean

Error

Estimate

mean

Error

1.00
.91

.039
. 032

Standard

Constant
Est i mate

Sex
male
female

.82
.83

Period
June 29
July 27
August 24
September 21
October 18
Days postpartum, linear
Cow weight, linear
Test day milk yield, linear

* P<.05,

.018
.027

**
. 61
.82
.99
. 96

. 77

**

.063
. 042
.032
.043
.067

.85
1.02
1. 10
1.02
.80
-. 0007
.0010
.0225

**
*

.082
. 059
.047
.059
. 086
. 002 7
. 000 3
.047 9

*
**

** P<.01

.,..

"'
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Within breed analyses show significant effects of period number and
test day milk yi eld on per iod av e r age da i l y gain for both breeds .

As

indicated by the least-squares means in Table 15, while not significant,
the Hereford , heifer calves had slightly higher period average daily gain
than the bull calves, while the inverse is true in the Simmental-Hereford
calves .

Nelson and Kress (1979) and Notter et al.

(1978) showed sex

differences for average daily gain favoring males with no breed x sex

interaction.
noted.

No explanation for the difference in this study has been

However, the disproportionate number of bulls and heifers (15

and 8, respectively) in the Herefords may provide some insight.

Period

effects for both breeds are quadratic and are portrayed in Figure 6.
Least-squares analyses were also performed for total gain during
the 111-day study and total average daily gain, or, which is the same as,
average daily gain from birth to weaning.

While both are interrelated

extensions of period calf weight and period average daily gain, they
exhibit noteworthy differences in significance as shown by the leastsquares means and constants in Table 16.
Both total 111-day gain and total average daily gain were affected
by calf sex (P<. 10).

Total milk during the 111-day study significantly

affected both total gain and total average daily gain, coinciding with
the results of Gleddie and Berg (1968).

The significant effect of cow

weight on average daily gain from birth to weaning agrees with Cundiff
et al.

(1974), but contradicts Carpenter (1972) and Williams et al. (1979).

The influence of days postpartum on total gain during the study suggests
that calves which were older at the start of the experiment gained
faster than younger herdmates.

Table 16 .

Least-squares means, standard errors and constants for total 111-day gain and total avera ge
daily gain from birth to weaning (kg).
Total Gain
Least-squares

Item

mean

Breed
Hereford
Sinnnental-Hereford

98 . 39
108 . 5 1

Calf sex
male
female
Breed x Sex
Hereford-male
female
Simmental-male
female

*

Constant
Estimate

Total 111-day milk yield, linear

*

P<.OS,

**

Least-squares

mean

Standard
Error

2.2 1
3.04

.836
.823

107.23
99.68

2.29
2.65

.865
.793

.0220
.0255

100. 41
96.38
l14. 04
102.98

2.96
3.51
3.99
4.04

II
• 843
.828
. 888
.758

.0285
.0337
.0384
.0388

Constant

Estimate

.0212
.0292

u

II

Days postpartum, linear
Cow weight, linear

II P<. 10,

Standard
Error

Total ADG

.091
.039
. 012

**
*

.00087
.00037
.00012

*

**

P<.Ol

<..n
~
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Weaning Weight
The calves were we i ghed for weaning wei ghts on Oc t obe r 18, wh ich
was t he last milk sampling test day.
methods.

The we i ghts were analyzed by two

First, by using the Beef Improvement Federation formulae, the

we i ghts were standardized to bull-cal £ equivalent, age of dam ad j usted,
205-day weights (USDA, 1976).

The difference between the mean 205-day

adjusted weights for the calves from the Herefords and Simrnental-Hereford
cows was 24.96 kg (205.54 kg and 230.50 kg, respectively).

A pooled

t-test for mean difference revealed a highly significant (P< .005) influence of breed on weaning weight.

Gregory et al. (1978a) found simi-

lar results when comparing "Exotic"-Hereford crossbreds to HerefordAngus cows.

Gregory et al.

ford calves of 174 . 8

± 2. 2

(1978b) reported
kg.

200~day

weight for Here-

Burfening et al. (1978) found 205-day

weight for Sirnmental half-blood calves of 214

±4

kg.

The actual weaning weights were also analyzed by least-squares
procedures, using the complete model wi th cow effe c ts itemized.

In

addit i on, a partial regression of total milk on weaning weight was included.

With these inclusions , no effec t was apparent for breed, cow

weight or calf birth weight.

Gaines et al. ( 1978) also showed no effect

of postweaning cow weight on weaning weight .

Drewry et al. (1959) re-

ported low correlations of birth weight and weaning weight.
In an accompanying analysis, partial regressions of percent protein, butterfat, and solids-not-fat on weaning weight were included.
Percent butterfat showed some influence on weaning weight (P<. 10), but
the other milk constit uents had no effect .

Klett et a l. (1965) report-

ed that percent composition had litt l e, i f any, effect on calf weight .
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Table 17.

Least squares analysis of variance for weaning weight (kg).
Degrees of
Freedom

Source
Breed
Calf sex
Breed x Sex
Days postpartum, linear
Cow weight, linear

Total 111-day milk yield, linear
Remainder

II P< . lO,

*

P<.05,

**. P<. Ol

l
l
l
l
l
l

30

Mean

Squares

5. 55
1065.66 *
60 l. 51
6076 : 85 **
805.73 II
6258.92 **
237 . 27
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A refined least-squares analysis of variance for actual weaning
wei ght is shown in Table 17.

The least-squares means f or ac t ual weani ng

weight reveal that the 188.63 kg weaning wei ght for the bull calves was
significantly higher than the 177.14 kg weight shown for heifer calves.
The lack of a significant breed by sex interaction implies that the male
superiority is true for both breeds.

This is in agreement with Notter

et al. (1978) and many other researchers.

However, this appears con-

tradictory to the finding that heifers received more milk, and is at
variance with the finding that the Hereford heifers weighed more at each
test day than the bulls.
The milk consumption conflict may be better interpreted by understanding that the inclusion of total milk, as a highly significant partial regression in the model, has the effect of adjusting out much of
the var i ance due to differenc es in milk consumption.

It appears, also,

that differences may exist in body composition between the sexes which
could explain the apparent inequality in efficiency a·f utilization of
milk consumed.

Rutledge et al.

(1971) also reported that heifer calves

consumed more milk than bull calves, but found that bull calves were
significantly heavier than heifers at weaning.

No further explanation

was offered.
An inspection of within breed data offers some insight into the

Hereford weight conflict .

The significant sex ef·fect on weaning weight

among breeds can be attributed primarily to the 20.42 kg difference
found in the Simmental-Hereford data

(males~

192.58, females= 172 . 15).

The Hereford calves differed by only 2.56 kg between sexes at weaning
(males= 184.68, fema l es= 18 2.12).

Changes in the statistical model
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used to eval uate test day calf weigh t and weaning weight may also account
fo r some of the di s agreement .
In addition to total milk inf luences , the partial regress ion of
days pos t partum on weanin g weight was highly s ignificant.

Gregory et

al. (1979) and other researchers also reported highly signif icant (P<.Ol)
effects fo r calf age on weaning weight.

Postweaning cow weight had

some influence (P<.l O) on weaning weight as a partial re gressi on.
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SUMMARY AND CONCLUSIONS
Lactation and weaning weigh t relationships were studied in 37 cows.
Data were collected during the summer grazing season of 1979.

The study

herd consisted of 23 Hereford cows ranging in age from 2 to 12 years and
14 Simmental-Hereford half-blood cows aged 3 to 9 years.

The suckling

calves were sired by Hereford bulls.
Factors affec ting milk production in grazing cattle were identified.
Estimates of daily and total milk production were achieved by use of the
calf weigh-suckle-weigh technique.
during the 111-day study.

Measurements were t aken five times

A single post-weaning observation of milk

constituent composition was made on a sample of the study herd.
Average daily milk yield for all cows was fo und to be 6.16 kg per
day.

The level of production was significantly affected by the breed of

the cow .

The Simmental-Hereford cows produced 7.11 kg of milk per day,

while the Hereford production was 5.21 kg per day.

Period number, or

days in lactation, significantly affected milk production.

Lactation

curves derived from regressions of period number on test day milk yield
within breed and overall revealed declining production throughout lactation.
Average test day milk yield was significantly affected by the sex
of the suckling calf .

An inspection of the means showed that dams nurs-

ing heifer calves gave more milk than dams nursing bull calves.

This

relationship was noted when milk yield was adjusted fo r days postpartum,
age and weight of dam and calf birth weight and weight a·t ea ch period.
Heifer calves received 6.44 kg pe r day compared to 5.80 kg per day for
bull calves.
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Average test day milk yield was also affected by birth weight of
calf and weight of calf at each test period.
calves produced more milk.

Cows nursing heavi er

No influence for cow age or cow weight on

milk yield was observed.
Milk composition was significantly affected by breed of dam.
Simmental-Hereford cows had higher percent solids-not-fat, while Herefords were higher for percent protein.
fected by cow breed .

Percent butterfat was not af-

No other effects significantly affected milk com-

position.
The preweaning growth of the calf was chronologically divided in
three areas for analysis; birth weight, preweaning gain, and weaning
weight.

Birth weight was significantly affected by sex of calf.

weighed 33.89 kg, while heifers weighed 32.14 kg.

Bulls

No other significant

effects on birth weight were observed.
Preweaning gain was influenced by breed of dam.

Average test day

calf weights plotted as curves from the within breed regressions of
period number on test day weight, indicate that, while the calves were
essentially the same weight at the start of the study, the SimmentalHereford calves weighed more than the Herefords over the duration of the
experiment .

Similarly derived curves for average daily gain confirmed

this observation.

Sex of calf also affected gain during the 111-day study period.
The Simmental-Hereford bull calves outgained their heifer herd-mates,
while the Hereford heifers gained slightly faster than the Hereford bull
calves.

Post-weaning weight had an effect on calf total average daily gain
and on weaning weight.
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Milk yield had the highest correlation to calf gain of any independent variable considered (r

=

0. 71).

The addition of milk yield to the

calf weight analysis had the effect of eliminating the influence of
breed of dam.
Weaning weight was significantly affected by sex of calf, and favored bull calves.

The effect was more pronounced in the Simmental-

Herefords than in the Herefords.

Test day calf weight was significantly

influenced by calf birth weight.

However, the effect declined with in-

creasing calf age and, therefore, showed no effect on weaning weight .
Cow weight exhibited a small influence on weaning weight, probably as a
reflection of mature size potential of the calf.
The most highly significant influences on weaning weight were days
postpartum, correlated with weaning weight at r
day observed milk yield, correlated at r

=

=

0.47, and total 111-

0.57 with weaning weight.

These observations suggest that selection for milk production in
Herefords will increase weaning weights.

However, visual appraisal of

the calves in this study indicates that an accompanying selection for
lean growth potential is necessary to avoid "butterball" calves at wean-

ing.

Crossbreeding to breeds such as Simmental, even for only one gen-

eration, has been shown to accomplish both of these results much more
quickly than selection in the Herefords alone.
Weaning weights of calves determine the livelihood of many western
ranchers.

Management for early calving appropriate to ·the availability

of adequate feed for lactating cows should be considered.

This manage-

ment combined with breeding and selection for milk production potential
in the dam and lean growth potential in the suckling calf will increase
production and returns on most operations.
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