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Preface

It is now about ten years since the first edition of Bovine
Medicine was published. While it was originally antici-
pated that it would be used mainly in Britain and
Europe, it is pleasing to note that a good proportion of
the sales have been in other parts of the world. In
recognition of this, more emphasis has been placed on
conditions and their treatment in areas other than
temperate regions. Additionally, a new section gives an
insight to the differences in bovine medicine as prac-
tised in various parts of the world.

Almost all parts of the book have been updated or
completely rewritten. There are some new chapters,
including one which integrates the various problems
which occur in cattle, another on basic surgical tech-
niques and others on artificial insemination and embryo
transfer. An effort has been made to encompass all the
main subjects which occur in the husbandry and dis-
eases of cattle.

I wish to thank all the authors and co-editors for their
hard work. Roger Blowey, Hugh Boyd and Roger Eddy
have provided advice and assistance despite their many
commitments. I would also like to thank John Sproat
for supplying the photographs of cattle used on the end
papers.

Every effort has been made to identify copyright
holders of material reproduced in this book. Any inad-

vertent omissions will be rectified in any future reprint
or edition of this work.

T hope that everyone reading the new edition will find
it to be an interesting source of information.

Readers’ note

Inevitably, when it comes to therapies, medicines and
vaccines, each country has different needs and require-
ments. The laws concerning the use of particular thera-
peutic and preventative agents may vary and the reader
is reminded that it is his or her duty to ensure that any
preparation prescribed conforms with all relevant
national legislation where the preparation is to be used.
It is also essential to ensure that dosages and routes
of administration are determined according to any
national or local directions and other product informa-
tion which has been provided with the medicine. While
every effort has been made to ensure that the uses sug-
gested and doses recommended are correct they should
always be checked with currently available information.
It must also be remembered that any meat withdrawal
time or milk witholding time for drugs should follow the
guidelines of the country in which a drug is used.

A.H. Andrews
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Preface to the First Edition

Bovine Medicine aims to provide, within the covers of
one book, much of the practical information available
on cattle disease and production. Such an objective is
admirable in sentiment but very difficult to achieve in
practice. It involves the concentration of effort by a
large number of different, and often very busy, experts
into one volume. For the present part it is hoped that
what we have produced will not only be a source of
information but, in many areas, it will be an enjoyable,
educational read. It is hoped that it will be used as a
working guide rather than a reference book and that it
will be of particular help to those at the ‘sharp end’ of
the veterinary profession, i.e. in practice. Bearing this
in mind, this work does not contain every detail con-
cerning each disease, organism or clinical entity.

Inevitably there are some areas of subject overlap
as might be expected with skin conditions and ecto-
parasites and ‘downer cow’, etc. Where possible each
author has provided his or her own perspective on the
subject.

In addition, references have been kept to a minimum
to ensure a less disjointed read. In consequence, we

Xii

would be pleased to receive comments from readers on
any deficiencies or difficulties encountered in presenta-
tion or content.

It has taken approximately 2 years to complete a
work of this magnitude. The continual expansion in
veterinary knowledge and expertise may well mean that
in certain areas some recent developments have been
omitted. Again, we would be pleased for any such defi-
ciencies to be pointed out to us.

There has been considerable recent interest in alter-
native medicine for animals. Mindful of this, a section
is included on the subject to help readers make up their
own minds on its relevance to cattle therapy.

I must thank Blackwell Science, and particularly
Peter Saugman for his patience during the production
of this book. Much work has also fallen on my coedi-
tors Hugh Boyd, Roger Blowey and Roger Eddy.
However, the book would not have been completed but
for the dedicated secretarial and managerial help of
Mrs Rosemary Forster.

A.H. Andrews
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Chapter 1

Calf Rearing

D.M. Allen

Introduction

Calf reception

Rearing systems
Early weaning: bucket feeding
Early weaning: machine feeding

Follow-on rearing

Performance targets

Veal production

Calf identification
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Introduction

Whether calves from the dairy herd are being reared as
dairy herd replacements or for beef production, a good
start in life is essential. Calves of subnormal weight at
three months of age tend to lag behind throughout the
growing period.

The starting point for good calf rearing is the con-
sumption of at least 2 litres of colostrum by suckling or
bucket feeding within the first six hours of life and a
further 2 litres within 12 hours. The passive immunity
conferred on the calves by the immune lactoglobulin in
colostrum is vital to disease resistance, especially if
calves are transferred to another farm for rearing, prob-
ably via a collection centre or auction. Mortality among
calves deprived of colostrum is high. Therefore, it is
advisable to keep some colostrum in a freezer in case
of emergencies.

Colostrum is a rich feed and a good source of the fat
soluble vitamins A, D and E. Therefore it is sensible to
feed all available colostrum even to calves that are
beyond the stage when they can gain passive immunity.

Calf reception

Dairy-bred calves for beef rearing are usually pur-
chased at about two weeks of age, often from a calf
group or dealer. When they arrive at the farm, calves
should be inspected individually and any showing signs
of ill health returned to the supplier or isolated. Navels
should be dipped in a concentrated iodine or phenol
solution to guard against navel ill and joint ill. Any

calves with signs of lice should be treated with an
approved ectoparasite product. A multivitamin injec-
tion containing vitamins A, D and E is good value for
money.

The calves should be housed in pens bedded liberally
with dry straw and clean, fresh water should be made
available. Milk is best withheld for a few hours after
arrival but any calves that appear stressed may be given
a warm drink of 1 litre of a proprietary electrolyte
solution.

If calves are housed individually, which is permissible
up to eight weeks of age, pens should be at least 1.8 x
1.0 metres and should permit visual and physical
contact with at least one other calf. Group-housed
calves up to 150kg liveweight need a minimum space
allowance of 1.5m? rising to 2.0m? at 150-200kg. Pen
floors should have a slope from back to front of at least
1 in 20 to permit good drainage.

Calves do not mind cold weather but need good ven-
tilation without drafts. The modern trend in temperate
climates is to erect simple monopitch buildings in which
calves can be housed until they are 12 weeks or older.
In the coldest weather straw bales or wooden sheets can
be placed above the rear half of pens to provide more
insulation. Where calves are single-penned, the pens are
dismantled at weaning and the calves left where they
are as a rearing group. If buildings and pens are used
continuously for calf rearing, after each batch they
should be power washed or steam cleaned, disinfected
and left empty for at least two weeks before restocking.

Rearing systems

In high yielding dairy herds, calves are weaned off their
dams as soon as possible after they have received
colostrum and are reared by the early weaning system
pioneered in the UK but also applicable worldwide.
Calves can be weaned off milk replacer after five to
seven weeks, which makes the system convenient and
saves money compared to weaning at an older age. The
secret of success is to ensure that individual calves are
eating at least 1kg per day of a palatable early weaning
concentrate before they are weaned.
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The commonest rearing system is a twice daily bucket
feed of milk replacer, but some rearers use computer-
controlled machines that mix milk replacer and provide
it to the calves via teats from which they suckle.

In the EU, where milk production is subject to milk
quotas, milk produced over the quota has no market
value so it is sensible to feed it to calves rather than pur-
chase a milk replacer. However, if milk production is at
or under quota, a milk replacer should be used. Feeding
whole milk needs just the same attention to tempera-
ture and feeding level as milk replacer.

The high cost of dried skimmed milk on which milk
replacers used to be based has led to the development
of so-called ‘zero’ milk replacers. These are based on
dried whey supplemented with fats and lactose to
equate as closely as possible to cow’s milk. Whey-based
replacers are up to 25 per cent cheaper than skimmed
milk products but can give equally good results.

For bucket feeding, replacers are mixed at 125-
150¢/1, according to the manufacturer’s recommenda-
tion. The mix is made up with water at 45-50°C so that
the temperature at feeding is 42°C. Automatic feeding
machines mix replacer at 100-125g/l but can be set
to vary reconstitution rates according to the stage of
rearing. It is essential to keep all feeding equipment
scrupulously clean.

Scouring and pneumonia are the twin scourges of calf
rearing. Typically, calf mortality is 5 per cent, mainly due
to these two causes, but it can rise to 10 per cent. The
target in a well-managed calf rearing unit should be to
keep mortality below 3 per cent.

Scouring is most likely in the first two weeks follow-
ing removal from the dam and may be simply because
the calf has been overfed or the milk replacer is at the
wrong temperature. However, it may also be caused by
pathogenic organisms. E. coli is the classic cause but a
survey of calf units by practising veterinarians identi-
fied a number of other pathogens responsible for scour-
ing. The immediate reaction to scouring is to take the
calf off milk and feed a warm electrolyte solution. If the
scouring does not start to clear up within 24 hours vet-
erinary advice should be sought. Antibiotics should
only be used on veterinary prescription.

If salmonella infection is suspected, veterinary advice
should be sought straight away and rectal swabs taken
for laboratory analysis so that the appropriate anti-
biotic can be prescribed. Infected calves should be iso-
lated. Many Salmonella species are transmissible to
humans so during an outbreak special attention needs
to be paid to personal hygiene. Salmonellosis usually
occurs in the first two or three weeks of life but can
occur later, even beyond the milk feeding period
(Chapter 15).

Pneumonia can occur at any time but is most preva-
lent in still, damp winter weather and is exacerbated if

calves are moved at this time. Frequent observation is
needed to identify the early symptoms of pneumonia —
listlessness, holding back at feeding time, a runny nose,
rapid breathing or coughing. Veterinary advice should
be sought straight away. Not only is pneumonia a major
cause of calf mortality but also infected calves that
recover often fail to thrive due to lung damage.

Dehorning and castration are stressful and so should
not be done together, nor should they coincide with the
stress of weaning. Healthy calves can be dehorned three
weeks into the rearing period using a hot air or hot iron
disbudder, with castration at four weeks.

Early weaning: bucket feeding

The commonest early weaning rearing method is twice
daily bucket feeding with weaning at five to seven
weeks. With milk replacer mixed at 125 g/1, the first full
feed for a purchased calf is 1 litre. Home-bred calves
are fed this level twice daily until they are about five
days old, then the feeding level per feed is increased by
0.25 litres every other day up to a maximum of 2 litres
per feed, that is 4 litres per day.

Some expert calf rearers have found a useful saving
in labour, without detriment to calf performance, by
feeding the calves milk replacer once daily after the first
seven to ten days. In this case the feeding level is built
up gradually to 3 litres per day. However, the saving in
labour should not compromise calf inspection, which
should continue frequently to detect health problems.

From the start calves are fed an early weaning con-
centrate containing 18 per cent crude protein and with
a good amino acid profile, since the calf needs some of
its protein intake to escape fermentation and degrada-
tion in the forestomachs. The energy value should be at
least 12.5 MJME/kg DM.

Even the youngest calves crave some roughage in
their diet and, rather than letting them pick up straw
from the bedding, it is better to feed hay or straw from
a rack. Hay is rarely of good enough quality for calves
and, even if it is, they eat too much of it at the expense
of concentrates and become pot-bellied. Instead, feed
bright, dry barley or oat straw.

As previously mentioned, calves must be eating at
least 1kg concentrate per day before they can be
weaned. Weaning may be abrupt after about 35 days, or
a gradual weaning procedure may be used in which the
level of milk replacer is reduced gradually over an addi-
tional 5-10 days to encourage concentrate consump-
tion. Gradual weaning avoids the check to growth that
accompanies abrupt weaning.

The early weaning concentrate should be fed ad
libitum until it is replaced by a cheaper follow-on
concentrate, or until it is rationed as forage feeds are
introduced (p. 5).



The consumption of milk powder is 15-20kg and the
target daily gain to weaning is 0.5-0.6 kg/day, depend-
ing on breed type and sex.

Early weaning: machine feeding

Feeding milk ad libitum to group-housed calves can be
the preferred choice where the buildings used for calf
rearing do not lend themselves to the erection of indi-
vidual pens or, as in dairy herds, where calves are born
over a long period.

The saving in labour is not as great as might be
supposed because, although mixing is automatic and
cleaning is quicker, handling the calves is more time
consuming, especially teaching them to suckle.

The most sophisticated machines are computer con-
trolled and recognize individual calves fitted with an
electronic tag. So mixing rates and feeding levels can be
varied from calf to calf, including a gradual weaning
procedure. Some machines can feed whole milk as well
as milk replacer and even dispense a small quantity of
concentrates to encourage calves to eat dry feed imme-
diately after suckling. Of course these machines are
expensive but the cost is spread over up to 80 calves
that can be reared at a time, so the annual depreciation
per calf may be reasonable.

A cheaper approach to ad libitum feeding held
sway for a time but is little used now. This was to feed
cold acidified milk which stays fresh for two to three
days stored in a simple plastic bin and is led to a teat
through a tube fitted with a non-return valve. The
equipment is cheap but lacks the sophisticated control
of individual calves achieved by computer-controlled
feeders.

Calves are trained to suckle about 1 litre of milk
replacer and then the milk supply is removed until the
next feed. The procedure is repeated twice in the next
24 hours and then calves are allowed to suckle ad
libitum, with not more than six calves per teat. Intake
may be depressed in the coldest winter weather and
then it is advisable to use an immersion heater to take
the chill off the milk replacer. The feeding equipment
should be cleaned thoroughly between mixes.

A trough containing early weaning concentrates
should be placed near the teats, but far enough away to
avoid spoilage by saliva or spilt milk.

Calves fed ad libitum consume more milk replacer
than restricted bucket-fed calves. This manifests itself
as rather loose faeces that must be differentiated from
scouring. The high replacer intake inhibits early con-
centrate consumption and may delay weaning. There-
fore, it is important to employ a gradual weaning
programme to allow weaning at five to seven weeks.
Even at these high intakes of milk replacer, it is essen-
tial that fresh water should always be available.
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Consumption of milk replacer powder is 25-30kg
and the target daily gain to weaning is 0.6-0.7 kg/day,
depending on breed type and sex.

Follow-on rearing

When calves are weaned at five to seven weeks the early
weaning concentrate must continue to be fed ad
libitum. In the case of calves going into intensive beef
systems, concentrate feeding continues to appetite
through to 12 weeks, although the finishing diet is intro-
duced gradually from eight to ten weeks.

Where calves are designated for forage-based beef
systems, forage is introduced by the tenth week and the
early weaning concentrate is replaced by a cheaper mix.
When calves reared through the winter are to be grazed
in the next summer, it is important to hold gains at
0.6-0.8kg/day until turnout in the spring or the ability
of the calves to exhibit extra rapid compensatory
growth on high quality grazed grass will be inhibited.
To achieve this the follow-on concentrate needs to be
rationed at about 2", kg/day with forage fed to appetite.

Performance targets

Performance targets for early weaned bull calves fed
concentrates ad libitum to three months are shown in
Table 1.1.

Veal production

Veal production is a specialized system of calf rearing
designed to produce a white meat that is especially
popular in Italy and Germany. Traditionally, calves were
housed in narrow crates and fed milk only until slaugh-
ter at 14-16 weeks, producing a carcass of 100-110kg.
Subsequently the feeding period was extended to 22
weeks or more to produce a carcass of 160+ kg.

Consumer revulsion at the unnatural production
method has brought about considerable changes in the
way veal is produced, sanctioned by EU and national
legislation. For example, veal crates have been banned
in Britain since 1990, although EU legislation does not
ban existing crated housing in continental Europe until
2006. Similarly, legislation stipulates a minimum iron
content for calf milks and insists that calves over two
weeks of age have access to digestible solid food. The
effect has been to promote the production of veal that
is pink in colour rather than white.

A welfare-friendly veal production system has been
demonstrated experimentally in Britain with group-
housed calves fed milk replacer from a machine and
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Table 1.1 Calf rearing targets to three months of age for bull calves fed concentrates ad libitum. Source: Meat and Livestock

Commission (MLC).

Bucket feeding Machine feeding
Holstein—Friesian Charolais x F Holstein—Friesian Charolais x F
Hereford x F Simmental x F Hereford x F Simmental x F

Feeds (kg)
Milk powder 15-20 15-20 25-30 25-30
Concentrates 170 185 160 180
Liveweight (kg)
Purchase 50 55 50 55
Weaning 68 76 71 80
3 months 110 120 115 130
Daily gain (kg)
Preweaning 0.5 0.6 0.6 0.7
Post weaning 0.9 1.0 0.9 1.0

F = Holstein-Friesian.

supplemented with barley straw as a source of roughage.
Carcasses were acceptable to the veal trade but vari-
ability of performance was an unsolved problem.

In the Netherlands, the main EU veal producer, there
are now two approaches to veal production. First there
is a white veal system in which group-housed calves are
fed largely on milk replacer but with limited access to
maize silage (which does not affect meat colour). The
calves are slaughtered at about six months of age at
around 285kg liveweight. A pink veal system is also
employed by some producers in which calves are fed
about 40kg milk replacer powder plus 500kg concen-
trates and 500kg maize silage. The calves are slaugh-
tered at about 32 weeks at a weight of around 320kg.

Calf identification

A beneficial consequence of the BSE crisis and subse-
quent foot-and-mouth disease epidemic is a realization

that being able to trace the whereabouts of cattle
throughout their lives is an essential requirement of
food safety for people and disease control in cattle.

Traceability is subject to EU legislation. The British
Cattle Tracing System (CTS) is administered by the
British Cattle Movement Service (BCMS) that com-
menced operations in September 1998. This fully com-
puterized system was preceded by a paper passport
system that started in July 1996. A one-off survey was
undertaken of all cattle in 2000, including older cows
and bulls which did not have passports, so that all cattle
could be included in the BCMS database.

Calves must be double tagged within 36 hours of
birth unless they are being sent for immediate slaugh-
ter. An application for a passport must normally be
made within seven days of tagging but calves can be
moved twice during the first 28 days of life, using the
reverse of the cattle passport application form as a tem-
porary passport. An all-numeric numbering system has
replaced the former alpha numeric identity.
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Introduction

The key indicator of profitability and technical effi-
ciency in suckler herds is the calf output produced
annually from each cow that is bulled. The most prof-
itable herds owe their success to producing a large
number of live calves per 100 cows bulled, with low calf
mortality, rapid growth to weaning and a high sale value
per kg for well-reared calves. This is as true under
dry range conditions as it is on productive temperate
grassland.

Suckler herd management is not the simple matter
it may seem at first sight, with a cow suckling a single
calf. The linked components are reproductive efficiency,
milk production and growth. However, in practice the
body condition of cows is a simple and sensitive barom-
eter of their nutritional status and potential perform-
ance. Controlling body condition through the year is
the key to high herd output at low cost.

Most beef suckler cows are kept on marginal land in
upland or range areas where winter (or dry season)
feeds are scarce. So it is common for calves to be sold
at weaning, or after a period of further feeding, to fin-
ishers on better land. However, increasingly in UK
upland herds where suitable buildings are available,
male calves are finished as bull beef on purchased
concentrates.

Planning the suckler herd

Fitting a suckler enterprise into farm resources is as
important to profitable production as herd manage-

ment. Can the herd be integrated with a sheep flock?
Are there arable crop residues that can be used to
cheapen cow feeding? Are buildings and feeds available
to add value to calves by feeding them beyond weaning?
The answers to these and other relevant questions
provide the framework on which a profitable enterprise
can be built.

Particularly important is the choice of season of
calving. Most herds calve in the spring or at the start of
the rainy season because this minimizes cow feeding
costs. The cow is working hardest suckling her calf on
low cost, high quality grazed forage. On productive
grassland autumn calving is an option, the extra cost of
winter feeding cows suckling calves being offset by
greater calf weaning weight. Autumn calving usually
achieves the highest financial gross margin per cow,
but spring calving rivals its gross margin per hectare.
The need to reduce production costs has forced many
former autumn-calving herds to change to spring
calving.

The decision on calving season may be forced by the
availability of housing and labour, regardless of feed
availability. Housing allows a choice of calving season
and avoids poaching of land by outwintered stock.
However, the provision of housing increases fixed costs
on the farm.

Choice of bull

The bull contributes half the genes of all the calves sired
by him and so choice of breed and individual bull are
both critical to herd performance. Even at weaning,
when maternal effects are expressed at their maximum,
sire breed has a greater effect on weaning weight than
dam type.

Heavy breeds such as Charolais and Simmental are
generally used as terminal sires, that is to produce the
slaughter generation. They sire calves with the highest
weaning weights (Table 2.1) and the rapid gains are
carried through into the post-weaning period. However,
the cost of this extra growth performance is a higher
proportion of assisted calvings and greater neonatal calf
mortality (Table 2.2). Overall, nevertheless, calves sired

7
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by heavier breeds produce the greatest annual output of
weaning weight per cow.

It is several years since these survey data were col-
lected and there may have been subsequent changes in
the relative performance of breeds. Also, breeds such as
the double-muscled Belgian Blue are now available to
commercial producers in the UK. This breed is just
below the Charolais in growth performance but has
greater dystokia. Belgian Blue crosses have exceptional
carcass characteristics with high killing out and meat
yield percentages. Limousin crosses are also outstand-
ing for these characteristics.

Most commercial suckler herds in Britain have opted
for continental terminal sire breeds, especially Charo-
lais, Limousin and Simmental. However, some produc-
ers prefer local breeds or use Angus bulls to gain quality
premiums that offset poorer growth performance. Easy
care Angus and Herefords are often selected in pastoral
and range countries where large numbers of cattle are
managed by a single stockworker. Breed choice would

Table 2.1 Effects of sire breed on calf 200-day weights.
Source: Meat and Livestock Commission (MLC).

Sire breed Type of farm
Lowland Upland Hill

Hereford 208 194 184
200-day weight (kg)
Difference from

Hereford (+/~ kg)
Charolais +32 +33 +21
Simmental +24 +28 +14
South Devon +23 +27 +16
(North) Devon +17 +21 +7
Lincoln Red +14 +20 +5
Sussex +7 +13 +2
Limousin +7 +10 +2
Aberdeen Angus -14 -12 -8

also be affected if herd replacements are home bred.
Then easy calving breeds with good maternal abilities
would be preferred (see p. 9).

The selection of an individual bull within a breed is
just as important as breed choice. In recent years
bull selection has been transformed by the develop-
ment of a sophisticated statistical method of analys-
ing breeding records from pedigree herds, known by
its acronym BLUP (best linear unbiased predictor).
The analysis of records from all related cattle, whatever
herd they are in, effectively disentangles management
and genetic effects on performance to calculate esti-
mated breeding values (EBVs) that can be used with
confidence to select bulls of above average genetic
merit.

In Britain the recording agency Signet combines
EBVs for selected performance characters into selec-
tion indices of overall genetic merit. There are two such
indices. The calving value is used where ease of calving
is paramount, for example for heifer matings and in the
selection of bulls to breed female replacements. The
beef index is used for bull selection when growth rate
and carcass quality are the objectives, for example for
terminal sires in suckler herds. Signet publishes EBVs
and selection indices for participating breeds. A
maternal index is under development.

Choice of cow breed type

In range countries the tradition was to keep purebred
herds of Angus, Hereford, Shorthorn or local breed
cattle. To some extent that tradition still exists. For
example, French suckler cows are still largely purebred.
However, crossbred cows have a considerable advan-
tage over purebreds due to hybrid vigour (or heterosis),
which is most pronounced for improved reproductive
efficiency. The outcome is that the weaning weight of
calves from crossbred cows is 15-25 per cent above
the average of the parent breeds. Add to this an

Table 2.2 Effects of sire breed on calving ease and annual productivity. Source: Meat and Livestock Commission (MLC).

Sire breed Assisted Calf mortality Calving interval Calf weaning weight
calvings (%) (%) (days) per cow per year (kg)

Charolais 9.0 4.8 374 208

Simmental 8.9 4.2 374 203

South Devon 8.7 4.0 375 203

(North) Devon 6.4 2.6 373 200

Limousin 7.4 3.8 375 199

Lincoln Red 6.7 2.0 373 198

Sussex 4.5 1.5 372 196

Hereford 4.0 1.6 372 189

Aberdeen Angus 2.4 1.3 370 179




improvement in longevity and the lifetime advantage to
crossbreds is considerable.

Recognition of the benefits of crossbreeding in
Britain is as old as the development of breeds them-
selves. Traditional crossbreds include the celebrated
Blue Grey (White Shorthorn bull x Galloway cow),
Shorthorn x Highland and Irish-bred Blue Grey
(Angus x Dairy Shorthorn). As supplies of these tradi-
tional crosses started to become scarce some 30 years
ago, beef breed x dairy cows started to be used as
suckler cows, notably Hereford x Friesian and Angus X
Friesian. It was later still that US ranchers discovered
the heterosis advantage of Hereford x Angus and the
reciprocal cross over either of the pure breeds.

The Hereford x Friesian was, and still is, widely used
as a suckler cow. It produces more milk than the Blue
Grey and weans a heavier calf; however, the Blue Grey
has better reproductive efficiency and, overall, per-
formance of the two crosses is similar. Both crosses
share the advantage of medium body size. Heavy cows
such as Charolais x Friesian need more feed but are
unable to translate enough of their greater weight into
heavier calf weaning weight to rival the efficiency of a
lighter breed type. Nonetheless, many British suckled
calf producers use these heavier cows and are prepared
to trade a theoretical reduction in efficiency (that may
not be apparent at farm level) for the improved con-
formation of calves which commands a premium at the
calf sales and later in carcass value.

The penetration of the Friesian breed by extreme
dairy Holstein genes from North America has caused
such a deterioration in beef breed x Friesian cow
conformation that it shows through in the calf. This
has sparked off a search for alternative suckler herd
replacements that are crossbred with good maternal
qualities and have acceptable conformation. Moreover,
in the wake of the BSE crisis many herd owners wish
to breed their own replacements so that they can
maintain a closed cow herd.

Merely saving heifer calves from terminal sire breeds
such as Charolais increases cow size progressively and
reduces maternal performance — the worst of all worlds.
The simplest planned approach to breeding replace-
ments is to breed about half the herd to a sire breed of
medium size with good maternal qualities, for example
Angus or Salers. In smaller herds this is best done by
artificial insemination (AI). In the next generation,
Angus cross females, for example, might be mated to
Salers whose female progeny are in turn mated back to
Angus. This two-breed rotation is known as criss-
crossing. The other half of the herd would usually be
mated to terminal sire breeds.

Bulls for breeding herd replacements should be
selected to have a good calving value index (which
incorporates EBVs for calf birth weight, ease of calving
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score and gestation length) and a high EBV for 200-day
milk (an estimate of the genetic merit for milk produc-
tion that the sire passes to his female offspring).

In some parts of the world, notably the US, sophisti-
cated breeding programmes have been used to create
composite breeds combining the best features of three
or four foundation breeds. A composite may be bred to
feature maternal qualities, terminal sire qualities, heat
tolerance and so on. A four-breed composite is effec-
tively a purpose-bred pure breeding population that
retains up to 75 per cent of the hybrid vigour of the
initial first (F1) crosses between the original four
breeds.

The creation of composite breeds needs very large
numbers of cattle. However, commercial suckled calf
producers with relatively small herds will have access
to composites from international genetics companies
with large-scale breeding operations involving thou-
sands of cattle. The main demand will be for purpose-
bred suckler herd replacements of good maternal
ability.

Rearing replacement heifers

The replacement policy in a suckler herd should involve
culling cows that are persistently barren, calve unac-
ceptably late or are on the verge of the emaciation com-
monly associated with old age. A typical replacement
rate is 16 per cent which indicates an average herd life
of seven years.

In the UK, culling policies have been disrupted in
the wake of the BSE crisis by the Over Thirty Month
Scheme (OTMS) in which the carcasses of cattle over
30 months old are removed from human consumption.
Compensation payments for culls are much lower than
cull cow values before the BSE crisis and this will
continue to inhibit planned culling until the scheme is
eventually wound down.

Replacements may be purchased as calves from dairy
herds, as bulling heifers or, less frequently nowadays, as
heifers on the point of calving. With calves and bulling
heifers it is prudent to purchase a surplus of 15-20 per
cent to allow selection. Heifers that prove unsuitable as
replacements are slaughtered for beef.

In most situations heifers should be calved for the
first time at two years of age to optimise lifetime per-
formance. However, autumn-born calves from the dairy
herd would usually be calved at 2', years in a spring-
calving suckler herd. In either case, good management
is necessary to achieve target mating and post calving
weights (Table 2.3).

Heifers are best calved at the start of the herd calving
period to allow for an almost inevitable slippage in time
to the second calving. Also, since dystokia is worst in
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Table 2.3 Rearing targets for replacement heifers.

Mating Post calving
weight (kg) weight (kg)
Two-year calving
British breed crosses 325 510
Continental breed crosses 350 550
Calving at 2", years
British breed crosses 400 540
Continental breed crosses 435 575

heifers, it is desirable to mate them to an easy calving
breed such as Angus or Hereford. Difficult calving is a
cause of delayed rebreeding.

Suckler herd management

Suckler herd management aims for a high proportion
of cows producing live calves in a calving period of 12
weeks or less. The advantages of a compact calving
period are, firstly, that herd rationing matches closely
the nutritional needs of individual cows, saving feed
costs. Secondly, calvings can be supervised closely to
provide assistance when needed, reducing calf mortal-
ity. Finally, calf performance is uniform with few of the
late-born calves that are so difficult to utilize profitably.

Generally, a long drawn out calving period is a sure
sign of low herd conception rate. Late calvers have too
little time to rebreed by the end of the mating season
and get later and later, eventually failing to get in calf
altogether. The only solutions to an over-long calving
period are to cull late calvers or switch them between
spring- and autumn-calving herds so that they calve on
time. The danger of the latter strategy is that cows
shuttle from one herd to the other without the under-
lying causes of low conception rate being tackled.

The main reason why cows fail to conceive is that
they are too thin. Under UK conditions, body condition
at mating, scored on a scale from 0 (emaciated) to 5
(grossly overfat), needs to be 2%, in winter but can be
as low as 2 if cows are grazing high quality forage and
current nutrient intake is high. The key targets that
achieve the necessary body condition at mating are a
score of 3 in the autumn and 2 at turnout to grazing in
the spring. The time to carry out condition scoring is in
mid pregnancy, while there is still time to adjust feeding
management before calving.

The method of condition scoring (Fig. 2.1) is to grip
the loin between the thumb and forefinger mid-way
between the hip (hook) bone and the last rib on the left

Spinous process

Fat cover

Hide

Eye muscle
{longissimus darsi)
Transverse process

Lumbar vertebra

Spinal cord
canal

Fig. 2.1 Technique for condition scoring.

side of the cow. The thumb curls over the ledge formed
by the transverse processes of the spine to feel the over-
lying fat cover. It is best to handle cows until experi-
ence of the technique has been gained but, thereafter,
a skilled stockworker can use close visual inspection to
obtain a working guide to condition.

Descriptions of condition score classes are presented
in Table 2.4. One possible confusion is with continental
crosses of good conformation. Their thick muscling may
overhang the transverse processes of the spine and
confuse handling or visual assessments. If this is the
case, condition should also be assessed by handling the
ribs with the flat of the hand. If the score is above 3 in
the autumn, autumn-calving cows are put at the risk of
a difficult calving. If spring calvers score less than 3 in
the autumn, the permissible winter weight loss is
reduced and feed costs increase.

Feeding spring-calving cows through the winter that
are at target condition score 3 in the autumn allows the
loss of one unit of condition score, which equates to
about 100kg liveweight or 0.5kg daily. Autumn calvers,
on the other hand, must be fed through the winter for
the additional strain of lactation and must be at condi-
tion score 2Y, when mated in mid-winter. Therefore, in
cows at condition score 3 in the autumn a weight loss
of only 0.25kg/day is permissible until they are safely in
calf. If there is a time to feed suckler cows generously,
this is it. Thereafter, the rate of weight loss can increase
to 0.5kg/day. Autumn-calved heifers are still growing as
well as milking and should not be allowed to lose weight
through the winter.

These guidelines are translated into daily metaboliz-
able energy (ME) allowances expressed as megajoules
(MJ) for cows fed a typical moderate quality ration in
Table 2.5.

It is all too easy during the grazing season to con-
centrate on calf performance and forget that cows at
target condition score 2 in the spring need to gain



Table 2.4 Condition scoring of suckler cows.
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Condition score  Description

g~ WON-=O

head

Spine very prominent with no detectable fat cover over the sharp transverse processes of the spine

Spine still prominent but transverse processes no longer sharp

Transverse processes can still be felt, but now rounded with a thin covering of fat

Individual transverse processes can now only be felt with firm pressure by the thumb

Transverse processes can hardly be felt, even with firm pressure

Transverse processes completely obscured with a thick layer of soft fat and puffy fat deposits around the tail

Table 2.5 Metabolizable energy (ME) allowances for winter
feeding suckler cows. Reproduced from Allen (2001) with per-
mission of Chalcombe Publications.

Liveweight Daily weight Milk yield ME
(kg) loss (kg) (kg) (MJ/day)
Spring calver
(a) Precalving®
500 -0.5 0 55
600 62
700 69
(b) Post calving?
500 -0.5 10 89
600 97
700 105
Autumn calver
(a) Premating®
500 -0.25 10 99
600 107
700 115
(b) Post mating®
500 -0.5 7 74
600 81
700 88

* If no weight loss is permissible add 20MJ ME per day.
® If no weight loss is permissible add 10MJ ME per day.

100kg liveweight by the autumn. If by mid-season there
is any doubt that the whole herd or individual cows may
not attain the required total gain, action must be taken
to rectify the situation. The provision of more selective
grazing of fresh pasture may suffice. Alternatively, it
may be necessary to take more drastic action with
autumn calvers and wean calves early to remove the
strain of lactation.

Suckled calf management

If cow performance is good, calf performance is usually
also good. This is not to say that calf performance looks

after itself. Nevertheless, a compact calving means
fewer of the late-born calves have subnormal weaning
weights. In addition, achieving target body condition
scores in cows is conducive to high milk yield.

In most situations the cow is capable of producing as
much milk as the calf can suckle. This can lead to prob-
lems early in the suckling period, especially with spring-
calving beef X dairy cows of high milk potential, when
calves consume too much milk and scour. If the cause
of scouring is viral or bacterial it is worth considering
an appropriate scour vaccine.

Milk consumption increases quickly during the first
month of suckling and, although calves pick at solid
food early in life, milk intake dominates calf perform-
ance in the first three months. With a cow type of mod-
erate yield potential, milk still accounts for half the calf
gain in the third month and in higher yielding beef
breed x Friesians this balance is not reached until the
fourth month. Nevertheless, by this time the intake of
solid food by the calf is increasing rapidly.

Milk intake is especially important to the spring-born
calf that has a relatively short suckling period of six to
seven months. The nutritional requirements of the calf
and seasonal grass growth are well matched, although
supplementary feeding helps to sustain daily gain from
late summer onwards as grass growth and quality
decline.

Management of the autumn-born calf is more com-
plicated because the suckling period is longer and peak
milk yield must be supported on winter rations. The
most cost-effective approach over the winter is to feed
the cow well in the early months until she is safely in
calf and then to rely increasingly on creep feeding
calves concentrates and the highest quality conserved
forage available. It is energetically much more efficient
to feed the calf directly than to increase cow feeding to
stimulate milk yield.

When autumn-calved cows are turned out to grass in
the spring there is a boost to milk yield, but by late
summer calves require creep feeding to sustain daily
gains. It is wise to wean the calves sooner rather than
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Table 2.6 Performance targets for lowland and upland suckler herds.

Continental breed sire* British breed sire®
Autumn  Spring (silage) Spring (straw) Autumn  Spring (silage) Spring (straw)

Calves reared/cow 0.92 0.92 0.92 0.95 0.95 0.95
Calf gain (kg/day) 1.0 1.1 1.1 0.9 1.0 1.0
Weaning (months) 10 7 7 10 7 7

Calf autumn weight (kg) 350 280 280 320 260 260
Cow concentrate (tonnes) 0.25 0.12 0.3 0.25 0.12 0.3
Calf concentrate (tonnes) 0.25 0.08 0.08 0.1 0.05 0.05
Silage (tonnes @ 22% DM) 6.5 5.0 — 6.5 5.0 —
Feeding straw (tonnes) 0.5 1.0 25 0.5 1.0 25

®

Mated to suckler cows of average weight 550-600 kg.

later so that they can be managed separately and the
cows left to gain condition before housing. The least
stressful way of breaking the bond between calf and
dam at weaning is to house the calves. An alterna-
tive approach is to put the cows and calves in well-
fenced adjacent fields within sight and sound of each
other.

In most ranching and pastoral countries bull calves
are castrated for the convenience of herd management
and a preference for steer beef over bull beef. However,
in France, Italy and Spain it has become the custom to
rear male calves entire because they grow faster and
leaner than steers and are more profitable. In the UK,
suckler bull beef is increasing and finds a ready market.
The most common approach is to wean spring-born
bulls in late summer and transfer them gradually over
a period of about three weeks to an all-concentrate diet
(Chapter 3).

For the system to be successful it is a considerable
advantage to have a compact calving period so that
older bull calves do not pester late-calving cows when
they are in oestrus. In any case, cows with bull calves
need to be separated from those with heifers by six
months of age or there is a risk of premature pregnancy
in the heifer calves. For this reason the system works
best in spring-calving herds because there is no need to
split the herd.

Grassland management

Grazed grass is the cheapest and one of the most nutri-
tious feeds available on the farm. With financial
margins under pressure, the key to profitable produc-
tion is to utilize grazing to the full. This involves good
grazing management and extending the grazing season
where practicable.

Grassland management for suckler herds does not
necessarily mean using the levels of nitrogen fertilizer
employed by dairy farmers, although this may be the
right policy on some productive lowland farms. In prac-
tice, especially on the upland farms where most suckler
cows are kept in the UK, farmers use only moderate
levels of nitrogen fertilizer and rely more on clover to
increase sward productivity. Moreover, extensive
grassland management is encouraged in the EU by
the payment of extensification premiums for stocking
lightly.

Whatever the type of sward, grazing management
should aim to control the average sward height of
grazed and ungrazed areas. Cows gain most weight early
in the grazing season when average sward height is
maintained at 8~10cm. However, they graze selectively
leaving patches that go to seed and are of poor nutri-
tional quality when they have to be grazed later on. So
until mid season it is necessary to graze swards more
tightly at an average sward height of 6-8cm to inhibit
seed heading. Thereafter, when the risk of seed heading
is less and there is an inevitable build-up of dead
herbage in the base of the sward, average sward height
can be relaxed to 8-10cm to allow selective grazing.

In the period of peak grass growth in early summer,
high stocking rates of three autumn calving cows per
hectare or four spring calvers are needed to exert the
necessary control of sward height. At these relatively
high stocking rates it is important to have a reserve
grazing buffer in case of reduced grass growth in dry
weather. This can be achieved by setting aside an addi-
tional 25 per cent of grassland that is conserved as silage
if possible, but grazed if necessary.

As the season progresses beyond mid season the
grazing area needs to increase and this is achieved by
grazing aftermaths on fields cut previously for silage or
hay.



Parasitic worms causing gastroenteritis and bronchi-
tis are less of a problem in suckled calves than in young
dairy-bred calves in their first grazing season. Never-
theless, it is advisable to treat autumn-born calves at
weaning. In any case, both autumn- and spring-born
calves should be treated at yarding to guard against
winter scour (Chapter 19).

With silage making the priority is a feed with high
intake characteristics rather than the highest possible
ME per kg dry matter (DM). Cutting can be delayed
for a week or so to await dry sunny weather that allows
an effective 24-hour wilt for clamp silage, longer for big
bales, and produces silage with the best fermentation
quality.

Targets of performance

The objectives of suckler herd management outlined in
this chapter have been compiled into suckler herd
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targets appropriate to lowland and upland herds in the
UK and other European countries with similar climatic
conditions (Table 2.6). For the predominant spring-
calving herds targets are shown for herds both on grass
farms, where silage is the basic winter feed, and on
arable farms, where winter diets are based on straw
and concentrates. Achieving the physical targets is a
prerequisite of profitable production.

Reference

Allen, D. (2001) Rationing Beef Cattle, 2nd edn. Chalcombe
Publications, Lincoln.
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Introduction

A whole range of overlapping beef finishing systems is
applicable to cattle bred in suckler and dairy herds. The
higher the lifetime daily gain of the beef system, the
younger is the slaughter age and the lighter the slaugh-
ter weight at a stated carcass fat cover. Also, within a
given beef system, bulls grow faster and are leaner than
steers which, in turn, grow faster and are leaner than
heifers.

These characteristics of beef systems make it possi-
ble to chart average relationships between slaughter
age and slaughter weight, illustrated in Fig. 3.1 for
Charolais crosses. It is possible to construct similar
graphs for other breed types and to predict the likely
slaughter weight of cattle slaughtered at a particular
age and vice versa. Note that as long as the Over Thirty
Month Scheme (OTMS) is in place as a BSE control
measure in the UK, beef from cattle over 30 months old
at slaughter is destroyed, although this will change from
2004 onwards.

Cattle remain in an EU fat class for several weeks.
The main EU fat class for bull carcasses is 3 on a
five-point scale from 1 (ultra lean) to 5 (grossly overfat)
and 4L for steers and heifers, which is the average fat
class for all carcasses in Britain.

Calves from beef suckler herds on marginal land
usually have to be sold in the autumn for finishing on
farms with more productive land. However, spring-
born calves may be overwintered for sale in spring, if
buildings and feed are available, and bull calves may
be finished on purchased concentrates as suckler bull
beef.

The heaviest yearling steer calves purchased by fin-
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ishers in the autumn may be finished through the
ensuing winter for sale at 16-18 months old. Heifers
and lighter steer calves are fed a store ration over the
winter in preparation for grazing the following summer.
Any that fail to finish off grass are yarded for a further
winter finishing period.

Still, all too many cattle are managed aimlessly with
no particular finishing system in mind and are sold
finished or in store condition when prices seem
favourable. This approach leads to a good deal of
trading in suckled calves and stores, some of which may
change ownership three or four times in their lifetime.
Farm assurance schemes now limit the number of times
an animal can be traded within the scheme.

Under range conditions in the USA, the growth rate
of suckled calves is poorer than on European grass
farms. However, feed grains are cheap and a special
approach to finishing has been adopted in beef feed
lots. Weaned calves from range herds are sold to ‘back
grounding’ farms where they are grown on forage at
moderate store rates of gain as feeder cattle. They then
enter feed lots at 12-18 months of age for rapid finish-
ing over a five-month period on a ‘hot” high-grain ration.

In the case of dairy-bred calves, several distinctive
beef systems have been developed. At one extreme
is cereal (barley) beef in which bulls fed an all-
concentrate diet grow rapidly to slaughter at 11-13
months of age. At the other extreme are forage-based
systems in which steers and heifers are either winter fin-
ished off silage supplemented with concentrates for
slaughter at 16-20 months of age or grass finished in
summer at 20-24 months old.

In reality, cattle passport statistics indicate that more
than a third of steers do not follow any of the produc-
tion systems described here and are slaughtered at
24-30 months of age. The reason is thought to be that
farmers delay slaughter until after they have obtained
the second beef subsidy (p. 15), paid from 22 months of
age. It demonstrates how subsidy rules manipulate pro-
duction and marketing decisions.

Planning and budgeting

The fall in market prices for beef cattle in the aftermath
of the BSE crisis has focused attention on beef system
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Fig. 3.1 Average relationships between slaughter age and
slaughter weight for Charolais cross cattle. (Bulls were slaugh-
tered at EU fat class 3, steers and heifers at EU fat class 4L.)
@ = Bulls; M = steers; A = heifers.

plans and budgets. Formerly, too many beef farmers
were preoccupied by the margin between buying and
selling prices, or even just the sale price achieved
regardless of cost. Now controlling costs, whilst achiev-
ing performance targets, is very important. Also essen-
tial is maximizing eligibility for EU subsidies, without
which profitable production is difficult.

The EU beef regime that came into effect in January
2000 is more complex than previous schemes. As
before, bulls may qualify for a single Bull Premium and
steers for one or both Beef Special Premiums (BSP),
the first of which is paid at 9-20 months of age and the
second at over 22 months. There is no upper limit on
the number of claims provided the stocking rate does
not exceed 1.8 Livestock Units (LU) per forage hectare,
otherwise claims are scaled back. If a national ceiling
of claims is exceeded, payments are also scaled back.
Cattle must be retained for at least 2 months after the
claim is made. All slaughter cattle, including cull cows,
qualify for a slaughter premium provided they have
been on the farm for at least two months. Suckler Cow
Premiums are paid up to a farm quota and a minimum
of 5 per cent and maximum of 40 per cent of claims can
be made on heifers over 8 months of age. Complex rules
apply to Extensification Premiums paid on farms prac-
tising extensive production methods. Detailed rules and
rates of payment can be found in official publications.
In 2003 discussions were in progress to alter funda-
mentally the basis of subsidy payments with headage
subsidies replaced by area payments.

The starting point for planning is a decision on which
beef system fits farm resources best, setting perfor-
mance targets and drawing up a budget to evaluate
margin potential. Figure 3.2 presents a budget format
that can be used to evaluate finishing systems and
shows as an example cereal bull beef from purebred
Holstein—Friesian bulls.
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If production is based on borrowed capital, it is
important to calculate the interest on working capital
that must be paid. The conventional method of calcu-
lation is the cost of the calf or store plus half the vari-
able costs multiplied by the monthly bank interest rate
for the number of months cattle are fed.

Sale returns are highly dependent on the quality of
cattle produced, especially their conformation. Figure
3.3 illustrates differentials for steer carcasses classified
by the EU method, in a conformation range from E
(excellent), U+, —U, R (average), O+, —O and P (very
poor). Note the severe discount for poor —O confor-
mation, especially for carcasses that stray into what is
regarded by most buyers as overfat class 4H. Hol-
stein—Friesian carcasses fall into the poorest conforma-
tion classes —O and P and a high proportion of the beef
is used for manufacturing. Good conformation classes
—U and better contain mainly continental breed crosses.

Generally, young bulls sell for the same price per kg
carcass or slightly less than steers in deadweight sales,
but command a premium at selected live auction
markets. Heifers usually sell at a small discount. There
is a steady move towards deadweight selling under
pressure from supermarket buying specifications.

Finishing suckled calves and stores

At the start of a winter feeding period there are two
options for steers and heifers. Either the cattle are fed
to gain at least 0.9kg/day, often higher, for finishing
that winter. Or they are fed a store ration to gain 0.6—
0.8kg/day in preparation for grazing the following
summer.

It is generally held that the profitability of finishing
depends mainly on buying and selling skills. It is per-
fectly true that the feeder’s margin — the difference
between the purchase and sale price — determines the
average gross margin. However, finishers with the best
margins owe much of their success to achieving high
standards of cattle performance.

Winter finishing

Winter finishing has a feeding period of four to eight
months, depending on breed, sex category and individ-
ual performance. At the start of the winter the cattle
may be yearling suckled calves or older store cattle.
Commonly, they are fed rationed concentrates with
silage to appetite, but on arable farms arable byprod-
ucts may partly or wholly replace grass silage.

Steers of all breed types are well suited to winter fin-
ishing. Early maturing heifers are less suitable because
they finish too quickly at light weights. Nevertheless,
continental cross heifers can be winter finished at
around 0.9kg/day on a high forage diet.
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Budget
(£/head)

Example: cereal beef®
(£/head @ 2003 prices)

A Calf or store cost

B Calf rearing to 3 months: dairy-bred calf

C Forage costs . . . cattle/ha @ . . . £/ha®

D Concentrate costs 1.9 tonnes @ £100/t

E Other feeds: straw 0.3 tonnes @ £30/t

straights . . . tonnes @ . . . /t
by-products . . .tonnes @ .../t

F Other variable costs: veterinary

bedding
marketing

Miscellaneous

Total
G Total calf + variable costs
(A+B+C+D+E+F)

H Sale weight (kg liveweight or carcass)

| Forecast sale price (£/kg)

J Returns: weight H x sale price |

K Gross margin (excluding premiums)

L Premiums: 1st beef special premium
2nd beef special premium
bull premium
slaughter premium
extensification premium
Total

Overall gross margin (including premiums) K + L

40

58

0
190

10
20

10
48

345
475kg
0.8£/kg
380
35

130
50

180
215

* Holstein—Friesian bull beef.

® Guidelines on forage costs at 2003 prices:
intensive (350kg N fertilizer/ha) £210/ha
semi-intensive (250kg N/ha) £150/ha
extensive (75kg N or less/ha) £70/ha.

Fig. 3.2 Budget format for beef finishing systems.

Carcass p/kg

Fatter

Fig. 3.3 Price differentials for steer carcasses of different EU
conformation and fat classes. Source: Meat and Livestock
Commission price report 1999.

Standards for winter finishing suckled calves and
stores are shown in Table 3.1. Continental cross steers
slaughtered at two years old or more may be too heavy
for some buyers.

Suckler bull beef is still relatively new to the UK, but
has been commonplace in France for many years. Pro-
duction is expanding in the UK but demand is limited
and it is important to secure a market before com-
mencing production. The system is simplest for spring-
born calves which are weaned in the autumn and
transferred gradually over about three weeks to an all-
concentrate diet containing 16 per cent crude protein.
However, autumn-born calves weaned in the spring can
also be used. The British safety code for bull beef pro-
duction recommends no more than 20 bulls to a pen but
much larger groups are housed in continental Europe.

Maize silage is short of protein but has good feed
intake characteristics and is an excellent source of
energy. In continental Europe maize silage is widely
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Table 3.1 Standards for winter finishing.

Yearling suckled calf 18-month store

British Continental British Continental

Steer Steer Heifer Steer Steer Heifer
Feeding period (months) 5 6 5 5 5 5
Start weight (kg) 320 350 310 420 475 400
Daily gain (kg) 0.9 1.0 0.8 0.8 0.9 0.8
Silage (tonnes, 22% DM) 3.6 3.6 4 5.7 5.9 5.5
Concentrates (kg) 300 450 220 135 265 200
Slaughter weight (kg) 455 525 430 540 610 525
Carcass (kg) 250 295 235 300 340 290

Table 3.2 Standards for suckler bull beef using continental crosses.

Spring-born Autumn-born
Concentrates Maize silage Concentrates Maize silage

Start age (months) 6 6 6 6

Feeding period (months) 6 7 6 7

Start weight (kg) 245 245 230 230
Daily gain (kg) 1.4 1.3 14 1.3
Concentrates (tonnes) 1.4 1.0 1.4 1.0
Maize silage (tonnes)? — 3.3 — 3.1
Slaughter weight (kg) 500 525 485 510
Carcass (kg) 280 295 270 285

®

Maize silage at 30% DM.

used as the forage base for intensive bull beef produc-
tion. The medium-sized feed lots of the Po valley in
northern Italy with a few hundred to a few thousand
cattle are a good example. In these maize silage com-
prises 30-50 per cent of ration DM.

Maize silage has not been used much for bull beef
production in Britain but there is potential for systems
in which maize silage forms up to 30 per cent of the dry
matter of the diet, producing daily gains not far short
of all-concentrate diets. Where suckled calf producers
on marginal land have suitable buildings available, bull
beef fed purchased concentrates can be a useful way of
adding value to herd output.

Standards for suckler bull beef are shown in Table
3.2. Achieving the target daily gains is a prerequisite
of profitable production. In practice many producers
extend the feeding period and take bulls to slaughter
weights in excess of 600kg. At these high slaughter
weights there is a danger of feed cost exceeding the

value of daily gain and carcasses being too heavy for
buyers.

Grass finishing

Grazed grass is the cheapest and potentially the highest
quality home grown feed. There is a growing realization
of the need to exploit grass better by managing swards
to maximize daily gains and, where practicable, to
extend the grazing season.

In grass finishing systems, achieving high daily gains
is especially important so that marketing begins in mid-
season and reduces cattle numbers in step with declin-
ing grass production and quality.

Two aspects of management are crucial. Firstly, in the
winter preceding grass finishing, gains are held down at
a store level so that cattle exhibit rapid compensatory
growth when they are turned out onto spring grass.
Secondly, grazing should be managed to get the best
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Table 3.3 Specimen winter store rations.

Weight British cross steer/heifer @ 0.6 kg/day Continental cross steer @ 0.8 kg/day
(kg)
Silage Straw + concentrate Silage + concentrate Straw + concentrate
(kg/day) (kg/day) (kg/day) (kg/day)
200 18 3.5+2.0 16 + 1 3.5+3.0
250 21 40+25 19 +1 45+3.0
300 23 45+3.0 22 +1 45+35
350 26 5.0 +3.5 20 +2 5.0 +4.0
400 28 5.0 +4.0 23+2 5.0 +4.5

combination of daily gains in cattle and regrowth of
high quality grass.

Grass finishing may commence with stores purchased
in the spring or with suckled calves or stores purchased
in the autumn that are overwintered before grass fin-
ishing. Specimen low cost rations for overwintering
cattle are shown in Table 3.3. The lower gain of 0.6kg/
day is optimum for British cross steers and heifers of all
breed types. The higher gain of 0.8 kg/day is suitable for
continental cross steers.

During the grazing season on set stocked pastures,
the provision of a continuous supply of nutritious grass
is achieved by controlling sward height (the average of
grazed and ungrazed grass). In the first half of the
season sward height is controlled at 6-8cm to inhibit
seed heading. Then in the second half of the season,
when there is less risk of seed heading and dead
herbage begins to accumulate in the base of the sward,
grazing height is relaxed to 8~10cm to allow more selec-
tive grazing.

The confidence to manage cattle at the high early
summer stocking rates needed to achieve this degree of
control is helped by adding 25 per cent to the main
grazing area as a buffer that can be grazed if grass runs
short but is conserved if not needed. From mid-season
grazing needs to expand onto aftermath regrowths on
areas previously cut for silage or hay.

Grazing performance is undermined if cattle, espe-
cially those in their first season of independent grazing,
become infected with parasitic worms that cause gastro-
enteritis and bronchitis. Effective control programmes
include early season treatment to inhibit the build-up
of infective larvae on the sward, mid-season treatment
accompanied by a move to fresh aftermaths on fields
previously conserved or mid-season treatment with a
long-acting bolus to control infection even though pas-
tures carry infective larvae. The choice depends on farm
circumstances (Chapter 19).

Standards for an overwintering and grass finishing
system are presented in Table 3.4. Because the second

Table 3.4 Standards for overwintering and grass finishing
suckler-bred steers and heifers.

Continental
British cross cross

Steer Heifer Steer Heifer

Winter store period

Feeding period (months) 6 6 6 6

Start weight (kg) 270 235 300 260
Daily gain (kg) 0.6 0.6 0.8 0.6
Concentrates (kg) 90 90 500 90
Silage (tonnes) 4.5 4.3 5.2 4.5
Grass finishing

Turnout weight (kg) 375 345 445 370
Feeding period (months) 5 5 6 5

Daily gain (kg) 0.8 0.7 0.9 0.8
Concentrates (kg) 50 0 150 50
Slaughter weight (kg) 500 450 600 490
Carcass (kg) 275 245 335 270

BSP is paid from 22 months of age, steers that are close
to this age at the end of the grazing season are often
yarded for winter finishing just to claim the subsidy. It
is a strategy that needs to be costed carefully.

Dairy beef systems

In the UK the main dairy herd calving season is in late
summer and autumn, which contrasts with many other
countries where cows calve in the spring. It reflects the
high proportion of milk produced used for year-round
liquid consumption.

Intensive indoor dairy beef systems can utilize calves
born at any time of year. However, grass-based systems
work best utilizing calves from the main calving season.
At turn-out in the spring these calves are old enough to
make effective use of grazed grass.



Cereal (barley) beef

Cereal beef is a housed bull beef system feeding an
all-concentrate diet to slaughter at 11-13 months of
age. Carcasses have a creamy white fat which is popular
with some supermarkets and independent butchers.
However, it is advisable to secure market outlets before
commencing production, especially if poor conforma-
tion Holstein—Friesians are reared. The system is at its
most profitable when it adds value to home-grown grain
or home-bred calves.

Profitable production is heavily dependent on achiev-
ing high target daily gains. The protein content of the
diet is reduced progressively from 18 per cent crude
protein in the calf ration to 14 per cent in the final fin-
ishing ration. From six months of age part of the protein
can be supplied by urea. Rumen enhancers such as
monensin sodium improve feed conversion efficiency
by about 10 per cent, but their continued use in the EU
is controversial.

Standards for cereal beef are shown in Table 3.5.

Table 3.5 Standards for cereal bull beef.
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Grass and maize silage beef

Grass silage bull beef was popular in the 1980s as a beef
system that made very intensive use of grass, all of
which was made into silage. Its flaw was that it was a
system designed for its production capabilities rather
than market demand. In the original system bulls were
16-18 months old at slaughter, by which time the car-
casses were too heavy for many buyers and the fat was
coloured by carotene. There are also question marks
over the eating quality of beef from bulls over 14
months of age.

There is still a place for grass silage bull beef up to
14 months of age and the standards in Table 3.6 are for
slaughter at this age. The system could also be used for
steers and heifers but, for reasons that have been
enumerated already, grass-based systems now place
emphasis on the utilization of grazed grass.

The section on winter finishing (see p. 15) has already
discussed the potential for maize silage in beef produc-
tion. With up to 30 per cent of the ration DM as maize

Breed type

Holstein—Friesian

Limousin x Friesian

Charolais x Friesian/
Simmental x Friesian

Belgian Blue x Friesian

Slaughter age (months) 11.5 12,5 12,5 125
Daily gain (kg)? 1.3 1.3 1.35 14
Concentrates (tonnes)? 1.8 1.9 1.9 2.0
Slaughter weight (kg) 460 500 510 530
Carcass (kg) 250 285 290 295
* From 3 months of age.
Table 3.6 Standards for grass silage bull beef.
Breed type
Holstein— Hereford x Limousin x Belgian Blue x Charolais x Friesian/
Friesian Friesian Friesian Friesian Simmental x Friesian
Daily gain (kg)* 1.15 1.05 1.3 1.25 1.3
Slaughter age (months) 14 14 14 14 14
Concentrates (tonnes)? 1.1 0.63 0.63 0.94 1.3
Silage (tonnes @ 22% DM)? 5.7 6.8 6.7 6.1 5.4
Cattle/ha 7.9 6.6 6.7 7.4 8.3
Slaughter weight (kg) 495 465 513 535 555
Carcass (kg) 270 255 290 300 305

®

From 3 months of age.
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Table 3.7 Standards for maize silage bull beef production.

Breed type

Holstein- Hereford x Limousin x Belgian Blue x Charolais x Friesian/

Friesian Friesian Friesian Friesian Simmental x Friesian
Daily gain (kg)? 1.25 1.2 1.25 1.3 1.3
Slaughter age (months) 13 12,5 13.5 13.5 13.5
Protein concentrate (tonnes)? 0.50 0.47 0.52 0.52 0.52
Cereal (tonnes)? 1.0 0.7 0.7 0.7 0.75
Silage (tonnes @ 30% DM)* 3.8 4.0 4.4 4.4 4.4
Cattle/hectare 8.7 8.3 7.5 7.5 7.5
Slaughter weight (kg) 490 455 510 530 535
Carcass (kg) 265 245 285 300 300

®

From 3 months of age.

silage there is little decline in daily gain from cereal
beef levels. Experience of the system is limited and so
the bull beef system presented in Table 3.7 is somewhat
speculative. It is based on 25 per cent of the ration DM
as maize silage supplemented with a protein con-
centrate and cereal. Profitable production is heavily
dependent on a high yield of good quality maize silage
and achieving target daily gains. Continental x Friesian
heifers may be suitable for maize silage beef fed to
gain about 1.0kg/day and slaughtered at 435-450kg
liveweight.

Eighteen-month beef

Eighteen-month beef is a grass-based system that uti-
lizes dairy-bred steers born in the autumn. It is the
original planned system of production in the UK.
Calves are reared through their first winter, grazed from
six to twelve months of age and then finished in their
second winter on rationed concentrates with silage to
appetite. Heifers may be used for eighteen-month beef,
but are better suited to grass finishing.

Profitability depends heavily on achieving good
grazing performance. In farm practice this has taken
second priority to making a large tonnage of first-cut
silage. This partly explains the poor financial margins
achieved in recent years. In addition, the system has a
relatively high concentrate requirement, a high silage
requirement and, at best, steers only qualify for a single
BSP payment.

The principles of good grazing management
described for grass finishing (see p. 17) apply equally to
eighteen-month beef. The cattle graze for the full
season and so, from mid-season, there is a need to
expand onto fresh aftermath grazing on areas previ-
ously cut for silage as the cattle grow heavier, but grass

production and quality decline. In addition, there is a
strong case for supplementing calves with about 1kg
concentrate daily for two or three weeks after turn-out
in the spring until they become accustomed to grazing.
Also, supplementation should be reintroduced in late
summer to counter rapidly declining grass quality, start-
ing at 1kg daily and building up to 2kg daily for a
month before housing.

Standards for the system are shown in Table 3.8. The
overall daily gain of 0.9kg for Limousin x Friesian
steers is made up of 0.8kg/day through the rearing
winter, 0.8kg/day during grazing and 1.1kg/day in the
finishing winter. The finishing gain would be achieved
at an average concentrate consumption of about 2.5kg
cereal or concentrate with good quality grass silage
to appetite. Limousin X Friesian heifers would be
managed at an overall daily gain of 0.8kg/day to a
slaughter weight of 450kg.

Grass beef

Grass beef is the most extensive of the planned dairy
beef systems. Farmers see it as a low cost system that
maximizes subsidy income. At best, steers qualify for
both BSP payments, an extensification premium and
the slaughter premium. Carcasses from continental
cross steers may be too heavy for some buyers. Heifers
are well suited to the system and can be more profitable
than unsubsidized steers.

Good grazing gains are essential for profitable
production. If first season gains are below target,
winter store feeding costs are increased to catch up
lost ground. Ideally, winter gains should be 0.5-
0.6kg/day for heifers and early maturing Hereford x
Friesian steers and 0.7-0.8kg/day for continental cross
steers.
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Breed type

Holstein- Hereford x Limousin x Belgian Blue Charolais x Friesian/

Friesian Friesian Friesian x Friesian Simmental x Friesian
Daily gain (kg) 0.85 0.85 0.9 0.95 0.95
Slaughter age (months) 18 17 18 18 18
Concentrates (tonnes)? 1.3 0.9 1.0 1.1 1.2
Silage (tonnes @ 22% DM)* 5.8 5.1 6.0 5.7 5.5
Cattle/hectare 3.4 3.9 3.3 3.5 3.6
Slaughter weight (kg) 500 460 520 525 540
Carcass (kg) 270 250 290 295 300

* From 3 months.
Table 3.9 Standards for steers in grass beef production.
Breed type

Holstein- Hereford x Limousin x Belgian Blue Charolais x Friesian/

Friesian Friesian Friesian x Friesian Simmental x Friesian
Daily gain (kg) 0.73 0.68 0.75 0.80 0.83
Slaughter age (months) 22+ 22+ 22+ 22+ 22+
Concentrates (tonnes)? 0.4 0.3 0.5 0.5 0.6
Silage (tonnes @ 22% DM)* 7.0 5.7 6.7 6.7 6.7
Cattle/ha 1.6 1.7 1.6 1.6 1.6
Slaughter weight (kg) 555 515 585 595 610
Carcass (kg) 300 280 330 335 340

* From 3 months of age.

In the second grazing season steers need to be mar-
keted as soon as possible after they qualify for the
second BSP to reduce stocking rate as the season pro-
gresses. Marketing of heifers should start in mid-season.
This need to reduce stock numbers from mid-season
in step with declining grass production favours early
maturing types of cattle. So early maturing Hereford x
Friesian steers fit the system better than late maturing
Holstein-Friesians or Charolais x Friesians that may
fail to finish off grass and have to be housed for a period
of winter finishing. Similarly, early maturing heifers
have advantages over later maturing steers. None-
theless, all the breed types, steers and heifers can be
utilized in the system provided their perfor-
mance characteristics are understood and managed
accordingly.

Grazing management is complicated by the fact that
there are two age groups of cattle on the farm. A

complex leader—follower grazing system was developed
in which the younger cattle graze selectively ahead of
the older age group. Despite its merits, it is rarely
adopted by farmers who prefer to keep the two age
groups separate.

The principles of good grazing management
described for grass finishing (see p. 17) are applicable
to grass beef. As with eighteen-month beef there is a
strong case for supplementing calves with about 1kg
concentrate daily for two or three weeks after turn-out
in the spring and reintroducing supplementation in late
summer to counter declining grass production and
quality.

Standards for steers in the system are presented in
Table 3.9. As an example of standards for heifers,
Limousin x Friesians would have a lifetime gain of
around 0.6kg/day to slaughter at 20 months of age
weighing 500kg.
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Structure in Europe and the world

Dairy farming in Europe and elsewhere is a very diverse
industry and ranges from high-yielding cows in Israel,
the USA and Canada as well as within European coun-
tries such as the Netherlands, Denmark and the UK
to the small, low-yielding herds of Greece, Portugal,
Spain and Italy. In many parts of the world milking
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herds consist of a single cow, often with a calf at foot,
or very small numbers of low-yielding cows. This occurs
in many parts of Africa and Asia, and in Europe
smallish herds are seen in countries such as Greece,
Portugal, Spain and Italy. While there have been very
gradual changes in the last half-century in Europe and
the United Kingdom, the introduction of milk quotas in
1984 accelerated these. In the last decade since the first
edition of Bovine Medicine was published the changes
have been faster and at the start of the new twenty-first
century they have become very rapid indeed. There are
increasing trends towards a so-called ‘global market’
with a lowering of tariff barriers. If this continues this
will mean that many areas where milk price is directly or
indirectly subsidized will have to deal with lowered
price for the product. Many areas with low labour costs
and good weather to grow crops are starting to gear
themselves up to the challenge of producing low cost
milk for export to other parts of the world. This is at
present particularly occurring in North and South
America.

Over the past few years much thought has been
invested by the World Trade Organization, among
others, about increasing the flow of milk and dairy prod-
ucts across the globe. However, the dairy markets are
some of the most protected of agricultural products
and the Organization for Economic Co-operation and
Development estimated in the late 1990s that member
states producer support arrangements were, in absolute
terms, higher than for all other commodities. It is this
background which is causing international trade organ-
izations to find ways to reduce export subsidies paid
by countries and to alter tariff quotas for imported
products.

The introduction of milk production quotas had a
very profound effect on the European milk industry. Its
aim was to reduce overall European milk production
and the changes undertaken by producers to accom-
modate this altered many milk parameters. The struc-
ture in 1983 prior to the change is given in Table 4.1a
and the present situation within the enlarged EU is
shown in Table 4.1b. The position presented in Table
4.1a was reached over the previous 23 years by each
country expanding its milk production through an
expanded herd size and increased yield per cow. Total
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Table 4.1a EEC dairy structure (pre milk quotas).

Cows Herds Average herd Yield Total Self-sufficiency
(’000) (’000) size (/cow) production
(’000t) BF SNF
(%) (%)
Germany 5451 363 15.3 4650 26007 116 136
France 6506 367 19.8 3950 33337 122 128
Italy 3120 424 7.3 3540 11030 66 63
Netherlands 2333 58 40.8 5330 12550 256 116
Belgium 946 45 21.7 3930 4145 104 116
Luxembourg 70 2 29.7 4274 320
UK 3257 54 58.2 4906 17680 86 104
Irish Republic 1528 77 19.9 3910 6480 298 175
Denmark 913 35 28.2 5585 5205 212 142
Greece 219 77 3.1 3200 770 - -
Portugal 369 115 3.2 3021 1115 - -
Spain 1885 - - 3382 6375 - -

Source: Milk Marketing Board (1986).

Table 4.1b EU dairy structure in 2000 (post milk quotas).

Country Cows Herds (1997) Average herd Yield Total Butterfat Protein
(2000) (’000) size (1997) (2000) production content content
(’000) (kg/cow) (2000) (2000) (2000)
(’ooot) (% by weight) (% by weight)

Germany 4539 186 27.9 6157 28332 4.22 3.41
France 4413 146 30.7 5844 24775 4.08 3.19
Italy 2172 102 20.5 5113 10774 3.66 3.26
Netherlands 1532 37 44.0 7302 11155 4.40 3.46
Belgium 629 20 323 5420 3383 4.09 3.34
Luxembourg 44 1 36.5 6030 265 4.19 3.34
United 2339 36 68.8 6133 14489 4.01 3.30
Kingdom

Irish 1238 39 32.4 4191 5280 3.70 3.23
Republic

Denmark 644 13 50.8 7272 4720 4.28 3.44
Greece 173 24 7.7 4756 805 3.67 3.22
Spain 1141 106 1.9 5007 5900 3.75 3.09
Portugal 355 70 5.2 5819 2057 3.84 3.19
Austria 621 86 8.4 4977 3340 4.13 3.33
Finland 358 29 13.3 6916 2524 4.22 3.29
Sweden 426 16 29.6 7748 3348 4.18 3.31
EU Fifteen 20624 911 24.0 5885 121146 4.07 3.31

Sources: various including mainly National Dairy Council (2001).

cow population did not increase to the same extent as The Common Agricultural Policy (CAP) set out to
the number of dairy producers gradually declined. The increase food production, maintain farm incomes and
reasons for this were due to both individual national prevent rural depopulation. This encouraged the very

policies and the then EC requirements. small farms of much of Europe to survive and expand,
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Table 4.2 Production and milk quota ('000 tonnes) for EU
Member States.

Production Milk quota

1983 1983-84 1991-92 2000-2001

Germany 26429 23792 22927 27865
France 33230 26768 24613 24236
Italy 11310 9914 9221 10314
Netherlands 12782 12197 11213 11075
Belgium 4149 3643 3364 3310
Luxembourg 319 294 272 269
UK 17878 15950 14789 14602
Irish Republic ~ 6380 5599 5301 5342
Denmark 5361 4933 4525 4455
Greece 765 588 581 675
Spain 5917
Portugal 1872
Austria 2749
Finland 2407
Sweden 3303
EU Fifteen 118391

Sources: Milk Marketing Board (1990); National Dairy Council (2001).

while for the larger producers, financial help made dairy
farming relatively profitable compared with other
sectors of agriculture. Thus total milk production for
the 10 members of the EC at that time rose from 87.5
million tonnes in 1965 to 120.7 million tonnes in 1983.
The success of the EU milk quota in controlling
production is demonstrated by the fact that even in
the expanded Union total milk production was 120.9
million tonnes in 1998.

While the CAP was proving very satisfactory for
dairy farmers, the financial support they were receiving
was increasingly threatening the whole EU budget.
Most of this aid was provided through intervention
buying of surplus products. In fact, sale into interven-
tion became the accepted market rather than the
market of last resort. Thus by 1983, self-sufficiency
levels rose within the EC to 125 per cent for butterfat
(BF) and 166 per cent for solids-not-fats (SNF) (Table
4.1a) and the cost of dairy support made up one quarter
of the whole EC agricultural budget. Thus at this stage,
milk quotas were imposed to control milk production
and each member country had to take a cut of varying
proportions (Table 4.2).

If national production exceeded the allocated quota
then a super-levy was imposed. This super-levy was to
be calculated either on a dairy basis or on an on-farm
basis. On a dairy basis, if national production and the
supplying dairy were over quota, then levy was imposed
on the dairy and hence back to the individual over-

quota producers at a rate of 100 per cent of the target
price for milk. On an on-farm basis, provided national
production exceeded quota, each farm paid super-levy
on excess production above its individual quota at
a rate of 75 per cent of the target price for milk. In
1987-88 further changes to the means of determining
super-levy liability were made so that those producers
most over quota paid the highest proportion of the levy,
again provided the national quota was exceeded.

Quota has been transferable between individual
farmers within a member state, either on a sale
(attached to land or without, but both are complex) or
lease basis (a much simpler procedure) or else on an
administratively based system where unused quota
reverts to an authority and is re-allocated. Further reg-
ulation in 1987 imposed a butterfat ceiling on quotas,
thereby giving a reduction in national quota if the
average butterfat of 1985-86 was exceeded. Also in
1987 further quota cuts were announced, resulting in a
further fall by 1989 of 8 per cent. The calculation of any
liability for excess production for a farmer is extremely
complex. It depends on the amount of milk over quota
and on the average butterfat content of the milk. Each
producer has a butterfat reference figure. If a levy is to
be charged then the farmer’s production volume will be
adjusted up or down by the amount that the butterfat
average differs from his/her reference figure. Again
levies only arise when national production is too
high.

The objective of reducing milk production has been
achieved. Initially it was envisaged that milk quotas
would be phased out in the early 2000s. However, this
has not been the case and the CAP reform has extended
milk quota until 2006. Special increases in quota were
allocated to Italy, Spain, Greece, Ireland and Northern
Ireland in 2000 and 2001 in addition to the increase of
1.5 per cent given to all countries in three stages from
2005. The intervention price will be gradually cut from
2005 and it is expected that the system will have been
re-examined in detail by then.

Trends of structure in the United Kingdom

Changes to the structure in dairy farming in the United
Kingdom have mirrored the trends over the last 25
years in Europe. Thus there are fewer producers and
slightly fewer cows, but in larger herds and with a higher
yield per cow (Table 4.3). This has been brought about
by the virtual elimination of the small herd. In 1972, 20
per cent of cows were in herds of less than 30 cows, but
by 1997 it was about 5 per cent. This acceleration has
increased at the beginning of the new century as milk
prices dropped, causing most farms either just to break
even or to lose money. The foot and mouth disease out-
break of 2001 has caused more producers to cease milk



production, and present numbers of herds are likely to
decrease sharply.

The December 2001 census showed UK dairy cows
down to 2.203 million with in-calf heifers down to 0.442
million. While beef cows were down to 1.673 million, in-
calf beef heifer numbers rose.

The changes to larger herds have been facilitated by
new technology and mechanization and a consequent
loss of labour. In 1972, 67 per cent of farms milked
through a cowshed, with only 28 per cent in 1990.

Table 4.3 The structure of dairying in England and Wales, 1965
to 2001.

Year Producers Cows Average Yield

(’000) (millions) herd size (Vcow)
1965 100.5 2.65 26 3545
1970 80.3 2.71 33 3755
1975 60.3 2.70 46 4070
1980 43.4 2.67 58 4715
1984 39.3 2.70 67 4950
1988 31.7 2.38 69 4870
1990 31.5 2.33 70 5020
1995 28.1 2.10 74 5380%
1998 247 1.92 77 5770%
1999 23.3 1.94 82 59552
2000 21.8 1.84 85 59402
2001 20.2 1.76

®

United Kingdom figures.
Source: Milk Marketing Board, 1990; National Dairy Council, 2001.

Fig. 4.1 Miking in the herringbone
parlour.
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Herringbone parlours accounted for only 11 per cent of
milking installations in 1972, but made up over 45
per cent in 1990 (Fig. 4.1), and are the main system
today.

The increased yields have been realized by improved
feeding (see Chapter 9), breeding and management
techniques. The breed of cow in the UK has altered, 64
per cent Friesian in 1965 moving to over 91 per cent
Holstein—Friesian by 1990, which has also made a major
contribution.

Milk purchase has also undergone some very funda-
mental changes in the last century. Initially farmers
sold direct to dairy companies. However, as the latter
became larger the individual farmer had problems in
obtaining a fair price. This resulted in Agricultural Mar-
keting Acts in 1931 and 1933, which set up a framework
whereby all the milk produced was taken by the Milk
Marketing Boards who then had to sell it on the pro-
ducer’s behalf. The Agricultural Act of 1993 allowed the
abolition of the Milk Marketing Boards in Great
Britain and from 1 November 1994 the Milk Marketing
Scheme was revoked (Northern Ireland from 1 March
1995). In the deregulated market, producers are free to
sell their milk wherever they choose including direct
to dairy companies, or via intermediary organizations
managed jointly by the dairy company and producers,
or independent producer groups, usually co-operatives,
who either then sell to the dairy companies or process
the milk themselves. Many sold milk via Milk Marque,
which was considered in 1999 to be a monopoly, result-
ing in its division into three new regionally based co-
operatives, namely Axis, Milklink and Zenith, which
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Table 4.4 Utilization of milk in England and Wales (%) to 1989-90 and in the United

Kingdom (%) to 2000.

Liquid Butter Cheese Condensed Cream Others
milk milk
1964-65 73 3 11 5 5 3
1969-70 66 10 10 4 7 3
1974-75 62 8 16 4 8 2
1979-80 50 23 15 3 7 2
1982-83 45 31 14 2 6 2
1983-84 45 30 14 2 6 3
1984-85 48 27 15 2 5 3
1987-88 49 23 19 2 3 4
1989-90 51 20 18 2 4 4
1993-94° 86 2 4 2 3 3
2000* 50 2 22 4 2 20

Source: Milk Marketing Board (1986); National Dairy Council (2001).

*Figures on a different basis to previously.

began to operate as fully independent businesses from
1 April 2000. There has since been more rationalization
and mergers, with one group involved in milk purchase
in Scotland, England and Wales becoming known as
British Milk. Some milk purchasers now have their
headquarters outside the UK.

The last few years have seen many milk purchasers
buying milk from individual farmers or small groups
or farmer clubs. In the early part of the twenty-first
century the number of purchasers has been reducing
and farmers are starting to combine in co-operatives to
provide more negotiating power with the purchasers.
Milk is now purchased in varying ways, but is usually
paid for according to its composition, cell count and
bacterial count (undertaken in the UK by a Bactoscan,
see Chapter 25). There are also seasonality payments.

Milk utilization

While milk production has increased over the last 25
years, milk consumption has slightly reduced. The
amount used as liquid milk has declined from 73 to 45
per cent. However, because of quotas this percentage
has increased again (Table 4.4). Self-sufficiency in 1999
compared with 1996 in the UK was 74 per cent (68 per
cent) for butter, 64 per cent (69 per cent) for cheese,
128 per cent (129 per cent) for condensed milk, 147 per
cent (147 per cent) for cream and 187 per cent (112 per
cent) for skim milk powder.

Prior to the EU, the UK was mainly concerned with
supplying the liquid market, with Commonwealth
countries supplying butter and cheese requirements.

Fig. 4.2 A modern butter-making creamery produces and
packs 5 tonnes of butter an hour.

This changed with increasing amounts of milk being
used for manufacturing. At one stage (Table 4.4) butter
manufacture increased (Fig. 4.2) with much interven-
tion producing the so-called ‘butter mountain’. With
liquid milk sales realizing the highest return to the pro-
ducer, the producers in England and Wales should be
in a more favourable position than the rest of the EU,
as shown in Table 4.5. The large quantities of other uses
constitute mainly milk powder and milk fed to live-
stock, which is common practice in some countries.
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Table 4.5 Utilization of whole milk, 1984—1989 (%).

Liquid Butter Cheese Condensed Cream Others
Milk milk
‘84 89 ‘84 ’89 '84 ’89 ’84 ‘89 ‘84 89 ‘84 ’89
Germany 13 14 46 34 13 17 4 3 9 13 15 19
France 9 17 38 36 22 28 1 4 5 26 13
Italy 29 28 14 14 44 43 - - 4 5 9 10
Netherlands 6 6 42 36 27 32 8 6 3 4 14 16
Belgium 15 16 55 51 5 7 - 1 5 8 20 17
Luxembourg 11 13 56 53 3 4 - - 9 13 21 17
UK 41 48 26 20 14 19 2 3 4 3 13 7
Irish Republic 10 11 62 58 9 13 2 2 3 4 14 12
Denmark 8 6 38 37 30 32 - - 5 8 19 17
Greece 29 30 3 2 47 53 - - 2 3 19 12
Source: Milk Marketing Board (1986, 1990).
Table 4.6 Dairy herd breed distribution.
Approximate Yield Butterfat Protein
percentage of (kg/cow) (%) (%)
national herd
Ayrshire 2.0 5887 4.04 3.34
Holstein/Friesian 90.0 6960 3.98 3.27
Guernsey 1.8 4899 4.76 3.58
Jersey 1.6 4708 5.40 3.29
Dairy Shorthorn 0.3 5589 3.88 3.30
Others and crosses 4.3 - - -

Sources: various, including National Dairy Council (2001).

While this table relates to the 1980s, proportions are rel-
atively similar today. The surplus situation in Europe
was at one time exacerbated by much of the liquid milk
consumed being skimmed milk, or semi-skimmed milk,
allowing the release of milk for butter production. The
last 20 years have also seen a similar trend in the UK,
with about 20 per cent of liquid milk consumed as skim
or semi-skim in the 1980s, 55 per cent in 1994 and 62
per cent in 1998. The further quota restrictions have
taken this into account.

Dairy breeds

The principal dairy breeds of the United Kingdom are
given in Table 4.6. These breeds or their local variations

are now becoming very similar in many other parts of
the world. While every breed has its enthusiasts, the vast
majority of herds are mainly Holstein—Friesian type
(Fig. 4.3). These black and white cows are renowned for
their high yields of average quality milk. As they
become more extreme, the surplus males are of less use
for beef. Recently the input costs have been examined
by some farmers and there is a slight tendency for those
who wish low input production to favour animals of a
less extreme Holstein type. These animals are also often
favoured by the organic milk producers. However,
those aiming at the very high yielding herd are still pur-
suing a Holstein type of animal. The main drawback of
such animals is that any surplus calves produced are of
limited use in beef production. Such problems in the
future may be overcome by the use of sexed semen and
then possibly by the one of embryo transfer in those



28 e Chapter 4

Fig. 4.3 (a) A Friesian cow, (b) a Guernsey cow, (c) a Jersey cow, (d) an Ayrshire cow.

cows not required to produce dairy herd replacements.
The increased interest in organic farming and sustain-
able agriculture is likely to be reflected in an increase
in usage of Friesian-type animals, which are more
adjusted to such production systems than the Holstein.

The Channel Island breeds, Guernseys and Jerseys,
are still popular with a minority of breeders. They are
docile cows producing lower yields of very high quality
‘gold top’ milk. This sells at a premium to the liquid
milk or cream markets. The milk is now often sold
homogenized. The breed does produce very efficiently
on the basis of weight of milk constituents produced.
The beefing qualities are low and the fat tends to
be yellow, but the meat can be acceptable when
crossed with one of the continental beef breeds such as
Charolais, Limousin, Simmental or Belgian Blue. Dys-
tokia problems in the Channel Island breeds are few
because of a broad and pliable pelvis that allows deliv-
ery of viable live calves when crossed with the large
beef breeds.

The Ayrshire is still regionally very popular in a few
parts of its native Scotland. While its numbers have

decreased, the breed has currently been given a boost
as its milk is being specifically retailed by some chain
food stores. A smaller cow than the Friesian, it produces
lower milk yields but of higher quality. It is a breed
renowned for the dairy type and so is not very suitable
for beef.

The Dairy Shorthorn has suffered from the demise of
being the major breed pre World War II, now slipping
to almost insignificance. With good beefing qualities, it
tended to fall between two stools, with neither the milk
quantity of the Friesian nor the quality of the Channel
Island breeds. Types of the breed are used in some
countries. Its use may also increase on farms practising
sustainable or organic agriculture.

The beefing characteristics of the dairy breeds are of
importance in England and Wales as the majority of the
beef produced originates from the dairy herd. Until
March 1996, the origin of British beef was as in Fig. 4.4.
The Over Thirty Month Scheme (OTMS), which pre-
vented the sale of older animals for human consump-
tion, plus the Calf Processing Aid Scheme (CPAS),
which paid a premium for calves slaughtered before 20
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Fig. 4.4 Sources of beef in the UK. Imported
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Table 4.7 Sources of home-produced beef. Reproduced with
permission from Meat and Livestock Commission (1999).

1993 1995 1996 1998
(%) (%) (%) (%)
UK-bred steers, 78 76 92 100
heifers and
young bulls
beef herd 34 35 43 52
dairy herd 44 41 49 48
Cull cows 19 22 8 0
beef herd 8 6 3 0
dairy herd 1 16 5 0
Adult bulls 1 1 0 0
Irish cattle 1 1 0 0

days of age, payable from May 1996 until 31 July 1999,
altered these proportions so that in the early twenty-
first century the origins are as in Table 4.7. These are
likely to alter with an increase in the amount of beef

derived from the dairy herd. Recent BSE problems in
other parts of Europe are also altering the types of
animal which are entering the meat industry for use
both directly and in manufacturing. In Britain, should
the OTMS be removed, it will cause another alteration
in the constituents of beef which is consumed. At
present, increased proportions of total beef production
are being used for manufacturing and catering and so
if human consumption of over thirty-month-old beef
is again allowed, there should be a market for the
product.

The Friesian breed has played an important part in
beef production with most farmers producing sufficient
of their cows pure to provide the heifer replacements
for the dairy herd, with the remainder being bred to a
beef bull to maximize calf returns. Figure 4.5 shows
that, in most years, 60-70 per cent of inseminations have
been to a dairy bull, with the remainder to beef breeds.
These data cannot at present be updated, but the most
numerous breeds of bull used for artificial insemination
(AI) in 1986 are shown in Table 4.8. While the dairy
inseminations follow the pattern of breed distribution,
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Fig. 4.5 Dairy, dual purpose and beef inseminations as per-
centages of total inseminations. Source: Report of Breeding and
Production Organization, MMB (1986).

Table 4.8 Al breed demand in MMB areas, 1986 (%).

Ayrshire 0.7
Friesian/Holstein 57.8
Guernsey 0.8
Jersey 1.2
Shorthorn 0.2
Total dairy breeds 60.7
Aberdeen Angus 2.8
Belgian Blue 1.1

Charolais 7.4
Hereford 12.0
Limousin 12.7
Simmental 1.7
Others 1.6
Total beef breeds 39.3

Source: Report of the Breeding and Production Organization, MMB
(1986).

with beef the continental breeds are replacing the tra-
ditional British beef breeds, especially the Hereford.
The Belgian Blue is more widely used in the UK than
shown in Table 4.8, but again recent figures are unob-
tainable. The Aberdeen Angus continues to enjoy some
support because of the ease of calving, particularly
when used on maiden heifers or small cows. It also has
some marketing advantages in that Angus beef can
demand a premium.

While there is an increasing amount of embryo trans-
fer occurring and costs have reduced, it is still an
uncommon procedure. However, the possible use of
sexed semen does appear to offer considerable possi-
bilities over the next few years. Its uptake will be very

Water \}—0 Inorganic matter —minerals
Food
Organic _| Proteins
Dry Matter matter Qils
Fibre
Carbohydrates
Vitamins

Fig. 4.6 Food components.

dependent on the price and the quality of the bulls
offered.

Feeding dairy cows (see also Chapter 9)

A vital feature of dairy cow management is correct
feeding. Food, either purchased or home produced,
amounts to 60 per cent of the variable costs of produc-
tion so the efficiency of feed use is extremely im-
portant. In the past, most high-energy feeds were
purchased as concentrates from feed manufacturing
companies. The onset of bigger herds, access to machin-
ery to mix up feeds and the ability to buy feed con-
stituents at competitive prices have meant that many
dairy and beef farmers now produce their own rations,
often feeding them as complete feeds or total mixed
rations (TMR).

The main components of feed are shown in Fig. 4.6.
All feeds contain water in varying amounts. Dry feeds
such as cereals will only have about 14 per cent water,
while other feeds such as mangels and other root crops
will be up to 90 per cent water. While all cows require
water it is the dry matter proportion of the total food
that supplies the nutrients for maintenance and pro-
duction. In general, the higher the dry matter of the
overall diet, the higher will be the dry matter intake
(DMI). Apart from the need for minerals and vitamins,
the main aspects to consider in dairy cow feeding are
DMI and energy and protein levels.

Dry matter intake

Dry matter intake (DMI) is affected by the liveweight
of the cow, stage of lactation, milk yield, type of feed
and frequency of feeding. As a guide for estimating
DMI the following equation is used:

DMI (kg/day) = 0.025 x liveweight (kg) + 0.1
x milk yield (kg/day)

At calving DMI will be 2-3kg/day lower than calcu-
lated, but it will then increase to peak at three to five
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Breed Liveweight Maintenance Production Liveweight gain Pregnancy
(kg) (MJ/day) (MJ/kg milk) (MJ/kg gain) (MJ/day)
Ayrshire 500 54 5.3 34 23
Friesian 600 63 52 34 23
Guernsey 450 49 5.8 34 23
Jersey 350 40 5.9 34 23
Shorthorn 550 59 5.1 34 23
Table 4.10 Digestible crude protein requirements of dairy cows.
Breed Liveweight Maintenance Production Pregnancy
(kg) (g9/day) (9/kg milk) (g/day)
Ayrshire 500 300 60 150
Friesian 600 350 55 150
Guernsey 450 275 70 150
Jersey 350 225 70 150
Shorthorn 550 325 55 150
months after calving. After peak milk production, Maintenance 63MJ
intake decreases slowly through lactation and is lower Production (20 x 5.2) 104MJ
during the dry period. DMI can be increased by feeding Liveweight gain (0.5 x 34) 17MJ
highly or more digestible feeds such as maize silage. Pregnancy 23MJ
Thus cows will eat greater quantities of a 70 per cent Total energy required 207 MJ/day

digestibility (D) silage then one of 64 D. Also succulent
feeds such as brewers’ grains, kale and roots consider-
ably enhance intakes in an otherwise dry diet of hay or
silage with concentrates. When feeding large quantities
of concentrates, splitting the feed into three or four
feeds rather than the conventional two in the parlour
will also increase intake and reduce rumen acidity. This
is also why TMR can work well and again it will increase
feed intake.

Energy (see Chapter 9)

The energy requirements of a dairy cow depend on
her needs for maintenance, lactation, pregnancy and
whether she is increasing or decreasing weight (Table
4.9). Energy in diets in Britain is measured as metabo-
lizable energy (ME) and the units are megajoules (MJ)
per kilogramme dry matter (DM). If dairy cows are in
energy deficit then body fat will be mobilized, causing
liveweight loss to make up for some or all of the deficit.
This will contribute about 28MJ of ME per kg live-
weight loss. Estimated energy requirements are shown
in Table 4.9. Thus, for example, a 600kg Friesian cow
producing 20kg/day of milk, in calf and gaining 0.5kg/
day liveweight would require:

Protein (see Chapter 9)

Protein is required for both maintenance and produc-
tion. In contrast to the case for energy, body tissues
cannot be used to make up a shortfall in protein and so
milk yields will suffer if protein is in deficit, especially
in early lactation. Protein is often measured as crude
protein (CP) and is given as percentage of dry matter.
In rations it used to be measured in grammes of
digestible crude protein (DCP) per kilogram DM.
Requirements for maintenance and production are
shown in Table 4.10.

A refinement of the DCP system is the division
of rumen degradable protein (RDP) and rumen
undegradable protein (UDP). A dairy cow has a need
for both types of protein. The system has been further
refined into the metabolizable protein (MP) system.
This looks at the rate at which protein becomes avail-
able within the rumen and is given as quickly degrad-
able protein (QDP) and slowly degradable protein
(SDP). These two (QDP + SDP) form what is known as
the effective rumen degradable protein (ERDP). A cow
has a need for both rumen degradable protein (both
quick and slow) and rumen undegradable protein.
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Different feeds contain different proportions or ratings
of these. Thus silage is about 80 per cent degradable and
soya is about 60 per cent degradable. Also, degradabil-
ity does depend on the form of the feed, thus heating
or formalin treatment reduces rumen degradability. The
rate of passage out of the rumen also has an effect, with
higher passage rates increasing the UDP.

In many instances, although the protein supplied may
be sufficient in terms of its CP or DCP basis, it may still
be deficient in either RDP or UDP. In early lactation
on a predominantly grass silage diet, any shortfall is
likely to be in UDP; this explains the observed good
response when fishmeal or soya was added. Meat and
bone meal are also a good source of UDP but were
banned in Great Britain in 1988 for ruminants and in
the rest of the EU finally in 2001. The EU also decided
to ban the use of fishmeal in ruminant diets from 1
January 2001, resulting in the loss of a major practical
source of UDP. However, it may return.

Feeding strategies

Many textbooks have been written on strategies for
feeding dairy cows. The main principles are (i) to maxi-
mize DMI and (ii) to provide the cow’s requirements
as cheaply as possible. These two requirements are
associated as the higher the DMI then the lower the
energy concentration in the diet and hence the cheaper
the production of the ration.

In early lactation of high-yielding cows, it will be dif-
ficult to satisfy their requirements within appetite. This
will result in a loss of bodyweight, perhaps 0.5kg/day,

for the first 120 days of lactation. As yield declines and
appetite increases then balance should be reached
and then any liveweight loss in early lactation can be
replaced in mid to late lactation (see Fig. 4.7 and
Chapter 9). As will be discussed later, a compromise has
to be achieved between biological efficiency and eco-
nomic efficiency.

Very approximately, the most common feeds for
dairy cows (grazing grass, grass silage and concentrates)
have a relative cost of 1:2:3. Therefore, greater profits
will be shown as the proportion of grass and silage in
the total diet increases provided performance does not
suffer (see Fig. 4.8).

While flat rate feeding of concentrates is popular,
particularly with total mixed rations (TMR), most
farmers feed at least partly to yield. In most instances

MNutrient
gap Milk yield

| |
0 15 30 45

Weeks after calving

Fig. 4.7 Nutrient gap.

Fig. 4.8 Feeding silage at a barrier.
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Table 4.12 Main mineral requirement of dairy cows.

Stage of lactation

Ca P Mg Na

Early Mid Late
Concentrates (kg DM/day) 8 6 2
Silage (kg DM/day) 8 12 12
Total DMI (kg/day) 16 18 14
Energy supplied (MJ/day) 180 195 145
Energy required (MJ/day) 195 186 133

this is important as dairy cows are not similar enough
in their genetic make-up to allow feeding as if a single
animal. It also cannot work unless cows are all at the
same stage of lactation rather than calving over wide-
spread periods or all the year round. Thus most farmers
do to a certain extent ‘feed to yield” or requirements,
whereby concentrates are allocated on an individual
basis depending on the yield attained and/or condition
loss. In consequence, more concentrates are fed early
on in lactation and are reduced as lactation progresses.
Appetite is dependent on DMI so as concentrate con-
sumption increases, forage intake reduces. This has the
effect of limiting forage intake in early lactation
as concentrates are normally eaten in preference to
forages. Table 4.11 shows the effect of this on the cow’s
diet. For correct digestion the dry matter ratio between
concentrates and forage should be in the range 70:30
to 30:70 in early to mid lactation. Any lower and per-
formance will suffer, any higher and digestion will
suffer (see pages 829-32).

Minerals and vitamins

The daily requirements for these must be adequately
met if the dairy cow is to remain healthy and produce
effectively. The major essential elements are calcium,
phosphorus, magnesium, sodium, potassium, chlorine
and sulphur. Table 4.12 gives the daily requirements for
four minerals. The main vitamins required are A, D and
E. As milk yields increase the mineral and vitamin
requirements become more critical. They should always
form an integral part of the ration. When proprietary
concentrates are fed these will usually produce
sufficient of these nutrients for the productive cow.
However, where rations are all or nearly all TMR then
addition of adequate amounts of vitamins and minerals
is essential.

Grassland farming

Grass and its derivatives, hay and silage, form an impor-
tant part of dairy farming. The two major aspects to

Maintenance (g/day)
Liveweight (kg)

400 14 19 6 7
500 18 26 8 9
600 21 32 9 10

Production (9/10kg milk)

Fat content of milk (%)
4.0 28 17 6 6
5.0 30 17 6 6

consider are grassland production and grassland
utilization.

Grassland production

To get optimum production from grassland the basics
must be correct. These include climate and soil type
about which little can be done. Grass grows best on a
medium loam soil with adequate summer rainfall.
These conditions are most often found in the west of
England and Wales. Where soil is heavy and water-
logged, then drainage can give good results. Conversely,
in dry areas, irrigation has a part to play, although the
economics of grassland irrigation in Britain are ques-
tionable on all except the driest farms. Soil acidity
should be corrected to a pH of 5.5-6.5.

Having achieved as near optimum as possible with
the basics the next area to consider is grass varieties.
For grazing, most seed mixtures are based on varieties
of perennial ryegrass (Fig. 4.9). There are many recom-
mended varieties in the National Institute of Agricul-
tural Botany (NIAB) lists. Timothy is often sown, which
adds some palatability and midsummer growth. Older
grass varieties such as meadow fescue and cocks-foot
are not often sown now. Most mixtures will also include
some white clover. This provides nutrients by fixing
atmospheric nitrogen and also increases intake by
improving the palatability of the sward. But clover is
difficult to establish and maintain in grassland receiv-
ing high levels of fertilizer nitrogen.

Once established, and with good management, a
grazing sward should remain highly productive for 10
years or more. The main enemy to this is grazing in too
wet conditions, when treading and poaching will quickly
destroy a sward and allow weed grasses to establish.
Swards mainly for cutting are usually based on a shorter
term perennial ryegrass or Italian ryegrass. These have
a more erect growth habit and are easier to cut but are
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not so persistent. They are often grown as a grass break
in an arable rotation for two to three years. Often the
species are sown pure. If clover is required then red
clover is more suited to a cutting regimen than white
clover. In between these extremes are many dual
purpose mixtures that are both grazed and cut during a
season.

The best time to sow grass is in August—September.
This gives it a chance to establish before winter and
to be in full production the following spring. A
spring reseed in April-May will lose much of the first
year’s production and can be vulnerable to summer
drought.

Fig. 4.9 Cow set stocking, grazing a rye-
grass sward.

Fig. 4.10 A good response is shown from
nitrogen fertilizer.

Having established the grass the fertilizer require-
ment must be satisfied. Normal recommendations for
grazing would be an annual application of 300kg/ha
nitrogen, 40kg/ha phosphate and 40kg/ha potash.
Under a cutting regimen the nitrogen and potash
would be increased to 350 and 150kg respectively.
Whilst phosphate and potash are essential for grass
growth the main response is shown to nitrogen. Much
trial work has been undertaken showing a good
response up to 400kg/ha, but the average nitrogen
use is still under 200kg/ha (Fig. 4.10). Researchers
have defined a target nitrogen use as being the point
in the response curve where 10kg of grass dry
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matter are produced for each 1kg of fertilizer
nitrogen. Nitrogen use is now controlled in many
areas.

Figure 4.11 shows the target point for five site classes,
class 1 being the most suited to grass growth and class
5 the least suitable.

Grassland utilization

Grass growth is uneven through the year with a peak in
the spring and then falling away through the growing
season (Fig. 4.12). Grass growth will also vary greatly
between seasons depending mainly on the summer
rainfall. Nor are the animal requirements even over the
season. For all these reasons any system of grassland
utilization must be flexible and adaptable to cover any
situation.

The overall aim is to provide the cow with her
maintenance requirement and as much of her produc-
tion as possible for each day of the year. This will be
achieved with an integrated grazing and cutting system
whereby in early season about one-third of the grass
area is grazed and two-thirds is cut. This is reversed in
mid season and then the whole farm is grazed in the
autumn.

The most common systems of grazing management
are either continuous grazing or rotational grazing with
paddocks or strip grazing. There is little to choose
between systems in terms of output so choice is down
to personal preference and ease of management.

Under any system, cows should be stocked at a heavy
density (6-8/ha) in the spring, which will allow a
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Grass (GRI and ICl).

maximum area to be cut without affecting milk
production. Maintenance plus 20-251/day of milk can
easily be obtained from spring grass. For an autumn-
calving cow, as grass declines so milk yield declines and
there should be no need to introduce supplementary
feeding. Spring-calving cows may need supplementary
feeding to sustain yields in the summer. This may be
concentrates or forage crops such as rape or stubble
turnips.

Efficient conservation is a vital part of grassland
management. It both provides a feed for winter use by
the cows and aids grassland management by utilizing
grass surplus to the grazing requirement. The main
options for conservation are either hay or silage. There
is a continuing move away from hay towards silage on
dairy farms because:

e itis more flexible and integrates better with grazing;

e silage is a better feed for dairy cows;

e silage can be made in poorer (not poor) weather
conditions; and

e silage can respond to higher levels of fertilizer
nitrogen use.

However, silage making does require a higher capital
investment in both machinery and storage areas (Fig.
4.13). Much of this criticism has now been overcome by
the use of contractors and with the advent of big bale
silage. These have given even the smallest dairy farm
the opportunity to improve grassland utilization and
profitability by changing to silage making.

Whilst grass is the most important forage crop, refer-
ence must be made to other forage crops that may have
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a place on dairy farms by producing heavier yields
than grass or producing feed in a season when grass is
not available. The most popular forage crops are
maize, fodder beet, kale, lucerne, and stubble turnips
and rape.

Maize

This is increasing in popularity in southern England and
is normally made into silage but can be fed green. To
be successful it requires high summer temperatures so
even in southern England a sheltered field should be
used. It produces a similar or heavier yield per hectare
than grass and has the advantage of being harvested in
one cut. The resultant silage is a very palatable, high
energy, low protein feed that improves a winter ration.
It is often mixed with grass silage in the proportion
1:1 to 1:4 maize: grass but can successfully be fed on
its own.

Fodder beet

This has about the highest yield of dry matter per unit
area of any fodder crop. It can be grown successfully
anywhere but prefers a heavier soil. It is an arable crop
and the farmer needs arable techniques to grow it
successfully, especially for establishment, weed control
and harvesting. It is harvested in October/November
and stored for winter use. It provides a palatable high
energy feed, which helps butterfat percentages.

Fig. 4.13 Silage making with a precision
chop forage harvester.

Kale

This is a high protein green feed grown mainly for
grazing in the autumn and early winter. It produces a
high yield of succulent feed that stimulates milk pro-
duction. It can be cut and fed to dairy cows in the yards
but is more commonly grazed, which means that it
should be grown in dry fields with good access. Mud,
dirty cows and bad feet can be a problem. However,
some have successfully made silage.

Lucerne

This is a drought-resistant legume that grows well on
light chalky soils. Being a legume it fixes atmospheric
nitrogen and hence is cheap to grow once established.
Cut four or five times during the season it provides
good yields of high protein silage, but it can be difficult
to get a good fermentation in the silage. A useful crop
for organic farms with suitable soils.

Stubble turnips and rape

Although these are not the same they are used for the
same purpose — to provide a succulent green feed either
in the summer or autumn. For summer use they need
sowing in the spring but autumn grazing can be
achieved by drilling after harvesting an early cereal
crop. They both provide grazing when feed might
otherwise be short.



Fig. 4.14 Self-feeding silage.

Winter feeding systems

A winter feeding system will be partially dictated by the
objectives, high or low milk yields, and by the facilities
available.

In all cases the first requirement is to know the quan-
tity of bulk feeds available. Over a 200-day winter a
Friesian cow may well consume about 3.5t of dry
matter. If there are 2.2t of silage dry matter per cow
then this will leave 1.3t to be made up with concentrates
or other purchased feed. Provided there are about 1.8t
of forage dry matter for a 200-day winter then a rea-
sonable feeding system can be devised. This equates to
about 7t/cow of fresh weight silage. Anything much less
than this will create problems, not so much from the
cow’s point of view but from the economic side as it will
tend to be an unprofitable winter. Anything more than
this will be a bonus and an asset to the farm especially
if of a high D value.

All feed changes should be done gradually to prevent
digestive upsets. Thus silage should be gradually intro-
duced on a limited access basis from calving or by mid-
September, whichever is the earlier. The herd should be
housed at night by some time in October depending on
conditions and then housed continually from mid-
October onwards, again depending on weather condi-
tions. Over this period silage consumption will increase
and other feeds can be gradually introduced. The same
principle applies in the spring, when ideally the herd
should be kept inside at night on silage for seven to ten
days after turning out with grazing time gradually
increased.

Silage will either be self-fed (Fig. 4.14) or fed
mechanically behind a barrier or in a trough. Self-
feeding works well for low yields, provided that the
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silage quality is even throughout the clamp, that the
face is not more than 2m high and that there is enough
space at the face, 24 hour access of at least 40cm/cow.

To avoid secondary fermentation the silage face
needs to move back by at least 150 cm/day. Self-feeding
is labour saving and requires no machinery. It is better
but not essential to have a roof over the silo and intakes
will improve if a light is left on at night. Keep cows back
from the silage face with a barrier, either a solid rail or
an electric wire. The latter, however, can often reduce
intake. To prevent waste the face must be kept tidy and
waste silage removed.

Mechanical feeding of silage will either involve
putting the silage in a trough or behind a barrier with
a tractor and fore-loader/blockcutter or else loading the
silage into a forage wagon that will spread it behind the
barrier. Many people claim that this will increase intake
compared with self-feeding by 10 per cent or more. Two
simple barrier designs are shown in Fig. 4.15.

For 24-hour access the herd will need a minimum
feed space of 40 cm/cow, but space of up to 75cm is now
often recommended for best intakes. Again cleanliness
is important and waste silage should be removed on a
regular basis, preferably at least once daily. It is impor-
tant to ensure that silage is always available ad libitum.
Leaving the trough empty for two to three hours before
feeding will suppress intake and can cause digestive
problems. It is a tremendous advantage to a winter
feeding system to have a trough or barrier available as
almost any feed can be fed behind it, from silage to hay,
roots, brewers grains, sugar beet pulp or concentrates.
This gives a great flexibility. When feeds such as
dried beet pulp or concentrates are fed it is essential to
have at least 60cm/cow of trough space to ensure a rea-
sonably even intake among cows.
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Fig. 4.15 Two types of feed barrier.

A sophistication of this system is complete diet
feeding or total mixed rations (TMR). Here all the
feeds are placed in a mixer wagon, which mixes them
together and delivers the diet behind a feeding barrier.
Because of the degree of mixing the cow is unable to
separate out, say, barley from silage and so eats the
whole mixture uniformly. Ideally the wagon has weigh
cells so giving a very accurate measurement of feeds.
Use of a mixer wagon allows the feeding of a wide range
of feeds that may represent a very economical buy,
but which are normally either difficult to feed or
unpalatable, e.g. molasses and rapeseed meal. It also
allows much more satisfactory feed digestion within the
rumen and further down the alimentary tract. Some
farmers are now buying straights and producing their
own complete diets, usually with the help of a nutri-
tionist. Attention is being focused on straights and
ensuring that they are stored in satisfactory containers
which allow the feed to be kept dry, vermin and bird
proof. The introduction of herd health and quality
assurance schemes has drawn attention to how feeds
are stored. On some farms forage boxes are used
instead of mixer wagons, but these do not really mix up
the feed.

Most milking parlours have facilities to feed concen-
trates and it is usual to feed these twice per day at
milking time. A limit to be fed during each milking
would be 4-5kg. If anything above this is needed then
an out-of-parlour feed at the barrier is beneficial. This
not only splits the feeds, which helps digestion, but also
allows a proportion of the concentrate to be replaced

Fig. 416 Cows at a computerized out-of-parlour feed station.

with alternative feeds such as cereals, maize gluten or
sugar beet pulp.

A sophistication of this system is with computerized
out-of-parlour feeders (Fig. 4.16). Each cow has a
transponder identifying her to a feeder station. This is
then programmed to allow a specified amount of feed
per day in a number of feeds. The cow can then eat up
to her allowance but no more. Although the capital cost
of these installations is high they make for very accu-
rate feeding, based on the sound principle of ‘little and
often’. They perhaps demonstrate the way dairying will
go in the future. Printouts can be obtained for cows not
consuming their allocated amounts.

In all feeding systems water must not be overlooked.
With milk being 86 per cent water any shortage of water
will quickly limit milk production. A dairy cow will
need 60-100kg of water per day and being creatures of
habit tend to all want to drink at the same time, espe-
cially late afternoon. This makes a large reservoir and
fast flow of water essential. The volume drunk will
increase as milk yield increases and in dry hot weather,
so that 120 litres or more is not uncommon.

Dairy farm buildings

Because of the diverse nature of dairy farming there are
almost as many different designs of dairy building units
as there are dairy farmers.

However, if starting from scratch the main needs are
for a milking parlour and dairy, winter housing and
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Fig. 4.17 Typical layout of a dairy unit. Parlour

feeding barn, food storage area, calving and isolation
boxes, slurry handling area and various collecting yards
and access concrete. A typical set of dairy buildings is

shown in Fig. 4.17.
Important considerations when designing a dairy unit

include the following.

Cow-free access for the milk tanker so that collec-

°
tion can be made at any time.

e Good cow flow so that cows come from the bedded
area through the parlour and back with a minimum
of narrow passages and sharp corners.

e Good feeding access so that cows can be fed
without having to work amongst them.

e Access to silage storage areas away from the cows
so that silage making can take place while the cows
are in the yards or in for milking.

e Good handling arrangements for veterinary treat-
ment and AL

e Adequate slurry storage as spreading may be
restricted in nitrogen vulnerable zones.

e Thought should be given to the way the buildings
blend in with the surroundings. Choice of materials
and site are important.

o Adequate loose boxes for calving, sick animals, etc.

Parlour and dairy

This is the key to the whole dairy unit, being used twice
(or three times) a day 365 days of the year. Cowsheds are
very labour intensive and outdated while rotary parlours
in the past have proved unreliable, with no benefits over
a static parlour but are now becoming more common
again. Automatic (robotic) parlours are also now being
introduced. Figure 4.18 shows the most common par-
lours used, an abreast and a herringbone parlour.

Isolation boxes
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Fig. 4.18 An abreast and a herringbone parlour.
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The most simple parlour is the abreast, which is par-
ticularly suitable for herds of up to 80 cows with one
man milking either with three milking units and six
standings or six units and six standings. The cows enter
and leave one at a time so a degree of individual treat-
ment for a slow milker or slow eater is possible. The
parlour should have a loft above to hold the concen-
trates, which fall by gravity to the feeder situated
between each pair of cows. Milking rate will be about
30-40 cows/hour.

In a herringbone parlour, by far the most common,
the milker stands in a pit, which removes most of the
bending required. The cows come in and out of the
parlour in batches and stand at an angle to the pit on
either side. A herringbone parlour is suitable for any
sized herd and one man could comfortably milk 100
cows in two hours with a 10:10 herringbone, i.e. 10
milking units, 10 standings. For 300 cows or more larger
herringbones with two or three milkers are common. A
loft above the parlour will hold the concentrates and
each standing will have a feeder. In some parlours
feeding has been discontinued.

Automatic cluster removers (ACRs) are now avail-
able that make it possible for one man to handle more
machines without the danger of overmilking.

In any parlour the work routine is to let the cow or
group of cows in, feed them, dry wipe the udder or wash
and dry if dirty, wash the udder, test the foremilk, attach
the cluster, remove the cluster, teat dip or spray, trans-
fer the milk and let the cows out. Pre-milking teat
dipping is practised in some herds, especially those with
high levels of environmental mastitis.

The dairy should be adjacent to the parlour and will
contain some dairy equipment such as the vacuum reg-
ulator, milk pump, water heater and washing equip-
ment. The bulk milk tank will also be situated here. The
capacity of the bulk tank is important and must be suf-
ficient to hold the likely peak milk production. Except
in a herd with a very compact calving pattern about
30-35 litres/cow capacity is normally sufficient.

Both the parlour and dairy must be kept scrupulously
clean and in Britain will be inspected regularly by the
authorities. The motors and refrigeration unit should
be housed separately in an engine house. It is also
useful to have a small area near the parlour where
the cowman can keep the records necessary for herd
management.

Cow housing and feeding barn (Chapter 56)

The choice for cow housing will rest between housing
in straw yards and cubicles.

Cows often appear more comfortable in a straw yard
but if they are to keep clean they need about 6 m*cow.
They also use a lot of straw over a winter (about 2.5-

Fig. 4.19 A feed/sleep arrangement with metal cubicles.

3 tonnes per cow), which creates work to cart in and
take out each day. But straw yards do help to alleviate
a problem by reducing the volume of slurry produced.

Cubicles (see p. 422) have gained in popularity and,
well designed, can be a very trouble-free system with
a low demand on labour (Fig. 4.19). The main require-
ment for comfort is to make the cubicle large enough,
about 1.2m wide and 2.2m long, with a good lying
surface. They can be made of metal or timber and a
typical design is shown in Fig. 4.20. This design is for
Friesian cows and does not offer sufficient flexibility for
many high-yielding cows and so ones such as in Figs
4.21 and 4.22 are used. Other new models are also avail-
able. The measurements of an ideal cubicle are given in
Table 4.13.

The cubicle should slope from the head to tail end
and the best surface is concrete with mattresses, mats
or sand as a bed. A strategically placed headrail is
essential to ensure the cow dungs in the scraper pas-
sageway. Passageways should be at least 2.4m (8ft)
wide to allow for good cow flow and sufficient width for
the scraper.

The whole cubicle and scraper passageway can either
be situated within an open span building or be part of
a purpose-built cubicle building. For all situations it is
important to have a draught-free environment with
plenty of ventilation. This is normally achieved by the
use of Yorkshire boarding (vertical boarding with gaps



to allow free movement of air) or with an open ridge to
the building or kennel.

With either straw yards or cubicle beds, the feeding
areas can be either inside or outside the building. An
inside area is preferable but will add to the cost. An
example of an arrangement with a centre feed passage
is shown in Fig. 4.23.

The advantages of this type of arrangement are that
the cows can be shut in the feed area while the cubicles
are scraped and vice versa. Feed can be put out without
driving through the cows and it is also possible to split
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Fig. 4.20 A metal cubicle division.
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Fig. 4.21 A cubicle suitable for a Holstein cow (courtesy of
J. Hughes).
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the whole herd into groups, by milk yield or calving
date, which can assist management.

There has been increasing emphasis on cow comfort,
particularly from the point of view of preventing lame-
ness and providing suitable conditions to ensure that
cows lie down for similar lengths of time as they do when
at grass. This is difficult or impossible to achieve with
cubicles and so some farms have altered accommodation
to straw yards (see Figs 4.24,4.25 and 4.26). Such alter-
ations do require sufficient space for each cow (see Table
4.14). They can result in rapid improvement of locomo-
tion scores, and considerably reduce lameness due to
white line disease and solar ulceration (Hughes, 2000).
However, mastitis levels can rapidly increase, particu-
larly due to Strep. uberis and E. coli, unless great care is
taken in producing a satisfactory straw bed. The keys to
success include making available a large quantity of
straw for each cow (about 2.5-3 tonnes) and ensuring
that it is kept dry when stored and the bed remains dry.
Regular cleaning out every 4-6 weeks may help prevent
mastitis problems, but this is possibly less important than
the quality of the straw used. Good ventilation is also
required to help keep the straw bed dry.

Feed storage area

The major item here is the silage storage facility. This
can range from a tower silo to a simple hardcore pad.
Construction of a simple silo is worthwhile to make
handling easier and to prevent waste. Clamp silos are the
most common and are usually constructed with a con-
crete base and walls of earth, sleepers or concrete. Safety
is essential and in Britain walls must be up to DEFRA
(Department for the Environment, Food and Rural
Affairs) standards bearing in mind the walls have to
contain not only the weight of the silage but also pres-
sure from the tractor when consolidating the clamp. For
open silos, guide rails must be provided 900mm above
the wall and for roofed silos sufficient height (5.5m)
must be allowed for tractor clearance. All effluent must
be contained in a sealed tank that can be pumped out.
For self-feeding of silage the height of clamp must not
be more than 2m and capacity will need to be about
12-15m® per cow for a winter’s storage. If other feeds
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Fig. 4.22 A double fronted cubicle suitable for

Holstein cows (courtesy of J. Hughes). ‘
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Table 4.13 Measurements of cubicles suitable for high yielding Holstein cattle as determined in Britain (adapted from Hughes, 2000).

Fall (front to rear)

Division height

Lower division rail (flexible)

Barrier thickness ideally flexible — at least

Brisket board

Brisket board from front

Brisket board from rear

Sloped concrete fillet (instead of brisket board) height
Concrete fillet from heel stone

Barrier (above fillet) if head to head cubicles

Head rail (below average wither height) /5 cubicle length from front

Measurement Metric (Imperial)
Length 2.4m (8ft)

If double fronted cubicles with concrete fillet so maximum forward lungeing space length can be reduced to 2.28m (7 ft 6inches)
Width 1.2m (4ft)

If width 1.14m (3ft 9in) there must be a flexible lower barrier

Rear step <150mm (6 inches or less)

100—125mm (4-5 inches)
1.14m (3ft 9 inches)
400mm (1ft 4 inches)
19mm (%, inch)

100mm (4 inches)

0.75m (2ft 6 inches)
1.7m (5ft 8 inches)
38cm (1ft 3 inches)

1.7m (5ft 8 inches)
76cm (2ft 6 inches)
150-250mm (6—-10 inches)

Cubicle

lfh ;

U Cubicle passage
] P ' !
SN | !

Feeding passage

=

=

Water

o

Fig. 4.23 Sleep and feed arrangements.

are to be stored they must be kept in buildings which
can be made vermin-free so that the feed remains clean
and dry.

Calving and isolation boxes

These need siting in a convenient position to allow for
ease of entry and exit for cows. The area would
also probably include a cow handling area where

cows can be restrained for veterinary treatment or
insemination. They require a separate air space.

Boxes should be reasonably spacious and must have
a tying-up ring or some other method to aid cow
restraint. Walls must be rendered so that disinfection
can take place. It is also useful to have a water bowl and
feed rack, tractor access for cleaning out and, maybe, a
milking point so that cows can be milked in the box.
Sick cows may die or have to be destroyed in the boxes
so good access for the slaughterer’s lorry is essential.

For a herd with spread calving pattern, one box for
every 40-50 cows should suffice. Placing hinges and a
swinging gate against a wall with the fixed end about
0.5m (2ft) from a corner is a useful method of restraint.
It allows the gate to be swung round to restrain a cow
between the gate and the wall.

Slurry

With more and more farmers using a loose housing
and cubicle system, disposal of slurry is becoming an
increasing problem. Also, water authorities are rightly
demanding more control of pollution. A dairy cow will
produce about 7000-80001 (7-8m?) of slurry over a
winter. This has quite a high fertilizer value (100001 will
contain 25kgN, 10kg P,0Os, 45kg K,O) but much of this
will be lost by leaching if it is spread during the winter
when the soil is saturated. Also, the pollution risk is
much increased. In the UK there are laws concerning
application in nitrogen vulnerable zones (NVZs).
Therefore, winter storage becomes almost essential.
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27 m wide cattle shed Ventiiation provided by reversing
Loose housing-straw yards the roof sheets and allowing a
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Supporting RSJs

Quter wall 4.2 m high

|

|

: 30 cm sleeper +
1 2.5 cm gap beneath
I

I

I

|

1:60 fall towards

feed area * °
Wb\w) h" L I BT S G H T 5
Bedded area Feed area Central feed Feed area Bedded area
7.2m 36m passage 36m 72m
Fig. 424 A 27.5 m (90 ft) wide 4.5m
cattle shed with loose housing NB: The base of the feed manger should be made 62.5 cm high and the top rail fitted 65 cm
(reprinted from Hughes, 2000). above and inset 5 cm towards the forage
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Fig. 4.25 Structures within a covered straw

yard (reprinted from Hughes, 2000). Bedding Protected water trough RSJ retaining sleepers

Slurry is usually scraped with a tractor-mounted
squeegy to the store. The store must be able to cope
with slurry, water, waste feed and bedding. It will reduce
the volume considerably if clean water from roofs is
diverted to a separate soak-away or drain.

Long-term storage can be provided in a sealed tower
or a storage compound. With a slurry tower, the slurry
is scraped into a reception pit and then pumped into the
sealed tower. This is kept agitated to prevent settling or
crusting of material. For emptying, the slurry runs back
by gravity to the reception pit and is then pumped into
the slurry spreader. It provides a good pollution-free
system but is expensive to install and can create prob-
lems if management is not good leading to crusting and
blockage of pumps.

By contrast the storage compound, although not
cheap to construct, provides a simple-to-manage system Fig. 4.26 Ventilation for a covered straw yard (reprinted from
with very few problems. The compound should be large Hughes, 2000).

50 mm x 25 mm

tanalized timber spacer
using longer drive screws

Purlin

BREATHING ROOF
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enough to hold a winter’s slurry, have a concrete or hard
base to facilitate emptying and a shallow ramp to push
the slurry up for filling. Slurry is pushed in all winter
and then at a suitable time emptying takes place with a
tractor and fore-loader direct into spreaders. A sophis-
tication is a ‘weepy wall’ silo with walls constructed of
timber or concrete sleepers with gaps between the

Table 4.14 Space allowances for straw yards suitable for high
yielding Holstein cattle as determined in Britain (adapted from
Hughes, 2000).

Space allocation Metric

Strawed area
Freshly calved cow
Mid lactation cow
Dry cow

6.5m? (70ft?)
5.6m? (602)
4.6m? (5012)

Plus

Loafing area

All production stages minimum
Thus total minimum

Freshly calved cow

Mid lactation cow

Dry cow

2.3m? (25ft)

8.8m? (95ft?)
7.9m? (8512)
6.9m? (75

Optimum number per pen = 40 cows

Area per pen of 40 cows
Freshly calved cows

Mid lactation cows

Dry cow

350m? (450yd?)
320m? (380yd?)
275m? (335yd?)

e Maximum per pen with sufficient space = 60
e Drainage in feeding area = 1 in 60
e Straw usage = 2.5t per cow

Feeding passage never less than 3.7m (12ft) wide
Easy access from bedded area

Water — recess into bedded area but no access from bed
Ventilation must allow moisture to escape — roof open
ridged, possibly breathing or gap roof

Seepage channel

sleepers (Fig. 4.27). This allows water to drain from the
slurry, which is collected and spread separately. This
considerably reduces the volume of material needing to
be stored for the winter and improves the handling of
the remaining material.

Herd records

Herd records are essential for management of the herd
but they must be simple to keep, understood by the
farmer and his staff and of use in the herd management.
Before records can be kept, cows must be individually
identified. With herds becoming larger and to make
identifying cows by relief staff possible, this identifica-
tion must be permanent and clear.

Freeze branding with liquid nitrogen kills the pig-
ment cells in hair and results in a clear white number
on black cows but is not so successful with light
coloured cows. Ear tags are also often used and can be
very clear if large. However, there is always the possi-
bility of losing tags. With the coming of new technology
it is possible that most cow identification in the future
will be by transponder, either implanted into the cow
or worn on a collar or ear tag or placed in the rumen.

For short-term cow identification, e.g. for a cow
needing treatment, etc., spray cans of different coloured
paints or tail tape, sticky coloured tape, can be success-
fully used.

Computers are now used for keeping records for
most large herds, but this is by no means essential and
the capital cost will result in a place for manual record-
ing in small herds for many years to come. Records kept
will be either physical or financial. In many countries
treatment records must also be kept.

Physical records

The notebook: The herdsman or farmer should always
have a notebook in his pocket to record information

Fig. 4.27 A weeping-walled slurry
compound.
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I
Cow record card
Cow name Pedigree number ___ Ear tag number
Sire Date of birth
Dam __
Lactation
Calving | Sex of ‘ Milk ) o Date
date calf Sire yield Days Fat % Pretein % | Lactose % dry
i S
+ Service dates Veterinary
treatment
! Calving | Sex of : Milk . - o, Date
. date cali Sire vield Days Fatl % Protein % | Lactose % dry
2 [ . _
. Service dates Veterinary
treatment
Calving | Sex of Milk ” ] .. Date
date calf Sire yield Days Fat % Protein % Lactose % dry
3 L 1 . . . |
Service dates Veterinary
treatment

Fig. 4.28 Cow record card.

such as bulling cows when the event is observed, before
transferring this to more permanent records.

Cow record cards: This will be the cow’s ‘log book’ and
will give a concise picture of each cow’s history. It must
contain basic details such as name, pedigree number,
ear tag number, herd number, date of birth, service
dates, calving dates, sex and sire of calf data, production
details, health records and details of veterinary treat-
ment. An example is shown in Fig. 4.28. Much of this
information can now be computerized. Today in the UK
each animal also has a Cattle Passport.

Breeding records

Apart from information kept on the cow record card a
simple breeding record should be kept. This will be used
to keep dates of calving, pre-service oestrus, services and
identification of sire and expected calving dates. These
records should allow the farmer or herdsman to quickly
identify any problem cows, such as those not cycling or
not holding to service, so that treatment can be carried
out before the calving interval slips. These records can be

successfully maintained with written entries on a card
but often a more visual record is kept. This is usually a
rotary board with pins or magnetic blocks of different
colours used to identify cows. These are placed on the
board to record events so any cow ‘out of line’ is quickly
obvious and can be investigated. If this method is used it
is important to have a more permanent back-up in case
the pins are accidentally removed. Figure 4.29 shows
examples of these records. Several computerized
systems are now available and they are being increas-
ingly used in larger herds. These will usually allow the
creation of various action lists such as those cows to sep-
arate out for routine veterinary examination, those due
to come on heat that week, those due to be served, those
due to be dried off, those due to calve, etc.

Milk records

Whilst it is possible to record milk yields from cows
personally, most farmers who wish to record milk use
National Milk Records. The scheme supplies a milk
recorder to measure the milk and take a sample, which
is then sent to a laboratory for testing for the percent-
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age of butterfat, protein and lactose and cell count. The
recorder also enters dates of calving, service, drying off
and culling (Fig. 4.30). The results are sent back to the
farmer within a week and contain records not only for
that month but also on a cumulative basis from the

S

Fig. 4.29 Breeding board.

Fig.4.30 The milk recorder sampling milk
in the parlour.

commencement of lactation. At the end of the lactation
a cow record card is produced. From the dates provided
an action list is produced for the next month with lists
of cows due to calve, to dry off, to serve or to pregnancy
diagnose.



Milk records are used for pedigree purposes, to
provide information to prepare Improved Contempo-
rary Comparisons (ICC) for bulls and to assist with cow
selection for breeding purposes.

Apart from this, milk records can be used for man-
agement purposes for individually rationing cows or for
use in a milk prediction scheme.

Financial records

Farmers keep many financial records with varying de-
grees of sophistication to assist with the management
of the herd. Many farmers use a bureau service pro-
vided by a firm supplying the feed or use a service pro-
vided by agricultural organizations or consultants. All
of these measure the main output from the dairy herd,
milk income, and relate this to the main variable cost of
production, namely feed. This then gives a margin over
feed analysis, expressed on the basis of per herd, per
hectare, per cow or per litre. For example, the gross
margin per litre in England and Wales in 1995-96 was
15.34p/litre and 13.24p/litre in 1997-98; and that per
cow was £897/cow in 1995-96 and £809/cow in 1997-98.
Margins in some of the next few years were consider-
ably lower (e.g. £807 per cow and 14 pence per litre in
November 2002, taking into account inflation).

These services are all computerized and rely on the
farmer supplying information monthly on cow num-
bers, milk quantity and quality, feed used and price, fer-
tilizer used and price, and land area used.

The farmer then has the results returned to him and
often has a league table comparing his results with
other farmers or comparing his results for this year with
the previous year or budget.

Differences between the various schemes are small
but some form of financial monitoring provides an es-
sential part of the dairy herd management.

Management

Labour

No dairy system will work efficiently without good
labour. In many cases this is supplied by the farmer and
his family but for larger herds employing a herdsman is
common. In the milk costs survey for 1986-87, 63 per
cent of herds only used family labour. From the same
survey there was an average labour use of 35 hours/cow
per year. This ranged from 79 hours/cow for herds of
below 30 cows to 27 hours/cow for those above 100
cows. About half of this time was spent milking the cows
and the other half tending them. Labour costs will vary
depending on factors such as herd size, facilities
available and type of person employed but will range
between £250 and £300/cow or about 4 pence per litre.
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A herdsman will be one of the most skilled workers
employed on the farm. He must enjoy working with
cows and be prepared to work the long hours made nec-
essary by milking twice a day, seven days a week. He
must be observant to see signs of unhealthy cows, to see
cows in oestrus or about to calve and to see signs of
under- or overfeeding. He must be capable of keeping
records accurately.

He must be clean, to produce high quality milk and
to prevent a dirty environment. He must be strong as
there is still considerable physical work involved in cow
feeding and calving especially. Fortunately, the herds-
man’s job provides a high degree of job satisfaction and
interest for a dedicated man.

Most herdsmen are paid a fixed wage for the job but
may also have bonus schemes related to such things as
milk yield per cow (less common since quotas), margin
over feed costs, calving percentage or calves sold.

Apart from the main herdsman, relief will be needed
for weekends, holidays and sickness. Often this relief
will be provided by the farmer or another farm worker.
Failing this, relief agencies exist which can provide a
herdsman often at short notice. At present numbers
of farm workers are decreasing rapidly, resulting in
increased numbers of animals being cared for by each
individual stock person.

Breeding

The aim of a breeding policy must be to get the cows in
calf regularly and to provide sufficient replacements of
high genetic potential to maintain the herd size at the
optimum level. This will depend on the culling rate,
the age at first calving, the breed of sire used and the
genetic worth of that sire.

Culling

Studies have shown that the majority of culls are sold
for reasons such as poor breeding, mastitis, bad feet,
injury, etc. (Table 4.15). These might be termed

Table 4.15 Reasons for culling (%). Sources: Cull cow surveys
1984 — FMS Information Unit; Milk Development Council, 2000.

1984 2000
Poor yield/quality 12 10
Poor breeder 21 28
Bad legs or feet 9 7
Mastitis/cell count 15 18
Udder 8 6
Old age 10 5
Injury 5 4
Others 20 22
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unplanned reasons and will not lead to overall herd
improvement.

With good management it should be possible to keep
the annual culling rate to 20 per cent. But the national
average is about 25 per cent. Also, because so much
of that culling is for the unplanned reasons outlined
above, the rate of genetic progress is considerably
slowed. In some countries such as North America
culling percentages tend to be higher, while in others
such as New Zealand they are lower.

Age at first calving (see Chapter 5)

This is very much linked with culling rate. Table 4.16
shows the effect of three culling rates and three differ-
ent ages of first calving. The number of heifer replace-
ments needed more than doubles between options.
Although heifers need a higher plane of nutrition to
reach sufficient weight to calve at two years old their
lifetime yield will exceed those calving at three years
(Table 4.17).

Breed of sire used

Most dairy farmers breed sufficient cows pure to get the
desired number of replacements, the remainder being
put to a beef sire to maximize the value of the calf.
Depending on the factors outlined above this can mean
between 40 and 80 per cent of the herd will need to be
bred pure.

Table 4.16 Number of replacement heifers needed per 100
cows.

Culling rate (%) Age at first calving (years)

2 2' 3
15 30 38 45
20 40 50 60
25 50 63 75

With many first calf heifers still being bred to a beef
bull this gives very limited scope to do other than breed
pure with the dairy cows especially if management is
below average. However, where choice is available then
cows with the highest cow genetic index (CGI) should
be used to breed replacements.

As pre-sexed semen becomes more available and
affordable it will become increasingly possible to pro-
duce all high genetic merit heifers from those cows
chosen to breed replacements. The remainder can then
be bred to a beef bull and again it will be possible to
choose the calf’s sex. Otherwise embryo transfer can be
used to solve both these management problems.

Genetic worth of the sire

The choice here will rest between using natural service
and Al The chances of being able to use a bull of high
genetic merit which was referred to as ‘ICC’ for natural
service are very remote, so Al is to be recommended.
Also, Al gives choice for traits other than production
such as ease of calving, conformation or size. Within the
overall traits desired, bulls with the highest ICCs for
weight of fat plus protein should be used. Also, it is
important to choose bulls with a reliable proof, i.e. with
a weighting of +40 or above, with daughters in over 20
herds and with less than 25 per cent of daughters in the
two herds with most daughters. A wide selection of
bulls are available meeting these requirements (Fig.
4.31) (see also Chapters 5, 12). Genetic merit has been
converted into various numbers such as the production
index number (PIN), which is a comparison of milk
volume and weight of the milk constituents, and index
of total economic merit (ITEM), which includes both
production and conformation parameters.

It has always been difficult for farmers to assess a
high genetic merit (HGM) bull in terms of their own
herds. The advent of a large number of companies
selling semen and the different methods used to express
genetic merit in various countries have also not helped.
It has resulted in the production of conversion formu-
lae to predict performance. Production information is

Table 4.17 Production associated with age at first calving. Source: Rearing replace-
ments for beef and dairy herds (MLC and MMB).

Age at first calving (months)
23-25 26-28 29-31 32-34 35-37
Herd life (years) 4.0 4.0 3.8 3.8 3.8
Lifetime yield (kg) 18725 18708 17943 17970 17637
Yield/day in herd (kg) 13.1 13.2 13.1 13.1 13.2
Yield/day of life (kg) 8.8 8.4 7.9 7.5 7.3




Fig. 4.31 Peckforton Citation River ET—
a high ICC Friesian bull.

expressed as predicted transmitting abilities (PTAs). In
the UK, production (profit) index number (PIN) has
been used for several years, but was biased towards
milk quantity and constituents. This was superseded by
the index of total economic merit (ITEM) for a time,
which included conformation traits as well as those of
production. More recently the PLI (production plus
lifespan index) has also been included to provide an
indication of production and lifetime performance.
Other indices have been introduced including mastitis
and calving interval.

In 2001 a new genetic evaluation system was intro-
duced for Holstein cattle in the UK. The system is based
on the Swedish interbull evaluations for production and
conformation. The procedure, developed in 1995, is
known as the multiple trait across country evaluations
(MACE) and involves the incorporation of data on a
particular bull from its own country and also from any-
where else it has been used plus parent information from
the home country and abroad. As a bull is used in differ-
ent countries it reduces the evaluation contribution of
the parents to the overall genetic levels such as PIN. This
parental contribution can initially be up to a third when
the bull has not produced daughters in another country,
but reduces to about 1 per cent when it has been widely
used in that country and two or more others. The infor-
mation will still be expressed in PIN and PLI values.

The other objective of obtaining a calf per year will
largely depend on herd management. Very few cows are
infertile but many fail to breed regularly. Key manage-
ment times are as follows:

(1) Post calving: ensure the cow is clean, has no dis-
charges and is cycling regularly.
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(2) At service: ensure the cow is on a rising plane of
nutrition and not losing weight. Oestrous detec-
tion is a skill found in a good herdsman. Four
observation periods during the day of at least 20
minutes each will aid oestrous detection. Oestrous
detectors such as tail paint, dyes or vasectomized
bulls can be used to help detection.

(3) Post service: cows should still be closely observed
for repeat heats. Cows apparently in calf should
be pregnancy tested at 24 days after service with
a milk progesterone test or at six to eight weeks
after service with a veterinary examination.

To achieve a regular 365-day calving interval, first
service should be at 50-60 days from calving, which
allows time for one repeat service before losing time.

An MMB report on Checkmate, the Board’s fertility
monitoring service, showed a wide difference between
the top and bottom 10 per cent selected on the interval
between calving and assumed conception (Table 4.18).

New techniques to improve the rate of genetic pro-
gress will doubtless be developed further over the
next few years. These mainly revolve around embryo
transplants and include possibilities with sexed embryos
and super-ovulated cows producing many embryos for
non-surgical transplants. As the cost comes down and
the success rate improves these techniques will be used
on more commercial farms.

Health

This subject will be dealt with very fully in the main
text of the book. Suffice to say here that cow health is
paramount to success in dairying.
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Table 4.18 Example of overall herd fertility results. Source; Checkmate report, 1985

(FMS Information Unit, MMB).

Whole sample Top 10% Bottom 10%
Average interval calving:
assumed conception (days) 929 81 130
Average interval calving:
first service (days) 71 64 80
Services/assumed conception 1.82 1.65 2.22

Table 4.19 Average, bottom 25% and top 25% of farms based on retained profit/litre.
Source: ADAS and HSBC data to April 2000 (after Lott, 2000).

Bottom 25% Average Top 25%
Farm size (hectares) 929 102 114
Herd size 146 157 180
Yield per cow (litres) 6860 6967 6863
Total milk produced (litres) 999977 1093000 1237000
Output (pence per litre) 20.31 20.55 21.26
Variable costs (ppl) 7.73 717 6.78
Gross margin (ppl) 12.58 13.37 14.40
Direct overhead costs (ppl) 8.01 7.23 6.87
Rent, finance and quota (ppl) 4.07 3.66 3.08
Total overheads 12.08 10.89 9.95
Profit before drawings/tax (ppl) 0.50 2.48 4.54
Drawings/tax (ppl) 2.90 2.58 2.45
Retained profit/loss (ppl) -2.40 -0.09 +2.45
Total cost of production (ppl) 22.71 20.64 18.81

Veterinary and medicine charges are usually between
£35-80/cow or 0.4-0.8 p/litre and are made up of drugs,
particularly anthelmintics and antibiotics, and veteri-
nary charges. The main diseases that cause losses to the
farmer through loss of production, cost of treatment
or even death of the cow are mastitis (see Chapter 23),
hypocalcaemia (see p. 781), hypomagnesaemia (see p.
787), lameness (see Chapter 32) and calving problems.

Economics of dairy farming

Measures of efficiency

The overall measure of efficiency on any dairy farm is
profit. Profit is calculated by deducting from the whole
farm gross margin the overhead costs of the business.
The gross margin (GM) is the output of milk, calves and
cull cows less the herd replacement charge to give the
gross output. From this are deducted the variable costs,
of production, purchased feed, forage costs, veterinary
costs, and medicine and sundry costs. The overhead

costs are paid wages, power and machinery, sundries,
property charges, interest and depreciation.

Each year various farm advisory services produce
reports looking at the economics of specialist dairy
farms. These analyse the average as well as the top and
bottom 25% of farms selected by profit/hectare. The
results in Table 4.19 are an example and highlight the
differences. The system is now known as benchmarking,
which compares or measures a level of achievement
which is seen as the target for that individual or
business.

For all the major factors those in the top group out-
perform the others showing the enormous range of
results found on fairly similar farms. However, on very
many farms full records are not available to carry out
this type of analysis and simpler records must be used.
There are many, such as margin over concentrates,
margin over all purchased feed (MOPF) or gross
margin, all per litre, per cow or per hectare. Statistical
analysis shows none of these measures to be closely
correlated to profit. The best measures are those where
land area, and hence intensity of farming, are taken into
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Table 4.20 Analysis by margin over purchased feeds (MOPF) (£/cow).

MOPF (£/cow)
<575 575-625 625-675 675-725  >725
Milk yield (I/cow) 4741 5118 5414 5724 6245
Concentrate use (kg/l) 0.30 0.28 0.27 0.27 0.27
MOPF (p/l) 10.95 11.76 12.02 12.26 12.38
MOPF (£/cow) 519 602 651 702 773
Stocking rate® (LSU/ha) 2.24 215 2.18 2.18 2.27
MOPF (£/ha) 1079 1195 1314 1425 1634
* MOPF: margin over purchased feeds; LSU: livestock stocking units.
Table 4.21 Analysis by margin over purchased feeds (MOPF) (p/l).
MOPF (p/l)
<10.5 10.5-11.1  11.1-11.7  11.7-123 >123
Milk yield (l/cow) 5730 5677 5621 5494 5270
Concentrate use (kg/l) 0.33 0.29 0.27 0.24 0.21
MOPF (p/l) 9.7 10.8 1.3 1.9 12.6
MOPF (£/cow) 616 663 686 697 700
Stocking rate® (LSU/ha) 2.30 2.24 2.20 214 2.1
MOPF (£/ha) 1275 1370 1401 1395 1398

®

MOPF: margin over purchased feeds; LSU: livestock stocking units.

Table 4.22 Analysis by margin over purchased feeds (MOPF) (£/ha).

MOPF (£/ha)

<1100 1100-1300 1300-1500 1500-1700 >1700
Milk yield (I/cow) 4975 5309 5538 5821 6172
Concentrate use (kg/l) 0.27 0.26 0.27 0.27 0.29
MOPF (p/l) 11.76 12.09 12.19 12.18 11.83
MOPF (£/cow) 585 642 675 709 730
Stocking rate* (LSU/ha)  1.73 2.02 2.23 2.42 2.80
MOPF (£/ha) 940 1195 1389 1598 1916

S

account. Provided the overhead costs are not excep-
tionally high, then margin over feed/ha (Table 4.22) will
have a large influence on profit.

However, with the quota system now limiting pro-
duction on farms, many people are now saying that
margin per quota volume and hence margin per litre
has become the most important measure (see Table
4.19). Tables 4.20—4.22 show that, depending on the cri-
teria chosen, very different methods of production give
the best results. These tables are based on the 198687

MOPF: margin over purchased feeds; LSU: livestock stocking units.

Milkminder report, which analysed data from 2459
herds, and Genus Management Costed Dairy Farming
1989-90.

A high margin per cow results from a high yield per
cow with modest concentrate use. Stocking rate does
not change substantially over the range of results.
Farms with a high margin per litre had a lower milk
yield per cow but with a much lower concentrate usage.
Stocking rate also fell so there was little improvement
in margin per hectare. Those with a high margin per
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Table 4.23 Details of spring- and autumn-calving systems.

Spring Autumn
Yield (l/cow) 5228 5634
Concentrate use (kg/cow) 946 1409
MOPF (p/l) 13.0 12.4
MOPF (£/cow) 678 698
Stocking rate (cows/ha) 2.29 2.30
MOPF (£/ha) 1553 1605

hectare had a higher yield produced with increased
concentrate usage and with a much higher stocking rate.
The intensity of farming was much greater.

All these different systems of producing milk can
lead to good profits if carried out efficiently. Therefore,
depending on the farm situation and the circumstances
appertaining, different systems can suit different farms.

A vigorous debate also ensues about the merits of sea-
sonality of calving and its effect on profits. Both spring
calving and autumn calving are very defined systems that
can be successful and profitable if operated efficiently.
Table 4.23 shows the differences between the systems.

A British spring-calving herd (calving February—
April) produces a lower yield with less purchased feed
than an autumn-calving herd (September—December).
This gives a higher margin per litre but lower margin
per cow and per hectare.

Both systems can be equally profitable but as the
margin per cow is lower for the spring calver then the
overhead costs must also be lower to show the same
profit.

Thus the level of overhead costs goes a long way to
determining the farm system. Where overhead costs are
very low (i.e. an owner-occupied farm with no rent, no
borrowed money, no paid labour and little machinery),
then a very extensive system with low yields and low
outputs can be practised and still show a good profit.
However, if the overhead costs are high then the farm
must be intensively run with high yields and high stock-
ing rates, putting surplus land into arable crops to gen-
erate a high gross output. Only then will a satisfactory
profit be generated.

There are many ways of making a profit in dairy
farming. The skilled operator and the one making the
greatest profit will be the one managing the resources
of land, labour, capital, stock and quota most efficiently.

Farm assurance and herd
health schemes

These are another initiative to ensure high management
and health standards on dairy farms. They help provide

an audit and accountability trail from the animal to the
end consumer. They will usually involve regular peri-
odic inspections of the accommodation, management,
health and record keeping of the farm. These visits may
be undertaken by veterinary surgeons or other inspec-
tors. The aim is to provide reports and, where necessary,
to enforce improvements within given time periods. In
Britain the schemes are mainly run or approved by the
milk purchasers. While at present they are limited in
their effectiveness they do provide the mechanisms to
improve both animal health and welfare.

Organic farming

In the United Kingdom and other parts of Europe there
has been rising interest in organic farming. At present
in Great Britain only about 5 per cent of milk is pro-
duced in this way but the volume is growing. While
there are strict criteria to follow, the farmer is at present
rewarded with a higher milk price. However, as stock-
ing rates are lower and also costs of organic feeds
are high, margins tend not to be greater than in
conventional farms.

This method of food production has been receiving
increasing attention over the last 15 years. Its main aim
is to ensure that production is undertaken in harmony
with the environment and that as much is returned to
the land as is removed from it. The system has been
taken up in many countries especially those of Europe.
Organic farming is defined in EU law under EU Regu-
lation 1804/99. The system involves meeting various cri-
teria before a farm can be defined as organic and this
involves a conversion period which involves the land
and, in Britain, usually takes about 2.5 years. The objec-
tives of the system are to sustain the animals in good
health by the use of effective management systems,
good stockmanship and suitable diets and by prevent-
ing conditions where remedial treatments have
previously been used. The use of alternative and com-
plementary medicines is indirectly encouraged by the
increase in stated withdrawal periods, usually by at least
100 per cent. The EU regulations only allow three ‘syn-
thetic drug treatments’ a year (except for vaccines and
antiparasitic preparations). At present a premium is
paid for organic milk, which makes it an attractive pro-
position for some dairy farmers, but this is reducing.

The future

While milk quotas remain within the EU it is probable
that they will be further reduced for most nations in the
short term and then gradually or rapidly abandoned.
The commodity price will eventually have to become



closer to world milk prices under the direction of
various World Trade Organization initiatives. In several
parts of the world cow numbers and milk production
are being geared up to meet this. In most European
countries there will be a reduction in dairy cow
numbers as yields increase. There will also be fewer
farms with larger numbers of cattle and proportionately
fewer people employed. This will inevitably lead to
more cows or animals per stock person and an
increased requirement for mechanisation. Feeding
practices will continue to change to allow the expres-
sion of genetic merit with its increased yields per cow.
Sexed semen will facilitate a reduction in the number
of cows made pregnant to produce herd replacements
and will also then allow poorer producing cows to be
bred to beef bulls again, often with sexed semen.

Increasing movement of animal products may lead to
more interest being paid to the methods of production
in those countries which are primarily exporters. The
global transportation of food will probably also result
in increased levels of disease in those which are major
importers of animals and animal products. Unless
disease levels in importing countries are allowed to rise,
increased emphasis must be placed on health control
and monitoring in the exporting regions.

Dairy farm incomes are likely to be further squeezed,
resulting in the formation of various producer groups
to give improved bargaining power with milk buyers.
Such milk producer groups will also be able to purchase
creameries and milk processing plants to improve inte-
gration of the supply chain. Much of the price structure
will still depend on the prices which the main super-
markets are prepared to pay. However, as prosperity
increases more people will eat less at home and more
outside the home. This will allow the development of
the catering market at all levels and again will provide
marketing initiatives. There will be more niche market-
ing, either direct to the public via farm shops, farmer
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markets and the internet, or indirectly via shops of all
types.

Those doing the job well will survive although they
will have to keep their eye very much on the various
trends which develop concerning milk and its products.
Whilst political decisions and the further reduction or
demise of milk quotas will close many doors, it is
probable that others will open and there will be good
opportunities in dairy farming for many producers.
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Introduction

Dairy heifer rearing is generally considered to be a
non-intensive,low-profit enterprise. Indeed, few farmers
would rear heifers at all if it were not for their interest
in herd improvement and disease control. However,
planned heifer rearing is the starting point for
profitable dairying. An increasing number of farmers
now realize the importance of this and are adopting
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more intensive methods, particularly where the land
involved could be used for alternative, more profitable,
enterprises.

The low priority given to heifer rearing is supported
by DAISY survey data (Kossaibati & Esslemont, 1996)
which stated that in the average herd, 22 per cent of
dairy heifers born were lost before they started their
first lactation, with a further 14 per cent culled before
they completed their first lactation, while in the worst
herds, almost 60 per cent of heifers failed to calve for a
second time.

Calving at two years is more profitable than calving
at two and a half to three years as little over half the
area of land is required, lifetime milk yield is greater
and the amount of feed, housing, labour and working
capital required for the rearing enterprise is reduced.
A policy of calving at two years can only be achieved
if the majority of cows calve within a relatively short
period or a proportion of herd replacements are taken
from heifers.

The management of a dairy heifer between 12 weeks
old and calving has a considerable effect on her poten-
tial for milk yield, fertility, the incidence of dystokia and
on longevity. Insufficient growth rates during the
rearing period result in the production of small-framed
heifers with disappointing milk yields due to their inabi-
lity to compete with older cows during the first lactation.
Poor growth rates at around the time of service result in
low pregnancy rates and delayed entry into the herd.

The faster a heifer grows, the more efficient she is in
converting feed into liveweight gain. This could suggest
that heifers should be fed to grow as rapidly as possi-
ble, especially during the summer months when grass
provides an abundant and relatively inexpensive source
of feed. However, in some circumstances, high growth
rates during the first year can result in lower milk
yields due to the effect of rapid growth on the relative
proportion of fat and milk secretory cells in the
developing udder.

The potential of a heifer will only be maximized
if she is reared to a plan with careful control over
performance at all stages of the rearing period. Target
growth rates and intermediate target weights should be
set as soon as the predicted date of first calving has been



decided. Optimal growth rates will depend on age at
calving, estimated mature body size, management after
calving and average herd yield.

Dairy heifer rearing is a specific farm enterprise
involving capital, land and labour. It should be managed
and recorded with the same attention to detail as
that given to the other enterprises on the farm, with
preplanned target rates of growth being achieved
throughout the rearing period.

A detailed description of the management and
targets required for autumn-born heifers reared to
calve at two years is given in this chapter. The pattern
of growth and targets for weight-for-age for spring-born
heifers calving at two years are similar. There is less
pressure to maintain steady weight gains when the aim
is to calve at an older age and there are periods when
lower growth rates are acceptable.

Age at calving

The younger a heifer is at calving the less land, housing
and capital are required during her rearing period but
heifers should not calve at less than 23 months because a
higher incidence of calving problems can be expected
and subsequent milk yields are disappointing. With
a high stocking rate of 0.4ha/livestock unit, the area
of land required for each replacement unit is 0.4 ha for
heifers calving at two years, 0.5ha for heifers calving
at two and a half years and 0.7 ha for heifers calving at
three years. When the stocking rate is 0.5ha/livestock
unit the area required for heifers calving at three years
is twice that required for heifers calving at two. The
housing and capital required to sustain a two year system
is also reduced. For instance, a 100 cow, autumn-calving
herd calving at two years needs 40 replacements requir-
ing accommodation for calves and yearling heifers.
However, a similar herd calving at three years must
maintain 60 heifers and house the third-year heifers
during their third winter when space requirements are
approaching those of adult cattle (Table 4.16).

The first lactation milk yields of heifers calving at two
years are likely to be lower than if the age of first
calving is delayed. Milk yields of two-year-old calving
heifers at the ADAS Bridgets Research Centre aver-
aged 4544kg milk as compared with a yield of 4980kg
for heifers calving at three years (Furniss et al., 1986),
However, when differences in the mean calving
interval are taken into account the effect on yield was
marginal (Table 5.1). This is supported by more recent
research (Pirlo et al.,2000) which showed that as age of
first calving increased there was generally an increase
in milk yield and milk fat percentage, but at the same
time rearing costs increased. The optimum age for
first calving still appears to be approximately 23 to 24
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Table 5.1 Effect of age at calving on first lactation milk yield.
Source: Furniss et al. (1986).

Age (years)

2 3
Milk yield (305 days) (kg) 4544 4980
Calving interval (days) 386 401

months. It is known that the average life expectancy
of two-year calvers is greater and the lifetime milk
production higher than heifers calving at three years
(Table 4.17).

There are a few circumstances when it is preferable
to adopt a policy of calving heifers at two and a half to
three years. Calving at an older age reduces the man-
agement pressures imposed by the two-year system and
permits the utilization of marginal land unsuitable
for cropping. It also enables replacements to be taken
from cows of high genetic merit even if they calve
later in the season. Calving at three years can only be
justified when there is a large area of outlying rough
grazing.

Month of calving

Most dairy farmers plan to calve their heifers in a batch
at one season of the year. Autumn-calving herds find
difficulty in maintaining this seasonality in the pattern
of calving unless either herd fertility is high or a
proportion of the calves reared for replacements are
taken from heifers. The optimum month of calving
varies with the relative prices of milk and compound
feed and with the management pressures from other
enterprises. Once the optimum month of calving for a
herd has been established the heifers should be mated
to calve at the same time or shortly before the earliest
calving cows.

Calving heifers before the cows reduces the stress
imposed following introduction to the herd and allows
for a longer interval between calving and service. How-
ever, some farmers prefer to calve heifers at the same
time as the early calving cows as they find that they
are then easier to manage in the parlour.

Rearing management, 3—6 months

Management and housing

Heifers should be housed in semi-covered yards such
as that shown in Fig. 5.1. The calves should be given
as much fresh air as possible with a draught-free lying
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area. Autumn-born heifers should be housed through-
out the period but spring-born heifers may be turned
out towards the end of the period if aftermaths are
available.

Feeding

Minimum target growth rates during the first year of life
should be based on estimated mature body weight. A
steady liveweight gain at a rate equivalent to the esti-
mated mature body weight in g/day is required. Thus a
Jersey heifer with a mature weight of 500kg should be
predicted to grow at 500 g/day (0.5kg) while a Holstein
should be expected to grow at a minimum of 700 g/day
(0.7kg).

It is important to maintain a constant rate of gain.
Poor growth rates, whether caused by an inadequate
diet or disease, are likely to lead to compensatory
gain at grass, which can have an adverse effect on
subsequent milk yield.

From 12 weeks of age the calves should be fed to
achieve target growth rates, with either a silage, hay or
straw based diet offered, supplemented with concen-
trate feed as either a rearing nut or home mix. The total
diet at this stage would typically be approximately 16
per cent crude protein. The amount of concentrate feed
offered should be varied according to forage quality
and the growth rates required. Forage should be of high
quality, fresh and palatable. Calves should not be given
forage that would be unacceptable to cows. Calves fed
silage should also be offered clean barley straw and can
be expected to take about 5 per cent of their roughage
in this form. Regular monthly weighings are essential
to monitor progress and adjust nutrition. On infected
farms consideration should be given to vaccination
against lungworm prior to turnout (see p. 274).

Fig. 5.1 Example of a well-ventilated calf
house.

Rearing management, 6—12 months

Management at turnout

Autumn-born heifers should be turned out to pasture
when weather and soil conditions permit. After turnout
the winter ration should be continued until the forage
intake declines, generally within one to two weeks. The
compound can then be withdrawn. Spring-born heifers
are normally housed until aftermaths become available.

Supplementary feeding

Following withdrawal of compound feed soon after
turnout, no supplementary feed should be required until
late August or early September. Attention should be
given to mineral and trace element supplementation,
especially in areas of known deficiency (see Chapter 21).

Optimum growth rates

Stocking rates should be adjusted to maintain a steady
rate of liveweight gain over the summer. During May
and June when grass is of high quality it is not unusual
for heifers to grow at 0.8-1.0kg/day unless a tight stock-
ing density is maintained. In the months leading up to
puberty it is desirable to restrict daily liveweight gains
to approximately 0.7kg/day for Holsteins or equiva-
lent for smaller breeds based on the animals’ predicted
mature weight.

It is known that high growth rates in prepubertal
heifers are detrimental to milk production (Little &
Kay, 1979; Drew & Altman, 1982). A typical relation-
ship between early liveweight gain and the first lacta-
tion milk yield of heifers is shown in Fig. 5.2. Mammary
growth and development is under hormonal control
and serum concentrations of some of the hormones



involved are affected by plane of nutrition (Sejrsen &
Foldager, 1992; Sejrsen, 1994). It is likely that the nega-
tive influence of a high plane of nutrition on mammary
growth is caused by changes in the secretion of

5200 —
|
i |
L I .
4600 — o« - .IN A Y
V4 AN
- / | \
L ID I O\‘
-:% 40001 i \.\
A
E I | vt
34001~ I
o B
L !‘ \*
\
I t \
28001 |
[ I
I
T |
| i 1 | 1 | 1 | 1 | 1
200 400 600 800 1000

Daily gain from 150 to 300 kg (g)

Fig. 5.2 First lactation milk production in relation to early life
liveweight gain (after Foldager & Sejrsen, 1982).
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these hormones. Rapid growth before puberty has
been shown to coincide with impaired development of
the mammary epithelium, decreased serum growth
hormone and elevated serum prolactin concentrations
(Foldager & Sejrsen, 1982). After puberty there is little
or no effect (Fig. 5.3).

Summary evidence from recent studies at ADAS
Bridgets suggests that there are production and eco-
nomic benefits from restricting the rate of liveweight
gain (to around 0.7kg/day) in the prepubertal period,
in terms of subsequent milk yield performance, with
little or no loss in terms of onset of puberty or first
calving age and weight. There is also a potential benefit
to be gained from a period of cheaper feeding followed
by compensatory growth.

Grazing systems

Ideally, calves should be turned out to pasture with a
low level of parasite challenge. Up to late June this can
be classified as land that falls into one of the following
categories: new seeds after an arable rotation and grass-
land used only for conservation in the previous year.
After mid July a pasture can be assumed clean if either
it is an aftermath or not grazed by cattle earlier in the
year (Chapters 19, 60).

If parasite-free calves are turned out to and remain
on a clean pasture it should be safe to graze for the
remainder of the season. Unfortunately, in intensive
dairy systems it is seldom possible to provide clean
grazing as such. On permanent pasture, helminth egg
output can be suppressed by anthelmintic treatment.
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Overall it is important to reduce parasitic challenge in
the heifers’ first grazing season whilst allowing suffi-
cient challenge for them to build up natural immunity.
Individual parasitic control programmes should be
drawn up for each herd (Chapter 19).

In continuous grazing systems the stocking rate
should be adjusted to match the grass available and the
required growth rate, aiming for a sward height of 5-6
cm in spring, 7-8cm in mid summer and 9-10cm in
autumn. In what is known as the ‘1-2-3’ grazing system
the grazing area dedicated to the heifers is divided into
three blocks. In spring the heifers graze one area while
the other two blocks are cut for silage. Later the heifers
graze the two silage aftermaths while the grazed block
is cut for silage. At the end of the season all three blocks
can be used for grazing.

An alternative grazing system is described as the
‘leader—follower’ system. This is a rotational grazing
system of eight to twelve paddocks where the youngest
heifers graze each paddock ahead of older heifers
(Kossaibati & Esslemont, 1986).

Grass growth and supply should be monitored
throughout the summer to achieve the required
growth targets. Concentrate supplementation should be
provided if required.

Autumn management

During the period May—August target liveweight gains
should be achieved without difficulty. At the end of this
period the heifers should be well grown for their age
and breed without any obvious fatness (Table 5.9).
Heifers calving at two years require supplementary
feeding from late August or early September depending
on grass growth, soil and weather conditions. Growth
rates decline rapidly from this time and if additional
energy is not supplied liveweight gains will be low. A
compound feed or home mixed cereal ration supple-
mented with minerals and vitamins should be fed.
Regular weighings are essential at this time for
both autumn- and spring-born heifers programmed for
calving at two years. Heifers being reared to calve at
three years can be allowed a store period.
Autumn-born heifers should be assessed for size and
suitability for service. Actual weights should be com-
pared with targets. If any animal is found to be below
target but, with additional feeding, could attain the
minimum service weight, she should be housed at the
beginning of September and fed an appropriate ration.

Rearing management, 12-15 months

Housing and management

Heifers reared for two-year calving should be housed
at least six weeks prior to service and given any routine

veterinary treatments required during the period. They
should be housed in semi-covered yards with a total
space allowance of approximately 6m*animal. A clean
concrete loafing area should be included to encourage
good hoof development. A special area of cubicles can
be left to train the heifers.

Feeding for fertility

It is known that the level of nutrition over the service
period is important in ensuring high pregnancy rates
and entry into the herd at the optimum time. In a study
undertaken on six commercial dairy farms, the fertility
of heifers fed rations considered to be adequate by
the farmers was compared with the fertility of heifers
fed the same diets supplemented with cereal (Drew &
Pointer, 1977). The supplemented diets were calculated
to provide an additional 20MJ/day metabolizable
energy (ME) and were fed for a 12-week period
commencing six weeks prior to service. Ovulation was
controlled and the heifers were inseminated at a fixed
time. Semen and inseminators were used equally over
all groups.

The calving rates to fixed time insemination are
shown in Table 5.2. There was a wide variation in
fertility between farms, but on each farm a higher pro-
portion of heifers fed the improved ration calved to the
synchronized service. The calving rates to first service
for the heifers on the farm ration ranged from 32 to 67
per cent and for the supplemented groups from 59 to
79 per cent. In this study, no significant relationship
between body condition score and fertility was found.
However, other workers have reported a relationship
between body condition and fertility, with lower preg-
nancy rates occurring at each end of the score range.

It is likely that change in body condition score
has a greater effect on fertility than the actual score
at service. Holstein/Friesian heifers weighing 350kg
require to grow at a rate of approximately 0.8kg/day in
order to maintain body condition. As it has been shown

Table 5.2 The effect of level of nutrition on the fertility of dairy
heifers.

Farm Number of Percentage calved to the

heifers synchronized insemination
Control Supplemented

1 62 40 67

2 58 59 75

3 56 32 59

4 37 67 79

5 78 54 69

6 73 53 67

Mean 61 50.0 68.9




that loss of body condition is associated with low preg-
nancy rates a ration calculated to provide for mainte-
nance and at least 0.8kg/day liveweight gain should be
provided to Holstein/Friesian heifers over the service
period. Rations for other breeds should be adjusted
according to relative body size.

Attempts to reduce the period of supplementary
feeding to three weeks before and after service have
been only partially successful. Reducing the period of
supplementary feeding to three weeks prior to service
should only be considered if Friesian heifers are in
condition score 2.5-3.0 (Holstein and Jersey 2.0-2.5), or
heifers are to be mated by natural service or observed
oestrus artificial insemination (AI) and the reduced
period of feeding does not affect the time of housing.
The period of supplementary feeding after service
should not be shortened as it is likely to increase the
incidence of early embryonic loss.

In addition to providing a ration to satisfy the above
standards it is important to avoid major changes to
the composition of the diet during the ten days before
and after service. Changes in diet are almost always
associated with disappointing pregnancy rates.

Stress

Stress, such as that caused by noise, physical trauma,
overcrowding or some routine veterinary treatments,
can alter the concentration and pattern of secretion
of the reproductive hormones and is, therefore, poten-
tially detrimental to fertility. In intensive manage-
ment systems it is difficult to eliminate the possibility
of stress, but with careful planning it can be reduced to
a level at which pregnancy rates are not likely to
be affected.

Housing should be undertaken six weeks prior to
service as oestrous behaviour is suppressed during
the first oestrous cycle after housing. It is important to
ensure that sufficient trough space is provided to avoid
competition. There should be an adequate loafing area,
the building should be well ventilated and the floor such
that animals in oestrus will not slip. If Al is to be used,
the handling facilities should be designed to allow for
quiet and efficient movement of animals. The heifer
should be presented standing at the same level as the
inseminator and restrained from sideways movement.

Breeding policy

Some farmers consider oestrous detection in heifers to
be too difficult and time consuming for Al to be practi-
cal. This is likely to be a problem when groups of heifers
graze outlying fields away from satisfactory handling
facilities. Synchronization offers a possible solution to
this problem but the management standards on farms
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Table 5.3 The effect of the parity of the dam on lactation
performance of heifers.

Dam
Heifer Cow
Weight at first service (kg) 370 360
Weight at calving (kg) 496 503
First lactation yield (305-day) (kg) 4977 4742
Proportion rebred 0.8 0.8

must be good to achieve acceptable results and avoid
disappointment.

The cost of keeping a bull is often less than AI but
the risk of disease and injury are greater. The increased
cost of using Al can only be justified if a pure bred sire
is used and the female calves reared for herd replace-
ments. A few farmers are still reluctant to take replace-
ments from heifers, preferring to use mature cows with
a proven record of performance. The rate of genetic
progress will be greater when replacements are taken
from heifers, providing a sire of high genetic merit is
used.

A study by Furniss er al. (1988) of the first lacta-
tion and breeding records of 569 heifers calving in a
Friesian/Holstein-based herd showed that those heifers
born to heifers yielded significantly more milk in 305-
day lactation than those from cows (Table 5.3).

Rearing replacements from heifers and the earliest
calving cows enables a two-year calving policy to
be adopted, with herd replacements entering the herd
at the optimum time. The management of the heifer
rearing enterprise is simplified as it should only be
necessary to rear calves born over a six to eight
week period. It also assists in the maintenance of the
optimum calving pattern as the later calving cows can
be mated to a beef bull.

The incidence of dystokia need be no greater with
a selected AI Holstein/Friesian bull, than a Hereford
bull used in natural service. In a survey of 61 herds
recording aspects of rearing and calving experience
with heifer calvings, the incidence of dystokia associ-
ated with Hereford sires, averaged over all data, was
almost identical to that associated with Friesians (Table
5.4). There was no difference between the breed in calf
mortality rates. When using Holstein/Friesian Al bulls
for heifer inseminations there is no need to restrict the
selection to those noted to be easy calving although
those recorded as having greater than average calving
difficulties should generally be avoided. The most
critical factor is overall heifer rearing management to
ensure that they are large but not fat at the time of
calving.



60 e Chapter 5

Sire selection: breeding
replacements from heifers

A survey of farmers breeding replacements from
heifers showed that the main selection criterion was
‘ease of calving’. It would appear that it is not unusual
for this issue completely to override all the principles
taken into account when selecting replacements from
cows. Any heifer mated to a pure-bred bull is poten-
tially a dam of the next generation. The bull used must
be at least as good as those used on the cows and should
also be genetically superior to the sire of the heifer to
which it is mated. Only by adopting these basic princi-
ples can genetic progress be made. When a bull is
considered to be of sufficient merit to be a sire of the
next generation, attention should be given to the effect
that he may have on the incidence of dystokia.

Selecting a sire (sce p. 48-9)

Genetic improvement has long-term effects on herd
performance and profitability. The effect is cumula-
tive, making the inclusion of heifers in the breeding
of replacements important for maximizing genetic
progress (Table 5.5). It is advisable to select a ‘team’ of
several sires (typically three or four) for a herd, includ-
ing two or more which are suitable for use on maiden
heifers. Using several sires reduces risk, although too

Table 5.4 Effect of breed of sire on dystokia in heifers.

Breed of sire Percentage of calvings

(No. of heifers) Unassisted Assisted Difficult

Friesian (1181) 63 25 12
Hereford (753) 63 24 13

many can lead to unnecessary complication and lack
of uniformity in the herd. There are two key economic
indices used to describe the overall production poten-
tial of sires in the UK: these are profitable life index
(£PLI) and production index (£PIN). £PLI and £PIN
are used to describe the average net margin per cow per
year which the bull is likely to pass to his daughters and
bulls can be ranked on these values for comparison. A
short list of sires based on their £PLI and their overall
type merit can be produced as a starting point. The cut-
off point for this list is likely to vary depending on the
genetic merit of the existing herd, with high genetic
merit herds having to apply higher standards of selec-
tion to ensure progress continues to be made. It must
be ensured that the average £PLI of the bulls selected
is higher than the average £PLI of the cows/heifers to
be mated. The predicted (production) transmission
ability (PTA) indicates the relative production poten-
tial in terms of milk volume and composition. The reli-
ability of PTAs should be considered: the higher the
reliability, the greater the confidence in the predicted
values. Generally, sires with a PTA reliability of 70 per
cent or greater should be selected. Once a short list of
top production bulls has been produced, the selection
should be refined using factors such as milk composi-
tion and functional conformation traits including
udders, legs and feet, SCC and calving difficulty.

Selecting for longevity

Few studies have been undertaken in this country on
the relationship between conformation (type), produc-
tion and longevity. Many studies of these relationships
have been undertaken in the USA and show that first
lactation yield is the best early indicator of longevity
and lifetime yield of dairy cattle. Type scores may add
a little to the accuracy of prediction, but not nearly as
much as is commonly assumed by breeders. To a great
extent, longevity in cows depends on the management

Table 5.5 Example of accumulating genetic merit in younger animals.

Lactation No. No. of animals Average £PIN? Average PTA® Average
Milk (kg) Fat (kg) Prot (kg) Fat (%) Prot (%) reliability

Young stock 289 53 460 13.0 14.6 —-0.08 —-0.01 27

1 97 48 417 11.6 13.3 -0.07 —-0.01 44

2 130 37 314 10.1 10.1 -0.04 0.00 51

3 90 34 312 9.3 9.5 -0.05 -0.01 54

4 73 23 224 5.6 6.5 -0.05 -0.01 59

5 31 10 148 41 3.1 —-0.03 -0.03 61

* PIN, production (profit) index number.
° PTA, predicted (production) transmission ability.



decisions of the farmer. However, differences in
longevity between cows within the same herd are
now believed to be heritable and factors thought to in-
fluence longevity are being included in genetic selection
parameters.

Selecting for a low incidence of dystokia

The service sire has a considerable effect on dystokia.
The results of a detailed analysis of 1485 heifer calvings
to six Friesian/Holstein bulls used equally on 58 farms
showed that the differences between the bulls used in
the percentage of assisted and difficult calvings were
statistically highly significant (Table 5.6). However, the
effect of the bull was far less marked than the manage-
ment on the farm on which the heifer calved. Of the 58
farms in the study, 18 reported mean calf mortality rates
of 1.3 per cent born dead or died within 24 hours and
recorded a low incidence of dystokia with all bulls.
Twelve farms reported mean calf mortality rates of 26.9
per cent, which on some farms was associated with a
high incidence of dystokia. On the farms with low mor-
tality, none of the bulls was associated with an incidence
of dystokia of more than 4 per cent, while on the high
mortality farms no bulls resulted in an incidence of less
than 20 per cent. In this study the bulls used were
known to be breed average or less for both dystokia on
cows (<2.7 per cent) and gestation length (<281 days).

In Table 5.6 only bulls 1 and 3 were specifically
recommended for ease of calving. This highlights the
importance of ensuring that if a recommendation is
based on heifer calvings, that the bull has been used
on sufficient farms for the data to be reliable.

In general, bulls with short gestation lengths give
easier calvings. The mean gestation lengths of bulls in
this study ranged from 273 to 279 days. Providing a bull
is not known to be above breed average for dystokia on
cows, he can be considered for use on heifers, especially
if the gestation length is also less than the mean for the
breed. However, some farmers reported dystokia with

Table 5.6 The effect of bull on dystokia in heifers.

Bull (number of Percentage calvings

calvings)
Normal Assisted Difficult

1 (236) 52 37 11
2 (231) 70 25 5
3 (249) 79 19 2
4 (221) 71 24 5
5 (261) 79 19 2
6 (263) 63 31 6
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bulls that were the easiest calving overall, while other
farmers reported that heifers calved without assistance
to bulls that caused the most problems generally. In
view of the considerable variation between farms and
farm/bull interactions it is not possible to be certain
whether dystokia will occur on an individual farm.

Heifer calves are generally smaller than bull calves
and with the advent of sexed semen it is now possible
to inseminate maiden heifers with ‘female’ Holstein
semen to ensure maximum genetic progress in the herd
and at the same time reduce calving difficulties.

Other factors involved in dystokia are discussed in
the section on ‘Management at calving’ (see p. 65).

Service management

Controlled breeding (sce also Chapter 42)

The introduction of synchronization techniques in the
mid 1970s offered farmers a unique opportunity to
exploit the use of AI without the time consuming and
difficult task of oestrous detection or the need to sepa-
rate individuals from a group for service. The results
of numerous studies have shown that the pregnancy
rates following prostaglandin or progestagen treatment
are similar to those obtained with untreated controls
inseminated at observed oestrus. Despite these findings,
the uptake of commercial techniques to control the
bovine oestrous cycle have fallen well short of expec-
tations, as in the field results can be disappointing
where herd management or supervision of the breed-
ing programme are not of a sufficiently high standard.

There are many reasons why group synchronization
of heifers has failed to become a technique in wide-
spread use. Initially, farmer expectation was too high.
Many had been accustomed to running heifers with a
natural service bull for perhaps nine to twelve weeks.
By this time around 90 per cent should have become
pregnant, even with modest levels of performance.
Farmers have, therefore, become used to finding the
majority of heifers confirmed in calf when manually
examined as a group and tend to expect similar results
from a single AI mating.

Compared with natural service, the cost of a con-
trolled breeding programme with Al is likely to be at
least £25—£35 if a double insemination is given. If only
40 per cent of served heifers produce a calf and 50 per
cent of those are male the service cost per heifer calf
born could easily be in excess of £100.

Although pregnancy rates of 40 per cent are not
unusual, the management factors affecting fertility in
dairy heifers are generally well understood. Providing
the recommendations given in the section ‘Rearing
management, 12-15 months’ (see p. 58) are followed,
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pregnancy rates of 65-75 per cent should be achieved.
At this level of fertility the use of synchronization
becomes more attractive if used only for a proportion
of the group.

Several synchronization techniques (p. 678) are now
routinely used for controlled breeding of heifers,
including the use of prostaglandins, progestagen and
GnRH. The oestrous response following synchroniza-
tion in heifers is generally precise and pregnancy rates
to fixed time insemination satisfactory. However, a
proportion of heifers do not show oestrus within the
expected window after treatment and programmes may
therefore recommend Al only at observed oestrus or
Al at a fixed time followed by either Al at subsequent
observed oestrus or natural service.

An example synchronization programme would be a
system whereby the heifers are housed or moved to a
field adjacent to the handling facilities six weeks before
commencement of service. At the same time the heifers
are weighed and the diet adjusted to ensure a minimum
gain of 0.8kg/day with adequate mineral supplementa-
tion. Any routine veterinary treatments necessary are
undertaken and a check made to ensure that the heifers
can be clearly and easily identified. After a minimum of
four weeks all heifers are injected with prostaglandin
and observed closely for standing oestrus. Heifers not
inseminated after the first injection are given a second
injection and inseminated at a fixed time, either once
at around 84 hours after treatment or twice at 72 and
96 hours after injection. Following the synchronized
mating either the heifers are observed for repeat Al, or
a bull of another breed is turned in as soon as the period
of intense oestrous behaviour has subsided, which is
usually on the fifth or sixth day after the second
injection.

Rearing management, 15-18 months

Housed heifers should be allowed approximately
7m?/head from this age. The preservice ration should be
maintained for at least six weeks. As soon as it is known
that pregnancy has been established in the majority of
heifers, decisions can be taken on the level of nutrition
for the remainder of the period. Their weights should be
recorded and compared with target (Table 5.9). They
should be grouped according to size. Required growth
rates should be calculated using the target calving
weight and feed adjusted accordingly, with higher levels
of supplementary concentrate feed offered to the
smaller heifers. Growth rates of up to 1kg/day or more
are not uncommon in Holstein heifers at this age. It is
likely that, at this age, the variation in weights of heifers
of similar age will be around 80-100kg. Adjusting feed

levels according to size at this time enables the heifer
group to become more evenly matched. High-quality
silage and barley straw without further supplementation
should be sufficient for well-grown heifers. A mineral
mix should be fed to heifers given silage and straw alone.

Rearing management, 18-22 months

Autumn-born heifers should be turned out as soon as
soil and weather conditions permit. Nitrogenous fertil-
izer with phosphate and potash according to soil
requirements should be applied. The sward height
should be maintained at about 6-8cm. Target stocking
rate at this stage should be six to seven livestock
units/ha.

Rearing management, 22—-24 months
(2 months precalving)

In the two months before calving heifers should be
housed or grazed with the dry cows of a similar stage
of gestation as this reduces the stress of introducing
them to the milking herd post calving. If heifers are
to be managed and milked as a separate group during
their first lactation, precalving heifers can be managed
as a separate group. In the last two months of pregnancy
the growth rate of heifers should be controlled to
approximately 0.7 kg/day.

Growth rates in pregnancy

Target growth rates between the third to eighth month
of pregnancy should be approximately 0.8kg/day, but
should be adjusted to ensure adequate calving weights.
The target calving weight for a heifer depends on her
estimated mature body size and the management
routine during the first lactation. The target calving
weight for a Holstein heifer is around 650kg precalv-
ing. In management systems where heifers are fed as a
heifer group in the first lactation there is obviously less
competition than where heifers are competing with
older cows.

Two-year calving heifers competing with cows in self-
fed silage systems are at the greatest risk as not only are
they relatively small in weight and stature but they are
also changing their teeth at this time.

In an investigation involving Friesian/Holstein
heifers calving at two years, Keown (1986) showed that
growth rate during pregnancy has a significant effect
on milk production, with the heavier heifers at calving
producing the most milk (Fig. 5.4).
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Fig. 5.4 The effect of weight at calving on
first lactation yield (increase in first lactation
milk yield). Data used with permission.
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Weight, height and pelvic length at calving were
found to affect milk yield. All these relationships were
statistically significant and suggest that while rapid
growth in the prepubertal heifer is detrimental to milk
yield, the converse applies during pregnancy.

The initial results suggested that there is a positive
relationship between body condition score and milk
yield throughout the condition score range. However, a
more detailed analysis showed that when heifers are fed
adequately during the first lactation there is no benefi-
cial effect on milk yield of feeding to calve them at body
condition scores above 2.5 for Friesians or greater than
2.0 for Holsteins or the Channel Island breeds. This
information is reassuring in view of the fact that an
increased level of assistance at calving was required
when heifers calved at condition scores of 3.0 or more
(see pp. 10-11).

To a considerable extent, dystokia can be avoided by
careful management in the ninth month of pregnancy.
Growth rate should be restricted at this time.

Fly prevention

Summer mastitis can be a cause of loss in heifers (see
Chapter 24). It is most likely to occur between the fifth
and eighth month of pregnancy, usually in July, August
and September. The incidence of summer mastitis can
be reduced by grazing large open fields away from
woods and streams and by the use of fly repellent meas-
ures. Impregnated ear tags, sprays and pour-ons have
proved to be of benefit in preventing disturbance and
irritation caused by flies and reducing the incidence of
New Forest eye and summer mastitis. The incidence of
the latter can also be reduced by regular (e.g. weekly)
teat treatment with proprietary fly repellents.
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Body weight post calving (kg) based on American data (Keown, 1986)

Cubicle training

Some dairy heifers can show clinical signs of laminitis
early in their first lactation. This is frequently a stress-
related condition associated with changes in the envi-
ronment, social grouping and feeding, which occur at
the time of first calving. It has been shown that housing
heifers for a few weeks during a period when cubicles
are not occupied by cows has two advantages. Firstly,
the heifers become accustomed to using cubicles and
are less likely to reject them following introduction
into the herd, and secondly, as one of the postparturi-
ent stresses is eliminated, the incidence of laminitis and
other stress-related metabolic diseases is reduced.
Providing a clean concrete loafing area whenever the
animals are housed, throughout the heifer rearing
phase, encourages better hoof formation and reduces
problems when heifers move into cubicle yards post
calving.

Minerals and trace elements

A detailed description of some of the minerals and
trace elements of particular significance to the dairy
heifer is given in Chapters 21, 46. In view of the fact
that dairy heifers receive relatively little compound
feed, deficiencies are more likely than with the milking
herd. The advice given regarding minerals such as
phosphorus, copper, cobalt, selenium and manganese
fed to dairy cows applies equally to dairy heifers (Chap-
ters 18, 21).

Although iodine deficiency may not be a widespread
problem, it can be responsible for serious losses on indi-
vidual farms (see pp. 253-60). If perinatal calf mortal-
ity in heifer calvings has exceeded 10 per cent in
previous years an investigation into the iodine status of
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the herd is recommended early in the season and treat-
ment undertaken during the fifth to eighth months of
pregnancy.

Magnesium supplementation is normally given to
dairy cows prior to calving in order to reduce the inci-
dence of hypocalcaemia. As heifers are less prone to
this condition, supplementary magnesium is not always
provided (see Chapter 46). Data from ADAS trials
suggest that magnesium supplementation in the month
prior to calving reduces the incidence of dystokia.
As the energy intake should be restricted at this time
it is usually most convenient to provide this via the
water.

Management factors affecting
dystokia and calf mortality

Management at around the time of calving has a major
effect on dystokia and calf mortality. Management
prior to service and during the first eight months of
pregnancy is generally considered to have little effect,
although opinion is divided. The results of a large-
scale investigation into the factors affecting dystokia
showed a tendency for calf mortality and dystokia to
be greater at each end of the growth rate range
(Table 5.7).

On the basis of this study, high weight gains during
pregnancy should not result in unacceptable levels
of dystokia, especially if liveweight gain is restricted
during the final month of pregnancy. An analysis of the
precalving weight and height records showed there to
be no significant relationships with dystokia.

In order to study the effect of management on the
factors affecting calving difficulty and calf mortality, the
performance of the 18 farms with calf mortality rates
below 5 per cent was compared with the performance
of the 12 farms with calf mortality rates over 20 per
cent. There was no difference between the groups in the
growth rates of the heifers (Table 5.8).

These figures suggest that growth rate of the heifer
has little effect on dystokia. Equally, there appeared to
be no differences between the groups in the size of the
calves born, farmers with both low and high mortality
rates recording a similar proportion of small, medium
and large calves. The high mortality rate farms assisted
a greater proportion of heifers in all of the size group
categories and classified 58 per cent of large calves as
difficult calvings compared with only 8 per cent of the
large calves on the low mortality rate farms.

There is no evidence from these data to suggest
that the management of the heifer during pregnancy
accounted for the differences obtained. The differences
would, therefore, appear to be due mainly to factors

Table 5.7 Effect of weight gain during pregnancy on dystokia.

Weight gain Calf
(kg/day) mortaity
(%) Normal Assisted Difficult

Percentage calvings

<0.4 (49) 19 61 35 7
0.41-0.60 (348) 10 74 25 3
0.61-0.80 (854) 11 69 26 5
>8.0 (199) 14 64 28 8

Number of cattle recorded at each weight gain is given in brackets.

Table 5.8 Farms with calf mortality rates below 5 per cent com-
pared with farms with calf mortality rates above 20 per cent.

Heifer measurements Low High
mortality mortality
Number of farms 18 12
Number of heifers 447 212
Average number/farm 25 18
Mean age at calving (days) 731 734
Mean weight at service (kg) 330 323
Mean weight at calving (kg) 504 492
Mean height at service (cm) 117 118
Mean height at calving (cm) 128 127
Mean distance hook to pin 44 43
at service (cm)
Mean distance hook to tail 38 38
head at service (cm)

relating to the management of the heifer at around the
time of calving.

Management prior to calving

Providing weather conditions permit, it is preferable to
graze heifers in a field or paddock adjacent to the dairy
complex, where the forage is naturally sparse or can be
deliberately restricted to ensure that the optimum body
condition at calving is achieved. The heifers should have
the opportunity for exercise. The diet offered should be
a correctly formulated transition diet which introduces
the heifer to the main forages and feeds which she will
be fed post calving. Mineral supplementation remains
as for dry cows. Supplementary magnesium should be
provided.

The group should be observed at least four to five
times daily from three weeks prior to the estimated date
of the first calving. Care should be taken to adjust the
‘due to calve’ dates for the gestation length of the bulls
used.



Management at calving

Grazed heifers should calve in their allotted field or
paddock if possible; housed heifers should calve in
buildings with which they are familiar.

There is evidence to suggest that moving a heifer to
a calving box increases the risk of dystokia and there-
fore it is preferable to avoid movement unless this is
essential for adequate assistance (Chapter 67). The field
should be well fenced to avoid the possibility of heifers
rolling into positions from where it would be difficult to
assist. The herdsman should be trained to recognize
fear, abnormal pain or distress and instructed on the
correct use of calving aids.

Targets for growth for
two-year calving

The targets shown in Table 5.9 refer to heifers calving
at two years. The target growth rates for heifers calving
at 2.5 or 3.0 years are less as they can grow at a slower
rate overall and during growth they can be allowed a
store period. The maximum growth rates suggested for
the first year and the minimum growth rates during the
immediate preservice period apply.

Management during the
first lactation

Heifers fed in competition with cows during their first
lactation are likely to give less milk in the first lactation
and have less chance of surviving to calve for a second
time than when fed in a heifer group.

Table 5.9 Growth targets for two-year calving of Holstein
heifers.
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A study involving 179 small-framed Friesian heifers
calving at two years, all the progeny of one sire, com-
pared the milk yields and longevity of heifers fed with
or without competition during their first lactation. The
first lactation milk yields and survival rates to the end
of the fifth lactation of heifers at a range of service
weights are shown in Table 5.10.

On this farm no allowances were made for the size
of heifer or the effect of competition on milk yield. A
higher percentage of heifers in the group fed with cows
were therefore culled on grounds of disappointing milk
yields.

In a subsequent study, the lactation records of 1346
cows on 54 farms were examined to determine the
extent to which heifers were affected by competition
with cows. The farms were allocated to one of three
groups according to the method of management during
the first lactation:

Group 1: fed as a heifer group throughout the winter
period.

Group 2: housed with cows. Fed a complete diet or
manger fed.

Group 3: housed with cows. Fed on self-feed silage.

Heifers fed as a heifer group (group 1) gave more milk

than those fed in competition with cows (Table 5.11).
Farmers electing to feed cows in groups are more

likely to be aiming for high yields than those where the

Table 5.10 The effect of competition on first lactation milk yield
and survival rates to the end of the fifth lactation.

Weight at service (kg) Milk yield (kg)
Competition No competition
225-259 2892 (33)° 3852 (37)
260-279 3334 (46) 4070 (73)
280-299 3639 (18) 3992 (52)
300-349 3131 (21) 3857 (32)

®

Numbers in parentheses represent survival rate percentage.

From To Daily Target
liveweight liveweight (kg)

gain (at end of

(kg) period) Table 5.11 Mean first lactation milk yields.
Birth Weaning 0.50 65 Group 305-day vyield Total Lactation
Weaning 4 months 0.90 150 (No.) lactation length
4 months 10 months 0.65 280 Milk Fat Protein yield
10 months 13 months 0.80 350
13 months 17 months 0.90 460 1(207) 5200 209 170 5369 319
17 months 22 months 0.90 595 2 (580) 4504 180 146 4641 308
22 months  Calving 0.65 630 (pre calving) 3 (659) 4274 174 140 4358 309




66 e Chapter 5

whole herd is managed as a single unit. When the milk
yields are compared with the average herd yield it can
be seen that the true effect in heifers between herds is
some 5 per cent of mature potential (Table 5.12).

Although heifers fed in competition with cows during
their first lactation are likely to yield less milk, it is not
always possible, feasible or economic to manage, milk
and feed them separately.

The effect of competition can be minimized by ensur-
ing that heifers are well grown prior to calving. Size is
important, but not the only factor determining the peck
order within a group of cows.

Immediately after calving a heifer is maternally ori-
entated and may be weakened by a prolonged and dif-
ficult calving. She is, therefore, least able to establish her
place in the peck order. Bullying following introduction
to the herd can be reduced by ensuring that the
heifer has regained her strength after calving and by
allowing her to join the herd in the late afternoon or
early evening when there appears to be less aggressive
behaviour. Competition for food can be reduced by
providing access to ‘easy’-feed silage in self-fed sys-
tems. It is as well to remember that heifers calving at
two years of age are changing their teeth at this time
and find difficulty in extracting silage from well-
consolidated clamps. The problem is obviously most
acute on farms where the width of the silage face is
inadequate or where true 24-hour access is not pro-
vided. Silage or other forage should be fed in mangers
or cut from clamps and fed behind an easy-feed barrier.
The newly introduced heifers should be observed care-
fully to ensure that they are maximizing forage and con-
centrate intake. Sufficient loafing areas and loose
housing or cubicles should be provided for all the cows
in the herd. There is a tendency for farmers to provide
5 per cent fewer cubicles than cows in the group on the
assumption that not all the animals will wish to lie down
at the same time. Heifers will not always lie in empty
cubicles between older cows and therefore it is recom-
mended that one cubicle is provided for each cow and
heifer in the group.

Table 5.12 Mean first lactation yields (kg) as percentage of
mature yields in different management systems.

Group Mean Mean Yield Heifer yield as
heifer cow difference  percentage of
yield yield cow yield

1 5200 6265 -1065 83

2 4504 5630 -1126 80

3 4274 5479 -1205 78

Survival rates

On average, cows in Britain fail to survive in the herd
for sufficient time to fulfil their mature yield potential.
The mean length of herd life is less than 3.5 lactations,
while mature yields are not obtained until the fourth,
fifth or even the sixth lactation. It is also estimated that
some 40 per cent of all heifer calves born alive fail to
calve for a second time. The main reasons for disposal
are fertility and low milk production. It is evident that
the rate of growth during the rearing period influences
milk yield; the level of nutrition at around the time of
service affects pregnancy rates and the management of
the heifer at calving the incidence of dystokia and calf
mortality. It must be emphasized that attention to detail
and good management throughout the rearing period
have a considerable effect on longevity and overall herd
profitability.
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Introduction

In the following sections an overview is given of tro-
pical cattle management and the tropical production
systems in which cattle are found. Attention is paid to
the main differences between tropical and temperate
production systems in order to introduce them to the
unfamiliar reader. The majority of tropical cattle are
kept in extensive subsistence systems that differ funda-
mentally in their management objectives from
commercial temperate enterprises. The latter tend to be
specialized single product units whilst in the tropics
livestock units are wusually multi-purpose with
important social as well as commercial objectives.

Statistics

Asia, Africa and South America contain approximately
74 per cent of the world’s cattle (Table 6.1) and if other
tropical areas are taken into account such as Central
America then over 78 per cent are found in the tropics
and subtropics. The same tropics produce only 59 per
cent of the world’s beef and veal and 55 per cent of the
world’s milk (Tables 6.2 and 6.3).

This discrepancy represents a challenge for those
involved in tropical cattle management, since the
tropics have many advantages for bovine production.
These include: a potential year-round growing season in
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the absence of very low temperatures; grass species
capable of greater energy capture and dry matter yields
than temperate grasses; vast land areas un-utilized or
underutilized; labour availability, much with strong
animal keeping traditions; and many locally adapted
breeds that have been selected for production in
adverse environments.

Counteracting these advantages are several con-
straints, which include: high temperatures which
depress production and food intake; long periods
without rain when grass growth is impossible; animal
diseases, such as trypanosomiasis and those transmitted
by ticks; communal grazing systems that inhibit invest-
ment and the use of improved management techniques;
and a lack of effective local demand and infrastructure
to stimulate and support production. These advantages
and constraints are discussed in greater detail in the
subsequent sections.

The productivity of tropical cattle

The productivity of tropical cattle is sometimes said to
be low. This is often untrue when total output is con-
sidered. Absolute production levels of milk or meat are
usually low compared with temperate cattle, but capital
inputs are also usually low. Productivity levels, in terms
of use of capital as opposed to production levels, may
therefore be relatively high.

The multiple outputs of tropical cattle systems include
milk, meat, dung, hides and draught power (Fig. 6.1).
Additional functions include acting as a saving mecha-
nism, as a means of realizing emergency cash, as a means
of fulfilling social obligations and as a symbol of wealth
and status within the community. These outputs are not
reflected in commonly used measurements of perform-
ance such as offtake, which refer only to products and
animals that are sold. Social offtake, barter offtake, sub-
sistence offtake, increases in herd size and the use of
animals for draught power are not reflected in normal
offtake measurements. The difference between the
number of animals sold each year from subsistence
systems and from commercial ranches of 8-10 per cent
and 18-20 per cent respectively may be explained largely
by these differences in objectives and products.



Production strategy

Some people have argued that the tropics are suited to
multipurpose low input/low output systems. The envi-
ronmental constraints on high producing animals and
the lower quality forages and byproducts of the tropics

Table 6.1 World cattle numbers by continent (1000 head).
Source: Food and Agriculture Organization (1998)

1989-91 % 1998 %
World 1294020 1318386 (+1.9)
Africa 187534 145 217388 16.5
North and 160074 12.4 158195 12.0

Central America

South America 272829 21.1 299947 22.8
Asia 400563 (FMR) 31.0 450389 34.2
Europe 123383 (FMR) 9.5 156212 11.8
Oceania 31759 2.5 36254 2.7
USSR 117877 9.0 - -

FMR: formerly; prior to break-up of USSR.
Number in brackets is the percentage change 1989-91 to 1998.

Table 6.2 World beef and veal production by continent
(1000 t). Source: Food and Agriculture Organization (1998)

1989-91 % 1998 %
World 52718 53695 (+1.9)
Africa 3319 6.3 3805 71
North and 13217 251 14710 274

Central America

South America 9044 17.2 9886 184
Asia 5269 (FMR) 10.0 10023 18.7
Europe 11056 (FMR) 21.0 12726 237
Oceania 2188 41 2546 4.7
USSR 8625 16.3 - -

FMR: formerly; prior to break-up of USSR.
Number in brackets is the percentage change 1989-91 to 1998.

Fig. 6.1 Draught cows in Guadaloup.
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support this view. Intensification and specialization are
certainly inhibited by the need for multi-purpose pro-
duction. However, as development evolves it will prob-
ably promote the type of specialization that has taken
place in temperate areas. The speed of this evolution
will be determined by our ability to counteract the
direct and indirect negative environmental effects on
the production systems and to capitalize on the positive
ones.

Calf management

In traditional cattle systems, such as pastoralism and
settled extensive systems, reproductive cycles follow
seasonal climatic variation. The peak of calving often
occurs in the early wet season. In Sudan, in southern
Darfur, most calvings occur in April, May and June.
South of the Equator in Zambia the corresponding
peak occurs in October and November. In humid areas
where there is less seasonal nutritional stress, calvings
occur throughout the year.

Table 6.3 World milk production from cows, by continent
(1000t, whole, fresh). Source: Food and Agriculture Organization
(1998)

1989-91 % 1998 %
World 475154 466347 (-1.9)
Africa 15221 3.2 17913 3.8
North and 84146 177 91385 19.6

Central America

South America 32013 6.7 45325 9.7
Asia 56674 (FMR) 11.9 82871 17.8
Europe 167194 (FMR) 35.2 207768 44.6
Oceania 14126 3.0 21086 4.5
USSR 105779 22.3 - -

FMR: formerly; prior to break-up of USSR.
Number in brackets is the percentage change 1989-91 to 1998.
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Preweaning management

In pastoral systems, young calves are separated from
the grazing herd during the day and kept in special calf
areas. After evening suckling cows and calves may again
be separated. In Nigeria, Fulani pastoralists allow
calves to suckle briefly in the morning to induce milk
let-down and then tether them until milking is com-
pleted. After milking the calves suckle until the herds
move off for grazing. Calves seldom receive supple-
ments and may not even receive adequate milk due to
overmilking for human consumption. This is typical of
pastoralism in Africa and the Middle East.

Calf management inputs in these systems are
minimal and this is reflected in the levels of production.
In arid areas gains may be as low as 200g/day with
liveweights of 60kg and 150kg at 6 and 18 months
respectively. Calf mortality rates of 15-20 per cent in
pastoral herds and of up to 40 per cent in sedentary
herds are normally encountered.

Environmental stress, principally due to high ambient
temperatures, is best minimized through correct time of
grazing, use or planting of shade trees and provision of
simple open houses that offer protection from the
direct rays of the sun, but ensure maximum air flow.

As production systems improve indoor rearing
systems may be adopted. Semi-intensive and intensive
calf rearing systems found in the tropics include the
following.

e Single suckling for beef calves where the objective
is to achieve greatest calf growth rates and conver-
sion of milk to meat.

e Dairy ranching where calves are separated at night
and the cows are milked once in the morning and
limited or restricted suckling is allowed throughout
the day. If management will allow evening milking,
suckling all night and separating the cow and calf
during the day is a better option, as carried out by
some pastoralists.

In the tropics calves may be reared inside, outside or
a combination of both. Calves can be reared outside all
year, though a number of disadvantages are associated
with outside rearing on grass paddocks.

e It is difficult to keep grass sufficiently young and
nutritious for calves.

e It is difficult to keep calves free from internal para-
sites if they are grazing in small enclosed areas.

e Environmental stress (temperature and radiation)
can be high, even if good shading is available.

The combination of poor nutrition, parasites and
climatic stress is a major constraint to calf rearing. Ade-
quate nutrition is the key to success and to enabling a
stable host—parasite relationship to be established.

For the first two months the calf should ideally be
kept in an individual stall measuring about 2 x 1.5m. In
warmer areas, portable calf pens may be used. The most
practical indoor system is a shed sited in a gravel or con-
crete yard where the calves may exercise. The house
must provide shelter, be easily cleaned and should keep
calves warm in cool weather and cool in warm weather.
It may be no more than a simple roof over a concrete
base. Slatted-floor houses have advantages, but are
more expensive (Fig. 6.2). No walls are necessary in the
humid tropics, but adequate overhangs are required in
high rainfall areas.

Housed calves, if properly managed, tend to perform
better than calves on pasture. A typical home mixed
ration to accompany whole milk is a mixture of 50 per
cent ground guinea corn and 50 per cent groundnut
cake from two to three weeks of age.

The calf cannot utilize average quality tropical forage
successfully until it is four or five months old. Conse-
quently, it is desirable to suckle or bucket feed for as
many months as possible and to feed concentrates
and high-quality roughage. In intensive systems, the
provision of some good quality forage is beneficial to
stimulate rumen development.

Major calf diseases in intensive systems include
scouring (gastroenteritis) (see Chapter 14), pneu-
monia (see Chapter 17) and worms (roundworms,

Fig. 6.2 Australian dairy Zebu calves in Malaysia.



thread-worms, hookworms, lungworms and tapeworms)
(see Chapter 19). Suckling systems tend to have lower
mortality rates than bucket feeding systems. The advan-
tage is due to the avoidance of disease caused by incom-
plete sterilization of buckets and equipment, and
suckled calves may receive more milk at more frequent
intervals. In herds with many calves to be fed twice a
day, maintenance of sanitation is difficult and the inci-
dence of gastrointestinal disorders and indigestion in
bucket-fed calves is often high (Chapter 16).

Restricted suckling can overcome many problems
and is the system commonly practised in pastoral and
semi-intensive systems. It is also widely used in the
dairy ranching systems of South America. Calves are
housed separately, either at night or during the day, and
are then allowed to suckle for one minute to achieve
let-down before the cows are milked in the morning or
evening. The cows are fully milked-out and the calves
then run with the cows for the rest of the day or night.
When properly managed, restricted suckling systems
have several advantages including better calf growth
and health, higher milk yields including more saleable
milk and are associated with reduced mastitis in the
COWS.

Weaning

In many systems calves are naturally weaned when the
milk supply from the cows ceases due to the poorer
nutrition of the dry season. This leaves calves at varying
liveweights and different degrees of readiness for sur-
vival during the dry period. Where cows continue to
produce milk, the chances of reconception are reduced,
often to such an extent that a calving pattern of a calf
every two years develops.

In some systems weaning is effected earlier by tradi-
tional methods. These may include thorns tied to the
calf’s head or sacks tied around the cows’ udders. Dairy
heifers in less extensive systems are best weaned at four
to five months of age, depending on the availability of
alternative feeds of adequate quality. Beef calves
should have maximum benefit from the cows’ milk and
hence should be weaned as late as seven months. Heifer
calves should be weaned early enough to prevent them
conceiving to the bull running with the cows. Avoiding
early conceptions is difficult in many extensive tradi-
tional systems, though in many zebu breeds maturity
does not occur until a greater age (i.e. 18 months plus)
when animals have reached approximately 66 per cent
of their mature weight.

Post weaning management

Once weaned, calves usually encounter a period of sub-
optimal nutrition. Reasonable gains can be made in the
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rainy season, but weight loss frequently occurs in the
dry season caused by combined energy and protein
deficiencies. Of the two, protein is usually the more
important. Levels of nitrogen in dry tropical grasses
commonly fall to around 0.5 per cent, equivalent to 3—4
per cent digestible crude protein (DCP) in the dry
matter. At this level of protein, grass digestibility is low
and intake falls. The calf may enter a negative nitrogen
balance as metabolic faecal nitrogen loss exceeds
nitrogen intake. Young cattle allowed only poor
quality roughages thus tend to develop a ‘bloated’
appearance.

Breeds differ in their ability to recover from weight
loss. These differences include the ability to reduce
metabolic rate during feed shortage and the efficiency
of water conservation in periods of water shortage. The
latter may lead to increases in feed digestibility due to
slower rates of passage. The risk with major weight loss,
in excess of 15-20 per cent, is permanent stunting and
increased disease susceptibility.

During ‘normal’ dry seasons deaths are often rare,
but once the rains begin, losses may occur due to the
stresses of wetting, lower temperatures and highly
succulent grasses causing digestive upsets.

Provided that the dry season weight loss is within the
range of tolerance of the breed type, then rearing cattle
usually show compensatory growth during the subse-
quent rainy season and make rapid gains (Hogg, 1991).
Tropical cattle have been naturally selected to cope
with recurring periods of undernutrition and then to
compensate effectively. This is a characteristic of great
importance which may be threatened by the increased
introduction of exotic genes. The physiological mecha-
nisms that allow compensation involve reduced
metabolic rate, induced by a period of undernutrition,
and increased voluntary food intake during realimen-
tation. The period of realimentation and compensation
is determined by the length of the rainy season. This is
often short and animals again enter a period of under-
nutrition resulting in further weight loss. A ‘zig-zag’
pattern of animal growth thus characterizes many trop-
ical rearing systems. Whilst dry season losses can be
avoided by supplementation this is rarely justified
economically.

An understanding of compensatory growth is impor-
tant for reasons of rearing economy and in the man-
agement of feeding trials involving measurement of
liveweight gain. Animals that are in a compensation
phase may give a misleading result if compared with
animals not in a compensation phase.

The consequences of the weight gain/weight loss
pattern of growing tropical cattle are several and
include delayed oestrus, reduced lifetime performance,
reduced selection opportunities and also increased
susceptibility to disease.
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When rearing stock are housed or confined they may
still suffer extended periods of poor nutrition when
they are fed adult diets, such as sugar-cane tops or
other low-quality byproduct feeds. In pastoral systems
greater care is normally given to female stock because
of their importance in producing calves and milk. Sub-
optimal management of rearing stock is common in all
ruminant systems, tropical or temperate. It is unfortu-
nate that the consequences cannot be better communi-
cated to the livestock owners and herders so as to
motivate them to improve the management of their
rearing stock.

Onset of puberty
Oestrus

In heifers, the period between weaning and calving can
be divided into two phases: weaning to first service and
first service to calving. The aim is to achieve optimum
growth with the earliest maturity at the lowest cost. To
achieve this small quantities of concentrate or supple-
ment can be a great benefit. A check in growth occurs
at weaning, but can be compensated for by the addition
of concentrates.

The onset of oestrus occurs at a particular weight
according to breed. Under good conditions regular
cycling may be achieved at 13—-14 months. In the tropics
low nutritive quality of grasses, disease and environ-
mental stresses usually result in delayed oestrus com-
pared with temperate conditions. Whereas Bos taurus
reach puberty at 30—40 per cent of mature weight, B.
indicus reach puberty at around 60 per cent of mature
weight (Macfarlane and Worrall, 1970).

The weight of the young heifer at first service and its
rate of growth up to calving have an important effect
on milk yield in later lactations. If early calving is com-
bined with underfeeding in the rearing stage, heifers
may be permanently stunted and milk production
reduced.

Once heifers are cycling normally and have achieved
an adequate body weight, mating or service should be
timed to ensure calving at the optimum time of the year.
This is often assumed to be the beginning of the rains,
but it may be better to aim for calving just before the
rainy season. This will allow the calves to start grazing
during the rainy season before the quality of the
herbage falls and as the dry season approaches.

Sperm production

The onset of sperm production is not as critical as the
onset of oestrus. Only where conditions are very poor
and liveweights low is the onset of sperm production
delayed.

Castration is carried out in many traditional cattle
systems, but is usually left until the animal’s potential
has been assessed. Inferior animals are castrated in
order to stop them mating. However, sometimes the
‘biggest and best’ are castrated to produce draught
oxen.

Monitoring growth

In traditional systems, monitoring of liveweight is by
eye, but in more controlled systems regular weighing is
desirable. If weighing facilities are not available on the
farm, heart-girth measurements can be taken using a
weigh-band. Attention should be paid to the breed for
which the weigh-bands were initially designed, and if
possible the accuracy should be checked against actual
weighings and the bands calibrated appropriately.
Direct weighing and heart-girths do not always fully
define the state of the animal and condition scoring may
be appropriate. Systems of condition scoring for B.
taurus cattle (pp. 10, 11) may not be appropriate for B.
indicus breeds, and scoring systems designed for tropi-
cal cattle should be used (Pullen, 1978; Nicholson and
Butterworth, 1985). Pullen suggested a score range
of 0-5 from emaciated to fattest while Nicholson and
Butterworth suggested a nine-point scoring range.

Adult production

The different tropical cattle production systems are the
result of differing levels of dry matter production per
unit area available for grazing. This varies from very
low levels in the arid areas (<1000kg/ha per annum) to
high levels (>10000kg/ha per annum) in the humid
areas, reducing again to low levels where intensive crop
production limits grazing to roadside verges and
intercrop areas.

Grazing utilization is often complicated by land
ownership, which includes ‘ownership’ by nation, tribe,
group or individual. Most grazing is communal and
herders have the right to graze as many animals as they
wish. Individual ownership and/or leasing of grazing
land are increasing and this may stimulate intensifica-
tion and improvement. Much depends on the availabil-
ity of employment opportunities for those who are
unsuccessful when land rights are allocated. If such
opportunities are not available enforcement of land
ownership is difficult and social pressure tends to result
in the continuation of communal grazing.

Since grazing is crucial in cattle nutrition, the follow-
ing sections highlight important aspects of grassland
production.



Grass production

Grass represents the major link between the sun as the
ultimate source of energy and the grazing animal. For
the grass, however, the grazing animal can be regarded
as a parasite. It is thus important that this relationship
is not a destructive one for the grass. Animal produc-
tivity depends on a vigorous grass sward and manage-
ment must safeguard the viability of the herbage above
all else.

The factors that determine grassland dry matter pro-
ductions are amount of light, leaf area, efficiency of
species, amount of carbon dioxide, temperature, water
and nutrients.

In the short term the manager can determine leaf
area and nutrient level and in the longer term the
species and possibly water level, through run-off
control. Many tropical grasses are physiologically dif-
ferent from temperate grasses. They fix carbon as C,
rather than C; compounds and are regarded as biolog-
ically more efficient than temperate grasses. This is
partly the result of the structure of tropical grasses,
which are taller and more effective in sunlight
interception.

Tropical grasses have evolved to survive short rainy
seasons. They grow quickly, reproduce and senesce.
Whilst grass breeders have extended the growing
period of many species, the short life cycle of grasses is
still a problem when grazing animals require dry matter
throughout the year.

Figure 6.3 illustrates the changes in the nutrient
composition of grasses with time.

The fall-off in crude protein (CP) percentages
reduces the rate of degradation of dry matter and rate
of passage and thereby dry matter intake. While
growing conditions are good in the wet season, CP
levels can be as high as 12-14 per cent, but can be as
low as 2-3 per cent in the dry season. The aim of the
manager is to counteract low dry matter intake by
appropriate management measures as discussed below.

Range monitoring

The interaction between animals and range is con-
stantly changing and the result may be a long-term
improvement or deterioration. A knowledge of the
direction of this trend is very important and regular
observation (monitoring) should be carried out using
the following methods.

Remote sensing: This involves the use of satellites or
aircraft to determine land use, land potential and
changes in herbage production over time.

Soil and botanical trend monitoring: This involves
establishing specific points or transects on the range
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Fig. 6.3 Generalized changes in the amount and nutritive value
of herbage during growth and senescence of the herbage. DM,
dry matter available for grazing — determined by species and
available nutrients; DMD, dry matter digestibility — falls from over
65% to around 40% largely as a result of changes in the crude
protein level; DDM, available digestible dry matter — the result-
ant of DM and DMD; CP, crude protein — falls from over 12% to
around 2%.

that can be visited annually to assess the degree of soil
erosion and ground cover. The botanical species are
identified and the increase or decrease in particular
species is recorded. Botanical trend monitoring is
appropriate for stable ecosystems where changes occur
only slowly. In arid and semi-arid areas with variable
rainfall changes can occur relatively quickly. When
rains are adequate and grazing pressure reduced areas
that appeared seriously overgrazed can recover dra-
matically through the germination of seeds of annual
grasses (Behnke er al., 1993).

Management to maximize voluntary food intake

Maximization of voluntary food intake is the underly-
ing objective in ruminant feeding management.
Tropical grasses are less digestible at the same stage of
growth than temperate grasses, due to greater lignifica-
tion. The lower digestibility reduces rate of passage and
hence reduces food intake. Some breeds of tropical
cattle may have evolved to cope with poor quality feeds
through a greater dry matter intake capacity per unit
body weight than temperate cattle.

Management strategies to maximize voluntary intake
involve maximizing food production, avoiding food
losses and stimulating intake as follows.

(1) Provision of adequate water and water harvest-
ing through the use of pounds and micro terraces.
(2) Control of grazing time, intensity and frequency
to maximize grass production, i.e. maintenance of
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a sustainable carrying capacity according to the
manager’s objectives.

Inclusion of legumes in the sward or as browse.
Fire control to prevent destruction of accumu-
lated standing hay in the dry season and in
ranching systems to control bush encroachment.
Exclusion of wildlife and non-authorized grazers.
Provision of minerals and, in the long term,
correction of soil mineral deficiencies.

Simple rotation and grazing by appropriate
herding, or use of fencing under intensive
systems.

Division of the herd into units of need, i.e. young
stock, dry cows, lactating cows.

Good herding practices, including choice of area
to be grazed and duration of grazing.

Routine health maintenance.

Systems of production

Management and production levels are determined by
factors such as the herder’s objectives, climate and
land tenure. In communally owned dry areas that are
marginal or exclude crops pastoral livestock systems
are found with cattle (Fig. 6.4), sheep, goats and camels.
In wetter areas small-scale mixed farming systems
have developed where sheep and goats are important
and where cattle and buffaloes may have a role for
milk, meat, dung and draught power. In tropical high-
land areas where the climate is less severe milk pro-
duction is often based on exotic cross cattle (Fig. 6.5).
Where land is privately owned, particularly in South
America, more intensive dairy farming methods
occur in combination with large-scale dairy and beef
ranching.

Fig. 6.4 Fulani cattle in Nigeria.

Fig. 6.5 Sahiwal x Friesian cattle in
Malaysia.



Pastoralism and settled extensive systems
of production

Low and unpredictable rainfall coupled with communal
land-use rights have led to migratory and seasonal pat-
terns of grazing. Such systems are found throughout the
Sahel from Mauritania to Sudan and through Ethiopia,
Somalia, Kenya, Uganda and Tanzania. Cattle owners
include the Fulani (Fulbe), Tuareg, Dinka, Borana,
Karamajong and Masai. Pastoralists keep cattle to meet
subsistence needs in areas unsuitable for crops. Milk is
a major product that provides a daily source of food or
tradeable produce and allows herders to exploit remote
areas. Due to recurring droughts and increased popu-
lation pressure resulting in loss of traditional grazing
areas, these patterns are changing in many areas.
Pastoralists are being forced to settle and engage in
agriculture or some other activity.

Settled production occurs where cattle are combined
with crop production. In Nigeria the term ‘mixed
farming’ has been used to denote the use of cattle as
draught animals for cultivation. Draught animals are
common throughout the tropics and because of their
vital role in the production of subsistence crops such as
maize, sorghum, millet or rice their management is
often better than that of cattle which are not used for
draught.

Most settled farming is subsistence in nature and
except where used for draught, livestock have a sec-
ondary role to crop farming. Management inputs are
often relatively low. Land is seldom individually owned
and communal grazing is a major method of food
supply. The management and improvement of commu-
nally owned land are limited by the difficulties associ-
ated with getting people to cooperate.

Food inputs are natural pasture, browse, crop
residues and supplements. Crop residue grazing is sea-
sonal, but important for extensively managed cattle.
Millet and sorghum residues provide early dry-season
food and may be stored in stacks for use in the dry
season, although they are often grazed off quickly in a
‘free for all’.

One technology that has been proposed for improv-
ing the system as a whole is that of fodder banks.
Fodder banks are fenced areas of high-quality forage
that are made available for grazing for only a few hours
per day and for only the most needy stock. The estab-
lishment of fodder banks has been described by Otsyina
et al. (1987) using Stylosanthes species such as S. guia-
nensis cv. Cook and S. hamata cv. Verano. Fodder banks
have had limited success as has the oversowing of
rangeland with legumes. The latter depends for success
on the control of grazing, which with extensive grazing
is virtually impossible.
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Milk production

Milk is produced under a variety of systems, ranging
from one-cow zero-grazed units in Mauritius where
cows are fed on sugar-cane tops and roadside grasses,
to large-scale extensive dairy ranching in Central and
South America, intensive large-scale milk cooperatives
in India, and very large, zero-grazed, environmentally
controlled exotic cow units in Saudi Arabia.

Consumers in the tropics accord a high value to milk
as a human food. The rate of increase in milk produc-
tion has been considerably greater in tropical countries
than in traditional milk producing and exporting
nations (FAO, 1998). World milk production actually
declined between 1989-91 and 1998, but increased by
18 per cent in Africa and 42 per cent in South America
over the same period (FAO, 1998). Milk production can
be an important enterprise in rural development for
several reasons:

e it provides a year-round source of income for the
farmer;

e it contributes to family nutrition;

it can utilize crop byproducts;

e it serves to transfer money from urban to rural
areas; and

e it creates rural employment opportunities.

These advantages have led to many development ini-
tiatives involving local/exotic crossbreds and sometimes
pure exotics. There have been many disasters and fail-
ures, but also some notable successes as in India with
Operation Flood, and in Kenya and Uganda with
smallholder milk production schemes.

The major challenges for milk producers in the
tropics include:

e achieving a high intake of good quality food
throughout the year;

e coping with disease challenges;

e storage and transporting a bulky and perishable
commodity.

Extensive systems: dairy ranching: Dairy ranching is an
extensive system of milk and calf production particu-
larly associated with South America, and countries such
as Bolivia and Columbia. It is a flexible, dual purpose,
low input low output system that depends for its success
on the plentiful availability of low cost land and labour.
Dairy ranching occurs particularly in those areas where
conditions are hot and humid. There is enough mois-
ture to produce sufficient food throughout the year but
the temperature is too high to permit specialized high
output milk production.

A wide range of genotypes are used in dairy ranch-
ing. Crossbreds between Bos indicus and Bos taurus are
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commonly encountered. In the more favourable envi-
ronments high grade cattle are used whilst in the more
difficult areas use is made of pure Bos indicus types.
Similarly, there is a wide range of production systems.
Some farmers milk their cattle twice a day whilst others
milk their cattle only once a day. Some depend entirely
on grazing whilst others use concentrates. In most cases
the presence of the calf is used to stimulate milk let-
down and one or more quarters are left for suckling by
the calf after milking. The calves are allowed only
limited access to the cows. However, much depends on
the relative prices of meat and milk. If meat is in high
demand then the calf may be allowed more milk in
order to promote growth. If the price of fresh milk is
high then the amount allowed for the calf may be
severely restricted, which sometimes leads to increased
calf mortality.

The total milk production from dairy ranching in
South America is considerable and may represent half
of the total milk consumed in a country such as Colom-
bia. One of the great advantages of dairy ranching is
its flexibility and the regular income from milk sales
that it offers. It has been adopted as a system by
many farmers throughout South America and clearly
therefore must be meeting their needs.

Smallholder dairying: the Indian model: India is famous
for its Anand pattern of dairy development. It is the
fourth highest milk producer in the world after
Europe, the Russian Federation and the USA and since
1950 it has more than doubled its output. This has
involved the setting up of dairy cooperative societies
which all milk producers are eligible to join. Farmers
are usually paid for their milk within 12 hours of deliv-
ery to a collection point. Payment is based on quality
and quantity.

The societies are formed into milk unions, which
provide collection, processing and marketing ser-
vices, and may market livestock feed and provide
artificial insemination (AlI), veterinary and other
services.

Urban dairying in Africa: Recent years have seen a
huge increase in urban dairying in and around cities and
major towns throughout the tropics. Whilst such devel-
opments provide a regular income for producers and
readily available fresh milk for the consumers they
are also associated with a number of problems. These
include urban pollution due to waste accumulation and
undesirable smells and noises. Disposal of the carcasses
of dead animals is a further problem as are the various
threats to human health. The latter arise directly from
the consumption of milk and meat containing organ-
isms that cause diseases, such as tuberculosis and bru-
cellosis, or indirectly from the increased activities of

flies and rats which multiply on the wastes associated
with livestock farming in confined conditions (Waters-
Bayer, 1995). Urban livestock farming, and dairying
in particular, has largely developed without outside
involvement in response to people’s needs for income.
They are undertakings that have usually been ignored
by traditional ministries and organizations. However, if
cities and towns in the tropics are to be developed in
keeping with governments’ aspirations and hopes then
policies to limit and perhaps relocate urban dairying
and livestock production are urgently needed.

Semi-intensive and intensive dairy production: In South
Anmerica, exotic breeds are used intensively in highland
areas. Highland areas are found throughout South
America and also in Africa on the Jos Plateau in
Nigeria, the Kenyan and Ethiopian Highlands and in
parts of Tanzania such as Arusha.

Kenya Highlands: The smallholder dairy industry in
Kenya has grown impressively over the last 25 years.
There are now over 400000 smallholder dairy farmers
producing 70 per cent of milk sold. It is estimated that
there are over 3 million dairy cattle in Kenya, concen-
trated for the most part in peri-urban areas. The major-
ity include some amount of Friesian in their genetic
make-up, but other breeds including Sahiwal, Brown
Swiss, Ayrshire and Channel Islands have a significant
role (Fig. 6.6). The pure exotics are found in the high
potential areas in the highlands where lower tempera-
tures and more dependable rains and food supplies
make them a sustainable option. Dairy crosses with
local Zebus are found in the harsher lower potential
environments.

In the most fertile highland areas the production
system is based on zero-grazing of Napier grass (Pen-
nisetum pupureum) together with the use of roadside
grasses and available byproducts such as maize stover,
banana stems and sweet potato vines. The use of forage
and tree legumes is being encouraged. So intensive is
the system that 29 per cent of smallholders buy forage
to feed their cows at some time during the year. Com-
mercial concentrates are widely used. Grazing systems
of varying intensity are encountered in less fertile areas.
In these systems use is made of grasses such as Kikuyu
grass (Pennisetum clandestinum) and Rhodes grass
(Chloris gayana).

Yields of around 2500kg per 10-month lactation
period are commonly obtained. The median calving
interval amongst the better smallholder herds has been
estimated at 426 days. Fifty per cent of herds use artifi-
cial insemination with an approximate success rate of
50 per cent. Zero-grazed systems do not lend them-
selves to easy heat detection and this is an area for
continuing extension inputs and training.



Fig. 6.6 Sahiwal and Sahiwal x Friesian
cattle in Kenya.

East coast fever (pp. 750-53), transmitted by ticks, is
the biggest threat to exotic breeds, although zero-
grazing represents a significant tick avoidance strategy.
Smallholders are increasingly adopting strategic hand-
spraying methods of tick control rather than using gov-
ernment dips.

Many smallholder households in Kenya have bene-
fited both nutritionally and financially from their dairy-
ing enterprises. Perhaps regrettably, intensification and
commercialization of milk production tend to be asso-
ciated with the control of income from milk moving
from the women to the men. Nevertheless, it is hoped
that the accumulated expertise and improved tech-
nologies will allow the continuing expansion of small-
holder dairying into the low potential areas of the
country (Reynolds et al., 1996).

Beef production

In Africa and Asia beef has traditionally been a byprod-
uct of milk and draught power production. Govern-
ments have often been disappointed with the level of
beef production from their traditional herds. This has
led to the mounting of many projects aimed at increas-
ing beef output. These have included group ranching
schemes as in Kenya and parastatal ranching initiatives
as in Uganda and several other countries. Most of these
projects have ultimately proved uneconomic, although
private commercial ranches have usually been more
successful.

Increased beef production from medium- to large-
scale intensive feedlots has also been attempted with
the aim of drawing immature stock from the rural areas
for finishing to produce improved quality beef. These
initiatives have not usually been successful and small-
scale finishing schemes are proving a more successful
form of intensification.
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Beef may remain a byproduct of milk and draught
power in Africa and Asia for the foreseeable future. It
is appropriate therefore to focus research on ways of
feeding and managing culled cows and oxen so as to
maximize their value as meat animals.

In South America the situation is different and spe-
cialized high quality ranch beef from extensive systems
has found a ready market in America, Europe and the
Far East for many years.

There are indications that the demand for meat is
growing rapidly in urban areas of the tropics. This rep-
resents a tremendous opportunity for beef producers,
large and small, in tropical areas (Delgado et al., 1999).

Management of dairy cows

The general objectives of management can be assumed
to be broadly the same for all types of dairy cattle.

Ideally, dairy cows should produce a calf every year,
since milk production is usually maximized with a 305-
day lactation and yearly calving. Since gestation lengths
vary between 275 and 287 days, it is necessary for the
cow to conceive again within 80-90 days of calving. First
service should be at about 50 days after calving. This
is seldom achieved in tropical systems, and calving
intervals of up to 500 days occur. The main reason is a
delayed return to oestrus due to poor nutrition, suck-
ling and other stresses including those of climate and
disease.

Artificial insemination is not widespread in the
tropics, but in some countries, such as Kenya and
Pakistan, insemination services have been operational
for many years. The benefits of genetic improvement
from Al are constrained by the problems of detecting
oestrus, which are especially acute in smallholder one
cow units. The achievement of optimum breeding
patterns and milk production also depends on the
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provision of suitable environmental conditions and
proper feeding.

A major objective of the management of dairy cows
in the tropics should be the reduction or the avoidance
of environmental heat load. This can be achieved in a
number of ways:

e Where possible animals should be grazed at night.

e Concentrates should be fed early in the morning
and late in the afternoon.

e Adequate water should be provided.

Natural and constructed shade should be provided.

e Buildings and shelters should be made of appropri-
ate materials.

e Houses and yards should be sited so as to take full
advantage of prevailing winds.

e Calving should occur in the coolest season, if nutri-
tion allows.

e Animals should be managed indoors wherever
possible, so as to reduce muscular work.

e Animals should be sprayed with water during the
hottest periods to facilitate cooling.

The effect of adverse tropical environmental condi-
tions can be overcome to a large extent if cost is not a
constraint. In the Middle East, exotic breeds of dairy
cattle are maintained in intensive systems and can
achieve yields in excess of 80001/cow per year (Chap-
ters 8, 71).

Feeding (see also Chapter 9)

Dairy cows require higher levels of feeding than
growing or working animals. Energy inputs for lactation
may equal or even exceed maintenance requirements,
though in the tropics requirements for lactation will
not usually exceed maintenance. For a 300kg cow pro-
ducing 10001 in a 300-day lactation, average daily
metabolisable energy (ME) requirements will be
approximately 30MJ for maintenance and 15-20MJ
for lactation depending on the butterfat (BF) content
of the milk. Such levels of milk production can be
achieved by a number of rations and feeds can be com-
bined according to their degradability, ME content and
their CP content. Some typical dairy rations used in
southern Africa are shown in Table 6.4.

Other rations can be devised for different tropical
regions based on a knowledge of locally available foods
such as groundnut cake, wheat bran, maize, oats/barley,
green grain, tapioca, rice bran, urea, molasses and
cottonseed.

Health and hygiene

The two prime considerations of dairy cow health are
the need to maintain optimum milk production

Table 6.4 Typical rations for dairy cows using combinations of
feedstuffs. BF = butterfat.

Feedstuff Diet (kg fresh weight)
360kg cow  540kg cow
Diet 1 Diet 2
Legume hay (average) 1 1.6
Maize silage (average) 11 16
Grass hay (mature) 2 3.9
Diet 3 Diet 4
Legume hay (average) 4 4
Maize silage (average) 18 27
Maintenance + 4litres (4.5% BF) (3.5% BF)
Diet 5 Diet 6
Green lucerne (early flower) 11 3
Grass hay (average) 3.5 18
Maize silage (average) 9 4.5
Maintenance + 4 litres (4.5% BF) (3.5% BF)

throughout lactation and optimum levels of fertility so
that cows produce calves at regular intervals. In addi-
tion it is necessary to rear a healthy calf to weaning and
to first calving. Attention must be given to a number of
disease and general health problems.

Tick-borne infections, trypanosomiasis (Chapter 45),
helminths and liver fluke (Chapter 19) are major prob-
lems in many areas, as is streptothricosis (see p. 886)
in parts of Africa. Exotic animals are particularly
susceptible to many of the endemic diseases.

Adequate attention to disease prevention is of
primary importance in the tropics, where veterinary
services are often unavailable (Chapter 69).

In hot climates it is better to milk at the cooler times
of day. Milk cooling can present problems where con-
stant electricity supplies are not present. Water supplies
to local dairies are often poor and hygiene may be
neglected.

Management of beef production
Ranching

In commercial ranching systems both land and animals
are under the control of the same active management.
This contrasts with pastoral systems where land is
communally owned but rarely communally managed.
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Table 6.5 Example of routine management programme for an East African cattle ranch.

Month Approximate monthly Operation
rainfall (mm)

December/January/February 110 Calving; ear tagging,
weighing and recording

February 100 Check breeding bulls and
cows; cull and replace

March 160 Improved nutrition for
breeding bulls and
cows (bulls throughout
mating season)

March/April/May 140 Brand, castrate, dehorn
last year’s calves

April/May/June 110 Join breeding bulls to
herd of breeding cows

Sell marketable stock;

steers, surplus heifers,
culls

May/June 60 Supplementation of
lactating cows

Conserve forage

July 10 Remove bulls from
breeding herd

July/August/September 10 Wean

August 10 Pregnancy diagnosis;
remove non-pregnant
stock

Under some circumstances a system with two 70-day breeding seasons at four month intervals
can be applied and may improve annual calving percentage and economic returns.

Animals are owned by individuals or groups of indi-
viduals who try to maximize rather than optimize their
use of the communal land.

Ranching can operate throughout a range of inten-
sity levels. Extensive systems may involve a one-herd
system with little or no monetary investment other than
in the cattle. Intensification may involve one or more of
the following stages.

Water development, e.g. boreholes or small dams.
Routine health care.

Mineral supplementation.

Construction of handling and dipping facilities.
Correct use of fire, e.g. creation of firebreaks.
Multiple herd systems, e.g. young stock, steer herds,
etc.

Protein supplementation.

Fencing, e.g. perimeter and paddock.

e Forage conservation.

An important aspect of ranch management is
organizing routines. A routine approach means that the

important husbandry tasks are designated to be carried
out at particular times during the year. All concerned
then know what should be done and when it should be
carried out. Table 6.5 shows an example of a routine
programme for a cattle ranch in East Africa. The pro-
gramme of activities is determined by seasonal feed
availability, which is determined by rainfall.

Government and parastatal companies have often
involved themselves in ranching to intensify cattle pro-
duction away from subsistence systems. The attempts
have rarely been successful. The reasons have usually
been economic, arising from indifferent managements,
low meat prices and the high costs of intensification,
which have rarely been justified. Most successful
ranching is in the purely commercial sector.

Supplementation

Tropical cattle commonly suffer a period of weight
loss during the dry season. Compensatory growth
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can overcome the worst effects, but feed supple-
mentation may be feasible where it can be controlled.
The practical approach should include the use of
sustainable stocking rates, fire control, deferred
grazing, seasonal control of breeding and tactical
marketing. Once supplementation is accepted as
a workable option two considerations arise: the
nature of the supplement and the stock to be
supplemented.

Nature of the supplementation: The supplement should
improve the quality of the overall diet rather than act
as a substitute for a part of that diet. The effective uti-
lization of nitrogen supplementation in the form of urea
mixed in a carrier such as molasses depends upon there
being a deficiency of degradable protein in the rumen.
This is not always the case and the response to urea sup-
plementation has not always been as predictable as
anticipated.

Other forms of background supplement such as min-
erals are important over the long term, but have no
effect on reducing dry-season weight losses. The pos-
sible exception is salt, which may serve to stimulate the
intake of poor-quality roughage. In Nigeria, a naturally
occurring and renewable mineral supplement known as
Kanwa is fed to both settled and transhumant cattle
owned by Fulani and agropastoralists. Kanwa contains
1.5 per cent Na, 4.7 per cent K, 23.7 per cent Ca, 0.6 per
cent P and trace amounts of Mg, Fe, Mn, Cu, Co and
Zn.

Increased attention is being paid to the potential of
small amounts of highly digestible cellulose as a sup-
plement in the form of legume or browse material. Such
material can stimulate cellulolytic bacteria and enable
an improved utilization of a low quality diet. Browse
usually contains over 10 per cent CP/unit DM and
can often have as high as 25 per cent CP/unit DM.
It thus forms a good supplement to poor-quality
roughage.

Other forms of supplement in Nigeria include cot-
tonseed cake, groundnut tops, cow pea stalks, ground-
nut cake and also salt, chaff, bran, cut branches and cut
grass. In Sudan some livestock owners in the Gezira
area provide daily supplement mixtures containing
cottonseed cake, groundnut cake, bran and molasses.
Where breweries are nearby, brewers’ grains may also
be available.

Animals to supplement: Not all animals have the same
need for supplementation and optimum use of
resources can be achieved by identifying an order of
priority, e.g. weaned calves, late pregnancy/early
lactation cows, breeding heifers. Lowest priority will
normally be given to growing steers.

Drought: Drought conditions represent a special case
for supplementation where survival is the objective. An
early difficulty is establishing that drought, as opposed
to a long dry season, exists. When the fact is established
a number of options are available: (i) do nothing;
(ii) sell some stock and buy feed; (iii) sell all stock and
restock later; or (iv) move animals to an area with
grazing.

Where supplementation is adopted it is important
not to start supplementing too soon, but to allow
animals to lose some weight to reduce their mainte-
nance requirements. Bovines have adaptive mecha-
nisms for dealing with drought, one of which involves a
reduction in metabolic rate. Such mechanisms should
be activated prior to survival supplementation.

Animals at greatest risk and females required to
continue the herd after the drought should be given
priority for drought feeding. Once a decision has
been taken to provide survival feeding the feedstuff
is wusually determined by cost and availability.
Infrequent feeding of large amounts is probably pre-
ferred so as to ensure every targeted animal gets some
feed.

Feedlots

Feedlots have been set up in different forms and for
a wide variety of reasons; as large- or small-scale
units, as commercial or government sponsored ven-
tures to produce export quality carcasses and as a
means of trying to reduce overgrazing of com-
munal areas. Initial developments tended to follow
the large-scale pattern of North American feedlots,
but it is now recognized that small-scale projects
that demand more labour than capital are more
sustainable.

Certain circumstances are required before intensifi-
cation becomes an economic strategy, as follows.

e Beef is one of the most expensive meats within the
country.

e Animals are economically available for feeding on
a continuing basis.

e Above average quality feeds are economically
available on a continuing basis.

e Adequate initial funding is available.

e Infrastructural factors such as transport, communi-
cations, husbandry and health services are available
and adequate.

e There is an absence of restrictive factors, e.g.
butcher cartels or legal restrictions on export.

A failure to satisfy these requirements has led to the
limited success of many feedlots.



Fig. 6.7 Stall-fed fattening of Fulani cattle
in Nigeria.

Smallholder fattening

In Malawi a smallholder fattening project was started
as long ago as 1957 and has now expanded to other
parts of the country. It has proved to have many bene-
fits, as follows.

e Home-grown beef for the local market saving
foreign exchange.

e A means of saving for farmers, which can be used
to invest in crop production.

e The provision of manure for the maintenance of soil
fertility.

e Stabilization of the farming system by providing an
employment opportunity.

The participating farmer must build a suitable stall
for one or two animals. Several farmers commonly
build their stalls together. Farmers receive a credit steer
of 260-280kg with the assistance of the extension serv-
ices. This is fed on maize stover, groundnut haulms and
maize bran during the dry season and cut-and-carry
Napier grass (Pennisetum purpureum) and/or Rhodes
grass (Chloris gayana) during the rainy season. Average
daily gain is about 0.5kg and with approximately 200
days feeding total gains of 100kg are achieved pro-
ducing a final weight of 360-380kg.

In Nigeria, stall feeding and fattening is also carried
out and is a common method of cattle production in the
subhumid zone and northern savannah areas (Fig. 6.7).
Farmers often keep up to six animals, usually young
bulls, for 18-24 months before selling them to urban
traders. This method of production has been the subject
of a major extension exercise by the National Livestock
Projects Department in Nigeria, and has been of some
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success in Kano State where work bulls after 2-3 years
are stall-fattened for 6-8 months and sold to butchers.
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Introduction

Over the last 30 to 40 years most ‘top-down’ rural devel-
opment projects in the tropics have continued to have
disappointing results. In response to this, and prompted
largely by social scientists, there has been a growing
awareness that an appreciation of rural people’s local
knowledge should be the starting point for discussing
development interventions of any kind. This participa-
tory ‘bottom-up’ approach is now being applied across
all areas of natural resource use in the tropics. As
regards the maintenance of health amongst the live-
stock resource it is Constance McCorkle, an anthropol-
ogist, and Evelyn Mathius-Mundy, a veterinarian, who
have done most in the last 15 years or so to bring atten-
tion to that local knowledge in the tropics which deals
with animal disease treatment. This body of knowledge
is now commonly referred to as ethnoveterinary medi-
cine (EVM). The objective of this chapter is to highlight
the key issues and developments in EVM in the tropics.

Definition and examples of
nature of EVM

For the purposes of this chapter ethnoveterinary med-
icine is defined simply as the traditional treatments and
practices that livestock keepers are using now, other
than modern synthetic drugs. The majority of the treat-
ments are of plant origin. Some EVM involves magico-
religious practices. Although these latter practices can
be very important to those who use them, they are not
discussed here.

There is an increasing amount of literature listing
and describing EVM practices (Mathius-Mundy &

McCorkle, 1989; Bizimana, 1994; IIRR, 1994), including
various internet sites. Some examples of EVM from
these and other sources are presented below.

The majority of ethnoveterinary practices are aimed
at relatively chronic conditions such as internal and
external parasites, digestive disorders such as inap-
petance, constipation, diarrhoea and bloat, wounds,
lameness, non-specific ‘fevers’ and ‘coughs and colds’.

In Ethiopia goatkeepers boil the leaves of the castor-
oil plant (Ricinus communis) to provide a viscous liquid
which they use to control mange in their goats. The
active agent, ricin, is very poisonous for humans and
provides an example of an EVM agent that must be
handled with care (Peacock, 1996).

In many Mediterranean countries honey is used on
wounds to promote healing (personal observation). The
mode of action is believed to be partly achieved
through an osmotic effect which draws fluid into the
wound. This fluid serves to ‘flush out’ dirt and other
contaminants and thus promotes healing.

There are many plants which appear to have some
anthelmintic effect: Artemisia maritima, Caesalpinia
crista, Melia azedarach, Mallotus philippinensis,
Chrysanthemum spp., Matteuccia orientalis, Carica
papaya, Heracleum spp., Hedysarum coronarium, Aloe
barteri, Terminalia avicennioides and Diospyros mollis
(Hammond et al., 1997). Firing and bloodletting
are widely used practices to treat problems such as
lameness and inflammation. These practices are most
commonly used by owners of horses and donkeys.

Why ethnoveterinary medicine?

In addition to the increasing appreciation of local
knowledge as explained above there are several other
reasons which have contributed to the recent growth in
interest in EVM at farm, local, national and interna-
tional levels.

Antibiotics, acaricides and anthelmintics can be
dramatically effective when affordable and correctly
used. However, the rising cost of these medicines and
its consequences is now a major issue. If the cost of
a treatment is a significant proportion of the value
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of the animal that is being treated then one or more
things may happen:

e The animal is left untreated or a low cost EVM
method is used.

e The seller of the chemical dilutes it to make
it cheaper and so that it will ‘go further’. Monteiro
et al. (1998) in Kenya found that of seven
anthelmintics marketed as containing levamisole,
an effective anthelmintic agent, two contained
none, whilst two others had levels of levamisole of
11.8 per cent and 78.7 per cent of the amount stated
on the label.

e Livestock owners who buy costly drugs may also try
to make them ‘go further’ by diluting them, by
underdosing or by not completing the full recom-
mended course of treatment. All abuses of drugs
are associated with incomplete cures and with the
promotion of organism resistance.

Even when properly administered the long-term
regular use of drugs and chemicals such as
anthelmintics and acaricides leads to the loss of an
animal’s natural resistance. If for whatever reason the
anthelmintics/acaricides are suddenly unavailable the
animal is totally exposed to the worst effects of the par-
asites and organisms which these drugs are keeping
under control. For this reason the routine use of acari-
cides, for example, has been questioned for some time
(Norval, 1983).

Farmers in the tropics rarely have any awareness of
the environmental damage and pollution that may be
caused by the incorrect disposal of chemicals and/or the
associated packaging.

Globally there is a growing interest in ‘alternative’
and ‘sustainable’ approaches to disease treatment. In
human medicine what were once regarded as ‘odd’,
such as herbalism, acupuncture and homeopathy, are
now taken seriously. Veterinary medicine is currently
evolving, in a similar way (see Chapter 65).

Advantages and disadvantages
of EVM

The advantages of EVM are as follows:

e Livestock keepers are already familiar with it, it is
what they use now.

e A significant part of it appears to ‘work’. For
example, Bennet-Jenkins and Bryant (1996) tested
the anthelmintic effect of Eucalyptus grandis leaves
with feral goats. On autopsy these authors found 91

per cent fewer Haemonchus contortus in the treated
group as compared to the control (p < 0.05).

e Itis freely available or at a cost in proportion to the
value of the animal.

e It is easily administered, usually topically or
orally.

e EVM relieves the worry and concern of owners
of sick animals in that it makes it possible to do
something, effective or not, for their animals.

However, EVM is not without disadvantages and
limitations:

e Particular methods are often geographically local-
ized and the scope for their further dissemination is
limited.

e Cures are variable in their effectiveness according
to season, method of preparation, etc., and few if
any have been validated in the same way in which
synthetic drugs must be validated.

e From a technical standpoint some are totally
ineffective.

e EVM has little to offer against the acute viral
diseases of animals, other than treatments for the
signs.

e EVM is not always practical on a large scale. A
particular EVM method may require considerable
amounts of leaves, seeds or even roots. Identifying
a plant as certainly medicinal may lead to its total
destruction. In Nepal people have been excluded
from some forests because of the excessive
collection of medicinal plants, albeit they were for
use in human medicine.

In the new millenium the major arguments for giving
greater attention to EVM include the following:

e It is what livestock keepers use now and, by defini-
tion therefore, should be the starting point for any
animal health intervention.

e It would be unwise to rely on only one strategy
for disease control, i.e. modern drugs, when the
strategy has limitations, some of which have been
highlighted above.

e In the long term the ‘official’ recognition of EVM
empowers those who practise it, with potential
benefits for increased participation in other areas
of social and economic development.

The way forward - validation?

Over the last 15 years or so there have been many
publications listing EVM medicines and practices, as
indicated above. However, there have been very few
trials and validations of EVM that stand up to rigorous



scientific scrutiny. There may be a bias in favour of
identifying treatment success with EVM, as has been
observed in human ethnomedicine (Roscoe, 1991).
Thus it is now timely to bring to EVM the rigour of
objective assessment.

Hammond et al. (1997) have outlined one approach
for the identification and validation of anthelmintic
plants used in EVM. In brief this methodology involves
the following stages:

e A wide-ranging survey to identify all relevant
EVMs and the people involved.

e Selection of the ‘best bet” anthelmintic plants being
used against the most economically important
diseases.

e Study of selected plants in terms of their use in
human medicine, given that many plants are used
in both human and animal medicine.

e Preparation of the test medicines in the ways used
by the livestock owners/healers.

e Testing for activity against indicator helminths.

e Testing for toxic effects, probably on-station.

e Validation on-farm with livestock owners.

If the results of the above are positive it is logical to
proceed to more detailed identification of the active
principles and of how their effects might be extended,
for example through improved storage.

It is relatively easy to list EVM practices and to
review the literature in human and animal medicine.
However, as soon as any attempt is made to test EVM
in a quantitative way major problems arise. The
ultimate one is cost, but this arises from the fact that
so many EVM practices are locally specific and highly
variable in their application and use.

One response to the above problem is a qualitative
method of validation based on ‘confidently used’ EVM.
IIRR (1994) produced a collection of EVM practices in
Asia using a workshop brainstorming technique. The
authors attempted to ‘validate’ practices on a scale of
1-6 as follows:

(1) Workshop participants agreed that the treatment
would be useful.

(2) Treatment is widely used in a region or a country.
(Some remedies were also validated against prac-
tices from outside Asia.)

(3) Workshop participants had first-hand knowledge
of the remedy’s use on-farm.

(4) Traditional healers are known to use the remedy.

(5) The remedy is cited in the literature in one of two
ways: either it is used to treat the same problem
in humans or another animal species or this plant
has proven pharmacological activity to treat the
problem in question (laboratory validation).
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(6) The remedy has been scientifically validated as
effective to treat the problem in the livestock
species in question.

Of some 330 treatments listed by IIRR (1994) only five
are designated as ‘6, 1.e. as being scientifically validated.
Of these five, one is for a pig sedative using the leaves
of Mimosa pudica, the other four are for upper respi-
ratory problems in poultry (leaves of Heliotropium
indicum, Spondias pinnata and garlic, Allium sativum)
and for internal parasites (garlic and the latex of
papaya, Carica papaya).

Is validation of EVM important for the livestock
owners who use it? Possibly ‘no’ if they are using prac-
tices that have been used ‘successfully’ for generations.
But possibly ‘yes’ if they have seen the effectiveness of
modern drugs as indicated above. Are users of EVM
experimenting with/validating EVM medicines and
methods now in any way at all? Until relatively recently
the answer given by outsiders would have been ‘no’.
But following on from the work of van Veldhuizen et al.
(1997) and others, it is now clear that much experi-
mentation is done by ordinary farmers in the tropics
although its extent remains to be fully documented.
One example of an on-farm ethnoveterinary validation
with farmers has been provided in Peru within the
Project for the Validation of Technologies in Commu-
nities (McCorkle & Bazalar, 1996). In this instance
the validation exercise proved to be very positive and
beneficial for the community concerned.

If EVM is locally specific then validation probably
has to be locally specific. In the past validation work has
been something usually done on-station and in labora-
tories with the use of specialized equipment. The need
for these has not gone away, but there are a number of
tools such as weigh-bands and body condition scoring
systems which serve to make validation on-farm more
feasible. Van Wyk et al. (1997) have reported an eyelid
colour system for measuring anaemia in sheep and
relating this to worm burdens. This system could be
used to help organize balanced groups of animals with
similar worm burdens for the purposes of testing the
efficacy of, for example, anthelmintic plants. The
McMaster method for counting parasite eggs in animal
faeces is one that can be learnt relatively easily and
used at farmer group level. Although facilitated farmer
validation may seem ambitious it seems unlikely that
extensive validation of EVM in the tropics will be
achieved in any other way.

Discussion

If it is assumed that validation trials can be organized
and carried out, there are two possible outcomes. One
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is that the plant has no statistically significant effect on
the targeted organism. For example, on the basis of a
literature review, Hammond et al. (1997) suggested that
Mallotus philippensis, widely used in EVM in Asia,
could be effective as a broad spectrum anthelmintic.
Following an actual validation of the dried powdered
fruit of this plant, termed kamala, Jost et al. (1996) con-
cluded that a particular sample of the dried fruit was
ineffective against particular gastrointestinal nema-
todes in certain goats indigenous to Balochistan,
Pakistan. If a medicinal plant is found to be ineffective
in a validation it will be difficult to communicate the
result to many livestock owners. There is unlikely to be
any campaign, or funding, to stop livestock owners
using it. Furthermore, livestock owners may not believe
the negative result, and in any case there may be some
medicinal effect albeit in different circumstances and at
a biological but statistically insignificant level.

If a validation proves positive, what are the options?
One obvious option is to encourage greater use of the
medicine in question through extension services and
publications. Even so it will be difficult to make uni-
versal recommendations as is possible with a synthetic
drug, because of the underlying variability in EVM as
arising, for example, from species, seasonal and method
of preparation effects.

Thus, whether or not validation is carried out and
whether or not it is positive seems unlikely to have
much effect on the short-term use of ethnoveterinary
medicines by livestock owners outwith the specific
locality in question, although this is not necessarily the
case for the long term.

Conclusions

The key issues highlighted above are as follows:

e If poverty and/or drug costs continue to increase
then so will the use of EVM.

e Some EVM ‘works’ and is worth investigating/
validating objectively.

e The evolution of evidence-based EVM will be slow
and may require a new participative approach to
validation.

From the above points it can be further concluded that
there is likely to be a continuing place for EVM in the
tropics alongside modern methods of disease treatment
and according to circumstances.
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Introduction

Cattle, like all mammals and birds, are homeotherms.
Despite wide fluctuations in environmental tem-
perature they are capable of maintaining a relatively
constant body temperature. This ability to regulate or
stabilize body temperature is essential to preserve the
multitude of biochemical reactions and physiological
processes that occur with normal metabolism. As envi-
ronmental temperatures rise a series of thermoregula-
tory responses designed to stabilize body temperature
are initiated. These include physiological, anatomical
and behavioural changes which exhibit themselves as
reduced feed intake, decreased activity, shade or wind
seeking, increased peripheral blood flow, sweating and
panting.

During periods when ambient air temperature and
humidity are particularly high, thermoregulatory
activities may not be sufficient to maintain normal body
temperature. The result is a rise in body temperature
and the induction of a series of thermoregulatory
events whose objective is survival from a potentially
life-threatening crisis. Performance is naturally a sec-
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ondary concern and almost always suffers. The specific
thermoregulatory responses that impact performance
are a reduction in feed intake and nutrient absorption,
and a redirection of blood flow from internal organs to
peripheral tissues. During the prepartum period, this
results in lower calf birthweight and reduced milk yield
in the subsequent lactation. Postpartum, hyperthermia
depresses dry matter intake, reduces milk yield and
decreases reproductive performance.

Methods to relieve heat stress include the provision
of shade, forced air movement as with fans, and water
in the form of a fog, mist or sprinkle droplet. In some
areas of the world cooling of cows may be accomplished
by permitting access to ponds which are managed
for such purposes. Depending upon specific climatic
conditions (i.e. hot dry or arid verses hot and humid)
these can be used in combination to assist cows in the
achievement of acceptable heat balance.

Thermoregulation and the thermal
comfort zone

For lactating dairy cattle, the most comfortable
environmental temperature range is between 5 and
25°C (41 and 77°F), otherwise known as the thermal
comfort zone. Within this range of temperatures
optimal animal performance can be expected. Temper-
atures that range outside this zone may require an alter-
ation in the basal metabolic rate for the animal to
maintain normal body temperature. The lower critical
temperature is the point at which an animal will begin
to feel cold and must increase body heat production.
It varies with age, physiological status (lactating or
non-lactating), degree of insulation, level of milk pro-
duction and acclimatization. For example, the lower
critical temperature for neonatal calves is reported to
be 12.8°C (55°F). On the other hand, a mature cow in
peak lactation may be comfortable at a temperature of
—25°C (—13°F). The upper critical temperature is the
point above which an animal begins to feel warm and
must begin to compensate. Unlike the variability
described for lower critical temperature, the upper



critical temperature limit remains constant at about
25°C (77°F) regardless of age or physiological status.

Body heat production

Total body heat load is a combination of heat derived
from metabolism and that obtained from environ-
mental sources. Internal body heat associated with
basal body functions (digestion and cellular biochemi-
cal reactions) accounts for 35-70 per cent of total daily
heat production. In ruminants there is greater heat gain
associated with the digestion of roughages as compared
with concentrate feedstuffs. Other sources of body heat
include that associated with daily physical activity and
increased metabolic activity associated with lactational
performance. Finally, it is significant to note that the
increased respiratory rates and panting associated
with evaporative cooling, while necessary to cool the
cow, also account for an increase in daily maintenance
requirements by 7-25 per cent.

Heat gain from the environment

The primary sources of heat gain from the environment
are solar radiation and high ambient air temperature.
The amount of heat absorbed by an animal exposed to
direct sunlight is related to coat colour. Black cows
absorb over twice as much heat from the sun as white
cows. This is complicated by virtue of the fact that
the flow of heat away from the cow’s body is restricted
by high ambient air temperature which narrows the
thermal gradient between the cow’s body and the
surrounding air. Thus, solar radiation together with
high ambient air temperature are important sources of
heat gain from the environment. Since little can be
done to reduce air temperature, efforts to provide
shade should be a high priority.

Body heat loss

The release of heat from any object to the environment
is proportional to its exposed surface area. Further,
the ratio of surface area to body mass decreases as
overall size increases. This means that large animals
such as cows are at a disadvantage in losing excess
body heat. They are also at greater risk of becoming
overheated. Calves, on the other hand, have a greater
amount of surface area relative to body mass and,
therefore, are much better at dissipating heat than a
mature cow.

Avenues for the dissipation of heat in cows include
both non-evaporative and evaporative cooling
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mechanisms. Between the temperatures of —17.8 and
10°C (0-50°F), 75 per cent or more of heat loss from
the body occurs by non-evaporative cooling (i.e. con-
duction, convection and radiation). However, at tem-
peratures of 29.5°C (85°F) and above, nearly 80 per cent
of heat is dissipated by evaporative cooling (i.e. the
evaporation of water from the skin and respiratory
tract). In general, whenever temperatures exceed 21°C
(70°F), evaporative cooling becomes the predominant
mechanism of heat loss in cattle.

Bos indicus (Zebu) cattle have larger and a greater
number of sweat glands than Bos taurus cattle, but
actual sweating rates are only slightly higher. The evap-
oration of water from the cow’s skin is a very effective
cooling mechanism. It is enhanced by conditions which
provide air movement which moves water vapour away
from the skin thereby increasing the vapour-pressure
gradient in the immediate air space surrounding the
animal.

The primary obstacle to evaporative cooling is
high relative humidity. Humid air is more saturated
with water vapour. Thus, the vapour-pressure gradient
is reduced. In some environments this is exacerbated
still further by limited air movement. This results in
very low water evaporation rates and consequently
minimal cooling. In hot and humid environments this
condition may be overcome by a combination of sprin-
kling the skin with water and forced air movement with
fans. Fanning cools wetted cows by accelerating the
water vaporization rate.

Effects of heat stress on
performance

Prepartum heat stress

Elevated environmental temperatures during the last
trimester of gestation alter blood flow to the uterus and
maternal-fetal hormone concentrations. The result
is lower calf birthweight and reduced milk yield in
the subsequent lactation. Approximately 60 per cent of
fetal growth occurs during the last 90 days of gestation.
Chronic heat stress during late gestation leads to
reduced blood flow to the uterus which retards placen-
tal and fetal growth. As a consequence, placental mass
is reduced and calf birthweights are lowered by as much
as 6 to 8 per cent. Studies have also shown that milk
yield is related to calf birthweight and lower calf birth-
weights are associated with reduced milk production.
Although the precise reasons for reduced milk yield are
unknown, most researchers believe that hyperthermia
in late gestation interferes with normal hormonal
regulation of mammary development, lactogenesis and
milk yield.



90 e Chapter 8

Peripartum heat stress

Cows calving during daylight hours in hot climates
with direct exposure to solar radiation are particularly
subject to hyperthermia and heat stroke (p. 935). This
is particularly true for cows experiencing hypocal-
caemia at calving, when control of body temperature
by natural mechanisms is greatly diminished. Therefore
close monitoring of calving cows is essential in hot
climates.

Heat stress at parturition also creates significant
consequences for calves. Once delivered, calves born
in stressful conditions are weaker and slower to suck
colostrum. Indeed, passive transfer of immunoglobulins
has a seasonal pattern in calves. Calves born during
the hotter summer months have higher rates of failure
of passive transfer whereas calves born during the
more moderate times of the year tend to have better
rates of passive transfer. At least one study suggests
that an increase in serum corticosteroids in heat
stressed neonates reduces permeability of the intestine
to immunoglobulin absorption. Thus, it would appear
that both physical and physiological mechanisms are
responsible for high rates of failure of passive transfer
in calves.

Postpartum heat stress

Reduced feed intake is a primary strategy for lowering
body heat production. The consequence is a reduction
in milk production of as much as 10 to 20 per cent
or more. Similar effects on constituent (milk fat and
protein) yield are observed. Milk quality parameters
are also affected whereby somatic cell and bacterial
counts tend to increase during periods of hot and
humid weather. Although specific data are limited,
the observed increase in somatic cell counts suggests
a greater susceptibility to infection due to decreased
host resistance or increased exposure to pathogens
created by an environment more favourable for their
propagation.

Improper ration formulation, intermittent feeding
behaviour, a lack of cud chewing, elevated respiratory
rates, excessive losses of saliva from drooling and an
overall reduction in the buffering capacity may inter-
fere with the normal buffering of rumen contents. This
is believed to be a significant contributor to rumen
acidosis (see p. 829), laminitis (see p. 420) and other
lameness conditions (see Chapter 31) that seem to be
particularly prevalent during periods of hot weather.
Feeding the lactating cow is particularly challenging
during periods of intense heat. The objective is to
maintain some level of performance and homeostasis
yet not add to the internal heat load or tendency toward
rumen acidosis.

Heat stress has a major impact on reproductive
performance. It lowers conception rates, reduces the
length of the oestrous period and oestrous intensity,
modifies endocrine function, alters the oviductal and
uterine environment and increases early embryonic
death by interrupting embryo development. The sea-
sonal depression in reproductive performance that
results is one of the most serious problems for the dairy
and livestock industry of subtropical and tropical
regions throughout the entire world.

Methods to reduce heat stress (p. 975)

Successful abatement of heat stress generally
requires environmental modification. Critical compo-
nents include shade, water in the form of a fog, mist or
sprinkling and air flow — either natural or by forced air
movement with fans. The primary objectives are to
reduce direct solar radiation, lower air temperature,
improve or assist air movement or in some cases increase
the natural evaporative cooling from skin surfaces.

Natural shade

Trees are an excellent source of shade. They are
not only effective blockers of solar radiation but the
evaporation of moisture from leaf surfaces cools the
surrounding air without appreciably interfering with air
circulation. In addition, animals acquire very little
radiant heat load from the shade of a tree compared
with a metal roof. Therefore, trees are a highly desir-
able natural resource in the environment of the dairy
cow. However, trees have a short life span in operations
where they are not protected. In fact, most last only
about one to two summers after the onset of cow expo-
sure where stocking rates are high. As cows congregate
to seek protection from the summer sun they quickly
develop mud holes at the base of trees. This soon leads
to death of the tree and loss of this natural shade source.
In order to take advantage of natural shade, some effort
must be made to ensure that trees are protected from
damage by cows.

Artificial shade

Solar radiation is a major factor in heat stress and
increases heat gain by direct as well as indirect means.
Blocking its effects through the use of properly
constructed shade structures alone increased milk
production by 10-19 per cent in studies conducted in
Florida. Options include permanent or portable shade
structures. In the following sections consideration
will be given to design and maintenance factors.



Permanent shade structures

Major design parameters for permanent shade struc-
tures include:

Orientation

Floor space

Height

Ventilation

Roof construction

Feeding and water facilities
Waste management system.

The preferred orientation of a shade structure
depends upon whether or not cows are confined to the
structure. Alignment of the long axis in an east-west
direction achieves the maximum amount of shade
under the structure and is therefore the preferred
orientation for confined animals. On the other hand,
where cows are free to move with the shadow of the
structure a north—south orientation is better because
this orientation will allow sunlight to dry out as much
as 35-50 per cent of the area beneath the shade
structure during both the morning and afternoon hours.
This is particularly important for shade structures with
earthen floors.

Some prefer concrete slab floors. A reinforced con-
crete slab at least 10cm (4 inches) thick, with a smooth
finish and grooved for good footing, is recommended.
If a flush system is to be used the floor should be sloped
1.5-2 per cent. Water availability, space and environ-
mental concerns are currently of interest in floor scrap-
ing and removal of manure solids from the premises.
Various other waste handling facilities incorporate
settling basins, liquid/solid separators, pumping and
gravity-flow systems.

Guidelines regarding the size of shade structures
vary according to climatic conditions. Some recom-
mend 1.75-2.5m? (19-27 square feet) of floor space per
cow. However, for hot and humid environments, some
would recommend a floor space equivalent to 5.5-
6.0m? (60-65 square feet) per cow. Space requirements
are doubled for hot and humid climates to provide an
additional open area for improved air movement.

Natural air movement under a shade structure is
affected by its height and width, the slope of the roof
and the presence of, or size of, the ridge opening.
Air movement may occur naturally as breezes through
the open sides of structures or by thermal buoyancy,
in which air warmed by the presence of animals
and thermal radiation through the roof creates air
flow toward the ridge opening. A steady flow of air
through a shade structure requires the following design
specifications:

e Shade structures of 12m (40 feet) or less in width
require a minimum eave height of 3.7m (12 feet).
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Structures wider than 12m (40 feet) should have
eave heights of at least 5m (16 feet) or more.
There should be at least 15m (50 feet) of clearance
between adjacent buildings or other obstructions.

e Gable roofs should have at least a 4:12 slope (6:12
is acceptable but difficult to work on) and a
continuous open ridge. Ridge caps if desired should
have a minimum of 0.3m (1 foot) of clearance
between the cap and the roof peak.

e Ridge openings should be a minimum of 0.3m (1
foot) wide plus 5cm (2 inches) for each 3m (10 feet)
of structure width over 6m (20 feet).

e Painting metal roofs white and adding insulation
directly beneath the roofing will reflect and insu-
late from effects of solar radiation and will reduce
thermal radiation on cows.

Thermal radiation from the roof of shade structures
can add significant heat load to cattle, particularly
in low structures without a ridge opening. In these
types of structures thermal radiation can be reduced by
cooling the roof with water, adding insulation or paint-
ing the roof with a reflective type of paint. However, it
should be remembered that these additions to the
structure do not cool air, reduce humidity or augment
the natural evaporative cooling mechanisms of cows
beneath the shade structure. Furthermore, proper
design of the shade structure (adequate eave height and
an open ridge) will naturally limit thermal radiation
effects. When faced with the need to retrofit cooling
into an ill-designed existing structure, the priorities
should be directed to cooling the cows rather than the
roof. Roof cooling (beyond painting with a reflective
paint), while beneficial, is a secondary consideration.

Portable shade structures

Portable shades offer some advantages over permanent
structures in their ability to be moved as required to
cleaner and drier locations. However, protection from
solar radiation is less than that achieved in permanent
structures. Shade cloth patterns come in various weaves
providing 30-90 per cent shade. One of the more com-
mon types is a woven polypropylene fabric which
provides 80 per cent shade. While longevity is consid-
erably less than that expected of permanent structures,
shade cloth if properly maintained (kept tight) can last
5 years or longer.

Cooling by reducing ambient air
temperature

As temperatures rise above the upper critical tempera-
ture threshold of 25.5°C (78°F) the dairy cow begins
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to increase heat loss via the respiratory tract and skin
surface. However, despite the remarkable efficiency of
these thermoregulatory responses to dissipate heat, as
temperatures continue to rise these natural mechanisms
are overwhelmed, leading to hyperthermia and reduced
performance. In these circumstances efforts to mini-
mize additional heat gain and supplement cooling be-
come necessary. Water and air movement become the
agents by which the micro-environment is cooled and
evaporative cooling by the cow is augmented.

Evaporative cooling pads and fans

Air temperatures can be lowered by air conditioning or
refrigeration, but the expense of such types of mechan-
ical air cooling makes these impractical for cooling
dairy cows. A more economically feasible method to
cool the micro-environment is the evaporative cooling
pad (corrugated cardboard or similar material) and fan
system which uses the energy from air to evaporate
water. This process cools the air and raises its relative
humidity. Although these systems are most effective in
arid climates, they have been observed to reduce air
temperature in humid climates as well.

High pressure foggers (see also Chapter 71)

In recent years interest in high pressure foggers has
grown. These systems offer effective cooling but with
lower water use. Foggers disperse very fine droplets of
water which quickly evaporate, cooling the surrounding
air and raising the relative humidity in the process. The
typical design incorporates a ring of fogger nozzles
attached to the exhaust side of a fan. As fog droplets
are emitted (200psi) they are immediately dispersed
into the fan’s air stream where they soon evaporate. The
temperature of the animals is reduced as they inspire
the cooled air and it is blown over their bodies. Fogger
systems are most effective in areas of low humidity.
However, even where humidity is normally quite high,
daytime humidity is still low enough to allow effective
cooling with fogger systems. In areas where relative
humidity increases to nearly 90 or 100 per cent in the
overnight hours foggers must be turned off. Once the
air is saturated with moisture evaporation is reduced
and cooling stops. High pressure foggers should
be designed to operate during the less humid hours of
the day. Finally, they should be used only in open-
sided, ridge-vented, tall (greater than 3.7m (12 feet))
barns. Low barns with side walls restrict air flow and
fog droplet evaporation. This reduces cooling and
makes for excessively wet conditions in the barn.
High pressure foggers are advantageous in the fact
that they use far less water (13.5-23 litres (3-5 gallons)/
cow per day) compared with sprinkler systems (135-230

litres (30-50 gallons)/cow per day). The primary
disadvantage is that they require more maintenance.
In-line water filters must be cleaned or checked daily
to prevent clogging of fogger nozzles.

Misters

A mist droplet is larger than a fog droplet but cools air
by the same principle. These systems do not work
well in windy conditions or in combination with fans in
humid environments. In warm humid environments
mist droplets are too large to evaporate fully before
settling to the ground. The consequence is wet bed-
ding and wet feed. A further complication with misters
is the formation of an insulating layer of air between
the droplets of water on hair shafts and the cow’s
skin. When this occurs it impedes natural evaporative
heat loss from the skin and can result in body heat
build-up.

Enhancing the cow’s natural
mechanisms of heat loss

Protecting the cow from solar radiation with shades and
reducing ambient air temperatures through the pro-
cess of water vaporization and controlled ventilation
are important considerations in cooling dairy cattle.
Various combinations of these techniques have proven
to be particularly useful in arid climates. Cooling in hot
and humid climates, on the other hand, can be more
challenging. Instead of trying to lower ambient air
temperature, another technique is to provide shade, wet
the skin and move air to enhance the cow’s primary
mechanism for the dissipation of heat — evaporative
cooling from the skin.

Sprinklers and fans

Sprinkling systems utilize a larger size water droplet
that is able to wet the hair coat to the skin. Cooling
is accomplished as water evaporates from the hair
and skin. In combination with forced air, sprinkling
substantially increases the loss of body heat over
that possible by sweating alone. Several studies have
demonstrated upper body sprinkling followed
by forced-air ventilation to be an effective means
to reduce body temperature, increase feed intake and
boost milk yield. This combination has been applied to
holding areas outside milking areas, shade structures,
feed barns and free-stall barns with a high degree of
success.

Sprinkler and fan systems require a properly sloped
concrete floor with facilities to handle water run-off at



rates of somewhere between 230 and 450 litres (50 and
100 gallons) of water per animal per day depending
upon sprinkling rates. In early Florida studies water use
amounted to 455 litres (120 gallons)/cow per day (sprin-
kling for 30 seconds every 5 minutes when ambient air
temperatures exceeded 26.5°C (80°F)). Later work has
shown that rates of 230 litres (50 gallons)/cow per day
or less will provide effective cooling. Consequently, in
addition to plans for water run-off and containment,
some determination of the water supply is advised.

Sprinklers should be located above the cows, with
nozzles directed such that they wet the cows but not
the feed. The type of nozzle chosen depends upon the
volume of water and sprinkling rate desired. Generally,
low pressure (10psi), 180° spray nozzles, capable of
delivering the equivalent of 1.25mm (0.05 inches) of
rainfall per sprinkling cycle, are used. This sprinkling
rate assures that the cows will be wetted to the skin.
Nozzles are spaced approximately every 2.5m (8 feet)
or as far apart as necessary to provide overlapping
coverage.

Fans (0.5-1.0hp) capable of air flow rates of 11000
cfm or greater are recommended. Ninety centimetre
(36 inch) fans rated as such can be hung above the
sprinklers every 9m (30 feet) (every 1.2m (40 feet) for
120cm (48 inch) fans). They should be tilted downward
at a 20-30° angle (from vertical) to direct the flow
of air on to the cows. An air velocity of 120-185m
(400-600 feet) per minute over the cow is desired. The
system combines fans and sprinkling, with cows being
sprinkled for 1-2 minutes at 15-minute intervals. Fans
should be run continuously. The entire system should
be thermostatically controlled to operate automatically
when ambient air temperatures reach or exceed 26.5°C
(80°F).

Sprayers in parlour exit lanes

Exit lane sprayers are available commercially and
designed to automatically spray water on to cows as
they pass through. Fan nozzles and timing of the spray
are designed to spray only on to the cow’s back and
sides. Fan spray nozzles must have a flow rate of at least
36 litres (8 gallons) per minute at 40 psi. These systems
would seem to have greatest appeal in operations
where cows travel some distance from the milking
parlour to feed and in loafing areas. A less complex
system can be made by simply locating an ordinary
shower nozzle above cows in the parlour exit lane.
Cows can be showered as they leave the parlour.

Cooling ponds

Tradition has held that it is better to limit or exclude
access of cows to streams and farm ponds, and with
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good reason. Experience has shown that free access
to streams and ponds may predispose to a number of
infectious diseases and some toxicities in dairy cattle.
Most notable of these are leptospirosis (see pp. 734-7)
and mastitis (see Chapter 23) caused by a variety of
organisms, particularly Protheca species (achlorophyllic
algae). As a result, most advise that cows be fenced
away from streams and ponds. Cooling ponds, there-
fore, represent a controversial method for the manage-
ment of heat stress. However, studies in the USA have
found that cooling ponds not only effectively reduce
body temperature, but have no apparent adverse effect
on udder health.

The primary mode of heat loss in cooling ponds is
conduction, with a small amount lost by evaporative
cooling during the 5-10 minutes after exiting the pond.
Water temperature of the cooling ponds studied in the
USA generally ranged from 24 to 30°C (75 to 86°F),
or occasionally higher. At this temperature there was
a favourable heat transfer gradient between the cow’s
body and the pond water.

Major questions remain as to how cooling ponds
should be designed or maintained. Some operations
that rely on ponds for cooling cows maintain them by
providing a constant inflow of water, with an overflow
at one end of the pond. They also drain, dredge and fill
them with new sand every 1 to 2 years. Although total
bacterial content does not appear to be appreciably
affected there is less build-up of organic material. There
is some evidence that allowing cows access to stagnant
or natural ponds may negatively affect milk quality and
the incidence of mastitis. Cows from herds with man-
made ponds, which are maintained regularly, produce
milk with lower bacteria and somatic cell counts
compared with cows from herds which have no ponds
or natural ponds. Thus, one would conclude that the use
of ponds for heat stress management should be accom-
panied by plans for pond maintenance.
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Introduction

The bovine animal, along with the other ruminants,
depends very heavily on its symbiotic relationship
with the microbial population of the rumen. Thus any
consideration of the nutrition of the bovine must be
focused on the rumen as the most important part of the
bovine digestive system. The fermentation in the rumen
is dominated by the degradation of plant cell walls, of
which the most abundant constituent is cellulose. This
adaptation to plant cell wall digestion, in addition to cell
content degradation places the bovine in an important
strategic position relative to other animals.

Van Soest (1994) classified cattle feeding habit as
being one of grazing fresh grass, rather than browsing
trees and shrubs. Cattle have a greater need for water
than other ruminants, possibly because they retain fibre
for relatively long periods in the rumen. A high free-
water content, typically around 90 per cent, is essential
for optimal bacterial activity. In addition, there is less
absorption of water in the large intestine and a higher
water content in the faeces than with sheep and goats.

The bovine is a relatively unselective eater compared
with the other ruminants. This may be a disadvantage
when tree and shrub leaves are abundant at a time
when pasture supply is scarce because of drought. But
the bovine can and does browse. In situations of excess
food supply over consumption, selective eating occurs.

In temperate regions of the world, a constant supply
of feed throughout the year is achieved by preserving
excess herbage growth as hay or as silage. This activity,
coupled with the production of root crops specifically
for use when grass growth is slow or non-existent, has
transformed the annual cycle of production from one
totally dependent on grass growth to one which is not.
Thus beef cattle, for example, no longer lose weight in
the winter when grass is scarce, but are able to main-
tain or even increase in weight on a winter diet of hay,
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silage or stored root crops. The development of the
human food and drink industry has released a wide
range of by-products, such as bran from the milling of
grain for flour, and spent grains from the brewing of
beer and the production of spirits. These by-products,
which are not edible by the human population, play a
vital role in the nutrition of the bovine when grazed
pasture grass is in short supply.

A remaining challenge in bovine nutrition is to
achieve a similar constancy of feed supply to that of the
temperate regions of the world, to bovine populations
in regions where drought is common, and where the
technology of feed preservation and by-product utiliza-
tion is less well developed.

In this chapter, the fermentation in the rumen is
described, with particular emphasis on the kinetics of
the process and its interaction with feed intake.
Requirements for energy and protein are then consid-
ered. The composition of feeds is outlined, together
with technologies for feed preservation and feed pro-
cessing. Finally, the management of the feeding of
the bovine is outlined in relation to maintaining stabil-
ity in the rumen, maximizing intake and meeting
requirements for high levels of productivity.

Fermentation in the rumen

The rumen accounts for more than half the total volume
of the digestive tract of cattle. The animal relies very
heavily on the reactions that occur in the rumen for its
supply of major nutrients. Thus on a sole diet of grazed
grass some 90 per cent of the animal’s total energy
and protein supply is derived directly from the
rumen micro-organisms and the end-products of their
metabolism. Therefore, the importance of main-
taining optimal conditions for fermentation cannot be
overstressed.

The symbiotic relationship between the micro-
organisms of the rumen and the host animal has been
crucial to the survival of the bovine, since the animal itself
does not produce the enzymes to degrade the cellulose
and hemicellulose in plant cell wall material. This task is
undertaken by the microbial population of the rumen.

In the wild, surrounded by foliage and limited sup-
plies of feeds containing starch or sugar, the bovine’s
fermentation of plant cell wall material secured not
only the supply of energy, but also a vital supply of
microbial protein. The ruminant has evolved a nutri-
tional niche whereby it is independent of external
sources of amino acids and B vitamins — a considerable
advantage when grass is the only feed available.

Fermentation in the rumen is the anaerobic process
of microbial activity, which also occurs in the lower
digestive tract of animals and in the preservation of

crops by ensilage. Essentially, dietary carbohydrates,
proteins and some fats are reduced to short-chain fatty
acids with the production of carbon dioxide, methane
and ATP.

The short-chain fatty acids produced in the digestive
tract are principally acetic, propionic and butyric acids,
although occasionally lactic acid is also produced.

The most important bacteria involved in fermenta-
tion in the rumen are the cell-wall digesting or cellu-
lolytic micro-organisms. The concentration of bacteria
in rumen fluid is about 10" to 10" bacteria/ml, with
most being attached to particles of food. The predomi-
nant species of bacteria varies with the type of fermen-
tation, which depends on the principal substrates in the
diet. Thus the major species of bacteria in the rumen
of animals given a diet of grass are those which digest
cellulose and hemicellulose, such as Ruminococcus
albus, Ruminococcus flavefasciens and Bacteriodes
succinogenes (see Table 9.1).

Other species, such as Streptococcus bovis, ferment
starch to acetic acid and ethanol. This species, along
with other streptococci, can produce lactic acid and are
more tolerant of acid conditions than other species
of rumen bacteria. Acidosis can occur if the diet of
the animal is changed abruptly from cellulose to starch
or sucrose. The population of bacteria in the rumen
changes from cellulolytic to amylolytic as the pH falls.
Lactic acid accumulates and accelerates the fall in pH.
Even a small fall in the pH of the rumen from pH 7 to
pH 6 is reflected in a reduction in cellulose digestion
and a change in the population of the bacteria towards
the more acid tolerant species.

Proteins are degraded to a varying extent during the
fermentation to their constituent amino acids. Some
amino acids are used directly by bacteria and protozoa,
but most are used as a source of energy and are broken
down further to ammonia and volatile fatty acids.
Ammonia is used as a substrate for the production of
microbial protein, with the excess being absorbed into
the animal’s portal blood and converted to urea in the
liver. The extent to which proteins are degraded during
the fermentation in the rumen depends on their
solubility, which is generally relatively high. However,
solubility is lower in feeds which have been subjected
to heat treatment during processing. Thus the degrada-
tion of protein in brewer’s grains is only about 0.6, com-
pared to 0.9 for fresh herbage. Protein degradation also
depends on the time the material spends in the rumen,
and is lower for diets which pass rapidly through the
rumen (concentrates and feeds of small particle size)
than for long forages which are digested slowly.

Protozoa and fungi are also involved in the fermen-
tation process. These organisms can digest cellulose,
starch, sugars and fats to produce acetic acid, butyric
acid, lactic acid, hydrogen and carbon dioxide.
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Table 9.1 Common types of rumen micro-organisms and their action.
Species Energy source Fermentation Requirements
products
Bacteria
Bacteroides
amylophilus Starch F, A, S CO,, NH;, BrVFA
succinogenes Cellulose F A S CO,, NHg, BrVFA,
SVFA, Vit.
Ruminococcus
albus Cellulose, xylan F, A, E, H,, CO, BrVFA, CO,, NHs,
Vit.(A)
flavefaciens Cellulose, xylan F, A, S, H,
Butyrivibrio
fibrosolvens Xylan, starch F, A, B, L, Hy,, CO, BrVFA, A, CO,,
NHs, Vit.(A)

Lachnospira

multiparus Pectin
Selenomonas

ruminantium Lactate, starch
Methanobacterium

ruminantium Formate, H,
Protozoa
Holotrichs

Isotricha Starch and sugars

Dasytricha Starch and sugars
Entodiniomorphs

Entodinia Starch

Epidinium Starch, hemicell.

Ophryoscolex Starch

Diplodinium

Eudiplodinium

Polyplastron

F, A, L, E, Hp, COy, A, Vit.

A, P, L, CO,, H, A(CO,)

Methane A, BrVFA, Haem,
CO,, NH;

A, B, L H;

A, B, L H;

F, A, P, B, (L)

A, B, H,, (F, P L)

A, B, Hy, (P)

H,, fatty acids

Symbols: F, formate; A, acetate; P, propionate; B, butyrate; BrVFA, branched-chain VFA; E,
ethanol; L, lactate; S, succinate; SVFA, straight-chain VFA; Vit., B vitamins.

The predominance of the weak acids acetic, propionic
and butyric in the end-products of fermentations in the
digestive tract highlights the importance of buffering
agents to maintain the pH of the environment close to
neutrality. Saliva, containing sodium and potassium
bicarbonate and urea, is the most important buffering
agent in the rumen, and the amount of saliva produced
during eating and rumination is therefore crucial to the
neutralization of the fermentation acids (see below).
Long fibre is often included as a supplement to diets high
in concentrates to stimulate chewing and rumination.

The constant flow of saliva (p. 98) into and outflow of
digesta from the rumen, and the absorption of digested
nutrients into the portal blood, ensure that in most nutri-

tional circumstances the environment for fermentation
remains relatively constant. However, digestive disor-
ders can arise to disrupt the equilibrium. Toxins, pro-
duced by undesirable bacteria and from moulds present
in foods,can damage the sensitive lining of the wall of the
rumen and reduce the absorption of nutrients. Sudden
changes in diet can change the microbial population and
result in the production of lactic acid in the rumen, as in
the fermentation of crop material in the silo, with a con-
sequent reduction in rumen pH. If the pH of the rumen
falls below pH 5 and remains at a low level, there is a risk
of rumen stasis which can result in bloat because the
animal can no longer eructate the gases produced by the
fermentation.
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Methane loss from the rumen is estimated to account
for about 8 per cent of the total gross energy eaten by
the animal. Apart from the rumen fermentation,
methane is also lost to the environment from hind gut
fermentations and together these fermentations con-
stitute a significant contribution of methane to the
global environment. Ways of reducing methanogenesis
include chemical food additives (ionophores), and
changing the pattern of fermentation to increase the
proportion of propionate and to reduce the proportion
of acetate.

Saliva

Feeds are chewed during eating and also regurgitated
during rumination to allow very thorough mastication.
Throughout these activities large quantities of saliva are
mixed with food. The effect of saliva is to buffer the
acids that are produced in the rumen as a result of the
fermentation. This buffering is vital to the maintenance
of the correct type of fermentation, and can even
prevent the collapse of normal rumen function in
extreme situations.

The principal buffering constituent of saliva is bicar-
bonate. It has been estimated that a dairy cow may
produce up to 3.5kg of bicarbonate per day. Clearly, the
need for adequate buffering is more important if the
diet is rapidly fermented than if it is only slowly fer-
mented. Further, if the diet is acidic, as in the case of
silage, it is essential that salivary secretion is sufficient
to prevent a build-up of excessive acidity in the rumen
or in blood.

It follows that feeds which stimulate rumination are
more useful to the maintenance of optimal conditions
for fermentation in the rumen than those which do not.
Unfortunately many constituents of high-energy con-
centrates, such as molasses and ground cereal grains, are
fermented rapidly in the rumen and do not stimulate
rumination. At the other extreme, hay and straw are
chewed extensively to break down the fibre and their
rate of digestion is also relatively slow. Hence a com-
promise with respect to saliva production is required,;
fibre is required together with concentrated feed
sources in order that saliva output is maintained.

The actions of micro-organisms

The major organisms responsible for digestion in the
rumen are anaerobic bacteria and protozoa, although
anaerobic fungi are thought to be responsible for much
of the initial colonization of feed particles in the rumen.
The cellulolytic bacteria adhere to particles of fibrous
feeds and secrete enzymes that gradually erode out the
digestible material. Their enzymes break down hemi-

cellulose and cellulose to glucose and fructose. Starch
and pectins are also similarly degraded (Fig. 9.1). In the
case of plant cell wall material, this erosion continues
until lignified tissue is encountered. Lignin, which is
cross-linked to hemicellulose and cellulose, provides
structural strength to the plant and is also very resist-
ant to bacterial enzymic attack.

The protozoa in the rumen mainly ferment starch and
sugar, but they also consume bacteria. The protozoa
are thought to be active in assisting the bacterial
population in adapting to new feeds.

The end-products of bacterial digestion are short-
chain acids acetic, propionic and butyric (the volatile
fatty acids, VFA), microbial cells (and their constituent
protein), and the gases methane and carbon dioxide.
Methane comprises the major gaseous energy loss as
a result of fermentation. Gas is lost by eructation
whilst the VFA are mainly absorbed through the rumen
wall.

Some common types of rumen micro-organisms and
their actions are summarized in Table 9.1.

Fermentation of different types of feed

The fermentation of plant cell walls is optimal at
relatively high rumen pH (around pH 7.0) because the
bacteria responsible are sensitive to excess acidity.
Their growth is depressed if rumen pH falls below
about pH 6.2. The principal end-product of cellulose
fermentation is acetate, an important precursor of
milk fat.

Starch and sugar are fermented to give propionic and
butyric acids as the main end-products. The micro-
organisms responsible for their fermentation are more
tolerant of acidity than those which ferment cell wall.
Some species of starch-digesting bacteria (e.g. Strepto-
coccus bovis, Selenomonas ruminantium) produce lactic
acid, a stronger acid than the VFA. Large amounts of
lactic acid can predispose the animal to rumen stasis
and to acidosis (see p. 829).

Protein is fermented to yield ammonia and VFA from
the carbon skeletons of amino acids. The ammonia may
be used by bacteria to synthesize new protein in their
cells, but since bacterial growth is generally limited by
the energy available from carbohydrate digestion,
rather than from protein digestion, ammonia in excess
of microbial requirements can easily be produced,
especially on high-protein diets. Excess ammonia is
converted, at an energy cost, to urea in the liver and
excreted in urine. A deficit of ammonia in the rumen
slows down bacterial growth, reduces rate of digestion
and depresses feed intake. Thus the rate of release of
ammonia should match as closely as possible the
release of energy (see Fig. 9.2).
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Fig. 9.2 Typical patterns for the rates of release in the rumen of
ammonia from the breakdown of protein, and of energy, following
a meal. The rate of ammonia release should match as closely as
possible that of energy, either by reducing the amount of quickly
degraded protein in the diet, or by increasing the quantity of
readily-fermentable energy (e.g. starch or sugar) in the diet.

Actual and potential digestion

Fibre that has been reduced to a small enough particle
size at which it can pass out of the rumen, and which
has also resisted being digested by microbial activity, is

liable to pass on down the tract and out in the faeces.
The rate of passage out of the rumen can influence the
extent to which fibrous particles are actually digested.
The faster the rate of passage, the lower the actual,
relative to the potential, digestibility.

The same concept applies to protein, especially that
fraction which is available for microbial fermentation
in the rumen. A high-yielding dairy cow, given a high-
quality diet with a fast rate of passage of feed through the
rumen, will have a relatively lower fibre digestibility than
a dry cow given less of the same diet, or a diet of lower
energy content. However, the protein in the diet of the
high-yielding cow will have a lower digestibility in the
rumen, yield less ammonia and provide more unde-
graded protein to the abomasum than that in the dry
cow’s diet (see Table 9.13). Paradoxically, the lower the
actual, relative to potential, digestibility in the rumen,
the worse off the animal is with respect to energy, but the
better off it is likely to be with respect to protein.

Optimizing digestion in the rumen

It follows from the above discussion that the following
principles need to be adopted in order to optimize the
fermentation in the rumen:
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e Cell wall is the principal source of digestible energy
in the diet of the bovine, and conditions in the
rumen should be optimal for its digestion.

e Sufficient saliva must be produced to maintain
rumen pH above pH 6.5, otherwise cell wall diges-
tion will be reduced.

e Adequate degradable protein must be supplied to
meet the requirements for microbial protein syn-
thesis (see section on protein requirements, p. 106).

e Supplementary energy in the form of starch or
sugar must not interfere with the maintenance of
the above conditions in the rumen (see section on
feeding management, p. 118).

When cell wall digestion is optimized, then feed intake
is likely to be maximal, at least with respect to fibrous
feeds (see below).

Feed intake

Most diets for cattle are offered in excess of the amount
the animal actually consumes, although there are situa-
tions where the amount of feed offered each day is
restricted intentionally. Two such situations are readily
apparent: the dry cow and the suckler cow in late lac-
tation. Both situations require that the animal does not
overeat and become excessively fat.

The concept of voluntary feed intake is discussed in
this section, that is, the amount of feed the animal will
eat when offered an excess supply so that about 10 to
15 per cent of the daily amount offered is refused.

Is feed intake under control?

The fact that cattle can become overfat suggests that
feed intake is under relatively imprecise control.
Equally, sparse availability of range pastures or the
provision of very low quality roughages as the sole
feeds can lead to inadequate levels of feed intake and
chronic undernutrition. The animal can suffer from
deprivation because it is unable to ingest, or digest,
enough nutrients daily to meet its requirements for
maintenance of body weight. Nevertheless, there is evi-
dence that cattle eat to satisfy their demand for energy
to maintain weight and produce tissue growth or milk.
The generalized relationships between the energy
content of the diet and dry matter intake (Figs 9.3 and
9.4) suggest that signals received by the brain when
the animal’s energy needs are met in turn elicit the
response to cease eating. Perhaps cattle eat as much as
possible whilst at the same time attempting to minimize
the total discomfort which may be caused physically or
metabolically. Signals to commence eating may be
metabolic (for example, the concentration of a metabo-

Intake Intake of
of DM =——— energy — — —

Energy in diet
(MJ ME/kg)

Fig. 9.3 Simplified relationship between the energy content of
the diet and feed intake. As the energy content of the diet
increases, dry matter intake will increase until it reaches a
maximum. If energy content increases further, dry matter intake
is reduced because metabolic factors, rather than the bulk, or
fill’, of the diet now control intake.
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Fig. 9.4 Composite diagram of the relationships between
intake and animal and feed factors in ruminants. At any given
energy content, intake is higher for cows that have a greater
requirement for energy (or potential milk production). Also, intake
of dry matter is greater the thinner the cow, and the smaller the
particle size of the feed. Source: Forbes (1983), reproduced with
permission of CABI International.

lite such as acetate in blood), but the signals to cease
eating may be physical (bulkiness of the food or restric-
tion of rumen capacity by the fatness of the animal) or
metabolic (concentrations of absorbed nutrients in
blood), depending on the type of food. These concepts
are discussed in more detail below.

Concentrates

With concentrates, satiety occurs long before the capac-
ity of the rumen is reached. Intake is determined by the
animal’s capacity to metabolize the nutrients absorbed
following digestion. Enhanced rate of metabolism,
for example following the administration of soma-
totrophin, is reflected in increased feed consumption of



high-energy diets where physical limitations do not
apply (see below).

Roughages

With roughage feeds the volume of the rumen usually
restricts intake. Thus intake is proportional to the
volume of the rumen — the larger the rumen, the more
feed is consumed. Larger animals eat more than smaller
animals because their rumen volumes are greater.

Rumen capacity

Animals with large rumen capacities relative to their
total body weight eat more roughage than those with
relatively smaller rumen volumes. The implications are
that calves should be reared on diets that encourage
rumen development, and cattle should be selected for
large rumen capacities. Channel Island cattle (Jersey,
Guernsey) typically eat more food relative to their
body weight than Holstein cattle because, although they
weigh much less, their rumen capacities are relatively
greater. Thinner cattle tend to eat relatively more than
fatter cattle (Fig. 9.4).

Digestibility of forages

Digestibility or energy concentration of forage feeds
exerts a large influence on feed intake (Fig. 9.5).
However, the relationship between intake and
digestibility is much less evident for silages than for
dried forages, where the pattern of fermentation in the
silo, particularly the presence or absence of residual
sugar and the pH value of the silage, can have an over-
riding influence on intake. Thus at the same digestibil-
ity drier silages of higher pH value and higher residual
sugar concentrations tend to be eaten in greater
amounts than more extensively fermented silages,
possibly because they provide more readily available
nutrients to the rumen microbial population.

Speed of digestion

Speed of digestion also has an important influence on
intake, since it determines the length of time the feed
remains in the rumen. Legumes are digested at a faster
rate than grasses of the same overall digestibility, partly
because they contain less cell wall than grasses (Fig.
9.5). Also, the structure of the cell walls of legumes
enables bacteria to gain access more rapidly than with
grasses.

The cell contents of forages are fermented very
quickly in the rumen, provided they are released by
eating and by rumination. For example, young grass
may contain up to 40 per cent of its dry matter in the
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Fig. 9.5 \Variations in the ratio of material soluble in acid pepsin
(cell contents) to digestible fibre (cell wall) in three forages of the
same digestibility, but differing in intake. Source: Osbourn (1967),
reproduced with permission of the British Grassland Society.

Digestion

Time

Fig. 9.6 Three feeds with the same potential digestibility but
different speeds of digestion. The animal will eat most of feed 1
and least of feed 3. Reproduced from Orskov (1998) with per-
mission of Chalcombe Publications.

form of cell contents, principally sugars and proteins,
and in this regard it is nearer to a concentrate in terms
of its speed of digestion in the rumen.

Cell walls are generally fermented at a slower rate
than cell contents. The actual rate of cell wall digestion
depends on initial particle size, the extent to which it is
broken down by rumination, and the extent to which it
may be lignified. Three feeds with the same potential
digestibility but different speeds of digestion are repre-
sented in Fig. 9.6. The feed with the fastest speed of
digestion will be eaten in the greatest amount by the
animal.

Grazed pasture

Unlike indoor feeding, grazing animals select what they
eat to a considerable extent, particularly when the
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Hodgson (1975), reproduced with permission of the British
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herbage on offer is heterogeneous and is offered in
excess of consumption. Thus a measure of the digestibil-
ity of the herbage on offer is of little use as an indica-
tor of intake, since the animals are usually able to select
material of higher digestibility than the average of that
on offer.

Herbage intake under grazing is predominantly
influenced by the amount on offer. To achieve
maximum intake, the amount on offer should exceed
that actually consumed by three to four times (Figs 9.7
and 9.8).

Intake is usually expressed relative to liveweight, and
it follows that the amount of herbage on offer should

40—
=
3
o
o
(=3
£ a0
f=2]
*
=
O
=2
£
& 4 Clover
£
@ 201 -— — Ryegrass
8
T

10 | | |

o 40 80 120

Herbage allowance (g OM/kg LW per day)

Fig. 9.9 Herbage intake of lambs grazing perennial ryegrass
and red clover. Source: Gibb & Treacher (1978), reproduced with
permission of Cambridge University Press.

be expressed per kilogramme liveweight rather than
per hectare. It follows that stocking rate, a commonly
used but empirical and inflexible way of describing
herbage allowance, should not be expressed as num-
ber of animals per hectare, but as kilogrammes of
liveweight per hectare (see section on feeding manage-
ment, p. 118).

The relationship between herbage allowance and
intake holds for animals in different physiological
states, and for legumes as well as grasses (Fig. 9.9).

Studies of grazing behaviour and herbage intake by
animals grazed on adjacent monocultures of grass and
clover demonstrated that the grazing bovine has a
strong preference for clover. Clover comprised 70% of
total dry matter intake, and this preference was greater
earlier in the day than during evening grazing, sug-
gesting that some discomfort may have been induced
following large meals of clover which the animal
attempted to attenuate by preferentially eating grass in
subsequent grazing meals.

Probable levels of intake

Estimated levels of voluntary dry matter intake for
growing and lactating cattle are shown in Tables 9.2 and
9.3. The relative intake of cows given the same diet
throughout lactation, expressed as a percentage of the
mean for the whole lactation, is shown in Table 9.4. The
important feature in Table 9.4 is the relatively low
intake in the first month of lactation, when the demand
for nutrients for milk production is at its highest, and
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Table9.2 Estimated feed intake of growing cattle (kg DM/day). Reproduced from Allen (2001) with permission of Chalcombe Publications.

Well-preserved Poorly-preserved Big bale Maize Hay Barley Concentrate
grass silage grass silage silage silage straw
Metabolizable 11.0 10.0 10.5 11.0 9.0 6.5 12.5
energy
(MJ/kg DM)
Liveweight Forage intake (kg DM/day)
(kg)
200 4.3 3.6 3.9 4.5 3.6 2.4 6.0
300 5.8 4.8 5.2 6.1 4.8 3.2 8.0
400 7.2 6.0 6.5 7.6 6.0 4.0 9.0
500 8.5 71 7.7 9.0 71 4.8 9.5
600 9.7 8.1 8.8 10.3 8.1 5.5 10.0
Reduction of forage DM intake/kg concentrate DM fed
0.5 0.4 0.5 0.6 0.3 0.2 -

Table 9.3 Probable dry matter intake of cows in mid and late lactation (kg/day). From
Ministry of Agriculture, Fisheries and Food (MAFF, 1984).

Liveweight Milk yield (Y) (kg/day)
(W) (kg)

5 10 15 20 25 30 35 40
350 9.3 9.8 10.3 10.8 11.3 11.8
400 10.5 11.0 11.5 12.0 12.5 13.0
450 11.8 12.3 12.8 13.3 13.8 14.3 14.8
500 13.0 13.5 14.0 14.5 15.0 15.5 16.0
550 14.3 14.8 15.3 15.8 16.3 16.8 17.3 17.8
600 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0
650 16.8 17.3 17.8 18.3 18.8 19.3 19.8 20.3
700 18.0 18.5 19.0 19.5 20.0 20.5 21.0 215

Note: In the first 6 weeks of lactation, reduce these values by 2-3kg DMI/day.

Based on DMI (kg/day) = 0.025W + 0.1Y.

Table 9.4 Relative intake of dairy cows fed on the same diet
throughout lactation (daily intake per cent of mean intake for
complete lactation). From ARC (1980), reproduced with permis-
sion of CABI International.

Month Relative Month Relative
intake intake

1 81 6 108

2 98 7 101

3 107 8 929

4 108 9 97

5 109 10 93

the consequent deficiency in intake of nutrients which
results in the mobilization of nutrients from body
tissues.

Energy requirements

Requirements and allowances

The notion of requirements takes no account of the
variation between animals when kept in groups. Hence,
if a group is given enough feed to meet the mean
requirement for a given performance, a proportion of
the group will be underfed and a proportion will be
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Fig. 9.10 Estimated allowances above mean requirements
(ARC, 1980) required to meet the ME needs of a defined pro-
portion of beef cattle in a group. Additional allowance due to bias
in the estimate of requirements is shown separately from that
due to estimated between-animal variation. Source: Energy
Group Report (1988) Inter-Departmental Working Party.

overfed. Since underfeeding is considered to be the
more serious failure of the system, allowances are made
so that only a small proportion of the group remains
underfed. If, as is the case with beef cattle, the metab-
olizable energy system of assessing requirement over-
predicts performance, an additional increment (15 per
cent) is added on to account for this inaccuracy. The
result (Fig. 9.10) is that allowances may exceed require-
ments by some 30 per cent. ‘Requirements’ in practical
feeding systems include a safety margin, although
in most cases this margin is only 5 per cent and is
arbitrary.

Partition of feed energy

The proportion of the gross energy (GE) of a feed that
is absorbed by the animal depends on its digestibility.
The amount remaining for metabolism (metabolizable
energy, ME) is the digested energy less energy lost as
methane or in urine. Further heat losses occur as a
result of metabolism and the remaining energy (the
net energy) is that which is available to the animal for
maintenance of body weight, for weight gain or for milk
production. The partitioning is shown diagrammatically
in Fig. 9.11.

In calculating energy requirements, the term ‘metab-
olizability’ (¢) is used. This is an expression of ME/GE,
where GE is usually about 18.4MJ/kg dry matter (DM)
for conventional feeds. The greater the work of diges-
tion, the higher the heat lost as a result of this work and
the lower the g value of a feed. Thus g is generally

Gross energy {GE)

——— Faecal energy

Digestible energy (DE) }

————————» Methane
——————» Urine energy

Metabolizable energy (ME}

————————» Heat

Net energy (NE)

Fig. 9.11 Partition of energy.
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Fig. 9.12 Efficiency of use of ME for maintenance (k) is rela-
tively high at 0.7. At twice the maintenance energy intake
(common level for growing animals) efficiency of use of ME for
growth (k) = 0.3 to 0.5 for diets ranging from g = 0.4 to g = 0.6;
kg declines further at higher levels of energy intake and correc-
tion must be made for the curvilinear decline.

lowest for feeds of low digestibility, such as straws, and
highest for concentrates.

Efficiency of use of metabolizable energy

The proportion of ME used for maintenance and pro-
ductive functions, such as growth or lactation, depends
on the efficiency with which it is utilized by the animal
(k). This depends on g, the level of feeding above main-
tenance and on the productive purpose for which the
energy is to be used. Thus for growing cattle, k£ for
maintenance (k,,) varies as shown in Fig. 9.12.

Energy requirements of growing cattle

For growing cattle, a variable net energy system has
been adopted to take account of the fact that &, varies
with g. The system involves assessing the animal pro-
duction level (APL), which depends on the weight of
the animal and the desired level of weight gain, the net
energy allowance for the particular animal and level of



Table 9.5 Net energy allowances for maintenance and produc-

tion NE,,, in growing beef cattle (MJ/day). From MAFF (1975).
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Table 9.7 Net energy values of feeds for maintenance and
production in growing beef cattle. From MAFF (1975).

Liveweight Liveweight gain (kg/day)
(kg)
025 050 075 1.00 1.25 1.50
100 14.7 174 20.7 24.6
200 216 250 29.0 339 399
300 286 326 373 431 502
400 355 401 456 523 658 77.0
500 424 477 539 615 709 829

APL Energy concentration in feed (MJ ME/kg DM)

8 9 10 " 12 13 14

Net energy value (NE/kg DM)

Table 9.6 Values for animal production level (APL) in growing
beef cattle. From MAFF (1975).

1.00 5.8 6.5 7.2 7.9 8.6 9.4 10.1
1.10 5.2 6.0 6.8 7.6 8.3 9.1 9.9
1.15 5.1 5.8 6.6 7.4 8.2 9.0 9.8
1.20 4.9 5.7 6.5 7.3 8.1 8.9 9.8
1.30 4.6 5.4 6.3 71 7.9 8.8 9.7
1.40 4.4 5.2 6.1 6.9 7.9 8.8 9.7
1.50 4.2 5.1 5.9 6.8 7.7 8.6 9.5
1.75 3.9 4.8 5.6 6.5 7.4 8.4 9.3
2.00 3.8 4.6 5.4 6.3 7.3 8.2 9.2
2.25 3.6 4.4 5.3 6.2 71 8.1 9.1

Liveweight Liveweight gain (kg/day)
(kg)
APL

025 050 075 1.00 1.25 1.50
100 119 140 1.66 1.98
200 1.15 1.33 1.54 1.79 211
300 113 129 147 170 197 233
400 112 126 143 164 190 222
500 111 125 141 160 184 215

Table 9.8 Example of feed requirements for a 300kg steer
growing at 0.75kg/day on silage (ME 10) and barley (ME 13).

gain, and the net energy value of a feed, which depends
on its ME content and the particular APL. The relevant
information is shown in Tables 9.5, 9.6 and 9.7. For two
ingredient rations, a Pearson square is used to solve the
simultaneous equations to derive the amount of each
feed required in the diet (see example in Table 9.8).

Energy requirements of lactating cattle

As with growing cattle, the main determinant of the ME
requirement for maintenance is liveweight, but the ME
system for lactating cattle also recognizes that k,, varies
with g (Fig. 9.13). A further important consideration is
the composition of the milk produced by the cow. The
higher the fat and protein concentration, the higher the
milk energy concentration and the greater the require-
ment for ME for milk production at any given dietary
q value. However, in most practical feeding situations
the g of diets for lactating dairy cows is unlikely to vary
significantly from about 0.7, because of the need to
include high-energy forages and concentrates to meet
the total energy requirement. The values for ME
required for milk production in Table 9.9 relate to a g
value of 0.7 for simplicity. If the diet has a g value lower
than 0.7, then the requirement should be increased
accordingly (Table 9.9).

1 Dry matter intake (DMI) (simplified), 0.02 W = 6kg/day
Net energy for M + LWG (NE,,,) (from Table 9.5),
37.3MJ/day

3 Animal production level (from Tables 9.6), 1.46

NE,. +NE
4 Net energy values of feeds (from —— P or

mp

Table 9.7)
Silage ME 10 = 5.9MJ/kg
Barley ME 13 = 8.6 MJ/kg
5 Energy concentration in ration,
NE , /OMI= 222 6.2 My/kg
6 Pearson Square to calculate ration:
Barley 8.6 0.3 0.3/2.7 x 6 =0.67 kg barley DM

6.2

Silage 5.9 2.4 2.4/2.7 x 6 =5.33kg silage DM
2.7
7 Divide by DM, 0.67/0.85 = 0.8kg fresh barley

5.33/0.25 = 21.3kg fresh silage

The requirement for ME to support the growth of the
fetus during pregnancy increases progressively with
the duration of gestation. For the first half of gestation
the requirement is negligible, and in practice the energy
requirement of the fetus only assumes significance in
the last two months of pregnancy, i.e. in the dry period.
The requirement for ME for pregnancy (Fig. 9.14)
assumes a 40kg calf at term. The requirement for
heavier calves, such as Charolais x Holstein, is increased
by direct linear scaling.
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Table 9.9 Metabolizable energy requirement (MJ/litre) for milk
production. Reproduced from Chamberlain & Wilkinson, 1996
with permission of Chalcombe Publications.

Milk fat (% Milk protein (% per litre)
per litre)

3.00 3.20 3.40 3.60
g=0.6
3.00 4.39 4.47 4.54 4.62
3.50 4.71 4.79 4.86 4.94
4.00 5.03 5.11 5.18 5.26
4.50 5.35 5.43 5.50 5.58
5.00 5.67 5.75 5.82 5.90
q=0.7
3.00 4.16 4.23 4.30 4.37
3.50 4.47 4.54 4.61 4.68
4.00 4.77 4.84 4.91 4.98
4.50 5.07 5.14 5.21 5.28
5.00 5.38 5.45 5.52 5.59

q = gross energy/metabolizable energy.

The net energy value of weight change is assumed to
be relatively constant in the case of adult cattle, but the
impact of weight loss on the ME requirement varies
according to the presumed utilization of the body tissue
catabolized — milk production in early lactation and
growth of the fetus in the dry period. The ME value of
weight change also varies with the g value of the diet
(Table 9.10).

The energy requirement of the cow is also influenced
by the amount of activity, especially walking, that the
animal undertakes daily. In most temperate areas of the

ment for maintenance in lactating cattle.
Source: AFRC (1992).

world the energy expended in activity is considered
to be moderate and the above requirements relate to
that situation. However, cattle are sometimes subjected
to extensive foraging under range and semi-arid
conditions, and account should be taken of the
increased energy required for activity when assessing
requirements.

The total ME required is calculated as the sum of the
above factors, but the overall efficiency of energy uti-
lization of the lactating animal declines with increasing
level of production, partly because of the faster rate of
passage of food through the digestive tract at higher
levels of voluntary intake and partly because the
processes of absorption and metabolism are less effi-
cient at higher levels of output. The correction for ME
required depends on the animal production level
(APL), defined here as the total ME required divided
by the ME required for maintenance. Correction
factors for level of production are in Table 9.11.

Protein requirements

Traditionally, protein requirements were expressed as
digestible crude protein (DCP), that is, the proportion
of the crude protein (CP or total nitrogen multiplied by
6.25) that is apparently digestible and therefore avail-
able to the animal. It is now recognized that DCP is
totally inadequate as a system for assessing the protein
requirements of ruminants.

The concept of digestible crude protein ignored the
fact that a proportion of the digestible protein is
degraded to ammonia by the action of the rumen micro-
organisms. Some of this ammonia is synthesized into
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Fig. 9.14 Metabolizable energy require-
ment for pregnancy. Source: AFRC (1992).

Table 9.10 Metabolizable energy value (MJ ME) of weight
changes in dairy cows given diets of different qualities (q).
Reproduced from Chamberlain & Wilkinson, 1996 with permis-
sion of Chalcombe Publications.

10 15 20 25 40

Week of pregnancy

35

Table 9.11 Correction factors for metabolizable energy require-
ment according to the animal production level (APL). Repro-
duced from Chamberlain & Wilkinson, 1996 with permission of
Chalcombe Publications.

q = gross energy/metabolizable energy.

microbial protein in the rumen; the rest is absorbed into
the bloodstream, converted to urea in the liver and
excreted in the urine.

There are many situations where the animal’s
requirements can be met entirely by microbial protein.
However, in some situations, particularly with high-
yielding dairy cows, the animal requires more protein
than that supplied by the microbial cells and it is nec-
essary to supply additional dietary protein to the abo-
masum that has not been broken down en route through
the rumen.

Microbial protein synthesis

Microbial protein is of high value to the ruminant in
that its balance of essential amino acids is very close to

Live weight change (kg/day) APL Correction factor

q -1.00 -0.50 0.50 1.00 0.7 0.99
1. 1.

Lactating cows 5 8 1 8(2)
0.5 -23.3 -11.6 19.4 38.8 3'0 1'04
0.6 -22.0 -11.0 18.3 36.7 4'0 1'05
0.7 —20.8 -10.4 17.4 34.7 50 107
Dry, pregnant cows
0.4 -24.8 -12.4 34.5 69.0 APL = total ME/ME,inc
0.5 -24.8 -12.4 27.7 55.4

the animal’s requirement (Table 9.12). Most classes
of ruminant livestock can fulfil their total requirement
for metabolizable protein (MP) from the supply of
microbial true protein (MTP) alone. The exception is
the high-yielding dairy cow, where supplementary
digestible undegraded feed protein is required to meet
the animal’s total requirement for metabolizable
protein (see below). In this situation, there may also be
a requirement for supplementary essential amino acids
such as methionine and lysine.

Much of the dietary protein eaten by the animal is
degraded in the rumen to ammonia by the microbial
population and it is possible to include non-protein
nitrogen, such as urea, in diets which are deficient in
degradable protein. Such deficiencies might arise in
situations where the dietary ingredients, such as straw
or maize silage, are low in total protein, or where the
degradability of the feed protein is relatively low, as a
result of heat-treatment during processing.
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Table 9.12 Amino acid composition of bacterial protein and
animal proteins (g amino acid/100g protein). From Van Soest
(1994).

Amino acid Microbial Milk Beef
protein
Isoleucine 5.8 5.6 5.1
Leucine 8.0 10.2 8.0
Lysine 9.2 8.2 9.1
Methionine 25 2.9 2.7
Cysteine 1.4 1.0 1.3
Phenylalanine 5.3 5.4 4.5
Tyrosine 4.9 4.5 3.8
Threonine 57 5.0 4.6
Tryptophan 1.5 1.4 1.3
Valine 5.8 7.4 5.3
Arginine 5.3 4.0 6.7
Histidine 2.1 3.0 3.7
Alanine 6.8 3.8 6.4
Aspartic acid 11.9 8.5 9.6
Glutamic acid 12.4 23.0 17.3
Glycine 5.4 2.2 5.6
Proline 3.6 9.4 51
Serine 4.7 5.9 4.5

The production of microbial protein in the rumen
depends on the supply of degradable protein and the
supply of fermentable metabolizable energy (FME).
The supply of degradable protein depends on the feed
source and also on the time the feed spends in the
rumen. Rumen outflow rate depends on the APL. The
APL is therefore higher for high-producing animals
than for low-producing animals. Degraded protein is not
used with complete efficiency for microbial protein syn-
thesis because some of the quickly degraded fraction is
lost as ammonia through the rumen wall and is con-
verted to urea in the liver. The proportion of quickly
degraded protein (QDP) which is lost from the rumen is
presumed to be 0.2, so that only 0.8 of the QDP is avail-
able to the rumen microbial population. All the slowly
degraded protein (SDP) is potentially available to the
micro-organisms and, together with 0.8 of the QDP, is
the effective rumen degradable protein (ERDP) and is
the amount of protein (or nitrogen) available for micro-
bial growth and metabolism. However, the amount of
ERDP which the microbial population can utilize
depends on the amount of energy available, known as
the fermentable metabolizable energy or FME. Some
sources of energy in foods are considered to be of low
value to the microbes, particularly those which yield low
levels of ATP during their digestion in the rumen. Thus
the energy in lipids and in silage acids is discounted, and
the energy in undegraded protein should also be dis-
counted (but is not) in the calculation of FME.

FME is therefore the total metabolizable energy
minus the gross energy content of the lipids and (in the
case of fermented feeds like silages) the content of fer-
mentation acids. The yield of microbial crude protein
(MCP) per MJ of FME, known as Y, depends on the
APL because at lower APL the outflow rate from the
rumen is reduced and at the lower outflow rate bacte-
ria and protozoa die before passing out of the rumen
and are digested by other rumen microbes. Their
protein is recycled to produce new microbial protein.
However, this process requires energy so additional
FME is utilized with no net increase in yield of
microbial protein.

The limit to the total yield of MCP is either the
supply of ERDP (g per day) from the diet itself, in
which case MCP production equals the supply of
ERDP. Or, when the limit to the total yield of MCP is
FME, the total amount of MCP produced is equal to
the yield of MCP per MJ of FME (Y, which ranges from
8g MCP/MJ FME at an APL of 1.0 to 11.5 at an APL
of 4.0) multiplied by the total supply of FME in MJ
per day. The lesser of the two values is taken as the
production of MCP in the rumen.

It is unusual to find a situation where the two limit-
ing factors to the production of MCP — ERDP and FME
— are equal and where the calculation of MCP produc-
tion by the two methods gives the same result. For
example, most grass silages contain an excess of ERDP
and a deficit of FME, whilst maize silage has a deficit of
ERDP relative to FME. The skill in formulating diets
is to achieve the correct overall balance between the
total supply of ERDP, the total supply of FME (see Figs
9.16 and 9.17 for examples of the ERDP and FME con-
tents of different feeds) and their respective rates of
digestion in the rumen.

Having calculated the production of MCP, this value
is then reduced to take account of the fact that about
0.75 of MCP is true protein and that it is absorbed into
the blood with an efficiency of about 0.85 (Fig. 9.15).
Thus microbial true protein supply is only about 0.64 of
the MCP produced.

Metabolizable protein

The digestion and metabolism of dietary protein are
shown in simplified form in Fig. 9.15. Dietary crude
protein (CP) (Total N x 6.25) contains true protein,
polypeptides, peptides and non-protein nitrogenous
compounds (NPN) such as amino acids, amines, amides
and ammonia. Urea, recycled to the rumen in saliva, is
produced in the liver from ammonia which is in excess
to that used by the microbial population of the rumen
to synthesize microbial protein (see above). The amino
acid content of microbial true protein is very constant,
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and similar to the amino acid composition of tissue
protein (beef) and also of milk (Table 9.12).

The degradable fraction, or ERDP, which yields
microbial protein, is only part of the total supply of
protein to the animal (Fig. 9.15). The protein which is
not degraded in the rumen is termed undegraded
dietary protein, of which a proportion, insoluble in
acid detergent (ADIP or ADIN x 6.25), is indigestible.
The remainder is known as the digestible undegraded
protein or DUP.

The extent of degradation depends not only on the
inherent characteristics of the protein source, but also
on the time the material is exposed to degradation in
the rumen, i.e. on outflow rate from the rumen. Thus
the same protein may have quite different values when
given to different types of cattle (Table 9.13).

The supply of MP to the animal has two components
(Fig. 9.15): MTP derived from the growth of bacteria
and protozoa in the rumen (see the section on micro-
bial protein above) and digested undegraded feed
protein (DUP), which has passed intact through the
rumen and has been digested in the abomasum together
with the microbial protein. The rate of production of
microbial protein in the rumen depends on the supply
of ERDP, the supply of FME to the rumen microbes
and the speed of flow of digesta out of the rumen. The
supply of undegraded feed protein is also affected by
the speed of flow of digesta through the rumen (Table
9.13). The speed with which feed particles pass through
the rumen depends mainly on the APL of the animal.

Table 9.13 Example of differences in the proportion of
degraded and undegraded soyabean meal protein according to
class of livestock. Reproduced from Orskov, 1998 with permis-
sion of Chalcombe Publications.

Dairy cows Growing cattle Suckler cows
ERDP DUP ERDP DUP ERDP DUP
0.50 0.50 0.65 0.35 0.85 0.15

ERDP = effective rumen degradable protein.
DUP = digestible undegraded protein.

The higher the APL, the faster the rate of passage of
feed through the rumen. Thus MP supply depends not
only on the feed itself but also on the type of animal to
which the feed is being given. The requirement of the
animal for MP depends on its level of productivity. The
major requirement for MP in adult female ruminants is
for the production of milk during lactation (see below),
but the animal also requires MP for maintenance and
growth, including the growth of the fetus during preg-
nancy, and for the production of wool. MP is released
from the breakdown of muscle tissue during periods of
body weight loss. MP is presumed to be utilized with
variable efficiencies (net protein, NP) depending on its
use (Fig. 9.15), with an efficiency of 1.0 for maintenance
and with variable efficiencies for pregnancy (0.85), lac-
tation (0.68), growth (0.6) and wool (0.26).
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Table 9.14 Metabolizable protein (MP) requirement for main-
tenance. Reproduced from Chamberlain & Wilkinson, 1996 with
permission of Chalcombe Publications.

Table 9.16 Metabolizable protein (MP) requirement for preg-
nancy. Reproduced from Chamberlain & Wilkinson, 1996 with
permission of Chalcombe Publications.

Live weight (kg) MP requirement for
maintenance (g/day)

400 216

450 236

500 256

550 275

600 293

650 312

700 329

750 347

Table 9.15 Metabolizable protein (MP) requirement for milk
production. Reproduced from Chamberlain & Wilkinson, 1996
with permission of Chalcombe Publications.

Milk yield
(litres/day)

Milk protein (% per litre)

3.00 3.20 3.40 3.60

MP requirement (g/day)

10 427 456 484 513
20 855 912 969 1026
30 1282 1368 1453 1539
40 1710 1823 1937 2051
50 2137 2279 2422 2564

Requirements for metabolizable protein

The requirement of the animal for MP depends on the
amount of protein produced in tissue growth or in milk.
The young calf has a high rate of lean tissue growth
relative to its feed intake. Hence the concentration of
protein in its diet needs to be relatively high. The
cow yields more milk and eats less feed in early lactation
than in mid-lactation. At this time the energy output in
the milk is higher than that consumed in the feed
because the cow is using stored reserves, mostly body
fat. However, fat from body reserves yields no metabo-
lizable protein and as a result she requires more protein
per unit of feed in early lactation than later on.

If sufficient energy is provided to maintain the
animal, then microbial protein produced from ERDP is
likely to be sufficient to meet the maintenance require-
ment for MP. On the other hand, if the animal is
restricted to a submaintenance level of feeding, then it
will lose not only body fat but also protein from muscle
tissue.

Week of gestation MP requirement (g/day)
5 1

10 3

15 8

20 17

25 34

30 64

35 114

40 191

Table 9.17 Metabolizable protein (MP) allowances for weight
change in dairy cows. Reproduced from Chamberlain & Wilkin-
son, 1996 with permission of Chalcombe Publications.

Live weight change (kg/day) MP requirement (g/day)

-1.0 -131
-0.5 —66
0 0
0.5 122
1.0 245

The protein requirement of the bovine animal is
generally considered in terms of the main activities of
the body — the maintenance of essential functions, lacta-
tion, pregnancy and weight change. The requirements
of cattle of different liveweights for metabolizable
protein for maintenance are shown in Table 9.14.

The requirement for MP for lactation is quantita-
tively the most important and varies with milk yield and
also, though to a much lesser degree, with the protein
concentration in the milk. Values for the requirement
for MP for milk production are shown in Table 9.15.

The requirement for MP to support fetal growth in
pregnancy is very low in the early stages and only
becomes of significance in the final two months of gesta-
tion (Table 9.16). Allowances for MP for weight loss and
the requirement for weight gain are shown in Table 9.17.

The total requirement for MP is calculated as the sum
of the requirements for the appropriate bodily func-
tions. Thus, for a dairy cow weighing 600kg liveweight,
yielding 20 litres of milk of 3.2% protein, in her
fifteenth week of pregnancy and gaining 0.5kg
liveweight/day the total requirement is 293 g for main-
tenance (Table 9.14) + 912 ¢ for milk production (Table
9.15) + 8¢ for pregnancy (Table 9.16) + 122 g for weight
gain (Table 9.17) = 1335g MP/day.

In some situations the total protein requirement is
expressed as a recommended concentration of crude
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Table 9.18 Recommended concentrations of crude protein in diets for cattle.

Dairy cows Beef suckler cows Growing beef cattle
Milk yield Dietary Milk yield Dietary Liveweight Dietary crude
(litres/day) crude protein (litres/day) crude protein (kg) protein (g/kg
(9/kg dry (9/kg dry dry matter)
matter) matter)
ME of total diet
(MJ/kg DM)
11.0 12.0
0 135-145 0 120 100 180 210
10 145-155 5 150 200 140 150
20 155-165 10 150 >200 130 140
30 165-175
40 175-180
50 180-190

protein in the total diet dry matter. This may appear to
be an oversimplification, but where the degradability
characteristics of the protein in some dietary ingredi-
ents are not known, or where there is uncertainty about
the actual animal production level, then diets should be
formulated according to the recommended concentra-
tions of crude protein in Table 9.18.

Tests of the MP system with dairy cows have revealed
that the system works reasonably well at low to medium
levels of milk yield (20 to 30 litres/day), but that at higher
levels of production the MP required is underestimated.
This implies that the efficiency of utilization of MP for
milk production is not constant at 0.68 (see section on
metabolizable protein), but that it decreases at increased
levels of output. The values for MP requirement for lac-
tation in Table 9.15 have been adjusted upwards to take
account of the decrease in efficiency of utilization of MP
for milk production above a milk yield of 25 litres/day.
Other systems of assessing protein supply and require-
ments, for example the French PDI system, also take
account of the relatively greater requirement for MP of
the high-yielding cow.

Composition of feeds

Cellulosic and non-cellulosic feeds

Feeds for cattle are best described in terms of the
major components that undergo fermentation in the
rumen. In other words, the conventional division into
concentrates and roughages is only a crude way of
distinguishing between feeds that contain mainly
non-cellulosic (starch, sugar and protein) or cellulosic
(plant cell wall) material.

The division into cellulosic and non-cellulosic feeds
is relevant because the two fractions are fermented by

Table 9.19 Classification of feeds. From MAFF (1986b) and
Lonsdale (1989).

Mainly cellulosic
(NDF >500g/kg DM)

Mainly non-cellulosic
(NDF <500g/kg DM)

Silage (except maize)
Brewers’ grains

Malt distillers’ draff
Pectin-extracted fruit

Coffee grounds

Unmolassed sugar beet pulp
Bran

Wheat feed

Straw Kale
Hay Very young grass
Grass (except very young Maize silage

grass) Fodder beet, root crops

Cereal grains

Molasses

Molassed sugar beet pulp
Maize gluten feed
Soyabean meal

Fat

Cottonseed cake
Distillers’ dark grains

Citrus pulp
Legume seeds

different types of bacteria and at different rates (see
section on fermentation in the rumen, p. 96). Cellulosic
feeds are fermented at a slower rate, occupy more
space in the rumen and are usually eaten in smaller
quantities (i.e. at a slower rate) than non-cellulosic
feeds.

When formulating diets it is useful to recognize the
different fermentation patterns of the two types of feed
and their different rates of intake by the animal. With
productive cattle it is important to avoid too much of
one type, or intake may be depressed — by acidosis if
too much non-cellulosic material is eaten, or by a slow
fermentation in the rumen and slow outflow rate if too
much cellulosic material is eaten.

Feeds are classified into those which are mainly cel-
lulosic and those which are mainly non-cellulosic, as



112 e Chapter 9

Table 9.20 Classification of raw materials according to their energy and protein contents. The degradability of the protein is also
indicated*. Reproduced from Lonsdale (1989) with permission of Chalcombe Publications.

Sugar beet pulp (molassed, dried,
pressed, ensiled) (B)

Potatoes (A)

Maize grain (B)

Carrots (A)

Citrus pulp (B)

Molasses (A)

Manioc (B)

Protein Metabolizable energy content (MJ/kg DM)
content
(g9/kg DM) High >12.0 Medium 9.0-12.0 Low <9.0
High Maize gluten meal (prairie meal) (B) Rapeseed meal (B) Cotton cake (undec.) (B)
>200 Groundnut cake (A) Sunflower seed meal (B) Sunflower seed meal (undec.) (B)
Soyabean meal (B) Cottonseed cake (B) Safflower meal expeller (A)
Sesame meal (B) Safflower meal (A)
Soya beans (whole processed) (C) Malt culms (B)
Condensed corn steep liquor Brussels sprout packhouse waste (A)
Lupins (sweet) (B) Malt residual pellets (B)
Pot ale syrup (A) Brewers’ grains (B)
Linseed meal (B) Palm kernel meal (extr.) (B)
Spent wash syrups (A)
US corn distillers’ dark grains (C)
Beans (field) (C)
Wheat distillers’ dark grains (C)
Malt distillers’ dark grains (C)
Peas (B)
Delactosed whey syrup (A)
Copra expeller (B)
Maize gluten feed (B)
Medium Maize germ meal (B) Wheat bran (B) Rice bran (C)
120-200 Whey (A) Dried forages (grass, lucerne) (B) Shea nut meal (D)
Triticale (A) Wheatfeed (A) Rape meal (D)
Wheat (A)
Low Barley (A) Pectin extracted fruit (B) Oatfeed (C)
<120 Oats (A) Apple pomace (B)

* Degradability: category A = 0.71-0.90, B = 0.51-0.70, C = 0.31-0.50, D = <0.31.

shown in Table 9.19. Some forage feeds, which would at
first sight be considered cellulosic, are not. High-quality
grass, for example, typically contains less than half of
the DM as cell wall or neutral detergent fibre (NDF)
(MAFF, 1992); maize silage also contains less cell
wall than cell contents, because of its high grain content;
typically 250 to 300 g of the DM of maize silage is starch.
Fodder beet contains 650g sugar perkg DM, but it is
contained within cell walls and is released in the rumen
for fermentation at a slower rate than, say, the sugar
from molasses.

Energy and protein in feeds

The two most important nutrients are energy and pro-
tein. Other nutrients, particularly minerals, can limit
efficiency of feed use, but in practice if a wide range of
feedsisincluded in the diet the risk of mineral imbalance
is low. Most farmers add proprietary mineral supple-
ments to the diets of their cattle. However, particular
deficiency situations do arise due to inadequate man-
agement, for example hypomagnesaemia (see Chapter
46).
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A simple classification of feeds is one which takes into
account the concentrations of ME, FME, ERDP and
DUP (see sections above for definitions of terms), as in
Table 9.20. A fuller description of the composition of
feeds is given in the UK Ministry of Agriculture, Fish-
eries and Food’s book Feed Composition (MAFF,1992).

An alternative way of considering feed sources is in
terms of the balance between ERDP and FME, shown
in Figs 9.16 and 9.17 for selected forages and concen-
trates, respectively. Maize silage, fodder beet, hay, straw,
molasses and cereal grains are typically deficient in

ERDP relative to FME, whilst fishmeal, rapeseed meal,
soyabean meal and maize gluten feed typically contain
an excess of ERDP relative to their concentrations of
FME.

Physical form

There are three easily recognizable categories for the
physical form of feeds: (i) liquids, (ii) moist solids and
(iii) dry solids. Examples of each category are shown in
Table 9.21.
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Table 9.21 Examples of the physical forms of raw material feeds. Reproduced from
Stark & Lonsdale (1989) with permission of Chalcombe Publications.

Liquid Moist solid

Dry solid

Condensed corn steep liquor
Delactosed whey syrup
Fresh whey

Molasses

Pot ale syrup

Apple pomace

Brewers’ grains

Brussels sprout
packhouse waste

Carrot rejects

Maize gluten feed*

Pectin-extracted fruit

Potatoes

Sugar beet pulp*

Bran (wheat and rice)
Cereal grains

Citrus pulp

Distillers’ dark grains
Dried grass and lucerne
Legume seeds

Maize germ meal
Maize gluten feed*
Maize gluten meal
Malt culms

Malt residual pellets
Oatfeed

Oilseed residues
Sugar beet pulp*
Wheatfeed

Whole oilseeds

* Available as either a moist or dry solid.

Liquids range from very low DM materials such as
whey, which has handling characteristics similar to
water, to viscous liquids such as molasses, which has a
typical DM content of 750g/kg fresh weight. With the
exception of whey, most liquid feeds have been con-
densed prior to shipment, in an attempt to reduce
haulage costs.

Moist solids comprise those which contain fer-
mentable sugars (e.g. fresh grass, molassed sugar beet
pulp) and are usually stored as silage (see section on
feed preservation, see below), and those which are low
in fermentable components (e.g. apple pomace), and
which benefit from the addition of a preservative.

Dry solids are a common form of feed and include
cereal grains and by-products from the flour milling
industry, hay, straw and residues from oil seed extrac-
tion. The DM content of dry solids is usually in the
range 830 to 930g/kg fresh weight. Higher moisture
contents increase the risk of spoilage during storage
and for this reason most manufacturers of dry feeds aim
to approach 900g DM/kg fresh weight if possible. Hay
is usually stored at an initial DM content of around
800g/kg, but final DM content is typically 850g/kg
fresh weight.

Feed preservation

The principle of preservation is to prevent the devel-
opment of spoilage organisms such as the putrefying
bacteria and moulds. These organisms prefer warm

temperatures, low levels of acidity (pH 6 to 8), oxygen
and water. Hence preservation may be achieved by
cooling (preferably freezing), by acidification, by exclu-
sion or removal of oxygen, or by drying.

Drying

Drying is the most effective form of feed preservation.
It is also the most costly and therefore tends to be used
with the more valuable feeds (e.g. cereals) and with
feeds that are prone to deterioration (e.g. citrus pulp).

The DM content of cereals is normally increased by
drying to 850 to 870g/kg prior to storage. Hay is dried
in the field to about 800g DM/kg fresh weight, unless it
is to be dried artificially in the barn, when it may be har-
vested in a moist state at between 650 and 750g DM/kg.
Drying in the barn proceeds until the safe DM content,
more than 800g/kg, has been reached and the crop
shows little sign of heating and moulding.

Ensiling

The process of ensilage involves the fermentation of
plant water-soluble carbohydrate (WSC) monomers
(simple sugars, mainly fructose and glucose) to organic
acids, principally lactic acid. The acidity thus produced
effectively ‘pickles’ the crop or feed in a stable state in
the absence of air.

Fermentation is an anaerobic process. The crop must
be completely sealed from the air to facilitate the growth
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Fig. 9.18 Patterns of fermentation and changes
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Poorly preserved
silage

High pH

Low lactic acid
High butyric acid
High NH;-N

Well-preserved
silage

Low pH

High lactic acid
Low butyric acid

in the pH value of silage as a result of secondary
fermentation.

of the desirable anaerobic bacteria that are present on
the crop in the field in relatively small numbers. As much
air as possible should be removed from the crop at the
time of ensiling, so that residual oxygen is exhausted as
rapidly as possible. This is achieved by first chopping the
crop as it is harvested from the field, by consolidating it
once the crop is in the silo and finally by sealing it com-
pletely using a plastic sheet.

Primary and secondary fermentations

It is important to distinguish between primary and sec-
ondary fermentations, and to recognize that both are
quite distinct from the process of aerobic spoilage that
occurs on exposure of silage to the air at the time of
feed-out.

Primary fermentation essentially comprises the con-
version of sugars or WSC, mainly fructose and glucose,
to lactic and other acids as the result of the metabolism
of bacteria. This process can be rapid and completed in
a few days.

Secondary fermentation, which sometimes follows
the primary fermentation, involves the degradation of
lactic and other acids, with the formation of evil-
smelling acids like butyric acid. The process can also be
accompanied by the complete degradation of nitroge-
nous compounds to ammonia. The main organisms
involved in secondary fermentation are the obligate
anaerobic clostridial bacteria.

At the point of entry to the silo the pH of the fresh
crop is usually about 6.0. The crop is still alive, but it is
consuming the products of photosynthesis (sugars) by
respiration and producing carbon dioxide, water and
heat. In addition, aerobic bacteria such as the Enter-
obacteriaceae (coliforms) consume sugars to produce
acetic acid and degrade protein to ammonia.

As the supply of oxygen is exhausted, the primary
fermentation dominates, with lactic acid the predomi-
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Cays in silo
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Fig. 9.19 Typical changes in the content of fermentation acids
in silage as a result of secondary fermentation.

nant product. Acidity increases as the conversion of
sugars to acids continues.

Primary fermentation proceeds until either the
supply of fermentable substrate is exhausted or the
amount of free water (i.e. that not associated with
products of fermentation) is reduced to a sufficiently
low level to restrict bacterial activity. A stable low pH
is reached. The silage contains lactic acid as the main
fermentation acid and the amount of protein com-
pletely degraded to ammonia is small (see Fig. 9.18).
However, if the supply of sugar in the crop is low,
or its resistance to acidification or buffering capacity is
relatively high, secondary fermentation may occur
during the storage period. In this situation the silage
is unstable. Wet crops of low sugar content are par-
ticularly prone to secondary fermentation. Typical
changes in the content of fermentation acids in silage
as a result of secondary fermentation are shown in
Fig. 9.19.
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Table 9.22 Crops ranked in order of their ‘ensilability’. Repro-
duced from Wilkinson (1990) with permission of Chalcombe
Publications.

Good Maize

Whole crop cereals

Italian and hybrid ryegrass
Perennial ryegrass

Brome grass

Timothy/meadow fescue
Permanent pasture

Cocksfoot

Arable silage containing legumes
Grass/clover

Y Red clover
Poor Lucerne
100 | c
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e
Peptides, €
£ amides, c_.
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= Amines, gg
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and hay preserved preserved
silage silage

Fig. 9.20 The nitrogenous components of fresh grass, well-
preserved silage and poorly preserved silage. Source: Wilkinson
(1985).

Some crops, because they have a relatively low
content of WSC or have relatively high buffering
capacities, are more prone than others to secondary
fermentations — their ‘ensilability’ is relatively low.
Crops are ranked in order of their ensilability in Table
9.22. Maize combines adequate WSC with low buffer-
ing capacity, whilst the converse is true for the legumes,
lucerne in particular.

Wilting in good weather prior to harvest has the
effect of concentrating the sugars in the crop, and this
is beneficial in terms of reducing the risk of secondary
fermentation.

Silages that have undergone secondary fermentation
are poorly preserved, but paradoxically they tend to be
relatively stable on exposure to air. A major conse-
quence of clostridial activity is an increase in the pro-
portion of nitrogen present as ammonia in the silage
(Fig. 9.20). Digestibility and energy value are also
reduced due to secondary fermentation; hence losses of
nutrients are elevated in poorly preserved silages.

Typical analytical composition of silage

Typical values for the composition of grass and maize
silages made in bunker silos under European conditions
are shown in Table 9.23. The most notable differences
between grass and maize silage are in crude protein and
NDF, which are higher for grass than maize, and in
starch which is very low in grass silage. Poorly-
preserved grass silages normally contain elevated levels
of ash, fibre, acetic acid, butyric acid and ammonia—N,
whilst energy values are depressed compared to well-
preserved material. Amino acid-N is reduced as a pro-
portion of the total non-protein nitrogen, indicating
greater degradation to amines, amides and ammonia.
Wilted grass silages generally undergo less extensive
fermentations and consequently have higher pH values
than wetter silages, residual (i.e. unfermented) WSC,
lower concentrations of fermentation acids and less
ammonia-N (Table 9.23).

Additives for silage

The main objective in applying an additive at the time
of harvest is to prevent the multiplication of clostridia.
The lactic acid bacteria are more tolerant of acid con-
ditions than are the clostridia, so traditionally their
growth has been inhibited by direct acidification of the
crop with an organic acid such as formic, or an inorganic
acid such as sulphuric. The former is relatively more
expensive, but it does have a specific antimicrobial
action against clostridia, whilst sulphuric acid acts solely
through its effect in reducing pH. Some products com-
prise mixtures of acids and synergistic properties are
claimed for them.

If the pH of the crop can be reduced from 6.0 to
about 4.5 by acidification at the time of harvest then the
risk of clostridial growth is greatly reduced.

An alternative approach is to accelerate the produc-
tion of lactic acid by the direct inoculation of the crop
at harvest. Provided sufficient live bacteria are added
(ideally I million colony forming units/g fresh crop) and
provided the content of fermentable sugar in the crop
is sufficient for their growth then good preservation
quality should be assured. Problems can arise with
inoculants if there is insufficient sugar, either because
the crop itself is deficient or because the crop is too wet
at the time of ensiling. The most common species of
bacteria in inoculants is Lactobacillus plantarum.

Enzyme additives, containing hemicellulase and cel-
lulase, are another type of additive; the object in this
case is to generate extra sugar from cell wall compo-
nents to ensure sufficient acidification during primary
fermentation so that clostridia are inhibited.

Products are now available which contain both lactic
acid bacteria and enzymes. It is essential, however, to
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Table 9.23 Typical composition of grass and maize silage stored in bunker silos.

Grass silage Maize
silage
Direct-cut Wilted
Poorly Well
preserved preserved
pH 5.5 3.8 45 4.0
DM (g/kg fresh 160 180 360 300
weight)
Ash (g/kg DM) 110 80 90 55
Crude protein 160 160 150 90
(9/kg DM)

NDF (g/kg DM) 650 550 550 450
WSC (g/kg DM) 0 0 50 85
Starch (g/kg DM) 0 0 0 250
Lactic acid (g/kg DM) 50 150 65 100
Acetic acid (g/kg DM) 25 20 35 45
Butyric acid (g/kg DM) 35 0 0 0
DOMD (g/kg DM) 675 700 700 720
ME (MJ/kg DM) 10.8 11.2 1.2 1.5
NH,-N (g/kg total N) 300 75 40 30
Amino acid-N (g/kg 405 700 750 650
total soluble N)

establish that the active ingredients in these biological
additives really are active, and have not been destroyed
by processing, packaging or storage.

Additives for hay and moist grain

The risk of development of moulds and mycotoxins in
moist hay and moist grain may be reduced by adding
an effective preservative at the time of storage. Propi-
onic acid and salts of propionic acid such as ammonium
bis-propanoate, added at 15kg active ingredient per
tonne of fresh crop at the time of harvest, are effective
in reducing mould development in both hay and grain
and also in big bale silage, where moulding due to
incomplete sealing is a common problem.

Feed processing

Physical processing of roughages

Traditionally, feeds like hays and straws were chopped
or ground prior to feeding. There is now increasing
evidence to indicate that although these procedures
may be convenient for the processor, they are less than
ideal from the point of view of the nutrition of the
animal.

With fibrous feeds such as straw, intake is often
limited by the speed with which long particles are
reduced in size by chewing so that they can pass out
of the rumen. Grinding removes this restriction to
intake, but a consequence is that particles pass out of
the rumen before they are fully digested. The net result
is that although dry matter intake is increased,
digestibility is reduced and nutrient intake is little
changed.

Chopping long forages also reduces the opportunity
for the animal to select the best quality material on
offer. However, if straw is to be used in a complete diet,
coarse chopping is a useful way of incorporating the
feed uniformly into the total mixture.

Long fibre with an average particle length of at least
150mm is essential for milk fat synthesis and for the
maintenance of rumen function on high-concentrate
diets. It is therefore important to bear in mind that
physical processing of roughages can diminish their
value with respect to milk quality and the health status
of the rumen.

Chemical processing of roughages

The use of alkalis, such as sodium hydroxide, for
upgrading straw is not new, but recently additional
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benefits from the use of the technique have been
recognized.

Essentially, the technique involves adding sodium
hydroxide to straw at about 50kg per tonne fresh
weight. The alkali degrades and swells the plant cell
wall material, with a consequent increase in digestibil-
ity and intake. The benefits are valuable where straw is
plentiful and where it comprises a high proportion of
the total diet, for example in the case of beef suckler
COWS.

The residual alkalinity in straw treated with sodium
hydroxide can help to reduce the risk of ruminal aci-
dosis in high-yielding dairy cows given diets containing
large proportions of concentrates and/or highly acid
silages. In these situations, where fibre is needed to
maintain milk fat content but the overall energy
content is required to be high at the same time, the
provision of a source of long fibre of enhanced
digestibility is also valuable.

Ammonia (usually added in aqueous form at 30kg
NH; per tonne fresh weight) is a useful alternative
alkali to sodium hydroxide. It has the advantage of also
contributing nitrogen, a valuable feature if the diet is
deficient in rumen degradable nitrogen, but a disad-
vantage if silage of high protein content is the major
forage in the diet.

Urea may also be used to upgrade straw, but both the
moisture content of the straw and ambient tempera-
ture need to be relatively high for the technique to be
successful.

The effect of an increase in digestibility of straw on
intake can be considerable. Thus a 10 per cent improve-
ment in digestibility can lead to a 50 per cent increase
in dry matter intake. Since the feed consumed is more
digestible, the increase in ME intake is even greater.

Processing of cereals

Grinding of cereals was traditionally considered essen-
tial to achieve complete digestion by cattle. A trade-off
was accepted between rapid digestion in the rumen and
possible acidosis on the one hand and poor digestibil-
ity with undigested grains appearing in the faeces on the
other. It is now accepted that the passage of a few undi-
gested grains has no measurable effect on digestibility,
but that forage digestibility can be reduced when grain
is overprocessed.

The need for cereal processing depends on the size
of the reticulo-omasal orifice. In the case of sheep and
calves less than 150kg liveweight, it is difficult for whole
barley and whole oat grains to pass through the orifice,
whilst it is easy in larger cattle. Thus whole grains may
be given to young calves, but some processing is neces-
sary for older cattle. If possible, the extent of process-

ing should be as small as possible: it is sufficient to crack
the seed coat. Crimping is better than rolling, but treat-
ment with sodium hydroxide, which has the effect of
breaking the seed coat by swelling it, is probably the
best method from the animal’s point of view. In addi-
tion to slowing down the rate of digestion of the starch
in the grain, the residual alkali buffers acidity in the
rumen.

Feeding management

Successful nutrition of the bovine not only requires an
understanding of the principles of nutrient require-
ment, nutrient supply and animal response; it also
involves appropriate management of feed resources.
This includes presenting the correct amount of feed to
the animal for the appropriate period of time, formu-
lating diets from available resources that meet require-
ments, taking into account the condition of the animal
and the desired direction and rate of change in weight
and condition and budgeting ahead so that rapid
changes in diet are avoided and performance targets
are achieved.

The importance of selective eating

The need to maintain stability in the rumen has led to
the presentation of feeds to the animal over a large pro-
portion of the day. This is particularly so with forages
and straws, where rate of intake is relatively slow. It is
also important that the animal has access to feed for
most if not all the time when selectivity is desirable.

At pasture, maximum intake is only achieved when
herbage is offered in substantial excess (Figs 9.7 to 9.9).
In general, the amount of herbage on offer should be
three to four times the amount eaten in order to achieve
maximum potential voluntary intake (see section on
grazed pasture, p. 101).

Targets for sward surface height
at pasture

A simple guide to the amount of herbage on offer is the
sward surface height of the grazed pasture. Regular
measurement of sward height or sward mass is a useful
tactical aid to pasture management. Targets for sward
height for growing, lactating and dry cows are shown in
Table 9.24.

It is important to measure sward height in grazed
areas, since herbage that is rejected due to contamina-
tion by faeces, urine or treading is unlikely to be eaten
until the height of herbage in grazed areas is well below
that at which intake is restricted below maximum.
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Table 9.24 Target sward surface heights (cm) for rotational and continuous grazing.

Spring Early summer Late summer Autumn
Lactating cows and
growing cattle
Rotational grazing
Pregrazing 10-15 12-16 14-18 10-15
Postgrazing 6-7 7-8 8-9 6-7
Continuous grazing 6-7 7-8 8-9 6-7
Dry cows® 4-5 4-5 4-5 4-5

®

Buffer feeding

The concept of buffer feeding was developed as a
way of reducing losses in output from grazed pasture,
especially when herbage allowance was apparently
adequate but intake less than maximal due to poor
weather, inadequate grass growth, short day length or
reduced time of access to pasture.

The buffer feed should be less acceptable than the
herbage on offer at pasture, otherwise the buffer acts as
a substitute rather than a supplement for grazed grass.
Typically, silage or hay are used as buffer feeds, offered
ad libitum at the farm buildings to dairy cows after each
milking or placed in the grazing field for other classes
of stock.

Frequency of feeding and ruminal acidosis

It is significant that when cereal concentrates are
offered ad libitum the animal eats a little at a time. Thus
the general practice in feedlots, and in areas of the
world where milk is produced from high-concentrate
diets, is to allow the animals 24-hour access to all feeds
(both concentrate and roughage) to avoid ruminal aci-
dosis, otherwise known as ‘feedlot bloat’. This condition
is caused by the rapid fermentation of starches and
sugars, and can occur as the result of infrequent inges-
tion of large feeds of concentrates. It can also occur as
the result of inadequate long fibre to maintain rumina-
tion and saliva production. Essentially, the condition is
due to the dominance in the rumen fermentation of
lactic acid producing bacteria (p. 829). Ruminal stasis
can occur at low rumen pH (less than pH 5.5) and the
inability of the animal to eructate leads to the accumu-
lation of gas and the resultant bloat (p. 832).

Cattle given concentrates ad libitum should therefore
also be allowed access to long forage or a source of
roughage such as straw, at about 15 per cent of the total
diet dry matter.

Postgrazing, rotational and continuous grazing.

Traditionally, dairy cows were given concentrates,
usually in the form of milled compounded feeds, in the
parlour at milking and forages ad libitum for the rest of
the day. With ever-increasing milk yields per cow, the
pressure on the available time in the parlour meant that
the cow had difficulty consuming a large feed of com-
pounds during the milking period. Further, the rapid
fermentation of the two relatively large meals (some-
times as much as Skg/meal) meant that rumen pH
decreased, fibre digestion slowed down and forage
intake was reduced as a result (see Fig. 9.21). Accord-
ingly, a mid-day feed of compounds or of by-products
such as dried sugar beet pulp was introduced to reduce
the quantity of compound to be fed through the
parlour.

Sodium bicarbonate may be a suitable ingredient of
the diet when the cow is suffering from acidosis.
However, the problem with bicarbonate is that it is
relatively unpalatable and large quantities are required
to have a significant effect. Thus the addition of 100 to
150g/cow per day is insignificant by comparison with
the 3 kilogrammes of bicarbonate produced in saliva
daily. It is better therefore to include feeds, like hay or
straw, to stimulate rumination and salivation.

Out-of-parlour feeders

The advent of computerized cow identification has
enabled cows to be rationed accurately in the parlour
according to yield, and it was a relatively logical step to
introduce out-of-parlour feeders to allow the higher-
yielding individuals to eat compounds and concentrates
during the rest of the day. The nutritional advantages
were that higher levels of compounds could be given
to those cows that ‘deserved’ to receive them, and in a
relatively large number of meals per day. Feeders could
be programmed to deliver equal proportions of the
total day’s allocation in up to 12 feeds per day; cows not
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Fig. 9.21 It is important to prevent the pH of the rumen from
falling below 6.0 for long periods of time, otherwise cellulose
digestion will be greatly reduced. The problem is less at low
levels of concentrate feeding (a) than at high levels (b). Repro-
duced from Orskov (1998) with permission of Chalcombe
Publications.

taking their feeds were readily identifiable and could be
checked for disease immediately.

Flat-rate feeding

The introduction in Europe of milk quotas placed a
limit on output, and the emphasis switched to simplify-
ing the day-to-day feeding management of the dairy
herd, especially in those herds where the input of con-
centrate was moderate and where the supply of grass-
land for grazing and silage was adequate and reliable
throughout the growing season.

The principle of flat-rate feeding is that all cows
receive the same amount of concentrate, irrespective of
their actual or potential milk production, together with
silage ad libitum. The system works best when there is
a compact calving pattern, with most cows at the same
stage of lactation, and when the input of concentrates
is relatively low. Silage quality should be relatively high
and if necessary the level of concentrate should be
reduced when the herd is in late lactation to prevent
cows becoming overfat.

In practice, higher-yielding cows in the herd eat more
silage and it is important that the silage is on offer
ad libitum otherwise these animals are underfed. Peak
lactation yields tend to be lower than in herds given
concentrates to yield, but the rate of decline in yield
post-peak tends also to be slower than in herds fed to
yield, giving a flatter lactation curve for flat-rate
feeding.

Total mixed rations or complete diets

The main principle of complete diet feeding is that the
animal receives an intimate mix of slowly and rapidly
fermented feeds, thus balancing the inflow to the rumen
of feeds with widely differing rates of fermentation and
(it is hoped) thereby maintaining stable conditions in
the rumen.

However, with high proportions of concentrates in
the mix, the level of acidity in the rumen may be so high
that fibre digestion is permanently depressed (Fig.
9.21). In this situation, the proportion of propionate in
the rumen volatile fatty acids is elevated and as a result
cows tend to gain in weight and produce milk of rela-
tively low fat content. Overfat cows with fatty livers
were a feature of early mismanagement of herds given
complete diets.

Thus, provided cows in late lactation and dry cows are
not given the same high-energy mix as higher-yielding
animals, complete diets offer a logical approach to
feeding management. By-products can be incorporated
into complete diets with greater ease than in other
feeding systems. Higher voluntary feed intakes are
usually achieved than with separate feeding, and milk
compositional quality is often improved as a result of
the higher energy status of the animal and improved
fibre digestion in the rumen. On the other hand, the
investment in mixer-wagons can be considerable and
there is little evidence of improved overall efficiency of
feed utilization by animals given total mixed rations
compared to the same diet in separate feeds of forages
and concentrates.

Diet formulation

Diets are formulated to meet calculated requirements
for major nutrients (see sections on energy and protein
requirements, pages 103, 106), taking account also of the
needs of the animal for macro- and microelements.
Recent research in the USA indicates that formulations
for lactation should also take account of dry matter
content and the content of NDF (cell wall) in the total
diet. The dry matter content of the whole diet should
be between 500 and 650 g/kg fresh weight for maximum
intake, whilst the content of NDF should be be-
tween 350 and 450 g/kg DM for maximal output of milk



Table 9.25 Target condition scores for beef suckler cows.
Reproduced from Fuller (1988) with permission of Chalcombe
Publications.

Stage of Target condition score

reproductive

cycle Autumn-calving Spring-calving
cows cows

At calving 3 2.5

At mating 2.5 2

Mid-pregnancy 2 3

Table 9.26 Feed budget for a dairy herd of 100 cows, average
milk yield 65001I/cow, calving September to November.

Feed Budget
Grazing
Spring 5 cows per hectare

Early summer
Late summer and autumn

3.5 cows per hectare
2.5 cows per hectare

Silage 10 tonnes fresh weight per
cow at 10.5MJ ME/kg DM

Concentrates
When cows are housed
When cows are grazing

1.4 tonnes per cow
0.1 tonnes per cow

fat. Constraints in diet formulation programmes now
include dry matter and NDF in addition to conven-
tional prediction equations for voluntary intake and
nutrient requirements.

Condition score

Condition scoring cows is relatively easy; there is no
fleece to hide the animal’s fatness (or thinness). The
essential areas for physical examination are: (i) the
transverse processes of the lumbar vertebrae at the top
of the loin, halfway between the last rib, (ii) the hip
bone and (iii) the tail head (see Chapter 2, Fig. 2.1).

Scoring should ideally be carried out by feeling the
extent of subcutaneous fat cover at the tail head and at
the lumbar area. With practice, visual scoring is possi-
ble taking into account the visibility of the ribs and the
amount of fat at the tail head. Cows in condition score
1 have no fat at the tail head and their ribs are promi-
nent. The ribs are visible in condition score 2 but not in
condition score 3 and above. As condition score rises
above 2, the amount of fat visible at the tail head
increases.

Target condition scores for cows at different stages of
the production cycle are shown in Table 9.25.
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Table 9.27 Feed budget for suckler cows (t fresh weight/cow
and calf per annum). Silage and other feeds 25 per cent DM.

Grazing

Hill pastures and semi-arid lowlands: 0.5-1.0 cows/ha
Upland pastures: 1.2-1.8 cows/ha

Lowland temperate pastures: 1.5-2.1 cows/ha

Winter feeding

Autumn calving Spring calving

Lowland herds

Concentrates 0.4 0.2
Silage 3.5 2.5
Straw 1.0 0.8
Other feeds 0.3 0.4

(wet byproducts)
Upland herds

Concentrates 0.4 0.2
Silage 4.7 4.5
Straw 0.6 0.5
Other feeds 0.2 0.4

Hill herds: as for upland herds except silage 5.5t/head to
allow for longer winter period

Table 9.28 Feed budgets for growing beef cattle.

Grazing
Target liveweight (t/ha) at 250kgN/ha
May 2.2
June 2.0
July 1.7
August 1.6
September 1.4
October 1.4
Average 1.7

Increase by 4kg for each extra kg of N

Silage and concentrates (t/head)
Silage Concentrates
(25% DM, 10.5 ME)
Overwintered
store cattle

and finishing

suckled calves 3 0.3
18-month beef 5 0.9
Silage beef 6 0.8

(15—-16 months)
Cereal beef * 1.6

(11-12 months)

* (0.2t straw/head to maintain rumen function.

Regular condition scoring helps to identify overthin
cows that require preferential treatment (extra feed)
and overfat cows, especially those in late pregnancy,
that are at risk of dystokia at calving. Scoring in early
lactation to monitor the effectiveness of nutrient inputs
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to achieve weight gain at mating is an essential part of
successful rebreeding. Economies may also be made in
high-energy feeds at times when the whole herd is
scored as being slightly overfat.

Feed budgeting

Feed budgeting is the extension of daily diet formula-
tion to annual feed planning. Future levels of output are
set and a feeding policy is developed which takes into
account the home-produced feeds available, or likely to
become available during the year, and the type and
quantity of purchased feeds required to meet the target
level of output. A buying strategy is developed to meet
the projected requirements.

Simplified examples of feed budgets for grazing and
winter feeding are shown in Tables 9.26 to 9.28 for dairy
cows, suckler cows and growing beef cattle, respectively.
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Introduction

The main forage crops in the UK and many other
countries for cattle are conserved grass in the form of
hay or silage, otherwise straw. Economic and nutritional
considerations have led to a quest for alternative
forages.

Feeding dairy cows, dairy heifers, suckler cows and
beef animals is a mixture of science and art. Any ration
needs to be balanced for energy, protein, minerals,
vitamins and water, to meet the required production
objectives. Energy sources will include starches, sugars
and digestible fibre, whilst protein will be of rumen
degradable and digestible undegradable protein and
will contain a wide range of amino acids. The ration
must be palatable, digestible, appetizing and free from
dirt, stones, harmful bacteria and moulds. Some feeds
are enhancers of dry matter intake (DMI), whilst others
substitute for existing ingredients in the ration. Thus
brewers’ grains, sodium hydroxide-treated straw, maize,
etc., are enhancers of DMI whereas, for example, barley
and wheat substitute for each other.

The UK Ministry of Agriculture, Fisheries and Food
and the Agricultural and Food Research Council have
published standards for energy, protein and the major

minerals for maintenance and production for lactating
and fattening animals. Knowledge is incomplete, and
the art of feeding stock relates to adjusting feeds, intro-
ducing different ingredients and measuring and observ-
ing the results.

The figures shown in Table 10.1 act as a starting point
in the compilation of dairy cow rations, particularly as
feeds can vary in analysis. Alternative forages will need
to fit the criteria laid down for each animal’s produc-
tion. However some forages, such as maize and lucerne,
are DMI enhancers and so they can be perfectly satis-
factory at lower energy densities in winter rations.

Dairy heifers, calving at two years old, need to grow
at 0.7-0.8kg/head daily to attain a satisfactory calving
weight, and beef animals in the final stages of fattening
require growth rates in excess of 1kg/head daily.

Total farm profitability determines whether or not
alternative forages feature in a farming system. Factors
to be considered include soil type, labour availability,
working and fixed capital requirements, value for
money, yield variability, rotational considerations and
feeding facilities. The majority feature in winter rations,
but kale and stubble turnips are often grazed in the
summer and early autumn, while lucerne and red clover
are versatile protein sources in the summer. They can
be grazed (with caution because of bloat) or conserved
as silage. Red clover is usually in a grass ley mixture,
but lucerne is generally grown as a pure stand.

A brief description will be given of some of the crops
available together with their use and integration into
cattle rations.

Forage maize (corn)

The typical analysis of forage maize silage per kg dry
matter (DM) is:

DM =28 per cent, metabolizable energy (ME) =10.8MJ,
digestible crude protein (DCP) = 70g, neutral deter-
gent fibre (NDF) =360 g, modified acid detergent fibre
(MADF) =215¢

Minerals: Ca=39g,P=1.8g,Na=02g, Mg=2.4g

Yield on National Institute of Agricultural Botany
(NIAB) plots = 12.0t DM/ha

123
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Table 10.1 Winter ration criteria for Friesian/Holstein dairy
COows.

Milk yield (kg/day)

35 25 18 Dry

Minimum DM (%) 38 33 26 22
Energy density 12.0 11.4 10.8 9.5
Minimum MADF fibre (%) 15 18 22 25
Approximate DMI 20.9 171 14.7 9.3

Note: protein guidelines are 400g DCP for maintenance and 60-65g
DCP/kg milk, with sufficient undegradable as well as degradable
protein in the ration.

For Jersey cows with milk yields of 25, 18, 13 and 9kg respectively,
the protein requirements are 350g DCP for maintenance and 70-75¢g
DCP/kg of milk.

Maize silage is best stored in long, narrow clamps to
limit the amount of heating and hence spoilage when
the clamp is opened. Most maize is grown in the south-
ern counties of Britain but as more early-maturing
varieties are being bred, the frontiers are being pushed
further north.

The true value of maize (corn) is often underesti-
mated by conventional equations. Maize silage costs
less to produce than grass silage, and is complementary
to it. In a dull, wet summer, the ME can be under 10
but is still as good as most grass silages made in similar
weather. Generally, it is a high-energy, low-protein con-
served forage that has limited fibre and is low in min-
erals, particularly calcium, phosphorus, sodium, copper,
zinc, iodine and manganese. The greater the proportion
of maize in the ration, the more deficiencies need to be
corrected.

A typical ration for a dairy cow yielding 25kg milk
might include 32kg grass silage, 14kg maize silage, 1kg
soya bean meal, 5.5kg maize gluten and 0.15kg high
phosphorus minerals. Research work, particularly by
Phipps (pers. comm.), has shown that by including at
least 25 per cent of the silage as maize increases
forage DMI, lowers the cost and increases milk pro-
duction and hence the weight of fat and protein. The
response is greater with 63 per cent digestibility (‘D’
value) silage compared with 68 D grass silage. With a
ration based on 40:60 grass:maize silage and 6kg con-
centrates, DMI and milk yield were increased by 2.8 and
2.9kg respectively compared with grass silage and 6kg
concentrates. Maize silage combines well with lucerne
silage, but needs an addition of 1-2kg straw to provide
fibre.

Maize silage can be used as the sole source of forage
for dairy cows. An example ration for a cow producing
25kg milk would be 27kg maize silage, 3.5kg caustic
treated straw, 2kg molasses, 2kg sugar beet pulp, 3kg

maize gluten, 2.5kg rapeseed meal, 1.5kg soya bean
meal and 0.3kg mineral/vitamin supplement. As the
DM of maize silage increases, so does the DMI.

Maize silage can be introduced to young cattle at
under three months old, but additional protein, vita-
mins and minerals are necessary. Typically, a 300kg
heifer growing at 0.65kg/day requires 5.1kg DM of
maize silage, 0.2kg 50 per cent vegetable protein and
one per cent non-protein nitrogen (urea) added to
maize silage; 1kg of a 34 per cent protein/mineral/
vitamin supplement would also be suitable.

Bull beef animals have higher intakes of maize than
grass silage. A beast weighing 300kg needs 6kg DM of
maize silage plus 1.5kg of a 34 per cent protein/mineral/
vitamin concentrate supplement to gain 1kg/day. This
quantity of supplement is kept constant over a range of
weights so that the crude protein of the complete ration
declines as the animal matures.

Maize fits well into a grass silage system and can be
self-fed or forage-box fed. It can be fed as a green crop
prior to harvest, and used as a buffer feed in spring for
cows at pasture.

Fodder beet

The typical analysis of fodder beet per kg DM is:

DM = 18.3 per cent, ME = 11.9MJ, DCP = 34¢,
NDF = 127g, MADF = 83¢

Minerals: Ca=39g,P=18g, Na=24g, Mg=14¢g

Yield on NIAB plots = 142t DM/ha (excluding the
value of fodder beet tops (leaves), which can add up
to 30 per cent to the DM)

Ensiled tops are higher in protein minerals (espe-
cially phosphorus) and fibre and can complement the
diet, but are difficult to harvest and utilize efficiently.
Fresh tops can contain harmful oxalic acid and lead to
calcium problems but the problem is reduced with
wilting. Thus they can cause scouring and milk fever in
freshly calved cows.

Fodder beet is used primarily as a low-cost concen-
trate replacer for dairy cows, at a maximum of 4-4.5kg
DM (22-25kg fresh weight). As a high-energy source, it
will need to be balanced by additional degradable and
undegradable protein. In limited cases, it can be used as
part of the maintenance ration but additional protein,
fibre (as hay or straw) and minerals will be required.

For a dairy cow yielding 25kg milk, with 40kg grass
silage producing more than maintenance, 15kg of
fodder beet, 4kg maize gluten and 2.25kg of a propri-
etary 20 per cent protein, high-energy concentrate
complete the ration. A mix of other dry concentrates
such as barley and soya bean meal can replace maize
gluten.



Harvested fodder beet can be fed from a hopper or
behind an electric fence provided that sufficient feed
space is available to avoid uneven intakes between
cows in the herd. It is more commonly fed as part of
a complete diet in a forage wagon, but the beet must
be free from dirt and preferably finely chopped or
shredded to integrate in the ration.

Strip-grazing beet in the field produces a multitude
of problems: poisoning from tops (even when topped
this can be via secondary growth in the spring), waste
of feed and foot troubles (see Chapter 31).

When used as a concentrate replacer, fodder beet
enhances the butterfat and protein percentages in the
milk, but observations suggest that it depletes the com-
positional quality when used as part of the maintenance
ration.

A combination of fodder beet and soya bean meal
can add to DMI and hence milk yield and quality, par-
ticularly replacing a 10.8 ME grass silage. The grass
silage uptake has been shown to decrease from 9.6 to
7.0kg DM/cow per day. When fodder beet was added
to a poorer silage and with no soyabean meal, compo-
sitional quality was not improved. As well as lowering
the ration cost, fodder beet partially acts as a concen-
trate replacer.

Fodder beet should be finely chopped or shredded in
the rations for dairy heifers over one year old when
they are changing their teeth. For these animals average
grass silage up to 2kg DM (11 kg fresh weight) of fodder
beet can be fed in place of sugar beet pulp to ensure
good growth rates and conception. Using a straw-based
ration, a 300kg heifer growing at 0.8kg/day could
receive 3kg straw, 14kg fodder beet, 1.2kg barley and
1kg soya bean meal. If ammonia or urea-treated straw
is used, 11kg fodder beet and 1kg barley could produce
the desired results. Alternatively, 2kg DM from both
fodder beet and brewers’ grains with ad libitum straw
should produce a palatable and productive ration.
Amounts will, of course, be increased as the animals
Srow.

Gleadthorpe Experimental Husbandry Farm (1984,
1985) developed a fodder beet system that utilised its
low cost when compared with concentrates for Friesian
x Hereford heifers and steers. Crushed beet was intro-
duced when the animals weighed 200kg. Both fishmeal
and soyabean meal have been used as the protein
sources with minerals and straw also added if necessary.

In many cases, fodder beet requires much additional
capital for sowing, harvesting, storing, cleaning and
chopping the beet, but it can be grown in most areas of
the UK and other temperate areas. In a wet autumn on
heavy soils, harvesting can be difficult, but it is a rela-
tively cheap source of energy. Mangels, which have a
DM of 10-15 per cent, are in the main similar to fodder
beet for feeding but crop yield is less.
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Swedes

The typical analysis of swedes per kg DM is:

DM = 10.5 per cent, ME = 13.1MJ, DCP = 64 g,
NDF = 140g, MADF = 114¢

Minerals: Ca=3.5g,P=2.6g,Na=15g, Mg=1.1¢g

Yield on NIAB plots =7t DM/ha

The crop is generally grown in the cooler west and
north of Britain. Fungal problems such as powdery
mildew and club-root can limit crop yields.

Swedes have a low protein and high energy content,
but a relatively low yield of DM. They are used
primarily for beef and sheep as well as for human
consumption.

Swedes could be utilized by dairy cows on a similar
DM basis to fodder beet, but are more costly to
produce. Despite their low DM (10.5 per cent) they are
likely to be DMI enhancers. Similarly, they can be fed
to dairy heifers by incorporation in straw-based rations.
The low DM of swedes could assist consumption, but
chopping or slicing is advantageous. Swedes may be
grazed in situ, especially by sheep.

Stubble turnips (leaves and roots)

The typical analysis of stubble turnips per kg DM is:

DM = 8.0 per cent, ME = 11.6 MJ, DCP = 130 ¢

Figures for fibre levels and minerals are not available

Yield on NIAB plots = 3.8DM/ha (relates to the tops
and that portion of the root that is above ground)

These quick-growing turnips are a very useful catch
crop being sown in the spring as a prelude to a grass
reseed in the autumn or after winter barley in July as a
break crop.

Stubble turnips are grazed by dairy cows in situ
behind an electric fence in midsummer and autumn,
particularly where grass production is limited. In the
summer, stubble turnips and ad libitum ammonia-
treated straw complement grass, while in the early
autumn the same combination can substitute for a
limited amount of silage on free-draining soils. Stubble
turnips can also be fed to sheep and suckler cows, but
are little used for dairy heifers and beef animals
because they are unlikely to be constrained by an elec-
tric fence. The cost per unit of energy is similar to
grazed grass. Fungal problems such as powdery mildew
and alternaria leaf spot can limit crop yields.

Kale

The typical analysis for kale per kg DM is:
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DM = 13.6 per cent, ME = 12.6MJ, DCP = 119¢g,
NDF =208g, MADF = 161g

Minerals: Ca = 12.1g, P =3.5g, Na = 1.2g, Mg = 1.4¢
(varieties differ in analysis)

Yield on NIAB plots = 8.6t DM/ha

Kale can be grown in most areas of the UK but yields
can be adversely affected by dry weather.

Protein and minerals are contained in the leaves and
carbohydrates and fibre occur in the stem. Thus, the
proportion of leaf to stem influences the feed value of
kale.

Kale is a low DM, high-protein feed that is high in
calcium, but low in phosphorus, copper, manganese and
iodine. Goitrogens can interfere with iodine use in the
dairy cow (see pp. 257, 586). Excessive amounts of kale
can lead to haemolytic anaemia (see p. 941).

In the past, kale was strip-grazed in the autumn and
up to midwinter and, together with hay, provided the
maintenance portion of the dairy cows’ ration. The
practice has been largely curtailed as herds moved
towards autumn calving, and a continuity of feed during
the winter season became necessary. In addition, foot
troubles were very common and udders needed addi-
tional washing. Currently, kale is grazed in situ in the
summer and early autumn in a similar fashion to
stubble turnips with ammonia-treated straw. It tends to
be fed to mid- and late-lactation cows and should not
exceed 30 per cent of the ration. In practice, 3-4kg
DM/head per day are consumed together with 1-2kg of
ammonia-treated straw. Kale can be cut and carted to
all classes of stock, and may be strip-grazed by sheep in
winter.

Forage rape

The typical analysis of forage rape per kg DM is:

DM = 14 per cent, ME = 9.5MJ, DCP = 144 ¢

(no fibre figures are available)
Minerals: Ca=93g,P=42g,Na=23g, Mg=2.1g
Yield on NIAB plots = 5.4t DM/ha

Rape can be grown in most areas of the UK. Forage
rape can be used as a catch crop like stubble turnips and
kale but is lower yielding than the latter and higher
yielding than the former. The principles of feeding and
the reservations on use of forage rape are similar to
kale. Forage rape can cause taints in milk and should
be introduced into the ration slowly. It can be grazed in
situ from July to December, or be zero-grazed.

Lucerne

The typical analysis of lucerne silage per kg DM is:

DM =29 per cent, ME =9.5MJ, DCP = 134g,
NDF = 464g, MADF =357¢

Minerals: it is claimed to be high in minerals, except
sodium, and to have good buffering capacity in the
rumen. Ca =17.6g, P=3.0g, Mg =1.8¢g

Yield on NIAB plots = 14.7t DM /ha

Lucerne (alfalfa) is now the most important forage
crop on a worldwide basis. While some 1 million ha are
suitable for the crop in the UK, only around 22000ha
are cultivated. The crop grows best in areas where the
night temperature remains above 10°C and where
daytime temperature is in the range 15-25°C. It is an
erect, deep-rooting and hence very drought tolerant
crop which is well suited to cutting. The exceptionally
deep rooting habit requires a well-fissured alkaline
subsoil. The soils also need to be free draining as the
plant is not tolerant of a high water table. Top soil pH
should be maintained at 6.2 or higher, preferably above
6.5 as root nodulation does not occur at pH levels
below 6.2. Lucerne is not a competitive crop (Sheldrick
et al., 1995).

The advantages of lucerne are its reduced fertilizer
requirement (it fixes very high levels of nitrogen); its
persistence (it will stand regular cutting for up to 5
years); its drought resistance; its high protein level (up
to 24% protein at tight bud stage); its high digestibility;
the slow fall in D value; its low level of lignification and
its high levels of calcium and vitamins A and E
(Koivisto, 1999, pers. comm.).

Its disadvantages are that in the small seedling stage
it is frost susceptible. It is not tolerant of wet conditions
requiring a free draining soil. It is susceptible to stem
eelworm and sitona weevil and some varieties are sus-
ceptible to verticillium wilt. In some conditions downy
mildew and various leaf spots may occur.

All seed should be checked to ensure that it has been
fumigated against stem eelworm and all seed should be
inoculated with Rhizobium meliloti in areas where it
has not been grown in the last few years. A seed rate of
20-25kg/ha is recommended, except in particularly
favourable areas where the rate may be reduced to
15-20kg/ha. The target seedling density should be 425
plants per square metre, although a mature stand may
only have 120-150 plants per square metre. The crop
should be sown between late April and the first week
in August. Lucerne should not be sown with grass as the
latter is too competitive.

Another disadvantage is its low yield in the establish-
ment year, although this can be overcome by undersow-
ingitinto a spring cereal crop or a semi-leafless pea crop.
After establishing the nurse crop and controlling weeds
the lucerne should be broadcast and either rolled or
raked in. Alternatively the two crops can be drilled at the
same time, although this makes weed control more diffi-



cult. If there is adequate late summer/early autumn rain-
fall the crop can be established in late summer, no later
than mid-August, after a winter cereal crop.

Decaying lucerne roots exude chemicals known as
medicarpins which inhibit germination of lucerne so it
is not possible to ‘stitch in’ seed to fill areas where the
crop has died out.

Fertilizer requirements are relatively low as there is
no requirement for nitrogen after establishment. The
main requirements are for phosphate and particularly
potash.

Lucerne is ideally suited to a cutting regime. The crop
should be allowed to flower before the first cut and
should then be cut at intervals of 35-40 days, with the
last cut being made in September to allow at least 6
weeks for recovery before the first frost. After the first
frosts the crop will normally stop growing, at which time
it is safe either to cut or lightly graze the crop. The ideal
cutting time is mid-bud stage.

Dry matter yields from a well-established crop of
lucerne under ideal conditions could be as high as 14
tonnes dry matter/ha, although average yields will be
10-12 tonnes dry matter/ha. The first cut is normally
expected to contribute about 35 per cent of the total,
with the second, third and fourth cuts contributing 35,
20 and 10 per cent, respectively.

Ensiling lucerne is more difficult than grass silage as
the sugar levels are much lower and for ensiling to be
successful it is strongly recommended that the crop is
wilted to 30 per cent dry matter. If the dry matter prior
to ensiling is much higher than this there is a very real
danger that losses will be high as a result of leaf shatter.

Lucerne is not usually grazed because of the risk of
bloat, although there are instances where it has been
grazed successfully. This requires a slow introduction
and all the usual precautions to avoid tympany.

Because of its ability to fix large amounts of nitrogen
and its very deep and extensive root system lucerne is
well suited to organic systems, although its inclusion in
a rotation will extend it considerably.

Red clover

The typical analysis for red clover silage per kg DM is:

DM =22 per cent, ME = 9.8MJ, DCP = 135¢g

Figures are not available for the fibre levels and mineral
content, but like lucerne, red clover has high intake
characteristics and the ME is likely to be close to
10MJ/kg DM

Yield on NIAB plots = 13.5t DM for first harvest year,
and 11.1t/ha for the second harvest year

The use of red clover declined dramatically to the late
1990s. However, the recent interest in organic farming

Alternative Forages e 127

has spearheaded a revival of interest in the last five
years.

Red clover yields well on a range of soils with a pH
of 6 or higher and adequate soil moisture. Summer rain-
fall is also a prerequisite for good yields. Water-logged
soils, on the other hand, should be avoided and heavy
soils subject to structural damage from smearing and
the use of heavy machinery will shorten the life of the
crop. Unlike white clover, red clover does not produce
stolons (runners) and has a single crown to the plant
that is susceptible to damage.

As a general rule red clover is sown with Italian
rye grass and with the more modern varieties a fairly
aggressive rye grass is required as the clover tends to
take over in the second year. Seed rates are usually
around 3kg/ha with a target plant density of 200/m?.
It is important that the red clover seed is fumigated
against stem eelworm. Modern varieties will usually
give two heavy cuts, with a third lighter cut over the first
two years. There is a significant decline in productivity
in year three, although the new variety Milvus is
claimed to give good production over a three-year
period. Growing red clover with Italian rye grass
will not only give a heavier crop, by up to 30 per
cent annually, but also raise overall digestibility.
Annual yields of dry matter are usually in the range
9-12 tonnes/ha for pure stands and 11-13 tonnes/ha
when grown with companion grasses. Yields in organic
systems will be almost, if not as high as in conventional
systems because of the high levels of nitrogen fixed.
Red clover can fix up to 245kg nitrogen/ha (Lampkin,
1990).

Red clover is sensitive to soil potash levels as large
amounts are removed from the field under cutting.
Potash level can be improved by the appropriate use of
slurries to which it responds well. If high protein levels
are to be achieved in the first cut the use of some arti-
ficial nitrogen may be necessary as nitrogen fixation by
clovers is temperature dependent and in cold and wet
seasons little nitrogen may be fixed before the first cut
is made. The protein level in the first cut material is
often very low in organic systems where the use of arti-
ficial nitrogen is not permitted. However, it has usually
increased to around 18-20 per cent by the time the
second cut is made.

The low levels of sugar in clover can lead to poor fer-
mentation in ensiled crops of pure red clover. Ensiling
grass/red clover is often more successful because of the
sugar contributed from the grass. The quality of the fer-
mentation is also likely to be improved by wilting the
crop to approximately 30 per cent dry matter whenever
possible, but care should be taken not to exceed this as
leaf loss due to shattering occurs above this level. If the
material has to be ensiled at a significantly lower dry
matter the use of an inoculant is recommended.
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Weed control can be a problem as red clover is
sensitive to many of the herbicides currently available.
Control of weeds in organic systems is often achieved
by undersowing into a spring cereal nurse crop, a tech-
nique which could also be used in conventional systems.

A gap of at least four and preferably five years should
be allowed between red clover crops to reduce the risk
of pests and diseases, particularly stem eelworm and
Verticillium.

The risk of bloat in cattle is reputedly higher with red
clover swards than white clover swards and as a result
red clover is grazed less frequently (p. 833). However,
with careful management it can be avoided. The red
clover should be introduced slowly and once introduced
it should be a consistent component of the diet. The risk
is highest in cold wet weather and when the animals are
particularly hungry. Lambs in particular grow very well
on grass/red clover swards and increased growth rates
can also be achieved with young stock and beef cattle
(Thomas et al., 1982).

Because of its ability to fix large amounts of nitrogen,
red clover is an important part of the fertility building
cycle in organic systems.

White clover

In the last few years interest in white clover has
increased significantly and it is increasingly being used
in grazing swards. Again, interest has been fuelled by
the increasing interest in organic husbandry.

Varieties tend to be classified according to leaf size,
with the smaller leafed varieties being more suited to
sheep grazing and the larger leafed varieties being
more suited to cattle grazing and/or conservation. More
recently, varieties have been introduced which are more
cold tolerant, resulting in earlier growth and nitrogen
fixation. Soil pH should again be 6 or higher for good
germination and growth, and on some soils this may
mean the regular application of lime to maintain this pH.

White clover is much longer-lived than red clover
and will typically be expected to survive for six years
or more under good management. Typical seed mix-
tures will contain between 1 and 2kg/ha in a total
mix of 12kg/ha (the total seed rate may need to be
higher in adverse conditions, e.g. low rainfall and
light soils). White clover seed is very small and germi-
nates more successfully if broadcast on to the surface
rather than being drilled into the seedbed. Grass vari-
eties need to be chosen with care to avoid either the
grass or the clover becoming the dominant species.
Work in this area has been done by the Kingshay
Trust, from whom recommendations are available to its
members.

Production levels from grass/white clover swards are
lower than from grass/red clover swards and are likely
to be of the order of 6 tonnes of dry matter/ha with no
artificial nitrogen input to 7.6 tonnes/ha with 200kg
artificial nitrogen/ha. However, at this level the clover
content of the second cut will be suppressed (Sheldrick
et al., 1995). These same authors state that under ideal
conditions herbage yields equivalent to those from
grass swards receiving in excess of 300kg nitrogen/ha
have been recorded. It is recommended that no more
than 50kg of nitrogen/ha is used. In organic systems
where the use of artificial nitrogen is not permitted it
should be noted that the protein content of the first cut
is often very low, particularly in cold and wet seasons
when it is typically between 10 and 12 per cent (Weller
& Cooper, 2001; Tame, pers. obs.).

The proportion of grass to clover can be managed to
some extent by alternating cutting with grazing. The
growth of the white clover is light sensitive; allowing the
sward to grow will mean that eventually the clover will
be shaded out as the grass grows taller. This is particu-
larly so in autumn and early spring when the tempera-
tures are low enough to suppress clover growth but not
grass growth. The clover content can be increased by an
intensive grazing and/or cutting regime, although the
proportion of clover increases naturally through the
season (Weller & Cooper, 2001). Ensiling grass/white
clover is less difficult than grass/red clover because of
the generally lower clover content and higher sugar
level contributed by the grass, but even so wilting to
around 30 per cent dry matter is again recommended.
At dry matter levels much higher than this leaf shatter
will be a problem.

Weed control can be a problem in newly established
swards, particularly with annual weeds such as chick-
weed. This can be controlled by the careful use of an
appropriate herbicide, although most will have some
adverse effect on the clover. In organic systems suc-
cessful control is achieved by the use of mechanical
control or by undersowing into a nurse crop of spring
cereals.

Grass/white clover swards are used principally for
grazing and it is worth noting that milk production will
be 1-1.5 litres/cow higher from a grass/clover sward
than from an all-grass sward.

Care needs to be taken in the autumn to ensure that
late grazing by sheep does not damage the stolons of
the clover as such damage may result in a loss of clover
in the following spring.

White clover also plays an important part in soil
fertility building in organic systems because of its
ability to fix nitrogen even though it fixes less than red
clover, 150kg/ha under good conditions (Lampkin,
1990).



Peas

The typical analysis for pea silage per kg DM is:

DM = 25.9 per cent, ME = 8.8MJ, DCP = 146 ¢,
NDF =517g, MADF = 384¢

Minerals: Ca=12.7g,P=4.4g,Na=0.4g, Mg =2.0g

Yield (estimated) = 7t DM/ha

Pea silage can be a byproduct from the production of
vining peas and may be more like straw. Peas can also
be grown on their own, but need some physical support
and are usually sown in conjunction with spring barley
on the basis of 40:60 peas:barley by seed weight.
Newman & Luffman (1984) have produced the arable
silage mixture (barley was cut at the cheesy stage) with
a DM of 43.2 per cent, ME of 10.2MJ and DCP of
147 g. They observed that the silage yield at 10t DM/ha
was very palatable. Depending on the stage of lactation,
when fed to 200 dairy cows in Somerset, it produced
rises in DMI between 10 and 20 per cent over grass
silage. (Dry matter intake of grass silage tends to be in
the range of 7-10kg depending on the quality and quan-
tity of the silage.) The arable silage mixture can also be
fed to dairy heifers and beef animals. Peas are not an
easy crop to establish and whole crop cereal silage may
be preferred.

Sainfoin

A typical analysis for sainfoin silage per kg DM is:

DM =24 per cent, ME = 8.4MJ, DCP =124¢
Figures for fibre and minerals are not available
Yield (estimated) = 7.5t DM/ha

Sanfoin is a little grown crop although there has been
some revival of interest in the last few years. A research
programme is currently under way at the Royal
Agricultural College at Cirencester (Lane & Koivisto,
1999). In most aspects the requirements, establishment
and management of sanfoin are very similar to those for
lucerne.

The main differences are that the most commonly
available varieties of sanfoin are significantly less pro-
ductive than lucerne with fewer cuts. However, some
recent varieties that will soon be available from
Eastern Europe, notably Hungary, may well be almost
as productive as lucerne. Another difference which
has significant practical and nutritional implications is
that sanfoin has a relatively high tannin level which
means that there is no risk of bloat from grazing it.
Indeed, very high growth rates have been achieved in
lambs grazing sanfoin (Koivisto, pers. comm.). It is also
likely that the tannin content of sanfoin may have the
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effect of reducing the rate of protein breakdown in
the rumen.

Again sanfoin is well suited to organic systems
although, like lucerne, its inclusion in a rotation will
extend the length of the rotation considerably.

Lupins

Interest in this crop has been growing in recent years
particularly as large areas are grown in continental
Europe, 60000ha in northern Germany alone, and
particularly in Australia, 1 million ha. While the crop
is normally grown as a grain crop it can also be har-
vested as a forage crop. When cut at ten to twelve weeks
post-emergence it gives a high yield of good quality
forage. Crude protein levels may be as high as 20 per
cent, with a good energy level and up to 20-25 per cent
starch.

Recommended types are the white, apically domi-
nant varieties or the yellow branched varieties. The
crop is tolerant of a wide range of soil types provided
that the pH is within the range 5-7. The crop should be
sown from mid-March to mid-April. The seed rate will
depend on type and the seed should be inoculated.
Weeds need to be controlled in the early stages of the
crop. Yields as high as 10 tonnes of dry matter/ha have
been reported, although it is too early to know whether
this is typical under UK conditions.

Lupins seem to be particularly well suited to organic
systems because of the high level of nitrogen fixation
and the fact that the crop is in the ground for such a
short time means it fits well into rotations.

Rye

The typical analysis for grazed rye per kg DM is:

DM = 23 per cent, ME = 9.5MJ, DCP = 88¢g

Figures are not yet available for fibre and mineral
content

Yield (estimated) = 7.7t DM/ha

Rye is grown on its own or in a mixture with Italian
ryegrass to produce an early bite in the spring on light
land with a low pH. It is usually strip-grazed by dairy
cows once daily and its feed value often decreases
rapidly. Zero-grazing is possible. Any surplus can be
conserved as big bale silage and used for any class of
stock. In some areas it is followed by forage maize and
could be drilled after an early maturing variety of
maize in the autumn. Many dairy farmers prefer buffer
feeding of silage in late spring or other combinations of
feed as an alternative to growing small areas of rye.
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Triticale

Feed analysis figures are not available for triticale,
which is a hybrid of wheat and rye. Triticale can perform
a similar function to rye, and is said to have lower DM
yields than rye in the earlier part of the season, but its
digestibility stays at a higher level than rye as the crop
matures. Feeding value is likely to be similar to whole
crop silage. If cut in mid June, it can have a DM of
25 per cent and an ME of 9.6 MJ. Both sugar and fibre
levels are higher than grass.

Whole crop silage: whole wheat

A typical analysis for whole wheat silage (Newman,
pers. comm.) per kg DM is:

DM =50 per cent, ME = 10.7MJ,
crude protein =9 per cent, NDF =400g, pH =8
Yield (estimated range) = 7-10t DM/ha

There has been a considerable increase in interest in
whole crop cereal silage over the last decade both in
fermented and in urea-treated form.

The addition of whole crop cereal silage to the diets
of both cattle and dairy cows results in a significant
increase in dry matter intake, particularly with the urea-
treated form. However, there are some very significant
differences between the two forms.

The fermented form of whole crop has the advantage
that it has a much higher digestibility and results in a
larger increase in milk output and a small increase in
milk quality, mainly in butterfat. The disadvantage is
that it is lower in protein and is aerobically unstable,
although this latter disadvantage can be overcome to
some extent by adequate chopping, good consolidation
and good clamp management.

Urea-treated whole crop has the advantages that
there is a large increase in dry matter intake, it is aero-
bically stable and the added urea results in a higher
nitrogen content. However, the disadvantage is that the
digestibility, particularly of the starch, appears to be
much lower and the large increase in dry matter intake
is reflected in only a small increase in milk output and
quality (Sutton et al., 1997). As a result urea treatment
of whole crop cereal silage is not recommended.

The objective should be to grow the crop as for a
good grain yield with winter wheat being sown at a rate
of 150-200kg/ha and spring wheat at up to 240kg/ha. If
a spring crop is to be undersown the seed rate should
be roughly half the figure just given. There will of
course be a yield penalty with the lower sowing rate.
Winter wheat should be harvested at between five and
six weeks after ear emergence and at a dry matter of

35-40 per cent (Kristensen, 1995). Winter barley should
be harvested slightly earlier at four to five weeks post
ear emergence and at a dry matter of 30-35 per cent.
However, in the UK the suggestion is that winter wheat
can be harvested at up to 45 per cent dry matter (MDC,
1995). Yields for winter wheat are 10-12 tonnes dry
matter/ha with conventional systems and 6-10 tonnes
in organic systems depending on where it is placed
in the rotation and whether it is undersown with
grass/clover. If the dry matter is much higher than
50 per cent it is likely that grain will be excreted,
undigested, the amount increasing with higher dry
matter.

Whole crop cereal is well suited to use as a buffer
feed to supplement grazing in the summer, particularly
in organic systems where its starch and low protein
content can be used to balance the very high levels of
degradable protein in the grass/clover swards from mid-
summer onwards. Indeed, whole crop cereal silages fit
very well into organic systems as a whole as the early
harvest allows a grass/clover ley to be established in
August. It also allows a degree of flexibility in the
system as it can be taken either for grain or for forage
depending on the season.

Whole crop cereal with peas

The major disadvantage with whole crop cereal silages
is that they are low in protein. This can be overcome to
a greater or lesser extent by growing whole crop cereals
as a bi-crop with peas. The target should be for at least
40 per cent peas in the crop. The peas should be a short-
strawed, coloured, flowered variety. Sowing rate will
depend on the proportion of peas required, but with a
50:50 mix the seed rates would be around 125kg/ha
wheat and 270kg/ha peas depending on variety and
seed size.

The crop should be harvested at 14-15 weeks post
sowing when the cereal grain is at the doughy stage and
the pea seed is at the yellow wrinkled stage. The protein
and starch are optimized at this stage (Adesogan, pers.
comm.). When harvested at this stage the silage should
have a crude protein content of 16-18 per cent, with
40 per cent peas in the mix. If higher crude protein
levels are required the proportion of peas should be
increased. In the same study digestibility is reported to
be higher than grass silage when fed to sheep. A further
trial showed that the total intake, milk yield and milk
composition of cows fed whole crop/pea silage was
higher than or comparable with cows fed first-cut/
ryegrass silage and 4kg more concentrate. As with fer-
mented whole crop, the silage needs to be very well con-
solidated in the clamp and clamp management at
feed-out must be very good.



Table 10.2 Analysis of byproducts fed to dairy cattle.
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Food DM ME DCP NDF MADF Ca P Na Mg

(%) (M) (9) (9) (@) (9) (9) (9) (@)
Brewers’ grains 22.0 1.7 189 572 219 3.3 4.1 0.1 1.5
Cabbage 10.6 13.7 181 586 140 7.2 4.5 1.2 1.5
Carrots 13.0 12.8 62 - - 5.9 3.4 0.8 1.8
Parsnips 15.0 13.3 67 - - - - - -
Potatoes 20.4 13.3 80 73 39 0.4 2.0 0.2 1.0
Pressed sugar beet pulp 25.4 12.3 60 557 259 9.0 1.1 0.6 2.0
Apples 13.6 12.2 - 111 101 0.5 0.9 0.1 0.3
Apple pomace 23.0 8.7 - 503 375 1.7 14 0.2 0.6

? — no reliable information available.

Yields under a conventional system should be
around 11-12 tonnes dry matter/ha, while under
organic management it should be 7-10 tonnes of dry
matter/ha.

Wet byproducts used in dairy
cow rations

The products shown in Table 10.2 can be incorporated
in winter rations for dairy cows and other stock. They
are likely to be fed with straw and other ingredients for
other cattle, and to supplement grass silage and act as
a concentrate replacer for dairy cows.

Vegetable waste, e.g. Brussels sprouts, cabbages and
cauliffowers from vegetable processing plants, could
have a similar feed value to kale. Potato waste, pressed
sugar beet, peas and beans are occasionally available.
Good storage facilities and the avoidance of waste are
necessary for the above products. They will all need to
fit in with the ration criteria for the appropriate class of
stock.
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The clinical attitude

Veterinary clinicians must develop certain special
attributes in relation to their environment. They must
be inquisitive, questioning, curious and observant. They
must notice everything around them, and, if possible,
explain it. They must always be critical in the true sense
of the word. They spend their lives diagnosing disease
and must understand quite clearly that, as health is nor-
mality, then disease is simply deviation from normality.
From this, it follows that veterinary surgeons will never
be able to detect and recognize disease, i.e. deviation
from the normal, until they know the normal. They
must learn the normal in all domestic species in many
different circumstances. For normality is relative, not
absolute. It is relative to breed, age, nutrition, the stage
of lactation or pregnancy, management and many other
factors.

Thus normality is relative to environment. The vet-
erinarian, therefore, must consider the environment as
critically as he does the patient. Is it suitable? Does it
predispose to, or even cause, the abnormality present
in the patient? Does it cause stress? Remember that
the environment can only be appreciated if one con-
siders the animal’s viewpoint: for example, if it is
thought that the ventilation in a calf house is suspect, it
may well be advisable to get your head down among
the calves!

If it is accepted that disease is often related to envi-
ronment, nutrition or management, then it follows that
in an adverse environment other animals in the group
may also be affected. In such circumstances, it is always
well worthwhile looking carefully at the rest of the
group, if necessary, animal by animal. It may well be
that others are showing the same signs albeit to a lesser
extent. Such an observation may be very helpful not
only in diagnosis, but also from the viewpoints of treat-
ment and prevention.

The veterinarians of today must concern themselves
with the health of the herd as well as the individual and
it is almost negligent to omit from the examination of
the individual cow, a look, however brief, at the other
stock in the group.

The other side of the coin is that, in unusual envi-
ronmental conditions, when you are not certain
whether the cow’s response is normal or not, it is often
very helpful to look at the rest of the group. If they are
all showing the same response, then either they are all
abnormal, which is unlikely, or they represent normal-
ity, in which case, the patient is also normal.

It should be remembered that the owner and his staff
are an important part of the patient’s environment, and
can play a large part in the disease process and progress.
They, equally with, or perhaps even more than, other
environmental factors, merit critical assessment. Are
they competent? Are they humane? Are they inter-
ested? Are they truthful? Have they contributed to the
disease process? They merit critical study, for the staff
are inextricably involved with their animals and the one
cannot be considered without the other.

135
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The important diagnostic principles that should
always be followed are shown below.

(1) Be systematic.

(2) Adopt a routine that is found suitable and stick to
it.

(3) Take nothing on trust.

(4) Apply continual critical assessment to oneself and
monitor one’s own attitudes and techniques.

(5) Consider all the time:
(a) Is there a problem?
(b) If so, then define it.
(c) Having defined it, what is best done about

it?

The clinician’s approach to
the clinical case

There is nothing magical about clinical work. It depends
upon care, patience, thoroughness, method and logical
routine; a routine of examination that covers all the
likely eventualities. Once having evolved such a proce-
dure, there should be no short cuts without good
reason, and, however cursory some sections of the
examination, for various reasons, sometimes have to be,
nothing should be omitted without due consideration.

The clinical examination
The owner’s message

The owner’s message (usually termed the owner’s com-
plaint) should include name and full address, and may
reach the clinician by direct word of mouth, by tele-
phone or by mobile or radio telephone direct to his car.
The owner’s complaint will also include the type of
animal and the main presenting syndrome, e.g. a scour-
ing cow, a downer cow, a convulsing cow or a bloated
cow. It is important to distinguish between the owner’s
complaint and his diagnosis. The owner’s message will
often be in the form of a diagnosis and the clinician
must be aware that this will frequently be wrong. For
example, a farmer may assume that a recumbent cow
and recently calved will be suffering from milk fever.
However, a full clinical examination may reveal acute
mastitis or calving paralysis.

There are a limited number of main presenting syn-
dromes, and the clinician should learn differential lists
for each of them, to include only the major differential
conditions, not the rarities. It should be remembered
when considering the differential lists that the common
things occur commonly; that is why they are common!

The clinician should know the main presenting syn-
drome and its differential list, and during the journey
to the farm should consider the following points.

(1) The time of year. Many discases are seasonal, e.g.
the coughing calf indoors in November probably
has a viral or bacterial based pneumonia, but the
coughing calf at grass in August probably has
husk.

(2) The part of the country. Each type of country has
its own disease problems, e.g. in the hills one meets
malignant catarrhal fever, bracken poisoning and
piroplasmosis, while in intensive lowland dairying
areas one meets coliform mastitis, milk fever and
hypomagnesaemia.

(3) The individual farm. The clinician will often know
that a specific farm has a particular disease
problem, e.g. a parasitic problem among the
young stock, because they are overcrowded and
underfed.

(4) The type of management. For example, heavily
stocked cubicle yards with straw bedding often
lead to environmental mastitis.

Such patterns of disease become second nature to
veterinary surgeons, and always hold good for the part
of the country in which they work, although revision
might be necessary in a practice 400 miles away.

The clinician will, therefore, arrive at the farm with a
diagnosis already half formed. It will be adaptable, not
dogmatic, a working hypothesis, to be confirmed or
refuted; however, it is quite remarkable how often this
hypothesis stands up to the test of full clinical exami-
nation, and, more importantly, refutes the presence of
any other disease process.

Thus, if the clinician knows that the cow to be visited
is showing convulsive signs at pasture, that it is early
May, that it is an intensive dairy area in Britain the
chances that the disease condition is anything other
than hypomagnesaemia are too remote to be signifi-
cant. Nevertheless, a clinical examination is always
necessary.

History

History is all important and the foundation of
diagnosis.

(1) Immediate history is the story of the present
illness.

(2) Past history is anything in the animal’s earlier life
that may be relevant, e.g. calving and service dates,
something similar at the same point in a previous
lactation, and so on.

(3) Herd or group history is important when adverse
nutritional or management factors may be rel-
evant to the present illness.

History taking is an art — it does not come naturally,
but must be learnt and practised. After a few pleasant



introductory words, questioning can begin while
walking to the animal, which may be approached, but
should not, if at all possible, be disturbed. First, look.
Check the owner’s statements mentally by reference to
the animal and the surroundings. Do not hurry the
owner at first: let him or her talk, then ask your own
questions, checking each statement and following a
routine that suits you. You are not wasting time for you
are, meanwhile, carrying out the next two parts of the
clinical routine.

Do not ask leading questions in the hope of
saving time, or in the hope of confirming one’s half
formed diagnosis, for they often produce inaccurate or
misleading answers. Human nature being what it is,
owners may either agree with you because they think
they ought to, or disagree because they are contra-
suggestive.

Study the owner or stockworkers. Are they reliable?
Are they telling the truth? Are they covering up errors
in management? Are they guessing? Every clinician
must be interested in the human animal; after all, it is
the owner whom you serve, advise, encourage or
console. In a way, the owner is as much your patient as
the cow. Admittedly, owners seldom deliberately
falsify their story, but it is wise to beware the guilty
one, the bombastic one, the one who knows it all or the
one involved in the sale or purchase of the affected
animal.

Description

A formal description is more relevant to the examina-
tion of a horse, but it is often very useful for the clini-
cian to classify the animal under observation mentally
while the history is unfolding, e.g. a young Friesian cow,
recently calved and heavily in milk. It is always dan-
gerous to be uncertain as to the exact type of animal
under examination as it may lead to loss of face in dis-
cussion of the case and, occasionally, even to serious
error.

Preliminary inspection/observation

Like the description, this inspection, note inspection not
examination, takes practically no time, and is carried
out during history taking. The clinician observes the
behaviour of the animal or group of animals and
makes a mental note of the conditions in the animal’s
environment.

At this stage, do not touch, do not disturb. Stand well
back and observe from a distance, looking over the pen
wall or gate. Put the picture in its frame. One is looking
for the deviations from normality that constitute
disease, so:
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(1) One must know the normal.

(2) If the animal is frightened, pushed about or even
handled, abnormalities may appear due to annoy-
ance and fear. The minutiae that might have given
a diagnostic lead will be masked. Condition,
vigour, demeanour, respiratory pattern, appetite,
rumination, faecal passage and type, and response
to environment should all be noted.

Preliminary examination

The animal may now be touched but it is essential to
proceed quietly, with as little fuss as possible. This stage
of the examination includes the rate and character of
the pulse, the temperature and a check on skin, eye,
membranes, udder and ruminal movement. Although
pulse character and rate are very important, it is fre-
quently quite impossible to examine the pulse properly
in a modern dairy cow that has been separated from the
others, driven into a crush and clamped by the neck. It
is usually not possible to do more than check the heart
and heart rate with a stethoscope.

The clinician may well have arrived at a diagnosis at
this stage, but if not is probably aware of the system of
the body involved. In this case, he may only need to
confirm his views, by examination of that system and by
checking out the other systems quickly, even mentally.

Nevertheless, the position may still be far from clear,
and the clinician will then have to embark upon a sys-
tematic examination. The procedure so far described
will have taken no more than a few minutes, but if a full
systematic examination becomes necessary, the case
becomes much more time consuming.

Systematic examination

This includes all the manual and instrumental tech-
niques necessary as part of such an examination, even
including surgical intervention in some cases. The clini-
cian, according to training and inclination, may inter-
pret the word systematic as meaning (i) thorough,
starting at the nose and finishing at the tail or (ii) system
by system, in which case a mental list of the systems or
sections that should be examined can be ticked off men-
tally when satisfied.

There is merit in adopting the second routine. It
enables one to examine first the system or disease
section that seems most likely to be affected from the
preliminary evidence. Should the provisional diagnosis
be confirmed, then a great deal of time will be saved,
for it will only be necessary to check the remaining
systems briefly, even, in some cases, mentally, to make
sure that there is no other disease or lesion present. If
there is no provisional diagnosis in mind, then it is rea-
sonable to begin the systematic examination with the
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digestive system. In cows, this is the most likely cause
of illness in obscure cases. Subsequently, the less
important systems and sections can be examined as
necessary.

A logical list of systems and disease groups for exam-
ination is as follows:

Digestive system
Respiratory system
Circulatory system
Urinary system
Genital system
Locomotory system
Nervous system
Skin

Sense organs
Lymphatic system
Liver

Udder

Parasite problems
Metabolic disease
Allergies.

The last five headings on this list are, of course, not
systems: nevertheless, they are very important disease
sites (liver and udder) or disease groups that are logi-
cally considered as entities on the clinician’s list.

A rectal examination is an important and useful aid
to diagnosis and must always be included if the pre-
senting signs are not conclusive. The bladder, uterus
and ovaries, kidney and rumen are easily palpable, as
are the caecum and small intestines if dilated.

Laboratory and special examinations

These are very important today, although increasing
costs and the decline of dairying have unfortunately
decreed that most laboratory work, apart from statu-
tory Ministry investigations, or that done in the prac-
tice, is limited to the diagnosis of herd problems, rather
than individual cow disease.

It is important that the clinician should never become
a slave to the laboratory. The laboratory investigation
is intended to confirm or refute the provisional diagno-
sis (working hypothesis) already in your mind.

Clinical examination comes first. Laboratory results
can be inaccurate, irrelevant and confusing as well as
expensive, but if used logically and critically they can be
of great help.

Laboratory investigations include: haematology, bio-
chemistry, bacteriology, virology, parasitology, serology,
biopsy (histology) of tissues or fluids and, finally,
necropsy.

Even after full examination, one may not have a com-
plete diagnosis. However, there should be sufficient evi-
dence to make a provisional diagnosis, which will allow

a logical course of treatment and, where relevant, pre-
vention. The clinician must be prepared to think, form
a working programme even on insufficient evidence,
have enough confidence to convince the owner and
enough adaptability to modify the programme tactfully
if, and when, new evidence appears.

Owners, of course, are only partly interested in diag-
nosis. Prognosis is much more important to them. Will
the cow get better? Will she be fully productive again? Is
she worth treating? And today, unfortunately, another
factor enters the equation. Will it be inconvenient to
treat the cow; will she need nursing or extra care? If so,
she is likely to be slaughtered, provided that she has
antibiotic clearance and is likely to pass meat inspection.

The main presenting syndromes

Itis not intended to discuss here the detailed techniques
of the clinical examination of the various body systems.
Every clinician has learnt these techniques as part
of basic training, and there is excellent coverage in
many textbooks, e.g. Boddie’s Diagnostic Methods in
Veterinary Medicine (1970). Instead, this chapter sets
out to consider the differential diagnosis of some,
although by no means all, of the main presenting
syndromes that occur from day to day in the dairy cow.

Drooling at the mouth
(kiddling, slobbering)

This is due to factors causing excess salivation, or
factors preventing normal swallowing or combinations
of both.

Bacterial or viral lesions in mouth

In countries where foot-and-mouth disease (FMD) has
not occurred for a number of years, the possibility of
infection must always be considered (see Chapter 43c).
Thus the UK outbreak of 2001 shows how important it
is that the disease is always remembered in differential
diagnosis. Its occurrence was 33 years after the last
major outbreak. The consequences of failure to recog-
nize this disease are quite terrifying. Any salivating
bovine animal, whether lame or not, whether pyrexic or
not, must be treated as a possible case of foot-and-
mouth disease until the clinician is satisfied that it is not.
Other pyrexic diseases with oral lesions may give cause
for concern, particularly bovine virus diarrhoea
(BVD)/mucosal disease (see p. 853), infectious bovine
rhinotracheitis (IBR) (see p. 289) and occasional cases
of malignant catarrhal fever (see p. 935), but, fortunately,
the mouth lesions and signs caused by these three dis-
eases are usually relatively superficial and mild.



Actinobacillosis causes mechanical difficulty in
tongue movement. The lesion is obvious, but painless
even when ulcerated (see p. 824).

Calf diphtheria is limited to the young animal, causes
pain as well as difficulty in mastication or suckling and
produces inflammatory swelling with necrosis of the
mucous membrane of the cheek (see pp. 250, 822, 825).

Foreign bodies

These are rare in the mouths of cattle, but the lids of
cans occasionally become wedged between the lower
molars and the cheek. Rarely, a stick becomes impacted
between the rows of lower molars, or a molar itself
loosens (see p. 825).

Interference with swallowing

This may be due to paralysis of the fifth or seventh
cranial nerves which, in turn, may be due to listeriosis,
meningeal abscesses or, particularly in the case of the
seventh nerve, to trauma to the side of the head or face.

Fifth nerve paralysis makes the cow unable to close her
mouth completely. The lips are in apposition but the
teeth are not, a fact which is easily checked by flicking
the lower jaw upwards, when the clicking together of
upper and lower molars may be heard. Fifth nerve
paralysis may often lead to accumulation of partly mas-
ticated food or cud in the pharynx, producing marked
discomfort and gagging.

Seventh nerve paralysis causes unilateral or bilateral
paralysis of the lips and cheek, and if of central origin,
as in listeriosis (see p. 904), also causes flaccidity of the
eyelids, with resultant keratitis and drooping of the ear
on the affected side. This condition also leads to drop-
ping of the cud bolus out of the mouth on the affected
side and thus, ultimately, to loss of condition.

Oesophageal choke, particularly in the high oeso-
phageal position, causes anxiety, even distress, with
arching of the neck and profuse salivation. Choke may
also cause varying degrees of ruminal tympany (see
p. 826).

Dilatation and diverticulum of the oesophagus, particu-
larly in the low cervical position, may produce similar,
though milder, signs, as accumulation of food in the
diverticulum may eventually lead to blocking of the
oesophageal lumen, with resultant accumulation of
food and saliva above the lesion.

Actinobacillosis of the oesophageal groove may lead not
only to low-grade ruminal tympany but also to reflux of
ruminal and reticular fluid into the mouth, so that in
shippen-housed (i.e. tied) cows, a pool of such fluid may
be found in the manager in the morning (see p. 823).
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Excess salivation of CNS origin

This may be seen in lead poisoning, for the toxin affects
the salivary nucleus. Blindness and aimless wandering
in the cow, abdominal pain and convulsions with bel-
lowing in the calf, should help the diagnosis.

In the ‘licking mania’ ketotic complication of milk
fever or in ‘nervous acetonaemia’ (see p. 794) excess
salivation is due to the compulsive chewing so charac-
teristic of the disease.

Rhododendron poisoning

This may cause profuse salivation, and even vomiting,
as well as diarrhoea (see p. 943).

Organophosphorus compounds

These may also cause salivation and diarrhoea (see
p- 940).

Acute photosensitization syndromes

These may well cause profuse salivation, as well as
lacrimation, jaundice and, later, the onset of necrosis of
the non-pigmented skin areas (see p. 884).

Acute dyspnoea

This condition, as in very severe pneumonia, may cause
obvious salivation as a result of mouth breathing.

Acute anaphylactic shock

This often causes profuse drooling of saliva as well as
tachypnoea, subnormal temperature, cold extremities,
oedema, and a very rapid heart (see p. 927).

Vomiting (see p. 825)

Vomiting is very rare in the cow and, to all intents and
purposes, only occurs in laurel and rhododendron poi-
soning (see p. 943). Very occasionally a peptic ulcer of
the abomasum will cause problems (see p. 844). Regur-
gitation of rumen fluid or content (false vomiting) may
occur in cases of acute bloat (see p. 852), acidosis (see
p- 829) or where there are lesions in the oesophageal
groove (see p. 147), e.g. actinobacillosis or a foreign
body (‘wire’) (see p. 837).

Occasionally, cases of oesophageal dilatation and
diverticulation may accumulate material above the
obstruction until it overflows into and out of the mouth.

Acute abdominal pain (colic)

It is interesting that acute colic pain of the type seen in
the horse is relatively rare in cattle, and several of the
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syndromes that cause the most acute pain are not, in
fact, obstructive gut lesions, as one would expect, and
may not even involve the alimentary tract at all.

Acute gut obstruction
This may be due to the following causes:

e Abomasal torsion (see p. 842);

e Torsion of caecum, colon, or ileum or common
mesentery (see p. 847);

e Strangulated mesenteric hernia (see p. 1113);

Strangulated scrotal hernia (see p. 1113);

e Gut tie: the entrapment of gut in peritoneal tears at
the edge of the internal inguinal ring due to castra-
tion by traction in the slightly older animal (see p.
1113);

e Intussusception (see p. 847);

e Obstruction of ileum by the stalk of a lipoma (see
p- 849).

Abomasal or large gut torsion produces a degree,
sometimes very considerable, of right-sided abdominal
distension, not normally seen in small gut obstructions.
In gut tie, there may be considerable distension in the
inguinal region, whilst scrotal hernia obviously pro-
duces distension of the scrotum on the affected side.
It is, however, very easy for the clinician to overlook
scrotal or inguinal swelling unless aware of the pos-
sibility. These acute obstructive conditions cause the
most acute colicky abdominal pain in the very early
stages, but such pain is often very transient and by the
time the case is presented to the veterinary surgeon,
temperature is falling, pulse rate is rising, body surfaces
are becoming cold and even clammy, and a dull tox-
aemic and shocked appearance develops as circulatory
obstruction, necrosis and gangrene of the obstructed
gut supervenes. Intussusception is sometimes an excep-
tion in that many cases of bovine intussusception, par-
ticularly if large gut is involved, show little more than
depression and dullness even in the early stages. Rectal
examination is a useful diagnostic procedure.

Acute enteritis (Chapters 14, 15, p. 850)

Acute enteritis, particularly salmonellosis (see Chapter
15), is similar to acute cereal overeating, e.g. barley
poisoning, in that some cases show spectacularly acute
abdominal pain, often with some degree of tympany,
which remains noticeable for a considerable time, often
several hours, before the characteristic profuse diar-
rhoea begins. Laparotomies have been performed on a
number of occasions at this stage of the disease in the
belief that the condition was one of acute gut obstruc-
tion. Once diarrhoea appears, temperature falls often to
normal or below, while signs of dehydration, electrolyte
imbalance and shock appear.

Acute fermentative colic

This condition, involving the caecum and colon and pro-
ducing right flank tympany, may occur on rich pasture,
particularly in wet weather, and may be difficult to dif-
ferentiate from acute obstructive conditions. Fortu-
nately, these conditions generally respond to analgesics
and antispasmodics before serious diagnostic errors
occur (p. 847).

The passage of a calculus down the ureter

This may produce the most spectacular colicky pain,
which fortunately is usually relatively transient. Diag-
nosis is obviously extremely difficult (see p. 263).

Photosensitization involving teats

Acute photosensitization (see p. 884) in cattle, e.g.
Ayrshires with sparingly pigmented teats and udders,
can produce an inflammatory exudative lesion of teats
and skin of the udder that is so painful that the cow
behaves exactly as if suffering from an acute abdomi-
nal catastrophe. Diagnostic error will only be avoided
if the clinician remembers the invariable rule that
whatever may seem to be affecting a cow, the udder and
teats must always be examined.

Acute abdominal distension

This is one of the important and relatively common pre-
senting syndromes in the cow. All causes of abdominal
distension in the cow are covered by the memory rhyme
(the seven Fs), which runs as follows: fat, fetus, fluid,
flatus, faeces, food or foreign body. Severe abdominal
distension may originate at several sites.

Ruminal

Dietary ruminal impaction: This occurs in housed fat-
tening cattle on store diet, hay or straw, with limited
water (see p. 236). The massive ruminal impaction,
absence of ruminal movement, raised temperature and
pulse rate, painful frequent abdominal grunt, and hard
scanty faeces produce a syndrome requiring differenti-
ation from acute traumatic reticuloperitonitis (‘wire’)
(see p. 837) in its very early stages, although the
impactive mass in the ‘wired’ rumen is never so great.

A similar condition, although much less severe, may
occur in dairy cows tied in shippens during the winter
should the water bowl cease to function, a mishap that
frequently escapes the attendant’s notice, and is always
worth checking. Modern systems of building and man-
agement have markedly decreased the incidence of
these two conditions.



Impaction of the rumen with grain (see p. 829) occurs
in cows that have broken into a food store and eaten
greedily, but even when the attendant is unaware of this,
or will not admit it, the nature of the case generally
becomes apparent in two to three days when profuse
diarrhoea, staggering, recumbency, subnormal temper-
ature, rapid pulse rate and other evidence of toxic
effects occur in severe cases. In cases seen soon after
ingestion of large quantities of grain, palpation of the
left sublumbar fossa may produce the same sensation
as handling a sack of grain. If, as is generally the case
in Britain, the grain is barley, the interim period of
impaction, with arched back, grunt, depression and
moderate tympany is usually transient, and within a few
hours the profuse diarrhoea so characteristic of barley
poisoning appears.

Vagus indigestion (see p. 855): This condition is usually
a complication of ‘wire’ that has produced adhesions,
involving the medial wall of the reticulum and the
cranial sac of the rumen, interfering with the function
of the vagus nerve receptors in their walls. The atonic
rumen, gradually filling with water and saliva, eventu-
ally produces a massive left-sided fluid distension in a
cow steadily losing body condition.

Acute ruminal tympany (see p. 832): Acute ruminal
tympany presents relatively little diagnostic difficulty.
The condition includes clover and kale bloat and
oesophageal obstruction (choke). The history, environ-
mental circumstances, season of the year and the
gagging, retching and salivating associated with most
cases of choke are generally reasonably conclusive,
although in very acute cases, of course, it pays to relieve
the tympany via the left sublumbar fossa before worry-
ing too much about the aetiology.

It is worth remembering that a thirsty cow, housed
overnight in old-fashioned accommodation and
released to drink its fill of very cold water, may easily
become, transiently, quite alarmingly tympanitic, due
presumably to the chilling effect of the frosty water on
the rumen musculature.

The acute ruminal tympany of a cow that, for one
reason or another, e.g. milk fever, has collapsed into
lateral recumbency should not require mention. It is,
however, surprising that it is still quite commonplace to
find that such a cow has not been supported in sternal
recumbency, as the condition demands.

Peritoneal

Acute diffuse peritonitis (see p. 849): This condition
occurs when the special ability of the bovine peri-
toneum to withstand and localize peritoneal infection
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fails for various reasons, allowing a virulent diffuse
exudative process to spread across the peritoneal
cavity. Usually, the condition stems from the break-
down of the defensive mechanisms isolating ‘wire’ in
reticular diaphragmatic adhesions, but the leakage or
rupture of a superficial liver abscess may produce the
same result.

The peritoneal cavity fills with thin evil smelling pus
of Arcanobacterium (Actinomyces; Corynebacterium)
pyogenes: there are widespread adhesions, temperature
falls, pulse rate rises, scanty diarrhoea develops, body
condition falls away and the cow is toxic and in pain.
The fluid wave is very obvious and confirmation by
paracentesis is easy. The condition most likely to cause
confusion is the massive milky ascites that may follow
extensive liver damage and obstruction to the portal
circulation. Inspection and examination of peritoneal
fluid provides straightforward differentiation.

Peritoneal tympany: A gas-filled abdominal cavity may
occur following perforation of an abomasal ulcer at a
point free of attached omentum, causing acute pain
over much of the anterior abdomen, particularly on the
right side. Grunting, tooth grinding, falling temperature
and rising pulse rate are followed by progressive peri-
toneal tympany due to leakage of gas from the abo-
masal lumen into the abdominal cavity.

Abomasal

Dilatation and/or torsion of abomasum (see p. 842):
Dilatation and/or torsion of the abomasum on the
right produces right-sided distension, very marked in
cases of torsion, which also causes acute and even
colicky pain.

Acute left abomasal displacement (see p. 839): This con-
dition produces significant abdominal distension of the
left flank, but such cases are exceptional. All abomasal
cases are amenable to diagnosis by normal auscultation
methods.

Intestinal

Acute tympanitic fermentative intestinal colic: This
condition, which usually resolves without too much dif-
ficulty, can produce massive right-sided distension.

Torsion of caecum and colon on the common mesentery
(see p. 847): This serious and usually fatal complication
of fermentation and atony also produces massive
right-sided distension. Differentiation depends upon
demeanour, rectal examination, pulse rate and upon
progress of the case following initial medication.
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Hydrops amnion and allantois (see p. 1119): These con-
ditions produce very marked abdominal distension.
Diagnosis is helped by rectal examination. Uterine
rupture producing extra-uterine pregnancy in the last
third of pregnancy is marked by the formation of much
fibrinous exudate in an abdomen filled with free uterine
fluid and containing fetus and membranes. Such an
abdomen is distended and shows a fluid wave which, on
rectal examination, appears to be unassociated with the
uterus. There is abdominal pain, rapid pulse and often
severe illness. Diagnosis depends upon an accurate
history and the ballottement of a fetus in the lower
abdomen, even though rectal examination reveals a
partially involuted uterus.

Anterior abdominal/posterior thoracic pain

The organs and structures enclosed within a 35-45cm
band encircling the cow immediately behind the withers
provide a group of diseases of great importance to the
bovine clinician. Viewed from a lateral position, the
diaphragm divides this area into the posterior thorax
anteriorly and dorsally, and the anterior abdomen ven-
trally and posteriorly (Fig. 11.1).

The band described encircles lungs, mediastinum,
heart, pleural cavity and great vessels in front of the
diaphragm, and rumen, reticulum, omasum, abomasum,
liver, gall-bladder, spleen and the anterior part of the
peritoneal cavity posteriorly with much of the greater
and lesser omental sheets. Differential diagnosis is
often difficult and is not helped by the fact that both
thoracic and abdominal lesions occur within this imag-
inary belt.

Fig. 11.1
anterior
area.

Lateral view of cow showing
abdominal/posterior  thoracic

Traumatic reticulo-peritonitis

The classical and traditional condition affecting this
area is traumatic reticulo-peritonitis (‘wire’) (see p.
837) and it is very convenient to use this condition, less
common nowadays, but well known and recognized, as
a yard-stick with which to compare the numerous other
conditions of the posterior thorax and anterior
abdomen.

The possibility of overlooking a penetrating foreign
body, a serious mistake for both patient and clinician,
is always at the back of one’s mind when examining
a bovine abdomen. It is always a considerable relief if
one can eliminate the possibility of a foreign body and
its complications, and such a process is, of course, very
important to the surgeon when considering the site
of a possible exploratory laparotomy. Nevertheless,
neither the confirmation nor the refutation of a provi-
sional diagnosis of traumatic reticulitis is easy without
exploratory laparotomy. Thus, the clinical syndrome
presents such wide variations in both the extent and
intensity of signs that it is probably true to say that the
only constant clinical sign is the presence of some
degree of pain in the anterior abdomen. The range of
differential diagnoses is therefore wide and includes
several groups of clinical conditions, each capable of
confusion by virtue of exhibiting one or more of the
signs associated with reticulitis.

The acute clinical syndrome not infrequently encoun-
tered at the onset of the condition includes complete
inappetence, and ruminal and reticular atony, resulting
in ruminal impaction and slight tympany, with absence
of ruminal movement and cudding. Constipation may
also be a feature. Temperature may be 40-40.5°C
(104-105°F) with a pulse rate of 80-90/minute. There is



a marked drop in milk yield. The painful focus in the
anterior abdomen results in general rigidity with arched
back and protruding neck, disinclination to lie down
and spontaneous grunting accentuated by movement,
defaecation and micturition, and very marked on
pinching the withers or applying upward pressure to
the xiphisternal region.

This acute syndrome is by no means constant, even
at the onset of reticulitis, and when present usually
abates in 24-36 hours as the intensity of pain lessens
and varying degrees of ruminal and reticular motility
return. Temperature tends to fall into the 39-39.5°C
(102-103°F) range, pulse rate may be in the normal
range or slightly raised, appetite, although poor, is not
completely absent, ruminal impaction and tympany
largely disappear and faeces regain normal consistency.
The painful rigid stance relaxes and although the back
remains somewhat stiff and arched, pain may require
elicitation by the clinician rather than being obviously
spontaneous. Rumination, however, nearly always
remains absent, or irregular and occasional.

In some cases the only clinical signs are slightly
depressed appetite and rumination, subnormal milk
yield and indications of pain so slight that they amount
to no more than unwillingness to depress the back, so
that even mild and painless diseases such as aceton-
aemia have to be considered in differential diagnosis.

Localized peritonitis

The acute and subacute syndromes described above
are, of course, essentially those of localized peritonitis,
and pictures similar in broad outline will result from
other causes of localized peritonitis, although the vet-
erinarian may be able to differentiate the focus of pain.

(1) Penetration of the involuted uterus or the vaginal
fornix by a catheter or damage to the anterior
vagina at service may produce a picture similar,
save for considerably less interference with ali-
mentary motility and for pain response on
pressure over the posterior abdomen or on
rectal examination. Such injuries frequently
evoke straining, indicating the need for vaginal
examination.

(2) Postoperative peritonitis may well provide a syn-
drome similar to that of moderately acute trau-
matic reticulitis, but the fact of recent operation
and the possibility of peritonitis resulting there-
from will be obvious to the clinician, particularly
after procedures such as trocharization for the
relief of bloat.

(3) Perforation of an abomasal ulcer (see p. 844) may
present a picture broadly similar to that of acute
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traumatic reticulitis if seen in the early stages
before diffuse peritonitis, collapse and death
occur. However, there is likely to be acute pain
over a much wider area of the anterior abdomen,
particularly on the right side, than is the case in
reticulitis. Any temperature rise is likely to be
transient only, but the pulse rate will be consider-
ably in excess of that expected in reticulitis and
may exceed 100/minute. There will be grinding of
the teeth and loud groaning as well as grunting of
a similar type to that seen in acute reticulitis. The
cow will not eat, is greatly depressed and remains
largely recumbent. In a proportion of cases,
though by no means all, the abdomen becomes
distended with gas, presumably by leakage
through the perforation, and a state of true peri-
toneal tympany develops. This syndrome must
also be considered in the differential diagnosis of
acute abdominal distension.

(4) A peritonitis syndrome varying from a very acute
picture associated with shock to a subacute picture
sometimes associated with straining is occasion-
ally met with as the result of penetration of the
rectum by a foreign body, usually a broom or
pitchfork handle, introduced through the anus by
a person with sadistic tendencies. Such a lesion is
always detectable by rectal examination.

(5) The more acute lesions of tubercular peritonitis
(see p. 863), as seen in the breakdown forms of
the disease, occasionally produce an abdominal
syndrome similar to that of traumatic reticulitis.
Unless there are obvious coincidental signs of
tuberculosis, diagnosis is made only on opening
the abdomen with the intention of performing
rumenotomy when the blood-streaked, caseating
and even exudative lesions of the acute disease
may be only too obvious. This syndrome is now
rare in more developed countries but might occur
should the disease again break out.

Having considered the differentiation of traumatic
reticulitis from other causes of peritonitis, one must
now be prepared to differentiate moderately severe
forms of the disease from conditions which, although
not involving peritonitis, cause pain in the anterior
abdomen or posterior thorax. This question of pain in
the anterior abdomen or posterior thorax is, of course,
very important in the diagnosis of reticulitis. One must
remember that the reticulum, diaphragm, liver, aboma-
sum, omasum, heart, pleurae, oesophagus and the pos-
terior lung areas all lie approximately along the vertical
line between the point at which one pinches the withers
and the point at which one applies the bar.
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Bacterial endocarditis (see p. 726)

Classically described and reviewed by Rees Evans
(1957), bacterial endocarditis obviously requires differ-
entiation from other cardiac diseases, but it is not gen-
erally realized that, in its earlier stages, before signs of
venous congestion and circulatory stasis supervene,
endocarditis can easily be confused with traumatic reti-
culitis. Pain, often intermittent in nature, and causing
rigidity of stance with abduction of the left, or both,
elbows, and discomfort when pressure is applied to the
withers, xiphisternum and left ventral aspect of the
chest, is probably due to infarction of the lungs or
myocardium. This is not unlike that due to a foreign
body penetrating the reticulum. Once venous conges-
tion is clinically obvious, the fact that the heart is
diseased becomes apparent and from this point the cli-
nician must eliminate other cardiac diseases, particu-
larly traumatic pericarditis.

Previous to the development of venous congestion,
accelerated respirations with dyspnoea and coughing
on exercise, the peculiar ‘shifting’ lameness of endo-
carditis, the tendency towards a markedly high pulse
rate even when temperature is responding to antibiotics
and the presence, in some cases, of recognizable abnor-
mality of heart sounds may all help in differentiating
endocarditis from reticulitis. The author is cautious
on the subject of heart sounds, for although he has
frequently been assured by skilled cardiologists that a
murmur will always be audible in this disease, he has
frequently failed to detect one in cases with a right-
sided lesion. It is noticeable that endocarditis cases tend
to retain a relatively bright demeanour and reasonable
appetite until the late stages of the disease. The white
cell picture is of limited value as many cases present
total and differential counts similar to those produced
by a penetrating foreign body, although there is a ten-
dency for both total white cell count and neutrophil
percentage to be higher than in that disease.

Certain cases of pneumonia and pleurisy
(see Chapter 49a,b)

These conditions, particularly the latter, exhibit signs of
posterior thoracic pain that may simulate reticulitis and
careful auscultation of the chest is necessary in an
attempt to confirm the presence of abnormal thoracic
sounds. Pleurisy is very painful in the early dry stages,
but becomes painless as effusion develops. Respirations
are rapid and shallow, but as effusion builds up, they
become deep and swinging.

Impaction of the abomasum (see p. 844)

Impaction of the abomasum, involving primarily the
pyloric outlet with large quantities of fibrous foodstuffs,

sand or gravel, may occur very occasionally. There is a
slow diminution in appetite and milk yield and pro-
gressive ruminal impaction comprising solid food mat-
erial with, occasionally, a little gas. Rumination ceases
and constipation occurs. Temperature is never more
than slightly raised, but pulse rate may eventually
exceed 100/minute. At first, there is slight anterior
abdominal pain only, but as the disease progresses,
pinching of the withers and pressure over the xiphis-
ternum are resented markedly. Pain may, in contradis-
tinction to the case in reticulitis, be evoked by pressure
over the anterior part of the right flank. The white cell
picture may be in the normal range or similar to that
of ‘wire’. Although the patient becomes much weaker
and more depressed than is the case in reticulitis, it is
doubtful whether differentiation will be made before
exploratory laparotomy reveals the distended doughy
abomasum.

The author believes that true abomasal impaction is
very rare, and that most of the cases described as abo-
masal impaction in the past have shown distension of
the fundic portion of the abomasum with material like
dry rumen contents and an accumulation of fluid within
the rumen, which suggest very strongly that they are,
in fact, cases of ‘vagus indigestion’ (p. 855). Lym-
phosarcoma can cause the problem (p. 693).

Painful conditions of the liver (see p. 147)

These obviously present a problem in differentiation
within the group of diseases causing pain in the ante-
rior abdomen or posterior thorax. The liver is a very
difficult organ from the clinician’s viewpoint. It is
anatomically inaccessible and, in spite of the consider-
able volume of work carried out in recent years, there
are still no entirely satisfactory tests of liver function in
the bovine species.

The cow has large reserves of liver tissue, and very
considerable damage may occur without the production
of a clear-cut syndrome. Liver biopsy is of limited value
in that the portion of liver obtained may be quite unrep-
resentative of the whole. The author prefers to make an
incision behind the last rib, in the right sublumbar fossa,
sufficiently large to allow a manual examination of the
liver and even, using a small torch, limited visual exam-
ination. A biopsy specimen can, if required, be obtained
through such an incision with the minimum of risk.

Pyelonephritis (see p. 725)

In its more severe forms pyelonephritis produces pain
that, although not sited in the anterior abdomen, can
easily lead to confusion with traumatic reticulitis, par-
ticularly as the white cell count is also usually raised. It
may be said that, in spite of the raised temperature and



pulse rate, the arched back and the grunt not infre-
quently present, urine examination leaves the diagnosis
beyond doubt. Nevertheless, failure to observe the
urine may easily lead to error. Rectal palpation will
reveal an enlarged kidney or differentiate cystitis from
pyelonephritis (p. 725).

Impaction of the omasum

Another confusing condition, which is practically
impossible to diagnose in life, is impaction of the
omasum. The disease, which is fortunately very rare,
produces slow weight loss, inappetence, low-grade
anterior abdominal pain and general dullness. Ulcer-
ation and necrosis of the abomasal leaves are found at
post-mortem examination.

Diaphragmatic hernia (see p. 848)

In cattle diaphragmatic hernia produces signs much
more suggestive of anterior abdominal pain, particularly
reticulitis, than of any thoracic involvement. It is, in fact,
probable that many cases arise due to weakening of the
diaphragmatic muscle by previous foreign body (‘wire’)
damage. The hernial ring is usually small, involving parts
of the reticulum and sometimes the omasum. The result-
ing low-grade pain may actually be due to areas of peri-
tonitis caused by the original ‘wire’. The interference
with reticulum and omasum, due to the constriction of
the hernial ring and the development of adhesions,
sometimes leads to ‘vagus indigestion’ (p. 855).

Uterine torsion (see p. 1118)

It is worth remembering that the occasional cow which
develops uterine torsion very early in parturition may
show subacute or chronic abdominal pain with pro-
gressive inappetence and constipation. Such a case may
show little or no further signs of developing labour.

Cases of acute traumatic reticulitis (see p. 837) with
ruminal impaction requiring differentiation from
other conditions presenting this feature

These conditions are discussed in the section on
ruminal impaction and include dietary ruminal
impaction in yarded cows on fibrous feeds, e.g. hay or
straw, with limited access to water. A less spectacular
ruminal impaction may occur in dairy cows tied in ship-
pens during the winter should the water bowl cease to
function or in groups when the water supply is reduced
or ceases, e.g. freezing, bursts in piping, etc.

Impaction of the rumen with grain shows varying
degrees of ruminal distension and discomfort for
varying periods before diarrhoea supervenes (p. 829).
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Subacute and chronic ruminal tympany (see p. 832):
These do occur in traumatic reticulitis, particularly in
the early stages, and often superimposed on a degree of
ruminal impaction. A number of other conditions also
result in slight ruminal tympany, which forms a differ-
ential group in its own right (see chronic bloat, p. 832).

Cases of traumatic reticulitis (see p. 837) requiring
differentiation from other causes of anterior
abdominal pain and conditions causing stiffness
and rigidity of stance

Tetanus (see p. 733): This is not infrequently misdiag-
nosed as reticulitis in the first instance. Not only is there
subacute tympany, but the arched back, stiff unbending
stance and marked constipation of tetanus can be quite
confusing.

Bilateral solar ulcer (see p. 417), laminitis (see p. 420)
and other hind foot lesions (see Chapter 31): Similarly,
but with less justification, cases of bilateral solar ulcer,
laminitis (coriosis) and other painful bilateral hind foot
lesions may cause similar confusion.

Injury to lower cervical vertebrae: Occasionally, cows
suffer injury to the lower cervical vertebrae, resulting in
pain, stiffness and reluctance to bend the lower neck or
back, and such cases have sometimes been diagnosed as
traumatic reticulitis.

Complications of, and sequelae to, traumatic
reticulitis (see p. 837) causing confusion in diagnosis
of anterior abdominal/posterior thoracic pain

(1) Cases are encountered where a piece of wire loose
in the reticulum, by reason of its shape, repeatedly
pricks the reticular wall and is then dislodged, pro-
ducing minor episodes of pain and localized peri-
tonitis that rapidly resolve. By the time operation
has been decided upon, the animal is substantially
normal and surgery is withheld, only for the syn-
drome to be repeated after varying intervals of
time. It is possible that such ‘pricks’ should
be included with transient phases of abomasal
displacement as the reason for many of the ‘non-
specific inappetence’ cases so well known to every
bovine clinician.

(2) Adifficult problem is the case where traumatic reti-
culitis is strongly suspected and rumenotomy
carried out, only to find that in spite of the presence
of definite reticular adhesions, no foreign body can
be found. There are three possibilities. Firstly, the
adhesions may be longstanding and bear no
relation to the present illness, i.e. the diagnosis is
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incorrect. This possibility can be checked by apply-
ing digital pressure to the adhesions —if pain is pro-
voked, they are probably pertinent to the present
ill health. Secondly, the foreign body may have
become dislodged and passed down the gut, or
even regurgitated, in which case prognosis is good.
Thirdly, the foreign body may have passed com-
pletely through the reticular wall and be buried in
adhesions and reactionary tissue beyond. Here the
prognosis is obviously grave.

One can only advise a wait-and-see policy, but such
cases do present difficulties in the management of
clients who expect the production of a foreign body
and, in its absence, are frequently inclined to doubt the
diagnosis and regard the operation as an error on the
part of the clinician.

(3) An occasional, but nevertheless difficult, case is
the cow from whose reticulum a foreign body has
previously been removed and which now, weeks
or months later, is showing a clinical syndrome
suggestive of ‘wire’. Has there, in fact, been a pen-
etration by a further foreign body or are the signs
due to further infection or abscess formation in
the old adhesions? In cases that do not respond
promptly to antibiotic therapy it is always wise to
re-operate, for even if no further foreign body is
involved, an abscess may be found that can be
drained into the reticulum.

(4) A further group of conditions occurs where a
foreign body penetrating the reticulum has since
penetrated another organ. Signs, in these cases, are
usually related largely to this secondary occur-
rence and the signs, all-important prognostically,
of the primary foreign body aetiology tend to be
masked. The classical example of this type of
condition is traumatic pericarditis, producing a
syndrome very well recognized, but presenting
considerable difficulty at times in differentiation
from endocarditis.

Penetration of the thoracic cavity to produce suppu-
rative pneumonia or pleurisy also occurs, tending to
produce a subacute thoracic syndrome with progressive
loss of condition. It is of considerable importance prog-
nostically to know whether such a condition is due to
a penetrating foreign body or not and it is often
extremely difficult, in the presence of pain in the pos-
terior thorax, to decide whether pain exists in the
anterior abdomen as well. The white cell picture will
not help, and exploratory laparotomy may be necessary
as a diagnostic aid.

Similarly, foreign body penetration of the liver may
occur causing a large area of suppuration, which may
produce a clinical picture similar to the acute liver fluke

syndrome previously mentioned, but with reticulorumi-
nal interference as well. Extensive liver lesions of this
type occasionally interfere sufficiently with the bile
ducts to cause jaundice.

(5) Occasionally, traumatic reticulitis leads to acute
diffuse peritonitis, the abdomen filling with pus
and producing abdominal distension, toxaemia,
depression, weakness and diarrhoea, leading to
death (see abdominal distension, p. 140).

(6) Vagus indigestion is also a complication of trau-
matic reticulitis (see abdominal distension, p. 855).

Chronic bloat (chronic and subacute
ruminal tympany) (see p. 852)

All conditions producing low-grade ruminal tympany
must fall into one or other of two main groups: (i) those
affecting normal rumino-reticular tone and motility
and (ii) those causing partial obstruction to the escape
of gas from the rumen, motility and tone remaining
normal.

Conditions affecting normal rumino-reticular
tone and motility

Chronic inflammatory lesions of the mucous membrane
and wall of the reticulum and the oesophageal groove:
Actinobacillosis of these sites is the most important
condition of this group (see p. 823). The smooth pain-
less fibrous plaque of this disease interferes with both
eructation and rumination, producing a mild tympany
most obvious after feeding. If the oesophageal groove
is badly affected there is often a prolonged retching gur-
gling noise as the cow makes laboured attempts to bring
up the first bolus of a new period of rumination. There
may be drooling from the mouth.

Therapeutic response is normally rapid enough to be
considered diagnostic.

Occasionally,inflammatory thickening and A. pyogenes
abscessation of the area resulting from foreign body lac-
erations and partial penetrations may occur, also affecting
eructation and rumination. Chronic ruminal atony can
occur in calves with oesophageal groove problems.

Inflammatory changes (peritonitis): Inflammatory
changes involving the serous lining of rumen, reticulum
or even abomasum are more important, leading to poor
motility and even atony of the rumen-reticulum. The
classic syndrome in this group, as already mentioned, is
traumatic reticulo-peritonitis (‘wire’, p. 837). Even in
longstanding cases, where some degree of rumen
movement has returned, there may well be chronic
ruminal tympany often superimposed on low-grade
ruminal impaction.



A peptic abomasal ulcer (see p. 844) sufficiently
advanced to involve the peritoneal lining may well form
omental adhesions, and may even perforate among
these adhesions, so that there is no leakage into the
peritoneal cavity itself. Such a cow, instead of dying
within 24-36 hours of acute diffuse peritonitis, toxaemia
and shock with massive peritoneal tympany, as
described under abdominal distension, will pass into a
state of intermittent low-grade pain, abnormal or neg-
ligible rumino-reticular movement with slight and inter-
mittent ruminal tympany. There will be lethargy, weight
loss and intermittent diarrhoea.

Acidosis (see p. 829): This shows its classical features
in barley poisoning, but many recently calved high-
yielding cows on a high-energy diet develop mild
acidosis after each feed. The slight ruminal tympany
plus near-diarrhoeic faeces in a lethargic cow with sub-
optimal appetite and milk yield is familiar in intensive
dairy herds.

Vagus indigestion (see p. 835): Occasional cases of
vagus indigestion (see complications of traumatic reti-
culitis, p. 837, and abdominal distension, p. 140) show
an accumulation of ruminal gas forming a marked, but
chronic, tympany that may even mask the fluid present.

Tetanus (see p. 733): Tetanus frequently produces a
moderate tympany (see rigidity of stance and gait,
p. 145).

Cold water: Under ruminal distension, the effect of
cold water on the ruminal musculature is mentioned.
In some herds, in which all the cows drink water from
troughs in the yard, the whole herd may show a degree
of post-drinking tympany.

Botulism (see p. 721): With its generalized muscle
weakness, botulism shows subacute tympany as a minor
part of a fatal progressive disease.

Conditions causing partial obstruction to the
escape of gas from the reticulo-rumen

Motility and tone being normal, these conditions will
cause low-grade tympany.

Oesophageal wall lesions (see p. 825): Usually trau-
matic in origin, these include oesophageal stricture,
oesophageal wall abscesses, oesophageal dilatation and
oesophageal papillomata, which are usually sited at the
cardia.

Lesions causing external pressure on the oesophagus (see
p. 832): These lesions will also produce chronic
tympany. They include thymic lymphosarcoma in young
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cattle (p. 698) and enlarged posterior mediastinal lymph
nodes in the adult. Such enlargement is an important
cause of chronic tympany and is usually due to one of
three infective organisms: A. pyogenes, Actinobacillus
ligneresi and, occasionally, Mycobacterium bovis.

Diaphragmatic hernia (see p. 848): This condition also
not infrequently leads to chronic tympany.

Diagnosis of chronic and subacute ruminal tympany

Diagnosis depends firstly upon a careful clinical exam-
ination to decide whether the tympany is related to a
specific alimentary condition or whether it is due to loss
of gastric tone as a result of a more general disease. If
the condition is primarily alimentary, and one believes
there is no oesophageal obstruction, then auscultation
should be carried out to check that the left flank
tympany is ruminal and not abomasal (i.e. left dis-
placement). Auscultation should leave one in no doubt,
although it is not always easy to distinguish between a
gas-filled abomasum, early vagus indigestion (p. 855)
and reticular actinobacillosis (p. 823).

The liver

The liver is practically impossible to examine clinically
by normal methods. It is unfortunately true that unless
one adheres to a strict routine, it is only too easy to
examine a cow without even thinking about the liver.
The liver has many functions and failure, therefore, may
produce a variety of signs.

Signs include lethargy, slow weight loss, anaemia, low-
grade or acute abdominal pain, massive abdominal
haemorrhage, ascites, abdominal distension, chronic
venous congestion, ataxia, ventral oedema, photosensi-
tization, endocarditis, encephalopathy, dyspnoea with
pulmonary thrombosis, massive nasal haemorrhage
and, occasionally, jaundice. All these conditions may
originate in hepatic disease. Also, one must consider the
diverse problems of the high-yielding cow calving down
with a very fat liver predisposing to metritis, coliform
mastitis, ketosis, low solids, milk fever and even
infertility.

The liver, it seems, not only is the site of specific
disease conditions in its own right, but also may be a
background factor predisposing to disease in other
organs and systems. In the face of this diversity of signs,
all one can suggest is that the clinician should always
consider the possibility of liver disease when examining
a cow. He/she is then unlikely to miss liver pathology
when it occurs.

Laboratory tests, e.g. haematology, serum proteins,
serum enzymes (aspartate aminotransferase (AST),
serum alkaline phosphatase (SAP) and particularly
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gamma-glutamyl transferase (yGT)), may be helpful,
though by no means conclusive. Paracentesis may occa-
sionally help in the presence of ascites, while liver
biopsy is at least theoretically useful. Unfortunately,
these techniques are expensive and the farmer of today
is very unwilling to authorize them in any but the most
valuable of individual cows.

So consideration of the liver must be as rigid a rule
as checking the udder, and a mental list of the syn-
dromes involved in hepatic disease can be a great help.

Abscessation (see p. 830)

This is usually due to A. pyogenes or Fusobacterium
necrophorum en route from the rumen, and is probably
only clinically significant when extensive. Obviously,
cereal overeating and other conditions likely to damage
the rumen wall will predispose to liver abscesses. Bac-
teraemias also come from navel infections and pyaemias.

Complications of hepatic abscessation may be very
serious:

e Rupture into the abdominal cavity leading to an
acute diffuse peritonitis.

e Rupture into a major vessel, leading to major haem-
orrhage, shock and sudden death.

e Vena cava thrombosis, usually where the vena cava
passes through the diaphragm. This produce
hepatic portal obstruction leading to abdominal dis-
tension and ascites; however, it may produce pul-
monary thromboembolism leading to pulmonary
abscessation. There will be a painful cough, and dys-
pnoea, with rupture of abscesses into blood vessels
producing severe and often recurrent haemorrhage
via the nose and mouth (see p. 867).

Hepatic necrosis

Hepatic necrosis due to Fusobacterium invasion causes
pyrexia, inappetence, lethargy, rapid pulse, weight loss,
ataxia and occasionally signs of anterior abdominal
pain. The presence of jaundice is variable, but is diag-
nostically helpful when it occurs.

Cholecystitis

This condition is rare and difficult to diagnose. Such
cases show ataxia, anterior abdominal discomfort and
jaundice, with lowered appetite and milk yield. Tem-
perature may be raised.

It is interesting that jaundice is much more likely
to occur in obstructive hepatic conditions than in
parenchymatous change.

Cirrhosis

Cirrhosis in cattle, for all practical purposes, means liver

fluke infestation (p. 276). This condition must never be
forgotten. It occurs in adults as well as young stock, in
herds as well as individuals, and although wasting, sub-
maxillary oedema and anaemia may well be present, the
disease may merely cause chronic unthriftiness and sub-
optimal yield during the winter months, thus needing
differentiation from a nutritional energy deficit. In fact,
both problems may occur in the same herd, particularly
between parturition and peak yield.

It is worth remembering that in severe fluke infesta-
tion, constipation is more likely than diarrhoea, and
that during the migratory stage of the young flukes, a
low-grade abdominal pain syndrome may occur that
requires differentiation from ‘wire’.

Liver fluke infestation (see p. 276) has far-reaching
effects. It may lead to infertility, presumably due to
weight loss, to low milk solids and to salmonellosis, or
to endocarditis due to bacteria passing to the liver and
then into the circulation.

Cirrhosis also results from ragwort poisoning (p. 945),
causing weight loss, ataxia, encephalopathy, occasional
jaundice and terminal tenesmus in the affected animal.
The encephalopathy produces blindness, head pressing
and dragging of the hind fetlocks reminiscent of lead poi-
soning in the adult cow. Ragwort poisoning during the
grazing period may well trigger photosensitization.

Other syndromes involved in liver disease

Tuberculosis (see p. 862) and neoplasia of the liver are
relatively rare. Neoplasia includes lymphosarcoma
and adenocarcinoma and is, to all intents and purposes,
impossible to diagnose in life, while fatty livers
may follow bacterial or chemical toxicity, but are much
more common as the result of overfeeding or inappro-
priate feeding.

The fatty liver syndrome (see p. 801), resulting from
excessive weight gain pre partum, has gained promi-
nence in recent years, but is probably less common
today. The syndrome may be involved in many diseases
in early lactation.

Constipation

Quite apart from the acute gut obstruction syndromes,
constipation may occur in diverse circumstances in
cattle.

(1) Unsuitable fibrous diet, e.g. straw, may produce
ruminal impaction.

(2) Insufficient water intake may produce ruminal
impaction.

(3) External pressure on the gut, e.g. fat necrosis (see
p. 849), lymphosarcoma (see p. 693), adhesions.



(4) Pain:
(a) Postoperative pain.
(b) Injured back - faeces dry out in rectum.
(¢) Injured anus and rectum — painful bladder.

(5) Weakness or paresis: milk fever, broken back.
Constipation is, of course, a very useful differen-
tial sign of milk fever (p. 781).

(6) Some poisons, e.g. lead (see p. 944) and ragwort
(p. 945).

(7) Pyrexia.

(8) Anaemia. e.g. fluke (see p. 276), piroplasmosis
(see p. 748). In both these diseases, constipation
becomes very marked in long-standing cases.

(9) Ketosis: mild constipation is a frequent clinical
sign (see p. 793).

(10) Hypocalcaemia (see p. 781).
(11) Peritonitis (see p. 849).

Constipation is, of course, rare in dairy cattle and if
faeces are completely absent, acute gut obstruction (p.
1113) caused by intussusception (p. 847), caecal or intes-
tinal torsion (pp. 846, 847) will be the most likely reason.

Diarrhoea

Varying degrees of diarrhoea are normal today in inten-
sive dairy herds feeding concentrates and silage.

Not all conditions causing diarrhoea originate pri-
marily in the digestive tract, but from the viewpoint of
differential diagnosis, it is best to consider all conditions
causing diarrhoea together.

Acute diarrhoea

(1) Most toxaemic conditions produce diarrhoea, e.g.
diffuse peritonitis (p. 849), acute mastitis (staphy-
lococcal, coliform or A. pyogenes (Chapters 23,
24)), acute septic metritis (p. 519), traumatic peri-
carditis. These conditions all involve damage by
bacterial toxins, and the diarrhoeic faeces tend to
be relatively scanty, but dark and sticky with a
fetid odour.

(2) Several acute septicaemic diseases are associated
with acute enteritis and diarrhoea, e.g. anthrax
(see p. 717), transit fever (see p. 286) and other
forms of acute pasteurellosis (see p. 728), and, of
course, salmonellosis (see Chapter 15).

(3) Some virus diseases, e.g. malignant catarrhal fever
(see p. 935) or the BVD/mucosal disease complex
(see p. 853).

(4) Several plant poisons, e.g. solanin from green
potatoes (see p. 943), water dropwort (see p. 943),
and rhododendron (see p. 943).

(5) Several chemical poisons, e.g. arsenic (see p. 941)
and certain organophosphorus compounds (see p.
940).
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Chronic diarrhoea

(1) Johne’s disease (see p. 857): the classical form of
chronic diarrhoea with loss of weight, particularly
from the hindquarters, ventral and submaxillary
oedema and anaemia.

(2) Tuberculosis of the intestine (see p. 862), very rare
today, is always secondary to pulmonary lesions,
and is similar, clinically, to Johne’s disease.

(3) Ulceration of the abomasum (see p. 844) produces
scanty and intermittent diarrhoea in a cow losing
weight, becoming anaemic and showing signs of low-
grade anterior abdominal pain. Erosion of such an
ulcer into a blood vessel in the abomasal wall pro-
duces more profuse, tarry faeces and may cause death.

(4) Amyloidosis is very rare indeed (see p. 928).

(5) Lymphosarcoma of the large gut is also very rare
in cattle (see p. 693).

Herd diarrhoea

(1) Winter scours, or winter dysentery, has long been
recognized as an acute, pyrexic and occasionally
slightly dysenteric condition, which races through
a housed dairy herd in winter conditions and then
dies out with minimal long-term damage. There
has been discussion as to the aetiological organ-
ism, various viruses and Campylobacter spp.
having been incriminated (see p. 852).

(2) Various nutritional diarrhoeas:

(a) Spring grass.

(b) Frosted roots or kale.

(c) Fodder beet poisoning, the leaves of which
causes a hypocalcaemia-like syndrome and
diarrhoea.

(d) Acidosis (see p. 829), whether due to exces-
sive root feeding or more commonly due to
excessive cereal overload. The classical aci-
dosis syndrome is that of barley poisoning
with its acute abdominal pain and low-grade
tympany, followed by profuse diarrhoea (see
p. 830).

(3) Mineral deficiencies, e.g. copper (see pp. 254, 298)
and cobalt (see p. 295) deficiency, producing
chronic diarrhoea with weight loss and anaemia.

(4) Parasitic diarrhoea, e.g. parasitic gastroenteritis
(see p. 267) and coccidiosis (see p. 282), largely
affecting young stock.

(5) Toxicity, e.g. antibiotic contamination of the feed.

There is no easy way to diagnose the diarrhoeic
animal. It is necessary to consider all environmental
factors, including nutrition, stage of lactation, season of
year, housing or pasture; whether the condition is an
individual animal or herd problem and whether it is
acute or chronic in nature.
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Other signs besides diarrhoea may indicate whether
the faecal changes are due to a primary gut problem or
are secondary to a systemic disease.

Finally, one must utilize whatever laboratory tests
for bacteria, parasites, viruses or minerals are available
under the circumstances. Even so, there will be one-off
conditions, rarely met with in one’s practice area, which
will, from time to time, elude the diagnostic net!

Tenesmus (straining) (see p. 838)

This condition occasionally occurs in cattle. Coccidiosis
(see p. 282) in calves is an excellent example due to
painful inflammatory changes in the hindgut. The
BVD/mucosal disease (see p. 853) complex in young
stock may have the same effect. Straining is also seen
in the late stages of ragwort poisoning (see p. 945), in
occasional cases of terminal intussusception (see p. 847)
and sometimes in urolithiasis in the male (see p. 263).

It may also follow sadistic human behaviour, when
sticks or broom handles have been forced into the
rectum, frequently penetrating the wall of the hind gut
some 30-45cm (12-18 inches) proximal to the anus.

Occasionally, there will be sufficient straining to pass
hard dry faeces in the cow with milk fever of some
hours duration, to produce transient doubt in the atten-
dant’s mind as to the possibility of there being a further
calf in utero. Obviously, the most frequent causes of
straining in the cow are obstetrical, e.g. parturition, dys-
tokia (p. 1115) or vaginal injury (p. 519).

Rectal examination may make things much worse if
tenesmus is marked, but a look at the mucous mem-
brane just within the anus with a pencil torch may be
very helpful. In coccidiosis, cryptosporidosis and the
BVD complex, particularly, the acutely inflamed nature
of the hindgut often spreads right to the anus itself.

The unthrifty or emaciated cow
Starvation

Even in developed countries today, starvation can still
be seen in poorer areas as a primary condition, but
much more frequently appears as a relative energy
deficit in high-yielding cows near peak yield. In the
period from parturition to peak yield, it is frequently
associated with ketosis.

Ketosis (see p. 793)

Ketosis is nothing more nor less than energy deficit and
may if untreated produce very severe weight loss.
Liver fluke infestation (see p. 276)

Liver fluke infestation, reaching its most dangerous in
terms of liver damage in the late autumn and winter

months when autumn-calved cows are at peak yield and
possibly in energy deficit, accentuates the whole picture
of energy deficit and ketosis.

Chronic hypomagnesaemia (see p. 787)

In cold windy weather in late winter, heavily pregnant
cattle develop a state of chronic hypomagnesaemia as
a result of low food intake and cold, becoming thinner
and poorer until some additional stress triggers off the
acute convulsive phase.

These four conditions, interconnected to varying
degrees, account for much of the unthriftiness found
in dairy herds. A further condition, which may also be
involved, is copper deficiency (p. 298).

Copper deficiency (see p. 298)

Copper deficiency may be either in its own right or
resulting from molybdenum excess. In the latter case,
there will be diarrhoea, but many herds exist in a low-
grade copper deficiency, particularly at the beginning of
the grazing season when the rapid grass growth dilutes
the copper uptake, with weight loss and infertility the
only signs.

Other conditions leading to weight loss

On an individual animal basis, Johne’s disease (p. 857),
which does not always cause diarrhoea in the early
stages, and, historically, tubercular emaciation (p. 862)
are important causes of weight loss, as are abomasal
disorders such as left displacement (p. 839) and ulcera-
tion (p. 844). Chronic liver disorders, e.g. ragwort toxi-
city (p. 943) or multiple abscessation (p. 829), may also
result in poor thriving to the point of emaciation before
clear-cut aetiological pointers appear.

A number of other conditions lead to weight loss
and suboptimal yield, but reasonable and sensible
clinical examination should produce a definitive diag-
nosis without real problems. These conditions include
the following.

e Lameness (laminitis, solar ulcer and white line
lesions) (Chapter 31), often ignored by farmers who
completely fail to realize the serious nature of the
long-term effects.

e Chronic pyelonephritis (see p. 725), which should
be obvious provided the clinician remembers to
examine the urine.

e Actinobacillosis of the tongue or oesophageal
groove area, already discussed on pp. 823-6.

e Paralysis of the fifth or seventh cranial nerve.

e The long-term toxic and depressing effects of
mastitis, metritis, or postoperative peritonitis with
adhesions and peritoneal abscessation.



The ‘downer’ cow (see pp. 439, 797)

A ‘downer’ cow used to be defined as a cow that
remained recumbent after treatment for milk fever due
to a continuing hypophosphataemia (p. 791). But, by
general usage, the term has come to mean any cow
recumbent at, or near, parturition, and thus there is a
large differential list.

Preparturient

e Liver fluke (see p. 276) and/or starvation (see p.
796). These cows may have cirrhotic livers. They are
thin, weak and lethargic, but not ketotic.

e The fat cow syndrome (see p. 796). Occasionally,
grossly fat preparturient cows with pathologically
fatty livers may become recumbent.

Parturient

(1) Prolonged dystokia may lead to exhaustion.

(2) Rupture of cervix or uterus leads to recumbency
through shock and is quickly fatal.

(3) Traction injuries.

(a) Sacroiliac disarticulation (see p. 448).

(b) Sciatic nerve paralysis (see p. 439).

(c¢) Torn adductor muscles (see pp. 439, 459).

(d) Fractured pelvis (see p. 446).

(e) Fractured femur (see pp. 441, 444).

(f) Peroneal paralysis, which is much more
likely to occur after milk fever than after
parturition, because it is secondary to muscle
atony in recumbency (see p. 438).

Parturient and postparturient

e Complications of milk fever (see p. 781)

e Fractures, dislocation and muscle injuries (see
Chapter 32).

e Ruptured gastrocnemius (see p. 451).

e Peroneal paralysis (see p. 438).

e Sciatic nerve paralysis (sensory and motor) (see
p. 439).

e Pressure ischaemia of hindleg or legs, which may
lead to ischaemic muscle degeneration, particularly
the semimembranosus and semitendinosis muscles.
Serum AST and creatine phosphokinase levels rise
markedly (see p. 439).

e Ketosis and licking mania (see p. 793).

e The cows seems bright and well, but stays down.
Never attempt to make a cow with milk fever get
up before it is entirely ready to do so (see p. 797).

Notice that the following conditions are all important
in the differential diagnosis of the ‘downer’ cow (see pp.
439,797).
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e Acute staphylococcal (see p. 332) or coliform (see

p- 334) mastitis.

Acute septic metritis (see p. 519).

Hypomagnesaemia (see p. 787).

Cereal over-eating: acidosis (see p. 829).

Fodder beet poisoning (see p. 149).

Botulism: a condition increasing in frequency and

associated with the feeding of big bale silage. Diag-

nosis is aided by a normal temperature, slow pulse

rate and slowly progressive generalized muscular

weakness affecting both voluntary and involuntary

muscle (see p. 721).

e Internal haemorrhage, with fast pounding heart,
white membranes, rapid respirations and often a
subnormal temperature.

Diagnosis of the ‘downer’ cow is never easy, unless
there is an obvious major fracture.

It is important that every ‘downer’ cow should be
given full doses of calcium and phosphorus, and possibly
also magnesium. It may be very logical to argue that a
particular cow cannot possibly be a case of hypocal-
caemia,butitis easy to be wrong. Itis much safer to treat,
just in case. With reasonable care no harm can be done.

Once satisfied that metabolic possibilities have been
covered, a careful examination of the available parts of
the skeleton should be carried out, but may not be very
fruitful. It is not easy to assess injuries to the legs of a
‘downer’ cow deep in sludge or slurry!

1t is vital that the udder and the uterus should be prop-
erly checked and, as far as the udder is concerned, every
quarter must be examined however difficult access may
be.

The cow ill during or after calving

There is no excuse in cases of periparturient illness for
the taking of any form of short cut. The clinician must
be satisfied that the cow has not developed any form of
milk fever, and even when satisfied, it may be wise to
give calcium/magnesium mixture subcutaneously as a
precautionary measure.

The uterus must be examined to make sure that it is
not infected and not damaged and, above all else, that
there are no more calves within. Even after removing the
third calf, the uterus should be checked for the fourth!

It is essential that the udder is properly examined. A
parturient dairy cow may be very ill and dangerously
toxaemic before the udder shows more than a small
crepitating area just above the teat, and that may be all
that is noticeable in some cases.

Pyrexia of unknown origin (PUO)

Obviously, many conditions may cause a marked rise
of temperature in a cow, but a lethargic cow with a
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temperature of 40.5-41°C (105-106°F) is more likely to
be a case of incipient mastitis (Chapter 23) than any-
thing else, and should always be treated as such in the
absence of other signs.

The next possibility is an active pulmonary hyper-
aemia as an early stage of pneumonia, while an acute
septicaemic condition, such as salmonellosis (Chapter
15), may show pyrexia and little else for some 8-12
hours before diarrhoea supervenes. A rectal examina-
tion may discover diarrhoea in the early stages that will
not have been seen by the stockman. During this
period, the total white cell count may be as low as
1500-2000 per mm?, with a neutrophil percentage of
less than 10 per cent.

One should remember that anthrax (see p. 717) is
also an acute septicaemic condition, and there have
been many cases of early anthrax where lethargy and a
temperature of 41-42°C (106-108°F) are the only signs
present. In young stock, severe diarrhoea, often
bloodstained, with injected membranes, may supervene
within a few hours to be followed by ataxia, collapse
and death. In the adult cow, it is not infrequent for the
hyperpyrexic early anthrax picture to be followed by
collapse, subnormal temperature, clammy skin, cyanotic
mucous membranes, restlessness and anxiety, followed
quickly by coma and death. The clinician must beware
of a stage in this process when the cold recumbent cow
is easily mistaken for a severe milk fever case. Realiza-
tion will come when it is seen that injection sites are
trickling dark blood, while spreading haematomata
appear where a vaginal examination has been per-
formed, the teats have been handled or the stockworker
has gripped the cow’s nose.

Sudden death

This is a dangerously misleading heading. Very many
cows that the owner regards as cases of sudden
death are in fact cows found dead, which is quite a
different matter. A cow found dead may well have
taken 12 hours or more to die, depending on the dili-
gence of the stockworker and when the cow was last
seen.

If one can assume that sudden death means that a
cow has collapsed and died, if not immediately then
within the hour, then the differential diagnosis is fairly
clear-cut.

Acute infections

e Anthrax:every case of sudden death is anthrax until
proved otherwise (see p. 717).

e Blackleg (see p. 723): usually young stock but may
occur in young adults. The lesion is usually obvious
at post mortem. The causal organism is Clostridium

chauvoei and bruising of muscle groups predisposes
to the problem (see p. 723).

e Wound gas gangrene infections: other clostridial
organisms involved in wound infections, usually
obvious at post mortem (see p. 724).

Occasional cases of acute coliform (see p. 334) infec-
tions, salmonellosis (see Chapter 15), pasteurellosis (see
pp. 281, 728) and RSV pneumonia may produce a very
rapid, sudden and unexpected death.

Acute pasture conditions

e Bloat: classical signs and environment, with a
reasonably clear post-mortem picture, provided
that the carcass is examined within an hour or so of
death (see p. 832).

e Hypomagnesaemia: classical convulsive syndrome
on spring grass. The carcass is often covered with
debris, sweat and mud, with signs of convulsive
movement in the grass for a considerable distance
around (see p. 787).

e Fog fever: occurs in late summer or early autumn.
As it is a herd problem there are usually other
animals with signs. The lungs show a fairly charac-
teristic post-mortem picture (see p. 866).

Electrocution and lightning strike (see p. 930)

There may be no signs whatsoever on the carcass, partic-
ularly in electrocution cases. The behaviour of neigh-
bouring cows, if there is any witness, may help in
electrocution, while it goes without saying that if a cow is
to be struck by lightning, there must be a thunderstorm.

Accident or catastrophe

Road traffic accidents do occur but strangulation and
asphyxiation as a result of faulty yokes and feed trough
fittings are probably more common.

Catastrophes also include such events as a wire in the
reticular wall being forced in one movement into the
heart. The perforated abomasal ulcer leading to shock,
peritoneal tympany and toxaemia is also included in
this grouping.

Acute haemorrhage
This may result from the following:

Wire penetration into a great vessel.

Mammary vein rupture following injury.

Teat vessel haemorrhage following injury.

The rupture of a coronary vessel.

The erosion of an abomasal ulcer into an artery in
the abomasal wall.



e Damage to uterine or vaginal vessels after forced
traction in dystokia cases.

e The erosion of a hepatic abscess into a major vessel.

e A thromboembolic pulmonary lesion originating
from liver (see p. 867).

e A superficial haemangioma, often sited dorsally in
the lumbar sacral area.

e Occasional acute cases of the pyrexia, pruritis and
haemorrhage syndrome (see p. 884) bleed from the
gut, and all other tissues. They also show raised
temperature, severe general pruritis and aggressive
behaviour before collapse and death.

It should be noted that all these haemorrhagic
syndromes, with the exception of rupture of a coronary
vessel, may not necessarily produce immediate death,
but may instead produce a cold, staggering and severely
anaemic animal with rapid pulse rate, rapid respirations,
loudly beating heart and subnormal temperature. Early
anthrax, peracute salmonellosis, acute babesiosis and
acute bracken poisoning may produce the same col-
lapsed and anaemic syndrome.

Acute anaphylactic reactions (see p. 927)

There may be much saliva around the mouth with
oedema of the larynx, pharynx, eyelids, skin of face and
head, etc. On the other hand, the only lesions may be
pulmonary.

Poisons (see Chapter 54)

Theoretically, a number of poisons may cause sudden
death in the cow but, practically, sudden death by
poisoning will be due to one of the following:

Yew (see p. 947);

Water dropwort (see p. 943);

Bracken: acutely haemorrhagic (see p. 946);
Strychnine: rarely found today in Britain;

Arsenic: rarely found today (see p. 941);

Lead: may cause sudden death in calves, but not
usually in cows (see pp. 906, 944);

e Copper (see p. 948).

Jugular stasis (cording)

Care must be taken in the interpretation of jugular
stasis. There is often confusion between jugular stasis
and jugular pulsation, and it must be emphasized that
jugular pulsation may occur in perfectly normal cows,
especially if the head is held low as while grazing.

Jugular stasis may occur in conditions involving
space-occupying lesions in the anterior mediastinum,
e.g. thymic lymphosarcomata in young stock, mediasti-
nal lymphosarcomata in the adult (p. 693) or large
mediastinal abscesses.
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Nevertheless, the more common causes of jugular
stasis (distension) stem from the heart itself.

Traumatic pericarditis (see p. 731)

Previously the most common form of cardiac disease in
the cow, this condition has now become relatively rare
in Great Britain.

Chronic vegetative endocarditis (see p. 726)

This condition has become much more frequent. It is
probable that, 30 years ago, many cases of endocarditis
were missed completely for the clinician was so used to
‘wire” and pericarditis that all cases of congestive heart
failure were diagnosed as pericarditis and sent to the
knacker’s yard after the most superficial examination.

There are a number of important clinical differences.
The pericarditis case is much more toxaemic and there-
fore more depressed. Transition from relative health to
acute illness is much more sudden, although there may,
of course, have been low-grade reticulitis signs at some
previous stage. Pain is more marked and very readily
elicited by wither pinching. Cardiac sounds start with
slight friction sounds synchronous with the heart beat,
which is usually more than 100/minute. Within a day or
so, the tinkling splashing sounds indicative of gas/fluid
production within the pericardium can be heard, and in
a further day or so the sac is grossly distended with pus,
and splashing and tinkling have ceased. The heart
sounds are now muffled and may, in fact, be louder on
the right side because the pressure of the distended
pericardium against the left thoracic wall tends to
extend the whole structure across to the right.

Gross jugular and mammary engorgement and
dependent oedema will now be present at jaw, neck,
brisket and lower abdomen. Pulse rate may well reach
140/minute.

Endocarditis, on the other hand, runs a more gradual
course. For some time, the picture may be one of low-
grade anterior abdominal pain, plus a temperature rise
to 40-41°C (104-106°F). Pain is felt over a much wider
area of the chest. The pulse rate is not generally very
greatly raised at first. The cow is often relatively bright
and may even eat a little, but exercise tolerance is very
poor. Heart sounds, at first, are often no more than
loud, and even later in the disease it is not always pos-
sible for ordinary mortals to hear the cardiac murmur
that is stated to be invariably present in this disease. The
reason for this seems to be that, in most cases, the lesion
is right-sided.

At first, therefore, and for several days at least,
vegetative endocarditis falls within the anterior
abdominal/posterior thoracic pain grouping and is
easily mistaken for ‘wire’. There may even be a wire, for
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although most cases derive the valvular infection from
the rumen via the liver, from the udder, uterus, pharynx
or feet, occasional cases are met in which the primary
pyogenic focus is a penetrating reticular foreign body.
It is interesting that, in most cases of vegetative
endocarditis, the white cell count and the temperature
fall during antibiotic treatment, but the pulse rate is
unaffected.

Eventually, jugular congestion, shifting lameness,
dependent oedema, pulmonary signs, and even haema-
turia may all appear.

In right-sided cases, pulmonary thromboembolism
may cause marked thoracic pain, whilst ascites and
engorged mammary and jugular veins are very notice-
able. In left-sided cases, pulmonary congestion causes
dyspnoea and coughing with less pain, but haematuria
due to renal infarction is more likely.

Myocardial abscesses

Myocardial abscesses of considerable size may some-
times occur, producing a clinical picture similar to that
of endocarditis, but with lower temperature rises and a
slower course.

Other causes of jugular stasis

Fatty degeneration of the heart, and tubercular peri-
carditis, are usually masked by more obvious systemic
signs of the respective diseases.

‘Redwater’ (blood or blood pigments
in urine)

With very few exceptions, disease of the urinary tract in
cattle produces significant urinary haemorrhage, and
the differential diagnosis obviously includes the numer-
ous haemolytic conditions producing urinary haemo-
globin.

Obviously, therefore, when presented with a ‘redwa-
ter’ case, the first stage in diagnosis is to decide whether
the case is one of haematuria or haemoglobinuria.
Microscopical examination or centrifuging the urine
will supply the answer, but usually the simple expedi-
ent of standing some urine in a container for a few
minutes, while clinical examination is proceeding, will
give a satisfactory answer. The clinician must remem-
ber that many cows with redwater are not presented as
such, for stockworkers rarely notice or even see a cow
urinate, except by chance. If asked whether the urine is
normal, the invariable answer is that it must be or it
would have been noticed. This is wishful thinking, upon
which no reliance can be placed.

Once differentiation between blood and blood
pigment has been made, diagnosis becomes much easier.

Haematuria

e Chronic cystic haematuria (enzootic haematuria
(see p. 947) or chronic bracken poisoning (see p.
946));

e Pyelonephritis (see p. 725);

Calculi (see p. 263);

e Neoplasia other than is involved in the first list point.

These four conditions show primary lesions within
the urinary tract.

Enzootic haematuria (see p. 946) has a regional inci-
dence dependent upon the prevalence of bracken. It
tends to occur in older home reared cows and the blood
in the urine, slight at first and slowly increasing, contains
very little pus or exudative material.

Pyelonephritis (see p. 725) is much more likely to be
encountered in dairy herds, but is, for some reason, a
rare disease today in Britain compared with its inci-
dence in the 1950s and 1960s.

There are systemic signs varying from very acute to
very mild, but diagnosis is greatly assisted by the pres-
ence of pus, debris and renal casts, as well as blood, in
the urine. Rectal examination may help and the pres-
ence of pain is another differential point, for enzootic
haematuria is painless and afebrile. Bacteriology on the
urine of pyelonephritis may, in fairly early cases,
produce a culture of Corynebacterium renale, which is
the primary causal organism. Remember that the pain,
the temperature and the arched back invite confusion
with ‘wire’ unless the clinician keeps pyelonephritis in
mind in such cases, particularly in the first third of
lactation, and insists on inspecting a urine sample.

Urolithiasis (see p. 263) occurs largely in the young male,
and other signs such as straining, the absence of sig-
nificant amounts of urine and, eventually, ‘water belly’
overshadow the presence of blood spots in the urine.

Neoplasia of the urinary tract, other than that due to
chronic bracken poisoning, is very rare.

A number of conditions occur in which haematuria is
but one of a number of fairly obvious systemic signs, so
that the urinary blood, when present, is not important
in diagnosis:

e Vegetative endocarditis (see p. 726).

e Septicaemic conditions, e.g. anthrax (see p. 717) and
acute pasteurellosis (see pp. 286, 728).

e Acute bracken poisoning: a disease with markedly
raised temperatures and generalized haemorrhages,
which behaves like an acute septicaemia and prob-
ably is one (p. 946).

It is worth remembering that very high doses of sul-
phonamides may theoretically produce crystalluria and



haematuria, but sulphapyridine, the sulphonamide that
most frequently produced these signs, is no longer used.

Haemoglobinuria

Piroplasmosis is an acute, pyrexic, and acutely
haemolytic tick-borne disease of certain areas of Britain
and other countries caused by Babesia divergens. The
clinical signs include profuse diarrhoea, followed by
stubborn constipation in a non-premune cow, progres-
sive anaemia, with very rapid pulse rate, loudly pound-
ing heart,and deep port wine coloured urine (see p. 748).

Bacillary haemoglobinuria is a peracute and rapidly
fatal pyrexic disease due to Clostridium haemolyticum
(now renamed Cl. oedematiens type II). It affects young
stock in certain rough hill areas, but is of relatively little
importance overall (see p. 719).

Postparturient haemoglobinuria is seen during the
weeks following parturition in cows in certain parts of
eastern Scotland and occasionally in England. It is non-
febrile, but progressive and frequently fatal due to very
severe anaemia, and is possibly associated with root and
straw feeding and abnormalities in phosphorus metab-
olism. It is too rare today to be of real significance (see
p. 792).

Kale and rape poisoning are too well known to merit
detailed consideration. Large quantities are required
and wilted kale is much less likely to cause problems. It
is worth remembering that rape in excess may also
produce abdominal pain, nervous signs and/or dysp-
noea (see p. 941).

Leptospira icterohaemorrhagiae produces haemoglo-
binuria in the calf, but this is most unlikely to occur in
the adult (see p. 735).

Very cold water, thirstily drunk, may cause haemoglo-
binuria in the calf, but not in the adult.

Copper toxicity, increasing in the UK, may apparently
produce haemoglobinuria (see p. 948).

Cows breathing badly (hyperpnoea and
dyspnoea)

The clinician must not assume that rapid respirations in
cattle necessarily indicate the presence of pneumonia.
Cattle ‘blow’ for many reasons.

Physiological

Cattle breathe more rapidly when full after feeding,
after exercise, in hot and humid weather and when they
are nervous or frightened. A herd coming in for milking
on a hot summer afternoon after a mile walk from lush
grazing may all appear dyspnoeic! When asked to
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comment on a cow’s respiratory pattern, it is always
worth comparing it with that of neighbouring cows.

Pathological
Respiratory rates:

(1) Increase markedly in many diseases due to
pyrexia.

(2) Increase and become jerky in acutely painful con-
ditions, e.g. septic feet, acute laminitis (see p. 417).

(3) Increase in acute toxaemic conditions, e.g. summer
mastitis (Chapter 24), coliform mastitis (see p.
334) and acute septic metritis (see p. 519).

(4) Increase in metabolic disease, e.g. hypomagne-
saemia (see p. 787) or acidosis (see p. 829).

(5) Increase markedly with a much shallower thoracic
excursion in conditions that prevent full pul-
monary expansion, e.g. ruminal tympany, ruminal
impaction and pleural effusion.

(6) Increase in conditions in which the upper respira-
tory tract is blocked at least in part, e.g. malignant
catarrhal fever, IBR (see p. 289) and pharyngitis.

(7) Increase and become shallow in conditions that
interfere with the function of the respiratory
muscles, e.g. tetanus (see p. 733).

(8) Increase very markedly in severe anaemic
conditions, e.g. piroplasmosis (see p. 748) and
haemorrhage.

(9) Increase and become laboured in conditions that,
for various reasons, decrease the amount of active
lung tissue, for example:

(a) active pulmonary congestion prior to pneu-
monia (see p. 860);

(b) chronic venous congestion, e.g. vegetative
endocarditis (see p. 726);

(c) acute anaphylactic conditions (see p. 927);

(d) ‘“fog fever’ (acute pulmonary oedema and
emphysema) (see p. 866); and

(e) pneumonia (see p. 864).

Acute nervous and convulsive syndromes

Nervous signs occur relatively frequently in cattle of all
ages, and vary from mild signs of ataxia and head press-
ing on the one hand to hyperaesthesia, circling, muscu-
lar tremors, aggression, collapse and convulsions, on the
other.

Acute hypomagnesaemia (see p. 787)

This condition occurs in dairy cattle on heavily fertil-
ized high-protein pasture at turn-out in spring, and
again in the autumn. It also occurs in winter and early
spring in beef cattle on exposed pasture. Hyperaesthe-
sia, with muscular tremors of face, eyelids, ears and
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muscles of the head and neck, is followed by strabismus,
generalized muscular tremors and collapse in general-
ized clonic convulsions.

Transit tetany

This occurs during transport, largely in preparturient
cattle under stressful conditions. Signs are similar to
those of hypomagnesaemia, but blood may be low both
in magnesium and calcium.

Bovine spongiform encephalopathy (BSE)
(see p. 909)

This shows more slowly developing hyperaesthesia with
ataxia and behavioural changes prior to collapse. These
changes include apprehension occasionally amounting
to panic, obsessive licking of nose and lips, semaphor-
ing of ears, refusal to pass through doorways, kicking
off the milking clusters in the parlour, reflex kicking
at other times and muscular tremors of neck and
shoulders.

Hepatic encephalopathy

Hepatic encephalopathy, occurring as a complication of
certain forms of liver disease, e.g. ragwort (see p. 945) or
other forms of plant poisoning, is due to the effect upon
the brain of ammonia released from the damaged liver.
Signs are ataxia, dullness, slow circling, head pressing
and collapse. Occasional periods of excitement are seen.

Tubercular meningitis (see pp. 251, 862)

Not to be forgotten in these days when bovine tuber-
culosis is on the increase, tubercular meningitis may be
seen in half-grown cattle as a sequel to congenital
tuberculosis or the consumption of milk from cows with
mammary tuberculosis. Ataxia, stumbling, bellowing
and an inco-ordinate aggression with head pressing fol-
lowed by collapse were frequently seen in this condi-
tion. In the days of horned cattle, fracture of one or
both horns often occurred as a result of head pressing.
Blindness in one or both eyes might also occur.

Lead poisoning (see p. 944)

In the adult lead poisoning produces blindness and
aimless wandering, often complicated by trauma due to
collisions with walls, trees, etc. Bellowing frequently
occurs.

Rape poisoning (see p. 941)

Rape poisoning may produce excitement, aggression,
blindness and bellowing, a nervous syndrome, which

may be complicated by dyspnoea, haemoglobinuria and
constipation.

Listeriosis (listerellosis) (see pp. 251, 904)

Listeriosis occasionally occurs in silage-fed cattle, pro-
ducing an initial pyrexia followed by hyperaesthesia, a
tendency to aggression, circling, head pressing, facial
paralysis with drooping of one or both upper eyelids
and a dry keratitis. One or both ears may also be
involved, and occasionally the fifth cranial nerve as well
as the seventh is affected so that chewing and swallow-
ing are impaired and food becomes impacted in the
pharynx and mouth.

Ketosis (acetonaemia) (see p. 795)

Ketosis is normally a sign of energy deficit in high-
yielding dairy cattle between two and six weeks after
calving. The condition may well be subclinical, doing no
more than reducing yield. At its worst, it produces inap-
petence for concentrates, lethargy and constipation,
with a normal or subnormal temperature and pulse
rate.

Occasionally, a nervous form occurs producing ataxia
and excitement, with marked head signs, the patient
licking itself and anything within reach in an obsessive
fashion, holding the bars of the shippen or parlour in its
teeth and chewing to such an extent that tongue and
lips may bleed forming a bloodstained froth. Ketone
bodies are present at high levels in blood, milk and
urine.

Occasionally, this licking frenzy may occur as a com-
plication of milk fever. It is known as ‘licking mania’
and is believed to be ketotic in origin.

Acute inflammatory, exudative and/or haemorrhagic
lesions in the brain

Acute inflammatory, exudative, and/or haemorrhagic
lesions within the brain may cause marked excitement
bordering on mania before collapse occurs. This picture
may occur in anthrax (see p. 717), in which case diag-
nosis will be helped by generalized haemorrhage and
oedema, and is also sometimes seen in malignant
catarrhal fever accompanied by marked nasal and
ocular discharge, with heat and pain over the sinuses of
the head. Horns, if present, feel hot and in cattle with
white horns they become very reddened and may, in
fact, become loose. There is usually profuse diarrhoea.

Convulsive syndromes that are relatively frequent
among calves

Lead poisoning (see pp. 906, 944): This is still common,
causing abdominal pain, blindness, salivation and con-



vulsions, with marked bellowing and leading rapidly to
death.

Magnesium tetany (see p. 255): In beef calves fed dam’s
milk alone without supplement magnesium tetany
appears at 12-16 weeks of age, producing star gazing,
stilted gait, muscular tremors and hyperaesthesia
leading to convulsions and death. Abdominal pain,
blindness and bellowing are not features of magnesium
tetany.

Gammexane (gamma BHC) poisoning (see p. 942):
This condition is due to feeding milk in buckets con-
taminated with gammexane, after mixing insecticides,
and causes very severe clonic convulsions and death.

Linseed poisoning (see p. 941): The acute dyspnoeic
picture with gasping and muscular spasm that follows
the feeding of warm wet linseed to calves may look
much like a convulsive picture unless one is aware of
the signs of prussic acid poisoning.
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Muscular dystrophy (see pp. 258,302): Calves dying of
heart failure due to the cardiac form of muscular dys-
trophy will normally be housed calves fed only on dam’s
milk. Vitamin E intake may therefore be low, and at two
to three months of age any sudden excitement, such as
the arrival of the dam at feeding time, may trigger off a
cardiac failure episode with cyanosis and anoxia which,
nevertheless, may superficially resemble a convulsive
syndrome.

Cerebrocortical necrosis (see p. 261): Cerebrocortical
necrosis (CCN) occurring in housed or yarded calves
may produce star gazing, hyperaesthesia and ataxia but,
occasionally, leads to a severe convulsive picture.
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Introduction

Genetics in hereditary diseases corresponds to the
microbiology of infections. Before Pasteur’s contribu-
tion to bacteriology, infections were crudely controlled
by isolation, but his work greatly improved preventive
measures. Similarly, genetics greatly improves the
precision in controlling hereditary diseases.

Many genetic problems are complex and exhibit a
spectrum from being entirely genetic to entirely envi-
ronmental. The genetic component may be divided into
major gene and polygenic effects. Polygenes each have
a small effect and produce continuous variation. Most
disease due to major genes is, however, also influenced
by minor genes and many diseases currently considered
polygenic may in reality be affected by relatively few
major genes.

Observations and experimentation indicate that, like
the well-studied Drosophila, cattle carry a genetic load
of deleterious major genes producing gross abnormality
and of deleterious polygenes producing subfertility,
increased disease susceptibility and poor physique. With
current knowledge many polygenic constitutional
defects can only be studied biometrically, but the final
aim is to recognize individually every gene and its
location on specific chromosomes. Recombinant DNA
technology now makes this theoretically feasible.

Deleterious major genes

Every body system is subject to abnormal inheritance.
Indeed, if, as the embryo unfolds, a defect occurs early,
several subsequent systems may be involved, produc-
ing a syndrome. Environmental disturbances, or other
genes sometimes inherited differently but affecting
the same developmental pathway, can produce identi-
cal diseases or syndromes.

Genetic diseases affect all ages from conception
to senility. Congenital malformations, observed at birth,
may be genetic or due to maternal effects such as
infections, nutritional deficiencies or drugs. Genes
control the synthesis of proteins and, when defective,
generally result in an enzyme reduction or deficiency.

161



162 e Chapter 12

Molecular genetics has developed the concept of
control genes, influencing structural genes, but most
genetic diseases are still thought of in terms of struc-
tural or chromosomal mutations.

Genes and disease in different species

The basic genetic physical structure of all species from
worms and fruit flies to humans is similar. For example,
the control homeobox genes, the molecular architects
organizing other genes and switching them on and
off at the correct time, are universally responsible for
the division into head, thorax and abdomen. The gene
that controls eye development in humans, when
inserted into a fly, produces normal fly development.
This common, genetic, evolutionary heritage implies
that genetic malformations present in one species will
often also be present in others. The luxate gene in mice,
humans and Galloway cattle is an example. Further
genes can be transferred from one species to another.
Using transgenics, most known human genetic diseases
have been transferred to mice.

Mammalian species probably have around thirty
thousand genes and yet only three hundred are thought
to separate mice from men. Different species are
therefore likely to suffer from similar infections and
infestations. Tuberculosis and the influenzas illustrate
the point. Studying genetic disease similarities and dis-
similarities between species constitutes comparative
genomics.

Genetic epidemiology

All cattle breeds possess several genetic diseases, some
common to many breeds, others specific to individual
breeds. Several hundred have been described and many
more are known.

Most persist at a low frequency. Some appear almost
sporadically in many different herds over the years.
Others are concentrated in a few herds in sudden out-
breaks. Occasionally, a defect increases until individual
or collective action reduces its frequency. If breeders
relax, its frequency increases again, producing a cyclical
pattern.

Economic loss

Calf loss may reach 20 per cent within a herd for several
years, as in Galloway tibial hemimelia (p. 176). Maternal
mortality may be high as in prolonged gestations in
many breeds (p. 183). Difficult parturitions reduce yield
and late abortions result in long dry periods. In later
developing defects, e.g. hip dysplasia (p. 453), only cull
value is obtained. The bull has to be replaced, the breeding
programme is disrupted and pedigree sales drop. Coun-
terselection substantially reduces economic selection.

Few breeders escape genetic disease at some time.
Economic data are not available on either the direct
loss due to major deleterious genes or the greater indi-
rect loss from counterselection. Genes capable of pro-
ducing defects are, however, abundant and most cattle
probably carry several. Only fear of inbreeding and
continual selection against defects prevents more
frequent outbreaks.

Modes of inheritance

Inheritance is duplicate: each individual has two genes
(units of inheritance) for a particular character or func-
tion at each locus on the chromosomes. A parent passes
one on a random basis to an offspring, the other coming
from the second parent. Chemically, genes are deoxyri-
bose nucleic acid (DNA) and the fine structure of the
gene has been elucidated, but for most clinical purposes
the gene may still be regarded as the unit of inheritance.

Dominant genes

In regular dominance every carrier is affected. The
disease is generally inherited from one parent and
half its offspring are affected. A new dominant gene
producing a severe effect tends to be lethal and produces
single isolated effects. Surviving dominants produce
relatively minor defects, e.g. notched ears in Ayrshires.

Irregular rather than regular dominants are more
common in cattle. An individual may carry the gene but
not manifest it due to intangible environmental effects
or modifying genes (incomplete penetrance). Half of its
offspring also carry the abnormal gene but a proportion
similarly do not manifest it, producing irregular segre-
gation ratios.

Hereditary ataxia (p. 178) in Aberdeen Angus illus-
trates this inheritance. Transmitting bulls mated to non-
carrier cows leave around 25-40 per cent of calves
affected instead of the expected 50 per cent, so pene-
trance is from 50 to 80 per cent.

Some late-developing defects, such as arthritic con-
ditions in bulls (p. 176), could, in theory, be due to dom-
inants. The bull would not exhibit the disease until old,
and bred from, and because of culling, the relationship
and ratios between bull and offspring might not be
easily noticeable.

Semidominant genes

These are quite common in cattle. A single gene pro-
duces a defect but a double dose increases its severity.
In the single dose, the abnormal gene converts a Kerry
into the small, more desirable, Dexter, but a double
dose produces monsters. Matings of Dexters produce
on average 25 per cent Kerry types, 50 per cent Dexter
types and 25 per cent bulldog monsters (see p. 175).



Many dwarves exhibit this inheritance. Often, as in
snorter dwarves in Herefords, the carrier conformation
is only slightly different from normal and slightly better
(heterozygote advantage). Selection for carriers then
spreads the disease. At the limits, one-quarter of the
calves are defective.

Recessive genes

A single gene does not show in a carrier because of the
normal dominant gene. The defect only appears with
a double dose. Neither parent is affected yet the defect
has come from both parents.

In carrier matings one in four of the offspring are
normal (RR), two are carriers (Rr), and one will be
affected (rr). This is true on average but not for
individual or small groups of matings. Moreover, pure
recessives giving exact ratios are rare, even with the
traditional genetic model of Drosophila.

The abnormal gene is usually considered neutral in
carriers but in some cases, probably more than is
currently understood, it may be detected biochemically.
Carrier recognition is a major field of genetics and
should always be sought in major recessive outbreaks
in cattle.

Recessive defects may also have reduced penetrance.
Since the frequency of recessive homozygotes is gener-
ally low, if further reduced by incomplete penetrance,
inheritance is best described simply as irregular, and
calculating the penetrance of a recessive is generally
unprofitable.

Recessive defects often appear following line breed-
ing. A breeder obtaining good daughters from one
bull is often tempted to use related bulls on these.
These related males may carry the same recessive gene
derived from a common ancestor. Some second matings
are thus between carriers, and defects appear. The
pedigrees of affected animals often reveal common
ancestors within a few generations.

Sex-limited and sex-linked genes

Many cattle diseases are limited to one sex, for ex-
ample, testicular hypoplasia (p. 182). The other sex,
however, plays an equal role in inheritance and the
defective genes are in the non-sex autosomes. This
inheritance must be distinguished from sex-linked
recessive inheritance where the abnormal gene is
carried on the X chromosome and a carrier cow trans-
mits the disease to half her bull calves, and leaves half
her heifer calves as carriers; a cow with a double dose
of the harmful gene would show the disease. Since sex-
linked recessives are not transmitted by unaffected
bulls, they are rare in cattle.
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Multiple alleles

Each locus on the chromosome may have not just two
but several genes present. Various combinations of these
genes may produce a gradation of severity of a con-
dition. For example, a series of multiple alleles reducing
melanism successively dilutes coat colour from normal
agouti to albinism. Multiple alleles may contribute to the
variation in clinical expression of many diseases.
They are also a common form of inheritance in many
disease-related biochemical variants.

Irregular inheritance

Many, indeed most, genetic diseases of cattle are
inherited irregularly. They do not provide simple
genetic ratios and are characterized by sporadic
incidence and occasional concentration within families.
Arthrogryposis in Charolais characterized by calves
with twisted limbs (see p. 177), cleft palates and a
twisted spine, illustrates the problem. More than half of
all artificial insemination (AI) bulls produce a few
defective calves but a few (about 5 per cent) leave
around five per cent of affected calves.

Cryptorchids provide another example of non-
Mendelian inheritance. Cryptorchidism is frequently
sporadic (p. 182). Most extensively used sires leave
some cryptorchids. Many cryptorchids leave mainly
normal offspring and most cryptorchids have normal
parents. Occasionally, however, affected or normal bulls
sire a higher proportion of affected offspring than
average. Their incidence also increases markedly on
inbreeding. Cryptorchidism thus has a genetic compo-
nent and probably both male and female contribute to
its occurrence.

Such defects result from unknown environmental
factors and genetic susceptibility, either recessives or
dominants, exhibiting a very sensitive threshold of man-
ifestation.

Genetic polymorphism

This is a discontinuous variation which persists in a
population apparently more or less at random. Cattle
blood groups are an obvious example. Their relative
proportions are not maintained by a balance between
mutation increasing the defect and selection removing
genes in affected animals. Most, however, will probably
be ultimately shown to affect fitness. Many may be
relics of resistance mechanisms to much earlier plagues.

Chromosomal abnormalities

Structural chromosomal mutations, such as duplications,
deficiencies, inversions, translocations (p. 184) and alter-
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ations in chromosomal number, are not uncommon in
cattle. Large chromosomal breakages produce complete
sterility and small breakages subfertility. Both are
inherited like irregular dominants. Bulls with low con-
ception rates due to minor chromosomal abnormalities
pass the defect directly to their sons.

Many chromosomal defects, often difficult to detect,
are probably present in early embryos, and account
for a considerable proportion of early embryonic morta-
lity and some reduction in conception rate. The uterus,
however, acts as a clearing house for such defects and
few progress to birth.

Epidemiology and control

Breeds are generally organized hierarchically. A few
top herds supply bulls to less influential breeders who
in turn supply commercial producers. If a harmful
gene spreads in the top strata these bulls spread carriers
through the breed. Similarly, if the defect is eliminated
from the top herds then sires free from the defective
gene slowly reduce the defect in the other herds. The
origin and increase of a harmful mutant in the top herds
is probably due to mutation and genetic drift.

Control is the sum of the control efforts of individual
breeders. Affected herds select against the gene, and
breeders soon learn from which herds to reduce their
purchases. The distribution of non-carrier bulls reduces
the incidence.

The desirability of control will vary with the severity
and frequency of the defect. A defect causing dysto-
kia justifies considerable counterselection, but a minor
defect such as colobomata very little. Strong selection
against a defect may also relax selection for important
economic characters.

Controlling dominants

A regular dominant spreads directly down through
a breed but such direct transmission is rare in cattle
except for minor defects such as some forms of
polydactyly. If required, culling all affected animals
eliminates the defective gene.

Dominants exhibiting incomplete penetrance, how-
ever, commonly spread directly. The lower the pene-
trance, the greater the likelihood of this occurring. If
penetrance is high a few offspring will pinpoint a carrier
parent and transmitters can be culled. If penetrance is
low, control is more difficult, since many offspring are
required to detect carriers.

Controlling recessives

At breed level, epidemiology and control of recessive
genes will depend on the gene frequency. This is simply

the proportion of genes of a particular type in the pop-
ulation. Since each animal has two of these genes, the
proportion of carriers is approximately twice the gene
frequency, and the incidence of affected individuals is
the square of the gene frequency. Thus, if the incidence
of a recessive defect is 1 per cent, the gene frequency is
10 per cent and the proportion of carriers about 20 per
cent. Even a low incidence of defects thus implies large
numbers of carriers.

Moreover, this gene frequency will be the average for
the whole breed and much higher frequencies will occur
in farms that have used carrier males recently. Thus
the outbreaks and frequencies will be patchy with
some farms heavily affected and others with few or no
defects. This often renders measurement of the
incidence of a defect in a breed difficult. A useful guide
is that a defect attracts notice when around 1 per cent
of calves are affected in the breed so that about 18-20
per cent of animals are carriers.

Reduction in frequency can be rapid if the initial
frequency is high but is slower as the frequency de-
creases or if the initial frequency is low. Thus breed-
ers can rapidly reduce a recessive defect at high levels
but eliminating it completely is very difficult.

The main difficulty in selecting against a recessive is
the large number of carriers that cannot be recognized
on visual inspection. However, if all bulls and cows
producing defects are culled, experience shows the
incidence of the defect soon drops to acceptable levels.

Controlling an irregularly inherited defect

In a disease such as arthrogryposis (p. 177) all bulls
leaving defects cannot be culled but only bulls trans-
mitting most frequently. Similarly, in defects such as
cryptorchidism, control is based on not using affected
animals or close relatives and this is effective in main-
taining a low frequency.

Irregular defects such as cryptorchidism (p. 182)
would only increase if affected animals were continu-
ously used. Why they persist at a low level despite gen-
erations of natural and artificial selection is unknown
although carrier advantage may be suspected.

Genes exhibiting good and bad effects

Some pleiotropic genes or closely linked gene
complexes produce both desirable and undesirable
effects and selection for the good effects may spread the
gene. For example, some genes producing desirable
coat colours also cause infertility. Selection for the coat
colour may thus spread infertility or maintain it at a low
level, as in white heifer disease (p. 183).



A gene may be beneficial when single but harmful
in a double dose as in selection for the desirable
conformation in American beef breeds resulting in
unconscious selection for carriers.

Inheritance involving advantageous and disadvanta-
geous effects may be much more common in cattle than
suspected.

Assessing controls

Excessive controls, such as compulsory recording of
all abnormalities, are sometimes advocated. Controls
are essential, particularly where a defect has become a
problem, but they should be kept in proportion. They
should be kept to the minimum level necessary, so that
selection for efficient production can proceed as rapidly
as possible.

Investigating genetic diseases

Inheritance may be suspected when other factors
are excluded, the defect runs in families and previous
reports implicate genetics. Since environmental defects
may simulate genetic conditions and similar clinical
defects have different genetic causes inheritance in the
affected herd should be investigated.

Inheritance exists when one bull has sired all the
defects and another contemporary bull has left none
when mated to similar females in a similar environ-
ment. However, such controls are often not available
and a properly designed experiment may be necessary.

If line breeding is being practised a new defect is
probably genetic. If recessive, both sexes are affected
equally and the incidence within a herd seldom rises
above 15-20 per cent. The disease may disappear as
unaffected males are brought in. Since environmental
changes are often made simultaneously confusion may
arise.

Simple recessive defects resemble each other
fairly closely — one dropsical calf tends to be similar
to another. Where considerable variation in clinical
appearance or age of onset is present a simple recessive
is unlikely.

In cattle, and especially in a small herd, establishing
the exact inheritance may be difficult. Often all that can
be said is that the disease runs in families and comes
from either one parent only or, alternatively, the genetic
factors are present in both parents.

Breed differences are also suggestive of genetic
disease but not conclusive because of possible con-
founding between breed and environment. This is par-
ticularly true where infections or mineral deficiencies
are involved.
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Pedigree analysis

A few generations intensively studied are better than
long pedigrees. A list of normal and affected animals
born during and immediately prior to the outbreak,
their sex, sire, dam and maternal grandsire is generally
adequate. This list will indicate if simple genetic ratios
exist.

With recessives one out of four offspring of carriers
are affected, but in practice the common ratio obtained
is one in eight. This occurs when two carrier males are
used successively. The first carrier leaves on average
half of his daughters carriers (as well as half his sons).
In mating the second carrier bull to the carrier daugh-
ters, one out of the four offspring are defective. About
one in two X one in four, i.e. one in eight of the second
bull’s offspring are defective.

Care has to be taken with pedigrees since as many as
10 per cent may be inaccurate. Few pedigree investiga-
tions fail to produce anomalous cases.

DNA analysis

Almost weekly a new gene for a human disease, located
by deciphering the genome, is recorded and some
breast cancers are already subject to routine screening,
particularly in patients with a family history. Although
mapping the genome in cattle is being pursued in some
laboratories, financial restraints limit progress.
Moreover, reliable results require great technical skill
to narrow down the suspected DNA sequences, which
may involve several hundred genes, to the required
gene and to assure the specific gene is involved. Until
more progress is made reliance for diagnosis and
control in livestock has to be placed on the more
standard but still relevant procedures such as pedigree
analysis outlined previously.

Predicting future diseases seems to cause substantial
ethical and insurance problems in humans, but in
livestock, while similar problems will arise, they are
relatively trivial. In contrast, predicting future diseases
in livestock is one major way ahead in reducing disease
incidence.

Differentiating genetic and
infectious diseases

Genetic and infectious diseases may, on occasion,
be confused. Their epidemiology can be similar, with
deleterious genes or infectious agents radiating out
from heavily diseased foci. Moreover, many infectious
diseases through close contact are familial and genetic
resistance may be present, enhancing the familial
aspects. Pathology may even be similar, since an
invading organism can affect the same developmental
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pathway as a deleterious gene. The crucial distinctions
are the isolation of an infectious agent and experimen-
tal transmission of the disease or the establishment of
fairly clearcut genetic ratios, perferably the former.

Genetic counselling

In the event of a genetic disease a breeder should be
advised to change the bull immediately, thus eliminat-
ing the appearance of the defect and reducing the
carrier incidence in offspring. Continuous use of non-
carrier bulls gradually reduces the number of carriers.

If a carrier male has had only restricted use all his
daughters should be culled. However, where the herd
has many carrier females, culling should be gradual
to avoid decimating the herd. Known carriers and
low-producing females should be culled first. Where
the abnormal gene occurs in a particularly good strain
its frequency should be reduced rather slowly so as to
preserve the strain intact, i.e. some defects should be
suffered to maintain production qualities.

In a serious outbreak a breeder might test a male on
about 20 of its daughters or half sisters, or on 10 known
carrier females. Generally, however, test mating is
expensive and best avoided.

Control of defects inherited as irregular dominants
or in a non-Mendelian fashion, follows the same
principles. The bull should be changed and transmitting
females culled.

When a defect rises in frequency, the breed society
should seek veterinary advice. After ensuring that the
disease is recognizable, both clinically and pathologi-
cally, its mode of inheritance and methods of control are
then explained to breeders so they can counterselect
most effectively. Prenatal diagnosis and selective
abortion, although feasible, should only have limited
application in valuable animals in cattle practice.

Genetic defects and
artificial insemination (see Chapter 39)

Artificial insemination centres seldom suffer outbreaks
of genetic disease because they avoid inbreeding, par-
ticularly in the larger units, and rapidly withdraw bulls
transmitting defects. Although most bulls carry several
defective genes, few leave many defects in their progeny
since their cow population is unlikely to have a high
gene frequency for the same defect. While a carrier
bull leaves half his daughters carriers, each time a non-
carrier is used on the succeeding daughter’s genera-
tions, the carrier incidence is halved.

Automatically eliminating bulls leaving three or so
affected offspring is rather rigid. Selection against bulls
leaving calves causing maternal mortality, late develop-
ing defects, or leaving three affected calves in their first
100 offspring should be more intense than against bulls
producing unimportant defects, or producing a few
abnormalities among several thousand normal calves.
Again, a few defects among several thousand normal
calves is tolerable from a bull transmitting efficient
production.

When an undesirable gene is increasing, an Al centre
should buy bulls from sources thought to be incidence
free. Even with limited numbers of offspring and a low
gene frequency, carrier bulls should soon be detected.
For a serious condition, bulls might be progeny tested
on known carrier females.

Testing all bulls on their daughters would test for
any deleterious gene. Since most bulls probably carry
several such genes, the bulls available would be limited.
Where older bulls are being used, the test might be
of some value, although low production in the inbred
daughters would be a disadvantage.

Generally, AI, because of its scientific basis and mon-
itoring procedures, is an agent for reducing rather than
increasing defects.

Genetic defects and egg transplanting

Routine egg transfer permits intense selection among
females and potentially concentrates even further the
genetic base. It thus enhances the risk of spreading
genetic defects. Provided proper surveillance is insti-
tuted and donors transmitting defects rapidly with-
drawn, like Al, it should however decrease rather than
increase genetic disease.

Polygenic deleterious genes

There is very marked individual variation in fertility, in
susceptibility to infections and metabolic diseases and
in conformation and physique. The genetic part of con-
tinuous variation is considered to be due to many addi-
tive genes, each with a small effect. They produce a
bell-shaped distribution whose mean can be shifted by
selection.

Multifactorial inheritance, particularly from field
data, is measured by a heritability estimate — the ratio
of genetic influences to all influences (genetic and
environmental). Heritability estimates tend to vary
widely according to the method of calculation and the
particular field data chosen and are commonly aver-
aged to obtain a generalized more reliable estimate.
Individual estimates have to be treated with great



caution, especially when used to predict rates of
progress under selection. Strictly speaking they apply
only to the population from which they are obtained
and their predictive value is limited to a few generations
at most.

Sterility and infertility genes

Infertility genetics is little understood. Although there
is substantial automatic natural selection present for
fertility, the marked decline in fertility with inbreeding
and its restoration on crossbreeding demonstrates the
existence of many infertility and subfertility genes.

Difficulties and inaccuracies in statistically measuring
fertility, and the different indices used, have produced
very different estimates of its heritability. Most studies
suggest the heritability of pregnancy rate in cattle is
low, almost zero. Some based on sire/son comparisons,
however, suggest figures as high as 40 per cent.

Intense selection for yield is thought by some workers
to lower fertility. It can be argued that a few per cent
decrease in pregnancy rate might be overestimated in
comparison with high yield. Lengthening calving inter-
vals, however, markedly reduce profitability and selec-
tion for fertility should remain a high priority with some
culling of sons of bulls with low pregnancy rate.

Semen volumes and sperm numbers, concentration,
motility and morphology show marked age, breed,
weight and individual variation (see p. 604). Semen
characteristics are considered to be moderately herita-
ble (15-20 per cent) and should respond to selection to
improve semen quality but progress would be slow. The
correlation between sperm characteristics and fertility
is, however, not entirely clear and some semen stand-
ards may be unnecessarily high, leading to reduced
selection for other characters. Specific sperm defects
which are common, e.g. knobbed sperm, are often due
to single genes and should be strongly selected against.
Testicular size and conformation are also influenced
considerably by genes. The difference in libido between
beef and dairy bulls is sufficient to indicate the strong
genetic influence in libido.

At the herd level most infertility problems are tran-
sient and non-genetic. Similarly, repeat breeding in
individual cows is usually of environmental or manage-
ment origins. Oestrous expression, however, plus time
of onset of post partum cyclicity, probably has a con-
siderable genetic component associated with hormonal
differences.

Calving difficulties

Genetic selection for yield and growth rate increases
body size and larger cows inevitably have increased
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calving problems. Friesians, for example, have more dif-
ficulties than Jerseys or Ayrshires. At the extreme limit
in pure, large, continental breeds cows can only produce
a few calves before becoming sterile. Counterselection
is impossible as long as growth rate is given priority and
the only remedy is Caesarean section.

Susceptibility and resistance genes

Susceptibility and resistance genes are widespread and
genetic variation in disease resistance has always been
demonstrated when adequately sought. Animals rela-
tively resistant to one disease are often susceptible
to another. Resistance is sometimes polygenic but,
with increasing research, it has often been found to be
dependent on relatively few genes.

In natural epidemics an invading organism frequently
spreads rapidly causing heavy mortality. Some geneti-
cally resistant animals almost invariably survive and
subsequently multiply. After initial oscillations, host
and parasite settle down to coexist. Initially acute dis-
eases tend to become chronic as genetic immunity
develops.

Before control, selection for resistance genes must
have been intense. This effect is still obvious in tropical
countries, for example, where Zebus are markedly more
resistant to local disease than exotic breeds. In grading
up by crossbreeding, a proportion of Zebu genes has to
be retained and indeed in high-disease areas improve-
ment of indigenous cattle may be preferable. For many
large countries resistance genes dictate a stratified
breeding programme from pure exotics to pure indige-
nous cattle. In tropical countries genotype—environment
interactions are of prime significance.

In European cattle the most obvious example of
genetic resistance is in mastitis. There are marked breed
differences. Heritability estimates vary enormously
but are probably around 10-15 per cent. Daughters of
infected dams are more susceptible and some bulls
transmit substantially more mastitis than others. In one
extensive survey most mastitis cases were daughters of
relatively few Al sires.

Selection to raise the frequency of mastitis-resistance
genes, even with Al, although feasible, would be diffi-
cult. Many daughters, perhaps 250, would be required
to classify the bull. Currently sires’ daughters are clas-
sified mainly on first lactation yield when mastitis is less
frequent and the effect of AI on mastitis incidence is
probably neutral. It is dangerous to assume that selec-
tion for high heifer yield automatically implies selection
for health, as many diseases occur in later lactations.

Calf scours and pneumonia also have a genetic com-
ponent, associated with colostral antibody. This varies
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genetically, as does the vitality of the calf, influencing its
suckling ability.

BSE is another infectious disease where mouse
research published and some unpublished research
on scrapie and BSE’s epidemiology suggest there are
strong genetic and familial factors operating. Research
has been hindered by the need to prevent its spread to
humans. Since safety in humans can only be guaranteed
by its elimination in cattle, the genetic factors involved
justify much further research.

There are marked species and individual differences
in the severity of foot-and-mouth disease and selection
could probably enforce this resistance, but vaccination
would seem the best approach in such an infectious,
rapidly spreading disease involving many viral strains.
Isolating the experimental animals could also prove a
major, although not insuperable, problem.

Parasitic infections, however, are emerging as a very
possible candidate for scientific counterselection. They
tend to be chronic, natural selection resistance already
exists and regular treatment is expensive. This field is
likely to develop, perhaps particularly in tropical live-
stock development centres (LDCs).

The greatest progress in artificially selecting for
disease resistance depends on detecting biochemically
resistant and susceptible animals. Considerable
progress is being made on this front, centring around
immune response genes. These control the ability of
the animal to produce antibody against certain specific
antigens. The Ir genes are on the part of the chromo-
some that contains the genes controlling the acceptance
of tissue grafts, the histocompatibility genes. These
latter can be detected serologically and both Ir genes
and histocompatability genes form a multiple allelic
series.

As knowledge of this gene complex increases and
the genetic basis of immunity is understood in finer
detail, positive selection for resistance to disease may
become more feasible. Artificial insemination, egg trans-
planting and, ultimately, gene transfer are the obvious
instruments.

Selection for disease resistance is likely to be
profitable, however, only where vaccines are not
available, although in some cases genetically more
resistant animals respond more effectively to vaccines.
Both approaches may in some circumstances be
complementary.

Metabolic disease genetics

Individual variation in susceptibility to metabolic
disease is well demonstrated by milk fever. It has a
heritability estimate of around 20-25 per cent and a
repeatability of about 20 per cent, indicating how sus-

ceptible cows can be. There are also breed variations,
Channel Island breeds being particularly liable. Breed
variation in hypomagnesaemia and acetonaemia also
exists.

The anaemia common in high-yielding cows provides
one of the best experimental examples of the strength
of biochemical individuality. In one unpublished twin
study, despite marked prolonged nutritional and weight
differences, haemoglobin, red blood cells, packed cell
volumes and mean haemoglobin concentrations were
all so highly determined by individuality that pair
members closely resembled each other in blood
pattern, despite the nutritional differences within and
between pairs. Individual differences overshadowed
the nutritional effect.

Such individual differences indicate the need for
caution in interpreting disease status from blood analy-
sis in individuals. Because of individual variation nor-
mality is difficult to define. A single animal with a low
haemoglobin may not be anaemic but merely exhibit-
ing a normally determined low value. Blood tests are
generally most valuable at the herd level in preventive
medicine.

Selection for increasing yields is putting dairy cows
under increasing stress and metabolic diseases are
steadily increasing in developed countries. Both milk
fever and acetonaemia are basically diseases of high
yielders and almost unknown in less-developed
countries.

Disease genetics and cattle
improvement schemes

These are essentially interwoven. Improvement
schemes carry risks as well as rewards. Those based on
Al and egg transplants steadily to improve rates of
progress involve the risk of inbreeding depression.

Inbreeding depression

Since relatively few males are required to avoid
inbreeding, in theory it presents little problem in
improvement schemes.

As technology reduces bull numbers and Al sires are
followed by their sons more care will be necessary.
Using a few score bulls for several million cows should
not cause serious inbreeding provided sons are not
chosen repeatedly from only the very best sires, causing
an undue concentration on very few sires. However,
after many decades, such a system could cause a serious
accumulation of inbreeding effects. Remedies would
include importations, using stored semen or splitting
the breed into small units and exchanging bulls. Simi-



larly, with egg transplanting overconcentration on a few
mothers has to be avoided.

In practice, however, more inbreeding may be occur-
ring than is generally suspected and with inadequate
recording the risks may be being underestimated.

Intense single-character selection

Single-character intense selection in all species
reduces fertility and frequently produces other unde-
sirable correlated responses. The balanced homeostasis
of the animal is upset. At the extreme it often uncovers
major defects, e.g. pygmies in downward selection for
weight.

Intense selection for yield in dairy cattle increases
mastitis, udder oedema and metabolic diseases. The
genetic, early, high-peak yields in dairy cows, much
higher than in any other species, induces stress.
High yielders also suffer increased digestive dis-
orders, foot problems and calving difficulties. High
yielders, although more profitable, thus require expen-
sive health care, particularly to maintain mammary
function.

The genetic reduction in fertility associated with high
yield is probably sufficiently serious to reassess current
selection programmes in dairy cattle. Increased effi-
ciency of production, rather than yield alone, should be
the objective.

Balanced selection

In future, greater emphasis is likely to be placed on bal-
anced selection. Factors such as growth rate and mature
size, body conformation and composition, food intake
and efficiency and perinatal mortality and disease
resistance are likely to be built into selection indices.
Selection will probably also occur under controlled
conditions as well as using field data. The aim will be
better balanced and healthier animals and hence more
profitable dairy cattle.

Positive selection for health

Selection and longevity in dairy cows

The very short lifespan of dairy cows (and bulls) is
probably due to poor management and particularly
inadequate fertility control. Genetic selection for
health and longevity could, however, contribute
substantially to better health. In livestock, positive
eugenics is possible.

Longevity has a considerable genetic component
independent of yield. The heritability of survival to the
sixth lactation may be around 20 per cent. Theoretically,
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selection for longevity at the end of the first lactation
is possible but would require too many daughters
and measurements to be economically feasible. As bio-
chemical individuality is explored in greater depth it
may become possible.

Bull mothers

A simple approach to improving health, and longevity
is to place a much greater emphasis on older bull
mothers, cows that have successfully over five or six lac-
tations resisted mastitis, metabolic disease and infertil-
ity. This approach is now being implemented.

Crossbreeding

Crossbreeding schemes, even those where the primary
objective is blending different maternal and paternal
characters, greatly improve health and vigour.

The simplest explanation of hybrid vigour is that
the load of recessive deleterious genes, which can
be exposed on inbreeding, are covered up by normal
alleles on crossbreeding. Crossbreeding is extensively
used in beef production, particularly where hardiness
is vital, as in exposed hill areas.

Systematic crossbreeding schemes are being used
in some Scandinavian, eastern European and tropical
countries but generally have been little developed in
western Europe.

The best schemes of cattle improvement, maximizing
both health and efficiency, are probably based on com-
bining crossbreeding and selection and using selection
indices. Dairy cattle improvement is only in its infancy
and with increasing research and development such
schemes are likely to develop in the West.

Health recording schemes

Another approach to genetically improving health is
a greater emphasis on health recording schemes.
Currently, the most effective of these are devoted to
improving fertility control, particularly regular calving
and improved heat detection and, to a lesser extent,
early detection of metabolic breakdown. With im-
proved design, however, they are likely to detect bulls
transmitting undesirable qualities such as mastitis sus-
ceptibility and poor heat expression.

Recent advances

The full significance and utility of the two fundamental
genetic achievements of the last decade, the human
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genome project and cloning, are only now being
explored, but the genetic revolution will have a major
impact.

Cloning

Livestock cloning, when a relatively reliable success
rate is achieved, should greatly advance medical
science, enabling the rapid build-up of flocks and herds
containing specific genes for generating pharmaceuti-
cal products, as in various Roslin Institute research
projects. Investigation of the current reproductive
and malformation difficulties should also enhance our
understanding of cell differentiation, and cell multipli-
cation and division, with implications for genetic dis-
eases and even ageing and cancer.

Commercial cloning to achieve rapid once and
for all improvement may require greater caution.
Widespread use of identical animals could leave
them exposed to new, rapidly spreading, emerging
diseases and without biological diversity, whole
populations could be affected. The Irish potato famine
was basically caused by cloned potatoes. Moreover,
the aim is to improve animals every generation
rather than stabilize current populations with prize-
winning livestock. In certain circumstances, however,
where scientifically improved animals have been
developed, limited commercial cloning could prove
worthwhile. Cloning valuable animals before they
succumb to infertility or disease could be regarded as
dysgenic.

One underestimated benefit would lie in exploring
nature and nurture. Currently, field heritability studies
tend to produce lower values than twin studies, and the
problems of nature and nurture are far from being
satisfactorily resolved. In twin research the existence
of only two identical twins reduces replication and
requires very complex experimental designs. Clones
would greatly simplify this. In field studies the intro-
duction of clones into different herds and environments
would also greatly improve the measure of genetic vari-
ation. Apart from specific genetic studies, readily avail-
able clones would improve nutritional and disease
research, raising the whole standard of cattle research,
as pure lines have done in mice.

The genomics revolution

The most significant result from the human genome
project is a reduction in the gene count from an esti-
mated hundred thousand or so to nearer thirty to forty
thousand. Since there are probably hundreds of thou-
sands of proteins, the one gene, one enzyme hypothesis

is, therefore, untenable and each gene must encode for
several proteins — estimates vary from the tens to
several hundreds.

This conclusion leads to a switch in emphasis from
genomics to proteomics as the fundamental key to
understanding the body and attempts are now being
made to produce a comprehensive catalogue and map
of all the proteins. This will be very difficult since
proteins are complex, may interact with other
proteins, once created may be modified and can be
transient.

This changing emphasis is having a major effect on
drug development and therapy. Although in a fluid
state, the new concepts are already tending to empha-
size the importance of individual drug treatment, and
helping to explain why different drugs act differently
in different patients and the occasional side-effects
in block busters and vaccines. The key seems to lie in
genetic individuality producing genetic variation in
individual proteins and hence different responses to dif-
ferent drugs. Medicine, at present, could be regarded as
a diverse collection of symptoms and empirical treat-
ments, but is slowly being converted into a science. The
day when each valuable animal has its own genetic
profile and can be treated accordingly, however,
is a very long way off, but that is the direction in
which genomics and proteomics seem to be leading
pharmacogenetics.

Not only some mammals but many infectious agents,
such as the cholera bacterium, have been successfully
sequenced, work which should lead to more effective
vaccines. Likewise sequencing biting insects such as the
mosquito should ultimately lead to better insecticides.
With infectious agents and parasites evolving rapidly to
overcome current therapies, sequencing should provide
a better understanding of the resistance mechanisms
they are developing (they are fairly well understood in
bacteria already) and this in turn should help provide
better control systems.

In evolutionary terms the reduction in gene numbers
seems to imply that the vast variation in life forms,
including the domestic species and their parasites, may
be due more to control genes, switching genes on and
off, rather than a large number of genes producing dif-
ferent proteins.

In animal breeding terms it is difficult to over-
estimate the significance of genomics and proteomics.
Currently improvement is largely based on biometrics,
particularly heritabilities. In the future this is likely
to be supplemented and possibly finally replaced by
screening the DNA and looking for genes, particularly
major genes, which influence production and disease.
In the even longer term such genes are likely to be
inserted into the genotype — after all, all genes in dif-
ferent species can be regarded as part of one vast



network — and the future of livestock improvement lies
in genetic engineering.

Perhaps after a long latent period, during which the
immense successes of microbiology has dominated med-
icine, the old-fashioned subject of medical diathesis or
constitutional medicine, rejuvenated by Mendelism, is
now reasserting itself.

Conclusions

Thus in cattle improvement, the future is likely to see
a greater emphasis on selection for survival and effi-
ciency as well as production, and genetics will become
a core subject in cattle preventive medicine. With gene
transfer enabling resistance genes to be built in to
cattle, a new Pasteurian age is developing and the
prospects seem limitless.
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Introduction

Most farmers will, at times, have calves that show
defects of a varying degree at birth. Such defects,
although congenital, may be due to genetic or environ-
mental factors or their interaction. The overall level of
incidence of congenital defects ranges considerably in
surveys from 0.2 to 3.0 per cent. It should be remem-
bered that genetic defects are not always apparent at
birth. The incidence of all specific defects is very small,
but detailed investigation of any anatomical system will
often show slight deviations from the norm. Genetic
causes can be inherited on a dominant, recessive or
additive basis and often they are influenced by the envi-
ronment. In many cases all that can be said about a par-
ticular condition is that it is familial. Factors connected
with the environment are many-fold. Other problems
are the result of bacterial or viral infections, nutritional
deficiencies, chemical poisoning and physical insults. If
the condition occurs in the early stages following fertil-
ization (i.e. up to day 14 after fertilization), death of the
embryo occurs and it is resorbed. During the embryo
and organogenesis stage (15-44 days after fertilization)
the effect is variable. In many cases there is death of the
embryo with resorption or abortion, whereas in others
the embryo remains viable and there is congenital
absence, deficiency or disturbance in function. Once the
fetus stage is reached (day 45 to birth) then again death
can occur resulting, if early, in resorption, otherwise
mummification or abortion and, if later, in stillbirth. In
other cases the fetus survives and may be normal or
suffer growth retardation, reduction in size or organic
function, or the animal may become weak.

It is often difficult to diagnose the problem and to
decide whether a congenital condition is inherited or
not, and if it is, whether control of the condition is nec-
essary. Often it is hard to ascertain the frequency of a
problem, as farmers are reluctant to admit its presence
and also how frequently it is occurring. In many cases
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with large herds and limited labour, abortions or
deformities are often missed. When the condition is
present in the offspring of bulls used in artificial insem-
ination the frequency may again be hard to determine
because of the disinclination of farmers to report the
problem. An indication as to whether or not a problem
is of genetic origin may be obtained from the type of
defect apparent and the knowledge already available
about the condition. Other evidence may be a sudden
outbreak of a defect following the use of a new sire and
which only affects calves of his parentage. In some cases
there is evidence of a gradually increasing number of
similar abnormalities that occur over a number of years.
Following an investigation, it may be shown that a
defect is confined to a particular family within a herd
or to the progeny of certain dams.

In most cases the history will show a much lower inci-
dence of any inherited defect in crossbred animals than
in pedigree ones. Some genetic problems are noted as
being very common in certain breeds or families within
the breed and this aids a tentative diagnosis of the con-
dition, e.g. hip dysplasia in Herefords (see p. 453). The
history should be indicative of a relationship between
the condition and mating systems rather than the time
of year, disease incidents, etc. The reuse of the same
bull in repeat sire—dam matings may also indicate the
inherited nature of the condition and its mode of inher-
itance, as also can sire—daughter or sire—half-sister
matings, but these involve a considerable period of time
before any mode of inheritance can be suggested or
confirmed.

Some of the more common conditions are described
under generalized headings of the systems involved.

Cardiovascular system

Ectopia cordis

This is an uncommon congenital abnormality where the
heart is present outside the thoracic cavity. The cause is
unknown. The heart is usually positioned in the region
of the lower neck and can be seen pulsating when some
distance from the calf. Some cases are displaced into the
abdominal cavity.

Ventricular septal defects

These are the most common form of congenital heart
lesion in calves. They vary in their size, which determines
the severity of the signs and their location, but they are
often high on the septum. In some cases the animal sur-
vives for many years with nothing untoward being sus-
pected. The defects can be single or combined with
abnormalities of the blood vessels. The defect allows
blood to pass from the left to the right ventricle.
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The signs mainly depend on the size of the defect. If
it is small the animal may grow normally, have a normal
exercise tolerance and a normal life expectancy. Such
cases are usually only detected when the animal is
examined for some other reason. Occasionally, calves
will suddenly drop dead with no premonitory signs at a
few weeks to several months of age. In severe cases
there will be some stunting in growth, decreased exer-
cise tolerance and a varying degree of listlessness.
Other calves will remain recumbent at birth and die
soon afterwards. In the uncomplicated case there is no
cyanosis, but on auscultation all animals have a systolic
murmur that is very obvious and can be heard on both
sides over a wide area of the chest. At necropsy there
is an interventricular defect and this is often just ventral
to the aorta. In some cases there may be an enlarged
liver.

Multiple cardiac lesions

There are many of these but all tend to be uncommon.
In most cases the animal is born dead, weak or stunted.
Often other congenital defects are also exhibited.
Tetralogy of Fallot is probably the most common and
involves a ventricular septal defect with pulmonary
stenosis, a dextroposed aorta and a secondary ventric-
ular hypertrophy. Eisenmenger’s syndrome is relatively
similar to tetralogy of Fallot with a ventricular septal
defect, a dextroposed aorta but there is no pulmonary
stenosis. Other multiple cardiac lesions include a
double aortic arch and a double outlet to the right
ventricle.

The affected animals usually die. Those that survive
show a very poor growth rate, severe dyspnoea when
exercised, and lassitude. Cyanosis is present in many
cases, particularly after exercise, although in Eisen-
menger’s syndrome, cyanosis may not develop until
late. Auscultation of the heart will reveal a murmur.

Patent foramen ovale

This normally takes about seven to ten days to close
completely in the normal calf. Patency is relatively
common. In many cases there is little blood transport,
but if it does occur it is usually from left to right and so
there is normally no cyanosis. Hypertrophy of the right
ventricle may sometimes arise. There are usually no
signs unless other defects are present. Cyanosis is
absent unless there is subsequent right ventricular
hypertrophy.

Patent ductus arteriosus

Although patent during intra-uterine life, the ductus
arteriosus closes within a day of birth and at least by

five days old. The condition is relatively common and
the cause is unknown. Blood passes from the aorta to
the pulmonary artery. Signs are often limited other than
poor exercise tolerance and lassitude. There is no
cyanosis, but there is a continuous murmur often known
as a machinery murmur as it increases and decreases
with each cardiac cycle. The condition can be corrected
surgically.

Aortic stenosis

This is very uncommon and is just below or at the aortic
semilunar valves’ attachments. Some animals show
few signs, others show dyspnoea. There is a systolic
murmur. Death can occur suddenly with respiratory
distress.

Persistence of the right-sided aortic arch

This is rare, but when it occurs the oesophagus is
encircled by blood vessels, causing constriction. There
is usually regurgitation of milk after feeding and this
normally starts at birth or soon afterwards.

Persistent truncus arteriosus

This condition occurs very rarely.

Abnormal origin of the carotid arteries

This may affect one or both arteries, which may derive
from the pulmonary artery instead of the aorta. This
results in weakness of the myocardium in the ven-
tricle of the affected side due to anoxia, and leads to
congestive heart failure.

Aortic coarctation

This is a constriction at the site of entry of the ductus
arteriosus and results in a systolic murmur and poor
pulse.

Cardiomyopathy

A condition often with polydipsia, hyperpnoea and
dyspnoea for one to seven days before death has
been described in Australian Poll Hereford calves
with a tight curly hair coat. At post-mortem examina-
tion there is vascular congestion of the liver, spleen
and lung with diffuse streaking of the entire
myocardium. It appears to be a genetic condition,
possibly associated with a simple autosomal recessive
mode of inheritance.



Blood disorders

Factor XI deficiency

The main congenital coagulation deficiency reported in
cattle involves factor XI (plasma thromboplastin
antecedent). It has been reported in North America and
recently in Britain. It has been shown to be present in
some Holstein-Friesian breed lines and is transmitted
as an autosomal recessive trait. Factor XI protein is con-
cerned at an early stage of the contact or intrinsic acti-
vation pathway of blood coagulation. This pathway
converges with the extrinsic one due to tissue damage,
resulting in the activation of factor X. Following acti-
vation the factor converts prothrombin to thrombin,
which in turn changes soluble fibrinogen to an insolu-
ble fibrin clot. Bleeding problems can vary from minor
to profuse with haematuria and post-injection
haemorrhage.

Bovine leucocyte adhesion deficiency
(BLAD)

This is a genetic problem caused by an autosomal reces-
sive gene type of inheritance in Holstein cattle which
came into prominence in the 1990s. It is characterized
by a deficiency in the Mac-1 (CD11b/CD1S) cell surface
receptor of the integrin family. The lack of adhesion
results in an inability to combat disease effectively.
The problem is seem in certain genetic lines of
Holstein bulls, some of which have been very widely
used by AI for their increased milk production
characteristics.

Animals involved are not easy to detect initially as
they are more susceptible to infections and so suffer
more enteric and respiratory problems and growth
rates are poor. There is usually oral ulceration, which is
recurrent, and on post-mortem examination some have
peritonitis. Most animals die between two and about
seven months old, although some have survived longer.
Many of the signs are similar to BVD infection, BIV,
mineral deficiencies and parasitic problems including
coccidiosis, cryptosporidiosis and parasitic gastroenteri-
tis. Diagnosis is often difficult, but if BVD is eliminated
and the animal has a marked leucocytosis it is likely to
be the cause. This can be confirmed by laboratory exam-
ination of blood to show the presence of the genetic
defect and looking at the pedigree to determine the
presence of certain affected bulls. Many reputable
cattle semen companies will indicate the presence of
the BLAD factor within their bulls. Treatment has been
successfully undertaken by bone marrow transplant but
is not recommended as it is helping to perpetuate a
genetic defect. If a mating does produce an affected calf
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then it should not be repeated and bulls should be used
which do not carry the BLAD gene.

Simmental hereditary thrombopathy

A bleeding disorder resulting from impaired aggrega-
tion of platelets has been diagnosed in Simmental-sired
cattle. The signs may not be manifested early in life,
although later it causes a prolonged bleeding time after
even minor trauma. These animals become severely
debilitated or die. The problem has mainly been
recorded in Canada, where it is recorded sporadically
in the cattle population. The data available suggest that
the inheritance is the result of the inheritance of at least
two genes rather than a simple Medelian recessive.

Skeletal defects

Achondroplastic calves (bulldog calves,
chondrodystrophia fetalis)

Although it has been associated with the Dexter breed,
it can also occur in the Friesian, Hereford, Jersey and
Guernsey. It is basically a defect of interstitial growth.
The condition is mainly a recessive gene except that it
is dominant in the Jersey. When Dexters are mated
together 25 per cent of the offspring are bulldogs, 50 per
cent are Dexters and 25 per cent are Kerry-type
Dexters with long legs. Most calves are aborted at about
seven months’ gestation. The calves usually have very
short limbs, flattened skulls with a foreshortened face
and short nose. There are often abdominal hernias and
anasarca. In many animals there is hydrocephalus due
to the deformed cranium.

Complex vertebral malformation (CVM)

A problem recently discovered by Danish scientists. It
involves the Holstein breed and appears to have a
genetic basis, possibly with a recessive-type inheritance
pattern. It appears to have been carried by some bulls
widely used for AI across the world. The problem is
of malformed calves which appear visually to have a
foreshortened neck and thorax; the spinal cord may be
twisted, with deformed carpal and metacarpal joints. It
appears that there can also be an increase in abortions,
heart and lung abnormalities and low birthweight.
Control is obtained by ensuring dams are not mated to
known carrier bulls or other bulls descended from the
same bloodlines.

Congenital joint laxity and dwarfism
syndrome (CJLD)

The condition is also known as long bone
deformity/chondrodystrophy syndrome and in Canada
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‘acorn calf syndrome’, as it occurs at a time when
acorns are around. The condition is seen mainly in the
calves of suckler cows and very occasionally dairy
heifers. The calves are mainly born in the spring from
dams which have usually been fed only pit or clamp
silage or rarely big bale silage with no other feeds.
Various causes have been suggested but it appears to
be nutritional in origin, directly or indirectly, as the
addition of another feed such as straw, hay, cereals,
etc. to the diet usually prevents or greatly reduces its
occurrence.

There are various forms of the condition which have
been grouped together and may be variations on the
same problem or different problems. In the dwarfism
syndrome animals are born at full gestation but
have long bone shortening. Other signs can include
increased (laxity) or decreased joint movement (chon-
drodystrophy) and some of these can improve. The fet-
locks are often involved. The head may be domed or
the face dished, there may be superior brachygnathia.
The fore limbs may show lateral bowing or the hind can
be sickle hocked. Severely affected calves are unable
to rise and my have kyphosis. Post-mortem reveals
the skeletal abnormalities; there may also be hepatic
fibrosis.

The cause is unknown although silage feeding is crit-
ical. There appears to be an interference in normal bone
metabolism: it may be a calcium/phosphorus imbalance,
or vitamin D, A or copper deficiency. Manganese
problems have been suggested but supplementation
does not improve the problem. There appears to be no
genetic link.

Osteopetrosis (metaphyseal dysplasia)

This has been recorded in black and red Aberdeen
Angus and Hereford calves. It is thought to be due to
an autosomal recessive gene. The calf may be born
prematurely. At birth it is small and of low weight,
with brachygnathia inferior (shortened mandible),
protrusion of the tongue, impaction of the molar teeth,
misshapen coronoid and condyloid processes, open
fontanelle, thickened cranial bones, shortening of the
long bones and a lack of bone marrow. Radiographs
show the homogeneous bone shaft.

Atlanto-occipital fusion

This is rare and is due to a failure of the first cervical
vertebra to separate from the occipit and thereby form
a joint. It need not necessarily be apparent at birth. The
main signs are ataxia with inability to coordinate limb
movements. There are then abnormal flexures of the
cervical region and recumbency.

Mandible and face abnormalities

The terms ‘overshot’ and ‘undershot’ are often used for
these conditions, but they have variable definitions.
Abnormal length of the upper and lower jaws is better
termed superior or inferior prognathia and shortening
of the upper or lower jaw is superior or inferior
brachygnathia respectively. Most newborn calves show
a degree of inferior prognathia, but this condition
resolves. However, persistent inferior prognathia is
more common than inferior brachygnathia (parrot
mouth). The conditions are thought to be inherited.
Problems can arise from impaction or non-apposition
of the molar teeth. Extreme hypoplasia or agnathia
are rare. Lateral deviation of the face with normal
development of the mandible (campylognathia) is
occasionally seen.

Vertebral column defects

Various abnormalities have been reported including
spirabifida,lordosis (ventral deviation), kyphosis (dorsal
deviation) and scoliosis (lateral deviation). Occasion-
ally, there is partial or total agenesis of the posterior part
of the spinal column;screwtails are reported in Red Polls
and wrytails in Jerseys and Holsteins. Ankylosis of the
intervertebral joints has been recorded.

Defects of the limbs and claws

Occasionally, duplication of all or part of the limb
occurs and in other animals the whole or various bones
of the limb are absent. One problem recently described
is tibial hemimelia in Galloway cattle. Polydactyly or
extra digits have occasionally been seen. A quite
frequent abnormality is the partial or complete fusion
of the digits (syndactyly or mule foot). The condition is
reported in the Holstein, Aberdeen Angus, Hereford
and Chianina. It occurs more commonly in the front
than the hind legs and the right limbs are more often
affected. It can be inherited as a simple autosomal
recessive trait. Duplication of the whole limb (poly-
melia) is very rare. It can be attached to the thigh of the
normal limb by soft tissue and a pseudoarthrosis may
develop between the femoral head and the pelvis.

Osteoarthritis

Although it can be nutritional in origin, it can also
be inherited in Jersey and Holstein Friesian cattle.
There are two main conditions, namely degenerative
arthropathy, which mainly involves the hips, and degen-
erative osteoarthritis, which primarily affects the stifie
joints. The latter condition develops in older cattle
over a period of one or two years. The stifle shows



crepitation and the limb is not raised much off the
ground when walking. The articular cartilages show
degeneration.

Arachnomelia

This condition involves the limbs having very long, thin
distal extremities like a spider and the bones are brittle.
It has been recorded in the Simmental breed. Often
there is spinal curvature and inferior brachygnathia,
which often affects other body systems.

Displaced cheek teeth

The lower mandible tends to be shorter and narrower
than normal with abnormal eruption or impaction of
the cheek teeth.

Lymphatic system

Inherited lymphatic obstruction

This has been reported in Ayrshire calves and is caused
by the autosomal recessive condition. The lymph nodes
tend to be small and the lymphatic vessels are large and
tortuous. The condition results in oedema, which varies
from slight to severe. The calves may be born dead. The
oedema may be so gross as to cause dystokia. Oedema
can be of the head, neck, ears, tail and legs. In slight
cases there is oedema of the legs and these animals may
survive. Accessory lobes may be present at the base of
the ears.

Alimentary tract defects

Cleft palate (palatoschiasis)

This can occur as an individual condition but is
normally associated with other conditions, particularly
arthrogryposis.

Harelip

This has been recorded in cattle but its mode of inher-
itance is not known. Occasionally, ingestion of lupin
(Lupinus sericeus) can result in the condition.

Smooth tongue (epitheliogenesis
imperfecta linguae bovis)

This is seen in the Holstein—Friesian and Brown Swiss.
It is the result of an autosomal recessive gene and leads
to the filiform lingual papillae being small. The animals
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tend to be in poor condition with a poor coat and
increased salivation.

Atresia ilei

This condition has occasionally been reported and there
is disruption of patency. The signs are of a distended
abdomen and this may lead to dystokia. Some cases are
due to a recessive gene.

Atresia coli

This has been recorded in Aberdeen Angus and other
breeds. The calves survive only a few days.

Atresia ani

This may be inherited and is seen in several breeds
including the Friesian. The animal is usually born
bright, but will usually die within a week unless surgi-
cal relief is provided.

Muscular system defects

Congenital flexure of the pastern joints

This is common and present in most breeds. In the
Jersey it is considered to be caused by an autosomal
recessive gene. The calves show knuckling over on one
or both front fetlocks, and occasionally the hind limbs
are also affected. The condition is usually reversible and
most calves recover within about six weeks. In some
cases it may be necessary to splint the limbs. Manganese
deficiency in the dam can also lead to the condition
as can locoweed or poison vetch (Astragalus and
Oxytronis spp).

Arthrogryposis (‘curled calf disease’)
(see pp. 451, 925)

By definition this is a permanent joint contraction. The
condition is normally bilaterally symmetrical and
the forelimbs are affected more than the hind limbs.
The muscles show marked atrophy, they are pale
in colour and there is replacement of many muscle
fibres with fat. Cleft palate is often also present.
The condition is common in the Charolais breed where
it is a recessive gene. The gene is probably more
prevalent than it should be because carrier dams
appear to have advantages in improved longevity and
fertility. Infection of the fetal calf by akabane virus can
result in the condition, as can lupin (Lupinus sericeus)
ingestion.
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Muscular hypertrophy (double muscling,
muscular hyperplasia, culard)

This is a characteristic with some production potential
in that some muscles have increased numbers of muscle
fibres. The condition is seen in the South Devon,
Limousin, Charolais and Belgian Blue and the degree
of skeletal muscle involvement varies. It occurs most
commonly in the hind limbs with a rounding of the
hindquarters. The muscles affected have deep grooves
along the intermuscular septa and this may be seen in
the muscles of the shoulder, back, rump and hindquar-
ters. Many of the animals tend to stand in a stretched
position. The calves tend to be less viable at birth and
because of the increased muscle size dystokia is
common. In the Belgian Blue dystokia results partly
from a narrowing of the dam’s pelvis.

Multiple tendon contracture

This has been recorded in Shorthorn cattle and results
in dystokia due to the calf’s limbs being fixed in
extension or flexion. There is a lack of mobility of the
limbs and often positioning is abnormal. The problem
involves the tendons and there is limb muscle atrophy.
The calves are born dead or are destroyed because they
are unable to stand. The condition is thought to be
inherited by a single recessive gene.

Joint hypermobility

The cause of the condition is unknown but in Jersey
calves it is a single autosomal recessive gene. The joints
are very mobile and can be bent into very abnormal
positions with overextension and flexion of all or most
of the upper fore and hind limb joints.

Achondroplastic deviation

Most cases appear to be inherited as a single recessive
characteristic and involve the Aberdeen Angus and
Hereford breeds but cases have been reported in the
Holstein and Shorthorn. The calves have short legs, a
wide, short head and the mandible protrudes far in
front of the dental pad. The eyes bulge and the tongue
protrudes. Breathing is stertorous with the forehead
protruding and the maxilla distorted.

Nervous system defects (sce Chapter 51)

Hydrocephalus

This is uncommon in calves and can be inherited or
congenital. It is often associated with other deformities.
e.g. congenital achondroplasia. The condition is seen in

the Holstein and Hereford and is in-herited. Infection
of the fetus with akabane virus can produce the
problem and it is thought vitamin A deficiency can con-
tribute to the condition. It can result from obstruction
to the drainage of cerebrospinal fluid from the ventri-
cles or cranial malformation. In both conditions the
animals are born dead or die in a few days. There are
usually ocular defects.

Cerebellar hypoplasia

This is also known as Hereford disease, but is seen in
the Holstein and Shorthorn and appears to be genetic.
During pregnancy, infection with BVD or Neospora can
produce the condition (see p. 900). The cerebellum
tends to be small, tough and leathery or even absent.
Most calves are obviously affected at birth; there is
swaying of the neck, with inability to stand and blind-
ness occurring in severely affected animals. Less badly
affected calves have exaggerated and incoordinated
limb movements. The animals are conscious and able to
drink. Some will survive for several months.

Inherited cerebellar ataxia (see p. 893)

This condition is described as being due to a single auto-
somal recessive gene. It is seen in the Holstein, Jersey
and Shorthorn and the signs are similar to cerebellar
hypoplasia, although they are not apparent at birth. The
gross lesions are minimal and consist of a wet glisten-
ing appearance to the cerebellar white matter, which
appears on histology to be reticulate.

Cerebellar abiotrophy (premature ageing)

This condition is seen in Hereford and Simmental
calves and appears when four to eight months old.
There is the sudden onset of ataxia, which then pro-
gresses slowly. The animals are not blind. Calves remain
strong but become recumbent or decline slowly into
a spastic ataxia. Histologically, there is ageing or
degeneration of the cerebellar neurones (see p. 893).

Congenital spasms

The condition has only been reported in the Jersey and
there is a continual tremor of the head, neck and limbs.
The animal cannot walk and it may die in a few weeks.

Familial ataxia and convulsions (sce p. 893)

These have been reported in Aberdeen Angus calves
and appear to be an incomplete dominance. The signs
are seen within a few hours of birth but can occur when
two or three months old with the sudden onset of



tetanic spasms, which last for three to twelve hours. In
mild cases there is a stiff, exaggerated movement but in
the severe form there may be convulsions with recum-
bency, opisthotonus and paddling of the forelimbs. Fol-
lowing the initial signs there is a residual ataxia with a
goose-stepping action, which lasts weeks or months.
Necropsy shows lesions of degeneration of the cerebel-
lar cortex Purkinje cells. Diagnosis depends on age,
signs and their remission.

Progressive ataxia (see p. 894)

This has been recorded in the Charolais in Britain and
subsequently in France. The signs do not develop until
the animal is about a year old and they are seen as a
progressive ataxia. The animal has increasing difficulty
in rising until it may become permanently recumbent.
Histologically, there is a myelin degeneration of the
white matter of the cerebellum and internal capsule.

Bovine progressive degenerative
myeloencephalopathy
(Weaver syndrome)

The condition is inherited, appears to be linked with
high milk production and occurs in the Brown Swiss
breed, although a similar condition has been described
in the Murray Grey. Signs usually develop between five
months and two years, with the occasional one starting
after that time. The problem is one of a progressive
(it often stretches over one to one and a half years)
bilateral hind limb weakness with the animal showing
an increasingly broad-based stance when standing,
ataxia and dysmetria. Thus the animal gradually has
increasing difficulty in rising, a weaving action and often
goose stepping of the fore limbs while starting to drag
its hind legs. Although there are proprioceptive deficits,
limb reflexes are normal. The animal is bright and alert
throughout the condition. At post-mortem examination
there are lesions in the white matter of the cerebellum
and at all levels within the spinal cord. The lesions
include axonal degeneration and vacuolation of the
white matter due to large intercellular spaces and
axonal spheroidal degeneration. There may be
muscular wasting but without muscular dystrophy.
Chromosomal examination confirms the defect.

Inherited neurodegenerative disease
(shaker calf syndrome)

This syndrome, which has been described in Canadian
horned Hereford cattle, is evidenced by a severe mus-
cular tremor and shaking of the head, body and tail. The
animal has difficulty in rising, a wobbly spastic gait and
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an inability to bellow. Histological examination reveals
accumulations of neurofilaments within the neurones of
the central, peripheral and autonomic nervous systems.

A similar clinical syndrome has been recorded in
Holstein male calvers and is probably caused by a
sex-linked recessive mutation. On histology, there
are spinal cord changes with spongiform lesions with
cavitation.

Idiopathic epilepsy

This condition occurs when the calves are a few months
old and mainly involves the Brown Swiss. It is inherited
as a dominant characteristic. The convulsions are
epileptiform and are seen when the calf is stimulated.
They disappear once the animal is one to two years old.

Lysosomal storage diseases (see p. 892)

There is a generalized glycogen storage problem in beef
Shorthorns with muscle weakness, incoordination of
gait and eventual recumbency. In the Friesian there is
a GM, gangliosidosis where there is an accumulation of
ganglioside (GM,) in the nervous tissue due to reduced
activity of the enzyme B-galactosidase. At about three
months old the animal begins to grow more slowly, is
blind and has a staring coat.

Mannosidosis

The condition has been recorded in Aberdeen Angus
and Murray Grey cattle in New Zealand, Australia and
recently in Britain (see p. 892). It is inherited as an auto-
somal recessive trait and is a deficiency of a specific
lysosomal hydrolase enzyme, a-mannosidase, and this
causes the accumulation of mannose and glucosamine
in secondary lysosomes. The signs develop from one to
fifteen months old and most animals die by one year.
There is, at first, slight hind leg ataxia, then a fine lateral
head tremor, slow vertical head nodding, aggression and
loss of condition. Diagnosis is based on reduced tissue
and plasma levels of o-mannosidase. Histologically,
accumulations of mannose and glucosamine are seen
in the nerve cells, fixed macrophages and epithelial
cells of the viscera. Tissue and plasma levels of o-
mannosidase are about half the normal level in het-
erozygous animals and can thus be detected.

Spastic paresis (see p. 458)

There is an extension of the stifle and tarsal joints of
one or both hind limbs. The condition is seen in the
Friesian, but other breeds can be affected. Signs are not
usually present until the animal is several weeks or
months old, when they start to progress. Contraction
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of the Achilles tendon, gastrocnemius and superficial
flexor tendons overstraighten the hock joint, so that the
os calcis is moved cranially towards the tibia. Usually,
one leg is more affected than the other and this limb
may appear shorter. In the later stages of the severe
cases, the leg may swing backwards and forwards like a
pendulum. The condition is considered to be inherited.
However, the genetic influence is considered to be
small, and it is thought that the phenotypic expression
as a probably multifactorial recessive genotype depends
on mostly unknown environmental factors. Where only
small numbers of an Al bull’s offspring are affected and
the animal is of high genetic merit, it has been sug-
gested that it should still be used as a sire (see p. 166).
Surgery can relieve the condition but the animals
should not be used for breeding. Recently, analysis of
cerebrospinal fluid concentrations of homovanillic acid,
the main metabolite of dopamine, has shown levels to
be lower in spastic paresis calves than normal contem-
poraries. The possibility of a disorder in dopamine
metabolism has therefore been suggested as a possible
cause of the condition.

Neonatal spasticity

This condition involves a single recessive characteristic
in the Jersey and Hereford. The animal is born normal
but within the first week it develops convulsions of the
head, neck and limbs, preceded by neck deviation and
bulging eyes.

Periodic spasticity

This has been recorded in the Guernsey and Holstein
breeds. It appears to be a single recessive character with
incomplete penetrance and is often not noticed until
the animals are adult. Early signs involve the hind end,
with difficulty in rising; the hind limbs are stretched
backwards and the back depressed. The back muscle
may fasciculate and the condition progresses from a few
seconds duration to last up to 30 minutes. The animal
cannot walk during the attack.

Inherited congenital myoclonus

The condition does not involve oedema of the central
nervous system and is therefore described as inherited
congenital myoclonus (see p. 893). It is inherited as an
autosomal recessive gene and is seen in America, New
Zealand and Australia to affect Hereford and polled
Hereford-cross calves. It has also been reported in
Britain in the Hereford, Jersey and South Devon.
Animals are usually produced after a shorter than
normal gestation period. They are bright and alert but

recumbent, often in lateral recumbency and some are
unable to move their head. There is extension and
crossing of the hind limbs with hypersensitivity to noise
and touch. Often when animals are encouraged to stand
there are myoclonic spasms with the body becoming
rigid. At necropsy there is usually damage to the hip
joints, probably secondary to myoclonic contractions.
There is no oedema of the central nervous system. The
main differential diagnosis is maple syrup urine disease.
No treatment is possible and the same mating pattern
should not be used again.

Maple syrup urine disease
(branched-chain ketoacid
decarboxylase deficiency, BCKAD)

This condition is possibly inherited as an autosomal
recessive gene. It is very uncommon but may be seen in
polled Hereford calves (see p. 893). There are higher
than normal concentrations of branched-chain amino
acids in plasma and/or serum, urine, cerebrospinal fluid
and formalin-fixed cerebral tissue. It has been sug-
gested that the condition is analogous to branched-
chain ketoacid decarboxylase deficiency or maple syrup
urine disease. There is dullness, opisthotonus and
recumbency and a poor response to touch or auditory
stimuli. At post mortem there is severe stratus spon-
giosus. The main differential diagnosis is inherited con-
genital myoclonus.

Congenital pastern paralysis

The defect is lethal due to prolonged recumbency and
in Red Danish cattle at birth can take the form of
opisthotonus—-muscle tremor with spastic extension of
the limbs and exaggerated tendon reflexes. There is
neuronal degeneration in many parts of the brain and
spinal cord. In the Norwegian Red Poll a similar
condition is seen but only involving opisthotonus and
muscle tremors.

Perosomus elumbis

This occurs very occasionally in ruminants. There is
aplasia or hypoplasia of the spinal cord caudal to the
thoracic area. This results in rigidity of the hind limbs,
there is muscle atrophy and no joint movement. Most
cases are born dead.

Ocular defects (see p. 914 onwards)

Reports of ocular defects in cattle are few. Anoph-
thalmia and microphthalmia occur infrequently.
Entropion is also very rare. Dermoids can occur on the



eyelids, conjunctiva and cornea, but they are common-
est on the third eyelid.

Exophthalmus with strabismus (sce p. 918)

This has been recorded in the Hereford and Holstein is
combined with strabismus in Shorthorns and their
crosses in Britain and Jerseys in America. The signs,
particularly in the Shorthorn, are usually delayed until
a year old, although occasionally young calves are
affected. The condition is progressive and defective
vision is observed first, followed by protrusion and devi-
ation of both eyeballs medially with difficulty in focus-
ing. The condition is considered to be inherited as a
recessive gene, but some occur in cases of cerebellar
hypoplasia or mucosal disease.

Colobomata (sce pp. 923, 924)

These problems appear to have a high prevalence in the
Charolais. There is an absence of part of one or more
of the structures of the eye. The condition occurs during
early gestation, when the eye is developing. Although
always bilateral, it may not be symmetrical and it is
usually found associated with the optic disc and the
tapetum nigrum below the disc. The retina is involved
and in some animals the choroid and sclera are also
affected. The condition is present at birth and does not
progress. The mode of inheritance has been debated,
but a dominant gene with incomplete penetrance, auto-
somal recessive or polygenic inheritance have all been
suggested. Signs are not usually apparent although an
ophthalmoscopic examination will reveal the lesion.
The very severely affected animal can be blind, and a
few others are considered to be hyperexcitable due to
the defective vision.

Congenital cataract (sce p. 923)

Lens opacity is present from birth. The condition has
been recorded in the Friesian, Hereford, Jersey and
Shorthorn. Some cases in the Holstein and Jersey are
considered to be due to an autosomal recessive gene or
infections. A form of nuclear cataract in Friesian and
Friesian-cross calves appears to be more common in
calves born in the summer months and is considered to
be of environmental origin. The condition is bilateral
and not progressive. In most animals the degree of
involvement of each eye is similar. In severe cases
blindness is apparent. It is not always possible to
examine the fundus of the eye, but in most affected
calves there is no abnormality of the retina or optic disc
(see p. 923).
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Persistent hyaloid vessels

These are quite common and are the vestige of the
earlier development of the eye. They have no practical
significance.

Skin defects

Symmetrical alopecia

This is apparently inherited as a single autosomal reces-
sive characteristic in Holstein cattle. It involves animals
born with a normal hair coat but which is then lost in a
symmetrical pattern over the body. It occurs between
six weeks and six months of age and affects both
pigmented and non-pigmented areas.

Congenital hypotrichosis

Several forms are recorded that vary both in inherit-
ance and degree. There may be partial or complete loss
of hair and the condition is present at birth. In some
instances the animals will grow satisfactorily provided
there is sufficient shelter.

Epitheliogenesis imperfecta

This condition can occur in either sex and reports
include Holstein, Ayrshire and Jersey calves. Most
animals die within a few days of birth. It is considered
to be caused by an autosomal recessive gene. There are
normally areas of varying size devoid of skin or mucous
membrane. The defects are often distal to the tarsal and
carpal joints. Lesions may also occur on the muzzle,
tongue, hard palate, cheeks and nostrils.

Keratogenesis imperfecta (baldy calves)

The condition appears a few months after birth and is
lethal. It has been observed in the Friesian and is due
to an autosomal recessive gene. The skin tends to
develop alopecia, there is a loss of body condition and
the horns do not grow. The skin then becomes scaly,
thickened and folded, particularly on the neck and
shoulders. There is alopecia and raw areas may develop,
particularly on the knees, hocks, elbows, axillae and
flanks. The joints tend to be stiff and there is
overgrowth of the hooves.

Inherited parakeratosis (lethal trait A46)

This is possibly an autosomal recessive condition. It is
seen in Friesian cattle and is thought to be due to an
increased zinc requirement. The signs are usually seen
about four to eight months after birth with alopecia and
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parakeratosis of the limbs, muzzle and under the jaw.
The animal becomes stunted and, if untreated, it dies in
about four months. At necropsy there is thickened skin
with thick crusts over the skin lesions. The spleen shows
hypoplasia. Diagnosis depends on low serum zinc levels
(normal 12-27 pmol/l; 80-120mg/100ml) and history of
parakeratosis. Therapy must continue for the rest of the
animal’s life and as a calf about 0.5g zinc oxide or 1g
zinc sulphate daily is required. The dose should be
increased as the animal grows older (see p. 260).

Interdigital hyperplasia (see p. 429)

This condition is particularly seen in the Hereford and
it is considered to have a genetic predisposition. The
condition tends to be present in the older animal and
can be surgically removed, but has a tendency to recur.

Albinism

Varying types occur. In partial albinism the coat colour
is normal for the breed or a dilute colour, but the iris is
blue and white centrally, with a brown border. In-
complete albinism is characterized by a white or mainly
white coat and the iris may be blue, grey or white. The
condition is inherited by an autosomal dominant gene.
In complete albinism the coat is pure white and the iris
white or pink. The condition is inherited as a simple
autosomal recessive trait.

Familial acantholysis

This has been recorded in Aberdeen Angus calves.
There is a loss of skin at the carpal and metacarpal
joints and coronet, where there is horn separation. The
defect is one of defective collagen in the basal and
prickle layers.

Congenital ichthyosis

This is also known as fish scale disease in that there is
alopecia and the presence of a horny epidermis.

Body cavity defects

Umbilical herniae (navel ruptures)

These are found with a low frequency in several breeds,
but especially the Friesian and Holstein. It would
appear in some cases to be due to the environment, fol-
lowing infection, to a dominant gene with incomplete
penetrance, or autosomal recessive genes. In one study
of the progeny of Holstein bulls, more cases occurred
in the female than the male offspring. In the male many

umbilical herniae are missed unless a conscious effort
is made to look for the defect. This is due to the hernia
occurring just anterior to the prepucial orifice. If the
hernia is small it may not need to be treated. Larger
hernias may need surgical repair (see p. 1122) by sutur-
ing across the hole or surgical webbing may need to be
introduced. Many cases are inherited and the animal
should be recorded as often the hernia is hard to detect
in the adult. Do not breed from affected cattle.

Inguinal herniae

These occur far less commonly than umbilical herniae.
Little is known about aetiology.

Scrotal herniae

Like inguinal herniae, these are rarely seen but can
occur in the Sussex and Friesian breeds. Little is known
about the aetiology, but there is a familial trait.

Schistosoma reflexus

This is a group of conditions in which there is longitu-
dinal fissure in the body wall. The cause is unknown, but
it may be due to the failure of the somatopleure of the
blastodermic vesicle to close. At birth the vertebral
column is angulated with the head and tail showing
approximation dorsally. The abdominal and thoracic
organs lie free in the dam’s uterine cavity.

Diaphragm defects

These occur occasionally and, depending on size and
position, they may or may not involve abdominal organ
herniation.

Reproductive system defects

Testicular hypoplasia (sce p. 618)

This occurs sporadically in all breeds of bull. The
problem can be bilateral or unilateral as well as being
partial or complete. The left side is more commonly
affected. Work on gonadal hypoplasia in Swedish
Highland cattle showed an inherited origin and this is
probably also the case in British breeds.

Cryptorchidism (see p. 482)

There is incomplete descent of the testicles into the
scrotum and this may be unilateral or bilateral,
although the former is more common. Bilateral cryp-
torchidism wusually produces a sterile animal. The



condition occurs in most breeds including the Friesian
and Hereford. Although studies of aetiology are few, it
is considered to have an inherited basis.

Wolffian duct aplasia

This is normally seen in the area of the epididymal
head.

Ovarian aplasia

This occurs occasionally with or without other
reproductive abnormalities.

Ovarian hypoplasia

As with testicular hypoplasia, this has mainly been
recorded in the Swedish Highland breed where it is
inherited.

Miillerian duct aplasia

Various forms can occur and all are uncommon, but the
main form is uterus unicorni.

Duplication of the reproductive tracts

This can occur as a deficient union or exaggerated
union of the Miillerian ducts. They can result in a partial
or complete duplication of the cervix or uterine body
or vaginal septa.

White heifer disease

The condition used to be common in the white Short-
horn with up to 10 per cent of them being affected. It
is now rare, but can be found in other breeds. There are
varying degrees of involvement. In all cases there is
partial or complete persistence of the hymen. This may
be the only abnormality, but in other animals there are
abnormalities cranial to the hymen. These defects may
include the absence of the cranial vaginal cervix, uterine
body or horns. The ovaries are functional and in most
cases there is a distension of the normal organs due to
the accumulation of the products of secretion.

Prolonged gestation

This has been recorded in most dairy breeds and in
some cases it has an inherited origin. There are two
main forms of the condition.

(1) Prolonged gestation with fetal giantism. In these
animals the fetus continues to grow in utero before par-
turition 21 to 100 days late. The cow usually calves with
no udder development or ligament relaxation and

Congenital Conditions e 183

usually first stage labour is minimal, necessitating a
Caesarean section. The calves tend to be heavy, have
well-erupted teeth and a good coat growth. The adren-
als of the calves are hypoplastic and following delivery
most are weak and die in hypoglycaemic crisis. The
condition is the result of an autosomal recessive gene.
(2) Prolonged gestation with adrenohypophyseal
hypoplasia. This is due to a recessive gene and it is
mainly recorded in the Channel Island breeds. The ges-
tation length is increased by weeks or months and par-
turition occurs about seven to fourteen days after the
calf’s death. There is again no udder development and
few signs of parturition. The calf in this case is small and
ceases to grow after the seventh month of gestation, so
it can often be delivered by manual traction. It may
show disproportionate dwarfism, craniofacial defects
that may cause hydrocephalus, alopecia and abdominal
distension. There is no or only partial development of
the adenohypophysis.

It should be remembered that the gestation period of
some of the larger beef breeds such as the Charolais,
Simmental and Limousin is longer than for the Friesian
or most British beef breeds.

Hermaphroditism

Both true and pseudohermaphrodites occur. In the true
form there are gonads of both sexes, although they may
be combined into an ovo-testis. In the pseudoher-
maphrodite, cattle are genetically female with female
gonads but they have partial masculinization of the
external genitalia. The animals usually exhibit normal
oestrous behaviour and on investigation have normal
ovaries. However, the vulvar orifice is usually small and
displaced ventrally.

Freemartinism

This is seen in twins where a female is developing with
a male and this affects about 11 out of 12 such twins.
The calf contains both normal 60 XX chromosomes and
a few 60 XY (male) chromosomes. Occasionally, a
female calf will be born singly with this abnormality and
this is due to the death of the other twin. Freemartins
are usually sterile.

The external genitalia resemble a female, but the
vulva is smaller than normal. Later a tuft of hair devel-
ops at the vulva and in many cases an over-sized
clitoris is found. Internally, there is a varying amount
of agenesis or hypoplasia of the Miillerian system and
stimulation of the Wolffian system. The ovaries tend to
be hypoplastic and the vagina is usually non-patent,
which allows diagnosis of the condition in the calf by
the passage of a probe. However, occasionally the
vagina is tubular and terminates at the normal position
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of the cervix, which is absent. The uterus tends to be
two thick cords and there are two thin ducts that extend
from the gonads to the intrapelvic urethra. There are
often seminal vesicles present and sometimes testicles.

Urinary system defects

Pervious urachus

The defect occurs occasionally in calves. However, it
may go undetected for weeks or even months, particu-
larly in the male. Urine is discharged in a dribble from
the urachus. All urine may be passed via the urachus
although in some cases passage is also via the urethra.
The condition may lead to cystitis and, as the umbilicus
does not heal, there is often omphalophlebitis, septi-
caemia and polyarthritis. Surgical correction of the
condition is possible and can be successful.

Other defects

Congenital porphyria

This is very rare. It is mainly seen in the Friesian and
Holstein. It is caused by a simple recessive gene and
occurs more frequently in the female than the male.
There is increased porphyria in the blood and urine
leading to the accumulation of the product in the
tissues. The teeth tend to be pink or brown in colour
and this can be seen in the newborn. The urine is red
or purple and animals will develop cutaneous photo-
sensitization and anaemia. There are high levels of
uroporphyrins and coproporphyrins in the blood.

Familial polycythaemia

The condition is seen in the Jersey and is inherited as a
simple autosomal recessive trait. There are early deaths.
Those alive have poor growth, congestion of the
mucosae and dyspnoea. There is a reduced ery-
throcyte count, packed cell volume and haemoglobin
concentration.

Congenital goitre

This is an inherited condition but animals can be kept
alive although mortality is high. Goitre also occurs
when iodine deficiency affects the gestating dam (see
pp- 257,301)

Anomalous twins

There is faulty division in monozygotic twinning and
this results in various abnormalities. There are varying
degrees of conjunction, but double-headed monsters
are most often seen. Others have a single head and the
posterior part of the body is divided. In some cases
the separation of the vertebral column may be almost
complete, resulting in Siamese twins. Occasionally,
small amorphous monsters called amorphous globosus
or acardiac twins occur. They are related to double
monsters and identical twins. They are found attached
to the fetal membranes of the other calves and comprise
an outer skin enclosing adipose tissue.

Chromosomal translocations

There are always 60 chromosomes present in the
normal bovine. Translocation is the fusion of two mor-
phologically distinct chromosomes. The most common
is 1/29 translocation where there is fusion between
number 1 and 29 pairs; it is also referred to as the
Robertsonian translocation. It has been recorded in the
Swedish Red and White breed, Charolais, Red Poll,
British White and other breeds. The condition appears
to be of importance in that there is reduced fertility in
such animals due to early embryonic death.

Further reading

Blowey, R.W. & Weaver, A.D. (2003) Congenital disorders. In
Colour Atlas of Diseases and Disorders in Cattle, 2nd edn.
Mosby, Edinburgh, pp. 1-9.
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Introduction

Diarrhoea in the neonatal calf is a serious welfare
problem and a cause of economic loss due to mortality,
treatment costs and poor growth. Calf diarrhoea is an
example of a complex or multifactorial disease, result-
ing as it does from an interaction between the calf, its
environment and nutrition and infectious agents (Fig.
14.1). Successful control of an outbreak will depend on
recognition of the important factors in that outbreak
and correction of the problems. Identification of the
infectious agents involved is important because it

permits a logical approach to disease control. Appro-
priate advice on nutrition, colostrum feeding, vaccina-
tion, hygiene and the use of antibiotics can only be
given if it is clear which infectious agents are present
and what their contribution to the disease process
might be.

Causative mechanisms in diarrhoea

The digestive tract may be regarded as a high fluid flow
system in which 80 per cent of the fluid contained within
it is secreted into it and 20 per cent is ingested. Secreted
fluid originates from salivary glands, gastric mucosa,
pancreas, liver and small and large intestinal mucosa.
Of the water that enters the digestive tract, 95 per cent
is absorbed. Diarrhoea may be defined as an increase
in faecal water loss due to increased faecal water
content or to increased volume of faeces excreted or to
a combination of both. The occurrence of diarrhoea
indicates an imbalance between absorption and secre-
tion of water and electrolytes. Only a slight imbalance
in the equilibrium between secretion and absorption,
in favour of secretion, may lead to severe diarrhoea
because very large volumes of fluid are fluxing in
both directions. There are several possible causes of
imbalance.

Altered ion transport

Diarrhoea due to altered ion transport is caused by
reduced absorption of sodium ions by villous entero-
cytes (Fig. 14.2), by increased secretion of chloride ions
by crypt cells (Fig. 14.3) or by both mechanisms acting
together. These changes are stimulated in calf diarrhoea
by bacterial enterotoxins produced by enterotoxigenic
Escherichia coli (Fig. 14.4). These bacteria, held on the
gut surface by fimbrial adhesins, release enterotoxins.
The subunit A of the heat-labile toxin activates adeny-
late cyclase located on the basolateral membrane
which, in turn, raises the production of intracellular
cyclic adenosine monophosphate (cyclic-AMP).
Increased production of cyclic-AMP reduces sodium
ion absorption by villous cells (Fig. 14.5) and
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Fig. 14.1 Interactions between management, the calf and
enteric agents. Reproduced from Morgan (1990).
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Fig. 14.2 Line drawing illustrating some mechanisms of move-
ment of sodium and chloride ions and water from the intestinal
lumen into basolateral spaces. The sodium pump expels sodium
ions from the villous enterocyte into the basolateral space.
Sodium ions diffuse along the electrochemical gradient created
by the sodium pump, through the enterocyte luminal surface
membrane, where passage is assisted by glucose-dependent
and glucose-independent carrier systems. Chloride ions and
water follow the movement of sodium ions.

 Tight -
L junclion

Enterocyté )

H+*

Basolateral A Basolateral
space R AT space

Basement membrane

Fig. 14.3 Line drawing illustrating some mechanisms of sodium
secretion by crypt enterocytes. Sodium ions are secreted
through the luminal surface and chloride and bicarbonate ions
and water are transported within sodium ions.
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Fig. 14.4 Line drawing illustrating the mechanisms by which
enterotoxigenic E. coli cause diarrhoea. Bacteria are attached
to the enterocyte surface by fimbriae and secrete heat-labile
enterotoxin (LT) or heat-stable toxin (ST), which act on metabolic
pathways in villous enterocytes to block water absorption and
on metabolic pathways in crypt enterocytes to stimulate water
secretion.

consequently water absorption is reduced. At the same
time secretion of chloride ions, and therefore water, is
stimulated in crypt cells (Fig. 14.6). The heat-stable
enterotoxin activates guanylate cyclase, stimulating
intracellular synthesis of cyclic guanosine monophos-
phate (cyclic-GMP), which probably stimulates
secretion and reduces absorption, although the precise
mechanisms are not known (Fig. 14.5).
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Fig. 14.5 Line drawing illustrating cyclase

the effects of heat-stable entero-
toxin (ST) and heat-labile entero-
toxin (LT) on movement of water
through villous enterocytes into
basolateral spaces. ST inhibits
water absorption via cyclic-GMP
and LT, acting via cyclic-AMP,
blocks absorption of sodium ions
and water along the glucose-
independent carrier system. The
glucose-dependent carrier system
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Fig. 14.6 Line drawing illustrating the effects of heat-labile
enterotoxin (LT) on the secretion of sodium ions by crypt ente-
rocytes. LT increases production of intracellular cyclic-AMP and
this stimulates secretion of sodium ions, which carry with them
chloride ions and water.

Passive malabsorption

Diarrhoea may be the consequence of water mal-
absorption (Fig. 14.7). If malabsorption occurs then
normal secretory processes and fluid loss due to tissue
hydrostatic pressure will continue and will cause diar-
rhoea. Water malabsorption will follow a direct reduc-
tion of active uptake of sodium ions from the intestinal

lumen. Malabsorption also occurs when morphological
changes reduce the absorbing surface area. The best
example of such morphological change is villus stunt-
ing produced by viral enteritis. The mature villous
enterocytes can be regarded as the functional compart-
ment of the small intestine, with absorption as one of
the principal functions. A substantial reduction in the
number of villous enterocytes causes a corresponding
loss of function. Furthermore, crypt hyperplasia occurs
in viral infections and immature secretory cells migrate
onto the villus, increasing secretory capacity. In addi-
tion to loss of absorptive capacity there is also loss of
digestive capacity, therefore maldigestion occurs, which
can lead to an osmotically induced diarrhoea.

Intestinal motility

Increased intestinal motility may contribute to the
development of diarrhoea, resulting in decreased
transit time and insufficient time for normal absorption.
The role of motility is now considered to be less
important than was thought previously.

Osmotic effects

Lactose, the major sugar in cows’ milk, is split into
glucose and galactose by the enzyme galactosidase
(lactase), which is located on microvilli of jejunal ente-
rocytes. These monosaccharides are rapidly absorbed
and therefore have little osmotic effect. Viral
enteropathogens destroy mature enterocytes, thus
creating a transient deficiency of galactosidase. Conse-
quently, lactose passes undigested to the colon together
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with an osmotic equivalent of water. It may be inferred
from studies of pigs, goats and horses that the conse-
quence of increased lactose in the colon depends on the
balance between input of lactose and the fermentative
capacity of the colonic microbial flora. If the calf pos-
sesses a well-developed colon and colonic microbial
flora and the amount of lactose entering is not exces-
sive because of restricted dietary intake and/or slight
intestinal damage, then the lactose will be fermented to
short-chain fatty acids. These will be absorbed through
the colonic mucosa, a process that facilitates the absorp-
tion of sodium ions and water by the colonic mucosa.
These processes are ‘anti-diarrhoeal’ (Fig. 14.8). In a
young animal, with a poorly developed colon and
colonic microflora, there may be little fermentation of
lactose that remains in the lumen, holding water and
contributing to the diarrhoea (Fig. 14.8). In an animal
with a well-developed colonic microflora, dumping of
large amounts of lactose into the colon as a result of ad
libitum feeding and severe intestinal damage results in
hyperfermentation and the production of lactic acid
rather than short-chain fatty acids. Lactate is poorly
absorbed and draws water into the colon by osmosis,
exacerbating the diarrhoea. These mechanisms explain
why withholding milk from calves with rotavirus scour
reduces the severity of the diarrhoea (Fig. 14.8).

f—
A

’ D Fig. 14.7 Fluid fluxes in normal

growing pigs (40kg) and pigs with diar-

-— rhoea. Volumes of fluid entering and

leaving the intestines are drawn in pro-
portional size to the extracellular fluid
“u volume shown at the top. Most water is
absorbed by the distal small intestine
and colon in pigs of this age
and colonic compensation is likely
to be much less in neonatal pigs.
Source: Argenzio (1984).

Secretory
diarrhoea

Tissue hydrostatic pressure and
increased permeability

Tissue hydrostatic pressure results in a continual
seepage of water from the mucosa into the lumen and
this can contribute to the pathogenesis of diarrhoea if
malabsorption is present. Seepage may be increased by
inflammation of the mucosa, which allows greater
leakage of fluid between enterocytes. In very severe
inflammatory conditions, for example acute salmonel-
losis, the epithelium may be so extensively damaged as
to allow erythrocytes to leak from capillaries, through
the epithelium into the lumen; clearly other blood
constituents will be lost also.

Types of diarrhoea

Having examined the various pathophysiological
processes that can give rise to diarrhoea, two general
types of diarrhoea can be recognized.

Secretory diarrhoea

A diarrhoea resulting from net movement of fluid
into the gut lumen despite fasting. Faeces are
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Fig. 14.8 Three alternative conse-
quences of a small intestinal maldiges-
tion and malabsorption, as seen in
rotavirus infection. In the ‘compensated’
situation, the colonic flora is well devel-
oped and microbial fermentation of the
moderate amounts of malabsorbed car-
bohydrate yields volatile fatty acids
(VFA). These are rapidly absorbed,
stimulating water absorption and pro-
moting colonic compensation so that
diarrhoea does not occur. If the colon
and colonic flora are poorly developed
there is hypofermentation and conse-
quently no compensation, and diar-
rhoea occurs. If the colonic flora is well

developed and is overloaded with
sugar, hyperfermentation occurs and
lactic acid is produced that promotes
osmotic diarrhoea. Source: Argenzio
(1984).

Neutralfacid pH

No sugar

characteristically isotonic with plasma, watery and alka-
line, and the volumes produced are usually large. The
faeces are alkaline because sodium and bicarbonate
ions are secreted by the ileum. In compensation, the
colon may be exchanging potassium ions for sodium
ions. Acute secretory diarrhoea is always caused by a
bacterial infection.

Osmotic diarrhoea

A diarrhoea where the faeces may have high osmolal-
ity due to unabsorbed molecules with osmotic activity,
usually of dietary origin. Faeces may contain undigested
lactose and faecal pH will vary, depending on the
amount of lactose fermented to short-chain fatty acids
or lactic acid. Osmotic diarrhoea may also be thought
of as a diarrhoea caused by malabsorption and
maldigestion. Faecal volume is smaller than in secretory
diarrhoea and the diarrhoea is reduced or abolished by
fasting. Viruses are one cause of this.

Isotonic/ hypotonic
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Role of the large intestine

Most diarrhoea in the calf originates in the small intes-
tine and as a result small intestinal function has
received most study. It is evident that the large intestine,
particularly the colon, is a very important site of
water absorption and consequently may contribute to
the development of diarrhoea if its functional capacity
is overwhelmed or impaired by the fermentative
mechanisms described above. Similarly, its function may
be impaired by infection with Cryptosporidium, coron-
avirus or enterohaemorrhagic E. coli. Ingesta entering
the colon from the small intestine may be damaging.

Effects of diarrhoea and
their clinical signs

The systemic effects of diarrhoea, which eventually cul-
minate in death, are precipitated by a single event, the
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Fig. 14.9 The systemic consequences of diarrhoea. Reduction
of extracellular fluid volume leads to acidosis, an exchange of
extracellular H* for intracellular K* leading to hyperkalaemia
causing cardiac failure. Source: Argenzio (1984).

loss of extracellular fluid. Endogenous secretion into
the gastrointestinal tract in 24 hours may equal the
extracellular fluid volume. Loss of 7 per cent of the
extracellular fluid volume leads to clinical signs and loss
of 30 per cent results in death.

Diarrhoea causes changes in plasma constituents that
are similar regardless of the cause of the diarrhoea (Fig.
14.9). When neonatal colostrum-fed calves were experi-
mentally inoculated with coronavirus, the water and
electrolyte losses were severe (Lewis & Philips, 1978).
Faecal water loss increased 28-fold, faecal volume
increased 22-fold and faecal water content increased
from 73 to 94 per cent. Renal water loss was reduced to
30 per cent of normal and there were severe losses of

sodium and chloride ions and considerable losses of
bicarbonate and potassium ions. There was loss of body
weight, 12.7 per cent between onset of diarrhoea and
death. Plasma volume decreased by 40 per cent leading
to a 39 per cent increase in haematocrit and a 33 per
cent increase in plasma protein concentration. The
increase in plasma protein concentration was lower,
possibly because of protein loss by catabolism or by
leakage into the intestinal lumen. Both these values
vary widely between individuals and are of little value
in assessing severity of fluid loss.

Contraction of plasma volume gives rise to the clini-
cal signs of sunken eyes and ‘tenting’ of skin folds; it
leads to a fall in arterial blood pressure, which stimu-
lates peripheral vasoconstriction. Peripheral vasocon-
striction, in its turn, leads to poor tissue perfusion with
blood, localized ischaemia and lower metabolic activity
so that the temperature of peripheral tissues falls,
approaching ambient temperature prior to death; the
extremities, the ears and mouth, feel cold. Rectal tem-
perature increases until near to death when it falls
rapidly to below normal.

Acidosis is an important consequence of diarrhoea
and a number of factors contribute to its development.
A major factor is loss of bicarbonate ions in faeces and,
additionally, there may be absorption of acids produced
by microbial fermentation of lactose in the large intes-
tine. Loss of extracellular fluid (dehydration) causes
decreased perfusion of the kidney with blood, causing
reduced renal function, which leads to decreased excre-
tion of hydrogen ions by the kidney. Finally, lactic aci-
dosis may develop because of increased production of
lactate following peripheral hypoxia, and decreased uti-
lization of lactate due to decreased delivery of lactate
to the liver. The ability of the liver to use lactate for glu-
coneogenesis may be impaired because of increased
intracellular concentration of hydrogen ions. Indeed,
the liver may become a lactate producer rather than a
lactate utilizer. The calf attempts to reduce metabolic
acidosis by panting to increase exhalation of carbon
dioxide. Intracellular acidosis occurs in parallel with the
fall in the blood pH. Intracellular production of hydro-
gen ions increases and hydrogen ions move into cells.
This movement of hydrogen ions into cells forces potas-
sium and sodium ions to be lost and hyperkalaemia
develops. However, potassium is also lost in the faeces,
so that the plasma concentration may, theoretically, be
increased, normal or decreased depending on the rate
of loss from plasma into faeces, and from cells into
plasma. In general it is increased. The loss of potassium
ions from cells into the interstitial fluid causes levels of
intracellular potassium to fall and levels in interstitial
fluid and plasma to rise and, consequently, adjacent to
cells, the ratio of extracellular potassium:intracellular
potassium is reduced. This redistribution of potassium



causes a reduction in the resting potential of cell mem-
branes, which has serious and eventually lethal effects
on cardiac muscle function. As the concentration of
potassium ions in plasma rises, heart rate falls and there
is a decreased amplitude, or loss of the P wave. The
activity in plasma of the myocardial enzymes lactate
dehydrogenase isoenzyme 1, creatinine phosphokinase
1 and aldolase is raised indicating cardiac damage. Thus
death from acute severe diarrhoea in the calf appears
to be due to potassium cardiotoxicosis.

Metabolic and hormonal changes

Hypoglycaemia frequently occurs in acute severe diar-
rhoea of calves, especially young calves near death.
Anorexia, decreased absorption of nutrients, minimal
glycogen reserves, inhibited gluconeogenesis, increased
glycolysis due to reduced tissue perfusion and anoxia
and insulin-like effect of bacterial endotoxins on liver
may contribute to the hypoglycaemia. Signs of hypo-
glycaemia are weakness, lethargy, convulsions and
coma. Hypoglycaemia stimulates corticoid secretion;
plasma concentration of corticosterone and hydrocorti-
sone are elevated in calves with diarrhoea and are
higher in calves that die. Theoretically, corticosteroids
help counter hypoglycaemia by stimulating gluconeo-
genesis but their effects may be blocked. Plasma aldos-
terone concentrations are increased in calves with
diarrhoea probably due to acidosis, hypovolaemia,
hyperkalaemia and hyponatraemia. The actions of
aldosterone are helpful in that sodium and water reten-
tion is increased as is excretion of potassium and hydro-
gen ions. There is, however, decreased renal function,
which limits the helpful actions of aldosterone.

Infectious agents

The elucidation of the infectious causes of calf diar-
rhoea has been a major area of progress over the last
30 years. For many years, salmonellas were the only
known cause, but in 1967 it became clear that a small
number of strains of E. coli caused a watery diarrhoea
and subsequently these came to be known as entero-
toxigenic E. coli (ETEC). Rotavirus was the first viral
enteropathogen to be recognized, followed by coron-
avirus, and more recently Breda virus. Approximately
20 years ago, Cryptosporidium parvum was found to
cause diarrhoea in calves. Most recently, E. coli have
been identified that cause diarrhoea without producing
enterotoxins; these include strains that infect the large
intestine and cause mild dysentery, the enterohaemor-
rhagic E. coli (EHEC), and strains comparable to
human enteropathogenic E. coli (EPEC).
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Bovine rotavirus
The agent

Rotavirus is a new genus within the family Reoviridae.
The virus contains double-stranded RNA in 11 seg-
ments. Particles have a wheel-like appearance; a wide
hub formed by the core, spokes formed by 20 outer cap-
somers and an often ill-defined outer rim (Fig. 14.10).
Incomplete particles lacking the outer capsid layer are
frequently seen in faeces. Almost all bovine rotaviruses
share a common antigen and have been classified as
group A rotaviruses.

Epidemiology

Bovine rotavirus is universally present in all cattle
herds but is a more significant problem in single-
suckled beef calves than dairy calves because of the
much greater risk from cross-contamination between
calves, the seasonal nature of the calving pattern and
financial restrictions leading to lower nutritional inputs
during late gestation.

The incubation period varies from 15 hours to five
days and is followed by virus excretion which com-
mences in the second week of life. Many infections are
subclinical but a proportion results in severe diarrhoea
and even death if not treated promptly. The peak inci-
dence of diarrhoea occurs at about 10 to 14 days of age.
Initially, calves are dull and reluctant to suck. The dam’s
udder becomes distended with milk and may be the first
indication to the diligent stockperson that the calf is
unwell. Diarrhoea develops which is pale yellow or
white and may contain mucus; dehydration and meta-
bolic acidosis develop in more severely affected calves

Fig. 14.10 Transmission electron micrograph of a cluster of
five bovine rotavirus particles. Visible are the wide hub, spokes
formed by the capsomeres, and the outer rim. (Courtesy of Dr
J.C. Bridger, Royal Veterinary College, University of London.)
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and may be fatal. At this stage the calf may have
abdominal distension due to fluid sequestration in the
small intestine. Excretion of copious amounts of
yoghurt-like faeces is typical of rotavirus infections that
are uncomplicated by other enteropathogens and the
faeces are thought to have this appearance because
they represent the passage of partially digested or
undigested milk.

Occurrence of pyrexia is variable, but when it occurs
it is usually mild (<39.5°C) and may be more suggestive
of a focal bacterial infection such as omphalophlebitis
or polyarthritis.

Pathogenesis

Rotaviruses infect mature enterocytes, located on the
surface of villi. Particles are detected in the cytoplasm,
usually in dilated cisternae of the endoplasmic reticu-
lum. Masses of granular or finely fibrillar virus precur-
sor (viroplasm) containing virus cores are present
outside the cisternae. Particles released from viroplasm
pass into the cisternae; some bud through the mem-
brane of the endoplasmic reticulum and acquire an
envelope. Viral multiplication within the cells initiates
degenerative changes, the cell exfoliates and the rapid
loss of large numbers of cells leads to fusion and stunt-
ing of villi. The columnar epithelium is replaced by
enterocytes that are cuboidal or squamous and the
epithelium contains increased numbers of immature
cells from the crypts (Fig. 14.11). In very severe cases
the villi may be obliterated leading to a totally flat
epithelium. The pathogenic process may commence in
the upper jejunum and progress along the small intes-
tine to the ileum, producing a wave of damage (Mebus

ROTAVIRUS

etal.,1971). There is variation in pathogenicity between
strains; whilst some strains may only damage a limited
length of upper jejunum, others may damage the entire
length of the small intestine. Some poorly virulent
strains are able to infect enterocytes, replicate within
them and cause enterocyte loss, but not at a sufficiently
rapid rate to outpace repair mechanisms and cause
lesions and diarrhoea. The existence of strains of low
virulence has implications for accurate diagnosis of
rotavirus diarrhoea because it may be assumed that
such strains could be excreted by calves with diarrhoea
caused by other enteropathogens. To be confident in a
diagnosis of rotavirus diarrhoea, it is necessary to iden-
tify rotavirus in the faeces of significantly more diar-
rhoeic calves than in age-matched, clinically normal
calves on the same farm. On the basis of present knowl-
edge, groups of four affected and four normal calves are
adequate.

The changes in intestinal structure affect its function.
Loss of mature enterocytes with their lactase, and their
replacement with immature enterocytes containing less
lactase, results in a reduced capacity of the mucosa to
digest lactose, especially in the jejunum. Because the
surface area of the small intestine is reduced, there is
reduced ability to absorb the glucose and galactose that
is produced from the digestion of lactose. Thus lactose
accumulates in the large intestine, where by virtue of its
hypertonicity it prevents absorption of water from
faeces and contributes to the development of water loss
and dehydration. Bacterial fermentation of the lactose
may increase the osmotic effects. As a result of entero-
cyte loss, the population of enterocytes on the villi
changes from mature cells with digestive and absorp-
tive function to predominantly immature cells with

Fig. 14.11 Line drawing illustrating
the development of the small intestinal
lesion in rotavirus infection. Mature
enterocytes are infected and virus repli-
cation causes enterocyte death and
sloughing. Villi stunt and the surviving
enterocytes are cuboidal or squamous.
Mitosis increases in the crypts, which
elongate. The star within a circle repre-
sents a virus particle.




secretory function. The number of cells in the crypts
(secretory cells) also increases. Thus the functional
balance may change from absorption to secretion.

Prevention

Virtually all calves that have sucked colostrum will have
serum antibody to rotavirus, which can be detected by
a number of tests. These antibodies, however, do not
protect against infection and disease because for pro-
tective purposes neutralizing antibody is required in the
gut lumen. This is because the entire disease process
occurs on the mucosal surface and if antibodies are to
interfere with the pathogenic process they must be
present in the gut contents that bathe the mucosal
surface; luminal antibodies neutralize virus and prevent
initial infection and spread of infection from enterocyte
to enterocyte. There is recent evidence, however, sug-
gesting that serum antibodies, which originated from
the colostrum of hyperimmune cows, can be transferred
to the gut where they are protective.

Following natural infection, calves are immune to
disease; this is thought to be the result of an active
mucosal immunity provided by IgA and cell-mediated
mechanisms. Repeated episodes of reinfection without
signs occur throughout life, maintaining herd immunity
and the virus in the population and environment.

Colostrum contains antibodies to rotavirus that help
protect the calf against infection and disease. The con-
centration of antibody in colostrum and early milk from
unvaccinated cows declines rapidly, reaching levels that
are thought to be non-protective three to four days
after parturition (Fig. 14.12).

Under farm conditions where rotavirus is always
present, feeding colostrum only immediately after birth
delays, rather than prevents, rotavirus excretion and
calves are susceptible to infection and disease in the
second week of life. Protection of the calf has been
achieved by providing enhanced passive protection to
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calves by vaccinating dams with commercial combined
inactivated vaccines containing rotavirus, coronavirus
and E. coli K99 one to three months before the antici-
pated calving date. Because rotavirus is endemic in
herds, cows have antibodies to rotavirus in their serum
and parenteral administration of a single dose of inac-
tivated virus absorbed onto aluminium hydroxide gel,
and the whole emulsified in a light mineral oil, boosts
these pre-existing serum antibodies. Consequently, the
concentration of antibody in colostrum and milk is
increased and antibody is present in milk for longer
than in unvaccinated animals. Thus, dam vaccination is
essential on those farms which have experienced losses
due to viral diarrhoea in young calves. This system is
suitable for both suckled calves, and for artificially
reared calves where hyperimmune colostrum is saved
from the first six to eight milkings and stored in a cool
place and ideally fed at a rate of 2.5 to 3.5 litres per day
for the first two weeks of life.

It is essential that all calves ingest sufficient good
quality colostrum within the first six hours after birth
with values equivalent to between 7 and 10 per cent of
bodyweight commonly quoted. Factors that may reduce
the level of specific antibody accumulation in the
colostrum differ between beef and dairy cows because
of the lower nutritional and management inputs in beef
herds and the higher prevalence of metabolic disease in
high-yielding dairy cows.

Problems with sufficient colostrum accumulation in
the udder of beef cows include debility of the dam, poor
nutritional status during late gestation, intercurrent
disease such as fascioliasis and chronic mastitis caused
by Arcanobacterium pyogenes (summer mastitis)
(Chapter 24). Dystokia is more common in beef calves
leading to extended intervals to standing and sucking.
As a general rule, those calves born following an
assisted calving should receive 2 litres of colostrum
within the first two hours of life and be closely super-
vised to ensure normal sucking behaviour.

Milk neutralizing
antibody

Fig. 14.12 Graphical illustration of
changes that occur in neutralizing anti-

Faecal antibody

Faecal virus titre

<

body to rotavirus in cows’ milk after
calving and faecal antibody to rotavirus
and faecal virus in the early days of a

Days after calving

20 ¢ 25
Days of life

calf's life. Reproduced from Morgan
(1990).

Antibody declines as colostrum turns to milk

Antibody in calf intestine washed out followed
by rotavirus injection
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Recumbency resulting from hypocalcaemia, over-
crowding of the calving accommodation, slippery
underfoot conditions and poor mothering ability, espe-
cially in dairy heifers, may delay the ingestion of
sufficient colostrum by the newborn dairy calf.

Dam vaccination may not prevent all episodes and
rotavirus diarrhoea may follow stressful events such as
housing and disbudding if undertaken before the calves
are six weeks old.

Diagnosis

Rotavirus infection produces the complete range of
clinical signs from no observed abnormality through to
severe diarrhoea and dehydration with high mortality
even in treated calves. The incubation period is one to
three days depending upon the level of viral challenge.
Isolation of rotavirus from faecal samples does not nec-
essarily indicate a diagnosis of rotavirus diarrhoea
because rotavirus can be isolated from a high propor-
tion of normal healthy calves without signs of diar-
rhoea. Comparison of faeces samples collected from
healthy and diarrhoeic populations of calves may be
necessary to determine the precise aetiology but such
sampling will prove cost-prohibitive in most farm
situations. Determination of the age of affected calves,
and vaccination status of their dams against infectious
causes of neonatal diarrhoea, will assist in determining
the aetiology of the disease outbreak, noting that mixed
infections are common. For example, Cryptosporidium
spp. often exacerbate the severity of diarrhoea caused
by rotavirus infection.

Calves with rotavirus infection during the early
stages of disease typically show signs of mild depression
and salivation, reluctance to stand and suck and profuse
diarrhoea when eight to fourteen days old. Disease
rapidly spreads among young calves present on the
farm when clinical signs may be seen from six days of
age. There is extensive faecal staining of the perineum
and tail. The faeces are yellow and fluid but without
blood or mucosal casts. The rectal temperature is
usually within normal limits during the early stages
unless there is evidence of focal bacterial infection.
Without oral rehydration therapy the affected calf
becomes dehydrated, hypothermic and weak, and
remains in sternal recumbency. The eyes are sunken and
the skin becomes tight and inelastic, consistent with 8
to 10 per cent dehydration within 48 hours, unless
treated appropriately. As hypovalaemic shock develops,
peripheral vasoconstriction causes the calf’s extremities
to feel cold. At this stage the calf is often hypothermic
(<38.0°C). Without treatment, death may ensue within
72 hours of the onset of diarrhoea.

In most situations diarrhoeic calves have been
treated by farm staff with oral rehydration solutions

which alter the clinical presentation, whereby profound
acidosis is the main presenting feature rather than
severe dehydration. The abdomen appears distended
and the abomasum and intestines are distended with
fluid and ‘slosh’ when succussed.

Calves treated with oral rehydration solutions by the
farmer using an oesophageal feeder often have normal
hydration status but become severely acidotic, causing
profound weakness and depression extending to stupor.
There is no relationship between the degree of dehy-
dration and the severity of the acidosis. The eyes are not
sunken and the skin tent duration is normal. Fluid dis-
tension of the abdomen is obvious. The respiratory rate
is increased above 40 breaths per minute with increased
depth of expiration. The heart rate is often less than 90
beats per minute.

A thorough clinical examination is essential in all
young calves with diarrhoea because of the likelihood
of other focal infections such as early bacterial menin-
goencephalitis, respiratory disease, omphalophlebitis
and possible associated peritonitis, hypopyon and pol-
yarthritis. Indeed, the diarrhoea reported by the client
may be the agonal stage of a septicaemia, although such
peracute infections usually occur in calves less than six
days old.

In normal calves more than two days old the um-
bilical remnant is dry and shrivelled, hastened by its
immersion in strong veterinary iodine solution imme-
diately after birth and again six to 12 hours later.
Omphalophlebitis manifests as a swollen (>3cm diam-
eter), wet and painful umbilicus which may discharge
pus under digital pressure (see p. 249). Localized peri-
tonitis associated with omphalophlebitis may result in
the formation of fibrinous adhesions and associated
ileus which proves difficult to detect on clinical exami-
nation alone. Abdominocentesis is difficult to perform
on such recumbent calves because of the fluid-dis-
tended intestines and the scant fibrinous nature of the
adhesions. Similarly, abdominal ultrasonography fails to
identify such early adhesions. Calves with peritonitis
fail to respond to standard fluid therapy and antibiotic
therapy regimens, with the adhesions identified at
post-mortem examination.

Polyarthritis manifests as hot, distended and painful
joints, typically the fetlock, hock and carpal joints,
resulting in the tendency for calves to adopt lateral
recumbency rather than sternal recumbency associated
with weakness (see pp. 249, 455).

Laboratory diagnosis of rotavirus

Enzyme-linked immunosorbent assays (ELISA) have
been developed for rotavirus and a plate ELISA is used
by many diagnostic laboratories. Some diagnostic
laboratories use the polyacrylamide gel electrophoresis



method, which has proved to be equally satisfactory.
The diagnostic kits available to practice laboratories in
the UK are a dot ELISA, a latex method and a plate
ELISA system. The plate ELISA system requires a
minimum of equipment and also tests for bovine coro-
navirus and K99 Escherichia coli; a modification to the
system has permitted the detection of Cryptosporidium
spp-

The identification of rotavirus particles or antigen
in the faeces of calves with diarrhoea does not
automatically lead to a diagnosis of rotavirus disease
in the outbreak. Rotavirus antigen was detected in
50 per cent of faeces from healthy calves aged one
to two weeks in a study in which an ELISA test was
used. Thus, in order to reach a sound diagnosis, and
using that test to identify excretors, it was necessary to
show that significantly more than 50 per cent of diar-
rhoeic calves were excreting rotavirus. This was
achieved by examining faeces from four calves with
diarrhoea and four matching normal calves on the farm.
The number of calf faeces that will need to be exam-
ined in an investigation of an outbreak will depend on
the ability of the diagnostic test in use to detect
excretion by normal calves.

Treatment (see p. 209)

Veterinary treatment of calf diarrhoea is generally
limited to collapsed animals which have failed to
respond to oral rehydration solutions. Administration
of oral rehydration solutions is frequently made by the
farmer using an oesophageal feeder. While this proce-
dure has considerable time savings, it is frequently used
for weak recumbent calves without a strong suck reflex
which serves to further delay veterinary involvement to
the stage where calves are profoundly acidotic when
presented. In veterinary practice therefore, treatment
of calf diarrhoea involves the correction of acidosis
rather than simple correction of hydration status,
although both problems may have to be tackled at the
same time.

Basic animal husbandry is frequently overlooked in
many modern beef production systems. The diarrhoeic
calf should be isolated in a warm, dry and well-bedded
pen. In beef herds, the dam should be separated from
the calf by a gate which allows visual contact.
Hypothermic calves should be warmed and this is
best achieved with convector heaters rather than heat
lamps.

Intravenous fluids are essential because most
severely affected diarrhoeic calves are profoundly aci-
dotic (see example below), with variable degrees of
dehydration depending upon previous oral rehydration
therapy.
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Example: treatment of diarrhoeic calf under
field situations

The objectives of intravenous fluid therapy include the
correction of extracellular fluid volume, plasma pH,
blood glucose concentration and plasma concentrations
of sodium and potassium, restoration of cellular
potassium and the provision of nutrients.

A 10 day-old, 45kg single suckled beef calf is pre-
sented with profuse diarrhoea with faecal staining of
the tail, perineum and hind legs. The calf is weak, unable
to rise or remain standing when lifted. It is markedly
depressed with cold extremities. The skin tent is about
three seconds. The eyes do not appear sunken but
the scleral vasculature is pale. The heart rate is 85
beats/minute and the respiratory rate is 45
breaths/minute. Two litres of an oral rehyration solution
have been administered by oesophageal feeder twice
daily for the past two days.

Typical laboratory values: Typical laboratory values are
listed below for this calf but such analyses are rarely
possible under field situations. Excellent clinical recov-
ery rates for such cases are achieved in general practice
using estimations of the base deficit based upon the
clinical examination

Arterial blood gas
analysis:

Total plasma protein = 68.0g/l pH = 6.9

Sodium = 128 mmol/l pCO, =46 mmHg
Potassium = 7.2 mmol/l HCO; = 7mmol/l
Chloride = 105 mmol/l Base deficit = 20 mmol/l

Packed cell volume = 31%

The calf is estimated to be only 5 per cent dehydrated.
The serum potassium concentration is elevated because
intracellular K" ions exchange with H* and pass into the
extracellular fluid. However, the intracellular (and total
body) K* ion concentrations will be lowered, but this
deficit is more safely replaced by the oral rehydration
solution rather than the intravenous fluid. Diarrhoeic
calves are not markedly hypoglycaemic and nutrients
are better supplied in the oral rehydration solution, and
then milk, than in the intravenous fluids.

Intravenous fluid therapy: The fluid requirements are
calculated as:

45kg x 0.05 = 2 litres

The daily requirement of 75-150ml/kg should be added
to this deficit. The fluids should be warmed to body
temperature before administration and insulated if left
suspended in a cold environment.

Base deficit: The base deficit is estimated from the
clinical findings whereby profoundly weak and
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depressed/stuporous calves, in the absence of septi-
caemia or bacterial meningoencephalitis, have a base
deficit in the region of 20mmol/l. As an alternative
practical guideline, calves able to maintain sternal
recumbency are reported to have a base deficit of
15mmol/l, whilst those in lateral recumbeny have a
deficit of 20mmol/l (Naylor, 1996). However, such dis-
tinction is not necessary to achieve excellent results,
even under less than ideal practice situations.

The total base deficit (or negative base excess) can
be calculated as:

base deficit x bicarbonate space x dehydrated calf
weight = 20 x (0.3 to 0.6) x 45 =270 to 540 mmol
bicarbonate

There is considerable debate as to which value should
be employed for the bicarbonate space because this
value is higher in neonates than adults. In practice
situations, where blood gas analysis is rarely available,
an estimate of 20mmol/l for base deficit in recumbent
stuporous calves is commonly used in conjunction with
an estimate of 0.5 to 0.6 for the bicarbonate space.
While it is accepted that there will be errors in such a
simplified approach, this regimen has proved very reli-
able in general practice where the rapid response to
intravenous fluid therapy spiked with bicarbonate is the
most valuable indicator of success of the fluid therapy
regimen.

Typically, stuporous calves should be much improved
after three to four hours, and be able to stand six to
eight hours after the start of intravenous fluid therapy.
A thorough initial clinical examination will eliminate
focal and septicaemic infections from the list of differ-
ential diagnoses. Re-evaluation of the diagnosis and/or
treatment is necessary if the calf’s condition has not
markedly improved within six hours of commencing
intravenous fluid therapy. The two most common
reasons why the calf’s condition has not improved are:
the extent of the base deficit has been underestimated
and insufficient bicarbonate has been infused or,
less commonly, that the calf has bacterial meningo-
encephalitits (see pp. 251, 901).

Some practice laboratories use a Harleco apparatus
to determine total CO,, which is a useful index of the
severity of the metabolic acidosis. However, determi-
nation of metabolic acidosis using either the Harleco or
blood gas analysis necessitates hospitalization of the
calf with the attendant risks of contaminating the facil-
ities with a range of enteropathogens, some of which are
serious zoonoses. While blood samples can be trans-
ported to the practice laboratory for blood gas analysis,
such retrospective information may not be so helpful
because financial considerations frequently preclude
a second veterinary visit to correct any estimations
based upon clinical findings. Alternatively, with accu-

rate information on the precise severity of the acidosis,
the farmer can be instructed to spike the intravenous
fluid with materials left on the farm.

Treatment regimen: Under practical conditions on farm
a 14 gauge (or 16 gauge) catheter should be stitched
into a jugular vein as this makes fluid administration
much easier because the calf can be left unattended. A
Scm by Scm area of skin overlying a jugular vein is
shaved and aseptically prepared. A stab incision
through the skin overlying the jugular vein using a 15T
blade greatly facilitates catheter placement. If the calf
is severely dehydrated and cannot be catheterized
easily, either the first litre of fluid can be administered
through a 16 gauge hypodermic needle or the calf is
suspended by its hind legs to distend the jugular veins,
thereby facilitating catheterization.

A typical treatment regime for a recumbent acidotic
calf would commence with 1 litre of isotonic saline
spiked with 200mmol bicarbonate (16g sodium bicar-
bonate) administered intravenously over 20 to 30
minutes. This solution can be administered while the
veterinary surgeon remains on the farm suturing the
catheter in position, securing the fluid administration
set, and possibly attending further calves with diarrhoea
or collecting faecal samples as appropriate.

A further 3 litres of isotonic saline solution contain-
ing the balance of the estimated bicarbonate deficit
(approximately 400 mmol) should then be administered
over the next four to six hours, by which time the calf’s
demeanour will be much improved. The calf should be
able to stand and suck a teat enthusiastically at this
stage. An oesophageal feeder should be used only as a
last resort to administer oral fluids because the calf’s
demeanour and willingness to suck are valuable indi-
cators of the calf’s recovery. Indeed, early cases of
bacterial meningoencephalitis may be difficult to dif-
ferentiate from profound acidosis, but acidotic calves
should respond well within six hours to spiked
intravenous fluid therapy and suck, whereas those with
meningoencephalitis will not and may progress to
opisthotonus with spontaneous nystagmus. Alterna-
tively, in cases where meningoencephalitis is suspected
during the veterinary examination, lumbar CSF can be
collected under local anaesthesia and inspected visually
for turbidity caused by white cell infiltration.

This approach to fluid therapy of collapsed acidotic
calves described above has been employed in many
farm animal practices because the calf remains on the
farm and is visited by the veterinary surgeon, thereby
removing the risk of introducing enteropathogens,
including Salmonella spp., into the practice hospital
facilities with the potential for disastrous consequences.
Often only one veterinary visit is possible for each diar-
rhoeic calf because of cost limitations, but this system



of intravenous fluid administration works well in
practice.

Most diarrhoeic calves are not profoundly hypogly-
caemic and the addition of glucose to the intravenous
solutions is generally not undertaken. Energy supply is
better given as a component of the oral rehydration
solution therapy (high energy rehydration solution),
which often commences within six to eight hours of
the start of intravenous fluid administration. Recently-
introduced oral rehydration solutions have a high
energy content designed to counter the energy deficit
state caused by witholding milk from the calf’s diet. As
soon as the suck reflex returns, the calf should be
offered either one litre of oral rehydration solution or
milk at alternate feeds every two hours.

Other intravenous fluids: Clinical evaluation of the
alkalinizing effect of various bases in diarrhoeic calves
suffering from severe dehydration and acidosis (Kasari
& Naylor, 1986) clearly demonstrated the advantages in
both speed and extent of administering isotonic saline
solutions containing bicarbonate compared to those
solutions containing either lactate or acetate.

Lactated Ringer’s solution should not be used to
treat severe acidosis because it contains only 30 mmol/l
of lactate, which would necessitate in excess of 15 litres
to counter severe acidosis in a calf. Furthermore, lactate
must be metabolized to yield bicarbonate but the young
calf cannot fully utilize D lactate in the racemic mixture.
Hypertonic (7.2%) saline solutions are not indicated in
the treatment of acidotic calves because of their lack
of alkalinizing effect, although successful treatment of
mild acidosis in experimental calves has been reported
using a hypertonic saline solution containing sodium
bicarbonate (Dupe et al., 1993).

The administration of sterile isotonic saline solutions
spiked with bicarbonate described above has obvious
advantages over non-sterile fluids made using tap
water; however, solutions prepared using small water
purification plants are reported to work well under
practice conditions. A typical mixture of salts available
in the UK (Electrolyte ED; Vetoquinol Ltd) added to
5 litres of water yields 141 mmol/l sodium, 4 mmol/l
potassium, and 35mmol/l bicarbonate, which can then
be spiked with additional sodium bicarbonate. Extra
bicarbonate can be administered either as a 1.3 per
cent isotonic solution (65g sodium bicarbonate to 5
litres, yielding 150mmol/l bicarbonate) or by adding
35¢g sodium bicarbonate to yield 400 mmol in addition
to the 175mmol already present in the 5 litre solution
(Grove-White, 2000).

Oral rehydration solutions: There are a large number
of oral rehydration solutions available but all utilize
the active glucose/sodium-linked gut transport system
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whereby sodium is transported across the gut wall into
the extracellular fluid and water follows along the
osmotic gradient. Other molecules, including acetate,
propionate, glycine and glutamine, also play an impor-
tant role in sodium transport.

The original World Health Organization (WHO) oral
rehydration solution was an equimolar solution con-
taining approximately 100mmol/l sodium and glucose
and was the basis of the first generation oral rehydra-
tion solutions introduced into veterinary practice
during the 1970s. Potassium was present to assist in
restoring any deficits. These solutions contain no bicar-
bonate or precursor and are therefore unable to correct
a significant acidosis, but are effective in many cases of
calf diarrhoea associated with dehydration. Viral causes
of neonatal diarrhoea were not reported in the United
Kingdom until the mid-1980s (Snodgrass et al., 1986),
and these oral rehydration solutions proved effective
in the treatment of bacterial and nutritional causes of
calf diarrhoea which were not usually associated with
severe metabolic acidosis.

The widespread occurrence of rotavirus-induced
diarrhoea and associated metabolic acidosis led to the
development of oral rehydration solutions containing
80 to 120mmol/l bicarbonate as a precursor, whether
lactate, propionate or citrate. These solutions have been
referred to as ‘second generation’ oral rehydration
solutions. While these solutions are very effective in
meeting the primary objectives of correcting hypo-
volaemia, moderate metabolic acidosis (and associated
hyperkalaemia) and hyponatraemia, they fail to
provide sufficient calorific support and treated calves
lose considerable body condition during treatment
when milk is withheld from the diet.

‘Third generation’ oral rehydration solutions contain
much higher concentrations of glucose (up to 375 mmol/l)
and sodium (up to 133mmol/l) to counter the energy
deficit which results when milk is withheld from the calf’s
diet. Such hypertonic solutions do not worsen diarrhoea
due to osmosis or produce hypernatraemia and, when
compared to standard oral rehydration solutions, these
‘third generation’ solutions have reduced the liveweight
loss which results from calf diarrhoea.

Further developments in oral fluid therapy (‘fourth
generation’) include the addition of the amino acid glu-
tamine to promote enteric sodium uptake and sustain
villus form and function. A high-calorie oral rehydra-
tion solution with glutamine was more effective in
correcting plasma, extracellular fluid and blood volume
than solutions without (one WHO-type solution and
two high-glucose but glutamine-free solutions) using an
Escherichia coli model (Brooks et al., 1997).

In summary, an oral rehydration solution should be
judged on the composition of the solution in mmol/l and
not on a dry matter percentage basis. The sodium
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concentration should not exceed 130 mmol/l. The bicar-
bonate concentration (usually as a precursor such as
citrate, acetate or propionate) should be in the region
of 80 to 120mmol/l. The role of glycine may be over-
stated with respect to sodium transport but it aids
palatibility. High-energy-containing oral rehydration
solutions, with glucose concentrations up to 375 mmol/l,
limit liveweight loss during diarrhoea and should be
considered if milk is withheld for more than two days.
The addition of glutamine to the oral rehydration solu-
tion appears to offer numerous advantages over other
solutions (Brooks et al., 1997).

Treatment with oral rehydration solutions: As detailed
above, there is an almost bewildering list of oral rehy-
dration solutions which can be used to treat diarrhoeic
calves, each supported by its own experimental and
clinical database. For veterinary practitioners presented
with a recumbent calf with severe metabolic acidosis,
the most critical treatment is appropriate intravenous
fluid therapy. No oral rehydration solution will correct
the moderate to severe base deficit in these profoundly
weak and recumbent calves. Within six to eight hours
of the start of intravenous fluid therapy the calf should
be much improved, with return of the suck reflex. This
clinical improvement indicates that the acidosis has
been largely corrected, but to counter ongoing losses 1
litre of a high-calorie oral rehydration solution with a
high alkalinizing ability should be offered eight times
daily (note: this may be twice the recommended rate
detailed in the product data sheets). The presence of a
vigorous suck reflex is the best indicator that the calf is
recovering and is a more important factor than the con-
tinued production of fluid faeces.

The calf should be returned to a milk diet as soon as
possible, and this should be a complete change. The
milk must not be diluted with an oral rehydration solu-
tion. Typically, when milk is added to the diet, the calf
will continue to have profuse diarrhoea for a few days
but it will possess a strong suck reflex, be bright and
alert with no signs of weakness. Assessment of the calf’s
recovery based upon demeanour, activity and appetite
is more important than the negative aspect of the
continued production of fluid faeces.

Traditionally, milk was withheld from diarrhoeic
calves until solid faeces were passed, which often did
not occur until after four or more days of administra-
tion of only oral rehydration solutions. This calorific
deprivation led to considerable body condition loss and
a protracted convalescence. Some clinicians recom-
mend that milk and an oral rehydration solution are
alternated every two to four hours during the early con-
valescent phase, thereby largely overcoming the calorie
deficit but still retaining the benefits of the oral rehy-
dration solution. Oral rehydration solutions with an

increased glucose content as energy source should be
chosen if the calf is fed only oral rehydration solution
for more than 24 hours (third or fourth generation oral
rehydration solutions).

Antibiotics: Antibiotics are frequently employed in the
treatment of diarrhoeic calves despite the fact that
significant bacterial causes are limited to age-specific
periods within the first four days (enterotoxigenic E.
coli) and at over three weeks old (Salmonella spp.).
Unsupervised widespread use of antibiotics prescribed
by veterinary surgeons for the treatment of calf diar-
rhoea has been claimed to result in an increased preva-
lence of muliple resistant enteropathogens in humans,
which cautions against their use except for specific
bacterial causes (see also p. 210).

Enterotoxigenic E. coli do not display a high degree
of antibiotic resistance and the commonly used anti-
biotics such as trimethoprim-sulpha are effective. Such
calves do not develop a bacteraemia and oral antibiotic
administration is preferable. Many Salmonella spp.
infections result in bacteraemia with localization in the
lungs, joints and growth plates. Antibiotic selection
should be guided by bacterial isolation and antibiotic
sensitivity testing. Improved biosecurity and hygiene,
and possibly dam vaccination, should all be considered
to control salmonellosis in neonatal calves, thereby
reducing the need for antibiotic therapy. The use of
fluoroquinolone antibiotics to treat salmonellosis in
calves should be carefully considered and employed
only where there is no alternative antibiotic.

The use of antibiotics in rotavirus diarrhoea is not
indicated, but care must be taken not to overlook focal
bacterial infections. Indeed, it is possible to overlook
early cases of bacterial polyarthritis and meningoen-
cephalitis, but such infections generally appear in calves
less than six days old whereas rotavirus infection
causing recumbency and stupor occurs in calves more
than eight days old with a history of diarrhoea for the
past two days or more.

Following intravenous fluid therapy it is important
that the catheter is removed within 24 hours to reduce
the risk of thrombophlebitis; parenteral antibiotics
should not be necessary simply because the jugular vein
has been catheterized.

Non-steroidal anti-inflammatory drugs: Non-steroidal
anti-inflammatory drugs (NSAIDs) such as flunixin
meglumine and ketoprofen have been recommended
for diarrhoeic calves but have not been fully evaluated
as a supportive treatment. Some reports refer to
reduced severity of scouring following flunixin injection
while other clinicians comment that dehydrated calves
must not be given NSAIDs.



Protectants: Protectants, e.g. kaolin and pectin mix-
tures, are used as an adjunct to treatment but their value
in serious cases is doubtful.

Convalescence

Convalescence from rotavirus-induced diarrhoea is
often protracted because of physical loss of absorptive
capacity of the small intestine. The villus epithelial cells
are lost, resulting in stunted villi (Fig. 14.11). These
lining cells are intially replaced with undifferentiated
squamous and cuboidal cells, and only later replaced by
specialized aborptive columnar cells. Extended oral
administration of certain antimicrobials may prolong
this delay to normal absorptive capacity.

Management

The management of an outbreak of rotavirus diarrhoea,
once it has been diagnosed, should be based on the twin
concepts of reducing exposure to infection and enhanc-
ing resistance to infection by ensuring passive transfer
of specific antibody induced by timely vaccination of
the dam (see p. 1006). Good hygiene will not be suc-
cessful in controlling spread of infection because
rotavirus is endemic and highly infectious, but it will
help to reduce the build-up of infection throughout the
calving period and thus reduce the infectious challenge
to which calves are exposed; several studies have
recorded beneficial results from good hygiene.

Unlike dairy herds, most beef cattle have a seasonal
calving pattern with over 90 per cent of the cows calving
during a nine week period, which presents problems
with stocking levels in farm buildings and calving
accommodation. Beef cattle should calve outdoors
wherever possible. Newly-calved cows and their calves
should be moved to clean pastures as soon as possible
after birth. The stocking density on these pastures
should be kept as low as practicable to prevent envi-
ronmental contamination and build-up of infection.
Problems with rotavirus diarrhoea usually appear
during the second half of the calving period and are
often associated with adverse weather conditions
during early spring or late autumn, when young calves
are crowded in sheltered areas of the field facilitating
build-up of infection. Infection builds up rapidly in
housed beef herds where poor building design and lack
of sufficient straw bedding material aggravate over-
stocked conditions. The provision of a dry, well-bedded
creep area for calves may reduce the level of challenge
but is not sufficent to prevent disease.

To assist good hygiene, calving accommodation and
calf pens on dairy farms should be designed for ease of
cleaning and with adequate drainage. An ‘all-in, all-out’
policy should be adopted where possible, especially in
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units rearing purchased calves. Pens should be cleaned
between batches, steamed, disinfected and allowed to
dry.

Disinfectants that have been reported to be effective
against rotavirus are 0.25 per cent formaldehyde, 2 per
cent phenol, 1 per cent sodium hypochlorite, 0.25 per
cent propiolactone, quaternary ammonium compounds
and iodophores. Mixing calves of different ages should
be avoided and stress should be limited by staggering
management interference such as castration, disbud-
ding and changing of accommodation.

Bovine coronavirus
The agent

Bovine coronavirus (BCV) is a member of a group of
viruses with a characteristic morphology seen in the
electron microscope (Fig. 14.13). The virions, which
contain single-stranded polyadenylated RNA, are
pleomorphic spherical particles 70 to 220nm in diame-
ter with a corona of widely spaced club-shaped surface
projections (peplomers), which are 20nm long. Bovine
coronavirus has two types of peplomer of different
length. There is only one serotype of bovine
coronavirus.

Signs

Calves usually become infected with coronavirus when
they are between one and three weeks old, although
disease may occur in calves up to three months of
age. Transmission of infection is by the faecal-oral
route. Calves develop diarrhoea in a manner virtually

Fig. 14.13 Transmission electron micrograph of a single parti-
cle of bovine coronavirus. The particle has an irregular shape
and is covered by a corona of peplomers. (Courtesy of Dr J.C.
Bridger, Royal Veterinary College, University of London.)
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identical to rotavirus; studies of experimental inocula-
tions suggest that the incubation period is 20 to 30
hours. Generally, coronavirus diarrhoea is more watery
and of greater severity than rotavirus diarrhoea, leading
more rapidly to dehydration and acidosis. The severe
diarrhoea also leads to substantial losses of sodium,
potassium, chloride and bicarbonate ions. Fluid yellow
faeces are passed at first and these turn to a yellow
liquid containing milk clots and mucus.

Pathogenesis

Bovine coronavirus infects mature enterocytes located
on the surface of villi and epithelial cells of the upper
respiratory tract. The small intestine is severely
damaged due to sloughing of infected cells, especially
the ileum, and cells on the surface and in the crypts of
the large intestine are also killed. Infection of the upper
respiratory tract does not appear to cause lesions. Virus
particles are assembled in the cytoplasm by a budding
process through the rough endoplasmic reticulum. They
are subsequently transported through and accumulate
in the Golgi complex and are released from the cell by
lysis. The range of lesions seen in the small intestine is
identical to those produced by rotavirus and repair can
occur rapidly because small intestinal crypt cells are
largely unaffected. Virus damage to colonic crypt cells
results in atrophy of the mucosal ridges and dilated
crypts containing dead exfoliated cells. The mechanisms
by which the intestinal damage caused by bovine coro-
navirus results in diarrhoea are thought to be the same
as described for rotavirus. The presence of severe
lesions in the ileum, caecum and colon, areas of the
small and large intestine that absorb water, may
account for the more watery nature of the diarrhoea
seen in BCV infections. It is not clear whether or not
strains of BCV vary in virulence, as is seen in bovine
rotaviruses.

Prevention

There are two inactivated vaccines available in the UK
which combines coronavirus, rotavirus and E. coli K99
to provide protective antibody in colostrum and early
milk. The vaccines are administerd 12 to 13 weeks
before the anticipated calving date.

Diagnosis

Bovine coronavirus is universally present on all cattle
farms, as indicated by the presence of antibodies in all
adults. Diagnosis of coronavirus disease, like that of
rotavirus disease, is based on the detection of virus or
virus antigen in intestinal tissue or faeces. Assays using
ELISA have been developed for detection of bovine

coronavirus and are used by diagnostic laboratories.
The existence of bovine coronavirus excretion by clini-
cally normal calves is recorded, although it is not seen
as commonly as is rotavirus.

Management

Anoutbreak of BCV diarrhoea should be managedin the
same way as an outbreak of rotavirus diarrhoea; that is,
aim to reduce exposure to infection and enhance resist-
ance to infection by vaccination of the dam and ensuring
adequate passive antibody transfer (see p. 1006).

Sick calves should be moved to isolation facilities to
help prevent a build-up of infection and to facilitate the
provision of rehydration therapy. Diarrhoea induced
by BCV is often more watery than that caused by
rotavirus, possibly because the colon is less able to
absorb water because it is damaged by the infection.
The watery diarrhoea is likely to lead to severe
dehydration and rehydration therapy as outlined for
rotavirus is indicated (see pp. 195-6).

Calici-like virus (Newbury agent)

Particles of calf calici-like virus measure approximately
33nm in diameter and have an indefinite feathery
outline with dark hollows on the surface. Some parti-
cles have a 10-spiked sphere morphology. The virus was
first detected in faeces of calves with diarrhoea and the
pathogenic process has been studied in gnotobiotic
calves. As far as is known, the disease is confined to the
unweaned calf, although a gnotobiotic calf aged 60 days
was susceptible to infection and disease. In gnotobiotic
calves, clinical signs of enteric disease are identical to
those seen in rotavirus infections and the lesions are
comparable to those produced by rotavirus and BCV.
Two antigenically distinct isolates of Newbury agent
have been identified and infection with either virus did
not protect against clinical illness following infection
with the other virus three weeks later. There are no spe-
cific diagnostic tests for the calf calici-like viruses, other
than electron microscopic examination of faeces con-
centrated and purified by ultracentrifugation. They
might be suspected as the aetiological agent in cases
that appeared clinically similar to rotavirus, but are
negative for rotavirus and other enteropathogens.
Calves with diarrhoea caused by a calici-like virus may
be managed as though they were infected with rotavirus.

Astrovirus

Astrovirus is a descriptive name for viruses with a star-
like pattern on their surface in the electron microscope.
They have a diameter of 28-30nm and contain single-
stranded RNA. Astroviruses have also been detected in



faeces of lambs with diarrhoea where the virus infected
enterocytes causing mild villus stunting in the mid small
intestine. Astroviruses have been detected in calf faeces
in association with diarrhoea but experimental infec-
tion of gnotobiotic calves with astrovirus did not cause
diarrhoea. Nevertheless, antibodies to astrovirus are
widespread in cattle sera, having been found in 11 out
of 22 herds in the UK and in 30 per cent of cattle sera
examined in the USA. Recently, astroviruses were
shown to infect and damage the specialized epithelium
of the dome villi (Fig. 14.14) in the Peyer’s patches of
calves. These calves did not develop diarrhoea, but
severe diarrhoea occurred in mixed infections of astro-
virus and rotavirus or astrovirus and Breda agent. It is
probable that astrovirus are not pathogenic on their
own, but may increase the severity of the disease pro-
duced by other enteropathogenic viruses. There are no
routine tests to detect astroviruses in faeces, but in the
research laboratory they can be identified by electron
microscopic examination of faeces concentrated by
centrifugation.

Fig. 14.14 Scanning electron micrograph of calf small intestine
illustrating absorptive villi and a dome villus covered by a char-
acteristic epithelium, which is thought to be specialized for
antigen uptake and which has been shown to be susceptible to
infection and damage by bovine astroviruses.
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Breda virus

This virus was first described as causing calf diarrhoea
in the USA in 1982. Lesions were similar to those pro-
duced by coronavirus. Jejunal and ileal villi were
stunted and there were crypt abscesses in the small
intestine and particularly in the colon. There were areas
of necrosis of the surface epithelium of the colon.

There are no tests available commercially which
detect Breda virus in faeces. Electron microscopy of
faeces and thin sections through ultracentrifuge pellets
may be used in the research laboratory and, because all
isolates of Breda virus possess common antigens, anti-
bodies to these can be used in an immunofluorescent
test of intestinal sections and in an ELISA test. Ex-
amination by ELISA of over 200 faeces from UK calves
with diarrhoea failed to detect Breda virus. However,
in a separate study, antibodies to Breda virus were
detected in 55 per cent of cattle sera.

Escherichia coli

Three groups of E. coli have been identified that appear
to cause diarrhoea in calves. Strains that elaborate a
heat-labile enterotoxin or a heat-stable enterotoxin are
called the enterotoxigenic E. coli (ETEC). A second
collection of strains exists that colonize the small intes-
tinal mucosa and cause diarrhoea, but do not elaborate
enterotoxins. Characteristically, these strains attach
closely to the luminal surface of enterocytes, often in
cup-shaped depressions or on cytoplasmic protrusions,
described as ‘pedestals’. This attachment of bacteria to
the enterocyte surface usually results in the microvilli
being effaced and the lesion has been named the
‘attaching and effacing’ (AE) lesion (Fig. 14.15). Com-
parable strains cause diarrhoea in children and are
called enteropathogenic E. coli (EPEC). It is appropri-
ate to use this term for equivalent calf strains, but care
is required because the term enteropathogenic E. coli
has been used in the veterinary literature for many
years to describe strains associated with diarrhoea,
regardless of their pathogenic mechanism.

A third group of strains colonizes the surface of the
large intestine and causes a mild dysentery. These
strains also cause AE lesions but because they cause
blood to be lost into the lumen of the large intestine,
they are called enterohaemorrhagic E. coli (EHEC);
once again comparable strains cause a similar disease
in children. Some EPEC and EHEC, but not all,
produce a toxin that kills Vero cells in vitro and is called
Verocytotoxin (VT) or Shiga-like toxin (SLT). This
toxin does not cause AE lesions, but is probably
involved in the pathogenic process. Escherichia coli that
produce VT are referred to as VI+ E. coli or VTEC.
VTEC have been isolated from calves with diarrhoea,
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Fig. 14.15 Scanning electron micrograph of an enterocyte in
the colonic mucosa of a gnotobiotic calf inoculated experimen-
tally with an enterohaemorrhagic E. coli (strain S102-9). Bacte-
ria are attached closely to the surface of the enterocyte, often
on ‘pedestals’ (arrow) and the microvilli have been effaced.

but they may also be present in the faeces of healthy
calves. In an epidemiological study, they were found to
be as common in the faeces of healthy calves as in the
faeces of calves with diarrhoea. Therefore, designation
of an E. coli as a VTEC may not necessarily define it as
an isolate capable of causing diarrhoea and demon-
stration of a VTEC in the faeces of a calf or calves with
diarrhoea does not constitute a diagnosis of the cause
of the diarrhoea.

Enterotoxigenic E. coli

Enterotoxigenic E. coli most commonly cause diar-
rhoea in calves under four days old. In experimentally
infected newborn calves the incubation period is 12 to
18 hours. Calves are depressed and anorexic and rapidly
dehydrate and die. In calves ETEC diarrhoea can be
diagnosed clinically because it causes disease in very
young calves and because it produces a very profuse
and much more watery diarrhoea than any other of the
calf enteropathogens.

Enterotoxigenic E. coli possess two virulence at-
tributes (determinants) that distinguish them from
non-pathogenic strains: ability to adhere to the mucosal
surface of enterocytes and, as mentioned previously,
ability to produce enterotoxins (see Fig. 14.4).

Adhesion is mediated by filamentous protein struc-
tures called fimbriae, sometimes called pili or adhesins,
which bind to specific receptors on the enterocyte cell
membrane. Adhesion mediated by fimbriae does not
bring the bacterium in close contact with the enterocyte
luminal surface as is the case of EPEC and EHEC.
The microvilli are unaltered and ‘cups’ and ‘pedestals’
are not seen. The presence of receptors is affected by
age, and susceptibility to infection is greatest in the
newborn calf when expression of receptors is greatest.
These fimbriae are antigenic and so many of them are
known by their antigenic name (e.g. K99, F41). Their
adhesive ability allows ETEC to overcome the peri-
stalsis of the small intestine by sticking to the mucosal
surface. The adhesion antigens commonly found in
ETEC of calves are K99 and F41; they often occur
together but may be present independently. K99*
strains are also capable of inducing diarrhoea in pigs,
foals, lambs, goats and possibly other ruminants. Adhe-
sion of the bacterium to the enterocyte surface confers
another advantage to the bacterium because entero-
toxins are released close to their receptor sites. The
ability of ETEC to produce fimbriae and enterotoxins
is determined by genes that are usually carried on a
single plasmid and thus occur together. It is adequate,
therefore, to diagnose ETEC infection by detecting
either the enterotoxin or the adhesin.

Detection of adhesins forms the basis of the diag-
nostic tests for ETEC because they are easier to detect
than enterotoxins. Special culture media may be
required to encourage ETEC to express adhesins
because, in general, K99 and F41 are poorly produced
by bacteria in vitro, although they are readily produced
by bacteria growing in the gut. Once expressed they can
be detected using specific antisera in agglutination,
haemagglutination or ELISA tests.

It is helpful to understand the mechanisms of absorp-
tion and secretion in the small intestine before consid-
ering how the enterotoxins produced by ETEC cause
diarrhoea. Absorption occurs through the activity of
the mature villus enterocyte. Sodium ions are trans-
ported out of enterocytes through the basolateral cell
membranes into the basolateral spaces by an energy-
dependent mechanism, the sodium pump. This creates
a concentration gradient extending from the lumen into
the enterocyte. Sodium ions, followed by chloride ions,
diffuse along the concentration gradient from the
lumen through the microvillous surface, assisted by a
brush border carrier system. The osmolality in the
basolateral spaces increases and water passes from the



lumen along the osmotic gradient (see Fig. 14.2). There
are several carrier systems that assist the entry of
sodium ions; one system does not utilize the products
of digestion, another utilizes glucose, which is specifi-
cally absorbed through the luminal surface of entero-
cytes and each molecule of glucose carries with it a
molecule of sodium. Chloride ions and water follow and
this flow of water traps additional sodium and chloride
ions by solvent drag (Fig. 14.2). Carrier systems for
amino acids and citrate also transport sodium ions and
water through the intestinal mucosa. These carrier
systems, particularly the glucose carrier system, are par-
ticularly important in oral rehydration therapy. Secre-
tion occurs from crypt cells; sodium passes into the
intestinal lumen taking chloride and bicarbonate ions
and water with it (Fig. 14.3). Cyclic- AMP stimulates this
secretory activity.

The heat-stable enterotoxin (ST) is the enterotoxin
usually produced by ETEC strains from calves.
Two forms of ST occur (ST,, and STg), but only ST,
occurs in calves. Both forms stimulate guanylate
cyclase activity within enterocytes, causing increased
levels of intracellular cyclic-GMP, which inhibits
absorption by villous enterocytes but has no effect on
secretion.

The heat-labile enterotoxin (LT), rarely produced by
calf ETEC strains, is made up of two subunits. Subunit
A stimulates adenylate cyclase activity within entero-
cytes. Subunit B assists entry of subunit A into entero-
cytes. Adenylate cyclase raises the levels of cyclic-AMP
in mature villous enterocytes and crypt cells. In mature
villous enterocytes, cyclic-AMP inhibits the independ-
ent pathway for the absorption of sodium ions and
therefore of chloride and water (see Fig. 14.5). In crypt
cells, it stimulates sodium secretion, which takes with it
chloride and water (see Fig. 14.6).

Although the main mechanism for the pathogenesis
of diarrhoea is attributed to enterotoxins, which do not
cause visible damage to the gut, experimental infections
of gnotobiotic and conventional calves, both colostrum
fed and colostrum deprived, have revealed a pathology
associated with ETEC infections that probably con-
tributes to the development of diarrhoea. Villi become
stunted and fused together and the enterocytes change
shape from columnar to cuboidal. These cells are prob-
ably immature enterocytes and these changes indicate
an increased rate of enterocyte loss.

Immunoprophylaxis against ETEC-induced diar-
rhoea is based on the use of immune colostrum. Dam
vaccination is used to stimulate high levels of antibody
in the colostrum and this approach is particularly suc-
cessful because calves are susceptible to this disease for
only the first few days of life when colostrum is fed.
Vaccines containing the K99 fimbriae, or dead bacteria
with the K99 antigen expressed on the surface, are used
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because adhesion is an important component of the
pathogenic process.

Itis possible to recognize clinically an outbreak of calf
diarrhoea caused by ETEC because of the severity and
age group of calves affected. An outbreak characterized
by the rapid onset of severe, very watery diarrhoea,
which quickly causes dehydration and collapse and
which is frequently fatal and occurs in calves that are
less than 96 hours old, is likely to he caused by ETEC.
In some circumstances, calves may die before there is
evidence of profuse diarrhoea. There is rapid and severe
dehydration. The calf quickly becomes recumbent.
Sequestration of fluid in the abomasum and intestines
gives the abdomen a bloated appearance which ‘sloshes’
on succussion. The rectal temperature may be elevated
in the early stages but rapidly falls to subnormal.
Affected calves are rarely acidotic. Faecal bacteriology
will confirm the diagnosis. ETEC diarrhoea is not
common in the UK (less than one per cent of calf diar-
rhoea outbreaks), but outbreaks have been associated
with poor housing and management at calving.

There are a number of possible causes of recumbency
in neonatal calves which must be excluded from the
differential diagnosis list, including congenital heart
defects, rupture of liver/spleen following dystokia and
bilateral femoral nerve paralysis. Atresia coli/ani cases
present with increasing abdominal distension, progres-
sive weakness and dehydration leading to recumbency.
Septicaemia and bacterial meningoencephalitis are also
commonly encountered in calves less than four days
old. Congenital neosporosis has also recently been
reported as a cause of recumbency in neonatal calves.

The immediate response must be rapid isolation and
treatment of sick calves by rehydration with an elec-
trolyte solution. Acidosis is not a feature of diarrhoea
in calves less than six days old and spiking intravenous
fluids with bicarbonate is not indicated in calves with
enterotoxigenic E. coli infections. Rehydration may
be given by intravenous infusion if the calf is unable
to feed; intravenous infusions may be changed to oral
administration as the calf recovers strength. Less
severely dehydrated calves may be treated only by oral
rehydration. The biochemistry of oral rehydration
has been discussed earlier (pp. 197-8). Oral antibiotics
should be administered to all calves at birth in the face
of an outbreak until the vaccine administered to all
remaining pregnant cattle can provide protective
immunoglobulins in the colostrum. Antibiotic resist-
ance is not a problem in such outbreaks thus antibiotic
selection is not critical to a successful outcome. Fluid
therapy is the first priority because calves may die of
dehydration before any beneficial effects are obtained
from antibiotic therapy.

Following immediate management of an outbreak
with fluid therapy and antibiotics, it is essential to
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introduce dam vaccination (see p. 1006). It should be
possible to eliminate the infection from the herd with
the use of antibiotics, dam vaccination and good
hygiene. ETEC with the K99 antigen are absent from
most farms and disease prevention should concentrate
on exclusion of the infection by good herd biosecurity.

Enteropathogenic E. coli, enterohaemorrhagic
E. coli and verocytotoxin-producing E. coli

There are no specific clinical signs of diarrhoea caused
by EPEC and VTEC although a yellow watery diar-
rhoea has been reported. The mean age of calves with
diarrhoea caused by EHEC was 15 days. Calves main-
tained a normal appetite and did not develop pyrexia,
but a mild diarrhoea containing blood was seen. In pro-
longed cases there was dullness, signs of abdominal
pain, dehydration and weight loss.

Although the EPEC, EHEC and VTEC are capable
of causing diarrhoea in calves and have been associated
with outbreaks of disease, it is difficult to diagnose their
specific involvement. Presence of frank blood in the
faeces is suggestive of EHEC, especially if salmonellas
and cryptosporidia are not isolated from faeces. The
presence of these enteropathogens will be suggested by
the failure to find other agents and possibly by the
finding of E. coli in association with the mucosa of the
small or large intestine.

Clinical signs of septicaemia

In many situations it can prove difficult to differenti-
ate the cause of the calf’s depression, lethargy and
weakness between profound acidosis or early
septicaemia/bacterial meningoencephalitis. Most septi-
caemic calves are less than six days old and this age
prevalence differs from the typical occurrence of viral-
induced diarrhoea and acidosis (more than eight days
old). Septicaemic calves usually present with episcleral
injection, toxic mucous membranes and evidence of
multi-organ system involvement such as joints, respira-
tory tract and eyes. Pyrexia above 39.5°C is not a con-
sistent finding in septicaemic calves while diarrhoea is
often only present during the terminal stage of illness.

Lumbar cerebrospinal fluid (CSF) collection and
visual inspection of the turbid sample on farm enables
immediate diagnosis of bacterial meningoencephalitis
and appropriate aggressive antimicrobial therapy
(Scott & Penny, 1993). This sampling procedure is rec-
ommended in those cases where the clinician is unsure
of the diagnosis. On-farm collection of lumbar CSF in
depressed calves is a simple procedure which only
requires a knowledge of the bony landmarks and an
appropriate length hyopdermic needle without stylette
(see p. 896). With appropriate aseptic precautions, there

is little risk of spinal meningitis. Selection of a narrow
gauge hypodermic needle, and removal of only 1 to 2
ml of CSF, will greatly reduce any risks associated with
sudden release of CSF pressure.

Campylobacter spp. (see p. 852)

The related campylobacters, Campylobacter jejuni and
C. coli, have been recognized recently as important
enteric pathogens in humans. They are the most
common cause of diarrhoea in developed countries and
they are one of the three most common causes of
human diarrhoea in developing countries; E. coli and
rotavirus are the other two enteropathogens of major
importance. Recognition of the importance of campy-
lobacters followed marked improvements in culture
techniques that improved isolation and identification
from faeces. They have been isolated from healthy and
diseased domestic animals and poultry for many years
and, not unexpectedly, the most common sources of
infection in human outbreaks are fresh poultry, minced
meat and unpasteurized milk.

The recognition of animal products as the source of
human infection has prompted a reassessment of the
importance of C. jejuni and C. coli in causing enteric
disease of farm animals. Since the 1930s, campylobac-
ters have been thought of as the cause of an enteric
disease of housed adult cattle in the winter-syndromes
referred to as ‘winter dysentery’, ‘winter scours’, ‘vibri-
onic enteritis’. The above association has, however,
been questioned and more recently a coronavirus has
been implicated as the cause of winter dysentery (see
p. 852). The association of campylobacters with calf
diarrhoea has been examined in experimental infec-
tions and in case-control studies of field outbreaks. The
results have shown that C. jejuni is present on all farms
and most case-control studies have failed to demon-
strate an association between excretion of this organ-
ism and calf diarrhoea. In the majority of experimental
studies, inoculation of calves with C. jejuni, even using
high doses, resulted in colonization without diarrhoea.
Campylobacter jejuni may be detected in up to 80 per
cent of weaned calves, indicating that isolation of this
organism from calves with diarrhoea does not consti-
tute a diagnosis. Campylobacter coli is less commonly
isolated from cattle and experimental inoculations and
case-control studies indicate clearly that it is non-
pathogenic. Campylobacter fetus subsp. fetus and C.
hyointestinalis are also commonly isolated from cattle
of all ages, but most evidence suggests that they are not
a cause of intestinal disease.

Cryptosporidium parvum (see p. 286)

Cryptosporidium parvum is an enteric coccidia recog-
nized commonly in calves and lambs and is a zoonosis.



The organisms are spherical or ovoid parasites that
adhere to the microvilli of enterocytes, particularly in
the ileum, but also in the large intestine. Cryptosporidia
exhibit three important differences from other enteric
coccidia: excreted oocysts are directly infective to new
hosts, cryptosporidia are not host specific so that infec-
tion can spread between mammalian species, including
man, and finally they are unaffected by most existing
anticoccidial drugs (see pp. 206, 1029).

The life cycle commences with the ingestion of
oocysts containing sporozoites, which become tropho-
zoites. In the asexual phase of the life cycle the tropho-
zoites mature to schizonts containing eight merozoites,
which are liberated and infect new enterocytes to form
a second generation of merozoites. In the sexual phase,
macrogametes fuse with microgametes and give rise to
zygotes, which form oocysts. Sporozoites form within
oocysts in the intestinal lumen or whilst they are still
attached to the surface of enterocytes so that oocysts
excreted in the faeces are directly infective to new hosts
without an obligatory period of maturation outside the
host body. Consequently, infection can spread rapidly
within a group of calves and the pattern of spread is

Fig. 14.16 Scanning electron m