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ABSTRACT

Productivity of 2-yr-old crossbred cows containing various proportions (0, 1/4 or 1/2) of
Brahman breeding was evaluated using 203 spring-calving and 171 fall-calving heifers
over a 3-yr period. All heifers were mated to Limousin sires. Percentage of cows exposed
to breeding that weaned a calf was the only trait for which a significant crossbred cow
group x season of calving interaction was found. Preweaning ADG and age-adjusted
weaning weight increased as propomon Brahman breeding increased. Age-adjusted
weaning weight was similar for the two groups because spring-born calves were weaned at
an average age of 205 d and fall-born calves were weaned at an average age of 240 d. For
weaning condition scores, an interaction between dam breed and proportion Brahman was
detected; scores tended to be greater for calves out of 1/2 Hereford dams than for those out
of
Angus dams, and this difference increased as proportion Brahman increased.
Weaning conformation scores were similar for all calves. Age-adjusted weaning hip height
increased as propomon Brahman breeding increased. Based on numbers of weaned calves,
spring calving was more advantageous than fall calving. Averaged across both calving
seasons, weaning weight tended to increase as proportion Brahman increased.
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systematic crossbreeding with selection among
and within breeds (Cundiff, 1970). However,
successful crossbreeding requires the choice of
Crossbreeding is one of the major manage- appropriate breed combinations for the enviment techniques available for commercial beef ronment and production management system
cattle producers attempting to increase effi- (Koger, 1980). Different environments have
ciency of production. Additive and nonadditive been shown to affect genotypes differently.
genetic variation both are important, thus, Peacock et al. (1971) found significant cow
improvement is maximized by combining breed group x type of pasture interactions for
pregnancy rate among purebred Shorthorn,
purebred Brahman, 1/4 Brahman-3/4 Shorthorn, In Brahman-1/2 Shorthorn and 3/4
'Journal article 5550 of the Oklahoma Agric. Exp. Sta..
Oklahoma State Univ., Stillwater. Research conducted by Brahman-1/4 Shorthorn cows. On improved
pasture, pregnancy rate of crossbred cows was
the Anim.Sci. Lkpt. (OAES Roject 1777) in cooperation
with USDA. A R S , Southern Region and contributes to the increased 19% versus 11% for purebred cows.
Regional Beef Cattle Breeding Roject. NC- 1.
Sellers et al. (1970) reported a significant
2Send reprint requests to D. S . Buchanan, Anim. Sci.
season of birth x breed interaction. Spnng- and
D~pt.
3Present address: Rural Development Center, P. 0. Box summer-born Angus calves gained faster to
1209. Tifton. GA 31793.
weaning than Hereford calves born in these
h i m . Sci. Dept.. Virginia Polylechnic seasons; fall- and winter-born Hereford calves
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had higher preweaning gains than Angus
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calves born in these seasons.
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Because different genetic types of cattle
may have different levels of performance in
different environments, a long-term study was
initiated to evaluate effects of genotype (crossbred cow group), environment (season of
calving) and genotype x environment interactions on cow productivity using crossbred
cows with dfferent proportions of Angus,
Brahman and Hereford breeding managed in
either spring or fall calving systems. The
objective of this study was to determine the
effects of crossbred cow group, season of
calving and the interaction between crossbred
cow group and season of calving on productivity to weaning of their first calf for
2-yr-old females.
Materialsand Methods

Angus (A) and Hereford (H)dams were
assigned at random to spring- and fall-calving
groups and mated to either A, H, Brahman (B),
B-A or B-H bulls to produce crossbred calves
that were 0 B (H.A and A-H), 1/4 B (B1H1A2
and B1AlH2) and 1/2 B (B-A and B.H) over a
3-yr period (1981 to 1983). Numbers of sires
used to produce crossbred heifers for this
project are presented in Table 1. The mating
system, origin of foundation breeding stock
and growth performance of crossbred calves
were reported by Bolton et al. (1987a).
Postweaning growth, sexual development and
pregnancy rate of heifers were reported by
Bolton et al. (1987b).
Heifer calves after weaning remained at the
Southwestern Livestock and Forage Research
Laboratory, El Reno, Oklahoma and were
managed to calve first at 24 mo. Spring-bom
heifers always calved in the spring and fall-

born heifers always calved in the fall. Heifers
were maintained on pastures consisting predominantly of big bluestem (Andropogon
gerardii), little bluestem (Schizachariwn scoparius), buffalograss (Buchloe ductyloides),
sideoats grama (Boutelouu curtipendulu), silver bluestem (Bothriochlou succhuroides) and
bermudagrass (Cynodon ducrylon). Heifers in
the spring group were supplemented from midDecember throu h mid-April with approximately .8 kgehd-fd-l of 41% coaonseed meal
cubes and were provided access to hay (wheat,
oat and Old World bluestem) based on range
and weather conditions. Fall-calving heifers
were supplemented with 1 kg.hd-'.d-' of 41%
cotton& meal cubes from December through
mid-April and also were provided hay based
on range and weather conditions. The number
of available heifers is presented by crossbred
cow group, season of calving and year in Table
1.
Monthly average minimum and maximum
temperatures and precipitation amounts for
1983 through 1986 are presented in Table 2.
December and January typically were the
coldest months, with average minimum temperatures ranging from -9 to 0°C and average
maximum temperatures ranging from 0 to
13'C. July and August were the warmest
months, with average maximum temperatures
between 32 and 37°C. Yearly precipitation
ranged from 78.1 cm in 1984 to 116.7 cm in
1985.
Heifers all were exposed to Limousin sires,
in single sire pastures, for a 75-d breeding
season for 1983 and 1984 calf crops. Four sires
were used to produce 1983 calves and six were
used to produce 1984 calves. Sires were
obtained from local breeders without having to

TABLE 1. NUMBER OF AVAILABLE RECORDS AND SIRES BY CROSSBRED GROUP,SEASON AND YEAR
Year and Season
Crossbred
cow groups
H.A
A.H
BlHlA2
BlAIH2
B.A
B.H
Total

Sires

10
6
9
10
10
9
54

1983
Spring
Fall

1984

Spring

10
6

12

9

7

6

21

16
14
17
13
79

18
12
13
20
78

16

13
10
76

Fall
6
7
11
8

10
10
52

Spring

1985
Fall

7

5

0

0

9

13
6
11
5
40

10
16
7
49

Total
49
26
88
66
80
65
374

aH.A=HerefordxAngus,A.H=AngusxHereford,BlH~A~=Brahman-HerefordxAngus,
BlHlH2=Brahman Angus
x Hereford, B.A = Brahman x Angus and B.H = Brahman x Hereford; sue breed is listed first.
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meet any specific selection criteria. For the
1985 calf crop, heifers were synchronized and
bred once to one of four Limousin sires by
artificial insemination. Ten days to two weeks
later, heifers were placed in single-sire pastures with one of four Limousin sires for a
total breeding period of 75 d. Spring-calving
heifers were bred to calve in February, March
and April; fall-calving heifers were bred to
calve in September, October and November.
Condition scores and weights were obtained
on the heifers before breeding and at the time
their calves were weaned. Calving difficulty
scores were assigned using a scale of 1 to 6 (1
= no difficulty, 2 = little difficulty, 3 =
moderate difficulty, 4 = major difficulty, 5 =
caesarean section and 6 = abnormal presentation). Cows receiving a score of 1 or 2 were
assigned a value of 0, whereas a score of 3, 4
or 5 was considered a difficult birth that
required assistance and was assigned a value of
1 for analysis. Two cows received a score of 6
and were deleted from the calving difficulty
analysis because abnormal presentations do not
allow accurate evaluation of a cow's ability to
calve. Birth weights were obtained and male
calves were castrated within 24 h of bmh.
Calves remained with their dams on pasture
without access to creep feed. Spring-born and
fall-born calves were weaned at an average of
205 and 240 d, respectively. Fall-born calves
were weaned at an older age; this is a common

practice of Oklahoma producers. Calf weight,
hip height, condition score and conformation
score were determined at weaning. Calf condition scores (1 = very thin to 9 = very fat, with
5 = average) and conformation scores, a visual
appraisal of muscling (12 = Low Choice, 13 =
Average Choice and 14 = High Choice), were
determined by averaging scores assigned by
two to four evaluators. Calf weaning weights
and hip heights were adjusted to 205 and 240 d
of age, respectively, for spring- and fall-born
calves.
Data were analyzed using Harvey's LSMLMW PC-1 Version (Harvey, 1987). The full
model used in the analysis of percentage of
cows exposed to breeding that weaned a calf
included effects for crossbred cow group, sire
of dam nested within cow group, season of
calving and year of calving along with twofactor interactions. hebreeding cow weight
and condition score were included as covariates. Birth traits were evaluated using similar
models with effects for sire of calf and sex of
calf added. Preliminary models for analysis of
growth and weaning traits were similar to
those used to evaluate birth traits with the
addition of cow weight and condition score at
weaning as covariates. Differences between
cow groups were tested using sire nested
within cow group. Least squares means were
estimated using reduced models for each of the
traits analyzed that contained appropriate ef-

TABLE 2. RAINFALL AND AVERAGE MINIMUM AND MAXIMUM DAILY TEMPERATURES BY
MONTH FOR 1983 THROUGH 1986.
1983

1984

Temperaturea
Month
January
February
March

MinMax

-3
0
2
5
April
12
May
June
17
July
21
August
22
September
16
October
11
5
November
December
-9
8
Averageortoial

7
9
14
17
24
29
35
37
31
23
16
0
20

1985

Ternpcrature
Rainb
.8
7.7
7.8
4.1

18.9
9.3
0.0

2.2
5.2
19.3
5.5
1.O
81.8

Rain

MinMax

-5

.5
1.8
13.0
7.3
6.8
13.5

-6
-4

7

2
7
13
20
20
20
16
10

13
19
25
32
34
35
29
22
3 16
0 12
9 21

Temperature

ture

MinMax
1 15

1986

Tempera-

1.6

2.6
3.0
12.3
5.6
10.1
78.1

6
11
14
18
20
20
17
9

2
-7
8

5
7
17
23
27
30
33
33
29
21
14
6
20

Rain

MinMax

Rain

7.7
11.7
12.7
13.6
4.3
16.2
6.2
5.8
15.2
11.7
7.2
4.5
116.7

-5

0.0
2.0
2.7
14.1
12.8
8.8
4.9
17.9
21.3
16.9
10.7
3.7
115.6

*Temperatureaverages, given in 'C.
90ta1 precipitation, given in cm.
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14
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9
10 22
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TABLE 3. ANALYSES OF VARIANCE'
Error
-

Source (do

Trait

96 Weanede
46 Assistedf
Birth weight
Preweaning ADG
Weaning weigh@
Weaning conformation
Weaning condition
Weaninghi heightg
cow weigh!

CGb(5)

SIRE'(55) Sd(l)

Sex ( I )

CGx S (5)

**
**

*

NA

NS

NS

**

**
**

NS
NS

t
NS
NS
NS

NS

*

NS

NS

**
*

NS

**

**
NS
*
*

NS
NS
NS

**

t

**

**
**
*
NS
NS
NS
NA

NS
NS
NS
NS
NS

Mean
square

df

.13
.16
77.3
.03
1,820
.33
.27
195
3,864

253
188
182
171
171
171
171
169
303

'** = P < .01, * = .01 < P < .05. t = .05 < P < .IO,NS = P > .IO and NA = not applicable.
bCG = Crossbred cow group.
%IRE = Sire of dam nested within crossbred cow group.
*S = Season.
T'ercentage of cows exposed to breeding that weaned a calf.
fPercentage of cows requiring assistance at binh.
gAdjusted to 205d basis for spring-born calves and to 240d basis for fall-born calves.
hebreeding cow weight.

fects (P c .15). Comparisons among means
were made using appropriate orthogonal contrasts. The five contrasts used to evaluate
differences among crossbred cow groups were
the linear and quadratic effect of increasing
proportion Brahman, the effect of Angus
versus Hereford as base breed and the interactions between increasing proportion Brahman
and base breed. Contrasts evaluating possible
genotype x environment interactions were used
only when preliminary analysis results indicated that interactions were present.
Results and Discussion

Significance levels for crossbred cow group
(CG), sire nested within CG (SIRE), season of
calving (S), sex of calf (SX), and the CG x S
interaction are presented in Table 3. Crossbred
cow group was a significant source of variation for percentage of cows exposed to
breeding that weaned a calf (9%W), percentage
of cows requiring assistance at birth (%A),
preweaning average daily gain (ADG), ageadjusted weaning weight (WW),
age-adjusted
weaning hip height (WH)and prebreeding
cow weight (CW).Season of calving signifiADG,
cantly affected %W, birth weight (BW),
WH and CW. Sex of calf had a significant
effect on %A, BW, ADG and WW. Percentage
of cows exposed to breeding that weaned a calf

was the only trait for which a significant CG x
S interaction existed. Sire of calf and year
were not significant for any of the traits
evaluated.
Linear contrasts of least squares means for
%W are presented in Table 4. Differences in
%W were due primarily to differences in
pregnancy rate; total cow productivity is
reflected more clearly by %W than pregnancy
rate. Preliminary analyses indicated the CG x

TABLE 4. LINEAR CONTRASTS OF LEAST SQUARES
MEANS FOR PERCENTAGE OF COWS EXPOSED TO
BREEDING THAT WEANED A CALF USlNG
CROSSBRED GROUP BY SEASON OF
CALVING MEANS
Comuarison
Linear effect of increasing
proportion Brahman
Quadratic effect of increasing
proportion Brahman
Angus vs Hereford as base breed
spring vs fall
Linear x Season interaction
Quadratic x Season interaction
Base x season interaction
Linear x base interaction
Quadratic x base interaction
Linear x Season x base interaction
Quadratic x Season x base interaction

Contrast SE
43.0**a 13.2
-20.7
46.6**
47.5**
65.9*
8.4
-75.1*
3.0
39.4
28.4
-8 1.1

'Different from zero; * P < .05, ** P < .01.
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15.1
5.7
30.2
43.3
34.0

13.2
20.0
30.2
43.3
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S interaction was significant; therefore, the
interaction least squares means were used.
Overall, 60.3% of heifers exposed to breeding
weaned a calf. This average is slightly lower
than that found by Peacock et al. (1971). who
reported a weaning rate of 71% for cows
containing either 0, 25, 50, 75 or 100% of B
breeding. In this study, %W ranged from 0%
for fall-calving B.H to 88.5% for springcalving B 1 H l A 2 . Increasing proportion B
breeding linearly decreased %W. The contrast
evaluating the interaction between linear increase of proportion B and S indicates that as
proportion B increased, the difference between
spring- and fall-calving cows increased in
favor of spring-calving groups. The trend of
%W decreasing as proportion Brahman increased was expected based on similar trends
in percent detected in heat and percent
pregnant as reported by Bolton et al. (1987b).
The quadratic effect of increasing propomon B
was not significant. The contrast evaluating the
effects of base breed indicates that females
from A dams weaned significantly higher
percentages than did those from H dams. A
significant base breed x season of calving
interaction indicates that differences across
seasons were smaller between groups out of A
dams than those between groups out of H
dams. Significance of these contrasts indicates
that cows out of A dams were more capable of
handling the stresses associated with breeding
during the coldest time of the year. Springcalving cows weaned higher (P< .01) percentages than did fall-calving cows. The differences between spring- and fall-calving groups

may be due in part to the anestrus-like
behavior of B and B crosses during the winter
months, similar to that reported by Plasse et al.
(1968).
Linear contrasts evaluating differences between CG, S and SX are presented in Table 5
for birth and weaning traits. Percentage of
cows requiring assistance at birth ranged from
5.8% for B . A to 31.9% for B1A1H2. Overall,
21.0% required assistance at calving. Belcher
and Frahm (1979) reported a similar average of
27.9% for 2-yr-old crossbred cows. Linear
contrasts evaluating differences between CG
were not significant, with the exception of the
quadratic effect of increasing proportion B
breeding. The linear effect of increasing
proportion B approached significance (P =
.l l), indicating a trend of decreasing assistance
being required as propomon B increased; this
equates to a 12.7% decrease for 1/2 B vs 0 B
cows. The negative value obtained for the
quadratic effect of increasing proportion B
indicates that 114 B cows, on average, required
more assistance than the average of the 1/2 B
cows. No differences existed between springand fall-calving groups for %A. Cows giving
birth to bull calves required 19.3 percentage
points more assistance than did those giving
birth to heifer calves. This difference may be
attributable to differences in B W ; bull calves
averaged -3.5 kg heavier (P < .01) at birth
than female calves. These findings tend to
agree with those of Roberson et al. (1986),
who reported that bull calves were 2.5 kg
heavier at birth than heifer calves were.
Spring-bom calves averaged 1.9 kg heavier (P

TABLE 5. LINEAR CONTRASTS OF LEAST SQUARES MEANS FOR PERFORMANCE TRAITS
Contrasta

%A~

Linear (L)

-25.4
-50.3*
-29.3
5.6
-14.0
6.1
-19.3*

Quadratic (Q)
Base (B)
LxB
QxB
Season
Sex

Birth
weight
-1.1
-2.9
-2.8

ADG

.26*”
-.17**

-.04

-. 1

-.01

-1.9
1.9
-3.5**

-.04
.02
-.09**

Weaning
weight‘

Conformation Condition Hip
score
score
height‘

cow
weightd

57.1**
-31.9**
-8.4
2.6
-4.4
4.6
-KO*

.56
-.73
-26
-.37
-.01
.15
.I3

.02
-.2 1
-.07

-25.4
48.6
18.2
-10.1
37.7
45.9**

-.48*

.13
-.08
.I5

6.0**
-1.2
.6
-.5
1.1

-12.4**
1.7

aLinear= linear effect of increasing proportion Brahman;Quadratic =quadratic effect of increasing proportion Brahman;
Base = effect of base breed.
bpercentage of cows requiring assistance at b i .
‘Adjusted to 205-d and 240-d basis for spring- and fall-calving groups, respectively.
‘hebreeding cow weight.
eDifferent from zero;* P < .OS,** P < .01.
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= .07) at birth than fall-born calves. Roberson
et al. (1986) reported significant seasonal
effects on birth weight; calves born in January-March averaged 32.5 kg, those born in
Apnl-June averaged 34.2 kg and calves born
in October-December averaged 32.1 kg. No
differences were found between CG for BW.
Linear and quadratic effects of increasing
proportion B indicated that as propomon B
increased, ADG and WW increased (Table 5).
Least squares means indicate that calves from
1/2 B cows gained an average of .14 kg/d
faster and were 28.5 kg heavier at weaning
than calves from 0 B cows. Spring-born calves
tended to gain slightly faster than fall-born
calves. Steer calves out-gained heifer calves by
.09 kgJd and were 8.0 kg heavier at weaning.
No differences were found in conformation
scores attributable to CG, S or SX. However,
contrasts of least squares means indicate a
trend toward increased conformation scores as
proportion Brahman increased, thus indicating
an increase in the degree of muscling. The
only significant contrast in the evaluation of
condition score was the linear effect of
increasing proportion B x base breed interaction. Calves out of 1/2 H cows tended to
receive higher condition scores than calves out
of 112 A dams. These differences increased as
proportion B increased. Age-adjusted weaning
hip height was significantly affected by the
linear increase in proportion B breeding. As
proportion B increased, WH increased. Season
of birth significantly affected WH; fall calves,
on the average, were 12 cm taller at weaning
than spring calves. This difference can be
attributed partially to the different ages of the
calves at weaning.
Linear conrrasts evaluating the effects of
breed group on CW at breeding were not
significant. The overall average CW was 308
kg. Cow weight was significantly affected by
season; fall-calving cows were, on average, 46
kg heavier at the start of the breeding season
than were their spring-calving counterparts.
Thus, differences in %W cannot be attributed
to differences in CW.
Implications

Because crossbreeding is used to increase
production efficiency, performance of females

as 2-yr-olds is important economically. The
earlier in life a heifer becomes productive, the
lower the cost of replacements. Data obtained
in this study indicate that reproductive rates
decreased as propomon Brahman breeding
increased. Differences in reproductive rates
were greater between fall-calving crossbred
groups than between spring-calving crossbred
groups. Growth traits improved as propomon
Brahman increased. These differences in performance, in part, may be attributable to
differences in rate of development and sexual
maturity of the different crossbred groups.
Thus, as these cows mature, the relative
ranking of these groups may change. Based on
reproductive and growth rates, spring calving
appears to be more advantageous than fall
calving.
Literature Cited
Belcher, C. G.. and R. R. Frahm. 1979. Productivity of twoyear-old crossbred cows producing three-breed cross
calves. J. Anim. Sci. 49:1195.
Bolmn, R. C., R. R. Frahm, J. W. Castree and S. W.
Coleman. 1987a.Genotype x environment interactions
involving proportion of Brahman breeding and ScaSOn
of birth. I. Calf growth to weaning. J. Anim. Sci. 65:42.
Bolton, R. C.. R. R. Frahm, J. W. Castree and S. W.
Coleman. 1987b. Genotype environment interactions
involving proportion of Brahman breeding and S e w n
of birth. XI. Postweaning growth. sexual development
and reproductive performance of heifers. 1. h i m . Sci.
65:48.
Cundiff, L. V. 1970. Experimental results on crossbreeding
cattle for beef production. J. h i m . Sci. 30:694.
Harvey, W. R. 1987. User’s gude for LSMLMW PC-1
version mixed model least-squares and maximum
likelihood computer program. W. R. Harvey, Columbus, OH.
Koger, M. 1980. Effective crossbreeding systems utilihg
Zebu cattle. J. Anim. Sci. 50:1215.
Peacock, F. M., M.Koger, W. G. Kirk, E. M. Hodges and A.
C. Wamick. 1971. Reproduction in Brahman, Shorthorn and crossbred cows on different pasture systems.
J. Anim. Sci. 33:458.
Plasse. D., A. C. Warnick and M. Koger. 1968. Reproductive
behavior of Bos Indicus females in a subtropical
environment I. Puberty and ovulation frequency in
Brahman and Brahman x British heifers. J. h i m . Sci.
27%
Roberson. R. L.. J. 0. Sanders and T. C. Cartwright. 1986.
Direct and maternal genetic effects on preweaning
characters of Brahman, Hereford and BrahmanHereford crossbred cattle. J. Anim. Sci. 63:438.
Sellers, H. I., R. L. Willham and R. C. deBaca. 1970. Effect
of cenain factors on weaning weight of beef calves. J.
Anim. Sci. 31:s.

Downloaded from jas.fass.org by guest on January 26, 2012

Citations

This article has been cited by 1 HighWire-hosted articles:
http://jas.fass.org/content/68/6/1547#otherarticles

Downloaded from jas.fass.org by guest on January 26, 2012

