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Crossbreeding can be used in beef cattle production to provide for heterosis 
and to use breed differences in additive genetic merit for specific characters to 
more effectively synchronize performance characteristics and general adaptability 
of genetic resources with climatic environment, nutritive  environment and other 
resources that are most economical to provide, consistent with market requirements. 
Thirdly, complementarity can be exploited in part of self-contained herds through 
use of terminal sire  breeds that have greater additive genetic merit for growth 
rate than associated mature weight maintained in cow herds. A fourth application 
is  to form new composite breeds from a multibreed foundation to provide an 
alternative, or, a supplement to continuous crossbreeding systems to use heterosis 
and to optimize additive genetic composition. Thus, crossbreeding systems can 
provide a means to use both nonadditive (heterosis) and additive (breed 
differences) effects of genes simultaneously (Gregory and Cundiff, 1980).

The germ plasm resources now available for beef production in continental and 
temperate climatic zones vary considerably in performance level for specific 
characters. There are major differences in feed resource requirements associated 
with differences in performance level (Gregory, 1982). The challenge is  to 
synchronize germ plasm resources in regard to performance characteristics with the 
feed resources that are most economical to provide in order to maximize output per 
unit of input on a life  cycle basis.

There are three basic approaches which may be used to synchronize cattle 
germ plasm resources with other production resources and market requirements of 
product. These are (1) identify or select the breed that is  the best f i t  or match 
to the production requirement, (2) use systematic crossbreeding involving breeds 
that w ill complement each other most effectively to approach an optimum balance of 
characteristics or (3) form composite breeds based on the optimum contribution by 
each of several breeds to achieve the general adaptability and performance 
characteristics desired for the production situation and balance subsequent 
selection intensity with rate of inbreeding. The two latter approaches make use 
of the phenomenon of heterosis and thus are favored for programs of commercial 
production.
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CROSSBREEDING

The basic objective of beef cattle crossbreeding is  to optimize 
simultaneously the use of both nonadditive (heterosis) and additive (breed 
differences) effects of genes. The cumulative effects of heterosis on tra its  that 
contribute to weight of ca lf weaned per cow exposed to breeding have been shown to 
be 23.3% for crosses among breeds of Bos taurus cattle  (Gregory et^l_., 1965; 
Wiltbank ert aj_., 1967; Cundiff £ t a l., l974a,b) and 50% or more "For crosses 
between Bos taurus and Bos in d icu sT reeds of cattle (Cartwright et a l., 1964;
Koger et a l ., 1975). Further, these results show that 60% or more of the observed 
cumulative heterosis is  the result of heterosis effects on maternal characters. 
Thus, crossbreeding systems that are organized to include crossbreds as a high 
percentage of the reproducing female population are generally favored.

Experimental results evaluating rotational crossbreeding systems indicate 
that high levels of heterosis are sustained in successive generations and that the 
relationship between loss of heterosis and loss of heterozygosity approaches 
linea rity  (Gregory and Cundiff, 1980). Major differences among breeds have been 
demonstrated for most characters that contribute to economic value (Koch et a l., 
1976, 1979, 1981, 1982a,b; Koch and Dikeman, 1977; Laster et a l., 1976, 1979;
Smith £ t  jil_., 1976a,b; Gregory et al_., 1978, 1979a,b; CunrfTTfet a l ., 1981). 
Results based on both experimentation and computer simulation indicate that 
differences in additive genetic merit of breeds for specific characters can be 
used in specific crossbreeding systems to synchronize genetic resources with other 
production resources and to provide for complementarity through use of terminal 
s ire  breeds (Gregory and Cundiff, 1980).

Rotational Crossbreeding Systems

Rotational crossbreeding systems have the advantage of using heterosis in all 
females and progeny in self-contained commercial herds (table 1); however, 
fluctuation in additive genetic composition between generations requires use of 
breeds that are generally compatible. This requirement re stric ts the use that can 
be made of breed differences to optimize additive genetic composition for 
synchronizing genetic resources with other production resources and precludes the 
use of complementarity. Results based on experimentation indicate that weight 
marketed per cow exposed to breeding can be increased by 15.5% in a continuous 
two-breed rotation crossbreeding system and by 20% in a continuous three-breed 
rotation crossbreeding system (Gregory and Cundiff, 1980) (table 1).

Static Terminal-Sire Crossbreeding System

A static , term inal-sire crossbreeding system provides opportunity to 
synchronize germ plasm resources with other production resources in about 50% of 
the cow herd, to use maximum (F^) heterosis in about 67% of the calves marketed 
and to use complementarity in more than 50% of the calves marketed (table 1). 
Estimates provided by Gregory and Cundiff (1980) indicate that weight marketed per 
cow exposed to breeding can be increased by 19.6% in  a static, terminal-sir'e 
crossbreeding system (table 1). A disadvantage is  complexity and thus high 
management and fa c il it y  requirements of the system.

Rotational Terminal-Sire Crossbreeding Systems

A breed-rotation system involving young cows to meet replacement requirements 
combined with a term inal-sire system on mature cows when dystocia problems are
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TABLE 1. COMPARISON OF CROSSBREEDING SYSTEMS

Estimated 
increase in 

Terminal weight
% sire  marketed

% of calves Ind. Mat. contrl- per cow
Mating type___________ of herd3 marketed3____het.b het.b butionc exposeda >b»c

--------------  (%) ---------------
---------------------------- Two-breed rotation crossbreeding system-----------------------------

A-B-rotation 100 100 5.6 9.9 0 15.5

Total 15.5

--------------------------- Three-breed rotation crossbreeding system ---------------------------

A-B-C-rotation 100 100 7.3 12.7 0 20.0

Total 20.0

-------------------------  Static term inal-sire crossbreeding systemd ---------------------------

A-A 25 16.6 (<?) 0 0 0 0
B-A 25 16.7 ($ „ 8.5 0 0 1.4
C x (B-A) 10 13.3 (dV?)

53.4 (*■ ?)
8.5 14.8 0 3.1

T x (B-A) 40 8.5 14.8 5.0 15.1 

Total 19.6

---------------  Two-breed rotation and term inal-sire crossbreeding system ---------------

A-B-rotat1on 50 33.3 (c0 5.6 9.9 0 5.2
T x (A-B-rotation) 50 66.7 (<?+?) 8.5 9.9 5.0 15.6

Total 20.8

-------------  Three-breed rotation and term inal-sire crossbreeding system -------------

A-B-C-rotation 50 33.3 (<?V 7.3 12.7 0 6.7
T X (A-B-C-rotation) 50 66.7 (<£¥) 8.5 12.7 5.0 17.5

Total 24.2

a Assumes 80% ca lf crop weaned and a 20% replacement rate, 

b Based on heterosis effects of 8.5% for individual t ra it s  and 14.8% for 

maternal t ra it s  and assumes that loss of heterosis i s  proportional to loss of 

heterozygosity.

c Assumes a 10% increase in breeding value for ca lf  weight produced per cow 

exposed for terminal s ire s (T).

d Breeds A, B and C are assumed to be approximately equal in size, milk 

production and maturation rate. Females of cross (B-A) are bred to sire s of 

breed C to produce their f i r s t  ca lf crop because of likelihood of calving 

d iff ic u lty ; after f i r s t  ca lf crop, they are bred to terminal s ire s (T), which 

are assumed to have a breeding value for increased ca lf weight produced per cow 

exposed of 10% greater than breeds A and B.
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TABLE 2. HETEROZYGOSITY OF DIFFERENT MATING TYPES AND ESTIMATED INCREASE 
IN PERFORMANCE AS A RESULT OF HETEROSIS

Mating type
Heterozygosity 
% re la tive  to Fi

Estimated 
increase 
in weight 

weaned per 
cow exposed3 

(X)

Pure breeds 0 0
Two-breed rotation 66.7 15.5
Three-breed rotation 85.7 20.0
Four-breed rotation 93.3 21.7

Two-breed composite:
F3 - 1/2A, 1/2B 50.0 11.6
F3 - 5/8A, 3/8B 46.9 10.9
F3 - 3/4A, 1/4B 37.5 8.7

Three-breed composite:
F3 - 1/2A , 1 /4 6 , 1/4C 62.5 14.6
F3 - 3/8A, 3/8B, 1/4C 65.6 15.3

Four-breed composite:
F3 - 1 /4A , 1 /4 B , 1/4C, 1/4D 75.0 17.5
F3 - 3/8A, 3/8B, 1/8C, 1/8D 68.8 16.0
F3 - 1/2A, 1/4B, 1/8C, 1/8D 65.6 15.3

Five-breed composite:
T 3 - 1 /4A , 1 /4 B , 1 /4C , 1/8D, 1/8E 78.1 18.2
F3 - 1/2A, 1/8B, 1/8C, 1/8D, 1/8E 68.8 16.0

Six-breed composite:
“ T J  “ T/TA7T/4'B",""1 /8C, 1/8D, 1/8E, 1/8F 81.3 18.9

Seven-breed composite:
F3 - 3 /lfiA , 3 /1 6 8 , 1/8C 1/8D 1/8E.

1/8F, 1/8G 85.2 19.8

Eight-breed composite:
F3 - 1 /8A , 1 /8 8 ,  1/8C, 1/8D, 1/8E,

1/8F, 1/8G, 1/8H 87.5 20.4

a Based on heterosis effects of 8.5 percent for individual tra its  and

14.8 percent for maternal t ra it s  and assumes that lo ss of heterosis is  

proportional to lo ss of heterozygosity. This assumption has not been 

validated for composite breeds.
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minimal can use both individual and maternal heterosis from rotation crossing plus 
complementarity and individual heterosis from terminal crossing. Maximum (F i) 
individual heterosis and complementarity are achieved in the terminal sire  
component of the herd, which contributes about 67% of the calves marketed. 
Estimates provided by Gregory and Cundiff (1980) indicate that weight marketed per 
cow exposed to breeding can be increased by 20.8% in a two-breed rotation combined 
with a term inal-sire crossbreeding system and by 24.2% in a three-breed rotation 
combined with a term inal-sire crossbreeding system (table 1).

Composite Breed Formation

Because of the high percentage of cattle on a global basis that are in herds 
too small to use well organized crossbreeding systems on a self-contained basis 
and the wide fluctuation in breed composition between generations in  rotational 
crossbreeding systems, there is  need for experimental evaluation of the potential 
of composite breed development as an alternative, or, as a supplement to 
continuous crossbreeding systems to use heterosis and to optimize additive genetic 
composition for synchronizing climatic adaptability and performance 
characteristics of cattle genetic resources with the production environment most 
favored by economic fe a s ib ility  and with market requirements (Dickerson, 1969, 
1973; Gregory and Cundiff, 1980). The problem of achieving and maintaining the 
most optimum contribution by each breed used in a rotational crossbreeding system 
is  reflected by the fact that in a two-breed rotation system, 66.7% of the genes 
are from the breed of the sire  and 33.3% of the genes are from the breed of the 
maternal grandsire at equilibrium, and in a three-breed rotation system, 58% of 
the genes are from the breed of the sire , 28% of the genes are from the brebd of 
the maternal grandsire and 14% of the genes are from the breed of the maternal 
great grandsire at equilibrium (Gregory and Cundiff, 1980). I f  the optimum 
contribution to achieve maximum adaptability to the production situation should be 
25% for a given breed, the optimum is  approached infrequently in rotational 
crossbreeding systems.

Retention of in it ia l heterozygosity following crossing and subsequent random

n 2mating within the crosses ( inter se) is  proportional to 1 - ?P-j, where P-j i s  the

fraction of each of n breeds in the pedigree of a composite breed (Wright, 1922; 
Dickerson, 1969, 1973). This loss of heterozygosity occurs between the Fj and F2 . 
Retention of heterozygosity favors the inclusion of a large number of breeds. The 
increased heterosis retention resulting from including additional contributing 
breeds must be balanced against possible loss of average additive merit from the 
additional breeds. Table 2 provides computations of heterozygosity retained in 
different mating types and estimates of increase in weight of ca lf weaned per cow 
exposed to breeding i f  retention of heterosis is  proportional to retention of 
heterozygosity in composite populations. Experimental results indicate that 
retention of heterosis is  proportional to retention of heterozygosity in 
rotational crossbreeding systems (Gregory and Cundiff, 1980). However, there is  
need to determine experimentally i f  retention of heterosis in composite 
populations is  proportional to retention of heterozygosity. Also, there is  need 
to determine experimentally the additive genetic variation, particularly for 
fitness-re lated  characters, in composite populations re lative  to parental breeds 
that contribute to them.

An important consideration in the development of composite breeds is  to 
maintain population size large enough so that in it ia l advantage of increased
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TABLE 3. BREED CROSSES GROUPED IN BIOLOGICAL TYPE 
ON BASIS OF FOUR MAJOR BIOLOGICAL CRITERIA

Breed group

Growth 
rate & 
mature 

size

Lean
to
fat

ra t io

Age
at

puberty
M ilk

production

aJersey-X X X X XXXXX

bHereford-Angus-X XX XX XXX XX
Red P o ll-X XX XX XX XXX

cSouth Devon-X XXX XXX XX XXX
Pinzgauer-X XXX XXX XX XXX
Tarentaise-X XXX XXX XX XXX

dSahiwal-X XX XXX XXXXX XXX
Brahman-X XXXX XXX XXXXX XXX

eBrown Sw iss-X XXXX XXXX XX XXXX
Gelbvieh-X XXXX XXXX XX XXXX
Simmental-X xxxxx XXXX XXX XXXX
Maine-Anjou-X xxxxx XXXX XXX XXX

^Limousin-X XXX xxxxx XXXX X
C haro la is-X xxxxx xxxxx XXXX X
Chianina-X xxxxx xxxxx XXXX X

a Small s iz e , high m ilk leve l.

b Small to intermediate s ize , low to modest m ilk le ve l. 

c Intermediate s ize  dual-purpose breed crosses. 

d Bos ind icu s breed crosses. 

e Large s ize  dual-purpose breed crosses, 

f  Intermediate to large  size  meat breed crosses.
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heterozygosity is  not dissipated by early re-inbreeding of composite populations. 
Linearity of association of retention of heterosis with retention of 
heterozygosity in breed rotation crossbreeding systems (Gregory and Cundiff, 1980) 
indicates that heterosis is  due primarily to dominance effects of genes and 
suggests that heterosis may be largely accounted for by recovery of accumulated 
inbreeding depression that has occurred in breeds since their formation 
(Dickerson, 1969, 1973; Cundiff, 1977; Gregory and Cundiff, 1980).

Complete characterization of candidate breeds for major economic characters 
in a range of production environments (clim atic, nutritive  and disease-parasite) 
is  necessary to provide a basis for effective selection among breeds as 
contributors to composite populations in order to achieve the most optimum 
additive genetic composition for general adaptability to the production situation. 
I f  characterization in the production environments of interest is  comprehensive 
for a large number of candidate breeds on characters relating to climatic 
adaptability, growth rate and mature size, lean-to-fat ratio, age at puberty and 
milk production level, it  should be possible to approach an optimum additive 
genetic composition for these major characters by appropriate identification of 
contributing breeds. Thus, subsequent selection opportunity may focus primarily 
on fitness related characters.

BREED GROUP COMPARISONS

Experimental Procedure

In 1969, the U.S. Meat Animal Research Center implemented a program to 
characterize a broad range of biological types of cattle  as represented by breeds 
that d iffe r widely in characteristics such as milk production level, growth rate, 
carcass composition and mature size. The primary objective was to characterize 
breeds representing diverse biological types for the fu ll spectrum of tra its  
relating to beef production. The germ plasm evaluation program at the U.S. Meat 
Animal Research Center has included three cycles of sire  breeds that were bred by 
a r t if ic ia l insemination (AI) to Hereford and Angus dams. The f ir s t  cycle involved 
breeding Hereford, Angus, Jersey, Limousin, South Devon, Simmental and Charolais 
s ire s (20-35 s ire s per breed) by AI to Hereford and Angus dams (ranging from 2 to 
7 years old at calving) to produce three ca lf crops in March and April of 1970, 
1971 and 1972. In Cycle I I ,  Hereford and Angus dams (ranging from 4 to 9 years 
old at calving) used in Cycle I were bred by AI to Hereford, Angus, Red Po ll,
Brown Swiss (predominantly European or dual-purpose type), Gelbvieh, Maine-Anjou 
and Chianina sire s to produce two ca lf crops in 1973 and 1974. Cycle I I I  involved 
the same or comparable Hereford and Angus dams (ranging from 4 to 11 years old at 
calving) mated by AI to Hereford, Angus, Tarentaise, Pinzgauer, Sahiwal and 
Brahman s ire s to produce two calf crops in 1975 and 1976. The same Hereford and 
Angus s ire s were used in all three cycles of the program to insure a stable 
control population of Hereford-Angus reciprocal crosses as a basis for comparison 
of breeds included in different cycles of the program.

In th is paper the breed crosses are c la ss if ie d  into s ix  different biological 
types based on the biological c rite ria  of (1) growth rate and mature size, (2) 
lean-to-fat ratio, (3) age at puberty and (4) milk production level (table 3).
The number of "Xs" shown for each breed cross-biological c rite ria  subclass 
indicates re lative  differences between breed groups for each of the four crite ria  
that provide the basis for c la ssifica tion . Tables 4, 5, 6, 7, 8, 9, 10, 11, 12,
13 and 15 are organized on this basis.
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TABLE 4. BREED GROUP MEANS FOR BIRTH AND WEANING TRAITS OF CALVES PRODUCED IN CYCLES I ,  I I  AND I I I

Weight Weight

Breed group animals

. h C a lfa »c
Gestation Calv ing8 *0 crop 

length d if f ic u lt y  weaned 
(days) (%) { *)

B1rtha 
weight 

(kg)
ADGd
(kg)

200-day per cow per cow 
200-day weight ca lv in g  calv ing  
weight ra t io *  200 days ra t io *  

(kg) {%) (kg) (%)

Jersey-X 302 282.9 2.9 92.3 31.1 .77 184 94 170 90

Hereford-Angus-X 962 284.0 2.9 97.3 35.7 .80 195 100 190 100
Red P o ll-X 214 285.2 3.7 97.8 35.7 .79 193 99 189 100

South Devon-X 232 286.7 11.9 92.9 37.7 .79 195 100 181 95
Tarentalse-X 202 287.1 6.0 94.8 37.5 .82 201 103 191 100
P1nzgauer-X 376 286.0 6.3 95.2 39.2 .80 199 102 190 100

Sahlwal-X 325 294.0 6.2 94.3 38.0 .79 196 100 185 97
Brah*an-X 349 291.7 10.0 93.5 40.9 .83 207 106 193 102

Brown Sw1ss-X 263 285.0 8.4 97.2 38.8 .83 205 105 199 105
Gelbv1eh-X 213 286.3 8.0 91.5 39.0 .85 209 107 191 101
S i m enta l -X 399 287.3 14.9 89.1 40.3 .83 205 105 183 96
Ma1ne-Anjou-X 222 285.4 20.4 90.8 41.1 .82 206 106 187 98

L1*ous1n-X 371 289.2 9.4 91.7 38.9 .80 198 102 182 96
C haro la ls-X 382 287.0 18.4 86.5 41.1 .84 208 107 180 95
Ch1an1na-X 238 287.5 11.8 91.1 40.5 .83 207 106 188 99

Hereford damsf 2440 288.6 10.1 93.0 39.1 .77 192 178
Angus d a *sf 3129 285.4 6.5 94.2 36.7 .85 206 194

a C a lv ing  d if f ic u lt y  (1 ) ,  c a l f  crop weaned {%) and b irth  weight data are f ro *  cows ca lv in g  at four 

ye a rs o f age or o lder.

b C a lv ing  d if f ic u lt y  {%) 1s percentage o f normal presentations requ iring  c a l f  p u lle r  or C-sectlon. 

c C a lf  crop weaned 1s expressed as a percentage o f a ll  dams calv ing. 

d ADG » average d a lly  gain. 

e Ratio  re la t iv e  to Hereford-Angus c rosse s.

f  Inc ludes stra lgh tbred  progeny f r o *  Cycles I and I I  but does not Include Hereford-Angus cross 

progeny from Cycle I I I  In  t h is  and subsequent tables.

TABLE 5. BREED GROUP MEANS FOR POSTWEANING GROWTH 
OF FEMALES PRODUCED IN CYCLES I, II AND III

Breed group
Number
ofanimals

200- 400- 550- 200- day 400- day 550- day 550-day day weight day weight day weight hip weight ratio® weight ratio® weight ratio® he1ghtb (kg) (») (kg) (1) (kg) (t) (cm)
Jersey-X 117 178 94 278 90 323 92

Hereford-Angus-X 322 190 100 309 100 350 100 117.1Red Poll-X 95 186 98 297 96 340 97 117.9

South Devon-X 120 194 102 319 103 362 103Tarenta1se-X 85 196 103 318 103 361 103 120.9Plnzgauer-X 114 198 104 319 103 362 103 121.9

Sahlwal-X 87 190 100 296 96 344 98 121.9Brahaan-X 103 204 107 319 103 377 108 126.0

Brown Sw1ss-X 126 199 105 318 103 365 104 122.9Gelbv1eh-X 81 20T 107 324 105 373 106 122.9S1amenta1-X 157 200 105 328 106 374 107Mai ne-Anjou-X 89 200 105 333 108 380 108 122.9

L1mous1n-X 161 192 101 314 102 349 100Charolal s-X 132 203 107 328 106 369 105Ch1an1na-X 92 201 106 324 105 378 108 129.0

Hereford dans 997 188 306 357 122.9Angus dams 1103 200 315 357 121.9

• Ratio relative to Hereford-Angus crosses.
550-day Mp height data not collected on the Cycle I females. 489



TABLE 6. BREED GROUP MEANS FOR POSTWEANING GROWTH 
OF CASTRATE MALES PRODUCED IN CYCLES I. II AND III

Breed group
Nuaber
of

anlaals
200-
day
weight
(kg)

200-
day
weight
ratio*
(*)

Post 
weanlng 
ADG 
(kg)

452-
day
weight
(kg)

452-day
weight
ratio*
(t)

Jersey-X 132 190 95 1.01 445 94

Hereford-Angus-X 508 200 100 1.09 474 100
Red Poll-X 111 200 100 1.00 451 95

South Devon-X 94 196 98 1.17 491 103
Tarenta1se-X 103 206 103 1.08 478 101
P1nzgauer-X 176 200 100 1.11 480 101

Sahlwal-X 154 202 101 1.00 453 96
Brahaan-X 153 210 105 1.09 484 102

Brown Sw1ss-X 121 211 105 1.12 493 104
Gelbv1eh-X 111 213 107 1.16 506 107
S1aaental-X 176 210 105 1.22 518 109
Ma1ne-AnJou-X 109 211 105 1.20 514 108

L1aous1n-X 173 204 102 1.05 469 99
Charola1s-X 176 213 107 1.21 518 109
Ch1an1na-X 119 214 107 1.13 498 105

Hereford daas 1054 196 1.13 480
Angus daas 1435 211 1.07 481

* Ratio relative to Hereford-Angus crosses.

TABLE 7. BREED GROUP MEANS FOR POSTWEANING FEED EFFICIENCY 
OF CASTRATE MALES PRODUCED IN CYCLES I ,  I I  AND I I I

_________ Meal o f  ME/kg o f  ga in
Number

of Time Weight Fat
Breed group animals constant con stan t constant

0 days
0 to  238 247 to to 19%

days 470 kg fa t  trim

Jersey-X 132 24.0 25.9 23.0

Hereford-Angus-X 508 23.1 23.5 22.2
Red P o ll-X 111 25.0 25.3 25.0

South Devon-X 94 22.8 22.9 22.7
T aren ta ise -X 103 23.7 24.2 24.5
Ptnzgauer-X 176 23.0 23.4 23.9

Sahiwal-X 154 24.3 26.0 24.3
Brahman-X 153 23.9 24.3 24.2

Brown Sw iss-X 121 22.8 21.3 24.7
Gelbvieh-X 111 22.4 20.8 24.5
Simmental-X 176 22.8 21.9 25.3
Maine-Anjou-X 109 22.5 20.6 26.1

Limous1n-X 173 22.4 22.6 25.8
C h a ro la is -X 176 22.1 20.9 25.6
Chianina-X 119 22.9 21.7 29.3



The resu lts presented in tables 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 
were obtained by adding the average difference between specific breed groups and 
Hereford-Angus crosses within each cycle to the performance of Hereford-Angus 
crosses averaged over the three cycles.

Birth and Weaning Tra its

Results for birth and weaning tra its  from the three cycles are summarized in 
table 4. Important differences were observed among sire  breeds for gestation 
length, birth weight, calving d ifficu lty , preweaning growth rate and weaning 
weight. Calving d iff ic u lty  ranged from a low of 2.9% in Hereford-Angus and Jersey 
crosses to a high of 20.4% in Maine-Anjou crosses. Brahman and Sahiwal crosses 
had sign if ican tly  longer gestations than other breed groups. There was a positive 
association between average gestation length and birth weight of breed groups. 
Breeds s ir in g  the heaviest calves at birth tended to exhibit more calving 
d iff ic u lty  than breeds s ir in g  lighter calves. However, at sim ilar birth weights 
breed groups such as Chianina and Brahman crosses had less calving d iff icu lty  than 
Maine-Anjou and Charolais crosses due perhaps to shape of ca lf or possibly other 
factors not yet identified. The results presented in table 4 for calving 
d if f ic u lty  {%), ca lf crop weaned (%) and birth weight are from cows calving at 4 
years of age or older. Results for these tra its  were pooled on th is basis because 
cows were a ll 4 years old or older in Cycles I I  and I I I  of the program. The 
association between calving d ifficu lty  and birth weight was greater in 2- and 
3-year-old dams in Cycle I of the program than in dams 4 years of age and older 
(Smi th jrt ^1_., 1976b).

Our results have shown a fourfold increase in perinatal ca lf death loss when 
calving d if f ic u lty  is  experienced (Laster et al_., 1973; Smith e t £ K ,  1976b). 
Further, subsequent rebreeding performance- Has been reduced (85£ vs 69% 
conception) in cows experiencing calving d iff icu lty  (Laster et al_., 1973). Even 
though i t  has been the most important single factor contributing to calving 
d iff ic u lty , ca lf birth weight accounted for less than 10% of the variation 
observed in calving d iff icu lty  in cows 4 years old and older (Gregory et al.,
1978). -------

Jersey crosses were sign ifican tly  lighter than Hereford-Angus crosses at 
weaning. South Devon* Red Poll and Sahiwal crosses had weaning weights sim ilar to 
Hereford-Angus crosses. Limousin, Pinzgauer and Tarentaise crosses were from 2 to 
3% heavier than Hereford-Angus crosses at weaning. Weaning weights of Charolais, 
Simmental, Brown Swiss, Gelbvieh, Maine-Anjou, Chianina and Brahman crosses 
exceeded Hereford-Angus crosses by 5% or more. For weight weaned per cow calving 
only Brown Swiss and Brahman crosses sign ificantly  exceeded Hereford-Angus crosses 
(Smith e t ^ - ,  1976b; Gregory et a l ., 1978, 1979b).

Postweaning Growth of Females and Castrate Males

Results on postweaning growth from all three cycles are presented in tables 5 
and 6 for females and castrate males, respectively. Final weights on castrate 
males were adjusted to 452 days which approximates their average slaughter age and 
fina l weights on females were adjusted to 550 days. A ll females were retained to
evaluate reproduction and maternal tra its  and were developed accordingly.

*

Generally, females and castrate males of the same breeding group ranked 
sim ilar for growth related tra its. Exceptions included Sahiwal and Brahman 
crosses. Sahiwal and Brahman cross females showed higher re lative final weights
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TABLE 8. BREED GROUP MEANS FOR CARCASS TRAITS OF CASTRATE MALES ADJUSTED
TO A CONSTANT AGE OF 458 DAYS - CYCLES I. II AND III

Breed group

Number
of

animals

Shrunk
live

weight
kg

Carcass
weight
kg

Fat
thick.
cm

Marbling
score®

Retail
product

%

Fat
trim
%

Bone
l

Kidney
fat
l

Jersej-X 134 435 269 1.17 13.3 65.5 22.1 12.4 6.2

Hereford-Angus-X 472 457 289 1.63 11.3 66.3 21.7 12.0 3.9
Red Poll-X 106 444 280 1.24 11.2 66.6 21.0 12.4 5.1

South Devon-X 94 468 297 1.22 11.3 67.7 20.0 12.3 4.7
Tarentalse-X 102 458 289 1.12 10.1 69.8 17.7 12.5 4.9
Plnzgauer-X 130 461 285 1.17 10.8 69.4 17.5 13.1 4.4

Sah1wal-X 141 436 277 1.37 9.7 69.1 18.4 12.4 3.9
Brahman-X 128 469 301 1.42 9.3 69.4 18.0 12.6 4.1

Brown Swlss-X 120 488 307 .99 10.4 69.1 17.6 13.3 4.0
Gelbv1eh-X 108 494 312 .94 9.7 69.8 17.4 12.8 4.5
Slmmental-X 175 489 305 .99 9.9 71.0 15.6 13.4 4.3
Malne-Anjou-X 109 500 319 .94 10.2 70.2 16.5 13.3 4.1

L1mous1n-X 177 463 296 1.04 8.9 72.4 15.1 12.5 4.3
Charola1s-X 177 496 313 .97 10.3 71.8 15.2 13.0 4.2
Chlanlna-X 112 489 313 .81 8.5 73.0 13.0 14.0 3.8

Hereford damsb 1044 465 292 1.09 9.8 69.7 17.3 13.0 4.1
Angus damsb 1353 464 295 1.30 11.1 68.3 19.4 12.3 4.5

a Marbling scores: traces - 4, 5, 6; slight - 7, 8, 9; small ■ 10, 11, 12; 

modest - 13, 14, 15; . . . .

b Includes stralghtbred progeny from Cycles I and II but does not Include Hereford-Angus cross 

progeny from Cycle III.

TABLE 9. BREED GROUP MEANS FOR CARCASS TRAITS OF CASTRATE MALES
ADJUSTED TO 19X FAT TRIM - CYCLES I ,  I I AND I I I

Breed group

Shrunk
l i v e

weight
Carcass
weight

kg

Fat
th ick .
cm

M arb lin g
score®

R e ta il
product

%
Bone
%

K1dney 
fa t  
%

Je rse y -X 399 244 .94 11.8 68 .0 13.0 5.6

H ereford -Angus-X 424 265 1.35 10.2 68.4 12.6 3.6
Red P o l l- X 421 264 1.09 10.4 68.2 12.8 4 .8

South Devon-X 458 290 1.17 10.9 68.5 12.5 4.5
T a re n ta ise -X 461 293 1.12 10.4 68.6 12.4 5.1
P ln zgauer-X 466 290 1.17 11.2 68.0 13.0 4.6

Sah1wal-X 431 275 1.32 9.7 68.5 12.5 4.0
Brahman-X 468 302 1.40 9.5 68.4 12.6 4.3

Brown Sw 1ss-X 519 328 1.17 11.2 68.1 12.9 4.1
G elbv ieh -X 530 336 1.14 10.6 68.7 12.3 4.7
Slmmental-X 567 359 1.40 11.9 68.6 12.4 4.8
Ma1ne-Anjou-X 555 357 1.22 11.5 68.4 12.6 4.4

Limous1n-X 551 357 1.52 11.0 69.7 11.3 4.9
C ha ro la1 s-X 586 376 1.40 12.6 69.1 11.9 4.8
Ch1an1na-X 630 413 1.45 11.7 68.8 12.2 4.6

Hereford  damsb 491 310 1.27 10.6 68.4 12.6 4.4
Angus damsb 460 293 1.27 10.9 68.6 12.4 4.5

a M arb lin g  sco re s: trace s *  4,, 5, 6;, s l i g h t  *  7, 8, 9 ; sm all -  10, 11,

12; modest *  13, 14, 15; . . .  .
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(550 days) than castrate males (452 days). Both sexes of these breed groups 
showed about the same relative difference to Hereford-Angus crosses at 400 days in 
females and 452 days in steers. The period from 400 to 550 days in females 
included the summer months under grazing conditions, thus indicating that the 
Sahiwal and Brahman crosses have higher relative adaptability to the summer 
environment on pasture than to the winter environment when they were fed alfa lfa 
hay1 age, sorghum silage and corn silage. Either climatic or nutritive 
environment, or possibly both, may be involved in contributing to th is apparent 
difference in re lative adaptability of Sahiwal and Brahman crosses.

In both sexes, Jersey, Red Poll and Sahiwal crosses gained at a slower rate 
and had lower final weights than Hereford-Angus crosses. Limousin crosses of both 
sexes exhibited about the same final weight as Hereford-Angus crosses. South 
Devon, Tarentaise and Pinzgauer crosses had final weights of from 1 to 3% greater, 
whereas Brown Swiss, Gelbvieh, Maine-Anjou, Chianina, Simmental and Charolais 
crosses exhibited final weights of from 4 to 9% greater than Hereford-Angus 
crosses. Brahman cross females were 8% heavier than Hereford-Angus cross females 
at 550 days, whereas Brahman cross castrate males were only 2% heavier than 
Hereford-Angus cross castrate males at 452 days (Smith et a l., 1976a; Laster et 
a l ., 1976; Gregory et al_., 1979a and Cundiff et al_., 19BT).

Feed Efficiency of Castrate Males

Postweaning (following an adjustment period of about four weeks), feed 
efficiency for different intervals of evaluation are summarized for castrate males 
in table 7. Feed efficiency (Meal of ME/kg of gain) was evaluated over time 
constant (0 to 238 days on feed), weight constant (247 to 470 kg), and fat 
constant (0 days to 19% fat trim) intervals. The range between breed groups in 
feed efficiency was greatest for the weight constant interval. Breed groups with 
the most rapid growth rates required less feed per unit of gain than slower 
gaining breed groups because fewer days of maintenance were required in the weight 
constant interval. The ranking and relative differences of breed groups for feed 
efficiency in the time constant interval (0 to 238 days postweaning) were sim ilar 
to that for the weight constant interval, but the range and differences between 
breed groups were smaller. The larger, faster gaining breed groups were heaviest 
at weaning and maintained more weight throughout the time constant interval. Even 
with heavier weights maintained, the faster gaining breed groups tended to be more 
e ffic ien t in the time constant interval.

Feed efficiency from weaning (except for 25 to 30 day adjustment period) to a 
fat constant end point (0 days to 19% fat trim) is  also presented in table 7. The 
level of 19% fat trim was selected because this level approximated the fat trim 
(%) of a ll carcasses at a mean slaughter age of 458 days. Breed groups reaching a 
19% fat trim in the shortest number of days tended to be more effic ient (Smith et 
a l., 1976a; Cundiff £ t  , 1981).

Carcass and Meat T ra its of Castrate Males

Carcass and meat data were obtained in cooperation with sc ientists from 
Kansas State University in their laboratories. Breed group means for carcass 
t ra it s  of castrate males from Cycles I,  I I  and I I I  adjusted to a constant age of 
458 days are presented in table 8 and to a constant fat trim of 19% are presented 
in table 9. Retail product is  lean tissue with fat trimmed to about 8 mm of 
outside fat and with essentially a ll bone removed. Equal age comparisons provide 
a measure of d ifferential growth rate and are related to mature size. Results
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TABLE 10. PERCENTAGE OF CARCASS IN EACH WHOLE CUT 
AT A CONSTANT CARCASS WEIGHT

Loin and M1 nor K1dney
Breed group Round Chuck rib cuts knob

Jersey-X 20.99 26.18 21.43 25.03 6.33

Hereford-Angus-X 22.72 26.35 21.90 25.08 3.94
Red Poll-X 22.27 26.49 21.58 24.33 5.34

South Devon-X 23.17 26.10 21.87 24.23 4.58
Tarentaise-X 22.73 26.36 21.99 23.94 4.97
P1nzgauer-X 22.92 26.56 21.88 24.16 4.47

Sahiwal-X 22.98 25.68 22.28 24.67 4.37
Brahman-X 23.68 26.25 21.72 24.22 4.12

Brown Sw1ss-X 23.99 26.94 21.87 23.32 3.88
Gelbvieh-X 23.27 26.89 21.76 23.76 4.32
S1mmental-X 24.19 26.72 21.50 23.40 4.18
Ma1ne-Anjou-X 24.32 26.91 21.60 23.39 3.78

L1mous1n-X 24.19 26.47 22.05 23.15 4.18
Charola1$-X 24.76 26.39 21.72 23.21 3.93
Chianina-X 25.00 27.43 21.80 22.25 3.52

Mean 23.41 26.52 21.80 23.88 4.39

TABLE 11. PERCENTAGE OF TOTAL RETAIL PRODUCT 
IN EACH CUT AT A CONSTANT CARCASS HEIGHT

Loin and Minor Kidney
Breed group Round Chuck rib cuts knob

Jersey-X 24.56 30.72 24.74 19.98

Hereford-Angus-X 25.80 30.02 24.05 20.14 _____

Red PoII-X 25.81 30.23 24.35 19.62

South Devon-X 25.84 29.46 24.33 20.45 _____

Tarentaise-X 25.89 29.82 24.49 19.81 —
Pinzgauer-X 25.88 29.85 24.43 19.85 . . . . .

Sahiwal-X 26.40 29.65 24.71 19.25 . . . . .
Brahman-X 26.54 30.02 24.02 19.43 . . . . .

Brown Swiss-X 26.54 30.12 24.39 18 .% . . . . .
Gelbvieh-X 26.02 30.39 24.25 19.35
S1mmental-X 26.56 29.61 23.99 19.85 —
Maine-Anjou-X 26.79 30.06 23.93 19.23 . . . . .

Limousin-X 26.66 29.50 24.21 19.64 . . . . .
Charo1a1s-X 26.81 29.02 24.13 20.04 —
Chianina-X 27.27 30.37 24.01 18.36 . . . . .

Mean 26.22 29.92 24.27 19.60

494



presented in table 8 re flect large differences between breed groups in carcass 
composition and growth rate. The Limousin crosses had the highest retail product 
(%) and the lowest fat trim (%) among breed groups of intermediate weight (table 
8). At equal ages, breed groups differed in carcass weight by as much as 19% and 
also varied greatly in composition of carcasses; the range in fat trim (%) was 
9.1% (table 8). Carcass weight varied more widely (Chianina crosses were 69% 
heavier than Jersey crosses) between breed groups at equal fat trim than at equal 
age, with the maximum difference in retail product was reduced to 1.7% at equal 
fat trim (Limousin vis Jersey crosses). Breed group differences in bone (%) had a 
range of 1.7% when carcass tra its  were adjusted to a fat trim of 19% (table 9). 
These results indicate that breed group differences in fat trim (%) at a constant 
age are about five times as great as breed group differences in bone (%) at a 
constant fat trim. Generally, rapid growing breed groups had less fat trim and 
more reta il product and bone which required these breed groups to be carried to 
heavier weights to attain equal fat trim percentages (Koch et a l., 1976, 1979, 
1982a). --------

Percentage of the carcass in whole cuts of round, chuck, lo in and rib, minor 
cuts, and kidney knob are presented in table 10. Minor cuts include the flank, 
plate, brisket and foreshank. There was some variation in whole cuts among breed 
groups, particu larly  in the round, minor cuts and kidney knob. The cause of the 
whole cut variation is  best examined by considering the relative amount of the 
total reta il product, fat trim and bone contributed by each cut, which is  shown in 
tables 11, 12 and 13, respectively. The largest differences among breed groups in 
d istribution  of reta il product (%) were in the round. There was a tendency for 
the breed groups with later carcass maturity to have a larger percentage of their 
reta il product (%) in the round than the earlier maturing breed groups. Chianina 
crosses had the highest (27.27%) and Jersey crosses the lowest (24.56%) amount of 
their reta il product in the round. However, the s im ila rit ie s  of breed groups in 
d istribution  of reta il product (%) among cuts was more strik ing  than the 
differences. The amount of retail product in the more preferred cuts (lo in  and 
rib) were remarkably sim ilar. No breed group deviated more than .5% from the mean 
and most breed groups were within .25% of the mean. Jersey crosses had the 
highest percentage of their retail product in the loin and rib  (24.74%). 
D istribution of the fat trim by cuts did vary sign ifican tly  among breed group. 
Kidney and pelvic fat showed the greatest variation. There was a tendency for the 
breed groups with earlie r carcass maturity to have le ss and the breed groups with 
later carcass maturity to have more of their fat trim in the kidney and pelvic 
region. Hereford-Angus crosses had the lowest (17.96%) and Chianina crosses the 
highest (32.05%) re lative percentage of their fat trim in the kidney knob. 
Differences among breed groups in distribution of bone were not large and were 
sim ilar to differences in distribution of retail product (Koch and Dikeman, 1977; 
Koch e t£ l_ ., 1981, 1982b).

Marbling score is  the primary determinant of carcass quality grade in USDA 
grade standards for beef carcasses. As indicated by table 14, at equal age of 458 
days, breed groups differed sign ifican tly  in average marbling scores and in 
percentage of carcasses that had adequate marbling to grade USDA Choice or higher. 
Breed groups which had the highest marbling scores had higher fat trim percentages 
(tables 8 and 14). These results indicate that the genetic relationship between 
marbling score and fat trim is  high. Thus, there is  l i t t le  opportunity to 
increase carcass quality grade through selection among breeds without increasing 
carcass fat trim (Koch et a l., 1976, 1979, 1982a).
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TABLE 12. PERCENTAGE OF FAT TRIM IN EACH CUT AT A CONSTANT CARCASS WEIGHT

Loin and Minor K1dney
Breed group Round Chuck r ib cuts knob

Jersey-X 7.59 11.76 14.91 39.31 26.43

Hereford-Angus-X 9.64 12.95 18.33 41.12 17 .%
Red Poll-X 7.46 12.57 15.72 39.49 24.76

South Devon-X 8.96 11.43 16.36 39.84 23.41
Tarentalse-X 6.77 10.83 15.92 39.92 26.56
Plnzgauer-X 7.36 11.80 16.16 40.76 23.92

Sahlwal-X 8.01 10.63 17.11 43.37 20.88
Brahman-X 7.94 8.67 16.26 43.93 23.20

Brown Swiss-X 7.74 10.14 16.12 41.77 24.23
Gelbv1eh-X 6.19 8.48 15.37 42.84 27.12
Siirmental-X 7.09 10.49 14.55 41.05 26.82
Maine-Anjou-X 5.05 6.53 15.18 44.73 28.51

L1mous1n-X 7.02 8.84 16.18 40.82 27.14
Charola1s-X 8.01 9.66 14.55 40.73 27.05
Ch1an1na-X 3.23 4.80 14.88 45.04 32.05

Mean 7.20 9.97 15.84 41.65 25.34

TABLE 13. PERCENTAGE OF BONE IN EACH CUT AT A CONSTANT CARCASS WEIGHT

Breed group Round Chuck
Loin and 

rib
Minor
cuts

K1dney 
knob

Jersey-X 28.67 30.64 17.07 23.63

Hereford-Angus-X 29.76 30.72 16.52 23.01
Red Poll-X 29.49 31.00 16.87 22.65

South Devon-X 30.07 30.19 16.62 23.13
Tarenta1se-X 29.46 30.51 17.11 22.93
P1nzgauer-X 29.91 30.41 16.43 23.26

Sahlwal-X 30.21 29.82 17.63 22.35
Brahman-X 30.17 30.11 16.53 23.20

Brown Swiss-X 30.81 30.75 15.88 22.57 -------
Gelbv1eh-X 30.03 30.87 16.41 22.70 -------
Simmental-X 30.62 30.19 16.29 22.91 -------
Maine-Anjou-X 30.84 30.46 16.01 22.70 -------

L1mous1n-X 30.11 30.49 16.54 22.87 ------
Charola1s-X 30.98 30.22 16.07 22.74 ------
Ch1an1na-X 31.17 30.26 16.28 22.30 ------

Mean 30.15 30.44 16.55 22.86 ------
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Trained sensory panel evaluation of longissimus muscle samples from 1230 
animals is  summarized in table 14. One of the most sign ifican t findings in the 
carcass and meat t ra it  evaluations was the generally high level of acceptance of 
meat from a ll breed groups that came from the same production system despite major 
differences in size of carcass, fat trim %, retail product % and marbling level. 
Cooking preparation was carefully controlled. Sensory panel scores did tend to 
increase as marbling score increased when comparisons were at the same age, but 
the change was s l ig h t . While s t i l l  in the acceptable to moderately desirable 
range, tenderness scores of the cooked meat were less for the Sahiwal and Brahman 
crosses than for the crosses of Bos taurus breeds. Results from a sample of the 
same population show that marbling accounted for only about 8% of the variation in 
meat pa latab ility  in young cattle fed and managed alike and slaughtered at 14-16 
months of age (Campion et al_., 1975).

The rather high degree of acceptance by sensory panel evaluation and the low 
relationship of sensory panel scores with marbling score suggest that the 
production system and cooking preparation w ill like ly  be more effective than 
breeding in improving palatab ility characteristics of beef.

Puberty and F e rt il ity  of Fi Females

The females produced in the program were retained to evaluate reproduction 
and maternal performance tra its. Differences among breed groups in age and weight 
at puberty and in percentage pregnant at 550 days are presented in table 15.

Simmental, Maine-Anjou, South Devon and Tarentaise crosses were sim ilar to 
Hereford-Angus crosses in average age at puberty and intermediate to other breed 
groups. Gelbvieh, Brown Swiss, Pinzgauer and Red Poll crosses reached puberty 
earlie r than Hereford-Angus crosses. Jersey crosses were the youngest of all 
breed_groups when puberty was observed. Among Bos taurus breed qrouDS. Limousin. 
Charolais and Chianina crosses were oldest at puberty but were exceeded 
sign if ican tly  by Sahiwal and Brahman crosses. Larger breeds that have later 
carcass maturity are expected to be older at puberty. Considering their mature 
size, South Devon, Simmental, Maine-Anjou, Pinzgauer, Brown Swiss and Gelbvieh 
crosses reached puberty at re latively young ages. Breeds which have been selected 
for milk production appear to reach puberty at a younger age than breeds of 
sim ilar growth rate and mature size that have not been selected for milk 
production. The negative relationship between milk production and age at puberty 
may be as great as the positive relationship between mature size and age at 
puberty. Also, i t  would appear that the Sahiwal and Brahman breeds may have been 
subjected to selection pressures which set them apart from the Bos taurus breeds 
in regard to age at which they exhibit puberty. Breed groups varTecf in percentage 
pregnant at 550 days (Laster et aU , 1976, 1979; Gregory et al_., 1979a).

Hereford Dams vs Angus Dams

Differences between Hereford and Angus straightbred dams that produced 
Fi calves in Cycles I,  I I  and I I I  are reflected by tables 4, 5, 6, 8, 9 and 15. 
Angus dams had shorter gestation length, less calving d iff icu lty  and produced 
calves with lighter birth weights but with higher preweaning average daily gain 
and heavier weights at 200 days than Hereford dams (table 4). Differences between 
Hereford and Angus dams were small and not sign ificant for preweaning mortality of 
their calves (table 4). Progeny of Hereford dams compensated for their lighter 
200-day weight by exhibiting faster postweaning growth rate than the progeny of
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TABLE 14. BREED GROUP MEANS ADJUSTED TO A CONSTANT AGE OF 458 DAYS 
FOR FACTORS IDENTIFIED WITH MEAT QUALITY -  CYCLES I.  I I  AND I I I

Breed group
Marb
lin g4

Percent
choice

Warner- 
Bratzler 
Shear 
(kg)

Trained

Flavor

sensory panel

Ju ic i
ness

scores15

Tender
ness

Ch1anina-X 8.3 24 3.6 7.3 7.2 6.9

Limousin-X 9.0 37 3.5 7.4 7.3 6.9

Brahman-X 9.3 40 3.8 7.2 6.9 6.5

Gelbvieh-X 9.6 43 3.5 7.4 7.2 6.9

Sahiwal-X 9.7 44 4.1 7.1 7.0 5.8

Simmental-X 9.9 60 3.5 7.3 7.3 6.8

Maine-Anjou-X 10.1 54 3.4 7.3 7.2 7.1

Tarentaise-X 10.2 60 3.7 7.3 7.0 6.7

Charolais-X 10.3 63 3.3 7.4 7.3 7.3

Brown Swiss-X 10.4 61 3.5 7.4 7.2 7.2

P1nzgauer-X 10.8 60 3.4 7.4 7.2 7.1

South Devon-X 11.3 76 3.1 7.3 7.4 7.4

Hereford-Angus-X 11.3 72 3.3 7.3 7.3 7.3

Red Poll-X 11.5 68 3.4 7.4 7.1 7.3

Jersey-X 13.2 85 3.1 7.5 7.5 7.4

a Marbling: 5 = traces, 8 = s lig h t, 11 -  small, 14 = modest,

17 *  moderate.

b Trained sensory panel scores: 2 -  undesirable, 5 = acceptable,

7 = moderately desirable, 9 = extremely desirable.
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Angus dams. There was no difference between the progeny of Hereford and Angus 
dams in their final weight, i.e ., 550 days in females and 452 days in castrate 
males (tables 5 and 6).

The castrate male progeny of Hereford dams produced carcasses that had less 
outside fat, lower marbling score, higher retail product (%), le ss fat trim (%), 
more bone (%) and less kidney fat (%) than the progeny of Angus dams when adjusted 
to a constant slaughter age of 458 days (table 8).

When adjusted to a constant fat trim of 19%, castrate males with Hereford 
dams were 31 kg heavier at slaughter and had carcasses that were 17 kg heavier, 
with essentia lly  the same outside fat thickness, reta il product (%), bone (%) and 
kidney fat (%), but with a lower marbling score than the progeny of Angus dams 
(table 9). This resu lt reflects higher level of marbling per unit of subcutaneous 
fat for Angus cattle compared to Hereford cattle.

The female progeny of Angus dams reached puberty at 3 kg lighter weight and 
28 days younger than the progeny of Hereford dams whereas 2.7% more of the progeny 
of Hereford dams were pregnant at 550 days (table 15).

CONCLUSIONS

The basic objective of beef cattle crossbreeding systems is  to optimize 
simultaneously the use of both nonadditive (heterosis) and additive (breed 
differences) effects of genes. Experimental results evaluating rotational 
crossbreeding systems indicate that retention of heterosis is  proportional to 
retention of heterozygosity. Production increases of from 15.5% to 24.2% in calf 
weight marketed per cow exposed to breeding can be achieved through different 
crossbreeding systems that use heterosis and complementarity. Results based on 
both experimentation and computer simulation indicate that differences in additive 
genetic merit of breeds for specific characters can be used in specific 
crossbreeding systems to synchronize genetic resources with other production 
resources and to provide for complementarity through the use of terminal sire  
breeds. Because of the high percentage of cattle on a global basis that are in 
herds too small to use effective crossbreeding systems on a self-contained basis 
and the wide fluctuation between generations in additive genetic composition in 
breed rotation crossbreeding systems, composite breed development should be 
evaluated experimentally as a possible alternative, or, as a supplement to 
continuous crossbreeding systems to use heterosis and to optimize additive genetic 
composition for synchronizing climatic adaptability and performance 
characteristics of cattle genetic resources with the production environment and to 
market requirement.

There are important differences in performance characteristics of the germ 
plasm resources available for beef cattle production in continental and temperate 
climatic zones. Generally, faster gaining breed groups were characterized by 
heavier birth weights, a higher level of calving d iff icu lty  and a higher 
preweaning mortality. Castrate males from faster gaining breed groups tended to 
exhibit greater feed efficiency in weight constant and in time constant but not in 
fat constant intervals, a higher percentage of retail product and a lower 
percentage fat trim in the carcass and a lower level of marbling when all breed 
groups were slaughtered at the same age. 'La rge  differences were observed among 
breed groups for major carcass tra its  on both an age constant (458 days) and fat 
constant (19% fat trim) basis. Even though there were major differences in 
marbling score among breed groups, differences in palatab ility  of meat were small.
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TABLE 15. BREED GROUP MEANS FOR REPRODUCTION TRAITS 
OF FEMALES PRODUCED IN CYCLES I,  I I  AND I I I

Breed group Number

Weight
at

puberty
(kg)

Weight
at

puberty
ra t io 3

Age
at

puberty
(days)

Age
at

puberty
ra t io 3

Pregnant 
550 days 

(%)

Jersey-X 117 235 83 308 86

-------- *-----

80.6

Hereford-Angus-X 322 282 100 357 100 87.2
Red P o ll-X 95 263 93 337 94 84.8

South Devon-X 120 290 103 350 98 79.3
Tarentaise-X 85 282 100 349 98 96.2
Pinzgauer-X 114 277 98 334 94 99.2

Sahiwal-X 87 291 103 414 116 103.2b
Brahman-X 103 323 114 429 120 98.2

Brown Sw iss-X 126 279 99 332 93 93.0
Gelbvieh-X 81 284 101 326 91 93.2
Simmental-X 157 302 107 358 100 80.4
Maine-Anjou-X 89 305 108 357 100 94.2

Limousin-X 161 308 109 384 108 76.2
Charo la is-X 132 319 113 384 108 74.8
Chianina-X 92 317 112 384 108 85.6

Hereford dams 997 291 379 90.4
Angus dams 1103 288 351 87.7

a Ratio  re la t ive  to Hereford-Angus cro sse s.

b In  Cycle I I I  only 82.0% o f Angus-Hereford c ro sse s were pregnant at 

550 days whereas 98% o f the Sahiwal crosses were pregnant at 550 days.
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A high degree o f  a sso c ia tio n  was observed among breed groups between percentage 
fa t  trim and marbling score. Meat from a ll breed groups produced under the same 
production system was h igh ly  acceptable, re f le c t in g  that meat p a la ta b il ity  i s  not 
g rea tly  influenced by d iffe rences in marbling score associated with breed group 
when the production system is  uniform fo r a ll breed groups. An evaluation of 
breed group d iffe rence s in  d is t r ib u t io n  o f re ta il product, bone and fat in the 
ca rcass showed only small d ifferences between breed groups in re ta il product and 
bone d is t r ib u t io n .  Thus, there i s  l i t t l e  opportunity to increase the proportion 
o f  more preferred cuts through breeding. The va r ia t io n  in  re ta il product-to-bone 
ra t io  was small among the d iffe re n t  breed groups.

There was considerable  v a r ia t io n  among breed groups in both age and weight at 
puberty o f females. Faste r ga in ing breed groups that have la rge r mature size  
tended to reach puberty at a la te r age. However, breed groups that have been 
selected for m ilk production reached puberty at younger ages than breed groups of 
s im ila r  growth rate and mature s ize  that have not been selected for milk 
production. Breed groups of Bos ind icus ca tt le  (Sahlwal and Brahman crosse s) 
reached puberty at an o lder age than any of the breed groups of Bos taurus ca tt le .

SUMMARY
Retention of heterosis appears to be proportional to retention 

of heterozygosity in rotational crossbreeding systems. Because of small 
herd size on a global basis and wide fluctuation in additive genetic 
composition between generations with rotational crossbreeding systems, 
composite breed formation is suggested as a possible alternative to 
use heterosis and to optimize additive genetic composition. Generally, 
faster gaining breed groups were characterized by heavier birth weights, 
more dystocia, higher preweaning mortality, higher retail product (%a 
and lower fat trim (*) at a constant age, and more efficient gains in 
weight constant and in time constant but not in fat constant intervals 
of evaluation. There appears to be little opportunity to increase the 
proportion of retail product contributed by the more preferred cuts 
through breeding programs. Differences between breed groups in palata
bility characteristics of the meat were small. Large differences were 
observed between breed groups in both age and weight at puberty of 
females; breed groups that have been selected for milk production 
reached puberty at younger ages than breed groups with similar growth 
pattern that have not been selected for milk production.

RESUMEN
La retencidn de la heterosis parece ser proporcional a la retencidn 

de la heterozigosis en los sistemas de hibridacidn rotatorios. Debido 
al reducido tamano de los rebanos sobre una base global, y a la amplia 
fluctuacidn en la composicidn gengtica aditiva entre generaciones con 
sistemas de hibridacidn rotatorios, se recomienda la formacidn de ra- 
zas compuestas como alternativa posible al uso de la heterosis y a la 
optimizacifin de la composicidn gengtica aditiva. Generalmente, los gru 
pos de recrfa de progreso rSpido se caracterizaron por pesos mSs altols 
al nacimiento, mSs distocia, superior mortalidad previa al destete, 
mayor producto distribuible (%) y proporcidn mSs baja de grasa (%) a 
una edad uniforme, y progresos mSs eficaces en constancia de peso y 
constancia de tiempo, pero no en intervalos constantes de valoracidn de 
grasa. Parece existir escasa probabilidad de aumentar la proporcidn de 
producto vendible representada por los cortes mSs preferidos, mediante 
programas de recrfa. Las diferencias entre los grupos de cria en cuan- 
to a las caracterlsticas de palatabilidad de la carne, fueron leves.
Se observaron grandes diferencias entre grupos de recrla tanto en edad 
como en peso a la pubertad de las hembras; los grupos de recrfa que se 
escogieron para la producci6n lechera, llegaron a la pubertad a edades 
mSs tempranas que los grupos de recrfa con mddulo de crecimiento simi
lar que no fueron seleccionados para la produccidn lechera.
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