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Abstract:

Growth data from 1014 Angus x Hereford (AH), 3/4 Angus 1/4 Hereford (3A1H), and 1/2 Tarentaise
1/4 Angus 1/4 Hereford (2T1A1H) crossbred beef calves out of 347 cows were collected over the ten
year period of 1976 to 1985. Calves were weighed at 30 to 45 day intervals from birth to weaning. All
pairs were grazed on foothill grassland rangeland of southwestern Montana over a 10 year period of
consistent range management practices. The objective of this study was to determine dam age, sex of
calf, date of birth, year and calf breed effects on growth patterns of suckling calves. Calf gains were
analyzed by least squares procedures, The statistical model included cow age, year, calf date of birth,
sex of calf, breed of dam, breed of sire, and breed of calf.

Initial analyses indicated significant differences in calf growth response and pattern as a function of
cow age. Sex of calf was a significant (P<.001) source of variation over all gain periods. Male calves
gained .05 kg/d more over the total grazing season. Female calves gained .12 kg/d more than male
calves in period 2. A significant (P<.05) negative regression of day of birth on calf average daily gain
(ADG) was observed in periods 2 and 3. Significant (P<.05) regressions were observed in periods 2, 3
and 4. Year affected (P<.001) calf growth over each of the gain periods. Age of dam was an important
(P<.01) source of variation in all periods except period 2. Calves from all cow age groups exhibited a
decrease in ADG from period 3 to weaning. Breed of dam had a significant effect on calf growth in
periods 3, 4, 5, and 7. Breed of sire was not an important (P>.05) source of variation on calf growth.

However, breed of dam and breed of sire interaction had a significant (P<.05) effect on calf growth in
periods 1, 6, and 7.

Age related differences in milk production and nutritional requirements may explain the significance of
dam age upon calf growth. Stress of castration could have directly affected the gain performance of
steer calves in period 2. Decline of calf ADG from period 3 to period 6 could be attributed to numerous
factors including: 1) decline in milk production of the dam; 2) decrease in forage quality and quantity;
and 3) inexperienced grazing by the calf to meet nutritional requirements.
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ABSTRACT

Growth data from 1014 Angus x Hereford (AH), 3/4 Angus
1/4 Hereford (3Al1H), and 1/2 Tarentaise 1/4 Angus 1/4
Hereford (2T1A1H) crossbred beef calves out of 347 cows were
collected over the ten year period of 1976 to 1985. Calves
were weighed at 30 to 45 day intervals from birth to
weaning. All pairs were grazed on foothill grassland
rangeland of southwestern Montana over a 10 year period of
consistent range management practices. The objective of
this study was to determine dam age, sex of calf, .date of
birth, year and calf breed effects on growth patterns of
suckling calves. Calf gains were analyzed by least squares
procedures. The statistical model included cow age, year,
calf date of birth, sex of calf, breed of dam, breed of
sire, and breed of calf. ‘ :

Initial analyses indicated significant differences in
calf growth response and pattern as a function of cow age.
Sex of calf was a significant (P<.001) source of variation
over all gain periods. Male calves gained .05 kg/d more
over the total grazing season. Female calves gained .12
kg/d more than male calves in period 2. A significant
(P<.05) negative regression of day of birth on calf average
daily gain (ADG) was observed in periods 2 and 3. Signifi-=
cant (P<.05) regressions were observed in periods 2, 3 and
4. Year affected (P<.001) calf growth over each of the gain
periods. Age of dam was an important (P<.01) source of o
variation in all periods except period 2. Calves from all
cow age groups exhibited a decrease in ADG from period 3 to
weaning. Breed of dam had a significant effect on:calf
growth in periods 3, 4, 5, and 7. Breed of sire was not an
important (P>.05) source of variation on calf growth.
However, breed of dam and breed of sire interaction had a
significant (P<.05) effect on calf growth in periods 1, 6,
and 7.

Age related differences in milk production and
nutritional requirements may explain the significance of
dam age upon calf growth. Stress of castration could have
directly affected the gain performance of steer calves in
period 2. Decline of calf ADG from period 3 to period 6
could be attributed to numerous factors including: 1)
decline in milk production of the dam; 2) decrease in forage
quality and quantity; and 3) inexperienced gra21ng by the
calf to meet nutritional requirements.




INTRODUCTION

Preweaning calf growth is affected by numerous
biological and management related factors. Well documented
effects include calf sex (Thrift et al. 1972), age (Minyard
and Dinkel 1960), dam age (Nelsen 1976), milk production
(Casebolt et al. 1983), and genetic sources -of calf breed
(Sharma et al. 1982). This calf growth has been observed:

from birth to weaning mainly in herds with a high degree of

management. However, few data exist on calf growth in herds
under less intensively managed breeding programs; Further-
more, average Qaily gain (ADG) may fluctuate from birth to
weaning at distinct periods due to normal traﬁsformation in
calf digestive physiology. Forage has:been estimated to
account for 20% of the gain during early grazing season and
increasing to 50% later (Sims.et al 1975). rCalvesAmay
become fuﬁc£ional ruminants as early as 70-100 déys when
adequate forage is pfesent (Ansotegui 1986). Decline in
range forage nutrients combined with the calf’s increased
dependence upon non-milk resources for growth could lead to
periods of inconsistent gainé. Thié-woﬁld'suggest altera-
tions in management to optimize calf growth throughout the

grazing season.
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This study is part of ongoing range
" BIuff Research Ranch. Our objective was
of variation in growth of suckling range
successive 50—50 d periods from:birth to

hypothesized that under less;extensively

research at the Red
td evaluaée sources
beef calves for
weaning. We |

managed production

operations in the Northern Rockies maximum growth rates

would be achieved for the period of 120 to 160-d-old (June -

Jﬁly) fof spring—bdrn'calves. Subsequent growth rates

would both diminish and exhibit greater variability as

dietary reliance upon nutrient sparse range forages

increased until weaning.




LITERATURE REVIEW

Effects Upon Calf Growth

' Sex of Calf

Sex of calf has a signifiéant affect on preweaning
average daily gain (PWADG) in calves (Thfift et al. 1970).
Tanner et al. (1970) in analyzing data from Angus calves
.found.steer-heifer differences of .07, .04, and .03 kg/d
PWADG for the years 1964, 1965, and 1966, respeétively.
Brinks et al. (1961) observed a .04 kg/d difference between
steer and heifer calves raised on Hereford dams.

Kress and Webb (1972) analyzed PWADG and weaning
weights of Angus andAHereford calves. Sex was a significant
source of variation for PWADG and weaning wéight in both
breeds. Bull calf PWADG’s (kg/d) were .09 and .07 greater
than heifers for Angus and Hereford, respectively. A
-differenée of 21.7 and 16.0 kg weaning weight existed
between bull and heifer calves of Angus and Hereford,
respectively. These results Were in agreement with Koger
énd Knox (1945), Panish et al. (1961), Urick (1958), Bradley
et al. (1965), and Linton'et al. (1968).

In severai studies multiplicative adjustments for sex

differences have been calculated. Multiplicative adjustment
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factqrs adjust heifer and steer calves to a bull basis.
‘Adjustment‘factors for Ang#s calves were célculated at 1.03
.and 1?10 for steers and heifers (Anderson and Willhaﬁ; |
1978). " Sellers et al. (1969) reported factbrs correcting té
steer basis of 1.07 and 1.08 fof Angus and Hereford.heifers.
Angus and Hereford bulis were'corregted a{ - 97 and .93'to
steer basis. Cﬁn&iff (1966) reported Herefora adjustmeﬁt
factors of 1.02, 1.00, and .89 fof heifer, steer énd bull
calves, respectively. Adjustmenf factors of 1;05, 1.00 and
.95 for heifer, steer and bull calves were recommended by
the United States Beef Cattle Records Committee Report
(1965). ' -

Knapp et al. (1980) analyzed preweaning gnd weaning
data on 178 three-breed cross progeny of straight Hereford,
Angus and Charolais heifers and contemporary reciprocal
cross heifers. Sex of calf did not significantly affect
differences in calf PWADG. They postulated that since cow
ages were 2-3 years their lower milk production‘could have
restricted sex differencés in growth potential. Ahunu and
Makarechian (1986) observed a difference of 3.1, 7.2, and
4.9% between steer and heifer calves of Hereford, Synthetic

and crossbred dams, respectively.

Age of Calf

Age of calf has been found to be an important source of
variation in preweaning calf growth. Urick (1985) found a

difference of .072 kg/d between the earliest bornhcalves and
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later born calves in a random-selected herd. A‘negative
regression (-.0012) of date of birth on PWAbG occurfed |
indicating'that earlier born caives had faster rates of
gain. Nelms and Bogart (1956) aﬁélyzed data from 163
purebred Hereford. and Angus pairé. A .09 kg/d higher PWADG
occurred with calves born in the first part of the season
ovéf the mean PWADG. A differeﬁce of .17 kg/d higher PWADG"
existed between the early and late born calves. ﬁevillé
(1962) observed that for each day later in the calving
season £hat birth occurred calves weighed a signifiéaﬁt .14
kg less at 4 months of age. Differences were non-signifi-
cant by 8 ﬁonths of age.

Minyard and Dinkel (1960) pooled weaning data of 2351'
cow-calf pairs. The linear regression of weigﬁt on age
within ranéh—year—month subclasses was .54 Kg. This value
was somewhat smaller than Koger  and Knox (1945) .6Q:kg and
Botkin and Whatley (1954) .65 kg. Kress and Burfening
(1972) found a negative regression (-.10) of 180 day weight'
on birth weight. Ahunu aﬁd Makarechian (1986) documented a
significanf age of calf effect on both weaning wéight and
PWADG on three biological types of beef cattle.

Nevins (1986) collected data on 169 cow—-calf pairs over
a two year span at the Red Bluff Research Ranch, Norris, MT.
Date of birth was a significaﬁf source of vériation in\

weaning weight. The partial regression coefficient was .43
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kg/d. Each 1 day increase in day of birth caused a .43 kg

"decrease in weaning weight.

Range Forage

. It has been estimated that by the time a calf reaches
three months of age, non-milk resources account for more
than one-half of the calf’s energy intake (Maddox, 1965).
Roy (1958) concluded that calves can be entirely dependent
on good quality grass and gain .59 kg/d by eight: weeks éf
aée on forage. ' .

Ansotegui (1986) analyzed intake and growth data on the
Red Bluff research herd. Estimates 6f organic matter intake
(g/kg bédy weight) indicate that calves may become self- .
sufficient at an early age (70-100 d) when aaequate_forage
is available. Froh the findings it was conéluded thatl
calves become forage grazers and active ruminants at a very
early age (<45 d) and possess many similarities to mature
ruminants with regard to organic matter intake (g/kg body
weight) and digesta kinetics.

Sims et al. (1975) studied cow-calf pairs on high
plains grassland. It was estimated energy from forage
accounted for approximately 20% of the gain méde'early in
the grazing season with the contribution increasing to
approximately 50% late in the grazing. season.

Holloway et al. (1982) analyzed data of 153 Angus
calves suckling cows on high.quality (fescue-legume) and low

quality (fescue) pasture over a four year period. Calves on




high quality pasture'galned .78 kg/d versus .70 kg/d for low_
-quality‘pasture calves; Forage dlgestlble energy 1ntake
(Mcal /kg dry'matter)'was 4,64 greater in the high qual1ty
pasture calves. The fescueloasture calves tended to rel&,
more on the dams milk for gain'than the fescue;legume |

' calvesf N

Burns et.al (1972) studied galns in Angus calves
grazing four levels of qua11ty. Calves graz1ng the h1ghest
quality pasture galned 30 kg more than the lowest’ qual1ty'
pasture calves in year.l and 26. 9 kg in year 2. Holloway‘et
al. (1979) observed an 18 kg advantage for calves graring
high qual1ty pasture over low qua11ty | |

Peichal (1980) analyzed range forage 1ntake data on 78.
Polled Hereford calves over a two year per1od. Range forage
dry matter intakes (kg)d);for calves were 1.6, 2.4, 4. 4 and"
4.0 at 67, 97, 128, and 159 davs.of age, respectively.._No
forage dry matter intake data were. recorded priordto day 67.
Calf ADG were calculated for April, May, June; duly;

August; and September. ADG (kg/d) were .65, .80, 176, .65,‘
.95, and .69, respect1ve1y _ -

Boggs et al..(1980) studied milk consumption affects on
forage consumptlon in 2 to 6 month old Polled Hereford
calves. Increased-milk intake had a negative effect on
grass intake by calyesn2'to‘6 months old. Two and six”month
old calves consumed 03dand 07 kg/d less grass for each kg

of milk. ‘These f1nd1ngs were similar to Lusby et al (1976)
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gnd Wyatt et al. (1977). Ansotegui (198§) observed during
July calves consumed .3 kg more forage for eacﬁ kg reduction
in fluid milk intake. Iﬁ both August and Sepfember, calves
consumed .6 kg more forage for each kg decline in fluid milk
intaké. |

Boggs et al. (1980) coilected milk intake, forage
intake and ADG of Polied Hereford calves. During the first
two months, grass intake and ADG were negatively correlatea.
An increase in forage intake, day 60 té 150 of the grazing
season, tended to improve ADG. During that time, each
additional kg of grass consumed per day yielded about .02
kg/d more gain. The monthly dry matter intakes represented
.62, 1.46, 1.51, 1,75, and 2.20% of the calves body weight
for the months of May, June, July, August, énd September,
respectively. ‘

Peichal (1980) reported range dry matter intakes of
1.6, 2.1, 3.0, and 2.4% of the calf’s body weight-for the
months of June, July, August, and September. Thé calves
weaning weight was positively affected by the average range
dry matter intakes during the grazing season. Ansotegui
(1986) observed average intake (kg/d) of crossbred calves
were 1.00, 1.95, and 2.43 for the months of July, August,
and September, respectively.

Langlands (1972) considered lower milk intake of Merirno

ewe lambs to be of secondary importance. As high voluntary
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intakes compensated for lack of milk if adequate forage was

available.

Age of Dam

The most important soﬁrce of variation in calf growth
is age of dam (Marlowe and Gaipes, 1958). Cunningham and
Henderson (1965) reported calf PWADG improves with age‘of
dam in a curvilinear relationship to a maximum at 7-10 years
of age. Marlo&e and Gaines'(1958) found simiiar results
where maximum production.was'attained at 6-10 yéaré. These
were in agreement with results by Brinks et al; (1962),
Mahmud and. Cobb (1963) and Brinks et al. (1972). o

Nelsen and Kress (1981) analyzed registered cattle
records of 5902 Angus and 5950 Hereford calves borﬁ in
Moqfané-over a 16 year period. Differences bet&een age of
dam classifications'existed; Cows . were érouped-as 2, 3, 4,
5-10 and 11+ years of age for age of dam adjﬁstmentsl
Similar results were reported by Minyard and Dinkel &1960),
Berg (1961), Warren et al. (1965), Sellers et al. (1969),
and Anderson and Willham (1978).

Sharmé et al. (1982) found little information éxists on
age of dam effects in multibreed or synthetic populations.
Ahunu and Makarechian (1986) anélyzed data of 2856 calf
records for Hereford, beef crbssbred and beef synthetic
calves raised in Alberta, Canada. Weaning weight increased
with increasing age of dam ffom 2 to 4'years in the Hereford

and crossbred reaching its peék in calves of 5-yr-old dams.
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The beef synthetic calves weaning weight'increased from 2 to
6~yr-old dams. Sharma'et Ql. (1982) compared ﬁeréfofd and
synthetic observiﬁg significant increases ip the mean v&lues
of weaning weight and PWADG in calves of 5 to 6-yr-old dams.
in the synthetic breed, however, differences wefe ﬁot
significant for Herefords. Ahunu and Makarechian (1986)
found PWADG for calves of Hereford and crossbred cows began
to decline in the 9+ age of dam category, bu£ no épparent
decline.wasfﬁoticeable iﬁ the synthetic population.

Nelms and Bogart (1956) analyzed Hereford aﬁd Angus
calf growth data. Deviations from the herd mean PWADG
(kg/d) were -.083, -.004, —;008, .018, and .077 for calves
of 2, 3, 4, 5-7, and 8+ year dld dams. A largg difference
between calves of 2~yr—ola dams and thosé of oldef cows
existed. However, the effect of- age of dam on PWADG dﬁring
the suckling period only approached significance. Similar
results were reported byATanner et al. (1970). Bogarf
(1956) reported a difference existed between 2-yr-old dams
and mature cows. | A .

Urick et al. (1985)fcolleéfed data on 431 Hereford bull
calves from a randém—selected cow herd. A larger wéaning
weight difference existed between calves of_2—yr—ola and
oldef dams (54.5 kg) than reported in most other studies
~(Minyard and Dinkel 1960, Sellers.et al. 1969, Anderson and
Willham 1978, and Nelsen and Kress 1981). Inter study

differences can probany by attributed to: (1) random
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.selection, where smallest heifers are allowed to raise
calves versus selected herds in which small heifers a?e
generally not used; and (2) differén&es in nu£rient
availability from range forages in respective study areas
may be inadequate for the 2-yr-old heifers (Houston and
Woodward 1966; Houston and Urick 1972). “

Nelsen and Kress (1981) conéluded that correction
factors for age of dam in the populations studied were 11,
6, 2, and 1% for Angus aged 2, 3, 4, and 11+, respectively.,
and 13, 8, 4, and 4% for.Herefofd dams aged 2, 3,.4, and 11+
years, respectively. Kress and Burfening (1972) reported
adjustments qf 18, 10, 5, and 2% for 2, 3, 4, and'll+ year
old Hereford.dams, respectively. B.I.F. (1986) maintains an
additive adjustment corrected for age of dam and sex of
calf. Adjustments (kg) are 27.2, 18.2, 9.1, and é.l for 2,
3, 4, and 11+ year old dams raising male calves.and 24.5,
16.3, 8.2, and 8.2 for dams aged 2, 3, 4, and 11+ years

‘-raising female calves.

Dam Milk Production

Differences in level of milk production can account for
up to 66% of the variance in weaning wéight of beef calves
(Neville et al. 1974). Rutledge et al. (1971) reported
variation in weaning weight due to age of dam was expfessed
primarily through differential milk production of the age

groups.
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Klett et al. (1965) collected milk production and calf
gain data on 15 Angus and 15 Hereford cow-calf pairs. Milk
yield increased with inéreasing age of dam. Lactation
curves followed the plang of nutrition, as nutrieﬁt level
increased, milk yield also increased. Correlations of milk
yield and calf gains weré found in the Angus gr&up in excess
~of .66. Small non-significant correlations were_foﬁnd in
the Héreford group.

Rutledge et al. (1971) analyzed calf growth and milk
yvield data on 279 Hereford cow-calf péirs. Dams nursing
female calves produced a significant 1.15 kg more milk than
those nursing male calves:. In contrast, Chfistian et al.

" (1965) and Melton et al. (1967) féundAno significant
differences in milk yield attributable to sex of calf while
Pope et al. (1968) reported higher milk productioh for cows
qursing male calves. Milk &ield incteasea wi%h increasing
. age of dam up to 8.4‘years.‘ Approximately 60% of ‘the
_variation in 205 day weight was due to variation of milk
yield.

Kress and Anderson (1974) collected milk production
data on 89 Hereford cows. The calculated range in total
milk production for a 205 day lactation period was 420 to
1432 kg. The correlation with calf weight at the same stage
of lactation was .49. A correlation of .59 was observed for
calf weight at the next stage of lactation. .Correlations

for calf weight and milk production indicated that the
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relationship with immediately preceeding or.succeeding milk
production estimates- was about .50. Relationships.withrmilk
production esfimates more remote were smailer (e.g. 0.06).
If was suggested that high milk producing cows at the étqrt
of léctation are not neceSSarily'high producers at the iend
of lactgtion. Maximum milk production (7.3 kg/&) occurred
at day 20 of the lactation aqd decreased to 0 at day 195 of
the ‘lactation. -

Casebolt et al. (1983) analyzed data on 549 milk yield
observations collected from.76 cows of five breed groups,
Hereford, Angus—Hereford, 25% Simmgntal - 75% Hereford,
Simmental—Hefeford, and 75% Simﬁental.; 25% Hergférd dams.
Hereford dams produced 2.3 kg/d less milk than thé crossbred
dams. Relative importance of miik production in‘feference
to calf growth traits prior to:weaning was shown by the
correlation of .49 beéween average milk production and
weaning weight and a .49 correlationkbetween average milk
production and calf PWADG. Early growth of the calf is
highly dependent'onrthe‘maternal.ability of the dam to
produce miik. The degree of crossbreeding of tﬁe dam can
influence level of milk production and lactation cﬁrves;

Melton et al. (1967) coliectedﬂmilk production and calf
growth data on 15 Angus, 15 Charolais and 15 Herefofd dams,
Cows nursing bu}l calves gave .58 kg/d more milk than those
nursing heifers calves during the first 77 days of‘lacta—

tion. The sex differences diminished during lac%ation to
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.10 kg/d during the last pefiod and was not found to be a
significant difference. Age of dam differences for total
milk yield were 553,‘667; and 809 kg for 2, 3-4, and 5+
years of age. Correlation coefficients between average
daily milk yield and PWADG wére .58, .38, .01, .19, .27, and

.03 for day 1-77, 78-107, 108-137, 138-167, 168-196, and

. 197-224 of lactation. A declining relationship existed

between milk production and PWADG as lactation progressed.
Wyatt'et al. (1977):ana1yzed ﬁilk production data of 41
Hereford and 41 Fresian cows, exposing calves of two
biological types to a low (Hereford) or high (Fresian) level
of milk. Range Angus—Heréford calves on high milk consumed
5.5 kg more milk daily and were 47 kg heavier at-weaning
than calves on low milk. Drylot Angus—Hérefopd calves on
the high milk level consumed 4.6 kg mére milk daily and were
44 kg heavier at weaning than calves on low milk. Range'and
drylot Charolais and Fresian calves on high milk consumed
5.3 and 5.0 kg more milk and weighed 58 and 53 kg heavier at
weaning than those on low milk.” At high level the Angus-

Hereford and Charolais-Fresian consumed 10.4 vs. 10.2 kg of

‘milk. It appeared that the potential growth rate of calves

had little affect on milk intake. At low milk intake an

- advantage in growth rate of larger Charolais-Fresian calves

was .06 kg/d on range and .02 kg/d on drylot. High milk
production had a negative effect on forage intake by calves

in all groups except Charolais-Fresian in the August period.
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MATERIALS AND METHODS

Study Site Description

The data for this stﬁdy were collecfed at the Red Bluff
Research Ranch operatéd by the Montana Agricultural
Experiment Station, Montana State University. The ranch is
located 56 km west of Bozeman, Montana on the Northwest
slope of the Madison Mountain Range. The ranch covers a
land area of 5200 ha with approximatel& 350 animal units
(range cows and ewes).. Elevations of the pastures range
from 1400 to 2000 m with loné, slight . to moderate slopes and
areas of steep slopes. Average annual precipifation ranges
from 350 mm to 406 ﬁm, (USDA—SCS~1976). Up to 40% of the
precipitation falls during the months of May and June. The
period of minimal moisture accumulation-occurs from November
to February (NOAA, 1982). The frost-free period ranges from
75 to 100 days. |

In 1980, the Soil Cdnservation Service classified the
range as being dominated by silty range sites in high-fair
to good condition. Grasses and grass-like plants comprise
fifty to ninety percent of tﬁe native range. Major grasses

include: Idaho fescue (Festuca idahoensis), bluebunch
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wheatgrass (Agropyron spicatum), and needle—-and-thread

<+ (Stipa comata); (Turner 1985).

Experimental Animals

'The cow herd consisted of approximately .130 croéébred
beef cows. Breed composition of the cows were primarily
Angus x Hereford (AH), 3/4 Angus 1/4 Hereford'(BAlH), and
2/4 Tarentaise 1/4 Angus 1/4 Hereford (2T1AlH). A total of
.five straightbred Heréford, two Shorthorn créss and two
Polled Herefprd CrOoSsS COWS were eliminated ffom the data
set. Calf records were collected on 347 individual cows
which made up the data set. The originél base herd
consisted of Angus x Hereford (AH) and Hereford (HH) cows.
The cows originated from Montana locations at Red Bluff |
Ranch Northern Agriculturai Experiment Station at Havre,
and the USDA Ft. Keogh Livestock and Range Reséarch Station,
Miles City. The cow herd was predominately middle~aged (5-
10 years) up to 1980.

Growth data from 1014 crossbred beef calves were
recorded over the ten year period of 1976-1985. Ali calves
were raised on their naturai dams under the same range
environment. Bull calves from 1976-1983 and 1985 were
surgically castrated on the ‘date of the first weight. In
1984, bull calves were not castrated until weaning. These
calves were adjusted to steer basis (weight x .95) (United

States Beef Cattle Records Committee Report 1965). These
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data consist of 491 female and 523 male calves. The méle
calves were implénted with growth hormones in 1984 énd 1985.

Calves were weighed five times over the grazing seasoﬁ
(Table 1). Each year all calQes were weighed on the same
day, and weigh dates were consistent from year to year,
using an electronic digital displa& scale. Calves léss than
15 days of age at weigh period 1 were eliminated from the
~ study. Young calves exhibited extreme variation in average
daily gain (ADG) from -.05 to 7.36 kg/d. In 1976 and 1977
no calf weights were recorded on August 2. Period 5 was
created to include these calves in the‘study for summer ADG

analysis.

Table 1. Calf weigh periods.

Begin . Weigh .
Period Date Date Julian Observations
1 Birth May 13 132 981
2 May 14 June 135 163 979
3 June 15 August 2 210 791
4 August 2 . September 9 251 791
5 June 15 September 9 251 981
6 September 9 October 12 284 981
7 Birth October 12 284 981

The sire breeds of calves are reported in Table 2.
The sire breed "other" includes all calves without specific
sire documentation. Calves of these sires were eliminated

from breed interaction analyses.
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Table 2. Sire breeds number of progeny.

Sire , .

Code Breed Progeny
1 Angus " 569

2 Hereford 156

3 Tarentaise © 155

9 Other 102

Management
The ranch is managed as a straight range commercial

cow/calf operation. It can be classified as a "less
intensively managed unit", All cow age groups are managed

as one unit, grazing range forage with minimal supplementdl
feed, with selection/cul'ling based upon pregnahcyAstatus and
'physical soundness. Calf growth. performance records were
not used to seleét replacements from the calves. The hérd
can be classified as basically a non-selected herd.
‘Therefore, no direct genetic bias should occur with the -
older cows.

Natural service breeding was utilized exclusively froﬁ
1975—1978. In 1979, an artificial insemination program was
implemented with natural service used for clean-up. All
bulls were pulled from the breeding pastures by August 2.
fhe average calving season was 63 days. No record of bull
selection criteria was kept. Hereford bulls were qfilized
from the Northern Agricultural Research Statioﬁ, Havre, MT;L

for a progeny test in 1984 and 1985.
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Statistical Analysis

Least squares analysis §f variance was conducted using
Statistical Analysis Systems (SAS, 1985) General Linear
Model procedure. ' The dependent variables were calf ADG
during periods 1, 2, 3, 4,'5,.6, and 7. The independent
variables included year, sex of calf, age of dém,lbreed of
dam, breed of sire, and breed of dam breed of sire inter-
action. Calf day of birth was included in the model as a

linear covariate.
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RESULTS

Least squares analysis of variance for calf growth is
presented in Table 3. Year, sex of calf, age of dam, breed
~of dam and breed of dam breed of sire interactions were

important sources of variation.

Table 3. Least squares analysis of variance for calf
growth (kg/d). ’

Birth - May 14 - . June 16 ~ Aug 3 -
May 13 June 15 Aug 2 Sept 9
Source df MS MS - MS ~ MS
Year - 8 12,32*** 37.62%%* 9,91*** 2,53%**
Sex 1 LO66*** 3.56*** 3.96*%** JTHEEE
Age of Dam 4 1.41%%> .68 1.21%** 1.44%**
Breed of Dam(BR)3 .13 .08 .31* .31
Sire Breed(SB) 3 .01 .26 .06 .11
BR * SB 8 LBLx X .36 : .39 .24
Birth Date 1 .035 .35* J45EE .15%
R2 496 418 .49 .32
June 16 - Sept 9 - Birth -
Sept 9 Oct 12 Oct 12
MS MS MS
Year 8 5.87*** 19,73*** 1,22***
Sex 1 2,92*%** .63** B OB ol
Age of Dam 4 1.32%** L.90** 1.07***
Breed of Dam 3 31 .19 J12%%
Sire Breed 3 .07 .13 .07
BR * SB 8 .29 .84* .16*
Birth Date 1 .03 .02 .002
R2 .53 .52 445
* P<.05
** P<.01

*xx P<.001
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Sex of Calf

Sex of calf was .an important source of variation over

all seven gain .periods. .Least-squares means are listed in
Table 4.
Table 4. Least squares means of calf sex effect on caif
‘ growth (kg/d). : .
) , Period
1 o 2 3 4
Sex X SE x __SE X SE X SE
Female .69 .02 .88 ;03 1.04 .02 .92 .02
Male .74 .02 .76 .03 1.18 .02 .98 .02
Period
5 6 7
X SE X SE X SE
Female .98 .01 .76 .03 - .86 .01
Male 1.09 .01 .81 .03 .91 .01

Male calves gained .05, .14, .06, .11, .05, and.QS

kg/d more than female calves in periods 1, 3, 4, 5, 6, and

7, respectively. Female calves gained .12 kg/d more than

male calves in period 2. PWADG of male calves was 6% more

than female calves from birth to weaning.

Date of Birth

Date of birth is a significant source of variation in

growth periods 2, 3, and 4. Regression values are shown in

Table 5.

Negative regressions of day of birth on calf ADG

" were found in periods 1, 2, 3, and 5. Calf ADG decreased




.0017 and

birth day in'periods 2 and 3.
coefficients in periods 1 and 5 were
values lacked significance.
in day of birth calf ADG increased by .0013 kg/d.

the only significant positive regression found.
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.0022 kg/d with each additional day increase of

In period 4,

.0005.

Negative partial regression

These small
for each increase
This was

As gain

period progressed past period 4, regression values of calf

gain on date of birth were small and nonsignificant.

** P<.01

Table 5. Regression values of calf gain (kg/d) on day of
birth over seven periods in the grazing season.
Period
Regres- . 2 3
sion b SE b SE b " _SE
Day of - .
Birth -.0005 . 0004 -.0017* .0008 -.0022** ,0006
(kg/d)
Period
5 6
b SE b SE b SE
'Day of
Birth .0013* .0006 -.0005 . 0004 .0004 .0006
(kg/d)
Period
7
b SE
Day of
Birth .0001 .0003
(kg/d) ‘
P<.05
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Year

Least squares means for year effect on calf growth are-

presented in Table 6.

Table 6. Least squares means of year effect on calf growth

(kgsd). .
Period
1 2 : 3 : 4
Year X SE ‘X SE X SE X SE
76 .55 .03 .81 .03
77 .61 .03 .75 .06 ) . :
78 .71 .03~ .81 .06 .94 .04 .94 04
79 .52 .03 .86 .06 .97 .04 .73 .04
80 .60 .02 .91 .04 1.07 .03 .92 .02
81 “1.01 .02 .64 .04 1.16 .02 1.02 .02
82 .70 .02 .91 .03 1.12 .02 - .87 .02
84 .75 .02 .46. .03 1.45 .02 1.03 .02
85 .90 .02 1.25 .03 1.06 .02 1.05 .02
Period
5 . 6 ) 7
x SE X SE X SE
76 .96 .03 1.01 .14 .86 .02
77 1.01 .03 .99 .05 .89 .02
78 ) .94 .03 .81 .04 .85 .02
79 .90 .03 .79 .05 .80 .02
80 1.02 .02 .69 .03 .87 .01
81 ~1.10 .02 .54 .03 .90 .01
82 1.00 .01 .51 .02 .85 .01
84 1.30 .01 1.07 .02 1.00 .01
85 1.05 .01 .65 .03 .92 .01

Year was a significant source of variation for all periods

of the grazing season.
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Age of Dam

Age of dam was an important source of variation on
calf ADG in‘periods 1, 3, 4,-5, 6, and 7. Least squares
means are listed in Table 7.

Table 7. Least squares means of age of dam effect on célf
growth (kg/d).

Period
Age 1 2 3 4 _
of Dam X SE X SE X . SE X SE
2 .54 .02 .74 .04 .96 .03 .81 .02
3 .70 .02 .80 .04 1.09 .02 - .92 .02
4 .78 .02 .87 .01 1.17 .02 1.02 .02
5-9 .77 .02 .88 .03 1.17 .02 1.03 .02
10-14 .75 .03 .82 .06 1.14 .04 .98 .03
x .71 .82 1.11 .95
Period
5 6 7
x  SE X SE X SE
2 : .89 .02 .68 .03 .78 .01
3 1.00 .02 .78 .03 .86 .01
4 1.09 .02 .79 .03 .93 .01
5-9 1.11 .01 .86 .03 .95 .01
10~14 1.06 .03 .80 .05 .91 .02
x 1.03 .78 .88

Calves nursing 5 to 9-yr-old dams gained .23, .07, -
.01, and .02 kg/d ﬁofe than calves of 2, 3, 4, and 10+ yr-
old dams in period 1. 1In period 3, calves of 5 to 9-yr-old
dams éained .21, .08, .00 and .03 kg/d more than calves‘of
2, 3, 4, and 10+ yr-old dams. In period 4, calves of 5 to

9-yr-old dams gained .22, .11, .01, and .05 kg/d more than
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calves of 2, 3, 4, and 10+ yr-old dams. 1In period 5, calves
of 5 to 9-yr-old dams gained .22, .11, .02, and .05 kg)d
more than calves of 2, 3, 4, and 10f yr—oid déms. Iﬁ period
6, calves of 5 to 9-yr-old dams gained .18, .08, .07, and -
.06 kg/d more than calves of 2, 3, 4, and 10+ yr—old dams._
Over the total grazing season calves of 5 to 9—yr¥old dams
gained .20, .09, .02, and .04 kg/d more than calves nursing

2, 3, 4, and 10+ yr-old dams.

Breed of Dam, Breed of Sire and Interactions

Breed of dam was a significant source of variation in
periods 3, 4, 5 and 7. Least'squares means are listed in
Table 8.

Table 8. Least squares means of breed of dam effect on
calf growth (kg/d). :

Period ,
1 2 3 4 .
Breed X SE X SE X SE X SE
HxA .73 .01 .83 .03 1.07 .02 .91 .02
3A1H .68 .02 .80 .03 1.06 .02 .91 .02
2T1A1H .71 .03 .83 .06 1.17 .04 1.03 .04
Period
5 6 7
X SE X SE X SE
HxA .99 .01 .75 .02 : .85 .01
3A1H 99 .01 .78 .02 .86 .01

2T1A1H 1.10 .03 .85 .05 .93 .02
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In periods 1, 2, and 6 breed of dam had no effect on
calf growth. Calves of 2T1A1H dams gained .10 and.11 kg/d
.more than calves of HxA and 3A1H during perlod 3. The
-2T1A1H dams produced calves that gained .12 end -11 kg/d
more then HxA and 3A1Al1H calves in periods 4 and 5.
Overall, caives of 2T1A1H dams gained .07 kg/d more than
calves of HxA and 3A1H dams. Calves growth rates by breed
of dam are presented in Figure 1.

Breed of sire was not a sigpificant source of verietion
in calf growth. Least squares means are presented in Table

9.

Table 9. Least squares means of breed of sire effect on
calf growth (kg/d).
Period
1 2 _ 3 4 _
"Sire X ‘SE X’ SE x : SE X SE
Angus .70 .02 ~ .83 .03 1.11 .02 .94 .02
Hereford .71 .03 .75 .05 1.07 .03 .91 .03
Taren— :
taise .71 .03 .85 .06 1.14 .04 1.00 .04
Period
5 6 7
X SE X SE X SE
" Angus 1.02 .01 .82 .02 .89 .01
Hereford - 1.00 .02 .76 .04 .85 .01
Tarentaise 1.07 .03 .76 .05 .91 .02

Breed of dam x breed of sire interaction was an
important source of variation in calf growth in peridds 1,

6, and 7. Least squares means are reported in Table 10.




Figure

+ HXA
A 3A1H

O 2T1A1

Average daily gains (ADG) of calves of Hereford X Angus (HXA)1 3/4
n Angus 1/4 Hereford
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Calves of AxH dams and Angus sires gained .10 and .06 kg/d
more than calves of Hereford and Tarentaise sires, respec-—
tively. Calves of 3A1H dams and Tafentaise sires gained .13
and .05 kg/d greaﬁef than Calveé of Angus and Hereford
sires, respectively. Hereford sired calvesvof 2TiA1H dams
gained .05 kg/d more than calves of Angus and Tarentaise

sires.
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Table 10. Least squares means of breed of dam and sire breed
' effect on calf growth (kgrsd).

Period
1 2 3
Dam - Sire X SE X ‘SE X SE
AxH Angus .78 .01 .87 .03 1.04 .02
Hereford .68 .03 .72 .06 1.05 .04
Tarentaise .72 .03 .89 .05 1.13 .03
3A1H  Angus .64 .02 .76 .04 1.04 .02
Hereford .72 .02 .76 .04 1.06 .02
Tarentaise 77 .02 .84 .04 1.06 .02
2T1A1H Angus .68 .03 . .85 .06 1.15 .04
Hereford .73 .03 .72 .06 1.21 .03
Tarentaise .68 .09 . .89 .17 1.15 .11
Period
-4 ) 5 6 :
X SE - X SE’ X °~ SE
AxH’ " Angus .89 - .02 .96 .01 ;73 ;02
- Hereford .93 .04 1.00 .03 .74 .05
Tarentaise .95 .03 1.04 .02. .79 .04
3A1H Angus .90 .02 .97 .02 .77 .03
' Hereford .91 .02 . .99 .02 .17 .03
Tarentaise .92 .02 .99 .02 .74 .03
2T1A1H Angus 1.01 .03 1.08 .03 .92 .04
Hereford 1.00 .03 1.12 .03 .94 .04
Tarentaise 1.01 .10 1.08 .08 .88 .13
"Period
7
X SE
AxH Angus .86 .01
Hereford C .84 .02
Tarentaise ' ) .90 .01
3A1H Angus . .83 .01
Hereford . .86 .01
Tarentaise - .88 .01
2T1A1H Angus ) .92 .02
Hereford .93 .02

Tarentaise ‘ .92 .05
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" DISCUSSION

‘Factors Affécting Calf Growth Patterns

Sex of calf hqd a large effect (P<.01) on calf growthi
This observation agrees- with other literaturé. Over the
entire grazing'season male calves gained faster than female
calves. However, female calveé gained more (.lé kg/d)
during period'2‘(May 13 to June 15, Figure 2).

Calf growfh is influenced by genetic, maternal and
environmental factbrs; The;environment inéludes-forage,
terrain, weather and management. 1In these data the heifer
édvantage over steers 'in period 2 may possibly be atfribﬁted
to management practices. Sbecifically, on the initial weigh
day for period 2 (May 13) calves were branded, vaccinated
and castrated. The stress of castration could have directly
affected the gain performance 6f the stegr calves.
'Céstration was the only management difference between the
steer and heifer calves. In 1984, bull calves were not
castrated until weaning. The average gain for period 2 bull
calves‘in 1984 was .07 kg/d greater thap heifers. From this-
it may be infefred that cagtrétion may be an important

factor oh period 2 data.
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Figure 2. Female and male growth for period 1 (birth-May 13), 2 (May 13-June

15), 3 (June 15-August 2), 4 (August 2-September 9) and 6 (September
9-October 12).
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Calf growth rate differed substantially over the
grazing season périodsf' However} a consistent curvilinear
relationship existed among the years. Calf ADG increased
until period 3, then declined until weaning. The decline of
ADG éppears to begin at approximately day 130 of the célf’s
age. Casebolt (1983) reported the dam’s milk production
deereases to its lowest yield at approximately day 136 to
145 of lactation. Dry matter intake by calves has been
reported to increase over éhe grazing season. This suggests
fhat the calf is grazing to meet nutritional requirementé
hof supplied due to lowér milk production. Ifﬂrange f§rage
is nutritionally inadequate, calvés may not be able to
consume enough forage to maintain ﬁerformance during the
Qeciine in milk production of the dam. Ansotegui (1986)
rgported calves consumea a diet in relation to theif intake
that was higher in crdde protein (CP), acid detergent fiber
(ADF) and neutral detergent fiber (NDF), than that of the
dam in the month of.July.' August diets of the calves were
higher in NDF than cows. It was hypothesized that the
calf’'s diet was attributed to it being an inexperienced and
experimental grazer. Inexﬁérienced grazing could. be a
factor éffecting the caif’s inability to achieve an adequate
forage intake to mainfain ggin performance later in thé
grazing season. Robiﬁson et al. (1978) suggestéd that in

order to obtain good gains, calves must be provided with

Al
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supplemental érain or nutritious pasture late in the grazing
season. |

Age of aam was a majorz(P<,01) influence on caif
growth. The 2-yr-old daﬁs were the least ppo&uctive
followed by the 3—yr—old!dams.A Research reports weight
differences at weaning between 2 and 5—10—yr—old dams of 11
to 13% or up to 27.2 kg in intensively,managed hqrds.
Aﬁunu and Makarechian (1986) reported a djfference'in PWADG
of .143 kg/d between 2 and 5—10—yr—01d.crossbred damg.énd
25.66 kg in weaning weight. A difference of .20 kg/d
existed between 2 and‘5_{§ 10—yr—old‘crossbréd dams.‘ This
calcuiates to a difference of 40.2 kg less gain fof calves
of Z—yr—old aams. Urick et al. (1985j réported a aifference
6f 34.5 kg and spe?ulated to a lack of genétic selection and
an inadequate range resource for 2-yr-old dams. Similar
results between this data set and Urick et ai. (1985) may be
due to similar environment factors and management ﬁractices.

The range in ADG (kg/d) from birth to May 13 (perlod
1) for the calves of 3-yr- old dams and older was .70 to
.78. Calves of 2-yr-old dams gained .23 kg/d less than the
5 to 10-yr-old dams in period 1, but were within .14 kg/d by
lperiod 2. The low périqd i gain (.54 kg/d) could be due to
the stresshof the dams first calving experience. éalf ADG
of 2-yr-old damsvfall‘tqz.215 kg/d less than 5 to 10-yr-old
dams in periods 3 and 4,lbut are .18 kg/a in period 6. The

increased difference in ADG’s in periods 3 and 4 may be
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partly attributed to a less pereietent lactation by the 2-
yr—-old dams. This creates a situation where the calves haVe
to rely more on forage at an earlier age for gain. These
calves may p0851b1y be more efficient grazers as compared to
the other age groups by period 6, .51nce the difference of
ADG is narrowed. - A lack of substantial data exists.to make
conclusions. - |

Breed of dam was a significant effect on calf growth.
However, breed of dam did not have a large consistent effect
on calf’growth. Breed of dam did affect (P<.01) caif ADG-
in the later periods of the graziné seasoh; “This could be
attributed to different breeds'being mofe persistent.ia
their lactation, thus maintaining calf ADG (Klett et al.
1965; Casebolt, 1983) by producing more milk in the later
segmenfs of the grazing season. Calves of 2T1A1H dams
tended to gain at a higher rate later in the gra21ng
season. This may be attributed to differenees between
breeds for milk production (Melton et al., 1967; Gaskins and
Anderson, 1980). Sire breed had no significant effect on
calf ADG." This may be an anaiytical result of the partial
confounding of sire and year siace some sire breeds were
used in limited years. Also, the magnitude of breed
differences for breeds utilized in this herd may be minimal.

Breed of dam x breed of eire exhibited an effect
(P<.01) on calf growth in periods 1, 6, and 7. 'Differeaces

may be due to degree of heterosis. Tarentaise x AH and
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Tarentaise:x 3A1H calves tended to gain more over the
-entire grazing season; However,.Tarentaise x 2T1AlH calves
 PWADG was equal to. H x 2T1A1H and A x 2T1A1H calves.
Inconsistencieé in.matings-over the 10 year period limited
conciusions'fegafding specific breed coﬁbinations for calf

growth patterns.

Growth-Patterns of Calf Growth

Year had a large (P<.001) effect on calf érowth ovér
the years studied. Calf ADG‘fluctua£ed across periods
within year (Figﬁres 3, 4, 5, 6, 7; 8, and 9). No consis-—.
tent patterns occurréd‘within a period among years studied.
Growth patterns for calf gain were high (ADG) to iow from
period to period within year. For example, 1985 calf grbwth
within year across periods'fiuctuated in ADG rank, as
compared to other years, from 2, 1, 5; 1, 4 in periods 1, 2,
.3, 5, and 6, respecti&ely. This appears to be a compen—
satory gain effect.. When calves gain at a low rate the
following period géin is hiéher in respect to rank as
compared to"othér years éfudied. This growth pattern is
observed when otﬁer years afe separated.

Calf PWADG (birth to weaning) for all years was similar
(Figure 10). In 1984 and 1985 the highest ADG’s were
" recorded. However, those wefe the first two years that
calves were impianted with growth hormones.' Thé relative

‘consistency in calf ADG tends to indicate little genétic
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Calf growth from birth to May 13 (Period 1I).
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Figure 4. Calf growth from May 13 to June 15 (Period 2).
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Figure 5. Calf growth from June 15 to August 2 (Period 3).
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Figure 6. Calf growth from August 2 to September 9 (Period 4).
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Figure 7. Calf growth from June 15 to September 9 (Period 5).
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Figure 8. Calf growth from September 9 to October 12 (Period 6).
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Figure 9. Cé%lf_pgeweaning average daily gain (PWADG) from birth to October 1,
erio
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progress was aghieved. It is possible that the ranée
‘resource limits further‘inﬁefent ekpression of calf PWADG.
Calf ADG from September 9 to October iz; showed. a dowﬁwérd
pattern (-0.6 kg/d) from 1976 to 1982. The PWAﬁG‘recovered.
for 1984 and 1985. Unusually high amounts'of éafly fall
precipitation during those 2 years may"have stimulated.
regrowth of bool‘séason grasses. This regrowth may have
supplied calves ﬁith more available nutrients té maintain
gain pefformance. In.drier years the heavief calves may npt'
be able to consume enough forage and miik duringllate -
lactation to meet potential for gpowth.: Undef driér.condi—.A
tions the'range may only be sufficiept to supply nutritidnal_
requiremeﬁts for light k<193 kg) calves.

A major factor on calf PWADG seems fo Be the range
resource late in the grazing season. A fange reéource
sufficient in nutrients to ‘'supply calf nutritional demagdé
would greatly infiuence the calf’s weaning'weight.A Dry
years may support reasoning for alternative management
options. |

The. calf could possiﬁly be limiting its own growth rate
by being an inexperiehced and experiméntal grazer. Tésting
hypotheses on range nutritional influences on éalf PWADG

late in the grazing season is necessary.
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Management Opportunities for Less Inten51ve1y-
Managed Qperatlons

Net 1ncome from COW*Calf operatlons is most 1nf1uenced
by calf weanlng werght and percentage calf crop weaned |
(Lindholm and Stonaker 1957 Wiltbank 1970). Our data:
indicated that weaknesses in less intensively.ﬁanaged;
operations include: @D reduced.productiVity of éfyr—old-
heifers, (2) decreasedﬁéains of calves after“castraticn ffé@:,
May‘to Jdne} and (3) decreased calf éains from Angnst:td "
weaning. |

‘Reduced productivity of 2-yr-old dams may be‘attricuted

to poor replacement selection or inadequate nutritional

resources. Options in managemént would be to manage heifers .

as a separate group to:meet nutriticnal requiremente fpr
grcwth, milk and rebreeding. Calves on heifers'cdnld be:
weaned mid to late August or be supplemented fcr nutritionat
inadequacies. This:may justifylseeking an outside sonrce':
for replacements if theyAare from a known breeding‘program.
Another option would'be to maintain only a mature t4 to 10-
yr-olds) cow herd to ontiﬁize production. |

Decreased gains_by steer_calves occurred during the--
.period associated.with castrationfl Possible alternatives
would include castration at birth cr use of an alternativeA
castraticn method. |

. Alternative programs can be implemented for'maintaining

gains from August to weaning. 'One would be to early‘wean
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calves of the younger aged déms. Weaning of calves on
-younger dams would allow for recovery of sufficient body
ﬂconqitioﬁ prior to Wintering. 'Eariy_weaning of calves on
all age groups would be a possibility during dry years;
Supplementation of all calves would depend upon avqilability
of cost effective supplement and feasibility of supplementa-

tion methodologies within the ranch management.constraints.




46

LITERATURE CITED

Ahunu, B. and M. Makarechian. 1986. Influence of birth
date, sex of calf, breed group and age of dam on

preweaning performance of range beef calves. Can. J.
Anim. Sci. 66:381. '

Anderson, J.H. and R.L. Willham. 1978. Weaning weight
correction factors from Angus field data. J. Anim.
Sci. 1:124. -

Ansotegui, R.P. 1986. Chemical composition and rumen
digestion kinetics of diets selected and influence of
milk intake on forage intake by suckling calves
grazing native range. PhD dissertation, New Mexico
State University, -Las Cruces, New Mexico.

B.I.F. 1981. Guidelines for uniform beef improvement
programs. U.S.D.A., Extension Service, Program Aid
1020.

Berg, R.T. 1961. Factors influencing calf weaned weights
in a commercial Aberdeen-Angus herd. Abst. Proc. West
Sec. Amer. Soc. Anim. Sci. 20:24. '

Boggs, D.L., E.F. Smith, R.R. Schalles, B.E. Brent, L.R.
Corah and R.J. Pruitt. 1980. Effects of milk and

forage intake on calf performance. J. Anim. Sci.
51:550.

Botkin, M.P. and J. A. Whatley, Jr. 1953, Repeatability
of production in range beef cows. J. Anim. Sci.
12:552. 2

Brown, C.J. 1960. Influence of year and season of birth,

sex, sire, and age of dam on weights of beef calves. of
60, 120, 180, and 240 days of age. J. Anim. Sci.
19:1062.

Burns, J.C., L. Goode, H.D. Gross and A.C. Linnerud. 1973.
Cow and calf gains on Ladino Clover~Tall Fescue, grazed
alone and with Coastal Bermudagrass. Agron. J.

- 65:877. ‘




47

Casebolt, D.G., D.D. Kress, D.C. Anderson and D.E. -Doornbos.
1983. Lactation curves and milk production in beef
cattle with varying degrees of crossbred influence.
Proc. West. Sec. Amer. Soc. Anim. Sci. 34:37.

Chenette, C.G. and R.R. Frahm. 1981. Yield and composi-
tion of milk from various two-breed cross cows. J.
Anim. Sci. 52:483. :

Christian, L.L., L. Smithson, D.F. Stephens, D.0. Pinney
and M. Velasco. 1968. Factors affecting milk
production of range beef cows. Okla. Agr. Exp. Sta.
Misc. Pub. 70:69~77.

Cundiff, L.V. 1966. Some factors affecting weaning weigﬁts'

of calves in Oklahoma. Ph.D. Thesis. Library, Oklahoma
State University, Stillwater, OK. )

Gaskins, C.T. and D.C. Anderson. 1980. Comparison of
lactation curves in Angus-Hereford, Jersey—-Angus and
Simmental—~Angus cows. J. Anim. Sci. 5:828.

Holloway, J.W., W.T. Butts, Jr., J.T. Hopper and N.S. Hall.
1979. Forage intake and performance of lactating beef
cows grazing high or low quality pastures. J. Anim.
Sci. 48:692. :

Holloway, J.W., W.T. Butts, Jr. and T.L. Worley. 1982.
Utilization of forage and milk energy by Angus calves
grazing Fescue or Fescue-legume pastures. J. Anim.
Sci. 55:1214. ‘

Houston, W.R. and R.R. Woodward. 1966. Effects of stocking
rates on vegetation and beef cattle production in the
Northern Great Plains. U.S.D.A. Tech. Bull. No. 1357.

Houston, W.R. and J.J. Urick. 1972. Improved spring
pastures, cow-calf production, and stocking rate
carryover in the Northern Great Plains, U.S.D.A.
Tech. Bull. No. 1451.

Klett, R.H., T.R. Mason and J.R. Riggs. 1965. Milk
production of beef cows and its relationship to the
weaning weight of their calves. Proc. West. Sec.
Amer. Soc. Anim. Sci. VI:1.

Knapp, B.W., O.F. Pahnish, J.J. Urick, J.S. Brinks and G.V.

Richardson. 1980. Preweaning and weaning heterosis
for maternal effects of Beef x Beef and Beef x Dairy
crosses. J. Anim. Sci. 50:800.




48

Koger, M. and J.H. Khox. 1945. A method for estlmatlng
weaning weights of range: calves at a constant age.  J.
An1m Sci. 4:285. . :

Kress, D.D. and RLP. Webb. 1972. Sex x sdre ihteracfions .

in beef cattle. Proc. West. Sect. Amer. Soc. . Anim.
Sci. 23:12. ' s : Co ’

Kress, D.D. .and D.C. Andersoh; 1974. Milk production in
Hereford cattle. Proc. West. Sec. Amer. Soc. Anim.
Sci. 25:37. C ‘ S ‘

Langlands, J.P. 1972. The growth and herbage consumption
of grazing Merino and Border Leicester lamb reared by
their mothers or fostered by ewes of the other breed
Anim. Prod. 14: 317

Marlowe, T.J. and J. A. Gaines. .1958. The influence of '
age, sex, and season of birth of calf, and age of: dam
on preweaning growth rate -and type score of ‘beef
calves. J. Anim. Sci. 17:706.

Melton, A.A., J.K. nggs, L.A. Nelson and T. C. Cartwrlght
- 1967. Milk production, composition and calf gains. of
Angus, Charolais' and Hereford Cows. J. Anim. Sci.
26:804. ' ' )

Minyard, J.A. and C.A. Dinkel. 1960.. Weanlng weight -of

beef calves as affected by age - ‘and sex of calf and sex_id"

vof dam. J. Anim. Sci. - 24:1067.

Nelms, G.E. and R. Bogart. 1956. The effect of birth‘
weight, age of dam, and time of birth on suckling.
gains of beef calves. J. Anim. Sci. 15:662.

Nelsen, T.C. 1976. Time trends, sex and age of dam
correctlon'factors, and genetic parameters for
production traits in Angus and Hereford cattle M.'S.
-Thesis, Montana State Un1v Bozeman, MT. o

Neville Jr., W.E. 1962. Influence of dam’s m11k productlon

and other factors on-120- and 240-day weight of
Hereford calves. J. Anim. Sci. 21:315.

Neville Jr., W.E. - E.P. Warren and W.A. Grlffey 1974.

Estlmates of age effects on milk productlon in Hereford.”

COWS. J. Anim. .Sci. 38:1.

Nevins, D.I. 1986. Effects of inbreeding and selection ih
a closed line of Hereford cattle. M.S. Thesis, Montana
State University, Bozeman, MT.




49

Peichel, H.A. 1980." Factors affecting milk and grass
consumption of calves grazing native range.. PhD.
dissertation, Kansas State Univ., Manhattan, KS.

Pope, L.S., L. Smithson,. D.F. Stephens, D. O Plnney and M.
Velasco. 1968. Factors affecting milk production of
range beef cows Okla Agr. Exp Sta Misc. Pub.
70:69~ 77 ' ‘ . ) . I

Robinson, 0.W., M.K.M. Yusuff and E.U. Dillard. ~({978.
: Milk productlon in Hereford cows I. Means and
correlations. J. Anim. Seci. 47:131.

Roy, J.H..B 1958. The nutrition of the early weaned da1ry
calf: A rev1ew J. Dairy Sci. (Abstr) 20 2. :

SAS., 1985. SAS Users Guide. Statlstlcal Ana1y51s System
Institute Inc., Cary, NC. - ’ . Sl

Sellers, H.I., R.C. Willham and R.C. DeBaca. 1969 ;.Effect
of certain factors on weaning weight of beef calves
J. ‘Anim. Sci. "31: 3.

Sharma, A.K., L. Willms, R.T. Hardin, and R.T. Berg 1982
Sex of calf and "age of dam for some performance tra1ts'
in two populations of ‘beef cattle Can. J., Anim. Sci. .
62:699-708. : o

Singh, A.R., R.R. Schalles, W.H. Smith and F.B. Kessler.
Cow welght and preweaning performance of calves. 'J.
Anim, Sci. 31:27.

Streeter, C.L;, C.B. Rumberg, TrH. Hall and E.G. Siemer.
1974, Meadow forage quality, intake, and milk
production of cows. J. Range Manage., 27:133.

Tanner, J.E., R.R. Frahm, R.L. Wilham and J.V. Whiteman.
1970. Sire x sex interactions and sex differences in
growth and carcass traits of Angus bulls, steers and
heifers. J. Anim. Sci. 31:1058. o

Turner, M.E. 1985. The forage intake of supplemented.cows
grazing winter foothill rangelands of Montana. M.S.
Thesis Montana State University, Bozeman, MT.

Urick, J.J., T.C. Nelsen, R.E. Short and W.L. Reynolds.
1985. Factors affecting growth of bull calves from:
unselected Herefords in a range enviromment. - Proc.

. West. Sec. Amer. Soc. Anim. Sci. 36:33. o

USDA-SCS.  1976. Climax Vegetation in Montana: based on
soils and.climate. USDA-SCS. " Bozeman, MT. o




50

Wyatt, R.D., M.B. Gould, J.V. Whiteman and Robert Totusek.
1977. Effect of milk level and biological type on.
calf growth and performance. J. Anim. Sci. 45:1138.




3 1762 101429




