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Preface to the 3rd Edition

It is now approximately 20 years since the first edition of this book was written, and the cattle production industry
is facing very different challenges and opportunities to the original ones I wrote about in the 1990s. The intensifica-
tion and expansion of cattle production systems are still causing major concern on a number of counts but now there
are alternatives to cattle products that are becoming popular. This new edition describes existing cattle production
systems in detail, as before, but it also examines many of the concerns, the difficulties in changing existing systems
and how they can become more sustainable.

Cattle production systems are being increasingly challenged, for their pollution of the atmosphere and environ-
ment, their inefficiency and wasteful use of resources, especially water and energy, the adverse effects of consuming
cattle products on human health and the poor welfare of many cattle in intensive production systems. Governments,
consumers and activist groups are all concerned about the impact that cattle production systems are having in the world
today. I described many of these challenges in the second edition of this book, nearly 10 years ago. The difference
now is that many alternatives to cattle products have become available — cheap poultry meat, fake (vegetable-based)
meat and leather, and milks and milk products based on soya, almond, coconut and other non-animal alternatives.
Next on the horizon are cultured meats (otherwise known as i vitro meat), already able to be grown under laboratory
conditions but not yet produced on an industrial scale. The major investment in these alternatives, including by
companies with strong interests in the cattle industries, and the rapid growth in consumption suggests that the cattle
industry will have to adapt dramatically to maintain its market share.

Despite this rapidly changing market, new opportunities exist for cattle farmers, mainly relating to the
fast-growing demand for cattle products in developing Asian regions. This stems from the growing affluence in these
countries, their desire to emulate a Western diet and continued expansion of the population. However, consumers in
these regions are also those who are more likely to change their diet in response to concerns about the cattle indus-
tries. Currently there is significant growth in the cattle production enterprises in the most prosperous regions of Asia,
especially China, but we should not assume that this growth will continue indefinitely. Imports of live and deadstock
are also increasing, the former leading to concerns about the welfare of cattle exported long distances. Demand for
dairy cow products is also growing in India, which has the largest cow herd in the world, but expansion of the
national herd is resulting in overcrowded cow shelters, as cattle slaughter is banned in most of the country. Africa has
similar potential to Asia to grow its demand for cattle products but continued poverty is preventing the cattle
production systems from modernizing and expanding in the way that they are in Asia.

The book has expanded in key areas of concern. There is a new chapter on cattle welfare, which provides important
detail on the major welfare threats and challenges. Classroom exercises are included to aid discussion as a means to
encourage readers to develop skills in resolving ethical dilemmas in the industry. Photographs are included to illustrate
the cattle and systems of production in colour. New threats are considered in the chapter on diseases, especially the
growing evidence for antibiotic resistance. New opportunities and requirements are described, such as better tech-
niques for animal identification. The book addresses cattle production from a global perspective, with consideration of
all cattle production systems from beef cattle on extensive rangeland to dairy cows that are permanently housed.

The cattle industry of the future will eventually be vastly different to what we have today, even though current
production systems are growing at a rate that is demonstrably unsustainable. Cattle farmers are by nature conserva-
tive and reluctant to change their systems, but they will be faced with competition from within, as well as outside,
the industry. Pressure on cattle farmers to produce more from fewer inputs is increasing continually, in response to
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growing competition between supermarket chains and retail outlets. Resources will at the same time diminish as the
human population continues to grow and unrenewable supplies become exhausted, such as phosphorus fertilizer and
fossil fuels. At the same time consumers are awakening to the need to purchase products that are produced sustain-
ably in an ethical manner. This is driving change in production systems in some of the most responsible sales markets.
Eventually the cattle industries will change and this will be led by entrepreneurs, the young, highly educated vision-
aries who can see a future for sustainable, ethical production systems.

The final chapter takes a new and objective view of where the cattle industry is heading over the next 50 years or
so. Although some of the changes anticipated are similar to those considered in previous editions — more emphasis
on limiting environmental pollution, better welfare systems, healthier products for humans — the developments in
the past 10 years in producing alternatives to cattle products raise an entirely new scenario that has to be carefully
considered. The cattle production enterprises will face major competition that does not exist today, and which may
relegate cattle products to a niche market in some areas. Competition for land may force production to be concen-
trated into areas that cannot be easily used for other more eflicient forms of agricultural production, the hills and
uplands in particular. This may seem strange at a time when demand is increasing but the scope for sudden change
in a fickle market should not be underestimated. Consider the photograph developing industry, which was wiped out
almost overnight by digital cameras; telephone switchboard and telegraph operators have suffered a similar fate, and
before them rag-and-bone men, elevator operators and street sweepers. In the developed world cattle farmers may be
relegated to the history books in future unless their systems of production are seen by consumers as relevant, neces-
sary and responsible. Diet is also changing fast, becoming more international, and is likely to continue to develop as
healthy foods are increasingly demanded to allow people to live to their potential age with the assistance of modern
medicine.

In many developing countries cattle are still an essential part of the fabric of society, and the book emphasizes that
there are environmental benefits to cattle farming: the use of cow dung for fuel and in buildings prevents deforestation;
and traction and transport by cattle avoids the use of machinery that relies on fossil fuels and spare parts from
developed countries. Although cattle production systems in developing countries are not without their share of
problems — including overgrazing, or competition with crop growers — abrupt changes to combat climate change, for
example, would be socially undesirable and economically unwise.

Establishing new systems for producing cattle takes time, skill and money, so cattle producers need to be plan-
ning now for the future. This new edition describes many ways in which farmers can improve their systems over time
to meet new demands. Silvopastoral systems potentially provide better welfare for the cattle and improve the effi-
ciency of production of trees and cattle, including water use, but they take time and skill to establish. Alternatives to
antibiotic use when cows are dried off requires farmers to learn the skills of teat sealant injection and removal;
improving biosecurity on the farm needs much careful consideration and testing of different strategies, and so on.
This book will stimulate cattle producers and students of cattle production to reflect on the systems, how well they
are meeting the challenges of today and whether they are prepared, or preparing, to meet the challenges of
tomorrow.

Clive Phillips
2018



Acknowledgements

I acknowledge the following for supplying colour photographs: Andrew Robins (Fig. 11.3), Angus Australia
(Fig. 7.1), Arvind Sharma (Fig. 2.3), Australian Ayrshires (Fig. 7.2), British Charolais Society (Fig. 7.4), British
Simmental Society (Fig. 7.7), Meat and Livestock Australia (Fig. 2.8), UK Hereford Society (Fig. 7.5); all other
photographs are the property of C.J.C. and A.P. Phillips. I acknowledge the One Welfare Portal (http://onewelfare.
cve.edu.au/) for permission to reproduce Box 10.2. I am grateful to the CABI team for their support and patience
during the preparation of the third edition.



http://onewelfare.cve.edu.au/
http://onewelfare.cve.edu.au/




Systems

Prehistoric Development

The climate change that caused the extinction of the dino-
saurs about 65 million years ago led to the replacement of
gymnosperms (mostly conifers and ferns) by angiosperms,
including grasses, herbs and broadleaved trees. Primeval
ruminants first appeared in the Indian subcontinent about
40 million years ago, adapted to browse the trees of the
tropical forests. About 25 million years ago the savannahs
and grasslands of the world developed, and ruminants
evolved with the necessary hypsodont teeth to consume
grass and an enlarged forestomach, or rumen, to digest it
with the aid of microorganisms.

About 2 million years ago the first members of the
grazing Bos genus began to appear in northern India.
They spread to other parts of Asia, northern Africa and
Europe after the Ice Ages, between 250,000 and
750,000 years ago in the Pleistocene period. Three dis-
tinct subtypes of Bos cattle developed: the humped Bos
primigenius namadicus, the forebear of the zebu cattle,
which predominated in the Indian subcontinent and
became commonly known as Bos indicus; Bos primige-
nius primigenius, which had no hump and gave rise to
modern European cattle, commonly known as Bos
taurus (or taurine cattle); and Bos primigenius africanus,
which lived in the woodland and shrubland of North
Africa. Related animals in the Bovini tribe that devel-
oped at this time include the bison (Bison bison) of
North America, the European bison (Bison bonasus),
the gaur (Bos gaurus), banteng (Bos javanicus) and kou-
prey (Bos sauveli) of South and East Asia, the yak
(Poephagus mutus) of central Asia, the African buffalo
(Syncerus caffer) and the wild water buffalo (Bubalus
arnee) of South-east Asia and the Indian subcontinent,
the likely ancestor of domesticated water buffalo
(Bubalus bubalis).

Within the Bovini tribe, the wild cattle, or aurochs
(Bos primigenius), were most closely related to the gaur

The Development of the
World’s Cattle Production

(Fig. 1.1) and banteng cattle. They were large animals
with big horns and powerful forequarters compared
with today’s domesticated cattle, and they inhabited
both the temperate and subtropical zones, together
with bison and yak, and the hotter regions, inhabited
by buffalo. They were most prominent in central and
western Europe, the Mediterranean coastal regions of
North Africa, West Asia, the Indian subcontinent and
central East Asia. The bulls were usually dark brown to
black, and the cows, which were much smaller than the
bulls, were red-brown.

As early as 38,000 years ago, prehistoric humans
had a close association with cattle. Cave paintings in
Europe show the aurochs both running wild on grass-
land and being preyed upon by men with arrows and
spears. Their carcasses provided not only meat but also
valuable hides for tents, boats and clothing and bones
for fishhooks and spears. The extinction of the aurochs
was largely due to human predation, since they were a
popular target of hunting activities. Competition for
feed with domesticated cattle and transmission of dis-
eases between the two populations may also have con-
tributed to their demise. This was the first documented
anthropogenic extinction, and it began in England in
about 1300 Bc and ended when the last aurochs cow
died in a hunting reserve in Poland in ap 1627.

Domestication

Cattle were first domesticated from wild Bos primi-
genius cattle in the Middle East about 8000-10,000
years ago. Bos indicus cattle were developed primarily in
the Indian subcontinent from the diverse range of wild
cattle that existed there, and a less diverse new breed
type, the European taurine cattle, emerged from
sequential limited migrations from west Asia. The
resulting genetic diversity is at least as great as humans,

© C.J.C. Phillips 2018. Principles of Cattle Production 3rd Edition (C.J.C. Phillips)



Chapter 1

and considerably greater than the dog. The domesticated
cattle were earlier maturing, with smaller brains and less
acute senses than the aurochs, but possessed larger ud-
ders. They were less sexually dimorphic, i.e. males and

females were more similar in size, and they were more
variable in coat colour and horn shape, as well as more
likely to be polled (without horns), which was a disad-
vantage for aurochs but not for domesticated cattle. The
aurochs were seasonal breeders, with offspring pro-
duced in late spring, whereas the breeding period for
domesticated cattle shows little seasonality. The diet of
aurochs and domesticated cattle was similar, mostly
grasses but with tree foliage during winter. The aurochs
lived in harmony with their varied environment: grass-
lands, forests and wetlands. Domesticated cattle sur-
vived in increasingly large numbers in deforested areas
where the land had been converted to grassland.

The milking of cows for the production of human
food was already well developed at the time of the first
written records in Mesopotamia in 6000 Bc; it is likely
to have originated soon after the domestication of
cattle, which had occurred at some time up to 2000
years beforehand. Studies of Neolithic cows and the
human diet in Europe and Africa in approximately
4000-5000 BC have shown that dairying was common-
place at this time, and that calves were weaned early, at
some time between 2 and 9 months of age. This may
have been due to their lactation being shortened as a
result of limited feed resources, but it may be that the
herders separated cow and calf at this time because they
wanted to extract milk for themselves as soon as the calf
could feed on solid feed (Balasse and Tresset, 2002). In
North Africa, climatic conditions were getting drier at
this time, and the Neolithic herders began to replace
cattle with sheep and goats that have lower nutritional
requirements and cope with drought better.

Fig. 1.1. Afamily group of gaur cattle (Bos gaurus) in Malaysia:
(from left to right) calves, a cow and a bull.

Domesticated cattle were therefore probably used
for the production of milk and meat and for draught
power from the start of their symbiotic relationship
with humans, but even as early as the Stone Age cattle
also had a dominant role in religion. This mainly re-
lated to their power—fertility symbolism, which derives
from their strength, aggression and the ability of bulls
to serve large numbers of cows. The bull came to dom-
inate the religions of the Middle East and North Africa
in particular. The ancient Egyptians worshipped the
bull god, Apis, which was embodied in bulls that were
selected from local herds. These bulls were ritually
slaughtered at the end of each year, after which they
were embalmed and ceremoniously placed in a tomb in
Saqqarah. The ancient Egyptians also worshipped cow
goddesses, which represented fertility and nurture.
Significantly, in Hebrew culture, as the people changed
from being warriors to farmers, the image of the bull
changed from aggression to virility.

Cattle Farming in Eurasia

The spread of cattle farming across Asia and Europe
was caused as much by the invasions of nomadic
herdsman from the Eurasian steppes as by the Middle
Eastern influence. These invasions started as long ago
as 4000 Bc, when the European Neolithic farmers
were conquered by the herdsmen on horseback who
brought traditions of raising cattle on the steppes.
These farmers had been settled agriculturists, growing
cereals and keeping small numbers of livestock.
Security was provided by investing in the land, return-
ing nutrients to build up fertility and trading peace-
fully between small communities.
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Cattle had a crucial role in both religion — princi-
pally for sacrifice — and as a tradable commodity. In
many European countries the word for ‘cattle’ is syn-
onymous with ‘capital’. The resistance of the people of
the southern part of the Italian peninsula to encroach-
ment from Rome was fought under a banner of their
cattle culture: the name Italia, originally referring to the
south, is popularly suggested to have meant ‘(land of)
young cattle’. When the people from the Asian steppes
invaded Europe they brought few cultural advances but
a new warrior-like attitude, in which security was
valued as well as the ability to move fast (on horseback),
with little allegiance to any particular place. Warriors
were expected to expropriate cattle, often for sacrifice to
appease the gods. The influence of these warriors was
particularly pronounced in the west of Europe, where
the Celtic descendants of the Eurasian herdsman devel-
oped a powerful cattle-based culture. Some historians
believe this fuelled the colonizing tendencies of the
Iberian and British peoples.

The warriors from the Asian steppes also migrated
into India, where the cow acquired a unique signifi-
cance in the Hindu religion. A ritualistic and sacrificial
role of carttle was recognized in the Vedic literature as
long ago as 1500 Bc. At the time the human population
density was low and large areas were forested before do-
mesticated cattle were widely kept. As the population
grew, an increase in crop production became inextric-
ably linked with the use of cattle for tillage. It became
impossible for everybody to consume beef, as the ani-
mals were required for draught purposes, and the cows
were required to produce offspring to till the soil. The
consumption of beef became restricted to the upper
classes, in particular the Brahmin sect, and a strict class
system evolved. When increased population further re-
stricted the use of cattle for beef consumption, strict
regulations were introduced that prevented beef con-
sumption altogether. With the prohibition of cattle
consumption, shelters, or gaushalas, were established
to care for unwanted animals or those that had become
unproductive. In the period of British occupation
cow protection became a source of national pride for
Indian people. The first major revolt against the British,
in 1857, was due to a rumour that they were using
beef tallow to grease cartridges used by Hindu sol-
diers. Cow protection movements evolved from this
time onward, including by Mahatma Gandhi. Even
today cattle protection remains a political issue, with
most states banning cattle trading and slaughter.
There are about 3000 gaushalas now, all around the

country, looking after cattle that have mostly been
abandoned. Conditions are sometimes poor and cows
are often overcrowded (Fig. 1.2) and dependent on
philanthropic donations, including of food for the
cattle (Fig. 1.3).

Nowhere exemplifies the problems facing cattle
production systems in developing countries better than
India. With one of the highest cattle populations per
capita in the world, this vast country has had to cope
with increased human population pressure and the re-
quirement to maintain inefficient cattle production sys-
tems for religious reasons. Nowadays, many of the
abandoned cattle in India have assumed the role of
scavengers and they compete only little with humans
for food resources, as less than 20% of their feed is suit-
able for humans. Most is either a by-product of the

Fig. 1.2. A heavily stocked cow house in India, containing Gir
(brown) and Kankrej (grey) breeds in a gaushala (cow sanctu-
ary). The cows are kept in this yard for 19 hours per day.

Fig. 1.3. Cattle kept in an Indian gaushala after they have
reached the end of their working life.
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human food industry or is grown on land that cannot
be used to produce human food. They have become an
essential and valuable part of the agrarian economy, but
two problems remain. Firstly, the inability to slaughter
cows requires the maintenance of sick and ailing animals,
although some are sold to Muslims, for whom slaughter
is not against their religious beliefs. Large numbers of
cattle are also smuggled across the borders to neigh-
bouring countries for slaughter. Scavenging in the streets
around communities with no refuse collection, many
Indian cattle consume significant quantities of indigest-
ible and potentially toxic materials, especially plastic, in
their search for food residues. Secondly, the increased
livestock population has led to overgrazing of many
grassland areas, which were first created when India’s ex-
tensive forests were felled. The cultivable land area has
been declining by over 1%/year and, at the same time,
the livestock population increased by more than 50% in
the second half of the 20th century. Some of the grazing
areas used for cattle could be used for the production of
human food but, because of the high social status ac-
corded to those with large herds, the increasingly affluent
Indians are turning to grassland improvement to support
their expanded herds. Water retention properties of the
land are improved by contour ploughing and trenching.
Nitrogen and phosphorus fertilizer are used in greater
quantities. In some areas sustainable use of grassland re-
sources is encouraged by the incorporation of legumes
into the sward, which can contribute substantial quan-
tities of nitrogen. Intercropping is often used to improve
water and mineral resource use.

Over the course of history, the fencing of grazing
land has been an important measure to control the
movement and nutrition of cattle. Land enclosure
began in England in the 12th century Ap and acceler-
ated in the 18th century due to the demands of an ex-
panding population. Enclosing land is no guarantee
against overgrazing and it does not create any extra
land, but it is an effective management tool to allow
farmers to use available feed resources most efficiently.
The controlled burning of trees and weeds has been an-
other management tool to allow productive grass spe-
cies to be introduced. In mediaeval times, periodically
leaving the land fallow to create fodder banks allowed
soil reserves to accumulate and fodder supplies to match
ruminant numbers. However, with increasing popula-
tion this is now rare, and worldwide there has often
been insufficient control over cattle numbers, with
grazing resources overused and deterioration of grass
production potential.

Colonial Expansion

In Spain the ideological significance of cattle is deeply
rooted in the culture brought by the Celtic invasion ini-
tially and later by the Romans. The bullfight signifies
the trial of strength between humans and one of
nature’s most fearsome beasts. The consumption of
beef reared on the Spanish plains has always been
popular bug, for a long time, the warm climate meant
that spices had to be added to meat because it spoiled
rapidly. When Christopher Columbus set off to find a
quick route to the East for spices, he found something
of much greater significance for the cattle industry.
The virgin territory of the New World provided cattle
pastures of superior quality to the arid interior of Spain
and paved the way for the colonization of most of the
Americas. With no natural predators, the Spanish
Longhorn cattle multiplied rapidly, and by 1870 there
were over 13 million cattle on the Argentinian pampas
alone. The principal South American exports at the time
were salted beef and cattle hides. In the late 19th cen-
tury refrigerated transport enabled carcasses to be sent
to Europe to fulfil the rising demand for beef. Most of
the production was, and in places still is, on large
ranches or haciendas, so that the production system and
the profits were in the control of a few families. This
oligopoly of agricultural production in the Iberian
Peninsula and in its colonies prompted regular revolts
by the peasants that are typical of those that have oc-
curred in Europe since the Middle Ages, and most re-
cently in Portugal in the 1970s. The most recent South
American revolution emanated at least in part from
poverty of the farm workers, or campesinos, in Chile in
the 1970s.

Another large-scale colonization with beef cattle,
that of North America, began with the industrial revo-
lution providing wealth for a new British middle class,
who came to be able to afford to eat beef on a regular
basis. The English aristocracy had in the Middle Ages
gained a reputation for excessive feasting on a variety of
meats, with beef being the most favoured. The nouveau
riche of the 19th century required choice joints to feed
their families, and English breeders selected smaller,
better-formed cattle than the Spanish Longhorn that
was by this time common in South America. Breeds
such as the Hereford were developed, which could be
fattened in two grazing seasons, whereas the larger ani-
mals might require up to 3 years. A key figure in the
development of British breeds was Robert Bakewell,
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who first selected cattle for meat production rather than
for the dual purposes of meat and milk production.

In the late 19th century British and American pion-
eers began to search for new cattle pastures to provide
for the growing demand for beef in Europe. The western
ranges that covered much of the interior of the USA
were home to about 4 million bison that had roamed
free for about 15,000 years. In a 10-year period, from
1865 to 1875, the Americans and several European
‘game hunters’ systematically slaughtered the bison,
mainly for their hides, which were more highly prized
than cattle hides because of their greater elasticity.
Coincidentally, perhaps, the slaughter of the bison
greatly assisted in the subjugation of the indigenous
Indians, who, deprived of their livelihood, became de-
pendent on the colonizers. Many assisted in the bison
slaughter and then turned to subsistence farming in the
reservations. A rangeland management system that had
been sustained by the Indians for several thousand years
had been destroyed almost overnight.

The system that replaced it was funded by invest-
ment from abroad, especially from Britain, which sup-
ported the purchase of cattle, the expansion of the
railways and later the development of refrigerated trans-
port. The occupation of rangeland by cattle ranchers
was facilitated by a simple invention, barbed wire,
which could be used by the ‘cowboys’ to stake a claim to
as much land as each felt able to manage. Publicly
owned rangeland in the USA was, and still is, leased for
a sum well below the market value. There was a similar
spread of cattle over much of northern Australia,
though this largely occurred during the 20th century,
when farming methods for the tropics and subtropics
had been developed and sheep had been found to be
unviable in these areas. Decimated by disease and en-
forced subjugation, many aboriginal people found
work on the large cattle stations. When the government
forced station managers to pay the workers a wage in
1968, there was an exodus from the stations, which
were unable or unwilling to pay for labour that had pre-
viously been provided in return for just the provision of
food, clothing and accommodation.

The USA grew in stature as a world power as Britain
declined, and with the increase in American affluence
came the demand for well-fattened beef for home con-
sumption. Then, instead of the cattle being finished on
the range, they began to be transported for fattening on
cereal-based diets in feedlots of the southern one-time
Confederate states.

The Growth of Dairy Production
Systems

For most of the second millennium ap, milk was pro-
duced for home consumption in villages, and cows were
kept in the cities to produce milk for the urban popula-
tions. A rapid expansion of dairy farming in industrial-
ized regions can be traced back to the advent of the
railway. In Britain, for example, it meant that milk
could be transported from the wet west of the country
to the big cities, especially London, Bristol and the
urban centres in the north. Nowadays, transporting
milk and milk products is largely by road vehicles, but
the centres of dairying remain in the west, where the
rainfall is high and there is a plentiful supply of grass for
much of the year.

In many developing countries such a ready supply
of milk and milk products in the cities is not always
available. With a continued migration from rural to
urban areas, many rural migrants in the cities have inad-
equate access to high-quality dairy products because of
their high cost. Often milk is diluted, or there is spoilage
after being brought in from the countryside. Milk and
dairy products provide an important source of minerals,
particularly calcium, vitamins (especially vitamin A) and
a highly digestible supply of energy and protein. In
sub-Saharan Africa, rapid deterioration of milk and
dairy products in the warm conditions prevailing neces-
sitates the establishment of small urban and peri-urban
farms, for which feed and other supplies have to be
brought in from surrounding rural areas. Securing
adequate forage resources can be difficult as the cities
expand and distances to rural areas are often too long for
the import of large quantities of fresh fodder. Conserved
fodder may be scarce in supply, as well as being expen-
sive and bulky to transport. In the rural areas there is
sometimes conflict for land access between the settled
agriculturists producing fodder and other crops and
migrant pastoralists. Where land is limited in supply, the
rural poor usually have to feed their cattle on waste
products, including crop residues, or graze them on land
that could not easily be used for other purposes. Rarely
do they utilize grain, which can be used to feed humans.
Of increasing interest is the use of by-products, such as
paper and vegetable wastes, in the suburban dairy pro-
duction systems. These non-conventional by-products
are increasingly used with benefits to the environment
and the efficiency of land use.
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Cities are not just centres of human population but
also of industrial development, and the continued
growth of urban and peri-urban industry has left the
problem of waste disposal. Some wastes, e.g. from the
food and drink industry, can be used without modifica-
tion for cattle production. They are characterized by
variable nutritional value and poor hygienic quality and
are more suited to feeding to ruminants than to mono-
gastric animals because of their ability to ferment
low-quality feeds. Brewers” and distillers’ grains are par-
ticularly valued industrial by-products. Many other
wastes do not have an established outlet and their safe
disposal can be expensive; alternatively they may create
a public health hazard if they are disposed of carelessly.
Some can be utilized for cattle feed but others contain
toxic agents, such as arsenicals in waste newspaper, or a
variety of transmissible diseases. Zoonoses are of par-
ticular concern, especially since the transmission of a
spongiform encephalopathy occurred from animal car-
casses to cattle and thence to humans in the UK. Many
feel that such recycling practices risk the emergence of
novel pathogens, but it must be remembered that recyc-
ling predominates in nature and is in the interests of the
development of an efficient industry. It is therefore not
surprising that international bodies such as the Food and
Agriculture Organization of the United Nations (FAO)
and the World Bank have identified peri-urban dairying
as showing the highest potential for meeting the
growing nutrient need of urban consumers.

Cattle in the World Today

The world’s cattle population is currently approximately
1.4 billion (Robinson et al., 2014), or one for every five
people, distributed across every continent except Antarctica
(Fig. 1.4). Given that the biomass of cattle is almost ten
times that of people, the biomass of cattle in the world is
almost twice that of people and the largest of any animal on
earth. It is increasingly recognized that the dominance of
livestock systems in use of the world’s land and water
resources must be re-evaluated in the light of today’s sustain-
ability goals: poverty reduction, food and nutritional secur-
ity, ecosystem protection, mitigation of greenhouse gases,
and adaptation to climate change (Herrero ¢z al., 2013).

Just over a quarter of the cattle are dairy cows. Their
density is determined by climate, topography, political
considerations and religion (Fig 1.4). Nearly 30% reside in
India, more than in any other country in the world. Here

they are strongly connected with the country’s religion,
Hinduism. As sacred animals, they are not usually slaugh-
tered for meat, but are used for production of milk, milk
products and faeces. Elsewhere cattle are concentrated into
parts of the world in which grass is more easily grown than
crops: the savannah regions of Africa — both north and
south of the equator — and Australia, the prairies of North
America, the pampas of South America and the steppes of
central and Eastern Europe. An exception is north-west
Europe, where mixed farming systems integrate cattle and
agricultural crop production.

Cattle production systems are often criticized for
their environmental, welfare and nutritional impacts.
In addition, protein production from beef cattle is one
of the least efficient ways of producing protein for
human consumption (Table 1.1), in part because of the
high cost of maintaining cows to produce a relatively
small number of calves. However, if it uses land that
could not otherwise be used for human food produc-
tion directly from crops it may augment the total food
protein produced for human consumption. Protein in
the milk of dairy cows is produced as efficiently as
the non-ruminant protein sources — pigs, fish and
poultry (see also Chapter 5 for discussion of processing
efficiency).

Cattle are an integral part of the lives of many of the
world’s poorest people. In Africa, the savannah belt has
many cattle farmers (Fig. 1.5), especially in Nigeria,
Ethiopia, Uganda, Burundi, Rwanda and Malawi (FAO,
2002). In India, Pakistan and Bangladesh and much of
South America, all of which are major cattle-rearing re-
gions (Fig. 1.4), a high proportion of people earning less
than US$2/day manage their cattle in mixed farming
systems (compare Figs 1.4 and 1.6). Cattle make a
significant contribution to wealth, and any attempts to
restrict cattle numbers because of their environmental
impact will need to take into account their widespread
use by the world’s poorest people. In many of the poorest
parts of Africa, where only a small proportion of the
population has access to electricity or clean cooking
fuels, cattle dung is dried and used as a fuel for cooking,
Sometimes it is mixed with straw. Its use in this way has
been an important means of cooking food to improve its
value for humans for thousands of years. Temperatures
of several hundred degrees Celsius can be reached in a
few minutes and sustained for a sufficient period of time
for cooking. Using dung for fuel replaces the use of fire-
wood (which has resulted in deforestation), but it pre-
vents the dung being used as a valuable fertilizer on the
land and may lead to increased use of artificial fertilizer.
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Chapter 1

Table 1.1. Protein production efficiency of major animals
used for human foods (adapted from Tilman and Clark, 2014).

Protein production efficiency (edible

animal protein produced/feed

Human food protein used)
Beef 0.05
Mutton and goat 0.07
Pork 0.17
Poultry 0.20
Milk 0.25
Trout 0.25

Using dung directly for cooking pollutes the atmosphere
and may cause respiratory problems in humans. Turning
it into biogas, which is mainly methane (50%) and
carbon dioxide (30%), requires some resources but it is a
much more efficient and less polluting fuel for house-
hold use. Cattle dung is sometimes used for other
purposes, for example in India where it is spread on
the floor of houses because it has some sterilizing
properties.

In the long term, cattle production systems cannot
usually be justified only by their role in feeding and
providing fuel for the rural poor, though this argument
has been made to justify livestock exports from Australia
to Asia and intensification of livestock production in
countries, like South Africa, where there are rich and
poor living in close contact. The reality is usually that
the poor cannot afford to buy the catte products as
they are too expensive per unit of all of the major nutri-
ents, and they have to be sold to generate income to buy
staple foods. In the USA, even though cattle produc-
tion has been intensified to reduce costs, meat products
still cost over 40 cents per 100 kcal, and grains, beans,
legumes, nuts and seeds only 10-20c/100 kcal
(Drewnowski, 2010). Furthermore, the cost of meat is
not the full cost, which should include the environ-
mental pollution that animal farms cause, and the cost
of their contribution to ill health, and eventually the
cost of finding alternatives to the antibiotics that are
being rendered ineffective because of their overuse in
intensive livestock production. The high cost is princi-
pally due to the high level of resources that is required
for cattle production. This includes large quantities of
grain crops for intensive and semi-intensive feeding of
cattle. The grain used for all animal feed, which ac-
counts for 40% of all arable land worldwide, could feed
3.5 billion people (Niamir-Fuller, 2016).

Cattle Production Systems
and Climate

Cattle are now kept in all the major climatic regions,
which demonstrates the importance that they have
assumed as the major species domesticated for the pro-
vision of food. Because of the large amount of heat pro-
duced by the microbial fermentation of coarse grasses,
and their large size, they thrive better than most other
domesticated animals in cold climates. The provision of
a naturally ventilated shelter enables cattle to be kept
for milk production in extreme cold, such as in Canada,
even if ambient winter temperatures approach the lower
end of their comfort zone. Feed intakes are increased to
generate more internal heat but their survival is not
threatened. Breeds of cattle that thrive under such con-
ditions are usually of the more endomorphic type, such
as the Hereford. At the opposite end of the climatic
spectrum, cattle are able to survive in some of the hot-
test environments of the planet, especially if they are
protected from the sun’s radiant heat by provision of
adequate shade. More crucial than the temperature in
these environments is a regular supply of potable water.

Despite their successful integration into farming
systems in extreme climates, cattle are best kept in
moist, temperate environments with a regular rainfall
that enables grass to grow for much of the year. In some
parts of the southern hemisphere, such as New Zealand
and southern Chile, and southern Ireland in the nor-
thern hemisphere, grass will grow for the entire year
and grazing systems predominate. In more extreme lati-
tudes colder conditions in winter mean that most cattle
are housed forabout 6 months of the year. Mediterranean
climates are often too dry for cattle and the keeping of
sheep and goats is traditional. Because of their low feed
intake requirements sheep and goats survive on sparse
vegetation more easily than cattle, and sheep in par-
ticular can survive with less water, producing a faecal
pellet that is harder and drier. Mediterranean cattle pro-
duction systems are therefore more likely to rely on
forage crops such as maize rather than on grazing, as in
the Po valley of Italy.

At high temperatures cattle reduce their produc-
tion levels unless they are given shade, cooling and a
highly concentrated diet to minimize the heat incre-
ment of digestion. Their morphology adapts to make
their coat short-haired and shiny, to reflect the sun’s
rays, so that they absorb less heat and lose it more
readily. Cattle have become well adapted to a hot
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Fig. 1.5. Land utilization systems for livestock production in different climatic zones (from FAO, 2008b).
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The Development of the World’s Cattle Production Systems

environment in the savannah regions of Africa,
Australia and South America. Trees often provide the
necessary shade, whilst allowing a flow of air to the
cattle (Fig. 1.7). The cost of modifying the environ-
ment is high, for example in the feedlots of North
America and Australia, but small-scale cattle herding
is used as a reliable form of subsistence agriculture in
the developing country environments of Africa and
South America. In such systems, cattle provide not
only human nutrition in the form of meat and offal,
milk and occasionally blood, but also clothing from
leather, dung for fuel and fertilizer and to increase
moisture-holding capacity in the soil, and a means of
tilling the land.

In some traditional societies, such as the Nuer of
South Sudan, cattle adopt an even more central role in
the culture. Status is indicated by the size of a cattle
herd, cattle are used as a form of currency for major
transactions, e.g. marriage dowry, and bulls are a major
fertility symbol. Cattle provide an insurance against the
costs of major life expenses, including medical expenses
and school fees, and against adverse climatic conditions,
drought and crop disease outbreaks. Most of the meat
and milk output is sold, enabling herders to buy staple
crops. But some is retained and provides high-quality
nutrients to improve the well-being of the rural poor,
especially that of the children. Most of the approxi-
mately 1 billion people in the world living in poverty
are in rural areas of Asia and Africa, particularly
Bangladesh, India, Pakistan and Nigeria. Cattle play a
major role in feeding the rural poor in all of these coun-
tries. The majority keep or want to keep livestock. The
land is mostly tilled by cattle and the income from

Fig. 1.7. Trees on savannah provide essential shade to cope
with hot conditions and allow a flow of air to cool the cattle.

traction and manure can exceed that from milk and
meat production.

In many parts of the world cattle production sys-
tems have been intensifying since the middle of the last
century. Between 1990 and 2003, Brazil’s cattle herd
increased from 27 million to 64 million head, as
Amazonian forest was destroyed to make way for cattle
pastures (Fig. 1.8). Average herd sizes generally increase
by a process of amalgamation of small units and an in-
crease in purchased feed use. Only dramatic political
changes, such as in Eastern Europe in the 1990s, disrupt
the agricultural intensification, reversing the expansion
of herd sizes. In the former communist countries of
Eastern Europe, land was returned to the many small-
holders that had owned it before it was seized early in
the 20th century. However, the economies of scale
encouraged larger herd sizes, especially since the des-
cendants of former owners often did not have the skills
to profitably farm the small land areas returned to them.
The intensification process has culminated in the devel-
opment of feedlots for beef cattle and year-round
housing for dairy cows, with several thousand animals in
a unit and the feeding of conserved and processed feeds.

Modern Trends

The end of the second millennium ap brought an
increased concern by the public about cattle farming
practices, which are now increasingly required to pro-
duce food that is safe to eat, cheap, humane to the
animals and not damaging to the local, or global, envir-
onment. This is partly in response to the suspicions of
the intensification of modern farming methods, encour-
aged by the move to company ownership of farms and
the introduction of new technologies that are directed
at increasing the profitability of cattle farming. It has
enabled milk yield to approximately double over the
past 50 years; for example, annual milk yield per cow in
the UK increased from 3750 1 in 1970 to 7271 1 in
2017. At the same time in the UK the mean herd size
increased from 30 to 115 cows, and the annual milk
sales per producer increased from 112,500 | to approxi-
mately 840,000 L.

The issues of concern stem partly from the industri-
alization of the farming process and the public’s lack of
understanding and involvement in the process. Increasing
prosperity has enabled more people to eat outside the
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The Development of the World’s Cattle Production Systems

home, and more are buying processed food, as demanded
by their busy life schedules. The intensification process
has sometimes recycled animal and human waste prod-
ucts unwisely, and embraced a suite of animal and crop
production enhancers, including growth promoters, pes-
ticides, herbicides and fertilizers. Some have adverse or
unknown consequences; cattle products have been found
with high levels of persistent organic pollutants, espe-
cially dioxin, and there is concern about high levels of
antibiotic use and the risk of transmission of zoonotic
diseases (Niamir-Fuller, 2016). Nowhere are the modern
trends exemplified more than in China. Traditionally
beef was not a major food source for the majority of the
population, yet the recent rapid development of animal
agriculture, often of an intensive nature, elevated it to the
rank of the third largest producer in the world by 2014.
Widespread lactose intolerance in East Asians tradition-
ally meant that milk from cows was not a major part of
the diet. However, the promotion of children’s milk con-
sumption by the national government has resulted in a
rapid growth of the dairy industry. Intensive animal pro-
duction is seen as a means of climbing out of poverty for
many Chinese rural regions (Li, 2017).

These concerns and others have led to many con-
sumers opting to buy food products from farmers who
can demonstrate more long-term responsibility in their
production systems. The 21st century has seen a growth
in certification schemes, as well as much debate about
what and how much the consumer should be told on the
labels of the food they purchase. Perhaps the most suc-
cessful scheme that farmers can join to demonstrate this
attention to sustainability is the organic farming move-
ment, otherwise known as biological or ecological
farming. This movement is characterized by the systems
for producing cattle being environmentally and socially
sustainable and using a minimum of artificial inputs. As
much as possible, organic farming fosters the use of crop
rotations, crop residues, animal manure, legumes, green
manure, off-farm organic wastes to supply crop nutrients
and biological control of pests and diseases. Farmers in
developed regions were the first to devise the legislation
required for organic production, but many farmers in de-
veloping regions, where agriculture was often less inten-
sive anyway, are now seeing an opportunity to increase
their profit margin at little extra cost. In the European
Union, the land devoted to organic farming practices has
grown rapidly since the mid-1980s, reaching approxi-
mately 4% of agricultural land by 2016. The regulations
for organic cattle farming are strict: for example, modern
farming practices of zero-grazing cattle and embryo

transfer are forbidden, as are the more contentious repro-
ductive management practices such as genetic engin-
eering. However, in the absence of accurate knowledge of
the precise risks, the precautionary approach provides the
best possible assurance to consumers that the production
of the food they purchase has not harmed the environ-
ment or the animals and will not harm themselves.
Critics argue that without the benefit of animal and crop
production enhancers, such as growth promoters and
fertilizers, farmers could not grow enough food to feed
the world’s growing population.

Conclusions

Since the domestication of cattle 8000—10,000 years ago,
different systems of management have been introduced to
many different parts of the globe. With their easy herding
characteristics, herbivorous diet, high reproductive rate
and docility, cattle provided an easy way of using land for
the production of meat, milk and other goods. In particu-
lar, they were introduced into many areas during periods
of colonization. Now that their presence has spread to
neatly all parts of the globe, it is necessary to examine the
relationship between humans and cattle and decide
whether it is the best way to feed the human population,
while at the same time maintaining a high-quality envir-
onment and regional culture. Some systems of cattle
production that have been developed are ecologically un-
sustainable and lead to deterioration of the environment.
Others offend certain people’s moral or religious beliefs,
but many of today’s systems make an important contribu-
tion to the nutrition of the human population by using
land in a sustainable and worthwhile manner. The future
will bring greater control of cattle production, preserving
those systems that benefit society and restricting, control-
ling and even outlawing those that have detrimental effects.
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of livestock production in the tropics: farm and farmers’ per-
spectives. Animal 8, 1238-1248.

Rifkin, J. (1994) Beyond Beef: the Rise and Fall of the Cattle
Culture. Thorsons, London.




Systems

Cattle production systems are diverse and allow the
species to be kept for production of meat and milk all around
the world. The systems have evolved over thousands of
years and generally are designed so that the output is most
efficiently achieved, in terms of udlizing local resources
and providing for the specific needs of the region. They
can be classified as rangeland based (land with fewer than
20 people/km?), mixed grass and crop (rainfed or irri-
gated systems) (see Chapter 1, Fig. 1.5), and landless sys-
tems, in which cattle are fed on crops imported on to the
‘farm’. Landless systems predominate in urban and
peri-urban settings. Systems are considered irrigated if
more than 10% of the land is under irrigation. Of the
world’s 1.4 billion cattle, approximately 42% are in rain-
fed mixed systems, 29% in irrigated mixed systems, 27%
in grazing systems and 2% in landless systems. Dairy cat-
tle are more concentrated into mixed systems than beef
cattle, with an output of 522 billion litres/year, compared
with only 72 billion litres/year from grazing systems.
Beef cattle are still mainly produced from mixed systems
(32 million tonnes/year), with lesser amounts from graz-
ing systems (15 million tonnes/year) and landless systems
(4 million tonnes/year).

Beef Production Systems

Rangeland cattle production
Rangelands are extensive, mostly unimproved lands,
with most vegetation being native grasses, forbs and
shrubs. Geographically, these include natural grasslands
and savannahs, deserts, tundra, some alpine regions and
coastal marshes. The land is usually arid or semi-arid, is
often characterized by high rainfall variability and is
usually unsuited to cultivation.

Rangeland farms generally occupy large areas, with
little or no housing for cattle, and they utilize land that
is either too mountainous, remote or climatically

Today’s Cattle Production

challenged to be used for agricultural crop production.

Northern Australia has some of the largest rangeland
farms, a mixture of family properties and private com-
panies. The average size of cattle farms in the Northern
Territories is 3122 km?, usually with 20005000 head
of cattle. The largest has 62,000 cattle. Employment
of indigenous labour is important across much of nor-
thern Australia, with about 70,000 cattle in an indi-
genous land corporation established by the Australian
government to facilitate indigenous ownership and
management of land. On the most extensive farms,
cattle are only mustered (gathered together) once a
year, but on other farms there are usually two musters.
The calves, of up to 12 months of age, are dehorned,
branded, castrated and given any necessary vaccin-
ations (for example, to protect against botulism or
Vibrio infections), mineral supplements, probiotics,
lousicide dips or hormonal treatments to maximize
growth (hormone growth promoters). Cattle produc-
tion is typically much lower than in other beef pro-
duction systems because of undernutrition of the
cows, reproductive problems, predation and heat
stress. Cattle are typically of Bos indicus breeds, which
have resistance to heat stress and tropical diseases,
such as tick-borne fever. At mustering, younger calves
are returned to the fields with their mothers, but
older calves, known as weaners, are separated or
drafted from their mothers at about 125 kg and re-
tained in their sex groups as steers (castrated males,
otherwise known as bullocks) or heifers (females). At
18-24 months most are sent to feedlots, where they
are fattened on a pelleted diet, but the weaker ones
will be returned for further growth. The number of
calves weaned per cow mated is typically about 0.75/
year, with a range from about 0.50-0.90.

Mustering cattle is usually done with the aid of
small aircraft, helicopters, or both on the more exten-
sive properties, especially where there are many trees
that would make it difficult for a vehicle to round up

© C.J.C. Phillips 2018. Principles of Cattle Production 3rd Edition (C.J.C. Phillips)
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the cattle (Fig. 2.1). Sometimes a light aircraft does ini-
tial sweeps across the paddock, moving the cattle away
from the trees and roughly in the direction of the
handling yards. Then a helicopter may take over and
drive them more directly towards the yards. It is im-
portant that they are not hurried, especially when they
approach the yards, otherwise they arrive in a state of
stress and prone to heat overload. On the ground, teams
of people on horses, motorbikes or in cars usually
muster the cattle close to the yards (Fig. 2.2). Teams
also go out into the paddocks at regular intervals to
draft cacle. Skills in mustering and directing calf
movements by horsemen and women are much prized
and tested in rodeos and camp drafts (see Chapter 10)
(Fig. 2.3). It is important to let the cattle settle, per-
haps overnight, before putting them through the hand-
ling races. Gentle handling, with minimal or no use of
electronic goads, will lead to cattle quite willingly and
calmly entering the handling races; but if they are regu-
larly hurried or given electric shocks when going
through the handling race, they become frightened on
approaching it and difficult to handle. Sometimes cattle

can be ‘self-mustered’, walking to the handling facility
to take water, with a gate that can be closed on them
when handling is required.

Adequate training should be given to all staff hand-
ling cattle, ensuring that they have the time to do the
job propetly without stressing the cattle. Cattle some-
times avoid being mustered — usually males — and these
may cause problems with other cattle. These ‘scrub
bulls” are often shot in the field, but a determined effort
to collect them can pay off. They are often highly
stressed by capture and have a tendency to produce
dark, firm, dry (DFD) meat (see Chapter 10) unless
they are handled carefully. Hitting cattle with vehicles
during the muster in an attempt to teach them to
respect the mustering crew and move with the other
animals can cause broken legs or other injuries and
should not be allowed on any farm.

Management of rangeland farms has been improved
recently by splitting up the farms into smaller paddocks
and putting in more watering points. As well as pro-
viding the opportunity for managing the feed supply
for the cattle better, it also provides the opportunity for

Fig. 2.1. Mustering cattle by helicopter in northern Australian rangelands. Note the vehicle at top, accompanying the helicopter.
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Fig. 2.2. Mustering cattle with a truck in Western Australia.

reproductive management, enabling bulls to be intro-
duced to paddocks so that a tight calving pattern can be
maintained. Cattle can then be mustered when all the
calves are of a similar age, leading to better marketing
possibilities and reduced problems caused by proced-
ures like dehorning when they are too old. Mustering is
easier in small paddocks, allowing cattle to be preg-
nancy tested and those that have not conceived to be
sold. Service is normally by natural mating, though
artificial insemination is increasingly used in more in-
tensive units. Better control of pasture allows heifers to
be grown to an adequate weight before they are served,
and they are then more likely to conceive and produce

a viable calf.

Ensuring that cattle have to walk no more than
about 5 km to water allows the pasture to be evenly
consumed around the paddock rather than being over-
grazed near the watering points, which brings the risk
of soil erosion and deterioration of the pasture compos-
ition. Providing more watering points has been facili-
tated by the introduction of better pumps and polythene
tanks and pipe. Pumping water out of dams into tanks

will prevent cattle getting into the dams and soiling the
water with their treading activity and excreta (Fig. 2.4).
Grazing management on rangelands is often as-
sisted by the use of fire, which when carefully used will
remove the rank, low-quality pasture and allow younger,
green shoots to grow, thus supporting good cattle
growth. Burning usually takes place once a year, either
just before the rainy season to allow rapid, lush growth
when the rains come, or at the end of it to get rid of
mature pasture that has accumulated in the good
growing conditions. Fire is also used to control
encroachment of trees on to the pastures, but for this
purpose it must be a strong fire, not the cool type of burn
that is usually used to control excess pasture growth.
Trees have mixed value on rangelands (Fig. 2.5).
Excessive tree cover hinders mustering and reduces pas-
ture growth, except in very poor-quality land, where the
ability of trees to harvest water and provide shade (see
Chapter 1, Fig. 1.7) can stimulate grass growth around
the trunk in land otherwise unsuitable for grazing.
Trees are also useful to prevent erosion of the banks of
rivers and creeks by cattle and they can reduce salinity
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Fig. 2.3. Camp draft in Northern Territories, Australia; a test of horsemanship and cattle handling skills.

by lowering the water table. In drought periods browse
material from trees can be useful for the catde if the
pasture becomes bare. Trees also provide habitat for
native fauna, increase floral diversity on the land and
provide a carbon sink. Even though fire is a natural
method of controlling excessive plant growth, there is
concern nowadays that burning of cattle pastures con-
tributes significantly to the release of carbon dioxide
into the atmosphere and global warming. Fire is much
less frequent when created by lightning strikes than by
humans; nevertheless, natural fire strikes burn out
about one-quarter of the land farmed in the Northern
Territories of Australia each year, and they are more
likely if farmers are not using fire to control excessive
pasture growth.

Controlled rotation of cattle around the paddocks
of the farm, or cell grazing, has been facilitated by the
progressive subdivision of many rangeland farms into
small paddocks. Usually at least 12-15 cells are present
on the farm, with 30-90-day rotations. A rotational
grazing system can force cattle to eat the less palatable
plant species in the paddock, whereas in a continuous

grazing system they may deplete the pasture of preferred
species by concentrating their grazing in areas domin-
ated by these species. Faeces and urine are more evenly
spread around cells in rotational grazing, and those
using it claim that the increased animal traffic helps in
nutrient cycling and allows better water infiltration into
the pasture. Better control of plant availability should be
achieved, and introduced forage legumes, such as leu-
caena (Leucaena leucocephala), will be less likely to need
cutting to keep foliage young and within reach of the
cattle. Cell grazing is not possible in regions where parts
of the farm become inundated in the wet season, nor is
it possible if there is only limited labour on the farm, as
cattle have to be moved on a regular basis. Movement
is facilitated by the use of electric fences, now often
powered by solar energy. A single wire 75 cm off the
ground, or two at 40 cm and 80 cm, should be sufficient
to restrain cattle. Electric fencing is not possible in areas
with excessive pasture or tree growth or in inundated
areas. Virtual fencing, by fitting cattle with electronic
collars that give them a shock when they stray out of the
required grazing area, is being commercialized.
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Fig. 2.4. Cattle obtaining their water from a dam in the Northern Territories, Australia.

Fig. 2.5. Cattle amongst the trees on rangelands in northern
Australia.

Rangeland farms, by definition, are often on more
marginal land that is deficient in certain elements,
or has high variation in pasture growth from year to
year, or within a year. Supplementation is therefore
often necessary to rectify nutrient deficiencies, especially
nitrogen, sodium, phosphorus, selenium, copper and zinc.

Sodium is usually already provided in the form of salt,
both because it is commonly deficient in inland farms,
far from the influence of sea air, and also because it can
be used to limit the intake of supplementary feeds, as
cattle have a specific requirement for sodium. Addition
of salt to the supplement is not recommended if brackish
bore water is offered to the cattle. Phosphorus is also com-
monly deficient and, if supplements are not provided,
may result in cattle eating the bones of other cattle that
die in the fields, from which they can acquire a bacterial
infection, botulism. The supplements may be offered in
the form of a feed block, including straw, molasses and
sometimes cereals, which can be easily distributed to the
paddocks. Blocks are usually weather resistant and
should be fed on high ground to prevent soil damage in
the vicinity. Alternatively, a loose mix, or ‘lick’, can be
made up on the farm. These are usually fed in troughs,
which are vulnerable to wetting unless a cover is added.
They are better sited away from watering points to in-
crease pasture utilization. Supplementation in water is
also possible but only if there is no standing water on the
farm. Urea is commonly added to rectify nitrogen
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deficiency caused by low-protein grasses. Supplementation
in water requires a knowledge of cattle water intakes,
otherwise there may be a risk of urea toxicity if cattle
drink too much.

Apart from using fire to control pasture excesses
and supplements to control shortfalls, the other major
alternative for coping with variable quality and quantity
of pasture is to move cattle. Cattle may be sent away on
agistment (taken in for payment) to other farms and
this is easiest if the farms are part of a chain run by
single company. They are then in the hands of another
manager, whose skills are probably more important than
the land quality. Cattle are often challenged when sent
away on agistment, in terms of new disease risks or pos-
sible weed species, and extra care is required to keep
them in good health. When returning they should be
quarantined for a week to prevent spreading weed seeds.
Cattle can also be sent to a feedlot, but this is usually a
costly option as feed costs increase during a drought.

Alternatively the cattle may be sold and in the ini-
tial stages of a drought this may just mean selling them
1-2 months early. Selling breeding cows from a herd

that the farmer has taken pride in developing is always
hard, but necessary in times of severe drought to achieve
a progtessive reduction in the herd (Fig. 2.6). It is
important to consider feed costs, should the drought
continue, and the risk of death, especially in prim-
iparous and older cows (Fig. 2.7). Usually male cattle
and older cows are sold first, to enable the herd to re-
stock quickly after the drought. However, selling cows
also brings the opportunity to restock with genetically
improved cattle. Coping with drought puts a strain on
the herd, the people looking after the cattle and those
supporting them. Doing nothing may be the most
stressful option and farmers must be aware of animal
legislation, which in some jurisdictions makes it illegal
to underfeed cattle to the extent that their health is
reduced. Weaned calves are particularly at risk as they
need feed to grow as well as to live; minimum daily
growth rates of 400 g, 200 g a 100 g are recommended
for weaners of less than 100 kg, 100-150 kg and more
than 150 kg, respectively.

Availability of good-quality labour to work on
rangeland properties may be restricted. Whereas in the

Fig. 2.6. Thin cattle sent to market during a drought in Australia.
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Fig. 2.7. Cattle die during droughts as a result of insufficient
food and water, frequently exacerbated by hot conditions.

past operations were essentially an annual harvest of the
older calves, nowadays the level of management required
to get good productivity and run a profitable farm is
considerably greater, requiring skilled labour. However,
skilled workers are often reluctant to live in remote re-
gions, and better job opportunities in cities and in other
industries have discouraged people from pursuing cattle
production as a career. Knowledge about cattle farming
in a particular region used to be passed from one gener-
ation to the next, but today there are many opportun-
ities to change career even within one generation, let
alone ensuring that there is succession by the following
generation. Indigenous labour has been important in
Australian rangeland farms, though there were fewer in-
digenous Australians employed in the latter part of the
20th century than previously, largely due to government
intervention to ensure equitable wages for indigenous
and white workers. Training packages have been devel-
oped to help indigenous Australians return to cattle sta-
tions. In Australia and the Americas land is being
returned to indigenous people, who are learning to
manage their own cattle farms. In Australia, government
still exerts some control over pastoral production in the
rangelands. Leases are issued by state governments and
can be rescinded if the land is not well managed. The
short-term nature of some leases, 15-20 years, while
retaining a degree of control for government, acts as a
disincentive to long-term investment in soil quality,
infrastructure and stock.

High utilization rates of rangeland pasture growth
are only achievable if the land is rested periodically to
allow recovery. As an approximate guide, if 50% utiliza-
tion is the target some rest will be required at the start

of each growing season. If fields are rested only at the
start of the season every other year, utilization should
not exceed 35%. High utilization rates will render cattle
susceptible to poisoning, if they become short of pas-
ture grasses and are forced to eat poisonous plants.
Cattle learn not to consume toxic plants, such as pime-
lea in south Australia or ragwort in the UK, if they are
introduced to them slowly. However, if present in hay
or soil, toxins may be ingested without the cattle real-
izing, as they only learn to recognize the smell or sight
of the whole plant.

As well as pasture weeds, rangeland producers also
have to contend with wild animals that predate on their
cattle. In Australia, most common attacks on cattle are
by wild and feral dogs and by crocodiles. Wild dogs are
particularly active in drought conditions. In addition,
feral pigs are a significant problem as they destroy pas-
ture land, and kangaroos and wallabies compete with
cattle for grazing. Electronic watering points may be
available that allow cattle access because they have an
electronic collar that opens a gate but exclude other ani-
mals like kangaroos. Snakes also attack cattle in many
regions, but deaths are rare. In the USA, coyotes and
wolves will occasionally attack cattle.

Pastoral nomadism
In rangeland systems the variation in feed availability
encourages humans to move animals from place to
place. In developed countries, such as Australia, this
may be by moving cattle between properties owned by
big pastoral companies or, in the case of smaller pas-
toralists, selling stock for someone to buy who has feed
available elsewhere. The prevalence of nomadic systems
in Africa is largely a result of the prevailing geographical
conditions in tropical and subtropical areas. In the equa-
torial region cattle farming is rare, since the luxuriant
plant growth there makes it difficult for grass to compete
with taller, more profitable ‘cash’ crops; tropical diseases,
such as those borne by the tsetse fly, also make the keep-
ing of cattle difficult. An additional problem is the diffi-
culty of preserving meat and milk products in warm,
humid conditions. Many native African people have an
intolerance to milk lactose, which makes milk and milk
products difficult to digest. Nevertheless, some nomadic
systems of keeping cattle have been maintained in Africa
for cultural reasons, even if they are unprofitable and
politically difficult to sustain.

North and south of the equatorial belt in Africa
there exists a savannah grassland area of less intensive
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agriculture, mainly because of the low rainfall.
Traditionally inhabited by indigenous African game,
which are well adapted to the conditions but not as
suitable for domestication, this region has for several
hundred years (and in some areas thousands of years)
been the preserve of nomadic cattle keepers, such as the
Maasai of the Great Rift Valley of Kenya and Tanzania.
Parts of Zimbabwe were developed in the first millen-
nium AD as a cattle herders’ highland refuge from the
tsetse fly, which infested the more northern lands. The
availability of grazing varies with region and season
and hence nomadic systems evolved, with cattle herders
moving their stock to find pasture land that would
support their animals. Being nomadic, the herders
have few possessions, and cattle, like other property, are
communally managed in the tribal groups. The balance
between feed availability and stock numbers has trad-
itionally been managed by village councils, whose prime
consideration is to maintain the animals in a healthy,
productive state. They do this by attempting to prevent
any shortage of grazing, which would result in the ani-
mals declining in productivity. In extreme cases it has
led to tribal wars, involving the slaughter of many cattle
and some humans, thus restoring the population bal-
ance. Nowadays, the village councils are often dismissed
by national governments, in attempts to introduce a
market-led economy, and the subsequent exhaustion of
the grazing resources leads in the long term to reduced
productivity.

For many farmers in Africa cattle act as the prime
source of security. They provide meat, milk and blood
for food, dung (which is dried and burned for fuel) and
hides and other parts of the body for a variety of uses.
Those who do not own cattle can usually share in the
benefits from those belonging to others in the tribe.
The cattle have additional value as a store of wealth by
virtue of their being mobile and naturally able to re-
generate, which means that the population can expand
and contract according to the prevailing conditions.
Money is of much less value. Such a delicate balance
between nature, humans and domesticated animals
survived for many centuries, but is now increasingly
under threat from the forces of change that are bringing
Africa into line with modern standards set by the
developed world. The ideology of self-advancement
espoused by capitalism stands in marked contrast to
the communal ownership of cattle by the nomadic
tribesmen. Colonial forces that assumed ownership of
the land often did not understand the system and at-
tempted to confine the nomads to specific areas, to

prevent tribal warfare and to introduce Western
farming methods. When overgrazing resulted, they at-
tempted to artificially match stock numbers to land
availability and encouraged the nomads to settle and
grow crops. However, the greatest damage done by the
colonizers was to instil materialistic desires in the
hearts of the African people and to believe that their
own living standards could be attained in Africa by
pursuing European farming and managerial tech-
niques. As with the bison in North America, a system
in perfect balance was destroyed, not quite as rapidly
and not as completely, but the consequences for the
continent may yet prove catastrophic.

More recently, the increase in the populations of
both humans and domestic animals has increased pres-
sure for the best land to be used for cropping rather
than grazing. Land is also increasingly taken for urban
development. Pastoral nomads are encouraged to settle,
even though it is their mobility that is key to effective
management of changing levels of feed resources.
Growing climate variability is adding to the problems
faced by graziers who already have to contend with low
and variable rainfall. Such uncertainty has intensified
overgrazing problems and further marginalized the no-
mads. South of the equatorial belt there has been more
emphasis on introducing cattle ‘ranches’, with some suc-
cess. However, this and other semi-intensive stock-
raising methods rely on producing a saleable product,
mostly to the world market because of the inability of
the local people to pay for a commodity that is relatively
expensive to produce. Many developed countries have
erected barriers to meat imports to protect their own
markets, and sometimes to protect themselves against the
introduction of, in particular, foot-and-mouth disease.
As soon as more intensive methods are used to pro-
duce meat for the world market, the cost of inputs,
many of which are taken for granted in the West, in-
creases out of proportion. Concentrate feeds, veterinary
medicines, managers trained in intensive cattle farming,
all of which are much more expensive in Africa relative
to meat price than in developed countries, necessitate
that the products are sold on the world market rather
than locally.

Similar nomadic systems have evolved elsewhere in
the world in marginal areas, but not on the scale of
those in Africa. Where land is fertile and has good rain-
fall, settled farming has over the past 2000 years or so
replaced nomadism but small migrations still persist.
These may even operate within a farm. In mountainous
regions of Europe, such as the Alps and regions of
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North Wales, farmers may own a lowland region for
winter grazing and have grazing rights in the mountains
for the summer. Formerly cattle were moved on foot
between the two, but nowadays motorized transport is
usually employed.

Suckled calf production

Producing calves for beef whilst still suckling their
mother is potentially inefficient in its use of land be-
cause of the high maintenance cost of keeping the cow
just to suckle a calf. In contrast, calves from a dairy herd
are usually considered a by-product of the milk produc-
tion industry, and the maintenance of the dairy cow is
covered by the milk output of the cow. Hence, in most
parts of the world, suckler cows are confined to land
that cannot easily be used for other agricultural oper-
ations. The fact that suckler cow systems survive is as a
result of their ability to use low-grade land and the high
quality of the end product, which meets a need for ten-
der, high-quality beef. In areas where the land used is of
low fertility and remote, or the climate is hostile, as in
much of Australia, or the terrain is too hilly for cultiva-
tion on a large scale, as in the uplands of the British
Isles, suckler cows can be kept in relatively low-input
systems to produce ‘store calves’ — young cattle that can
be transported to more favourable regions for rearing to
finishing weight on better-quality diets. This can be
achieved on lowland pastures in the British Isles or, in
the Americas and Australia, in feedlots that contain up
to 75,000 cattle each.

Mountainous regions often have too little forage
production potential for efficient suckled calf produc-
tion, and the high nutritive requirements of a cow are
much greater than those of a sheep or goat. Hence, in
the UK suckler cows are more likely to be kept in the
uplands than in the hill areas, which are mostly grazed
by sheep. Similarly, the mountainous regions of the
Mediterranean, where the climate and terrain do not
support the production of large quantities of forage, are
largely utilized for sheep production. A small number
of cattle may nevertheless be beneficial on hill sheep
farms, as their unselective grazing habit will keep coarse,
unproductive grasses in check, whereas sheep will select
only young grass tillers and allow these grasses to grow
unhindered in summer. A harsh climate does not in it-
self prevent suckler cows being kept, and cattle are agile
enough to cope with foraging on steep slopes, but they
must have adequate pasture to provide for their main-
tenance requirements.

As cattle show little seasonality in their reproductive
cycle, farmers can keep suckler herds that calve at any
time of year. The most favoured calving period for herds
kept in the harshest hill conditions in the British Isles is
in spring, as peak nutrient requirements for cow and calf
coincide with good availability of grass in summer. On
lower slopes with better pasture, cows are more likely to
calve in the autumn. In the hill and upland regions there
are often annual calf sales in autumn, and an autumn-
born calf aged 1012 months will be larger and attract a
higher price in the sales than a spring-born calf, sold at
4-6 months of age. However, winter feed requirements
are much greater for an autumn-calving cow.

Underfed cows will not produce sufficient milk to
sustain rapid growth in their calves and they will be dif-
ficult to get back in calf. The cow usually replenishes
weight lost during winter when she is at pasture in the
summer, but calf growth will suffer during periods of
inadequate feeding in winter. Typically, a medium-sized
suckler cow will have an energy requirement of about
100 megajoules (M]) of metabolizable energy per day
during winter. This translates into about 8 t of silage for
the whole winter for an autumn-calving cow, whereas
the requirements of a spring-calving cow are likely to
only be about 5-6 t. This means that more land must be
reserved for forage conservation for autumn-calving
cows, perhaps 60% of the total grassland area for two cuts,
compared with perhaps just 40% for a spring-calving
herd. In many hill farms, setting such a high proportion
of land aside for conservation, when the grass-growing
season is short anyway, is not possible because of con-
straints of the terrain and the need for grazing. The
introduction of baled silage-making and bale-handling
machinery has assisted many farms in the transition
from haymaking, which is inherently difficult in wet
climates, to conserving fodder as silage.

A major constraint to efficient suckler cow manage-
ment is the difficulty in getting cows pregnant. The
acyclic period after calving is often 50-60 days, com-
pared with only about 25 days in dairy cattle. This is
mainly due to suckling of the cow by the calf and, in
particular, the psychological inhibition of luteinizing
hormone secretion when the calf is near the cow. One
cause of lactational anoestrus in spring-calving cows is
the increasing photoperiod at the time at which they
would normally be bred. Cows, although not strongly
seasonal in their reproductive cycle, show longer anoes-
trus in late spring/early summer, because if they con-
ceived at this time the calf would be born in mid- to late
winter when there was traditionally little feed available.
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Table 2.1. Target condition scores on a 1-5 scale for
autumn- and spring-calving cows (courtesy of the British
Society of Animal Science).

‘ Serving ‘ Mid-pregnancy | Calving

Autumn-calver 2.5 2.0 3.0
Spring-calver 2.5 3.0 2.5

Typically, only 50-60% of suckler cows that have
been served by a bull or artificially inseminated conceive.
This low conception rate is partly because of thin body
condition at service, particularly in autumn-calving cows.
Because of the difficulties in providing adequate forage
for suckler cows in winter, target body condition scores
are usually lower in late winter/early spring for autumn-
calving cows than for spring calvers in autumn that are
at the same stage in the pregnancy cycle (Table 2.1).
An autumn-calving cow should calve in better condition
to allow for this. Most spring-calving cows meet their tar-
gets, but many autumn-calving cows are in inadequate
condition at mating and mid-pregnancy.

Cows that are served when they are too fat (body
condition score of over 2.5 on a 1-5 scale) are likely to
experience a high incidence of calving difficulty. This
may occur with summer-calving cows that have plenty
of grass before and after calving. However, summer
calving in productive upland or lowland farms fits in
well with a mixed cattle and sheep production system,
as the cows have their greatest nutrient demand when
the lambs are being weaned and removed from the farm
in mid- to late summer.

The objective when rearing suckled calves is usually
to produce a single weaned calf per year. In rangelands
this is rarely achieved. In some more intensive oper-
ations, particularly those on lowland farms, additional
calves may be purchased and given to the cow to suckle.
If suckler cows are of high-yielding breeds, such as
those with some Friesian genetics, this allows the cow to
suckle more than one calf but increases her nutrient
requirements.

The breeds used for suckled calf production are
many and breed diversity has been preserved better
than in the dairy industry. The traditional British beef
breeds, such as the Hereford, Aberdeen Angus and Beef
Shorthorn, are still popular worldwide, though there
has recently been increased popularity of breeds from
continental FEurope, such as the Charolais and
Limousin. The British breeds were developed in the
19th century with small, endomorphic carcasses that

suited the conditions on the Isles. Recently, there have
been efforts to increase the size to meet modern de-
mands for a large carcass, particularly in the Hereford. In
the hills of Scotland and Wales breeds were developed
that are particularly hardy, notably the Highland,
Galloway, Belted Galloway, Welsh Black (a former
dual-purpose breed) and Luing. The latter was produced
as Beef Shorthorn x Highland cattle on the Western Isles
of Scotland. In the British Isles, a continental breed,
such as the Charolais, or a classic beef breed, usually
Hereford or Aberdeen Angus, are often crossed with a
Friesian, which ensures a high milk yield for rearing
good calves and allows the overheads of one-half of the
cross to be covered by the dairy herd. Also the benefits
of hybrid vigour arising from breed complementarity
are realized. The Charolais cross has increased mainten-
ance requirements because of the large size of the cow
compared with the traditional breeds, which may reduce
the efficiency of lean meat production.

Some improvement in efficiency can be achieved if
high-yielding cows suckle two or more calves, brought
to the cows and removed after suckling. With an
average suckler herd size in the UK of about 39 cows,
compared with about 143 for dairy herds, it may be
feasible using existing farm labour on beef farms. Each
calf will require about 5 1 of milk daily in two feeds, if
performance is not to suffer. Alternatively, the cows and
calves can be grazed together, if the cows each allow
more than one calf to suckle.

Instead of giving cows some surplus calves, usually
from the dairy industry, the cows can be hormonally
induced to have twins. There is a natural incidence of
twinning of about 2%, but this is not sufficient for
selecting a herd of twin-bearing cows in a reasonable
time frame. The disadvantages of twinning are the small
size of the calves (about 75% of the weight of a single),
with the possibility of permanently stunting the growth
of the calves, an increased calf mortality (up to 10%), a
risk of freemartins' and increased nutrient requirements
of the cow. These disadvantages explain why twins are
not welcomed by most suckler cow producers, who aim
to produce one calf from each cow. A better alternative
for the farm to increase the profit from its operations is
to rear the calves to slaughter weight, rather than send-
ing them to another farm for finishing. This entails
having several groups of cattle on the farm, but the pro-
ducer can then produce high-quality cattle for the
premium market. They may also be able to utilize one
of the several quality assurance schemes that are increas-
ingly popular.
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A premium has always been available to producers of
suckled calves, as such calves are recognized by purchasers
as having better health and having grown faster on the
milk-and-grass combination that is nutritionally well
balanced. This produces a ‘suckler bloom’ in the calf: a
shiny coat and bright eyes as a result of good nutrition.

An alternative to suckling cows that has often been
promoted on the grounds of efficiency, but is not
popular with farmers, is to breed a heifer once and then
kill her for meat. In theory, this is an efficient way to
increase the production of beef and not dairy products,
when the latter are in surplus. However, farmers are
reluctant to slaughter heifers that they have put much
effort into rearing, and the meat is not of the quality
demanded by the industry. The short lifespan of dairy
cows in many intensive systems, often only two to three
lactations, is nevertheless tending towards this type of
production system.

Finishing store cattle

As previously described, store cattle are usually trans-
ported from extensive farms to be finished on more
productive farms, for example in northern Europe from
the hill and upland regions to the lowland farms, or in
Australia from rangelands to feedlots. There is usually a
large range of cattle of different ages and weights avail-
able, so farmers have to be able to adjust their systems
to fit the type of cattle. The change of location and the
transport can stress the cattle, which have low immun-
ity to novel pathogens. Enzootic pneumonia (bovine
respiratory disease complex or ‘transit/shipping fever’)
is common. Affected cattle must be rapidly treated with
a broad-spectrum antibiotic. Probiotics and respiratory
vaccines are also used, preferably about 2 weeks before
transport, and treatment may include non-steroidal
anti-inflammatory drugs and oral antibiotics.

Store cattle can be fed a variety of diets but any
change in diet should be introduced gradually. High-
quality feeds, such as maize silage, root crops and cer-
eals, are often included in the ration but waste products
from the vegetable industry, such as stock feed potatoes,
can be included and reduce the cost of the ration. The
skill of the farmer in buying low-cost feeds, and cattle,
plays a major part in the profitability of the store cattle
finishing enterprise.

Store cattle can be finished indoors, in which case
they are usually fed good-quality forage and a limited
amount of concentrates (perhaps 2-3 kg/head/day).
Alternatively, they can be finished at pasture or in a

feedlot. If the cattle are purchased in early or midwinter
and housed before finishing at pasture, they should not
be fed too much expensive concentrate feed inside as
they will not then produce economic gains at pasture.
Silage or straw with a small amount of concentrates
(a maximum of 1.5 kg/head/day) would be appropriate
for the indoor feeding period. They may only grow at
about 0.5 kg/day during winter but they will compensate
when they are at pasture. The grazing cattle can be sold
when they have reached an adequate fat cover or, in an
emergency, if grass availability is very low. However, grass
supply will influence the price of cattle and it is generally
best to follow guidelines for good management of
grazing (see Chapter 6) and finish the cattle at the target
weight, rather than selling them early.

In the Americas and Australia, the main system of
finishing cattle is though feedlots, which are confined to
areas in which cattle are fed mechanically, or occasion-
ally by hand, in their final stages of growth before
slaughter for meat. There store cattle grow intensively
over a 2-6-month period, depending on their growth
potential and market requirements. Because the time is
short, ownership of the cattle often remains with the
farmer sending them, or it is shared. The feedlot man-
ager charges for feed and usually space in the feedlot.
A throughput of 150,000 animals/year is possible from
a large feedlot. The cattle are kept in penned groups of
about 400; the pens are usually sloped to allow the
liquids to run off into an evaporation pond. Twice a
year the pens are cleared out and the manure is spread
on neighbouring land. Some exchange of cattle excreta
for straw may be arranged with local arable farmers.

Such an intensity of operation raises environmental
concerns, similar to those caused by high livestock
densities in parts of the Netherlands (see Chapter 11).
Local arable farmers may be contracted to produce suit-
able feeds for the final fattening period, such as whole-
crop barley silage, hay or straw, and suitably processed
cereals, such as rolled barley. Most feedlots include an
ionophore, or rumen modifier, in the ration to increase
feed conversion efficiency. Some use a coccidiostat as
well, where it is legal. Feedlot finishing of cattle is less
profitable when cereals and other high-quality feeds in-
crease in price, for example when there are world grain
shortages. The operation is more likely to be profitable
if cattle are well matched for weight, age, breed and pre-
vious nutritional management, since an optimum
strategy for feeding can be developed for the entire
group. A mixed group of weaners may need to be split
up and only the heavy animals sent to the feedlot, with
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the smaller animals prepared (‘backgrounded’) before
going to the feedlot.

British breeds are not ideal for use in feedlots because
they do not have the growth capacity of the continental
European breeds. In the USA and Australia, where ap-
proximately one-third of cattle are finished in feedlots,
there is emphasis on using cattle with good intramus-
cular fat, or marbling, characteristics.

The welfare of cattle in feedlots is often poor com-
pared with that of grazing cattle. The conserved feeds
offered are eaten rapidly, compared with pasture grass.
This, coupled with the high stocking density, encourages
the cattle to engage in deleterious behaviours, such as
riding each other, tongue rolling and feed tossing.
Excessive riding can exhaust the animal being mounted,
known as a buller steer, and prompt recognition of the
problem and removal of the affected animal to a hospital
pen is essential. Buller steers can be identified from swell-
ings on their rump and hair loss, weight loss, increased
susceptibility to disease and occasionally broken bones.
About 2-4% of animals in feedlots are affected.
Contributing factors include use of anabolic agents, large
group sizes, high stocking density and mixing of cattle.
Some cattle are particularly attractive to be mounted,
which may relate to pheromone production or steroid

hormone levels. Another welfare problem in feedlots is
muddy conditions following rainfall, leading to mud col-
lecting on the coats of the cattle and potentially transmit-
ting disease.

As a general rule, feedlot cattle should be checked
several times a day for the first month, after which once
a day is sufficient. Some of the welfare problems can be
averted by bringing in cattle that have been suitably
prepared, including castrating male calves and de-
horning all cattle (rather than doing this at the feedlot),
treating for internal and external parasites, getting the
cattle accustomed to cating feeds out of bunks and
weaning at least 4 weeks before transport. Good prepar-
ation will help to reduce the stress of close confinement,
often within a new social group.

Feedlots can pollute both groundwater and the
aerial environment, which may have an impact both on
the cattle and on any people nearby. At high stocking
densities, odours such as ammonia from the faeces,
urine and feeds can be a problem, while at low stocking
densities dust is created in the surrounding air, causing
respiratory distress. Provision of shade in hot climates is
important (Fig. 2.8) and is facilitated by a north-south
orientation of the pens. Cattle welfare should be sup-
ported by good handling systems, with lanes that are

Fig. 2.8. Feedlots contain large numbers of cattle in a small area. Shade provision is important in hot conditions.
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wide enough (approximately 5 m) to allow smooth flow
of cattle. Tight turns should be avoided and solid-sided

races provided to encourage cattle to move confidently.

Finishing dairy cows
Dairy cows have to leave the herd (termed culling) for
many reasons, some of which (e.g. injury, disease) re-
quire their immediate slaughter, but at other times they
can be removed to be fattened before slaughter (e.g. due
to low milk yield or failure to conceive). Cows that are
unable to walk (downer cows) cannot be slaughtered for
human consumption in most developed countries, and
welfare legislation requires that only cattle that are fit
and able to walk on and off a vehicle are taken to slaugh-
ter. In underdeveloped countries human survival may
necessitate using such animals for human consumption.
If a farm is buying culled dairy cows to fatten, care must
be taken that they do not pose a disease risk to other
stock. Sometimes they will need special care and atten-
tion; for example, lame cows will quickly lose condition
if they are required to walk long distances to pasture.
Some cull cows may turn out to be pregnant, even if
certified empty at sale, and require special attention.
Cull cows are available from both dairy and beef
suckler herds, but the cows from the former will usually
be more valuable as they are younger. The exception to
this is cows from the Channel Island breeds (Jersey,
Guernsey), which are difficult to fatten sufficiently to
meet market requirements for a well-marbled carcass.
Many cows are slaughtered at the end of lactation,
which for autumn-calving cows is in the late summer.
Others become available after a negative result to preg-
nancy checking in mid- to late lactation. Large numbers
culled at these times will reduce their value, giving a
considerable seasonal variation in price. In good
grass-growing regions, cull cows purchased in spring
and fattened until the following autumn will often
realize a reduced price per unit weight in autumn,
reflecting the cheap cost of feeding in summer. Culls
purchased in spring should therefore be fattened
quickly, though if they are coming off a forage-based
diet it will take time for the rumen to adapt to lush pas-
ture. The growth of cull dairy cows can be faster than
that of steers, but they are relatively inefficient feed con-
verters and therefore large amounts of concentrate are
required. Those purchased in autumn can be kept for
several months on a lower-quality diet and will gener-
ally achieve a good price in the spring, reflecting the

high cost of feeding during the winter months. A con-
centrate diet will give the carcass a white fat, whereas a
grass-based diet gives it a yellow fat, which is often less
attractive to consumers.

Farmers sometimes organize themselves into cull
cow-buying syndicates, which leads to better marketing as
the syndicate can match supply to market requirements.
Flexibility is the key to successful cull cow fattening and
farmers must evaluate a number of different feeding strat-
egies over different time periods. Freight charges are a
more significant proportion of the cost than for catte
putting on more weight over a longer time period, and
therefore have to be carefully evaluated. In some countries
dairy culls may be implanted with hormone analogues,
principally synthetic androgens and oestrogens, both of
which increase lean tissue deposition and weight gain, but
these must not be implanted until after lactation has
ended, otherwise there may be dangerously high residue
levels in the milk. Holstein-Friesian dairy cows do not
convert feed efficiently into lean muscle tissue. Their
maintenance requirements are high in cold weather be-
cause they have little subcutaneous fa.

Mixed indoor/outdoor systems of beef

cattle rearing

In extreme latitudes the climate is too harsh for cattle to
continue growing adequately if they are outside during
winter, so they are brought inside and fed conserved
feed. Calves are usually purchased after weaning and, in
the case of autumn-born, early-maturing breeds, they
are reared over an 18-month period. The cattle of lat-
er-maturing breeds, particularly those of continental
European origin, such as the Charolais and Limousin,
take longer to reach an adequate fat class and are usually
reared for approximately 24 months, which involves a
second summer at pasture for autumn-born calves. In
countries in which the dairy and beef industries are
closely connected, such as the British Isles, the most
common cattle used for beef production are beef x
dairy steers. Many dairy farmers run both a dairy and
beef fattening unit. Dairy cattle, such as the Holstein-
Friesian and Channel Island breeds, are different from
most of the beef breeds, in that they put on more inter-
muscular and less subcutaneous fat. This may be desir-
able for cooking, but it means that if cattle are selected
for slaughter on the basis of a fixed subcutaneous fat
score, Holstein-Friesians or their crosses will have a
greater total fat content. Among the beef breeds, there
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is little evidence for a positive relationship between
growth rate and efficiency of production, so a faster-
growing animal is not necessarily more efficient, just
bigger at maturity. The main consideration is for farm-
ers to use a breed that suits their situation.

When finishing cattle over an 18-month period,
target growth rates are about 0.8 kg/day for beef x
dairy steers. These might be reduced by about 0.1 kg/
day for the first 6 months, as the young animal is not
capable of growing so fast without a highly concen-
trated diet. If growth is less than 0.7 kg/day over the
first 6 months, they will compensate when they are at
pasture, but the final weight will still be less than in
cattle that have grown rapidly throughout. Most
farmers manage to achieve adequate performance in
the cattle when they are housed but growth rates when
the cattle are at pasture are often disappointing.
Effective pasture and grazing management is made dif-
ficult by unpredictable effects of the weather. High
growth rates in housed cattle are best achieved by of-
fering high-quality forage ad libitum. If this is not
available, whatever forage is obtainable should be sup-
plemented with a cereal, such as rolled barley, the
quantity depending on the quality of forage fed (see
Table 5.4 in Chapter 5).

Farmers should avoid planning to finish the cattle at
18 months and then finding that growth rate is insufli-
cient after utilizing expensive feed during the winter
months and deciding to turn the cattle out to finish them
during a second grazing season. This will prolong the fin-
ishing period considerably, because of the time to adapt
to pasture after an indoor ration, and may make other
cattle short of pasture and the enterprise unprofitable.
Sufficient concentrate feed should be offered to allow the
cattle to finish indoors, if this is what was planned. If in-
sufficient concentrate is fed on a daily basis early on in
the winter, farmers may actually feed more concentrates
in total, because they cannot start marketing cattle in the
midwinter period. Successful operators know how fast
their cattle are growing and feed supplements accord-
ingly, enabling them to market their cattle at the right
time and plan for the next season’s cattle. Regular
weighing will allow growth rates to be monitored and is
an important discipline in cattle finishing.

If cattle are reared over a longer period, such as over
24 months, which is suitable for finishing autumn-born
cattle at pasture in their second summer, care must be
taken not to offer too much concentrate feed during
winter. Growth rates should be reduced to about 0.5 kg/day

during the second winter and the cattle will then compen-
sate when they are at pasture, growing at up to 1 kg/day.
If they grow faster than this during their second winter,
their performance at pasture is likely to be disappointing.
The system can be run with a mixture of early- and
late-maturing cattle, with the early-maturing catte
being marketed in the middle of their second summer at
20 months of age, leaving the remaining cattle more
pasture so that they can grow adequately to finish in the
late summer period. A leader—follower grazing system
can also be utilized for this system, with the first-year
cattle grazing ahead of the second-year cattle, which is
not as easy for an 18-month rearing system. Gross mar-
gins are usually less than for 18-month finishing, as the
financial outlays for cattle, buildings and other resources
are over a longer period.

Intensive indoor rearing
of beef cattle

In some situations it may be profitable to feed cattle
indoors throughout their life, generally on a cere-
al-based or conserved forage diet. This usually occurs in
high-rainfall districts, and the cattle would cause sig-
nificant damage to pasture or would be difficult to keep
in a feedlot. In highly populated regions bulls can only
safely be kept corralled into a feedlot or barn. Here,
their faster growth and high potential to put on lean
meat tissue can be exploited, enabling the feeding
period to be reduced to below 1 year, allowing an an-
nual turnover of stock. Late-maturing breeds of cattle,
however, can be difficult to finish within 1 year unless
high-quality forage is fed and concentrate supplements
are given. With most breeds of medium- to late-maturing
bulls, growth rates in excess of 1.1 kg/day should be ex-
pected. The main disadvantage of the indoor 12-month
system is the high working capital requirement, in build-
ings and machinery (Table 2.2). However, the working
capital requirement is more evenly spread throughout
the year, as only one group of cattle is on the farm at
one time, compared with two groups for most less
intensive systems.

An advantage of silage-based over pasture fin-
ishing is that the stocking rate on the farm can be in-
creased, because the grass grown is usually more
effectively utilized when conserved as silage than
grazed. Losses of 20% are possible for ensiled grass but
are commonly more than 30% when grass is grazed.
Grass and maize silages have been commonly used, or
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Table 2.2. Performance and capital requirements of cattle on
12- and 18-month feeding systems.

18-month | 12-month
feeding feeding
Live weight gain (kg/day) 0.77 1.02
Time to finishing from 12 weeks 466 355
of age (days)
Concentrate requirements (kg) 809 846
Stocking rate (animals/ha) 3.4 6.2
Utilized metabolizable energy 67 99
(GJ/ha)
Relative gross margin 100 163
(18 months = 100)
Relative working capital (annual
mean/head 18 months = 100)
Annual mean/head 100 88
Annual mean/ha 300 528
Peak/ha 416 528

a mixture of the two, since the high protein concen-
tration in grass will complement the high energy con-
tent of maize. Both require significant fertilizer
application and mechanization of crop sowing and
harvesting. In future there may be a progression towards
more sustainable crops, such as legumes that are able
to fix their own nitrogen for growth through their
symbiotic relationship with bacteria in rhizobia asso-
ciated with the roots. Root crops themselves can be
fed, but not usually at more than one-third of the diet.
Calves do not adapt to a silage-based diet easily, so
they are usually initially reared on hay and transferred
at 8-10 weeks. Protein supplements can be kept at a
constant level, so that as the cattle grow they consume
more silage and the protein content of the ration is
reduced, to match their reduced requirements as
growth rates slow.

Bulls can be difficult to handle and may engage in
damaging behaviours, such as riding each other.
Excessive riding can only be overcome by removing the
animal that is being bullied in this way (see section
‘Finishing store cattle’, above). It is a form of redirected
aggression and does not necessarily have a sexual func-
tion. To avoid this problem, bulls should be kept in
groups of fewer than 20 and they should not be mixed
when they are older than 6 months. Problems with ag-
gressive animals may be exacerbated by keeping cattle
on slats, because high stocking densities are required
for the faeces to pass through the slats as a result of

treading activity by the cattle. Slats also cause more
lameness in cattle. Hot conditions in the buildings in-
crease aggression levels and care must be taken that
bulls are kept quiet and not mixed when going to
slaughter, to avoid dark cutting. Immediate slaughter
on arrival is usually preferred, as a period of rest in
lairage may only upset them.

Silage feeding in hot climates in summer can be dif-
ficult because of spoilage due to secondary aerobic fer-
mentation of exposed material. Farmers should use a
long, narrow clamp for summer feeding and preferably
extract silage blocks with a cutter that will leave a tidy
face. If the silage is teased out of the clamp, air enters
and secondary fermentation occurs. Pits may need to be
open at both ends, so that one end can be filled while
silage is being fed out from the other end. With so
much reliance on silage quality, the best techniques
need to be used and an additive included to accelerate
the fermentation, especially if there are inadequate
sugar levels in the grass.

Feeding a predominantly cereal diet is not common,
except where the two main inputs, cereals and calves,
are inexpensive relative to the finished product. More
efficient feed conversion to meat is obtained by feeding
cereals to poultry or pigs and there is less risk of di-
gestive disturbances. However, some farmers feed cattle
on cereals if forage is expensive to produce and of low
quality. The main advantages are the high throughput
and rapid fattening of bulls, compared with offering
forages that contain fewer nutrients. Heifers do not put
on sufficient weight on this system, because they be-
come fat too early. Metabolic disorders are common on
cereal diets and include:

° ruminal acidosis, caused by rapid degradation of cer-
eals by bacteria, for example if feeders get blocked
and cattle then overeat when access is resumed;

®  bloat, particularly on ground rations and also
when cattle overeat, often caused by offering the
feed in limited quantities twice a day rather than
ad libitums;

®  laminitis, also caused by excessive acidity in the
rumen, leading to separation of the laminae of the
hoof, haemorrhaging in the heel bulb and a severe
and painful lameness; and

®  liver abscesses, caused by damage to the ruminal
wall, allowing bacteria to enter the bloodstream —
in chronic cases this causes liver damage and con-
demnation in the abattoir, while in acute cases it
may cause death.
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Milk Production Systems

Dairy cow systems

Dairy cows have high nutrient requirements during lac-
tation, as detailed in Chapter 4. In developed countries
they are therefore usually kept in intensive systems based
on good-quality forage. This may require year-round
housing in regions best suited to growing maize or other
crops that are harvested before feeding, but in regions in
which grass grows all year round, such as western Ireland,
southern Chile and the North Island of New Zealand,
grazing systems predominate. Concentrate feeds are often
added to the ration to increase nutrient intake if milk
prices are sufficiently high. In developing countries, cows
are often kept in small numbers by subsistence farmers as
part of a mixed farming system. Yields are low; often just
a few litres each day, and the systems are multi-purpose,
with the dried faeces also being an important product for
burning, building or cleansing around houses, as well as
the output of calves and working the fields.

Cattle are often integrated with other forms of
smallholder agriculture, crop, sheep and goat produc-
tion. Greater reliance is placed on crop residues or scav-
enging for feed (especially in India), ensuring that the
cattle do not compete with humans for food supplies.
Such systems not only sustain a greater number of
farmers than in developed countries, they are also more
sustainable themselves, with little reliance on pesticides,
antibiotics, land that could be used for human food
production, inputs of fertilizer and purchased concen-
trate feed. Recently, many developing countries have
been adopting the “Western model” of dairy produc-
tion, in an attempt to increase output and hence profit-
ability. In former communist countries, large collective
dairy farms have been replaced by smaller units suitable
for individual families, whereas in Western countries
dairy units have been increasing in size and output, re-
placing the family-run farm with an industrial process.
Large outputs are required to justify the investment in
machinery, which is financially possible in times of in-
creasing world demand for dairy products.

Combined dairy and beef production
in restricted suckling systems

Restriction of the suckling of cows to once or, at most,
twice daily allows milk to be taken for sale. Such a restric-
tion allows ovulation to proceed naturally, unlike continu-
ous suckling, but is impractical for many farms in

developed countries. It is widely practised in developing
countries, especially where disease-resistant Bos indicusj
cows are used, which require the presence of the calf to
let down their milk for extraction by machine. Calves are
allowed to suckle their mothers for about 20 min at each
milking and the residual milk, which has a high fat
content, is then collected for human consumption.
Alternatively, with taurine cows, calves can be allowed to
suckle after milk for human consumption has been taken.
This has the advantage that, by bunting the udder, the calf
is able to extract milk that could not easily be extracted
by machine, thereby increasing total milk yield (calf +
saleable milk). However, residual milk has a high fat con-
tent that may cause scouring. Also, the herdsperson may
take too much milk for sale, not allowing enough for the
calves. The increase in total milk yield by this technique
increases the nutrient demands of the cow, which if not
met will make it unlikely that she can be rebred, even if
lactational anoestrus is prevented by restricting suckling to
once or twice daily.

Dairy heifer rearing
Heifer calves born on a dairy farm are mostly reared for
potential cow replacements rather than for meat. The ex-
tent to which heifers are used for replacements depends to
a large extent on the culling rate of the cows, but on an
average farm 25—40% of the cows will be culled annually
and must be replaced by a heifer, or young cow. If the
culling rate is 33%, cows last for only three lactations on
average in the herd, which, added to the 2-3 years for
their rearing, means that they die at about 5 or 6 years of
age, substantially below the potential longevity for cattle
species, which can often live to 25-30 years of age in the
wild. Such premature mortality is normal because of the
high expectations of cow productivity, and the inability of
cows to resist disease and to rebreed on an annual basis.
The point may have been reached where increases in
cow milk production are counterproductive as culling
rates are increased. This problem is being addressed by
cattle breeders through including lifetime milk produc-
tion, rather than milk yield in one lactation, into the
breeding indices (see Chapter 7). There are also ethical
concerns about dairy cows having such short lives, which
is similar to humans being euthanized at an average age of
20. One situation in which farmers accept a high culling
rate is when persistent diseases, such as Staphylococcus
aureus mastitis or Johne’s disease, are common, particu-
larly if they want to keep a pedigree herd in high product-
ivity to demonstrate their herd’s potential and to change
the genotype rapidly by selective breeding.
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As well as the culling rate, the length of the rearing
period determines the number of replacement heifers
that are required annually. On many farms this has inten-
sified from 3 years to 2 years, mainly due to better
feeding. Calving at 3 years of age requires about 75%
more land than 2-year calving and 30-40% more
working capital, with higher fixed costs and interest pay-
ments. Cows calving for the first time at 3 years of age
give more milk in their first lactation, but not on a life-
time basis. Any further intensification is likely to be
counterproductive: although Holstein-Friesian heifers
can be reared to have their first calf at 18 months, the
heifers are too small to be mixed with adult cows in the
milking herd, and the competition for nutrients between
growth and lactation in the first few lactations results in
disappointing yields. The length of the rearing period
must depend on the farmer’s available feed resources.
Good-quality grazing and systems for offering conserved
feed during winter or dry seasons will allow first calving
at 2 years of age. However, if only low-quality grazing is
available for most of the year, first calving at 3 years is
more achievable. Whatever age they calve, if heifers are
too fat there will be calving difficulties, especially if calv-
ing heifers have a small pelvis, hindering calf expulsion.

It is not essential that dairy farmers rear their own
replacements; indeed large numbers of heifers are being
imported from New Zealand, Chile and Australia into
Asia, especially China, to build up the dairy herds. Heifers
that are in calf can often be purchased, and this method
can be used to increase the herd size or average milk yield
if the heifers are of good genetic stock. Well-grown stock
that are at target weights for calving should be purchased.
In winter housing areas, purchasing of replacements
releases buildings for other operations. However, care
must be taken that diseases are not introduced on to the
farm by purchased cattle. Most farmers like the security of
rearing their own livestock and they take a pride in the
quality of the replacement cattle reared.

Heifers that are being reared for replacements
follow a similar system to beef cattle for the first few
weeks of life. At birth, the herdsperson should ensure
that the calf breathes normally and that it suckles soon
after. The navel should be dressed with an antiseptic if
the calf is born indoors, but some farmers leave it to
dry up naturally if the calf is born outdoors and the
weather is dry and sunny. After 1-3 weeks, calves of
naturally horned breeds should be dehorned (dis-
budded) by a hot iron, knife or scoop (see Chapter 10
for welfare implications). By 4 weeks of age, any sur-
plus teats should have been removed and the calf

identified by means of an ear tag or other mark, such as
a brand. Target growth rates are less than for steers or
bulls: 0.6-0.7 kg/day for the first 6 months if they are
indoors, 0.6 kg/day for their first summer, 0.5 kg/day
for their second winter and finally 0.7 kg/day for their
second summer at pasture.

The success of the first summer growing period de-
pends largely on adequate prevention of stomach worm
infestation. However, whereas the aim with male calves is
usually to prevent the animal being exposed to gastro-
intestinal worms, heifers have to build up immunity by
the time they are adult, so gradual, careful exposure is
necessary. At 15 months, the heifers should be served if
they are to calve at 2 years of age. There is no difficulty in
getting them to conceive at a light weight — they reach
puberty at only 45% of their mature body weight, i.e.
about 10-12 months for a Holstein-Friesian. However, a
traditional small Friesian should be at least 350 kg at ser-
vice to reach 520 kg pre-calving, 470 kg post-calving.
For the large Holstein-Friesian cows that are favoured in
many intensive dairy herds, these weights are increased
by up to 20%. Small heifers will not thrive in a herd of
large adult cows.

When close to calving, heifers need to be accus-
tomed to entering the milking parlour and, if appro-
priate, being fed there. If relevant, they should have been
taught to lie in cubicles in their early years and, before
calving, they should be gradually introduced to concen-
trates to accustom their ruminal flora to the new feed.

Conclusions

Cattle management requires the skill and dedication of
a good stockperson. The rewards are considerable but
intangible, in the satisfaction of regular contact with
healthy animals and the production of high-quality
food products, meat or milk. The quality of interactions
that stockpeople have with cattle influences behaviour
(Bertenshaw ez al., 2008) and the ease with which they
can be managed. The increasing demands of consumers
for both high-quality produce and a high quality of life
for the cattle make excellent management more and
more essential. At the same time, the need for efficiency
has never been greater: with an ever-growing world
population to feed, the creation of a good foundation
stock for meat and milk production and efficient util-
ization of land resources that would otherwise be wast-
ed are essential requirements for a sustainable cattle
industry.
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Note

TAn infertile female with masculinized behaviour
and non-functioning gonads, which occurs only in
the female of mixed-sex twins in the womb.

Further Reading: Moran, J. (2012) Managing High Grade
Dairy Cattle in the Tropics. CSIRO, Melbourne, Australia.
Tyler, H. and Ensminger, M.E. (2018) Dairy Cattle Science,
4th edn. Prentice Hall, Upper Saddle River, New Jersey.
Webster, A.J.F. (ed.) (2017) Achieving Sustainable Production
of Milk. Burleigh Dodds Science Publishing, Cambridge, UK.




Introduction

Cattle productivity is usually measured by the output of
saleable products — meat and milk in most cases. Cattle
are also kept for work; and as by-products of their being
kept for other purposes, their hides, heads and internal
organs are of varying value. Cattle have an important
religious significance in some regions, and also as a sta-
tus symbol and means of securing capital in an asset of
long-term value in others. In many parts of the world,
cattle production is woven deeply into the fabric of
society. The different products are of varying value region-
ally and the extent to which they are incorporated into
each production system is hugely variable. For example,
meat and milk production is integrated into one unified
system of production in most of Europe, but only rarely
in the Americas and Australia, where separate industries
are maintained for each. This has the advantage that
breeds can be developed specifically for efficient output
of each product, but the disadvantage that male calves
born within the dairy industry are of little value.

Growth

One of the founding fathers of animal science, Sir John
Hammond, defined animal growth as ‘an increase in
live weight until mature size’. Although this is a useful
definition, it could equally well apply to a cancerous
tumour as to muscle growth. Scientists have defined
growth as ‘cell enlargement and multiplication’ and
philosophers as ‘an irreversible change over time in a
measured dimension’, but these are not particularly use-
ful for cattle farmers, who are principally interested in
‘an increase in saleable live weight until mature size’. At
a more fundamental level, cattle farmers are primarily
focused on the potential of their livestock to generate
profits through sale of offspring and cattle products.

Growth and Milk Production

From the point of view of producing a profit from rear-

ing cattle for consumption, the critical statistic is the
yield of lean meat, comprising carcass muscle and offal
and containing 75% water, 18% protein, 3% non-protein
nitrogen, 3% fat and 1% ash.

An overriding principle of the growth of mammals
is that their form is related to their function. Cattle were
domesticated because of their suitable diet and reproduc-
tion, their ability to produce milk for human consump-
tion and perhaps their temperament, but not necessarily
their conformation. To enable them to digest coarse
grasses, cattle have a large, muscular abdomen containing
the rumen. In addition, reflecting sexual dimorphism
that results from their polygynous breeding habits, males
have a large muscular neck and shoulders to assist in
competition for access to the females. They are not built
for rapid movement and mountainous conditions and
hence they do not have well-developed limb and spinal
muscles, unlike sheep and goats. Cattle therefore do not
have the ideal muscle distribution for a meat producer
that would favour large hind limbs, but they are well
adapted to living off poor-quality grasses. Recent
breeding developments have gone some way to redress
the balance, with double-muscled cattle having big, mus-
cular hind limbs that are suitable for the efficient produc-
tion of high-priced cuts of meat, albeit at a risk to the
welfare of the animals, for example during parturition.

The growth of cattle demonstrates a focus on dif-
ferent tissues as maturation proceeds, with nervous
tissue first, then bone, muscle and finally fat tissue. The
initial stage of nervous tissue growth is essential for
most bodily functions, then bone, necessary for sup-
porting muscle tissue, which matures next, and finally
fat tissue, which provides a store of energy that will be
useful in periods of undernutrition, as well as having
specific functions relating to fat-soluble compounds.
These stages of growth can be concentrated into a
shorter time frame by initially feeding cattle on a high
plane of nutrition, accelerating their passage to the final
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Growth and Milk Production

stage of fat growth. Thus, animals on a high plane of
nutrition throughout their life end up with a high fat
content at a given live weight because they enter the fat
growth stage early. The ratio of bone to muscle is not af-
fected by the plane of nutrition and is largely determined
by the animal’s physiological age. The final stage of
growth, fat tissue accumulation, is particularly important
for cattle that experience variation in feed quality be-
tween seasons. Adipose tissue acts, among other things,
as a store of energy reserves that can be mobilized when
little feed is available. It also restricts heat loss from the
body, so in temperate breeds is situated more subcutane-
ously than in tropical breeds, where it is often concen-
trated into a hump on the animal’s back. Adipose tissue
has additional roles in immune response and inflamma-
tion, vasculature and neuron development.

Growth waves are evident in the relative propor-
tions of the different body parts. Calves have relatively
large heads because of the high content of nervous
tissue. As the animal matures, the hindquarters become
proportionately more significant, until finally the ab-
domen matures, providing a large rumen for microbial
digestion of coarse grasses. This reduction in the pro-
portion of the body accounted for by the head and skin
can be seen as the dressing or killing-out percentage' in-
creases as the animal grows (Table 3.1). Because the
growth slows down as the animal reaches mature weight,
the feed conversion ratio increases as cattle become older
(Fig. 3.1). It actually increases exponentially, making it
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important to slaughter cattle at an early age to achieve
an efficient use of feed resources.

Early growth

The growth of cattle usually follows a sigmoidal, or
S-shaped, curve, with the initial constraint being the
development of the fetus, which cannot be allowed to
grow so big that the mother has difficulty in giving
birth. The causes of calving difficulty, or dystocia, are
many, but genotype plays an important part. For example,
the proportion of Holstein-Friesian heifers with calving
difficulties increases from about 2% when the sire is
from a small breed, such as the Aberdeen Angus or
Hereford, to an unacceptable 8-10% when the sire is
one of the large continental European types, such as
Limousin, Simmental or Charolais. The extent of dys-
tocia problems decreases with age, and within breeds
there is large variation between individual bulls, which

Table 3.1. Changes in carcass weight and composition with
increases in the live weight of steers.

Live weight (kg) (A) | 307 | 386 | 466 | 545

Slaughter weight (kg) (B) 167 | 217 | 268 | 322
Dressing (%) (B/A) 55 56 57 59
Bone (%) 18 16 15 14
Lean meat (%) 65 64 61 58
Fat (%) 14 18 24 29
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Fig. 3.1. The feed conversion ratio of steers, heifers and bulls at different live weights.
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does not relate just to their body size. The shape and
size of the head is particularly important, as this is often
the most difficult part for the cow to expel.

Because of the risk of dystocia, it is not advisable to
use a large breed of sire to produce a calf from a small
cow. However, for most efficient use of feed reserves,
the maintenance cost of the dam should be minimized
by her having a small size in relation to the sire, but if
taken to extremes this can lead to an unacceptable level
of dystocia.

Post-natal growth

After birth, the calf enters an exponential phase of
growth, provided that it is offered a high-quality diet.
The main factors determining growth from this period
to slaughter weight are:

° sex;

®  growth-regulating hormones and hormone ana-
logues;

° nutrition;
L4 genotype;
e climate; and

e health.

The next sections consider the effects of sex and
hormones; the remaining factors are considered in
other chapters.

Sex effects on growth and cattle

management
Sex differences in growth rates are mainly explained by
differences in mature size of the three main sex types:
bulls (entire males), castrated males (otherwise known
as steers or bullocks) and cows (known as heifers before
or up to the end of their first lactation). Thus at any one
stage in their growth cycle, bulls grow faster than steers,
which in turn grow faster than heifers. Apart from this,
bulls have a relatively low dressing or killing-out per-
centage, because they have large heads compared with
the rest of their bodies (for fighting). They also have
big, strong shoulders, also for fighting, as a result of
which they have a greater proportion of fore- than
hindquarter compared with other sex types (Table 3.2).
Bulls mature at a higher weight than castrated males
or females, so at any given slaughter weight a bull of a
particular breed will be a smaller proportion of their
final weight than a steer and even less than a heifer.

Table 3.2. Carcass composition (percentage) of bulls, steers
and heifers at 450 kg slaughter weight.

| Bulls | Steers | Heifers
Dressing 56 58 58
Hindquarter 47 50 50
Forequarter 53 50 50
Bone 16 15 13
Lean meat 68 58 54
Expensive muscle 53 54 56
Fat 13 25 31

As a result, at a common slaughter weight, bulls have the
highest proportion of bone and muscle and the lowest
proportion of fat, followed by steers and then heifers. In
practice bulls are usually slaughtered at a heavi