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INTRODUCTION

Countries vary widely both in their beef production systems and in,extent 
to which they have applied genetic knowledge to improve production through 
selection and crossbreeding. Since reliable national statistics on breed 
distribution, herd size, mating policies, sire sources and usage, artificial 
insemination (AI), performance recording and production levels are seldom 
available, comparisons will be considered here in general terms, covering 
various aspects deemed relevant to realised genetic improvement.

The operational structure of the beef industry in each country clearly 
conditions the nature and scope of its improvement strategies. Likewise the 
present situation in each country must be viewed in its historical perspective. 
Specific aspects affecting achieved genetic improvement are the definition of 
objectives, extent of identification of animals and performance recording, 
usage of AI, research and advisory inputs, the intensity and accuracy of selec
tion, acceptance and extent of crossbreeding, and the multiplication of progeny 
numbers from superior stock. Knowledge of variation among countries in the 
above factors should help our understanding of the considerable differences 
evident in rate of beef cattle improvement and hopefully contribute towards 
reducing the wide present gap between actual and potential progress.

INDUSTRY STRUCTURE 
Physical Resources

Relative numbers of dairy:dual purpose : beef cows differ widely among 
countries. For example in the EEC (Cunningham, 1977), with 30 million cows 
in the then nine countries, only 6 million or 20% were suckler cows, and nearly 
half of these were in just two countries, the U.K. and Ireland. Wide varia
tion among countries was evident in the way that suckler cows were used, with 
95% of cows involved in crossbreeding in the British Isles, but only 5% of 
cows in France.

By contrast to the 1:4 ratio of suckler beef cowrdairy cow numbers in the 
EEC, relative numbers in New Zealand are approximately 1:1, Canada 2:1, U.S.A. 
3:1 and Australia 4.5:1. In these last four countries, the majority of 
suckler cows are of recognised beef breeds, mainly purebreds, with few of dairy 
herd origin, in spite of the known 20 to 40% superiority of Friesian-cross and 
Jersey-cross cows over purebred Angus and Herefords in productivity, under all 
N.Z. conditions yet tested (Baker and Carter, 1982).
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The diversity of breeds within and among countries (see for .example 
Cunningham, 1977) and of management systems ensures a multiplicity of 
obj ectives.

Breeding Objectives
The beef cattle industries in New Zealand and Australia are characterised 

by outdoor grazing, minimal supplementation, seasonal pasture production, 
large single-suckled herds, purebred cattle, natural mating and steer beef.
By contrast, in North America, levels of supplementation are much greater 

especially for finishing young cattle. There is some housing or ’ 
yarding of cattle, over long time periods for finishing stock, and over 
minimal periods for cows. Seasonalities of pasture supply and of climatic 
stresses are thus often buffered.

The diversities of farming systems and herd sizes in Latin America have 
been summarised by Valdes and Nores (1980). For example one-third of cattle 
of tropical Latin America are subsistence farmed on properties carrying SO 
head or less, some farms with cropping, and with both beef and milk being 
important. At the other extreme, large farms with over 300 head carry one- 
third of all cattle tallies, being specialist beef producers.

In Europe, greater stock values than in beef exporting countries, and 
greater resources applied to cattle are two factors which are closely inter
woven. Intensive cattle production is characterised by high energy rations, 
frequent housing or yarding, high labour requirement, small herd sizes and 
high levels of AI. Average herd sizes also differ widely, e.g. 7.8 cows per 
herd in Norway (Eikje, 1977), U.S.A. c. 20 suckler cows (R.L. Willham, 1980, 
personal communication), New Zealand 56 suckler cows and two-year-heifers 
(N.Z. Meat § Wool Boards' Economic Service, 1982). Average herd sizes of 
performance-recorded beef cows are however much larger (generally bull breeding 
herds) e.g. 107 cows and heifers per herd in New Zealand in 1980.

Carter (1977), noting the diversity of cattle: sheep numbers among countries 
e.g. EEC 1.5:1, Australia 0.22:1, New Zealand 0.13:1, has pointed out the com
plementary role of beef cattle in pasture control for sheep in New Zealand, 
though less common elsewhere.

Detailed definitions of objectives for different beef producing countries 
may not coincide, because of the need to account for levels of feeding and of 
environmental stress (Frisch and Vercoe, 1978). Although we acknowledge this 
in using such terras as hardy breeds (Menissier, 1976), little has been done in 
selection in practice for these attributes. The exception is in Australia 
(Frisch, 1981), where correlated responses to liveweight selection under stress 
have been found in many traits, e.g. internal and external parasite tolerance/ 
resistance, coat type, rectal temperature, heifer fertility, calf losses, food 
intake, maintenance requirement.

For the more conventional objectives, higher net reproduction and greater 
and more .efficient weight gains, most work has probably been documented by 
European scientists, e.g. Cunningham (1974), Foulley (1976) and Menissier (1976), 
including French studies by the latter two authors on strategies for limiting 
dystocia and stillbirths (see also Philipsson at at. (1979) for working party 
recommendations). Cunningham and McClintock (1974) has estimated the economic 
consequences of beef crossing and selection in dual purpose and dairy herds, 
indicating that the optimum selection strategy depends on levels of crossing.

Other Constraints
Differences among countries in relative values of beef to milk, beef to 

grain^ and grazed grass to grain also affect management systems and breeding
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goals. Cunningham (1976) reported relative values of kg beef liveweight to kg 
fresh milk (3.7% fat), ranging in the EEC from 6.3 (Denmark) to 9.0(Franc<§ in 
1973. He also summarised relative values of concentrates to grazed pasture 
for three countries, 2.96:1 (Denmark), 2.44:1 (Ireland) and 1.80:1 (Germany).

The stratification into bull breeding herds, commercial cow-calf producers 
and cattle finishing operations also affects the choice of objectives. Bull 
buyers who are cow-calf producers can only affect selection decisions through 
prices paid for bulls; finishing operations can only affect selection decisions 
through weaned-calf prices.

Levels of castration among male calves in bull breeding herds differ widely 
among countries. In New Zealand's performance recorded beef herds, there is 
<1% castration of males prior to weaning, whereas in Australia the value is 
approximately 50%.

Bull licensing in some countries, the apparent concern of farmers over the 
eating quality of steer vs bull beef, the difficulty experienced by some farm
ers in managing yearling bulls under extensive conditions (and keeping them 
away from cows), are all factors which have led to high levels of early castra
tion, and thus reduced selection intensities in males.

The geographical distribution of beef cousand humans is of great signifi
cance for AI. The level of AI depends greatly on labour and travel costs, 
e.g. ranging from 1 or 2% of cows inseminated artificially in Australia, to 53% 
in Eire, to 98% in Denmark (Meischke and Jones, 1975). Access to cows for AI 
also depends on post-calving stocking rates or the extent of housing (if any), 
cow temperament, and labour costs. Since AI is difficult under extensive
conditions, the advent of oestrous synchrony which is cheap, convenient and 
reliable in beef herds is eagerly awaited.

Cunningham and McClintock (1974) have noted differences in cow age distri
butions among countries, which necessarily affect herd replacement rates.
High slaughter ages of finished stock in Australia (often > three years) lead 
to greater lags before returns to selection are achieved in commercial herds, 
compared with say the U.S.A.

Differences among countries in marketing procedures lead to different 
levels of incentive for weight-for-age as a selection objective. In 
New Zealand, export beef (67% of all beef) is valued on a carcass weight and 
visual grade basis. In Australia only 14% of slaughter cattle are valued on 
carcass weight, the remainder being on a per head or live weight basis, so 
that meat buyers are only required to estimate carcass values. The develop
ment of certain sales in the U.S.A. on an estimated retail yield basis should 
give greater incentives to produce what we assume is required, more kg lean 
beef cuts.
ORGANISATION OF HERD IMPROVEMENT 
Past and Present Situations

The traditional methods of breed improvement have concentrated for centur
ies on encouragement by the Breed Society, with a membership of bull breeders. 
Historical descriptions for U.S.A. and New Zealand were given by Willham (1979a) 
and Kight and Baker (1982) respectively. The dominating influence of particu
lar bull breeders has been through Show winnings. Herdbook analyses by Barker 
and Davey (1960) and Cheong (1977) have shown that about 80% of bulls used in 
pedigree herds are not homebred, and that the majority of breeding stock can 
be traced back via very few generations to a small number of fashionable 
progenitors. One herd in Barker and Davey's (1960) study had provided 27%
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of the genes of all herdbook registered Australian Poll Herefords; one herd 
provided 22% of the genes in the N.Z. Angus study (Cheong, 1977).

The multiplication function of less fashionable herds is presumably 
effective under natural mating conditions. The Australian Poll Hereford 
inbreeding rate from 1920 to 1949 was equivalent to the use of only 37 unrela
ted bulls per generation, but this was presumably sufficient to satisfy demands 
for breeding stock. Of course, more recently the widespread use of AI has 
altered the method of multiplying genes, especially in Scandinavia. However,
AI levels are still low for single-suckled beef breeds in countries with 
extensive production systems.

State intervention in breeding has been practised in eastern bloc’countries. 
In New Zealand the Government is now providing its own requirements to the 
extent of 300 homebred Angus bulls. It is in competition with private indus
try in the sense of reducing the opportunities for private bull sales (Dalton 
and Gibson, 1974). This is however just part of a growing trend towards coop
eration among farms in breeding, the group breeding schemes (GBS) - Dodd et al. 
(1982). In some countries however, especially Scandinavia and Israel, farmer 
cooperation is not new (Skjervold, 1966; Soller, Bar-Anan and Pasternak, 1966).

PERFORMANCE RECORDING AND SELECTION

In 'western' countries, performance recording in beef herds is voluntary, 
and may or may not be subsidised, e.g. by levies on meat or by charges for 
pedigree recording and registration. i$In Germany all recording costs are 
borne by the State Very little -fagaag publicly financed in the U.S.A.

Full details on performance recording recommendations have been given in 
an EEC report by Krausslich (1974). An analogous report is available from 
America (BIF, 1976). Examples of recording services in seventeen western 
European countries are given by Philipsson et al. (1979). Significant differ
ences exist among the recording services offered, ranging from completely sub
sidised organisations run by a government agency or a large producer coopera
tive, to unsubsidised private enterprise operations such as Breed Societies.

Although within-herd liveweight selection has been shown to be successful 
(e.g. Koch et al. 1974; Baker et al. 1980), the rate of response in practice 
over many herds depends on the genetic selection differential applied and the 
generation interval (and genetic correlations, if other traits are selected). 
Willham (1982) reported genetic improvement in 89% o f  all registered U.S.
A n g u s ^and^Hereford sires at the rate of 1.3 kg per year, about 40 to 50% of 
thatJlicM’evcible. A further estimate, from Canada, shows +1.5 kg per year in 
Angus' and Herefords (Kennedy and Henderson, 1977) .

Technical details and backup for recording services are often provided 
centrally by Government or University scientists, with field advice usually 
given by extension personnel. Advice often includes management as well as 
breeding. Although we are not aware of any objective comparisons, it is 
likely that there are large differences in effectiveness from country to 
country - but only partly due to such factors as number of farmers per adviser, 
differences in the mode of presentation of data input sheets and result sheets 
(thereby affecting credibility and comprehension of the recording scheme). 
Educational standards of the farmers presumably differ over a wide range.
Other factors such as motivfation of the breeder are also important.
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Constraints to Applying Greater Selection Pressure
On-farm access to stock for performance recording varies greatly among 

countries, depending on stocking rates, levels of supplementary feeding, 
temperament of cattle and extent of housing (if any). Where cattle and grow
ing calves are never feedlotted, as in N.Z. and Australia, collecting perfor
mance records requires labour for mustering, and labour for tagging new-born 
calves in the paddock, identifying them with their dams.

Large herd sizes, for example in N.Z. and Australia, have merits such as 
large contemporary groups for valid comparisons^few inbreeding worries. Two 
or more bulls are generally required for mating Tn 'large' herds, and mating 
groups with multiple sires are common in N.Z. and Australia. Although this 
does not affect performance-test selection, it effectively removes the oppor
tunity for progeny testing individual bulls, if that is required (whilst also 
acting as a partial insurance against a sub-fertile bull) .

In many herds, two-year-old calving heifers are managed separately, and 
farmers seem to avoid taking herd replacements from the offspring of these 
heifers. Generation interval is lengthened by this practice, especially for 
bulls that would otherwise have been used for breeding.

The spread of calving, both within herds and among herds in a district also 
affects the ability to performance-record accurately, the cost and availabili
ty of an insemination service, and the market price fox weaned calves*and other 
store stock.

One study of the accuracy of visual assessment for live weight at a low 
age, as is often done at castration time, has shown that the selection differ
entials ultimately achieved are reduced by approximately 50% (Morris et al.,
1981).

The validity of Central beef bull performance tests, where weaner bulls 
(or younger stock in Germany, Sweden and Denmark) are collected from many 
sources onto a central farm has been questioned recently (Baker et at., 1982). 
Progeny test rankings in N.Z. of 64 bulls which had already received central 
performance test rankings indicated correlations and heritabilities for 550- 
day weight which were not significantly different from zero. In addition, 
Dalton and Morris (1978) indicated phenotypic regressions from central perfor
mance tests of approximately 1 kg 550-day weight per kg of weight at the start 
of test (approximately 240 days), and a high correlation, so that bulls winning 
tests on the final-weight criterion could have been picked at the start. 
Unfortunately, Baker e£ a t. (1982) also found heritabilities of test gain (on 
pasture) not significantly different from zero, and it was suggested that other 
countries should investigate the effectiveness of central bull performance 
tests. As described by Lewis and Allen (1974), central tests can also offer 
the facility of measuring food intake and hence food conversion efficiency, 
and also backfat data under standardised conditions. However, it has not been 
demonstrated that these factors are free of pretest effects arising from the 
herd of origin; live weights themselves are greatly influenced by pretest 
effects.

Alternatives to central testing might be 1. open nucleus schemes such as 
the GBS, or 2. the sire reference scheme (SRS). James (1976) has demonstra
ted that it should be possible to make selection progress at about 10% faster 
than within a closed herd, and that effective population size in a GBS is 
about twice that in a closed nucleus (James, 1978). It is not known however 
to what extent the efficiency of selecting the original nucleus population 
(the "screening-in phase") is conpronised by phenotypic herd differences, in the
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same way as described above for central bull tests. Herd effects on maternal 
ability and cow fertility may b.e long lasting (e.g. as in data from Mangus and 
Brinks, 1971).

The SRS, which uses reference sires through AI to generate progeny in 
many herds, for comparison with progeny of home sires, should circumvent the 
problem of phenotypic herd differences. Details have been described by 
Willham (1979). Practical difficulties in the field are those of obtaining 
sufficient use of AI, large enough progeny numbers per home sire, setting up 
random mating and avoiding management biases fe* one or more mating and calving 
groups. Statistical difficulties are the question of how large to make the 
c term, to account for similarities among half-sib groups within herd due to 
unintentional bias, how to allow for presumed differences in genetic trend 
among herds, and how to allow for selection bias in the case of repeat-tested 
bulls. The connectedness of matrices of data from traditional beef breeds 
such as Angus and Hereford may be quite different from that from dairy breeds 
or 'grade-up' beef breeds such as Simmental and Charolais. In theory it has 
been shown that an SRS used in a group of 25 herds should be able to achieve 
genetic progress in yearling weight at a rate up to 30% faster than within- 
herd selection (Morris et at., 1980).

Selection Intensity Applied
The annual selection intensity applied to specific traits depends greatly 

on the motivation of the breeder. This in turn affects his management and 
breeding plans, and thus the selection intensity and generation interval.
There is great scope for tightening up the design of breeding plans in the 
field. For U.S. registered Angus cattle, Stonaker (1943) reported an average 
generation interval of 5.4 years. In New Zealand, the Ruakura yearling weight 
selection experiment at Waikite, with a closed Angus herd (Baker et at. 
1980) has male and female generation intervals of two and four years, whereas 
pedigree analyses of the N.Z. registered Angus breeders' herds (Cheong, 1977) 
show generation intervals of 4.9 and 6.3 years respectively (average 5.6 years). 
Baker et at. (1980) reported genetic change in yearling weight at the rate of 
2.6±0.6 kg (1.1%) per year, relative to the control.

There are wide differences among countries in the practice of mating young 
bulls (yearlings vs two-year-olds), and perhaps even wider differences in mating 
heifers (yearlings vs two-year-olds). Ages at first mating can be lowered 
potentially to 15 months in both sexes, in a seasonal calving system. Morris 
(1980a,b) has reviewed studies on heifer mating management, concluding that in 
most circumstances 15-month mating is quite practical. The extent to which it 
is practised in N.Z. and Australia for example is probably far below the 
potential. Breeders' fears of a reduced cow-lifetime production, following 
yearling rather than two-year-old first mating; are largely unfounded. However, 
calving difficulties among two-year-olds are likely to exceed those of three- 
year-olds. The yearling mating of heifers will help the breeder to reduce 
generation intervals only if calves out of heifers are given a chance to become 
herd-replacement stock. The practice of mating more heifers than required, 
and culling on pregnancy diagnosis result, could help apply selection pressure 
to fertility or early age at puberty, with minimal selection pressure forfeited 
on say live weight because most of the pressure is applied to weight via males. 
Breeders may, however, reflect a lack of confidence in the objectives advocated 
by scientists and extension workers, by applying selection pressure elsewhere. 
For example, part of the reduced yearling weight trend in American Angus herds 
in industry, relative to research herds' achievements, is due to negative selec
tion on birth weight in industry, approximately -0.1 kg per year for 14 years 
(Killham, 1982) . This is in contrast to a positive realised response to 
weight selection in research herds (e.g. Baker et at., 1980).

532



Dissemination of Genetic Improvement
A three-tier system is slower in disseminating genetic progress than two 

tiers, but it is however more efficient in the sense that fewer top tier 
records or breeders are required.

The herdbook registration barrier in many countries determines industry 
stratification. Limited or zero progress in the top tier necessarily 
guarantees the same fate in the herds of all bull buyers. Competition 
between bull breeders of registered vs unregistered bulls is now being achieved 
in New Zealand, although this has led to pressure for a new regimentation - 
registering performance instead of pedigree - the N.Z. Performance Registry. 
Sire Reference Scheme comparisons of N.Z. Angus bulls from registered vs 
unregistered herds (Morris and Baker, 1978) have demonstrated that unregister
ed bulls are no worse in breeding value for weight - apparently a surprise to 
many industry people.

Interactions?
Genotype x environment (GxE) interactions are often ignored, and their 

importance is not fully known. The importance of interactions of genotype 
with feed level may be small in countries with intensive-feeding systems 
compared with extensive countries due to the buffering effect of supplementary 
feeding. Exploiting different genetic strains at the extremes of climate and 
feed supply is important, as indicated by Butts et a U  (1971) and Koger et at. 
(1979) in the U.S.A., and especially in the Australian work (e.g. Frisch and 
Vercoe, 1978) . Not only are net reproduction and body weights buffered by 
feed supplementation, but the tolerance or resistance of animals to internal 
and external parasites is increased by high levels of intake (Turner, 1975).

Preliminary results from Lawson (1977), with weight selection carried out 
in each of two environments, suggests that differences in cow productivity may 
result from the different selection environments.

CROSSBREEDING
Concepts of crossbreeding and heterosis have been documented fully 

(Dickerson, 1969). There seems to be scope to exploit breed differences and 
heterosis in some countries, more than presently achieved, e.g. Australia,
New Zealand, Canada, U.S.A., with the potential as documented in research 
herds (e.g. Deland, 198i; Baker and Carter, 1981; Fredeen et a l . , 1981;
Cundiff et al.3 1974). However in other countries, such as Britain, the 
farming industry has probably exploited crossbreeding ahead of research 
comparisons. Why? Economic comparisons, such as reported by Cartwright 
et at. tl97o) and Wilton and Morris (1976), indicate that farm gross margins can 
be raised above those from purebreds by using crossbreeding. The level°of 
superiority from crossbreeding systems depends on resource constraints on the 
farm.

The main constraints to terminal crossbreeding in countries whose produc
tion is still mainly based on purebred cattle are probably:

1. prejudice by the buyers of finished cattle, especially where payment is 
not based on carcass weight or estimated retail yeild,

2. fear of poor prices at weaner calf sales,
3. calving difficulty, (either too great a concern or perhaps overvalued 

.labour at. calving time). In addition, with crossbred cows, constraints
seem to be:

1. source of replacements or complexity in generating homebred replacements 
l.why not obtain replacements from dairy or dual-purpose herds?),

2. animal health concerns with buying in stock,
3. difficulty in obtaining crossbred bulls to run a synthetic crossbred
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system, and insufficient conviction with the likely merits to use home
bred crossbred bulls.

Few synthetic breeds have been developed successfully, although probable 
exceptions include the Belmont Red, Santa Gertrudis, Brangus, Braford and 
Bonsmara. For simplicity, multiplication of numbers in other synthetic breeds 
is probably better achieved by backcrossing to bulls of the synthetic breed 
than by interbreeding F2s, and then F3 s, etc etc. The backcrossing system 
bypasses the need for all herds to retain crossbred males as entires, or to 
get access to rare F2 and F3 bulls. Although these constraints dd not apply 
to rotation crossing, our experience is that farmers prefer to be able to call 
their cattle by a breed name; also, simple management with rotation-cross cows 
requires that the contributing breeds are similar in phenotypic production 
and thus the "advantage" of the rotation cross is through heterosis rather 
than breed difference, and even better exploited through first-cross cows.

The obvious source of first-cross heifers or cows in some countries is 
from dairy or dual-purpose herds. Major barriers to this in other countries 
such as Argentina, Australia, U.S.A. are the geographical distribution of 
human and dairy populations on the one hand vs suckler beef cows on the other.

A major extension exercise is required to demonstrate to farmers that 
Holstein-cross and Friesian-cross cows are more productive than traditional 
British crosses under many farming conditions, e.g. N.Z. data from Baker and 
Carter (1982) or U.S. data from Clay Center, Cycle 1 Phase 3 (Anon, 1981). 
Jersey-cross cows at Clay Center (Cycle I, Phase 2; Anon, 1981) and in, N.Z. 
(Baker and Carter, 1982) and Australia (Deland, 1982) are also highly produc
tive. The South Devon-cross cow may also fall in this category, whereas 
some other crosses such as the Simmental-cross are highly productive only 
under relatively high feeding levels (Baker and Carter, 1982). Barlow's 
(1981) review of heterosis indicated that heterosis levels were generally 
higher in suboptimal environments, except for growth. I*. /the N.Z. cattle 
fertility data for Simmental-crosses, cited above,~are not able to distinguish 
interactions of feeding level x heterosis or x breed.

Having attempted to describe some of the constraints to the widespread 
exploitation of crossbreds in some countries, especially crossbred cows, a 
final comment is required^on the potential of crossbred breed! to respond 
to within-population‘,L Dunn et dl. (197 0) reported no differences in herit- 
abilities between straightbred and crossbred cattle. Experiments are under
way at Clay Center and Ruakura to evaluate responses of crossbred and straight- 
bred cattle to selection.

CONCLUSIONS
There .are large differences in management, tradition, relative prices and 

attitudes of fanners to change, from country to country. The potential for 
much greater productivity and farm net income by breeding probably exists in 
every country. Having made comparisons across countries for the present 
review, it is however important to remember that many farmers are not enthused 
with the prospect of copying a system overseas which appears to offer fast 
improvement by selection, or greater productivity from crossing. Often the 
problems appear as daunting as the benefits. It is for the innovators to 
find a way.
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SUMMARY
The organisation and affectiveness of applied beef cattle 

improvment is discussed, with the emphasis on comparisons among 
countries. Major differences in feeding systems, along with different 
levels of artificial insemination, of intensive/extensive husbandry 
and of mating management lead to a variety of opportunities for 
genetic change by selection. This variety is also coupled with - 
different traditions and prejudices among countries. Some of the 
major constraints are discussed in detail, along with breeding - 
objectives as affected by management systems. Opportunities for 
exploiting breed differences and heterosis by crossbreeding are 
presented, with special reference to the productivity increases 
offered by Holstein-cross or Friesian-cross cows and Jersey-cross 
cows under many farming conditions, not necessairily limited to 
those conditions with highest feeding levels.

RESUMEN

Se comenta la organizacifin y eficacia de la mejora aplicada 
del ganado de carne, estableciendo comparaciones entre distintos 
palses. Las diferencias bSsicas en los sistemas de alimentacidn, junto 
con distintos grados de inseminacidn artificial, de economla agri- 
cola intensiva/extensiva y de administracidn de los cruces, han 
abierto una serie de oportunidades al cambio gengtico mediante la 
seleccifin. Esta variedad se asocia tambien a diversas tradiciones 
y prejuicios entre los palses. Se debaten con detalle algunos de 
los principales obst&culos, junto con los objetivos ganaderos en 
la medida en que se ven afectados por los sistemas de administra- 
ci6n. Se exponen las oportunidades de explotar las diferencias ra- 
ciales y la heterosis mediante hibridacidn, con referencia especial 
a los aumentos de productividad que ofrecen las vacas cruzadas Hol
stein o frisonas en distintas circunstancias de explotacidn ganadera, 
no limitadas necesariamente a las condiciones de grados mSximos de 
alimentacidn.
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