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Beef Production Efficiency

The efficiency of beef production can be improved by

applying knowledge of nutrition and breeding.

Allen Trenkle and R. L. Willham

Today in the United States, questions
are being asked about the role of animals
in food production because they con-
sume feed grains that could otherwise be
used directly for human consumption.
However, livestock, especially cattle,

well as a source of high quality protein
that nutritionally complements basic
grain diets.

Because ruminants utilize many mate-
rials not digestible by simple-stomached
animals, including man, they have at-

Summary. In the production of high quality protein, feed grains will continue to be
used to finish cattle for market as long as economics dictates. Production systems
could be developed that would make ruminant animals less competitive with humans
for feed grains, but the costs of instituting such programs would be prohibitive. Suf-
ficient genetic variation exists either between or within breeds for the cattle population
to be adapted to new management programs and for current methods of beef produc-

tion to be significantly improved.

have been an integral part of grain pro-
duction agriculture for thousands of
years. They have served as power; ref-
use scavengers; a means of trans-
portation of the grain after consumption;
producers of fertilizer; a highly flexible
food reserve; sources of fiber, leather,
and biochemicals; harvesters of forage
from adjacent nontillable land areas; as
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tracted attention in several recent re-
views (/). Ruminants are not as efficient
as some other species in converting feed
grains and oil seed meals to meat.
Whether agriculture becomes limited to
crop production in the future depends on
the ability of the livestock industry, es-
pecially that part of the industry utilizing
ruminants, to integrate efficient produc-
tion systems into total agriculture out-
put, and on the potential for improve-
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ment in animal production through the
application of research. In this article we
discuss research developments in nutri-
tion and genetics which may improve the
efficiency of meat production from beef
cattle, currently the most conspicuous
consumers of feed grains.

Efficiency of Protein Production

Efficiency is the production of a de-
sired effect with a minimum of input, or
it can be considered as the ratio of output
to input. There is no single expression
that describes the overall efficiency of
the beef industry, much less that of ani-
mal agriculture. The inputs and desired
outputs for a breeding herd are quite dif-
ferent from those for animals used for
slaughter. The desired output for breed-
ing animals is reproduction, whereas that
for market animals is production of high
quality beef. Economically, inputs of la-
bor, capital, land, and population size are
most important. Around four animals ex-
ist in the breeding herd per market ani-
mal produced (2). To assess the outputs
or inputs of animal agriculture in the
same units is impossible. For feedlot
cattle, the efficiency of protein produc-
tion may be expressed as protein pro-
duced over protein consumed, but there
is no efficiency ratio that can be used to
include the value of insulin extracted
from the pancreas. To simplify the dis-
cussion, biological efficiency will be con-
sidered as product nutrients per feed nu-
trient.

Changes in body composition can
have a marked effect on efficiency. Fatty
tissue contains more energy per gram
than muscle tissue, so that a given quan-
tity of feed will produce less fat than lean
muscle. On a caloric basis the accumula-
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tion of fat is more efficient than protein
gain because there is less heat loss from
lipid synthesis. When protein utilization
is the basis for comparison, young lean
animals are more efficient in converting
feed protein to product protein than ani-
mals which mature early and accumulate
fat. Already in the United States there is
a trend toward the consumption of great-
er proportions of lean beef. This trend
alone will have a great influence on the
efficiency of beef production in terms of
converting feed supplies to lean meat,
and will bring about changes in feeding
and breeding systems used by the beef
industry.

The singular advantage of the rumi-
nant animal is its ability to use large
quantities of low quality roughages and
proteins in the production of a high quali-
ty protein. Cellulose, being a basic struc-
tural carbohydrate in all plants, is one of
the most abundant organic compounds in
the world. It makes up about 10 percent
of the dry weight of leaves and about 50
percent of the structure of plants and is
widely distributed in all parts of the
world. Modern harvesting methods col-
lect the grain and leave the fodders and
straws in the field. Much of the land, be-
cause of topography, soil type, and cli-
matic conditions, is not suited for exten-
sive crop production and must be left in
native vegetation or used to produce for-
age crops (for example, grass or le-
gumes). Only about 10 percent of the
earth’s surface can be tilled for intensive
crop production. Forage plants are often
sparce and not easily harvested. Most
roughages lack density and are not easily
packaged for transport over long dis-
tances. Consequently, much of the
roughage is not utilized in any food-pro-
ducing system. It could be used ef-
fectively, however, by grazing animals
or by harvesting it and feeding it to near-
by cattle or sheep.

Cellulose is a polymer of glucose
molecules joined by pB-1,4 linkages.
Many bacteria and fungi produce en-
zymes capable of hydrolyzing this bond,
and the digestive tract of all herbivorous
animals has developed to provide an en-
vironment in which microorganisms that
digest cellulose can grow and multiply.
The stomach of ruminants is divided into
the rumen, reticulum, omasum, and
abomasum. The ruminoreticulum pro-
vides the environment for the microbial
fermentation of feeds before they are
subjected to the gastric secretions and
digestion in the abomasum. Ruminants
are better adapted to use low quality
roughages than other herbivores because
the end products of the fermentation, as
well as the microbes, are made available
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Gain of body energy

Metabolizable energy intake

Fig. 1. The relation between intake of metabo-
lizable energy and level of production. If ani-
mals are fed less than the level required for
maintenance, there will be a loss of body
weight. Metabolizable energy is gross energy
of the feed corrected for losses of energy in
feces, urine, and digestive gases.

to the host animal. In ruminants, the mi-
croorganisms utilize part of the food con-
sumed by the host animal for their own
growth and metabolism before any nutri-
ents become available to the host. Cellu-
lose and starch are broken down to glu-
cose which then is rapidly fermented by
anaerobic glycolysis to short-chain fatty
acids of which acetate, propionate, and
butyrate are the most abundant. These
acids are absorbed from the rumen and
serve as a source of energy for the host.
Most proteins are also extensively de-
graded to amino acids which are deami-
nated and decarboxylated to produce fat-
ty acids, carbon dioxide, and ammonia.
The ammonia is utilized by the microbes
to synthesize proteins or is absorbed
from the rumen and converted to urea in
the liver. Part of the lower efficiency of
ruminants in comparison with other spe-
cies is attributable to the energy and ni-
trogen losses from the fermentation.

Nutrient Metabolism and the

Refinement of Feeding Standards

Historically, the greatest improve-
ments in efficiency related to food pro-
duction from animals have come from a
better understanding of the metabolism
of nutrients and of the nutrient require-
ments of the animals themselves. Ani-
mals will be most productive when all
the nutrients required to satisfy their
needs are supplied by the diet or, in the
case of ruminants, by the diet and fer-
mentation, no nutrient being given in ex-
cess of these requirements. The proper
balance of nutrients will vary for animals
from different genetic sources, for ani-
mals in different stages of their life cycle,
and for animals with different levels of
production. In addition to having knowl-
edge of their nutrient requirements, we
need to have knowledge of the biological
availability and concentration of nutri-
ents in feedstuffs. Data on the chemical
composition of feeds has been accumu-

lating over many years. Laboratory
methods to measure the biological avail-
ability of nutrients in feeds are not avail-
able for every nutrient. Some techniques
have been developed, and the refinement
of these methods continues to attract the
interest of scientists. When more data
become available on the nutrient require-
ments of the animals, the nutrient com-
position of the feed resources, and the
biological availability of the nutrients in
feeds it will be possible to formulate
diets which best supply the nutrient
needs of the animals. In many modern
cattle feed yards, computers are used to
formulate these diets. In the developing
areas of the world, however, increased
supplies of feeds will have the greatest
influence on improvements in animal
production rather than the use of com-
plex technology to refine the feeding
standards.

Regulation of Feed Intake

In the life cycle of cattle production,
most of the feed is needed for mainte-
nance (vital body functions, movement,
and body temperature). Basal metab-
olism is related to body surface and
often is expressed as a function of body
weight according to the equation: basal
metabolism (kilocalories) = 70 X (body
weight)?75. It is unlikely that significant
improvements in the efficiency of animal
production will be brought about by de-
creasing basal metabolism. Because
larger animals require more feed for
maintenance, they have to be more pro-
ductive (more pounds of calf, meat, or
milk) to be as efficient as the smaller ani-
mals. The relation of size of cattle to effi-
ciency of production is being investi-
gated (2, 3). The ideal size will probably
vary. with several factors such as in-
tensity of production, level of feed sup-
plies, and input of management. Im-
provements in efficiency will be realized
with a better understanding of these in-
terrelationships.

As illustrated in Fig. 1, for a given size
of animal a greater proportion of the feed
consumed is used for productive pur-
poses as level of feed intake is increased.
This is because the maintenance require-
ments are related to body weight and re-
main constant at a given weight. The
physiological regulation of feed intake of
ruminants is complex and not completely
understood (4). It is thought that a full
digestive tract physically limits the con-
sumption of bulky feeds such as forages.
The consumption of diets composed
largely of grain are thought to be regulat-
ed by sensitivity to chemical factors
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which serve as signals in the regulation
of caloric homeostasis. Several studies,
which have not been published, have
been conducted at various experiment
stations to evaluate a feed intake stimu-
lant given the common name Elfazepam.
The use of this compound shows some
evidence of increasing feed consump-
tion, especially of diets composed of
roughages.

Because the energy is more concen-
trated in grains than roughages, cattle
can obtain more metabolizable energy
from diets containing grain than from
those containing roughage. Also, the
starches of grain are fermented dif-
ferently in the rumen so a greater propor-
tion of the gross energy of the grain is
available to the animal for productive
purposes than that from roughages.
These two factors make grain a more ef-
ficient feed than roughages for fattening
cattle. Therefore, when there are sur-
pluses of grain and prices are low, high
concentrations of grain are used in cattle
feeds. Only as grain prices increase rela-
tive to the cost of roughage, will rough-
ages be substituted in large quantities for
grain fed to cattle to be slaughtered. For
maintenance, the useful energy available
from roughages and grains is more
nearly equal, so that the prices of grain
usually favor the use of more roughages
for maintaining breeding animals. As de-
mand for grain in the world trade in-
creases it will be necessary, in those
parts of the world where large quantities
of grain are fed to cattle, to feed less
grain and more roughage. A large part of
the increased amounts of roughages fed
will probably come from the by-products
of crops and crop residues.

Increasing the Availability of Nutrients

Efficiency of beef cattle production
could be increased if more of the nutri-
ents in a given quantity of feed were
available to the animal during digestion
and absorption. Lignin, which is present
in the woody parts of plants, occurs in
close association with cellulose and pre-
vents attack of the cellulose by microbial
enzymes. Partial breakdown of the lignin
by treatment of roughages with strong al-
kali increases the availability of the cel-
lulose. The treatment of large quantities
of roughage with alkali is cumbersome,
however, and not widely practiced, but
other methods may be more applicable.
For example, the partial predigestion of
roughages with enzymes or selected mi-
croorganisms may greatly improve the
nutritional value of roughages. The pro-
cessing of feeds by grinding, steaming,
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Table 1. The influence of diethylstilbestrol on the utilization of dietary energy and protein for
body weight gain of feedlot cattle. Data calculated from Fowler et al. (28).

Empty Composition of gain Efficiency
Diethyl- Ani- body (%) EG/ of gain*
stilbestrol mals weight EC*

(mg/day) (No.) gain Mois- Pro- Fat PG/ PG/

(kg) ture tein ECY PCi
Cattle fed on corn grain

0 9 158 24.7 9.5 63.4 33.5 3.2 11.3

20 9 181 30.9 11.7 54.4 29.6 4.2 15.0
Cattle fed on corn silage

0 10 144 20.9 8.2 68.7 34.7 2.0 7.7

20 10 177 31.6 12.1 53.3 30.0 3.5 13.3

*Ratios of energy gained to energy consumed.
of protein gained to protein consumed.

flaking, pelleting, and ensiling is being
widely practiced in the cattle feeding in-
dustry ().

The energy losses from the fermenta-
tion in the rumen are less if propionate is
produced instead of acetate and buty-
rate. The production of propionate from
glucose results in the utilization of hy-
drogen, whereas conversion of glucose
to acetate or butyrate produces hydro-
gen and ¢arbon dioxide, which results in
the formation of methane. Methane is
lost from the rumen as a gas and repre-
sents a significant loss of energy. At-
tempts are being made to reduce the gen-
eration of methane in the fermentation,
but to date no method has been found
that has practical applications. Changing
the fermentation in favor of propionate
has been used as the basis for the devel-
opment of monensin, which is used as a
feed additive for the improvement of
feed utilization of feedlot cattle (6). The
formation of greater quantities of pro-
pionate results in more metabolizable en-
ergy being available to the animal from a
given quantity of feed. Cattle fed monen-
sin require 10 percent less feed per
pound of gain. This compound is ef-
fective in cattle fed grain or roughage. It
has been cleared for use in feedlot cattle
and in the near future may be available
for use in grazing cattle.

Because the loss of nutrients during
the fermentation can be excessive with
certain feeds, attention has been given to
protecting nutrients as they pass through
the rumen. The protection of proteins
has beenq studied the most (7), the object
being to protect those of high nutritional
quality so that more of their amino acids
are made available to the animal, and to
allow the poorer quality proteins or urea
to serve as a source of nitrogen for the
microorganisms. Some protection has
been achieved by careful heating of the
proteins or by treating them with chem-
icals, such as formaldehyde, with which
they form complexes. Much remains to

tRatios of protein gained to energy consumed.

tRatios

be learned in this area but some recent
studies at lowa State University indicate
that cattle require only one-third as
much supplemental protein when soy-
bean meal is treated with formaldehyde
as they require when this protein source
is fed unprotected. Protection of proteins
will be more important when low-quality
roughages are used as cattle feeds be-
cause they contain only small amounts of
protein and therefore require more sup-
plemental protein than other feeds. Pro-
tection of other nutrients may also be
possible to improve efficiency of their
utilization. Protection of lipids to in-
crease the bypass of unsaturated fatty
acids is being researched as a means to
reduce the concentration of saturated
fatty acids in meat and milk from cattle.

Improving Efficiency of Feed
Utilization by the Animal

It has been known for many years that
younger animals are most efficient in the
conversion of feed to meat, and that
bulls are more efficient than steers in this
conversion (8). These differences are
partly related to the composition of the
gain, the gain of the young animal con-
taining more lean and less fat, but other
factors related to the endocrine system
are also involved. It was discovered over
20 years ago that estrogens increase the
growth of cattle and sheep (9), the in-
creased weight being made up of more
muscle and bone and less fat (Table 1).
Estrogens increase the efficiency of utili-
zation of dietary protein or energy for
growth by more than 30 percent. Be-
cause diethylstilbestrol, the synthetic es-
trogen used extensively in beef cattle, is
a carcinogen, its use may not be contin-
ued in the future. There are other prod-
ucts, however, which contain naturally
occurring estrogenic compounds and
bring about responses similar to dieth-
ylstilbestrol in cattle. Estrogens are
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thought to stimulate growth of cattle by
increasing the secretion of growth hor-
mones from the anterior pituitary gland
10).

It has recently been observed that the -

effects of monensin, which acts in the
gastrointestinal tract, and the effects
of hormones that change endogenous
growth hormone levels are additive. The
increase in gain brought about by com-
bined monensin and hormone treatment
has been over 20 percent and the im-
provement in conversion of feed to gain
has been about 29 percent (Table 2). As
our knowledge of the endocrine system
involved in the regulation of growth of
cattle increases, other methods for the
administration of hormones may be de-
veloped that will produce even more dra-
matic improvements in the conversion of
dietary nutrients to beef. It may also be-
come possible to prolong the high con-
version efficiency of the young calf up to
the time of slaughter.

Alternative Feed Supplies

If cattle were fed sources of nutrients
which could be digested by ruminants
but not utilized by humans, then beef
production would become less com-
petitive with human food supplies. The
use of by-products and crop residues has
already been referred to. With greater
knowledge of the nutrition of cattle and
increased availability of nutrients from
roughages it will be possible to produce
acceptable finished beef entirely with
noncompetitive feeds, such as by-prod-
ucts and crop residues. A group of cattle
fed a ration containing 77 percent non-
competitive feeds (60 percent corncobs,
15 percent cane molasses, 2 percent
urea, 15 percent corn, 7 percent soybean
meal, and 2 percent vitamins and miner-
als) in an experiment in progress at lowa
State University are gaining 1 kilogram
per animal per day.

One nutrient source that has received
much attention is urea, which can be
used to replace a portion or all of the
supplemental protein in cattle feeds (/7).
Nutritionists generally agree that protein
is a major limiting nutrient for animal
production, especially ruminants fed for-
ages and roughages. The use of urea in
the United States has increased from no
use of practical significance in the early
1940’s to 180 x 106 kg in 1976. The pres-
ent annual usage is equivalent to the ni-
trogen in 1050 x 10® kg of soybean
meal. The combined use of urea and pro-
tected proteins could result in beef pro-
duction becoming even more efficient.
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Table 2. Influence of hormone implants and
monensin on weight gain and efficiency of
feed utilization by feedlot cattle. Summary of
eight experiments conducted in Indiana,
Towa, and Minnesota.

Gain Ratio of
Treatment gain to feed
(kgday) £ 0
None 1.08 0.119
Implant 1.23 0.129
Monensin 1.13 0.136
Implant + monensin 1.30 0.153

Animal and poultry wastes are also an
alternative source of nutrients for animal
production. These materials contain ni-
trogen, minerals, and energy which can
be utilized by cattle. These wastes con-
tain the end products of protein metabo-
lism which can be degraded in the rumen
and utilized in a way similar to the way
urea is used by rumen microorganisms.
Some of the undigested energy com-
ponents of the feed are further modified
by the microorganisms in the large in-
testine of ruminants and nonruminants,
before excretion, and if the wastes are
properly processed (ensiled, heated,
dried, or chemically treated) they can be
fed to cattle.

Breeding

The efficiency of beef production
could be increased by genetic manipula-
tion of the cattle population. Such in-
creases would be brought about primari-
ly through the impact of size, rate of
maturity, and milk differences on eco-
nomics rather than by biological efficien-
cy. Exploitation of existing genetic dif-
ferences and the creation of capital im-
provement through selection are both
viable means to achieve increased effi-
ciency. For a historic account of the de-
velopment of existing genetic differences
in cattle, see (12).

Before the Charolais breed of cattle
gained importance in the early 1960’s,
only the three British beef breeds (Here-
ford, Angus, and Shorthorn) were avail-
able to beef producers in the United
States. In 1967 the Canadian government
provided the means to import frozen se-
men into the United States from numer-
ous continental European breeds. These
imports included semen and then breed-
ing stock from a variety of types from
dairy, dual-purpose, to beef breeds. This
introduction of new germ plasm, al-
though sought by the scientific commu-
nity (/3), was accomplished by the beef
industry. Only recently (/4) has there

been a large-scale comparative evalua-
tion of these introductions. These di-
verse genetic groups or breeds are im-
portant to the beef industry because
breed formation is a slow process with
the low reproduction rate of cattle (0.86
calf per cow per year on the average).

Commercial producers of beef now
have a choice among at least 30 breeds
and their cross combinations. After this
initial selection of breeds or breed cross-
es, the producer has a choice among the
breeding herds and the animals within
these herds of the chosen breeds or he
can use frozen semen. This is the current
population structure or hierarchy exist-
ing in the breeding herd that supplies the
germ plasm to the roughly 97 percent of
the beef industry engaged in market pro-
duction. Beef breeding is still done pri-
marily by small breeders rather than by
large breeding companies.

The design of sound breeding pro-
grams by breeders and producers re-
quires a knowledge of the kind and
amount of genetic variation available to
make genetic change (I5). For breeders
and producers to use new and relatively
sophisticated technology in the conduct
of their breeding programs requires eco-
nomic incentive and creative extension
programs. Table 3 shows a synthesis of
beef breeding research that has been ac-
complished to describe the kind and
amount of genetic variation available in
the beef population. The synthesis is de-
rived from many research papers on beef
breeding that have appeared primarily in
the Journal of Animal Science, from re-
views on beef breeding (16, 17), and from
knowledge of the genetic characteristics
of the species studied. The table has
been used extensively to disseminate
breeding technology (/8-20). Coupled
with the genetic values are relative eco-
nomic values that are just now receiving
attention from economists and geneti-
cists.

To simplify the table, the numerous
traits measured in beef research are
placed in three classes: reproduction,
production, and product. In broad bio-
logical terms, the classes can be defined
as reproductive, physiological, and mor-
phological. The reproductive traits, such
as calf crop percentage weaned, are
complex traits dealing with the inter-
action of the sire, dam, and the resulting
calf. The production traits in the breed-
ing herd, such as cow weights and wean-
ing weights of the calves, deal with
mature size and milk production dif-
ferences. These traits influence the costs
of calf production. The production traits
in market animals, such as rate and effi-
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ciency of gain in the feedlot, deal with
growth and maturity rate differences.
The product traits, such as yield of
edible product and meat quality grade,
deal with lean-to-bone ratio and fat depo-
sition rate differences in the product,
beef.

The headings under genetic values in
Table 3 refer to differences, expressed as
a percentage of the mean performance
for the particular class of traits, among
broad types such as dairy, dual-purpose,
or beef breeds; to the amount of hetero-
sis, expressed as a percentage of the
mean performance for the particular
class of traits, expected from crossing
breeds either between or within the
types; and to the fraction or percentage
of the differences among individuals of
the same breed that are treated alike,
which is genetic or is available for selec-
tion. All the figures under genetic values
are an expression of genetic differences
that are given either as pércentages of
the mean or as percentages of the varia-
tion found for the traits in a particular
class. These figures give a general de-
scription of the kind and amount of ge-
netic variation available in the beef cattle
population.

Large differences exist among types
and even among breeds within types, es-
pecially for the production class of traits,
because of differences in growth rate and
milk production among the breeds. Het-
erosis can be obtained from crossing
breeds, especially for the reproductive
complex. The heterosis potential is large
enough to be commercially important.
The amount of genetic variation avail-
able for selection within breeds is high
enough for the production and product
traits to suggest commercial improve-
ment. Note that the amount of heterosis
to expect and the amount of genetic vari-
ation within breeds is negatively corre-
lated. This relationship is true for most
species and does create problems in
breeding program design.

The columns under economic values
refer to the commercial herds that pro-
duce the market calves and to the market
product, calves which are not expected
to reproduce. This division, which em-
phasizes the segmentation of the beef in-
dustry into calf producers and feeders,
clouds the economic incentives for the
breeders producing germ plasm for the
beef industry. Reproduction, or the crea-
tion of new wealth, is at least five times
as important in commercial operations as
growth and milk production, as indicat-
ed by calf weaning weight. Production
traits, such as gain in the feedlot, are
about twice as important as the quantity
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Table 3. Current beef industry values: a synthesis of research information on genetic values and
some relative economic values. The reproduction class of traits includes calf crop percentage,
calving interval, calving ease, and survival percentage, for example. The production class of
traits includes mature size and milk production in the breeding herd and rate of gain and efficiency
in the feedlot for market animals. The product traits include measures of the amount of product
and its eating quality.

Genetic values Economlg
Class values (relation)
O,f Breed types Heterosist Heritabilityt Breed- Market
traits differences* (percentage (percentage of ing feedlots|
(%) increase) variation) herds$§
Reproduction 20 10 10 5 0
Production 50 S 40 1 2
Product 10 0 50 0 1

*These are average differences among breed types when given comparable treatment expressed as a per-
centage of the mean performance. The relative values are the issue rather than the absolutes. Large dif-
ferences among breed types exist for production traits while relatively small differences in product traits exist
when types are taken to a similar composition. tHeterosis is defined as the difference between the cross
and the average of the parental breeds. This difference is expressed as a percentage of the mean perform-
ance. $Heritability is defined as the fraction of the variation, among individuals of the same breed that are
treated alike, that is genetic. Selection advance is predictable by the product of heritability and the superiority

of the selected parents.
mercial production.
mercial production.

or quality of the product currently, but
this relation could change quickly de-
pending on market demands.

Table 3 summarizes the genetic poten-
tial for change and the relative impor-
tance of such change and clearly sug-
gests some opportunities for improving
the efficiency of beef production. The
importance of reproduction to com-
mercial producers coupled with the het-
erosis potential for improving the repro-
ductive complex indicates that cross-
breeding could effectively increase
overall efficiency of beef production.
The large differences among breed types,
especially for the production traits, sug-
gests that complementarity or the selec-
tion of breeds to use in a program that
complement each other could affect big
changes in the industry. The column la-
beled heritability indicates that the
breeders producing germ plasm for the
commercial industry can improve the
production and product traits by selec-
tion and pass this increase directly to the
producer through the use of superior
stock. No one breed or type appears to
be best for all classes of traits or eco-
nomic situations, so crossbreeding for
both heterosis and complementarity, to-
gether with selective improvement of the
breeds, appears to offer opportunities
for improving efficiency by optimizing
growth rate, mature size, milk produc-
tion, and rate of maturity (important be-
cause of the age at which rapid fat depo-
sition occurs) and to a limited extent by
improving biological efficiency.

The basic problem encountered in ap-
plying the genetic potentials com-
mercially is the extremely low reproduc-
tive rate of cattle. Heterosis has been ex-
ploited in species such as corn, poultry,

§The relative economic value of the trait class in the breeding herd under com-
| The relative economic value of the trait class in the market animals under com-

and swine, which all have a much higher
reproductive rate than cattle. That is, the
extent to which an optimum breeding
structure can be attained rests on wheth-
er it can be practiced economically, giv-
en the reproductive potential. When this
is coupled with small herd size (less than
50 head on the average), a secondary en-
terprise except for ranches, and the in-
creasing value of grazing land, the proba-
bility of research information being fully
utilized is remote. However, the beef in-
dustry completely replaced the Long-
horn and other cattle with British beef
breeds and has introduced new germ
plasm since 1967 which has definitely ex-
panded the genetic potentials of the beef
population. The key is to have the re-
search information available when the
economic incentives arise.

Improving the reproductive potential
of cattle can reduce the cost of pro-
duction (by spreading breeding-herd ex-
penses over more animal units), increase
the potential that can be realized from
crossbreeding, and increase the response
to selection (by having larger numbers
from which to choose). Improving calf
crop 1 percent from 86 percent with 30
million cows gives 200 thousand more
calves or 340 thousand fewer cows for
the same number of calves. Artificial in-
semination provided the means for in-
troducing new germ plasm and now is
recognized as a tool for breed improve-
ment when used in conjunction with sire
evaluation. The dairy industry has ob-
tained a greater than 1 percent improve-
ment in milk production per year by us- -
ing superior sires evaluated through their
early progeny test for milk (27). The use
of artificial insemination to spread the
daughters of a sire over many herds, and
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the Dairy Herd Improvement Associa-
tion’s record program coupled with the
sire summaries published by the U.S.
Department of Agriculture, has made
such improvement possible. The general
use of artificial insemination in the beef
industry could produce similar results in
seed-stock production and enhance the
use of systematic crossbreeding pro-
grams. Breakthroughs that would make
artificial insemination as easy as using a
bull in commercial production are being
researched.

Research in the field of reproductive
physiology includes work on twinning.
Investigators are using hormone manipu-
lation in attempts to exploit this in herd
situations where twinning would be
desirable. Breeding by artificial in-
semination at ovulation is nearly ready
for application in the field. With newly
introduced breeds, ‘‘super-ovulation’’ of
purebred females and techniques for ova
transfer to donor cows are being used to
produce several offspring per valuable
cow per year. It is more difficult to evalu-
ate cows accurately than it is to evaluate
bulls that can have large numbers of
progeny in many herds in a short time.
General increases in calf crop per-
centages hold a high potential for in-
creasing efficiency.

Directional genetic change in the cattle
population can benefit the beef industry.
The exploitation of heterosis and com-
plementarity by selection of breeds and
breed crosses in a systematic cross-
breeding program can improve efficiency
as well as the selection of superior indi-
viduals within the breeds. Current re-
search is directed primarily toward the
evaluation of the germ plasm introduced
into the United States (/7). Matching ge-
netic potential to available management
resources (such as feed available) has
presented new problems of evaluation
20, 22). Just how best to exploit this new
resource of breed differences is also re-
ceiving attention (23). Systematic rota-
tional crossbreeding (with sires from two
or more breeds being used in rotation);
specific three-breed crosses (that can
better utilize the complementarity of a
small, crossbred cow for maternal heter-
osis and a large sire breed for growth and
carcass merit); and synthetics (which are
cross-combinations of several breeds
used to circumvent the difficulty of sys-
tematic crossbreeding in small herds) are
all options to be researched (24). Im-
provement in biological efficiency
through the use of breed differences is
not the primary issue, because Smith ez
al. 25) showed that there are small dif-
ferences among breeds when all are
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slaughtered at a constant carcass compo-
sition.

Large improvements in the efficiency
of beef production can be obtained by re-
ducing the costs of the breeding herds,
reducing the costs of time and in feed for
maintenance by increasing growth rate,
and reducing the amount of fat produced
in the carcass from the optimum utiliza-
tion of breed differences. Utilization of
crossbreeding in the breeding herd alone
can improve output from 20 to 50 per-
cent. By simply taking feedlot cattle of a
given breed combination to their opti-
mum slaughter weight can improve the
efficiency of production. As research in-
formation makes it possible to evaluate
and define the potentials for the newly
introduced germ plasm, the industry will
better utilize the potentials that are avail-
able to improve efficiency.

Genetic improvements within breeds
are being made. Most beef research in
this area has been to describe the amount
of genetic variation available and the ge-
netic correlations among the traits within
breeds, but a few long-term selection
studies are under way (26). Eleven
breeds have established sire evaluation
programs on a national scale. Through
these programs, the genetic structure of
the breeds (which are subdivided into
small partially isolated genetic groups,
herds within breeds) can be clarified
such that sires can be accurately evaluat-
ed and the superior one used extensively
through artificial insemination for breed
improvement. This opportunity came
through the Beef Improvement Federa-
tion which is a federation of all perform-
ance organizations in the industry. The
federation has codified the record sys-
tems and through participation of beef
researchers has acted as the innovator
for genetic technology use in the indus-
try (12). Genetic improvement by selec-
tion within a herd is slow. For a single
trait with 40 percent of the observable
differences heritable, around a 1 percent
improvement in the mean per year is ex-
pected. Current changes in the perform-
ance of particular breeds have come
about by exploitation of existing herd
differences through the widespread use
of the germ plasm from these herds over
the breed. Breed changes in skeletal
size, and the resulting changes in rates of
maturity and growth, can be made be-
cause of the high heritability of general
size. The big problem, as always, is in
the choice of goal or direction of selec-
tion by the many individual breeders
producing the germ plasm for the indus-
try.

Improvements in the efficiency of beef

production within the immediate future
are most likely to come from the match-
ing of breed and breed-cross potentials
with management systems. Such match-
ing and use of crossbreeding could im-
prove beef efficiency by 15 to 20 percent
on a national basis where the improve-
ments within the breeds might result in a
1 percent advantage per year at best, but
they would be capital gains.

Systems

The beef industry is highly segmented,
as is the research work of the various
disciplines of animal science that con-
tribute information to the efficiency of
beef production. Efforts are under way to
integrate the disciplines of genetics, nu-
trition, and physiology with economics
to define production functions and devel-
op optimum beef production systems.
Such analyses are useful to point out
areas where basic knowledge is impera-
tive but lacking, to examine possible in-
teractions among discipline inputs, and
to formulate sound, demonstrable rec-
ommendations for extension. Examples
of systems research in beef production
have been discussed (2, 27). Systems re-
search is a new area of opportunity in the
beef industry.

Conclusion

The primary justification for animal
production today is society’s desire and
need for high quality protein. In the pro-
duction of such protein, domestic ani-
mals are consumers of, as well as pro-
ducers of, protein and energy. Beef pro-
duction in the United States will
continue on a large scale, especially in
operations in which the cow-calf pair is
used as a harvester of low quality rough-
age. Feed grains will continue to be used
to finish cattle for market as long as eco-
nomics dictates because of the mainte-
nance savings and the more palatable
product that can be obtained from cattle
at a younger age. The challenge is to de-
velop production systems that will make
ruminant animals less competitive with
humans for grains and high quality pro-
tein feeds. Current knowledge of rumi-
nant nutrition would be adequate to ac-
complish much of this, but the costs are
prohibitive. Sufficient genetic variation
exists either between or within breeds
for the cattle population to be adapted to
new management systems and for cur-
rent methods of beef production to be
significantly improved.
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In European nations, beef production
will continue to be a by-product of the
dairy industries. For the developing na-
tions with the potential to produce cattle,
the development of a beef industry will
depend on the economic climate and
world trade. History is replete with
cattle populations with no markets.
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nary—and to the questions of regulatory
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rise.
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contaminated, only the South Fork,
which many regard as the best of it. In-
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South Fork of the Shenandoah could
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perverse designs.
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tween the Blue Ridge Mountains on the
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the west. For the canoeist or the float
fisherman (the South Fork is famed for
its smallmouth bass fishing), the scene is
ever-changing but is always good and
sometimes spectacular, especially when
the winding river turns toward the
steeply rising slopes of the Massanutten.
Along with the rest of the Shenandoah,
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the South Fork has long been a prime
candidate for consideration as part of the
national system of wild and scenic riv-
ers, and was so listed in President Car-
ter’s environmental message of last May.

Although the Shenandoah was known
to have some water quality problems, es-
pecially overfertilization from the runoff
from farmland and other sources, it was
not until this spring that state officials got
word that part of the river might be heav-
ily polluted with mercury. On 14 April a
delegation from E. I. duPont de Ne-
mours and Company, which has been
manufacturing  synthetic fibers at
Waynesboro, Virginia, since 1929, called
on Governor Mills Godwin and Virginia
health and pollution control officials and
brought the bad news.

Visible if minute globules of mercury
had been discovered the previous Sep-
tember in the course of repairing a leak-
ing water pipe beneath the Waynesboro
facility’s ‘‘old chemical building,”” where
mercuric sulfate was used as a catalyst
in the manufacture of acetate fiber be-
tween 1929 and 1950. Subsequently,
analysis of sediment samples taken
downstream from the plant in the South
River showed that the sediment was
heavily contaminated with mercury.

The readings for several samples ex-
ceeded 240 parts per million (ppm), com-
pared to readings of less than 1 ppm for
sediments tested upstream from the
plant. Worse still, the one fish that Du-
Pont had had analyzed for mercury con-
tained 0.86 ppm, or substantially above
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