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ABSTRACT: Data from Angus, Hereford, and top-
cross cows (n = 641) from 2- to 8-yr-old daughters of
seven breeds of sires included in Cycle II of the Germ-
plasm Evaluation Program at the U.S. Meat Animal
Research Center, comprising cow weight (CW, n =
15,698), height (CH, n = 15,676), and condition score
(CS, n = 15,667), were used to estimate breed-group
differences. Data were recorded in four seasons of each
year (1975 to 1982). The mixed model included cow age,
season of measurement, and their interactions, year of
birth, pregnancy-lactation code (PL), and breed-group
as fixed effects for CW and CS. Analyses of weight ad-
justed for condition score included CS as covariate. The
model for CH excluded PL. Random effects were addi-
tive genetic and permanent environmental effects. Dif-
ferences among breed-groups were significant for all

traits at different ages and were maintained across
ages, with few interchanges in ranking through matu-
rity. Cows were ranked (by breed of sire) in the following
order for weight: Red Poll (lightest), Hereford-Angus
(reciprocal), Braunvieh, Gelbvieh, Maine Anjou, and
Chianina (heaviest). In general, cows sired by breeds
of British origin were lighter and shorter than those of
continental origin. Differences in weight due to differ-
ences in condition seemed to be of small magnitude
because making an adjustment for condition score did
not affect rankings of breed groups across ages. Differ-
ences among breed groups for height were consistent
with differences for weight. Cows from Chianina sires
were taller than Hereford-Angus cows by 14 to 15 cm
across ages. In this study, breed of sire effects were
significantly different for the mature size of their
daughters.
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Introduction

Many diverse breeds with important differences for
economic traits are available for use in beef production
systems. Crossbreeding offers a tool to create genetic
improvement by exploiting heterosis and breed comple-
mentarity to match genetic resources with production
systems, environmental and managerial conditions,
and market requirements. The study of various breeds
of sire for topcrosses is intended to determine the poten-
tial benefit of using exotic breeds for crossing with indig-
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enous or local breeds (Dickerson, 1993). The Germ-
plasm Evaluation (GPE) Program at the U.S. Meat
Animal Research Center MARC) was designed to eval-
uate topcrossing, using breeds of sires differing in ge-
netic potential for diverse economic traits, such as
growth and mature size, milk production, lean-to-fat
ratio, and carcass characteristics. The objective of this
research was to evaluate breed of sire differences for
cow weight, weight adjusted for condition score, height,
and body condition score of cows in Cycle II of the GPE
Program. Weight and height represent mature size, and
previous reports from MARC have presented ordinary
least squares means and breed differences for Cycle 11
heifers (Laster et al., 1979) and cows. Pooled results
have also been summarized using partial data from the
first three cycles of the GPE Program (Cundiff et al.,
1986, 1988; Setshwaelo et al., 1990; Jenkins et al., 1991)
or from special experiments involving breed groups in-
cluded in the GPE (Dearborn et al., 1987; Gregory and
Maurer, 1991). However, estimates from mixed models
that appropriately account for random effects, such as
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Table 1. Number of sires and daughters by breed of
sire for Cycle I (Phase 2)

Breed of sire Sires Daughters
Hereford 15 86
Angus 17 92
Red Poll 16 87
Braunvieh 11 127
Maine Anjou 17 86
Chianina 19 86
Gelbvieh 11 77
Total 106 641

sires for weight, height, and condition score of cows
from Cycle II for all ages, have not been reported. A
separate report has presented such estimates for breed
groups and breed differences for Cycle I cows (Arango
et al., 2002b).

Materials and Methods

Purebred Angus and Hereford and F; cows were pro-
duced by mating Angus and Hereford dams with sires
of seven breeds. The number of sires and daughters
produced by each breed of sire are presented in Table
1. The GPE Program at MARC was designed to estimate
breed-group effects for major economic traits by com-
paring the progeny of different breeds of sires with
Hereford-Angus crosses. Cycle Il included progeny from
two calving seasons (1973 and 1974). Hereford and An-
gus cows from Cycle I were bred by AI to Hereford,
Angus, Braunvieh (including seven imported from
Switzerland and four domestic Braunvieh bulls selected
for their “beeftype,” available from a commercial AI bull
stud), Red Poll, Maine Anjou, Gelbvieh, and Chianina
bulls. Details of the sampling of sires were presented
by Gregory et al. (1978). General management was de-
scribed in previous reports of this series (Arango et al.,
2002a,b). Cows were managed to calve first as 2-yr-
olds in the spring (mid-March through April). Details
of postweaning management were presented by Laster
et al. (1979). Animals were not removed from the experi-
ment due to growth criteria. Cows were removed only
for failure to conceive in two consecutive breeding sea-
sons or for serious unsoundnesses. Cows were main-
tained on an improved pasture of cool- or warm-season
grass. During winter months (late November through
April), cows were fed supplemental grass hay and al-
falfa hay on alternate days (about 11 to 14 kg of hay
per head each day). Cows with the same birth year were
assigned to the same contemporary group for nearly
all measurements.

Yearling heifers were weighed at beginning and end
ofthe mating season, and when palpated for pregnancy.
Thereafter, cows were weighed, measured for hip
height, and scored for body condition four times each
year with one measurement each season: 1) mid-May
(spring) at the start of the breeding season; 2) early
August (summer) at the end of the breeding season; 3)
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end of October (fall) at palpation for pregnancy follow-
ing weaning, and 4) early February (winter), prior to
calving. Body condition score was based on a subjective
classification scale of nine points, from extremely thin
(very emaciated) to extremely fat (very obese). Each
record of a cow was assigned to one of four physiological
codes composed of a combination of lactation (1 = not
lactating, 2 = lactating) and pregnancy (1 = not preg-
nant, 2 = pregnant) codes. Records of cows from 2 to 8
yr of age (the oldest age allowed for any cow) were
included in this study.

Statistical analyses were done using single trait ani-
mal models with a derivative-free REML algorithm us-
ing the MTDFREML computer programs (Boldman et
al., 1995) to estimate variance components. Models in-
cluded sire breed, dam breed, and their interactions;
age and season of measurement, and their interactions;
and year of birth and pregnancy-lactation code as fixed
effects for cow weight and body condition score. For cow
height, pregnancy-lactation code was excluded from
that model. Analyses for weight adjusted for condition
score included condition score as a covariate. For all
traits, separate analyses by age (yr) of cow included
age in days within each season of measurement as extra
covariates. Random effects were additive genetic and
permanent environmental effects of the cow. Details
about models and estimation of variance components
were presented in an article by Arango et al. (2002a),
in which maternal effects were found to be unimportant
and thus not considered in models for this report.

Estimates of (co)variances at convergence were used
with mixed model equations to obtain solutions for fixed
effects and to estimate linear contrasts for breed of sire
comparisons, which will be reported here. Three sets
of contrasts were tested for each trait and age at mea-
surement (yr): 1) the difference between the average for
cows of each breed of sire and the average of Hereford-
Angus reciprocal (HA) cows, 2) the difference between
Angus and Hereford purebred cows and the average of
their reciprocal crosses, and 3) the difference between
cows with Angus dams and cows with Hereford dams.
Differences among crossbred cows would be expected
to be due to differences in additive genetic effects pres-
ent in the specific two-breed crosses and to any differ-
ence due to specific combining ability (e.g., Frahm and
Marshall, 1985).

Results and Discussion

Cow Weights

Numbers and means by age of cow are shown in Table
2. Cows continued gaining weight until 7 yr of age.
The largest yearly gain was from 2 to 3 yr of age and
accounted for 37% of the total gain. By 4 yr of age,
cows had accumulated most (89%) of their final weight.
Unadjusted means for height did not change much
across ages, which indicates that height reaches matu-
rity earlier than weight. In fact, cows had attained 96%
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Table 2. Numbers of cows (N), observations (n), and unadjusted means (+ SD) for
weight (kg), hip height (cm), and body condition score (points) by age of cows

Weight Height Condition score
Age (yr) N n Mean n Mean n Mean
2 641 2564 399 + 51 2563 123 £ 6.1 2563 6.1 £ 0.99
3 641 2562 459 + 56 2562 125 + 6.4 2562 6.3 £ 0.97
4 629 2515 502 + 57 2514 125 £ 6.6 2510 6.6 £ 0.93
5 617 2464 520 £+ 59 2446 127 + 6.4 2440 6.4 + 0.98
6 594 2352 550 + 63 2351 128 £ 6.2 2352 6.8 £ 1.0
7 560 2225 562 * 63 2224 128 + 6.0 2224 6.6 £ 1.1
8 377 1016 561 + 65 1016 128 £ 5.7 1016 6.6 £ 0.80

of their final height as 3 yr-olds. Changes for condition
score were minor over ages (0.7 points), which is ex-
pected for a trait that reflects fatness and that changes
more within ages (due to differences in physiological
status) than across ages.

Estimates of breed means for weight by age in years
are presented in Table 3. In general, cows of all breed
groups showed similar growth patterns, and continued
gaining weight to 7 yr of age, but at decreasing rates
at later ages. The fraction of total weight (at 8 yr of
age) gained during the 7 yr period ranged from 28 to
32%, the same range as found in Cycle I cows to 7 yr
of age (Arango et al., 2002b). Rankings of F; cows were
consistent across ages (except that F; cows with Maine
Anjou sires were heavier than F; cows with Chianina
sires after 5 yr of age) in the following order by breed
of sire: Red Poll (lightest), Hereford-Angus (reciprocal),
Braunvieh, Gelbvieh, Chianina, and Maine Anjou.
Cows tended to cluster into three groups by weight with
Chianina- and Maine Anjou-sired cows being heavier
than the other breed groups. Cows with Gelbvieh and
Braunvieh sires (continental breeds with greater milk
production) had intermediate weights, while cows with

sire breeds of British origin and their crosses were
lighter than crosses with sires with continental Euro-
pean origin. Estimates of breed-group contrasts are pre-
sented in Table 4. The first set of contrasts represents
deviations of each sire-breed group from the average
solution for HA reciprocal cross-cows. All F; cows of
other breeds were heavier than the HA crosses, except
for F; cows with Red Poll sires, which were lighter by
differences that ranged from 12 to 21 kg, and which
were significant at 2 (P < 0.01), 3, and 7 (P < 0.05) yr
of age. Cows with sires of other breeds outweighed HA
cows by differences that varied with breed and age of
cow. Chianina and Maine Anjou F; cows were heavier
(P <0.01) than HA cows at every age. Those differences
(34 to 66 kg) were twice or more as large as the differ-
ence by which the next heaviest (Gelbvieh-sired) cows
exceeded HA after 3 yr of age. Gelbvieh cross cows were
heavier (22 to 25 kg, P < 0.05) than HA at each age,
and at 2 yr of age the superiority was highly significant.
Cows with Braunvieh sires were about 5 kg heavier
than HA at all ages, but the differences were never
significant. Purebred Hereford and Angus cows were
lighter (12 to 25 kg) than the average of reciprocal HA

Table 3. Estimates of breed-group means for weight (kg) of cows by age®

Age of cow, yr

Breed group® 2 3 4 5 6 7 8

H 366 428 469 485 514 531 534
A 374 420 475 491 526 533 527
H-A 384 439 476 492 521 530 526
A-H 393 458 494 513 543 560 571
Rp-H 371 438 477 494 512 523 530
Rp-A 371 423 470 485 516 525 528
Bs-H 398 467 500 518 534 556 564
Bs-A 401 450 489 505 535 550 545
Gv-H 413 481 514 531 555 573 573
Gv-A 413 466 504 519 553 564 572
Ma-H 426 494 545 564 597 613 618
Ma-A 429 488 536 562 597 609 610
Ci-H 417 509 546 569 586 611 613
Ci-A 427 496 543 561 589 608 607

#Means were obtained by adding the unadjusted mean for H-A cows, the solution constrained to zero in

the analysis, to solutions for each breed group.

PH = Hereford, A = Angus, Rp = Red Poll; Bs = Braunvieh; Gv = Gelbvieh; Ma = Maine Anjou; Ci =

Chianina.
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Table 4. Contrasts between breed groups (+ standard errors) and
variance component estimates (VCE) for weight (kg) of cows

Age of cow, yr

Breed
group? 2 3 4 5 6 7 8
HA-x" 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bs-x 10.96 + 6.39 9.18 + 8.32 9.40 + 9.14 9.34 + 9.23 2.00 + 9.43 7.79 + 9.12 6.25 + 10.18
Gv-x 24.12 + 6.94%*  24.60 + 9.10* 24.20 + 9.85% 22.64 + 9.97* 21.69 + 10.35* 23.86 + 10.02* 24.03 + 11.51*
Ci-x 33.60 + 6.10**  53.39 £+ 8.10%* 5943 + 8.60** 62.82 + 8.72** 5537 + 9.18%*  64.44 + 8.87** 61.32 + 10.17**
Ma-x 38.70 + 6.13** 4227 + 8.12** 55,64 + 8.63** 60.53 *+ 8.82%*  64.71 + 9.29**  66.05 + 9.00**  65.59 + 10.12%*
Rp-x -17.55 + 6.18** -18.20 + 8.17* -12.03 + 8.72 -12.58 + 8.88 -18.27 + 9.34 -20.90 + 9.01* -19.34 + 10.20
(H,A)-p¢ 18.70 + 4.60** 2495 + 6.43%* 13.39 + 6.16* 14.60 + 6.44* 12.17 + 7.45 13.37 £ 7.05 17.70 + 10.02
(5.05) (5.89) (2.84) (2.99) (2.34) (2.52) (3.33)

Hx-Ax¢ -0.93 + 2.82 14.05 + 3.87** 9.60 *+ 3.79% 10.76 + 3.91%* 2.53 + 4.48 8.10 + 4.21 13.67 + 5.09*
VCE®

Op 37.49 48.41 47.50 47.94 53.31 49.17 48.78

Og 26.38 32.21 39.55 38.92 35.24 35.48 36.31

o 15.13 22.46 22.23 20.71 23.74 22.24 23.60

h? 0.50 0.44 0.69 0.66 0.44 0.52 0.55
2R/o,! 4.26 4.45 3.61 3.87 4.71 4.90 4.68

*P < 0.05.

*#*P < 0.01.

ax = crosses, p = pure breeds, H = Hereford, A = Angus, HA = mean of reciprocal crosses of HA and AH, Bs = Braunvieh, Gv = Gelbvieh,

Ci = Chianina, Ma = Maine Anjou, Rp = Red Poll.

bContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).

‘Contrast: H-A pure breeds vs HA-x (the heterosis percentage).

dContrast: crosses with Hereford dams vs crosses with Angus dams.

¢, = phenotypic standard deviation, o, = genetic standard deviation, and . = permanent environmental standard deviation, h? = heritability.
fTwice the range (R) in sire breed differences divided by genetic standard deviation.

crosses by differences that were greater at early ages
(2 and 3 yr, P < 0.01), than at intermediate (4 and 5
yr, P <0.05) and later ages (>5 yr, not significant). That
pattern disagreed with Cycle I, in which the superiority
of the reciprocal crosses was highly significant at all
ages and increased with age (Arango et al., 2002b).
Consequently, estimates of heterosis were less in Cycle
II (2.3 to 5.9%) than in Cycle I (4.2 to 5.7%). Cows
with Hereford dams were heavier than cows with Angus
dams (except at 2 yr of age, P > 0.05), by differences
that varied across ages (3 to 14 kg) and were significant
at 3,5 (P <0.01), and 4 (P < 0.05) yr of age.

Cundiff et al. (1986) reported estimates of 2R/oy,
where R is the range of difference among sire breed
means and o, is the additive genetic standard deviation
within breeds, to assess genetic variation among breeds
relative to that within breeds. The R is doubled in the
ratio because differences among means from topcross
progeny estimate half of the breed difference. When 2R/
og = 6, the range between breeds is expected to equal
the range in breeding value for individuals within
breeds with the assumption that a range of + 30, repre-
sents the practical range in breeding values within
breed. Table 4 shows that estimates of this ratio range
from 3.61 for Chianina vs Red Poll cow weights at 4 yr
of age, to 4.90 for Maine Anjou vs Red Poll cow weights
at 7 yr of age. Thus, considerable variation is found
both among and within breeds for cow weight.

Laster et al. (1979) reported weights of heifers (550
d) from Cycle II. Their ranking of breed groups was the
same, but the magnitudes of the differences were less

than in the recent study, which is expected with weights
at an earlier age. On average, in that study, heifers
with Red Poll sires were 10 kg lighter than HA, whereas
heifers with Braunvieh, Gelbvieh, Chianina, and Maine
Anjou sires outweighed HA females by 15, 23, 28, and
30 kg, respectively. Those differences were similar to
those in the present study for 2-yr-old cows.

Reports from the literature for weights of Angus and
Hereford cows up to 7 yr of age, which were discussed
in a previous report (Arango et al., 2002b), compared
well with the weights of Cycle II cows. Montafio-Bermu-
dez (1987) studied HA (low milking) and Red Poll-An-
gus (medium milking) cows to compare crosses with
different potentials for milk production. As in the pres-
ent study, cows with Red Poll sires were lighter than
HA cows at each age, by differences of 32, 42, and 48
kgat 2, 3, and 4 yr of age, respectively. These differences
are greater than the differences in the present study.
Morrison et al. (1989) reported weights of cows with
Chianina (377 kg) and Maine Anjou (369 kg) sires and
Angus and Hereford cows at 3 yr of age in Louisiana,
in a study that also included crosses with Brahman
and Simmental sires. The lower weights in their study
compared with the weights reported in the present
study may be due to environmental and managerial
differences between Louisiana and Nebraska. The cows
with Chianina sires were 8 kg heavier than those with
Maine Anjou sires, which was similar to the difference
of 12 kg in the present study at 3 yr of age.

Table 5 presents estimates of breed group contrasts
for weight adjusted for condition score. Rankings of
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Table 5. Contrasts between breed-groups (+ standard errors) and variance component estimates (VCE)

for weight of cows adjusted for condition score (kg)

Age of cow, yr

Breed
group? 2 3 4 5 6 7 8
HA-x" 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bs-x 25.30 + 5.64%*  28.37 + 6.89%%  20.98 + 8.17* 20.54 + 8.15* 12.53 + 8.64 24.36 + 7.84%*  20.42 + 8.50%*
Gv-x 33.18 + 6.11**  38.29 + 7.50%*  32.62 + 8.80** 31.86 + 8.81**  28.35 £ 9.43%* 3491 + 859** 3254 + 9.59%*
Ci-x 46.88 + 5.38%*  66.39 + 6.66%*  66.21 + 7.69** 7271 £ 7.74%*  65.54 + 8.34** 75,63 £ 7.60**  69.38 + 8.50**
Ma-x 47.33 + 5.39%*  55.16 + 6.68%* 6248 + 7.72**  66.38 + 7.81%*  69.36 + 8.43** 7455 + 7.71** 7253 + 8.45%*
Rp-x -4.33 + 5.44 -3.02 + 6.73 -4.96 + 7.80 -5.57 + 7.86 -9.91 + 849 —4.72 + 7.74 -7.24 + 853
(H,A)-p¢ 14.14 £+ 4.02*%* 1844 + 5.19** 10.38 + 5.54 14.01 + 5.82* 13.07 + 6.58 10.61 + 6.01 17.33 + 8.41*
(3.78) (4.31) (2.19) (2.87) (2.52) (2.00) (3.31)

Hx-Ax¢ -3.97 + 2.47 7.01 + 3.15% 6.68 + 3.40 9.75 + 3.51%* 4.21 + 3.99 7.44 + 3.59% 6.02 + 2.97
VCE®

Op 31.86 39.04 42.69 43.19 48.28 42.17 41.36

Og 23.39 27.23 31.14 33.56 33.42 30.58 29.51

o 13.58 21.86 13.38 19.19 25.85 21.45 19.42

h? 0.54 0.49 0.68 0.60 0.48 0.53 0.51
2R/o! 4.42 5.10 4.57 4.66 4.74 5.25 5.41

*P < 0.05.

*#*P < 0.01.

ax = crosses, p = pure breeds, H = Hereford, A = Angus, HA = mean of reciprocal crosses of HA and AH, Bs = Braunvieh, Gv = Gelbvieh,

Ci = Chianina, Ma = Maine Anjou, Rp = Red Poll.

bContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
‘Contrast: H-A pure breeds vs HA-x; in parenthesis, the heterosis percentage.

dContrast: crosses with Hereford dams vs crosses with Angus dams.

¢, = phenotypic standard deviation, o, = genetic standard deviation and o, = permanent environmental standard deviation, h? = heritability.
fTwice the range (R) in sire breed differences divided by genetic standard deviation.

crossbred cows were the same as for actual weight.
However, breed differences were not of the same magni-
tude and contrasts and significance levels were some-
what different for cow weight adjusted for condition
score compared with actual weight. Cows with Red Poll
sires were the only group lighter (3 to 10 kg) than HA,
but the differences were not significant, and were much
smaller than for actual weight (Table 4) at each age as
expected because Red Poll is the breed with lowest lean
to fat ratio among Cycle II breeds. Cows with sires of
other breeds outweighed HA cows by differences that
varied with breed and age of cow, and which were
greater than for actual weight. Gelbvieh-, Chianina-,
and Maine Anjou-sired cows were heavier (P < 0.01)
than HA crosses at every age. Differences from HA for
Chianina (47 to 76 kg) and Maine Anjou (47 to 75 kg)
were similar, and were about twice as great as the
difference for the next heaviest cross (Gelbvieh, 28 to
38 kg) after 3 yr of age. The cows with Braunvieh sires
were heavier than HA at every age by differences (13
to 28 kg) that were highly significant when exceeding
20 kg, at 2, 3, and 7 yr of age, and significant at 4, 5,
and 8 yr of age. These differences for Braunvieh-sired
cows were at least twice as large as corresponding dif-
ferences for actual weight, which were not significant
at any age. Purebred (Hereford, Angus) cows were
lighter (10 to 18 kg) than the average of the reciprocal
HA crosses by differences that were highly significant
when greater than 14 kg at 2 and 3, and significant at
5 and 8 yr of age. In Cycle I, the superiority of the
reciprocal crosses was always highly significant and

increased with age (Arango et al., 2002b). Conse-
quently, estimates of heterosis were less in Cycle IT (2.0
to0 4.3%) than in Cycle I (3.7 to 5.1%) for weight adjusted
for condition score. The cows with Hereford dams were
always heavier than cows with Angus dams after 2 yr
of age by differences that ranged from 3 to 10 kg, which
were significant at 3, 7 (P < 0.05), and 5 (P < 0.01) yr
of age.

The range for differences among breeds relative to
the genetic standard deviation within breeds (2R/oy)
was slightly greater for weight adjusted for condition
score than for actual weight at all ages (Table 5 vs
Table 4).

Dearborn et al. (1987) reported cow weights adjusted
for condition score at 2, 3, 5, and 7 yr of age from the
diallel experiment within Cycle II. On average, adjust-
ment for condition score decreased the magnitude of
direct heterosis similar to results from this study. The
HA cows were always heavier than the purebreds. The
differences were less than for actual weight at each age
and were somewhat less than the differences in the
present study. In their study, rankings of cows with
Red Poll sires and HA dams changed with adjustment
for condition score. The Red Poll sired cows were lighter
than HA cows only at 2 and 7 yr. Cows with Braunvieh
sires were heavier than HA cows by 31, 37, 32, and 29
kg at 2, 3, 5, and 7 yr of age (Dearborn et al., 1987).
Those differences followed the same pattern, but were
slightly greater than the differences in the present
study.
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Table 6. Estimates of breed-group means for hip height (cm) of cows by age®

Age of cow, yr

Breed group® 2 3 4 5 6 7 8

H 118 119 120 121 123 123 123
A 116 118 119 120 122 121 122
H-A 118 119 120 121 123 122 122
A-H 119 120 121 122 124 124 124
Rp-H 121 122 122 124 125 125 125
Rp-A 119 121 122 123 124 124 124
Bs-H 125 126 127 129 130 130 130
Bs-A 124 125 126 127 128 128 128
Gv-H 126 127 127 129 130 130 131
Gv-A 124 125 126 127 128 128 128
Ma-H 126 128 129 130 131 131 132
Ma-A 125 127 127 129 130 130 130
Ci-H 133 135 136 137 138 139 139
Ci-A 131 134 134 135 137 136 136

Means were obtained by adding the unadjusted mean for H-A cows, the solution constrained to zero in

the analysis, to solutions for each breed group.

YH = Hereford, A = Angus, Rp = Red Poll; Bs = Braunvieh, Gv = Gelbvieh, Ma = Maine Anjou, Ci =

Chianina.

Cow Height

Estimates of breed means for height by age (yr) are
presented in Table 6. Cows from all breed groups gained
about 1 cm in height per year from 2 to 6 yr of age,
when they reached a plateau. The increase in height
from 2 to 8 yr accounted for only 3.1 to 4.9% of the
total height at 8 yr of age in the various breed groups,
indicating that height reaches maturity earlier in life
than weight for these breed groups. Breed groups
tended to cluster in three groups for height. British
breeds (Hereford, Angus) and crosses (HA reciprocal
crosses and Red Poll crosses) tended to have similar
heights, which were less than the corresponding
heights for crosses with continental breeds. The high-
est height in the British cluster (Red Poll at 8 yr of age)
was equal to the lowest height for continental crosses
(Braunvieh sired cows at 2 yr of age). A second cluster
was formed by F; cows with Braunvieh, Gelbvieh (with
similar heights at each age) and Maine Anjou sires. A
third cluster was formed by cows with Chianina sires,
which were tallest and, on average, had heights (132
to 138 cm) that exceeded the second tallest group (F;
Maine Anjou, 131 cm at 8 yr). Rankings of breed groups
for height were consistent across ages, for all breed
groups.

Estimates of breed group contrasts are presented in
Table 7. The F; cows of all breeds were taller than HA
cross cows by differences that were highly significant
except for cows with Red Poll sires, which were signifi-
cant from 2 to 6 yr of age. The cows with Chianina sires
were taller than HA cross cows by a difference (14 to
15 ecm) that was about twice as great as the difference
by which the second tallest cross (F; Maine Anjou, 7
to 8 ¢cm) surpassed HA cows at every age. Cows with
Braunvieh and Gelbvieh sires exceeded HA cross cows
by about 6 cm at each age. The cows with Red Poll sires

were less than 2 cm taller than HA cross cows. The
reciprocal HA crosses were about 1 cm taller than the
average of the purebred Hereford and Angus at each
age, but that superiority was significant only at 2 yr of
age. Therefore, heterosis was only from 0.5 to 1.1%
across ages, similar to the 0.1 to 1.1% found for Cycle
I (Arango et al., 2002b). Cows with Hereford dams were
taller (P < 0.01) at all ages than cows with Angus dams
by differences (1.1 to 2.0 cm) that increased with age.
The ratio of 2R/0, was greatest for Chianina vs HA at
all ages, ranging from 8.60 at 5 yr of age to 10.23 at
8 yr of age. The ratios of 2R/o, for cow heights were
approximately twice as large as corresponding esti-
mates for actual weight or weight adjusted for condition
score (see Tables 4, 5, and 7). When both between-
and within-breed genetic variations are considered, the
range in breeding values from the smallest HA to the
largest Chianina was 14.6 (i.e., 6 + 8.60 where the 6
represents a range of £ 3 genetic standard deviations
within breed) at 5 yr of age and 16.23 at 8 yr of age.
More than half of the total range in breeding value was
found between the means for breeds sampled in this
experiment for this highly heritable trait.

Laster et al. (1979) reported heights of heifers (550
d) from the Cycle II. The ranking of breed groups was
the same, but the heights were less than in this study,
as expected from measures at an earlier age. On aver-
age, HA heifers (117 cm) were smallest, exceeded by
heifers with Red Poll (1 ¢cm), Braunvieh, Gelbvieh and
Maine Anjou (6 cm), and Chianina (12 cm) sires. Heifers
with Hereford dams were 1 cm taller than heifers with
Angus dams, similar to results found in this study.
Dearborn et al. (1987) reported cow heights at 2, 3, 5
and 7 yr of age from the diallel experiment within Cycle
IT with breed means and contrasts similar to those in
the present study.
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Table 7. Contrasts between breed-groups (+ standard errors) and variance component estimates (VCE)
for hip height (cm) of cows
Age of cow, yr

Breed g Y
group? 2 3 4 5 6 7 8
HA-x" 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bs-x 6.18 £ 0.70** 6.11 £ 0.74%* 5.94 £ 0.77** 6.21 £ 0.78%* 5.81 £ 0.77** 5.71 £ 0.74** 5.95 £ 0.77%*
Gv-x 6.52 £+ 0.76%* 6.06 £ 0.80** 5.88 £ 0.83%* 6.02 + 0.84%* 5.84 + 0.83%* 5.70 £ 0.81%* 6.16 + 0.86%*
Ci-x 13.84 £ 0.67**  14.87 £ 0.70** 14.42 + 0.73¥*  14.50 £ 0.74**  14.10 + 0.72%* 14.18 £ 0.71%* 14.06 £ 0.76%*
Ma-x 7.28 £ 0.67%* 7.52 + 0.70%* 7.46 £ 0.73%* 7.58 £ 0.75%* 7.34 + 0.73%* 7.13 + 0.72%* 7.70 £ 0.76%*
Rp-x 1.68 = 0.67* 1.86 + 0.71* 1.54 + 0.74% 1.62 £ 0.75% 1.54 + 0.74% 1.20 £ 0.72 1.36 £ 0.77
(H,A)-p° 1.28 = 0.49%* 1.02 £ 0.51 0.89 + 0.55 1.03 £ 0.53 0.77 + 0.53 1.06 = 0.53 0.61 + 0.70

(1.09) (0.86) (0.74) (0.85) (0.63) (0.87) (0.50)
Hx-Ax! 125 + 0.30%  1.26 + 0.32%%  1.12 + 0.33** 157 + 0.33%* 148 + 0.33"* 199 + 0.32% 2,01 + 0.38*
VCE®
Op 3.86 3.93 4.10 3.96 3.86 3.68 3.53
og 2.98 3.10 3.33 3.37 3.24 3.05 2.75
O 1.50 1.72 1.83 1.34 1.51 1.68 1.94
h? 0.60 0.62 0.60 0.72 0.70 0.69 0.61
2R/of 9.29 9.59 8.66 8.60 8.70 9.30 10.23

*P < 0.05.
**P < 0.01.

ax = crosses, p = pure breeds, H = Hereford, A = Angus, HA = mean of reciprocal crosses of HA and AH, Bs = Braunvieh, Gv = Gelbvieh,

Ci = Chianina, Ma = Maine Anjou, Rp = Red Poll.

bContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).
‘Contrast: H-A pure breeds vs HA-x; in parenthesis, the heterosis percentage.

dContrast: crosses with Hereford dams vs crosses with Angus dams.

¢, = phenotypic standard deviation, o, = genetic standard deviation and o, = permanent environmental standard deviation, h? = heritability.
fTwice the range (R) in sire breed differences divided by genetic standard deviation.

Body Condition Score

Unadjusted breed means for body condition score by
age (yr) are presented in Table 8. Condition scores in-
creased to 4 yr of age, then generally, but with many
exceptions, fluctuated slightly up and down at every
other age up to 8 yr of age. All of the changes in means,
however, were within a range of 5.8 to 7.4 points for

all breed groups. Hereford, Angus, and their reciprocal
(HA) crosses interchanged rankings across ages, but
always had greater condition scores than the other F;
crosses. Table 9 shows estimates of breed group con-
trasts. The HA reciprocal cross cows exceeded the other
F, crosses by differences (0.27 to 0.86 points) that were
highly significant at all ages, except at 8 yr of age for
crosses with Chianina sires (P < 0.05) and crosses with

Table 8. Estimates of breed-group means for body condition score (points)
of cows by age®

Age of cow, yr

Breed group® 2 3 4 5 6 7 8

H 6.25 6.57 6.89 6.69 7.07 6.82 7.08
A 6.45 6.56 6.86 6.87 741 6.90 6.79
H-A 6.57 6.70 6.95 6.82 7.17 6.83 6.67
A-H 6.64 6.90 7.21 6.89 7.33 7.18 7.23
Rp-H 6.03 6.33 6.69 6.35 6.56 6.27 6.48
Rp-A 5.76 5.97 6.47 6.22 6.57 6.32 6.48
Bs-H 5.97 6.11 6.42 6.10 6.44 6.24 6.54
Bs-A 5.75 5.82 6.18 5.89 6.43 6.30 6.24
Gv-H 6.27 6.23 6.58 6.18 6.72 6.53 6.62
Gv-A 5.99 6.15 6.43 6.23 6.80 6.53 6.61
Ma-H 6.16 6.35 6.69 6.48 6.86 6.56 6.60
Ma-A 6.14 6.16 6.51 6.33 6.84 6.68 6.77
Ci-H 6.00 6.34 6.71 6.18 6.53 6.61 6.73
Ci-A 5.80 6.04 6.46 6.03 6.50 6.43 6.55

#Means were obtained by adding the unadjusted mean for H-A cows, the solution constrained to zero in

the analysis, to solutions for each breed group.

PH = Hereford, A = Angus, Rp = Red Poll, Bs = Braunvieh, Gv = Gelbvieh, Ma = Maine Anjou, Ci =

Chianina.
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Gelbvieh and Maine Anjou sires (not significant). Dif-
ferences from crosses with Braunvieh sires (0.56 to 0.86
points) were great at all ages. The same pattern oc-
curred for crosses with Jersey sires in Cycle I (Arango
et al., 2002b), as expected for crosses with sires of dairy
breeds. Reciprocal HA cows had, on average, slightly
greater condition scores (0.01 to 0.25 points) than the
average of the purebred Hereford and Angus cows. That
difference, in general, decreased with age, and was sig-
nificant only up to 4 yr of age. Cows with Hereford dams
had slightly greater condition scores (0.02 to 0.24) than
cows with Angus dams. Those differences were highly
significant up to 5 yr of age.

Dearborn et al. (1987) reported condition scores at
2, 3, 5, and 7 yr of age from the diallel experiment
implemented at the same time as Cycle II. Breed means
were similar to those reported in the present study. On
average, HA cows had the greatest condition score (6.8,
7.1, 7.1, and 7.4 points) at each age, which exceeded
cows with Braunvieh sires by 0.8 to 1.0 points, and cows
with Red Poll sires by 0.8 to 1.3 points. In general, those
differences were slightly greater than those reported
here. Kropp et al. (1973), Holloway et al. (1975), and
Wyatt et al. (1977) reported on an experiment with
Hereford, Holstein, and Hereford-Holstein cows under
range and drylot conditions. On average, in that experi-
ment (two measurements during fall and one in spring,
on range conditions and moderate level of supplementa-
tion), Hereford cows had the greatest condition scores
of 5.4, 5.4, and 6.0 points (1 to 9 scale) at 2, 3, and 4
to 5 yr of age. Cows with Holstein sires had scores of

Arango et al.

4.4, 3.8, and 4.8 points at the same ages, which agrees
with the low condition scores of the cows with Braun-
vieh sires in this study and with Jersey sires in Cycle
I (Arango et al., 2002b). In Australia, Morgan (1986)
reported that 2- to 7-yr-old Herefords had the greatest
condition scores of 2.6 (0 to 5 scale), whereas HA cows
(2.4 points) had greater scores than Holstein-Hereford
cows (1.4 points). Bowden (1980) evaluated condition
by weight to height ratio and by ultrasound measure-
ment of backfat thickness in F; cows with Angus dams
(values from normal diets are reported here) at 2 yr of
age. The HA cows had the greatest fat thickness (7.2),
whereas crosses from breeds of sire with greater milk
potential had the lowest values (i.e., Simmental-Angus
[56.9] and Jersey-Angus [5.6]). Those results agree with
the present results for Cycle II where HA cows had
condition scores of 6.6 points and cows with Braunvieh
sires had smallest condition scores (5.9 points).

Implications

Large and significant differences were found among
Angus, Hereford, their reciprocal crosses, and crosses
with Red Poll, Braunvieh, Gelbvieh, Maine Anjou, and
Chianina sires for cow weight, height, and condition
score at different ages. These traits are related to effi-
ciency of beef production. Such differences can be ex-
ploited to match breeding systems with specific produc-
tion systems and market requirements to optimize beef
production. Such decisions can be made with more con-
fidence because 1) breed of sire differences generally

Table 9. Contrasts between breed-groups (+ standard errors) and variance component estimates (VCE)
for body condition score (points) of cows

Age of cow, yr

Breed
group? 2 3 4 5 6 7 8
HA-x" 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bs-x -0.74 £ 0.12¥*  -0.83 £ 0.13%* -0.78 + 0.12** -0.86 + 0.15%* -0.82 + 0.13** -0.74 + 0.14** -0.56 + 0.15%*
Gv-x -0.48 + 0.13**  -0.61 + 0.14** -0.58 + 0.14** -0.65 + 0.16** -0.49 + 0.15** -0.48 + 0.15** -0.34 + 0.17
Ci-x -0.71 £ 0.12¥*  -0.61 + 0.13% -0.49 + 0.12** -0.75 £ 0.14** -0.74 + 0.13** -0.49 + 0.14** -0.31 + 0.15*
Ma-x -0.46 + 0.12%*  -0.54 + 0.13%* -0.49 + 0.12** -0.45 + 0.14** -0.40 + 0.13** -0.39 + 0.14** -0.27 + 0.15
Rp-x -0.71 + 0.12¥*  -0.65 £ 0.13%* -0.50 + 0.12**  -0.57 + 0.14** -0.69 + 0.13** -0.71 £ 0.14** -0.47 + 0.15%*
(H,A)-p° 0.25 £ 0.10* 0.23 £+ 0.10%* 0.21 £+ 0.10%* 0.07 £ 0.11 0.01 £ 0.11 0.14 + 0.11 0.02 + 0.14
Hx-Ax? 0.17 £ 0.06%* 0.24 + 0.06%* 0.21 £+ 0.06%* 0.11 + 0.07 0.02 + 0.07 0.05 + 0.07 0.15 £ 0.07
VCE®

Op 0.931 0.915 0.857 0.906 0.900 0.843 0.753

Og 0.426 0.461 0.453 0.622 0.480 0.501 0.539

o, 0.308 0.423 0.396 0.239 0.437 0.447 0.220

h? 0.21 0.25 0.28 0.47 0.28 0.35 0.51
2R/agf 3.47 3.60 3.44 2.76 3.42 2.95 2.08

*P < 0.05.

#*P < 0.01.

2x = crosses, p = pure breeds, H = Hereford, A = Angus, HA = mean of reciprocal crosses of HA and AH, Bs = Braunvieh, Gv = Gelbvieh,

Ci = Chianina, Ma = Maine Anjou, Rp = Red Poll.

PContrasts: respective breed of sire group vs Hereford-Angus crosses (HA-x).

‘Contrast: H-A pure breeds vs HA-x.

dContrast: crosses with Hereford dams vs crosses with Angus dams.

°op = phenotypic standard deviation, o, = genetic standard deviation and o, = permanent environmental standard deviation, h? = heritability.
fTwice the range (R) in sire breed differences divided by genetic standard deviation.
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were maintained across postyearling ages through ma-
turity, 2) differences in weight due to differences in
condition (fatness and, indirectly, milk production)
were of small magnitude, 3) ranking of breed groups
was generally the same for actual weight and for weight
adjusted for condition score, 4) differences among breed
groups for height closely followed differences for weight,
and 5) differences for condition score were small across
ages and breed groups.
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