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INTRODUCTION
According to Rendel (1974) almost one-half of the earth's 1,200 million
cattle are in the tropics; i.e ., between the Tropics of Cancer and Capricorn,
while sheep and goats are largely concentrated in the semi-arid zones just south
and north of the two tropics. Also, he estimated that only about 15-20 percent of
the earth's 600 m illion pigs are in the tropics. The focus is on cattle in this
presentation because of the importance of cattle relative to other classes of
livestock in the tropics.
GENERAL CONSIDERATIONS
The seasons understand that balance
is the heart of change,
and understanding that, the seasons
always rearrange?
Yet s t i l l the order seems as endless
cycles round the sun,
and when we think we've Teamed
something, the lesson's just begun.
[From "Lighten Up and Let It Go,1'
Bobby Bridger ® 1981 Stareyes Music
(ASCAP), 708 1/2 West 8th, Austin, Texas
As Quoted in Science 215:No. 4531.

78701]

On a global basis, efficiency of food production generally favors cattle that
have the capability to produce milk in excess of offspring requirements in order
to provide milk and to produce beef for human consumption (Trail and Gregory,
1981a). Thus, integrated dairy-beef systems for producing both dairy products and
beef are expected to predominate in the future. Generally, the tropics have a
great need and, provided specific production constraints can be alleviated, have a
great potential to increase milk and meat production from cattle.
Climatic, nutritive and disease-parasite environments,,characteristic of much
of the tropics, generally favors the use of cattle with<vafying percentages
contributed by Bos indicus breeds of cattle because of their higher level of
general adaptability than Bos taurus breeds of cattle to the environmental
stresses of the tropics. Response capability for both milk and meat production
characters is generally low in most breeds of Bos indicus cattle even when
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environmental constraints are alleviated (Trail and Gregory, 1981a). Several
breeds of Bos taurus cattle have the additive genetic merit to respond for both
milk and meat production characters when environmental stresses are minimal, but
economic and technological considerations generally do not permit modification of
natural environments in most of the major ecological zones of the tropics to
the degree necessary to realize as high a percentage of the genetic potential as
can be exploited in temperate zones (Trail and Gregory, 1981a).
The optimum degree of modification of natural environments is determined by
the value of the increased production relative to costs of improving the
environment. The relatively great demand and thus high value of fresh dairy
products in most of the tropics and the higher nutrient conversion efficiency to
milk relative to beef generally favors a higher degree of environmental
modification to increase milk production than to increase beef production (Trail
and Gregory, 1981a). The most feasible approach to increasing milk and beef
production in the tropics is to realize some improvement in the natural
environment and to use cattle that possess the most nearly optimum additive
genetic composition for the improved environment contributed by both Bos taurus
and Bos indlcus breeds through either organized crossbreeding systems or through
composite populations or breeds. Both breeding approaches should be organized to
optimize the simultaneous use of both additive (breed differences) and nonadditive
(heterosis) sources of genetic variation. From the standpoint of additive genetic
composition, the optimum contribution by Bos indicus breeds should be no more than
required to achieve general adaptability to the production environment. A greater
contribution would be expected to result in reduced production because the
production potential of Bos indicus breeds is lower than Bos taurus breeds. From
the standpoint of u tilizin g nonadditive genetic variation (heterosis) the optimum
contribution by Bos indicus breeds is one-half, because of the higher level of
heterosis from crosses of Bos indicus breeds with Bos taurus breeds than among
crosses of Bos taurus breeds (Cartwright et al., 1964; koger et al., 1975; Koger,
1980). Because of the importance of syncTTroTiTzing general adaptaFility and
performance characteristics of genetic resources with other production resources
we believe that compromises should generally favor optimizing breed composition.
The potential production increase through optimizing additive genetic composition
is like ly greater than the difference in heterosis between crosses of Bos indicus
breeds with Bos taurus breeds relative to crosses among Bos taurus breeds. THe
objective is to achieve optimum response capability for milk and meat production
in the modified climatic, nutritive and disease-parasite environment that is
favored by economic and technological considerations.
In addition to use of germ plasm that possesses characteristics that are
synchronized with the environment, if programs are to be economically viable, both
the germ plasm and the environment must be in harmony with production economics
(Trail and Gregory, 1981a).
McDowell et aj_. (1976) concluded from results obtained at two locations
(subtropical ami temperate) involving crosses of a Bos indicus breed (Red Sindhi)
with specialized Bos taurus dairy breeds (Jersey, Holstein and Brown Swiss) that
use of a Bos indicus breed in crosses with Bos taurus breeds did not show any
important advantages for dairying under the high level of feeding and management
provided in the experiment. It is likely that either economic or technological
considerations, or both, will prevent realization of sim ilar feeding and
management levels in most tropical environments where environmental stresses are
generally much greater.
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Even though there may be major limitations on the degree of modification of
the natural environment that is both economically and technologically feasible,
improvement in both quantity and quality of forage production with some adjustment
in the ambient temperature, by providing sunshades, and a higher level of control
over specific diseases and parasites should be favored by economic considerations
in most ecological zones of the tropics where output of both milk and beef is
currently low per unit of resource use. Variations in both quantity and quality
of forage feed resources, primarily as a result of seasonal variation in
precipitation, is lik e ly one of the most lim iting constraints to the production of
ruminant animal products in the tropics (Trail and Gregory, 1981a). The challenge
in both the tropics and in temperate zones is to synchronize germ plasm resources
with the other production resources that are most favored by economic
considerations in order to optimize production resource conversion rate into milk
and meat. However, because of the major environmental constraints the challenge
is greater in the tropics.
BREED CHARACTERIZATION
Major differences among breeds of cattle (Bos taurus and Bos indicus) have
been demonstrated in both temperate and tropical zones for most characters that
contribute to production efficiency (Cartwright et al., 1964; Touchberry, 1970;
Koger et a K , 1975; Koch £ t al., 1976, 1979, 198T71782a,b; Koch and Dikeman, 1977;
Laster et al_., 1976, 1979; Smith et al_., 1976a,b; Gregory et a l., 1978, 1979a,b;
CundifrT t al., 1981; Trail and Gregory, 1981a,b; Gregory ancTTrail, 1981).
There are important differences in climatic, nutritive and disease-parasite
environments among major ecological zones of the tropics. These differences are
the result of variations in such factors as level and distribution of
precipitation, elevation, soil fe rtility , solar radiation, temperature and
relative humidity (T rail, 1980; Trail and Gregory, 1981a).
A comprehensive program of breed characterization for the characters of
greatest economic importance among the most promising breeds of Bos taurus and Bos
indicus cattle in the ecological zones of interest is necessary to provide a bast?
for effective selection among breeds for use in rotational crossbreeding systems
or as contributors to composite populations or breeds. Selection among breeds for
use in crossbreeding systems or as contributors to composite breeds provides for
rapid attainment of an optimum additive genetic composition for synchronizing
general adaptability of genetic resources to the production situation. Effective
selection of parental breeds to achieve an optimal additive genetic composition
should allow maximum intra-population selection opportunity to be used on fitness
related characters in the resulting composite population. Frisch (1981) concluded
that selection for a performance character such as growth rate in a stressful
environment is primarily selection for resistance to environmental stresses which
lim it the degree of expression of the character for which selection is practiced.
Simultaneous characterization of environments in which breeds are evaluated
for the major environmental variables that affect production response is necessary
for extending the value of breed characterization efforts to the broadest range of
production situations relating to both environmental conditions and production
goals and objectives (Trail and Gregory, 1981a).
Breeds of Bos indicus cattle differ in response capability for both milk and
meat production in tropical environments. For example, the Sahiwal breed is
considered to be unequaled in. transmitted effects for milk production among Bos
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indicus breeds of cattle (Trail and Gregory, 1981a,b). Further, the problem of
milk "letdown" in the absence of calf that is characteristic of Bos indicus breeds
is generally of lesser magnitude in the Sahiwal breed than in most other breeds of
Bos indicus cattle (Trail and Gregory, 1981a). Breeds of Bos taurus cattle differ
greatly in performance characters associated with milk and meat production in
improved environments in temperate zones (Touchberry, 1970; Koch et al., 1976,
1979, 1981, 1982a,b; Koch and Dikeman, 1977; Laster et al_., 1976,"T97T; Smith et
al., 1976a,b; Gregory et a l., 1978, 1979a,b; Cundif-fet a l., 1981). Similarly,
there may be importantKiTTerences among breeds of Bos taurus cattle in general
adaptability to tropical environments and to some of the factors associated with
the environments that characterize a high percentage of major ecological zones of
the tropics.
There are populations of Bos taurus cattle in the tropics of Africa and of
South America that through natural selection have become adapted to tropical
environments and the associated factors that have a negative effect on milk and
meat production. It is the authors' observation, however, that these populations
of Bos taurus cattle, similar to Bos indicus cattle, have a relatively low
response capability for milk and meat production characters when environmental
conditions are improved. In spite of this assessment, some of these populations
may have potential to contribute to crossbreeding systems and to composite
populations, or breeds, when combined with other breeds that have greater response
capability for milk and meat production.
CROSSBREEDING
The basic objective of cattle crossbreeding systems is to optimize the
simultaneous use of both nonadditive (heterosis) and additive (breed differences)
effects of genes. Crossbreeding can be used in cattle to: (1) provide for
heterosis; (2) use breed differences in additive genetic merit for specific
characters to synchronize performance characteristics and general adaptability of
genetic resources to the climatic, nutritive and disease-parasite environment; (3)
use complementarity in part of self-contained herds through terminal sire breeds
that have greater additive genetic merit for growth rate than the associated
mature weight of the cows to which they are mated; and (4) form composite breeds
based on a multi-breed foundation.
Heterosis
The cumulative effects of heterosis on characters that contribute to weight
of calf weaned per cow exposed to breeding have been shown to be 23.3% for crosses
among breeds of Bos taurus cattle (Gregory et jil_., 1965; Wiltbank et jil_., 1967;
Cundiff et al., 1974a,b) and 50% or more for crosses between Bos taurus and Bos
indicus TJreetTs of cattle in subtropical environments (Cartwright et a l., 1964;
Koger et al., 1975). Based on results from an experiment conducted in the tropics
Trail eT aT. (1982) reported heterosis effects for individual tra its that were
closerTo- the lower level for crosses of a Bos indicus breed (Boran) and a Bos
taurus breed (Red Poll). Results show that 60%, or more, of the observed
cumulative heterosis is the result of heterosis effects on maternal characters.
In a comprehensive two-breed rotational crossbreeding experiment that included the
specialized Bos taurus dairy breeds of Holstein and Guernsey and spanned four
generations, Touchberry (1970) estimated the effects of heterosis to be 21.7% for
an index of performance that included measures of growth, milk production and
via b ility . Heterosis effects reported by McDowell et al. (1976) on characters
relating to reproductive efficiency in a specializeT’daTry program were not
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consistent among different characters for crosses of a Bos indicus breed with Bos
taurus breeds.
Experimental evaluation of two- and three-breed rotational
systems indicate that high levels of heterosis are sustained in
generations and that the relationship between loss of heterosis
heterozygosity approaches linearity in rotational crossbreeding
and Cundiff, 1980).

crossbreeding
successive
and loss of
systems {Gregory

Rotational Crossbreeding Systems
The basic outlines for continuous two- and three-breed rotational
crossbreeding systems are presented in tables 1 and 2, respectively. The
estimates of heterosis for individual traits (8.5%) are the result of increased
calf survival and increased preweaning growth rate and are based on reports by
Wiltbank et a l. (1967) and Gregory et aj_. (1965). Estimates of heterosis for
maternal "EraTTs (14.8%) are the resuTt of increased fe rtility and improved
maternal performance and are based on reports by Cundiff £ t al_. (1974a,b).
Heterozygosity reaches equilibrium after seven generations for both two-breed
(67% relative to
) and three-breed (86% relative to F^) rotational crossbreeding
systems (tables 1 and 2); heterozygosity after equilibrium is reached, as a
percentage of Fj. for n breeds in a rotation, is equal to (2n - 2)/(2n - 1)
(Dickerson, 1969, 1977). In a two-breed rotational crossbreeding system, after
equilibrium is reached, 67% (2/3) of the inheritance is contributed by the breed
of the sire and 33% (1/3) of the inheritance is contributed by the breed of the
maternal grandsire. In a three-breed rotational crossbreeding system, after
equilibrium is reached, 57% (4/7) of the inheritance is contributed by the breed
of the sire, 29% (2/7) of the inheritance is contributed by the breed of the
maternal grandsire and 14% (1/7) of the inheritance is contributed by the breed of
the maternal great-grandsire (tables 1 and 2). Because of wide fluctuation in
additive genetic composition between generations in rotational crossbreeding
systems, the breeds used should be reasonably comparable in characters such as
birth weight in order to reduce the level of dystocia (Laster et .al_., 1973) and
should be compatible in performance characteristics such as size and lactation
potential to facilita te common management of all breed of sire groups (Cundiff,
1977). Wide fluctuation in additive genetic composition between generations in
rotational crossbreeding systems greatly restricts the use that can be made of
breed differences to synchronize general adaptability and performance
characteristics of genetic resources to the climatic, nutritive and diseaseparasite environment and the other resources that may be most economical to
provide. For example, i f the optimum percentage contribution by a Bos indicus
breed should be either 25% or 50% in order to achieve greatest harmony between
genetic resources and other production resources, the optimum is approached
infrequently i f sires of pure breeds of Bos indicus and Bos taurus cattle are used
in rotation. Also, because of the requirement to use breeds that have a high
level of compatibility with each other, rotational crossbreeding systems cannot
exploit complementarity (Cartwright, 1970) unless rotational systems are combined
with terminal-sire systems by breeding the mature cows to terminal sires after the
younger cows produce female replacements in a rotational crossbreeding system
(Gregory and Cundiff, 1980).
For a review of static-terminal sire and rotational-terminal sire
crossbreeding systems see Gregory and Cundiff (1980). These crossbreeding systems
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are not reviewed in this presentation because the authors do not believe that they
are generally applicable to integrated dairy-beef systems of cattle production.
COMPOSITE BREED FORMATION
Because a high percentage of cattle on a global basis are in herds too small
to use well organized crossbreeding systems on a self-contained basis and because
of the wide fluctuation between generations in breed composition in rotational
crossbreeding systems, there is need for experimental evaluation of the potential
of composite breed formation as an alternative to continuous crossbreeding systems
to use heterosis and as an approach to achieving and maintaining the most optimum
additive genetic composition aimed at synchronizing general adaptability and
performance characteristics of cattle genetic resources with the production
environment most favored by economic and technological fe a sib ility and with market
requirements (Dickerson, 1969, 1973; Gregory and Cundiff, 1980; Trail and Gregory,
1981a). The wide fluctuation in breed composition between generations
characteristic of rotational crossbreeding systems is an even greater constraint
to optimizing additive genetic composition in the tropics than in temperate zones
because of the need for a contribution by breeds of Bos indicus cattle in order to
achieve adaptability to stressful environments of the tropics (Gregory and Trail,
1981).
Retention of in itia l heterozygosity following crossing and subsequent random
n ?
mating within the crosses ( inter se) is proportional to 1 - ? P i, where P-j is the
fraction of each of n breeds in the pedigree of a composite breed (Wright, 1922;
Dickerson, 1969, 1977). This loss of heterozygosity occurs between the F^ and F2 Retention of heterozygosity favors the inclusion of a large number of breeds in
composite populations. The increased heterosis retention resulting from including
additional contributing breeds must be balanced against possible loss of average
additive genetic merit from the additional breeds. Table 3 provides computations
of heterozygosity retained in different mating types and estimates of increase in
weight of calf weaned per cow exposed to breeding vf retention of heterosis is
proportional to retention of heterozygosity in composite populations. As
indicated by table 3, the percentage of F^ heterozygosity retained in composite
populations based on an approximately equal contribution by either three or four
breeds is equal to, or exceeds, the percentage of Fj heterozygosity retained in a
two-breed rotational crossbreeding system after equilibrium is reached. However,
there is need to determine experimentally i f retention of heterosis in composite
populations is proportional to retention of heterozygosity as was indicated for
rotational crossbreeding systems by Gregory and Cundiff (1980).
A major advantage of composite breeds over rotational crossbreeding systems
is the opportunity to achieve and maintain the most optimum contribution by each
breed available for use in the system. This advantage is particularly important
for breeding cattle that have an optimum production response capability in
tropical environments.
Another potential advantage of composite breeds relative to rotational
crossbreeding systems is that response to selection may be greater in composite
populations than in parental breeds contributing to them because of increased
genetic variation expected as a result of differences in gene frequencies among
the parent breeds and greater selection intensity possible because of a higher
reproduction rate as a result of heterosis (Dickerson, 1973; Cundiff, 1977).
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There is need to estimate additive genetic variation, particularly for fitness
related characters, in composite populations relative to parental breeds that
contribute to them.
Lopez-Fanjul (1974) concluded in a review of selection from crossbred
populations (composites) that prediction of short-term selection superiority of a
new breed (composite) over it s parental breeds will not generally be possible
because of lack of knowledge of the magnitude and nature of between-breed genetic
differences for quantitative characters. He expressed the opinion that success in
formation of new breeds is more a chance and empirical process than a predictable
procedure. He concluded further that, in general, new breed formation does not
appear to be a promising proposition. He did not present evidence to support
these broad conclusions. He did not present results relating to either heterosis
retained in composite populations or genetic differences among breeds as a basis
for possible increased additive genetic variation in composite populations when
compared with their parental breeds. Nor did he consider exploiting differences
among breeds in average additive genetic merit for specific traits to make more
rapid progress toward the optimization of additive genetic composition.
An important consideration in the development of composite breeds is to
maintain population size large enough so that the in itia l advantage of increased
heterozygosity is not dissipated by early re-inbreeding of composite populations.
Linearity of association of retention of heterosis with retention of
heterozygosity in rotational 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).
CONCLUSIONS
Integrated dairy-beef systems for producing both dairy products and beef are
expected to predominate on a global basis because efficiency of food production
generally favors cattle that have the capability to produce milk in excess of
requirements of offspring. Climatic, nutritive and disease-parasite environments
of the tropics generally favors the use of cattle with varying percentages
contributed by Bos indicus breeds because of their higher level of general
adaptability to stressful environments than Bos taurus breeds of cattle. Response
capability for milk and meat production characters is generally low in most breeds
of Bos indicus cattle. Breeds of Bos taurus cattle have the additive genetic
merit to respond for both milk and meat production characters when environmental
stresses are minimal, but economic and technological considerations generally do
not permit modification of the natural environment of most major ecological zones
of the tropics to the degree necessary so that their general adaptability is
appropriate to realize a high percentage of the genetic potential that can be
exploited in temperate zones. The most feasible approach to synchronizing cattle
genetic resources with other production resources of the tropics, in order to
approach optimization of production resource conversion rate into dairy products
and beef, is to achieve some improvement in the natural environment and to use
cattle that possess the most nearly optimum additive genetic composition
contributed by both Bos taurus and Bos indicus breeds in either organized
crossbreeding systems or through composite breeds.
A comprehensive program of characterization for major economic traits in
candidate breeds of both Bos indicus and Bos taurus cattle in the ecological zones
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TABLE 1.

GENETIC COMPOSITION AND HETEROSIS EXPECTED IN A TWO-BREED ROTATION
A d d itiv e genetic com position
Dam

Generation

S ire
breed

1
2
3
4
5
6
7
8

A
B
A
B
A
B
A
B

Estimated increase
in weight weaned
per cow exposed

Heterozygosi ty
% r e la t iv e to Fi

C a lf

A
(%)

B
(%)

A
(%)

B
(%)

Dam

C a lf

<%)a

50
25
63
31
66
33
67

100
50
75
37
69
34
67
33

50
25
63
31
66
33
67
33

50
75
37
69
34
67
33
67

0
100
50
75
63
69
66
67

100
50
75
63
69
66
67
67

8.5
19.0
13.8
16.4
15.2
15.8
15.5
15.5

a Based on h e te ro sis, e ffe c ts o f 8.5% fo r in d iv id u a l t r a i t s and 14..8% f o r maternal t r a it s , when
lo s s of h e te ro sis i s pro po rtio n al to lo s s o f h e te ro zyg osity.
TABLE 2.

GENETIC COMPOSITION AND HETEROSIS EXPECTED IN A THREE-BREED ROTATION

A d d itiv e genetic com position
Dam
Generation

S ire
breed

1
2
3
4
5
6
7
8

A
B

c
A
B
C
A
B

A
(%)
50
25
12
56
28
14
57

C a lf

Heterozygosi ty
% r e la t iv e to Fi

Estimated
increase
in weight
weaned per
cow exposed

B
<%)

C
<%)

A
<%)

B
(%)

C
(%)

Dam

C a lf

(% )a

0
50
25
12
56
28
14

100
50
25
62
31
16
58
29

50
25
12
56
28
14
57
29

0
50
25
12
56
28
14
57

50
25
62
31
16
58
29
14

0
100
100
75
88
88
84
86

100
100
75
88
88
84
86
86

8.5
23.3
21.2
18.6
20.5
20.2
19.7
20.0

a Based on h e te ro sis e ffe cts of 8.5% fo r in d iv id u a l t r a i t s and 14.8% f o r maternal t r a it s , when
lo s s o f h e te ro sis i s proportional to lo s s of h e te ro zyg osity.
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of interest is necessary to provide the basis for effective selection among breeds
for use in rotational crossbreeding systems and (or) as contributors to composite
breeds. The objectives in both rotational crossbreeding systems and in composite
breeds is to use heterosis simultaneously with achieving the most optimum breed
composition synchronized with the production situation in regard to general
adaptability and performance characteristics.
High levels of heterosis can be sustained in continuous rotational
crossbreeding systems because retention of heterosis in rotational crossbreeding
systems appears to be proportional to retention of heterozygosity. However, the
wide fluctuation in additive genetic composition between generations in rotational
crossbreeding systems may not permit achievement and maintenance of the most
optimum contribution by each breed used in the system. Composite breed formation
provides greater opportunity than rotational crossbreeding for achieving and
maintaining the most optimum breed composition. However, lin earity of association
of heterosis with heterozygosity must be estimated in composite populations in
order to predict the percentage of average in itia l heterosis sustained. Retention
of in it ia l heterozygosity after crossing and subsequent random mating within the
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TABLE 3.

HETEROZYGOSITY OF DIFFERENT MATING TYPES AND ESTIMATED INCREASE
IN PERFORMANCE AS A RESULT OF HETEROSIS

Heterozygosity
% relative to Fi

Estimated
increase
in weight
weaned per
cow exposed3
(%)

Pure breeds
Two-breed rotation
Three-breed rotation
Four-breed rotation

0
66.7
85.7
93.3

0
15.5
20.0
21.7

Two-breed composite:
' F 3' -' 1 / 2 A , 1 / 2 6 '
F3 - 5/8A, 3/8B
F3 - 3/4A, 1/4B

50.0
46.9
37.5

11.6
10.9
8.7

Three-breed composite:
r 3 ■- 1 / M ; 1 7 4B 7 T74C
F3 - 3/8A, 3/8B, 1/4C

62.5
65.6

14.6
15.3

75.0
68.8
65.6

17.5
16.0
15.3

Five-breed composite:
F 3 - 1 / 4 A , 1 / 4 6 , 1 / 4 C , 1/8D, 1/8E
F3 - 1/2A, 1/8B, 1/8C, 1/8D, 1/8E

78.1
68.8

18.2
16.0

Six-breed composite:
- T F W T 7 ¥ r i /8C. 1/8D, 1/8E, 1/8F

81.3

18.9

Seven-breed composite:
F 3 - 3/16A, 3 / 1 6 8 . 1/8C, 1/8D1, 1/8E.
1/8F, 1/8G

85.2

19.8

87.5

20.4

Mating type

Four-breed composite:
1 / 4 A , 1 / 4 B , I / 4 C , 1/4D
F3 - 3/8A, 3/8B, 1/8C, 1/8D
F3 - 1/2A, 1/4B, 1/8C, 1/8D

F3 -

Eight-breed composite:
F3 -

1 /8A , 1 /8 B ,

1/8C ,

1/8F, 1/8G, 1/8H

1/8D. 1/8E.

a Based on heterosis effects of 8.5% for individual tra its and 14.8% for
maternal tra its and assumes that loss of heterosis is proportional to loss of
heterozygosity.
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This assumption has not been validated for composite breeds.

crosses ( inter se) is proportional to 1 -

n 2

?Pj,

where

P-j

is the fraction of each of

^ breeds in the pedigree of a composite population.
Another potential advantage of composite breeds relative to rotational
crossbreeding systems is that response to selection may be greater in composite
breeds than in parental breeds because of increased genetic variation expected as
a result of differences in gene frequencies among the parent breeds and greater
selection intensity possible because of a higher reproduction rate as a result of
heterosis.
SUMMARY
Efficiency of food production generally favors cattle that
have the capability to produce milk in excess of offspring
requirements in order to provide milk and to produce beef for
human consumption. B o s i n d i a u s breeds of cattle have a high level
of general adaptability to tropical environments but have a low
response cabability for milk and meat production characters
whereas B o s t a u r u s breeds of cattle have the genetic potential
to respond for both milk and meat production characters but economic and technological considerations generally prohibit
modification of tropical environments to the degree necessary
to realize as high a percentage of their genetic potential as
can be exploited in temperate zones. Thus, the most feasible
approach is some modification of tropical environments and the
use of both B o s i n d i a u s and B o s t a u r u s breeds of cattle in
either organized crossbreeding systems or in composite breeds
to obtain predictable levels of heterosis and to achieve optimum
additive genetic composition necessary to synchronize genetic
resources with other production resources.
RESUMEN
La eficiencia de la producciSn de alimentos favorece en
general al ganado vacuno que tiene capacidad para producir leche en exceso sobre las exigencias de las crlas, para dar leche
y producir carne para el consumo humano. El vacuno B o s i n d i a u s
tiene un alto grado de adaptabilidad general a los ambientes
tropicales, pero una reducida capacidad de respuesta a los caracteres de producciSn de leche y carne, en tanto que el vacuno
B o s t a u r u s tiene potencial genStico para responder a los caracteres de producciSn tanto de leche como de carne; pero las consideraciones econSmicas y tecnolSgicas impiden en general la modificaciSn de los ambientes tropicales hasta el grado necesario
para alcanzar el porcentaje mSs alto de su potencial genStico
que pueda explotarse en zonas templadas. La medida mSs factible,
entonces, es cierta modificaci6n de los ambientes tropicales y el
uso de ambos B o s i n d i a u s y B o s t a u r u s , ya sea en sistemas de cruce organizados o en razas mixtas para obtener grados previsibles
de heterosis y alcanzar la composiciSn genStica aditiva 6ptima,
necesaria para sincronizar los recursos genSticos con otros re
cur sos de producciSn.
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