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RAW versus PASTEURISED MILK

In view of the importance of this question to agricultural pro-
ducers, public health authorities and the general body of consumers,
the Department requested a number of eminent medical and other
scientific men to contribute short atricles summarising their views
on the subject. Their contributions are printed, each under its
author’s name, on this and the following pages, and the Department
acknowledge gratcfully the ready response which all these writers
made to their request. Previous articles on the subject were con-
tributed by Dr Sprawson to the Journal for January 1933 and by
Dr Chalmers Watson to the Journal for October 1933.

W. L. BURGESS, M.D., D.P.H.
Medical Officer of Health, Dundee

I am of opinion that all milk not produced and sold under licence
as Certified or Grade A (Tuberculin Tested) should be pasteurised.
This conclusion has been arrived at after careful consideration of
the views of authorities on the subject. It is also based to some
extont on my own expericnce. There are times when I incline to
the view that all milk, even the high grade milks, should be pasteur-
ised, but it has to be admitted that the available evidence does not
fully support such an extrome attitude. It is the aim of every
health authority to ensure, so far as possible, that milk distributed
for human consumption is entirely free of pathogenic organisms,
and has its nutritive qualities unimpaired. At the present time that
aim is impossible of achievement in the absence of a system of
pasteurisation.

Space forbids a full description of the many issues, and I can
only summarise the arguments which have influenced my conclusions.
For convenience, these are divided into two groups : (1) the desir-
ability of pasteurising all milk, which is not produced and sold under
licence as Certified or Grade A (Tuberculin Tested), and (2) the
practicability of such a procedure,
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(1) Desirability.—Milk is responsible for the spread of various
infections. These are too well known to require detailing here.

In Dundee during the last fifteen years, we have records of some
nine outbreaks of milk infection, in which the evidence supports
the conclusion that the disease was spread by ordinary unpasteurised
milk. There dre no records of any outbreaks in Dundee being
caused by pasteurised milk, although for some years about 45 per
cent. of the milk supply has been pasteurised.

The more rapid decline in the death-rates from non-pulmonary
tuberculosis in Dundee compared with that from pulmonary tuber-
oculosis contains at least the suggestion that the increasing practice
of pasteurising milk may have had an influence.

The bovine tubercle bacillus is responsible for a definitely
measurable proportion of the total of human tuberculosis.

There is a mass of evidence in support of the view that, in prac-
tically all cascs, the bovine organism enters the body in milk.

A very definite proportion of milk samples contain tubercle
bacilli.

The percentage of cows infected with tuberculosis in this country
is very high.

There is little evidence that bovine tuberculosis is declining.

The rapid elimination of bovine tuberculosis would be too costly
and would endanger the milk supply.

It has not been proved that pasteurisation reduces to any extent
the nutritive value of milk. Any effcct of this sort can be casily
compensated, and is so trifling that it cannot be set against the
undoubted advantage of a safe milk.

There is ample proof that pasteurisation, carefully carried out,
destroys the tubercle bacillus. As carried out in practice, the per-
centage of positive samples is very much smaller in pasteurised than
in ordinary milk.

There is also ample proof that the process destroys the organisms
responsible for the acute infections.

There is evidence that where pasteurisation is in general use,
the incidence of bovine tuberculosis in the human subject is low.

(2) Practicability —While I have no doubt whatever of the
desirability of pasteurising ungraded milk, 1 admit that there would
be difficulties in putting such a proposal into practice. Nevertheless,
[ am convinced that the obstacles are not by any means insurmount-
able, and that they arc small compared with those which will have
to he overcome in order to eradicate tuberculosis entirely from
dairy herds in this country. Such eradication must, of course, be
the ultimate aim, but, meantime, pasteurisation should be adopted
as a preventive measure, pending the disappearance of bovine
tuberculosis.

The introduction of a system of compulsory pasteurisation of
milk, other than the two grades mentioned, would undoubtedly
apset the small business of milk production and handling. Such

2



1034] RAW VERSUS PASTEURISED MILK

a producer would not find it economically sound to instal a pasteur-
ising plant, and he would have to sell his milk to a dealer in a large
way, arrange for such a dealer to pasteurise his milk, or co-operate
with his fellows in the establishment of a suitable plant. The only
other possibility would be for the small producer to satisfy the
necessary requirements and obtain one or the other of the high-
grade licences. The time is overdue for the reorganisation of his
business by the small milk trader. The increasing tendency to
bulk milk is not entirely the result of the practice of pasteurisation.
The heating process has rather followed the bulking process for
commercial reasons, and for public health reasons, as infection in any
small consignment of milk is thereby transferred to a large volume.
The centralisation of milk distribution seems to be inevitable, and
irrespective of a policy of compulsory pasteurisation, the small
producer may have to change his methods.

Compulsory pasteurisation is a very fair compromise which, by
rendering milk safe immediately, would enable a sane policy of
bovine tuberculosis eradication to be devised and applied. In my
view, pasteurisation would materially assist the working out of such
a policy, but the dairyman must be given sufficient time to make his
arrangements, and the exercise of the proposed powers on a regional
basgis is advisable.

A. K. CHALMERS, M.D., LL.D.
Formerly Medical Officer of Health, Glasgow

A rEw illustrations may serve to focus attention on some of the
conditions under which there may arise certain diseases—for conveni-
cnce now called *‘ deficiency " diseases because they arise from the
absence, from an otherwise ample dietary, of certain ‘‘ accessory food
substances.” These are called vitamins, but at the beginning of the
century they were unknown.

I. When Captain Scott led his first expedition towards the
South Pole the experience of Arctic explorers and of those on long
sea voyages had demonstrated that scurvy was ‘‘ an especial scourge
to those who by force of circumstances have been deprived of fresh
food for any length of time.”! In consequence, the expedition was
provisioned on a scale adequate, according to the knowledge of the
time, to maintain the health and efficiency of its members during
periods of strenuous effort, in places where ready supplies of fresh
food would not be obtainable. Despite this care in the selection of
food, scurvy was detected among the members of one of the early
sledging parties, and subsequent examination disclosed it also
among some of those on board the Discovery in winter quarters.

The first steps taken were to serve out fresh (scal) meat regularly
and to double the allowance of bottled fruit. As seals became more
accessible, no tinned meat of any description was issued, and with

1 The Voyage of the * Discovery,” vol. i., p. 548,
3
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returning daylight mustard and cress were sown. Scott was s.t.ill
apprehensive that scurvy might return to future sledging parties,
as indeed it did. So convinced was he of the * inestimable advan-
tages  of fresh food that when the disease again appeared in the
sledge party he himself led towards the Pole, he writes : “ We have
decided to cease using our bacon and to increase the seal allowance,
a8 the former seems the more likely cause of the scurvy symptoms.”
This was in 1902.

II. Thirty years later, Dr F. John Poynton, Senior Physician to
the Hospital for Sick Children, Great Ormond Street, in a letter to
the British Medical Journal of 21st October 1933, says, with reference
to infantile scurvy : ‘“ On former occasions I have alluded to my
belief that this condition seemed to me to be on the increase. Now,
for the first time in my years of hospital life, I have had three cases
at the same time in my ward (at Great Ormond Street). This seems
remarkable when we realise the great work that has been done in
vitamins, and when we perhaps look upon the position of vitamin (0
as one of the best understood among them. . . . As regards infantile
scurvy, 1 am not prepared to do more than direct attention to the
vast quantities of dried milk now in use, and to raise a question
which I have raised before, whether such foods, even given with
precaution, make for the best constitution in years to come. We
know that some children do not take fruit juices well, or are thought
not to take them well, and these arc then discarded ; and should
infantile scurvy really be on the increase, and my experience not be
only a hospital coincidence, it is clear to me that many diets must
touch the border-line of pathological metabolism.”

Both incidents have a bearing on the question under discussion.
Vitamins were unknown in 1902, and dried milk only came into
extensive use late in the second decade of the present century.

II1. A further step was reached during the development of the
Maternity and Child Welfare Movement, which began in an effort
to reduce the number of deaths occurring during the first year of
life. In consequence, the artificial feeding of infants acquired a
new emphasis. Should cow’s milk be boiled (brought to the boil)
and rapidly cooled before being fed to infants who could not be
breast-fed ? Was its nutritive value thereby impaired ? These
and like questions were engaging the attention of those interested
in the movement, and coincidentally the Medical Research Com-
mittee (now Council), which was just beginning to function when the
War began, included the subject of milk in relation to public health
within the scope of its researches. On their invitation, Dr Jane
Lane-Claypon reviewed the evidence then available and reported
in 19162 .

Reviewing the clinical data on the nutritive value of raw and
boiled cow’s milk as a food for infants (Chapter XI) sho writes :

1 Milk and its Hygienic Relations, published under the direction of the Medical

Research Council (National Health Insurance).
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‘“ The investigations which have been described in detail (in this
chapter) show that milk used for the feeding of infants may be raised
without disadvantage for a short, or even a prolonged period, to a
temperature which is approximately 100°C. or 212°F. . . . The
conclusion which may be fairly made is that milk, when used as a
food in the home, may be heated to 100° C. approximately without
any detrimental effect. Such heating, moreover, acts as an efficient
safeguard against the causation of disease by harmful organisms
accidentally present in the milk > (page 290).

IV. The foregoing observations apply to the preparation of milk
for infants in their own homes. At that time the commercial
pasteurisation of milk as at present understood may be said to have
been in its infancy, in this country at least, although it was being
largely practised in America. Both the * Holder ”’ and ‘° Flash ”
processes were known, and Bulletin No. 5 of the Hannah Dairy
Research Institute, referred to in Dr Chalmers Watson’s article in
the October issuc of this Journal, contains a critical review of the
available evidence regarding the effect of the *“ Holder ” process on
the nutritive value of milk. It will therefore be sufficient for the
present purpose to quote two extracts from Chapter VI of the
Bulletin.

Dealing in the first place with children “* who depend for their
cnergy intuke mainly on sources other than milk,” the authors say :
** Under these circumstances there do not appear to be any good
grounds for the belief that pasteurised milk is a less valuable com-
ponent of the diet than raw milk for children who satisfy the bulk of
their nutritive requirements from sources other than milk. . . . The
position with regard to infants subsisting on complete diets of cow’s
milk cannot be regarded as equally satisfactory. . . . It has been
established by Daniels and Stearns that the capacity to retain calcium
and phosphorus from diets of pasteurised milk is less than from diets
of quickly boiled milk.”” And they conclude : ““There are, therefore,
strong grounds for the belief that infants can satisfy all their require-
ments on diets of adequate amounts of pasteurised milk, provided
that extra vitamin D and, of course, vitamin C are added to the
diet.”

The question herc raised very acutely is the unsuitability of
pasteurised milk as a diet for infants unless supplemented by
vitamins C and D from other sources, and one inevitably recalls
Dr Poynton’s observations, quoted in a previous paragraph: Risks
of infantile scurvy and rickets for the on-coming generation are not
to be lightly incurred in the search after a safe and wholesome milk
supply. What seems to be sharply raised by the contrasted results
of Dr Lane-Claypon’s inquiry and those reviewed in Bulletin No. 5
of the Hannah Institute is whether prolonged exposure to a lower
temperature (as in the ‘‘ Holder ’ process) is not more injurious
to the vitamin content of milk than the short-time exposure to
boiling point, as is the domestic habit. Earlier in Bulletin No. 5,
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indeed, the effect of both these processes on the calcium-phosphorous
balance in milk is considered.

The Implications of Compulsory Pasteurisation.—In view of the
findings narrated in the preceding paragraphs, it is important to
note that pasteurisation proposals make no provision for milk suitable
for infants. All milk placed on the market for sale is to be pasteur-
ised, save that which is obtained from tubercle-free herds. There
is evidenoce that pasteurised milk, reheated in the home for infant
feeding, has been followed by infantile scurvy (Medical Research
Council’s Vitamin Report, 1932, and Bulletin No. 5), unless care is
taken to restrict the second heating to a temperature not higher
than about blood heat.

Moreover, no suggestion is made that milk produced under con-
ditions so graphically described in Mr Ben Davies’s! pamphlet on
The Nation’s Milk Supply, issued in July last, will be excluded.
The interest here lies in the recognition of the fact that thermo-
duric organisms which flourish at the temperature of pasteurisation
and are present in all dairy equipment which is not effectively
sterilised, from the milking machine to the milk can, are without
any known significance for human health, but are detrimental alike
to the keeping quality and perfect flavour of milk. Mr Davies’s plea
for a clean milk supply reached through the sterilisation of equip-
ment is irresistible.

Differential Legislation.—Two observations seem relevant on
this aspect of the proposal to pasteurise compulsorily part only of
any article of food placed on sale.

In the first place, it is differentiation against the poorer consumer,
a principle hitherto unknown in public health legislation. The sale
of certified and other tuberculin-tested milks proclaims the produc-
tion of a pure milk supply as possible. And if we are to accept
pasteurisation as an administrative principle, it will be impossible
logically to continuc opposing the introduction of sterilised portions
of tuberculous carcases.

Bulking.—There is an accumulating mass of evidence pointing
to the widesprcad deterioration of the quality of market milk
caused by the modern practice of bulking.

The recent report by the Department of Health for Scotland
on “ Tuberculous Infection in Milk ” (Medical Research Council’s
Special Report Series, No. 189) makes this abundantly clear.

Raw milk conveyed in churns from * producer ”’ farms was found
to yield tubercle in an average of 10 per cent. of the samples taken.
On the other hand, when * special inquiry was made of the amount
of tuberculous infection in creamery bulked milk sent to cities
in tanks . . . of the total samples 37-5 per cent. were found to be
infected, the incidence therefore being between three and four times
the general figures given previously for raw market milk ”’ (pp. 15-186).

It is unnccessary to assume that any of the herds whose milk

! Director of Laboratories, ctc., ('nited Dairies, Ltd.
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was thus ‘‘ bulked "’ had a higher rate of incidence of tuberculosis
than the individual herds whose milk was forwarded in churns.
But bulking gives tuberculous milk the opportunity of a wider
distribution.

There is a marked family resemblance between the problem
created by bulked milk and that presented by consignments of
frozen boneless meat before the introduction of Regulations under
the Act of 1907. In this instance the difficulty lay in tracing the
source of origin. So with the tubercle content in bulked milk. Bone-
less meat was detached from every anatomical landmark by which
it might be identified—bulked milk comes from many herds; and
the detection of the particular herd or animal contributing its
quota to the added 27-5 per cent. above the infection rate of
“ churn ” milk might well tax the resources of the most efficient
administration. But a beginning would be made were regulations
introduced prohibiting the bulking of milk for domestic use and
particularly for infant feeding, save that obtained from tubercle-free
herds, under a system of housing and management directed to the
production of clean milk. The delinquent herds would then be
brought into the open. Although tubercle bacilli do not multiply
in milk during transit, they may retain their virulence for such a
period as would render milk unusable if kept under ordinary domestic
conditions ; and the distribution of infected milk through the
volume of bulked milk reduces the proportion of tubercle-free milk
from an average of 90 to little more than 60 per cent.

JOHN GUY, M.D,, D.P.H.
Medieal Officer of Health, Edinburgh

IN order to answer intelligently the question, 1s pasteurisation
of milk advisable ! it appears to me that there are certain points
which should be made definitely clear.

(1) Does ordinary milk contain the bacillus of tuberculosis ?
The answer is ** Yes.” Recent work done by the Bacteriological
Departments of four large cities in Scotland showed that tubercle
bacilli were present in 10 per cent. samples of milk and in “ bulked ”
milk 33 per cent. approximately.

(2) The next question naturally follows: Is the presence of
tubercle bacilli in the milk a danger to the consumer ¢ The number
of bacilli in milk is not of very great importance to adults, although
it is a danger, but to children the danger is much more marked.
In Edinburgh we have regularly in hospital about 75 patients suffer-
ing from non-pulmonary tuberculosis, namely, tuberculosis of bones,
joints, etc., and in many of these the causal germ is the tubercle
bacillug found in milk. In Scotland it is reckoned that at least
1000 children die annually as a result of tuberculosis due to the
bovine variety.

(3) The next point which should be made clear is, admitting

7
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that these germs sometimes do harm: Is there another side to the
question, namely, do they accomplish any good ? Statements
have been made that the repeated small doses of tubercle bacilli
which we get in milk produce in the general public a resistance to
the disease, and such a resistance that, in adult life, if a patient
contracts tuberculosis of the lung, it is rarely of the acute galloping
type, but is a much slower chronic form. This statement as to
increasing resistance or immunity is purely problematical, as we
know very little about it, but the danger to children from tuber-
culous milk is not problematical ; it is very real.

(4) Another question to be answered is: Does milk form a
ready medium for conveying the causal organisms of other infectious
disease ? Again the answer is ‘‘ Yes.” Many an outbreak of
scarlet fever, diphtheria, typhoid fever. ete., has been traced to con-
taminated milk.

It appears to be established beyond doubt that milk is capable
of conveying the germs of several diseases.

(56) The next point to be determined is: Does pasteurisation
kill these germs, and will pasteurisation make milk safe ? The
answer is under laboratory conditions ‘“ Yes,” but in the investiga-
tion by the four large citics already alluded to, milk which had been
pasteurised showed the presence of tubercle bacilli in 2-8 per cent.
of the samples examined. The causal organisms, however, of scarlet
fever, typhoid and diphtheria, ete., are destroyed by pasteurisation,
so that from the point of view of the prevention of the spread of
diseasc, pasteurisation has a stiong case for recommendation

(6) The next important point to be settled is : Does pasteurisa-
tion interfere with the nutritive qualities of the milk ! The answer
ig, I think, “ Yes,” but the amount of damage is so slight as to be
negligible. The only exception which might be made here would
be for children fed on milk only. In the case of the poor, whose
supply of calcium and vitumins in their ordinary diet is poor, it
may he that there is a deprivation of these elements in milk by
pasteurisation which is not warranted. It is all the more important
as milk is the only uncooked food used. In the case of elder
children and adults living on a good mixed diet, the amount of
alteration in the nutritive quality of the milk is not worth mentioning.

(7) The last point to be discussed is : What effect will compulsory
pasteurisation have on numbers of milk-producing farms ¢ It is
often stated quite correctly that pasteurisation, although it kills
infecting organisms, does not make clean milk. Hence by some
method of reasoning, which I find mysclf incapable of understanding,
it is stated that pasteurisation will make the farm workers careless
as to the cleanliness of their milk. They can produce milk as dirty
as they like and have an excuse that “ it is going to be pasteurised,
anyway, so it doesn’t matter.”

Pasteurisation will not abolish, nor even hinder, the activities
of the Health Departments in their endeavour to produce clean

8



1934] RAW VERSUS PASTEURISED MILK

milk. Indeed, if it be applied extensively, pasteurisation will in
all probability be carried out by large firms, possibly under the
supervision of the Health Authorities, and these large firms will
undoubtedly have a preliminary examination of the milk to detect
the extent of contamination by visible dirt. Should a farmer be
found to be sending samples of milk in which dirt is at all marked,
he would certainly be warned that if he did not produce cleaner
milk his supply would be refused. Consequently 1 am of opinion
that if pasteurisation were made compulsory, the general trend of
milk cleanliness would be upwards.

Pasteurisation should be looked on as a temporary expedient
until the dairy herds can be cleared of diseasc, for the ideal milk
appears to me to be milk from cows free from tuberculosis, con-
tagious abortion, or other disease, produced under hygienic conditions
and bottled on the farm. Compulsory pasteurisation of all milk
sold in this country is not practicable ; nor considering the present
state of our knowledge is it desirable. What should be done is to
give our city authorities powers to apply such a measure to their
own area if they so desire. To this there should be added also the
power to insist that all milk pasteurised should, when sold, be
lahelled accordingly.

SIR A. D. HALL, F.R.S.

The John Innes Insutution, London

Tuk value of pasteurisation as a means of ensuring that the
supply of milk to the general public shall be safe and free from the
risk of transmitting epidemic disease, requires consideration from a
broader point of view than that of the abscnce of dangerous bacteria
from a given sample. We know, of course, that the bacilli of bovine
tuberculosis are present in the milk of cows in an ordinary untested
herd, and that tubercular affections, even death, do arise from the
consumption of such milk by young children. Undulant fever,
caused by the organism producing contagious abortion in the cow,
is also a danger, and from time to time milk does become a carrier
of other diseases, like scarlet fever, with which one of the attendants
of the cows may be suffering. From thesc dangers pasteurisation,
if properly carried out, offers an easy and inexpensive protection,
and one cannot wonder that many medical officers, obsessed by the
cases of preventable disease which are forced upon their notice,
turn to pasteurisation as the readiest road to safety.

The good is ever enemy to the best, and I fear that universal
pasteurisation might indefinitely defer the real desideratum—the
cleaning up of the dairy herds of the country and the elimination
of bovine tuberculosis. Pasteurisation does add an element of
cost to the milk supply, and does introduce dangers of its own if
imperfectly carried out or if the milk is contaminated with certain
dirt organisms that aro heat-resisting. Whether in pasteurised milk

9
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certain of the obscure elements of nutrition have been destroyed,
thus making it of inferior nutritive value for children, is atill a
matter of dispute, though all general considerations are on the side
of fresh milk.

1t is, however, certain that of recent years great improvements
have been made in the general cleanliness and quality of the milk
supply, and the danger is that such progress will be checked when
it begins to be thought that precautions need no longer be taken
because the milk will be cleaned up by the pasteurising process.
It is just for this reason that preservatives have been forbidden in
milk and other foods. They will defer or even inhibit the develop-
ment of sourness or putrefaction, and thus serve as a cloak to cover
dirty methods of preparation. In the same way in America public
water supplics are very generally chlorinated to remove the risk
of the dissemination of typhoid, etc., but this puts out of mind the
vital necessity of securing an uncontaminated water supply.

It has become practicable to eliminate bovine tuberculosis from
our herds, and though it would be a matter of time and considerable
expense, the outlay would be well repaid both by the longer work-
ing life of the dairy cows and by the increased confidence of the
public in the use of milk. The consumers would eventually gain if
this cleaning up were effected, for thereby the cost of milk production
would be brought down; at the same time the farmers would no
longer find the doctors diverting consumers from fresh to dried
milk.

Let us not therefore interposc a delay in setting about this
necessary reform by introducing the palliative with which we
should afterwards be disposed to rest content.

LESLIE J. HARRIS, D.Sc., Ph.D.
Nutritwnal Laboratory of the Medieul Research Council, Universily of Cambridye

Tae Editor has asked me to summarisc, as briefly as possible,
the known facts. I hope it will be felt that in the following epitome
I have succeeded in giving a fair and unbiased interpretation of
the available evidence.

1. The Problem to be Faced.—A considerable proportion of milk
sold in this country is infected with tubercle. It is established
that much tuberculosis in human beings is of bovine origin. (To
a less important extent also other infections may sometimes be
milk borne.) What is the remedy ?

2. The Alternative Remedies.—A number of alternative solutions
are possible :

(@) The ideal course, and the most cffective, would be bold
administrative action—admittedly at great expense—to discover
and to eradicate all known tainted sources.

(b) A less radical policy is to encourage by all possible means

10
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the more general use of certified milk (and to help to make its use
financially possible to those who need it).

(¢) The introduction of compulsory pasteurisation. Milk that
has been pasteurised, provided the correct type of procedure has
been adopted, is free from the “ t.b.” risk. It is likely, however,
to be inferior to raw milk in its vitamin C potency, and possibly
also (though probably to a less important degree) in certain other
nutritive properties. If universal pasteurisation is enforced,
therefore, it seems to me that it becomes more necessary than ever
for public health organisations to undertake widespread propa-
ganda to get it more generally realised that supplements of orange
juice (as also of vitamin D) are essential for all young infants—
a fact which is already recognised by the principal padiatric
authorities.

I would regard pasteurisation, then, as in a sense only a make-
shift device, as a palliative in the absence of more thoroughgoing
measures ; but rather than spread disease by infected milk I cannot
doubt that it is better to suffer some relatively slight loss of nutritive
properties, which, as evidence indicates, can be largely rectified by
quite simple means.

Effect of Pasteurisation on Nutritive Value of Milk.—1. Vitamin C.
1t is admitted that the vitamin (' value of the milk may be con-
siderably diminished by pasteurisation, but experience shows that
raw milk itself is never a really reliable source of this factor, and
ought in any case to be supplemented with fruit juice.

2. Various negative results. Apart from the vitamin C question
there is no conclusive evidence, in my opinion, that other nutritive
properties of the nulk are affected to any serious degree. Many
mvestigations have indeed been carried out which have only served
to show the absence of any ill-effect on various specific factors.
These papers are too numerous to specify here sertatim, but it will
be sufticient to refer to one of the most recent and most thorough-
going surveys, that by Stirling and Blackwood. who after a detailed
discussion conclude that ** there are strong grounds for the belief
that infants can satisfy all their requirements on diets of adequate
amounts of pasteurised milk provided that extra vitamin D, and,
of course vitamin (', are added to the diet.”

3. Sprawson’s results. Much of the evidence obtained from
past work is admittedly generally of a merely negative kind. One
of the few concrete suggestions of a possible special virtue in raw
over pasteurised milk is that of Sprawson, who noted a remarkably
low incidence of dental caries, or a low rate of spread of the disease,
in children receiving raw milk. 1 am not one of those who seek to
minimise the undoubtedly striking nature of Sprawson’s observa-
tions, but it seems to me that in the absence of any special direct
controls on pasteurised milk, it is not possible to say that the effect
was due for certain to the milk being raw. (Dr E. W. Fish, Director
of the Research Laboratory of the Royal Dental Hospital in London,

11
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tells me that in his experience the exclusive use of raw milk by no
means always leads to the enviable results seen by Sprawson.)

4. Other Nutritive Properties. [t may be true that there is
some relatively slight effect on certain other properties of the milk,
e.g., that the availability of the lime salts, or the calcifying power
of the milk, is less by, shall we say, 10 per cent. The conclusion
seems inevitable, nevertheless, that it would be better to have to
give one-tenth more milk in order to produce the same effect, rather
than risk infection. And indeed all such changes secm of a minor
character, quantitatively speaking.

Further Observations on Pasteurisation.—One point not often
realised by public health workers is that a major reason why
pasteurisation is so popular with many of the dairying interests, is
because pasteurised milk *‘ keeps ” longer, and can therefore be
sold when staler. I could myself tell lurid tales of war-time condi-
tions under which milk was pasteurised several times over at intervals
in order to keep it markectable. Let those in authority be aware of
the possibility of misuse of this gift of pasteurisation !

As a matter of general interest it may be mentioned that it seems
likely that in the course of another year or two conditions will have
been worked out under which it will be possible to pasteurise milk
without destroying the vitamin C—the conditions including. e.g.,
exclusion of all traces of copper from the apparatus, and of light.
However, let it be emphasised again that it is unsafe in any casec to
rely on raw milk itsclf a< a fully adequate source of vitamin C.

Conclusions.—1. Pasteurisation, while it fails to get to the root
of the trouble, is better than the sale of infected milk—but if pas-
teurisation is made compulsory, 1n the absence of more energetic
measures, let it at the same time be shouted from the housetops
that ‘“ all babies need orange juice.”

2. Compulsory pasteurisation must not be allowed to lead to
any relaxation of the efforts to procure a cleaner nmulk supply.

A, S. M. MACGREGOR, M.D., D.P.H.
Vdical Ofpecr of Health, Glasyow

THe evidence which may be advanced in favour of pasteurisation
as a public health policy rests upon the known capacity of this pro-
cedure, if properly carried out, to prevent the transmission of certain
infectious diseases to the consumer. Infections transmissible by
milk may be derived from (a) human, or (b) bovine sources. The
former group includes the commoner infectious diseases such as
scarlet fever, diphtheria, enteric or paratyphoid fever, and epidemic
sore throat. The latter group includes the infections caused by the
bovine tubercle bacillus and, much more rarely, undulant fever.

The expcrience of larger centres of population shows that such
instances of epidemic milk-borne infections as occur are entirely
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conoerned with that portion of the milk supply not subjected to
pasteurisation. For instance, the epidemiological history of milk-
borne infections in Glasgow permits of the conclusion that pasteurisa-
tion can be definitely relied upon to protect the consumer from these
infections should they have gained access to a particular milk supply.
One of the practical difficulties met with in controlling milk infection,
and in tracing its source, is the fact that in large centres of popula-
tion purveying of milk has become more and more concentrated in
the hands of large distributors, supplies from numerous farms bemg
mixed in wholesale fashion, a procedure which increases the possi-
bilities of spread of infections such as those instanced above. Under
these circumstances, the practice of pasteurisation is an efficient
safeguard and possesses great practical advantages.

As regards bovine tuberculosis, it is known that raw milk, as
supplied to the four large cities of Scotland by road or rail, contains
living bovine tubercle bacilli to the extent of from 10 to 14 per cent.
of samples taken from the complete consignments of individual
farms.! Further, the mixing, or bulking, of milk from several farms
for commercial purposes increases the volume of milk throughout
which the presence of tubercle bacilli may be demonstrated. For
instance, Dr Jordan, of the Hannah Dairy Research Institute, has
investigated the milk of creameries, and finds that 37-5 per cent.
of the samples examined were found to be infected. This again
demonstrates the danger of the practice of bulking milk from the
point of view of the public health. On the other hand, it has been
proved that pasteurisation of milk by the “Holder ”’ process, s.e.
exposure to 145° K. for thirty minutes, if properly carried out, is
an efficicnt method of destroying the tubercle bacillus in milk.

The public health considerations which arise may be exemplified
by the following data. The investigations of Dr W. 8. Blacklock,
carried out in the Royal Hospital for Sick Children, Glasgow, showed
that 64 per cent. of cases of tuberculosis of the glands of the neck,
approximately 80 per cent. of cases of abdominal tuberculosis, and
35 per cent. of cases of bone and joint tuberculosis in children are
caused by the bovine bacillus. Another recent investigation is that
of Griffith and Summers as regards patients with bone and joint
tuberculosis admitted to hospital at Millport, bovine bacilli being
found in 33-3 per cent. of the patients examined, while among the
children under ten years of age the figure was 56-8 per cent.

The known value of pasteurisation in preventing the consequences
of the consumption of infected milk is the principal reason ‘why it is
receiving such strong support. There remains the alleged objection
that pasteurisation seriously impairs the nutritive qualities of raw
milk. This would be a grave objection if it were clearly substanti-
ated. Present knowledge and experience, however, point to the fact
that such changes as occur in the composition of milk during pas-

1 Investigation into Tubercle Bacilli in Milk under Deopartment of Health for Scotland
and Empire Marketing Board.
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teurisation are small, are negligible where milk is not the sole food,
and are otherwise easily remedied in practice by the simple addition
of orange juice or, if need be, cod liver oil. Orange or other fresh
fruit juice is generally recommended whether the milk be pasteurised
or not. It should also be pointed out that pasteurised milk is
extensively used for infants and young children without any detect-
able deterioration in their general condition.

The general position is summed up in the following extract from
the Memorandum on Bovine Tuberculosis in Man, issued by the
Ministry of Health in 1931: “ The problems and procedures of
pasteurisation have been reviewed and it has been shown that,
subject to careful operation and scientific control, this process
ensures a milk which is not only safe for consumption, but also
retains its food value practically unimpaired by the heat to which
it is subjected.”

Professor T. J. MACKIE, M.D,, D.P.H.}
Bacteriology Department, Uneversity of Edinburgh

Mk is our first food and drink, and in the whole course of life
is an almost indispensable constituent of diet, but under the existing
conditions of our milk supplies we have been sacrificing the health
and the lives of many of our younger fellow-beings for this essential
nutrient. It is axiomatic that an abundant supply of a clean and
safe milk is a primary requirement of the community. In this
country, however, at the present time the consumption is abnormally
low, and the advantages to agriculture and the national economy of
a larger consumption are apparent. But it is admitted that cleanli-
ness and safety are not qualities which uniformly pertain to our
ordinary market milk, and the public cannot be blamed for neglecting
this food under present conditions. Other foods may at times
accidentally endanger human health, but we have to face the fact
that the ordinary raw milk is a constant menace to the public
health. Scientific research has provided an almost complete know-
ledge of the possible dangers and their prevention ; yet there is an
unbridged hiatus between this knowledge and actual practice.

In examining the milk problem from the hygienic standpoint
attention must be focused on the micro-organisms milk may con-
tain—those derived from the cow, its tissues, excreta and body
surfaces and those introduced in the various manipulations to which
milk is subjected from the time it leaves the animal till its consump-
tion in the home, including the microbes which human handling
may add to it.

Milk is primarily a sterile fluid, but, from the time it lows along
the ducts of the udder, is subject to progressive bacterial contamina-

1 Professor-Mackie dealt with the subject more fully in a paper read before the Agrioul-
ture Section of the British Association in September, 1933,
14
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tion. It is an excellent growth-medium for putrefactive and
intestinal bacteria, and while it can hardly remain uncontaminated,
raw milk a8 sometimes vended may be a veritable bacterial culture.
The micro-organisms present may, for the most part, be only those
found normally in our own alimentary tract, and it might be argued
that if their growth has not advanced to such an extent as to alter
grossly the chemical composition of the material, no harm has been
done. This may be true for the average healthy adult whose
alimentary tract is accustomed, as it were, to a varied bacterial flora
and the products of their growth, but we can hardly admit this
claim in the case of infants and young children. It has long been
recognised that heavily contaminated cow’s milk is responsible for a
considerable morbidity and even mortality among infants due to
gastro-intestinal trouble especially in the warmer season of the year
when, as might be eapected, the bacterial content of such milk is at
a maximum.

In my own bacteriological experience I find the standard of the
average retailed milk more than disappointing and particularly
when one reviews all that has been attempted to encourage or
compel improvement. We have sometimes been asked to console
ourselves with the hope that progress is being made, but it is
mtolerably slow for the idealist in preventive medicine.

Success in producing from the farm a milk which is free from
serious contamination may be summed up in scrupulous cleanliness,
care and intelligence in dairying methods with the aseptic ideal on
the part of all concerned. Too frequently the average dairy worker
is ignorant and careless and—worse still—may have dirty habits.
1t is notorious in fact how unhygienic the conditions of milk pro-
duction may be. After it has left the farm, milk is still subject to
contamination in distribution. Rigorous precautions are also
required in the retailing process and, unless the material is kept at
low temperatures, bacterial growth multiplies many-fold the initial
contamination.

Biological tests and bacteriological standards are essential
controls and should be more freely utilised for the check they afford.
Especially in the summer season the bacterial content of vended milk
may exceed a million living bacteria per cubic centimetre and even
recach multiple millions. With proper safeguards it should be quite
possible to supply a product conforming to the bacteriological
standard of  certified milk,” %.e., not exceeding 30,000 bacteria
per c.c., which is not a rigorous requirement.

Apart from the ordinary bacterial contamination and its con-
sequences, cow’s milk may carry the microbes of certain specific
diseases. First and foremost among these is the tubercle bacillus.
The faots in regard to this menace are common knowledge now to
the scientific agriculturist and to the medical profession, but one
finds that the public, though vaguely aware of the possibilities, do
not appreciate the position. The facts may be summarised as
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follows : at least 40 per cent. of dairy cows are tuberculous ; about
0:2 per cent. of dairy cows have tuberculosis of the udder and in
oonsequence are discharging live tubercle bacilli in their milk ;
from 2 to 13 per cent. (and an average of 6:7 per cent.) of specimens
of raw market milk contain live tubercle bacilli; in England and
Wales 2000 deaths (mostly in children) result annually from tuber-
culosis caused by the type of bacillus derived from cattle; and
about 4000 new cases of this form of tuberculosis occur each year.
The stated percentage of milk samples infected by the tubercle
bacillus probably underestimates the position in the large centres,
where the figures may reach 14 per cent. or even higher, and it
has been shown that large scale bulking may increase the percentage
to 25 or even 50 per cent. It seems almost incredible that, in a
community so highly organised in various ways for the saving of
human life, a food should be sold, with even a 7 per cent. chance
of containing a micro-organism capable of producing a serious,
crippling and often fatal disease, and that without forcible warning
to the pubhe. .

Tuberculosis, though the most important, is only one of the milk-
borne infections : from time to time milk supplics may spread enteric
fever (typhoid and paratyphoid) and other acute intestinal infec-
tions, diphtheria, scarlatina and streptococcal infection of the throat,
and quite recently the fact has emerged that undulant fever due to
Bacillus abortus, the organisia of bovine contagious abortion, must be
added to this formidable list. Mille-borne enteric fever, diphtheria,
and scarlatina are of course dug to human contaminaticn, often
from healthy carriers of these infections who are handling milk at
some stage of its production or distribution. In other cases, the
animal may be the source of the infection, as in hovine tuberculosis.
Thus septic sore throat may be derived from the milk of cows
whose udders are infected by a particular type of streplococcus.
Undulant fever (or abortus-fever) should be of particular interest
to the agriculturist in view of his close acquaintance with contagious
abortion and the serjous losses produced by this disease in cattle.
In the infected dow ‘the organism localises in the udder and is dis-

-wha.rged in its milk often for long periods after abortion!x Some
‘years ago abortus-fever was regarded as practically n(:;gent
in this country, but since the condition was first recognifg the
number of reported cases has been steadily increasing » the
majority must be atttibuted to the use of raw milk. .The pergentage
of samples of retatled raw milk which contain Bacillus a may

seem at first sight alarming ; for example, in an inquiry carried out
in my own laboratory, the figure was approximately 35 per cent. It
is specially significant that in certain large cities where most of the
milk is pasteurised undulant fever has occurred in persons who,
unlike their neighbours, have used raw milk (including certified
milk) &nd in some cases while on holiday in another arca.

Thg urgent necessity for eliminating milk-borne tuberculosis
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dominates the whole problem of our milk supplies, though the spread
of other infections by milk cannot be minimised. The eradication -
of tuberculosis among cattle is, of course, the fundamental remedy.
But immediate complete eradication is impracticable. Much was at
one time expected from the operation of the Tuberculosis Order but
this measure has made little impression on the root-evil, for eradica-
tion involves the removal from dairy herds of all infected animals
whether obviously diseased or not. Eradication by practicable
means must proceed slowly and, under average conditions of farming,
against difficult obstacles.

The production of the designated milks from ‘ tuberculin-
tested ”’ cattle has already placed in the hands of the public a limited
milk supply that is safe from risk of tuberculous infection, but under
present conditions economic factors affecting both producer and
consumer must tend to restrict the development of this supply.

In any case, for a considerable time to come tuberculous milk
must of necessity be used, and the only immediate remedy is it~
artificial disinfection. This remedy is no novelty and has been a
growing practice of milk distributors for some time past, the main
motive being to improve its keeping properties.

The only practicable method of disinfecting milk is by heat. and
owing to the deleterious effect of high temperatures on this complex
biological product, the temperature and the time of exposure have
been reduced to the minimum as in the officially recognised method
of pasteurisation at 145°-150° F. (63°-65° C.) and holding at this
temperature for 30 minutes.

While such treatment, if carried out by a carefully controlled
method, may be regarded as an effective means of disinfecting milk
not only as regards the tubercle bacillus but also other milk-borne
pathogenic organisms, the margin of safety is not very great.
Pasteurisation is a technical process requiring attention to detail,
and justifiable doubts have been cast on the uniform efficacy of the
method as applied commercially. 1 have no doubt, from personal
knowledge of the results of commercial pasteurisation, that the
holding process can function effectively, though further inquiry is
needed into the technical faults that may cause inefficiency and into
the optimum type of apparatus. In any case the effectiveness of
pasteurisation as carried out on a commercial scale must be con-
stantly checked by inspection and by bacteriological tests.

1 do not propose to discuss the effects of pasteurisation on the
nutritive qualities of milk, particlarly its vitamin content. The only
vitamin clearly proved to be affected by pasteurisation is the anti-
scorbutic vitamin C, and in any case it is doubtful if the ordinary raw
milk uniformly contains sufficient of this and other vitamins for the
needs of the growing human organisn1. The evidence, when critically
reviewed, does not provide any valid objection to pasteurised milk
either on grounds of qualitative or quantitative nutritive deficiency,
though it is obvious that if it constitutes the sole diet of young
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subjects a vitamin supplement is required ; but this is an essential
*even when raw milk is similarly used. _

It is sometimes said that the encouragement of pasteurisation
may set back the clock of progress towards the fundamental remedy.
Perhaps it may, if there is no counteracting motive in favour of the
concurrent eradication of bovine tuberculosis ; but 1 cannot under-
stand those persons who are willing to allow the continuance of milk-
borne tuberculosis for many years to come in order that, as they
hope, some time in the future a raw tubercle-free milk may be
universal.

Under present conditions, and particularly in view of the facts of
milk-borne tuberculosis, only two types of milk are justifiably sale-
able to the public, namely, (1) milk from cattle which react negatively
to the tuberculin test, and (2) milk pasteurised by an effective method
under proper control. Where it is possible to supply the public with
these products. as in the urban areas, the sale of the ordinary raw
milk should be forbidden. Where such supplies are not immediately
practicable the ordinary raw milk should be sold only under an
official designation which would make it clear to the public that
such milk is not free from possible tuberculous infection, so that the
consumer may take domestic steps to sterilise the material he buys.
I feel strongly that both our agricultural and public health organisa-
tions are doing the people a grave injustice in their tacit sanction of
the use of the ordinary milk, and if pasteurisation is not enforced
and controlled the only honest alternative is the official designation
of this milk in the way I have indicated.

Controlled pasteurisation also eliminates other dangerous infec-
tive agents that may sometimes be present in raw milk, and from
the hygienic standpoint its influence is comprehensive. This has
been clearly borne out by experience in public health practice.

It is said quite truly that pasteurisation does not render a dirty
milk clean. It must be recognised that the process does not produce
complete sterilisation, and micro-organisms responsible for chemical
alterations may survive and later grow in the milk. Pasteurisation
does not therefore ahsolve the producer from his obligations in
cleanly dairying methods. A pasteurised milk if improperly dis-
tributed and handled may also acquire new and, of course, progres-
sive bacterial contamination. Bact(riological examination of the
retailed product supplies a check of the effectiveness of the process
and such control is necessary in the public interest to ensure attention
to the requirements.

The occurrence of undulant fever due to Bacillus abortus raises
a further question : this organism may be present in * certified ”
and “ tuberculin-tested ”’ milk, and if the consumers are to be pro-
tected from this milk-borne infection. either the producers of these
designated milks must clear their herds of contagious abortion (by
analogy with the eradication of tuberculosis) or such milks must
also be pasteurised.
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Recent schemes for the reorganisation of the marketing of milk
have directed attention to the future of our milk supplies and the
present seems an opportune time for putting into force comprehen-
sive measures—long overdue—providing for the highest possible
hygienic standard of dairying and milk distribution, for the pro-.
gressive eradication of tuberculosis and contagious abortion from
dairy herds, for the efficient pasteurisation under official control of
all milk derived from infected herds or liable to dangerous con-
tamination from human sources, and, in short, for the production
and distribution of milk supplies which can be relied on as safe from
the hygienic standpoint.

Professor J. J. R. MACLEOD, F.R.S.
Physiology Department, University of dberdeen

It has been conclusively shown that the known imperfections in
the dictaries of a great many of the children attending the primary
schools in this country can be corrected by supplementing them
with a comparatively small amount of milk, a pint a day being
often adequate. 1t is also well known from the results of experi-
ments on rapidly growing animals, such as rats and pigs, that it is
of great advantage after the young animal has been weaned to
supply milk as one ingredient of the food mixture. In both these
cases, by the addition of milk more than by the addition of any
other natural foodstuff, can a diet which ix not quite up to standard
be made efficient.

Since it is so easy to demonstrate’ thc advantage of a milk
supplement in the dietaries of man and beast, it might appear as
if it should not be very difficult to demonstrate whether pasteurisa-
tion of the milk would rob it of any of its nutritive virtues. But
this is proving a most difficult problem to solve. Even an experi-
ment such as that which was carried through on a large scale among
the school children of Lanarkshire did not give an answer which is
unanimously accepted as conclusive and if another such observation
has to be undertaken, several variables which were not adequately
controlled in that one must be eliminated. Inasmuch as the
accomplishment of this will be both costly and time-consuming—
owing to the fact that the observations will require to be of much
longer duration than in the Lanarkshire experiment—it is mean-
while important that attention should be paid to experiments on
laboratory animals. In these, it is ever so much easier to control
the tests and to rule out the factors which are uncontrollable when
school children are used. Moreover, the tests on animals have the
very great advantage that they can be frequently repeated and
varied so as to eliminate, one by one as they are revealed, every
possible source of inaccuracy. True it may be that the nutritional
requirements of man and laboratory animals need not be alike
in all details, but it is highly improbable that any serious error
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could arise on this account provided the tests are conducted on
animals of different species and of varying dietetic habits. It
would surely be safe to conclude that, if in no type of animal at
any stage of its life pasteurised milk proved itself to be inferior to
- raw milk, the same would also apply to man.

Professor J. C. Drummond in his contribution to the symposium
on ‘“Bread and Milk ” recently held under the auspices of the
Society of Chemical Industry, said, ‘“ Many impartial reviews of
the literature dealing with the influence of pasteurisation on milk
have led to the conclusion that no satisfactory demonstration of a
deleterious action has yet been presented.” But this conclusion is
not shared by all, and it may be appropriate to refer to one or two
of the investigations which at least suggest that pasteurisation may
be detrimental. Orr, Crichton and others, using calves, gained the
impression that those receiving fresh milk were in better condition
than those receiving pasteurised milk. The numbers of animals
used were too small to permit of conclusions being drawn with
regard to differences in weight increase. The same impressions
regarding the better general condition of animals fed on unheated
milk were also gained by M‘Candlish and Black in similar observa-
tions conducted in Ayrshire. Magee and Harvey showed that
pasteurisation reduced by almost 6 per cent. the soluble calcium
content of the milk, but this may not be of any great significance.
More recently Mattick and Golding, of the National Institute for
Research in Dairying at Reading, have presented results from which
they conclude that effective pasteurisation of milk (at 145°F. for
30 minutes) lowers its nutritive value for rats. This may not be
evident in the growth curves of the young, but reveals itself by the
poorer general condition of the animals and by the fact that they
propagate less satisfactorily than those kept on raw milk. But
the difficulties inherent in such investigations are clearly revealed
by the results obtained by Drummond and his associates at Uni-
versity College, London. These workers repeated the Reading
experiments. using the same milk and the same biscuits to feed
their animals, and their conclusion is that it was not possible to
““ detect any evidence that pasteurisation adversely affects the
nutritional value of milk.” This conclusion was not altered in the
light of later experiments in which the diets were supplemented by
the addition of vitamin B.

At the same symposium the results of similar experiments on
mice were presented by Wilson and Cowell. These showed that
the mice did not thrive on a diet of raw milk and biscuit alone,
or on this plus either a mineral mixture of iron, copper and man-
ganese, or vitamin B, but did so when both of these supplements
were added. In none of the experiments, however, neither those
in which a somewhat deficient diet was used nor those in which
the diet was apparently adequate, was pasteurised milk found to
be inferior to raw milk with respect to survival and the breeding
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powers of the mice. But the young of mice fed from birth on the
raw milk diet put on weight very rapidly, and ‘ appeared to be
more lively and in better general condition than those brought up
by does on pasteurised milk.” The authors do not consider that
they have performed a sufficient number of experiments to justify
general conclusions being drawn, but the preliminary results are at
least suggestive.

It must again be emphasised that observations on the nutrition
of laboratory animals are often misleading when the results are
directly applied to man. The diets in the foregoing experiments are
entirely different from those used by man, and they are chosen in
the laboratory experiments with the object of showing whether

teurisation under any conditions can affect the nutritive qualities
of milk. That an excessive milk diet is in itself not entirely normal
is shown by the fact that the cecum of the animals fed on it in
many of Drummond’s experiments was found to be unusually
enlarged.

The chief lesson to he learned from these experiments on
laboratory animals, and particularly from the more recent ones, is
that it would at present be practically impossible to gain an answer
to the main question : raw v. pasteurised milk, by observations on
man. When we take into consideration the fraction of the total
span of life during which such observations could be conducted on
children with that possible when laboratory animals are used, it is
clear that it would be impossible, even if growth and general well-
being were alike in the pasteurised and raw milk groups, to make
certain that pasteurisation did not deprive the milk of some pro-
perty which would result in the later years of life in some nutritional
defect. And in this connection, it may not be out of place to add
that it is quite possible that comparatively slight deficiencies in the
dietaries of the young may be responsible for the occurrence of
some of the so-called chronic diseases of adult life. For the present,
in my judgment, it would at lcast be advisable to have the guidance
of further experiments on laboratory animals before undertaking
another human experiment. 1t may be that administrators, on
account of its great economic importance, are anxious for an answer
to the question whether pasteurisation deteriorates the nutritive
qualities of milk, but scientific research cannot be hurried beyond
a certain pace, which in this particular instance is determined by
the rate of growth and the powers of propagation of the smallest
and fastest living animal we can use as test objects. 1In so far as
available evidence goes, the scientific verdict must be that risks to
the health of human beings may be incurred when the dietary of
the child is composed in large part of pasteurised milk.
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HARRY J. RAE, M.C.,, M.A,, M.B,, Ch.B., D.P.H.
Medical Officer of Health, Aberdeen

IN recent years, the value of raw milk as compared with pas-
teurised milk is a subject which has continuously engaged the
interest both of the agriculturist and the hygienist. The question
is highly controversial and, unfortunately, conclusive relinble data
are not yet available. In such scientific arguments we are accus-
tomed to pay too much attention to the *‘seed ™ and too little to
the “ so0il.”

Let us first consider the result of pasteurisation on milk. Tt is
acknowledged that pasteurisation, by the bolder process, carried
out by an efficicnt plant, destroys the pathogenic organisms causing
bovine tuberculosis, scarlet fever, diphtheria, typhoid and para-
typhoid fevers, dysentery, and the Brucella abortus—which is the
cause of undulant fever in man and is of much more frequent
occurrence than is generally supposed to be the case. All these
are milk-borne diseases, and it has been definitely demonstrated that
pasteurisation is, in most instances, the only efficacious preventive
measure that can be adopted.

But it cannot be denied that the artificial heating of milk has &
definite action on several of its constituents. 1t must, however, he
remembered that except in pregnancy, lactation and general sick-
ness, milk as a food for the adull must always be of secondary
importance. The process of pasteurisation, which consists in heating
the milk to a temperature of 145” F. {or at least half an hour and then
immediately cooling it to not more than 35° F., naturally produces
physico-chemical changes ; calciam and phosphorus are changed
into a form which adversely influences their availability ; the iodine
content of the milk is diminished ; certain vitamins, such as ¢ and
D, are affected. For children and adults it would appear that
pasteurised milk is as valnable a component of the diet as raw milk,
because the bulk of the nutritive requirements in their case is satisfied
from sources other than milk. On the other hand, milk is the staple
food of infants and it is generally accepted that, if children are fed
solely on pasteurised milk, their nutritive requirements must be
augmented by the addition of orange juice or cod liver oil.

From the bacteriological viewpoint, therefore, the advantages of
pasteurisation are obvious. Not only arc the ordinary diseunse-
producing organisms destroyed, but the keeping qualities of the
milk are improved.

Now let us turn to raw milk. Over 10 per cent. of random
samples of raw milk contain virulent tuberele bacilli, and, in addition,
the milk, being an excellent nutrient medium for the growth o
bacteria, may harbonr the pathogenic organisms causing diphtheria,
scarlet fever, and the like. Indubitably, pasteurised milk is a safer
food than ordinary raw milk. Within the last fifteen years, out-
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breaks of typhoid fever, gastro-enteritis and streptococcal sore-
throat have, in this area, been traced to infected milk supplies.

Tubercle-free milk occupics an entirely different position.
Grade A (T.T.) milk is supplied by four producers to the Municipal
Hospitals in the City of Aberdeen and it has been the policy of the
Local Authority to encourage the production of this milk. Although
it is highly nutritive and is free from tubercle bacilli, it might easily
carry the milk-borne diseases already mentioned—excepting tuber-
culosis—although no such experience has so far occurred here.

The present position is, in my opinion, that the process of pas-
teurisation interferes to a slight degrec with the dietetic value of
milk, but pasteurisation is the means of preventing #o many dangers,
from the viewpoint of health, that the process must he extended.
There is no definite statistical evidence that the continued use of
pasteurised milk is the only factor in the causation of rickets and
dental caries in the hwman being.

Experience leads one to the conclusion that compulsory pas-
teurisation is essential in large centres of population. 1In London
95 per cent. of the milk is treated by this process, and within the last
fifteen vears no case of undulant fever has been recorded. In rural
arcas and in small burghs efficient pasteurisation will be economie-
ally impracticable for many years to come, and in purely rural areas
1t will never be practicable.

No doubt the ideal would be tubercle- and abortus-free cows, free
trom mastitis and mlked by milkers who were not carriers of any
communicable disease ; but, as such an ideal is unattainable, we must
fall back on clean pasteurised milk a< the only safe food of exceptional
value for the young.

WILLIAM ROBERTSON, M.D.,, D.P.H,, F.R.C.P.(E.)
Dovmaly Wodieal Ofpecr of Healthy, Edinbagh

Berore settig out to discuss the question of pasteurisation of
milk, let me make my position perfectly clear by putting the follow-
mg question to myself. ** Do you advocate the pasteurisation of
the milk of cows that have been tested and declared free from
tuberculosis, and from byres where strict cleanliness is practised ¢
My answer is * Emphatically, no.”

But we have not arrived at that highly desirable state of affairs.
That being so, we must approach the problem of pasteurisation from
a judicial standpoint. It is wrong and unfair to condemn pasteurised
milk in an offhand way because vitamin C is injuriously affected.
There are other things to be considered. It is matter for regret that
the process of pasteurisation, as frequently operated, leaves iteelf
open to criticism. For instance, all methods of pasteurisation are
not uniform. Take the “ Flash Process ’ as an example of an
unreliable and unscientific system. My own experience of an
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installation of that type at Leith was most disturbing. The milk

revealed a greater number of micro-orgamisms per c.c. afier than

before treatment, because the all too short application of heat had
actually encouraged the multiplication of bacteria in the milk. A
critic who took that example as an argument against pasteurisation
would be unjust, because Pasteur, the originator of the process,
never advised such a slap-dash method as the ‘ Flash Process.”
Pasteur’s discovery was prompted by an urgent demand from the
French wine producers to discover a scheme that would save the
grape juices from destruction by fermentation.

But for the discovery of pasteurisation and its power for good,
the peasantry and wine trade of France would have been ruined.
Criticism is occasionally excited when the more modern apparatus,
designed to hold bulked milk in contact with the required heat
for balf an hour, reveals weaknesses. When some of the milk
under treatment escapes the heat, or is not sufficiently heated, the
bacteriologist now and again comes forward with the disheartening
announcement that he has isolated tubercle bacilli from the milk
that was supposed to have been pasteurised. The bacteriologist
may heap further coals of fire on the head of the producer by
declaring that the tubercle bacilli were alive and had in fact infected
guinea-pigs. When, in addition, we are told that the numbers of
Coli bacilli present exceeded the limits permitted, our faith in the
pasteurisation of milk on a commercial scale is apt to receive a rude
shock.

The occasional discovery of tubercle bacilli in commercially-
heated (I cannot call it pasteurised) milk is a weakness that must
be corrected and guarded against by the producer, if he wants to
stand on a sound platform.

Another criticism advanced against pasteurisation is that the
heat employed kills the ““ policemen ** of the milk, to wit, the lactic
acid bacilli. When the rouring of milk is rendered impossible by
the destruction of those bacilli, the consumer may drink a liquid
that is being peptonised by micro-organisms capable of producing
gastro-intestinal manifestations. The lesson to be learned from that
knowledge is that only freshly prepared pasteurised milk should be
used. Pasteurised milk that has been standing in a bottle for a fow
days (in a warm kitchen perhaps) may provide a really harmful food.

Having referred to the weakness of the process, let me turn to
one or two of its good features. It is very appropriate to this
discussion that the American Journal of Public Health within recent
weeks published the results of an inquiry bearing on “ Milk-borne
Outbreaks of Infectious Disease in Massachusetts, between the
Years 1030-32.” The areas covered by the inquiry carried a
population of 5,000,000 persons. In Massachusetts 85 per cent. of
the milk supplied is pasteurised. The replies sent in showed that
there had been 5 outbreaks of septic throat, 3 of typhoid fever,
1 of scarlet fever and none of diphtheria. The sore throat out-
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breaks attacked 178, 17, 17, 10 and 18 persons. There were 3
deaths, and in every one of the outbreaks infection was traced to
the consumption of raw (non-pasteurised) milk. Of the 3 typhoid
fever outbreaks none exceeded 18 cases, and all were traced to raw
milk. There had been 9 cases of scarlet fever traced to the con-
sumption of milk that had been pasteurised, but the infection of the
milk took place during bottling and capping operations. The infect-
ing agent was an assistant who had been suffering from a mild
(undetected) form of scarlet fever.

Since milk pasteurisation became more or less a universal
system, milk-borne outbreaks of infectious disease in America
have disappeared. Even its most obstinate opponent must admit
the value of pasteurisation from that preventive standpoint.
When we come to deal with what might be termed the inherent
defect of pasteurised milk (apart from the destruction of lactic
acid bacills), we are forced to admit that the heat required does
injure the vitamin C content. But it is at this stage of the dis-
cussion that the man with the open mind will be expected to temper
his criticism with justice.

If every man, woman and child in this country had to subsist
for prolonged periods on pasteurised mulk their health would
undoubtedly be prejudiced, because their supplies of vitamin C
would be unduly reduced. But no sane person can picture such a
condition of existence. Every one nowadays, during some period of
each day or week, consumes fresh vegetables, fruits or other articles
of diet containing vitamin C. Children who are expected to drink
raw milk at school, whether they want it or not, do not rely on a
few ounces of that liquid for their vitamin C supplies. Yet one
would almost imagine that they do when the case for or against
pasteurised milk is debated.

The prolonged experiment conducted in the schools of the
principal cities of Scotland and in Belfast clearly demonstrated
that those who drank pasteurised milk emerged at the end of six
months in as good physical condition as the others who had con-
sumed raw untreated milk. The experiment indicated that vitamin
C as well as other accessory food factors were consumed outside of
school hours. If the truth were admitted, it would be confessed that
we have heard and read far too much about elusive and xomewhat
illusory vitamins, and too little about properly balanced and mixed
diets. Rats kept in cages and fed on a diet deficient in one or other
of the accessory food factors were bound to suffer in health. But
human beings who can move about to fend for themseclves are in
a totally different category. When Cook undertook his round-the-
world voyages of discovery, his crews suffered from scurvy because
their supplies of fresh foods ran short. They had no option but
to eat the salt beef and preserved foods that were on board. We
rarely hear about scurvy now because we mix our diet. Instinct
teaches us to do so.
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milk than when raw milk formed the bulk of the diet. Pasteurisation
also caused appreciable losses of the iodine present in the milk.
Magee and Harvey also measured the relative concentration of
soluble calcium salts by dialysis.! They found there was a loss of
about 23 per cent. of diffusible calcium in pasteurised milk when
compared with the diffusible calcium in non-pasteurised milk.
The loss of soluble calcium on pasteurisation is suggested by Milroy
to be due to the formation of colloidal and, therefore, of unassimilable
tricalcium phosphate. A review of all the published work on the
chemistry of pasteurised milk would occupy too much space, and,
in any case, would be too technical, and therefore inappropriate
in a short article written for the general public.

Summarising the chemical results in a sentence, we can say
that the advantage of the destruction of tubercle bacilli, if present,
brought about by thorough pasteurisation, is accompanied by
changes in the chemical composition of the milk which are probably
disadvantageous. Changes take place in the calcium and phosphate
of the milk which probably decrease the assimilability of the bone-
forming salts. Want of space prevents me from quoting the results
of experiments on young pigs and on calves—experiments conducted
to test whether the loss is material or not. Whether, in the case of
young children, this loss is appreciable or not, must be determined
by a rigorous and carefully planned experiment.

A large-scale experiment on 20,000 children was conducted in
Lanarkshire in 1930, a full account of which is given in a pamphlet
published in that year.2 The conclusion reached by the authors was
that “In so far as the conditions of this investigation are con-
cerned, the effccts of raw and pasteurised milk on growth in weight
and height are, so far as we can judge, equal.”

The experiment and the conclusion reached have, however,
been criticised by well-known statisticians, namely, (1) R. A. Fisher
and S. Bartlett,® and (2) *‘Student.”4 Professor R. A. Fisher and
his colleague pointed out that in each group of children, as sub-
divided for age and sex, the increases in height and weight were
greater, apart from a few unimportant exceptions, with raw than
with pasteurised milk. If these groups can be taken as supplying
independent evidence the difference in favour of raw milk was signifi-
cant. Morcover, this difference represented a substantial fraction of
the total increase in growth produced by milk feeding. Combining
the data of all ages they found that for weight of boys, pasteurised
milk had only 66 per cent. ot the value of raw milk, and for weight

1 Magee and Harvey. Miochemical Jourral, vol. xx., pp. 873-83.

2 Milk Consumption and the Growth of School Children.” Report on an Investiga-
tion in Lanarkshire Schools, by (erald Leighton and Peter L. M'Kinley. H.M. Stationery
Office, price 3d.

3  Pasteurisel and Raw Milk.” Nafwre, 18th April 1931.

4 “The Lanarkshire Experiment,” by ‘ Student.” Biomelrika, vol. xxiii.. Deec.
1931, pp. 388-406.
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of girls, 891 per cent. Considering increase in height, they found
that pasteurised milk had only 50 per cent. of the value of raw
milk for boys, the corresponding figure for girls being 70 per cent.
Boys, however, are more active than girls.

It is pointed out by ‘‘ Student ’ that the data are not comparable,
that the children receiving pasteurised milk were in different schools
from those fed on raw milk, and that the district was a hetero-
geneous district both racially and socially. Proper precautions were
not taken to ensure that all the children were on the same footing
except as to the nature of milk feeding, the effects of which were
to be tested. It did not occur to the parliamentary authorities,
or it may have been found difficult for them, to secure that pairs
of brothers and pairs of sisters n the same school should be fed,
the one with pasteurised milk and the other with whole fresh milk
—age, stature and weight being recorded in order that the statisti-
cian should be in a position properly to compare groups of brothers
and groups of sisters fed according to the scheme.

In view of the importance of the problem, the Department of
Health for Scotland placed the whole records of the experiment at
the disposal of the Galton Laboratory for National Eugenics at
University College, London. The results of the statistical analysis
of the records carried out in this well-known laboratory will probably
appear at an early date in the Annals of Eugenics, a journal edited
and published by Professor Karl Pearson, the founder and editor
of Biometrika. who has just retired from the Chair endowed by
Sir Francis Galton, and who is the world’s pioneer in the mathe-
matical treatment of biological data and, in particular, in the
scientific study of racial problems.

We shall doubtless know from this high authority and his
co-worker, Dr E. M. Elderton, what definite conclusions can be
stated from the nature of the data. There may be inconclusions
which could have been avoided, had the scheme had the benefit
of the advice of leading statisticians prior to the starting of this
experiment.

All workers on this difficult problem, biochemists, bacteriolo-
gists, nutrition experts and statisticians. are making an honest
effort to find the true solution. From the chemical standpoint, it
can be definitely stated that milk after it has been pasteurised is
not the same as the original article. Statistically there are indica-
tions that the effect of pasteurised milk on young children is not
the same as the effect of raw milk, but no definite conclusion has
yet been reached.

The rasson d’étre of the process of pasteurisation of commercial
milk (bulked or otherwise) is the protection it gives from certain
infections. The activities of local authorities, associated as they
are, and should be, by the State, in the direction of the elimination
of all sources of disease, are bound to have a beneficial effect on the
quality of commercial milk. Pasteurisation is only & temporary
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measure to be abandoned when dairy farming has reached the
state envisaged by the public health authorities. The sooner that
day comes the better will be the health both of the old and the
young of the entire community.

Professor G. S. WILSON, M.D,, F.R.C.P., D.P.H.
Dunsion of Bacteriology, London School of Hygiene and Tropiwcal Medicine

SINCE an adequate discussion of this subject would occupy far
more space than is here permitted, I propose to restrict myself to
a consideration of the main issues only, forming as dispassionate
a judgment as possible on the scientific evidence available. I
shall still further restrict myself to the public health aspect of the
problem. Once a definitive conclusion is reached as to the relative
merits of raw and pasteurised milk in the feeding of the human
population, it will be time enough to consider the various adjust-
ments that will be demanded of the producing and distributing sides
of the milk industry if full effect is to be given to the knowledge
obtained. At the outset I want to make it quite clear that in
using the term pasteurisation, I imply the exposure of milk in
properly constructed and efficiently operated plant to a temperature
of 145-150° F. for 30 minutes with subsequent cooling to a tem-
perature of 55° F. or below. This definition excludes a considerable
proportion of so-called pasteurised milk at present on the market.
The discussion falls naturally under two headings.

(1) The Nutritive Value of Cow’s Milk.—Cow’s milk differs in a
number of important respects from human milk, and is not an
ideal food for infants. Besides having to be diluted with water
and fortified with additional sugar, *t has frequently also to be
supplemented with orange juice, cod-liver oil and iron, or similar
products, to ensure protection against scurvy, rickets and ansmia.
The effect of low-temperature pastcurisation appears to be to
render the caseinogen more digestible, to reduce the amount of
soluble calcium, and possibly phosphorns, to a slight extent—
something of the order of 5 per cent.—and to destroy a variable
amount of the vitamin C. The first of these changes is presumably
beneficial ; the reduction in soluble calcium and phosphorus is
not likely to be serious, because there is about four times as much
of these elements present in cow’s milk as in human milk ; and the
reduction in the vitamin C can easily be made good by ecitrous
juice or potato extract. Whether more subtle changes occur it is
impossible to tell by chemical methods, and resort must therefore
be made to animal experimentation. Careful analysis of the work
carricd out on different animals fails to show any significant
diminution in the nutritive properties of milk on pasteurisation
which cannot readily be made good by the addition of simple
substances to the diet. There are, however, suggestions, at present
unconfirmed, that in very early life the increase in weight, the
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general vitality of the animal, and the development of the teeth
may be slightly superior on raw milk. The only way to ascertain
whether these differences really exist, and whether, if they exist,
they are of importance in human development, is to make very
carefully controlled observations on infants under 1 year of age.
It is difficult, however, to believe that they can be of any great
importance. An average of nearly 90 per cent. of the milk in
cities of 10,000 or over in the United States of America is pasteurised,
and no disturbances of infant development appear to be manifest.
A recent inquiry, moreover, carried out in the United States on
over 3700 children of 10 months to 6 years of age showed that
children who had received nothing but heated milk were in fact
slightly, though not significantly, both heavier and taller than those
which had received raw milk for more than half their lives.

(2) Diseases Caused by Cow’s Milk.—Here we have better docu-
mented evidence. Milk must always be a potentially dangerous
food when consumed in the raw state, partly because of the fre-
quency with which it is contaminated with pathogenic organisms,
and partly becausc it serves as an excellent nutrient medium for
the growth of many types of bacteria. The inilk may be infected
through discase of the cow’s udder with bovine tubercle bacilli,
Br. abortus, hamolytic streptococci, and occasionally with other
organisms dangerous for human beings, while during and after its
collection it may be infected through human agencies with diphtheria
bacilli, with the hemolytic streptococei of scarlet fever and septic
sore throat, with typhoid and paratyphoid bacilli, and with related
organisms of the dysentery and food-poisoning groups. As the
result of a recent investigation T have found that during the 20-
year period 1912-1931 there were at least 81 outbreaks of milk-
borne disease in Great Britain, affecting about 10,000 persons.
During the same time about 100,000 persons contracted tuberculosis
of bovine origin through the consumption of milk, and an indefin-
ite number suffered from undulant fever due to infection with
Br. abortus. These figures are for various reasons incomplete, and
afford hut a conservative cstimate of the total amount of milk-
borne disease. They are, nevertheless, sufficiently formidable to
demand serious attention. As I have on more than one occasion
pointed out, clean milk and safe milk are not synonymous terms.
Numerous outbreaks of disease. both in this country and the United
States, have resulted from the consumption of milk produced under
very hygicnic conditions. Cleanliness of production affords no
guarantee, therefore, of the safety of the milk. Since all raw milk
is potentially dangerous for human beings, the only logical pro-
cedure in the safeguarding of the public health is to expose the
milk to adequate heat treatment. Pasteurisation, properly carried
out, destroys all the organisms that have been mentioned, and,
provided due care is taken to avoid contamination of the milk
after processing, it eliminates the risk of milk-borne disease.
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Summing up, my opinion is that for the general population all
liquid milk and cream should be adequately pasteurised. For the
infant population I am likewise strongly in favour of pasteurisation,
provided the usual supplements, desirable even with raw milk, are
made. While admitting that our knowledge of the relative nutritive
values of raw and pasteurised milk is still incomplete, I consider that
the known advantages of pasteurisation in the prevention of disease,
deformity and death so manifestly outweigh any minor problemati-
cal diminution resulting in the food content of the milk that we have
no other course in the interests of the public health but to recommend
it. For those who are unable to agree with this conclusion a supply
of raw milk should be made available, produced by animals free
both from tuberculosis and contagious abortion. If pasteurisation
is to be generally adopted, steps must be taken to ensure that the
milk is produced under cleanly conditions and that the processing
is carried out efficiently. Dirty milk is unsuited for human con-
sumption, whether pasteurised or not. For this reason I should
strongly advocate a pre-pasteurisation standard of cleanliness, and
a special bonus for milk coming from disease-free herds. Confidence
in the safety of our milk supply, which alone can be obtained by
pasteurisation, will, I believe, result in an increased consumption of
milk which in its turn will react favourably on the health and wealth
of the community.

N. C. WRIGHT, M.A,, Ph.D.
The Hannah Dairy Research Instituic

THE prosperity of the milk industry depends very largely on the
sale of liquid milk, and no decision will be of greater importance in
this connection than that with regard to the proposal for the com-
pulsory pasteurisation of all milk (other than that from tuberculin-
tested herds) destined for liquid consumption. Apart from the
relation of pasteurisation to the reduction of milk-borne disease and
to the nutritive value of milk—subjects which are primarily the
concern of the medical profession—certain other factors must be
taken into account in deciding whether a policy of compulsory
pasteurisation for city milk supplies is justifiable. Such factors
include the effect of compulsory pasteurisation on producers’ and
consumers’ prices ; its reaction on the producer-retailer and small
dairyman ; and its influence on clean milk production and disease
eradication. I have recently made a careful inquiry into these
aspects of compulsory pasteurisation, and, on the basis of the
evidence so far collected,! the following tentative conclusions may
be noted :—

Pasteurisation has been widely adopted in many English cities

! Detailed evidence on the points at issue will be found in a paper read at the annual
meeting of the British Association for the Advancement of Science, 1933, Copies of this
paper may be obtained from the writer.
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during the last twenty years, and in some cities (¢.9. London and
Glasgow) as much as 80 per cent of the milk supply is already
pasteurised.! In spite of this fact no unfavourable price reactions
can be attributed to the widespread adoption of the process. As
regards the consumer’s price, the index of retail milk prices ran
parallel to the general index of retail prices of other foods until 1927,
although the percentage of milk pasteurised rose, in London, from
30 per cent in 1913 to over 80 per cent in 1927. As regards pro-
ducers’ prices, it is found that, when these are expressed as per-
centages of the retail price—the only reliable means of studying
comparative changes in a time of fluctuating prices—they remain
practically constant at 60 per cent. In spite of the rapid growth of
pasteurisation, therefore, the producer’s share in the retail price has
in the past 2 remained reasonably constant. In this connection it
may be stated that fluctuations in the producers’ prices due to the
varying proportions of milk paid for at manufacturing rates are
dependent mainly on supply and demand, and bear no relation to
pasteurisation. Moreover, information obtained from cities in the
United States and Canada, in which compulsory pasteurisation is in
force, bears out the contention that it has little, if any, effect on
producers’ or consumers’ prices. There is in fact evidence that,
following the adoption of compulsory pasteurisation, liquid milk
vales have risen, with a corresponding increase in the proportion of
milk for which the liquid price is paid—a fact which has materially
benefited the producer.

With regard to producer-retailers, it is found that, in large cities,
they supply an average of about 10 per cent of the milk consumed.
This estimate is, however, based on figures for 1932, when falling
prices had forced many farmers to retail their milk in order to sccure
a maximum return for their produce. Such a growth in the number
of casual producer-retailers is detrimental to the general body of
producers, since their competition results in lowered retail prices,
and therefore lowered producers’ prices, without solving the para-
mount problem of raising either the consumption or the manufactur-
ing price of milk. The elimination of this type of producer-retailer,
which would undoubtedly be one result of compulsory pasteurisation,
would therefore be advantageous to the ordinary producer. As
regards the long-established produccr-retailer, it appears that the
natural outlet for him is the sale of high-grade tuberculin-tested
milk. Thus he is in close proximity to his market, he is in personal
contact with his customers and he can offset his higher production
costs by eliminating the middleman. Compulsory pasteurisation

1 Although the growth in pasteurisation has in some centres been rapid, it should
be clearly understood that, when adopted voluntarily, the processing may not necessarily
be carred out with proper safeguards. Under compulsory pasteurisation, however, the
adoption of officient methods of processing could be made obligatory.

8 There iy reason to belicve that, with the advent of the new milk marketing schemes,
the tendency in future will be for the producers’ organisations to secure a dominant
position in controlling milk prices.
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might well provide him with a relatively stable—if not an exclusive—
market for his milk,

In considering the position of the small dealer, it appears that
compulsory pasteurisation will, in all probability, make it extremely
difficult for him to continue in business. It is, however, doubtful
whether even at present he is an economic unit in the larger centres
of population, and there is some evidence to show that he can be, and
is, used as a screen for keeping up the retail price of milk—to the
manifest advantage of the large dealer. Neovertheless experience in
the United States and Canada indicates that he may be able to
survive compulsory pasteurisation, either by installing small-scale
plant, or by co-operating with other dealers in the erection of larger
plant, or by purchasing supplies of pasteurised milk from large
dealers. The latter practice is already relatively common in this
country.

The argument that pasteurisation will discourage clean milk
production is based on the erroneous impression that pasteurisation
will mask the inherent defects of milk produced under dirty condi-
tions. Recent work indicates that the methods of production exert
a great influence on the suitability of milk for pasteurisation, since
dirty methods lead to serious difficulties in the subsequent heat
treatment. Moreover, judging from reports received from American
cities in which compulsory pasteurisation has been in force for some
years, it appears that the hygienic methods of handling milk at the
farm have shown a definite improvement since processing became
obligatory. In any event, any retrograde tendency could be pre-
vented by the inclusion of a suitable pre-pasteurisation bacterial
standard in any legislative measure giving effect to compulsory
pasteurisation.

Finally, in answer to the criticism that compulsory pasteurisa-
tion will discourage disease eradication, it might be asked, ‘‘ What
is in fact now being done in Great Britain to eradicate bovine
disease ¢’ Careful inquiries in a number of large cities show that,
although the Milk (Special Designations) Order has been in force
for ten years, only 2 per cent of the milk supply is derived from
tuberculin-tested herds. In comparison the American figures for
over 400 cities, supplying a population of 40,000,000, in which
compulsory pasteurisation is in force, show that nearly 90 per cent
of the milk, irrespective of whether it is to be pasteurised or not, is
derived from tuberculin-tested cows. It is impossible in the light of
these figures to accept the contention that compulsory pasteurisa-
tion is antagonistic to disease eradication. The real fact appears
to be that the extent of disease eradication is largely, if not entirely,
dependent on the measure of active assistance which is provided by
the State.

If the implications of the above facts are accepted—and there
seems to be no reason to doubt their validity—it must be concluded
that compulsory pasteurisation, by providing the consumer with a
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milk supply of guaranteed safety (thus stimulating the consumption
of liquid milk), by eliminating the casual producer-retailer as a
competitive element in the milk market, and by putting the un-
economic small dealer out of business, would be of material benefit
to both the producer and consumer of milk.

SOME CONSEQUENCES OF TECHNICAL PROGRESS
IN AGRICULTURE!

Professor J. A. Scorr Warson, M.C., B.Sc.
School of Rural Economy, Ozford

A cooDp deal of recent agricultural history may be summed up
by saying that it has been becoming easier and easier to produce,
and more and more difficult to sell. Just how far the difficulty of
securing a remunerative price is a result of the farmer’s own success
in increasing his production is a question upon which opinions
differ. It is not the purpose of this article to argue this aspect of
the matter. That purpose is merely Lo point out, firstly, that the
rate of improvement in agricultural technique is getting progressively
faster, and secondly, that the rate of increase of the world’s popula-
tion is getting progressively slower; and that these two broad
facts, taken together, scem likely to have profound effects upon
the future of the agricultural industry.

Let us illustrate the first point by reference to the history of
wheat production. Starting in medizval times, the yield of wheat
in Britain was probably of the order of 12 or 14 bushels per acre,
and its production probably involved about 12 man-days of labour.
The output per man-day was thus a little over 1 bushel. From
that time onwards we may distinguish three main eras in the
technique of production.

In the first of these, which lasted till the end of the eighteenth
century, all the operations of tillage, harvesting and threshing
were performed either by man labour and the use of simple tools,
or else by horse or other animal labour with the help of relatively
simple implements like the single-furrow plough. Also the fertility
of the soil was maintained solely by means of the so-called ‘‘ natural
manures like dung, lime and marl. Towards the end of this period
there was severe pressure on the available supply of land suitable
for wheat and, especially during the Napoleonic wars, there was
a great effort to intensify production on the available area. At
the end of the period, after enclosure, with the help of *restorative ”
crops like clover, and with the allocation of a good deal of land to
stock—in order to make dung—the yield was raised to something
like 24 bushels per acre. The labour of production remaining

! Substance of a Paper read before the Economic Section, British Association, at the
Leioester Meoting, 1933,
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about the same, we may say that the output per man-day, as well
a8 the output per acre, had been approximately doubled.

In the second era, which lasted throughout the nineteenth
century and until about the end of the Great War, there were
notable advances of two kinds. Firstly there was considerable
progress in mechanisation. Meikle’s thresher, invented in 1784,
had largely replaced the flail by 1840. In the ’twenties came
Bell’s reaper ; in the ’‘fifties M‘Cormack’s more perfect machine ;
in the ’seventies the binder. These machines reduced the direct
human labour of wheat production by about 50 per cent.—say
from 12 to 6 man-days per acre. Concurrently the yield per acre
was raised, largely through the use of artificial manures, from
24 to about 30 bushels. Before the Great War progress was being
held up. so far as this country was concerned, by the scarcity of
nitrogen manures, to which difficulty Sir William Crookes devoted
his Presidential Address to the British Association in 1898. 1In
1913 it took a sack of wheat to pay for a hundred-weight of sulphate
of ammonia. Still, the gross output per man-day had been raised
from 1 bushel in 1400, and 2 bushels in 1800, to about 5 bushels
in 1900. A further point of importance is that, whercas in 1800
increased yield per acre was the main objective, the aim in 1900
had becn shifted to that of a larger output per man—the avail-
able reserves of wheat land having in the meantime becn vastly
increased by the opening up of the prairie countries.

The third period, which is only commencing so far as this
country is concerned, js witnessing the introduction of three new
mechanical inventions—the tractor (with its appropriate large
implements of tillage), the combine harvester and the grain drier.
The first reduces the direct man labour of tillage by some 75 per
cent.—that is & man with an average tractor can plough, or harrow
or cultivate about four acres for every one that can be ploughed or
harrowed or cultivated with a pair of horses. The ¢ combine ”’ reduces
the number of harvest operations from four—viz., cutting, stooking,
stacking and threshing—to one. The drying plant—which is a
necessary complement to the combine in our climate—largely
eliminates the largest risk of the enterprise, that of damage by
bad harvest weather. It is understating the effect of these
innovations if we say that they result in again cutting the labour
cost in half. In this country a 30-bushel crop can be produced
with about 2} days’ work, while the 18-bushel crop of parts of
the American Wheat Belt costs about 1} man-days. In either
case the output per man-day would be approximately 12 bushels.
Simultaneously Sir William Crookes’s problem has been solved
by the invention of the various processes for the fixation of atmo-
spheric nitrogen, so that there is now no reason to fear the rapid
exhaustion of the world’s wheat soils. And simultaneously again,
the available reserves of wheat land have been immensely increased
by the work of plant breeders. In Canada their efforts have
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resulted in the northward extension of the limit of wheat cultivation
by hundreds of miles. In Australia the production of drought-
resistant varieties has opened up another great tract to wheat
culture. In this country the next step of progress will doubtless
be the breeding of new varieties which will respond to the heavier
applications of nitrogen which would be, but for the risk of pro-
ducing an over-luxuriant crop, highly profitable.

One consequence of these developments is that wheat has
become very abundant and cheap; and it is an old economic
paradox that the cheaper bread becomes, the less of it people eat
—4t.e., when the consumer’s real income is high he tends to sub-
stitute other and more expensive foods—semi-luxury articles—
for the plainer and less attractive forms. From the consumer’s
point of view wheaten bread was at one time a luxury; it then
came to be regarded as ‘‘ the staff of life’; and it is now, among
the more prosperous classes of the community, being relegated
to a comparatively minor place in the dietary.

Professor Ashby has recently made a wide and general survey
of the changes in the efficiency of agricultural production, and
his figures show that the same tendency can be traced in rclation
to most commodities. A few of his conclusions referring to the
dairy industry may be quoted. The average milk yield of British
dairy cows increased between 1885 and 1931 by about 40 per cent.,
and in the six-year period. 1925-31, by 12 per cent. In Denmark the
output of butter per cow, which was already high in 1914, has since
increased by 26 per cent. In New Zealand between 1909 and 1929
the output of butter, per man employed in the dairy industry,
rose by 59 per cent.

The same author has collected estimates for the industry as
a whole. He finds, for instance, that in the United States during
the present century the physical output per acre has risen by
25 per cent. and the output per man engaged in agriculture by
34 per cent.—the greater part of the increase, in both cases,
having occurred smee 1921. A« regards Britain he concludes that
efficiency, as measured by the phy-ical output per man engaged
in agriculture, has risen by about 1 per cent. per annum since 1870,
and that, despite the recent depression, this rate of progress has
been maintained to the present date.

If our review could be extended to include tropical agriculture
it seems likely that, so far as production is conducted upon a
commercial scale, even more striking figures would be obtained.
The introduction of new varieties of sugar-cane, the new method
of vegetative propagation of rubber, the use of artificial manures
for tea and for rice have so improved the efficiency of the various
industries that real and heavy over-production has resulted, and
international restriction schcemes have been found necessary.

The broad facts that must be rcalised are that the rate of
increase in output, per man employed in agrioulture, is already
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greater than the rate of increase of population; that the rate of
progress in agricultural production is tending to become faster,
while the rate of increase of population is likely to become pro-
gressively slower; and, finally, that the possibility of any real
pressure upon the available area of agricultural land is so remote
that it may be left out of account.

It is clear, therefore, that, apart from the possibilities discussed
below, we should have to reconcile ourselves to a decline not only
in the proportion of agriculturists in the world’s population, but also
to & decline in their tofal number. The decline in the proportion
of agriculturists has been a marked feature of the population
figures of the more progressive countries for many yecars. For
example, in the United States the proportion has declined from
44 per cent. to 21 per cent. since 1850. In Canada the proportion
was 48 per cent. in 1881, and had fallen to 33 per cent. in 1921,
There has, of course, occurred a decline in the actual numbers of
agriculturists in certain of the old countries of Europe. But this
has been mainly due to the migration of farmers and farm workers
to America and Australasia, and this outlet is rapidly disappearing.
An actual decline in the numbers of agriculturists in the world as
a whole would be a new phenomenon.

Among the consequences of technical progress in agriculture
it might <cem logical {0 expect a general shortening of the hours
of labour. If a given operation can be performed in 8 hours
instead of 12, & man might work 8 hours instead of 12. The
amount of leisure enjoyed by agriculturists is substantially less
than that enjoyed by workers in other industrics and, so far as
wage-earners are concerned, it is open to any country to secure
the benefits of progress in the form of increased leisure for the
workers. The difficulty is that in all countries a large proportion
of the workers are not wage-carners, but peasants or family
farmers ; indced, taking the world as a whole, something over
80 per cent. of the agricultural output is produced by the latter
class ; and there is no means of enforcing a labour code in the
case where a man employs only himself. It is also worth noting
that the peasant tends to react in a peculiar manner to changes
in the value of his products  If these become cheap—owing to over-
supply. for example—he tends to work longer hours in order that
he may produce more, and he tries to live more sparingly in order
that, by having more to scll at the lower price, he may still obtain
the funds to meet his cash commitments. The competition of
the worker who has *“‘no hours ” is bound to remain an obstacle
to the application of the principle of spreading out a diminishing
amount of work among a constant number of workers.

From the point of view of those who would regret a declino
in the number of rural workers, a more hopeful aspect of the matter
is the Iprobq,bility that demand will shift from the cheaper ‘‘ neces-
saries,” which involve little lal;;ur of production, to luxury or
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semi-luxury commodities requiring more labour. To return to
the case of wheat, the technique of production has been so rapidly
improved that there is an unmanageable surplus, and the price has
fallen below the cost of production. But it is easy to convert
the unwanted wheat into another commodity such as eggs. It
takes approximately half a pound of cereal food to produce an
egg, and further labour is employed in the process. It is true that
in the process something like 90 per cent. of the calorific value of the
original cereal is lost ; but, if the consumer is prepared to pay less
than a halfpenny for the cereal and perhaps more than a penny for
the egg, the conversion may still be profitable to the poultry-farmer.

The change-over of demand to agricultural products that were
formerly regarded as luxuries is already very marked. Our home
output of eggs has more than doubled in twenty years. The
demand for the choicer vegectables, such as tomatoes and green
peas, is expanding very rapidly ; so also is that for fruit and even
for flowers. It would seem that in any scheme of planning for
the future the probable continuance of this change, at an accelerat-
ing rate, is a factor that must be considered. If two people can
produce as much bread and cheese as six did before, it does not
follow that the four others must all be thrown idle or transferred
to urban industries. Some of them might be employed in growing
strawberries or peaches, or in rearing turkeys.

A question of a far more difficult kind is whether the agricultural
industry should be encouraged and helped to exploit to the full
the possihilitics of cheapening production; or how far we should
deny ourselves the material advantage of cheap food in order to
attain ends of quite another kind.

All economic surveys that have touched the question of large
and small farms have brought out certain broad facts: that if
efficiency be measured in terms of output per working hour, then
the large unit has a striking advantage. On the other hand, it
is cqually clear that a given area of land, divided into small
holdings, will tend to have a higher output, and will provide
employment for considerably more workers.

Two opposite points of view are brought into sharp contrast
if we compare the agricultural policies of Russia and France. In
the former agriculture is regarded as an industry like other in-
dustrics, and it is assumed that the whole object of agricultural
policy should be to improve efficiency. To this end the old system
of small and very mixed holdings must be abolished. The whole
principle of subsistence farming must go, being replaced by the
idea of the large factory farm, oquipped with modern machinery,
specialised for the particular purpose to which the land is best
suited, and under the control of highly trained management.
Thus it is anticipated will food be made cheap, the standard of
life will be raised and new leisure will become available for all
kinds of cultural activitios.
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On the other hand, the policy of France seems to be that the
peasant must be preserved at all costs. It may be that the peasant
system, as a system of food production and measured by ordinary
material standards, is grossly inefficient. But the peasant is * the
backbone of the nation ”’; he is a solid man with a stake in the
country; the natural life for man is on the land, and the intro-
duction of the ideas of the factory would destroy all that is best
in rural life. Hence it is simply taken for granted that, if the
French peasant cannot produce wheat in competition with Canada
or Argentina, he must nevertheless be encouraged to produce
wheat. At present this means that he has to be paid, by the
consumer, about three times the world price.

Looking to the future, it would seem that the small farm, as
compared with the large, is likely to labour under ever-increasing
disadvantages. It may remain true that the small holder, working
largely on a non-monetary basis, will survive periods of collapsing
prices which will ruin the capitalist employer of labour. But the
economic advantages of mass-production are becoming steadily
greater. For instance, dairy produce, poultry and fruit are among
the traditional entcrprises of the small farmer; but the milking
machine, the mammoth incubator and the modern fruit store are
conferring  differential benefits upon his large-scale competitor.
Moreover, expert knowledge and skill, such as the small mixed
farmer can scarcely acquire, are becoming increasingly necessary.
Purchase and sale upon wholesale lines are as important as ever.
It is easy to poinl out the material advantages of specialised and
commercialived large-scale farming, and equally easy to see the
sociological arguments for land settlement and small holdings.
The particular form of compromise that is most appropriate remains,
in the end, a matter of feeling rather than of reasoun.

AGRICULTURAL POLICY AND SOCIAL LIFE

Josepir F. Duncaw

From the time of the repeal of the Corn Laws, it has been a
common complaint of those engaged in agriculture that Great Britain
has been without an agricultural policy. The national cffort, it has
been contended, has been dirceted towards the expansion of industry
and trade, and agriculture has been left to sink or swim, with the
result that it has been slowly sinking. It would be difficult, however,
to make out a convincing case that agriculture was unfairly treated
by successive Governments in the latter half of the nineteenth
century in comparison with the treatment meted out to industry
and trade. The assumption underlying the negative policy of this
country in industry, trade and agriculture was that those engaged
in conducting business should be left as free as possible to conduct
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their affairs, and that supply and demand should be left to regulate
the free exchange of commodities. As time went on it was found
necessary to introduce various checks and limitations to the working
of that principle in agriculture as in industry. Agricultural Holdings
Acts were as much a departure from the principles of Free Trade as
Factory Acts, Mines Regulation Acts, or Merchant Shipping Acts.
Whatever the results may have been, the endeavour was to pursue
the same underlying policy in industry and agriculture. The
policy, if a negative one, was the same for industry and agriculture ;
the results were not the same because industry expanded rapidly in
many directions, while agriculture steadily declined.

My purpose, however, is not to discuss the economic effects of
this policy on agriculture, but to consider how it affected rural social
life in Scotland. The justification of the policy of laissez faire was
economic. It assumed that the strongest motive in the individual
was self-interest, and that if individuals were left free to pursue their
interests, and to secure the rewards of their efforts, they would work
harder and the community would benefit as a result of their enlight-
ened self-interest. All the emphasis was on individual effort and
individual wealth in the material sense. < Getting on in the world
became the national ideal, and the measure of success was the bank
balance. Because the adoption of this policy coincided with a
period during which population rapidly increased and new countries
were being opened up, into which the savings from expanding
mdustry could be poured and to which surplus population emigrated,
the bank balances mounted rapidly, and there were ample openings
for individual enterprise. But in agriculture the returns were less
tempting. 1t was shrinking, while industry was expanding. Self-
interest indicated plainly that rural Scotland was not the place for
those who wanted to get on, and so the vigorous and venturesome
went elsewhere.

Social life is the result of group activitics ; it requires organisa-
tion. Where tradition is strong, and the social structure changes
slowly, social lifc appears to go on without conscious organisation,
as in the Highlands. Looking back on rural life in Scotland in the
cighteenth century and early nineteenth century, it appears so to us.
People were much poorer. and periods of actual shortage of food
were not unknown, but there was more leisure and a fuller social life.
There were numerous fairs, and work would be suspended for about
a week at the Fasts, as is still the custom in some parts of the High-
lands to this day. Kirns were common, and weddings and even
funerals were real occasions on the countryside. Those wha know
their Burns, or Henry Gray Graham'’s Social Life in Scotland in the
Eighteenth Century, and can compare the social life of those days with
rural Scotland to-day, will agree that whatever advantages the
nineteenth century brought us, we have to set against them a decay
in social life. A major cause of this decay was the economic policy
pursued.
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That policy led to the disappearance of the small farm, the croft
and the pendicle. It gathered the domestic industries into the'
factories, and carried away the craftsmen to the power workshops of
the towns and the industrial areas. Competitive rents disrupted
customary relations and torced farmers into organising their farms
on business lines, and led to greater movement from farm to farm.
The workers, finding more remunerative employment in industry,
and tempting offers from emigration agents, kept the supply of
labour short, and moved freely in the hope of bettering themselves.
The urge to get on was even greater in the rural districts than in
the towns, and the recognised way to get on was to get away from
rural Scotland. So with a dwindling population, and a common
feeling that rural Scotland was not worth bothering about, it is no
wonder that disintegration of social lite set in. There was no faith
in the tuture to call forth eftort from those who remained.

The sweep and pace of the economic forces let loose by the policy
of laissez faire created a multitude of social problems in the industrial
areas, which have been the major preoccupation of successive
Governments in the present century. The policy was never without
the opposition of various social groups, and organised opposition
steadily increased, until it became strong ecnough to impose a variety
of social safeguards. Opposition was less coherent and practically
ineffective in rural Scotland, except in the Highlands, where the
crofters waged a successful political fight to maintain their social
life. Whether they will be able to maintain their social structure
in face of economic trends is more doubtful. But in the rest of rural
Scotland, organised eflort was lacking until the second decade of
this century. Organisations of farmers and farm workers were then
formed, although their main objectives were cconomic. A few years
later the first full effort at social organisation was the founding of the
Women’s Rural [nstitutes, and since that time other organisations
for music, drama, dancing, and Young Farmers’ Clubs have come
into being. The period of reliance on individual effort alone seems
to be closing and there is a return to organised effort in social life.

It is not a coincidence that this development in social organisa-
tion should be proceeding alongside a change in agricultural policy.
The one is a natural complement of the other, and if we look into
agricultural policy, we shall find that the change in agricultural
policy preceded the developmens of organisation in social life. There
is & long history now of statutory regulation of agricultural tenancies.
Agricultural education and research, almost entirely financed from
public funds, are a more recent development. but since the beginning
of the century there has been a continuous growth of measures of
one kind or another designed to assist agriculture. The approach
may have been tentative and rather piecemeal, until the last few
years when a definite break with the laissez faire policy was made
in the Marketing Act of 1929 but the cumulative effect has been to
impose organisation and control. The State has been definitely
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assuming the place of a partner in the industry. Perhaps the most
definite break with the nineteenth-century policy was in the Small-
holders Act of 1911, where the State set itself to create smallholdings
by the compulsory acquisition of land and the subsidising of small-
holders. Following on similar legislation for the crofting counties
of the Highlands, that policy was promoted more for social ends
than for economic. The motive of the policy was to endeavour to
retain & larger population on the land, and to provide opportunities
for those for whom such opportunities were not available under a
system of free competition. The Land Court cannot be advocated
on any principle of Free Trade. For more than twenty years, too,
we have had State assistance in promoting agricultural co-operation.

The reversal of agricultural policy has now come full circle and
we are entering on a period of organisation and control. From
being regarded as the most individualistic of occupations, agriculture
has been selected for the most far-reaching experiment in collective
control that has yet been tried in this country. Farmers have been
given the power to organise marketing schemes, and if the necessary
majority of producers vote in favour of a scheme, all producers may
be compelled to market their produce through that scheme on the
conditions laid down. Alongside this we have the control of imports,
so that there is no longer a free market. There can no longer be
any complaint that this country has not an agricultural policy.
There may be differences of opinion as to the particular measures
adopted, but all parties appear to be agreed that agriculture can no
longer be left to the free play of economic forces, but that its
organisation and development must be a matter of national concern.

How this change in agricultural policy will affect social life will
depend largely on the particular methods adopted. If the farmers
use the statutory powers given them and set up marketing organisa-
tions for most of the principal products, the changes are likely to
be considerable. In farming as we have known it in the last two
gencrations, commercial ability has been the most important factor
m success. The men who have been most responsive to market
needs, who have been able to make a good deal, who have, in the
common phrase, had ““ a good eye to the main chance ”’ have been
most successful. In an agricultural system where stock has been
the dominant production, and the auction mart the centre of interest,
it was natural that this side of the business should be the most
attractive, and that farmers should spend so much time in the
market. The auction mart has been well described as the ‘‘ farmers’
cagino.” Whether this preoccupation with the fluctuating fortunes
of a very unstable market has been for the good of the industry as
a whole, is open to serious question, but that it has provided the
chief source of interest to farmers is undoubted. 1f the organisation
of marketing lessens the opportunities for dealing, it will remove
the principal interest in the lives of many farmers. Whether a
better level of prices or a steadier ‘ pool ”’ price will give greater
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satisfaction than the individual joy of scoring over one’s neighbours
remains to be seen. Organised marketing ought to develop a
greater community of interest and direct energy into collective
channels. This will depend, however, on the extent to which
farmers can organise on a co-operative basis, and make their organ-
isations really self-governing organisations of producers. If the
centres of control and management are too far removed from the
producers, and they do not feel that they can exercise any real
influence over the policy of the boards, there may be no real com-
munity of interest created. So far such schemes as have been
promoted by farmers in Scotland have had this aspect of the matter
well in view and an effort has been made to secure effective touch
between the producers and the management. The point is important
in the interest of rural social life. If the centre of interest is too
remote from those engaged in production in rural areas, community
interest will be weakened, and community interest and group
activity are necessary for a healthy social life.

1 would suggest, then, that in a rural society, where conditions
tend towards a community interest in those engaged in its principal
industry rather than towards commercial competilion, we have a
better chance of developing social life. If the new policy is success-
ful in creating greater stability in the industry, that should also
be helpful, because onc of the most serious solvents of the rural
community in Scotland has been the restlessness and instability
of the population. But stability always brings with it the risk of
stagnation, and there is a real danger that marketing organisation
may stereotype production and make development difficult, or
restrict the opportunity of entrance into certain lines of production.
If that should happen it will not be for the health of the industry
or of social life. Anyv tendency towards rigidity in the structure
of the industry will be definitely harmful, because of the lack of
opportunity for younger men and the absence of encouragement
to the more cfficient. In agriculture this danger iy always greater
because land is limited.

So far I have been considering the ncw policy as it may affect
farmers, but the wage-earncrs are the largest ¢lass in rural Scotland.
No agricultural policy vet proposed is likely to have any direct
effect on their position.  The usual assumption is that if agriculture
can be made to bring a better return to farmers, the wage-earners
will share in the improvement because there will be a greater demand
for their labour. If the old outlets were still open for surplus farm
workers into industry and overseas, or likely to reopen to the same
extent as they functioned in the days before the war, that assump-
tion would be well grounded. It was clear, however, before the
depression came upon us that the old outlets were not likely to
carry off the surplus workers as they had done, and he would be
sanguine”who could bhelieve that demand for labour is likely to
increase to such an extent as would cause a rise in wages to occur
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automatically. Labour is still a commodity, and unless agricultural
policy is extended to enable farm workers to organise their market
as the farmers have been enabled to organise theirs, farm workers
will have great difficulty in securing a reasonable standard of living
a8 long as supply exceeds demand. Any contribution they can make
to rural social life will be dependent upon a reasonable standard
of living being secured, and 1 suggest that the securing of such a
standard of living is as much a matter of national concern as the
organisation of marketing, and the maintenance of reasonable
returns to farmers. There can be no justification for leaving the
workers to the free play of economic forces when the farmers have
been given power to shield themselves from these forces.

Economic trends and national policy would appear to be setting
the problem of rural social life in a new framework, and, on the
whole, in a more hopeful setting. The steady decline of population
is likely to be arrested, partly because the outlets are stopped, and
partly because a national effort is likely to be made to develop
agriculture. 1f the decline is stopped, that in itself will make the
organisation of social life casicr. People will have more interest
in its organisation if they are not always thinking of how they are
to get away. But it is not only in numbers that the problem will
be easier ; we may reasonably hope that the quality will be better
for social activities. Social life is a matter of group activity, and
groups flourish according to the leadership and initiative they can
command. If there is a growth of community interest because of
agricultural policy, that will show itself in a growth of community
interest in social life, and the training in one will help in the other.
But the willingness of those who are fitted to become leaders to
remain will depend on the extent to which the standards of living
in rural Scotland can be brought to approximate to the standards
of living which can be secured elsewhere. Whether the nation will
be prepared so to frame its agricultural policy as to secure something
equivalent in agriculture to other industries, and to pay the price,
is not yet clear.

The nation will have to pay the price for some time at least, if
it means to develop agriculture. It has been paying a considerable
price for more than a decade in the financing of research and experi-
ment, and in direct subsidies to certain branches of agriculture.
Whether the payments are made direct from the taxpayers through
the Treasury, or by the consumers in the form of enhanced prices,
they arec none the less subsidies. These may be of a temporary
nature, and meant to ease the transition to more economic produc-
tion and marketing. But, even if agriculture should develop so
that such subsidies are no longer necessary, it is more than question-
able whether agriculture can ever compete with industry in the
returns to those engaged in it. Yet the aim of any national policy
in agriculture must consider the standard of living of those engaged
in it a8 well as the necessities of food production, and the standard
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of living ought to include the reasonable satisfactions of social life
as well as the mere necessities of life.

It may be said that all that can be reasonably required of any
agricultural policy is that it should provide such a standard of
living as will enable those engaged in it to provide for themselves
such social amenities as they need. I suggest that it is worth con-
sideration whether this is not to place too heavy a burden on agri-
culture and so to load costs on the industry as to make it difficult
to enable it to compete with others. Social services, whether
services of health and education, or cultural scrvices such as music,
drama and the arts, are much more expensive in rural areas, yet
many of these services are a public charge in urban areas, and do
not fall directly on industry. In recent years housing itself has
become a social charge, borne to a considerable extent on the public
funds. If the national aim is to preserve rural life, it is worth con-
sideration whether that aim would not be better served by subsiding
social services in rural arcas, rather than in direct subsidies to
agriculture. Subsidies for social services designed to bridge the
gap between urban and rural life would provide amenities which
would make urban life less attractive to rural dwellers, and so
weaken the attraction of the towns. They would be less open to
objection because the benefits would be more evenly spread and
there would be less danger of the inequalities of benefit which every
form of agricultural subsidy so far has shown to be inescapable.
And if the desire is to develop a rural community, it is in the
development of a satisfactory social life that most lasting benefit is
to be found.

GRASSLAND MANAGEMENT AND ITS EFFECT ON
THE NATURE OF THE SWARD

MarTin G. JoNEs, M.Sec.
Agricultural Research Statwn, Jealott's Hill, Berks

IT is generally recognised that the production from grassland is
closely bound up with the botanical composition of the sward. All
the care exercised in the compounding of seeds mixtures when land
is laid down to grass gives ample proof of the farmer’s faith in the
relative values of the various species. Nay, the more up-to-date
farmer would go even further than choosing the specics. The recent
strides made by the plant breeder has made it possible for the
farmer to choose his favourite breeds or strains in the grasses and
clovers, just as he would select any particular breed or strain for his
stock of animals. Obviously this is sound practice, and the strains
known to produce the maximum quantity with quality should be
the ideal to aim at.

Since much of the grassland laid down recently is intended to
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remain under this crop for a period of years, another important
characteristic of any strain, viz., *‘ persistency,” must also be borne
in mind when selecting the seed.

The care in the production of a good sward does not, however,
end with the sowing, and the experiments in progress at Jealott’s
Hill show how the nature of the sward can be changed in any desired
direction by manipulating the time and intensity of grazing.!

Starting with an uniform sward sown down with a general
purpose seeds mixture, and fencing off plots each of which was
stocked so as to vary the intensity of grazing at different times of
the year, according to its own particular plan, distinct changes in
botanical composition were brought about in the course of three
years, as shown in Chart I.

The sward on one plot became distinctly clovery, consisting of
70 per cent. wild white clover, an adjoining plot had the grasses
dominating, of which perennial ryegrass was the chief (41 per cent.),
whilst a third plot was nearly all cocksfoot (84 per cent.).

A fourth plot in the same series showed a distinct deterioration
in the sward due to the inroads of unpalatable weed grasses and
thistles. The rapid influx and vigorous establishment of thistles
was very pronounced, whereas in the three previous plots the sward
was maintained practically frce from this troublesome weed without
any cutting at all.

In order to show that these plots were not fortuitous in their soil
characteristic, a similar series of four plots were fenced off alongside
and given corresponding stock grazing, their treatment differing only
to the extent that they received no nitro-chalk in the spring of each
vear. This second series of plots bore out in all botanical respects
the results obtained in the first series, and differed only in the smaller
quantity of produce in the spring.

Control of the Clover Content by Grazing.—Plot 1, where the wild
white clover increased, was stocked heavily with sheep throughout
the main growing season—the period of plenty—so as to keep the
pasture closely grazed, and then the number of sheep was reduced
to a very light stocking during the winter months.

The preservation of this plot in a condition of even and close
grazing throughout the summer was greatly facilitated by having it
well stocked during the months of March, April and May, the close
nipping of the earlier grasses at this time making their growth later
on much less formidable for the stock to deal with.

It should be remembered that plants in a sward compete with
one another for their life-requirements just as much as animals do,

1 The full data on these experiments have been published in the Empire Journal of
Ezperimental Agriculture :

Vol. 1, No. 1, April 1933,
Vol. I, No. 2, July 1933.
Vol. I, No. 3, Sept. 1933,
Vol. I, No. 4, Nov, 1933.
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and, moreover, that the success of one type of plant may mean the
suppression of the other.

The form of growth of wild white clover is such that its true
stem never grows erect into the air, but always remains close to the
soil surface. This form of growth serves as a protection to the
plant from the grazing animal, as the more erect-growing plants
are more easily accessible. In addition to acting as a conducting
channel, this prostrate stem has the capacity to strike roots at any
point throughout its entire length. Moreover, the leaves and flowers
usually have very short stalks. It will, therefore, be scen that this
plant is at a considerable disadvantage for competing with the more
erect-growing grasses when the pasture is allowed to grow high.

The method of grazing minimised the competition from taller
plants—the grasses—whilst the lessening of the winter stocking
prevented the animals from being forced to scrape up and eat the
succulent stems of the clover plant. Those clover stems are packed
with a store of nutrition ready to supply the needs of the new
growth of leaf and root in the following season. Such manipulation
of the grazing in the course of three years was responsible for increas-
ing the proportion of wild white clover to twenty times the original,
the clover by that time becoming the dominant constituent in the
sward.

That the increase in clover content due to the control of the
grazing is not limited to young swards is shown by the response of
a very old permanent sward during two year’s treatment on similar
lines. (See Chart I, Plot 1.) This land had been down in grass
for at least twenty years, and probably for eighty years. It consisted
of a mat of bent grass interspersed with Yorkshire fog and red fescue,
together with just a sprinkling of white clover and the more palatable
grasses. In this case the dense growth produced during the summer
and carly autumn had for years denied the clover the necessary
opportunity for spreading at that time of the year, whilst the un-
palatable nature of the produce during the late autumn and winter
months served to protect and conserve the vitality of those undesir-
able competitors for the following spring. The chief feature of the
grazing of thix sward was the adequate concentration of stock on it
between June and September. This prevented the unpalatable
grasses from ever attaining sufficient size to cover the prostrate
clover, and, in particular, reduced the vigour of the bent grass and
thus checked its action in throwing out its wiry stolons in the autumn.
Such stolons are particularly unpalatable and thus serve to propagate
the species in the following season. Many of these stolons, though
they eventually get trodden into the ground by stock, at first grow
up a little and so are carried higher above the ground level than the
spreading stems of white clover.

The success of this method of grazing—which by the way, in
this particular case, would be rather too severe a treatment to
expect milking cows or the young growing stock of either cattle
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or sheep to thrive on for long—may be gauged from the fact that
by the third season of its treatment the wild white clover had
spread until it occupied one-half of the sward, .e., when the various
constituents of the pasture were separated out the wild white clover
accounted for as much of the produce as all the remaining species
put together. The bent grass, on the other hand, had been checked so
much that by the third season it had been reduced from its domin-
ating position until there was little more than a trace of it left.

Plot 2 in the same serics was grazed only moderately close, but
that was done at all times during the main growing scason other
than in the early spring, no animals being turned in before the
middle of May. This enabled the grasses, especially a few of the
earlier ones, to attain a fair size and vigour which later on kept the
clover more in check than on Plot 1.

Plot 3 was also protected in the spring until May, but at each
subsequent monthly grazing enough stock were put in to grazce
everything off closely in a few days, the plot being given a com-
plete rest in between the monthly grazings. The clover increased
more quickly than on Plot 2 but not so rapidly as on Plot 1, with
its more {requent close grazing.

It may be pointed out here that, of all the four treatments to
which the permanent sward was subjected in this series, it was
under these conditions—monthly rotational grazing with protection
in the spring—that the useful grasses thrived best, which in itself
would militate to some degree against the clovers.

Control of the Grasses by Grazing.—The grazing animal affects also
the competition between plants when those plants differ in their
rate of growth at various times of the year. Evidence of this was
obtained on the young sward, as shown in Chart 1 ; Plot 2 became
ryegrass dominant whereas Plot 3 became distinctly cocksfoot
dominant, though they had originated from the same seeds mixture
on one and the same type of land.

The two grasses were represented in the original seeds mixture
by persistent leaty strains—Kentish indigenous perennial ryegrass
and the Akaroa strain of cocksfoot from New Zealand.

The difference in the management of these plots was that the
plot that became ryegrass dominant was given a complete rest from
stocking each year from the beginning of March until the middle
of April, and from then onwards was grazed. On the other hand
the plot that became cocksfoot dominant was grazed up to the
middle of April and then given a complete rest until the middle of
May, being subsequently grazed in the ordinary way.

The mode of life in these grasses might, with advantage, be
looked into in greater detail. Though we talk of winter as the
dead season, perennial plants such as these grasses do not put a
stop to all their activities during the winter months. They merely
change the relative proportions of their various activities in sym-
pathy with the,environmen}al conditions obtaining at the various
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periods of the year. Normally there are at least two vital processes
going on within the plant ; namely, a synthetic process, the pro-
ceeds of which go to increase the plant system or are stored up for
future use; and an oxidation process in which the food store is
broken down to release the necessary energy to maintain life in
the plant.

It has been found that grasses, when utilising these synthetic
products in the spring, make a somewhat corresponding increase
in both the leaf system and the root system. Further, should the
leaf system be suddenly reduced by grazing or cutting at that time,
the balance between the acrial system and the root system will
goon be readjusted, this being done partially at the expense of the
root system. When such defoliation is repeated at frequent intervals
it soon weakens the whole plant, and more particularly so when the
plant is just putting up its first leaves in the spring—the first new
wings in the factory.

When, therefore, the grazing animal removed the young leaves
in Plot 3 during March and the first half of April, they werc mainly
those of perennial ryegrass—the earlier of the two grasses—thus
weakening the ryegrass more than the cocksfoot. In the period
of no grazing following afterwards for a month both plants had
become active, and in the competition between them the weakened
ryegrass was at o disadvantage, and that, coupled with the more
robust nature of growth in cocksfoot, gave the latter the upper hand
in the competition.

On the other hand, when Plot 2 was not grazed until the middle
of April the perennial ryegrass, starting first, was able to gain some
advantage over the cocksfoot. During the grazing that followed
from the middle of April onwards the cocksfoot itself was actually
at its most susceptible stage for the adverse effect of frequent
defoliation, whilst the ryegrass was better able to stand it owing
to the fact that it had progressed further from the most critical
period.

Control of Weeds by Grazing in a Newly-sown Sward.—The
fourth plot in the series referred to in Chart I occupied land
similar to that of the first three plots and was originally sown
with the same seeds mixture and on each occasion received the
same dressing of artificial manure. The change in its botanical
composition was therefore solely due to the method of grazing.

The stocking was arranged to see what would be the effect on
the sward of overgrazing during the winter and early spring months
followed by gross undergrazing during the summer and autumn
periods, a practice frequently forced upon many farmers in various
districts throughout the country.

In spite of the fact that the growth produced on this plot during
each month of the year varied between the limits of sufficing for
one sheep in January and February to sufficing for twenty sheep
in May and June, the rate of stocking per acre was increased in
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the flush season only to double the rate allowed during the lowest
period in winter. From May to September the rate of stocking was
approximately five sheep per acre; for the rest of the year half
that rate.

The result of this stocking was that practically every green blade
was removed as soon as it appeared from the beginning of January
to the end of April. The flush of growth produced in May invari-
ably turned the balance in favour of the plants, and henceforth the
sheep would not consume more than a fraction of the herbage pro-
duced until the following autumn, when the production would fall
away again.

At the commencement of their spring growth the earlicst grasses
were therefore faced with a somewhat rigorous process of defolia-
tion, which, coming at such a critical period in their life cycle,
tended to weaken them and thus favour the establishment of
volunteer plants. Eventually during the period of undergrazing
the animals in their selection left the unpalatable members of this
volunteer roll untouched, which in this case consisted chiefly of the
creeping thistle, Yorkshire fog and bent grasses.

The creeping thistle protects itself from the grazing animal
in winter by leaving only the dry withered stem above ground, its
own food reserves having been transferred into its underground
stems, where it remains until the favourable period for flush growth
in the following May.

In the early autumn the bent grasses transfer a large proportion
of their reserves into their stolons which, though above ground,
are so wiry as to be avoided as much as possible by the grazing
animal, the plants thus protecting themselves throughout the winter.

The protection of Yorkshire fog in the winter months is ensured
by its reserves being mostly stored in the basal portion of the plant
which is protected by its doubly unpalatable basal leaf sheaths,
and it is only the very strongest plants of this species that put up
any fresh green blades before the flush period in the following spring.

The adverse effect on the sward of severe grazing in winter
and early spring together with the selective grazing exercised by
the sheep during the summer months is shown by the weedy con-
dition of this comparatively young sward. As shown in Chart I,
the sward was free from any weed grasses or thistles at the com-
mencement but, after only three years of such grazing, the weed
grasses had definitely established themselves, comprising nine per
cent. of the herbage, whilst the plot was badly overrun by creeping
thistle. .

Control of Weed Grasses in a Permanent Sward by Grazing.—
How the lack of palatability favours the chances of one species
over another in the competition between plants is also shown by
the response to differential grazing obtained on the permanent sward
(see Chart IT). .

The increase in clover content of Plot 1 has already been described.
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This was brought about by keeping the sward closely grazed through-
out the ‘‘ growing " season. The contrast between this and Plot 4
is very striking. The grazing of Plot 4 was controlled so that there
was overgrazing in winter and spring, but undergrazing in summer
and autumn (corresponding to the treatment of Plot 4 in the series
on the young sward).

On Plot 1, where the control of grazing was such that practically
all the plants had to be eaten down at each grazing, the unpalatable
plants soon showed signs of weakening—the unpalatable grasses
and weeds being reduced in two seasons to an eighth of their original
quantity, whereas on the plots where there was undergrazing
throughout the flush period in the summer and autumn the un-
palatable plants retained their hold on the sward without signs of
any challenge.

The grazing animal by virtue of its selection removed the aerial
parts of the palatable plants oftener and more completely than
those of the less palatable ones. This meant a bigger check on
the defoliated plants as well as a drain on their resources by way
of food material stored up in their lower parts and in their root
systems. On the other hand, the unpalatable plants with a good
reserve of supplies were able to compete more successfully during
critical periods such as the initial stagcs of renewed growth in the
following season.

Autumn Treatment of Pastures.—Different cffects on the sward
were also shown by varying the time and intensity of grazing in
the autumn. On a sward composed of a mixture of perennial
ryegrass and cocksfoot, the constitucnts were so influenced that
in one case the cocksfoot became more than twice as prevalent as
the ryegrass, whilst during the same interval on the adjoining plot,
having a similar sward oiiginally, the ryegrass became more than
twice as prevalent as the cock+foot.

By protecting the sward 1 the early autumn months—grazing
only once between the end of July and the muddle of September—
the cocksfoot content in the course of two seasons increased from
48 per cent. to 60 per cent., with a corresponding decrcase in the
ryegrass as shown in Chart I1II. The other plot was kept closely
grazed during the period when protection was given to the above-
mentioned plot, but was protected from grazing during the latter
portion of the autumn—mid-September till the end of October.
On this area the ryegrass increased from 40 per cent. to 47 per cent.,
whilst the cocksfoot decreased.

The management of these two plots was identical at all other
times of the year, the grazing being donc by the same class of stock
—sheep—on corresponding dates and a hay crop taken off each on
the same date.

The difference in the response of the sward on the two plots may
be explained in the following manner. As the days get shorter in
the autumn the seed-forming season soon comes to an end, but the
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grass plant still continues to build up material in its leaves, which
material is sooner or later transferred into the basal portion of the
plant—the swollen leaf sheaths and roots—before the winter comes.
These swollen leaf bases are somewhat unpalatable to stock and
serve to store up this material as a reserve over the winter, eventu-
ally to be drawn upon at the commencement of the growing season
in the following spring.

Cocksfoot and perennial ryegrass differ, however, in that cocks-
foot makes the more rapid growth during the carly autumn. Thus
it suffers most from being closely grazed at that time, but, on the
other hand, when protected from the grazing animal, it is the most
successful competitor and is enabled to lay away the biggest store
in reserve.

Perennial ryegrass scores over cocksfoot during the late autumn
in being able to grow up to a later date, retaining its fresh green
colour when the tips of the cocksfoot leaves are already withered
away. The ryegrass would therefore derive most benefit by pro-
tection from the grazing animal at that time of the year, and this
advantage, together with less competition from the weakened cocks-
foot, served to give the ryegrass the upper hand in the following
spring.

In farming practice the conditions suitable for encouraging cocks-
foot are frequently given where the aftermath fields are not grazed
until well on in the autumn, these fields being put aside to cater for
the dwindling period at the latter end of the grazing season.

Similarly, conditions suitable for the encouragement of perennial
ryegrass are to be found in districts where the pastures are well
grazed up to Scptember, and are then completely unstocked for the
winter or made to carry an exceedingly light stock.

Seed Mixtures.— It is abundantly clear from the foregoing experi-
ments that the seeds mixture only governs the initial take, and that
the nature of the sward ultimately depends more on the treatment
subsequent to sowing than on the balance of species in the mixture
itself. .

Yet the seeds mixture itself is most important on account of the
inherent and intrinsic value of the species or strain which it will
introduce and which eventually will be encouraged by the manage-
ment. For instance, if a certain species is to be vastly increased as
time goes on in the life of a sward, that species should be represented
by the most useful strain or breed within the species.

The selection of grass and clover seed has so far not received the
same consideration on the part of the average farmer as he has
devoted to the selection of seed in his other crops, such as the cereals
and potatoes. It is very rare for a farmer nowadays to put an
order for wheat seed without stipulating the variety. A seed which
is going to produce up to ten crops should therefore be considered
much more carefully from its breed point of view, especially when
the vast range of differences between the strains of any one grass is
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considered in regard to their yielding capacity, periods of growth
and quality, the latter, as shown by Stapledon and Fagan, being
largely governed by the proportion of leaf to stem.

On the other hand, we must not forget that all land over which
animals roam, birds fly and winds blow will at times have a certain
amount of seed distributed over them of practically all the plants
common to our islands, and it is necessary only for the environ-
mental conditions to be suitably adjusted for these seeds to germin-
ate, develop and establish themselves.

The effectiveness of cattle as agents for spreading heavy seeds
of grass and clover was demonstrated very clearly during the drought
conditions of 1933. In the droppings of cattle one frequently came
across not only germinating oats but also seedlings of grasses and
clovers, the seeds having travelled through the alimentary canal
without injury and possibly in some cases rendered all the more
ready to germinate. Specimens of red clover and perennial ryegrass
have been found still attached to the seeds which were inside the
pats of dung on the fields. Such pats of dung if left unspread for
some time cause the original vegetation to die off, leaving bare
spaces which the clover seedlings will be amongst the first members
to colonise.

The first to colonise, however, do not necessarily hold the ground.
All too frequently the biotic factor comes into play in an uncontrolled
manner and the palatable colonisers are subjected to sclective
grazing, which weakens them and thus makes it all the easier for
their unpalatable competitors to thrive.

In a similar manner these unpalatable volunteers are always
ready to take the place of the plants whose seeds were originally
sown by the farmer, and unless the type of plant seeded and the
after treatment are mutually suitable, the inevitable result must be
a replacement of those plants by the volunteer plants.

This article has been written, not so much with a view to inform
the practical man what to do to his pastures or how to deal with
individual pasture ficlds, as to stimulate his interest in a more
modern method of viewing the whole problem of pasture manage-
ment under the changed and ever-changing economic phases through
which agriculture, in common with other industries, is passing.

During the past half-century the history of many a district in its
agricultural treatment might be summed up in that of a typical field.

Fifty years ago the field when ‘‘run out ” under the drain of
cereal crops would be allowed to recuperate for its future period of
production by remaining fallow for a year. This practice was much
commoner in England than in Scotland. At that time the conditions
of farming were such that the forgoing of a year’s crop, together with
the spending of much man and horse labour on the land in the mean-
time, was the most efficient way of maintaining an equilibrium
between the economic forces of production.
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Twenty years later the advent of comparatively cheap sources
of artificial fertilisers and the increase in the cost of labour made
such a procedure uneconomic, and the same field came to be improved
through the agency of a root crop.

Later still the importation of cheap grain caused a reduction in
the arable area and the land was laid down to grass, to be ploughed
up in future only for the purpose of reviving the fertility of the
“run out ” pasture. Whilst the discrepancy between the value of
the root crop and the cost of producing it did not assume too great
a balance on the liability side, this method of renewing the pasture
by means of the plough and then seeding down afresh remained a
most popular method of maintaining a reasonable balance in the
proportion of good pasture to poor pasture on the typical ““ mixed
farm.

To-day the root crop, owing to its relatively high cost of pro-
duction, is rapidly becoming a thing of the past in some districts.
No longer will the field be put through that typical arable rotation
merely in order to improve 1t as a pasture ; a rotation whereby the
less useful types of pasture plants were replaced by sowing down a
seeds mixture of selected herbage plants in a clean soil, free from
the competition of the less palatable weed grasses, and at the same
time fortified by the high fertihty in the form of manurial residues
after the root crop.

The maintenance and also the encouragement of the better
species in pastures to-day, therefore, has become a matter of greater
importance than ever before, thus focusing more attention on the
principles underlying the management of our grasslands.

Summary.—The value of a pasture in any particular place
depends largely on the pioportion of the more useful plants to the
less useful plants in it, 7.e. the botanical character of the sward.
The foregoing experiments have proved that the proportions of such
plants may be changed according to the way the grazing is con-
ducted, whether the pasture had been recently seeded down or was
an old permanent sward.

Since perennial ryegrass commences active growth carlier than
cocksfoot and both are very susceptible to the weakening effect of
carly grazing, it was possible to increase cither the one plant or the
other at will. Under the conditions in the South of England pro-
tecting the pasture from being grazed in the early spring—beginning
of March to the middle of April—increased the proportion of perennial
ryegrass. Later protection—mid-April to mid-May—increased the
cocksfoot.

In the autumn perennial ryegrass continues to grow later than
cocksfoot. Protection in carly autumn increased the proportion of
cocksfoot, while late autumn protection—mid-September to end of
October—increased the proportion of ryegrass.

Perennial ryegrass is particularly valuable on account of its
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long growing season and high palatability throughout. Where,
however, pastures have to carry the same stock all the year round,
these two characteristics set it at a considerable disadvantage in
competition with less useful grasses such as bent and Yorkshire fog,
which have a shorter growing season and at all times are less palat-
able. When the good grasses are not protected in the early spring,
and the pastures are understocked in summer, the less useful grasses
increase at the expense of the better plants and in a few years may
oust them entirely. An attempt should be made at least once every
three years to give the pasture protcction in the spring, together with
a good close summer grazing in order to reverse this process of
deterioration. For this purpose the area for grazing could be reduced
during the flush seasons in late spring and early autumn, and the
mower run over the remaining area, the surplus growth being made
into silage.

In addition to checking the poor grasses and weeds, close grazing
in summer maintaing the wild white clover, the amount of which
depends primarily on the method of grazing, rather than on other
factors such as the supply of nitrogenous or other fertilisers.

BRACKEN AS A COLONIST

K. W. Bramn, M.A., B.Sec.
The West of Scotland Agricullural College

THE following article is a preliminary statement of the causes
which have led up to the rapidly increased spread of bracken within
the last few generations. It indicates the problems involved and
the lines of study and observation being pursued or which are still
required. 1t purposely aims at provoking discussion or, better,
initiating investigation, and for that reason the author will welcome
criticism—constructive or destructive.

There is little doubt that formerly bracken was a plant of very
considerable value for thatching, litter and other purposes. In the
south it was most frequently a woodland plant, but in the north,
with the moister climate, shorter growing scason and less intensive
sunshine, it is more common in the open than in the woodlands.
Certain trees of the forest are prohably the only natural eliminators
of bracken. In woods, trees like larch encourage its growth and
apparently cannot subdue it, others, like Scots fir and oak, can dis-
tinetly limit it, while beech and spruce can suppress it. Often the
destruction of forests gave bracken the chance to spread unchecked.

Nowadays bracken has become too abundant, and its uses have
been superseded, so that, except from the ssthetic point of view,
it is universally regarded with disfavour and, in fact, has become
a serious problem in the economics of modern agriculture. The
seriousness of the bracken menace is scarcely apparent to any who
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have not & knowledge of the conditions of the hill grazings and farm-
lands of Western Scotland, or of the conditions in Australia and New
Zealand. The problem is further complicated in Australasia by the
fact that the fern may not die down during the winter.

Under British conditions it is by no means uncommon for &
farmer, who forty years ago possessed 2000 acres of ground suitable
for grazing, to be faced with a reduction to 1000 acres suitable for
grazing to-day—a halving of the grass acreage and of the sheep-
carrying powers of the land due wholly to the invasion of bracken.
In some cases the bracken even threatens to overrun the last few
hundred acres still available for cultivation in the bottom of the
valleys, which are now being attacked by bracken from all sides.

Factors Responsible for Bracken Increase.—What are the factors
which have allowed bracken to gain such a mastery ¢ Some are
economic and are fairly obvious, others are much more complex,
and many are not yet fully understood. In order to give a complete
picturc of the situation let us first consider the uses in the past which
led up to the initial increase or later kept bracken under control.

In a land where wealth was not synonymous with money the
possession of bracken often led to strife. Its stout “ root,”” or under-
ground stem (rhizome, as it is called botanically), was in great
demand for thatching purposes. It possesses a hard, black, protec-
tive * skin "’ and long, fibrous strands within, which make it resistant
and strong. Bracken “ roots ”’ would yield a good wearing thatch
which could be reckoned on for 5-6 years of wear, while heather
itself, the idcal Highland thatch, would last no longer than 7 years.
Even with suitable heather available the very much greater, almost
rope-like, length of bracken gave it decided advantages. A statute
of Edward the Third, dated 1349, decreed that ‘‘ every tiler or
coverer with straw or fern” should receive 3d. per day. In those
days bracken was a commodity of value.

While the frond supplies a source of starch for human consump-
tion in Japan and elsewhere, apparently it has never been a staple
form of diet in this country except in times of extremity. The
young, blanched shoots have been eaten, and during the war methods
for cooking bracken appeared in various newspapers. It was more
generally recommended for the feeding of poultry and domestic
stock (4), (7), (8), (9), (14). Cattle occasionally eat small quantities
of it and sheep taste it, and according to Britten (4) the dried fronds
used to be mixed with hay for horses.

It used to play a very important role for litter purposes and so
freed for forage all the available grass that could be spared for
making hay. To a more limited cxtent it is still used for this
purpose, and also for protecting sea-kale blanching-frames and for
packing material, etc. It is, however, not an ideal litter crop, for
its absorptive properties are low, though, unlike the rhizome, the
frond, if exposed, quickly rots, and the old brown fronds disappear
as if by magio- when summer approaches. Bracken was also used
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locally for dyeing purposes, and it has been recommended as a source
of potash, originally for the making of soap and glass, but more
recently by R. A. Berry (2) as & manure. James Britten in his
European Ferns cites the many domestic and medicinal uses to
which it was put in the past, as well as its place in the magic rites of
those days. Probably the methods of harvesting it in the old days
weakened the plant more than present-day methods. In those
days the facility to cut bracken, like peat-cutting, was & right and
an appreciated privilege. As far as I can learn, the tools available
made it necessary to cut the area allotted while the frond was still
comparatively green, and so a tax was placed on the fern’s recupera-
tive powers. Now, with comparatively cheap scythes, the litter is
too often gleaned when the frond is dead-ripe and its removal does
not harm the plant in the slightest.

How far man introduced bracken into the Western Islands is
not known. In certain cases there is a story that bracken patches
were initiated and protective regulations as to their subsequent
treatment were laid down in the lease. The descriptions of such
leases would be of great interest if any are still extant. We have
a modern parallel in Breckland. W. G. Clarke writes, In Breckland
Wilds (p. 51) : “ Rights of bracken cutting have survived in a few
heaths as on Lakenheath Warren where there are eighty-four ‘rights,’
the lord of the manor holding the largest number, entitling the
holders to cut brakes and sand-sedge after August 29. Each right-
holder is supposed to have ten acres.” It would be interesting to
know when the date given originated, for it suggests that its
introduction was to obviate the weakening or extermination of the
bracken in regions where it is an asset and not a menace.

Coming to those factors which were once limiting, the most
obvious is the depopulation of the glens and islands, attributable in
part to the natural drift of the more vigorous and enterprising to
places of greater opportunity, and in part to the creation of deer-
forests and other sporting amenities, which bring easier modes of
living to many of the natives.

More recently the demands of educationists have made life in
the out-of-the-way hirsels impossible for the married man, so the
solitary shepherd’s house, miles from anywhere, has fallen into
disrepair. The shepherd no longer dwells amidst his work, but
walks uphill to it daily, in order that his children may live near
school.

As one roams amidst our Scottish glens one observes many
evidences of the ruins of fields and gardens, now more or less com-
pletely covered by seas of bracken. The old wall, the remains of the
disused house, byre and ‘ yaird ” are all monuments to the industry
and constructive enterprise of the farmers and their shepherds of the
past. Less commonly, for they are often obliterated, one sees the
remains of the old watercourses which were common in certain dis-
triets for flooding in order to enrich the soil and to check the too
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rapid increase of bracken. As the late W. G. Smith (11) used to
point out, this utilisation of the natural bases in the water and silt
of hill streams is a forgotten art in modern hirsel management. These
people—the farmers, crofters and shepherds—by their utilisation, or
by their individual control of bracken, prevented it from being a
menace in the past. It has to be remembered, however, that the
bracken was still under control. To-day in the West of Scotland
this is no longer the case.

There seem also to be cxceedingly good reasons for blaming the
curtailment of cattle-grazing on the hill-lands in favour of sheep-
rearing for a great deal of the enormous spread of bracken. While
cattle do not crop the grass so closely as horses may in certain
patches, they eat it evenly and are not merely sclective grazers like
sheep. Moreover, cattle force their way through bracken areas,
bruising and breaking it in the process, and it has been suggested
that in this way they weaken it by exhausting it of its recuperative
reserves. Their very cfforts to obtain shelter from flies appear
beneficial, and their dung helps to nourish the sparse grass. It is
also pointed out how the weight of the beasts congesting and, as it
were, harrowing and rolling the soil, helps to inhibit luxuriant
bracken growth. Another factor was the human population which
the cattle necessitated. These people required the best of the soil
in the best positions for their own requirements, and it has been
into these good parts that bracken has of late encroached with the
greatest harm. Contrasted with cattle, sheep shun bracken as a
general rule. They do not enter it unless it is sparse or still small.
They only pass through it of necessity along definite roads unless
they are “ struck by maggots,” when they take cover in it. Quite
recently experiments with bracken grown in a garden have suggested
an important reason why cattle entering bracken do so much damage.
[t has been found that bracken in a wire enclosure is healthier and
withstands fungoid attack better than bracken in the open. This
suggested how protection from movement might also be a point of
importance. Experiment secms to justify this assumption. Where
the frond joins the “root” or rhizome there is a narrowing of the
frond, presumably a provision for easy closing when the leaf ceases
to function, and in soils where the rhizome is near the surface, as so
often occurs in the West of Scotland, a very small movement of the
frond severs or damages some of the connecting vascular strands to
the more or less complete injury of the frond. I believe that the
general healthiness of thick masses of bracken is due, in addition to
adequate manurial supplies, to the support one frond affords to the
other. It is thercfore apparent if this vital connection at the extreme
base of the bracken frond can be severely injurcd, the result is as
satisfactory as the amputation of the frond. In garden experiments
T have injured the fronds by coming unintentionally against them
and did not appreciate the effect of the injury until the fronds began
to discolour. _This point is under further investigation.
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More will be said later on the inter-relation of bracken and
heather, but it is clearly demonstrated that the burning of tall
heather, in which bracken exists, leads to the ultimate extermina-
tion of the heather, and encourages the bracken to assume control.
Notwithstanding the excellent advice on the treatment of heather
in “ The Grouse in Health and Disease,” many keepers delay the
burning of heather until it is far too old, with the result that much
heather-land has been converted into bracken-land, which is worth-
less to the agriculturist and sportsman alike.

Bracken is kept in check by cutting, as has been clearly demon-
strated by J. Milne Home (10), and noted previously in another
paper (1). Gordon (5) showed the effectiveness of spraying with
sulphuric acid, and more modern work has been carried out with
sodium chlorate by W. G. Smith (12), by Griffiths, Evans and
Williams (6), and by the present author (3). All of these operations
are possible only at inconvenient summer periods, and at very
considerable cost (10s. to 50s. per acre). On land clear of stones
much could be done by the systematic dragging of harrows or
even heavy brushwood over the still brittle unfolding fronds at a
more convenient time earlier in the scason. The greater amount
of land covered would possibly offset the less rapid rate of exter-
mination. All of these methods aim at exhausting the underground
store of food, and money and time are wasted unless the work
started is accomplished systematically, and with the utmost patience,
until extermination is complete. One year missed can well extend
a possible elimination period of 7 years to 10 years.

In addition, mention should be made of the value of pigs in the
eradication of bracken. Their action is definite. but it requires a
year or two, depending upon the growth of bracken and number of
pigs allotted. All pigs will not cat it, but according to Hendrick (7)
the raw rhizome is more appreciated than the cooked, and breeding
sows cat it most eagerly with no harmful effect~. Apparently the
only drawbacks are the cxpenses due to fencing, protection and
management, and in some cases the subsequent repair of drains
and ditches. The stocking of horses and cattle is undoubtedly
beneficial as a preventative, but pig-grazing can be looked upon as
a cure. .

Botanical Aspecis.—Let us now regard bracken from the
botanical aspect in an cffort to assess the type of foe with which
we are dealing.

Misconceptions exist as to how bracken is propagated. Thero
are two methods, the more common being vegetative propagation
by the inorease from the parental subterranean stem, and later
severance of this after probably many years. In this way all the
patches of bracken in a locality may rcally be portions of a single
original plant. In the autumn a large proportion of the bracken
plants produce spores on the under sides of the fronds. These,
grown on moist sterilised soil, produce what are known as prothalli
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where fertilised egg-cells produce sporelings, which develop in the
course of a few years to mature bracken plants. In nature it is
the exception to find these, the reason being for the moment not
very clear, but presumably the spores are devoured by organisms
in the soil. J. Britten (4) and J. White (13) have already published
an account of the best-known records of their occurrence, for they
are so rare that few botanists have met them in the field.

Bracken is widely spread over the earth: it dates from
Cretaceous times, and has relatively few fungoid and faunal
enemies. During the many hundreds of thousands of years of its
existence, it has proved itself so adaptable that it is one of the
most sucoessful plants of the present day. We do not know the
extent and intensity of the changes with which it-has had to
contend, but geological evidence suggests that they have been at
least very varied. It is, therefore, a bold thing to hope that any
*“ pest ”’ would develop now and prey so effectively on the fern
that the latter would entirely succumb, or even be severely crippled,
all over the world. All that one can reasonably hope for is that,
in adapting itself to modern conditions, there are colonies which
are leading a “C 3" existence and hence susceptible to natural
as well as artificial means of destruction. A preliminary paper on
a promising fungus disease was published some years ago (1), and
further papers are under preparation, not only on this investiga-
tion, as far as it has gone, but also into some of the factors which
make the bracken susceptible.

The Building up of Humus.—It is absolutely as essential to
understand about the conditions into which a colonist is going
as it is to know about the colonist himself. So, in order to get the
necessary perspective of the bracken picture, and to understand
exactly what are the limiting factors in the bracken problem, it
is mnecessary to explain the evolutionary cycles which build up
agricultural land. Hitherto this outlook has been rather neglected
in dealing with agricultural problems.

We are apt to assume that the countryside we look out upon
was the Britain that Julius Cesar saw, or even that of the days
of Robert the Bruce. Parts are still the same, but much is very
different ; some types of vegetation have evolyed; others have
retrogressed. There are three main factors which determine the
type of vegetation an area can produce. The chief of these is
what we call the climatic factor. Next in importance come the
soil or edaphic factors, modifying any given climatic zone according
to whether it is marly or peaty, rocky or sandy. Large as are the
types controlled by soil conditions within the given climate, these
are greatly modified by another immense group of factors collectively
called biotic or biological factors. Some of these are obvious, others
can be seen only by much observation. Grazing is an example of
animals limiting the plant development. When, again, a promising
crop of potatoes is severely smitten with * black blight,” we have
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a case of & fungus limiting the development of & crop plant. Man
is probably the most destructive biotic agent, but the invisible
bacteria, because of their numbers, play no inconsiderable part in
modifying or altering existing conditions. A given type of vegeta-
tion is the result of the interaction or equilibrium of the major and
minor factors. Hence a preponderance of bracken means that the
balance of factors favours bracken development.

The world did not come into being clothed with various types
of vegetation. There was growth, evolution, development in this
as well as in all other natural processes. Minute alge, lichens
and mosses colonised the inhospitable rocks and soils where con-
ditions could not support the higher types of plants until organic
and other detritus had been amassed. With the evolution of the
higher plants, and their marvellous powers of seed dispersal, isolated
clumps at first would be formed on suitable ground, but soon the
space between the plants would decrease and the biotic factor of
competition would become acute. The vegetation of any site
would then be a pictorial expression of the balanced interaction
of the controlling factors, ¢.e., the climate (modified by exposure,
water content, etc.) ; the soil (modified by humus content, aeration,
etc.); and various numerous biotic factors (animal and plant
friends and foes).

Aim of Nature.—Further development, however, may take
place. For instance, a lake may be silted up or drained and give
rise to meadow-land or shrub. Left to itself the meadow-land would
soon be colonised by shrubs, which, again, with favourable con-
ditions would give way to larger trees and thence to forest, a climax
being reached in the largest tree type suitable to and available for
those particular conditions. The area could not have carried these
trees until suitable soil conditions were built up by preceding vegeta-
tion. All land does not culminate in forest. Conditions may
bring about a climax stage with shrubs in colder, wind-swept areas,
or in heather or grasses where sheep and rabbits abound. The
interacting conditions are the limiting factors, but bracken is a
weed of potential forest-land.

Aim of Man.—The importance of this vegetative development
cannot be over-emphasised, for all operations of agriculture and
forestry are dependent upon this effort of nature to produce her
highest development at any given spot. A climax vegetation is,
as far as man can see in his historical period, permanent or static,
but when man tills the soil and introduces his own crops he makes
it become dynamic and expends or spends the soil accumulations of
centuries on producing his crops. The better farmer he is the more
he tries by manuring and by cultural operations to prevent deple-
tion of the soil reserves. When the farmer grazes land, or in other
words upsets the equilibrium by increasing destructive biotic factors,
he again makes nature dynamic. Exhaustion of reserves is fre-
quently overlooked in the case of hill grazings, from which for
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generations compounds of calcium, nitrogen, phosphates, potash,
eto., have been carted away by the ton in the form of bone, mutton,
or wool.

Let us consider the features of a typiocal hill-pasture and what
often takes place. Firstly, the climatic conditions are rigorous,
wind and rain are possibly in excess and sun deficient except
in the height of summer (when it is then probably excessive for
the type of soil). Topography again often renders certain slopes
almost sunless. Secondly, the soil conditions are often distinotly
poor—cold peat, damp clays or shallow, sandy soil. Thirdly, the
dominant vegetation is either sheep’s fescue and fiorin, mixed with
many secondary grasses and ‘‘ weeds,” or heather. Many of the
* weeds ”’ may be distinctly suggestive of previous woodland con-
ditions (a highly evolved type of soil), e.g., bracken, wood-sorrel,
wood-anemone, violets, etc., or of previous arable cultivation, e.g.,
daisy, buttercup, dandelion, nettles. As one ascends these ““ weeds ™’
become less prominent and ultimately cease. Here and there wet
portions exhibit either the presence of ‘‘ flushes,”” with their resultant
good feeding of grasses and ‘‘ sprat ”’ (or ‘ sprett ”’), or the existence
of areas of a bog-like nature, rush-bound, and sphagnum-covered
and containing * drowned-out ”’ bracken or heather and bog-grass.

The obvious limiting biotic factor is, or has been, man (indicated
by the traces of forest removal, cultivation, drainage or heather-
burning, as the case may be), or grazing animals, hares, deer or sheep.
The less obvious biotic factors are various diseases on the debit
side, such as heather beetle, and helpful organisms on the credit
side.

The climatic conditions have just to be accepted, the soil, on
account of the small value of the land, is often not worth much
outlay, but the biotic conditions would often repay more considera-
tion. Two of these are of fundamental importance—over-grazing
of sheep and injudicious heather-burning.

Sheep Grazing.—Grazing animals, partly from peculiarities of
their manner of cating (due to shape of mouth and arrangement of
tecth), and partly from individual preference, select different foods.
This can be seen by the lawn-like grazing of rabbits compared with
the selective gleaning of sheep. Certain plants—like the finer
grasses—are appreciated by all grazing animals, but suffer more
from those that * pull ”’ them than from those that crop them clean.
In many sheep-runs the amount of pulled-out fescue is very notice-
able at certain seasons. Sheep are selective feeders, and there is
a danger that they may exterminate or prevent the adequate
regeneration of certain plants in the herbage. As a result the plants
thin out, the soil may deteriorate, and the space is taken by weeds,
or if the sheep continue to be too attentive their constant treading
breaks the surface, encouraging moss to develop. Heather often
would develop in this moss, but as a rule the sheep give it little
chance, as can be proved in many areas by the rapidity with which
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it develops in ““fenced-in”’ plots. On a limited area sheep clearly
* thin-out ”’ the herbage and prevent its subsequent regeneration
with sheep-palatable foods.

The fact that sheep do not crop down all the grasses, but leave
tussocks of withered sweet vernal grass and Yorkshire-fog, is also
important, for the dead leaves of these smother the concealed living
shoots which thus die instead of sprouting freely.

We have here a squandered heritage—a hill-pasture debased to
a weedy grass-land. The weeds that invade such places are of im-
portance. Some are themselves edible at certain seasons, like marsh-
thistle and seedlings of tufted hair-grass or bullsnout which are
relished in the relatively barren winter season; others, which are
inedible and suffer no checks, become rampant weeds. Of these the
most dangerous is the bracken.

Bracken in Attack.—Bracken is a plant which succeeds best on
good deep soil and it prefers a small amount of shelter, for unless
it is aggregated in large clumps it is very susceptible to damage from
wind. It is popularly supposed that a patch of bracken is a colony
of many individuals ; but this is erroneous, for many patches con-
sist of only the one individual plant with its many ramifying under-
ground stems. Where we find more*than one individual in the
same patch, this has usually been brought about by the division
of the original plant. Bracken can, under exceptional conditions,
produce expeditionary underground shoots of a yard or more in
length per annum and in loose sites, as in sawdust heaps, it will
exceed this, but the colonising shoots are usually produced only on
that side where invasion is most easy or profitable. There are many
oxceptions which are difficult to classify. Certain small sparse
patohes send out relatively few exploring shoots annually, but these
may grow 2 to 3 feet. At other times the patch is stationary on
one or more sides and advances only at one or two places. Again,
I have marked patches which have not advanced 1 foot anywhere
round the whole periphery during the past five years. Obviously a
number of factors are at work which it will take many years to
understand completely. In one case under observation—an old
derelict farm—the bracken has advanced rapidly along the site of
the earth and stone wall but makes slow progress in the old fields.
The former is obviously drier, the soil less tenacious and presumably
warmer : the latter is damper and the soil heavier and colder. The
herbage is thinner in the drier site than where the old field used to
be. It is difficult to prove that the single factor, density of turf,
can hold up bracken advance, but I believe that it can. Density
of turf is, however, usually the result produced by a number of
factors, such as adequate moisture, foods and aeration. In another
case where glacial mounds and ridges of sand appear in a peaty
“ moor,” the drier, sandy, raised portions are noticeably bracken-
clad morainic mounds, a very frequent ocourrence in Western
Bootland. The soil conditions, therefore, obviously encourage or
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inhibit the development of the bracken. At the present stage of
the investigation it is difficult to recognise all the factors responsible,
but, in general, I feel no hesitation in affirming that severe sheep
grazing leads to a diminution of the valuable grasses in a pasture,
which, in turn, leads to a more rapid invasion of bracken and so
encourages bracken domination. In a comparable way shade leads
to a thinning of the grass carpet and encourages the bracken to
inorease, as the latter can tolerate shade better than the grass can.

Bracken increases either by enlarging its area or by thicker
growth within a limited area. Sometimes the inhospitable condi-
tions of the surrounding soil confine the bracken to the good pockets
of soil and it there grows in density and size as long as supplies last.
These dense areas of tall, robust bracken are a scourge recognised by
all shepherds, for sheep stricken with maggots hide themselves in
these from friend and foe alike. The speed at which these areas
may develop is amazing. In an area at Garelochhead in 1930 there
was & knee-deep growth of comparatively sparse bracken on a well-
eaten turf. To-day (1933) the bracken there is waist-high and so
dense that the turf is being destroyed.

Bracken in Defenee.—Bracken has also its methods for defence.
When it is being suppressed’in woods, for example, it fights every
inch of the way and it can form an outpost line. In the dark beech
woods of Essex, Surrey and Sussex it can often be seen that patches
of bracken exist beneath shade too dense for it to build up satis-
factorily its own carbohydrates by the action of light; these are
outposts pushed out between the beech trees where the moisture
is greatest and the soil least root-bound, the size of the fronds
diminishing as they recede from the parent plant. Some of these
appear to remain in the same state for years, possibly unable to
build up their own sugars due to insufficient light, but still root-
absorbing outrunners. Then if by the death of a tree, or even a
branch, light of sufficient intensity results to allow the outpost to
become self-supporting, its rapid increase in size and vigour intimates
the fact ; otherwise it finally succumbs. It is less easy to be sure
of the facts with bracken on the hillside, but it appears to be the
case that certain outliers in uncongenial situations are being main-
tained at the expense of the parent patch. Sometimes these out-
liers cross an apparently inhospitable barrier and regain situations
where they can again flourish. Most frequently they are seen
invading wet, cold soil. When this is drained the bracken quickly
recovers and becomes self-supporting. This is the reason why
bracken should be exterminated in such areas prior to draining.
Other cases are sites of ‘“ drowned bracken.” Originally these were
either complete bracken areas, or part of them, and by a rise of
the water-table they received a check and are often obviously
dying. The last stages are very interesting, for the fronds are
frequently so reduced in size that they stand only about six inches
high and look very like young sporelings. When dug up, the
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remains of the old underground stem are traceable and the tiny
branch, less than one-quarter of an inch in diameter, can sometimes
be traced back to the remains of what was once a larger under-
ground stem of two or three times this size. These vestigial
remnants only require drainage of the soil to start them off again
as centres of recolonisation. It is a similar state of affairs to that
obtaining in woods where shade and possible drought, not water,
checks the development, in some cases exterminating portions while
others linger on locally. At the present time it cannot be definitely
stated whether the * drowning ”’ is due to lack of oxygen or to other
physiological causes.

It will be shown elsewhere that the optimum conditions are
given by adequate atmospheric moisture, and shelter from excessive
winds or frost. Patches of bracken vary enormously in degree of
healthiness, some making progress, others just holding their own,
and still others failing and falling prey to * decline ” and disease.
The latter has been referred to previously (1) and will be more
fully discussed in a subsequent paper.

Bracken-Invasion after Heather-Burning.—Gamekeepers often
ask why it is that the burning of old heather containing sparse
bracken leads to an increase of the bracken. 1t is easy to answer
this question, for the heather is too long and woody at the time
of burning, and while the heat of burning is sufficient to kill off much
of the old heather, it is insufficient to harm the buried underground
stems of the bracken. Competition with the heather being thus
removed, the bracken can attain dominance before the heather
again becomes plentiful. If the heather had bcen burned earlier,
not only would the heat have been less detrimental to the heather
plants, but these, in a more juvenile state, would have rapidly pro-
duced new growth. Recolonisation would have been from the old
stools and not from seed. When heather does not regencrate freely
from the stools it means that the soil is exposed for a number of
years to the impoverishing influences of winter-freezing and soaking
and summer-baking, with the result that surface seedlings have
difficulty in obtaining a good start. The underground bracken
stems in possession therefore score by reason of their favourable
conditions for spreading. Undoubtedly the postponement of
heather-burning until many years too late has resulted in much
impoverishment of ““ black-land.” Tt is more difficult to explain
why bracken in heather is often sparse and remains in this con-
dition over many years. 1t is presumably held in this state by
the heather; otherwise it would thicken up and dominate the
heather.

Summary.—An attempt has been made to show the economic
importance of bracken in the past and to trace its gradual spread,
resulting firstly from its use for various purposes having been dis-
continued, secondly from the decline of preventive measures
owing to less intensive hirsel management, and later from its
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actual encouragement by the failure to realise the effects of exoes-
sive grazing by one kind of stock and of the burning of old heather.
The days of active utilisation of bracken are probably past, though
it is unfortunate that some effective use cannot be made of this
valuable source of sugar, starch and potash. Present-day economics
and sparse population make the manuring, flooding and treatment
of hill lands difficult, but Welsh experiments suggest that cultural
methods are not impossible, and deserve consideration and trial.
The success of all such advances will depend, however, on the
manner in which we husband the resources of Dame Nature—the
old story of the man with the goose which laid the golden eggs.

Conelusion.—Observations on many of the aspects of the growth
and spread of bracken have so far been very limited or even restricted
to the results obtained by one worker in only a few localities. This
article has therefore been necessarily restricted to suggesting
possibilities and probabilities rather than to stating definite facts.
It is hoped, however, by thus directing attention to the problems
involved, that others may be encouraged to contribute results of
observations and experiments from many districts.

I wish to acknowledge my indebtedness and express my thanks
to various estate factors, farmers, gamekeepers and shepherds for
helping me to see interesting areas and for their personal observa-
tions, and also to thank Mr W. F. Burnett, M.A., B.Sc., Mr Thos.
Stoddart, N.D.A., Mr John Wilson, N.D.A., and my wife for assist-
ance in the field and for helpful suggestions.
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A FIELD METHOD FOR THE DETERMINATION OF
THE MANURIAL REQUIREMENTS OF SOILS

I. M. RoBEerTsON, Ph.D., and A. B. StewarT, Ph.D.
The Macaulay Institute for Sotl Research

Tar growth of plants is influenced by a number of factors which
control the conditions prevailing in the neighbourhood of the plants.
In practical agriculture climate plays an important part, and its
influence on crop production is associated with natural phenomena,
such as light, heat and rainfall. Such factors, however, cannot be
altered ; therefore the choice and economic production of crops
in any particular district are influenced to a large extent by the
climatic conditions. In addition, the properties of the soil may
determine the success or failure of a crop, but, unlike climate, they
can often be altered sufficiently to suit the requirements of a variety
of agricultural plants. Thus, for example, a wet mossy soil support-
ing under natural conditions a vegetation of mosses and coarse
grasses, can, as a result of drainage, cultivation and the application
of suitable fertilisers, be made to produce normal crop yields.

The more important properties favouring plant growth are
associated with satisfactory drainage conditions, production of a
good tilth and the presence of adequate supplies of suitable nutrients,
all of which determine the fertility of a soil. Whilst inspection of
an area usually enables the farmer to decide whether or not the first
two of the above conditions are satisfactory, it does not necessarily
give him much information on the supplies of plant nutrients in the
soil.

The most important nutrients required by agricultural plants
are nitrogen, potash, phosphoric acid and lime. These must be
present in the soil in a form in which plants can assimilate them,
that is, in a readily soluble or ““ available ”’ form, and the amounts
necessary for the complete development of any one crop vary with
the plant or plants in question. For example, roots require larger
supplies of nutrients than cereals; potatoes require more potash and
less phosphate than turnips; barley requires more lime than oats,
etc. For any crop the maximum yield in so far as plant nutrients
are concerned can ounly be obtained when the various plant foods are
present in a suitable form, and in amounts sufficient to form the
nutrient balance for the crop.

In this country there exist many different soil types, formed in a
variety of ways from parent materials of widely differing chemical
composition. In the river valleys rich alluvial deposits are found,
and as a rule these contain large reserves of plant foods. Boulder
clays, formed on the retreat of the great ice sheets which onoce
ocovered this country, represent a large proportion of the parent
materials of our Scottish soils. When it is considered that many
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different parent rocks are represented in these clays, it will readily
be understood that their compositions vary within wide limits.
In their unweathered state the minerals in the clays contain
insoluble compounds which have to be broken down by weathering
processes before they can be utilised by plants. The amount of
plant nutrient in a boulder-clay soil is therefore dependent on the
extent and rate of weathering, and the actual amounts of available
nutrients in soils of this type are naturally less than in the further
decomposed alluvial soils. In the extreme case, the peat soils have
little or no mineral matter, and manures have to be added before
successful cropping can be carried out.

It has been explained that, so far as plant nutrients are con-
cerned, a balance is necessary for the successful growth of any
crop, and in cases of crop failure (where drainage conditions, culti-
vation, etc., are favourable) it may be assumed that one or more
of these is absent or present in insufficient amount. It is very
rarely possible, however, to determine by observation the nature
and extent of the deficiency, and as a gencral rule the practical
farmer overcomes this difficulty by adding a complete fertiliser.
Whilst this procedure is safe, it often cntails increased expenditure
through the addition of plant foods which are already present in
the soil in sufficient amount.

It is the aim of every farmer to produce his crops in the most
economic manner, and to do this he should have some knowledge
of the amounts of plant foods present in his soil, so that he can, if
necessary, overcome a deficiency by the addition of suitable manures.
The amount of fertiliser which requires to be added in this way
is known as the manurial requirement of the soil.

The manurial requircment of a soil can be estimated in a number
of ways: (1) by laboratory methods; (2) by pot experiments ;
and (3) by field experiments.

Laboratory methods depend on the extraction of the readily
soluble nutrient in the soil, and the subsequent analysis of this
extract. Results of soil analyses, used in conjunction with a know-
ledge of climate, drainage conditions, cultivation methods, etec., can
be interpreted to yield valuable information, but research has shown
that no laboratory method affects the soil in exactly the same way
as do the growing plants.

Pot experimental methods have been worked out on the Con-
tinent, and make use of the yields of growing plants as indications
of the manurial requirement of the soil.

Suitably designed field experiments, however, can be made
to give the most accurate measure of this quantity, and possess
several advantages over the laboratory and pot methods. For
example, the experiment is carried out under natural conditions,
and account is therefore taken of the effects of climate, subsoil,
drainage conditions and tilth. In addition, the field experiment
has the one great advantage that it can be carried out by the
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farmer himself and made to supply him with useful information
about any manurial deficiencies in the soil under observation.
The experiment can, however, be carried a stage further, and
by weighing the yields and treating the results mathematically,
an accurate measure of the quantities of nutrients present can
be obtained. The mathematical treatment of the results may
present difficulties to the farmer, but assistance can readily be
obtained from the scientific institutes. Whilst the scientific treat-
ment of the results is advisable wherever possible, it must be
emphasised that actual observation of the experiment during the
growth period—an undertaking well within the scope of every
farmer—can and docs give useful information.

Field Experiments.—In the laying down of the field experiment,
great care must be excreised in the choice of position. Where the
results are to be applied to a large area the position chosen for the
ficld experiment must be situated in a part which is as representative
as possible of the whole area. At the same time, it is often found
in practice that a portion of a field is for some rcason much poorer
than the field in general ; the laying down of a field experiment
in the poor part will show whether or not the failure is due to manurial
deficiency.

Generally it is found that end-rigs, sites of pits, stacks, cte.,
and areas bordercd by trces or hedges are quite unsuitable for an
experiment of this nature. The experiment may be conducted with
any agricultural crop, and the size of the plots in the experiment is
determined by the crop chosen. The number of plants in a given
area varies considerably from crop to crop, being much greater with
cereals than with roots. Since the area of a plot must be chosen
so that the total number of plants is sufficiently large to eliminate
crrors due to blanks or irregularities, it will be seen that the size
of the plots where a root crop is grown, must be greater than that
in plots with cercals. The areas of the individual plots for cereals
and roots are approximately 544 and 217§ square feet, representing
«hg and .l of an acre respectively. On account of their smaller
size, field experiments with ccrcals are simpler to conduct; the
application of the manures and the harvesting present little diffi-
culty so that, in general, cereals have a decided advantage over
roots. If the seed is broadcast, the plots may be laid down in any
direction, but if the seed is drilled it is necessary to lay down
the plots in a row following the direction of sowing, so that any
irregularities due to drilling are constant throughout.

In order to compensate for variations occurring in the soil
throughout the experimental area, the various treatments have to
be repeated several times ; in practice it is found that it is sufficient
to repeat each treatment five times. The experiments to be
described have been devised by Professor Mitscherlich, of Konigs-
berg, to determine the amounts of nitrogen, potash and phosphoric
acid which are present in the soil in a form available to plants.
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The mathematical treatment of the results is based on Mitacherlich’s
laws of plant growth. The experiment is carried out in a row of
twenty plots, and consists of four sets of treatments arranged as
follows :—
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It is thus possible to obtain five blocks each containing all four
treatments.

Set I receives a dressing of potash and phosphoric acid, but no

nitrogen.

Set I1 receives a dressing of nitrogen and phosphoric acid, but
no potash.

Set III receives a dressing of nitrogen and potash, but no
phosphoric acid.

Set IV receives a dressing of complete manure containing nitrogen,
potash and phosphoric acid.
The plots are arranged in a row numbering 1, 2, 3, etc., up to 20.

Set I consists of Plots 1, 5, 9, 13, 17.

SetII ,, , 2,610, 14,18,
SetIII , ., 3,1,11,1519.
SetIV ,, , 4,8 12, 16, 20.

It will be seen that in the first set, where no nitrogen has been
added, the plants have to take their nitrogen supply from the soil.
Set IV has received a known amount of nitrogen, so that by compar-
ing the growth in Sets I and IV it will be seen whether or not the
soil shows a nitrogen deficiency. In addition, it is possible to
calculate from the yields of Sets 1 and IV how much nitrogen was
present in the soil in an available form,

Similarly, in Set II the soil has to supply the potash to the
plants, and in Set 111 the phosphoric acid. Set IV already contains
dressings of these two substances, so that by comparing II with IV
and III with 1V we can see whether or not there are deficiencies
in potash and phosphoric acid respectively. The respective amounts
of potash and phosphoric acid which were present in an available
form can also be calculated from the yields obtained.

Experience has shown that for cereals a convenient size of plot
is 16 feet 9 inches long by 3 feet 3 inches broad, and the results
given in this article were obtained from plots of these dimensions,
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With roots, the breadth of the plots depends on the width of the
drills, but where this is 27 inches a suitable size is approximately
24 feet long by 9 feet broad ; this gives a plot containing 4 driils,
and a total of, roughly, 100 plants.

The amounts of nitrogen, potash and phosphoric acid which
are applied to the plots are as follows :—

TABLE 1
Nit;logen Pﬁtagh %c(x)d
ot on owe D 0n ow 'Y

Per Pex.' Per Per Per Per
Acre Plot Acre Plot Acre Plot

SetI. . Cereals Nil Nil 1-6 36 14 3:2
Roots Nil Nil 16 144 14 12-8
Set I1 . Cereals 05 1-1 Nil Nil 1-4 3-2

Roots 1-0 8-8 Nil  Nil 1.4 128

Set III . Cereals 05 11 16 36 Nil Ni
Roots 1-0 88 16 144 Nil Nil
Set IV . Cereals 05 11 16 36 14 3:2
Roots 1.0 88 16 144 14 12:8

Generally the nitrogen is applied in sulphate of ammonia, the
potash in sulphate of potash, and the phosphoric acid in super-
phosphate, but other fertilisers, such as nitrate of soda, 30 per cent.
potash manure salts, and basic slag can be employed.

The dressings given above when applied in sulphate of ammonia,
sulphate of potash and superphosphate are as follows :—

TABLE II
Sulphate of Sulphate of
Ammonia otash Superphosphate
Cwt. Oz. Cwt. Oz. Cwt. Oz.
Per Per Per Per Per Per
Acre Plot Acre Plot Acre Plot
SetI. . Cereals Nil Nil 3 63 8 18
Roots Nil Nil 3 27 8 72
Set I1 . Cereals 2 54 Nil Nil 8 18
Roots 4 42 Nil Nil 8 72
Set IIL . Cereals 2 5} 3 63 Nil  Nil
Roots 4 42 3 27 Nil "Nil
SetIV . Cereals 2§ 5 3 6} 8 18
Roots 4 42 3 27 8 72

These dressings are considerably larger than would be applied
in practice, and in this connection it must be borne in mind that
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the experiments are not the usual manurial trials, but are devised
to show up the extent of manurial deficiencies in the soil. When
increasing quantities of a manure are added to a soil, the rate of
increase in crop yield is not proportional to the amount of manure
applied, but gradually diminishes as the dressing is increased until
a point is reached where no further increase in yield is obtained.
The amounts of nitrogen, potash and phosphoric acid required to
produce the maximum yield are given in the foregoing table.

The procedure followed in the laying down of an experiment
with cereals is as follows. A strip of land approximately 70 feet
by 20 fect is selected, and, after having been sown with the rest of
the field, is left unmanured. A rectangle (ABDC in sketch), 65 feet
long by 16 feet 9 inches broad, is pegged off inside this strip, and
two strings are run along the two sides, s.e., from A to B, and from
Cto D. Two shorter lines are next stretched, parallel to each other,
across the strip, the first from A to C, and the second 3 feet 3 inches
distant at A' to C'. In this way Plot 1 is marked off, and can
now be treated with the weighed amounts of fertilisers (as in
Table 1I). The latter, which are most conveniently made up in
paper bags beforehand, are now placed in a small pail, and thoroughly
mixed with about 5 1b. of soil, which should not be too moist. The
soil-manure mixture is then carefully and uniformly distributed over
the whole area of the plot, and raked in with a garden rake. The
line AB is then shifted along to the far side of Plot 2, i.e. 3 feet
3 inches from A'C', and the appropriate manure applied in a similar
manner. The procedure is repeated throughout the twenty plots.

Observations should be made during the growing season and
the growth of the plants in each plot noted. Set IV has reteived
a complete manurial dressing and will show the maximum develop-
ment obtainable by the addition of fertilisers. I1f no manurial
deficiency exists, all four sets will show a uniform development,
whilst deficiencies in nitrogen, potash and phosphate will be shown
by poorer growth in Sets I, II and II1 respectively.

When the crop is ripe, a road is cut round the rectangular strip
ABDC. A line is stretched between A'C' and Plot 1 is cut with a
scythe or other suitable implement into the road beyond AC. The
material is gathered into one sheaf and labelled. The line is then
shifted to the outside of Plot 2 (i.e. 3 feet 3 inches along), which is
then cut into Plot 1, gathered and labelled as before. The twenty
sheaves from the plots are stooked, and when dry weighed in pounds
and ounces.

In 1933 a number of field cxperiments of the abové type were
laid down on a variety of soil types throughout Scotland.! The
results given in Table III are typical, and were obtained from a
bean crop grown on carse land (Soil A).

' The writers wish to take this opportunity of thanking all those who gave them
asnistance in the field experimental work.
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TABLE II1

Set 1 Set IT Set T1I Set IV
Plot No. . 1 2 3 4
Yield . 181b.60z. 231b.70z. 201b.90z. 231b.120z.
Plot No. . 5 6 7 8
Yield . 201b.00z. 221b.12 oz 21 1b.40z. 201b. 10 oz.
Plot No. . 9 10 11 12
Yield . 181b.13 0z. 191b. 150z. 19 1b. 14 oz. 21 1b. 0 oz.
Plot No . 13 14 15 16
Yield . 181b.40z. 181b.15 oz 201b. 8 oz 21 1b. 7 oz.
Plot NO . 17 18 19 20
Yield . 181b. 12 oz 201b.80z. 201b.9%0z. 231b. 4 o0z.

Mean Value 181b. 13 0z. 211b.20z. 201b.9%90z. 221b. 0oz.

The mean values of the yield of oats obtained in two experi-
ments which were conducted in Aberdeenshire on a deep peat soil
(Soil B) and on a granitic boulder-clay soil (Soil C) may also be
given :(—

Set I Set IT Set ITI Set IV
Soil B . 111b.150z. 141b.120z. 151b. 40z. 151b. 15 0z.
SoilC . 8lb.140z. 101b.130z. 71b.50z. 121b. 0oz.

Observations were made throughout the growing season, and
after harvesting the sheaves were graded according to quality.
On Soil A, where the crop was beans, it was noted that early in the
season all plots showed a fairly uniform development, but as time
went on the plots of Sets I1 and IV gradually drew away from those
of Sets I and III. Flowering and podding took place in Sets I, II
and 1V at approximately the same time, Set LII lagging behind
slightly. When harvested the plants in Sets I, II and IV had a
similar appearance, the tops of the stalks being dry and withered, and
the bean pods hard and dark in colour, whilst in Set III the beans
were still green and not so well podded. In Set I the crop, although
of good quality, was obviously shorter and lighter. The observa-
tions indicate that this soil is very slightly deficient in nitrogen and
phosphate.

On Soil B (oats and grass seeds) the lack of nitrogen was early
apparent, the plots of Set I being clearly visible on acoount of
their yellowish colour. This difference was maintained throughout
the growing season, and on harvesting Sets II, III and IV were
fairly uniform and heavier than Set I. This soil is well supplied
with potash and phosphoric acid, but is deficient in nitrogen.

On Soil C (oats and grass seeds) pronounced differences in the
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plots were seen early in the season, and became even more notice-
able as time went on. Sets I and III lagged behind to a consider-
able extent, and at harvesting the order was: Set IV somewhat
better than Set II, both being much superior to either I or III.
Here there were very obvious deficiencies in nitrogen and phosphoric
acid.

From mathematical treatment of the results on the basis of
Mitscherlich’s laws of plant growth, it is found that the above
soils contain the following amounts of available nutrients in cwt.
per acre :—

TABLE IV

Cwt. per Acre Soil A Soil B 8eil C
Nitrogen . 1-9 1-1 11
Equivalent Sulphate of Ammoma 9-0 5-2 5-2
Potash . .1l 1-0 0-9
Equivalent Sulphate of Potash . 2-0 1-9 17
Phosphoric Acid . . . 18 1-8 05
Equivalent Superphosphate . 89 10-0 2-8

Manurial Requirements.—If a soil which is deficient in a
nutrient is cropped in plots as follows : (1) without the addition of
fertiliser; (2) with the addition of a fixed quantity of the nutrient ;
(3) with twice this dressing ; (4) with three times this dressing, and
80 on, it is found that the difference in crop yields between Plots 2
and 1 is greater than that between Plots 3 and 2, and this in turn
is greater than that between Plots 4 and 3, etc. That is, the increase
in crop yield brought about by the addition of a nutrient gradually
falls off with increasing amounts of the nutrient until finally the
maximum yield is reached, and further addition produces no further
increase. It should be the aim of the farmer to build up in the soil
a reserve of nutrient which will produce a yield as near to the
maximum as is economically possible. Soils already containing
more nutrient than is associated with the production of this maximum
yield will show no response to the addition of the nutrient until
the excess has been removed from the soil by plants, drainage, etc.

In practice it is found that a close approximation to the
maximum Yyicld is obtained when 1-2 cwt. per acre potash and
17 cwt. per acre phosphoric acid are present in the soil. These
quantities represent 2:2 cwt. per acre sulphate of potash and
9-4 cwt. per acre superphosphate respectively.

Returning to Table IV, it will be seen that all three soils show
slight potash deficiencies, amounting to 0-1, 0-2 and 0-3 cwt. per
acre potash. A general recommendation would, therefore, be to
increase slightly the dressings of potash hitherto applied to these
soils.

The three soils show considerable differences in their contents
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of phosphorio acid. Soil A has a very slight deficiency amounting
to 0-1 cwt. per acre phosphoric acid. Soil C, with the very high
requirement of 1:2 cwt. per acre phosphoric acid, should receive,
in addition to the normal dressings, as much phosphate as the
farmer can see his way to apply with a view to overcoming the
deficiency. Soil B, on the other hand, is already very well supplied,
and a normal maintenance dressing is all that is necessary to keep
up the reserve.

The effect of additions of nitrogen on crop yields is slightly
different to that outlined above for potash and phosphoric acid,
for in practice it is never possible to apply the extremely high
dressings of nitrogen which are theoretically required to produce
the maximum yield. Experiments indicate that with the possible
exception of newly broken-up lea, Scottish soils are generally very
deficient in nitrogen, and show a marked response to nitrogenous
manuring. On account of the harmful effects which follow the
application of an over-dressing of nitrogen, care must be exercised
in its use. In most cascs, therefore, the general recommendation
is to add nitrogen (in nitrogenous fertilisers, dung, green manure,
etc.) in as heavy dressings as are practicable. The nitrogen figure
of 1-1 cwt. per acre in Soils B and C is low, and in these soils the
addition of relatively small dressings of nitrogen will substantially
increase the crop yield. Where legumes are grown, as in Soil A,
it is impossible to determine accurately from the crop yield the
amount of nitrogen present in the soil, since leguminous crops can
utilise atmospheric nitrogen.

Several objections to the efficacy of the arrangement of the
plots described have been raised by statistical workers, who hold
that a random arrangement of plots is required to overcome varia-
tions in the soil. The regular arrangement of plots in a strip,
however, has the great advantage of simplicity and presents little
or no difficulty to the farmer.

FOUR-NIPPLED SHEEP

H. G. MiLLER, B.Sc.
Rothamsted Ezperimental Station

IN Professor Wallace’s Farm Live Stock of Great Britain, appears
a sentence calculated to arouse the reader’s curiosity—** Since 1890
four-nippled ewes and rams have been collected and successfully
bred at Beinn Bhreagh, Cape Breton Island, Nova Scotia, by Dr A.
Graham Bell, and latterly six-nippled sheep have been developed.”
One naturally inquires for more particulars and wonders what
commercial value, if any, these sheep have, or had, and whether they
still exist. Possibly the peculiar character of these sheep, even if
they themselves should have proved of little value, might have some
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value, if it could be developed, in one of the good-milking breeds of
this country.

Ale