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PREFACE

No apology appears necessary for the increase in size of
this Edition; it was impossible within any smaller compass
to deal with a subject of the first importance. The time
had arrived when the whole question required more exten-
sive handling than was considered desirable when the first
edition of this book was published; in consequence the
Manual has been completely rewritten.

The extraordinary advances made in our knowledge
during the last eighteen years have revolutionized our
pathology, and an accurate knowledge of pathology is one
of the pillars of preventive medicine.

It was impossible that a work organized on the present
lines could be carried out single-handed. I have been
fortunate in securing the co-operation of Dr. Arnold
Theiler, Veterinary Pathologist to the Government of the
Transvaal, in writing the chapter dealing with Bacteria
and Immunity. I am indebted to his original investiga-
tions, and those of Mr. Lounsbury, B.Sc., Entomologist to
the Government of the Cape of Good Hope, in the matter
of the Tick transmission of disease. The profound influence
which the work of these gentlemen has exercised over our
knowledge of the infection and prevention of tropical
diseases of animals cannot yet be fully estimated. As a
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profession we tender them our gratitude, as an individual
I beg to express my personal thanks and indebted-
ness.

I gratefully acknowledge the assistance received from the
published papers of Mr. J. Malcolm, F.R.C.V.S., in the
matter of Dairy Inspection; to Mr. Cope, C.B., F.R.C.V.8.,
I beg to offer my thanks for reading the summary of the
law in relation to the Contagious Diseases of Animals; to
Mr. W. Woods, F.R.C.V.S., of Wigan, for information
relating to the life of animals in coal mines; to Professor
McFadyean and Mr. Hunting, F.R.C.V.8., for reading the
proofs on State Hygiene, and to both of them for their
many valuable contributions to Veterinary literature on
which I have freely drawn.

Mr. Stockman, Chief Veterinary Officer, Board of Agri-
culture, kindly contributed the section dealing with ‘ Meat
Inspection’; Mr. H. Leeney, M.R.C.V.S., that devoted to
the ¢ Care and Management of Dogs’; Major Butler, A.V.D.,
the section on the ‘Production of Calf Lymph’; Major
Eassie, D.8.0,, A.V.D., on the ‘Organization of Remount
Depots in War’; Captain Olver, A.V.D., wrote the chapter
on the ‘ Hygiene of Breeding’; Mr. Lloyd, F.R.C.V.8,, of
the Sanitary Department, Sheffield, was good enough to
furnish me with drawings of Sanitary and Insanitary Cow
Houses, a subject he has specially studied ; Professor
Green, D.Sc., F.R.S., kindly revised the section dealing
with Poisonous Plants; Mr. Burtt-Davy, F.L.8., Botanist
to the Transvaal Government, favoured me with many
notes on Cattle Poisons of the Transvaal ; while Dr. Stewart
MacDougall, Consulting Entomologist to the Highland
Agricultural Society of Scotland, very kindly revised the
section dealing with the Diptera.

It is impossible for me to adequately express my thanks
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to all these gentlemen for their valuable co-operation in the
production of this Manual.

In the preparation of this Edition, I have consulted &
very scattered literature, but would particularly mention
Dr. Fream’s Edition of Youatt's ¢ Complete Grazier,” which
is a store-house of information, and has afforded me many
valuable references to original papers.

I am indebted to Mr. F. B. Smith, Director of Agri-
culture, Transvaal, for permission to utilize the excellent
Library of that Department, which has given me an oppor-
tanity of consulting in the original many valuable papers
in the Royal Agricultural and Highland and Agricultural
Societies’ publications.

The work of reading the final proofs of this book has
been very kindly undertaken by Major Butler, A.V.D.
Owing to my absence abroad, this has been both time-
saving and of immense service, and I beg to offer him my
best thanks.

I am obliged to several firms for the loan of blocks, and
hereby beg to express my indebtedness to Messrs. F. and
A. Dickson, Seedsmen, Chester, for the figures of ‘ Grasses’;
Messrs. Musgrave and Co., Belfast, for nearly all the blocks
illustrating ¢ Stable Fittings’; and the St. Pancras Iron-
works Co., London, for the remainder. Messrs. Manlove,
Alliott and Co., Nottingham, furnished the figure of an
¢ Incinerator’; The Deeming Co., Ohio, U.S.A., supplied
those of Spray Pumps; The Ice and Cold Storage Publica-
tion Co. the blocks illustrating the apparatus for the
sterilization and destruction of Flesh unfit for Food;
Messrs. Ransomes, Sims and Jefferies, Ipswich, the figure
of Plough attachments; Messrs. Rands and Jeckell, of
Ipswich, the figures of Sheep Shelters; and Messrs. Cross-
kills, of Beverley, the block illustrating an Ambulance for
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Animals. Messrs. Barford and Perkins, Peterboro’, and
Messrs. Richmond and Chandle, Manchester, have obligingly
furnished the figures of Food-preparing Machinery. Dr.
Fream has been good enough to supply all the figures
illustrating the Artificial Grasses, while the Editors of the
Journal of the Royal Agricultural Society and Transactions
of the Highland and Agricultural Society of Scotland have
lent the blocks illustrating some of the Parasitic and other
Flies, the Yew Tree, and Cowsheds.
F. S.

PRETORIA, SOUTH AFRICA,
June, 1905.
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INTRODUCTION

EicHTEEN years ago, when the first edition of this book
appeared, no interest was taken in Veterinary Hygiene
outside the profession, and even within it the subject was
not taught in the schools, nor formed part of the examina-
tion of the Royal College of Veterinary Surgeons.

During the last few years the interest taken in the
matter has been phenomenal; the particular lines along
which it has travelled have been in relation to State and
Municipal Hygiene, especially the latter, for the necessity
of placing the Inspection of both Meat and Milk on an
organized basis and under properly trained experts is begin-
ning to be generally recognised.

The time is at hand when Veterinary Officers of Health
will have to be created throughout the Kingdom, as a
branch of preventive medicine safeguarding the public
health. Such appointments will in no way clash with
Medical Officers of Health, nor is one subordinate to the
other; both confine themselves to the special animal they
are trained to deal with, and the only duties they have in
common are those of watching over the interests of the
public health, for which purpose co-operation on both sides
is essential.

The other public department in which the Veterinary
profession will have to take a larger share than in the past,
is the State Control of Contagious and Infectious Animal
Diseases. The early history of this Department, its failures
and successes, its strength and its weakness, have been fully
dealt with in Chapter XI. The only point to which we

would here refer, is the branch of the public service to
xvii
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which the Veterinary Department should belong. Both
the Medical and Veterinary Departments were originally a
branch of the Privy Council; eventually they were cut off
from this, the Medical passing to the Local Government
Board, while the Veterinary passed to the Board of
Agriculture.

Public expert departments are not of much use unless
their views can reach the Cabinet, and the Minister of
Agriculture was a convenient mouthpiece for conveying to
the Government the best advice on the matter of contagious
and infectious animal diseases. Unfortunately, however,
the Agricultural Department took charge of its Veterinary
Section, filled important posts with laymen, accepted or
refused expert advice as it thought fit, has ventured to
instruct the profession on matters of pathology, and to
show the extent to which lay control is prepared to go,
furnishes an Annual Report on Animal Diseases to Parlia-
ment !

All this might be regarded with some show of toleration,
if the control of those diseases specially vested in their
hands was carried out in an effective manner, or if they
intelligently employed the immense powers placed in their
hands by Act of Parliament. But throughout their object
has been to throw upon the Local Authorities work which
should be centralized, and when compelled to take it up
themselves, have employed laymen to carry out some of its
most important and technical features.

It is perfectly certain if the country is to receive the full
benefit of the veterinary advice which is available, the
Agricultural] Department in its relation to Veterinary State
Medicine must either undergo a profound modification, or
the Veterinary Service must be transferred elsewhere and a
fresh Ministerial mouthpiece found.

It has been suggested to establish a Central Board of
Health, having a Medical and Veterinary side, with a
Minister of Public Health responsible to the country. We
are decidedly in favour of such a scheme. A Central Board
of Health is by no means a new idea; one came into
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existence in 1881, the result of the Cholera scare, and was
the nucleus of the present Medical Department of the Local
Government Board, in the same way as the Veterinary
Department was formed in 1865 as the result of the Cattle
Plague scare.

A Central Board of Health, with its independent Medical
and Veterinary Sections, would be capable of performing
infinitely better service than at present, while the Agri-
cultural Department could be left to deal exclusively with
Agricultural matters—such, for example, as Statistics re-
lating to Crops, Areas under Cultivation, Animal Population,
Markets and Fairs, Imports and Exports of Animals, ete.,
duties for which their constitution is adapted.

We recommend the entire withdrawal of all veterinary
matters from the Board of Agriculture, and the re-erection
of the Veterinary Department under the wing of a Minister
of Public Health. This central body to take charge of the
duties of the eradication of animal diseases, nothing being
left to the discretionary powers of Local Authorities, who
are merely the machinery on the spot for carrying out the
orders of the Central Authority. With this must follow
the abolition of all lay Inspectors, the whole of their duties
being carried out by Veterinary Officers of Health; these
must be specially qualified members of the profession inde-
pendent of private practice, and each having his own
subordinate staff to assisi in carrying on the work.

There is every indication of the willingness of Univer-
sities to confer a Veterinary Degree in Public Health,
which is abundant evidence of the importance and general
interest now being taken in the question. The feeling
that Veterinary Surgeons are unsuited to occupy a public
position in matters of State and Municipal Hygiene is fast
dying out, for which we have to thank enlightened public
opinion and an educated profession.

It has taken the public a long time to recognise that our
work is highly specialized, and that no medical man or
layman can possibly take the place of the trained expert in
veterinary matters. The tutelage of the medical profession
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has been finally withdrawn, a step recognised on both sides
as essential to progress and development.

The advances made in veterinary hygiene in all our
colonies are matters for sincere congratulation. It is
greatly regretted that the astonishing development in the
veterinary inspection of meat in New Zealand could not
have been embodied in Chapter XII.; but the details were
only recently known to us. This model and advanced
colony is a profound object-lesson to the mother-country ;
as a profession we are indebted to the enlightenment of its
Legislature, and to the capability of its veterinary adviser,
Mr. Gilruth.

The researches of the latter gentleman in connection
with hepatic cirrhosis of animals, due to feeding on Rag-
wort (Senecio Jacobea), have been regretfully overlooked
in the section dealing with poisonous plants.

In the same way, through an oversight, we failed to give
to Mr. Borthwick, M.R.C.V.S., Veterinary Department,
Cape of Good Hope, the credit for proving that the disease
described at the foot of p. 190 as due to Lessertia annularis
is really caused by quite a distinct plant, Cotyledon ventri-
cosa. ‘

We again urge on the Royal Society for the Prevention
of Cruelty to Animals to take up and campaign against the
cruelty inflicted on animals by insanitary surroundings,
defective ventilation, overcrowding, neglect of or defective
shoeing, underfeeding and overworking, badly adjusted
loads, vans and waggons without or with only imperfectly
acting breaks, ungreased axles, and other forms of cruelty,
less obvious, perhaps, than lameness and wounds, but of
far greater general importance. Here, indeed, is a rich
harvest awaiting the Society, a perfectly untrodden field
with immense possibilities for doing good on a large scale,
and confrolling much of the waste of animal life which at
present exists in all cities and towns.
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CHAPTER I
WATER

Tae supply of water to a community is a problem which has
for centuries compelled public attention, and in the hands
of the Romans was more liberally dealt with than at any
subsequent period. The part played by water in the pro-
duction of disease has, on the other hand, only within
comparatively recent years received any serious attention.

It seems pretty clearly proved that people cannot drink
with impunity the polluted water of wells or rivers, and a
great deal of our sanitary legislation in recent years has
been directed to the supply of a pure source for towns and
cities. Yet the source of all water is rain, and it is quite
clearly established that rain as it reaches the earth is
practically free from organic and inorganic matter. The
subsequent organic impurity of water must, therefore, be
owing to the soiling of the earth by the agency of men and
animals, but especially the former.

If rain yielded all the water required by a community,
the simplest precautions would prevent it becoming mixed
with filth ; but no hamlet, let alone city, can depend upon
the direct rainfall for its water supply, it has to be
supplemented by that from rivers and wells, and the
rain in its passage to either of these may undergo serious
pollution.

1
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_ The earth is dirty, the inhabited parts have been under-
going the process of pollution for centuries, and though
there are agencies present constantly tending to revivify
and purify it, it is certain these were only intended to be of
benefit when men and animals were but two or three to the
square mile, and not thousands as at present, in our towns
and cities.

This congestion of definite areas has led to the com-
munity poisoning itself in the matter of water, and legisla-
tion now recognises that local supply is no longer sufficient
in quantity or quality to provide the needs of some of our
large cities, so that the supply of water from a clean
¢ catchment area,” which may be many miles away, appears
the only solution of the problem.

Further, it is astonishing to bear in mind that in the
past, the arrangement for the source of water supply to towns
and cities was as a rule the sewage outlet. It is incredible
that any community could have regarded with satisfaction
or safety, a water supply drawn from the identical channel
into which was poured the urine, fmces, slop-water, and
street drainage of the city !

Quite apart from the possible risk which was run, one
would have thought the @sthetic sense would have revolted
against such a filthy system.

The part played by water in the dissemination of enteric
and cholera in man appears quite clear. If either of the
poisons of these diseases obtain access to the public drink-
ing supply, there is no doubt of the results. Excepting for
these two diseases we would have heard but little of the
risk of water impurity.

No disease directly or indirectly related to the above
affects the lower animals. Ulcerations of the bowels may
exist without the disease being even allied to human
enteric. The absence, then, of enteric and cholera amongst
the lower animals, is the explanation why so little impor-
tance is attached to their water supply, and that anything
is considered good enough for them to drink.

But there is a broader light in which the matter should
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be looked at. Although we may have few diseases among
animals directly attributed to an impure water supply, yet
physiology and experience teach us that the highest degree
of health is only obtained when that supply is above
reproach, and where this is not so it is attended, if not by
disease, certainly by a loss of physical fitness, and this
loss is especially seen amongst the working class, viz.
horses.

SOURCES OF WATER.

The original source of all water is rain. It makes no
difference whether the water is bubbling up from the
bowels of the earth, or running in a brook, it was originally
obtained from the clouds. Rain on reaching the earth
behaves as follows;—it either percolates, or depending
on the configuration of the ground it runs off to the
nearest channel and thence to streams and rivers, or it
evaporates.

As a rule two, sometimes three, of these processes are
operating at the same time. The amount of percolation
depends upon the porosity of the soil and the time of year;
the proportion which runs to brooks and rivers depends
upon the impervious nature of the soil and the slope of the
ground ; the amount evaporated depends upon the time of
year and the temperature of the air.

In sand and gravel considerable percolation occurs, as
much as 90 per cent. of the rainfall may thus be disposed
of; in chalk 37 per cent. may percolate, in new red sand-
stone 25 per cent., in magnesium limestone 20 per cent.
The portion which percolates is returned to the surface by
springs, wells and borings.

As the water passes into the earth it is constantly moving,
and traversing the cracks and fissures which exist in the
deeper formations. It also absorbs carbonic acid, as the
air in the earth is many times richer in this gas than
water. By dissolving carbonic acid, the capacity for attack-
ing and dissolving much of the mineral matter it meets
with is greatly increased. The original water as it reached

1—2
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the earth was free from any inorganic matter, what is
commonly known as ¢soft,” it now becomes ‘hard ’ in con-
sequence of the amount of lime, magnesia, etc., it has
taken up.

In its passage through the various layers forming the
crust of the earth, the ground water, as it is called, at last
meets a layer of impervious rock through which it cannot
pass, excepting through such cracks or joints as the rock
may contain. This impervious layer causes the flow of
water to turn aside, and seek by the action of gravity an
escape through a neighbouring pervious layer.

This is the principle which governs the production of all
springs, wells, and borings. The water collecting area of a
boring may be many miles away, in the case of the great
well at Artois, from which the term artesian is derived, the
water enters the earth sixty miles away.

Springs are simply the outlet of the underground water,
and the yield from them depends upon the rainfall on the
collecting area. Some springs are known to originate at a
considerable depth, perhaps some miles, in the earth.
These are designated deep springs, their water is often at
a high temperature, and so charged with mineral matter
as to be useless for drinking purposes, though of medicinal
value.

In the case of London a pervious layer of chalk exists at
some depth below the city, which comes to the surface
many miles away in the hills found to the north, west and
south of the Londen basin. Over this pervious layer is a
bed of clay known as London Clay, quite impervious, and
to reach the water in the chalk this clay must be bored
through.

Springs may be a considérable source of supply to rivers.
There are springs in the bed of the Thames near Windsor
calculated to deliver 800,000,000 gallons of water daily into
the river.

The ordinary summer rainfall does not undergo percola-
tion, but owing to the temperature of the air it is removed
by the process of evaporation, both direct evaporation
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from the ground, and also from the leaves of plants.
In very wet seasons percolation as well as evaporation
occurs.

The rainfall in England averages 80 inches a year,
after deducting loss from evaporation, the amount collected
from the roof space—calculated at 60 square feet per
head—amounts to 748 gallons a year, or two gallons per
person daily.

An inch of rain delivers a little over four and a half
gallons on every square yard of land, or 101 tons per square
acre. In its passage through the air it becomes highly
aerated, and absorbs such impurities as may be in the air,
especially those found in the air of cities or the vicinity
of manufacturing towns. Ammoniacal salts, nitric and
nitrous acids, sulphurous acid, and the products of coal
combustion, may all be found in greater or less amounts
depending on the locality. The rain simply washes the
air, and depending upon the amount of impurity in the
latter is the impurity or otherwise of the rain water. It
also carries down with it numerous micro-organisms,
mainly micrococei; these are much more abundant in
the first rain that falls, particularly after a prolonged
drought.

Collection of Water.—For the supply of large cities it has
been found that the best source of water is obtained either
from natural or artificial lakes, which collect the upland
surface water from hills. Such water is very pure, contains
but a small amount of mineral matter, and is practically free
from contamination. The scheme of bringing the drinking
supply to Glasgow from Loch Katrine 84 miles away,
to Manchester from.a distance of 90 miles, and other
cities from sources at a considerable distance, is a bold
one, and has been attended by the best results. The pure
soft water of Loch Katrine has greatly raised the standard
of health in Glasgow, while at the same time it is said to
save £36,000 a year in soap.

Water collected in large basins or lakes is liable to a
vegetable growth, which though it colours and even
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imparts a taste and odour to the water is said to be
innocuous.

A scum like green paint growing on the surface of a lake
in Australia was found to be very poisonous to animals,
but as a rule it may be said growing vegetable matter in
water is harmless. It may even be productive of good, for
it was shown some years ago in India, that after all living
vegetable matter had, in accordance with an order, been
cleared out of the lakes (tanks) used for storing drinking
water, the same became unfit for use. It was apparently
the oxidizing power of the water-plants which kept the
water pure.

River Water is as a rule pure enough at its source, but
gradually becomes more and more contaminated on its way
to the sea, depending upon the number of towns on its banks.

Prior to the water supply of towns and cities being
taken in hand by legislation, these derived their drink-
ing water from, and emptied their sewage into, the same
river. It was usual to empty the sewage below the
point at which the town supply of water was drawn, but
inasmuch as there might have been a dozen towns on the
same river each pursuing this course, the element of
safety was a slender one. Such a system converted a
river into an open sewer, and it is important, as the
system still exists, to inquire whether rivers so polluted are
capable in any way of purification and by what means.

It is certain that the process of oxidation and sunlight
can work great changes, especially if there is a good
current in the river, or agitation of the water by means of
weirs or flowing over rapids ; these are capable under
the influence of bacteria of considerably purifying the
water, perhaps even of rendering it harmless. Not that
drinking excreta-infected water is dangerous or harmful in
itself, it is 8o enormously diluted as to be harmless so
far as poisonous properties are concerned, but if such
water is infected with enteric or cholera the matter is
quite different. The specific microbe of these diseases, it
is true, appears to have a very short life in rivers, but
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during that life they are remarkably active. A polluted
river may continue to supply a town with drinking water
which produces no harm, until pathogenic microbes find
their way in.

Wells are described as deep, shallow, and artesian. The
source of water in these we have previously considered.
A deep well is generally stated to be anything over 50
feet, and a shallow well as being under 50 feet deep.
This definition is rather arbitrary. Sutton* tells us it is
evident that no very definite distinction can be drawn
between deep and shallow wells. There are many con-
siderations which qualify the definition of a deep well. It
may be considered essentially as one the water in which
has fillered through a considerable thickness of porous
material, and whether the shaft of such a well is deep or
shallow will depend on circumstances. If the shaft passes
through clay or other impervious stratum, and the surface
water is thus rigidly excluded, the well should be classed
as deep, even if the shaft is only a few feet in depth,
because the water in it must have passed for a consider-
able distance below the clay. On the other hand, however
deep the shaft of the well is, it must be considered as
shallow if water can enter it near the surface, or large
cracks or fissures give passage to surface water through
the rock in which the well is sunk.

In shallow wells the depth of the soil through which the
surface water is filtered before entering is rarely sufficient
to get rid of its impurities by oxidation, though it is often
sufficient to decolourize it, and by its absorption of carbonic
acid give it a bright, sparkling appearance, which may be
most deceptive.

The chief source of shallow well pollution is the cesspool.
These latter are often purposely made pervious, so that the
liquid portions find their way into the soil and only the
solids remain. In this condition the cesspool will not
require to be cleaned out perhaps for years. The percolating
liquid joins the ground water, which as previously stated is

* ¢Volumetric Analysis.’
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always flowing in the direction of its outlet, and if a well
has been sunk so as to catch this ground-water, it also
catches the fluid parts of the cesspit.

Further, the greater the demand on a well the larger the
area drained by it, so that though the well may be placed
on ground above the cesspit, and thus under ordinary
conditions moderately safe, yet when a great demand is
made upon it, the fluid in the cesspit below may con-
tribute.

A well drains an extent of ground represented by an
inverted cone, the radius of which is at least four times its
depth, sometimes even more, as when the drain on the well
is considerable.

In choosing a site for a well, the distance of any possible
polluting source should be from 100 to 160 times the depth
measured to the surface of the water, even greater if the
lowering of the water in the well is likely to be consider-
able.

Every care should be taken to exclude surface-water
from passing into wells. Much may be done by making
the shaft water-tight by brickwork and a cement lining.
In the case of a shallow well this should be carried down to
the level of the water. The well should be protected by a
cover, and a coping to prevent surface-water finding its way
in; the water should be drawn by a pump.

Artesian wells are of great depth, the water supplying
them is generally confined in a reservoir between two
impervious rocks ; it finds its way there through a pervious
stratum which comes out on the surface of the ground,
perhaps some considerable distance away. When the
reservoir is tapped, the water at once rises to regain its
level.

The water from deep wells is generally pure, that from
artesian is organically very pure, though at the same time
it may be very hard. Shallow well-water must always be
regarded with suspicion.

The following Classification of Waters is given by the
Rivers Pollution Commissioners :
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. Spring-water.
. Deep well-water.

; } Very palatable.
8. Upland surface-water.} Moderately
4
5

‘Wholesome. -

. Stored rain-water. palatable.
. Surface-water from culti-
vated land.
6. River - water to which; Palatable.
Dangerous. sewage gains access.
7. Shallow well-water.

Suspicious. -

Hygienically the classification would be as follows:
1. Pure and wholesome water; 2. Usable; 8. Suspicious;
4. Impure. The characteristics of a pure water are absence
of colour, taste, smell, or extreme hardness; the more a
water deviates from this, so will it pass into the other
classes named.

IMPURITIES FOUND IN WATER.

The impurities found in water are of various kinds, but
may be generally stated to be organic and inorganic. The
organic impurities are animal and vegetable substances in
all forms, from disease-producing matter to harmless vege-
table growths. The inorganic impurities are the salts of the
metals. These impurities obtain entrance into the water
in various ways, either at its source or during its passage
through rivers, canals, or pipes, or even after its delivery
to the place of consumption. The impurities obtained at
its origin will depend upon the geological formation of the
soil in which the source is situated. If the ground is charged
with the products of animal excreta and refuse, the water
derived from it will contain these products in solution; but
it is evident that some soils or formations are more impure
than others, and this difference in the degree of soil impurity
depends upon the power the ground possesses of oxidizing
or destroying the filth which is carried into it. Where
rapid destruction of this occurs, we may expect to find a
purer water than in formations where it does not occur.
Moreover, the porosity of the soil, especially when of great
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depth, will considerably assist in purifying the water by
acting as a natural filter.

It is evident that in deep porous soils, where rapid oxida-
tion and destruction of organic matter occurs, we may look
for water of a pure type, and the more we depart from
these conditions the more impure will the water be. Again,
the presence of the salts of metals in great abundance in
the formation will affect the purity of a water, for lime,
magnesia, soda, potash, iron, and alumina, are very readily
acted upon by the water passing through the soil, and
rapidly taken up in solution.

In gravel formations it is usual to find a pure water,
particularly away from towns. Where clay exists the water
is usually impure; in alluvial formations it is generally
bad ; in limestone and chalk districts the water is often
organically pure, but contains a large amount of mineral
substances, as lime and magnesia, rendering it exceedingly
hard. Surface waters, especially from cultivated lands,
and marsh waters, are generally very impure from the
amount of organic matter they contain.

During the passage of water through rivers or canals, the
principal impurities which obtain an entrance are sewage
and manufacturing refuse ; .the latter is derived from bone-
boilers, bleach-works, tanneries, etc. The importance of
this class of impurity is considerable.

The impurities found in wells are derived from surface-
washings, and soakage through soil impregnated with organic
matter ; from leaking pipes or cesspits containing animal
excreta, and the leakage finding its way into the soil to be
carried to the nearest well. Shallow wells near buildings
or stables, or close to manure-pits, are simply receptacles
for filth.

Hardness of Water.—As previously mentioned, water as
it falls from the clouds possesses no mineral matter in
solution, excepting in the vicinity of the sea. Rain-water
readily combines with soap to form a lather, and from the
peculiar feel it imparts to the fingers is known as * soft.’

In its passage through the earth, salts of lime and mag-



WATER 11

nesia are dissolved and taken up by the water in the
manner previously described. Such water can only with
difficulty form a lather with soap, and imparts a feeling to
the fingers known as ‘hard.” Hardness in water may be
due to calcium carbonate, sulphate, or chloride, or to mag-
nesium carbonate ; that which is due to calcium carbonate
can readily be removed and is spoken of as temporary
hardness, but the other salts, generally speaking, are not
capable of being removed and produce permanent hard-
ness.

When water is boiled its carbonic acid gas is driven off,
and the chalk no longer being kept in solution is deposited.
Such deposits are familiar in vessels used for boiling water.
As the result of the deposition of chalk the water becomes
much softer ; the same result can be obtained in another
way, which will be alluded to presently.

No lather can be formed with soap 8o long as salts of lime
or magnesia remain in solution, for these combine with the
fatty acids of the soap and form a curd. It is not until the
salts are entirely precipitated that a lather can be formed,
so that much waste of soap occurs, in fact one grain of
lime wastes eight grains of soap. Advantage is taken of
the action of soap on lime and magnesia, to use it as a test
of the amount of hardness in water.

Rain-water contains less than half a grain of lime per
gallon ; a water containing more than ten grains of lime or
its equivalent per gallon, is described as ¢ hard.’

Action of Water on Metal Pipes.—Lead pipes are largely
used for the conveyance of water, and depending upon the
character of the water, the metal is more or less attacked
and enters into solution. In this way many cases of lead-
poisoning have occurred in man. Soft water is particularly
liable to act on lead and dissolve it. Certain soft waters
do this with greater facility than others; for example, the
waters of Huddersfield and Sheffield have a marked effect
on new lead. Several theories have been propounded to
explain why one soft water should, and another should not,
act on lead. The presence of a small amount of silica in
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the water is urged as one explanation of protection; while
the presence of humic acid in certain peaty upland waters,
is said to have a marked dissolving action on lead.

Hard water has very little action on lead, for the pipe is
soon coated by a carbonate, and all further action ceases.

Iron pipes are used as mains, to prevent water rusting
and corroding them they are coated with a vitreous glaze.

In the Storage of Water galvanized iron cisterns are largely
used and are safe; iron cisterns discolour the water but do
no harm ; zinc vessels may be acted upon ; slate vessels are
excellent but liable to leakage at the joints. Wooden
vessels for water storage are bad, and though largely used
as water-troughs they are liable to contamination and the
growth of organisms.

The Purification of Water for animals, does not bear such
an important position as it does in the case of human
beings, owing to the absence of such diseases as typhoid,
cholera, and dysentery. But for the highest degree of
health good and pure water is essential.

The objects aimed at in the purification of water on a
large scale are freeing it from organic matter, and getting
rid of inorganic if it is in excess. The former is obtained
by filtration, and is employed by all Water Companies who
obtain their supply from rivers, and other polluted sources.
The filter-beds consist of gravel of different degrees of
coarseness, on the top of which are layers of sand a foot in
thickness, the finest sand being on the top.

For effective filtration the passage of the water through
the filter-bed must be slow; to ensure this the depth of
water on the filtering layer is not more than two feet. The
action of this class of filter is very simple; the organic
matter in the water forms a gelatinous deposit on the
surface of the sand, consisting of organisms of various
kinds. The gelatinous mass acts as a filter, refusing to
allow other bacteria to pass, and so long as the gelatinous
growth remains unbroken, filtration is effective. When the
slimy layer grows down too far into the sand, filtration
becomes slow and the surface has to be cleaned.
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The Removal of Hardness from water on a large scale is
brought about by what is known as Clark’s process. The
principle involved is the precipitation of the lime by con-
verting it into an insoluble carbonate. This is accom-
plished by adding lime-water to the hard water and well
mixing. The lime-water combines with the carbonic acid
holding the chalk in solution, and the latter is precipitated.

By this process several degrees of temporary hardness
may be removed from water. Thames water may be
reduced from 16 degrees to 4 degrees of hardness.* At
the same time a certain amount of organic matter is also
removed by this method.

Clark’s process does not reduce the permanent hardness
of water, which is due to calcium sulphate or chloride, or
to salts of magnesium.

EXAMINATION OF WATER FOR HYGIENIC PURPOSES.

The object of a water analysis is to determine whether
any organic pollution has occurred, or whether the inorganic
substances are in excess.

It is by no means easy for the untrained mind to grasp
the significance of chlorine, ammonia, etc., as revealed in the
results of & chemical analysis, nor is it even always possible
for the chemist to make an accurate judgment of any given
water as based on his analysis.

If the organic substances which pollute water were on
analysis met with in the form in which they entered it, an
examination would be comparatively easy, but this is not
so; fmces, urine, and filth are not met with in water
as such. They have all undergone decomposition, and
yielded simpler chemical compounds or elements, and it is
only by the isolation of the elements or compounds that a
guess is made as to their probable origin.

Ammonia in the form of free and organic ammonia is one
of the most important determinations in water analysis, not

* One degree of hardness is equal to 1 grain of calcium carbonate
per gallon.
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because the bodies are in themselves harmful, but because
they indicate the existence of nitrogenous organic matter.
This organic matter may be due to a minute portion of
enteric stool, or a piece of decomposing leaf. Which it is
the chemist certainly cannot determine, all he can do is
to draw attention to the existence of free and albuminoid
ammonia, point out that they exist in far larger amounts
than should be found in good water, and hazard a guess
from the remainder of the analysis as to their origin.

Chlorine, in the same way, is used solely as an index of
the organic matter which may have obtained access to the
water. The amount of chlorides in a good drinking water
is known, and anything found over and above that, assum-
ing there is no question of the water being brackish, is
believed to be due to animal contamination, for example
urine.

Chlorine, sulphurie, carbonic, phosphoric, nitric and
nitrous acids, combined with lime, magnesia, soda, potash,
ammonia, iron, and alumina are not isolated by the chemist
because in themselves they are harmful in water, for all
these might be added to drinking water in the proportion
found in London sewage without being in the least harmful ;
but they are used as an index of the purity of the water,
the assumption being that compounds of the above acids
and elements are only found in pure water to a well
ascertained amount, and anything over and above must
have been introduced from without and is an impurity.

The examination of a sample of water consists of a
physical, microscopical, bacteriological and chemical inquiry.

In the Physical Examination is determined the colour,
clearness, sediment, lustre, taste, and smell of the water.
The colour and clearness of a water are obtained by putting
the sample in a tall glass vessel placed upon a piece of
white paper, and then looking down through the depth of
water which should, if possible, be not less than 18 inches.
Any marked colour by this means is readily detected.
Water should have a bluish tinge; yellowish is perhaps the
most common, and is probably due to fine sand or clay.
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Brown waters are suspicious of sewage or other organic
contamination.

The sediment forms usually after the specimen has stood
for twelve or twenty-four hours ; to obtain it the clear water
is drawn off by a syphon, and the remaining water and
sediment poured into a conical glass. It will usually be
found to consist of vegetable debris, in which may be
detected low forms of organic life, ova of insects, parasites,
etc. A microscopical examination is the only satisfactory
method of dealing with it.

The lustre of a water is its degree of brilliancy; the
chalk waters have an exceedingly brilliant appearance, from
the amount of carbonic acid they contain. The brilliancy
of a water may be great, slight, or nil.

Taste.—Good water should have no taste, but the
absence of taste does not mean freedom from pollution.
Some of the worst waters from shallow wells are bright,
sparkling, and entirely free from taste. Iron is the only
substance in water which can be detected by taste when in
small quantities.

Smell.—Good water should have no smell; the best
method to determine smell is to heat the water, when
putrefactive gases may be recognised. A good plan with a
suspected water is to put it in & warm place for a few days
in a stoppered bottle half full. Both smell and turbidity
may then be determined.

The opinion formed of the purity of a drinking water
from the physical examination alone might be misleading,
as & very unpromising looking water may be perfectly pure,
and vice versd. We are, however, justified in considering,
in the absence of anything more definite, that a water
possessing no colour, taste, or smell, with but a slight
sediment and brilliant lustre, is perfectly fit for drinking
purposes.

Microscopical Examination.—This is undertaken with the
object of determining the nature of the suspended matter,
and thus have a possible clue to the nature of the contami-
nation. But it is important to bear in mind it is not the
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sediment or deposit as we see it which is harmful, but
rather that which is dissolved in the water of which the
sediment is only a probable index. Water may contain an
abundance of animal life and vegetable growth without it
being in any degree harmful. Bacteria innumerable may
be present and yet none of them pathogenic. In fact, the
probability of being able to hit off pathogenic organisms in
drinking water is very remote, owing to the extent of the
dilution.

The deposit examined microscopically may consist of
living or dead vegetable matter, cotton or linen fibres,
fungi, alge, diatomes, desmids, confervs, amcebe, infusoria,
rotifera, water-worms, water-fleas, etc.; while of animal
origin may be found epithelial cells, wool fibres, hairs, or
even muscular fibre. Besides these there may be found
various forms of bacteria, and the ova of parasites.

Nothing very definite can be drawn from this examina-
tion ; epithelial cells, but especially muscular fibre, would
point to sewage contamination. From a veterinary point
the existence of ova, probably those of parasites, might
prove of the utmost importance.

Bacteriological Examination is the only real method of
determining the nature of the micro-organisms found in
water, but it must be made by a specialist. A given
quantity of water is mixed with a nutrient medium, poured
out on a plate and allowed to grow at a suitable temperature.
Many colonies form on the plate and may be counted ; the
harmless organisms may be neglected, while those sugges-
tively pathogenic are further cultivated and identified. The
purer a water the fewer colonies found.

Qualitative Examination of the Dissolved Solids.

In the chemical examination of a drinking water, if any
turbidity or suspended matter exists, it must first be
removed by the process of filtration through paper before
the clear liquid is subjected to the process of testing.

The following elements and acids are looked for, viz.,
lime, magnesia, soda, potash, ammonia, iron, alumina,
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chlorine, sulphuric, carbonic, phosphoric, nitric and
nifrous acids.

The significance of these, and the reason why they are
looked for, has been previously dealt with. Their amount
can be determined by a quantitative analysis, which like
the bacteriological examination of water requires an
expert. On the other hand, a qualitative examination is
not only simple and easily performed with a few reagents,
but for veterinary purposes conveys nearly if not all the
information likely to be required.

Reaction.—Take the reaction of the water with test-
papers, good water is usually neutral; if it is acid and
the acidity disappears on boiling it is due to carbonic acid.
If it is alkaline and the alkalinity disappears on boiling it
is due to ammonia; this reaction, however, is extremely
rare. If the water remains alkaline after boiling, the
alkalinity is probably due to soda carbonate.

Lime is present in the form of carbonate, sulphate,
chloride or nitrate. To ascertain its presence, a solution
of ammonium oxalate is employed, which produces a
precipitate of lime oxalate.

On the density of the precipitate obtained a rough guess
of the amount of lime present may be made ; it will vary
from a faint haze to a well-marked turbidity. Six grains
of lime to the gallon gives a marked turbidity, while
sixteen grains produces a considerable precipitate. Six
grains of lime per gallon may be found in the best waters,
some are even softer than this.

The question of the degree and nature of the hardness in
water is one frequently arising, owing to the well-founded
prejudice against the use of hard water for horses. By a
very simple examination it is possible to determine roughly
to what salts the hardness is due, and whether any
softening of the water is possible.

If the specimen of water under examination be boiled,
the lime to which the temporary hardness of water is due
is thrown down. Any lime now left is probably calcium
sulphate, which is largely responsible for permanent hard-

2
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ness. If the ammonium oxalate test be applied to two
specimens of the water, the one in the ordinary way, the
other after boiling and filtration through paper, the
differencs, if any, in the turbidity produced will enable an
opinion to be formed as to whether the hardness is largely
temporary or permanent.

A solution of soap of definite strength may also be
employed in the same way. For qualitative purposes the
ordinary soap liniment of the Pharmacopeeia may be
used, one minim of which in half an ounce of water is
equal to about'one and a half grains of lime to the gallon.
If the number of minims employed with half an ounce of
water, to produce a permanent lather on shaking, be
multiplied by 1-5, the number of grains per gallon of lime
is approximately known. This test can be repeated on
the boiled and filtéred water, as in the ammonium oxalate
observation.

Magnesia.—To obtain this the lime must first be
precipitated by ammonia oxalate and the fluid filtered ;
to the filtrate is now added a mixture of sodium phosphate,
ammonium chloride, and liquor ammonia. A crystalline
precipitate of triple phosphate forms in the course of some
hours.

Chlorine.—If a solution of silver nitrate be added to a
goluble chloride, a white precipitate insoluble in dilute
nitric acid is produced. The precipitate may be a mere
haze or a considerable opacity, depending entirely on the
amount of chloride present. One grain of chlorine per
gallon in water gives a haze, four grains a marked
turbidity, and ten grains a considerable precipitate.

Sulphuric Acid is commonly found in association with
lime, calcium sulphate being one of the causes of per-
manent hardness. The amount of sulphate can be roughly
determined by adding barium chloride to the water, which
produces a white precipitate insoluble in nitric acid. One
and a half grains of sulphate per gallon gives a faint haze
after standing some time, three grains gives an immediate
haze and alter a time a slight precipitate.
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Nitrous and Nitric Acids.—When nitrogenous bodies
break up in the process of putrefaction and decomposi-
tion, they become reduced to their simple elements. The
nitrogen in them combines with hydrogen to form
ammonia, while later on the ammonia by uniting with
oxygen becomes oxidized to nitrous and finally to nitric
acid. The nitrous acid unites with bases to form nitrites,
the nitric acid forms nitrates. The determination of
nitrites and nitrates in drinking-water is of the greatest
importance, as & means of ascertaining the presence of
nitrogenous substances undergoing changt, which are
presumably of animal origin, as vegetable matter yields
but little of these acids to water.

Nitrous acid is formed before nitric acid; if therefore
nitrites are found in the water they are regarded as
indicating recent contamination, while nitrates suggest the
contamination is clder. Both, of course, may be found in
the same sample of water, indicating that pollution is still
occurring.

To detect nitrous acid add a solution of potassium iodide
and starch to the water, and then dilute sulphuric acid.
If nitrous acid is present an immediate blue colour is
produced. It is well to make a comparative experiment
with distilled water. The starch and iodide solution keeps
badly so should be freshly prepared.

The most delicate test for nitrous acid is metaphenylene-
diamine. A few drops of this with dilute sulphuric acid
produces a yellow colour, more or less immediate ; if there
be only one part of nitrous acid in 10,000,000 parts of
water the colour will develop in half an hour.

The test for nitric acid in the absence of nitrous is brucine.
A solution of this is added to the water under examination,
followed by the cautious addition of a few drops of strong
sulphuric acid, the test-tube being inclined so as to let the
acid run down the side, and fall to the bottom without
mixing. At the junction of the acid and water a pink
and yellow coloured zone forms, the depth varying with
the amount of acid present. This test is very delicate,

2—2
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half a grain of nitric acid per gallon gives a marked
colour.

If nitrous acid be present in the water the above test is
unreliable. The nitrous acid can be destroyed by taking
about three and a half ounces of the water, mixing with it a
few drops of sulphuric acid, and as much pure urea as may
be placed on the point of a knife. In the course of an hour
the brucine test can be applied.

Ammonia.—In water this exists in two forms, viz., as free
or saline ammonia, such as would be found were urea
introduced, and secondly, as albuminoid or organic ammonia.
Qualitative analysis makes no distinction between these
forms, that comes under the head of quantitative, and
special methods have to be adopted to obtain them. For
ordinary qualitative analysis it is sufficient to know that
ammonia is present.

The test employed is known as Nessler's, which is a
compound of mercuric chloride, potash, and potassium
iodide ; this reagent possesses the power of detecting the
existence of ammonia, even when it is present in very
minute quantities. Add to a test-tube one-quarter full of
the water under examination, one or two drops of Nessler’s
solution, shake the tube, if ammonia be present there will
be a yellow colour struck at once, or it will come up after
standing a few minutes.

A water may contain free ammonia, and yet give no
evidence of it when the test is applied in the above way.
The explanation of this is, that in spite of the delicacy of
Nessler’s test for ammonis, yet (unless the water be con-
centrated by distillation) the reaction is not obtained,
excepting it is found in large amounts. If on applying
Nessler's test to water which has not been distilled a
markedly yellow colour forms, there need be no hesitation
in rejecting such water for drinking purposes, as the amount
of organic matter present must be very large to give such a
deep reaction. Should there be only & pale delicate tint of
colour, it will render us very suspicious of the water, and
exceedingly careful over the analysis.
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In order to perceive the colour formed by Nessler’s test,
look through a certain depth of the fluid placed over a
white surface; an inch or so in a test-tube is sufficient,
the least yellow tint can then be detected at once. It is of
supreme importance in applying this test that the test-tube
be perfectly clean and free from ammonia.

Oridizable Matter.—The presence of organic matter in
water not necessarily nitrogenous, may be determined by
the use of an agent which by yielding up its oxygen oxidizes
the organic matter which may be present. The test by
itself is not a very satisfactory one, as there are bodies
in water other than organic which have an affinity for
oxygen.

To the solution under examination add a trace of
dilute acid, and then boil for twenty minutes with a
solution of gold chloride. If organic matter be present
the yellow colour turns to pink, violet, olive, or even a
black precipitate, depending on the amount of organic
matter present; the usual colour is violet more or less
deep. This test is of no use in the presence of nitrous
acid.

The darkening of the silver chloride obtained by the
chlorine test should also be noted ; where organic matter is
present it rapidly darkens. For the purpose of comparison
a dilute solution of salt and water may be employed. A
weak solution of permanganate of potassium may also be
used, one grain to four ounces of water. A few drops of
this should be added to the water under examination,
sufficient to give it a delicate pink colour. If much
organic matter is present the colour soon goes, varying
from a few minutes to an hour. If two drops of the
above solution be added to two ounces of water, the pink
colour should remain for at least one and a half hours if
the water be good. Unfortunately there are other sub-
stances in water besides organic matter which reduce
permanganate, the test is only useful in conjunction with
others.

Phosphoric Acid.—Pure water contains no phosphates;
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water containing vegetable, and particularly animal matter
such as urine and faces, contains a decided quantity. The
test is really a valuable one when carefully considered with
the others. The presence of this substance is detected by
adding to the water a little dilute nitric acid, and then
molybdate of ammonia. If phosphoric acid be present in
quantity, an immediate yellowish-green colour appears ; if
it be small in amount, the colour is produced on boiling the
liquid.

Lead, Copper, or Iron may be present in water. The
former is dangerous, the copper very rare, the iron harm-
less. Lead or copper are precipitated by ammonium sul-
phide, a dark or black precipitate resulting which is
insoluble in hydrochloric acid. Lead may further be
distinguished by the addition of crystals of potassium
bichromate, which give a turbidity at once if the amount
of lead present is equal to one-tenth of a grain per gallon.
One-twentieth of a grain will cause a turbidity in one
minute, and one-fiftieth of a grain will produce it in half
an hour.

Iron, which is quite unobjectionable, is detected by the
red or yellow prussiate of potash and dilute hydrochloric
acid, which produce a blue colour. The yellow prussiate is
used for ferric the red for ferrous salts.

Hydrogen Sulphide may be found in an exceedingly bad
water. It is determined by its smell on boiling, or by its
blackening a salt of lead.

The Inferences from the Qualitative Tests are thus sum-
marised by Parkes:

If chlorine be present in considerable quantity it either
comes from a strata containing salt, from impregnations of
sea-water, or from the admixture of liquid excreta of animals
or man. If from the first cause, viz. salt strata, the water
would be alkaline from carbonate of soda ; there would be
an absence, or nearly so, of oxidizable organic matter as
determined by the tests for nitric and nitrous acids,
ammonia, and the chloride of gold tests; and there would
probably be & large amount of sulphuric acid present. If
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the chlorine be derived from calcium chloride, there would
be a large precipitate with ammonium oxalate after boiling.
If from sea-water, the chlorine would be found in very large
quantities ; there would also be much magnesia, and very
little evidence of oxidized products of organic matter. If
it be from sewage the chlorine is marked, the nitrie, nitrous,
phosphoric acids and ammonia largely present, and if the
contamination be recent, the organic oxidizable matter
would be large. A stream fouled by excreta may thus
show at different times of the day different amounts of
chlorine, and this in the absence of rain will certainly
indicate contamination.

Ammonia is nearly always present, but in minute quan-
tities in geod water. If it can be detected without distilla-
tion it is exceedingly suspicious. If nitrates and nitrites
are present they are likely to be from excreta. Nitrates
found in water indicate previously existing organic matter,
probably animal ; nitrites indicate recent contamination.
The coincidence of readily oxidizable matter, ammonia, and
chlorine indicate the contamination as being of animal
origin.

If a water gives the test for nitric and not nitrous acid,
and there is almost an absence of ammonia, the origin of
the nitric acid is not from organic matter, but probably
from potassium, sodium, and calcium nitrate, derived
from a soil impregnated with organic matter at some
previous date. Large evidence of nitric acid, with little
evidence of organic matter, indicates old contamination.
If nitrous as well as nitric acid and organic matter be
present, the pollution is recent. Phosphoric acid indicates
an origin from phosphatic strata, or from sewage impreg-
nation.

Lime in large quantities indicates a very hard water ; if
boiling removes it, it is calcium carbonate; if it has but
little effect upon if, it is calcium sulphate or chloride. If
sulphuric acid is large, it is in combination with lime; if
the latter is small, it is combined with soda. If the water
is acid and the acidity disappears on boiling, it is due to
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carbonic acid ; if it is alkaline and remains so after boiling,
it is due to carbonate of soda.

In forming an opinion as to the quality of a water,
it is most essential that the collective tests, and not a
single one, should be our guide. As an example of this
the subjoined table from Parkes (see p. 25) will be found
useful.

It would be beyond the scope of this work to describe
the quantitative analysis of water, nor is it possible for any-
one to undertake this with exactitude unless in constant
practice.

In order, however, to appreciate the results of a quantita-
tive examination, it is necessary to understand the propor-
tion in which the various substances in water may exist
compatible with purity.

The following are dealt with in & quantitative analysis: —

Solids : a, total ; b, fixed ; c, volatile.
Chlorine.

Hardness : a, total ; b, fixed ; ¢, removable.
Free ammonia.

Albuminoid ammonia.

Oxygen required for total oxidizable matter.
Nitrous acid.

Nitrie ,,

The analyst shows his results either as grains per gallon,
equivalent to parts per 70,000, or he expresses them in the
metrical system, and describes them as parts per 100,000
or parts per 1,000,000.*

So many conditions influence the quantity of each of the
substances found in good drinking-water, that no hard and
fast rule can be drawn in the case of any but one substance,
and that is nitrous acid.

* Parts per 100,000 are converted into grains per gallon by multi-
plying by 7 and dividing by 10. Conversely, grains per gallon are
converted into "parts per 100,000 by multiplying by 10 and dividing
by 7.
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The following are approximately the quantities which are
found in a good water :
Grains por
Solids. Gallon,
Total 5'0000}The solids in chalk waters

Fized ... ... 40000} may be as high as 80
Volatile ... et e ... 1:0000) grains per gallon.

Chlorine ... ... 1-0000
Hardness.

Total <. 60000

Fixed ... 20000
Free Ammonia ... «. 0014
Albuminoid Ammonia ... - ... °00385
Organic Oxygen ... . 0200

" Nitrous Acid v e .. Nil

Nitrie .. 0226

Here is a table taken from Parkes* showing the analysis
of certain waters:

Nitrogen | pyog or Albu-

Total .
Solid | Chlor- asNitrates| “gjing | minoia | Hurd-
Residue. ©. Nitrites. Ammonia.  Ammonia. -
Grains | Grains | Grins Parts Parts

Dogreces.

New River Com- G:S‘l:;n. 0:501:.;. Gx?llc;n. Mm‘;m. Mi‘rﬁ:m.
pany filtered ... | 176 1-2 015 002 004 15

Unfiltered Thames
water at Hamp-
ton | 820 18 0222 | 004 028 16

Polluted shallow-

well water e | 965|105 3 6-00 0-31 42

<

Sewago  effluent
from precipita-
tion works ... 805 |11-2 — 185 3-86 23

In good water the albuminoid ammonia should not
exceed '08 part per million. In the Thames water given
in the table above, the albuminoid ammonia is probably
vegetable as both the free ammonia and chlorine are small.

* ¢ Hygiene and Public Health,' L. Parkes.
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The pollution of the well-water is due to sewage, as indi-
cated by the nitrogen, free ammonia, and chlorine (Parkes).
In the table it will be observed that nitrates and nitrites
are absent from sewage. They are only found when a
certain amount of oxidation of organic matters has occurred,
hence their presence in polluted well and river water.

QUANTITY OF WATER REQUIRED.

The quantity of water required has been made the subject
of many experiments. It is obvious that the amount is in-
fluenced by the time of year, and in the case of horses by
the work performed. Further there are certain operations
of the stable, flushing drains, washing carriages, ete., which
are all included in the calculated daily supply per head.

Stating the amount in round numbers required by horses
for drinking purposes alone, it may be placed at between
7 and 8 gallons daily. Rather less perhaps in the winter,
rather more in the summer. The largcst amount of water
is generally drunk at noon, but again this depends upon
the work the horse is performing.

The amount required for stable cleansing and other
operations is about equal to the amount consumed; so that
experience indicates 16 gallons of water per head per diem
as the probable amount required.

Observations made on board a ship during the Abyssinian
Expedition furnish the amount of water required by other

animals for drinking purposes :—
Gallons dafly.
n

FElephants © e e 25
Camels ... .. 10
Draught bullocks ... .. 6
Pack bullocks we b
Horses ... .. 6
Mules and ponies ... . b

The quantity of water required daily in hospitals for sick
animals is difficult to determine, and must depend upon the
type of case. Surgical cases cause a very heavy drain on
the water supply, especially if irrigation of wounds or
sprains be practised.
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DISEASES PRODUCED BY IMPURE WATER.

In spite of the immense amount of research which has
been applied to the question of water and disease, it is
remarkable what a very unsatisfactory condition the matter
is still in.

The human hygienist can only place his finger on two
diseases communicable by water, viz., cholera and enterie,
and nearly all the observations which have been made in
connection with water and disease bear on these two specific
infections.

Nobody supposes that either of these diseases originate
in water, but that the organisms gain access to it and are
thus distributed. The same results would follow if scarlet
fever, small-pox, diphtheria and typhus were associated
with diarrhcea or bowel trouble, and through defective
drainage found their way into the drinking-water; this
would then become the chief medium for their distribution,
whereas, of course, it is not so.

Neither cholera nor enteric affect the lower animals, but
if we take the specific diseases which are peculiar to them,
there is no difficulty in understanding that many of them
may be water-borne.

Glanders, for example, can undoubtedly be conveyed by
the drinking-water, the affected animal has only to leave
behind in the trough or bucket some of the nasal discharge
in order to infect the first horse that swallows it.

Swine fever may also spread through the water supply
being infected with the specific microbe. Foot and mouth
disease is probably commonly spread by this means, as the
saliva i8 most infective. Cattle plague which is associated
with acute diarrhcea will also be propagated in this way,
should the excreta contaminate the drinking supply, and
80, in fact, may any specific disease capable of infection
through the digestive canal.

I, on the other hand, we are asked to indicate impurities
in water which produce disease it is really a very difficult
matter. It is easy to understand the production of diges-
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tive disturbance by animals drinking a very hard water, or
one containing a considerable quantity of mud and filth.
Both of these act mechanically on the lining membrane of
the digestive canal, and their results are easy of compre-
hension.

If we except these two conditions there is nothing in
water capable of producing disease, unless specific organ-
isms gain access to it. Yet it is beyond all shadow of
doubt that a pure water supply is essential to health.
Where it does not exist, although it may not be possible to
precisely indicate the departure from health, yet as a prac-
tical matter there is no difficulty in recognising that the
highest degree of physical efficiency, especially among
horses, is not obtained where the water supply is impure.

Anything which detracts from the highest obtainable
degree of health, is rendering the animal more prone to
disease. The object of hygiene is to secure the greatest
degree of bodily health, not only because the animal is then
better suited for work or for food, but because it is less
liable to disease. This question of body fitness as a pro-
tection against disease will frequently be discussed in these
pages. There are certain definite factors which contribute
to it, and we cannot accept for a moment the popular
impression that any water is good enough for animals.

Very little headway has been made by the human
hygienist over the question of the introduction of specific
microbes into the water supply, his difficulty being that
he has to go so far back, probably to the very origin of the
supply, to be able to trace even possible infection.

In doing this he has had to assume that these organisms
have maintained their vitality and infective properties for
many days, and further, in spite of being diluted millions
of times, it has still been possible for the infecting agent to
have picked out a susceptible human being here and there.

Authorities do not appear to agree as to the length of
time the microbes of the two diseases most commonly
water-borne, viz., cholera and enteric, are capable of living
in water ; some believe but a very short time under natural
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conditions, though in the laboratory their life may be
found to be prolonged from one to three months.

For these reasons there has been at times great difficulty
in accepting the water-borne origin of disease, but no such
difficulties apply to the lower animals. Glanders, foot and
mouth, swine fever and similar diseases are not transmitted
along the water-mains of any company.

The water-trough or bucket in the stable, the puddle or
polluted well in the farmyard are the means of infection;
the water and the disease are side by side, not as in the
human subject probably some miles apart.

Anthrax infection through contaminated water is possible,
and many such cases have been reported, but the bulk of
evidence points to the food as the chief means by which
the microbe enters the body.

Parasitic diseases so common in the lower animals are
largely spread by water ; theova of tape, round, and thread
worms have been found in water ; certain filaria such as
the filaria oculi are undoubtedly conveyed by it, while the
liver fluke of the sheep can only be transmitted by passing
through an intermediate host that lives in the water or in
wet places.

The attack of leeches both in the nasal passages and on
the limbs of horses can only occur through water. In fact,
it is possible that by far the most common source of para-
sitic infection of animals is through the water supply.

We have been compelled within the last few years to
modify views which were previously accepted facts in
connection with water and disease. It is by no means
clear that any particular inorganic impurity in water
accounts for goitre; it is now almost certain that while
cystic calculus frequently occurs on a limestone formation,
lime or hardness of the water has practically nothing to
say to its production. Finally, abortion amongst animals,
which has in some years from its frequency been described
as epizootic, and considered to be due to the impregnation
of water by sewage, is now known to be caused by a specific
organism which enters from without.



CHAPTER II
AIR

It is scarcely necessary to dwell upon the paramount im-
portance of pure air, we have only to remember that air is
an urgent and regular necessity ; food and water can be
done without for hours, even a few days, but a few seconds’
deprivation of air brings about an alarming change in the
organism. Nor is this difficult to understand when we
remember that the process of building up and destruction
in the body is constantly occurring, and that nothing must
interfere, even for a few seconds, with the supply of oxygen
and the removal of carbonic acid.

There is no difficulty in understanding why it is that the
supply of pure air to the body is so necessary, when we
consider the profound changes occurring in the blood as
the result of respiration. The blood must be supplied with
oxygen and its carbonic acid removed ; for this purpose the
inspired air is brought so intimately in contact with the
blood of the body, that only 8 membrane of extreme thin-
ness and delicacy separates the two. Nothing can be easier
than a conception of the influence on the blood, when
instead of being brought in contact with a pure atmosphere,
it has to effect its important chemical changes with an
already vitiated mixture of gases.

Composition of Air.—Air is & mechanical mixture of three
gases, viz., nitrogen, oxygen, and carbonic acid, with traces
of ozone, ammonia, organic matter, mineral salts, and a
variable proportion of watery vapour depending on the
temperature.

81
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The following is its volumetric composition—

Por cent.
Oxygen e 20006
Nitrogen* «. 7900
Carbonic acid ... e .. ‘04

It is remarkable how uniform the composition of the
atmosphere is found to be in all parts of the world ; even
in cities it differs very slightly from the air of the country
or sea ; this is due to the process of diffusion, the influence
of winds, the effect of rain in washing the air, and the
action of plants. All of these are powerful influences in
ensuring uniformity in the composition of air. Diffusion
never ceases, the silent and complete mixing of different
gases, even though of opposite properties and different
weights, is constantly in operation ; the effect of wind is
naturally considerable, while the part played by the green
portion of plants under the influence of sunlight, in storing
up carbonic acid and liberating oxygen, is not counter-
balanced by their opposite behaviour during the night of
storing up oxygen and liberating carbonic acid.

These purifying forces—some of which we endeavour to
imitate in the process of natural ventilation—explain the
remarkable uniformity in chemical composition of the at-
mosphere generally.

Oxygen constitutes one-fifth of the atmosphere. It is
the active and essential gas by which life on the globe
is supported, and what may appear slight reductions in
the amount present constitute the most serious depriva-
tion.

Such reductions are found in the air of inhabited build-
ings, or in closed courts or streets in crowded cities,
especially when the air is stagnant, as for example during
fogs. In such cases the oxygen may in the open air fall as
low as 2080 per cent., and even in the absence of fogs and
wind, this reduction in oxygen may be found in the crowded
courts and yards of cities, where every conceivable form of

* With this is included the new gas Argon, which amounts to about
1 per cent.
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human ingenuity has been devised to interfere with the
action of the wind and the penetration of sunlight.

Under the influence of respiration the oxygen of in-
habited buildings is less than that of the outside air, for the
reason that it is being withdrawn, and unless proper
ventilation is established it is not being replaced in suffi-
cient quantity to keep the air at a normal standard. A
closed stable has been known to give as low a percentage of
oxygen as 20°39. It may be said that very bad air begins
when the oxygen falls as low as 206 per cent.

Ozone which is only a highly active condition of oxygen
has been described as occurring in traces in the atmosphere,
the result of electrical conditions.

Very little is known about it, even the tests usually
employed to detect its presence are now of doubtful value.

Nitrogen constitutes about four-fifths of the atmosphere.
It is a gas remarkable for its purely negative properties ; in
our present state of knowledge it is regarded as a diluent
of the oxygen, but very little is known about it. It is quite
possible that what in the past has been regarded as nitrogen
may turn out to be a mixture of gases. Already one of
these has been discovered, viz., argon, associated to the
extent of one per cent. with nitrogen.

Argon is as obscure as nitrogen, and just as inert; no
element has yet been found which is capable of entering
into combination with it.

It is very probable the nitrogen in the air has some
important function to perform in connection with plant
life.

Carbonic Acid in the air is mainly derived from the earth ;
the ground air contains 250 times more carbonic acid than
the atmosphere. The average amount of carbonic acid,
‘04 per cent., is not found to vary to any considerable
extent, though as might be expected samples collected close
to the ground contain more carbonic acid than air from the
tops of mountains, while the carbonic acid in the air at sea
is still less.

Though large variations in the carbonic acid of the air

8



84 VETERINARY HYGIENE

are not found, in spite of the enormous amount of impurity
contributed by towns and cities, yet small variations are
very common, even when the samples of air are collected
at the same spot and within a few minutes of each other.
There is also seasonal variation; it has been found that
the carbonic acid in the air is lowest in the winter, highest
in the autumn, but though it rises during the spring there
is a diminution in the summer.

All chlorophyll-containing plants are capable of utilizing
the carbonic acid of the atmosphere, storing up the carbon
and liberating the oxygen. It is true this process is
reversed at night, but as a means of keeping the atmo-
spheric carbonic acid uniform it cannot be without value.

Amimonia is found in the air in minute traces, not
as a normal constituent of the atmosphere, but as the
result of the decomposition of nitrogenous products; it
is found most largely in the air of manufacturing towns
and cities, and diminishes after rain as the result of air
washing.

Watery Vapour exists in the proportion of ‘8 to 1 per cent.,
but the amount existing in any sample of air depends upon
the temperature. If the air has taken up as much vapour
a8 it is possible to hold at that particular temperature, it is
said to be saturated, but this is seldom the case. From
65 to 75 per cent. of saturation is supposed to be the best
ratio for health.

Organic and Suspended Matters in air are really impurities,
but are so commonly associated with it that it is impossible
to separate them from a consideration of normal air.

The suspended organic matter consists of fungi, bacteria
of many kinds, spores of lower organisms, vegetable débris,
pollen of grasses, and in towns and cities minute portions
of vegetable matter from dried horse feeces. Besides these,
inorganic matter such as sand particles, soot, etc., are
frequently present.

The significance of organisms in the atmosphere is not
great. Moulds are less frequently found than bacteria, and
there are fewer bacteria in the air on damp and still days,
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than on dry and windy days. There are more organisms
in the air during summer than during winter, and fewer
after than before rain;—there are practically none at sea.
There are none in the outside air to which any pathogenic
significance can be attached, while the number present,
about 25 to the cubic foot, is from ten to twenty times less
than the air of inhabited places.

IMPURITIES IN AIR.

These are caused (1) By combustion of coal, gas, and
artificial light. (2) By various offensive trades. (8) By
decomposition of organic matters. (4) By respiration of
men and animals,

They are removed or kept under control by certain
natural processes. Diffusion and the action of the wind
cause rapid and considerable dilution of noxious gases.
Plants assist by utilizing carbonic acid and giving up
oxygen. The oxygen of the air oxidizes organic compounds
converting them into ammonia, nitric and nitrous acids.
The air is washed by means of rain and impurities carried
to the earth, where they are assimilated by plants and
destroyed.

Vitiation by Combustion.—It was computed several years
ago that not less than 822,000,000 cubic feet of carbonic
acid passed daily into the atmosphere of London. This is
largely derived from the combustion of coal, which gives off
daring the process of burning three times its weight of
carbonic acid, and small quantities of carbonic oxide, sul-
phurous acid, and sulphuretted hydrogen. Besides these,
about one per cent. is given off as soot and tarry products.

It is these latter, which owing to their weight are unable
to ascend more than 600 feet, that give to London its
peculiar winter fogs. The particles of moisture in the air
are enveloped in a greasy hydrocarbonaceous covering
which is impenetrable to light, and produce the peculiar
yellow colour; while the sulphurous acid gas causes
the irritation present in the eyes and bronchial membrane.

8—2
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It was during a dense fog of this description some years
ago, that such extraordinary mortality occurred among the
cattle at the Islington Show.

Sulphurous acid is sometimes present to such an extent
in the air of cities, as to render the rain acid, and even
attack the softer kinds of stone used for building purposes ;
it also destroys vegetation.

Coal-gas is a mixture of gases, principally hydrogen and
hydrocarbons. The most poisonous constituent is carbonic
oxide, of which between six and seven per cent. exists in well-
made gas; one per cent. in the air of respiration may cause
death. A cubic foot of coal-gas yields about half a cubic
foot of carbonic acid ; an average burner used in a stable
burns five cubic feet of gas per hour, so the impurity in a
stable arising from gas combustion can easily be calculated.
One burner will impart to the atmosphere as much carbonic
acid as a horse.

Impurities from Offensive Trades.*—These do not represent
such an important class in veterinary as in human hygienes,
for the reason that the presence of animals during the
process of offensive trades is seldom necessary. Still horses
are employed in mines, alkali works, copper-smelting
factories, etc., and to an extent exposed to the organic
vapours arising from glue-making, bone and blood boil-
ing, slaughter-houses and knackeries.

The air in mines is generally saturated with moisture,
and contains an excess of carbonic acid, depending on its
depth; as much as ‘2 per cent. is found in deep mines, with
a reduction in the volume of oxygen. The temperature of
the air is very uniform.

Vitiation of the air of mines {akes place by the respira-
tion of men and animals, gunpowder blasting, and the
evolution of carbonic acid and marsh gas from the strata
which are being worked. The atmosphere is full of dust,
yet miners suffer the least mortality compared with other
dust-inhaling occupations, and pit ponies, excluding acci-

* Under the Public Health Act, 1875, no offensive trades can be
established without the consent of the local authorities,
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dents, practically have as long a life as those which work
on the surface.* It has been said that the relative
innocuity of coal-dust, as compared with the dust of
tin-mines, pottery manufacture, file-cutting, and knife-
grinding, is due to the shape of the particles, which in coal-
dust are free from sharp points and corners. It is also
considered by some that coal-dust is inimical to the develop-
ment of the bacillus of tuberculosis.

Pit ponies in hot dusty coal-mines are liable to become
‘broken winded’ after a few years’ service, and many suffer
from acute spasmodic asthma, which in time frequently
terminates in broken wind. There is no such thing as
‘miners’ lung’ amongst them, though many never come
to the surface for years.

Alkali and Acid Works.—Hydrochloric acid gas is evolved
from alkali works. Prior to legislation the effect of alkali
works on herbage in their vicinity was to shrivel up and
discolour the leaves and stems of trees and farm crops. Act
of Parliamentt now provides that 95 per cent. of the hydro-
chloric acid gases and vapours produced must be condensed.
Only one-fifth grain per cubic foot is permitted by law to
escape into the atmosphere. In the case of sulphuric acid
works four grains per cubic foot is allowed to escape into
the air.

From copper-smelting works arsenic, sulphurous acid
and small quantities of copper are given off. Before legis-
lation these produced among horses and cattle the so-called
¢ copper - smoke disease,” which showed itself by ossific
deposits on the knees and hocks and general emaciation.

Offensive Trades.—The impurities due to the decomposi-
tion of organic matters in certain offensive trades have been
classified by Dr. Ballard] as follows: (i.) The keeping of
animals; (ii.) the slaughtering of animals; (iii., iv. and v.)

* I am greatly indebted to Mr. W. Woods, F.R.C.V.S., Wigan, for
much valuable information regarding pit ponies.

t+ Alkali, etc., Works Regulation Act.

1 ‘Efffavium Nuisances’: Sixth, Seventh, and Eighth Report,
Medical Officer Local Government Board.
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branches of industry in which animal or vegetable or mineral
substances are dealt with; (vi.) branches of industry in
which mixed substances are manipulated.

It is rather a satire on veterinary hygiene to find the
keeping of animals classified as an ¢ offensive trade.’

It is to be feared that Dr. Ballard was well within the
truth in his classification, though the object of the veteri-
nary profession has been to prove that there is no necessity
for the keeping of animals to be offensive, if the elementary
laws of health are obeyed. Still in justice to the lower
. animals, which have no voice in the matter, it would be
equally fair and truthful to classify the common lodging-
house as an ¢ offensive trade,” and a far more serious one to

the human community.
~ In Dr. Ballard’s second group there is every room for
improvement ; the business of butcher and knacker may
be offensive, particularly the latter, owing to the boiling
operations in dealing with the bone, flesh, and fat, and the
collection of putrefactive material on the premises. Thisand
allied matters will receive special attention in a later chapter.

The third group comprises the trades in blood drying
and boiling, soap and bone boiling, tallow-melting, glue-
making, gut-scraping, and the business of the fellmonger
and tanner, and are justly described as ‘offensive trades.’
The efluvium from these is very penetrating and sickly,
but there is no evidence that beyond the injury to one's
senses any harm results. It is equally clear that unplea-
sant as these trade operations sound, the nuisance resulting
from them would be insignificant if proper cleanliness and
. destruction of noxious vapours were observed.

The fourth group consists of certain processes whereby
vegetable material is manipulated, viz., the distillation of
wood, manufacture of oxalic acid from sawdust, and dis-
tillation of vegetable oils, etc. In the fifth group is cement-
making, brick-burning, gas manufacture, while the sixth
group comprises the efluvium from chemical works, dis-
posal of town refuse and manure-making. All these pro-
cesses are offensive but not necessarily harmful to health.



AIR 39

Air Impurities by Decomposition of Organic Matter.—
The air of sewers has always been regarded with great
suspicion, but as a matter of fact exact enquiry shows that
in sewers which are well constructed, the air is remarkably
pure, and contains very little carbonic acid or sulphuretted
hydrogen. Further the organisms present are much the
same a8 in the outside air, both as to number and char-
acter, while the men working in well-ventilated sewers are
no more unhealthy than the average of the population.
These results are the outcome of scientific methods of
drainage, and are a tribute to sanitary science.

When the air of sewers finds its way into inhabited places,
which generally occurs through bad construction, the results
appear to be very different; febrile disturbances, sore
throat, bowel trouble, and in certain conditions of body—
as in lying-in women—actual blood-poisoning. In animals
there is evidence to show that this state of atmosphere
reduces the normal resistance of the body to the invasion
of specific diseases, and renders them not only more
susceptible, but aggravates the type of case.

Sewage farms when properly managed are unobjection-
able, but even badly managed farms have not been proved to
be productive of disease. It would appear that danger from
sewer gas and sewage emanations need only be looked for,
when these find their way from ill constructed drains into
a closed space, as into badly ventilated stables and houses.

In badly constructed sewers and drains the contents
ferment and putrefy, with the disengagement of many
gases, some of which are highly complex, and the majority
offensive. There is evidence to show that sewer-gas in this
condition may seriously affect those engaged in opening up
and clearing out the drains, and there is no difficulty in
understanding what such gases are capable of doing even
diluted on entering buildings.

Emanations from manure-pits are not infrequently
believed to be healthy, even by educated persons. Prob-
ably it is the ammonia that reminds them of the stimulating
presence of ¢ smelling salts.’
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Manure when placed in a pit undergoes decomposition
and fermentation ; it is during the latter process that the
needful conversion into ¢ rotten ’ manure occurs which the
farmer aims at producing. The formation of this is greatly
accelerated by the presence of urine and feces, in fact the
straw by itself would be of very slight manurial value. As
fermentation proceeds the temperature of the mass rises,
and with it is given off ammonia which is probably the
most valuable constituent of the manure.

The fermenting mass gives out free ammonia and car-
bonic acid to the air, and these may be detected even
several yards from the pit. As the result of observations
it was found that a pit should not be nearer to a stable
than thirteen yards.

The air of marshes is impure from the presence of
decomposing vegetable matter. Carbonic acid, marsh
gas, and sulphuretted hydrogen are present, the latter
sometimes in considerable quantity. The organic matter
consists of various bacteria, fungi, alge, and vegetable
débris.

Impurities by Respiration.—Air is rendered impure by
the respiration of men and animals, its carbonic acid and
watery vapour are increased, its oxygen diminished, and a
proportion of organic matter added to it. So long as
respiration is occurring in the open air these impurities
are got rid of as fast as they are formed, but in the air of
buildings it is different, here they accumulate unless means
are at hand for getting rid of them. The employment of
such means is known as ventilation; ventilation and im-
purities by respiration are intimately mixed up, a proper
understanding of the one is essential to the working of the
other.

At each respiration—the number of which in repose
varies with different animals—the air passing to the lungs
contains 20°96 per cent. by volume of oxygen, and ‘06 per
cent. of carbonic acid. On its return from the lungs it is
found to contain oxygen 1696, carbonic acid 4'04, while
the nitrogen in each case is unaffected. In other words,
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the air in the lungs loses four or five per cent. of its
oxygen, and gains three or four per cent. of carbonic acid,
and these figures with slight differences appear to hold good
for most domestic animals.

An average inspiration in the horse is 250 cubic inches ;
if the composition of the ingoing and outgoing air be known,
it is easy to calculate—once the volume of the air respired
is ascertained—how much oxygen an animal uses up, and
how much carbonic acid it produces in twenty-four hours.
In the horse this has been fixed at 84 cubic feet of oxygen
absorbed, and 72 cubic feet of carbonic acid produced in
twenty-four hours, during a state of repose, but there is
considerable variation, and the question is not susceptible
of the accuracy these figures might imply.

During work both the absorption of oxygen and excretion
of carbonic acid are very greatly increased, but this question
does not seriously affect the question of ventilation, as the
excess of both of these gases rapidly falls on the animal’s
return from work to the stable.

The proportion of oxygen absorbed to carbonic acid pro-
duced is not the same in all animals; in the herbivora
owing to their diet being rich in starch there may at times
be nearly as much carbonic acid produced as oxygen
absorbed, while in omnivora and especially carnivora,

“there is a marked increase in the oxygen absorbed over
the carbonic acid produced.

In the herbivora there are also other gases which tend to
produce air impurity, there is little doubt that marsh gas
and hydrogen are given off by the lungs in both horses and
cattle ; the amount is small, viz. under 200 cubic inches in
twenty-four hours. These are derived from the intestinal
canal, being absorbed by the bloodvessels and carried to
the lungs. The gases formed in the intestinal canal are a
considerable source of air impurity, some of these are most
offensive owing to the putrefactive changes in the large
intestine, carbonic acid and sulphuretted hydrogen pre-
dominate, marsh gas, nitrogen and hydrogen also exist in
considerable quantity. The nature of the diet influences
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the character of the gas; the most offensive is produced
when the diet consists of material rich in nitrogen ; marsh-
gas predominates when the diet is largely hay.

From the decomposition of urea ammonia earbonate is
formed, and from its peculiar penetrating odour is the first
impurity detected on entering a badly kept stable.

Of all the impurities we have mentioned there is none so
important from a hygienic point of view as carbonic acid.
A considerable number of experiments have shown that the
amount of this gas present in the air of either rooms or
stables, is a direct measure of the degree of purity or im-
purity existing, further it is evidence of perfect or imperfect
ventilation.

These results have been established beyond all doubt by
the researches of the late Dr. de Chaumont on the air of
barrack rooms, prisons and hospitals. He showed that as
air impurity increased the carbonic acid increased, and that
the amount of carbonic acid present was a measure of the
purity of the air.

It is not the carbonic acid as such which is so important,
even in the worst ventilated rooms and stables it rarely
exceeds ‘8 per cent. No toxic effects from carbonic acid
are produced unless the gas exists to the extent of five or
ten per cent. in the mixture breathed. -

The sole value of carbonic acid determination to the
hygienist is the indication which it affords of the presence
of organic matter in the air. It has been shown in the
experiments above mentioned that these two are intimately
related, and that up to a certain point one is a measure of
the other. Before this question can be further dealt with,
it will be desirable to consider what constitutes the organic
matter in the air vitiated by the presence of men and
animals.

Respiratory Organic Matter.—If a quantity of expired air
be drawn through distilled water, the liquid has a peculiar
odour imparted to it, and rapidly undergoes decomposition.
If the air be condensed it can be shown that the organic
substance contains nitrogen, can be precipitated by silver
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nitrate, and decolourizes potassium permanganate. If
water through which expired air has been drawn be dis-
tilled, free and albuminoid ammonia are obtained.

The smell of organic matter in inhabited places is peculiar
and penetrating, it adheres to walls, and even after free
perflation of air the removal of smell is difficult, showing
that the substance is not readily oxidized.

It was believed at one time that toxic effects could be
produced by inoculation with organic matter in the form of
a condensed liquid, but recent researches have not corrobor-
ated these observations.

The organic matter consists of particles of epithelium
from the skin, hairs, fatty matters from the surface of the
body, organic vapours the result of the decomposition of
sweat and sebum, urine and fmces, but the nature of the
substance resulting from these is quite unknown excepting,
as just pointed out, it is very penetrating, nitrogenous, and
putrefiable.

The feeling amongst hygienists at the present day is not
to lay too much stress on the organic matter of badly
ventilated rooms, as the chief cause of discomfort experi-
enced by breathing air vitiated by respiration; but rather
to attribute the symptoms of oppression, headache and sick-
ness, experienced in hot and crowded rooms, to the de-
ficiency of oxygen, and excess of carbonic acid, heat, and
moisture, the latter being particularly harmful by checking
the loss of heat from the skin.

The number of microbes present in vitiated air bears no
relation to the amount of carbonic acid present; there are
no microbes given off during expiration, and many of
those contained in inspired air appear to be arrested very
early in the respiratory tract, and do not reach the alveoli
of the lungs.

In some extensive chemical and biological examinations
of the air of buildings made at Dundee* the observers in
their biological work attached importance to the proportion

* Carnelley, Haldane, and Anderson.
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in which moulds as contrasted with bacteria were found
in different atmospheres; they ascertained that bacteria
predominate while moulds become fewer as the respira-
tory impurity increases. This is shown in the following
table :—

' Amount of Air, Moulds. Bacteria.
Cubic Inches.
| Open air ... 610 1 2 6
'Houses of four or more
rooms ... 610 4 85
Houses of two rooms ... 610 ‘22 480
Houses of one room ... ' 610 12 580

These observers determined that the maximum number
of micro-organisms in inhabited rooms should not exceed
560 per cubic foot of air.

DISEASES PRODUCED BY IMPURE AIR.

The foundation of Veterinary Hygiene was laid at the
close of the 18th century, by a consideration of the diseases
produced by impure air. One of the chief pioneers in the
matter was Professor Coleman of the London Veterinary
College, and the position he occupied in the world of science
was such that attention was paid to his outery.

He held the view that glanders could be produced in
previously healthy horses, by exposing them to the vitiated
air of a stable. In those days fresh air was considered not
only unnecessary but pernicious, and every attempt was
made to rigidly exclude it from stables, even the keyhole
not being forgotten.

Coleman’s view of the cause of glanders cannot be
accepted in the present day, but whatever the patholo-
gist may teach regarding micro-organisms, nothing can
displace the fact that there are conditions of the body
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which render an animal more susceptible of microbic
infection, and there are others which establish a degree of
resistance.

The vitiated air of stables reduces the resistance of the
body and renders it more prone to infection, and this is the
explanation of the triumphs of sanitary science in connec-
tion with the ventilation of stables and increased cubic
space. Foul air and overcrowding are the prime factors in
the production of disease, or as Parkes expressed it many
years ago, ‘ disease and health are in the direct proportion
of foul and pure air.’

The introduction of a system of ventilation into army
stables by Coleman, saved the country hundreds of horses
and thousands of pounds. The facts are chronicled by Sir
Astley Cooper,* who was most enthusiastic over the mag-
nificent work carried out in the army by Coleman.

Nor were troubles among horses confined to the British
forces, most if not all Continental armies at that time were
similarly affected, but with one exception the records of the
period are not available for study. The exception is France,
who has published for years veterinary statistics of her
army, and was able to compare her losses before the
introduction of sanitary science, with those which occurred
after a Commission of Military Veterinary Hygiene had
pointed out where the errors lay, and how they could be
avoided.

These statistical results have been rendered available
through the labours of Dr. Balfour, F.R.S.+ Prior to the
year 1836, the French Cavalry lost from 180 to 197 per
thousand per annum. An increase in the air space
reduced the mortality during the next ten years to 68 per
thousand, and at the present day it is 24 per thousand.
With a reduction in deaths there was even a still larger
reduction in admissions.

The following table shows the admissions for glanders

* ¢ Life of Sir A. Cooper,’ by Bransby Cooper.

+ ‘The Vital Statistics of Cavalry Horses': Journal of the
Statistical Soctety, June, 1880.
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and pneumonia from 1847-66, a period of nineteen
years :

1847-52. 1858-56. 1857-61. 1862-60.
Ratio per Ratio per Ratio per Ratio per
1,000. 1,000, 1,000 1,000,
Glanders ... 23:82 21°44 1097 724
Inflammation of the
lungs and pleura...| 1047 1106 458 859

This shows a reduction in admissions for glanders of 16
per thousand, while the admissions for pneumonia and
pleurisy were reduced 101 per thousand.

The practical outcome of this sanitary work was the
saving of £90,000 per annum in the purchase of horses.
The saving, of course, was much greater than these figures
represent, as they take no notice of the value of the
horses left alive, which under the old system would have
died.

Reynal* states that when the old stables at the Alfort
Veterinary School were enlarged and ventilated, the
excessive mortality from pneumonia ceased, and wounds
no longer took on the septic character which was previously
80 common.

A century ago, in the days of Coleman, the belief that
pure air played an important part in the prevention of
disease could be easily understood, since it was then very
generally held that a vitiated atmosphere might lead to the
generation in the system of noxious substances or ‘ humours’
which were the immediate cause of the disease. Now,
however, we are face to face with the fact that the very
diseases associated with, or aggravated by, foul air are
those which depend for their existence on a specific
organism, and, it need hardly be said, the spontaneous
origin of living matter is outside the pale of intelligent dis-
cussion. It is, however, quite easy to explain the beneficial

© ¢Veterinary Sanitary Science and Police’: Dr. G. Fleming.
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effects of a pure atmosphere otherwise than by supposing
that it interferes with the spontaneous generation of patho-
genic bacteria.

In considering the influence of impure air on the produc-
tion of diseases now known to be caused by bacteria, it has
to be borne in mind that the pathogenic microbes, in
respect of their habit of life, fall into two great classes.

The first of these is the class of obligatory bacteria,
which, whatever may have been their origin, are now
unable to multiply except in the animal body. All the
purely contagious diseases, that is to say, those that never
originate spontaneously or independently of connection with
an antecedent case, are caused by bacteria of this kind.
Glanders, tuberculosis, and cattle plague are examples.
The fact that the causal organisms of these purely con-
tagious diseases are unable to multiply outside the animal
body necessarily gives them a more or less restricted
distribution ; they are not ubiquitous, but confined to the
neighbourhood of diseased animals or the places or premises
where diseased animals have been kept.

The second great class of pathogenic microbes includes
the so-called facultative bacteria, which, like the obligatory
microbes, are able to multiply in the animal body and
induce disease, but are also capable of multiplying and
maintaining their existence in the outer world, in such
media as soil, water, and decaying animal or vegetable
matter. As might have been expected from their habit of
life, the bacteria of this class have a very wide, and some-
times a practically ubiquitous distribution, and, also as
might have been expected, the diseases which they induce
are not necessarily contagious or infectious, but may arise
sporadically. The majority of bacteria responsible for
suppuration and other unhealthy processes arising in con-
nection with wounds belong to this class, as do in all
probability also some of the microbes which are the cause
of ‘colds,’ bronchitis, and pneumonia. There are good
reasons for believing that some of the bacteria which belong
to this class are very frequently, if not constantly, present
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in the digestive or respiratory tract of healthy animals,
their presence there in moderate numbers being unattended
by any untoward consequences, although in special circum-
stances they may be capable of inducing serious and even
fatal disease.

Bearing these facts in mind, an attempt may be made to
explain the beneficial effects of proper ventilation and a
pure atmosphere in the prevention of bacterial diseases or
in the amelioration of their effects.

It is obvious that none of the diseases caused by bacteria
that are obligatory in their habit can be produced merely
by causing an animal to inhale an impure atmosphere, and
Coleman was therefore wrong when he held that glanders
could be so produced in healthy horses. That is sufficiently
attested by the distribution of glanders at the present day.
In Great Britain glanders is now mainly confined to
London and a few other large towns, and experience shows
that in provincial towns and country places horses may
remain permanently free from the disease although kept in
badly ventilated and otherwise insanitary stables. The
indispensable condition for an outbreak of glanders is the
introduction of the agent of infection—the glanders bacillus,
and that is nearly always effected by the agency of a horse
that is already the subject of the disease.

But while it is thus certain that even the long-continued
inhalation of impure air cannot produce glanders, it does
not follow that the stable conditions which are necessary
to insure a reasonably pure atmosphere are without effect
in preventing glanders, or that an impure atmosphere
is not favourable to the spread of the disease. On
the contrary, it is evident that, given the existence
of a glandered horse in & stable, an overcrowded con-
dition of the inmates and a stagnant vitiated atmosphere
may in two different ways facilitate the spread of the
infection.

In the first place, these conditions will tend to make it
more certain that the germs of the disease escaping from
the already infected horse will be inhaled or otherwise
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taken into the bodies of the healthy animals, for the more
stagnant and impure the air of the stable the less will be
the chance that the bacteria will be carried out of the
building.

Secondly, the continued inhalation of an impure atmo-
sphere will favour the progress of the disease in such
animals a8 become affected, by inducing a state in which
the natural defences of the animal body are greatly
weakened. The researches of recent years have shown
that by no means every horse that becomes infected with
the bacillus of glanders thereafter develops extensive lesions
or has its health seriously disturbed. Even in healthy
subjects the bacilli may find admission to the body, and to
a certain extent establish themselves there, but in vigorous
states of the animal the natural defences suffice to hold the
invading organisms in check, or even overcome these
altogether. The agencies that tend to weaken the natural
powers of defence against bacteria are impure air, under-
feeding, and excessive work, and in all probability the most
potent of these is the first.

In the second class of bacterial diseases, viz., those
caused by germs that are capable of multiplying outside of
the animal body, the effect of an impure atmosphere is
probably even more malign. The bodies of both men and
the lower animals must be constantly threatened with
invasion by some of the bacteria which are almost ubiqui-
tous, and which are on the border-line of being pathogenic
even to those in robust health. Such organisms find their
tavourable opportunity when they encounter an individual
whose natural defences have been weakened by insanitary
conditions, prominent among which is the inhalation of a
vitiated atmosphere.

One of the important, if not the most important, factors
contributing to everyday immunity is pure air.

The term ‘ everyday’ immunity is used to avoid clashing
with the pathologist by employing the term natural im-
munity ; and further, everyday immunity is temporary, it
can hardly be otherwise, and depends on the individual

4
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state of health from day to day. It is undesirable to visit
a cholera patient while suffering from diarrhcea, or a diph-
theria case when troubled with a sore throat, or to expose
oneself to infection from any specific disease when ¢ below
par’; under such circumstances the everyday immunity
is likely to be found wanting.

The theory of Metchnikoff is certainly of inestimable
value to the hygienist. It enables him to explain the
defensive processes shown by animals living under sound
hygienic laws, as compared with those living under insani-
tary conditions. It reduces the microbe to the level of the
burglar, always attempting a favourable opportunity for
entering a house, while the phagocytes represent an ener-
getic police force, electric bells and good fastenings. The
failure of any of these defensive processes to act means the
success of the burglar.

The failure of the phagocytes of the respiratory or diges-
tive tract to cope with the invading microbe means in-
fection.

These views are not put forward by a pathologist, but
only by a clinical observer, who may therefore lay too much
stress on a well established experiment with one particular
organism, but which appears to sum up the whole case of
natural infection, and explains much in sanitation which is
otherwise difficult to understand.

If an ox be inoculated with the spores of quarter-evil
no results follow. If prior to inoculation the defences
of the tissues at the seat of inoculation be destroyed by the
injection of lactic acid, infection results; the lactic acid
acts by repelling the phagocytes.

Pure air brings up a most excellent phagocyte, impure air
destroys it.

If actual pathogenic organisms are present in the air of
buildings, for example those of sheep-pox, cattle plague,
tubercle, influenza, pleuro-pneumonia, ete., there is no
difficulty in understanding the diseases may be air-borne.
Anthrax’in man is an excellent example in point; it is con-
tracted mainly in the sorting of wool, or handling of hair of
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animals which have been affected with the disease. The
spores are disseminated through the air of the factory with
the dust, and internal anthrax results. By sorting wool
after damping it the spores and dust no longer arise and
infection is controlled.

Pleuro-pneumonia is undoubtedly an air-borne disease,
and one explanation of the rapid spread of cattle plague is
through air infection.

A form of pneumonia in the horse which certainly looks
infectious is very common on board a ship; it is nearly
always fatal, runs a very rapid course, and if it is not
attributable to a distinet microbe, then the foul air of the
horse-decks must be held responsible.

Infectious pneumonia of horses on land is also described,
which if it exists must be air-borne. Certainly the poison
of influenza is carried in this way, and this disease is
frequently associated with pneumonia.

The spread of tuberculosis in crowded cow-sheds is well
recognised ; it is not difficult to believe that many of these
cases must be by air infection.

In the present state of our knowledge we hesitate to
include that very fatal disease of calves, ‘¢ white scour,’ as
due to air poisoning, for there is evidence that infection
may be principally by the digestive tract. One important
practical point clearly stands out : if the cows calve in the
open and away from the filthy surroundings of their houses,
cases no longer occur. There may be quite another expla-
nation of the observed result than on the theory of pure air,
but the fact remains.

It is hopeless to attempt to treat chest cases in a badly
ventilated stable; fresh air has never yet killed man or
animal, it is the wind that kills.

Pneumonia may with advantage be treated in the
open if there is nothing to choose between that and a
badly ventilated place, and the same remark applies to
all medical and surgical cases. In the human subject
the open-air treatment of tuberculosis has been fully
accepted.

4—2
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In obstetric cases the value of pure air is undoubted, but
both in this and the diseases mentioned above, it is impos-
sible fo separate impure air from unclean surroundings, or
to accurately attach to each their respective share in the
production of trouble ; it is evident if the surroundings are
filthy the air must be impure.



CHAPTER III
VENTILATION

TaE object of ventilation is to supply pure air to the lungs,
to dilute and remove from the stable the products of
respiration, and the effluvia arising from the fluid and
solid excreta which have been evacuated.

To fulfil the conditions of ventilation it is necessary that
pure air be supplied, it would not be ventilation if the
incoming air were derived from a contaminated source.

It is usual to consider the subject of ventilation under
three heads :—

i. The amount of fresh air required.

ii. The methods by which fresh air can be supplied.

iii. The methods of examining whether ventilation be
sufficient or not.

AMOUNT OF FRESH AIR REQUIRED.

The large herbivora take into their lungs during a condi-
tion of repose something less than 100 cubic feet of air per
hour. At first sight it might appear that if this amount be
known, the quantity of air required to be delivered for the
purpose of ventilation could easily be ascertained.

The amount of air breathed by an animal is no guide to
its requirements in the stable, for the reason that if only
this quantity were supplied per hour, the proportion of
impurity present in the air would be enormous.

The larger herbivora are capable of rendering 25 cubic °
feet of air absolutely irrespirable every hour; that is to
say, it such a sample of air were collected experimentally,
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any animal introduced into it would die in a few
seconds.

In order that proper dilution of the air of buildings may
be effected, about 150 times more air must be introduced
per hour than actually passes through the animal’s lungs.
This appears difficult to understand, until it is explained
that experimental inquiry has determined the limit of
impurity of the air of inbabited places, and to prevent this
amount of admissible impurity being exceeded, an enormous
extra supply of fresh air is required.

The limit of impurity of inhabited rooms was fixed by the
late Dr. de Chaumont as the result of numerous examina-
tions of the air of buildings. He found that the amount of
carbonic acid in the air of a room bore a relation to the
degree of impurity present.

The actual amount of carbonic acid in itself was harm-
less, very much more could be breathed with impunity
than could be found in the worst ventilated room or stable,
but as a measure of the respiratory purity of the air, viz., as
an index to the probable amount of organic matter present,
it was found to give invaluable information.

We cannot have the air of a stable as pure as the outside
air, it would require some millions of cubic feet per head
per hour to produce this, but we can have the air of the
stable sufficiently free from organic matter, to be unable to
detect on entering it from the outside air any difference in
the freshness of the two atmospheres.

This is the basis of de Chaumont’s test; it has been
applied over and over again in determining the sufficiency
of the ventilation of stables, and is found equally ap-
plicable to them as to barrack rooms, hospitals, and
prisons.

If on entering an inhabited building from the outside air,
the sense of smell be at once recorded before it becomes
blunted, a very fair idea of the amount of impurity may be
obtained. If no sensible difference in smell can be deter-
mined, the air inside smelling as fresh as that outside, then
the amount of organic matter is at its lowest point, and
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such airs give on analysis ‘6 per thousand of carbonic
acid.

This ‘6 per thousand of carbonic acid is made up as
follows :—

*4 per thousand of CO, normally existing in the air.
*2 per thousand due to respiratory impurity.

The maximum amount of respiratory impurity which can
exist without impairing the freshness of the atmosphere is
*2 per thousand; if the air smells rather close the amount
of respiratory impurity is 4 per thousand ; if the air is
close the respiratory impurity is equal to ‘67 per thousand ;
if very close, disagreeable, and offensive the carbonic acid
present is equal to *9 per thousand of respiratory impurity.

Beyond this degree of impurity it is not possible for the
sense of smell to differentiate.

It is assumed that an air which does not differ in the
sense of smell from the outside air is fit to breathe, but
that no greater vitiation should be allowed. It is on this
basis that ‘2 per thousand of respiratory impurity has been
fixed.

In recent years an attempt has been made to place the
permissible respiratory impurity at a higher figure than
that given by de Chaumont.

The explanation of this proposed change is based not only
on an examination of the carbonic acid present, but also of
the number of micro-organisms in the air, and the amount
of oxygen required for the oxidation of organic maftter.
In this way it has been suggested that the amount of per-
missible respiratory impurity might be raised to 6 or ‘9 per
thousand.

We do not feel justified in accepting this lower standard
of purity for stables, where it will be remembered the im-
purity is not only of respiratory origin, but also derived
from feces and urine; ‘2 parts of carbonic acid per thousand
volumes of air is, therefore, adopted as the maximum amount
of permissible organic impurity in the air of well ventilated
stables.
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From this can be calculated the amount of fresh air
required by the large herbivora per hour, by using de

Chaumont’s equation %:d

where e=the amount of carbonic acid in cubic feet
exhaled per hour, viz., 8.
p=the limit of permissible organic impurity
per cubic foot, viz., *0002.
d=the amount of fresh air required in cubic
feet per hour.
8
*0002
That is to say, the large herbivora require 15,000 cubic
feet of fresh air per hour, in order that the organic impurity
may not exceed *2 per 1,000 of carbonic acid.

During work the amount of carbonic acid is greatly
increased. It is only in mines that animals work in an
enclosed space, and here the supply of fresh air per head
should not fall below the above quantity, it is bardly
practicable to ask for more, and being small ponies this
amount must suffice.

The quantity of air required by the sick should be
unlimited, if possible they should live almost in the
open.

In calculating the amount of fresh air required the
combustion of artificial lights must not be forgotten.
Every cubic foot of coal gas produces °5 cubic feet of
carbonic acid, and requires 500 cubic feet of air to properly
dilute the products of combustion.

In badly ventilated stables the amount of watery vapour
is increased. A horse gives off from the lungs and skin in
a state of repose 6°4 1bs. water in 24 hours,* and where the
amount of fresh air introduced is insufficient to remove the
excessive moisture, great discomfort and oppression exist.
We have previously drawn attention to this fact, and repeat

=15,000 cubic feet per hour.

* This is according to the oareful experiments of Grandeau; Colin
places the figure much higher.
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it here as bearing out the necessity for a large supply of
pure air.

CUBIC SPACE.

Great stress has been laid on the importance of a large
cubic space, as in the minds of some people there is an idea
that by having a larger air space there is less necessity for
ventilation. A large cubic space is a most desirable condi-
tion but not for the reason just mentioned.

The larger the air space the smaller the number of times
per hour the air of that space has to be changed, and hence
the less chance of draught. An example will explain the
position. If two stables be taken, one of 600 feet the other
of 1,500 feet contents, each of these must supply exactly the
same amount of fresh air per hour to the occupant, viz.
15,000 cubic feet. But the air in the 600 feet stable will
require to be changed a little more than twenty-five times
an hour, whereas in the stable of 1,500 feet the air need
only be changed ten times per hour.

Cubic space does not render ventilation less necessary,
the stable of 1,500 feet without ventilation will become just
as foul as the one of 600 feet, only it will take about double
the time in the large stable to render the air as impure
as in the small one. Once the air impurities are the
same they both, irrespective of the difference in their
capacity, must supply exactly the same amount of air; in
other words, the value of cubic space soon vanishes unless
regular ventilation is established.

The table on the next page, calculated from de Chaumont’s
equation, will enable this point to be understood.

The objection against small cubic space, as stated above,
is that the air requires changing a large number of times in
the hour to supply the amount necessary. It therefore has
the drawback that such a stable would be draughty if
properly ventilated ; also, if the conditions which bring
about natural ventilation become suspended or interfered
with, the air contents of a small stable become more rapidly
impure than those of a large one.
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TABLE SHOWING THE CONTAMINATION OF THE AIR BY RESPIRATION IN
Di1rrereNT CUBIC SPACES, AND THE AMOUNT oF FREsH AIR
REQUIRED TO DILUTE To THE GIVEN STANDARD—VIZ., ‘2 PER

1,000.
Ratio of CO, per
BrouthinilSpsco 1,000 at tho end of Amount of Air Amount noces-
for Oae Horso First Hour if there | nocessary during | sary every Hour
in Cubic Feot. has been no the First Hour. after the First.
Change of Air. !
|
| Cubic Fect.

600 508 | 14,400 15,000

700 488 14,300 -

800 8'75 14,200 ”

900 883 14,100 »
1,000 8-00 14,000 ’
1,100 1 272 18,900 "
1,200 2:50 18,800 »
1,800 280 18,700 -
1,400 213 13,600 »
1,500 2:00 18,500 »
1,600 187 18,400 ”
1,700 176 18,300 ”
1,800 1-68 18,200 »
1,900 1-57 13,100 »
2,000 150 18,000 »
8,000 1-00 12,000 ”

The cubic space best suited for animals is, therefore,
readily arrived at; the whole thing hinges on the question
of how many times the air space can be changed in an hour
without producing a draught or causing the stables to
become too cold.

In barrack-rooms it was found that under the ordinary
conditions of our climate a change of air six times per hour
was out of the question; five times could not be borne, and
three times under the conditions of barrack-warming was
all that could be attempted.

With regard to horses, it is well known that they are not
80 susceptible of draught and cold as men are, and certainly
a change of six times in the hour can be and is borne by
them with impunity; still, if it were decided that three
times should be the limit in the number of changes of air
in the hour, it would argue a capacity of 5,000 cubic feet
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per head, an utterly impossible amount to give when the
expense of stable construction is considered, but still the
theoretical amount where expense is no objection, and only
a small number of changes of air per hour are desired.

The cubic space fixed for army horses in the type of
stable built during the last 80 years is 1,605 feet per head.
This appears to agree with the cubic space allowed by some
large companies and intelligent horse proprietors.

If 1,600 cubic feet be taken as representing the space
allowed to horses living under the best possible conditions,
the supply of 15,000 cubic feet of air can only be effected
by the air of the stable being changed nine and a half
times per hour.

Will a horse stand the air of the stable being changed
nine times an hour in winter without suffering from
draught ?

There can be no doubt that, if properly fed, the natural
coat not removed, or if removed a blanket given to take
its place, horses will stand these changes with impunity.
It practically means living in the open, for the air of the
stable is changed about once every six minutes, but without
the disadvantages of rain, snow, and wet ground to contend
against, which living in the open entails.

Horses living under these conditions will not carry a fine
glossy coat, but will be better able to withstand exposure to
weather, such as working animals are at all times called
upon to face, both in civil and military life.

Hot stables produce a fine glossy coat, economise the
food so that the animals put on fat, but they also render
them more susceptible to disease. Cold stables produce a
heavy coat, there is not much tendency to the accumulation
of fat, and the animals require more to eat owing to the call
on the heat producing function. Inreturn theyare healthy,
and the chance of chill from exposure is very small.

In the case of cattle it may be urged the amount of fresh
air required would keep the temperature too low both for
fattening and milk production. It is quite true the storing
up of fat, and the constant drain on the mammary gland
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are an abuse of a physiological function, and that special
conditions may have in consequence to apply to such cases,
but it has never yet been shown that unlimited fresh air
in byres and cattle sheds either seriously retarded fatten-
ing or milk production, and there is no reason why they
should if animals are liberally fed. Further, if a high
temperature is desired it can always be obtained by
artificial warming, without interfering with the supply of
fresh air.

The advantage to be gained by the pure air method
would be the practical eradication of tuberculosis among
cattle.

Of the total cubic space the largest part should be made
up in length and breadth and not in height; in human
hygiene it has been proposed to disregard anything above
twelve feet in height, for the reason that excessive height
does not mean dilution of respiratory products, as these
have a natural tendency to accumulate in the lower
strata.

For veterinary requirements twelve feet with a closed roof
must be regarded as an irreducible minimum, the remainder
of the cubic contents to be made up of length and breadth.
Where stables have an open roof, eleven feet to the spring
of the roof is a suitable height.

Superficial area should be large both for the comfort of
the animal, its safety, and the safety of the attendants;
as a rule this matter is disregarded probably on the score
of economy. For man % of the cubic space is desired
a8 floor space; % is sufficient for the larger herbivora,
and in this calculation is included not only the actual
standing room of the stall, but the share of the passage
behind.

The superficial area for the stall should be 70 feet, and
this should be made up to a total of 100 square feet by
including the share of the passage. For boxes the super-
ficial area should be 200 feet.

The amount of cubic and superficial space allowed cattle
is extremely small. The law insists the cow in a town
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dairy shall have 800 cubic feet, but the superficial area is
not laid down, and the animals are considered well off if
they receive twenty-three square feet per head, this not
including the sbhare of the passage.

As a rule there are two cows in a stall each receiving the
above superficial area ; it just affords standing room and
buf little more. The object of this cramping system is to
keep the animals in such a fixed position that none of the
excreta shall be lost to the drain which runs behind. Such
deprivation of floor space should be regarded as a penal
offence.

For country cow-houses no cubic space is fixed, and
obviously none for fattening stock.

In town cow-houses the superficial area each animal
should receive ought to be fixed at thirty-five feet as a
minimum, exclusive of its share of passage, while the cubic
space must depend upon the number of changes of air in
the hour, but ought if possible to be 1,600 cubic feet,
which is double the minimum fixed by law.

The law takes no notice of the country cow, the cubic
space allotted her is whatever her owner can afford ; but it
maust be borne in mind her life is infinitely more natural
than that of the town cow, she gets both fresh air and
exercise, and it is only at night, or during inclement
weather, that she is closed up in a place which is defective
and insanitary.

Cattle fed for the purpose of food have a still more
artificial existence, and if possible a more insanitary one,
for the farmer has to make some form of profit during the
life of the animal, and he does this through the manure.
In consequence every effort is directed to saving and storing
up this product, the most common method being to keep
the cattle on about 90 square feet of space for weeks or
months standing on their own excreta, which, with the
straw allowed, by acting as a sponge absorbs all the
valuable manurial material.

Under such a filthy system it is not surprising that no
attention is given to cubic space, superficial area, or
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ventilation, and it is fortunate for the animals their
artificial life is only a matter of a few months.

It is quite useless to plead for better conditions, when
men’s pockets are touched with no corresponding return.*

THE METHODS BY WHICH FRESH AIR CAN BE
SUPPLIED.

Natural Ventilation.—Ventilation is of two kinds, natural
and artificial ; in veterinary hygiene it is the former which
principally concerns us, and this is brought about through
three agencies :—

1. The process of diffusion.

2. The action of the winds.

8. The difference in weight of masses of air of un-
equal temperature.

Natural ventilation can only be effectively employed
when the type of building is such that the above forces can
come into operation.

This type of building may be briefly described as one
where the animals are arranged in two rows only, the
heads turned to the outside walls. The width of the
stable should not exceed thirty feet, and only two animals
placed between opposite sources of air (Fig. 1). There
should not be any rooms placed over the stable if this
can possibly be avoided. The building blocks should
not be arranged in the form of a square, but if this cannot
be effected the interval between blocks should be twice the
height of the nearest building. Such a stable only requires
the introduction of doors and windows to render it the
most effective instrument for natural ventilation.

The process of Diffusion is not a very active one in
ventilation. Air may pass through a brick wall, but not"
if that wall be plastered or whitewashed within. Under

* These matters will receive attention elsewhere, they are only
introduced here as bearing on cubic and superficial space and
ventilation.
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the most favourable circumstances, viz., where the air is
obtained through cracks and crannies in doors and windows,
diffusion is a slow process, and by itself can never be
trusted for the purpose of renovating vitiated air.

Diffusion merely causes the various gases pregent in a
building to mix. Roscoe showed that carbonic acid experi-
mentally evolved in a room was reduced to one-half in
ninety minutes by this process. This is not sufficiently
rapid for the purpose of ventilation, and further, it leaves
the solid particles of the air quite unaffected.

Winds are the great power in natural ventilation; they
mainly act by perflation, viz., setting masses of air in
motion, and as a means of flushing and renewing the air,
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Fig. 1.—Transverse section of stable. Two horses are [placed between
opposite windows, heads to outer walls. The arrows indicate the direction
of the wind.
there is no natural force comparable with them; for
example, blowing at the rate of three miles an hour (which
is little more than perceptible) through a ventilator one
square foot in size, 15,840 cubic feet of air will pass iper
hour, the amount, in fact, demanded for the larger
herbivora. Analyses of stable air show how rapidly by
free perflation organic impurities may be removed ; in half
an hour the CO, of respiration may be reduced from *6’to -1
per 1,000.

The chief difficulty in dealing with the wind as a ventila-
ting agent is in regulating its velocity. With high velocities
it causes a draught so that regulation of windows and
ventilators becomes necessary. The opposite extreme may
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also be met, viz., stagnant air, though such a thing is
rarely met with in Great Britain, where the average annual
movement is from six to twelve miles an hour.

Besides its perflating power, the wind also produces an
aspirating effect. This is caused by currents setting in at
right angles to the path of the moving body, to replace
the partial vacuum produced. The draught up a chimney
is one example of this, and advantage has been taken
of its aspirating effect, to cause the wind to produce
movements of air in a tube for the purpose of ventila-
tion.

It is the aspirating action of the wind which is utilized
in the numerous patterns of cowl which are employed
either for chimney or ventilating purposes.

Masses of air of unequal temperature are not a satisfactory
method of ventilation in veterinary hygiene, as the heated
air inside a building only arises from the bodies of the
animals, and is therefore vitiated. Heated air expands and
by so doing partly escapes, an attempt to restore the
balance is met by colder air coming in; and so the process
is continued, cool air entering and warm air escaping. The
greater the difference between the temperature of the
external and internal airs, the greater the movement; the
less the difference the smaller the action.

It is quite possible to roughly determine the purity of
stable air with the thermometer. In the depth of winter a
difference of five degrees between the inside and outside
airs may be associated with considerable impurity, while
one degree difference may be indicative of great purity.
The explanation. lies in the fact that the heated air is
derived from the bodies of the animals present. As a
means of natural ventilation this process of unequal weights
of air does not occupy a strong position; with artificial
ventilation where heating is employed, it may be of the
utmost value.

In summarising the three forces acting in natural venti-
lation there is no difficulty in recognising the wind as the
chief agent, next comes diffusion, while columns of air of
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unequal temperature, depending as they do on the air
being heated by the bodies of animals occupying the
building, are not only irregular but undesirable. On
the other hand, as a means of artificial ventilation it
may be made a most perfect system if expense be no
object, and we may here conveniently consider this
question.

Artificial Ventilation.—If the air entering a building can
be warmed and the place maintained at a temperature
of 60° Fahr., the greatest op-
ponent of fresh air can no longer
have a valid reason left for
closing an aperture.

The maintenance of stables
at a temperature of 60° Fahr.
through the heat given off from
the bodies of animals, as is at
present the case, is hygienically
bad. If it be considered neces-
sary to bring up horses and
cattle as tender hothouse plants,
then to live at 60° in an air
saturated with moisture is the
best means of securing it. If it
be recognised that this heated
foul and moist atmosphere is
unhealthy, and yet a tempera-
ture of 60° is desired, it can
only be obtained by artificial
ventilation, the simplest system _. .
probably being that shown in Flgiy%h—%'orﬁ;s:lﬁfvxzrﬁ:;lg;
Fig. 2. to stables.

A bracket containing a metal tube, bent in several direc-
tions so a8 to give it a large surface, is placed opposite an
inlet. Inside the tube is a Bunsen burner, the products
of combustion being carried outside the stable.

The heat travels through the whole length of the pipe,

b
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and the air passing over it has its temperature raised. The
inventors claim the incoming air can be raised from 30° to
180° Fahr. The cost of gas in raising the temperature
sixty degrees is less than one fartbing an hour, and for
this sum 18,000 cubic feet of air can be heated.

Fig. 8.—Bection of a stable heated artificially by means of Bofyle’s gas-
‘liaracket. On the ridge may be seen the exhaust ‘air-pump’ of the same
rm.

Gas may also be employed for extracting impure air by
being placed under suitable tubes for this purpose. One
cubic foot of gas will extract 8,000 cubic feet of air, and as
an ordinary burner uses five cubic feet per hour 15,000
cubic feet per hour may in this way be got rid of.

Gas is not always available, but we are not limited to
this, there are other methods by which stables and cow-
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houses can be warmed, viz., by carefully constructed stoves,
or by hot-water pipes. There is no difficulty in carrying
these methods out, and low-pressure hot-water pipes are
absolutely free from danger.

To raise the temperature of the air to 65° Fahr., it is
calculated that there should be twelve feet of low-pressure
piping for every 1,000 cubic feet of space.

The whole question of heating hinges upon cost, which
fortunately renders it prohibitive for industrial stables, but
adds very little to the extravagance bestowed on some high-
class stables of the present day; for cow-houses it is the
only solution of the problem of ventilation and warm air.

Inlets and Outlets.

From what has been said, it will readily be understood
that the inlets and outlets employed in natural ventilation
consist essentially of doors and windows. These only exist
in sufficient number and good position, when they have
been intentionally designed with this object in the construc-
tion of the building. Most stables and habitations for
animals are built without any reference to the requirements
of sanitary science, fresh air and sunlight being regarded
either as unnecessary or prejudicial.

Ventilators are of two kinds, inlet and outlet; the terms
need no definition. With artificial ventilation the function
as inlet or outlet is performed with fair regularity, but in
natural ventilation the term inlet and outlet is more of
theoretical than practical interest, for the reason that as
natural ventilation depends almost entirely on the wind, the
same opening may be an inlet one minute and an outlet the

next.

" What is aimed at is to have inlets in the wall and outlets

in the roof, but we shall have to show that openings in the

wall are always inlets on the windward side and outlets on

the lee side, while openings in the roof, as in ridge or

louvre ventilation, may be the same. It is not possible,
5—2
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therefore, under natural ventilation to point out any open-
ings as being always inlets or always outlets, though we
shall presently have to qualify this statement somewhat, in
dealing with the mechanical contrivances known as cowls.
With this caution we shall continue to employ as a matter
of convenience the terms inlet and outlet as applied to
ventilators.

Inlets and outlets are of various kinds, viz. doors,
windows, tubes surmounted by downcast or upcast cowls,
perforated bricks, openings in the ridge of the roof with or
without louvres, and holes placed in the wall.

Doors need no special consideration, the tendency is

Fig. 4.—Sheringham ventilating window (Musgrave).

always to shut them, and in calculating the air require-
ments they must be left out of question as they will
certainly be closed at night, at which time the greatest air
impurity exists. As a means of flushing the stable during
the day, drying the floor, and thoroughly perflating the
building, they have no equal if they exist in sufficient
number for the size of the structure, and especially if they
are placed on opposite sides of the stable.

Windows as the chief means of natural ventilation require
some detailed consideration. In most modern stables they
are arranged on the principle of a Sheringham valve
(Fig. 4), by which the air is directed upwards in order to
prevent a draught.
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This valved window is placed above the horse’s head,
and is a useful addition to the lighting of the stable; if the
latter be defective in light Fig. 5 may be employed. For
industrial stables the ventilating iron framed window
employed in Army stables may be used; this is 8 feet
8 inches high, 2 feet 63 inches wide, and the upper part,
when swung inwards, is fully open at 19 inches, thus
affording a ventilating area of a little over four square
feet.

Fig. 6.—Sheringham ventilating window (Musgrave).

All this class of window can be regulated to any size, and
as a ventilating medium cannot be surpassed.

The direction taken by air currents under the system of
natural ventilation has been made a subject of special
study, and as the matter is of the utmost importance to a
clear understanding of the system of ventilation by windows,
no excuse will be made for dealing with it somewhat in
detail.

The type of stable now being described is the one with
two horses only between opposite sources of air, with a
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window in the wall over the head of each animal, the
windows being pivoted and not of the Sheringham valve
type just described.*

With windows fully open to windward, opposite ones
closed, and ridge open (Fig. 6) the air rushes in, carries all
before if, then spreads out fan-shape and falls to the
ground. If the incoming current be powerful it may be
measured 18 feet from the point of entry, but as a rule
6 feet to 8 feet is the distance at which it can be felt, the
velocity rapidly and suddenly decreasing on meeting with
the large body of air already in the stable.

The tendency of the incoming air is to spread and fall

Fig. 6.—Direction taken by air currents with the windows open to
windward.

fan-shaped to the ground, and in so doing it drives before
it the air previously there, until this is forced upwards
and escapes by the ridge on the leeward side.

If the incoming current be powerful, part of it may
escape at the ridge on the leeward side without mixing with
the lower stratum of air, while the windward side of the
. ridge may act as an inlet.

No currents can be detected under the open window, the
velocity with which they enter carries them practically
clear of the horse standing there.

When opposite windows are open (Fig. 7) the air rushes

* At the time these observations were made, no building fitted with

Sheringham windows was available, but this does not affect the
general principles here described.
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in on the windward side, behaving much as just described,
striking the ground and driving the upper stratum of air
through the leeward side of the ridge. If the incoming
velocity is very great the air may traverse the stable,

N =
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Fig. 7.—Direction taken by air currents with windward and leeward
windows open.

and pass out at the opposite window without mixing
(Fig 7.)

A double incoming current from opposite windows may
frequently though often momentarily be detected (Fig. 8);
the two meet in the centre of the stable, and the ridge acts as
the outlet. The double current lasts but a short time, and

Fig. 8.—Double current from opposite windows.

is replaced by the single inlet and opposite outlet which in
due time is again disturbed.

When opposite windows are half open (Fig. 9), and thus
resemble Sheringham windows in construction, the chief
difference observable is the height to which the incoming
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air is thrown before it reaches the ground. The window on
the lee side is the prinecipal outlet, but the air does not
escape from it until the incoming air is well mixed. If, on
the other hand, the lee window be fully open while that on
the windward side be only half open, the tendency of the
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Fig. 9.—Direction taken by air currents when opposite windows are
half open.

incoming air is to escape direct at the lee window without
proper mixing.

When the windward window is half open and the lee
window closed, the incoming current is directed towards
the ceiling, descending fan-shaped and well mixing with

Fig. 10.—Direction taken by air currents when all doors and windows
are closed.

the stable air; the ridge under these conditions acts as a
fairly regular outlet.

If all the windows be closed and the doors only left open,
the ridge acts as a fairly regular outlet. With doors and
windows shut the ridge is an inlet on the windward side
and an outlet on the lee side (Fig. 10.)
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In all cases the introduction of stall divisions interferes
materially with the thorough perflation of air; the incom-
ing current strikes the stall division and goes
over it. In this light stall divisions can only
be regarded as an objection from a sanitary
point of view, so that the introduction of bails
in industrial and military stables has some-
thing more than economy to recommend it.

Ventilation by windows in the type of stable
described is the most perfect that can be pro-
duced, though the open ridge as an outlet
leaves something to be desired ; short exhaust
tubes of good diameter with fixed extraction _ !
cowl, would probably be preferable for small F},ﬁt}.ic;g:';“}":‘{
stables, and prevent down draught. (Parkes).

Tubes, Air-Shafts and Cowls.—The most simple form of
exhaust or extraction tube is that seen in Fig. 11. Around
the top of the tube is a collar or flange sloping downwards ;
covering the tube, but at some height above it, is a conical
cap supported on uprights. Air currents impinge on the
flange, and passing across the mouth of the tube produce
an aspiratory effect. If the structural mechanism of this
cowl be reversed, an inlet or downcast tube is produced
(Fig. 12.)

Cowls for covering tubes are of many
| kinds, the most familiar perhaps being the
i lobster back made with a vane, either to open
towards the wind if intended as an inlet, or
away from it if an outlet.

Baut there is a serious disadvantage attached
to all such cowls, they depend on their
mechanism keeping in perfect order, and ex-
perience shows they are very liable to derange-
ment. A fixed cowl is best, and of these
Fig. 12.—Inlet there are many in the market. Fig. 18 isa
cowl (Parkes). By vle extractor, the mechanism of which may
be seen in section, Fig. 14. ‘A’ indicates the opening
into which the wind passes, and impinges upon the deeply-
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curved bell-mouth arrangement ‘B,” in which a large
body of air is collected and forced into the narrow annular.
space ‘ C,’ at which point, owing to the com-
pression of the air, which cannot otherwise
escape or free itself, it attains a greatly ac-
celerated velocity, and, in passing over the
slip ¢ D,’ creates an induced current, exhaust-
ing the air with rapidity from the central

chamber ‘E.’

The foul air immediately rushes up the
shaft to supply the place of the air extracted,
and is in its turn drawn off, thus creating
& continuous upward current in the shaft
connected with the place being ventilated.

Fig. 13.—Boyle’s

An exhaust cowl constructed on these prin-

air-pump ex- ciples may also be employed in ship venti-

tractor. lation.

The extracting power of this and similar contrivances lies
in the size of the head ; the head should always be about
double the diameter of the tube to which it is connected.

Tubes or shafts may be used either as inlets or outlets.
The golden rule is never to employ them if they can be

avoided, and never to use a long
one if a short will serve the same
purpose.

Air passing along a tube
suffers loss from friction, and
in consequence its velocity is
diminished ; the narrower the
tube the greater the friction.
Angles or bends in tubes are
more important causes of loss ;
for example, if a current be pass-
ing along a tube at a velocity of

Fig. 14.—Plan of Boyle's air-
pump.

10 feet per second, on meeting with a right angle its
velocity is reduced to 5 feet per second, a second right
angle will reduce it to 2} feet per second.

Thus a right angle diminishes the velocity by half, this is
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explained by Fig. 15, the star indicates where the current
strikes, the impact destroying half its velocity. Any bend
in an inlet or outlet tube must be a curve as in Fig. 16.

Apart from these considerations dust and dirt accumu-
late in tubes, in spite of wire gauze and other contrivances
being placed over the opening. If of great length these
shafts cannot be cleaned out, and should they possess right
angled bends it is impossible to deal with them.

The shape of a tube is important; a circular shaft gives
the largest area within the least circumference. Further,
there is less friction in a circular than in a square tube.

As an inlet for large stables a shaft must be absolutely
condemned, it can never be made sufficiently large to
supply the requirements. In a private stable, on the

F*___l*\ o
Fig. 15. Fig. 16.
contrary, it may be made a useful inlet for a small number
of horses, where more perfect means do not exist.

If long tubes are used as extraction shafts the air in
them becomes rapidly cooled, and instead of ascending it
falls unless a good exhaust cowl exists. Further, the
cooling of the tube may cause a double current to be
established, warm air passing up one side and cool air
down the other.

The practical deductions are obvious, extraction tubes
cannot be too short, nor can they be kept too warm. If
they happen to be carried near a chimney it will greatly
assist ; if in a loft they may be surrounded by forage, and
thus the cooling influence of the outside air avoided.

A tube with a central division has been made to act both
as an inlet and outlet (Fig. 17). There is an upward
current on one side and a downward on the other.

Muir designed a shaft with four partitions, the external
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opening being protected by a louvred cover. Such tubes
may be fixed in the roof of the stable, but are far too un-
certain in their action.

Another form of divided tube is McKinnell's (Fig. 18).
This consists of two circular tubes, one placed within the
other. The area of the outer tube should be larger than
that of the inner, as there is double friction to be over-
come.

The inner tube is the outlet, the air in it being kept
warmer by the outer tube; outside the building it is carried
higher than the latter, and surrounded by a hood, though

e =
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Fig. 17.—Divided tube Fig. 18.—McKinnell's tube
(Parkes). (Parkes).

a cowl would be preferable. Where the inlet tube enters
the room is a flange to prevent down-draught and dis-
tribute the air.

‘When the doors of the stable are open both inner and
outer tubes become outlets, when the door is closed the
double action of the tube is again established.

As a means of ventilation for a small stable it is un-
objectionable.

Tobin’s tubes (Fig. 19) are sometimes used as inlets in
the ventilation of stables. The tube, which is about six feet
high, is placed against the inside wall, while externally it
is carried through the wall at the ground level. The air
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entering the tube is directed upwards towards the ceiling,
and gradually mixes with the air of the stable without
causing a draught.

These tubes externally require to be protected from
vermin, while their interior, it must be borne in mind,
requires to be periodically cleaned. They are not recom-
mended for stable purposes if any other
plan is available.

A ventilating pillar somewhat on the
principle of a Tobin’s tube is sometimes
employed in stables (Fig. 20). It embodies ¢ 57d <™
the objection most tubes possess.

Perforated bricks may be used as a
useful inlet under some conditions. They
are made in two sizes giving respectively
11} square inches and 24 square inches
of ventilating surface. A form of air-brick
with conical holes, the small hole being
turned to the outside air, may also be use-
fully employed ; they are known as Ellison’s
(Fig. 19). The effect of the conical holes
is to break the current and distribute the
air.
Air-bricks can only be a supplemental
means of ventilation, when that afforded by
windows is insufficient owing to structural
defects in the building. In stable hygiene ~
the drying and sweetening of the floor pig 19— Tobin's
is a matter of the utmost importance, t“bl;e- In thewt:g
and this may be assisted by ventilating seen  Ellson's
bricks being placed near the ground, espe-  Air-Brick.
cially where the other means of ventilation are defective.

In stables with bails if there be good window and door
ventilation, ground inlets or air-bricks for drying the floor
are not required.

It is usual to regard the ridge ventilator as an outlet; as
a matter of fact it is both an outlet and inlet as previously
described. The boards forming the louvre must be wide

—a
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enough and close enough to prevent rain drifting through;
the angle these boards are placed at is of far less importance
than their width.

As a means of ventilation the ridge is excellent; as it
is desirable extraction should always take place at the roof,
fixed cowls on the ridge would be better than louvre boards
for small but not for large stables, as with the latter a
sufficient number could not be employed.

The strong argument in favour of the open ridge with

Fig. 20.—Ventilating stable pillar on the principle of a Tobin's tube.

louvre boards is that it cannot be closed, and this in the
case of large stables may be a great advantage, for even
if all doors and windows are shut the ridge both admits
and discharges air (Fig. 10, p. 72), and this it could not
do if only fixed extraction cowls existed.

The relative size of inlets and outlets has been much dis-
cussed. It has been said that the outgoing air being
lighter, and thus occupying more space, the outlets should
be larger than the inlets; as a cubic foot of air only
expands ¢ of its bulk for 80° Fahr., it is obvious
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that there need be no difference in the size of the two
openings.

In calculating the size of inlets for natural ventilation no
other force than that of the wind need be regarded. The
gize of the inlet must depend upon the velocity of the
incoming air.

One square foot of inlet with a calm wind, viz., a mean
velocity of three miles an hour, will supply a horse with
the full amount of air required. But there are many
conditions which render it undesirable to limit ourselves to
inlet openings of one square foot, for example, one window
has frequently to be an inlet for two horses or even more,
it is, therefore, safer to say the ventilating inlet area shall

Fig. 21. Fig. 22.
Air-bricks.

not be less than three square feet per head, and shall be
under control. This latter, as pointed out previously, can
be effected with a Sheringham window.

Under some circumstances, especially in private stables,
it may be considered desirable that some portion of the
ventilating area should not be under control, in this case
air-bricks near the ground and under the eaves may be
employed.

If the question of air-currents in the type of stable
described on p. 68 has been made clear, it is evident that
each inlet window must supply air to two horses, viz., those
opposite to each other on either side of the stable. If only
one row of horses exist then the calculation of the size of
inlet is made for one horse only, provided each animal has
a window to itself.
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There are so many different types of stable that it is only
possible to indicate general principles.

The following table should be useful in determining the
size of inlets depending on the velocity of the wind. The
scale of wind is known as Beaufort scale.

Moean Velocity 8ize of Inlet to admit
Description of Wind. in Mfles per 15,000 Cubic Feet of
Hour. Air per Hour.
8Square Foot.
Calm . 8 1
Light air ... 8 4
Light breeze 18 2
Moderate breeze ... 28 19
Fresh breeze 28

Having judged the velocity of the wind, knowing the
number of animals in the stable, and the number and size
of the ventilators, it is easy to calculate the width there
should be open to supply 15,000 cubic feet of air per
head.

The rule is, multiply the number of animals to be sup-
plied with air, by the size of the inlet corresponding to the
judged velocity of the wind. Divide this by the number of
ventilators on the inlet side of the building, and the result
is the size in square feet which each inlet should be open.

Ezample.—How wide open should be the windows or
ventilators of a stable under the following conditions ?

(a) The velocity of the wind is 13 miles per hour.

(b) The number of horses in the stable, 12.

(c) The number of windows on the inlet side, 6.

(d) The width of each window, 2 feet 6 inches.

In the table opposite to 18 miles is *2; therefore,

2
12 =number of horses.
Number of windows=6 | 24
 “4=number of square feet for
each window x 144=576
inches,
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The width of each window is 2 feet 6 inches =80 inches.

Therefore 57°6+80=1'9. Or, in other words, each
window or ventilator must be opened 2 inches to admit, at
a velocity of 13 miles per hour, 15,000 cubic feet of air per
head.

This calculation, then, shows the size to which the inlet
windows should be opened; but it is obvious, from what
has been previously stated, that the outlet windows should
be opened the same width, not only that they may act as
outlets for an equal bulk of air which is admitted by the
inlets, but for the reason that the wind may shift round,
and they must then act as inlets.

In calculating the width which ventilators should be
open when both sides of the stable are occupied by horses,
it is necessary to remember that the inlet windows must
be calculated for supplying two rows of horses, viz., those
under the windows, and those on the opposite side of the
stable.

No difficulty should be felt in estimating approximately
the velocity of the wind from the table given above. The
average velocity of the wind in Great Britain is from six o
twelve miles per hour.

The leading principles to guide us in the natural ventila-
tion of stables are :—

1. The wind is the great ventilating agent, in order that
it may act to full advantage window should be opposite to
window, and door to door.

2. The distance between opposite doors and windows
should not be more than 80 feet.

8. In order that effective ventilation may occur only two
horses should be placed between opposite sources of air, as
in Fig. 28; the transverse arrangement of horses in stables,
where several are placed between opposite sources of air, is
bad, see Fig. 24.

4. Stables with open roof as in Fig. 23 are easily venti-
lated, those with living-rooms above as in Fig. 24 can never
be effectively ventilated.

5. In natural ventilation any opening may be an inlet or

6



82 VETERINARY HYGIENE

outlet; the direction of the air-current through an opening
depends on the direction of the wind. It is desirable,

< //, ot }W///

Fig. 23.—Transverse section of stable. Two horses are placed between
opposite windows, heads to outer walls. The arrows indicate the
direction of the wind.

however, to work on the principle of inlets in the wall and
outlets in the roof.

L O o
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Fig. 24. —Transverse section of stable. Eight.horses are placed between

pposite windows, with their heads to dividing walls. The arrows
Aw&te the direction of the wind.

6. Tubes or shafts either as inlets or outlets are generally
to be avoided.

Mechanical Ventilation.

This may be defined as the method by which air is
extracted from or propelled into buildings by means of
pumps or fans. It obviously is not a system to employ
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excepting under very special conditions, both from its cost
and the probability of a break-down ; yet when horses are
stabled underground, or in tunnel-shaped structures with
no openings above, or on board & ship, it may prove a very
useful system.

Its convenience of adoption largely depends upon what
motive power is available. On board a ship this should
not be difficult to arrange either by steam or electricity,
but on shore it is likely that special apparatus may have to
be supplied for this system of ventilation, and this adds
greatly to the expense.

Fans of different forms have been used for many
years for propelling air, in
mines. Since the intro-
duction of electricity they
have been commonly em-
ployed in crowded places
either for propelling or ex-
tracting, and a considerable
quantity of air can be
delivered or removed by
these means.

A well -known form of
fan is that seen in Fig. 25,
known as the Blackman
Air- Propeller. Depending Fig. 25.—Blackman Air-Propeller.
on its size, from 6,000 to 12,000 cubic feet of air per
minute can be delivered for one horse-power expended in
driving it. :

Ventilation by propulsion is considered more satisfactory
than that by extraction; but there is no necessity to be
limited to one system. Both may be advantageously
combined, and with such natural ventilation as may be
available, it should be possible to keep the air of a place,
even that of a horse-ship, comparatively pure. This
subject will be touched on again in dealing with marine
hygiene, when reference will also be made to extraction of
air by means of a steam jet.

6—2
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METHODS OF EXAMINING THE SUFFICIENCY OF
VENTILATION.

The sufficiency of ventilation is ascertained by calculating
the cubic and superficial space available per head, the
amount of fresh air supplied, and the composition from a
chemical and biological standpoint of the air of the build-
ing when fully occupied.

Measurement of cubic contents is obtained by multiplying
the length, breadth, and height of the building into each
other.* Where roofs are angular, these are calculated
separately and added. As a rule no important deductions
have to be made for projections and fittings, but supporting
pillars, if large, should certainly be deducted from the
calculated air-space, and so should the space occupied by
the bodies of the animals; for the large herbivora deduct
from 18 to 20 cubic feet per head.

The cubic contents of a cylinder are obtained by multiply-
ing the area by the height. The area of a circle is obtained
by multiplying twice the diameter by ‘7854. These rules
enable the contents of stable pillars to be ascertained.

The area of a rectangle is obtained by multiplying two
sides which are perpendicular to each other. This rule
gives the superficial area of a stall or stable.

The area of a triangle is obtained by multiplying the
height by half the base, or the base by half the height. The
application of this rule enables the contents of an angular
roof to be calculated.

Here is an example of the above measurements :—

A stable for ten horses, with an angular roof, has the

following measurements —
Feot.

Breadth . . 16
Length ... .. 60
Height to spring of roof . 15
Height of angular roof 5

Supporting pillars, 8 ; diameter, 6 mchea hexght 15 feet.

% In measuring buildings it considerably simplifies the calculations
if the measurements are made in feet and decimal parts of a foot, and
not in feet and inches. For the decimal parts of a foot, see Appendix.
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Ascertain the available cubic contents after making the
usual deductions.

The first thing is to estimate the body of the building;
this is

15 x 60 x 15=18,500 cubic feet.

The contents of the angular roof are next ascertained.

In the figure which represents the roof under considera-
tion, A B is the base, which we know from the breadth of
the building to be 15
feet, and C is the
vertical angle; the
distance from C to
the base, shown by
the dotted line, is the 8
height of the angle, given as 5 feet. The rule to obtain
the area of this angle is to multiply the base by half the
height, or the height by half the base; taking the former,
the sums stands, 15 x 23 =87} square feet of area, multi-
plied by 60 (the length of the building) =2,250 cubic feet
for the roof alone.

Adding this to the amount already found for the body of
the building, gives 15,750 cubic feet for the gross con-
tents of the stable.

From this make the deductions, viz., ten horses occupy-
ing 18 cubic feet each=180 cubic feet; eight pillars,
6 inches diameter, 15 feet high—each pillar therefore
occupies 1178 cubic feet of space X 8 =94} cubic feet.

Deducting 180+ 94} cubic feet from the gross amount
found, leaves within a fraction 15,476 cubic feet of space
for the ten horses; or 15476 cubic feet per head.

The next step in examining the sufficiency of ventilation
is to obtain the size of all the doors and windows, and any
other means of ventilation which may exist, such as
Sheringham valves, tubes, ridge opening, etc.

Observe whether there are opposite doors and windows,
the place on which they open, whether the air is likely to
be well mixed in its passage across the stable. Regard all
the openings on one side of the building as inlets, and calcu-

A
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late whether under ordinary conditions of wind-velocity
they will admit sufficient air for the whole of the occupants.
The doors had better be omitted from this calculation.

To determine the proper distribution and mixing of air,
and also as a guide to the inlets and outlets, generate some
smoke by burning a little damped straw, and observe the
points noted ; do the same with doors and windows closed,
and observe the inlets and outlets under these conditions.

The velocity of the incoming air may be accurately
measured by means of an anemometer, an instrument with
sails which revolve by the wind, the number of linear feet
of air which pass in a given time being recorded on a dial.
The number of linear feet multiplied by the section area of
the opening gives the cubic discharge.

In default of an anemometer, the Beaufort scale of wind,
{p. 80) must be employed.

The ezamination of the air by the senses must be made
immediately the stable is entered, and the impression at
once recorded. The observer should take the greatest care
to have been in the open air some little time before making
the observation.

This test enables the amount of respiratory impurity to
be ascertained with a considerable degree of accuracy,
provided the atmosphere is not too impure.

Tg T onr

Respiratory Impurity is
‘When the air smells fresh, or not dxﬂ'ermg

sensibly from the outside air.. = +2000
‘When the air smells rather close = *4182
‘When close .. = 6708
‘When very close = 9054

If the amount of respiratory impurity has been estimated
as above, it is possible to determine by de Chaumont’s
equation the amount of fresh air which has been supplied.

® —d where e=the amount of CO, exhaled per hour in
1 cubic feet, viz., 8.

p, =the observed ratio of vitiation per 1,000
volumes.
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Let us suppoee on entering the stable the air smells close;
from the table the amount of respiratory vitiation present
would be about ‘6708 per 1,000 volumes of air, therefore

8 _4
'67_—0—8—4 460

As the observed ratio is expressed per 1,000 volumes
the answer must represent the number of thousands of
volumes; in the above example, each horse was supplied
with 4,460 cubic feet of fresh air per hour, instead of 15,000
cubic feet.

Estimation of Carbonic Acid.—If possible the examination
by the senses should be supplemented by the determination
of carbonic acid in the building. The process is & very
simple one and depends upon the power lime or baryta
water has of absorbing carbonic acid. The alkalinity of
either of these is first ascertained by a solution of acid of
known strength ; after absorbing carbonic acid the baryta
or lime water loses a certain amourit of its alkalinity, and
the amount of this loss is determined by again treating
with the standard acid solution ; the loss represents the
carbonic acid absorbed.

As the process is conducted in a jar of known capacity,
it is simple to calculate the amount for every 1,000 volumes
of air in the building.

This process, known as Pettenkofer's, requires some
training in volumetric analysis, the difficulties attached
to it may be overcome by the employment of Angus Smith’s
test, which is a rough method but capable of yielding fairly
accurate results, and is worked on the principle of the
turbidity produced in lime water by the presence of carbonic
acid.

Into & certain number of bottles of known capacity half
an ounce of clear lime water is introduced, the air in the
bottle is shaken with the lime water, beginning with the
small bottles and gradually working up to the larger ones.
That bottle in which the first visible turbidity appears is
the one accepted as representing the amount of carbomc
acid present.
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If turbidity appears in a 6-0z. bottle with half an ounce
of lime water, the amount of carbonic acid in the air is
about 1‘1 parts per thousand. With a 104-oz. bottle the
amount is ‘62 per 1,000 ; if a 15}-0z. bottle ‘42 per 1,000.

The bottles should be first filled with water, then emptied
in the place where the sample of air is being examined, the
lime water at once added, the bottle securely stoppered and
well shaken. Angus Smith recommends ten or more
bottles to be employed, and a table constructed from the
above data of the indications of the amount of CO, each
represents.

Another method adopted by Dr. Angus Smith for rapidly
determining carbonic acid is by aspirating into a double-
necked bottle, by means of a rubber ball, a known volume
of air. The bottle contains a solution of baryta, and the
process is at an end when the turbidity is such that a
paper with writing on it can no longer be read when looked
at through the base of the flask. A scale is given showing
the volumes of CO, per 1,000 volumes of air for each
aspiration of the ball.

The simplest method in the absence of this graduated
apparatus would be to use an ordinary rubber syringe as
an aspirator, and perform two experiments, one in the
outside air and one in the stable; the impurity of the
latter would thus be readily arrived at.

It is most important to bear in mind in employing the
lime or baryta test for carbonic acid, that samples of air
are not selected near the stable floor. Owing to the
presence of ammonia the alkalinity of the lime or baryta
water is increased, and fictitious purity of air thus obtained.

Samples should be selected four to six feet above the
ground. .

Determination of Organic Matter.—A known volume of
air, say 12 cubic feet, is slowly drawn through distilled
water by means of an aspirator. The water is then sub-
mitted to the free and albuminoid ammonia process,
which can only be carried out by an expert; it becomes in
fact a water analysis.
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The presence of ammonia in stable air is generally recog-
nisable by the senses without any chemical test. Ordinary
blotting-paper soaked in a solution of logwood turns purple
in the presence of ammonia; papers soaked in Nessler’s
solution are an exceedingly delicate test.

Sulphuretted hydrogen may be determined by the use of
papers soaked in a solution of lead acetate.

The amount of watery rapour is ascertained by means of
the wet and dry bulb thermometers, or by the hygro-
meter.

The temperature outside and inside the stable should be
recorded. If no artificial heating be practised, the greater
the difference in temperature the greater the air impurity.

The microscopical examination of the air is more easily
accomplished than the chemical, but gives far less practical
information. A simple method is to expose for some hours
in the stable a slide moistened with glycerine, to which the
floating particles in the air adhere.

There are other more elaborate methods, such as draw-
ing by means of an aspirator a known quantity of air
through a tube terminating in a drop or two of glycerine; or
drawing a known quantity of air through a glass tube con-
taining nutrient gelatine. In the latter the solid particles
adhere, the colonies grow and may readily be counted, and
thus the number of living organisms in a known volume of
air can be estimated.

A simple plan, to obtain the invisible vapour of the atmo-
sphere in the form of water, and with it the solid particles,
is to place some ice in a vessel ; the moisture condenses on
its surface and runs down, and may be collected and
examined.

Finally, the examination of the air should be made at
night some hours after the stable has been occupied.



CHAPTER IV
FOOD

Tae food and feeding of animals is a subject of social
economy. Feeding in relation to agriculture is a question of
paramount importance to the owner and rearer of stock ; to
have the best results at the lowest possible cost the feeding
of animals must be based on a scientific foundation. The
results of practical experience have taught the British
farmer and grazier facts connected with feeding, the why
and wherefore of which he seldom understands, but which
science has no difficulty in explaining. There can be no
doubt that if to all interested in the feeding of animals
a little scientific instruction on this most important subject
were given, much disease and a large annual loss would
be saved.

It has been repeatedly pointed out that the problem of
stock-management resolves itself into the question of ‘ how
to feed.” It is not sufficient to know that certain substances
possess great nutriment, and that others are practically
useless, but it must be known what foods are most suited to
the varying conditions of the organism, in what form these
should be administered, and to ascertain how the best
feeding can be obtained in the most economical manner.

In considering the feeding of horses, the object aimed at
is to obtain the maximum amount of energy at a low cost.
With cattle and sheep the question is not one of the pro-
duction of energy, but the accumulation of flesh, the growth
of wool, and production of milk for the purpose of human

food.
90
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Dieting as dealt with by the human hygienist, is much
simplified by the fact that he has only one system of
digestive organs to deal with; but with the veterinary
hygienist the matter is different, he has at least three,
and if we considered the feeding of dogs, four totally
different arrangements of digestive canal to legislate for.
What is right and proper for one is quite unsuited to
the other; the feeding of cattle differs much from the
feeding of horses, and the feeding of swine is different
from either.

The arrangement of the digestive apparatus of animals
has an important bearing on their system of feeding. The
small and single stomach of the horse, the capacious bowels,
and the absence of a gall bladder, are in marked distinction
to the enormous stomachs of the ox, the small intestines,
and the presence of a gall bladder. Such anatomical dif-
ferences in animals both belonging to the class herbivora,
point to considerable difference in their process of alimen-
tation.

The following table, compiled from Colin,* will show how
different are the proportions in every 100 parts of the
gastro-intestinal organs of various domesticated animals :

I Stomach. lntsmlml es. Csecum, Cmual:d
Horse ee 85 802 159 454
Oox ... .. 70-8 185 28 79
Sheep e 669 20-4 28 104
| Pig ... ee 292 885 56 817

The ratio between the length of the body and that of the
intestines is as follows: Horse, 1 : 1%; ox, 1 : 20 ; sheep,
1:27; pig, 1: 14.

Putting aside the differences in the horse and ox in the
arrangement of the teeth, salivary and biliary secretion,
rumination, etc., we have sufficient data in the above to

* ¢ Physiologie Comparée des Animaux.’
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show how entirely opposite the digestive apparatus is in the
two animals, and it gives us some insight into the process
of their nutrition.

The object of food is to build up and repair the tissues,
and maintain a reserve for the body requirements; these
requirements are energy and animal heat. Food as received
into the digestive tract is quite useless for the purpose of
the body; before it can be utilized it must form part
and parcel of the animal, either in the solid or fluid
tissues.

Food by being absorbed and passing through the mem-
brane of the stomach and intestines into the general
circulation, practically becomes converted from dead into
living material ; this may not be literally true, but it makes
clear the fact that until the food supply finds its way into
the tissues of the body it is of no use. The digestive tract
from this point of view may be regarded as outside the
body.

If the tissues of the animal be submitted to analysis,
they are found to group themselves under the following
heads : —

(@) Nitrogenous tissues, containing carbon, hydrogen,
oxygen, and nitrogen.

() Non - nitrogenous tissues, containing carbon,
hydrogen, and oxygen, nitrogen being absent.

(¢) Minersal matters.

(d) Water.

The proportion of these existing in an animal must
necessarily vary with the condition, or even from day to
day ; still it is remarkable how closely the proportions are
maintained, even in animals of different classes.

In the following table* the animals were in a half fat
condition, and the percentage proportion of the constituents
of the body are calculated after deducting the contents of
the stomach and intestines.

* Lawes and Gilbert.
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Ox. 8heep. Pig.
- )
Nitrogenous tissues 188 16-0 16°0
Non-nitrogenous tissues ... 176 21-8 24-2
Mineral matter ... 52 88 2-9
Water ... 590 589 579
100-0 100°0 1000
|

Food must supply the needful material for the repair of
these tissues, it should therefore consist of :—

Nitrogenous matters,
Non-nitrogenous matters,
Mineral matters,

Water.

None of these must be absent, one cannot replace the
other ; further, one can only act satisfactorily in the pre-
sence of the other.

The following classification of foods is generally adopted :

Nitrogenous {Protgldz? and albu-
minoids.
Organic
Carbo-hydrates, fats, and
vegetable acids.

Inorganic : Mineral salts and water.

Non-nitrogenous{

Each of these groups must be considered in detail.

NITROGENOUS OR PROTEID SUBSTANCES.

The type of all nitrogenous matter is albumen, by which
the name of the class is commonly known. It is not a
single nor a simple substance, but a highly complex group,
possessing certain chemical features in common, and others
characteristically different, by which their grouping is
mainly determined.

The class termed Proreips consists of native albumens,
derived albumens, globulins, fibrins, albumoses, and peptones.
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Under the designation AnpumiNoips is grouped proteid
substances closely allied to albumen, yet differing from it
in some important particulars, and to this class belongs
gelatin, mucin, keratin, ete.

Most of these animal proteids and albuminoids have
their counterpart in the vegetable kingdom. The plant
can obtain its nitrogen from ammonia and nitrates, and
elaborate this into the complex proteid. The animal
obtains its supply of nitrogen through the complex proteid
molecule, but is unable to utilize nitrogen obtained from
such simple substances as ammonia and nitrates.

In animal proteid matter albumens predominate, whereas
in vegetable proteid globulins exist in larger amount than
albumens; in oats, maize, and peas, nearly the whole of
the proteid exists as globulin.

When proteids and albuminoids are submitted to
analysis they are found to contain

Per Cent.
Carbon o 52-54
Hydrogen 7
Oxygen . .. 21-24
Nitrogen see e 15-17
Sulphur we 115

There is a remarkable similarity in composition of all
albumens. Some contain more carbon than others, and
some are richer or poorer in nitrogen than others, but
these differences which enable the chemist to group them,
do not suffice to lead to their identification. On the whole
it may be said that vegetable albumen contains more
nitrogen and less carbon than animal albumen.

A diet which contains no nitrogen, no matter how rich it
~ may be in other principles, is a starvation diet. There is
nothing which can replace proteid in a food, even the
albuminoids, gelatin, chondrin, and keratin, have not the
same nutritive value as albumen itself, and cannot re-
Place it.

With one or two exceptions no animal can live on a
purely meat diet; at some point or other the vegetable
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kingdom has to be drawn on. We have previously seen it
is quite capable of supplying the needs of the body, as the
vegetable contains the same constituents as those found in
the animal.

When animal or vegetable proteid is digested it under-
goes a change in the stomach into peptone, while in
the bowels the peptone breaks up into certain amides,
known as leucin and tyrosin, thus carrying the stage of
proteid disintegration a step further. In the liver the
leucin is converted into urea which completes the final
breaking up of proteid. Urea is distinguished from proteid
in being a remarkably simple substance. As might be
expected, the different proteids do not all yield the same
amount of decomposition products in the process of diges-
tion.

In the plant amides may also be found especially at an
early stage of its growth.

Young growing clover, lucerne, and grass, contain a good
deal of amides; as the plant approaches maturity they
become less in amount.

The amides contain nitrogen, but not having the feeding
value of proteid, it is necessary to know how much of the
total nitrogen found in a plant is albuminous, and how
much amide.

We have mentioned that in the animal body the amides
result from the breaking up of proteid; in the vegetable,
on the other hand, there is evidence to show that it may be
part of the process of proteid construction.

Animals have been fed with vegetable amides, and
experiments show that by becoming decomposed in the
body they economise the body proteid, so that if they can-
not replace proteid in a diet they are not entirely without
value. In the body these vegetable amides yield urea.

In spite of these considerations, it is desirable in the
present state of our knowledge to regard amides as of very
little nutritive value in a diet.

Here is a_table* showing the proportion of albu-

* ¢ Farm Foods,” Wolff.
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minous to non-albuminous nitrogen in the chief feeding
stuffs : —

NITROGEN IN FooD STUFF8 EXPRESSED AS ALBUMINOID AND NON-

ALBUMINOID.
l Total Nltrfgon =100,
Albuminoid, Non-Albuminoid,

Meadow hay . 872 12-8
Pasturage from meadows. l 780 27-0
Meadow grass ... 840 160
Young grass 780 27-0
Lucerne ... 87-0 880
Mangels ... 285 to 651 849 to 765
Barley o 97°1 2:6
Oats 92'5 75
Maize .. e e | 951 49
Beans . ’ 886 11-4
Linseed cake . 94-0 6-0

It has been previously stated that a diet without nitrogen
is one of starvation, this is evidence of the paramount
necessity of proteid. Yet so complex is the subject of
nutrition, that in spite of elaborate observations carried on
for years, we have got very little nearer to a clear concep-
tion of the real use of proteid in food.

We quite understand that it builds up the proteid and fat
tissues of the body, and so forms muscle, fat, wool, and
milk. But strange as it may appear, it is not the source of
muscular energy, though without nitrogen effective muscular
work becomes impossible.

The suggested explanation of the paramount necessity of
proteid in a diet, is that it determines the absorption of
oxygen, without which no energy is possible. This explana-
tion is, however, imperfect.

There are certain clearly ascertained facts in connection
with proteids :—

1. It is very extravagant, and with most animals impos-
sible, to feed with proteid exclusively. By doing so part of
the proteid has to be utilized in the production of fat, and
fat produced from proteid is extravagant.
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2. Much less proteid suffices for the body requirements
when a proportion of fat exists in the food; this econo-
mising influence of fat is better marked in carnivora than
herbivora.

8. Carbo-hydrates exercise a marked preservative action
on proteids in herbivora, and effect a true economy. Less
proteid is required in the presence of carbo-hydrates, and
further, it is better digested.

Much of the experimental feeding work carried out by
Agricultural Stations abroad, has been directed towards
ascertaining what proportion the carbo-hydrates should
bear to the proteid substance in a diet, under different
conditions of nutrition.

(a) It has been clearly shown that if the amount of
supplied proteid is small, while the carbo-hydrates are
large, very little fat can be stored up.

(b) If the carbo-hydrates given be small, and the proteid
increased, greater metamorphosis of the proteid tissue
occurs, a greater amount of urea is excreted, and only a
small quantity of proteid and fat are stored up.

(¢) If the proteid and carbo-hydrate be supplied liberally,
and in a definite ratio of proteid to carbo-hydrate, both
albumen and fat are stored up in the body.

The ratio of proteid to carbo-hydrate food is known as
the nitrogenous or albuminoid ratio, a consideration of which
had better be deferred until the question of fats and carbo-
hydrates has been dealt with.

NON-NITROGENOUS SUBSTANCES.

Fat.—The sources of fat in the body are—

1. From the fat contained in the food.

2. From that portion of the proteid not converted into
urea. There is more carbon and oxygen in proteid than is
required to unite with the whole of the nitrogen to form
urea, and this excess of carbon and oxygen is stored up
as fat. One hundred parts of water free proteid can produce

7
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88'5 parts of urea, 51'4 parts of fat, and 27'4 parts of
carbonic acid.

8. From the carbo-hydrates in the food.

Dealing first of all with the fat in the food, this in the diet
of herbivora is very small, the crude fat in vegetable tissues
exists only in trifling amount, and is more of the nature of
wax, which is indigestible. In cereals such as oats and
maize, a fairly pure fat may be obtained.

The fat in the food to be of any use must be allied to the
animal fats, foreign fats are either not absorbed, or are
rapidly oxidised. The fat found in vegetable tissue (ex-
cluding the wax), is very similar to the body fat, and is
therefore capable of being utilized.

Fat produced from proteid is more easily oxidised in the
body than the fat originally existing in the food, and the
fat from the food is more easily utilized than the fat
actually deposited in the tissues.

The formation of fat from carbo-hydrate is beyond all
doubt, but before conversion into fat it must first be
changed into sugar. Sugar is more easily oxidised than
fat, and thus starch exercises a protective influence over
the body fat, and at the same time, as previously pointed
out, economises the consumption of proteid.

Carbo-hydrates.

This constitutes a large and important group in the
vegetable kingdom, and is represented by starch and its
derivatives, the various forms of sugar, and cellulose.

Starch is a highly complex substance contained within
the grain of plants. The starch granules vary in shape
depending upon their source, those of potato, beans, wheat,
etc., are microscopically quite distinctive.

In grains and roots the amount of carbo-hydrate in the
form of starch or sugar is very evident, but with grass, hay,
and fodders generally, these are largely replaced by gummy
material, very little starch or sugar existing.

In the digestive system all starch and other allied bodies
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are converted into sugar by digestive ferments before they
can be absorbed; so that in the herbivora an enormous
amount of sugar is constantly passing from the intestines
into the blood. In spite of this only mere traces of sugar
are found in the blood, and one explanation is that it is
rapidly destroyed by oxidation.

The influence of starch on the metabolism of proteid is
very remarkable, it preserves it from destruction, and hence
less proteid is required when the diet contains a due pro-
portion of carbo-hydrate than when it is deficient. Carbo-
hydrates produce a greater economy of proteid than fat
does, but it must exist in & definite proportion to proteid in
order to have the most economical effect.

During work it is the fat, but more particularly the
carbo-hydrates, which are used up ; with ordinary work the
using up of proteid in the body is no greater than during
rest. This only holds good provided the proper proportion
of carbo-hydrate is present in the diet, if it is insufficient
the proteid is drawn upon and the animal loses weight.

Cellulose.—The fibre found in plants consists of two
kinds, the hard or Lignin fibre, and the digestible fibre
known as Cellulose.

Much discussion has occurred respecting the digestion of
cellulose, and we will refer again to the subject in dealing
with the question of the digestibility of food. It is quite
certain that the herbivora can digest it, but whether by a
cellulose dissolving enzyme, or by the process of putrefac-
tion in the digestive canal is unknown.

When cellulose is dissolved it is converted into sugar,
and passes into the blood as such. The lignin of all plants
is indigestible.

Excepting fat, we may regard all the non-nitrogenous
substances which are capable of absorption, viz., starch,
sugar or sugary substances, gums, and cellulose, as having
the same composition as starch, and producing the same
effect when absorbed.

The organic acids, viz., acetic, butyric and propionic,
produced during digestion from starch, sugar, and cellulose,

T—2
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cannot be included in this statement, but their amount is-
small.

To sum up the use of fat and carbo-hydrates in a diet we
may say :

1. They exercise a remarkably economic effect on the
wear and tear of proteid tissues.

2. They are force producers as they liberate energy on
oxidation.

8. They are also heat producers and maintain the
temperature of the body.

The Vegetable Acids consist of oxalic, tartaric, malic, and
citric, united to lime, soda or potash.

In the body they are combusted, and the bases being set
free unite with carbonic acid to form carbonates, which are
eliminated with the urine and other secretions. In this
way they maintain the alkalinity of the blood and body
fluids.

The vegetable acids are of undoubted value in nutrition ;
the best evidence of which is that by their administration
scurvy in the human subject is prevented, when vegetable
diet is deficient or absent.

INORGANIC SUBSTANCES.

Mineral Matter.—The salts found in the food must agree
with those required by the body. About four-fifths of the
total salts in the body are a compound of phosphoric acid
and lime, while one-fifth is composed of potash, soda,
magnesia, iron, chlorine, etc. In quantity potash and soda
come next to lime and phosphoric acid.

Vegetable diet furnishes much more potassium than
sodium salts, which explains the universal practice of
taking common salt with vegetables like potatoes, and the
addition of it to the diet of herbivora.

Growing animals require more salts than adults, and we
see this provided for in the composition of milk. A calf
will store up daily for a year 277 grains phosphoric acid,
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and 807 grains lime. Rather more than this daily téquire- -
ment is contained in two gallons of milk.

Cows in milk require more than fattening oxen, for the
reason they are losing so much through the secretion. It
has been calculated that a cow requires 1°44 oz. phosphoric
acid, 2'08 oz. lime, and 8'78 oz. potash daily, and this
amount is contained in 30 lbs. hay which yield 2 oz. phos-
phoric acid, 4 oz. lime and 6} oz. potash.

Fattening oxen require daily ‘8 oz. phosphoric acid,
1:6 oz. lime and 3-2 oz. potash.

Growing sheep will use up daily 40 grains potash,
15 grains soda, 80 grains lime, 4 grains magnesia, and a
varying quantity of phosphoric acid which increases month
by month, from 20 grains o 45 grains daily.

The function of the salts in food is the building up of the
body tissues, and furnishing the necessary material for the
secretions. A salt-free diet would result in death; but it
would take a little time, as experiment shows that as soon
a8 any particular salt is deficient in the food, the system
doles out the deficiency very slowly from that which has
previously been stored up in the body.

The final behaviour of salts in the body, viz., their diges-
tibility, is a question which is not fully worked out. A
great deal is excreted with the fmces unacted upon, for
instance phosphoric acid and magnesia in the horse, and
lime in the case of ruminants. With the urine of the horse
a considerable amount of lime is excreted, and the whole
of that must have been absorbed from the intestinal canal
before it could gain exit by the kidneys.

The foods richest in phosphoric acid are oil-cake and
bran, while hay and straw are the poorest in these matters.

Lime is largely found in clover, meadow hay, bean straw,
and turnips, but only in small quantities in the cereals.
Maize i8 80 poor in lime that it would be an unfit food for
a growing animal without soluble lime being supplemented.

Potash exists largely in roots, hay, bean straw, bran, and
oil-cake, but in the cereals it only exists in small quantities.

Regarding the use of Common Salt as an addition to the
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-dle‘l; of -h’otses, 1t°13 quite certain that animals can be kept
in perfect health on the small amount of sodium salts which
exist naturally in the food.

Custom, however, demands that they shall have more,
and it is beyond doubt that if salt be supplied it is partaken
of voluntarily, which may or may not argue necessity.
One ounce a day of common salt should not be exceeded,
and half an ounce would probably meet all possible require-
ments.

In fattening stock there is an objection among farmers
and others to giving salt, and such objection is not perhaps
without reason, as anything which causes more fluid to be
consumed interferes with fattening. Salt in moderation
can do no harm, and by imparting a flavour to food may
cause animals to eat more.

For milch cows half an ounce a day stimulates secretion,
and by causing a greater consumption of fluid increases the
bulk of milk produced.

Perhaps for all animals the best form in which to
administer this condiment is in the form of rock-salt placed
in the manger or crib.

The amount of Water in vegetable food depends upon the
condition of the substance. Grass, roots, and such like
contain from 70 to 90 per cent. of water; hay and the
various feeding grains contain from 14 to 16 per cent.

Less water is consumed with a diet rich in water, than
in one where the food is dry. Common observation shows
how undesirable it is for working animals to be fed on a
watery diet, as the amount of material to be consumed in
order to supply the body requirements is excessive.

The same holds good for fattening animals; very watery
food increases the consumption of proteid and delays the
process of fattening. Even with cows it is undesirable for
the food to be too watery.

Water represents rather more than half the body weight
of an adult animal. In early life the proportion is still
higher, amounting to 80 per cent., but during the process
of growth it decreases.
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NITROGENOUS, ALBUMINOID OR NUTRITIVE RATIO.*

More than once in the foregoing pages, we have remarked
that there is an effective proportion which the nitrogenous
constituents of a food or diet should bear to the non-
pitrogenous ; any departure from this is an error in feeding
and wasteful. One of the principal pieces of work accom-
plished by the experiments carried on at feeding stations
abroad, especially in Germany, is the important one con-
nected with the ratio the proteid in a diet should bear to
the non-proteid food.

If the proteid be in excess it is wasteful, not only to the
pocket of the feeder but also to the system of the fed, for
excess of proteid gives rise in the system to destruction of
body proteid.

Excess of non-nitrogenous material causes an unnecessary
tax on the digestive organs, and further it reduces the
digestibility of proteid ; it produces a * depression ’ in their
digestibility.

The most favourable albuminoid ratio in a diet, be the
animal intended for work, food, wool or milk, is one part of
proteid to from four to seven parts of non-proteid sub-
stance.

This statement is the outcome of an immense amount of
research extending over years, and the result of most care-
fully planned experiments. If the nitrogen in a diet is
higher than one part to four of non-nitrogenous, or lower
than one part to seven of non-nitrogenous, we may be
certain it is economically wasteful.

In order to calculate the albuminoid ratio of any food or
diet the digestibility of the material must be known. The

* Throughout this chapter on Food, but more particularly in the
sections dealing with Nutritive Ratio and Digestibility, I have been
greatly influenced by the experimental work done at the various agri-
cultural stations in Germany, France,and the United States. I desire
particularly to acknowledge my indebtedness to the work of Professor
Emil v. Wolff, of Hohenheim, Wurtemberg, whose monumental
labours have been so well placed before the English reader by Mr.
H. M. Cousins, M.A., in ‘ Farm Foods.’
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question of digestibility will be dealt with later; for
our present purpose it is sufficient to say that only a portion
of the proteid and non-nitrogenous substances in any diet
is capable of absorption, the remainder is excreted with the
feeces.

The albuminoid ratio is calculated not on the total
amount of proteid and carbo-hydrate in the diet, but only
on that definite proportion which numerous experiments
have shown is capable of being extracted from it by the
system. The albuminoid ratio, then, is calculated on the
digestible constituents of a diet.

The digestible constituents of a diet which have to be
considered are, proteid, fat, and carbo-hydrate. In the
latter is included not only the starch in the food, but all
the non-nitrogenous substances capable of digestion, viz.,
sugar, gummy substances, cellulose, etc., which we have
previously said when absorbed have the same nutritive
value as starch.

It will be borne in mind that the proteid of vegetable
tissugs is made up of albumen proper and amides, the latter
being described in the table on p. 96 as non-albuminous
nitrogen. In calculating the amount of digestible proteid
in a diet, both of these are included, as in the present
state of our knowledge the real function of amides is not
accurately known.

The fat is calculated as pure fat, though again it will be
remembered that excepting in cereals the fat is mainly of
the nature of wax, and has not the same value as pure fat.
The digestible fats in the diet are multiplied by the factor
2-44, by which factor the fat (calculated from the oxygen
required for its combustion) is converted into its equivalent
of starch. In other words, the fat is regarded as giving
nearly two and a half times more heat than starch.
Finally, all the remaining digestible non-nitrogenous con-
stituents are taken and regarded as equivalent to starch.

We have now arrived at the necessary data for calcula-
ting the albuminoid ratio of any food or diet, viz., it is
only to be calculated upon the digestible portion of the
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proteid, fat, and carbo-hydrates. The fat is to be multi-
plied by 2:44 to bring it to its equivalent in starch, and
added to the carbo-hydrates; the product of these is to be
divided by the proteid.

Ezample.—What is the albuminoid ratio in a diet con-
sisting of 12 lbs. hay and 10 lbs. oats ?

The above diet possesses the following amount of digestible
principles

Lbe.

Proteid 16

Fats ... ]

Carbo- hydrates 84
Fat ... e Bx244=122
Carbo- hydrate .. 84 =840
962

The nitrogenous ratio is therefore
1'6:9620r1:6.

The normal food of herbivora, viz., grass, has an albu-
minoid ratio of from 1 : 4to 1: 6. In hay the albuminoid
ratio is low, viz., 1: 8, and this could only be of use in
animals intended for slow work, or for those about to be
fattened. Such a low ratio would only produce flesh, fat,
and milk, very slowly.

Young clover before flowering has an albuminoid ratio of
1:8 to 1:4; the diet if exclusively clover would be ex-
cessively nitrogenous and cause waste of proteid; in such
a case the ratio can be lowered by the addition of straw or
chaff. Clover hay has a ratioof 1: 5to 1: 6.

In cereals the ratio lies between 1: 5to1:7. In legu-
minous seeds it is very high,1: 2 to 1: 8, while in oil-
cake it is still higher, 1:1to1: 2,

DIGESTIBILITY OF FOOD.

The digestibility of a food is its power of undergoing
absorption into the body for the purpose of nutrition. In
every food given to animals there is a distinet digestion of
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the proteid, fat, and carbo-hydrate in it. The amount of
these which are absorbed under favourable conditions is
fairly definite, but under unfavourable conditions, such as
the food being ‘badly saved,’ or there being too much carbo-
hydrate present, or too much or too little proteid in the diet,
the amount absorbed departs from the normal, and less is
extracted or less stored up than would have been the case
had conditions been favourable.

Every food given to animals has a portion of its nutritive
matter unacted upon, which is excreted with the fwmces,
together with such indigestible substances as lignin.

The amount of nutritive matter absorbed from each food-
stuff varies with the class of animal, the nature of the food,
and its state of preservation. It is the same for each food,
and each class of animal, provided the digestive apparatus
i8 in good working order, though of course there are some
marked individual differences.

The amount absorbed cannot be increased or decreased
by the amount of food given; the proportion absorbed is
quite independent of the amount supplied. Further, it is
quite unaffected by rest or work. The only thing which
seriously affects the amount of nutritive principles absorbed,
and causes them to depart from the normal, is the pro-
portion which the non-nitrogenous principles bear to the
nitrogenous in & mixed diet.

The amount of absorbed proximate principles of any food
is expressed as a percentage of the total amount supplied ;
thus 69 per cent. of the proteids in hay are digested by a
horse; 90 per cent. of the fat in linseed cake are digested
by cattle, and 89 per cent. of the carbo-hydrates in straw are
digested by sheep. These numbers are termed the Diges-
tive Coefficient, and are expressed by saying the coefficient
of digestion of the proteids in hay is 69, of fat in oil-cake is
90, of carbo-hydrates in straw is 89.

Here is a table* of digestive coefficients for horses,
oxen, and sheep, of the principal feeding stuffs. It must

* Extracted from a series of elaborate tables by Prof. Emil v. Wolff,
¢ Farm Foods.’
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be borne in mind these are averages from numerous ex-
periments.

DiraasTiBILITY OF Foop STUFFS, SHOWING THE PROPORTION DIGESTED
ForR 100 SUPPLIED.

|
Total
Carbo-
Food. Animal. Organn“m:(.: Proteids. | Cellulose. Fut. Hydrates.
Green grass | Horse 51 69 41 20 59
Ox 77 75 75 66 78
Sheep 62 60 61 52 66
Hay ... | Horse 48 67 86 24 65
Ox 60 57 58 49 62
Sheep 59 57 56 51 62
Clover Hay | Horse 51 56 87 29 64
Ox 57 55 - 45 51 85
Sheep 56 56 50 56 61
Lucerne ... | Horse 58 78 40 14 70
Ox 62 78 42 88 70
Sheep 59 71 45 41 66
‘Wheat Straw| Horse 28 19 27 — 18
Ox 46 17 66 86 89
Sheep 48 — 59 44 87
Oats ... | Horse 67 79 20 70 74
Ox 70 78 20 83 76
Sheep 71 80 80 83 76
Barley ... | Horse 87 80 100 42 87
Ox 86 70 50 89 92
Maize ... | Horse 89 77 70 61 94
Ox 91 72 7 85 94
Sheep 89 79 62 85 91
Beans ... | Horse 87 86 65 18 93
Ox 89 88 72 86 93
Sheep 90 87 79 84 91

A glance at the column ¢ Organic Matter,” shows that of
the total organic matter in the foods mentioned, the horse
digests the least, and as a rule the ox digests the most.
The other columns in the table show that compared with
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the ox and sheep, the digestion of the horse is as a rule
inferior to ruminants in the matter of cellulose, fat, and
carbo-hydrates, while in the matter of proteids he holds
his own.

Before proceeding to describe the causes influencing the
digestibility of certain foods, it is desirable to consider the
question of the digestion of cellulose.

Cellulose Digestion.—The horse, ox, and sheep can digest
cellulose, the pig and human subject are practically unable
to deal with it. The cellulose is mixed up with the other
fibre in the food, but either by the process of decomposition
brought about by organisms in the digestive canal, or by
the presence of a cellulose dissolving ferment—which has
never been isolated—a certain proportion varying from
80 to 70 per cent. in different animals is rendered soluble,
and is pure cellulose having the same composition as starch.

There is great difference of opinion as to whether the
cellulose when isolated is of much economic value. Experi-
ments on the horse conducted with great care show it to be
useless for the purpose of work. Other observers have
stated that it exercises an economical influence over the
destruction of proteid.

Fermenting cellulose yields 60 per cent. of fluid fatty
acids, butyric and propionic, while a smaller quantity is
given off as marsh gas and carbonic acid. Neither the
fatty acids nor the marsh gas can be of any use in nutri-
tion, so that observers believe that not half the cellulose
dissolved can have the same function as starch.

The view at present adopted is that ruminants are prob-
ably able to utilize cellulose to better effect than the horse,
and that with the latter the most careful observations
appear to show that for the production of work cellulose is
useless.

Before entirely accepting this position, our knowledge of
cellulose must be advanced, at present we know extremely
little about it, and it seems a waste of energy for a digestive
system to be able to dissolve a food substance, and yet not
to be able to utilize it.



FOOD 109

There are certain conditions which affect the digestibility
of foods, and may cause them in some cases to depart from
the normal standard of digestion, and these we must study
in some little detail.

Conditions affecting the Digestibility of Food.*

Quantity.—The proportion of digested proximate prin-
ciples in a food, is quite unaffected by the quantity given.
No more or no less is digested be the quantity supplied
great or small.

Chemical Composition.—The amount of food digested is
greatly influenced by its chemical composition, and this
is determined by the nature of the soil, manuring, and
geason.

Green and Dry Fodder.—Both of these are equally diges-
tible if the dry fodder be well saved. But in haymaking
this is seldom the case, there is often damage done, and
this leads to loss of digestibility.

Effect of Storage on Fodder.—As the result of keeping
there is a loss in the digestibility of proteid matter, and
further a loss from the breaking off of the dry portions of
the plant containing the more nitrogenous substances.

Period of Growth.—The younger the plant the more
proteid and more cellulose is digested. Hay cut too late
has lost much of its nutritive properties, and accordingly
less of it is digested.

Method of Preparation.—No method of preparation, be it
scalding, steaming, crushing, or bruising can help in diges-
tion ; no more is digested by adopting these methods, while
sometimes the digestibility is reduced, especially by scald-
ing and steaming. The only thing gained by scalding,
steaming, etc., is a probable increase in the palatability of
the food, and the development of flavour.

Influence of Work.—Work has no influence in creating
an appetite, or in causing a larger proportion of food

* The remarks on this subject are summarised from Wolff's * Farm
Foods.’
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substances to be digested. Excessive work may cause a
slight decrease in the amount digested.

Different Kinds of Animals.—No important difference is
observed in the amount of forage digested by oxen, cows,
sheep or goats. Oxen digest hay rather better than sheep,
while sheep digest clover hay rather better than oxen, so
that compensation occurs.

Horses, on the other hand, digest less hay than rumi-
nants, this reduction being confined to the fat, carbo-
hydrates, but particularly the cellulose. Of the total
nitrogen free matters in hay, the horse digests 20 to 25 per
cent. less than ruminants.

Individuality.—This exercises a marked effect on digesti-
bility. Apart from age, defective teeth, and weakened
digestion, animals of the same species, breed and age, may
show differences in digestive power amounting to from
2 to 4 per cent. of the dry matter in food.

Effect of Corn added to Hay.—This produces under ordi-
nary circumstances no effect on the digestion of hay, pro-
vided an albuminoid ratio of 1: 5 or 1: 6 is maintained.
A ‘depression ’ in digestibility is observed when the ratio
fallstol:7or1:8.

Effect of Starch added to Hay.—Large quantities of carbo-
hydrates reduce the digestibility of both the proteids and
cellulose in hay, and this holds good for all animals. This
¢ depression ’ in digestibility is not considerable until the
carbo-hydrate amounts to 25 or 80 per cent. of the total
dry matter in the hay, though it is much greater if straw
forms part of the diet. This depression can be removed
by the addition of nitrogenous food, in other words, by
raising the albuminoid ratio.

These observations show how necessary it is in the feed-
ing of cattle, to avoid the excessive use of ‘roots’ with
fodder, excepting the total nitrogen in the diet be raised.

The addition of oil to a diet does not increase the amount
digested, this is important in the face of the common prac-
tice of adding linseed oil to the food of horses out of con-
dition. If the fat given be part of the food, as in linseed,
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then loss of appetite and digestive disturbance are not so
likely to follow the excessive administration of fat. The
fat, however, does not alter the digestibility of the food.

The addition of salt to a diet is equally ineffectual in
causing a larger percentage of digestibility, though by
improving flavour it may cause a larger amount of food to
be consumed.

THE HEAT AND WORK PRODUCING POWER OF FOOD.

At one time it was believed the theoretical heat producing
value of a food, was the best means of ascertaining its
nutritive usefulness.

This is not correct, the question of the heat yielded by
food on combustion is of more theoretical than practical
importance, until we can make certain that what occurs in
the laboratory may also take place in the animal body.

Proteid, fat, and carbo-hydrates, when burned yield heat ;
fat yields the most, carbo-hydrates the least. By means of
a calorimeter the amount of heat a definite quantity of
these substances is capable of yielding has been ascertained,
and is expressed as a heat unit. The heat required to
raise 1 gramme (15°482 grains) of water 1° C. (1'8° Fahr.)
equals one heat unit.

1 0z. albumen yielded on oxidation 628 English heat units.

1 oz. fat » T 1,017 ” ”
1 oz. starch » ”» 504 ”» ”»
1 oz. grape sugar ,, ” 368 ,, ° "

A calorimeter and the animal body are not identical.
Proteid, for example, is not fully oxidised in the body,
quite one third of it passes away as urea, so that the heat
equivalent of proteid in the body is not the same as it is in
the laboratory experiments In fact, observations show
clearly that the heat value of proteid may practically be
regarded as identical with starch, while that of fat is about
twice as great.

When the heat units a substance can yield are known,
its mechanical value is calculated on the basis that the
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amount of energy necessary to raise the temperature of one
pound of water 1° Fahr., is equivalent to raising one pound
772 feet high.

The mechanical equivalent of 1° Fahr. is, therefore, 772
foot pounds.

With this data the potential energy, or mechanical value,
of the proximate principles of food can be calculated.

1 oz. proteid oxidised in the body yields 170 foot tons of energy.

1 oz. fat 9 9 T} 880 ” [T}
1 oz. starch ” " 9 188 ” ”
1 oz. sugar ” » » 180 »
1 oz. carbon converted into CO, s 811 . ’

But the total energy which food is capable of yielding is
not converted into work ; the muscles of the body compared
with an ordinary machine are most economical in their
working, but in spite of this in man not more than one-
fifth of the theoretical energy of the food appears as work,
and recent investigations have placed it even lower.

The muscles of the horse would in this respect appear to
be somewhat better engines than human muscles, as both
Wolff and Lehmann found that about 815 per cent. of the
digestible substances in food appeared as work.

The combustion of proteid, fat, and carbo-hydrates in
ths body has been likened to the combustion of fuel in an
engine, viz., that a conversion of heat into force occurs.

Calculations have caused physiologists to believe that
twenty to thirty per cent. of the heat in the food was
converted into work; but Wolff takes up a new attitude
and objects, with a good show of reason, to the source of
muscular power residing in the combustion of the food.
He says that an engine and the animal body are not
comparable. ‘If a simple conversion of heat into work
really takes place in the body, then the increased oxidation
of organic matter which takes place during work, must
result in a continual and renmewed source of muscular
power, and render external work possible without any
cessation.’

The theory he brings forward is that the food substances
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under the influence of oxidation are resolved into simple
groups of atoms, and the chemical force which linked these
atoms together while in their complex condition, is now set
free to be utilized as kinetic energy for the external work of
the body. This energy can be stored up in the system until
required, and when it is exhausted a period of rest is
needed in order that fresh energy may be accumulated.

This question no doubt invades the field of physiology,
but is dealt with here to avoid the question of muscular
energy being regarded as a purely physical one, due to the
production of heat in the body. It is something far more
complex, we only know the beginning and end, viz., that
food is supplied and work results, but the processes by
which these are linked together are quite unknown.

THE AMOUNT OF FOOD REQUIRED DAILY.

The loss in the animal body is of two kinds—(1) That
dependent on the internal work of the body, such as the
action of the heart, movement of the bowels, heat, respira-
tion, ete.; (2) The loss from muscular and other move-
ments.

Two diets are therefore required, the first to allow of a
perfectly balanced condition of the body, restoring the loss
occasioned by the internal work, so that the body-weight
shall remain anchanged ; the second to restore the waste
of muscular and increased respiratory activity resulting
from external work. The first is called the essential or
subsistence diet ; the second the variable diet.

Subsistence Diet.

Horses.—A large number of experiments have been made
to ascertain the smallest amount of food a horse in a state
of rest requires, in order to prevent loss of body-weight.
In these calculations observers have not adopted a uniform
system of dealing with the question of cellulose, and if this
is included by some and excluded by others, a discrepancy
exists in the amount of carbo-hydrate required for the

8
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internal work of the body. The mean amount of food
required by horses doing no work is from 7 lbs. to 7% lbs. of
digestible albuminoids and carbo-hydrates, minus cellulose.

Grandeau and Léclerc found that three horses main-
tained their weight unaltered for from four to five months
on 17} lbs. meadow hay. This amount of hay furnished
7:02 lbs. of digestible organic matter for every 1,000 lbs. of
body-weight, and contained

Lbs.
Proteid ... 'b88
Carbo-hydrate ... . 6482
7-020

This may be accepted as not far from the truth, of what
horses in a state of idleness require every 24 hours for the
internal work of their body.

Ozen.—Numerous experiments have placed the average
subsistence diet for oxen at

Lbs.
Proteid ... e 057
Carbo-hydrate ... . 740
7-97

This amount is furnished by 87 lbs. clover hay, 18 lbs.
straw and 0°6 1b. rape cake.

Sheep.—These require more food proportionately than an
ox, and the rule holds good that the smaller an animal the
relatively larger amount of food it requires, owing to the
fact that in proportion to its size the surface it exposes is
larger, and in consequence the processes of vital activity
are greater. Sheep require for maintenance daily

Oz.
Proteid ... e 2
Carbo-hydrates ... . . e 17

These requirements are furnished by 2:75 lbs. hay.

Working or Variable Diet.

‘We have now to consider the question of the amount of
food required during work, and in spite of the elaborate
experiments which have been made on the horse, it must
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be acknowledged that from a point of view of exactitude
they still leave much to be desired. The fact is, that
though horses have been made to perform a definite amount
of work under conditions of rigid experimental enquiry, in
which the urea and carbonic acid excreted, the oxygen
and food absorbed, have been carefully estimated, yet the
conditions are necessarily artificial, and cannot resemble
work naturally performed, either under saddle or in
harness.

Fortunately from a practical point of view the question
is not of any serious moment, the owner of horses that
work hard knows that liberal feeding is sound economy, and
he does not wait to calculate whether the potential energy
he is supplying is in excess or not; he gives his horses as
much to eat as they can dispose of, and experience com-
pletely justifies him.

This in fact is the only system to be adopted with horses
performing very hard work, whether they are pulling a
heavy van, carrying a man to hounds, or used for racing
purposes. :

But there is a class of horse performing only moderate
work, and for this it is reasonable to expect some recognised
standards of diet to be adopted.

‘What experience tells us is that the amount of food con-
stituents given must depend upon the character of the
work, and that the main constituent to attend to is the
proteid. The more severe the work the more proteid
required, though as will be remembered from what has
previously been said, the proteid is not the source of
muscular energy, yet without it no energy is manifested.

But unlimited proteid will not admit of unlimited work ;
muscles are only capable of a certain amount of useful
labour, and this amount is probably hardly the same from
day to day even for the same individual. There are great
differences in the useful effect produced by horses just as
there are in men, constitution, temperament, and breed are
here important questions, and it is necessary to be reminded
of them to avoid the question being considered from too

8§—2
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mechanical a standpoint. There is something more than
the machine to be considered, there is the animal.

In spite of what has been said above, it is possible to
form an idea of the amount of daily work which a horse
may reasonably be called upon to perform, and this amount
may be stated at 8,000 foot tons per diem, viz., ten times
more than a man.

In some of the exact experiments made in Germany by
Wolff, Lehmann, and others, it has been found possible to
calculate with exactifude the amount of actual work per-
formed by a horse. In one set of experiments lasting over
eight weeks they made the animal produce from 2,600 foot
tons per diem, to 7,800 foot tons, but loss of condition was
very evident with the latter amount. In another series
from 1,500 to 4,500 foot tons of work were performed daily;
loss of condition and weight followed the latter, though the
diet was liberal. In a third series lasting several weeks
from 2,500 to 4,800 foot tons were performed daily.

‘We shall not, therefore, be far wrong in adopting 8,000
foot tons as the normal moderate work of a horse performed
under natural conditions, and the value of this work may
be seen in the following table, where it is assumed that the
weight of the horse’s body and that of its rider amount to
1,000 1bs.

Foot Tons.
9 hours’ work at 8 miles per hour exercises a force equal to 8,000
5* ”» 4 " ” ” Biom
2§ » 6 ” » ” 8,000
1* ”» 8 ” ” ” 8,000
1 » 10 ” ”» ” 8,000
8 min. 12 sec. 84 " ” ” 8,000

Later on the question of the amount of work to be
expected from horses will be considered, but it is permis-
sible here, in the interests of dieting, to draw attention to
the extraordinary influence of velocity as shown in the
above table. The resistance the animal body meets with
during work increases as the square of the velocity, but the
force necessary to overcome this resistance increases as the
cube.
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It has been shown from experiments on men (and these
are naturally still by far the most reliable observations),
that the amount of food required for work over and above
the normal, is not met by a simple increase in proportion
to the amount of work performed. If, for example, one-
fifth of the total energy in food enables a man to perform a
normal day’s work of 800 foot tons, the force-producing
value of any increase in diet to meet an extra hundred
foot tons, is not as high as a fifth, but falls to one-seventh ;
for the fifth hundred it would fall to one-ninth, and for a
sixth handred to one-eleventh.

This is the explanation of one of the difficulties in
attempting to lay down any hard and fast rule as to the
amount of work a given quantity of food can perform, and
renders the whole question, though of deep theoretical, but
of little practical importance.

In the following table,* however, the amount of work
which a given amount of food can produce was ascertained
by direct experiment on the horse, the table is not only
interesting, but might be turned to practical utility in the
calculation of diets.

1 1b. of the dry matter of hay produces 215 foot tons of work
” - clover hay » 214 " .
. ’ lucerne hay ,, 260 . "
" " oats ” 4% ” ”
» m barley ”» 490 m ”»
. . maize » 578 ' »
”» ”» beanst ” 50 ”»

” ” peas ”» 487 ”» ”»
" » linseed cake ,, 545 ’ ’

In this table one must bear in mind the difference in the
digestive coefficients for the various foods; for example,
one pound of maize produces more work than one pound of
oats, for the reason that 20 per cent. more maize is
digested than oats. ‘

* Wolff, op. cit.
t+ It may appear strange that Wolf’s table should show maize as

producing more work than beans, but his experimental animal only
digested 72 per cent. of the beans, which is below normal.
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Scale of Diets for Working Horses.

The following scale of diets for working horses is arrived
at as the result of practical experience. Some elasticity
must be shown in dealing with these tables, they are for
an average horse; smaller or larger horses may require
less or more.

Diet for Light Work.

1 2.
Lbs. Lbs,
Hay ... .. 10 Hay ... ... 10
Oats ... .. 10 Oats ... .. 8
— Maize ... e 2
20 —_
20
No. 1 Diet contains : No. 2 Diet contains :
Lbs. Lbs.
Digestible Proteid ... . 184 1-840
»  Carbo-hydrate ... 854 9:018
" Fat «. 050 0524
Total Digestible Material 1088 10-882
Diet for Moderate to Average Work.
Lbs.
Hay .. 12
Oats e 12
Maize ... e 2
26
This diet contains:
Lbs.
Digestible Proteid .. 14768
» Carbo-hydrate ... 11620
' Fat ... ‘718
14-104
Diet for Hard Work.
Lbs,
Hay . 12
Oats . 14
Beans ... e 1
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This diet contains: Lon
Digestible Proteid .. 1988
. Carbo-hydrate ... 11642
’ Fat ... ‘7186
14-366

The total diet weighs very little more than that for average work,
but it is richer and more concentrated.

Diet for Very Hard Work.

Lbe.
Hay .. 8
Oats ... 18
26
This diet contains:
Lbe.
Digestible Proteid e 21152
” Carbo-hydrate e ... 11-808
s Fat ... ‘796
14-256

The total weight of this diet is rather less than that for ¢ hard work,’
but it is more nutritious.

These diets must not be regarded in the light of fixed
quantities or fixed ingredients; some of them may be
economically wasteful where large numbers of horses have
to be fed, as in the stables of big commercial companies.

No mention has been made of bran in any of the above
diets, though from one to two pounds a day may be given
with advantage. It has been omitted because bran in spite
of its analysis is of no use in nutrition, and its action is
probably mainly mechanical.

The system of dieting farm lLorses is somewhat different
to that for horses in towns and cities. The farmer fre-
quently utilizes some of his root crops, such as swedes and
potatoes; he is very often fond of boiled foods, and is
generally wasteful with his hay.

How to effect economy in food is a question which will
be dealt with later, but the system of feeding farm horses
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with boiled and succulent food may be suitable for the slow
work they perform, but quite unsuited to town work.
These foods fatten, but fat horses are not required when
work has to be done, in fact the fat horse is the first to fail,
for fat and ¢ condition ’ lie at opposite poles.

SUBSTITUTIONAL DIETING.

Immense saving can be effected, without in the least
degree imperilling the value of the diet, by feeding on a
mixture of grains, the mixture depending on the market
price. The grain most commonly used in these cases as
an equivalent of oats is maize.

There is no department of horse management where
practical veterinary work has more appealed to the com-
mercial instinets of the nation, than the considerable saving
effected, with no loss of efficiency, by feeding on a mixture
of foods. It is the essence of economical and efficient
stable management, and is entirely due to the veterinary
profession.*

There are several systems of forming tables for substi-
tutional diets but we prefer the old one of Boussingault’s
based upon the nitrogen contained in the food. In the
table opposite only the digestible proteid in each food sub-
stance is shown; this information simply gives the rela-
tive richness of the foods, to ascertain whether any economy
is effected the market rates must be consulted.

We learn from the table that oats, maize, barley and rye
are nearly equivalents and this is found to be so in practice.
We learn that bean straw and hay are nearly equivalents,
and that five parts of oat straw are equal to one of clover
hay. In fact the table can be analysed so as to provide all
information likely to be needed for substitutional dieting,
though this is of no value unless the market rate of the
proposed substitution is cheaper.

* The pioneer in this work was the late Mr. Charles Hunting of
Durham ; his publications on ¢ Food and Work ' and * The Feeding and

Management of Colliery Horses’ are models of common-sense, clear
reasoning, and capacity for observation.
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TABLE FOR CALCULATING EQUIVALENTS FOR SUBSTITUTIONAL DIETING,
BASED ON THE NITROGEN IN EACH FooD SUBSTANCE.

Amount of Amount of
Digestible | Digestiblo
Food. Proteid in | Food. Proteid in
100 Parts of 100 Parts of
the Food. ’ o Food.
| |
l Oats ... 80 ’ Meadow Grass ... 25
‘ Maize .. 80 I Hay (s.verage) 54
Bsrley 77 | Clover ,, » 70
78 Lucerne ,, 10-1
Wheat 17 " (Green) 82
Beans ... 220 l Oet Straw . 14
| Peas ... 201 ' Barley Straw 08
Lmaeed 20-1 Wheat , 08
[ Bean » 50
I Pea » 82
i

PRODUCTION OF FAT.

If this country has been behindhand in studying the
matter of digestive coefficients and depression values, the
same cannot be said of the subject of fattening animals for
the production of meat and manure. The brilliant work
in agriculture, entirely the result of private enterprise,
carried on for many years by Lawes and Gilbert at
Rothamstead, is still the first authority on the subject.
What we have to say on the matter is entirely derived from
their observations.

In order that an animal may fatten, it is essential that
it be supplied with more food than the system requires, so
that the excess may be stored up in the form of fat and meat.
Experience has proved that liberal feeding is economical ;
if by liberal feeding an animal can be prepared for market
in two years instead of three, there is a distinct saving in
one year’s keep.

There are certain conditions which influence fattening,
such as warmth, quietude, and rest. The way in which
these act can be readily appreciated ; by keeping animals
warm, food which would otherwise be expended in main-
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taining the body-temperature during our winter months, is
stored up in the system. Freedom from excitement is well
recognised as an important factor; nervous, irritable
animals cannot fatten, owing to the disturbed state of the
system. The expenditure and body-waste which occur
during exercise being a direct loss of body-tissue, the
necessity of rest for fattening animals is clearly indicated.

The quality of the meat depends upon the distribution
and character of the fat deposited in the tissues; some
animals store up fat outside the carcase, others in the
internal organs.

The guide as to the differences in the character and
amount of food required by different animals is the propor-
tion of their internal organs.

For every 100 lbs. of live weight of the ox, 11} lbs. are
for stomach and contents ; whereas for sheep, the number
is 7} lbs, and for pigs, 14 lbs. The intestines and con-
tents with the ox are 24 per cent. of his weight; with the
sheep 8% per cent.; and the pig 6} per cent.

From these considerable differences in the proportion of
the digestive organs, great differences may naturally be ex-
pected to occur in the feeding. The small stomach of the
pig is not intended to digest cellulose, whilst that of the
ox is; sheep require less cellulose than the ox, and the pig
more starch than either, to digest which his intestines are
comparatively the largest.

Lawes’ and Gilbert’s investigations show that the amount
of dry substance of food required to produce a given weight
is larger with the ox than with the sheep, and larger with
the sheep than with the pig.

As an animal passes from the store to the fat condition,
it is found that the increase in weight steadily decreases
although the same amount of food is consumed.

Both oxen, sheep, and pigs contain from 8 per cent.
to 4 per cent. less nitrogen in the fat than in the store
condition ; whilst, on the other hand, they contain about
double the amount of non-nitrogenous substance in the
fat than in the store condition. Both the water and salts
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diminish as the animal passes from the lean to the fat
state.

The dry substance of the food of the ox contains a larger
proportion of indigestible matter than that of sheep, and
that of sheep more than that of pigs. Oxen require from
five to six, and sheep from three to four times as much
time to add a given proportion to the weight of their bodies
a8 pigs.

The greater part of the nitrogenous and mineral matter
of the food is recovered in the manure, and the greater
part of the non-nitrogenous substance is lost by respiration
and other exhalations; a much smaller proportion being re-
tained in the increase or voided in the manure. For a given
amount of increase produced, oxen void considerably more
substance as manure, and expend more in respiration, ete.,
than sheep, and sheep very much more than pigs. For a
given weight of dry substance consumed, oxen void more as
manure than sheep, and sheep very much more than pigs;
but oxen respire rather less than sheep, and sheep rather
less than pigs.

The manurial value of foods is not a hygienic point, but
one closely connected with agriculture; practically it is
found that if one food yields a richer manure than another
it is the cheapest to feed on (though it may be more expen-
sive to buy), for the reason that so much of it is returned

again to the soil.
Cattle.

According to Wolff the first thing with lean oxen in-
tended for fattening is to put their system in good order,
by beginning with a diet of somewhat high albuminous
ratio, viz. clover hay, barley or bean-meal, and oil-cake.

After two or three weeks the fattening can begin, the
albuminoid ratio is lowered by the addition of digestible
carbo-hydrates, with the result that the destruction of
proteid under the higher nitrogenous diet is suspended;
proteid will now be stored up, and shortly fat. Fat can
only be put on when the proteid tissues have been pre-
viously prepared by extra nourishment and renewal.
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After the animals have been on this diet for some time
and fat is being stored up, the albuminoid ratio is raised by
the addition of proteid. No destruction of fat will result
from this extra proteid, on the other hand it will be stored
up as fat.

So much for the theory of fattening, we must now con-
sider its practice.

Though the details of fattening oxen and sheep differ
widely in the hands of various farmers and grasziers, yet
there is the most complete consensus of opinion that no
animals that have been starved or underfed during their
early growth ever fatten satisfactorily. They must not lose
their calf or lamb flesh if they are to fatten on a reasonable
amount of food, and put the fat on in the right place. The
deposition of fat in the internal organs is not what is
desired, but its distribution among the skeletal muscles.

Nothing must interfere with the fattening process once it
has begun. If the food supply be insufficient even for a
day, it will take three times as long to repair the damage
done.

The practice of fattening varies with the condition of the
animal, the nature of available pasture, the part of the
country, and the prejudice of the feeder.

When a man breeds and fattens his own stock the
measures are not quite the same as when he goes into the
market and buys * store’ cattle. The latter are poor, those
of his own rearing if judiciously managed have never lost
condition, but have gone on gradually accumulating flesh.

It would be most unwise to treat these two classes as
identical for fattening purposes; the animals in better
condition can stand a richer pasture and more nutritious
feeding than the impoverished ¢ stores.’

The available pasture may be first-class fattening land or
only average. It would be an act of folly to at once bring
poor cattle on to rich pastures, depending on his land
the judicious grazier buys animals the condition of which
warrants them going on good pasture or the reverse, and
he gradually brings them on.
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It is quite possible on some first-class pastures to trust
to grass alone for some time to fatten, or to complete
fattening, and there are some rich pastures where two sets
of cattle may be fattened in one season. Some graziers
buy animals they can get rid of in a few months, others
are prepared to keep them for eighteen months, and the
methods in these two cases of feeding are obviously
different.

Cattle come into the fat market now at a much earlier
age than a few years ago. This is secured by good early
feeding and never letting them lose their ¢ calf flesh,” such
animals require different treatment from older and poorer
cattle purchased for fattening, in which there is no huarry.

The custom of the part of the country is also an influence,
the system is not the same everywhere, depending upon
local peculiarities. In the Eastern counties it differs from
the West of England, and the North, Midland, and South
have each their own methods.

The facilities afforded by the farm are also an influence,
if home-grown crops can be utilized a saving is effected. If
much of the food has to be purchased greater latitude is
given to the feeder, and another system pursued.

These facts are mentioned to explain why no hard and
fast rules can be adopted, and why no one system is capable
of general application.

For convenience of general description we may divide the
subject into two heads, 1, the fattening of home-bred stock,
that is the stock raised by the farmer ; 2, the fattening of
purchased cattle.

The early fattening of cattle is a matter of recent intro-
duction. A few years ago it was believed that no animal
could be properly fattened until it approached maturity,
but this is now known to be incorrect, and animals are
sent into the market fit for beef at eighteen months to two
years’ old, with a year’s keep saved.

This early fattening can only be attempted with cattle
which have been consistently well fed from birth, with
animals the daily weight of which has always been increas-
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ing, and that have never had a *set back ’ through insuffi-
cient nourishment. Some of the most successful feeders
have been able to show a weekly increase of 8 lbs. in body
weight for young bullocks from birth to eighteen months of
age, for Show animals the daily increase in weight has
been much higher, varying from 1} lbs. to 2 lbs. per day of
their short life of from two to three years.

In all cases where forced early maturity has been pro-
duced, care has been taken to leave the calves with their
mothers for some time, six or seven months is the practice
in the West of England, during which in addition to milk
they receive grass, and after weaning corn, cake, and
grass.

There are variations in this system, frequently the calf is
weaned after a couple of months and kept going with skim
milk, linseed mucilage, a little cake or meal, grass and
roots, and later on hay. After a year old there is another
course of grass, cake, roots, efc., and the animal is fit
for the butcher at two years old.

The summer feeding of animals is comparatively simple ;
in the autumn they are brought in and fed in yards or
boxes, and some feeders turn them out in fine weather, but
the home feeding is their source of supply. It is hbera.l
consisting of hay, roots, cake, meal, and straw.

These animals are generally fed three times a day, but
there are some which recommend feeding four times daily,
and the results are very good; in all cases only food of
the best character is given.

The secret of forcing animals to mature is good food,
both natural and artificial, good pastures, the best of crops,
sufficient salts in the food, and shelter from the weather.

Purchased animals for fattening do not give such early
results, they are often older, have been underfed, and take
much more time. The success of the system depends upon
the judgment of the buyer. He must purchase cattle suit-
able for his land, and depending upon their previous condi-
tion, and the facilities for fattening them, they can either
be turned out as beef in six or twelve months.
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There are many grass lands employed entirely for the
fattening of cattle ; the latter are bought in the spring of
the year, and fattened off during the summer. Whilst at
pasture they receive 2 lbs. to 4 lbs. of oil-cake daily, or a
certain amount of grain. Care is taken not to overstock
the pastures, and the animals are constantly shifted to
afford a fresh bite; rich pastures should be reserved for
animals full in flesh. Sheep, from biting closer and
picking out the sweetest herbage, should not as a rule be
pastured with cattle.

To put poor animals on rich pastures at once is a serious
mistake, their system must be gradually accustomed to the
change in food or disease will result. The owner of good
rich grazing would not therefore buy animals in very low
condition, but look for something with more flesh on it.
With good pastures and suitable cattle, fattening can be
carried out in a few months on grass alone with the addi-
tion of three or four pounds of cake a day. When the
grazing fails they may be finished with hay, meal, cake,
and roots.

With impoverished ° store ’ cattle it is obvious the process
of fattening will take longer. If they are purchased in the
spring they are turned out on to suitable pastures which
renovate their systems, and get them ready for winter
finishing off. The management of stock on pastures is not
a matter to be neglected, and will be dealt with later (see
Pastures).

Soiling is advocated as a more economical means of
feeding and fattening, with less destruction of the pastures.
The animals should be practically unlimited in the amount
given, but no waste should occur if the process is intended
to be economical. The green food, when brought home,
should not be allowed to lie in a heap, or fermentation will
oceur. For further details see Soiling.

As the grass fails the stock is gradually drafted into
yards or elsewhere for winter feeding, beginning by taking
up those in the most advanced condition, and gradually
bringing in the others, so that by the end of October all the
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animals are in yards, stalls, or boxes, receiving turnips or
swedes, oil-cake, hay-chaff, and bean-meal.

If fed in boxes the cattle are given about 100 square feet
of standing room, their bedding is not removed so that the
floor of the box is two feet or so below the ground level, and
on this a small amount of straw is spread over the manure
day by day, which is well trodden in by the animal. A
compact putrid mass results, invaluable to the farmer in
the course of a few months, but unspeakably insanitary.

Yard feeding is preferred in some parts of the country,
a shed gives the needful protection from the weather, the
manure remains undisturbed but is less objectionable, as
with the shed system there is much more air, only one side
of the building as a rule being closed in.

In stall feeding the cattle are tied up, generally in pairs,
with barely sufficient room to lie down. Their system of
feeding is the same as above described, but their manure is
received into a channel behind and does not remain under
the animals.

It will be observed that in all these systems the farmer is
aiming at two results, he wishes to fatten his animals and
he wishes for manure. For all intents and purposes cattle
undergoing this régime are meat and manure making
machines, without the latter it is doubtful whether the
former could be made to pay, especially where food is
expensive as the result of a bad season.

It is equally certain, however, from & sanitary point of
view, that the whole system of animals living on their own
excreta is wrong, and that no difficulty should be felt in the
present day of labour saving appliances, of saving all the
manure, protecting it from loss, and still keeping animals
under hygienic conditions. This question will be referred
to again later on.

It is quite impossible here to give an account of the
system adopted by different feeders in preparing cattle for
sale. Each has his own idea of the food required and how
it should be divided over the day, and each has his preju-
dices and fancies.
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Here is an example of the actual food requirements for
fattening cattle, the experiment having been made by the
Royal Agricultural Society at Woburn.

Two lots of four animals all of the same age were taken,
the hay and roots were unlimited. The experiment lasted
145 days, and the following was the amount of food con-
sumed per head per day :

Lot 1. Lot 2.

Lbs. Lbs.

Cotton Cake ... 88 88
Linseed Cake ... 2:88 288
Barley (grittled) 4:00 400
Roots ... 4000 4084
Hay Chaff 888 888
Water ... 8630 27-61

Lot 1 increased in weight 2:21 lbs. per head per diem ;
Lot 2, 197 1lbs. per head per diem. Lot 2 received un-
decorticated cotton cake, Lot 1 decorticated, which is the
explanation of the difference in fat stored up.

To produce 100 lbs. increase in live weight with oxen,
Lawes and Gilbert found that 250 lbs. oil-cake, 600 lbs,
clover chaff, and 8,500 lbs. swedes were required. The
amount of each food-constituent stored up for 100 con-
sumed was as follows: nitrogenous matter, 4-1; non-
nitrogenous, 72 ; mineral matter, 1°9.

Here is an example of a cattle feeding mixture for show
cattle :—

Lbs,
Crushed oats e 1
. barley .1
' maize meal 1
. wheat 1
Bean or pea meal 1
Bran 1
Double handful of sweet chaff.
Pulped roots . . 4

The above is one feed. The stock proprietor* who
* Mr. Watson, late of Keillor, North British Agriculturist.
9
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adopted this method with remarkable results for Show
cattle, fed four times a day, the evening feed being a hot
one. This he prepared by taking the above and adding
linseed meal 1 lb., molasses 1 pint, to it, pouring boiling
water over the mass, avoiding making it sloppy, thoroughly
mixing, covering up for four hours, and feeding with it at
8 p.m.

Mr. Watson gives his own table of the amount of
digestible food constituents this represents daily, viz. :

Lbe,
Proteid e .. . 8277
Fat ... . 14000
Carbo-hydrate ... <. 1600

All his animals were watered four times a day, and in
cold weather the chill taken off.
A good daily allowance for winter feeding is

Hay ... 14 to 20 lbs.
Oil-cake ... 8,
Bean meal 8,
Roots ... w. 70to90 ,,

But the feeder is not compelled to tie himself down to
these articles of diet, there should be a variety of food if
obtainable, for example, barley, rye, oats, linseed, pea or
bean meal, and such succulent food as cabbage, carrots,
parsnips, and turnips. There should also be a judicious
mixture, mixed feeding is economical and far better than
feeding on one or two particular articles of food to the
exclusion of others. The time of feeding must be regular,
the amount must be suited to the animal’s taste, it should
not be in excess or disgust will occur ; everything depends
upon the powers of observation of those in attendance, who
should be able to recognise when to increase and when to
decrease the diet, depending on circumstances, for as the
animal advances the appetite becomes capricious, and more
frequent feeding with smaller quantities may be necessary.
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Sheep.

The early fattening of sheep, like that of cattle, is now
practised, the lambs born at the beginning of the year are
as soon as possible got on to powdered cake, and crushed
oats, with turnips, kohl-rabi, or rape, and later on split
peas, the ewes being liberally fed on the same so as to feed
the lambs through their mother. Before the grass is fit to
receive them the thousand headed kale is a valuable crop ;
while on grass they are frequently moved from pasture to
pasture.

With the autumn they come on to turnips, cabbage, hay-
chaff, and corn, and this diet may be maintained during the
winter. When the time comes round for swedes to replace
turnips, great care must be observed, as these have a decided
tendency to cause diarrhcea and throw the animals back.
Towards the end cake and corn, from 1 to 1} lbs. daily, are
given, the great object being to get the animals fit for sale
in the spring, when a little over a year old. '

By forced feeding, lambs at ten months old have been
known to show an average daily gain of live weight of three
quarters of a pound.

Lawes and Gilbert found that to produce 100 lbs. increase
in live weight, sheep required 250 lbs. oil-cake, 800 lbs.
clover chaff, and 4,000 lbs. swedes. The animals stored up
for every 100 parts of each proximate principle consumed—
nitrogenous matter, 4:2; non-nitrogenous, 9°4; mineral
matter, 8°1.

In the general feeding of sheep not intended for fatten-
ing (and the subject may conveniently be considered here),
attention should be paid to the diet in the winter, which
should consist of hay, roots, with oil-cake or grain. To
feed exclusively on roots, especially during the cold months
of the year, is practically a starvation diet, hay or other
dry food must always be given with them. As the lambing
season approaches the ewes should be generously fed to
ensure their milk supply being rich enough ; a mixture of
cake, oats, and beans, three quarters of a pound of each,

9—2
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together with 1 lb. hay and green food, will keep their milk
in excellent condition after lambing.

Roots should be sliced or pulped, and cake crushed,
especially is this the case in those animals where changes
in the teeth are occurring.

Sheep should not be at once introduced to rich pastures,
but be gradually brought forward. On ordinary pastures
care must always be taken to avoid overstocking the land.

Sheep fed exclusively for Wool can be kept on very little
more than a subsistence diet, in fact a high albuminoid
ratio is to be avoided as they store up fat, and experiment
clearly proves that no more wool is produced with a fatten-
ing diet than on one of bare maintenance. '

If the diet falls below this and the animals lose weight,
the amount of wool produced falls off.

Pigs.
These are very economical meat and fat producers, and
their stomach takes kindly to the most mixed and varied

diet. They have a very high digestive coefficient, as may be
seen from the following table.

) Proportion Digested for 100 Supplied.
|
‘ Food. I
Total Soluble
Organic | Albuminolds. Fat. Carbo-
Mattor. hydrates.
Sour Milk ... 97 96 95 99
Meat Flour ... 92 97 87 —
Pea Meal ... 91 88 58 97
Bean ,, 84 79 71 91
Barley Meal 84 79 70 90
Maize ,, ... 91 84 76 94
Rye Bran .., 87 66 58 75
Potatoes ... 94 81 — 98

Though pigs are not too particular as to their diet, yet
in feeding for fat production some little care is desirable.
Frequent feeding, as the stomach is a small one, is indicated,
the amount of food given should be as much as they can
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consume. The feeding-troughs must be kept clean; the
usual filthy surroundings of the piggery are by no means
essential to fattening.

The foods most commonly employed for fattening pigs
are barley, maize, pea or bean meal, with potatoes and
dairy refuse. German authorities strongly recommend
sugar as an addition to the diet. The food should be
varied in character as in course of time the appetite
becomes fastidious.

The excessive use of maize, it is said, should be avoided
a8 it makes the flesh yellow and flabby, while beans and
peas if used in excess cause it to become hard and stringy.

Lawes and Gilbert found that 100 lbs. increase in live
weight with pigs was produced by 500 lbs. barley meal.
The animal stored up of every 100 parts of the food con-
stituents consumed, 18'5 parts of nitrogenous matters,
185 of non-nitrogenous, and 7'8 of mineral substances.

FEEDING OF MILCH COWS.

The proper feeding of cows is a most important matter.
In collecting the various dietaries recommended by men of
experience, it is singular to find so little uniformity. It
only shows the success of feeding does not depend upon
the details, 8o much as upon the general principles which
are observed.

It is essential the cow should be kept in good condition,
but the storing up of fat must be avoided or it would defeat
two special objects, viz., milk supply and breeding capa-
bilities. The food given must be wholesome and nutritious;
sufficient must be allowed, as bulk is absolutely essential
for rumination, but care should be taken, particularly in
feeding with grains, that no excess is given or it will pall
on the palate. Stinting must therefore be practised with
regard to the most favourite foods.

Feeding at regular hours is essential, otherwise the
animals are kept in a restless condition, and the supply of
milk will be affected ; not only should regularity be ob-
served in feeding, but also in milking and watering.



184 VETERINARY HYGIENE

Exposure to cold should be avoided, as a decrease in the
yield of milk will at once occur. But this does not mean
the animals should be poisoned with the products from
their lungs; ventilation and pure air are necessary, if the
temperature falls too low artificial heating should if possible
be adopted.

The routine of feeding will vary nearly everywhere. For
winter feeding in London dairies the cows are given, usually
after the early morning milking, § bushel of grains, fol-
lowed by about 4} lbs. of hay. About nine o’clock they
receive 80 lbs. of sliced or pulped mangels, (if the latter,
they are usually mixed with chaff, if the former, another
4} lbs. hay are given), and the animals left undisturbed.
About two o’clock they receive another § bushel of grains,
followed by 4} lbs. hay. At five o’clock they are watered,
it being usual to only water them once in twenty-four
hours; in the evening they receive another 4} lbs. hay, and
are then left for the night. In some places 2 lbs or 8. lbs.
of crushed oil-cake are given daily in addition to this diet.

Distillers’ grains are more valued than brewers’ grains
for milk production. Their actual effect on this secretion
is to increase the proportion of water, the milk is, there-
fore, poorer in solids. It is said that the milk of cows fed
~ on grains ‘ turns ’ readily, however this may be, grains are
considered a very important article in the London dairy
(see Grains).

The summer feeding is principally artificial grasses and
grains, with a proportion of oil-cake. About 1 cwt. of
green grass is given.

This system of feeding is by no means adopted every-
where, each dairy-man has his own views on the subject ;
still the outline given is what actually occurs in some of
the largest dairies.

The production of milk is not, however, confined to towns
and cities, it has now become an important industry miles
away from the place where it is consumed, and the manage-
ment of dairy stock in the countryand in cities is obviously
different.
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For summer feeding good sheltered pastures are de-
sirable, so situated that the animals have no distance to go
before reaching their sheds, and where they are free from
interruption and shaded from the sun. There are some
who prefer to keep their cows housed during the day and
turned out at night, and others who keep them out con-
tinuously so long’as the weather is snitable.

During the summer they may be grazed or soiled accord-
ing to convenience. There is nothing like grass for im-
proving milk, but it is desirable to give in addition daily a
certain amount of linseed cake or crushed beans, three or
four pounds of either, bearing in mind the great drain on
the system which heavy lactation represents; it may in fact
be regarded as equivalent to a daily blood-letting. Other
green food than grass can also be given, such as clover,
vetches, or tares, though the latter is not generally cared
for as it is considered to render milk ¢ ropy.’

For winter keep hay, roots, cake, beans, or peas are used ;
cabbage and turnips give a taste to milk, but are otherwise
good articles of diet. For methods of preventing them
tainting milk see ¢ Roots.’

In the winter feeding, linseed prepared by boiling is
frequently given in place of cake, and this is the practice
of a large dairy company, which allows each cow 1 lb.
linseed during the winter and } 1b. during the summer,
the mucilage being poured over the food. In addition the
cows receive 5 1bs. to 6 1bs. of crushed oats, and 1 1b. of any
other meal daily, besides hay-chaff, roots, and occasionally
silage.

In the use of silage it should be borne in mind that its
presence in the milking shed may easily impart a taste to
milk, which of all fluids is one that most readily takes up
any smell in its vicinity.

The production of milk represents, as we have said, a great
drain on the system of some of its most valuable constituents.
It is the proteid tissues of the mammary gland which supply
both the proteid and fat found in milk; milk is simply the
product of the liquefaction of the cells of the gland, so that
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- the influence of diet on the quantity and quality of milk is
considerable.

The essential constituent in the diet of cows is proteid,
if this is too low not only does the amount of milk produced
fall off but its quality suffers. The difference between a
diet rich in proteid and one poor in it may cause a falling
off of from 20 per cent. to 40 per cent. in the supply of
milk.

Wolff puts the daily diet of a milech cow at

Lhe. Oz

Digestible Proteid ... . 2 8
” Carbo-hydrates ... .. 18 8

" Fats 0 7

The albuminoid ratio being 1 : 5°4.

This amount can be provided by the following, which
may be taken as a sample of many diets in use:

Lbs.
Hay . 12
Oat Straw . 4
Mangels ... .. 80
Grains ... .. 80
Cake e 25

The food most favourable for milk production is oats,
while more nitrogen if necessary can be supplied by linseed
or cotton cake, peas, beans, etc. Green food is an admir-
able diet, while brewers’ or distillers’ grains, as previously
mentioned, will greatly increase the actual yield, but not the
quality.

Diet has a marked effect on the butter; linseed cake
produces a soft oily butter, peas a hard butter, while turnips
impart a flavour and bitter taste. With a diet poor in
nitrogen the butter may be as hard as tallow and without
flavour.

The feeding of dry cows is & matter which the intelligent
farmer needs no advice about, but there is a feeling among
some that her diet may-be mere subsistence, whereas it is
economical to feed her well, hay and cake during the winter,
with roots, bearing in mind she is only being prepared for
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the work before her, and further that the feetus requires
nourishment if its life is to be preserved.

Feeding of Calves.

There are two distinct methods of rearing calves, viz.,
the natural and artificial.

Dealing with the latter, this system is adopted in order
to secure the milk, and a variety of methods good and bad
are employed by farmers in order to bring up their calves
on artificial food.

Artificial feeding is always a difficult matter, and until
within the last few years no serious attempt had been made
to give the calf a mixture which in any degree resembled its
mother’s milk, yet the composition of this would naturally
form a guide to the animal’s requirements.

Here is an outline of the system generally adopted.

Calves are usually reared by hand; the custom is to
remove them from the mother at once, and they receive
her milk until it is fit for use. Their diet is new milk for
three or four weeks, of which they require about one quart
three times a day; later they receive skim-milk warmed
up and mixed with some easily digestible food. Calf meal,
which may be anything, is often given; unless the com-
position of the meal is known, it would be better to trust
to oatmeal, linseed gruel, or cake-dust. The cooking of
these substances should be carefully observed. Skim-milk
being deficient in fat, the food supplied must meet the loss,
and this can be effected with boiled linseed.

The feeding of calves should be regular and not less than
four times a day. It neither pays to starve nor neglect
them if they are to be made profitable in the future.

Later on the calf may be tried with a little hay, grated
turnips and swedes, grass if obtainable and cake-dust, and
this may be attempted at five weeks old. In the meantime
the animal should be still receiving either a milk diet or a
milk substitute, such as oatmeal and linseed with skim milk,
the whole heated to blood-heat for the calf to take from the
pail.
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Later, as the grass becomes available their stomachs
should be prepared for it, as sudden changes in diet are to
be avoided. At three months of age ground oil-cake, and
crushed oats and bran in the form of a mash, may be given,
and by the time the calf has settled to this diet and is
thriving, the milk or milk substitute may be stopped, say
at four months old. From now the animal, if strong, may
remain permanently on a dry diet.

This purely artificial method of rearing calves is the
outcome of practical experience, the cow is a milk-making
machine, anything which reduces the supply is financially
a loss. The above method of rearing calves is to avoid as
far as possible reducing the secretion of milk, and practical
experience warrants the custom. It does not apply to
pedigree stock, the calves of which are brought up under
natural conditions. '

There are many milk substitutes :—

Hay-tea and linseed-mucilage; linseed-mucilage and
skim-milk ; skim-milk, linseed-cake, and treacle; wheat
flour and skim-milk; hay-tea and skim-milk; gruel (bean
or oatmeal) and butter-milk; oatmeal, linseed, and skim-
milk. '

In all cases these substitutes are prepared by thorough
cooking, and given to the calves at blood-heat; this is a
most important point to attend to. It will be observed how
prominently skim-milk figures in these milk substitutes.

The most successful milk substitute is obtained from
geparated milk, by which no delay occurs in removing the
fat, the cream being replaced by linseed, and the whole
given at body-heat. Milk treated as above is only deficient
in fat, which is replaced by the linseed, the other solids
practically remain unaffected.

There appears a consensus of opinion that at least one
form of diarrheea from which the calf suffers, (not ¢ White
Scour ’) is due to the milk substitutes being given at vary-
ing temperatures, or to their imperfect preparation, or to
acidity in the mixture caused by dirty vessels setting up
fermentation.
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THE PRINCIPLES OF FEEDING.*

The principles which govern the feeding of horses must
now be reviewed. No attempt can be made to deal with
the matter in detail, we can only glance at the general
principles involved.

Looking at the matter from a plain practical point of
view, a horse must be considered as a machine, out of
which it is desired to obtain the greatest amount of work at
the smallest expense and the least risk ; in the same way as
a cow may be regarded as a milk-making and breeding
machine ; oxen as meat-makers ; sheep as wool, tallow, and
mutton makers; pigs as bacon and ham produces.

The food given must meet several requirements; it
must be wholesome, abundant, clean and sweet, the hours
of feeding regular, and the quantity given should be pro-
portional to the arrangements of the viscera. The mode
of preparation found by practical experience to be the best
must be adhered to, and cleanliness in preparation and
administration should be observed.

There are certain physiological conditions connected with
digestion in the horse which have their hygienic aspect, and
these must first be briefly considered.

The stomach of the horse is very small: an organ of
average size will contain roughly half a cubic foot of
material, and it does its work best when it is two-thirds full.
In estimating the amount of material this represents, it
must not be forgotten that hay takes up four times its
weight of saliva, oats rather more than its own weight, and
green grass half its weight. Thus considerable additions of
saliva have to be borne in mind, as they greatly add io the
burden of the stomach.

* This section relates entirely to the principles involved in the
feeding of horses. Cattle and sheep have been fully dealt with in the
preceding pages.

The feeding of horses is such a very special matter, and so intimately
connected with the production of disease or the preservation of health,
that no excuse need be made for giving it further consideration, even
if it involves some repetition.
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The length of time occupied during stomach digestion is
generally in proportion to the amount of nitrogen contained
in the food; thus hay and straw pass out of the stomach
more rapidly than oats. If hay be given before oats, it is
found that in the stomach they are arranged in the order
of their arrival ; namely, the hay occupies the greater and
the oats the lesser curvature, and there is no mixing of the
foods excepting at the pylorus, the line of demarcation
between the two being very sharp.

If oats be given before hay, the former is deposited in
the greater and the latter in the lesser curvature of the
stomach, and the foods remain distinct excepting at the
pylorus.

Hay is invariably found during the early part of diges-
tion to pass out of the stomach quicker than oats; but
towards the end of the process the oats pass out more
quickly than hay, which appears to remain behind as
ballast, and may not enter the intestines for six or eight
hours.

According to Colin’s experiments, hay given after oats
causes the latter to be sent into the intestines before being
fully acted on in the stomach ; he argues, therefore, that
the logical method is to give hay first and then the corn
ration.

Although the food arranges itself in layers in the
stomach, in the order in which it arrives, yet these layers
can be broken up by the ingestion of a large quantity of
water, which at the same time carries into the intestines
portions of food unfit for intestinal digestion. Water given
in small quantities does not disturb this arrangement of
layers.

In feeding with a mixture of foods such as chaff, maize,
corn, etc., it is found that in the stomach the different
foods still remain mixed, and pass into the intestines
together.

The stomach begins to empty itself very early after the
commencement of a meal; as soon as the viscus has
attained a cerfain volume material passes out, and the
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amount so passing corresponds with the quantity being
eaten, so that its capacity remains the same. From this
we learn the fact that a ‘feed’ should be small in bulk,
otherwise ingesta is sent into the intestines before being
properly prepared.

When the ¢ feed’ is finished the passage of material into
the small intestines slackens considerably, and in course of
time becomes so feeble that several hours will elapse before
the stomach completely empties itself. The drier the
contents of the stomach the greater difficulty is there in
it passing the pylorus.

The rate of stomach digestion is an interesting problem,
what really occurs is that there appears to be no fixed
period. With an ordinary  feed ’ of oats or hay half of it
will have passed the pylorus during the first hour, but the
remaining half may be several hours in completing the
passage, though if the animal be again fed the remains of
the last “ feed ’ at once pass out of the stomach.

The feeding of horses is determined by the nature of
their work, and the velocity with which this is performed
must also regulate the bulk of food they receive. It is
evident that severe labour cannot be performed on a full
stomach, for the pressure exerted on the diaphragm, and
the interference with the process of digestion, will certainly
occasion disease. It is also clear that the greater part of
the food required by hard-working horses should be of a
concentrated kind, such as the various grains. Even the
hay should be chaffed to economise the time of the animal
in mastication.

The smallness of the stomach points to frequent feeding
and in small quantities; the great capacity for water and
the small stomach, explain the golden rule of experience
that watering before feeding should be invariable.

The fermentable nature of the food points to the neces-
sity for due mastication and proper admixture with saliva.
The general inability to vomit more than warns us of the
great danger to which the animal is exposed should stomach
derangement occur. The remarkable sympathy existing
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between the digestive organs, the skin, feet, nervous,
lymphatic, and urinary - systems, shows us how many
diseases of quite an opposite character may be dependent
on the food given; in this connection may be mentioned
broken wind, laminitis, diabetes, lymphangitis, azoturia,
congestion of the brain, diarrhcea, ete.

Horses performing slow work are necessarily dieted
differently from those performing fast work. Work of a
laborious nature, be it in the hunting-field or between the
shafts of a heavy cart, cannot be performed on a full
stomach, or distress is rapidly brought about by the
pressure of the stomach against the diaphragm, and the
consequent obstruction to the free action of the lungs. If
urged beyond this, rupture of the diaphragm or stomach
may be produced. During fast work the stomach should
practically be empty ; horses should, therefore, be fed one
or two hours before they are required, and the food given
should be of a concentrated character, such as oats.

With slow or moderate work the same extreme care need
not be exercised with regard to abstinence before going out,
but even here a distended stomach may prove dangerous,
especially for animals performing draught work.

Work should not be too prolonged or exhaustion soon
occurs ; after severe work the appetite must be tempted,
especially as very often all ordinary food is refused. Warm
gruel may be given and a good bed provided, for frequently
the appetite does not return until after a thorough rest.

The influence of work on the production of colic is
extraordinary. One can only account for it by saying that
work interferes in some way with normal digestion, possibly
from some breach of the rules of feeding which we are now
discussing.

After prolonged abstinence feeding in small quantities
should be observed, the ravenous feeding of a hungry horse
has caused many cases of colic, and more serious stomach
trouble. Ravenous and greedy feeding may be natural to
an animal apart from hunger, such cases should be care-
fully controlled, on no account, if it can be avoided, should
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they be fed from a nose-bag. Their food should be placed
on a level surface, such as the lid of a box, and spread out
in a thin layer with the hand. This quite defeats the horse
that bolts its food.

To ensure thorough mastication of grain, it should
always be mixed with chaff, which should be damped to
prevent it separating from the corn. Chaff added to corn
in sufficient quantity will also control greedy feeding.

Gorging may also occur from greediness, and in the
days when large feeds were placed before horses ‘gorged
stomach ’ with its attending brain trouble was very common.
Veterinary science has practically banished this disease out
of existence.

Regularity in feeding, and regular but not excessive
work, are the two chief measures for controlling ‘dietetic
diseases. Horses should be fed three or if possible four
times a day in small quantities at a time. The hay ration
should not be given before work, the bulk of it should be
reserved for night time, as it gives the horses something to
do and keeps them quiet ; further, it is of course hygienic-
ally a sound measure.

The feeding of horses four times a day and the bulk of
the hay ration at night, are remarks intended to apply to
saddle and carriage horses, and not to the regular working
horse of commerce, which we have seen is fed at every
available opportunity. These latter need at night all the
rest they can secure, the longer they are off their legs the
longer they will last.

In connection with this point, it may be mentioned that
the ordinary horse requires very little sleep, and that his
natural habit is to prefer a series of broken rests, during
the intervals of which he will always eat if anything is
available.

It is impossible to keep up vigour and condition on con-
centrated foods alone, a certain amount of bulk is needed
by the bowels for the due performance of digestion, without
it the horse becomes * tucked up,” and;Stewart believed it to
be a common cause of ¢ wind-sucking ’ and ‘ cribbiting.’
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It is said that heavy horses will not look well on less
than 29 Ibs. of food daily. A certain amount of hay
appears essential, concentrated foods, such as have been
suggested for army horses, can only be a make-shift ration.

If a horse be allowed an unlimited amount of grain the
hay consumed becomes reduced in amount; but unlimited
corn and no hay very soon shows itself.

Though the food under favourable conditions only
remains in the stomach a few hours, on the contrary it
remains in the intestines for several days; practically never
less than four, and often a day or two longer. During the
greater part of this time it is lying in the large intestines,
for the passage through the small bowels only occupies a
few hours.

Horses at work the greater part of the day are fed as
opportunity offers, little and often is the secret of keeping
them in condition. This is perfectly understood by the
carman and cabman, who never hesitate to put on the
nosebag as opportunity occurs.

Hard-working animals must be saved as much time as
possible in mastication; this apart from its economical
. advantage is one reason for the use of chaff. No person who
is not wealthy can afford to feed his horses on long hay,
owing to the waste. Every commercial firm in the kingdom
uses chaff instead of long hay, and they reap a triple
advantage, they save one-quarter of their hay, they ensure
the thorough mastication of the grain ration, and save their
horses time and energy in consuming it.

Zuntz and Lehmann found with horses that 112 per
cent. of the energy obtainable from hay was expended in
masticating it, while only 2'8 per cent. was expended in
masticating oats.* This argues not only in favour of chaff,
but of it being cut short.

The length of time it takes a horse to consume its daily
diet is & question which seldom strikes anyone to enquire
into, yet it is of the utmost importance, especially for horses
employed in commerce and military life. It takes a horse

* Wolff, op. cit.
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from five to ten minutes to eat one pound of corn and
fifteen to twenty minutes to eat one pound of hay. We
shall not be far from the truth in saying that they require
from five to six hours out of every twenty-four for feeding,
that is to say, one quarter of the day must be expended
in taking in sufficient nourishment for the repair of the
machine. We see here the wisdom of the carter and
cabman, who put on the nosebag at every available
opportunity.

Sudden changes of diet should be avoided ; horses fresh
from grass must be gradually brought on to the usual
stable food. In the same way animals which are intended
to be ¢ turned out,’ should have their corn ration reduced
and replaced by succulent herbage.

The necessity of increasing or reducing the corn ration
to correspond with the work performed is another point of
practical importance; beans added to oats will produce the
most highly nitrogenous diet & horse can assimilate.
Where a reduction in diet is required, mashes of bran are
substituted for the whole or part of the corn ration.

One sound system the result of experience, is giving
highly-fed and hard-worked horses nothing but a bran
mash on Saturday night, and this diet, with hay, might
well be continued until the evening feed on Sunday.

It is the secret of preventing, among draught horses
especially, lymphangitis and azoturia, and further, even if
these diseases are not threatened, it gives the stomach a
needful rest and keeps the bowels in order.

The conformation of a horse affects in no slight degree
its capacity for assimilating food. Animals with narrow
chests, badly ‘ ribbed up,’ and of a light mealy colour, are
notoriously ¢ bad doers’; they never look well, are prone to
derangement of the digestive organs, purge on the slightest
provocation, and are generally known amongst horsemen as
‘washy.” They require careful dieting; new oats or hay
should never be given them, their work should be light, and
they must not be worked soon after feeding. In winter
their water must have the chill taken off, the body should

10
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be kept warm, crushed oats may be found advantageous,
but with every care it is often a matter of extreme difficulty
to either get the work out of them, or make them present-
able in appearance.

Linseed is never necessary for a horse in health, though
it is frequently given to improve the skin and coat. It is.
far too fattening to be used frequently; working horses
should not be fat, and linseed should be reserved as a
hospital diet, or for those out of condition, and as an occa-
sional change in food if such is considered necessary.

In winter it might be employed for horses leading a very
exposed life, to supply more fuel for body-heat. In the
form of linseed-oil poured over the food we have no opinion
of its utility.

In the management of all horses, especially those used
for commercial purposes, constant supervision over the
feeding arrangements is necessary; the forage should be
inspected regularly, surprise visits paid to the stable,
measures checked and verified, mangers, nosebags, and
machinery looked into, even the fmces examined, and if
necessary washed for the purpose of inspection. A com-
plete police system is required, the smallest defective point
if gone into may be the means of revealing the most
astonishing irregularities.

Every man should know what his horse is entitled to
receive, and amongst the stable instructions the diet sheet
should be prominent.

These details and precautions, even what may appear to
be the most trifling and insignificant, are of the highest pos-
gible importance. Where forage is concerned nothing but
the eye of the person most interested will prevent fraud.

In the stables of the wealthy the same supervision is
needed but never given; the horses are crammed with food,
but they could not possibly eat all their master pays for.
If he is content to be robbed through ignoranece or indiffer-
ence on his own part, that is a matter which concerns him
alone, but it is otherwise with public companies, or horses
the property of the State.
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An account of the diets required for working horses will
be found in detail on p. 118.

The feeding of pregnant mares depends upon whether they
are at work or not. The common practice with farm mares
is to work them up to near the end of gestation, and pro-
vided the work towards the end, viz., the last three months,
is not severe, there can be no doubt the practice is sound.
In regular breeding establishments where the mares are
absolutely idle, it is evident the food requirements are
different.

A working in-foal mare should be fed liberally, but
very bulky food is objectionable. Hay should be given in
moderation, oats and a few beans are necessary, linseed
occasionally, and bran liberally. Maize as a food for
any of the pregnant herbivora is a mistake, as it is very
deficient in salts.

Care should be taken to carefully regulate the mare’s
work, and water and feed her with great regularity, as an
attack of colic at such a time might prove disastrous.

For idle mares the diet should be less stimulating, but
they must not be starved; the usual foods may be employed
depending on the time of year, but with a liberal amount
of bran in order to keep the bowels in proper order.

In both cases it is desirable when indications of approach-
ing parturition are apparent, to get the bowels in good order
with bran mashes, which should represent the chief article
of diet about the expected day of foaling.

After foaling the mare may be fed more liberally, for the
first few days with care, then gradually increased as all
risk of complications is past.

Foals are weaned about the fifth or sixth month, up to
this time they require little else than the mare’s milk, but
from now the diet should consist of grass, hay, and corn.
The principle of feeding foals may be shortly summed up—
give them as much as they care to eat. The general feel-
ing on the subject is to give as much as will support life,
and but little more. The absurdity of such & system cannot
too freely be condemned ; if the foal be underfed, it is

10—2
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impossible that it can ever grow into anything but a long-
legged, narrow-chested, light-bodied weed, utterly useless
for any purpose. No better example can be followed in
the matter of feeding foals than that set by the breeder
of blood stock. The effects of liberal feeding are here
wonderfully shown; a two-year-old thoroughbred horse is
as fully furnished as a half-bred one is at four or five years
of age; nothing but good feeding has produced this.

CALCULATION OF DIETS.

The following table gives the composition of all ordinary
articles of diet, and admits of the digestible constituents
being calculated. One or two examples of its working may
here be given.

Ezample i.—How much proteid matter is contained in
12 1bs. of the best meadow hay ?
11'7x12=140"4+100=1404 1bs.
Ezample ii.—How much of the proteid matter in 12 lbs.
of the best meadow hay is digestible ?
74 x12=88'8+100="888 lb.
Ezample iii.—How much proteid matter can a cow
obtain from 80 lbs. mangels ?
1°1x80=388'0+100="33 lb.
Ezample iv.—How much of the cellulose in wheat straw
is digestible ?
22 per cent.

Table for Calculating Diets.

This table gives the average percentage composition of
ordinary food-stuffs, also the percentage of each constituent
digested.*

* In this table, which is compiled from Wolff, the crude albumen
represents the total nitrogen-containing substances in the food.

The crude fibre in the first half of the table represents both cellulose
and lignin, in the second half of the table it represents pure cellulose
only. :

The nitrogen-free extract represents every substance not containing
nitrogen other than cellulose and fat.
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DISEASES CONNECTED WITH FOOD.

There is a large and important class of disease recognised
as being due directly or indirectly to dietetic errors. It is
one of the branches of preventive medicine where the
profession has been able to practically demonstrate its
usefulness to the public. There is much valuable work done
which passes wholly unrecognised, for the reason that it
does not appeal to the layman, but in the matter of feeding
animals on a rational basis and preventing disease, the
pocket is directly touched and a hearing and recognition at
once obtained.

The late Mr. Hunting of Durham worked out years ago
the problem of feeding large bodies of horses on a rational
basis. His principles were based on common sense, &
knowledge of digestive requirements, of the chemistry of
food, and the market price of produce. Following on his
lines, nearly all large bodies of horses employed in
commercial undertakings throughout the kingdom are
now fed.

To successfully feed horses it is necessary to understand
their physiological requirements and their anatomical
peculiarities ; to have a knowledge of the chemistry of
food, to understand the processes of digestion and assimila-
tion ; to be able, as only the trained eye can, to recognise
at the earliest moment deterioration or improvement in
condition ; to recognise the influence of work on condition,
and the influence of food on work; to understand the class
of food best suited to the class of work, and the amount
required by individual animals; in a word, someone is
required to express for the horse what it cannot express
for itself, and that person is the veterinary surgeon.

Some of the largest firms in the kingdom are now
leaving the entire feeding and management of their horses
in the hands of the veterinary profession, the results have
appealed to the pockets of shareholders and ratepayers,
and obtained that recognition which is so hard to get unless
they can be expressed in pounds, shillings, and pence.
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There is probably no factor in the whole list of disease-
producing causes so fruitful of trouble as errors in feeding.
This is not difficult to understand when an animal cannot
express its requirements, and where men feed them with
as little discretion as they feed themselves.

Further, in the search for disease-producing causes,
there is hardly anything so obvious to the trained mind as
bad food or errors in feeding, they can be demonstrated to
the layman, and good results at once obtained on their
being rectified.

The very nature of the food of herbivora points to the
liability to trouble. Vegetable food is prone to undergo
fermentation in the digestive canal, much more likely than
when the diet is purely an animal or a mixed one. The
words colic and horse appear to be held together by a
bond, which it has been the duty of the profession to
prove can be very largely destroyed by care and manage-
ment in feeding. .

Not only is a vegetable diet a fermentable one, but it
must also be remembered that feeding on grain is a purely
artificial condition. Herbivora were intended to feed on grass
and not on hay and corn; the introduction of corn into
their interior is not a natural state of things; in fact, their
feeding is as artificial as their existence, hence the reason
why digestive troubles are so frequent.

If the life of the horse is artificial, what term can we
employ to represent that of oxen, cows, sheep, and pigs?
Can anything be more repulsive than the Fat Show at
Islington ? We have previously described the methods by
which this condition of obesity is obtained, the absolute
freedom from excitement, repose, rich and unlimited food,
and no stone left unturned to stimulate the jaded palate!
Nearly the same thing is produced amongst a certain class
of horse, fat being mistaken for condition, whereas it is its
physiological antithesis.

What we have been endeavouring to show is that the
large class of digestive trouble met with aniong the
domesticated animals is the result of ignorance, and the
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artificial conditions under which they live. Some of the
artificial conditions are necessary and with care harmless,
while at least one is the outcome of the most powerful
factor in the civilized or uncivilized world, viz., fashion.

The diseases connected with food group themselves under
the following heads :—

Alterations in Quantity.
Conditions of Digestibility and Assimilation.
Conditions of Quality.

Alterations in Quantity.

It is rather a remarkable, though easily understood fact,
that very little of the happy mean exists in the feeding of
horses ; they are either underfed and overworked, or over-
fed and underworked. Which it is to be depends upon the
purse of the owner and the class of horse. It is only in
business and commercial undertakings, where the question
of feeding large numbers of horses causes the matter to be
inquired into, that the food supply is not less than nor
greatly in excess of requirements.

Excluding entirely from consideration racehorses and
hunters, it may generally be said that the horses of all
people of means are overfed. There is a constant desire on
the part of those in charge to cram them with food, in
order to produce that rotundity of barrel and sleekness of
coat 8o pleasing to the eye.

The racehorse and hunter represent another artificial
class, which cannot be too highly fed ; immense muscular
effort is required, and this can only be met by unlimited
food given with sound knowledge and discretion.

The army horse at home is well fed for the amount of
work expected ; it does not err on the side of extravagance
excepting in one respect, and that is feeding on long hay
instead of chaff.

In India the diet of the horse used for military purposes
is often seriously defective, and quite unsuited to the climate.
‘What would English horse owners think if they had to feed
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their animals entirely on beans or peas! This is the
condition existing in some districts, due to the fact that
there is no other grain available in sufficient quantity; but
the case is an ideal one for a mixed diet, as beans and peas
are excessively nitrogenous, and greatly deficient in carbon.

An excess of food leads as a physiological result to a
deposition of fat in various parts of the body ; as a patho-
logical result it may produce a febrile condition, with liver
and blood derangement, especially when the excess is due
to proteid.

In the intestinal canal the excess of food may be got rid
of by diarrheea, or it may lie in the digestive tract and
ferment, producing toxines which possibly are responsible
for the disordered condition of the blood, and the inflam-
mation of the lymphatic vessels of the limbs, conditions
which egpecially occur among the overfed heavier breeds of
horse.

Diarrhcea is by far the most favourable condition to be
present, the excess is eliminated, and the animal’s tem-
perature falls. But the excess may be stored up in the
bowels, producing obstinate constipation, with its attendant
pain. This may be greatly aggravated by tympany the
result of gas generated during the putrefactive processes.

In poisoning by excess of proteid the feetor of the dejec-
tions may be intolerable, while the urine is coffee-coloured,
and contains an excess of urea.

But perhaps the most remarkable condition produced is
that known as Azoturia, where the animal drops from
sudden paralysis of the hind-quarters, with a blood-
coloured urine due to methemoglobin, showing the
profound changes which are occurring in the red cells as
the result of an excess of proteid in the system.

An excess of starches and fats produces much less urgent
symptoms ; the pampered carriage horse is a good type of
the class; fat deposited in every available place, heart,
abdomen and subcutaneously, with a friable liver and fatty
heart muscle, due to nothing else but excess of food and
too little work. This though a pathological condition in
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the horse, is aimed at in the case of oxen, sheep, and
pigs.

Excess of food, quite apart from the conditions mentioned,
predisposes to certain diseases. It is the fattest horses
which are first attacked by anthrax, the poorer animals
may entirely escape ; it is the oxen brought suddenly from
poor to rich pastures which may contract symptomatic
anthrax. It is the fat horse that suffers from laminitis,
pneumonia, and pulmonary apoplexy,—not entirely because
he is fat, but because he cannot be fat and ¢ in condition.’

Overfeeding, as we have indicated, may be limited to one
food constituent, proteid, fat, or starch; but apart from
this overfeeding may be confined to one particular food.
Take for example ¢ green food ' obtainable at certain times
of the year, and of which the dry fed horse or ox is neces-
sarily inordinately fond. If not given with discretion,
mixed with hay, or only small quantities allowed to begin
with, nothing is more common than stomach and intestinal
trouble. Both animals will suffer from tympanites and
intense pain, frequently followed in the horse by actual
rupture of the viscera from the evolution of gas, or even
asphyxia from the pressure exerted on the lungs.

Deficiency of Food very early shows itself ; theoretically
the deficiency may be in any of the proximate principles,
viz., proteids, fats, carbo-hydrates or salts, practically it is
found the deficiency extends to all the food elements.

It can be ascertained experimentally that the deficiency
of starch is better withstood than that of fat, and fat better
than proteid, but as we have shown all of these are required
in a properly balanced diet, and cannot be done without,
though the absence of proteid is felt much earlier than
either of the other principles.

When animals are gradually starved it may be brought
about by two conditions, either insufficient food, or insuffi-
cient food for the amount of work performed. Inasmuch
as horses are not kept to look at, these two conditions are
generally combined, but it is useful to bear in mind the
enormous influence of work on insufficient food.
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It is the nervous system which suffers before the
muscular in acute cases of starvation or semi-starvation ;
there is languor and extreme muscular weakness some time
before the muscles show any serious reduction in bulk;
but when presently both the stored up fat and muscles are
being utilized for the body requirements, the loss of condi-
tion i very rapid, the animal ¢ melts away,’ and if this be
continued for many days—the number varying entirely
with the previous state of health or condition—the horse is
reduced to a pitiable plight, haggard, worn, anxious expres-
gion, ‘tucked up,’ so weak that he can almost be pushed
over with the hand, and the prostration so great that
should he fall he has not the strength to rise.

It is only in military service, and in time of war, when
the condition described is likely to be met. It is not
necessary that all cases of semi-starvation should be
associated with such urgent and rapid symptoms. It is
entirely a question of the amount of work the animal is
called upon to perform on insufficient food. The loss of
flesh may be gradual, to the untrained eye at first imper-
ceptible, but as this continues there is a gradual look of
unthriftiness, a harsh feel of the skin, the fmces become
small and very often hard, the muscles of the quarters,
neck, and shoulders waste, the abdomen ‘ tucked up,’ and
later on the haggard expression of countenance.

When horses are suffering from a general deficiency of
food, there are certain diseases which very early claim them,
viz., glanders or farcy, and mange. The system possesses
no powers of resistance, and these diseases are then capable
of spreading with remarkable rapidity. Just as the
organism of anthrax prefers and seems to select out the fat
horse, so that of glanders and mange prefers the poor and
debilitated one.

It is & point of great practical importance to understand
the feeding of horses which have got low in condition. To
cram them with nitrogenous food is a grave error. Grain
passes away undigested, and only acts as an irritant : the
diet should, if possible, be grass, the natural food of the
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herbivora. Only gradually should they be brought on to
hay and oats, with or without a certain proportion of
linseed ; and in each case the grain should be prepared to
meet the weak digestion of the animal.

Sudden changes from poor to rich food should be most
carefully guarded against in all animals, it cannot be
assimilated, and does harm.

Notwithstanding the views which have been held in the
past regarding the effect on the skeleton of a deficiency of
salts in the food, it is probable that with an ordinary diet
no deficiency of salts exists. It is not conceivable that any
vegetable food as ordinarily supplied to adult animals is
deficient in salts, and the cause of bone softening or swelling
must be looked for elsewhere. With the growing animal
the matter is different, here salts are required in consider-
able quantity (p. 100), and a deficiency will certainly affect
the growth of the body.

Conditions of Digestibility and Assimilation.

The term digestibility is employed here in the sense in
which it is ordinarily used, viz., as indicating whether a
food agrees or disagrees with an animal.

Experience shows there are some foods which agree with
the system better than others; there are some which dis-
agree if given in too large a quantity, though they are
found valuable if given in proper portions. There are foods
which disagree because the animal is not used to them,
though by being gradually introduced into a diet they pro-
duce no derangement. There are foods which though per-
fectly suited to one class of animal disagree with other
classes.

Food is frequently described as rank and innutritious,
especially that given to cattle; both digestibility and
assimilation are here concerned. Hwmmo-albuminuria in
cattle has been attributed to this cause, especially when
the husk and fruit of the oak and beech form part of the
diet. Rank herbage and large quantities of turnips will
also produce diarrhcea and dysentery in cattle, while large
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quantities of coarse, dry, indigestible food, with a diet
containing insufficient roots, causes impaction of the third
stomach.

The age of food exercises considerable influence; new
hay and new oats are very properly objected to, as
they have not undergone the process of maturing which
being kept a certain number of months imparts, and which
experience shows adds to their digestibility.

Wheat as a food for horses has a bad name, perhaps it
is not altogether deserved. Horses are fond of it, and the
digestive trouble which has been known to follow its use
may have been due to the excessive quantity eaten, for it
may be laid down as a golden rule that no grain to which
an animal is not accustomed should at first be given in
anything but small quantities.

Laminitis following the use of wheat might equally well
have followed any other digestive trouble due to the intro-
duction of a new food in excessive quantity, considering
the sympathy existing between the alimentary canal and
the feet.

Both barley and maize are valuable horse foods, and
at one time each was blamed as producing laminitis and
intestinal trouble; but the remarks made regarding wheat
apply quite as strongly to barley and maize, which we
know to be really valuable articles of diet.

Green food will produce diarrhcea or more serious diges-
tive trouble, such as acute tympanites, with animals not
used to it; but, again, it is largely a question of quantity,
and in a short time with care the stomach and bowels
become perfectly tolerant. Rank herbage of any kind,
young grass and clover, grass consumed before the dew is
off it, or stale  grains,” are all causes of tympanites in
cattle.

In all the above cases, the food has disagreed owing to
mismanagement, and one has no difficulty in grasping the
fact. But it is not an easy matter to understand how a food
suddenly causes trouble to which a horse, for instance, has
for years been used, where the quantity received day after
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day has perhaps not varied more than a few ounces one way
or the other, where the hours of feeding, watering, and work
have been carried out with clockwork regularity, in fact,
where every condition has been present to ensure success,
yet one day it fails, and the animal is seized with colic
from no apparent cause.

Such cases are frequently met with amongst large bodies
of horses; the most careful enquiry fails to reveal the
slightest irregularity in stable management, and these cases
can only be regarded as due to some stomach or intestinal
cause, which suspended temporarily or completely the
digestion of the food, with the result that it acted as an
irritant. Whatever it is, the cause belongs to the animal
and is not outside it.

But there are conditions operating from without which
seriously affect the digestibility of food, and one, if not the
chief cause, is work. A hard day’s work may produce
colic; or work harder than usual, and especially if pro-
longed beyond the time the animal is generally worked for,
is a fruitful cause of colic, through indigestion. During
ordinary work both stomach and intestinal digestion go
on as usual, but during excessive or severe work, it is a
fair assumption that in animals which are not used to it,
digestion is affected. It may be secondary to muscular
fatigue, or concomitant with it, but digestion certainly
appears to be suspended, and the food in the stomach or
more particularly intestines sets up irritation.

Why this indigestion is produced is far from clear, it
may be from loss of fluid from the intestinal canal the
result of sweating and respiration, or it may be a pure sus-
pense of digestive action; but the important fact remains
that colic and work are intimately connected, and that is
why more cases of colic occur during the late afternoon
and night, than occur during the early part of the day.

The sympathy between the stomach and skin shows itself
in more than one way ; the peculiar condition known as
‘hide bound’in poor and unthrifty horses is universally
recognised, But there are distinct pathological conditions
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affecting the skin the result of digestive trouble; for
example, the irritation and often eruption shown by horses
too highly fed ; the sudden swellings of nettle rash, and in
India the acute eczema affecting horses, probably due both
to the highly nitrogenous food they receive, but also to
grass which they get in a wet condition at certain times of
the year.

A food may prove indigestible owing to its method of
preparation; the pea and bean class require crushing,
some even need boiling or soaking before they can be dealt
with. Parched barley is in some parts of the world the
only method by which the grain is employed, as it is found
in this condition to be better digested, and not pass whole
through the animal.

The continual use of ¢ grains’ for dairy stock is said to
ruin the system, and that two years of such feeding is
sufficient to destroy the health of any cow. Presumably
this condition is brought about through the digestive
system, probably as the result of the long-continued use
of an acid food.

Foods which have been {frozen, such as roots and
potatoes, are harmful to stock. We do not know the
chemical changes which have occurred as the result of
frost, but the effect is to render them highly indigestible or
even poisonous.

We have later on drawn attention to the influence of
certain foods, such as cabbage, on the taste imparted to
milk, and the ‘ropy’ condition which some believe milk
suffers from as the result of the use of tares as food. These
cannot, it is true, be regarded in the light of disease, but
they are conditions imparted by food, and may be con-
veniently noted here.

Conditions of Quality.

The quality of a food is affected by its mode of growth,
care in saving and preservation, its cleanliness, and the
inroads of animal and vegetable parasites.

If the land on which a crop is grown be poor in quality
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the produce will be in a similar condition; it will be defi-
cient in those constituents on which its nutritive value
depends. Oats, for example, with good manuring will pro-
. duce sixteen bushels for every bushel of seed sown, whereas
on poor land only five bushels are produced.

The character of the soil affects the quality of the crop,
oats grown on clay soil are superior to any others, while
rye flourishes best on a light sandy soil, and barley on a
good loam.

The age at which the crop is gathered exercises a pro-
found influence on the nutritive value, if the hay is cut
late much of its properties are lost, if cut too early it has
failed to reach the full extent of its value as fodder. Wheat
cut about a fortnight before it is ripe contains the most
proteid and starch, the bushel weighs heavier, and the
straw contains most nourishment ; if cut late the ear con-
tains more cellulose, a reduction in flour, and an increased
amount of bran.

The season is responsible for the quality of the food, wet
years are productive of parasitic diseases and delay in
maturing. Hay suffers seriously as the result of wetting,
as some of its most valuable properties are washed out of it
through being soluble in water.

The age of grain and fodder up to a certain time enhances
their value; all grain and fodder are indigestible if they
have not matured. There are certain chemical processes
occurring in new hay and grain after storing, which
remove such irritating properties as they possess, and
render the nutritive principles easier of digestion. This
seems to apply to all hay and grains, and many other sub-
stances, for instance, mangels.

Food badly saved through a wet season or other causes,
is a fruitful source of trouble; the material deteriorates,
becomes mouldy, important chemical changes occur to the
proteids and starches, rendering them unfit for food or
even poisonous. The risk which is run by feeding on
badly saved material entirely depends upon the extent to
which deterioration has taken place ; it appears to be less
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harmful with hay than with oats. The degree to which it
may become affected varies from a faint mouldy smell to a
mass of decomposing and offensively smelling material.

Hay and grains are not the only food substances which
undergo decomposition and produce disease. Roots and
potatoes are frequently given in an unsound state from
motives of economy, and produce symptoms either of
poisoning or extreme digestive irritation.

Cleanliness is an important condition of quality, stomach
and intestinal trouble is very common as the result of
dirty feeding; sand, gravel, and stones are found in bad
samples of corn. Gravel and sand frequently accumulate
in the large colon, the result of feeding on dirty grain, such
as the ‘cooltee’ of Southern India; colie, enteritis, and
impaction are in consequence very common. With army
horses and mules, sand and gravel in the intestines are
frequently met with among those living in the open; it is
taken in with the food, and frequently licked up.

A food may cause mechanical irritation without being
dirty, the awns of barley and of certain grasses, for
example, also undecorticated cotton cake, which is held
responsible for diarrhcea in cattle, and abortion in cows,
due to the irritation it is capable of producing when given
in large quantities.

Intestinal calculi are the result of the accumulation of
the phosphates of lime and magnesia derived from the
food, particularly bran and oats; the salts of these accumu-
late in the bowel instead of passing away with the fmces,
and form a caleulus around any foreign body such as a nail
or stone.

Oat hair calculi are formed from the fine but indigestible
hairs which are to be found covering the grain inside the
external envelope; in the bowel they are frequently mixed
with the salts of the food.

Millers’ horses had the reputation at one time of being
very prone to intestinal calculi, through being fed on
sweepings from the mill floor, with which were chips from
the grinding stones ; the chief cause of their trouble was

11
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due to feeding on large quantities of bran, which is produe-
tive of calculi from the amount of insoluble salts it contains.

To all these causes of dirty feeding may be added the
presence of nails, wire, needles, and other metallic sub-
stances mixed with the corn by accident. To such an
extent may these be found, that some large employers of
horse labour pass the whole of their corn over an electric
plate in order to get rid of them.

There can be no doubt of the great saving effected in
large establishments by thoroughly cleansing grain before
giving it as food. The small purchaser is not so liable to
obtain foreign bodies and dirt, as the larger consumer who
buys by the ton at a special contract rate.

PARASITES AFFECTING FOOD.

The fungi affecting food may broadly be divided into
those which attack the plant during its life (parasites),
and those which occur after its death (saprophytes). A
further division is into animal and vegetable parasites.

These organisms destroy the fodder or grain on which
they live. From an agricultural point of view the para-
sites or those which affect the plant during its life are more
gerious than the saprophytes which attack the crop after
it is gathered. From a veterinary point of view there is
little to choose between them; both may be equally
harmful, not necessarily to the animal but to the food,
which is either partly or completely destroyed. In many
cases not only is the food rendered uneatable but positively
harmful.

The principal Vegetable Parasites affecting the plant during
its life are Bunt, Smut, Rust and Mildew, and Ergot, while
those attacking the plant after its death produce mouldiness
and belong to the Mucor, Penicillium, and Aspergillus groups.

Bunt is a parasitic disease due to T'illetia caries ; it affects
wheat, barley, and maize. It is a disease very difficult to
detect in the early stage, and requires carefully looking for.
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The grain in course of time gets converted into a black or
olive-coloured greasy powder, of a fishy objectionable

odour.

Smut (Fig. 26) is a disease which attacks the flowering

heads of grasses and grains,
more particularly, wheat, bar-
ley, oats, and rye. It com-
mences as a white deposit,
but later turns to a black
mass. This consists of spores
of the fungus Ustilago carbo.
The effect of this fungus is to
completely destroy the flower-
ing head, so that the whole
ear disappears and nothing
but its framework is left. The
disease is very readily de-
tected, and unlike Bunt it has
no odour.

Rust and Mildew are pro-
duced by different stages of
the same parasite, known as
Puccinia graminis (Fig. 27).
It affects all grasses and
cereals, and is an extremely
serious disease from an agri-
cultural point of view.

The life history of the para-
site is complex and interest-
ing, it requires to pass through
two different host plants in
order to complete the cycle of

Fig. 26.—Smut of Oats (Fream).*

A, panicle of oats attacked from
below upwards; B, spikelet with
the fungus in an early stage of
growth ; C, free spores of Ustilago
carbo; D, spores germinating and
producing yeast-like buds.

its existence, and in each host it produces a distinct
disease; in fact, its behaviour is more like that of an

animal parasite.
The stems and leaves of all

grasses and cereals are liable

to be attacked in the early summer by yellowish-red lines

* ‘Elements of Agriculture.’

11—2
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and spots. The colour is due to the spores of the fungus,
which can be shaken off the leaf and are found to be of a
rusty appearance. These spores, known as uredospores,
are produced by the growth of a mycelium in the substance
of the -leaf, and should they get detached from the plant
by air currents or otherwise, and fall on members of the
grass tribe, these become infected with rust.

As the summer advances, the mycelinm on the leaf
which has been producing the orange-red uredospores, now

X:500

a3

Fig. 27.—Rust and Mildew (Fream). A, part of stem of oat plant attacked by
Puccinia graminis; B, Two of the blotches from A enlarged 20 diame-
ters ; C, Puccinia graminis within the stem, but near the surface, burst-
ing the cuticle at D, beneath which are seen the teleutospores ; E E,
Spores of Uredo lincaris, which sometimes surround the teleutospores of
P. graminis; G, Teleutospores germinating and producing sporidia at H.
These sporidia on germinating give rise to .Ecidium berberidis.

produces a second kind of spore; the reddish-yellow lines

and spots on the leaf give way to marks of a much darker
colour. Finally, the further production of orange-red
spores ceases, and only the second kind of spore is formed
from the mycelium. This is the condition known as
mildew.

This second spore, known as a teleutospore, is incapable

(unlike the first kind) of producing disease if placed on a

healthy plant, the fungus must pass through another plant
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before it possesses any virulent properties to the grass
tribe. It germinates, producing a small filamentous out-
growth which in turn bears usually four very small spores
of a third kind. These are known as
sporidia (Fig. 27, H). They are trans-
ported by the wind to another plant,
usually the barberry, in the leaves of
which the sporidia of Puccinia cause a
filamentous growth, or mycelium, which
bears a third kind of spore known as an
ecidiospore ; this placed on wheat or
grass infects them with rust.

The effect of the attacks of rust on
the stems and leaves is to divert the
nourishment in the plant, with the
result that the grain becomes shrivelled,
thin, and inferior, while the straw may
be quite unmarketable owing to its
colour.

Ergot (Fig. 28) is a fungoid disease
produced by Claviceps purpurea. It is
popularly supposed to attack only rye,
but maize, wheat, and grasses are also
affected.

Ergot is a horn-shaped, grooved body,
known as a sclerotium ; it is of a pur-
plish-black colour, often half an inch in
length, standing out prominently from
the flowering head of the plant. When
fully developed it drops out and lies
dormant in the ground from summer to
spring. The sclerotia then germinate, Fig. 28.—Spike of Er-
and put out small stalks each with a 8°tized Bye (Smith).*
rounded head containing sporangia with their spores
(Fig. 29). These when carried into the air again infect the
grass family, and so complete the cycle of their existence.

* ¢Disgeases of Field and Garden Crops’: W. G. Smith.
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Mouldiness is caused by indifferent saving or storing.

Grain and hay exposed to rain or damp, are liable to

undergo this change; they become

covered with moulds belonging to the

Botrytis, Penicillium, Aspergillus, Mucor

and Oidium groups (Figs. 80, 81, 82).

These fungi flourish on the nourish-

Fig. 29.—Ergots ger- ment in the food, while the latter

minating (Smith).  yndergoes important chemical change,

varying in degree from a mere trace of mouldiness, to a
decomposing dark mass of objectionable odour.

In consequence of
wet and damp the
grain darkens in
colour and sprouts;
its starch is changed

N into sugar, and its
chemical characters
for food purposes are
hopelessly altered.
Fermentation also
occurs, and as a result the temperature of the whole
mass is raised, and it becomes quite hot to the hand.

It is not neces-
sary for the pro-
cess to be carried
as far as described,
the grain may be
dealt with before
it reaches this
stage, and spread
out to dry, or even
dried artificially in
kilns, but it is
still damaged, and
both useless and
dangerous for food purposes. The drying gets rid of the
moisture, stops the fungoid growth, and prevents sprouting,

L]
Fig. 30.—Botrytis grisea (Boucher).

Fig. 31.—Penicillinm glaucum (Boucher).
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but it cannot repair the damage done to the grain. This is
dark externally, and on splitting it the flour is found
discoloured, the grain also has a peculiar smell known as
¢ foxy.’

With fodder the air drying will kill the fungi, and the
spores, which are often very irritating to the nostrils, may
be got rid of by shaking; but the hay has lost its true
aroms, and nothing seems to get rid of the faint mouldy
smell, even after prolonged exposure to air and sun. As
the result of fermentation the mass generally darkens in
colour, but this should not be confounded with the darken-
ing which results from fermentation in the stack, where
hay has been ricked too early.

Fig. 82. —Oidium aureum. B, Spores further magnified (Boucher).

As the result of mouldiness hay has lost much of its
nourishment, it is brittle, and though perhaps not so
dangerous as damaged grain, it is nevertheless innutritious.

Clover sickness is due to a fungus, Sclerotinia ciborioides,
which attacks the roots and stems of clover, the red clover
especially.* Once it finds its way into a field, no more
clover should be grown on it for some years. This disease
is only of interest to the agriculturalist.

The Animal Parasites affecting food are divided into those
attacking it during the life of the plant, and those which

* Journal Royal Agricultural Society of England, vol. lxiv., 1908:
H. Giissow. :
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live on it after it has been saved ; the latter are by far the
larger class.

Ear cockle, Purples or Peppercorn, is a disease of the ear
of wheat, oats, and rye, due to a nematode worm, Vibrio

tritici (Fig. 88), which enters the
grain and converts it into a gall
Externally the gall is dark in
colour, while its interior is filled
with a cottony mass consisting of
coiled up parasites.

The animal parasites attacking
food after the life of the plant,
were especially studied by Mégnin,
to whose researches, noticed in

F{ﬁ; 32;;5;3 ‘Cvg:g‘l:,( g}:i)z‘l'llfg Magne’s work, we are greatly
indebted.

Two kinds of parasite attack forage and grain, viz.,
insects and arachnidans. To the former belong Tenebrio
mollitor (Fig. 84) which infects forage, and T'. farina which
attacks grain. The latter is more serious than the former,
for the larve of the Tenebrio of grain live in the flour,
whereas those of hay do not live in forage. In both cases
they are very destruc-
tive and reduce the food
to powder. They are
actively assisted by Bos-
trichus longus, B. spero-
cephalus, and Ptinus fur
(Fig. 85); the larve of
all these develop in the

food, and are conse-
Fig. 34.—Tenebrio

mollitor, slightly  Fig. 35.—Ptinus fur, quently most destruc-
magnified (Magne (Magne tive.

‘ magnified
and Baillet). and Beillet). The Acari which live
on grain and forage belong to the genera Oribata, Gamasus,
Tyroglyphus, Cheyletus, Trombidium, and Argas. All these
are most destructive, while the Gamasus (Fig. 86) and two
species of Argas (Figs. 87, 88) cause such irritation to the
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skin of the horse, that they have been believed by some to be
capable of producing mange. This, however, is not correct.
The Acari reduce the food to powder, and what they do
not eat is soiled by their débris. They can easily be seen
by placing some of the
material on black paper.
Fortunately they are them-
selves exposed to the
attacks of an enemy Psocus
pulsatorius and veloce, both
of which actively pursue
and destroy them, and at
the same time do no
damage to the food.
The weevil, Calandra
gramina, is a very common Fig. 36.—Gamasus fenorum, magnified
pest of grain; it is most (Magne sud Baillet).
destructive, reducing it to an empty shell. Weevils are
generally found in grain which has been kept for some
little time.
The cffect on animals partaking of food affected with vege-

Fig. 38.—Small white argas,
Fig. 37.—Small yellow argas, magnified (Magne and
magnified (Magne and Baillet). Baillet).

table parasites is by no means regular ; they may produce
intestinal disturbance, kidney trouble, and even death, but

whether it is due to the fungus, or to chemical changes in
the grain does not appear clear ; Boucher attributes it to
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the fungus, and figures Oidium aureum (Fig. 82) as having
killed a horse. Varnell* killed horses in thirty-six hours
with mouldy oats, paralysis both of the tongue and hind-
quarters being the most prominent feature. Enteritis was
also found to be present on post-mortem examination.

Ordinary mouldiness of forage has produced the same
symptoms, and Gamgee describes an epizodtic disease in
Scotland due to mouldy grass, which produced acute
stomach and intestinal trouble, cerebral derangement, and
paralysis. Acute stomach tympany has been observed in the
horse as the result of mouldy grass.t 1In all these cases
the amount of poison swallowed was probably considerable.
In small doses, as in partly damaged corn, the chief
symptoms appear to be referred to the excretion of urine,
which is greatly increased in amount.

Loss of condition will naturally always accompany long
continued feeding on damaged food, owing to its defective
state.

Bunt and Rust do not appear to produce any special
form of disease, though it is said the spores of rust have
occasioned serious disease in lambs.}

Ergot is popularly believed to produce a special group of
symptoms, accompunied in pregnant animals by abortion,
and in others by sloughing of parts of the body. It is
stated§ that ergotized food produced a curious disease in
Germany in 1841, affecting the white portions of horses’
gkins which became gangrenous, while the dark portions
remained unaffected. Varnell and others have recorded
the same fact, 8o it must be accepted as correct.

On the other hand, all experiments made with ergot
appear very disappointing ; sheep and cows have been fed
daily for months on large quantities of the fungus without
producing any effect. Perhaps horses are more susceptible

* Veterinary Record, vol. vi., No. 24.

1 Quarterly Journal of Veterinary Science in India, vol. ii.,
No. 5.

1 N. B. Agriculturist, 2nd September, 1880.

§ Veterinary Record, vol. xi., No. 24.
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to ergot than ruminants ; it is quite certain there are some
poisons which affect ruminants and not horses, and vice
versd.

HARMFUL AND POISONOUS FOOD SUBSTANCES.*

It cannot be pretended that a complete list of harmful
and poisonous food substances, or plants accidentally
gathered with the food, is here presented. It is a very
special and complex subject, requiring the united efforts of
the chemist, botanist, and veterinary surgeon, in order to
fully elucidate the principal points, and one may say the
whole subject is at present in its infancy.

In the case of well-known poisonous plants such as
aconite, belladonna, hemlock, ete., it is not suggested these
are used as food, but that they may be accidentally mixed
with forage by growing on the land from which it has been
cut, or what is more commonly the case, actually gathered
by the animal in the process of grazing.

This brings up a point which is universally recognised,
that animals when grazing are most liable to poisoning at
those seasons of the year when herbage is scarce, or at the
spring of the year when plant life is coming once more into
activity. This holds true for every country. Likewise the
rule that animals constantly pastured on dangerous ground
learn from experience what to avoid, while new comers fall
victims.

Perhaps the best known poisonous plant in Great Britain
is the Meadow Saffron, Colchicum autumnale (Fig. 89). Itis
found wild in many parts of England, and may be recognised
by its subterranean bulb-like stem, more properly termed a
corm, from which rises late in the year a light purple, some-
what spotted flower on an almost leafless stalk. The leaves
do not appear till the next spring; they are elongated,
sword-shaped, with somewhat sheathing petioles. The whole
plant is poisonous, whether fresh or in the dried condition.

Colchicum is sometimes called the Autumn Crocus. It

* My best thanks are due to Dr. J. R. Green, F.R.S., for notes and
suggestions in the preparation of this section.
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differs from the true crocus in having six stamens and a
superior ovary—that is, an ovary hidden by the bases of
the floral leaves which arise below it. Colchicum causes

Fig. 39.—The Meadow Saffron (Colchicum autumnale).

gastro-enteritis, diarrhcea, and hematuria, and appears to

be poisonous to all animals.
The Natural Order Umbelliferce includes many poisonous

plants.
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They have many characters in common, the order being
characterized by its large, much-divided leaves, often
sheathing at their bases, and their large compound umbels
of small white or yellow flowers.

Fig. 40.—Hemlock (Conium maculatum).

Prominent among the poisonous members of the order
is the Hemlock, Conium maculatum (Fig. 40). The stem
of this plant is green, but freely sprinkled over with large
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purple blotches. When bruised, the leaves and other soft
parts of the plant emit a disagreeable odour resembling
that of mice. The fruit of the plant is characteristic ; it
is somewhat globular, tapering upwards to a blunt apex,
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Fig. 41.—Fool’s Parsley (&Ethusa cynapium). = B v

and marked on each side by five corky ridges running from
base to apex. The fruit contains no oil glands.
The active principle of the plant exists in largest quantity
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in the fruits. It is an irritant and subsequently narcotic
poison, its effects culminating in muscular paralysis with
convulsions.

Fig. 42,—The Cowbane (Cicuta virosa).

The Hemlock is sometimes confused with the Fool's
Parsley, Zthusa cynapium (Fig. 41), which is not nearly
so poisonous, though there are instances recorded of its
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possessing deleterious properties. It can be distinguished
by the bluish-green colour of the leaves, and by the fact
that each of the small simple umbels which unite to form
the compound inflorescence has three narrow pointed bracts
projecting vertically downwards from it. These give the
inflorescence a very distinctive appearance.

The deleterious properties of this plant are denied by
some, and it is said Linneus gave it to cows, sheep, and
horses, without apparent injury.

The American Water Hemlock, Cicuta maculata, is
extremely poisonous, and is responsible for the bulk of
sheep and cattle poisoning in the United States.* Both
the leaves and rhizomes are virulent; the latter smell of
parsnips with a slight addition of musk. A piece of the
Oregon Hemlock the size of a Walnut will kill a cow. The
poison is a toxine and not an alkaloid.

The English species of this genus, Cicuta virosa, the
Cowbane (Fig. 42), is found growing in moist places, gener-
ally by the edges of ponds or ditches. It has a large fleshy
rhizome containing a yellow opalescent juice, and peculiar
in being hollowed out into several chambers in its interior.
The stem is furrowed and bears flowers and fruit of the
typical Umbelliferous character, the fruit being marked by
the teeth of the calyx projecting above it. The poisonous
properties resemble those of Hemlock.

The genus (Enanthe has several poisonous species.
The most prominent of these are (E. crocata and . phel-
landrium, both often called Water Dropwort. The former
(Fig. 48) is the more virulent, the poisonous properties re-
siding chiefly in its fleshy tuberous rhizomes which somewhat
resemble parsnips. The plant is often about four feet high,
and its leaves, though much divided like those of Hemlock,
are larger and the segments coarser. The acid sap of the
succulent part turns!yellow on exposure to air. (&. phel-
landrium frequently grows in water, and its rhizomes are
then long and slender. The segments of the leaves are

* (Poisonous Plants,’ by V. K. Chesnut, Year Book, Department of
Agriculture, U.8.A., 1800.
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smaller than those of the other species; they are some-
times submerged and then become long and thread-like.

Another species, (. fistulosa, has hollow stems and
hollow leaf-stalks, bearing only a few segments at their
summits.

Fig. 44.—The Deadly Nightshade (Atropa Belladonna).

Chesnut, in the article already referred to, draws atten-
tion to other poisons resembling that of Hemlock, found
in the Heath family, Ericacee, very poisonous members of
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which are ‘sheep laurel,” Kalmia angustifolia, and ‘Calf
Kill,” Leucothe Catesbei.

P?Several poisonous plants are met with in the same
natural order as the potato (Solanacec). The best known

Fig. 45.—The Bitter-sweet (Solanum Dulcamara).

of them is the plant which yields belladonna, Atropa
Belladonna (Fig. 44). It grows generally on chalky soils,
and on the waste ground near ruins. It is a perennial
herb, dying down every autumn. The leaves are ovule
12—2
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and glossy with a peculiar heavy odour. The flowers are
bell-shaped and purple in colour; the fruit is a berry of
brilliant black colour, about as large as a cherry.

Another member of the order, the Bitter-sweet, Solanum

Fig. 46.—The Henbane (Hyoscyamus niger).

Dulcamara (Fig. 45), grows in hedges, scrambling among
the twigs. The plant has a long slender stem, bearing
leaves with ear-like appendages and long cymes of purple
flowers. The yellow anthers project in cone-like fashion
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from the centre of the corolla. The fruits are clusters of
bright scarlet berries. Another species, S. nigrum, is found
upon waste ground ; its fruits are black.

The Henbane, Hyoscyamus niger (Fig. 46), is another
member of the same group. It is often found on waste
ground or rubbish heaps, and is occasionally met with by
the sea-shore. It is a densely leafy plant with a very
sticky surface, due to exudation of resinous matter from the
hairs which cover it; it has a peculiar aromatic odour.
The stem grows to a height of about one to two feet. The
flowers are borne all on one side of the floral axis and are
yellowish-gray, marked by a network of purple streaks.
The fruit is dry, and is enclosed in a persistent calyx which
grows somewhat after the corolla falls.

Other members of the family are Stramonium (Datura
stramonium) and Tobacco (Nicotiana tabacum). Even
potatoes have been suspected at times of producing poison-
ing ; but the alkaloid is mainly contained in the leaves and
flowering heads, which are poisonous and should never be
used for stock.

The Natural Order Ranunculacee includes several plants
which are poisonous. Among them the most conspicuous
is the Aconite, Aconitum napellus (Fig. 47). It grows to
a height of about three feet, the stem springing from an
underground rhizome or root-stock which is fleshy and
much resembles the root of the horse-radish. The leaves
are much divided, and the flowers, which grow in long
upright racemes, are pale-blue in colour. They are very
irregular in construction, the calyx being the showy part,
while the corolla is represented by two long-stalked
glandular structures hidden below the largest of the
sepals.

The Hellebore, Helleborus niger, is another poisonous
member of the family. Four species of Ranunculus, R.
sceleratus, R. acris, R. flammula, and R. lingua, are described
as irritating to the digestive canal, producing tympany,
colic, inflammation, and, in certain cases, death. The
Upright Buttercup, Ranunculus acris, if in abundance in a
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pasture, may cause horses and sheep to scour. It is very
acrid, and produces inflammation and ulceration if applied
to the skin. These plants are much more irritating in their

Fig. 47.—The Aconite (Aconitum napellus).

green state; drying robs them, and many other irritating
and poisonous plants, of their deleterious properties, so that
when mixed with hay they are often harmless.
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Actea spicata is generally avoided by animals, but when
partaken of is poisonous. In small quantities it diminishes
the secretion of milk.

The Anemone group contains many poisonous plants,
which produce dysentery and hematuria if taken in any
quantity. Clematis flammula and wvitalba both produce
vesication of the skin in the green state, but lose this
property on drying.

Gratiola officinalis is very poisonous both in the green
and dry state, producing enteritis and purging. Cori-
aria myrtifolia and Fritillaria meleagris and imperialis,
are all irritant poisons. Rhus coriaria produces great skin
irritation, and Allium, Crow garlic, contains an irritating
powerfully smelling essential oil, which in large doses
causes death. The smell of this oil may readily be dis-
tinguished in the excretions, and also in the milk.

The genus Euphorbia furnishes many members pos-
sessing markedly poisonous properties ; dogs’ mercury, for
instance, causes inflammation of the bowels and diarrhcea
in both sheep and cattle; horses are also affected, but it is
said they generally avoid it.

Chesnut* describes the Larkspur as poisonous, and says
this view is held by the majority of stockmen of the north-
west of the United States. There are six hurtful species,
they produce symptoms resembling aconite poisoning. The
antidote is atropine hypodermically, and potassium per-
manganate by the mouth.

The same author refers to the poisoning produced by
the Death Camas, Zygadenus venenosus ; this is a poisonous
bulb which looks like grass when young, and resembles
the poisonous Tulp of South Africa, though the plants are
different botanically. The Camas affects all animals but
more particularly sheep.

Corn Stalk disease, Chesnut tells us, is not understood ;
cattle get affected by grazing on maize crops after they have
been reaped, but whether it is an insect or a fungus which is
toblame has not been determined. Green Sugar-sorghum may

* Op. cit.
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also cause poisoning, but the cause is unknown. It appears
to be limited to the second growth. Davy?* refers to it
and tells us Sorghum vulgare (Kaffir Corn) is capable of
doing the same thing. A poisonous enzyme is probably
the cause. Chesnut suggests it may be in the blossom
that the poison resides, as in the Guinea Corn of Bar-
badoes.

Bouchert describes both the grain and straw of buck-
wheat as dangerous, he says it produces symptoms resem-
bling Darnel poisoning, and causes swelling of the head.
In England buckwheat has been blamed for affecting the
eyes. The same author draws attention to the effect
produced on milk by the leaves of the Boxwood and Spruce
laurel, which he says are not poisonous but impart an
abominable taste to the milk. The leaves of the Walnut
and Buckthorn he states arrest the secretion of milk,
while those of the Beech, Ash, Hazel, and other trees,
produce constipation and hemoglobinuria.

The fruit of the oak and beech trees are blamed for pro-
ducing h@mo-albuminuria and impaction of the third
stomach in cattle, while the young shoots of resinous trees,
as well as the acrid ranunculus and colchicum, are believed
to produce ¢ Moor-ill.’

Boucher describes the peculiar disease resulting from
feeding cattle on the pulp of Beetroot after sugar extraction.
He speaks of it as the Pulp Disease, and describes it as due
to a fungus growing on the fermentable mass; it causes
intestinal irritation, diarrheea, and death. He also
mentions the eczema, known as Pulp Eczema, due to feed-
ing cattle on potato pulp, after the extraction of the starch.
He describes skin eruption, tympany, abortion, .and
paralysis as following the excessive use of Distillers’
grains.

South Africa has a bad reputation for poisonous plants,
but beyond ‘ Tulp’ very little is known of them. Davy

* ¢ Cattle Poisons of the Transvaal,’ J. B. Davy, F.L.S., Transvaal
Agricultural Journal, No. 5, vol. ii.
t+ Hygiéne des Animaux Domestique.
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has recently® drawn attention to several which are harmful,
but there is yet much more to learn about them. Farmers
and natives of equal experience are not fully agreed as to
which are the poisonous varieties, and this is due mainly to
the fact that there are often several species of the same
plant, some of which may be harmless while others are
noxious; for instance, there are no less
than forty-five species of ¢ Tulp,” and the
number of these which is poisonous is un-
known.

Meliga Dendroides, the ‘Dronk-gras’ of
the Dutch, possesses well marked poisonous
properties, causing giddiness and intoxica-
tion, the symptoms resembling Darnel
poisoning. Davy states it is probably a
species of Equisetum or Horse tail, a well-
known poisonous grass in America and the
Continent of Europe. Magne refers to the
genus as being very poisonous and producing
hematuria. Boucher says the Equisetum
palustre (Fig. 48) is poisonous under certain
unknown conditions, and that it produces
symptoms resembling alcoholic intoxication.
It is this property which has caused the
Boers to give it the name of ‘ Dronk-gras,’
and it is conceivable the European and
South African plants are very closely allied.

Darnel, Lolium temulentum (Fig. 49),
known in Europe and America for its
poisonous properties, has now been intro-
duced into South Africa with seed-grain. In f;;&;‘:‘sﬁﬁﬁ‘
appearance it is very like Rye grass, but '
the glumes or scales which enclose each spikelet of flowers
are as long as or longer than the whole spikelet ; for years
the seeds have been known to be poisonous, but the risk run
must be small, for Magne quotes experiments by Grogner,

* Op. cit. 1 am greatly indebted to Mr. J. B. Davy, Government
Botanist to the Transvaal, for information on this and allied subjects.
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who found that Lolium was only poisonous to horses in con-
siderable doses, two to six pounds, more than is ever likely
to be obtained by ordinary grazing or in hay. The poison
is known as Temuline and is said not to affect oxen, but
poisons other animals, including man. It produces vertigo,
and symptoms of loss of co-ordination.

Fig. 49.—Darnel (Lolium temulentum).

These are not the only poisonous grasses. Bromus
catharticus is & purgative, Festuca quadrivalvis, a grass grow-
ing in Peru, and the Molinia ccerulea, a common upland
grass in Europe, are both poisonous to cattle. In Mongolia
a species of Stipa intoxicates horses, while in New Mexico
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Stipa viridula var. robusta, locally known as ¢ Sleepy Grass,’
throws animals into a& profound stupor for twenty-four
hours or more; they recover from this, and will never
again partake of the grass.*

The Oleander, Nerium oleander, a shrub very common in
South Africa is excessively poisonous ; both the leaves and
wood contain an active principle which is allied to Digi-
taline. A single tuft of the leaves will kill a horse. The
oleander of India is equally poisonous, and frequently used
for criminal purposes.

The Rhododendron and Laurel are both poisonous to
animals; the former produces drowsiness, stupor and death.
The Laurel, especially the variety known as the Cherry
Laurel, contains an oil rich in prussic acid. The principal
symptom is convulsions ; the antidote is atropine if the case
can be seen in fime.

Tulp, Homeria pallida (Fig. 50), though commonly spoken
of as a grass, belongs to the Iris family. When first
growing it looks exactly like grass, and as it appears early
in the spring before the ordinary grass has time to grow,
it is frequently partaken of by horses and cattle.

It prefers low lying ground where it gets the needful
moisture, and grows one and a half to two feet high. The
common variety has a yellow flower, other species, of
which forty-five are known, have blue or lilac flowers.

Both leaves and flowers are poisonous, the symptoms
rapidly appear, great abdominal pain, excessive tympany,
and death soon occurs. In cattle the eyeballs are retracted,
which is regarded by South African farmers as indicative of
the trouble.

The treatment which has given the best results is rapid
purging by means of Eserine.t The Zulus administer the
corm of the plant after burning it; this probably acts by

* Professor MacOwan, Agricultural Journal Cape of Good Hope,
1892,

+ A. S. Head, Lieut., A.V.D., ‘The Wear and Tear of Horses
during the South African War,’ Jnl. Comp. Pathology, vol. xvi.,
Part iv. '
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means of the alkali it contains, as soda carbonate has been
given with good results.
Dichapetalum cymosum (Fig. 51), known to the Dutch as

Fig. 50.—Yellow Tulp (Davy). 1. Flowering Stem; 2. Corm ; 3. Raceme;
4. Flower laid open ; 5. Style and anther, showing style-tips.

Gift-Blaar (which only means poison leaf), is a plant common
in certain parts of the Transvaal, and exceedingly poisonous
to cattle, but not to horses as far as our observations go.
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Davy, who has carefully described and figured it, gives
clear directions for preventing confusion with two other
plants very like it in appearance which are non-poisonous.
The true Gift-Blaar has a leaf green on both sides, and
placed alternately on the stem; the flower is white and
fragrant. The pand apple, Parinarium, with which it has
been confused has a leaf green on one side, and yellowish-
white underneath, this part being covered with a dense wool.
The Fadogia, the second plant with which it has been con-
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Fig. 51.— Dichapetalum cymosum (Davy), two-thirds natural size.
1. Underground stem ; 2. Surface of soil ; 3. Flower.

,/, ity

fused, has the leaves placed opposite in two’s and three’s at
each joint on the stem, the flower is green, and scentless.

The symptoms presented by animals are those of strych-
nine poisoning, and as a rule they die before they can
receive attention. Mustard and coffee have been recom-
mended as remedies, but very little is known of the
subject.
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Klimop, Cynoctomum Capense, is another poisonous
South African plant which also produces symptoms closely
resembling tetanus, finally followed by paralysis. The
disease has been fully described,* and one is struck by
the extraordinary clonic muscular spasms and convulsions.
The muscular contractions are so great that in the early
stage the animal may be unable to get the heel to the
ground, and may have to progress on the fetlock; finally
it is unable to walk or rise, and general convulsions begin.
The convulsive stage may last seven days, and the paralytic
stage even longer. Dr. Hutcheon has seen the symptoms
set in in half an hour after ingesting the poison.

*Loco’ disease, seen in California, is caused by the
‘loco’ or ‘rattle weed,” Astragalus lentiginosus.

This is a leguminous plant similar to Lucern in appear-
ance ; it produces bladdery pods in which the seeds rattle
when ripe. No animal eats it willingly until compelled by
drought. Both cattle and horses are affected by it, but it
takes more to poison cattle.

The symptoms are mainly nervous, in the first stage
hallucinations, if the horse is taken up to a very low rail
he jumps it as if it were four feet high. Later he is seized
with mania, rears, runs into anything, the eyeballs are
turned up so that only the sclerotic shows. The least
excitement brings on these convulsive fits, and especially
water, so that the animal may fall and drown in a depth of
two feet. Finally it dies worn out by constant nervous
excitement, and often showing towards the end violent
pain. Death may occur in three days or three weeks, or in
rare cases recovery may take place. A somewhat similar
disease is found in Colorado and New Mexico.t

A leguminous plant in South Africa, Lessertia annularis,
is poisonous to sheep and goats: the animal is unable to
co-ordinate the movements of its limbs, the head wags
helplessly backwards and forwards, and in severe cases the

* D. Hutcheon, F.R.C.V.8S., Agric. Journal Cape of Good Hope,
vol. xxiv., No. 4.

+ U.S. Agricultural Report, 1886.
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animal soon dies.* Much the same symptoms are pro-
duced by the Australian poison pea, Gastrolobium bilobum.

Slang-Kop, or snake-head, is a South African poisonous
plant, the root being either & bulb or a corm. Nothing
definite is known of the Transvaal plant, that in the Cape
18 Ornithoglossum glaucum. It is called Slang-Kop by the
Dutch from the fancied resemblance of the flowers to the
head of a snake. It is said to be particularly dangerous to
sheep and goats.

The Yew tree, Taxus baccata (Fig. 52), has been known
from very early times to be poisonous to animals, yet in
spite of this and its relative frequency there are many
questions connected with it which are not universally
decided. It has, for instance, been doubted whether both
the male and female trees are poisonous, and whether the
bark as well as the leaf, or the dried leaf as well as the
green one, are toxic.

All these points have been answered in the affirmative in
an important communicationt made a few years ago; at
the same time it was pointed out that there is evidence to
show that of the three species of yew all are not equally
poisonous ; also that the young leaf is not as poisonous as
the old one, while the fleshy substance of the berry, it is
universally agreed, is non-poisonous, and the seeds of the
berry only slightly so.

The poisonous principle has been named tazine; very
little i8 known about it, and it has never been obtained in
a pure state. Taxine is insoluble in water and alcohol, but
soluble in ether; the different species of yew contain a
variable amount of the poison, which may account for the
fact that feeding experiments have been known to fail in
producing poisonous symptoms, even when large quantities
have been given.

* Professor MacOwan, Agricultural Journal Cape of Good Hope,
1887.

t *Yew Poisoning ': Journal of the Royal Agricultural Society,
8rd Series, vol. ii., Part iv., 1892, from which the facts here recorded
have been obtained.
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Professor Cornevin, of the Lyons Veterinary School,
experimentally determined the amount of yew leaves
required to kill an animal, which was as follows :—

Horse, ass, and mule, 25to 81 grains per kilo (2'2 1bs.) of body weight
Oxen, sheep and goats 156 to 186 ,, ” “ " ”
Plg e ee ... 46 " 1) 9" " ”

Fig. 52.—Yew Tree ( Taxus baccata).

Death follows so quickly, that, excepting as the result of
experiment, the symptoms are rarely observed. Muscular
tremors, especially of the croup, and frequent emission of
urine have been observed. In the horse a period of excite-
ment, followed by coma, is frequently absent, though
generally present in other animals. Pigs vomit, and cattle
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become tympanitic, but there are no symptoms character-
istic of the poison.

On post-mortem examination twigs and leaves of the
yew are found in the stomach, and it is said that a swollen
and yellow condition of the liver are indicative in cattle of
yew poisoning.

A shrub in India, the Arbor vit®, Biota orientalis, is also
very deadly ; it is sometimes given to horses with their food
to improve ‘condition.” The berries of the Bead Tree,
Melia azedarach, known in the Transvaal as the Tame
Syringa, have been identified by Davy as the cause of
cattle poisoning.

The Beech nut, Fagus sylvatica, is used on the Continent
of Europe as a cake for feeding cattle, to which it can be
given largely with good results, but so poisonous is it to
horses, that Wolff says a pound or two of the cake suffices
to kill any horse eating if.

The grass known in India as Spear-grass, to the Boers as
Stik-gras, and in America as Porcupine or Needle-grass, is
blamed for causing disease of the rumen owing to the
sharp awns. These are said to even pass through the
wall of the stomach in sheep, but we are not aware of any
literature on the subject.

There can be no doubt that spear-grass irritates the
mouth of horses, the sharp barbs penetrate the mucous
membrane, and there appears to be no reason why this
should not also occur in the rumen.

A very poisonous leguminous grain imported from India,
has within comparatively recent years been brought
prominently to the notice of veterinary surgeons and horse
owners in England, owing to its highly poisonous pro-
perties. Lathyrus sativus, commonly known as mutters,
contains & poison which produces spasm of the glottis in
working horses. The poison is evidently a cumulative one,
as it requires a few weeks of Lathyrus feeding to produce
the symptoms.

In the stable the animals look in perfect health, but
when put to work the most remarkable dyspncea occurs

18
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frequently followed by asphyxia. A lathyrus - affected
animal is generally worse on a cold wet day. It takes
some weeks before the poison is eliminated, during which
time the animals must not be put to work.

The lathyrus seed is small and mottled, and its charac-
teristic shape is that of a short, blunt wedge. It bears a
dark band along the margin of the wedge.

Lupine, another leguminous plant, is largely grown on
the Continent of Europe owing to its very nutritious nature,
but only sheep can partake of it. It is poisonous to horses
and cattle, and even sheep suffer at times if the quantity
given be too large. It has always to be mixed with some
other fodder.

The poison is known as lupinotoxin, and appears to be
produced as the result of some peculiar fermentation, either
during the life of the plant, or after it has been saved.
Steaming the hay for some hours under pressure renders it
wholesome, presumably by killing the ferment.

Boucher says that lupines produce inflammation of the
digestive tract, and gradual cachexia.

The blackish wrinkled seeds of corn-cockle, Githago
segetum, sometimes found mixed with oats, are said to
possess injurious properties, though we have no personal
experience of their ill effects on horses.

Potato Poisoning.—For some time it has been recognised
that roots and potatoes which have undergone change,
either as the result of frost or from ordinary decomposition,
are very liable to give rise to symptoms of poisoning.

At present we are ignorant of the toxic substance pro-
duced, or whether there is more than one formed under
different conditions; it is certain damaged roots and
potatoes may at times be given without producing harm,
while at others they are productive of mischief.

One thing is clear, that potato poisoning from alkaloid
substances, probably generated by bacteria or fungi, is well
known to exist, for the poison is in no way removed by
steaming the potatoes, which is evidence that the substance
in all probability is not of the nature of an organism.
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Such cases have been recorded by McFadyean* and
O. Williams,+ and experiments made by the former showed
that poisonous symptoms occurred about 10 days after
giving decayed potatoes. Loss of muscular power and
inability to rise were the prominent and persistent
symptoms.

Mineral poisoning through food is not common, but is
represented by Brine poisoning in the pig and Lead poison-
ing in cattle.

Brine poisoning is due to this material being used from
the pickling tubs in the preparation of pig's food. The
brine mainly consists of common salt and nitre ; it produces
in excess diarrhcea, vomiting, abdominal pain, blotches on
the skin resembling bruises, while the tongue becomes of a
brilliant red colour.

Lead poisoning is due either to metallic lead being
ingested during grazing, as in the vicinity of rifle butts, or
from the depraved appefite of cattle, cows particularly,
having access to paint and eating the white lead. This
can hardly be regarded as food poisoning, but is mentioned
here in dealing with the cause of lead poisoning in cattle.

Infection of Food by Specific Germs.

It has been clearly understood for some years that certain
epizootic diseases may be and commonly are spread by the
contamination of pastures or food with the virus from
diseased animals. Glanders, cattle-plague, and swine fever
are good examples of diseases which may easily be spread
in this way. But it is only recently that evidence has
been accumulating to show that specific diseases may be
imported into a country with the food supply, the best
example of which perhaps is anthrax.

McFadyean { has shown that linseed cake may be con-
taminated with the virus of anthrax. The contamination
occurring on board a ship while the seed is lying in bulk,

* Journal Royal Agricultural Society, vol. viii., part 1, 1897.

t+ Veterinary Record, vol. xvi., No. 807.
1 Journal of Comparative Pathology, vol. xiv., part ii.

183—2



196 VETERINARY HYGIENE

or the grain may be obtained from countries well known to
be anthracoid, such as Russia or Turkey.

Ship contamination is due to the vessel being infected by
a previous cargo of hides taken from animals which have
suffered from anthrax. It is well known how resistant the
gpores of this bacillus are, and how frequently infected
hides and skins are imported. Evidence bearing on this
point is ‘ wool-sorters’’ disease, which is simply anthrax
in the human, due to infection by contaminated imported
wool.

Ships used for the conveyance of hides and wool, and
subsequently for the conveyance of grain, must be regarded
as a serious source of danger. In this way it is easy to
understand the infection of linseed, the virus in which
would not be destroyed by the process of manufacture into
cake, and it may also explain the death of horses from
anthrax through oats being carried on anthrax-infected
vessels. This subject will be dealt with later, it is alluded
to here owing to its intimate connection with food.

DISEASES DUE TO IMPERFECT PREPARATION OF FOOD.:

Experience shows that certain foods require preparation
before being given to animals, not only owing to their
physical condition, but in the case of working animals to
economise time in feeding. This latter aspect of the
question will be considered when dealing with the prepara-
tion of food; we will here notice those conditions where
the neglect of this leads to disease.

‘ Roots ’ invariably require to be prepared for cattle and
sometimes for sheep feeding, either by pulping or slicing.
Neglect of this precaution means a great strain on the
teeth of young or old animals, and furthermore is the most
common cause of impaction of the wsophagus.

The crushing of maize, peas, and beans is absolutely
essential to their mastication and digestion; without some
form of preparation, of which crushing is the most common,
these grains, from their hardness, very largely defy the
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teeth, and in the stomach and intestinal canal may set up
irritation. It is perfectly true both horses and mules can
eat uncrushed maize, but it is & heavy demand to make on
their grinding apparatus.

Corn crushing is distinctly valuable with old animals, or
those with defective teeth, or in a condition of debility, as
it saves labour and ensures a breaking up of the grain.

Linseed requires some form of preparation, either by
boiling or prolonged steeping, to render it fit for digestion ;
without this it passes through the body untouched.

‘Gram,’ as used in certain parts of India, must either be
crushed or soaked. ‘OQorud’ and ‘coolthie,’ feeding grains
used in the South of India, require boiling, and potatoes are
better boiled than raw. In these special instances boiling
is necessary, yet as a practice we are opposed to boiled
foods for horses, though many authorities in the profession
hold a different view. In our experience they are productive
of colic with its sequels, for the reason that the soft pulpy
mass admits of being eaten very quickly, and this with a
greedy feeder spells colic.

Greedy feeding among horses is very common, and as a
cause of disease is tolerably frequent. It is inviting a greedy
feeder to contract trouble unless the food partaken of is
properly prepared, and the preparation it requires is to be
wetted and thoroughly mixed with hay chaff; this ensures
mastication, but if the chaff be added to a dry feed the
animal very soon learns to blow it away and deal solely
with the corn.

The most thorough manner of defeating a greedy feeder
i8 to use a flat surface to feed from, and spread the food in
a thin layer all over it ; this absolutely prevents ¢ bolting.’
The lid of a box does very well, but any contrivance which
complies with the above principle may be adopted. It
is evident a greedy feeder should never be fed out of a
nose-bag.

If a quantity of ¢ green meat’ be given for the first time
without being mixed with a certain amount of dry hay
disease will arise; it is always advisable, until tolerance
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of green food has become established, to ensure that hay
is mixed with it in order to prevent tympanites.

Linseed and other cakes require to be prepared by
breaking before being given to stock; if not broken to a
proper size there is waste and loss of digestibility.

Gorse shoots, if used as food, should be ground by a
special machine which crushes all the prickles; without
this precaution the mouth is liable to be injured.

VARIOUS ARTICLES OF FOOD.
GRrass.

Grass is the natural food of herbivora, and from this fact
requires somewhat detailed consideration.

Grasses are very widely distributed, they include botani-
cally something more than the ordinary grass of the field,
for belonging to the Natural Order Gramineez are oats,
wheat, rye, millet, sugar-cane, and bamboo. There are
certain plants to which the term grass is applied which
are not grasses, such as cotton-grass, goose-grass, scurvy-
grass scorpion-grass, cow-grass, and others; some of these
are weeds, and none are grasses.

Amongst grasses have also been included in the mind of
the public such plants as lucerne, clover, vetches, etc., which
belong to the leguminous natural order, and are only
termed grasses from custom; to these the term artificial
grasses is applied. There are certain plants mistaken for
grasses which belong to other natural orders, for instance
Rushes and Sedges.

Of the true grasses all are not of equal value for feeding
purposes, in fact some are pernicious weeds, and others
may be classified as inferior. .

Grass Land can by skill in agriculture be artificially
prepared, but a great deal of that in England and Ireland
has from time immemorial been devoted to grass, and some
of these pastures are probably the richest in Europe.
Grass land may be temporary or permanent depending
upon whether it is wholly given up to grass, or whether it
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is periodically ploughed and placed under -cultivation.
The nature of the herbage in these two cases is not quite
the same. ,

Another and important division of grass lands is into
those which are grazed and never mown, and those which
are mown and not grazed; the first is known as pasture,
the second as meadow land. In these two cases also the
grasses found are observed to differ considerably, and in
addition the soil of the two lands is not the same, for the
one has had the benefit of the excreta of the animals
grazing on it, and thus a good deal of its nourishment
returned, while the other suffers a direct loss in its hay
crop, which can only be returned by manuring.

Meadow lands will vary greatly from year to year, depend-
ing upon the nature of the fertilizer which has been applied.
There is a constant struggle for existence among plants,
some flourish under one and some under another manure,
some withstand drought, others droop and die; these and
other conditions determine whether the plant shall survive
or not. This has been clearly demonstrated in the classical
experiments carried on at Rothamsted, where twenty
different plots laid down to grass have been carefully
observed for thirty years, and the influence of the above
factors considered.

These observations show a tendency in the reduction of
the number of species as the result of the struggle for
existence, though the total amount of grass yielded has
been actually higher than when the number of specimens
was greatest.

The following were found to be the principal surviving
grasses after many years, on the old meadow land at
Rothamsted, the hay on which had been regularly cut :—

Common bent Cocksfoot

Meadow foxtail Sheep’s fescue

Sweet vernal Yorkshire fog

Tall oat grass Perennial rye grass

Yellow oat grass Smooth stalked meadow grass

Downy oat grass Rough stalked ” "
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All the above were invariably found on each plot under
observation, but there were four grasses not so regularly
distributed, yet very frequently found viz. :—

Quaking grass Crested dogstail
Soft brome Meadow fescue

Leguminous plants, the so-called artificial grasses, were
also counted in the experiment, and it was found in the
course of many years they were reduced to

Meadow vetchling Red clover
Birdsfoot trefoil White ,,

In addition to the above the number of miscellaneous
plants, mostly weeds, were counted, and fifty-nine varieties
were found, though not on each plot, such as sorrel, yarrow,
buttercup, chickweed, plantain, dandelion, etc. The above,
then, represents the grasses, leguminous plants, and weeds,
found on old meadow land.

Turning to old pasture land, a larger variety of grasses
and leguminous plants is found. In the following table is
given those growing in many prime old pastures :—

Marsh bent Sheep’s fescue
Fiorin Meadow fescue
Fine bent Yorkshire fog
Meadow foxtail Meadow barley
Sweet scented vernal  Rye grass
False oat Timothy
Yellow oat Annual meadow grass
Dogstail Smooth stalked meadow grass
Cocksfoot Rough ’ ” '
Spiked fescue Bearded wheat grass
The leguminous plants found were
Meadow vetchling Purple clover
Birdsfoot trefoil White ,,

Yellow suckling clover

The miscellaneous plants and weeds were numerous, of
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which buttercups, plantains, docks and chickweed were the
most common.*

The interest attached to these observations is twofold, it
is necessary we should understand what grasses are from
various circumstances able to survive in the struggle for
existence, and it is certainly desirable that we should know,
with some degree of exactitude, the botanical varieties of
grasses found in some of the richest grass lands in the
world, where cattle fatten so rapidly, that with judicious
management no less than two sets may be fattened during
the one season.

The exhaustion of the soil which arises from growing
grass for hay is considerable. The Rothamsted experi-
ments show that hay removes as much nitrogen from the
soil as either wheat or barley, and more potash, soda, lime,
magnesia, sulphuric acid, and chlorine than either of these
cereals. The only mineral matter which wheat and barley
assimilate in larger amounts than grasses, is phosphoric
acid and silica.

Potash is the mineral of which grass so largely robs the
soil, and in the Rothamsted experiments it was found that
potash as a manure, influenced the quantity and character
of the herbage more than any other mineral.

They also show that the exhaustion of grass land which
is fed and not mown, is very much less than that of
meadow land, as in grazing so much is returned by the
animals through the excreta. This, however, is not so
evident where the land is grazed by dairy stock, which do
not return to the soil the mineral matter which is used up
in the production of milk.

The only grass lands at present spoken of are pastures
and meadows, but in addition to these there are water
meadows, principally found in the south and west of
England, which are periodically flooded. The grasses
found on them are not of good quality, but the flooding

* I am indebted to Dr. Fream's ¢ Elements of Agriculture’ for the
information regarding the grasses of the Rothamsted meadows, and
those of the best pasture-lands of England.
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promotes a winter growth, and such meadows, though
furnishing hay of a poor kind, afford grazing to both sheep
and cattle at various times of the year. In seasons of
drought they are of the greatest value to the feeder of
stock.

Water meadow grasses have also been estimated and
have been found to consist mainly of Yorkshire fog which
may form as much as 84 per cent. of the total, the
remainder being inferior grasses excepting Rye grass which
forms 12 per cent.

GRAZING AND PASTURING.

One of the most difficult problems in stock management
is the selection of store cattle, and the next difficult one is
to know how to graze them properly and to the best
advantage.

Store cattle and sheep must be purchased suitable to the
class of pasture; both the stock and pasture must suit
each other. To place poor animals on a rich pasture, or
big animals on a poor pasture, only means loss. Even
where the suitability of stock to pasture is ensured, yet the
grazier’s watchful and trained eye is necessary, for the
turning of animals out to grass with the idea of fattening
them for sale is not as simple as it sounds. It is, indeed,
a question requiring years of experience, and an intimate
knowledge of catfle and pastures. There are certain
pastures which are of first-class or prime quality for cattle,
and others for sheep, and so well is this known that in
some parts of the country the two are kept quite separate.
Owing to the difference in their habit of grazing, that which
would be a first-class sheep pasture only becomes a second-
class pasture for cattle. Cattle which have not been starved
during the winter make the most remarkable improvement
when turned out to grass in the spring ; it is even said that
during the first four or five weeks they will add from one-
sixth to one-fifth increase in body weight as the result of

grazing.
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It is essential they should not be turned out until the
grass is sufficiently long, and in this respect there is a great
difference between old and new pastures. There is a time
in new pastures when the grass grows with remarkable
rapidity, the sooner this is eaten down the better or it
becomes rank. Old pastures are later in coming forward,
and when neglected they frequently contain weeds which
are largely absent from new pastures; yet there is some-
thing in the quality of the grass on old pasture land which
gives it the most remarkable fattening properties.

A very important point in the grazing of both cattle and
sheep, is that they should be frequently moved so as to
afford a fresh ‘bite.” It is this change in the herbage
which is found so beneficial, and it should be effected about
every fortnight, if possible arranging that they pass to
stronger rather than poorer pastures. Where large numbers
of stock in different conditions are being grazed, it is well
to allow the most forward in condition to have the first
‘ bite,” and when they are changed to follow on with the
poorer cattle, and finally with sheep if considered desirable.

Sheep graze much closer than cattle, and in sheep
pastures this close grazing is encouraged, as it prevents
the seeding of worthless grasses, and keeps the herbage
fine and the pastures sweet.

Excepting on pastures reserved exclusively for sheep, it
is well to turn in a certain number of store cattle with the
sheep in order to prevent the finer bottom grasses dis-
appearing, and only the coarser ones being left.

This brings us to a consideration of heavy and light
stocking of pastures, a question by no means settled among
graziers, for those who favour light stocking, while recog-
nising it is destructive to the grass by the amount wasted
in being trodden underfoot, yet favour the custom, as it is
remunerative when the day of sale arrives. Those favouring
heavy stocking believe that in this way the finer grasses
do not suffer, but that both fine and coarse grasses get
regularly eaten down. Finally, there is a third school of
graziers who advocate mixed stocking, such as has been
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previously mentioned, where the advanced bullock is fol-
lowed by the lean one, and this again by sheep; between
these three there are no uneaten patches left, for what one
rejects the others take.

In mixed stocking it is disadvantageous to pasture horses
with cattle, a8 owing to their different temperament they
are a disturbing and annoying element.

It is generally believed that a fattening ox requires on
moderate pastures two acres, though on prime pastures one
acre is more than sufficient. With regard to the number
of sheep no definite statement can be made, as 80 much
depends upon the character of the pasture.

Stating the case broadly, rich pastures should be reserved
for fattening stock which is being rapidly brought forward
for the butcher, while newer and less rich pastures, which
are generally placed on higher ground and away from river
valleys, are employed for the store cattle. Sheep may
conveniently be pastured on upland pastures, which are
less rich and where they do equally well.

There are certain pastures where suitable cattle fatten on
grass alone, and, a8 mentioned previously, on some of the
primest pastures two lots of cattle can be grass fattened in
one season.

It possible, pastures should not be grazed during wet
weather, as it may prove destructive to them. Pastures
naturally wet should certainly be avoided for sheep during
the autumn, when fluke disease is liable to be contracted,
and under any circumstances such lands may lead to
‘foot-rot.” Animals that have to be pastured on meadows
affected with fluke should receive a proportion of dry food
daily.

Bearing in mind that any wet land may get infected with
fluke, it is desirable, where wet pastures have to be used,
and draining and other measures have done all they can
for them, to reserve the driest portion on which no other
sheep have -grazed that year for the autumn feeding, the
wettest portions being hurdled off. The risk of infection is
greatly minimized by not allowing the sheep to bite too
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closely, and if the pasture be suspected an allowance of dry
food must be made.

We have previously alluded to the frequency of tym-
panites among cattle turned out to graze for the first time.
The best way to prevent this is to begin by only turning
them out for a short time, or by feeding the animals before
they are turned out, which may prevent them from eating
to excess. Clover fields are particularly dangerous, and
cattle turned on to these should be watched, so as to keep
them on the move and not allow them to gorge them-
selves.

Pastures in England are ready for stock about the end
of April or even earlier ; in Scotland it is later, not before
the middle of May, and the grazing season is shorter
seldom extending beyond the month of September. The
gystem pursued in Scotland is also different, as old
pasture lands do not exist owing to the area under cultiva-
tion ; the pasturage principally consists of cultivated grasses
and clover, and on this the young and fattening stock is
placed.

Soiling.

Agriculturists are now looking with some favour on the
system of ‘soiling’ as applied to cattle; it has been for
many years used for cattle in Scotland and for horses in
England, especially for hunters thrown out of work after
the season. It is urged that by ‘soiling’ cattle instead of
grazing them, viz. by mowing the grass and feeding the
animals in sheds or enclosures, twice as many stock may
be fed on a given space. The reasons of this are that
there is less damage done to the pastures as there is
no treading down and close feeding; further, the cattle
through freedom from disturbance, shelter in the event of
bad weather, and the saving of labour in collecting their
own food, require less than when fattened in the usual
manner.

It is also argued that the manure from them is more
valuable than when simply dropped about the field; finally,
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that there is economy in cake and meal feeding, as a
definite quantity can be given without waste.

If the system of  soiling ’ be carried out, it is absolutely
essential the grass should be mown and brought to the
animals twice a day, otherwise if left in a heap 1t will
ferment and be productive of disease. Care also should
be taken that no excess of grass is given, it all should be
cleared up, and the animals fed four times a day.

If soiling has its advantages, it is not without the dis-
advantage of requiring more labour to carry it out, and
this means expense.

Soiling can only be satisfactorily effected on good land,
and where careful provision has been made beforehand as
to the amount of succulent food required. It has been
authoritatively stated that each head of cattle requires from
one and a half to two square rods of land a day, and this
presupposes that the amount of whatever material is used
in soiling, be it grass, oats, barley, etc., is calculated
beforehand with some degree of nicety, in order that it may
be fit to cut at the right moment, and last a given time.

Grass after attaining a certain length becomes stationary,
but if cut there is a constant state of growth ; this fact is
counted upon by those who advocate the system of soiling
as an economical measure.

Sheep like cattle and horses, may be ¢ soiled ’ during the
summer.

Purging Pastures.—Some pastures cause cattle to purge;
the cause of this was inquired into by Dr. Voelcker many
years ago, and was found to be due to immature herbage.
Grass in a young and growing condition contains a con-
siderable amount of soluble mineral matter and organic
acids, such as malic, citric, tartaric, etc., and it is to these
the purging is due.

Grass acts as a laxative to horses, and it also possesses
diuretic properties. The change from hay to green food
is greatly appreciated by all animals, and is certainly
beneficial, but it invariably produces purging to begin with.

Grass as a Diet.—It is impossible to get anything like
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very hard work out of a grass-fed horse in England, even
when corn forms part of the ration; this may be owing to
the laxative properties of grass. It is quite impossible to
get anything but the slowest work out of the entirely grass-
fed horse.

It at first sight seems strange that the practice of Africa,
India, and America, should prove useless in Europe. In
all these continents horses are fed, in some cases entirely,
on the ordinary grass of the country, and both thrive
and work well. The Boer pony gets little else but grass,
and a handful of Indian corn when obtainable, and he can
go all day. The explanation appears to lie in the fact
that the grass of these continents is far dryer than that
of northern Europe, and that less has to be consumed to
furnish the needful amount of nourishment. Further,
the individual grasses may contain more nutriment; for
instance, the unsavoury-looking bundle of grass in India
with adherent dirt, consists very largely of young under-
ground stems, very succulent and full of nourishment.
There appears no doubt also that the grass of South Africa
is highly nutritious, and that on it alone both horses and
oxen perform very hard work, the latter in fact get nothing
else.

The average percentage composition of pasture grasses,
according to Wolff, is as follows : —

‘Water ... 700
Proteids .. 84
Fat e 10
Carbo-hydrates e . e .. 184
Cellulose ... ... 101
Ash e 211

The difference between this average sample and the
composition of rich meadow grass, lies mainly in the
proteids which are higher in the latter. The proportion of
cellulose found in grass depends upon its age. In young
grass the amount is small, but it gradually increases as the
plant approaches maturity, while the proteid becomes less
as the plant ripens.
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Meadow and Pasture Grasses.

From the Rothamsted experiments, previously quoted,
the nature of the grasses found in hay may be known.
Those most appreciated for pasture and hay production
are as follows :—

Foxtail Sheep’s fescue

Sweet vernal Hard v

Dogstail Meadow ,,

Italian rye grass Tall ”

Perennial rye grass Smooth stalked meadow grass
Timothy Rough ’ ' »
Cocksfoot Yellow oat grass

The following grasses are worthless, and some of them
actual pests from an agricultural point of view:—

Hair grass Brome grass
False oat grass Yorkshire fog
False brome Barley grass
Quaking grass Couch grass

The fact should not be lost sight of, that what is an
inferior grass in one part of the world may occupy a very
different position in another; further, any hard and fast
line between good, inferior and bad grasses should be drawn
with great discrimination, or it is likely to unduly influence
one’s judgment in the selection of hay.

With us Yorkshire fog is a valueless grass and regarded
a8 & weed; the New Zealand farmer, on the other hand,
greatly appreciates it. The much-dreaded Couch grass is
in certain parts of the Continent considered a valuable
food. Smooth-stalked meadow grass with us does not
occupy & high position, some even consider it very inferior,
in America it constitutes the celebrated Kentucky Blue
grass. What, therefore, may be an inferior grass on one
goil or in one part of the world, may in another be
valuable.

The influence of soil should not be lost sight of in
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selecting seed for laying down land to pastures; the best
grasses if planted in unsuitable soil become useless.
Besides, there are gradual changes occurring in soils,
which in course of years enable them to bear grasses
which they could not carry when the land was first laid
down to grass. See Soils.

MEeavow FoxtarL, Alopecurus pratensis (Fig. 58).—This is
an early grass, and affords good grazing before the others
are ready. It supplies abundant forage through its large
bottom growth. It is wonderfully hardy, and excepting on
light soil, where it tends to die out, seems to flourish
almost anywhere.

A member of the same family, Slender Foxtail (Black
Bent), A. Agrestis, also known as ‘hunger weed,” is a
pernicious weed which mainly invades corn-fields.

Sweer VERNAL, Anthoxanthum odoratum (Fig. 54).—This
shares with Meadow Foxtail the distinction of being a very
early grass. It is mainly appreciated for its peculiar
fragrance, which may be perceived on chewing the stalk,
and is said to give the odour associated with new hay.
This grass does not contribute to any important extent to
hay, it is far too scanty, but as a tonic or stomachic it
may be useful.

Crestep Doastain, Cynosurus cristatus (Fig. 55).—This
is not a particularly valuable grass, excepting for pastures
where it is much liked by sheep. It is hardy and widely
distributed, but, probably from the fact that it does not
contribute much to the hay-crop, it is not greatly in public
favour.

Cocksroor, Dactylis glomerata (Fig. 56).—This is a plant
regarded by some as the most valuable of all grasses
owing to its nutritious character, rapid growth, and hardy
nature. On good, rich soil it is most abundant. It
should be cut, if possible, before flowering, owing to the
fibrous character of the stems which increases as the plant
gets older.

Smeee’s Fescug, Festuca ovina (Fig. 57).—This is a
valuable pasture grass, but is of little use for hay. It is

14



Fig. 53.—Meadow foxtail (Dickson). Fig. 54.—8weet vernal (Dickson).



Fig. 55.—Crested dogstail (Dickson). Fig. 56.—Cocksfoot (Dickson).
14—2
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found on high, dry, poor, sandy soil, and it is generally
considered that where it grows such soil is healthy for
sheep. The leaf is very fine and slender, and the plant
forms a close turf. The fescues are divided into two
groups, narrow and broad leaved ; Sheep’s Fescue is the
type of narrow-leaved fescues.

Harp Fescug, Festuca duriuscula (Fig. 58).—This is an
excellent forage plant, both for pasture and hay. For
pasture purposes it is appreciated by all stock, particularly
sheep. It is said that hay in which it is found is generally
of superior quality. It is a wonderfully hardy grass, and
resists drought.

MEeavow FEscug, Festuca pratensis (Fig. 59).—This is the
type of broad-leaved fescues. By some it is considered
the most valuable of all grasses, not only on account of its
use in the pasture, but also from its excellent yield of hay.
It thrives best on a moist soil, and is perfectly adapted
for irrigated meadows.

Tarr Fescur, Festuca elatior (Fig. 60).—This grass
may grow to a height of six feet, and from its coarse-
ness is considered by some as unfit for hay. It yields
largely, and is best suited to damp soils, especially water-
courses.

Itarian Rye Grass, Lolium italicum (Fig. 61).—This is
a heavily-yielding, highly nutritious grass, much appreci-
ated by herbivora, especially dairy stock. It gives an
excellent flavour to both milk and butter. It is a biennial,
and is therefore unfit for permanent pastures, and is
exclusively employed for alternate husbandry. Under the
influence of liquid manures it yields abundantly, and in all
circumstances it requires a damp soil.

PerENNIAL RYE Grass, Lolium perenne (Fig. 62).—This is
a smaller plant than Italian, essentially suited for pasture
purpose. Treading by live stock does it no harm, in fact,
appears to encourage its spread. It is more valuable as a
pasture than as a hay grass, but always requires a generous
soil. By some its nutritive properties have been placed
next to Foxtail.



.—Hard fescue (Dickson).

Y
Fig. 57.—8heep’s fescue (Dickson). Fig. 58



Fig. 59.—Meadow fescue (Dickson). Fig. 60.—Tall fescue (Dickson).



Fig. 61. —Italian rye grass Fig. 62.—Perennial rye grass
(Dickson). (Dickson).
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MEapow CatstaL or TimoraY, Phleum pratense (Fig. 63).
—This is a very coarse-growing grass, yielding an abundant
and excellent hay erop, but not possessing the same value
for pasture, owing to its liability to be uprooted in grazing,
due to the strength of its stems and the tufts or bunches it
grows in. It is & most nutritious grass, very hard, much
liked by horses and cattle, and thrives on all but light,
sandy soils, though it naturally produces best on clay.

It should be cut before flowering, owing to the fibrous
nature of its stems, and is capable of yielding an abundant
second crop.

SyoorH-sTALKED MEADOW GRASS, Poa pratensis (Fig. 64).
—This is an early grass, and on this account appreciated ;
taken all round it does not rank high, though it is a
constituent of all good pastures. It flourishes best on a
dry soil.

RouvaH-sTALKED MEADOW GRaSS, Poa trivialis (Fig. 65).—
Is a valuable pasture plant, found in all rich old pastures,
but prefers a shady moist place. By some it is considered
the most valuable of the Poa group, its young rich herbage
being greatly relished by all stock.

YeLLow or GOLDEN Oat Grass, Avena flavescens (Fig. 66).
—This is a valuable forage grass found in pastures,
meadows, and water meadows; it is especially good on
calcareous soils.

HAY.

To make good hay certain rules must be observed. The
first is that the grass must not be cut too late; in order
to secure the full value of hay, the grass must not reach
maturity, or the nutrient matters in the stem pass into the
seed with consequent loss of proteid. In the growing plant
the valuable carbohydrates become less owing to their
conversion into cellulose, so that the older the plant, the
more cellulose and the less starch and sugar substances it
contains.

The value of hay depends upon its richness in proteid
and its poverty in cellulose, though as Wolff points out it



Fig. 63.—Timothy, or Catstail Fig. 64.—Smooth-stalked meadow
(Dickson). grass (Dickson).



Fig. 66.—Golden oat grass
(Dickson).

Fig. 65.—Rough-stalked meadow
grass (Dickson).
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often depends upon its tenderness, flavour, and aroma,
rather than on its chemical composition. The latter is
found to vary somewhat considerably, depending probably
on the nature of the plants of which it is composed. It is
placed beyond all doubt that the digestibility of hay cut
late is considerably reduced.

The next rule in hay-making is that the grass once cut
should remain as short a time as possible in the field. The
sole object of exposure is to dry it, and reduce the 70 per
cent. moisture to 16 per cent. or 14 per cent.; the quicker
this can be done the better, and to hasten it the grass is
frequently turned and shaken. During this process it
should be handled with care, to avoid damaging the waxy -
covering on the leaves and stems.

The grass is cocked at night, not only to protect it from
any rain and dew, but to give the ground an opportunity of
drying, so that the next day’s operations may be more
effectively carried out.

With favourable weather hay can be ¢ carried’ in three
days; it should not be left in the sun longer than neces-
sary, or it will become bleached, lose its flavour, and
deteriorate.

The influence of rain is very marked, the most valuable
constituents in hay are soluble in water, and these are
washed out of it by rain.

From a veterinary point of view these are the two
important points in the curing of hay.

Hay when ricked undergoes further changes of the
nature of fermentation, which improves its flavour and
digestibility. If the heating is carried beyond a certain
point, as in hay stacked before being properly dried, there
i8 & great loss of proteids and soluble carbo-hydrates, while
aldehyde and acetic acid are formed. At the same time
there is a change in colour, the hay darkens, and if carried
to an extreme point turns a dark-brown colour, known as
mow-burned, due to the temperature within the rick; it
may even end in spontaneous combustion should air be
able to find its way in.
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In England the greatest care is taken in saving hay, but
in Scotland the crop remains out much longer, and in
Ireland is exposed to the elements for a considerable time.
The result is that both these countries produce a hay
which bears an indifferent reputation.

Aftermath is the second or third cutting of hay, it is
greener, softer, more flexible, and there is an absence of
flowering heads. It is also deficient in the aroma of
good hay, and if badly saved—and it-is a difficult crop
to save properly—it may be entirely wanting in per-
fume.

Owing to the young condition of the grasses composing
- aftermath, it is much more readily damaged by rain, and
more liable to fermentation than the first cutting. In
consequence it is often completely ruined, or if saved
with difficulty becomes mouldy, and is rejected by stock.
If, on the other hand, the weather is favourable for
its curing, it is more digestible than ordinary hay, and
makes good fodder. It is considered by some that after-
math is more liable to produce tympanites than ordinary
hay.

The following analysis of different qualities of hay are
given by Wolff; but in comparing these it must be
remembered that there is hardly any food substance liable
to such variation in digestibility, experimental inquiry
having shown the digestibility of the dry matter of hay as
likely to vary from 6 per cent. to 20 per cent.

Meadow Hay.
Aﬂ‘:ll,'-
matn.
Poor. Better. | Average. gggg E:(Gt:x;.ely

‘Water 148 143 14-3 15°0 16-0 14-3

Proteids ... 75 92 97 117 185 117

Fat 15 2:0 25 28 30 31
Carbo-

hydrates| 3882 897 414 416 404 42-8

Cellulose ...| 885 29-2 263 219 198 220

Salts 50 54 62 70 7 66
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Varieties of Hay.—It is usual to describe hay as being of
three kinds, upland, meadow, and water meadow, and dis-
tinctions have been drawn between these for the purpose of
-identification ; it is doubtful whether anyone but an expert
salesman could tell the difference between upland and
meadow hay, and even then it would largely be based on
his knowledge of the locality where the hay was grown.
Further, if they are both good there is nothing to choose
between them.

Water meadow hay is not considered good as it is want-
ing in aroma, mixed with water plants, and contains poorer
grasses of little feeding value.

Good hay should be hard, sweet, clean, free from dust
and mildew, of a pale green colour if well saved, with an
aromatic odour, and the best grasses should predominate.
It should be about one year old.

Whatever departure there is from this standard will
congign hay to the second or third quality, the latter
giving evidence of a departure from that of second quality
and yet containing nothing positively harmful. It may
be without odour, brittle on account of age and in conse-
quence dusty; or soft to the feel due to inferior grasses,
but there is nothing in these to hurt an animal, though
there is a great difference in the market and feeding
value.

Bad hay on the other hand may. be considered such as is
mildewed, discoloured, and obviously unfit for food from
various causes.

No hard and fast rule can be made in connection with
the qualities of hay, and only experience can help the mind
to group them according to their value. There may be an
overlapping of the classes as they insensibly merge into
each other, but as classes they must remain distinet ; there
is nothing in second or third quality hay to prevent it being
used, but for valuable animals the last would be most
undesirable.

This distinction of hay into different qualities is given to
enable a judgment to be formed as to whether it is fit for
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food, and also whether there is full value for the money ;
in judging both these points if the hay be of home
manufacture, the nature of the past season must be taken
into account.

A good deal of hay is imported into the United Kingdom.
There is nothing better than well saved Canadian hay
consisting of rye grass and timothy.

In forming a judgment of the quality of hay by the
grasses present, it is essential to bear in mind that the
existence of an indifferent grass here and there should not
condemn the whole; indifferent grasses may occasionally
be mixed up with excellent hay.

New and Old Hay.—In the trade hay is considered new
up to 29th September, with others it is considered new
until it is a year old. Af times it becomes a matter of some
importance to determine whether hay is old or new. 1If is
usual to regard new hay as greener, but this may be very
misleading in a well saved sample. New hay contains
more moisture than old, about 2 to 8 per cent. more, and
this may be used as a test in cases of doubt, but when
working so close as 2 to 8 per cent. great accuracy is
required, such as is only to be obtained in a chemical
laboratory.

The chief characteristic differences between old and new
hay can be determined by the appearance of a truss.
When hay is ricked it undergoes compression, and the
stack gradually sinks under the tons of pressure imposed,
until no further shrinkage occurs. This pressure causes
the fibres of the hay to lie very close, the truss is very
compact, solid, and hard, and when opened a layer an inch
or two in thickness may be rolled up like paper. This can
never be done with new hay, consolidation has not had
time to occur, and the truss on being opened presents
rather a tangled mass, very different to the firm condition
of old hay.

The length of time that hay retains its nutritive properties
is two years from the time of cutting; after that it de-
teriorates, becomes dusty, brittle, and loses both its
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nutritive properties and its digestibility, at the same time
there is a loss of flavour and aroma. Whether this
deterioration is associated with chemical changes in the
dry matter is unknown, but it is most likely. The disad-
vantage of feeding on new hay has previously been dealt
with (see p. 157).

Hay may be badly saved, dusty, mow-burned, or
musty.

In Badly saved hay the damage may be slight, such as
results from a single shower of rain, or so severe through
floods, as to render the hay useless for anything but
bedding. Excessive bleaching indicates it has been too long
exposed to the sun, resulting in the destruction of the
chlorophyll. Discoloured, dirty looking hay, tells its story of
rain. Flowering heads too advanced proclaim late cutting,
and consequent loss of nutriment.

Dusty hay may result from too long exposure to the sun,
or to gradual decay in the rick the result of age, or it may
be due to the attacks of insects, such as have been described
on p. 168.

Mouw-burned hay is the result of overheating in the stack,
due to being ricked before it is sufficiently dry. There are
various degrees from slight to severe, the latter being dark
brown in colour with a pungent odour, while the hay is dry
and brittle.

Slightly mow-burned hay is not at first objected to by
some horses, but in a few days they reject it. Slightly
affected it does no harm, but severely affected hay acts as a
diuretie, producing thirst and a general falling off in con-
dition.

Musty hay is very evident to the senses, it is due to
ricking while wet, or to getting wet after being stacked.
The fungi associated with it have already been noticed
(p. 166). Slightly mouldy hay given occasionally has not
appeared to produce harm. Very often salt is added to
it, which may help to counteract any ill effects; prolonged
use is not only dangerous but represents a serious loss of
nourishment, and is therefore unprofitable. Should circum-
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stances necessitate the use of musty hay, it should be
opened out, and dried, well beaten and shaken to get rid of
the spores, and dressed with a solution of common salt.
Its action should be carefully watched.

The Amount of Hay given to horses varies with the nature
of their work and the other food they are obtaining. It is
found when horses are allowed an unlimited amount of
corn they only consume & small amount of hay. Race-
horses, for instance, will not take more than five or six
pounds daily.

Large draught horses may consume as much as eighteen
or twenty pounds a day; horses of average size and at
ordinary work consume about twelve pounds a day.

The faster the work the more corn and less hay required,
for the physiological reason that the action of the lungs
and diaphragm must not be interfered with.

Where a small amount of hay is consumed it may be
given long, but as a general rule it may be stated that all
hay should as a measure of economy be chaffed, and mixed
with the grain. In this way the saving of waste is con-
siderable.

For horses intended for fast work no hay should be given
before going out, the mixing of chaffed hay with their corn,
excepting in the form of a double handful to ensure masti-
cation, would under these circumstances be wrong. For
slow working horses every * feed ’ should be a mixed one of
corn and hay chaff.

When long hay is used it should be given after work, and
the bulk of it at night so as to ensure occupation for the
horses.

ARTIFICIAL GRASSES.

These constitute a large and important class of feeding
material, all belonging to the natural order Leguminose,
and therefore not grasses though commonly spoken of as
such,

The following list comprises those used for feeding pur-
poses :—
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True Crovers (T'rifolium).
Red or Broad Clover

White or Dutch Clover
Swedish or Alsike Clover
Crimson or Italian Clover
Yellow Suckling Clover

Fig. 67.—Red Clover (Fream).

Avniep Crovers (Medicago).

Trefoil, Yellow Clover, or Hop
trefoil

Lucerne

Sainfoin

Vetches

Birdsfoot trefoil

Kidney vetch

Bokhara clover

Lupines

Furze, Gorse or Whin

Serradella

Fig. 68.—White Clover (Fream).

Rep or Broap Crover, T'rifolium pratense (Fig. 67).—

Grows on almost any soil,

but only lasts two years. It

yields an excellent hay, but is liable to ‘clover sickness’
(see p. 167). There is a variety of it known as Cow grass
which is much less liable, but it only yields one crop
instead of the two yielded by red clover, though it is suit-
able for permanent pastures which the latter is not.
WaITE oR DurcE CLovER, T'rifolium repens (Fig. 68).—
This is & perennial plant found in prime pastures, it is

15
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80 short that it is unprofitable for hay, but it is especially
valuable for fattening sheep.

ALsIKE OR SwEDISH CLOVER, T'. hybridum.—Grows every-
where, it is a valuable pasture plant, and is not liable to
sickness ; its flowering head is light pink in colour.

CrivsoN oR ITaLIAN CLOVER, T incarnatum (Fig. 69).—Is
a well-known forage plant but somewhat late, and it only
affords a single cutting.

YerLow SuckriNg CLOVER, T'. minus (Fig. 70).—A useful
plant though small, in good land it produces excellent
herbage, and grown with rye grass it makes good hay.

. Fig. 70.—Yellow Suckling Clover
Fig. 69.—Crimson Clover (Fream). (Fream).

TrerorL, YELLow CLoviRr, or Hor TrEeroiL, Medicago
lupulina (Fig. 71). — This is not much appreciated for
feeding purposes, though in a mixture of other clovers and
grasses it is & good fodder plant.

Lucerng, M. sativa (Fig. 72), is an excellent fodder
plant, which from the fact of its sending down deep roots is
capable of withstanding drought. Under the influence of
irrigation in hot climates it yields abundantly, and in
temperate climates without irrigation three or four cuttings
may be had. It lasts for several years, but will not grow
if there is an absence of lime in the soil. It is more com-
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monly used for green feeding (soiling), but in suitable
climates can be made into hay. In this form, under the
name of Alfalfa, it is largely imported from the Argentine,
Mexico, and the United States.

Both the clovers and lucerne are liable to be attacked by
a parasitic plant known as Dodder, which clings to if, and
winding round the stems to which it attaches itself by
suckers, kills the plant by living on its nourishment.

SAINFOIN, Onobrychis sativa (Fig. 78).—This is a valuable
and robust forage plant, hardly affected by drought or by
poverty of soil. There are two varieties, the Common and

Fig. 71—Trefoil (Fream). Fig. 72.—Lucerne (Fream).

Giant, the former lasts for some years but only yields once
a year, the Giant yields twice a year, but it does not last
more than two years.

Tares, Vicia sativa (Fig. T4).—There are two varieties
of Tares winter and spring, both are excellent feeding and
suitable for all kinds of stock. It is & quick growing crop
and suited to almost any soil. The plant should be cut
after the pods have formed, but before they have ripened.

Birpsroor TreFoIL, Lotus corniculatus (Fig. 75).—There
are two varieties a greater and lesser. It is a plant of poor
soils.

16—2



Fig. 73.—Sainfoin (Fream). Fig. 74.—Tares (Fream).

Fig. 76.—Birdsfoot Trefoil (Fream).
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Kipney VEercH, Anthyllis vulneraria (Fig. 76), is also a
plant of poor soils, seldom cultivated in England, though
within recent years, owing to it withstanding drought and
stock liking it, it is being cultivated in certain parts and
found to be a good forage plant.

Bokaara CLOVER, or MELILOT, i8 occasionally grown as a
forage crop ; when in bloom it smells like new mown hay.
On the Continent where it has been freely tried it bears an
indifferent name, and is believed to be productive of tym-
panites. One variety, Melilotus officinalis, is said to be
poisonous.

Fig. 76.—Kidney Vetch (Fream),

Lurines, though most rich and nourishing, are not culti-
vated as a forage plant, excepting on the Continent of
Europe, owing to their dangerous properties (see p. 194).

SERRADELLA is another forage plant not used in England,
but well known on the Continent as an easily digestible
fodder, which can be grown on light soils.

Furze when youung is excellent feeding for all stock; it
requires crushing to destroy the prickles, and on this
account should not be allowed to grow too strong.

Many of these leguminous crops can be made into hay,
but it is difficult, and impossible unless with good weather.

Clover suffers more from rain than even ordinary hay;
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from 25 per cent. to 40 per cent. of its dry substance is
soluble in water : as a crop it takes longer to dry than hay,
and is therefore more exposed to damage from the weather.

Even with everything in its favour, hay made from the
Leguminos® has a deal of its nutritive matter lost by the
physical changes occurring to it as the result of drying.
It becomes brittle, the leaves break off and much loss in
consequence occurs, as the leaves contain twice the nourish-
ment found in the stalks.

To make good hay the leguminous crops must be cut
early, otherwise the stem becomes woody, there is a loss of
nourishment, and a considerable reduction in digestibility.

It is an important point in stable economy to bear in
mind the brittle nature of leguminous hay, and to avoid
the loss of the nutritive leaves through want of care in
handling it when being issued for feeding purposes. This
loss does not occur to anything like the same extent when
it is cut into chaff.

The following analyses by Wolff, of some of the artificial
grasses in a green state, give an idea of their composition :

i
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It has been remarked earlier (p. 205) the care which should
be taken in feeding on leguminous plants in a green state,
and jtheir liability, especially with animals brought on to
them for the first time, to give rise to tympanites, or
more serious trouble. In every case to begin with they
must be mixed with ordinary hay, and even when the
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bowels become tolerant of this gas-producing food, there
should be a limit to the amount allowed.

The hay made from these plants is very nutritious. It is
seldom well saved, and is consequently frequently found
musty. The amount allowed should be carefully regulated,
bearing in mind it contains from 12 per cent. to 14 per cent.
of proteid. It is best to give it mixed with ordinary hay
rather than by itself.

ENsILAGE.

It is convenient here to consider a method of saving
green food, known from time immemorial, but only within
recent years utilized by the agriculturist.

If grass or any of the cereal crops in a green state are
dealt with in such a way that air cannot get at them, they
may be preserved indefinitely. The process is termed
ensilage, the mechanism which holds the fodder is known
as a silo, while the product is spoken of either as ensilage
or silage.

It is obvious what an advantage this method is in wet
seasons, but there is no necessity to confine its use to this,
it may be most successfully employed for the saving of
green crops like maize, lucerne, and clover, which are only
made into hay with difficulty.

By the use of this process, hay which has been dama