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INTRODUCTION
The Germplasm Evaluation (GPE) Program at the U.S. Meat Animal Research Center
(MARC) has been conducted as a series of experiments (cycles) involving comparison of F1
crosses from sire breeds representing diverse biological types of cattle (Cundiff et al., 1986 ;
Cundiff et al., 1993). This report presents results from Cycle VI of the Program comparing F1
females by Hereford and Angus sires with several Continental European breeds (Norwegian
Red, Swedish Red and White, and Friesian) with a history of dual purpose (milk and meat
production) use and with the Wagyu breed from Japan reputed to have unusual propensity to
deposit marbling in Japanese beef production systems. Preliminary reports of preweaning traits
of all calves, and postweaning growth, carcass and meat quality characteristics of steers were
reported by Cundiff et al. (2001). This report presents preliminary results for growth, puberty,
reproduction, and maternal traits of the F1 females at young ages (2, 3 and 4 years of age).

MATERIAL AND METHODS
The F1 cross females were progeny of Angus (453), Hereford (217), and Composite MARC III
(1/4 Angus, 1/4 Hereford, 1/4 Pinzgauer and 1/4 Red Poll ; n = 714) dams calving at 4 years of
age or older in the spring of 1997 and 1998. The cows were mated by artificial insemination
(AI) to six sire breeds. Semen from 22 polled and 10 horned Hereford bulls and 30 Angus bulls
was used. Semen from 14 Norwegian Red bulls imported from the Norwegian Cattle AI and
Breeding Cooperative, Hamar, Norway and semen from 16 Swedish Red and White bulls
imported from the Svensk Avel Ornsro, Skara, Sweden was used. For practical purposes, the
Norwegian Red and the Swedish Red and White are the same breed, because of an open herd
book policy of each registry to the other over a considerable length of time (at least 40 years).
Over the past 20 years, each breed has introduced germplasm from North American Holsteins.
However, only bulls with non-Holstein influenced pedigrees were sampled for this experiment.
Semen from 24 Friesian bulls obtained through cooperation of American Beef Friesian
breeders was used. Fourteen of the bulls born from 1979 to 1990 were full-bloods originally
imported to the U.S. from Ireland, England, Holland, and Germany. Ten bulls were upgrades
or full blood sons of imported parents born in the U.S. from 1979 to 1990. Only bulls with
non-Holstein influenced pedigrees were sampled for this experiment. Semen from 19 Wagyu
bulls obtained through cooperation of the American Wagyu Association was used. Four bulls
were full-bloods born in 1973 and 1974 and imported into the U.S. in the late 1970's. Eleven
were full-bloods born in 1989-1994 and imported from Japan into the U.S. in the 1990's. Four
of the bulls were > 15/16 Wagyu and born in 1985-1989 in the U.S. The F1 cross females were
born in March through mid-April of 1997-1998. After weaning at an average age of 216 days, 
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the females were fed a mixed diet of corn silage, sorghum silage, and alfalfa silage containing
about 2.4 Mcal ME/kg dry matter and 10.1 % crude protein in a dry-lot. In the dry lot, the
females were checked visually twice daily for estrus from February through early May when
estrus checking was suspended and the females were moved to grass. The females have been
maintained on improved cool or warm season grass pastures since they were about 400 d of
age. During the winter months (December-April), they were fed alfalfa hay and corn silage to
maintain an intermediate level of fatness (mode condition score of 5, 1 to 9 scale). The females
were exposed in natural service matings to Composite MARC III bulls to produce their first
calves at 2 years of age in the spring of 1999 and 2000. The females are being mated by natural
service to Charolais bulls to produce progeny at subsequent ages. Data on reproduction and
maternal performance of the females are preliminary, involving production of females calving
in the spring at 2, 3, and 4 years of age. The females will be evaluated through 7 or 8 years of
age. Data were analyzed by least squares mixed model procedures using a model that included
a random effect for sires nested in sire breed (the appropriate error term for testing differences
among sire breeds) and fixed effects for sire breed, dam breed, year of birth of the female, age
of females dam, sire breed-dam breed interaction, and any other significant (P < 0.05) two
factor interactions (Harvey, 1985). The average least significant difference (LSD < 0.05)
among sire breed contrasts is presented for each trait. 

RESULTS AND DISCUSSION
Sire breed means averaged over Angus, Hereford, and MARC III dams are shown in table 1.
Significant differences were found among sire breeds for 400-d weight, 550-d weight, and hip
heights. Angus topcross heifers had significantly heavier weight than all other breeds at 400
days and were significantly heavier than all other sire breeds except Hereford at 550 days.
Herefords  ranked second in weights at 400 and 550 days, and were significantly heavier than
Friesian and Wagyu at both ages. Heifers by Wagyu sires were significantly lighter than those
by any other sire breed. Hip height was significantly greater in heifers with Hereford sires than
in those by any other sire breed. Effects of sire breed were significant for percentage of heifers
exhibiting pubertal estrus by early May (puberty rate, %) and for age at puberty, but not for
pregnancy rate. Actual age of puberty for heifers expressing estrus (ranging from 78 to 94 %)
was adjusted to a 100 % expression of estrus basis to remove bias due to differences in
percentage expressing estrus when observation of estrus was discontinued in early May of each
year. The adjustment was estimated assuming a truncated distribution by adding i(s) where i is
the expected negative deviation from the true mean in standard deviation (s) units. Percentages
of heifers expressing estrus by early May were significantly less for Hereford and Wagyu
topcrosses than for all other sire breeds. Angus, Norwegian Red, Swedish Red and White, and
Friesian sired heifers did not differ in percentage expressing estrus. Consistent with previous
results in the GPE Program (Laster et al., 1976 ; Young et al., 1978 ; Laster et al., 1979 ;
Gregory et al., 1979 ; Freetly and Cundiff, 1997 ; Thallman et al., 1999), females by sire
breeds that have had a history of selection for milk production under dual purpose, dairy-beef
production systems (i.e. Norwegian Red, Swedish Red and White, and Friesian) expressed
puberty at significantly younger ages than those by sire breeds that have not been selected
directly for milk production (i.e. Angus, Hereford and Wagyu). 
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Table 1. Breed group means for F1 crosses with Hereford (H), Angus (A),
Norwegian Red (NR), Swedish Red and White (SW), Friesian (F), and Wagyu (W)
sires averaged over three breeds of dams

British Scandinavian LSD
Item H A Avg NR SW Avg F W <0.05

No. heifers 98 99 197 61 69 130 148 131
400-d wt., kg 352 366 359 347 345 346 340 310 11
550-d wt., kg 412 418 415 405 405 405 397 362 10
18-mo height, cm 129 127 128 127 128 128 126 124 1.2

Puberty rate, % 78 89 83 94 93 94 94 80 11
Puberty age, d 366 359 362 344 346 345 345 353 10
Pregnancy rate, % 86 76 81 87 77 82 84 86 12

Cows calving at 2 years of age
Calving rate, % 83.7 71.6 77.7 84.4 67.5 76.0 80.5 80.5 13.2
Weaning rate, % 76.4 65.0 70.7 81.2 65.5 73.4 72.5 74.6 13.3

Dystociaa, sc 1.85 1.60 1.73 2.15 1.55 1.85 1.60 1.82 .55
Unassisted birthb, % 81.4 83.7 82.6 71.5 85.2 78.4 82.1 78.3 13.5
Birth weight, kg 35.7 34.9 35.3 35.2 34.7 34.9 35.5 32.5 1.4
200-d wean. wt. per 
   calf, kg 206 218 212 231 232 231 224 195 8.1
   cow exposed, kg 158 144 151 189 153 171 161 147 29

Cows calving at 3 or 4 years of age
No. calving 106 102 208 66 68 134 162 146
Calving rate 93.7 95.4 94.6 91.9 93.3 92.6 94.4 89.4 7.4
Weaning rate, % 91.5 86.9 89.2 87.2 89.6 88.4 90.7 87.5 9.6

Dystociaa, sc 1.05 1.37 1.21 1.19 1.11 1.15 1.32 1.39 .36
Unassisted birth, % 99.6 89.4 94.5 95.2 96.1 95.6 94.2 92.0 7.6
Birth weight, kg 43.3 41.9 42.6 42.0 43.7 42.8 42.6 39.9 2.1
200-d wean. wt. per 
   calf, kg 232 243 237 258 256 257 250 225 7
   cow exposed, kg 213 210 211 226 229 228 227 197 24

a Dystocia scores : 1 = No difficulty, 2 = little difficulty by hand, 3 = little difficulty with a calfjack, 4 =
slight difficulty with a calf jack, 5 = moderate difficulty with a calf jack, 6 = major difficulty with a calf
jack, 7 = caeserean birth, 8 = abnormal presentation. b Unassisted births included dystocia scores of 1, and
2 = 0 ; scores 3, 4, 5, 6, 7 and 8 = 1.

Although, sire breed effects were significant for age at puberty, pregnancy rates were not
significantly different.
Breed group means for reproduction and maternal performance of F1 females calving at 2 years
of age are shown separately from those for females calving at 3 or 4 years of age (table 1). In
either age grouping, sire breed effects were not significant for calf crop born or weaned,
dystocia score, or percentage unassisted births. Sire breed effects were significant for weaning
weight per cow exposed in 3- or 4- year-olds but not in 2-year-olds. Significant differences
among sire breeds of the F1 females were found for progeny birth and 200-d weaning weights
in both age groupings. Progeny of Wagyu sired females were significantly lighter at birth than
progeny of females by all other sire breeds. Birth weights did not differ significantly among
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progeny of Hereford, Angus, Norwegian Red and Swedish Red and White, or Friesian sired
females in either age group. Females by Scandinavian (Norwegian Red and Swedish Red and
White) sires weaned significantly heavier calves than those sired by all other sire breeds except
Friesian. Progeny weaning weights of Friesian sired females did not differ significantly from
Angus sired females at 2 years of age, but were significantly heavier at 3 years of age. Progeny
of Friesian sired females were heavier than Hereford and Wagyu sired females in both age
groupings. Progeny of Wagyu sired females were significantly lighter than those of females
sired by any other sire breed in both age groupings.

CONCLUSION
Heifers by sire breeds that have had a history of selection for milk production under dual
purpose dairy-beef production systems expressed puberty at significantly younger ages than
those by sire breeds that have not been selected directly for milk production. However,
differences among sire breeds of F1 females were not significant for pregnancy rates at 18
months or for calf crop percentages born and weaned at two years of age. Differences among
sire breeds of F1 females were not significant for calving difficulty at 2 years of age or at 3 or 4
years of age. Weaning weights were heaviest for progeny of Scandinavian sired F1 females,
followed in order by progeny of Friesian, Angus, Hereford, and Wagyu sires.
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