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FOREWORD TO THE REVISED EDITION

VV hen, on the occasion of this book's debut in America, I lightheartedly agreed to
revise it and bring it up to date, I had no idea how formidable a task I had undertaken.

When the book was first published I sent a copy to a friend, warning him that it
contained very little original work. He was kind enough, in his reply, to say that while
most of my bricks might have been made by others, the mortar which held them
together and the design of the building were both essentially mine.

I have told this story only because I want to use his metaphor to explain my
difficulties with the present edition and to excuse the results of my labours.

One repercussion of the 'building's' first appearance was that people from all over
the world began sending me more bricks. Some of them were so important or
interesting that I felt compelled to add them to my building. So an extra gable here or
an added bow window there kept appearing every time a new edition went to print.
Sometimes my collection of new bricks even necessitated building outhouses.

My plan, when I undertook to rebuild and modernize, therefore, was to pull down
parts of the building and re-design them to incorporate all these afterthoughts--these
tacked-on excrescences--into the main structure, together with the newest lot of
bricks.

When I began, however, I found I had forgotten the landscape. My building was
erected in 1942 surroundings, and do what I would I could not design a 1948 building
that would tone with them.

So I was faced with two alternatives; either I had to demolish the whole structure,
cart the materials away and rebuild from the foundation in a 1948 setting, or I had to
be content to compromise by pulling down the many extensions and, with the addition
of some of the newest bricks, rebuilding them into a modem wing while leaving the
main structure unaltered. I chose the latter course. The result is a house of mixed
periods--like so many that exist in England. Parts now tone with the landscape and
parts do not. Every now and then the levels of the floors alter with an odd step up or
down--up to 1948 and down again to 1942. If this proves to be a little more confusing
to a new-comer, than a house that is all of a piece, I can only hope that it will not be
less interesting on that account.

The fact is--to drop the metaphor--that I wrote this book, not only in wartime, but
at that period of the war when the invasion of this country seemed--and indeed was--a
daily possibility; when large parts of London had been destroyed, and when the drone
of enemy aircraft overhead was still our nightly lullaby. While the war is only rarely
mentioned in the book, it was the background to my thoughts when I wrote it, and as
such coloured the style of the writing. 1 found that to try to bring the whole book up to



date, merely by altering dates and correcting tenses simply did not work, it only
resulted in making the sentences, and the sentiment behind them, seem unreal.

So in the end all I have been able to do, is to incorporate the various afterthoughts
into the main text, and to bring, as far as possible, my facts up to date while leaving
their setting unchanged.

After all, even the facts won't stay up to date for long, so rapidly is new
knowledge being acquired on this most dynamic and vital of subjects--the Living Soil.

E.B.B.

Haughley,
January 1948.



INTRODUCTION

In this book I have attempted something which my friends tell me cannot be

done. I have tried to write for both the specialist and the layman. If | have failed, if
what I have written proves to be unintelligible and boring to the layman, and at the
same time trite and superficial to the specialist, I shall be unable to plead that I was
not warned, but my only alternative was not to write at all--a depressing one for the
would-be author suffering from the belief that he has something important to say. At
any rate I have refused to accept such defeatism, preferring to attempt the supposedly
impossible. For there is a good reason why this book could not be written for a limited
section of the reading public.

My subject is food, which concerns everyone; it is health, which concerns
everyone; it is the soil, which concerns everyone--even if he does not realize it--and it
is the history of certain recent scientific research linking these three vital subjects.

Now since it concerns health, and food, and soil, and science, it also concerns
post-war planning, and because it concerns all these things, it concerns the legislator,
the politician, the voter, the tax- and rate-payer; the farmer, the gardener, the
veterinary surgeon, the doctor; the sanitary inspector, the public health authority, the
school teacher, the priest; 'Tinker, Tailor, Soldier, Sailor . . .'--in fact, the Citizen. So
there was no third choice; I had to write for everyone or not at all.

I have, however, tried to arrive at a compromise, whereby what I have written
will, I hope, be acceptable both to the citizen who is also a specialist, and to the
citizen who--perhaps because of our modern tendency to urbanize everything--goes
by the name of 'the man in the street'.

I have avoided as much as possible the inclusion of too much technical detail in
the main text, but have included, in a special section at the end of the book, additional
technical data on most of the subjects dealt with. To these the specialist can refer
should he want more precise detail concerning the evidence presented.

As it has been impossible to avoid entirely the use of technical and scientific
terms, particularly in Chapters IV and V, I have provided a glossary for the benefit of
those to whom these terms may be unfamiliar. It is my earnest hope that by these
means I shall have confounded the pessimists, for it is quite impossible to
overestimate the importance of the subject. That this is becoming increasingly
realized, is shown by the spate of publications that have appeared recently concerning
it. I make no apology for adding to their number. There cannot be too many, and no
two people approach a subject as complex as this from exactly the same angle.

The reader will find that much of this book consists of quotations. I make no
apology for this either. The information required to present the picture as a whole--
and the subject really amounts to the ecology of life--is so scattered, that the ordinary



citizen could not possibly be expected to hunt it all up for himself, even if he knew
where to look. One of my objects in undertaking this book, has been to bring together,
within the covers of a single volume, a summary of certain recent scientific research
on nutrition and on soil fertility, including results that have been obtained in many
different parts of the world by practical application of the principles involved.

The cumulative evidence which these results provide of the interrelationship
between soil vitality and the health of plants, animals, and man, is of so important a
nature, and of such far-reaching implication, that it is high time the general public
were given an opportunity to study it, and to form its own judgement thereon: and
here, in order to avoid any misunderstanding, I would like to insert a note on
terminology.

First. Soil fertility. This term is used throughout this book to denote vitality. It is
not used as a synonym for productivity. Increased productivity can, and usually does,
result from increased vitality. But for a limited period it can also be induced at the
expense of vitality. In the former case the increase represents increased income, in the
latter it represents reduced capital.

Second. Artificial (or Chemical) Fertilizers. These words as used throughout this
book refer to manufactured synthetic inorganic chemicals, or more simply still,
fertilizers not derived from living, or once living, matter. 'All artificial things are
invented, and all are "made" by man. All natural entities are born, and all are grown
by Nature." (G. Scott Williamson, M.D.) Quite definitely the term artificial, used in this sense,
does not include such organic products as chalk, guano, pure bone or fish meal, etc.
Obviously the addition to the soil of animal residues such as these cannot detract from
its vital quality, which is the point at issue. The basis of the whole theme is an
ecological one, centring round the mutual relationship of the organism and its
environment. Considerable light is thrown on the importance to health of a living
environment, by the evidence recently published in The Peckham Experiment, by
Pearse and Crocker, (Allen and Unwin, 1943. See p. 216.)

I am very much aware of the magnitude of the task I have undertaken in
attempting to present so vast a theme, and of the impossibility of covering the subject
adequately in the space of a single volume. All I can hope to do is to convince the
reader of the importance of the issues involved and to whet his appetite for more
information. If I succeed in achieving so much, the writing of this book will have
been worth while.

I need hardly say that I could not have attempted to write it unaided. The number
of people to whom I am indebted for assistance of one kind or another is so large that
it is impossible to list them all individually, but as everyone's help was, without
exception, of the most generous and disinterested kind, any, whose names I have
failed to acknowledge here, will know that they are nevertheless included in my
thanks. Special mention must however be made of the following:

Dr. L. J. Picton, for invaluable help with the pamphlet of which this book is really
an enlargement. Dr. M. C. Rayner and Professor Neilson-Jones, not only for the
contribution of vital material, but also for critical advice, given whenever asked,
without stint, and at considerable expenditure of time and trouble. But for the



generous way in which these two experts put their knowledge at my disposal, the
evidence which I have been able to present in this book would have been very much
less complete. Mrs. Ysabel Daldy, for giving me invaluable information concerning
New Zealand. The personnel of The Association for Planning and Regional
Reconstruction, for the trouble taken in ferreting out tiresome statistics for me. Then
there is the long list of those who have supplied me with material and information, or
have allowed me to quote from their writings. These include, in addition to all the
above, Captain R. G. M. Wilson; The County Palatine of Chester Local Medical and
Panel Committees; the Earl of Portsmouth; Dr. G. T. Wrench; Sir Albert Howard;
Messrs. Jacks and Whyte; Dr. K. E. Barlow; Lord Northbourne ; Mr. C. C. J.
Bullough; Viscount Bledisloe, and many friends who follow the honourable
profession of tilling the soil.

My thanks are also due to the following publishers and editors, without whose
co-operation the permission of the authors concerned would have been inoperative.
Daniel & Co. Ltd.; Dent & Co. Ltd.; Faber and Faber Ltd.; the Oxford University
Press; the Cambridge Press; the editors of Forestry (the Journal of the Society of the
Foresters of Great Britain); the editor of the Journal of Agricultural Science, the
editors of Nature, the editor of The Empire Cotton Growing Review, the editor of The
Compost News Letter.

I am also indebted to the following for some of my facts: P.E.P. Biological
Reviews; Dr. Charles Drechsler ; the Winsford U.D.C. ; Mr. F. H. Billington; Messrs.
Baker and Martin; Association for Planning and Regional Reconstruction; and various
journals and newspapers.

Lastly I must acknowledge the source of some of the photographs which form the
illustrations to this book. Plate II, Figs. 1, 2, and 4, are from original
photomicrographs lent by Dr. Rayner. Fig. 3 is from an original drawing by
McLennan (4nnals of Botany, 1926). Plate XI is from a drawing by Dr. C. Drechsler
reproduced from Mycologia (1937). Plate XII is reproduced by courtesy of the
Director Californian Earthworms Farms U.S.A. All the other Plates, with the
exception of Plates 1, XIII and XIV, are reproductions of photographs appearing in
Forestry. My grateful thanks are due to the authors and editors concerned for
permission to reproduce these plates.

I have only to add that any author's profits which I may derive from the sale of
this book, will be devoted to the furtherance of the experimental work described in
Chapter VIII.

E.B.B.

Haughley
February 1943.
December 1946.
January 1948.



'Healthy citizens are the greatest asset any country can have.'

WINSTON CRURCHILL
World Broadcast, 22nd March 1943

CHAPTER 1.
PRELIMINARY SURVEY

"Who builds a ship, must first lay down the keel
Of health, whereto the ribs of mirth are wed. . . .
ROBERT BRIDGES

It is almost impossible to open a newspaper to-day without finding reports of

speeches, writings or discussions on the future of the human race. The topic is given a
great variety of names, 'The New World Order', 'Reconstruction’, 'Post-War Planning',
and many more. It is good that we should be thinking of these things. But too often
the would-be reformers of society, while planning the visible details of this new
world, forget entirely to consider the foundation upon which the edifice must be built.
Society, like a house, does not start at ground level, but begins quite literally beneath
the surface of our planet, within the soil itself. For out of the soil are we fashioned,
and by the products of the soil is our earthly existence maintained. If we destroy our
soil--and it is not indestructible--mankind will vanish from the earth as surely as has
the dinosaurus.

'Man cannot live by bread alone', but neither can he survive in his present form
without it. The symptoms of spiritual revival in our age are among the most hopeful
signs for the future, but the earthly habitat of man's spirit is his body, and the roots of
his physical and mental well-being spring from the soil itself, whether the individual
be town or country dweller.

We are fond of extolling the achievements of man and are apt to talk with pride
of his 'conquest of nature'. This is at present of the same order as the Nazi conquest of
Europe. As Europe is in revolt against the tyrant, so is nature in revolt against the
exploitation of man. When man preys upon man it is a form of cannibalism. When
man sets out to 'conquer’ nature by exploitation, it is no less a form of cannibalism, for
man is a part of nature. If he is to survive, he must learn to co-operate with the forces
which govern nature as well as with his fellow man. If he refuses to learn this lesson,
nature will hit back and exterminate him no less surely than the oppressed masses of
tortured Europe are already hitting back, and will shortly exterminate the tyranny that
has been ruling them since 1940.



'If mankind cannot devise and enforce ways of dealing with the earth, which will
preserve the source of life, we must look forward to a time--remote it may be, yet
clearly discernible--when our kind, having wasted its great inheritance, will fade from
the earth because of the ruin it has accomplished.'

Those words were written by Professor N. S. Shaler of Harvard University in
1896, in the National Geographic Magazine of that year. To-day that time of which
he spoke can no longer be termed remote. Does this sound like a wild and exaggerated
statement? Those who have made a study of soil erosion throughout the world know
only too well the truth of it. Read this summary of what is happening in our world to-
day.

'Erosion is always going on, even on some soils which are in a good state of
fertility. It begins to matter when the rate of erosion exceeds the rate at which life can
invade the mineral rock underlying the soil and convert it into soil. That rate is
variable, but always very slow; of the order of one inch in 500 to 1,000 years. It
matters desperately when the rate of erosion mounts up to very much higher rates than
that, as it often does. A high erosion rate in a few limited areas would be regrettable;
but when it covers whole continents, as it does to-day, the fate of the world, and of
man with it, must be hanging in the balance. It is very difficult to form a scientifically
reliable estimate of the real extent of erosion; but there is enough evidence to show
that its incidence is world-wide and severe. No country is wholly exempt, but the big
continental areas are generally the most seriously affected. There is a fairly large and
growing amount of literature on the subject. Probably the most comprehensive survey
is The Rape of the Earth by Jacks and Whyte.

'"The country which has received most attention in this connection is the U.S.A.,
and deservedly so, for America as usual is out for records. Alarming statistics can be
quoted endlessly. On 56.4 per cent of the land surface of the U.S.A., a quarter or more
of the soil has been lost. The total loss of fertility has been estimated at 30 to 50 per
cent of the total originally available. The amount of soil annually reaching the sea is
between 500 and 1,000 million tons, representing 2,000 million dollars' worth of plant
food, or twenty-one times the amount annually removed in crops; but that represents
only a fraction of the total damage. Fifteen million acres have been totally destroyed,
but this is "an insignificant part of the story, for it is the less violent forms of wastage-
-sheet erosion--which is doing the bulk of the damage to the land". The Missouri
basin has lost an average of seven inches of top soil in twenty-four years. (Professor
Chamberlin has estimated the mean rate of soil formation as only one inch in 10,000
years.) In California and elsewhere the new deserts are called "dustbowls". The
biggest one has advanced in places as much as forty miles in one year, destroying
2,500 farms. Efforts to stop it by tree planting, etc., have failed. The grazing lands of
the West are not exempt, for over-grazing and fires have removed the natural cover.
Obviously every other problem with which America is faced sinks into insignificance
in comparison with this one. It is already too late to do more than save something
from the wreck.

'Much the same is true of many other countries. Australia is probably going faster
than America, but has only been under "civilized" influence for one-third of the
period. Overstocking and unsound cultural methods are the chief troubles there; there



is much gully erosion. The wheat lands of New South Wales are said to be getting
visibly worse each year.

'In Africa, the Sahara desert is moving southward at a mean rate of over half a
mile a year, the Turkana desert eastward at six or seven miles a year. But the whole
continent is suffering from erosion in every known form, the extension of deserts and
the creation of new ones. It is well known that Kenya is rapidly becoming infertile
and is beginning to suffer from locusts. This is no new phenomenon in Africa, for it is
known that the northern Sahara was once the granary of Rome, and it is believed that
in Roman times the Congo forest reached nearly to Khartoum, from which it is now
separated by 1,500 miles of desert or semi-desert. Erosion is not new, perhaps, but the
whole process has been enormously accelerated in the last few years.

'China presents remarkable contrasts between the best and the worst. Some of the
best cultivation in the world is practised over extensive areas (the reader is referred to
Professor King's classic, Farmers of Forty Centuries), yet over areas far more
extensive the worst types of erosion prevail. The well-cultivated areas are by no
means immune from its effects. Chinese industry and care for the land is unequalled,
yet it cannot prevent the periodical destruction caused by the Yellow River floods.
This river alone carries down 2,500 million tons of eroded soil a year, equal to one
foot on 2,000 square miles. Its bed gets silted up between embankments, which must
be consistently raised till its bed is well above the surrounding land. Nothing can save
that land or its people when an embankment bursts. All that is largely because fuel is
scarce in China and the hills have been denuded to provide it. In this way what was
once the hunting-ground of Jenghis Khan has been turned into the Gobi desert.

'In Russia erosion on a serious scale has been going on for a long time, though no
reliable estimate of its extent seems to be available. The important feature there is that
it has been very greatly accelerated by the much-vaunted large-scale mechanical
cultivation which has been introduced in recent years. Russia, with her vast areas of
low rainfall and high winds, may be well on the way to rivalling America as a record-
holder in rapidity and extent of desert formation.

'In Canada, South America, and India the same tendencies are observable in
varying incidence, with, so far as can be seen, no compensating tendency towards
increase of fertility. Increase of production must not be confused with increase of
fertility. Increased production for human use can be and usually is secured by cashing
in on existing fertility and using it up, with the disastrous effects described.

'Most of the land area of the world has now been mentioned, with the exception
of Europe. In Europe actual erosion has not occurred on a spectacular scale.
Nevertheless it is known, for instance, that in Greece the hill-tops were once forests
and the slopes were covered with soil and grass. They are not so to-day. It is also
known that there has been a progressive desiccation of the soil in the whole
Mediterranean region during at least the past 300 years. Terraced cultivation used to
be more prevalent and more carefully maintained than is the case to-day, and forests
have been destroyed for fuel. There is reason to suppose that the washing-down of
hillsides is proceeding in places at a dangerous rate; for instance, in Savoy at least
100,000 acres of good land have been spoilt by coarse silt deposited on them during



floods. In England the blowing away of certain of the light fen soils has attracted
attention recently.

'But serious erosion is only the culminating stage of a process of which the initial
stage is usually loss of fertility of one kind or another. Loss of fertility is vastly more
extensive in its incidence than erosion. A picture of the extent of erosion gives merely
an indication of the much greater incidence of loss of fertility. If erosion represents
the death of the soil, and is as extensive as it appears to be, how much land is partway
towards death? The question would be pertinent if the rate of erosion were steady. But
it is not steady, it is increasing very rapidly almost all over the world. Probably more
soil has been lost since 1914 than in the whole previous history of the world. (ilics mine
fauthor]) This is not a natural phenomenon in the ordinary sense of the word. There
cannot be any doubt that so far as the modern growth of deserts is concerned it is not
nature but man who is the desert maker. It is not unlikely that most of the great deserts
of the world are of his making. When we consider how he sets about it now in
conjunction with the fact that traces of high civilization are found in many areas now
desert, the probability of his past guilt becomes greater. And the exhaustion of the
fertility of the soil is no new thing, nor is the temptation to practise it for immediate
gain. The new feature in the situation is that man has recently enormously extended
his physical powers by the use of mechanical devices. One man can now do what used
to be the work of dozens or even hundreds, and can do it faster.

'Natural erosion is either very slow, or, where it is relatively rapid, it occurs only
under special conditions, such as are found on high and barren mountains. Nor does a
high rate of erosion necessarily accompany cultivation. Some areas, for instance parts
of China, have been highly cultivated for at least 4,000 years without loss of fertility,
and probably with an accretion of fertile soil rather than with a loss of soil.

'Man sets about his desert-making in various ways. He alters the texture of the
soil by using up humus and failing to replace it-by failing to feed the soil with organic
matter; livestock are the great converters of otherwise unwanted organic matter to a
form in which it can be used by plants. Stockless farming, understocking, burning
straw, etc., are all cases of failure to observe the "Rule of Return" which is the
essence of farming. Only by faithfully returning to the soil in due course everything
that has come from it can fertility be made permanent and the earth be made to yield a
genuine increase.' (Lord Northbourne, Look to the Land (Dent & Co., 1930).

Some of the repercussions of the rapidly extending area of man-made deserts will
be considered in a later chapter. At the moment the sentence in this quotation to which
I want specially to draw your attention is 'If erosion represents the death of the soil ...
how much land is partway towards death?' This phrase,'the death of the soil' is no
figure of speech. Soil is a substance teeming with life. If this life is killed, the soil
quite literally dies. It is the living organisms in soil, and the products resulting from
their activities, that differentiate soil from subsoil.

Subsoil is derived from the crumbling surface of the rock which forms the earth's
crust. It is therefore classified as mineral, and measured in terms of inorganic
chemistry. The mistake has been to extend this conception to top soil, for by the time
subsoil becomes soil it is no longer wholly inorganic. Soil is a mixture of the
disintegrating mineral rock, and humus, with its population of micro-organisms. The



number of micro-organisms in soil has been estimated to reach tens of millions to the saltspoon full! F. H. Billington, Compost
(Faber and Faber, 1942). The two are inseparably intermingled, and growth and reproduction
cannot long be maintained under natural conditions in the absence of humus, for
besides the growth-promoting substances which it contains, it is the humus which
gives to soil its texture, its stability, and much of its capacity for retaining moisture.

Humus is 'a product of the decomposition of animal and vegetable residues
brought about through the agency of micro-organisms' (waksman) but it is far from dead
in the sense of having returned to the inorganic world from which all life originally
sprang. It is still organic matter, in the transition stage between one form of life and
another. Once the inorganic passes into the organic, and this is a constant process, it is
subject to continual change within the organic cycle, the variety in the forms of life
through which it may pass being almost endless.

In our modern world, which is largely ruled by chemistry, we have tended to
overlook this continuity of the living principle in nature. Chemists have discovered
that we, and all other living things, consist of a few chemicals and a lot of water, but
their methods are incapable of revealing the essential nature of the most important
ingredient of all, because that ingredient does not survive the tests necessary to
determine the others. I refer of course to the ingredient of life itself, which permeates
each individual cell of all the countless millions that go to make up the plant or animal
body.

Our over-reliance on the chemist, and our readiness to accept his negative
outlook on life, have led to a host of troubles, not least of which has been our attitude
to the soil, and our habit of thinking of birth and death--in so far, at any rate, as the
physical world is concerned--as a beginning and an end, instead of as merely two
phases of a continuous process, of which other phases are growth, reproduction and
decay, all equally important.

This ever recurring cycle of birth, growth, reproduction, death, decay, decay
passing once more into birth, is often called the Wheel of Life. Such similes irritate
some people and are helpful to others; I have rather a weakness for them myself,
though they can often be misleading. In this case, however, I would choose to liken
life to a continuous cable rather than to a wheel, the organic cycle represented by one
of its strands, and each phase of it, birth, death, etc., as one of the threads in that
strand. For there are other strands in life. The inorganic cycle is one; spiritual values
are another. These various strands run parallel to each other, but are nevertheless
interwoven at every point just as are the separate strands of a cable, so that if any
thread of any of these strands is broken the whole cable is thereby weakened. This
book is mainly concerned with the strand representing the organic cycle, for it is
man's ignorant interference with this cycle which has produced the effects now
threatening his very existence. By ignoring the law of return man has weakened the
thread called decay. It is perilously near breaking. If we let it break beyond repair we
face starvation.

'Out of the earth are we and the plants and animals that feed us created and made,
and to the earth we must return the things whereof we are made if it is to yield again
foods of a quality suited to our needs.' (McCarrison. See page 27.)



Evidence is steadily mounting to suggest that our failure to conform to this law of
return is already producing, even in this country, the first signs of a dying soil, and the
first symptoms of starvation in our population, namely an increase in the many
ailments that spring from malnutrition. These are evident in our crops and livestock,
as well as in ourselves.

It is the first purpose of this book to present some of this evidence and to show
that, when considering matters of health, it is misleading to separate man, animals,
and plants. All are part and parcel of the same nutrition cycle which governs all living
cells. If we attempt interference with it, other than along the general lines of co-
operation, dire results follow. This fact is admirably explained and described in a
recent book by Dr. K. E. Barlow, The Discipline of Peace, Faber and Faber, 1942. But
even his comprehensive survey has omitted a vital link in the cycle. He shares the
common misconception that soil can be considered as an inorganic raw material. 'The
dependence of the animal on the plant,' he writes, 'is in respect of energy and
discipline, exactly parallel to the dependence of the factory upon the steel works.
Animal food is a modified product, just as metal is . . . life first of all encounters the
inorganic and elaborates certain materials from it by a process which is called
metabolism. As we pass from the plant to the animal cell, life no longer encounters
what is inorganic; the raw material on which it now works is metabolised material.
What has happened has been that a second cycle of metabolism has been integrated
with the first, and with each new cycle, the scope and perfection of the discipline
practised within the living organization is increased.'

This first cycle, by which the inorganic enters the organic, is certainly one of the
strands in my metaphorical cable, but it is not the only one with which plant life is
concerned. Interwoven with it is one of the threads of the organic cycle. The vegetable
kingdom has for too long been considered as a sort of factory concerned only with
converting inorganic salts into metabolised material for the benefit of the animal
kingdom, without payment. It is now becoming realized however that to fulfil this
function it demands its price. If the inorganic world supplies much of the raw
material, the world of micro-organisms must supply much of the motive power; these
micro-organisms in their turn depending upon the animal and vegetable kingdoms for
their sustenance.

In other words, by the time food reaches the animal, much of it is entering, not its
second, but its third and even fourth cycle of metabolism, for recent research has
provided evidence, as I shall later show, that part at least of the food utilized by plants
is a highly complex material already metabolised by bacteria and soil fungi from the
organic substances of the higher plants and animals, thus completing the full cycle of
life, death, decay, and rebirth.

Quite a strong case can be made out for believing that it is, at least in part,
because we have ignored the dependence of plant life upon the action of soil fungi,
that sickness to-day costs Great Britain, directly or indirectly, the formidable sum of

300 million pounds sterling every year. (Nothing like a balance sheet can be drawn up of the total annual
economic loss suffered by the nation through accidents and sickness, but it is important to realize what ill-health is costing. We
have discussed the available data in Chapter XV, and shown that the total burden of ill-health probably runs into at least £300
millions a year.' P.E.P. Report, 'The British Health Services'. See also Ref. No. IA, p. 227.)



It is as though man's ignorant and greedy exploitation of the soil had put into
reverse the wheel of health. Luckily there still remain on this globe one or two notable
exceptions, where the law of return is still practised; where nature's cycle is whole and
unbroken, and where perfect health is to be found, in crops, in livestock and in their
human consumers. Some account of these beacons of light in the surrounding gloom
will be given in Chapter VII.

It is a pity that it is not part of the training of every doctor to study these oases of
health in a desert of sickness, in order to discover what lessons can be learnt from
them, for the mere fact that they exist, and under widely differing external conditions,
suggests that the birthright of man is full health.

What do we mean by health? Should we be content to define it as the military
'A.1" category? Does this definition imply 'health in the full dictionary sense of the
word of wholeness, namely sound physique of every organ of the body without
exception, and freedom from disease? . . . We want to know what is full health,
whether the tremendous part illness and ailments play in modern civilized countries is
really necessary, and if not, upon what primarily does health depend. We can
ourselves attain to health--or at least with our modern skill in investigation we should
be able to do S0.' ( G. T. Wrench, M.D. [London], The Wheel of Health, Daniel & Co., 1938).

Is there any evidence that we can? I think there is, and it is the second purpose of
this book to present this evidence also. Those research workers who have provided it,
whether they be doctors, botanists or soil specialists, have been brought, as a result of
their investigations, to an acceptance of the wholeness of the cycle of life. From
whatever angle these investigators may have approached the subject, and whatever
disagreements they may have had with each other on the road, they appear to have
arrived at the common conclusion that a close connection exists between soil fertility
and health. Here their roads separate again a little. The more cautious among them
give it as their considered opinion that though there are gaps in the argument, though
critical scientific proof'is as yet lacking at points in it, the strength of the indications is
nevertheless overwhelming. Others, content to base their views on these indications
backed up by circumstantial evidence, go so far as to assert their conviction that the
health of man, beast, plant and soil is one indivisible whole; that the health of the soil
depends on maintaining its biological balance, and that starting with a truly fertile
soil, the crops grown on it, the livestock fed on those crops, and the humans fed on
both, have a standard of health and a power of resisting disease and infection, from
whatever cause, greatly in advance of anything ordinarily found in this country; such
health as we have almost forgotten should be our natural state, so used have we
become to subnormal physical fitness.

These are far-reaching claims, and it is because the implications of them are so
momentous that I wish to put before you the evidence and indications on which they
are based, so that, having duly considered them, you may be in a position to form
your own opinion. My purpose is to present a case, but to leave the judgement to my
readers. In the course of stating the case, my position will, in the main, be that of a
recorder of the work and conclusions of others, but, the case once presented, there
will remain two important questions still to be dealt with. In discussing these I must
accept full responsibility for any views expressed.



The first is to consider means of providing irrefutable evidence. Obviously if the
case holds water at all, it is a matter of the utmost urgency to devise means whereby
what amounts, at present, merely to strong supporting evidence, may be converted
into conclusive proof.

The second is to discuss the situation which would arise should such proof be
forthcoming.

In my view, conclusive proof can only be provided by a large-scale, long-term,
experiment, designed to collect the scattered evidence and reproduce it under
controlled conditions in such a way that the issue shall be clear cut. The procedure for
such an experiment has already been worked out, and will be described in Chapter
VIII. The organization necessary to carry it out (subject to provision of the necessary
financial backing) is in existence, and the foundations for it have in fact been laid.

If, when it is concluded, the results of this, or other similar experiment, were to
prove beyond any reasonable doubt that health is in fact to a large degree dependent
upon correct soil management, then we should be faced with a revolutionary situation,
for clearly in that event, any Public Health system of the future would have to be
based on soil fertility. Such a conclusion would present a formidable array of practical
problems, and it is this issue which most other writers on the subject have shirked. I
intend to be bold enough to walk where the more learned have feared to tread, and in
the penultimate chapter I shall attempt to indicate, by what I hope are constructive
suggestions, some of the ways in which, in a reconstituted, post-war world, the
Government departments of Trade, Health, Food, and Agriculture should, in my view,
go hand in hand to serve, instead of to exploit, the soil; to save, instead of to destroy,
our citizens' birthright.



CHAPTER II
MEDICAL EVIDENCE

'Man ist was man isst'
German Proverb.

It has been announced in the press that a smaller number of people are suffering from

malnutrition to-day, under wartime conditions, than was the case in the days of peace,
and that the general health of the public has not deteriorated. We are rather proud of
these facts, but it is not really a matter for congratulation, for it is less a tribute to our
wartime organization than a grave reflection on our pre-war standards.

It has been estimated that 31’2 million weeks of work are lost each year through
illness, B.M.A. Report published by the Industrial Health Research Board. Medical Research Council.) and that we
spend £185,000,000 annually on curing the sick, (Seeref. No. 1B, p. 227.) a figure
representing over £3 per head of the total population of the United Kingdom. Why is
this necessary?

Let us turn first to the Medical Profession for an answer to this question. The
Committee representing the General Practitioners of the County of Cheshire have
drawn up their answer to it in a paper which they term a 'Medical Testament'. This
was published in 1939, and it shall speak for itself.

MEDICAL TESTAMENT

'After more than a quarter of a century of Medical Benefit under the National
Health Insurance Act we, the Local Medical and Panel Committee of Cheshire, feel
that we are in a position to review our experience of the system.

'Constituted by the statute to represent the panel of an area, such a Committee is
in touch with all the family doctors--in the case of Cheshire some 600--within and on
its borders.

'How far has the Act fulfilled the object announced in its title--"the Prevention
and Cure of Sickness"?

'Of the second item we can speak with confidence. If "postponement of the event
of Death" be evidence of cure, that object has been achieved the greater expectation of
life which is shewn by the figures of the Registrar General is attributable to several
factors; but certainly not least to the services of the panel.



'The fall in fatality is all the more notable in view of the rise in sickness. Year by
year doctors have been consulted by their patients more and more often, and the
claims on the benefit funds of Societies have tended to rise.

'Of the first item, "the Prevention . . . of Sickness" it is not possible to say that the
promise of the Bill has been fulfilled.

'"Though to the sick man the doctor may point out the causes of his sickness, his
present necessity is paramount and the moment is seldom opportune, even if not
altogether too late for any essay in preventive medicine. On that first and major count
the Act has done nothing. 'We feel that the fact should be faced.

'Our daily work brings us repeatedly to the same point: "this illness results from a
life-time of wrong nutrition!"

"The wrong nutrition begins before life begins. "Unfit to be a mother" --from
under-nutrition or nutritional anaemia--is an occasional verdict upon a maternal death.
For one such fatal case there are hundreds of less severity where the frail mothers and
sickly infants survive.

'The reproach of the bad teeth of English children is an old story. In 1936 out of
3,463,948 schoolchildren examined 2,425,299 needed dental treatment. Seeing that
the permanent teeth develop from the 17th week of pregnancy and that certain foods,
accurately known since 1918, are the condition of their proper growth, that is a
reproach which should be removed. With it would go the varied host of maladies that
spring from diseased teeth. That its removal is practicable is shewn by Tristan da
Cunha. Most of the population of the little island, people of our race, living on the
product of sea and soil, have perfect teeth which last them their lives.

'Rickets, for which England was a byword when Glisson described it in 1650, is
still with us. Gross deformities are rarer, but the big heads, tumid abdomens, flaccid
skins, bulged joints and pinched chests are a commonplace of infancy; and even at
school age 3,457 cases of rickets with 6,415 others of spinal curvature were found in
1936 by the School Medical Officers in 1,727,031 inspections.

"Yet its prevention by right feeding is so easy that every dog breeder knows the
means.

'Rickets is a heavy contributor to the C 3 population. The Maternal Mortality
Committee found that there is much less in Holland where butter, milk, and cheese are
plentiful and the women by virtue of their generally healthy skeletal development are
protected against the risks that are commonly faced by women in the industrial areas
of England.

"Nutritional anaemia is of two kinds, one subtle and apt to happen during
pregnancy, the other simple and due to too little iron in the food. It is known that
anaemia especially of the latter kind is common, especially among children, and
women, who need much more iron in their food than men. An inquiry into the food of
1,152 families showed that 10 per cent spent 4s. a week per head on food, 10 per cent
spent over 14s. whilst four more groups, of 20 per cent each, spent 6s., 8s., 10s., and



12s. respectively. The food of the three lower groups was definitely deficient in iron.
It is certain from this that nutritional anaemia amongst the poorer classes is far
commoner than is recognized. Here is an example: The blood colour was tested in two
groups of schoolchildren, one a "routine sample" of children, the other specially
selected on account of poverty. Only half the poor children and only three-quarters of
the supposedly normal children had a blood colour of 70 per cent of normal.

'"The final item of our indictment is constipation. Advertised aperients are a
measure of its prevalence and the host of digestive disorders which result from it are a
substantial proportion of the conditions for which our aid, as doctors, is sought. Yet
the cause in every case--apart from rare abnormalities--is the ill choice or ill
preparation of food. It is true that we are consulted on these conditions when they are
established and have to deal with the effects-gall stones, appendicitis, gastric ulcer,
duodenal ulcer, colitis, and diverticulitis--of years in which the body has been denied
its due of this constituent of food or burdened with an excess of that. Other means of
cure than proper feeding are called for at this late stage; but the primary cause none
the less was wrong nutrition.

'"Those four items, bad teeth, rickets, anaemia and constipation will serve as the
heads of our indictment; but in truth they are only a fragment of the whole body of
knowledge on food deficiencies which different investigators from Lind and Captain
Cook to Hopkins and the Mellanbys have unlocked.

'But it seems to us that the master key which admits to the practical application of

this knowledge as a whole has been supplied by Sir Robert McCarrison. (Major-General Sir
Robert McCarrison, C.I.E., M.D., F.R.C.P.)

'His experiments afford convincing proof of the effects of food and guidance in
the application of the knowledge acquired.

'In describing his experiments, which were made in India, he mentions first the
many different races of which the population, 350 million, is composed.

""Each race has its own national diet. Now the most striking thing about these
races is the way in which their physique differs. Some are of splendid physique, some
are of poor physique, and some are of middling physique. Why is there this difference
between them? There are, of course, a number of possible causes: heredity, climate,
peculiar religious and other customs and endemic diseases. But in studying the matter
it became evident that these were not principal causes. The principal cause appeared
to be food. For instance, there were races of which different sections came under all
these influences but whose food differed. Their physique differed and the only thing
that could have caused it to differ appeared to be food. The question then was how to
prove that the difference in physique of different Indian races was due to food. In
order to answer it I carried out an experiment on white rats to see what effect the diets
of these different races would have upon them when all other things necessary for
their proper nutrition were provided. The reasons for using rats in experiments of this
kind are that they eat anything a man eats, they are easy to keep clean, they can be
used in large numbers, their cages can be put out in the sun, the round of chemical
changes on which their nutrition depends is similar to that in man, and, a year in the
life of a rat is equivalent to about twenty-five years in the life of a human being. So



that by using rats one gets results in a few months which it would take years to get in
man. What I found in this experiment was that when young, growing rats of healthy
stock were fed on diets similar to those of people whose physique was good the
physique and health of the rats were good; when they were fed on the diet similar to
those of people whose physique was bad the physique and health of the rats were bad;
and when they were fed on diets similar to those of people whose physique was
middling the physique and health of the rats were middling. . . .

"'Good or bad physique as the case might be was, therefore, due to good or bad
diet, all other things being equal. Further, the best diet was one used by certain hardy,
agile, vigorous and healthy races of Northern India." [Note: the Hunza, Sikh and
Pathan.] "It was composed of freshly ground whole wheat flour made into cakes of
unleavened bread, milk, and the products of milk (butter, curds, buttermilk), pulses
(peas, beans, lentils), fresh green leaf vegetables, root vegetables (potatoes, carrots),
and fruit, with meat occasionally.

"'Now in my laboratory I kept a stock of several hundred rats for breeding
purposes. They lived under perfect conditions; cleanliness, roomy cages, good
bedding, abundant fresh water, fresh air and sunlight--all these things they had; and,
they were fed on a diet similar to that of a race whose physique was very good. They
were kept in stock from birth up to the age of two years--a period equivalent to the
first fifty years in the life of human beings. During this period no case of illness
occurred amongst them, no death from natural causes, no maternal mortality, no
infantile mortality except for an occasional accidental death. In this sheltered stock
good health was secured and disease prevented by the combination of six things: fresh
air, pure water, cleanliness, sunlight, comfort and good food. Human beings cannot,
of course, be so sheltered as these rats were, but the experiment shows how important
these things are in maintaining health.

""The next step was to find out how much of this remarkably good health, and
freedom from disease, was due to the good food: food consisting of whole wheat flour
cakes, butter, milk, fresh green vegetables, sprouted pulses, carrots and occasionally
meat with bone to keep the teeth in order. So I cut out the milk and milk products
from their diet or reduced them to a minimum, as well as reducing the consumption of
fresh vegetable foods while leaving all other conditions the same. What was the
result? Lung diseases, stomach diseases, bowel diseases, kidney and bladder diseases
made their appearance. It was apparent, therefore, that the good health depended on
the good diet more than on anything else and that the diet was only health-promoting
so long as it was consumed in its entirety, so long, in fact, as it contained enough
milk, butter, and fresh vegetables.

""Many more experiments were done which showed that when rats or other
animals were fed on improperly constituted diets, such as are habitually used by some
human beings, they developed many of the diseases from which these human beings
tend to suffer: diseases of the bony framework of the body, of the skin covering it and
of the membranes lining its cavities and passages; diseases of the glands whose
products control its growth, regulate its processes and enable it to reproduce itself;
diseases of those highly specialized mechanisms--the gastro-intestinal tract and lungs-
-designed for its nourishment; diseases of the nerves. All these were produced in
animals under experimental conditions by feeding them on faulty human diets. Here is



an example of such an experiment: Two groups of young rats, of the same age, were
confined in two large cages of the same size. Everything was the same for each group
except food. One group was fed on a good diet, similar to that of a Northern Indian
race whose physique and health were good, and of which the composition is given
above. The other was fed on a diet in common use by many people in this country; a
diet consisting of white bread and margarine, tinned meat, vegetables boiled with
soda, cheap tinned jam, tea, sugar and a little milk: a diet which does not contain
enough milk, milk products, green leaf vegetables and wholemeal bread for proper
nutrition. This is what happened. The rats fed on the good diet grew well, there was
little disease amongst them and they lived happily together. Those fed on the bad diet
did not grow well, many became ill and they lived unhappily together; so much so
that by the sixtieth day of the experiment the stronger ones amongst them began to
kill and eat the weaker, so that I had to separate them. The diseases from which they
suffered were of three chief kinds: diseases of the lungs, diseases of the stomach and
intestines, and diseases of the nerves; diseases from which one in every three sick
persons, among the insured classes, in England and Wales, suffer."

'"These researches were minutely made on a large scale and, but for the food, the
conditions of each group were identical and ideal. Their results to our minds carry
complete conviction--especially as those of us who have been able to profit by their
lesson have been amazed at the benefit conferred upon patients who have adopted the
revised dietary to which that lesson points. (See Chapter V1)

't is far from the purpose of this statement to advocate a particular diet. The
Eskimos, on flesh, liver, blubber and fish, the Hunza or Sikh, on wheaten chappattis,
fruit, milk, sprouted legumes and a little meat; the islander of Tristan on his potatoes,
seabirds' eggs, fish and cabbage, are equally healthy and free from disease.

'But there is some principle or quality in these diets which is absent from, or
deficient in, the food of our people to-day. Our purpose is to point to this fact and to
suggest the necessity of remedying the defect.

"To descry some factors common to all these diets is difficult and an attempt to do
so may be misleading since knowledge of what those factors are is still far from
complete; but this at least may be said, that the food is, for the most part, fresh from
its source, little altered by preparation and complete; and that, in the case of those
based on agriculture, the natural cycle
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is complete.
'No chemical or substitution stage intervenes.
'Sir Albert Howard's work on the nutrition of plants, initiated at Indore and

carried from India to many parts of the world, seems to constitute a natural link in this
CYCIC. (Sir Albert Howard, C.I.LE., M.A. See next chapter.)



'He has shewn that the ancient Chinese method of returning to the soil, after
treatment, the whole of the animal and vegetable refuse which is produced in the
activities of a community results in the health and productivity of crops and of the
animals and men who feed thereon. . . .

Though we bear no direct responsibility for such problems, yet the better
manuring of the home land so as to bring an ample succession of fresh food crops to
the tables of our people, the arrest of the present exhaustion of the soil and the
restoration and permanent maintenance of its fertility concern us very closely. For
nutrition and the quality of food are the paramount factors in fitness. No health
campaign can succeed unless the materials of which the bodies are built are sound. At
present they are not.

'Probably half our work is wasted, since our patients are so fed from the cradle,
indeed before the cradle, that they are certain contributions to a C 3 nation. Even our
country people share the white bread, tinned salmon, dried milk regime. Against this
the efforts of the doctor resemble those of Sisiphus.

'"This is our medical testament, given to all whom it may concernand whom does
it not concern?

"We are not specialists, nor scientists, nor agriculturists. We represent the family
doctors of a great county, the county, said Michael Drayton, of "such as soundly
feed"; a county which gives its name to a cheese than which there is none better,
though to most Englishmen, alas, only a name; a county where the best farming is still
possible, which should minister to the needs of its own industrial areas and of a far
wider circle.

"'We cannot do more than point to the means of health. Their production and
supply is not our function. We are called upon to cure sickness. We conceive it to be
our duty in the present state of knowledge to point out that much, perhaps most, of
this sickness is preventable and would be prevented by the right feeding of our
people. We consider this opinion so important that this document is drawn up in an
endeavour to express it and to make it public.'

(Signed by the Members of the Local Medical and Panel Committees).
JOHN KERR (Chairman).
N. A. BOSWELL (Vice-Chairman).
J. BARRY BENNETT (Hon. Treasurer).
LIONEL JAS. PICTON (Hon. Secretary).

I think you will agree that this is an impressive document deserving of a far wider
publicity than it has received. It lends point to the classic German pun which heads
this chapter: 'man is what man eats'.

Let me repeat the opening sentences of the major indictment of this remarkable
testimony: "The fall in fatality is all the more notable in view of the rise in sickness.
Year by year doctors have been consulted by their patients more and more often, and
the claims on the benefit funds of Societies have tended to rise. . . . On that first and
major count (prevention) the Act has done nothing.'



This suggests that our national health is deteriorating; yet other authorities have
published statistics to show that it is on the contrary very much better than it used to
be. How can these two views be reconciled?

The following medical opinion, which is widely held, contains the answer, I
think: 'The infective diseases are under far better control, but degenerative diseases--
such as blood pressure diseases, heart diseases, rheumatism, diabetes, nervous
disease, kidney disease, gastro-intestinal disease, cancer and mental disease--which
impair the prime of life, or what should be the prime of life, are admittedly more
prevalent.'

Lord Portsmouth, in his book Famine in England, (Witherby Ltd.) published in 1938,
wrote, 'Dr. Howard Mummery, Chairman of the Association of Industrial Medical
Officers, revealed the other day that workers insured under the National Health
Insurance Act lost on an average twenty-eight days of work a year through illness,

compared with 16.5 days of work fifteen years ago.' (G. C. Anderson, Secretary of the British Medical
Association, writing to the Daily Telegraph on 5th February 1943 stated that over 50 per cent of registered panel patients attend,

or are attended by their doctors in the course of a year.) This would seem to support the view that ill
health is increasing.

Some part of this increase may indeed be due to the adoption of a different
standard of 'disablement', and a greater readiness to consult a doctor. But this in itself
points to a significant preoccupation with bodily states, a diminished power of
resisting and throwing off incipient ailments. Certainly it does not suggest any
advance in the prevention of sickness commensurate with advances in medical
knowledge, Public Health services, housing and sanitation. That this view is shared by
members of the Medical Profession in the United States of America, where health
services are unsurpassed, is shown by the two following quotations

'Great gains in health have been achieved since the beginning of this century.
Tuberculosis is being vanquished. Deaths from infantile diarrhoea, diphtheria, typhoid
fever, etc., are being eliminated. All diseases of bacterial origin have decreased in a
striking manner. The average length of life--that is, the expectation of life at birth-was
only forty-nine in 1900. To-day it has gained more than eleven years.

'"The chances of survival for each age up to maturity have notably augmented.
Nevertheless, in spite of the triumphs of medical science, the problem of disease is
very far from solved.

'Modern man is delicate. Eleven hundred thousand persons have to attend the
medical needs of 120,000,000 other persons.

'Every year, among this population of the United States, there are about
100,000,000 illnesses, serious or slight. In the hospitals 700,000 beds are occupied
every day in the year. The care of these patients requires the efforts of 145,000
doctors, 280,000 nurses or student nurses, 60,000 dentists, and 150,000 pharmacists.
It also necessitates 7,000 hospitals, 8,000 clinics, and 60,000 pharmacies.

"The public spends annually £143,000,000 in medicines. Medical care, under all
its forms, costs about £700,000,000 yearly.



'Obviously, disease is still a heavy economic burden. Its importance in modern
life 1s incalculable. (Dr. Alexis Carrel, Man the Unknown, p. 114, Hamilton, 1935).

'Although it is true that our life span has been increased, yet an analysis of that
gain shows it is confined almost entirely to lower age groups. Excluding infant
mortality and the diseases of childhood, and excepting also our control of the major
pestilences the chances of dying after you reach thirty-five are about as great to-day as
they were a hundred years ago. The human race still digs its own grave with its teeth.
The man who said this probably uttered one of the greatest truths. Until recently we
did not know that disease could be absolutely proved to be intimately connected with
diet. . . .

'Working hard when you are young and earning a competence on which you can
retire and enjoy yourself sometime after you are fifty will bring you little happiness if
you are not well enough to enjoy those years. Most of the diseases which we associate

with this period are the direct results of an improper diet in youth.' (victor Heiser, M.D., You're
the Doctor. Jonathan Cape, London, 1939).

Bearing this last point in mind, let us now examine in rather more detail the
evidence of the Rats of Coonoor. Dr. Wrench in his book The Wheel of Health
discusses the results of McCarrison's experiments at some length. His observations
seem to me important, and at the risk of some repetition I must now record part of
what he has to say:

'In 1921 Sir Gowland Hopkins had made public his work on accessory food
factors, to which Casimir Funk a year later gave the name of vitamins. McCarrison,
reading the work, at once thought that maybe a very important clue to the enigma of
goitre lay in a deficiency of vitamins in the food which goitrous people eat. So he
began experiments in the Kasauli laboratory designed to give pigeons goitre. He fed
them on diets defective in vitamins. Something different happened. The birds did not
develop goitre but some of them, as was expected, developed a disease called
polyneuritis. Then it was found that these birds were overrun by specific microbes.
Now came the surprise. Some of the healthy birds, the stock of the laboratory who
were well fed before any experiments were tried upon them also harboured these
microbes, but they were not ill. The ill-fed birds, on the other hand, were mortally
sick. If, however, the healthy birds were fed on the food defective in vitamins, they
too got the polyneuritis and died. Good feeding, it seemed, protected the birds against
the microbes, but faulty feeding led to a microbic triumph. Thus was McCarrison
brought into a field of "deficiency diseases", that is to say, diseases due definitely to
faulty food.'

The rat experiments described in the Medical Testament were undertaken (after
McCarrison's appointment in 1927 as Director of Nutrition Research in India) at his
laboratory and headquarters at Coonoor. In the first experiment, in which he
transferred the exceptional health of the Hunza, Sikh, and Pathan to his rats, 1,189
were fed on the diets of these healthy peoples, and watched from birth to the twenty-
seventh month, the age which, you will remember, corresponds to that of about fifty-
five years in the life of man.



Describing the results, in a lecture given at the College of Surgeons in 1931,
McCarrison told how throughout the course of this two and a quarter years he had
been unable to discover any case of illness in this 'universe' of albino rats, either
clinically, or at post-mortem examination. Wrench commenting on this result writes:

"Now the reader might think that a statement that any small "universe" had been
freed from disease would have created a profound impression amongst medical men.
It did not do so, any more than Lister's announcement of the first results of antiseptic
surgery created any stir. In Lister's days surgeons were so accustomed to pus and
blood poisoning, they could not think in terms of surgery without them. Similarly,
medical men are so accustomed to a great number of diseases, they cannot think of
any small "universe" without disease. In all revoluions this is the case. It is the
established profession, or class, or aristocracy, which finds it most difficult to think in
terms of the change. 'This is very noticeable in the professional comments of that time
upon McCarrison's lectures. Actually they were very meagre. . . . The British Medical
Journal . . . did, however, devote a leading article. This article treated McCarrison's
work purely from the point of view of diseases which diet would prevent or help to
prevent. It overlooked the astonishing relation of a remarkable health of human
groups being transferred to rats as a perfect health. . . . The health was transferred by
foods. . . . The only thing . . . that was common to rat and man in this first experiment
was the diet. Here in the great cleft of Hunza was a little oasis of a few thousand
beings of almost perfect health, (see Chapter viTy and here in the cages of Coonoor was a
little oasis of a thousand and more albino rats also in perfect health. The only link

connection between these two otherwise dissimilar sets of living things was a similar
kind of diet.'

In subsequent experiments, as recounted in the Medical Testament, the rats were
linked to other Indian peoples by their diet. In every case the average standard of
health of a given human group was faithfully mirrored in the rats, including the
percentage incidence of specific diseases. Nor was this reflection confined to bodily
ailments, for neurasthenia, and bad-temper, you will remember, showed themselves in
the rats fed on the common English diet. During the course of this series of
experiments, McCarrison found, and listed, diseases of every organ of the body
among the 2,243 rats fed on faulty Indian diets. (For complete list see Technical Ref. No.
2)'Considering . . . the simplicity of the rat, and its limitation in things human,' writes
Wrench, 'the list is, comparatively speaking, almost as complete as the list of contents
of a stately text-book of medicine. "All these conditions," said McCarrison, "these
states of ill-health had a common causation; faulty nutrition with or without
infection."'

Sir John Orr, writing about these experiments (Food, Health and Income, 1936) points out
that 'such experiments with rats, of course, do not carry the same weight as
observations on human beings'. Wrench, discussing this point, writes:

"This criticism is particularly interesting because it follows, not only a brief précis
of McCarrison's work, but also one of a valuable, similar and later experiment of Ort's
upon rats fed upon "the average diet eaten by a working-class community in Scotland
(with its) daily variation, thus mimicking the food habits of human beings". There
was, however, a small addition to the quantities of milk, as rats could not be bred



without the larger allowance (Journal of Hygiene, Vol. 35). The results were in the main similar
to those of McCarrison.

"Now, the noticeable thing about this criticism is that Orr fragments the
experiments of both McCarrison and himself. He separates the experiments upon rats
from the observations on human beings.

'In actual fact McCarrison's experiments were preceded by, and due to,
observations upon human beings. The men were observed first and then the rats. Orr's
experiments were due to the example of McCarrison and observations of the
unsatisfactory state of the Scotch working-class. Ill-health was transferred to rats by
men's faulty food. Without the observations on man the experiments would never
have been undertaken.

"The criticism shows the hold fragmentation has upon the mental habits of
scientists. Orr no sooner reaches McCarrison's truth by his own experiment than he
separates himself from it owing to this habit.

'A further comment might be made, namely, that the food would never have had
such a full effect if the healthy rats had not been cleanly and airily housed and
enjoyed sheltered lives, even though these conditions were also those of the sickly
rats.

'Air, or rather oxygen, it can rightly be maintained is a part of the food. When the
human being is in the womb, oxygen is not separated in any way from the other
elements of food, but is brought with them by the mother's blood. It remains a food
after birth, but it has peculiar importance in assisting at so many vital processes of
movement and energy that it has constantly to be sprayed into the blood by the special
apparatus of the lungs.

'Hence the airy cages of the rats of Coonoor were a healthy asset, but that is all.
They did not save the sickly rats. . . .

'"The inescapable conclusion is that in a very large number of diseases faulty food
is the primary cause. The suspicion is that faulty food is the primary cause of such an
overwhelming mass of disease that it may prove to be simply the primary cause of
disease.

'Up to the present day, it seems, the medical profession and the public have had
to be satisfied with a fragmentation of causation, that is to say, a very great number of
secondary causes and often enough no real causes at all., but causes as fictitious as
they are popular.

'For the purposes of illustrating and emphasizing the really immeasurable
importance of this contrast, if correct, let us take some few of these illnesses and put
their causes as given in medical text-books and as shown by the rats of Coonoor in
parallel columns.

'Let us first take that dangerous disease, pneumonia. Pneumonia is due to a
microbe, the pneumococcus, which is found in masses in the lung in true lobar



pneumonia. The pneumococcus, says the text-book, is a resident of the human mouth.
It is found in 80 to 90 per cent of normal healthy individuals. Something more, then,
than the mere presence of the pneumococcus must be the cause of pneumonia;
something that makes this domesticated microbe suddenly become dangerous. In
other words, the pneumococcus cannot be called the primal cause of pneumonia.
Something has to precede it-some weakness of the barrier.

'"The weakness of old age is given first of the orthodox causes in the text-book. . .

'Pneumonia is more common in cities than in the country and in males than in
females. Any weakening habit, such as that of over-drinking, becomes a cause, and
also makes the microbes more lethal. Yet robust men may be attacked. Cold is a cause
if it weakens, but not if a man finds it a tonic and reacts to it. A previous attack makes
a second attack more probable. Another illness, such as chronic kidney or heart
disease or one of the acute infectious fevers, gives opportunity to the pneumococcus.
So also pneumonia may follow a blow on the chest.

"Now let us place these causes from text-books in juxtaposition with that of the
"small universe" of Coonoor.

CAUSES OF PNEUMONIA

Text-books Coonoor
Weakness of old age. Faulty Food.
Debilitating habits.

Exhaustion.

Chill.

Previous attack.

Some other illness,
chronic or acute.

A blow on the chest.

Pneumococcus microbe.

".. . Summing up the text-books' causes, one may call them a number of added
weaknesses to an inferior barrier against disease. The barrier gives way readily at this
or that point. In other words the barrier has degenerated.

'By his skilled science man is actually able to get a partial picture of what this
barrier is. It is in fact an actual barrier. It can be seen through the microscope. It can
be seen if it looks healthy or degenerate. It can be photographed, and the photograph
of a healthy barrier has clear outlines and demarcations and that of a degenerate
barrier is blurry. This barrier is the fine skin which lines the tubes and cells of the
nose, windpipe and bronchial tubes, of the mouth, throat, stomach and small and large
gut. The fine interior skin is much the same as the outer skin of the body, only it is
thinner and softer. But both have an outer layer of cells called epithelium, and it is the
epithelium that can be particularly well seen under the microscope. It is the epithelium
that forms the visible barrier and which shuts out microbes and other intruders. It does
not by any means form the whole barrier, but it constitutes a part of it, which can be
seen as clear and definite or blurred and indefinite, according to whether it is itself
well or ill fed. The contrast picture gives anyone with even a little knowledge of the



microscope a good idea of what can be termed the barrier or, more accurately, the first
line of defence. It is not fiction.

'So we can understand how it is that faulty food can stand alone under the
heading Coonoor against the juxtaposed text-books' list of the causes of pneumonia. It
can be placed there as primary, and thereby able to make all the causes in the text-
books possible; it can activate them. Without it they would be inert.

"Now let us look at the common infection of the middle ear. Mellanby found this
infection in a fifth of his faultily fed rats. It was common among the ill-fed rats of
Coonoor, but absent in the well-fed. On the other hand, a well-known text-book, such
as Politzer's Diseases of the Ear, does not mention faulty food as a cause, any more
than faulty food was mentioned under pneumonia. That the whole basis of modern life
may be wrong and that that is why such large text-books have to be written has not as
yet appeared in the text-books themselves.

'Putting the causes of acute infection of the middle ear into juxtaposed columns,
we have:

Text-books Coonoor

External atmospheric conditions. Faulty Food.
Colds in the head.
Infectious diseases, such as
measles pneumonia and influenza.
Sea baths.
Nasal douches.

"There must be therefore, in faultily fed people, a fear of cold night air, colds in
the head; other people coughing and sneezing; schools where children mingle with
children; bathing in the sea; and keeping off the "flu" by snuffing lotions or using
nasal douches, as recommended by advertisers. Any of these things may lead to
passing of the barrier and the defences of the tissues of the ear.

'"The eyes are even more commonly affected by faulty food than the ears. The
sickly rats of Coonoor got inflammations of the eyes, ulcers, and a particular "dry"
eye leading to blindness. All of these the well-fed rats escaped.

'"The text-books all accept defective food as a cause of "dry" eye of it if not too far
advanced. With this exception there is no direct reference to faulty food as a cause of
diseases of the eye. There is only the general statement that these diseases are more
common among the poor and debilitated.

'A medico-surgical disease which is of particular interest is peptic ulcer, or ulcer
of the stomach or duodenum. It is of particular interest because of its proven direct
relation to faulty food. It happens to be very common amongst the poorer classes of
Southern Travancore--so common that both Lt.-Col. Bradfield, LM.S., and Dr.
Somervell asked McCarrison to put rats on the foods as prepared and eaten by these
people. (This contains a high proportion of tapioca.) He put a batch of rats on the food as prepared
and cooked by the poorer folk of Southern Travancore for 675 days, and at the end of
that time peptic ulcer was found in over a quarter of them.



'This striking result has not yet appeared in the text-books. As is the way of new
knowledge, it passes into currency by a process of slow percolation. Until the time
comes when it reaches the text-books the causes of peptic ulcer placed in
juxtaposition, appear as follows:

CAUSES OF PEPTIC ULCER

Text-books Coonoor

Occupation: anaemic and dyspeptic Primarily faulty food.
servant girls, shoe-makers, Specifically such food as
surgeons. that of the poorer classes

Injury. of Southern Travancore.

Associated disease such as anaemia,
heart disease, disease of liver,
appendix, gall bladder, teeth,
tonsils.

Nervous strain.

Disturbances of the circulation.

Large superficial burns.

Certain families are said to be more
liable.

Increased acidity of the stomach.

Several of the above in combination.

'"The last disease I propose to take in these few illustrations is tuberculosis. As
regards this dreaded disease, McCarrison, in the Cantor Lectures, turned from his own
work to one of the most remarkable of human experiments, that of the Papworth
Settlement, so intimately associated with the name of Sir Pendrill Varrier-Jones.

'Papworth is a settlement for sufferers from tuberculosis, mostly in the form of
consumption of the lungs. The patients are, of course, ill when they come to the
settlement, but under a care, really quite like that given to the rats of Coonoor, namely
adequate food supply, good housing, and ventilation and freedom from anxiety in the
form of loss of employment, there are remarkable and sustained recoveries.

'All patients at Papworth have sputum pots and pocket flasks into which they
must spit. The infected sputum is at once made innocuous. Moreover, public opinion
in the village enforces their use by attaching shame, not to the users, but to those who
dare to be forgetful.

'In Papworth there are many married couples. The children of these couples live
in the settlement. They are in frequent contact with tuberculosis and are protected
from the disease by the general use of the spitting pots and flasks and by good food,
or in Varrier-Jones's own words "the child's resistance to disease is maintained by
(a) adequate nutrition, and
(b) the absence of mass dose of infection."

"Now comes the outstanding fact. The Papworth village has been in existence
twenty years, yet not one of the children of these married couples has developed any
form of tuberculosis. "Our experience proves", writes Sir Pendrill in his report for
1936, "that no tuberculosis disease need be transmitted so long as village settlement



conditions of housing and employment are properly utilized. Any question of
'heredity' is now generally discredited."

'In face of this testimony to the power of resistance to tuberculosis given by good
food and housing, and with spitting pots to avoid mass infection, the text-books put
forward "pre-disposition" as a widely accepted medical tenet. . . .

"This terrible Calvinistic doctrine, by which certain people, and particularly
artisans of the cities, are born predestined to get tuberculosis has therefore been
challenged by the good food, security, and the avoidance of mass infection at
Papworth.

"The Papworth results suggest the following juxtaposition

CAUSES OF TUBERCULOSIS

Text-books Papworth
Infection with tubercle bacilli. Inadequate nutrition.
Inherited predisposition. Mass dose of infection.

Living in dark, close alleys,
and tenement houses, excess
of alcohol and other
weakening habits.
Confinement in prisons, workhouses
and workshops.
Catarrh of respiratory passages.
Diabetes, kidney disease and other
chronic affections which lower
resistance.

'If the list of the text-book is carefully examined we see how the causes there
given are all, except that of diathesis, to be found contained in the two Papworth
causes. Infection with the tubercle bacilli in the one column is duplicated by the mass
infection of the other. Frequent inhalation of quantities of the microbes gives greater
opportunities to them to breach the barriers. All the rest are the fragmentation of
"inadequate nutrition".

'Living in dark, close alleys and tenements means also faulty food. The impure
air of slums means one food, namely, oxygen, being defective, but it means also that
people who breathe it have not the money for foods that cannot, like oxygen, be got
for nothing. Alcohol in excess destroys the appetite. So do the poisons of such
diseases as diabetes and kidney disease. So does confinement in prisons, workhouses,
and workshops. None of the people debilitated by such places or such diseases eat
heartily of good food. As to catarrh of the respiratory passages, that in itself was
produced by McCarrison and also by Mellanby by faulty food. The barrier breaks
down before the catarrhal microbes. A mass attack of tubercle bacilli may do the rest.

'If then, one can put aside the predestination theory of tuberculosis, there lies one
thing behind all the other causes given, and that is faulty food and, moreover, as we
shall see, faulty food may account for the apparent predestination.

'Fortunately there is another triumph in establishing the general cause of many
diseases and ill-health in poor English children. With just as unpromising human



material as that of the Papworth children the late Miss Margaret McMillan gained this
success, which is described in her book The Nursery School (1930).'

This is an open air school in Deptford, and the children are drawn from the
surrounding slums. It is on a sufficiently large scale for the results to have critical
importance. During the years described in Miss McMillan's book, it consisted of two
hundred and sixty children from the ages of two to five, of which eighty continued
under her care, until they reached the age of fourteen or fifteen. Dr. Wrench does not
minimize the importance of the all round care devoted to these children, but obviously
regards 'well considered food' as being one of the most important factors in the truly
remarkable results achieved. 'Next door to the school,' he writes, 'is "our own"
Deptford Clinic for sick children. School and clinic under that one authority present
themselves as human replicas of the rats of Coonoor.

'Here is Miss McMillan's description of the food of the school. "Out all day in
moving air, children are always hungry at meal-times, but no food is given between
meals. In summer they have fruit from the old mulberry-tree, and we give small
spoonfuls of orange juice. Fruit and fresh vegetables are needed by everyone, but
especially by growing children, and most of all by children of the poorest classes in
cities. Their bones are literally starved of mineral salts. They suffer from starvation in
the way of nitrogenous food and of all that nature supplies in green food and fruits.
Bread, bread, and always bread in surfeit is their portion. Our fresh vegetables, meal
and milk work wonders."

'"The test of a diet is the wholeness of those who eat it. This is the description of
the children of seven, after four years spent in the school "They are all straight, well-
grown children, alert, sociable, eager for life and new experience. . . . The abyss
between him and the child of yesterday yawns deepest, perhaps when we compare the
state rather than the achievements of the nurtured child with that of the other. The
nurtured seven-year-old is a stranger to clinics; he knows little about doctors. He sees
the dentist, but hardly ever, or perhaps never, needed any dental treatment."

"To "our clinic" come the sick children of Deptford. They are just ordinary poor
children who go to other schools and have other homes than hers. They present the
picture of the sickly rats of Coonoor; Miss McMillan draws the contrast, though not in
juxtaposed columns.

"'"There, ranged on seats by the walls, sit scores of sufferers. Blepharitis,
impetigo, conjunctivitis, skin diseases of many kinds, these are not seen in our school.
They are seen in the clinic-thousands of cases all preventable." There follow further
illnesses seen in the clinic-adenoids, bad tonsils, colds, coughs, bronchitis,enlarged
glands, gastric and intestinal troubles-in short, the list which afflicted the sickly rats of
Coonoor.

'Now both Sir Pendrill Varrier-Jones and Miss McMillan have been exceptionally
imaginative in seeing that a/l the conditions of life in those under their care were
made wholesome, things of the mind as well as those of the body, and it is to this
wholeness that they attribute the health of their wards. They do not select food as the
primary cause of the health. They regard the whole as resulting in health.



"This is so reasonable that I think no one reading their results would care to
diminish any one guard of healthy life which they have erected, such as modern
housing and hygiene.

"Yet, apart from proofs and arguments already put forward to maintain the vital
primary claim of food, there is one very exquisite human experiment made by Dr. G.
C. M. M'Gonigle, Medical Officer of Health of Stockton-on-Tees, which strengthens
this claim in a manner that may be called one of accidental finality.

'Stockton-on-Tees is an ancient market town which has grown rapidly in the last
three-quarters of a century and now has a population of 67,722 (1931). Of this
population in that year 40 per cent of the males between fourteen and sixty-five were
unemployed.

'Stockton has slums, and the Town Council recently carried out a vigorous policy
of better housing. It was this that gave M'Gonigle an opportunity to exercise his
excellent powers of scientific observation.

'A survey of housing needs was taken in 1919, and the largest section of the town
scheduled as an unhealthy area was dubbed "Number 1 area". It was decided to
demolish a part of Number 1 and transfer its inhabitants to a new up-to-date municipal
estate, agreeably named Mount Pleasant. In 1927, 153 families, comprising 710
individuals, were transferred to Mount Pleasant, leaving behind in Number 1 area 289
families with a total of 1,298 individuals.

'Here, then, were contrasting conditions of new and old, of good housing and
slum. Naturally everyone thought the transfer to Mount Pleasant would be a
betterment. But M'Gonigle watched.

'Even he, however, watched at first according to the routine of his official
position. It was only when he found that something odd was happening and the
expected success was not coming off, that he concentrated a keen and skilled
observation upon the anomaly.

'His attention was drawn to it by the fact that the health of the inhabitants of
Mount Pleasant, instead of improving or at least remaining stationary, began to
deteriorate, whereas that of those families and people left behind in the slums did not.

'M'Gonigle then began to test out what was happening statistically. The
standardized death-rate of the first five years following upon the transfer was 33 per
1,000; that of the unchanged slum 22 per thousand. The rate for the Mount Pleasant
estate of "3355 per thousand, appears to be extraordinary, in view of the fact that it
represents an increase of 46 per cent over the mean standardized rates for the same
individuals in the previous quinquennium," is M'Gonigle's comment. The increase
was not due to any peculiarity of infant mortality, epidemic, or other recognized
cause. It was just there steadily throughout, and it represented an increase in the
various groups, from 0 to 10, between 10 and 65, and over 65. It was a characteristic
of the whole people of Mount Pleasant. It was "a real increase and beyond the
probable extent of fortuitous variation".



"What was it due to? The better housing? It seems absurd that something better
should prove something worse. Yet, in spite of the best intentions, this happens if
primary things are forgotten. Man lives primarily by food, not by housing, and the
food of the Mount Pleasant people was what had deteriorated.

"When living in the slums these people paid rents which averaged 4s. 8d. a week
per family. In 1928, on the Mount estate, the rent was 9s. a week, and by 1932 it had
risen to 9s. 3'2d. per week, or double the original rent.

'Consequently there was less money to spend on food.

'M'Gonigle worked out the average amount spent on food per individual for
Mount Pleasant and for slum by carefully prepared and corrected statistics. It is
obvious, in view of the different rents paid, that Mount Pleasant was worse off.
Particularly was this shown in the case of unemployed of both areas. The food per
"man" per week at Mount Pleasant cost 34.7 pence, that in the unchanged slum 45.6
pence.

'M'Gonigle was, therefore, forced to the conclusion that the deterioration of food
led to the deterioration of health. "Such environmental factors as housing, drainage,
overcrowding or insanitary conditions" could obviously be excluded. These secondary
factors were not worse at Mount Pleasant. They were a great deal better. That was the
good fortune of this illuminating experiment. The secondary things, namely, housing
and sanitation, were made better first, and in making them better money was
withdrawn from the individual's primary need-food.

"The experiment emerges as an example of putting the building of new houses
and of organizing physical drill on a par or as prior to food in policy of health. They
are both good things, but they are not primary.

'Muscular energy and activity follow right feeding naturally, and physical
training can follow upon the muscular energy. No one indeed disputes this
proposition--except in their acts and public policies. There is a general, rather
indefinite feeling that sound food is the primary cause of health, but when this shapes
itself out of the mist, there appear secondary, not primary forms--good housing,
hygiene, physical drill.

'M'Gonigle showed that food took the primary place to good housing and
sanitation.'

I would ask you specially to note this last point in view of the number of
prominent people who to-day give housing first place in their plans for reconstruction.



CHAPTER III
HUMUS

'All destructions ordered by God are mere
quarryings of His building materials.'
Abbott Vonier.

If 'faulty food' is the correct reply to our question, 'Why so much sickness?'--if we

are, in fact, what we eat--then the logical next question is: 'What is the matter with our
food?' For while it seems clear that much of the blame must rest on our often ill-
chosen diet, the complete answer must go deeper than this. In the U.S.A., for
example, a very great deal of attention is paid to the proper balancing of diet, and
milk, green leaf vegetables, and raw salads (McCarrison's 'health foods') are eaten in
large quantities, yet America's '100 million illnesses a year' does not suggest that her
people are markedly healthier than we are on that account. Dr. Alexis Carrel states
that 'modern man is delicate'. If the primary cause of this decline in vigour is faulty
nutrition, then the natural conclusion is that there must be something lacking in the
quality of our foods themselves; something which was not lacking in the foods of our
more robust forefathers.

In this chapter I shall present the evidence supporting the view that this
conclusion is correct. Some part of this deterioration in food is, indeed, readily
demonstrable and is due to the commercial development of 'processed food' wherever
this has involved submitting it to treatment which profoundly alters its bio-chemical
constitution.

The case of white flour is an outstanding example of such alteration. In removing
the germ, modern methods of milling have removed those parts of the wheat berry
which contain the vitamins B and E, a removal which, until the introduction of the
National loaf and except for a brief period during the last war, has been complete
since 1872. The everyday results of this are well illustrated in the following anecdote
from Adrian Bell's Men of the Fields.

'T found a man of over seventy cutting up a fallen tree. . . . He used a curious
phrase to justify the conditions under which the men of his father's generation had
worked. "Well, they had their life," he said. "Mind you, I couldn't work to-day like
they worked--not if I was young, 1 couldn't work like I worked as a young man. The
bread to-day hasn't got the stay in it. I know, because I've worked on it. When I used
to go to work and we baked at home, when I'd had my breakfast that'd stay by me to
dinner-time. But when we took to bakers' bread, why, after you'd worked for an hour
that'd be gone and you'd feel faint inside."

Expressed in more scientific language:



The introduction of steel roller mills nearly seventy years ago has 'resulted in the
reduction of the nutritive value of the protein, in serious lowering of the content of
calcium, phosphorus and iron, in reduction of the vitamin B1, and vitamin B2 complex
content, and probably in complete removal of the vitamin E, all representing dead loss
nutritionally.' (A. M. Copping, 'The Nutritive Value of Wheaten Flour and Bread', Nutrition Abstract and Reviews, 1939).

When it is remembered that B1 is the vitamin essential to the proper nourishment
of nervous tissue, and that vitamin E plays an important part in reproduction and
probably also in general vigour, there is cause for reflection upon the increase of
nervous disorders and the falling birth-rate in the present generation. May not these
conditions, too, be attributable to faulty diet?

It is generally admitted that wheat germ oil is one of the richest known sources of
fertility. It is widely used in both human and animal medicine in the treatment of

sterility. ('In 1932 Vogt Muller treated 20 sterile women with an extract of wheat germ oil, and 17 of them had living
children. Dr. Currie, of Leeds, in 1936 related success in curing habitual abortion, while in 1940 C. G. Collins (et al.) cured 21
out of 25 similar patients. In both series of cases wheat germ oil was the main factor in the cure.' Quoted from letter to 7he

Times, 1st May 1942, by L. J. Picton, 0.B.E., B.A,, BM.) Its restoration to our national loaf may well

benefit the nation in more ways than in the mere saving of shipping space. (The rise in the
birthrate for 1942 is significant in this connection.)

Further possible evils resulting from food processing are suggested by Dr. F. J.
Poynton, who, writing in the British Medical Journal of 21st October 1933, records
his opinion that infantile scurvy is on the increase. He reports no less than three cases
at one time in his ward at the Great Ormond Street Hospital for children.

"This seems remarkable,' he writes, 'when we realize the great work that has been
done on vitamins, and when we look upon the position of Vitamin C as one of the best
understood among them.' Discussing the possible causes of present-day infantile
scurvy, he writes: 'l 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 precautions, make for the best constitutions in
years to come. We know that some children do not take to fruit juices well, or are
thought not to take them well, and these are 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 a
pathological metabolism.'

'Note. The insecurity of reliance upon orange juice to correct the damage done to
milk by heating it (pasteurizing, boiling, or drying) is rendered more obvious by the
common use of cold storage for oranges, as, according to Professor Plimmer, vitamin
Cis SlOle destroyed by freezing.' (Quoted from the References to the Medical Testament.)

'Dr. Evelyn Sprawson, London Hospital, stated that children in the institution in
which he worked who were fed on raw milk had perfect teeth, whereas others in
circumstances identical in all, respects except that their milk was pasteurized, had
defective teeth.' (Quoted from the References to the Medical Testament.)

This is a point worth underlining in view of the present agitation in favour of
compulsory pasteurization. (For a brief discussion of the pros and cons of this controversial topic see Technical
Ref. No. 3.) There would appear to be some, as yet undefined, harm done to foods by long



storage of any kind, whether frozen, heated and tinned, or dried (probably least by
drying). McCarrison states

'There is something in freshness and quality of foods which is not accounted for
by the known chemical ingredients of food: proteins, fats, carbohydrates, minerals and
vitamins.' (Quoted from the References to the Medical Testament.)

'Tt is certain that this "something" plays a part in that perfect combination of eye,
muscle, nerve, blood-vessels and endocrines, which enables the heron to avoid the
hawk; and in that other protective equipment-serenity and courage, clean blood
plasma, and lively reticuloendothelial system-which wards off infection and

constitutes a natural active immunity.' (L. J. Picton, O.B.E., M.A., M.B.,'The Problem of Natural Food!,
Medical Press and Circular, 8th November 1939).

Systems of processing and storage, however, are not the only factors responsible
for deterioration in the vital quality of human food, for these foods themselves, when
in the living state, show a decline in resistance to ailments; a lowered 'quality' and
vigour exactly parallel to that found in the human race.

The loss to the livestock industry caused by such complaints as mastitis,
contagious abortion, Johne's disease, foot-and-mouth disease, swine fever, swine
erysipelas and white scour--to mention only a few--runs into millions of pounds
annually and is on the increase. I well remember, for example, that when I was an
agricultural student in 1915 we were told by our lecturer on animal hygiene that foot-
and-mouth disease need not concern us, since the disease was obsolete in this country.
It is commonly held that the prevalence of foot-and-mouth in the last decade is due to
imported meat. Col. G. P. Pollitt, in his little book Britain Can Feed Herself,
Macmillan & Co., 1942, expresses this view. "The repeated outbreaks in this country,'
he states, 'are primarily, if not wholly, due to our imports of uncooked meat.' I find
this explanation unconvincing; the imports of meat into this country in 1913, shortly
before the disease was said to be obsolete, amounted to 1,163,911 tons. (Board of Trade) In
1936, when it was most emphatically not obsolete, imports were 1,404,069 tons,
(Whitaker, 1938) only 240,158 tons more, while in the summer of this war year of 1942,
when imports must have been very much less, there were nearly 700 outbreaks of

foot-and-mouth. (Since this was written certain information has been given to me, but which I am, unfortunately, not
permitted to publish, which lends considerable support to Col. Pollitt's view that outbreaks of foot and mouth disease are due, in
the first instance, to imports of uncooked meat. But even if this should be proved beyond doubt it still would not suffice to
explain why farms in the middle of an infected area escape infection, while others with less direct contact succumb. Sound
feeding will not of course remove sources of infection, but may, and probably does, give protection against anything less than

mass doses of infection. Further evidence on this point is given on p. 69 and in Chapter VI.) When the prevalence of
this disease is considered in conjunction with the increase in most other diseases, it is
impossible to avoid the conclusion that our livestock is less robust than it used to be.

Disease in crops shows a similar upward grade. Potato diseases of various kinds,
'Take All' in wheat, blight, white fly and other parasites, and innumerable fungus and
virus diseases are increasingly rife.

This close parallel in the decline of health in crops, livestock, and man is very
significant, and evidence will presently be given indicating that the cause in all three
is the same-faulty nutrition.



The food of our crops and domestic animals has undergone as marked a change
during the last hundred years as that of man, and the change has been of a similar
order.

'We are so made as to derive our sustenance from what was alive so recently that,
somatically, it is still living' writes Dr. Picton.

It seems that it is not only desirable for our own food, whether animal or
vegetable, to be as fresh as possible, but for those foods themselves also to be
nurtured on a living diet. Until the war forced us to look once more to our own soil for
the sustenance of our farm animals, this all-important element of 'freshness' had to a
large extent been eliminated from the feeding of our livestock by the introduction of
crushed seed cakes, and other imported processed foods. And the crops which we
grow, whether for direct human consumption or as food for our livestock, are likewise
being fed on substitutes for their natural diet of /iving organic matter. This change has
resulted in our soil being seriously denuded of its humus content, with a consequent
loss of fertility.

History suggests that a decline in soil fertilty is always accompanied by a
corresponding decline in the vigour of the people who dwell upon it. To those who
doubt this, I recommend a study of the fall of the first Roman Empire. The point was
stressed quite recently in a broadcast by the Minister of Agriculture who affirmed that
the basis of a strong nation lay in the fertility of its soil. The necessity to-day is to re-
define the word fertility. I would remind you of a sentence in the Survey of Soil
Erosion, quoted in the first chapter, that 'Increase of production must not be confused
with increase of fertility. Increased production for human use can be, and usually is,
secured by cashing in on existing fertility and using it up with the disatrous effects
described.'

This is what has been happening throughout the world, but in this country the
process did not really begin in a way that was serious until about 100 years ago, when
chemical fertilizers were introduced. Before that time soil fertility was maintained by
a combination of suitable crop rotations, bare fallows, and the application to the land
of various forms of organic matter, principally farm-yard manure. In 1840 the famous
German chemist, Liebig, published an essay, 'Chemistry in its application to
Agriculture and Physiology', which has profoundly affected Western civilization. In
this he propounded his theory of mineral plant foods. Roughly this rather naive theory
is that everything required by a living plant is to be found in the mineral salts present
in the ash of such a plant after all organic matter has been destroyed.

It seems a curious thing that this theory should have gained such ground as to
overthrow all the experience and practice of the ages. This can only have come about
through the confusion of thought with regard to fertility mentioned above. Man's
understanding was blinded by the increase in production which the application of this
theory at first brought about. Only the true peasant, the man who, despite all modern
agricultural science, still has a truer understanding of the soil than any theorist, was
not taken in. He shook his head and foretold the evils which were to come. Once more
his views are well expressed in Adrian Bell's Men of the Fields:



'He had further ideas about food. "If people ate more of what's grown with muck,
there'd not be half the illness about. People say that what's grown with artificial
manure does you as much good as what's grown with muck. But I know that's wrong.
What's grown with chemicals may look all right, but it ain't got the stay in it."'

But the age of science had dawned. Intuitive judgements were 'unscientific' and
'old-fashioned.' Liebig's theory could be 'proved'. Ocular demonstration was what
counted. A given quantity of these new fertilizers produced the promised increase in
yield. The methods of our forefathers were clearly out of date. 'There is a prevailing
popular tendency to seek to replace "intuitive" methods, wherever they may be found,
by "scientific" procedures. In this attempt we sometimes find that anything which can
be dubbed "intuitive" is treated as though it were simply baseless speculation,
whereas mere planned communicable routine often glories in the name of "science".'
(R. C. Oldfield, The Psychology of the Interview, Methuen, 1941.) This tendency may have helped to
establish the new soil science, in any case it was steadily gaining ground when it
received a greatly quickened impetus after World War No. 1, through the necessity
which faced those manufacturers of explosives, whose factories were equipped for the
fixation of atmospheric nitrogen, to find other markets for their products. This
resulted in the manufacture and use (assisted by a vast advertising campaign) of huge
quantities of sulphate of ammonia and other synthetic fertilizers.

For some time, while the original supply of humus in the soil lasted, all seemed to
go well, and in the difficult days of cut-throat competition that intervened between the
two wars, when quantity rather than quality became the standard of efficiency,
cultivators generally formed the habit of basing their manurial programmes on the
cheapest forms of nitrogen, phosphates, and potash on the market.

All this time the 'man of the fields' remained unconvinced. 'Wait'; he said, with
that patience only close contact with the soil can give, and now the indications are
mounting that the day of his vindication is at hand, for there are signs that yields are
declining, and that increasing quantities of fertilizers are required to produce a given
return. But this is not all; quality is declining even quicker than yields. Fertility, as
will presently be shown, depends on humus. The accelerated growth induced by
chemical fertilizers has the effect among others, of speeding up the rate at which
humus is exhausted. As this depletion of humus proceeded, troubles began. Parasites
and diseases appeared in the crops, and epidemics became rife among our livestock,
so that poison sprays and sera had to be introduced to control these conditions.

A very clear example of this is to be found in the case of some of the
Lincolnshire potato lands.

The silt land area south of the Wash, now famous as the chief potato growing
district in England, was, until a hundred years ago, equally famous for its pasture.
This was so fertile that it was capable of producing prime fat bullocks without the
assistance of any additional corn or cake. When these pastures were first ploughed up
they produced abundant crops of healthy potatoes of good-keeping quality without the
aid of fertilizers or poison sprays. Potato growing became so profitable that whole
tracts of fertile grass land were turned over to the production of arable cash crops,
with the result that farming became thoroughly unbalanced. Gradually chemical
fertilizers became necessary to maintain yields, then diseases made their appearance,



and spraying with copper salts had to be introduced to control blight. To-day it often
happens that all the potato tops have to be destroyed with sulphuric acid before they
are mature, in order to 'preserve' the tubers underneath. Lately a new trouble, eel
worm, has become alarmingly prevalent. This, too, the experts are attempting to check
by chemical means. The fallacy of this method when applied to eel worms will be
shown in Chapter VI.

In recent years some Lincolnshire farmers have abandoned the use of fertilizers
in favour of organic composts, with the result that health has been restored to the
crops and the use of poison sprays is becoming unnecessary. I do not intend to suggest
by this that all so-called artificial fertilizers are necessarily harmful in themselves, but
as will be shown in the next chapter, other standards than those of chemical
composition alone, are needed with which to assess their value. In any case, harmful,
harmless, or beneficent, their use without adequate supplies of organic matter can
never serve to replace the top soil which is mechanically removed from the land by
the lifting of root crops. Such crops not only take from the soil the nutrients required
to grow them, but large quantities of actual soil are carted bodily from the field in the
process of harvesting. If this is not replaced by organic matter, the soil loses its 'life'
and with it the humic cement which holds it together. It then becomes subject to
erosion by wind or rain.

"The illusion that fertility can always be restored by applying some of the huge
amounts of artificial fertilizers now available has been shattered by the recognition
that fertility is not merely a matter of plant-food supply (for even exhausted soils
usually contain ample reserves of plant food), but is also closely connected with soil
stability. An exhausted soil is an unstable soil; Nature has no further use for it and
removes it bodily. . . .

'"The earlier stage of erosion is loss of fertility. Whatever the cause of the loss, the
result is invariably a corresponding loss in soil stability; the soil is deprived not only
of its productive power, but also of its capacity for remaining in place. Fertility is a
term that should be applied to the soil and vegetation together, for the soil derives its
capacity for producing life from the vegetation, as much as plants derive their
capacity for growth from the soil. Apart from the indispensable plant-food elements
and humus returned to the soil by the dead vegetation, the living vegetation protects
the soil in many subtle ways from the erosive effect of wind and rain. . . . The
capacity to absorb and retain water is a very characteristic property of mature, fertile
soil. It is scarcely, if at all, developed in bare weathered rock formations (except
heavy clays) that have never carried vegetation, and contain no humus. Normally the
water-holding capacity of soil is confined mainly to a few inches on the surface where
fresh humus, formed from decaying plant and animal remains, accumulates. Sheet
erosion, by removing the most absorbent layers, not only greatly increases the amount
of run off water which is the principal eroding agent, but equally decreases the value
and usefulness of the rainfall. . . .

"The processes of wind erosion are less complex than those of water erosion. The
predisposing conditions for wind erosion are (1) an absence of protective covering for
the soil and a low fertility level, causing the soil to pulverize; (2) a dry period, as wet
soil does not blow appreciably; and (3) a broad, flat or slightly undulating region
across which wind and soil can move unhindered. Nature has arranged that where



water cannot punish man for his ignorance and misdeeds, the wind can. When a large
open area has been consistently mismanaged and its fertility reduced below the safety

point, wind erosion can produce chaos within a few days.' (Jacks and Whyte, The Rape of the Earth,
Faber and Faber, 1939.)

This was very noticeable in 1942 on the sugar-beet lands of Lincoln, Norfolk and
Suffolk. This crop is nearly always grown with large quantities of fertilizers, and in
many areas of these three counties, the conditions for wind erosion have been
produced. During the period of high winds which occurred in May of that year, very
many acres of land in these three counties under sugar-beet and carrots had their top
soil blown clean away, carrying the crop with it. Some farmers had to sow as many as
three times.

The appearance, in a crop, of parasites and disease is often the first symptom of
that loss of fertility which, if ignored, is liable to lead to lack of soil stability. Such
visitations therefore should be regarded less as an enemy to be attacked direct, than as
a danger signal, warning the cultivator, while there is still time to repair the damage,
that a serious misuse of the land is taking place.

"The policy of protecting crops from pests by means of sprays, powders, and so
forth is unscientific and unsound, for even when successful, such procedure merely

preserves the unfit and obscures the real problem--how to grow healthy crops.' (Howard,
Speech at Crewe, 22nd March 1939. Reprinted New English Weekly, 6th April 1939.)

We shall see that the need for such protection seldom arises in those areas of
cultivation where the tradition of peasant farming has never been broken, for the
keystone of that tradition is the return of all wastes to the land. In almost every other
type of farming, the soil has, during the last 100 years, been losing its organic matter
faster than it is being replaced. This is due, not only to the excessive quantity of
chemical fertilizers now in use, although this has accelerated the process, but also to
the shortage of available organic matter which modern standards of civilized society
have brought about, the three main factors being, the introduction of the petrol engine,
the movement of the rural population into large urban areas (which the industrial
revolution induced) and, perhaps most serious of all, modern sanitation.

When horse traction gave way to the internal combustion engine the land was
robbed of millions of tons of horse manure previously produced in town as well as
country, and when water-borne sewage was introduced into our cities, the capital of
the soil--its fertility--which is removed from it year by year in the form of crops and
livestock, no longer found its way back to the land in the form of the waste products
of the community, but was poured into the sea or otherwise destroyed.

'On the basis of the data of Wolff, Kneller and Carpenter or of Hall, the people of
the United States and of Europe are pouring into the sea, lakes and rivers, and into the
underground waters, from 5,794,300 to 12,000,000 pounds of nitrogen, 1,881,900 to
4,151,000 pounds of potassium and 777,200 to 3,057,600 pounds of phosphorus per
million of the adult population annually, and this waste we esteem one of the
achievements of our civilization.' (G. T. Wrench, M.D., The Wheel of Health.)

King, in his classic, Farmers of Forty Centuries, writes: 'Man is the most
extravagant accelerator of waste the world has ever endured. His withering blight has



fallen upon every living thing within his reach, himself not excepted: and his besom
of destruction has swept into the seas soil fertility, which only centuries of life could
accumulate-fertility which is the substratum of all that is living.'

He points out that the Mongolian races with a population approaching 500
million, occupying an area 'little more than half of the United States, tilling less than
800,000 square miles of land and much of this during twenty, thirty or perhaps forty
centuries, unable to avail themselves of mineral fertilizers, could not tolerate such
waste and survive.' (Jonathan Cape, 1933, quoted Wrench.)

Nor shall we be able to survive indefinitely if we do not mend our ways.

The consequence of this process of denuding the soil of its fertility is only just
beginning to be realized in Western countries. McCarrison has stated: "These (certain
natural foodstuffs), when properly combined in the diet, supply all the food essentials,
known and unknown, discovered and undiscovered, needed for normal nutrition,
provided they are produced on soil which is not impoverished, for if they be proceeds
of impoverished soil, their quality will be poor and the health of those who eat them,

man and his domestic animals, will suffer accordingly.' (Quoted in References to Medical
Testament.)

Thus it will be seen that we cannot safely separate human health from the health
of farm produce whether animal or vegetable. All have their origin in a fertile soil.
Under field conditions a fertile soil is a live soil, and maintenance of life in such soil
depends on humus.

This proposition is nowadays generally accepted in theory, but it is little
understood in practice. Much of the existing confusion has arisen through a too
frequent misuse of the word 'humus'. The term 'giving the land humus' is too often
taken as a synonym for treating it with any form of organic matter, such as ploughing
in green crops or grass, or applying farmyard manure. But all these substances are
merely some of the raw materials from which humus can be made. They cannot
become humus until they have been metabolised by soil organisms. It is essential that
this fact should never be lost sight of.

Humus is a product of decomposition of plant and animal residues, through the
agency of micro-organisms. It has been simply yet accurately defined as the product
of living matter and the source of it. 'The chemical composition of humus is
determined by the nature of the residues from which it is formed, by the conditions of
its decomposition, and by the extent to which it is decomposed. Chemically, humus
consists of numerous organic complexes, the major group of which consists of lignins
and lignin derivatives, and of proteins; a minor group contains carbohydrates, fats,
organic acids, alcohols and other carbon compounds. The formation and mutual inter-
relations of these two groups of substances hold the key to the facts explaining the
chemistry of humus." (Waksman, Humus. (Bailliére, Tindall and Cox, 1937.)

Under natural conditions such as obtain in virgin forest or prairie, a constant
supply of raw material is provided by the native flora and fauna which live and die, so
to speak, in situ. Their residues and remains are continually converted by the soil
organisms into humus from which fresh life can spring. A perfect balance between



growth and decay is established, and the fertility of the soil is permanently
maintained.

In ordinary farm cultivation we have a very different picture. Here, the vegetable
and animal life raised from the soil is continually, and more or less permanently,
removed from the site of its origin. If this process is to continue, fertility can only be
maintained in one of two ways; either by supplying large quantities of organic raw
materials from which humus can subsequently be manufactured in the soil itself, or
else by deliberately manufacturing humus outside the soil, and applying it to the land
as a finished product.

Ploughing in green crops and applying farmyard manure are methods of
accomplishing the first of these alternatives, but they do not of themselves supply
humus. The higher the yields required of a crop, the more necessary does it become to
convert the available raw materials into humus before they are applied to the soil. For
natural humus formation in soil is a slow process, and heavy cropping tends to
exhaust the supplies faster than they can be replenished; moreover, raw organic
matter, which is mainly cellulose, cannot become fully available to plants until it has
become humus, and the organisms responsible for the conversion, require, for the
process of manufacture, many of the elements also needed by plants.

"Humus is a manufactured product with a carbon: nitrogen ratio of about 10 to 1,
prepared from vegetable and animal wastes with a carbon: nitrogen ratio of about 33
to 1. The conversion, which is carried out by fungi and bacteria, is naturally
accompanied by the evolution of large volumes of carbon dioxide and requires a
corresponding amount of atmospheric oxygen. Besides air, the organisms concerned
in the manufacture also need water, a base to neutralize excessive acidity, and
sufficient minerals, particularly combined nitrogen. Their demands are almost
identical with those of the roots of plants. It follows therefore that any attempt to
prepare humus in the soil itself is almost certain to interfere with the crop. Hence the
injurious effects on growth which almost invariably follow the addition of straw, and
very frequently, of green manure to the soil. In such cases, the decomposition of these
materials impoverishes the soil solution, contaminates the soil atmosphere, and often
depletes the soil moisture. The result is that the soil is overworked and a poor crop is
obtained. This overwork can be avoided by taking care to prepare humus outside the
field rather than in the soil itself, and to restrict green manuring to localities where all
these factors can be relied upon to yield a satisfactory result. (As for instance, in biologically
active soil where the ploughing in is done in July or August between the spring and autumn nitrogen cycles.) The Chinese
were the first to grasp and act upon the master idea that the growth of a crop involves
two separate processes: (1) the preparation of humus from vegetable, animal and

human wastes, which must be done outside the field, and (2) the growing of the crop.'
(Howard, Manufacture of Humus by the Indore Process. Royal Society of Arts, 1935).

There are districts in China where the Chinese peasant, by adhering to this
principle, has intensively and continuously cropped his soil without loss of fertility for
forty centuries.

By 'humus manufacture' is meant deliberately speeding up the normal rate of
cellulose decomposition. The process by which this is achieved is called 'composting'.



Composting is as old as agriculture. There is some evidence that many of the
ancient civilizations, when in their prime, based their cultivation on systems of
composting and irrigation, but whereas the primitive methods were, presumably,
devised empirically, in recent years the knowledge contributed by biology, mycology
and bio-chemistry has enabled a much more scientific approach to be made to the
whole question of humus manufacture, and very exact and greatly improved methods
of composting have resulted. While different methods vary as to certain factors and
details of procedure, one fundamental principle underlies all successful compost
making. Decomposition must take place by fermentation, and not by putrefaction.
This involves careful control of the air supply, moisture content, and temperature
developed in the compost heaps. Where these points are not properly attended to, the
process has no right to be called composting, and the resultant product is not humus.
It would be tedious in a book of this kind to describe in detail the different methods of
composting in current use. To those who would like to make a comparative study of
them I recommend a booklet by F. H. Billington, called Compost, (Faber and Faber, 1942)
which contains a summary of them and also an excellent bibliography showing where
further information can be obtained. Here I shall confine myself to a description of
one method only; that devised by Sir Albert Howard in the course of his research
work in India, and now generally known as "The Indore Process of Humus
Manufacture'.

My reasons for choosing this method are, firstly, that I have practical experience
both in its manufacture and in the excellent results following its use, and secondly
because, of all the purely organic methods that I know of, Howard's seems to me to be
at once the most adaptable to all systems of farming or gardening, and the most
foolproof. This is an important point, for no method is likely to be widely adopted by
practical cultivators, unless it is capable of being reduced to a formula, which, while
precise, must also be simple. Howard points out that:

"When the Indore process in its final form was devised between the years 1925
and 1930, the scientific approach to the utilization of crude organic matter left much
to be desired. The chief organic residues--farmyard manure, green manure, vegetable
residues, municipal wastes, sewage sludge, and crude sewage, were being studied
separately, and not as parts of a single subject. Much of the scientific work had been
done, but the various fragments were lying around in the literature very much like the
materials in a builder's yard, before the building itself is erected. On the practical side
difficulties were being experienced. The results of green manuring were erratic; most
of the methods of managing agricultural residues resulted in the loss of valuable
nitrogen; some were elaborate, and some expensive; there was no idea of examining
the experience of old cultivation systems like the Chinese, the successful continuance
of which over several thousand years is proof of efficiency, and illuminating them by
the light of modern science.

It is claimed that the Indore process has solved these difficulties. What was
needed was the welding together of the separate fragments into a single well-ordered
method, elastic enough to be introduced into any system of agriculture. In the course
of its working out, the Indore process has been founded on correct bio-chemical
principles, and is not far removed from Chinese or other more primitive practices

evolved empirically n many parts of the world.' (Howard, Manufacture of Humus by the Indore Process.
Royal Society of Arts, 1935).



The manufacturing process itself takes place in compost heaps or pits. The
technique is simple, but must be followed with precision.

The materials needed are animal and mixed plant wastes, a base for reducing
acidity, air, and water.

The plant wastes may include all vegetable and crop residues to be found on the
farm or in the garden, such as weeds, leaves, grass, tree and bush prunings, hedge and
bank trimmings, straw and chaff, and dust-bin refuse.

If the proportion of fresh green material is likely to exceed 30 per cent, any
excess must be withered before composting begins, otherwise there is a danger that
silage rather than humus will result from the operation.. This rule does not apply to
small garden heaps. These can safely be made exclusively of fresh green material,
provided very soft fine wastes like lawn mowings are mixed with the coarser rubbish.
It is only in the large farm heaps that over-consolidation is liable to occur. The
different categories of plant wastes should be well mixed, and where these are very
long it is helpful to break or cut them into shorter lengths.

The greater the variety of materials that go to make up a compost heap the better
will be the quality of the end product, nevertheless very good compost can be made
with FYM and straw only. (See Chapter VIII.)

Any available animal manure may be used, but it is important that the urine of the
animal be carefully preserved because this contains the drainage of every cell and
gland in the animal body and is therefore rich in accessory growth substances.

As a base, earth, wood ash, chalk, sea sand, or a mixture of some of these
substances should be used. Quick lime (CaO) should be avoided as its action is too
fierce in the heap. Slaked lime (Ca(OH)2) is better, but some form of calcium
carbonate (CaCO3) is greatly to be preferred. This will neutralize excessive acidity
and at the same time provide suitable conditions for the fixation of nitrogen. Whether
heaps or pits are employed will depend on local conditions, of which the site chosen
and the rainfall are among the most important. If the site is sheltered, and there is any
danger of waterlogging, heaps are best; but they must be protected from too much
exposure to cold drying winds. Pits have the advantage of retaining the heat better and
of requiring less water. In this country heaps are usually the most satisfactory, and the
method of assembling is as follows:

The heap should be made 10 feet wide, up to any total length required, but the
length should be made in 5-foot sections, each section being completed before the
next section is begun.
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FIGURE 1

Each section should be built up to a height of between 4 and 5 feet. That is to say,
the ground plan of each section will be 10 feet x 5 feet, and the elevation not less than
4 nor more than 5 feet. The mass should sink, after settling, to a height of about 3 feet.
Failure to do so is an indication that insufficient air has made its way into the heap or
that the heap is too dry, in either of these cases humus manufacture will be delayed.

As each section is completed, two vertical air vents should be made with a
crowbar or similar implement, which must be worked sideways to leave a hole 4
inches in diameter. In practice the easiest way to do this is to place two six-foot stakes
in position before the section is begun, and then to build up the section round them.
They can be worked backwards and forwards in the course of construction, and easily
withdrawn when the section is completed.

The sections are built up in layers. First, a layer of mixed plant wastes, 6 inches
thick, then a layer of farmyard (or other animal) manure, 2 inches thick, then a thin
sprinkling of earth, not more than two or three shovelfuls, containing some wood ash,
or chalk, or whatever base is available. This sandwich process is repeated until the
requisite height is reached, each section being finished off with a liberal covering of
earth an inch or more in thickness. (See Fig. 1.) Where heavy material like ordinary
FYM forms the principal ingredient of the 'animal’ layer, the sections should be made
without standing on them or over consolidation will take place with a consequent
interference with the air supply.

In theory the ratio of plant and animal wastes should be such as to supply 1 Ib. of
nitrogen to every 1001b. of dry vegetable matter. In practice, it has been found that it
is sufficiently accurate if the ratio of mixed plant wastes to farmyard manure is 3 to 1
by volume.



If the material is dry, the layers must be watered as they are made.

After three weeks the heap should be turned from one end by slicing it vertically
like bread, so that the different layers become thoroughly mixed, but care must be
taken to see that the outside dry material is put in the centre.

As each section of the turned heap is remade (but this time only three feet high),
the air vents should also be remade, and the layers watered again if necessary. At no
time should the heap be dry, but it should not be sodden. Too much moisture causes
the heap to pack, and interferes with the air supply. The amount of moisture should
resemble as far as possible that of a squeezed-out sponge. At the end of a further three
weeks, the heap should be turned again in the same way, but no further vertical air
vents are required.

Soon after the heap is first made an intense fermentation sets in, accompanied by
a rapid rise in temperature to about 160.0° F., which continues for a long time, with a
gradual downward gradient to about 90.0° F. This range fits in well with the optimum
temperature required by the organisms which break down cellulose. The aerobic
thermophilic bacteria thrive best between 148.0° F. and 180.0° F., and the fungi
between 97.0° F. and 130.0° F.

When the first turn is made the whole mass will be found to be covered with
greyish-white mycelium: About seven to ten days after this first turn, the material
begins to crumble and darken in colour. Bacteria from now on take the leading share
in the manufacturing process, which at this stage becomes anaerobic.

Six weeks after the second turn, that is to say about three months from the
beginning, the carbon nitrogen ratio of 33 to 1 in the original mixture will have fallen
to about 10 to 1. The whole mass has become humus, resembling in colour and
texture old leaf mould. It is now ready for the land.

At first sight this procedure may appear complicated, but I can state explicitly
from personal experience that in practice it is quite simple.(a sl further simplified method is
described in a few paragraphs. For the small garden cultivator see Technical Reference No. 4.) 1 must, hOWGVGI’,
repeat that for optimum results it is essential that the routine be closely followed. The
reason for this is that the value of a compost to plant life depends not so much upon
its chemical composition, as upon its biological reaction, particularly in relation to the
activities of soil fungi. Proof of this will be given in the next chapter. If the proper
temperature is not achieved at the right time, it means that a less desirable set of
organisms are at work.

"The vigour of fungal action at the earlier stages of the composting process is
evident from the abundance of mycelium present and the profusion of sporophores
intermittently produced on the surface of the heaps. A relatively early stage of
decomposition is marked by great activity of thermophilic organisms, indicated by the
development of temperatures ranging from 50° to 70° C. It is believed that the
chemical changes brought about during this stage of composting are of critical

importance in determining the value of the final product.' (Professor Neilson-Jones, Biological
Aspects of Soil Fertility, Journal of Agricultural Science, Vol. 31, part 4, Cambridge Press, 1941. Republished in Problems in
Tree Nutrition, by M. C. Rayner and W. Neilson-Jones, Faber and Faber, 1944.)



A wet airless mass of rotting vegetation is decomposed not through the activities
of these aerobic organisms but through the agency of putrefactive bacteria.

Some specialists never think of making compost without the aid of a
thermometer, but there are plenty of signs which the compost maker very quickly
learns to recognize, which tell him if the process is developing correctly.

Among the good signs are: (1) copious 'steaming' from the ventilation holes; (2)
the spontaneous appecarance of SpOI'OphOI'CS (In cold weather these will be found just under the surface of
the heaps.) ON the heaps referred to above (see Plate 1); (3) an even distribution of
mycelium, appearing like greyish-white mildew throughout the heap at the first turn;
(4) the invasion of the heap by earthworms, which should be evident at, or soon after,
the second turn; (5) a sweet earthy smell.

PLATE I. Recently made compost heaps showing spontaneous appeareance of
sporophores (toadstools)

Signs of faulty manufacture are: (1) absence of the good signs listed above; (2) a
'bad' smell, or else a smell of ammonia; this last means that loss of nitrogen is taking
place, and is a sign of faulty aeration-it usually indicates that the heap is too wet or
too tightly packed; (3) flies frequenting the heaps or breeding on them; (4) failure of
the heap to settle; this usually means that it is too dry.

All that is required to avoid mistakes is attention to detail and a little experience
as to how to vary these details slightly to meet different weather conditions.

'Over-acidity, faulty aeration, too much moisture, or an unsuitable site-any of
these may present a passing problem in this country (owing to cold and wind). Such
problems must be tackled in the light of the special circumstances giving rise to them.
In no case yet have they proved insoluble.' (Howard, Manufacture of Humus by Indore Process'.)

I can assure you that composting is a fascinating game that grows on you.



When you make compost for the first time according to this recipe, it seems like a
miracle that no matter what activator is used-pig muck, blood, night soil, or sewage
sludge--the final product is inoffensive to crumble with the bare fingers, and has the
pleasant earthy smell of old leaf mould.

It is not always feasible to collect all vegetable wastes of a farm for composting
in heaps. Some of these wastes will be crop residues still growing in the field, or else
grass and clover leys to be ploughed up, or even crops specially grown for ploughing
in as green manure. In these cases the operation known as sheet composting can be
adopted. There are two methods of accomplishing this. The first is to dress such crops
with farmyard manure during the summer while they are still growing (in the case of
grass the best time is directly the first cut of hay is off), next allow the crop to grow
up through the manure to a height of eight inches to one foot, then plough-not too
deeply--while there is still enough warmth in the soil for decomposition to take place.
September is the latest month in which this can be done. This method is very
successful, complete decomposition taking place in good time for an autumn seeding.

The second method is essentially the same, but the manure is deposited on the
crop by close grazing with livestock, instead of being made in the yards and carted on.
When this method is used the stock must be removed in time to allow the crop to
grow to the requisite height before the August or September ploughing.

'One of the earliest and most effective examples of this process was originally
devised by Mr. Hosier on the poor chalk pastures of Wiltshire. Following the
introduction of the bail system, (Under this system the cows are kept in out-door folds, the movable milking plant
known as the bail following them round the fields.) the undecayed organic matter in the original turf
was rapidly converted into humus by means of the urine and dung of the cow. The
herbage improved until about the fifth year when no further progress was made. The
turf was then ploughed up and converted into humus for the benefit of two or three

straw crops, followed again by a temporary ley." (Howard, The Manufacture of Humus by the Indore
Process', Journal of the Ministry of Agriculture, 1938).

It is often asked whether the time and trouble involved in composting can be
justified financially, so let us look at some of the advantages of the operation.

First and foremost must be placed the high degree of disease resistance in both
crops and livestock that appears to follow liberal applications of well-made compost.
Evidence on this point will be considered later. Second, the process enables all
rubbish, wastes, and weeds of the farm to be utilized profitably. Third, the loss of
nitrogen which usually occurs in the ordinary manure heap is avoided, as well as the
bad smell and the formation of fly-breeding sites, and lastly, three times the bulk can
be made from the same head of livestock, and there is evidence to show that the
resultant product is superior. A large scale test, involving forty fields, was made on
the late Sir Bernard Greenwell's estate of humus manufactured by the Indore process
versus best quality farmyard manure, that is to say, well-rotted manure that was

practically pure dung. Load for load the compost showed in every case better results.
(Journal of the Farmers' Club, 1939).

In 1942 I carried out a somewhat similar test to determine the relative merits, ton
for ton, of Indore compost and fresh farmyard manure. The crops chosen were
potatoes and brussels sprouts, followed, in 1943, by oats and barley respectively. In



the case of the potatoes, compost at 6 tons per acre produced substantially the same
result as farmyard manure at 12 tons per acre. In the case of the sprouts, where the
compost and farmyard manure were both applied at the rate of 7 tons per acre the crop
was markedly better on the composted portions. In both cases the 1943 cereal crop
was better where compost had been used, showing that the previous year's results
were not merely due to plant food in the unrotted farmyard manure not being fully
available to the first season's crop. A detailed description of this experiment is given
in Chapter VIII. The results, which fully endorse Sir Bernard Greenwell's findings,
have an important bearing on the economic aspect of composting, for they indicate
that the output, in farmyard manure, of a given head of livestock is capable of
maintaining the fertility of two or three times as much land when it is made into
compost as when it is applied to the soil direct, since the proportion of farmyard
manure to vegetable rubbish in compost is one-third by volume. This is an important
point, especially in war-time when the livestock population is so much reduced. The
objection to composting on the grounds of labour costs is a point which I shall discuss
later. Many farms are now solving the problem through mechanization, but I may just
observe at this point that, using the Indore method, two men can by hand manufacture
1,000 tons of finished compost per year, and that once land has been restored to
fertility, an average of five tons per acre per year is sufficient to maintain fertility.
This means that two men can make enough compost for 200 acres. This, translated
into cost of man hours per acre, compares favourably with the amount many 200 acre
farms now spend on artificial fertilizers and poison sprays. In war-time, however, the
difficulty is likely to be less a question of the cost of labour, than of shortage of
labour. Where, for this or other reasons, it is found impossible either to sheet compost,
or to manufacture humus by composting in heaps, the next best method of handling
farmyard manure is as follows: Use much more litter in the yards than is the usual
custom, so that the right proportion of cellulose to dung is achieved at the outset. (As
a rough and ready guide to the amount, always keep the yards looking clean, and
never 'mucky’'.) Make as much variety as possible in the littering, using in rotation all
the different cereal and pulse straws that are available on the farm. Any portion of a
root crop, hay, or silage fed to the cattle, and not eaten, also of course becomes
incorporated in the bedding. The chalk and soil can be added from time to time, as
well, or the whole yard spread with a layer of these materials immediately before it is
cleaned out so that it gets automatically mixed during the process of carting. The
addition of soil when composting is thereby rendered unnecessary except for a top
covering as each section is completed. By this method all the ingredients are
assembled together while still under the cattle. When the yards are cleaned out, cart
the manure to the field where it is to be used if possible not less than three months
before it is necessary to apply it. There make it into a 'muck hill', but build it up in
sections exactly as if it was compost. That is to say use stakes for ventilation holes,
and avoid standing on the sections. It is permissible to make the sections one foot
bigger in all directions, than compost sections, i.e. 6 ft. x 12 ft. x 6 ft., but in this case
it is advisable to make three ventilation holes. In three months, even without any
turning, the material in the heap, though not fully decomposed, will be found to be
short and friable, and will smell like compost and not like manure. It is half-way to
compost, and while not so ideal as the latter, is greatly superior to ordinary farmyard
manure. If time can be found to turn it, perfect compost results. One point more.
Compost can be applied at any time of year and in any quantity. It should be used
either as a top dressing, or ploughed or harrowed into the top few inches of soil,
where the aerobic organisms live. It should never be buried deeper than 6 inches.



Some mention must now be made of Howard's research work in India in the
course of which the Indore process was evolved. Just as McCarrison succeeded in
preventing disease among his rats by diet alone, so did Howard succeed in the
prevention of disease among his crops and livestock by treating the soil with
manufactured humus. In fact a very significant parallel exists between the
experimental work of these two men.

Although their investigations were carried out quite independently, one in the
medical and the other in the agricultural field, these can now be seen to have been
complementary, forming two parts of a connected whole.

Both McCarrison and Howard began their research work on nutrition from the
conventional approach of pathology. Both came to see that in order to discover the
secret of health it is necessary to study the healthy and not the diseased organism.
Both had the good fortune to be provided at a critical moment in their careers with
ample facilities for untrammelled research. McCarrison, when he was appointed
Director of Nutrition Research in India and given his laboratory at Coonoor, and
Howard when he was appointed Imperial Chemical Botanist to the Government of
India at Pusa. Here, he tells us, he was for the first time provided with 'real facilities
for work, land, money, and freedom to grow crops in my own way, and to observe
among other things the reaction, to insect and fungus pests, of suitable varieties when
properly grown. My real education as an investigator then began-six years after taking
my degree and after obtaining all the paper qualifications then needed for research.
My duties at the Pusa Research Institute, fortunately for me, had not been clearly
defined and I escaped the fate of many of our agricultural investigators-a life devoted
to a research organization already becoming obsolete. It was possible, therefore, to
attempt to break new ground and to try out an idea which had occurred to me in the
West Indies, namely, to see what happened when insect and fungus diseases were left
alone and allowed to develop unchecked, and where indirect methods only, such as a
combination of better varieties and improved methods of agriculture, were employed
to prevent attack.'

He took up all the land that was still available at Pusa, some seventy-five acres,
and spent his first five years in India ascertaining by practical experience the
principles underlying health in crops. He found that his best teachers were the
peasants of India themselves, and the insects and fungi which attack crops.

'By 1910," he writes, 'l had learnt a great deal from my new instructors--how to
grow healthy crops practically free from disease without any help from mycologists,
entomologists, bacteriologists, agricultural chemists, statisticians, clearing-houses of
information, artificial manures, spraying machines, insecticides, fungicides,
germicides and all the expensive paraphernalia of the modern Experimental Station.'

In the course of the work which resulted in this very considerable achievement,
Howard formed the opinion that the key to disease resistance was a fertile soil, and
that soil fertility could not be brought about by the use of artificial fertilizers, but was
absolutely dependent on adequate supplies of humus. His subsequent experiments
convinced him that the best results are obtained when humus is scientifically
manufactured outside the field, and that this humus is only fully effective if composed
of both vegetable and animal waste products.



Before the Indore process was evolved, tests were made to see if the same results
could be obtained without the compost containing any proportion of animal wastes;
but the peculiar power of humus to give resistance to disease was markedly less when
the animal element was omitted.

"Tll-advised attempts in Ceylon to make compost with vegetable wastes alone
have resulted in failure for the investigator himself and hindrance and discouragement
for the other planters who were tempted to follow his example. The actual growth
following the application of compost made from vegetable wastes alone is definitely
improved, bu no resistance to disease is established-indeed, a reverse effect has been
observed.

'On the other hand, I have before me two reports from estates in Africa where
animals have lately been included in the estate economy solely for the purpose of
making up the necessary complement of animal wastes in the compost heaps, with
extraordinarily impressive results. Large-scale experiments will soon provide
incontrovertible evidence on this point; but it has been clear to me since the inception
of the Indore process that animal wastes, even if (as in certain places in Great Britain)
such substitutes as dried blood are resorted to in the absence of farm yard manure, are
absolutely HGCGSSB,I'y.' (Howard, Humus. Revista del Instituto de defensa del Cape de Costa Rica, 1939).

An explanation for the failure which usually results from the omission of the
animal element will be given in Chapter V.

Howard further reached the conclusion, as a result of his experiments, that crops
have a natural power of resistance to infection, and that proper nutrition is all that is
required to make this power operative. Here was a close parallel to the rats of
Coonoor; but in comparing the work of McCarrison and Howard, a point of particular
interest emerges. When McCarrison's rats reached an age comparable with the fifties
in human life, those which had been fed on the sort of food common among English
working people were found, you will remember, to suffer from the same degenerative
diseases which are rife amongst our population, while complete freedom from such
diseases was displayed by the rats fed on the food of Hunza or Sikh, but McCarrison
did not, so far as [ am aware, attempt to cure the sick rats by a return to the Sikh diet,
nor does he appear to have tested the two groups for their comparative powers of
resistance to infective diseases.

The results of Howard's work on the other hand suggest that crops and livestock
raised on land made fertile by his methods of humus treatment attain a high measure
of immunity from infective and parasitic, as well as from degenerative diseases.

Further, it would appear that this treatment is curative as well as preventative. (see
Chapter VI.)

In three centres in India, Howard was in control of extensive areas of land for a
period of twenty-one years, and there he was able to carry out tests to prove his
theories.

He claims to have found that the factor 'that matters most in soil management is a
regular supply of freshly made humus, prepared from animal and vegetable wastes
and that the maintenance of soil fertility is the basis of health'. (Howard, quoted from Medical



Testament.) He further claims that his crops grown on land so treated resisted all the pests
which were rife in the district and that this resistance was passed on to the livestock
when these were fed on crops so grown.

'T then took steps to have my own oxen and to ascertain from firsthand experience
the reaction of well-chosen and well-fed animals to diseases like rinderpest, Johne's
disease and so forth which are common in India. After a short time my animals duly
came into contact with other oxen suffering, among other things, from foot-and-
mouth disease.

'T have myself seen my oxen rubbing noses with foot-and-mouth cases. Nothing
happened. The healthy, well-fed animal reacted towards this disease exactly as
improved and properly cultivated crops did to insects and fungi-no infection occurred.

'"These preliminary results suggested that the birthright of every crop and of every
animal is health and that the correct method of dealing with disease is not to destroy
the parasite but to make use of it for keeping agricultural practice up to the mark-in
other words to regard the diseases of crops and livestock as Nature's Professors of
Agriculture. These ideas were put to the test during the next twenty-one years at three
centres in India, at all of which I had to manage large areas of land, and look after
numerous oxen: Pusa (1910-24) ; Quetta (summers of 1910-18); Indore (1924-31).
Everything possible was done to grow crops properly; everything possible was done
for the livestock as regards food, hygiene and general management. The result was
freedom from disease.' (Howard, quoted from Medical Testament.)

These remarkable results are by no means isolated.

The Indore process has since been put to the test in other parts of India, and also
in many widely separated places throughout the world, including this country. Its
adoption has been attended by remarkable, and sometimes even spectacular, results.

Representative examples of these results will be given in a later chapter, but first,
in order that you may be in a position to form an unbiased judgement on the value of
the evidence that can be deduced from them, it is necessary that the true nature of
compost action should be made clear. Its behaviour differs widely from that of an
ordinary manure, and it is important that this fact should be grasped, and the reasons
for it understood.



CHAPTER IV
DIRECT EVIDENCE *

"The soul dares not believe its own marvellous guesses and instincts
unless it can fall back on definite dogma for confirmation.'
Coventry Patmore

(*This chapter, and the one following it, are very important to the argument of the book, but it is not
essential that they should be read by the non-scientifically minded, or by those who are only interested in
the conclusions to be drawn from them. Any reader, therefore, who finds them stiff, will lose little by
reading the rest of the book first.)

I have stated that Howard and others claim to have proved by practical field tests

extending over a number of years, that humus treatment confers on plants a power of
disease resistance amounting in some cases almost to immunity, and that a like result
is not, and cannot be, obtained by the use of artificial fertilizers. These views,
however, are by no means universally accepted; it is therefore necessary to examine in
some detail the scientific evidence in support of them.

As this assumes the probability that the soil micro-flora plays a direct and
important part in the nutrition of the higher plants, I must first present the evidence on
which this assumption is based.

This is an extremely complex subject, and a wide diversity of views exist
concerning it, many of them still controversial. That soil fungi are capable of utilizing
complex organic substances not directly available to higher plants, and of breaking
these down into simpler forms, is an established fact. That many of these fungi also
excrete substances that appear to act as a stimulant to growth also seems clear from
the evidence. But the now very considerable and growing body of research work on
mycorrhizal association seems to suggest that very many plant species and families
benefit from the presence of specific soil fungi in a particular and intimate way.

The history of this research goes back nearly 100 years. Thread-like structures
within the root cells of certain vascular plants were noted as early as 1829, and by
1847 were identified as being fungus mycelium. Frank described the 'dual structure
formed by the tree root with its associated mycelium' under the name of Mycorrhizal

and the name has stuck. (From Myco=fungal, and Rhiza=root. Should strictly only be used to denote a true fungus
root, but is often loosely used to describe all mycorrhizal infection.)

"The outstanding results of Frank's preliminary investigations, were, firstly, the
recognition of root infection as a widespread phenomenon in trees, and the bestowal
upon it of a distinctive name marking its existence as a morphological entity; and,
secondly, the rejection of the accepted view of parasitic invasion of these roots,
whether by truffles or other soil fungi, and the substitution of his theory of a



symbiotic relationship beneficial to the trees. The far-reaching character of this
hypothesis was a direct incentive towards the collection and interpretation of new
facts bearing on the subject.' (M. C. Rayner, D.Sc., Mycorrhiza. Cambridge Press.)

This collection and interpretation has gone on ever since. It is a fascinating story,

and has been fascinatcngly told by Dr. M. C. Rayner in her monograph on the subject.
(M. C. Rayner, D.Sc., Mycorrhiza. Cambridge Press.)

Since ignorance concerning this aspect of plant nutrition is very widespread, it
may be helpful to give a very brief description of the mycorrhizal habit.

Mycorrhizas are usually classified, according to their structure, into two main
groups, called ectotrophic and endotrophic, though these structural types are not
nowadays considered to be sharply marked off one from the other.

The mycorrhizas of many trees and shrubs belong to the former group. These can
easily be recognized by their outward appearance as distinct from ordinary rootlets.
They form the short root system of such trees as pines and spruces, and members of
the oak and beech family. A sheath of mycelium is formed over the tip of the young
rootlets, and the internal fungus infection is mainly intercellular.

Members of the second group resemble ordinary roots to the inexperienced
observer, though it is often possible to identify them by irregularity in diameter and
differences in opacity. The fungus infection of this group is mainly intracellular, the
mycelium within the cell walls eventually undergoing complete digestion by the plant
cell. This process is plainly visible under a microscope (see Plate II). It is to this group
that the mycorrhizas of the majority of crop plants belong.



PLATE II. Fig. 1. Longitudinal section through a mycorhizal root of Tea, showing
coils of active hyphae within the cell, and passing from cell to cell. Magnified about
450 times. Fig. 2. Ditto, showing disorganized and digested hyphae within a cell.
More highly magnified than Fig. 1. Fig. 3. Longitudinal section through micorrhizal
root of grass (Lolium Temulentum) showing adanced stage of digestion of intra-
cellular hyphae. Fig. 4. Longitudinal section through a micorrhizal root of Lawson's
Cyprus showing coils of active hyphae within the cells. A vesicle formed by the
infesting fungus is shown towards the left of the photograph. Figs. 1, 2 and 4, from
original photomicrographs. Fig. 3 from an original drawing.

The function of mycorrhizal association has been, and to a certain extent still is, a
matter of controversy. The views of the early investigators ranged from the theory that
the association was an accidental parasitic attack injuring the roots, to that of a
mutually beneficent symbiosis, playing an indispensable part in plant nutrition.

The effect of the most recent research is to discredit entirely the first view. A
phenomenon can hardly be accidental that occurs 'in wild and cultivated plants; in
those growing in tropical forests and within the Arctic Circle; in habitats so different
as the high Alps and the salt marsh, affecting an immense number of species of
diverse families and occurring regularly under the most varied conditions of climate
and soil.' (Rayner, 'Mycorrhizal Association in Crop Plants', Empire Cotton Growing Review.) The list of known
mycorrhiza-formers is being continually extended; at present it includes among
tropical and sub-tropical crop plants, tea, coffee, sugar-cane, oil palm, coconut, cocoa,
rubber, and tobacco; and among those grown in these islands and Europe, grasses



including the cereals, potatoes, vine, hops, clovers, peas, beans and other leguminous
crops, as well as many wild plants. Truly 'the habit challenges attention as a factor of

significant potential importance to practical growers'. (Rayner, Mycorrhizal Association in Crop
Plants', Empire Cotton Growing Review.)

The theory of parasitism is equally untenable. In some highly specialized groups
such as some of the orchids and heaths, the mutualism is so clearly defined that in
some cases normal seedling development depends, under natural conditions, on the
presence of the fungus. (For example Ling or Scotch Heather (Calluna Vulgaris). See Rayner, Mycorrhiza, p. 96.)
In others the host plant dies or suffers from completely arrested development without
its fungus associate. See below. Also experiments with beech described in Mycorrhiza, p. 24.) In other less
specialized varieties, it has been noted, among all those that have been closely studied
under natural conditions, that the healthiest, most vigorous plants are those with the
most active and widespread fungus infection, whereas in poorly developed and
unhealthy plants, infection is weak and localized or even absent, so that to accept the
theory of parasitism 'involves the paradoxical assumption that healthy growth is
invariably accompanied by decreased resistance to parasitic attack, and by the
production of an absorbtive system the major part of which is hampered by fungal
interference'. (Rayner, Forestry, 1939.)

Since vigorous fungal activity in soil is dependent on adequate supplies of
humus, it should now be clear that some knowledge of the part played in the life of
the higher plants by soil microflora and fauna in general, and mycorrhizal association
in particular, is an indispensable equipment of any would-be entrant into the arena of
the Humus v. Chemical controversy, yet it is my experience that the majority, if not
all, of the disinterested advocates of chemical fertilizers are totally ignorant of the
subject, and that their ignorance is shared by many of their opponents in the humus
camp.

This ignorance is perhaps excusable when it is remembered that even to-day few
botanical text-books give an adequate or unbiased account of mycorrhizal association,
(An exception is Biology of Flowering Plants by Skene.) and still fewer indicate the potential practical
importance of this widespread habit among vascular plants.

Indeed the extent to which the whole subject has been ignored, even by accepted
experts in soil science and plant physiology is difficult to understand. It is probably
due to a variety of causes, of which the principal one is, I think, the over-emphasis on
chemistry which, since Liebig, has been a feature of agricultural and horticultural
research. This has resulted in soil chemists rather than soil biologists being placed in
control of experimental stations. Secondly, soil biologists have tended to focus their
attention on specialized groups of soil organisms such as, for example, nitrogen-fixing
bacteria, and specific parasitic fungi. They have largely overlooked the general
relationship of the soil micro-flora with normal plant growth.

This fragmentation, while understandable, nevertheless seems to me to be the
curse of much modern research. Whatever we study, our tendency is to break it up
into little bits, thereby destroying the whole, and then to study the effect or behaviour
of the separate pieces as though they were independent, instead of--as in fact they are-
-interdependent.



The importance of the science of ecology in all fields of living matter has been
increasingly realized in recent years, and it is recognized that the study of plant
ecology is still in its infancy. Using the same analogy one might justly say that the
study of soil ecology is in the pre-natal state. There are, however, signs that the birth
pangs have begun, and the infant, when it arrives, promises to be a lusty one, destined
perhaps to play a vital part in man's better understanding of how to live.

When this happens no research worker will have a greater claim to rank among
the chief assistants at its birth than Dr. Rayner. Her recent work on mycorrhizal
association has been mainly concerned with trees, and her investigations are quite
separate from, and independent of, any of the aspects of soil fertility and health dealt
with in this book. Their importance in connection with this subject rests mainly on the
fact that an incidental result of her work has been greatly to elucidate the nature of
compost action, and the effects of its application on the soil population.

The exact manner in which associated or other soil fungi benefit higher plants is a
question on which experts still differ. I discuss some of the different theories in the
next chapter. The accurate answer to the question is of immense scientific interest but
from the practical point of view it is more important to establish the fact that the plant
does benefit, and in a way that is vital, either directly from the presence of these
fungi, or from soil conditions which also favour free fungal development, for
obviously if such a fact were fully established in regard to crop plants the implications
would be very far-reaching. Among other results would be a complete justification of
Howard's conclusions, for, as already stated, fungi thrive in humus and cannot live in
soil without it; moreover there are indications that soil fungi are inhibited by many
chemical fertilizers. (See chapters V and VI.)

The difficulty of providing critical proof of the beneficent action of soil fungi on
crop plants arises from the paucity of direct scientific evidence regarding the
physiological role of endotrophic groups of mycorrhizal fungi in plant nutrition, from
the scattered nature of the circumstantial evidence, and from the extreme complexity
of the subject. This last may well be responsible for the different results sometimes
obtained by different investigators concerning the relative merits of organic versus
chemical soil treatments.

My difficulty, therefore, in adventuring into this sea of cross currents was to find
a really secure anchorage from which to start. When, in the course of extensive
reading on the subject, I obtained access to the reports of Dr. Rayner's recent work on
trees at Wareham Forest, I decided, rightly or wrongly, that I had found such a
starting point.

True, these investigations were concerned with the ectotrophic mycorrhizal
responses in coniferous trees growing on natural soils, and might at first sight appear
to be totally inapplicable to crop cultivation, nor do I claim that they are directly so
applicable. The great advantage of them, as a starting point from which to consider
the evidence in a wider field, is that while most of this other evidence is at best only
circumstantial, though none the less cogent, the evidence of Rayner's experiments
provide, in the case of certain important conclusions, critical scientific proof of so
definite a nature as to preclude the possibility of doubt concerning the correctness of
the deductions.



This being so, I felt that despite the specialized nature of the material under
investigation at Wareham, here was a yardstick by which some of the scattered
evidence covering a much wider field of material and conditions might perhaps be
measured. My reasoning ran thus: In the course of Rayner's investigations on pines,
certain soil treatments produced certain responses in the tree seedlings. The reasons
for the results obtained were definitely and fully established. If it could be shown that
similar treatments produced similar responses in crop plants on cultivated soils, then a
prima facie case would have been made out for assuming that in both cases the same
cause was operating.

I received early encouragement to pursue further this line of thought when I
learned that the indigenous vegetation growing in the experimental area at Wareham
did in fact respond to certain treatments in much the same way as the trees.

In the next chapter I shall develop further the hypothesis that an analogy exists
between the Wareham experiments and crop cultivation. First I wish to describe two
of the experiments themselves. The first proved that compost does not act like an
ordinary manure by supplying nutrients to the pine roots direct (although this
discovery when originally made was quite incidental to the work in hand), but that it
acts indirectly by stimulating the activity of soil fungi. The second proved that the
action of these fungi, in association with the pine roots, stimulated both root and shoot
development in a manner far surpassing anything obtained by inorganic chemicals,
this being demonstrated not only by the size of the tree seedlings under investigation,
but also by their health and vigour, and powers of disease resistance.

I am greatly indebted to Dr. Rayner, and to the editor of Forestry (The Journal of the
Society of Foresters of Great Britain) fOT permission to use abstracts and quotations from the
papers describing these experiments, and to reproduce some of the photographs which
illustrate them.

Dr. Rayner is perhaps the first botanist to realize that the question of the exact
function of mycorrhizal association in trees, so long a matter of controversy, can
never be finally answered in the laboratory.

'Modern research on mycorrhizal problems has been marked by recognition of the
extraordinary frequency of the phenomenon in nature and by the application of more
precise methods of research involving isolation and pure culture of the fungi
concerned. Investigations of this kind are laborious; extraction of the mycorrhizal
fungi and the synthesis of fungus and host in pure culture present difficulties, while
evidence of behaviour under fully controlled conditions must be applied with the
greatest caution to those in nature. The mycorrhizal habit, possibly of critical
importance to plants exposed to full competition in the field, may play an insignificant
part in the nutrition of the same species sheltered from such competition. For the
latter, the rooting conditions are relatively simple and static; to the former they must
present a succession of complex and continually shifting problems complicated by the
direct competition of other soil organisms for food materials, and also indirectly by

changes in the environment conditioned by these and other microbiological activities.'
(Rayner, Forestry, 1939.)



Holding these views, it was only natural that Rayner should be on the look-out
for opportunities of conducting research on mycorrhizal reaction under natural
conditions, and of supplementing laboratory tests by field tests.

An admirable opportunity occurred in connection with the afforestation under the
Forestry Commission of a tract of 3,454 acres of very poor infertile land at Wareham
Forest in Dorset.

The early attempts at tree planting there had met with very irregular results, a
large proportion of the seedlings having died outright or passed into a condition of
'more or less complete check'. Rayner records that 'It is still possible 14-16 years after
these original sowings, to find surviving seedlings a few inches high. The root
systems of such plants from untreated soil even when quite young, were defective,
with intermittent die back of the younger roots, and corresponding poverty of
mycorrhizas." (Rayner, Forestry, 1939.)

In 1930 Rayner began her series of researches into the cause of infertility for tree
growth in the Wareham soil. She formed the opinion that in those places where tree
growth was inhibited a toxic factor in the soil was operating. This view was
subsequently proved to be correct by independent investigation and the toxin was
shown to be of biological origin. (Professor Neilson-Jones, '‘Biological Aspects of Soil Fertility', Journal of
Agricultural Research, Vol. 31, Part 4, October 1941. (See also Chapter V and Bibliography.) This peculiarity in the
Wareham soil greatly facilitated the investigation. One of the factors adding to the
difficulty of mycorrhizal research under natural conditions is the liability of roots to
suffer attack by parasitic fungi, when conditions favouring mycorrhizal association
are upset. In untreated Wareham soil a/l fungal growth is more or less inhibited, and
thus experiments designed to determine mycorrhizal responses were exceptionally
free from any confusing issues.

The earlier experiments at Wareham proved conclusively that mycorrhizal
association in pine is causally related with healthy growth, and experimental soil
treatments were designed to ameliorate the conditions believed to be responsible for
inhibition of fungal activity, and ultimately for defective root growth of the pines
sown or planted in the area. Chief among the treatments adopted by Rayner to this end
was the use of different kinds of carefully prepared organic composts. The results
were startling. (See Plates III-V.) They were published in the 1936 issue of the
Journal, and caused a flutter in forestry circles; also some controversy, for while the
results of her treatment could not be disputed--they were there for all to see--her
conclusions were not always accepted. At that time proof was still lacking of the
correctness of her initial hypothesis of the biological origin of soil infertility at
Wareham, and it was argued that it was the chemical nutrients in the composts that
affected the growth of the trees, and not their effect upon biological soil activities. An
experiment was therefore designed as an answer to this criticism.



Fig. 3

PLATE III. Experimental Field Plots at Wareham Forest, Dorset. Scots Pine, sown
April, 1933, photographed July, 1935. Fig. 1 Control plot untreated. Fig. 2. Plot
treated 10 Ib. compost Cl. Fig. 3. Plot treated 10 1b. compost C5. All from more
exposed area.

Plates III to X reproduced by the courtesy of the Editor of Forestry
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PLATE IV. Fig. 1. 7 months from sowing. Figs. 2 and 3. 15 months from sowing.
Fig. 1 shows representative pots of controls (C0) and plants treated C1 and C5
respectively; at this age condition in each series was uniform. Fig. 2. Representative
pots of controls and plants treated C1; all pots uniform within series. Fig. 3.
Representative pots of controls and plants treated C5. Controls uniform in all pots of
series; range of variations in treated plants illustrated.

H P. CONTORTA

PLATE V. Fig. 1. Lodgepole Pine (Pinus Contorta) roots from untreated soil (C0)
and from soil treated with C5 compost (field plot). Fig. 2. Ditto, roots from untreated
soil (C0) and from soil treated with C1 compost (pot cultures).



Field observations had already indicated the complex nature of compost action.
For example, tests were made with two composts of almost exactly similar
appearance and chemical composition. One was made with 75 per cent softwood
sawdust and 25 per cent fallen beech leaves, and the other with 75 per cent softwood
sawdust and 25 per cent chopped straw, both were composted with 1 per cent of
nitrogen in the form of dried blood. When these were applied to field sowings of
Scots pine, the first produced 'well-balanced, vigorous growth with free development
of mycorrhizas of normal structure', while the second produced results 'little better
than the untreated controls'. Yet the same two composts when applied to another
species of pine (Pinus Contorta) both produced equally vigorous growth, in marked
contrast to the controls.

The whole of the experimental area suffers from a marked phosphate deficiency.,
and the application of phosphate in certain forms (notably basic slag and bone meal)
has brought about effects in kind similar to that induced by compost treatment, though
the extent of growth stimulation is greater with composts (see Plates VI and VII). On
the other hand phosphate applied in some other forms, superphosphate for instance,
proved lethal to the trees.

-



PLATES VI AND VII. Wareham Forest, Dorset. Comparative effects produced by
two composts (C1 and C5) and Basic Slag on field sowings of Corsican pine.
Photographs at representative patches 17 months from sowing. Fig. 1. Control
untreated. Fig. 2. Treated 2 oz. basic slag at sowing. Fig. 3. Treated 2 Ib. of C1
compost at sowing. Fig. 4. Treated 2 1b. C5 compost at sowing.

These various observations are held to support the view that compost, and very
probably phosphate also when applied in the form of basic slag or bone meal, act
indirectly, and that their organic constitution, and their effect on the soil micro-flora,
are more critically important to the growth of conifers, than the quantity of available
nutrients which they may contain. In order to put this hypothesis to the test the

following experiment was carried out.' See Forestry, 1939 issue, or Problems in Tree Nutrition, Faber and
Faber.)

Several series of pot sowings of Scots pine were made in imported Wareham soil.
In two series, two different composts (C 1 and C 5) were added at the time of sowing.
Two other series received the amount of salts needed to supply nitrogen, potash,
phosphoric acid, and lime, in the same quantities as those present in the compost. (For
exact analyses, and details of technique, see Technical Ref. No. 5b p. 235.) A fifth series was sown in the
experimental soil with cow manure added at the same rate as the compost. The control
series consisted of sowings in the experimental soil without any addition.

C 5 compost is made from hop waste, and C 1 compost from chopped straw. In
this experiment both were composted with 1 percent nitrogen in the form of dried
blood.



All series were run in two alternative ways. In one group any excess of water
which drained from the pots was discarded. In the other it was collected in darkened
containers, in which the pots stood, and was regularly returned again to the pots. In
this second group, therefore, no soluble nutrients were lost through leaching. The
plants were watered with rain water throughout the experiment which lasted for two
years.

Rayner reports that all cultures were 'entirely satisfactory in respect to health of
the seedlings, uniformity of growth within each series, and range of variation within
the populations of individual pots.'

At the end of the first year's growth control seedlings in the untreated Wareham
soil 'made defective root and shoot growth and produced short needles of a bad
colour'. The series receiving equivalent salts were 'quite healthy and vigorous' but
were markedly smaller than the plants of either composted series. (See Plate VIII,
top.) Both these last made much more growth than any of the other series, the
maximum being obtained with C 5 compost. In both, 'shoot and root development
were greater, needles longer and of better colour'.

PLATE VIII. CoWareham soil untreated. C5 same plus 25% C5 compost. C5 salts.
same plus equivalent nutrient salts of C5. C1 same plus 25% C1 compost. C1 salts.
same plus equivalent nutrient salts of C1. Group 1. Drainage not returned, on left.



Group 2. Drainage returned, on right. Top: six months from sowing. Middle and
bottom: 18 months from sowing.

There was very little difference in any of the series between the two groups, one
with and one without having the drainage water returned. During the second season
the differences in growth between the various series was maintained. (See Plate VIII,
middle and bottom.) But by the end of that year when the experiment was brought to
an end, a marked difference had become apparent within the different series between
the groups receiving and not receiving the return drainage water. This affected not
only the size but also the health and vigour of the seedlings.

In the case of the compost treated plants, and those with cow manure, the return
of drainage water proved to be beneficial, the dry weights of the seedlings in these
series, exceeding those of the same series in the group not receiving the drainage
water by from 2.2 per cent in the case of cow manure up to 1221 per cent in the case
of C 5 compost. In the case of the control seedlings in untreated soil and those
receiving equivalent salts, the reverse effect was apparent. Here return of the drainage
water proved to be deleterious. In this case the dry weights of the seedlings in these
series were less than the same series in the group not receiving the return drainage
water, by amounts ranging from 23.7 per cent in the case of C 5 salts up to 32.5 per
cent in the case of the controls.

A further interesting point was noted, the increases and decreases in the dry
weights were calculated separately for the root and shoot systems and it was found
that where the return of the drainage was beneficial, the increase in dry weight was
greatest in the case of the root system, whereas in those series where the return
drainage proved to be deleterious the decreases in dry weights were greatest in the
shoot system.

The detailed table of weights is given in Technical reference No. 5c. Tables 3 and
3A give a summary.

TABLE 3
WHERE RETURN DRAINAGE WATER WAS BENEFICIAL
Increase weight

percentages

Shoot Root
Wareham Soil + C 5 compost 6.5 20.2
Wareham Soil + C 1 compost .7 2 0.3
Wareham Soil + Cow Manure 1.8 3.4

TABLE 3A
WHERE RETURN DRAINAGE WATER WAS DELETERIOUS
Decrease weight

Percentages

Shoot Root
Wareham Soil untreated 37.3 20
Wareham Soil + C 5 equivalent salts 25.8 17.8
Wareham Soil + C 1 equivalent salts 27.3 24.5

Rayner's observations on this result are as follows:



'The presence of soil substances actively inimical to root growth was inferred at
an early stage of the Wareham researches. It was, indeed, the conclusion derived from
this inference, that the marked infertility of this soil for tree growth is more closely
related to the presence of such toxic substances than to poverty of nutrients, that led
originally to the use of organic composts as a means of alleviating the unfavourable
condition.

'In view of the purpose of the present experiments, however, it is regarded as
highly significant that return of drainage water over considerable periods has provided
evidence of a depressing effect upon growth, far exceeding in magnitude any
beneficial effect derived from return of leached nutrients, in all cases except those in
which the soil received additions of organic matter in the form of composts or cow
manure. The results of the present experiments thus confirm conclusions already
reached in respect to the existence of deleterious substances in the soil solution, and
clarify previous observations on the beneficial effects of leaching in pot cultures. Not
only so, but they afford convincing evidence in support of the hypothesis that compost
treatments operate mainly by bringing about fundamental changes in the organic
residues, whereby the microbiological activities of the soil and their ultimate by-
products are profoundly and permanently modified.

'"The experiments show that increase in the supply of available nutrients plays a
relatively insignificant role in the steady maintenance of healthy and vigorous growth
that follows addition of composts to the soil. They show further that addition of
mineral salts is practically without influence on the production of substances
deleterious to growth, whereas that of composts--and to a less extent of cow manure--
puts a stop to the production of undesirable by-products, thereby rendering the
leachings innocuous and permitting utilization of any nutrients returned with them.'

Examination of the root systems for mycorrhizal reaction at the end of the
experimental period showed that in these pot experiments, 'All plants showing
maximum size, health and vigour, showed also a maximum development of

mycorrhizal fungi.’ (Space does not permit the inclusion of a detailed description of the mycorrhizal responses in the
different series of this experiment. Readers are referred to Dr. Rayner's paper in the 1939 issue of Forestry which is published as
a reprint by the Oxford University Press, or to her book Problems in Tree Nutrition, Faber and Faber.)

Discussing the results of this experiment Rayner writes:

'"The experiments described in this paper were designed to meet the criticism that
addition of mineral nutrients to the soil, in amounts corresponding to those in
composts, would produce similar effects on growth, and to establish the correctness of
conclusions put forward in an earlier communication. For the soil under investigation,
these conclusions were that the use of organic composts produced qualitative changes
in the humus constituents and that these, rather than increase in the supply of
available nutrients, are the fundamental cause of restored fertility. The failure of
growth and irregularity of behaviour observed in the trees were interpreted as bound
up with biological activities yielding inimical by-products, and not merely as a
resultance of poverty in available nutrients.

'"The evidence derived from the pot-cultures in Series 2, 3, 4 and 5 of the present
experiments affords direct support for this hypothesis of compost action. It proves that
increasing the supply of nutrients in this poor soil by addition of soluble salts of



nitrogen, potash, and phosphoric acid, corresponding in amounts to those in the
composts, evokes surprisingly little response in pine seedlings, even when potential
loss by leaching is compensated for by return of all drainage throughout the period of
the experiment. It thus provides a complete refutation of the criticism that the action
of the composts in promoting the healthy growth of young trees on certain soils is
mainly due to increased supply of directly available nutrients, confirming the
conclusion that the action of the compost in stimulating the growth of pine seedlings
differs essentially from that of ordinary manures. . . .'

I have described this experiment in some detail, because the point which it
emphasizes cannot be too often repeated, namely, that the value of compost as a
treatment for crops cannot be measured only, or even mainly, in terms of its chemical
composition.

It may be argued that no such general deduction can be made from the results of
experiments carried out on conifers, and on a soil type so extreme as that at Wareham.
I offer my answer to this possible criticism in the next chapter, when the whole
question of the wider application of the Wareham experiments will be considered. At
this point I go no farther than to assert that in so far as the pine seedlings under
consideration were concerned, the experiment just described definitely established the
claim that compost does not act like an ordinary manure. Further, it demonstrated that
while compost possesses the power to remove factors inhibiting fungal activity,
continued application of nutrients in the form of chemical salts does not.

That mycorrhizal activity follows the application of compost was proved by
examination of the root systems concerned. That this increased activity was due to
stimulation of the fungi already present, and not to active mycelium introduced with
the compost was proved by the fact that mycorrhizal activity was also found to follow
applications of sterilized compost.

Although these vigorous mycorrhizas formed by healthy seedlings treated with
compost show marked structural differences from those growing in untreated soil,
there is no question of a different fungus being responsible. In natural Wareham soil
only one species of fungus has ever been observed as forming association with Scots
pine.

'All mycorrhizas, whether normal in structure or otherwise, are formed by
association with B. bovinus identified in the case of each type by isolation of the
mycelium and comparative study in pure culture.'

We now come to the second point. The series of experiments which established
the fact that it was the stimulation of the mycorrhizal fungus, by whatever means
induced, that was responsible for the restored fertility. Proof of this has been supplied
by a series of experiments, the results of which are described in a paper by Rayner
and Levisohn published in the 1941 issue of Forestry. (Reprinted in Problems in Tree Nutrition,
Faber and Faber.) These experiments took the form of isolating the mycelium responsible at
Wareham for the formation of mycorrhizas in pine, and then using different forms of
the pure fungus in a series of soil inoculations. Tests were also made with humus
inoculations.



These investigations were carried out both in field plots and in pot experiments.
In the latter, the sequence of events already observed in compost treated plants
followed in all cases, whether the inoculum employed consisted of pieces of natural
sporophores, fragments of humus from suitable soil (see Plate IX), or pure fungus
culture raised on laboratory media. In all these cases inoculation was followed by
development of the short root system of the seedlings, and the subsequent rapid
conversion of these roots into mycorrhizas. A marked improvement in the health and
growth of the seedlings then took place.

PLATE IX. Fig. 1. Lodgepole pine. 4 Wareham soil. B ditto plus 5 gm. inoculum of
Californian soil. C soil from E1 Dorado National Forest California, all 13 months
from sowing. Fig. 2. Norway spruce. Co Wareham soil untreated. C1 ditto plus C1
compost. 18 months from sowing. Fig. 3. ditto. Right-hand pot, Wareham soil plus 5
gm. inoculum Swedish soil. Left-hand pot Wareham soil plus C1 compost plus 5 gm.
inoculum Swedish soil. 18 months from sowing. Fig. 4. ditto. Co (left) Wareham soil
untreated. Co (centre) Wareham soil plus 5 gm. inoculum of Swedish soil. C5
Wareham soil plus C5 compost plus 5 gm. inoculum Swedish soil, all 27 months
from sowing.

In the field plot experiments the inocula were inserted here and there throughout
the plots, a few inches below the surface. In this series of investigations the resulting
responses were much more variable than in the pot experiments, but in all cases an
improvement in growth as compared with the controls took place, though in some of
the pure culture inoculations this was considerably delayed.

Plate X illustrates the results on one of these plots.
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PLATE X. Fig. 1. Scots pine control seed plot, Warecham experimental area,
untreated soil. Fig. 2. Ditto, seed plot Wareham experimental area, treated with
inoculum of Bolitus Bovinus in pure culture 14 months from sowing.

Both photographs 8 years from sowing and on same scale.

In these field plot inoculation experiments, the improvement in the health and
growth of the seedlings in the plots treated began with those growing nearest the
points of inoculation, and gradually spread outwards from them, through the plot.
Stimulus to growth must therefore 'originate in these inocula and is evidently
biological in character. . . . It is legitimate to infer that the biological constituent
concerned in all these cases is mycelium of a fungus or fungi known to form
mycorrhizas with the tree species under observation; known to be introduced in the
inoculum and observed to be present in the mycorrhizas subsequently developed. . . .
The conclusion follows, therefore, that soil activities leading to the stimulation of
plant growth are induced by the introduction to seed-beds of suitable inocula, whether
of soil fragments or sporophore tissue, or pure cultures of specific mycorrhiza-
formers,' and 'This stimulus to root production is directly related in some manner-at

present unexplained-to the results of fungal activity in the soil." (For detailed technique of this
experiment the reader is again referred to Forestry, 1939 issue, or Problems in Tree Nutrition, Faber and Faber.)



As a result of the two series of investigations just described, it must be conceded
that in the case of pine seedlings grown on Wareham soil, the following facts are fully
established.

(a) Compost treatment produces healthy growth absent in the controls.
(b) This is not due to the available plant nutrients contained in the compost.

(c¢) Nutrients supplied in the form of inorganic salts fail to correct the toxic
condition, and their continued application increases it.

(d) The vital factor governing restored fertility is stimulation of mycelial activity.

Before proceeding to the next step in the building up of my case there is one
more of the Wareham results which must be mentioned. This is concerned with
observations made on Lawson's cypress. This conifer, unlike pines and spruces, forms
endotrophic mycorrhizas in common with ordinary crop plants (see Plate II, Fig. 4). It
is a native of the northern Pacific States of the U.S.A. and is commonly planted as an
ornamental tree in gardens in this country. It is 'not fastidious in respect to soil and
climate under these conditions'. (Rayner, Forestry, 1941.)

During the earlier afforestation attempts at Wareham a few experimental
plantings of this tree were made there. The seedlings used were transplants from
nursery soil. Some were transplanted into untreated Wareham soil, others received 2
oz. of basic slag at the time of planting. When Dr. Rayner's attention was first drawn
to these seedlings, four years after planting, they were 'conspicuous for the vigorous
growth made on very poor light soil . . . both the control plants and those that had
received phosphate were equally healthy and vigorous; in both the foliage was green,
and there were no symptoms of malnutrition.'

This behaviour was so surprising in view of the natural habitat of this tree, and so
at variance with the usual experience at Wareham, that an examination was
undertaken of the root systems of seedlings growing at Wareham, of others in the
original nursery soil, and of a third series sent from Oregon, U.S.A.

In plants from all these sources 'the whole root system including the young active
roots proved to be mycorrhizal, showing deep-seated infection by the mycelium of a
fungus of the vesicular-arbuscular type'. Pot sowings were then undertaken in order to
find out if this fungus was ordinarily present in Wareham soil, or had been introduced
with the transplants. One series was sown in untreated soil, two in soil receiving
varying amounts of basic slag, and another series in soil plus an addition of C 5
compost. Here are the results. The controls in untreated soil were 'very small with
poor root development and discoloured foliage. Addition of basic slag at the rate of 5
grammes or more per pot was deleterious to growth; at the rate of 2 grammes per pot
produced no detectable effect. Addition of C 5 compost gave marked improvement of
growth comparable with that already observed for pines and other conifers. In none of
the experimental plants was any trace of mycorrhizal infection present.' This result
was later confirmed by further experiments. The fungus had thus clearly been
introduced with the transplants.



The sequel to the story is particularly interesting. In 1939 the cypress seedlings
growing at Wareham began to show signs of ill health: first yellowing of the foliage
and then cessation of growth. Laboratory examination of the roots of these plants
revealed that 'mycorrhizal association had disappeared from the roots of the plants
treated with basic slag, and was present only as traces of fungal infection locally in
those of the control plants.'

Obviously mycorrhizal association plays a critical part in the normal nutrition of
this tree. The two most interesting points in this investigation seem to me to be: (a)
that while the fungal associate of this cypress (a forest tree in its native U.S.A.),
clearly does not exist in Wareham soil, it does presumably exist in the garden soils of
this country; and (b) that in the pot experiments the seedlings made healthy growth in
the presence of compost even without forming mycorrhizal association.

In connection with this, an interesting thing occurred last winter (1941-2). Dr.
Rayner tells me that in the course of a pot experiment with seedlings of this cypress, it
was found necessary (not as part of the experiment) to let the pots stay out of doors all
the winter. As most of us are not likely to forget, it proved to be the hardest winter
known in this country for many years. The severe frost proved to be too much for the
pot seedlings growing in untreated Wareham soil, or in soil with an addition of basic
slag; the plants growing in compost-treated soil on the contrary, not only survived the

winter, but remained outstandingly robust and healthy. (See Chapter VIII for a similar experience
with beans.)

Tests are now being made at Wareham with this tree to determine whether
applications of compost at the time of planting will maintain the activity of the
associate fungus introduced with the transplants, and further tests are being made to
discover whether this cypress can continue to thrive without its fungus if compost
treatment is given. [ await the results of these further experiments with lively interest,
for I feel that Lawson's cypress, which, like crop plants, forms endotrophic
mycorrhizas, may afford a link to bridge the gap in the present knowledge of the
latter.

The knowledge which has been accumulated in respect to the ectotrophic
mycorrhizal habit in trees is now very extensive, as this chapter must have indicated.
The endotrophic mycorrhizal habit in crop plants on the other hand has been

shockingly neglected. ('The part played in nutrition by the fungi present in endotrophic mycorrhizas, and the
biological significance of root infection in relation to differences of soil and other external factors, continues to be a subject of
controversy. There is a strong prima facie case for a beneficent action upon the nutrition of the host based upon cytological and
microchemical evidence. To supplement this, data derived from pure culture experimental researches on certain groups is now

slowly accumulating.' See also Technical Ref. No. 6.) The fact that trees are long-term plants, so that
seedlings can be observed over several years growth has, no doubt, made them easier
to study, and therefore more attractive to research workers. The ordinary crop plant
which reaches maturity in a single season must obviously present greater difficulties
to the would-be observer. This is where I feel that a study of Lawson's cypress may be
of assistance. If this tree should prove capable of survival without mycorrhizal
association in compost-treated soil, then a close study of its behaviour might lead to
an explanation of the undoubted fact that on species of crop plants not believed to
form mycorrhizal association, (For example, members of the cabbage family.) cCOmMpost treatment
often produces results as spectacular as those resulting from the same treatment on
known mycorrhiza formers.



This is an important point sometimes lost sight of. It will be more fully
considered in the next chapter.



CHAPTER V
CIRCUMSTANTIAL EVIDENCE

'Nature is often greatest in her smallest creations.'
M. S. Devere

In this chapter I undertook to show that a connection exists between Dr. Rayner's

research work on coniferous trees at Wareham Forest, and the everyday cultivation of
food crops.

In order to marshal the evidence in an orderly fashion, I will now recapitulate
under six headings certain facts proved at Wareham. I then propose to take these six
points in order, and to see if any evidence exists for believing that to any, or all of
them, a parallel can be found in ordinary farming practice.

Here is the list:

(1) Mycorrhizal association plays a critical part in the nutrition of pines, the
fungal activity producing substances that stimulate the growth of lateral roots.

(2) Infertility for tree growth at Wareham is not due to absence of the appropriate
associate fungus, but to a toxic condition which inhibits all mycelial growth. This
toxin is of biological origin, being a by-product of the metabolism of some soil
organism.

(3) The application of nutrient salts of nitrogen, phosphorus, and potash, fail to
alleviate the toxic condition, the relatively small improvement in growth of the
seedlings resulting from their application not being maintained.

(4) The application of composts made by fermenting vegetable wastes with 1 per
cent of nitrogen in the form of dried blood, not only rapidly removes the toxic
condition, but is self-propagating in that the soil so treated does not regain toxicity.
This result is not obtained in so great degree when an inorganic chemical activator is
substituted for the dried blood.

(5) The action of the compost is not due to the plant nutrients it contains, but to
its biological reaction which has the effect of fundamentally modifying the soil
microflora.

(6) The restoration of health and vigour in the pine seedlings, brought about by
compost treatment, is not due to direct action of the compost on the plant roots, but to
indirect action due to stimulation of mycorrhizal and other soil fungi, and the removal
of the substance previously inhibiting their growth.



These six points were proved in so far as the particular case of tree growth in
Wareham soil is concerned. On the extent to which they can now be shown to apply
also to other soils and crops, depends their importance to farming practice, and
national health. Taking these points in order then, the first question to be answered is
this: Does mycorrhizal association play a vital part in the nutrition of other
mycorrhiza formers growing on ordinary soils? If so, in what does the benefit to the
host plant consist?

The following is the opinion of a Professor of Botany on this point "The plant
physiologist is simplifying unduly the problem with which a plant growing in soil is
faced in obtaining nutrients by means of its roots, if it be assumed that conditions
approximate to those of experimental laboratory cultures in which mineral salts are
supplied to the roots for absorption. In soil, the activities of various micro-organisms
complicate the natural roots' environment in many ways: not only by direct
competition but by controlling the forms in which available nutrients are presented
and the production of substances beneficial or deleterious to growth; also, by forming
beneficent or harmful associations with the root tissues. The fact that probably 80 per
cent of flowering plants form mycorrhizal relationships is alone sufficient to suggest
that the simple picture of mineral salts absorbed through root hairs represents only
part of the mechanism of root nutrition--in many cases quite a small part of all the
processes intervening between addition of organic matter to the soil and absorption of
nutriment by the plant. Presumably, the difficulty of precise quantitative investigation
of the nutritive relations of mycotrophic plants is responsible for retention of the
convenient fiction that this form of nutrition is casual and exceptional, when in point
of fact it appears to be normal and regular for a majority of mature flowering plants in
soil.' (Neilson-Jones, 'Biological Aspects of Soil Fertility'. Journal of Agricultural Research, Vol. 31, Part 4, October 1941.)

In a pamphlet, printed in 1939, of which this book is really an enlarged and
revised edition, I suggested that the part played by mycorrhizal fungi in forming a
bridge between humus in the soil and the roots of plants, was a discovery of very
recent origin.

It will be seen from the previous chapter that this is not factually correct, Frank
having held the view, as long ago as 1885, that 'Mycorrhiza is a symbiotic relation to
which probably all trees under certain conditions are subject. It is formed only on
soils containing humus or abundant plant remains, and its formation waxes and wanes
with the abundance or otherwise of these constituents in soil. The root fungi carry to
the trees not only the necessary water and salts but also soluble organic material
derived from the humus, thus lending a new significance to leaf-fall and the
accumulation of humus in woodland soils.' Rayner, Mycorrhiza.)

But even though this discovery was made by 1885, I still do not feel inclined to
retract my original statement, for while it may not be true in the letter, I maintain that
it is true in the spirit. In support of this view I again refer to the inadequate treatment
of the subject in textbooks, and agricultural teaching. Although research work on
mycorrhizal responses has been going on for 100 years, it has been principally
confined to trees, orchids, and heaths, and mainly conducted in the laboratory. That
the possible importance of the habit in ordinary crop plants has been largely
overlooked is clearly shown by the first of the above quotations. Not till Rayner's field
experiments demonstrated the connection between compost treatment and



mycorrhizal responses in trees, was the clue apparent to explain results being
obtained, by some other users of compost, on crop plants.

The clue may have been on record for close on 100 years, but Rayner presented it
in a new light, and Howard had the brain-wave to see where it led.

How new was this light, is proved by the fact that it was found necessary to
arrange a special experiment in order to demonstrate that the beneficent effect of
compost bears little relation to its chemical composition, and that its biological
reactions are of more importance than either its physical properties or the plant
nutrients which it may contain.

As already explained, this elucidation by Rayner of the complete nature of
compost action, including its ability 'to alter profoundly the soil bionomics', was quite
incidental; her compost treatments, conceived for a special purpose, having no
relevance to 'compost experiments' in the usual sense. It is for this very reason that it
required something in the nature of an inspiration on Howard's part to see a
connection between the forestry experiments at Wareham, and certain results being
obtained in India on tropical crops.

This is how he himself describes this discovery:

'How does humus affect the crop generally and how does a factor like this
increase resistance to disease? The large scale trials of the Indore process now being
carried out on coffee, rubber, cacao, and other crops in the tropics have furnished
some interesting information on these questions.

'In a number of cases, in tea and rubber in particular, very striking results
followed closely on one dressing of compost applied at the rate of five tons to the
acre. There was a marked improvement in growth and also in the resistance to insect
pests such as red spider, Tortrix and mosquito blight (Helopeltis). Two applications of
compost have also transformed a derelict tea garden into something above the average
of the locality.

'In a recent tour of tea estates in India and Ceylon I have seen these results for
myself, and have discussed matters on the spot with the men who have obtained them.

"When these cases were first brought to my notice towards the end of 1936 and
during 1937, I found considerable difficulty in understanding them. If humus acts as
an indirect manure by (1) recreating the crumb structure and so improving the tilth,
and (2) by furnishing the soil population with food from the use of which the soil
solution eventually becomes enriched to the advantage of the crop, such factors would
take time and we should expect the results, if any, to be slow. The improvement
following humus was the reverse of slow-it was immediate and spectacular. Some
other factor besides soil fertility appeared, therefore, to be at work.

'After much thought it occurred to me that the explanation would be found in the
active root system of tea and rubber, and that the remarkable results recently obtained
by Dr. M. C. Rayner on mycorrhiza in relation to forestry at Wareham in Dorset
would apply to tropical crops.



"The simplest and most obvious explanation of the sudden improvement after one
application of compost is the well-known effect of humus in stimulating the
mycorrhiza which are known to occur in the absorbing roots of tea, and which in all
probability are to be found in rubber, coffee, and other cultivated plants in the tropics.'

Howard's realization that mycorrhizal association might be a key factor in the
proper nutrition of a very much larger range of plants than had hitherto been
suspected, led to the careful examination of the roots of a large number of crop plants
of both tropical and temperate climates. This revealed that a very large number indeed
are mycorrhiza formers. The examinations were carried out by Dr. Rayner and her
assistant Dr. Levisohn. A surprising parallel to the Wareham experience resulted.

In all the specimens examined vigorous healthy growth was invariably
accompanied by extensive fungus infection of the roots of the plants concerned. This
was defective or absent when the plants were poor and unhealthy. Crops grown with
compost, or ample quantities of farmyard manure always showed maximum
mycorrhizal development, in marked contrast to those grown with artificials.

In a circular letter to correspondents dated 15th July 1938, Howard lists some of
the crops examined with the following notes on their reaction to different soil
treatments.

'(1) Cotton. The Indian cotton crop provides an interesting pointer on the relation
between a fetrtile soil and disease resistance and quality. In Central and South India
thousands of examples of intensive cotton growing exist in the zones of highly
manured land round the villages. Here cotton always does well and there is practically
no disease: the yield and quality of the fibre are satisfactory. Surrounding these areas
are stretches of extensively farmed land low in organic matter where the yield is
uncertain, the quality average and the damage done by various pests often
considerable.

'Many attempts have been made to increase the crop by means of artificial
manures but the results I have seen have never been quite convincing: the benefits
following chemical manures are not the same as those conferred by a fertile soil. If
cotton is a mycorrhiza-former these differences would be explained. The mycorrhizal
relationship would provide channels of sustenance between a soil rich in organic
matter and the plant. The first of the appended reprints shows that cotton, like tea, is a
mycorrhiza-former. In this note the bearing of this fact on production and future
research is explained: the investigations of to-morrow in cotton will have to start from
a new base line-soil fertility. Very much the same considerations apply to future
research on tea.

'(2) Grapes. During a recent tour in the Midi some attention was given to the
cultivation of the vine, a crop I studied for eight years on the western frontier of India.
In the South of France grapes are raised very largely by means of artificials: the many
diseases are combated by poison sprays.

'In Baluchistan, on the other hand, the vine is always manured with farmyard
manure: artificials are not used: the crops have no need of fungicides and insecticides
because disease is practically non-existent.



'On one occasion only near the village of Jouques, Bouches du Rhone, did I come
across vines which at all resembled the vigour and health of those to be seen on the
western frontier.

'"These were manured with pig manure and had never been treated with artificials:
the yield was excellent and I was told the vineyard had an excellent reputation for
quality.

'Specimens of surface roots were found to be heavily infected with mycorrhiza.
This interesting bit of Nature's machinery is used to good effect by the tribesmen of
Baluchistan; it is largely side-tracked by the cultivators of France.

'(3) Hops. Several of the merchants who handle the hop crop have assured me
that the quality has deteriorated since artificials have come in and that really good
quality hops can only be obtained by means of farmyard manure. Unquestionably the
hop is much more liable to disease than it was in 1903-5 when I worked on this crop.
In the course of some large scale trials of the Indore process at Bodiam in Sussex
samples of the surface roots of this crop were found to be heavily infected with
mycorrhiza.

'(4) Sugar Cane. As is well known, what amounts to a new sugar industry has
arisen of late years in the plains of India as a result of the research work done at
Shahjahanpur and Coimbatore--two Experiment Stations I helped to bring into
existence.

'"The splendid crops at Shahjahanpur were always raised on humus and were to all
intents and purposes free from disease.

'This was my experience at Indore on the black soils where the Shahjahanpur
methods were followed. Reports have recently reached me from India that where
artificials are used the cane is being attacked by insect pests. If the sugar-cane is a
mycorrhiza former, a simple explanation of these differences would be provided. The
first set of cane roots obtained from Central India show that sugar-cane is a
mycorrhiza former. Further examples from Louisiana, Brazil and Natal are expected
shortly.

'(5) Bananas. The new banana industry of the West Indies is threatened with
serious disease. In India I cultivated this crop successfully for some years and I also
saw a good deal of the indigenous plantations. In all cases cattle manure was used and
no disease trouble was ever brought to my notice. If the banana is a mycorrhiza
former these results are understandable.

"The first set of banana roots I have just obtained from a rich garden soil in India
shows abundant mycorrhizal infection.

'(6) Strawberry. The strawberry area near Southampton is rapidly contracting on
account of poor soil conditions followed by disease. "The small Experiment Station
maintained by the Hampshire County Council at Botley is little more than a collection
of pathological material. On the other hand commercial growers in this
neighbourhood who use humus are getting satisfactory crops.



'Similar results are to be seen in South Lincolnshire and in other parts of England.
Humus prepared from vegetable and animal wastes or farmyard manure produces
healthy crops of good quality.

"The long continued use of artificials is followed by disease and indifferent fruit.
The strawberry is a mycorrhiza former: the type of association being similar to that in
tea. Subscribers interested in tea who grow strawberries can very easily compare the
effect of humus and artificials on the health of the plants and on the quality of the
fruit.

'"These widely different examples--cotton, grapes, hops, sugar-cane, bananas and
strawberries--tell the same story and afford interesting confirmation of the views in
the report on my recent tour of tea estates in India and Ceylon. Nature has gone to the
trouble of creating a link between humus in the soil and the plant. It behoves us to
make the fullest use of this provision.'

Rayner summarizes her observations on one of these examinations--that of
cotton--as follows:

"The cotton plant is a regular mycorrhiza former, infection taking place under
favourable conditions at an early stage. The incidence of infection is closely
correlated with the nature of the rooting medium and in the same soil varies markedly
with different manurial treatments.

'Differential behaviour on the part of the endophyte was particularly well-marked
in respect to applications of inorganic as compared with organic manures, and a
response was also apparent following the use of different forms of organic manures.

'"That these differences should be observable is in itself significant, and the
relation of the incidence and character of mycorrhizal infection with the growth and
vigour of the hosts under crop conditions is obviously worthy of close attention and
study.

'The observations are in general agreement with those made on Citrus in southern
California some years ago and are believed to justify similar conclusions.

'It is not proposed to discuss here the character of the symbiotic relationship in
the type of mycorrhizal association represented in cotton. It is evident that it differs
fundamentally from that in ordinary parasitic attack and that there exists in the
arbuscular-sporangiolar and vesicular apparatus a mechanism capable of functioning
for nutritive exchange. (See Technical Reference No. 6.) Coincidence of vigorous growth of the
host with maximum infection may be observed in cotton as in other plants showing
the same type of association, and this together with the histological evidence available
supports the view that there is a substantial balance in favour of the vascular partner.
Whether such exchange follows the lines elaborated by Frank and Stahl; whether it is
concerned with major nutrients or takes a more subtle form such as that indicated in
Butler's suggestion that "The vesicles and the arbuscular-sporangiolar apparatus are . .
. mainly concerned with the accumulation of fatty material (possibly with accessory
nutrients (See Technical Reference No. 6.)) and its transference to the higher plant," is, in my
view, of secondary importance at this stage of the inquiry.



'The immediate point of interest incidental to the cultivation of cotton or other
mycorrhiza formers is to confirm the view here put forward, that the fluctuations in
mycorrhizal behaviour that undoubtedly occur are causally related with changes in the
root environment brought about by manuring and other soil treatments and the
responses of the host plants thereto.

'My interest in the matter has been stimulated by the opportunity recently
provided to examine root material of a large number of species grown as crop plants
both under tropical conditions and in the British Isles, among others, tea, coffee,
sugar-cane, oil palm, coconut, cocoa, hops, vine. The conclusions now offered have
been confirmed and strengthened by these observations. In all cases for which
comparative material was available-including a majority of the samples--that
collected from plants recorded as specially healthy and vigorous showed a maximum
development of mycorrhizas with structural features believed to indicate a balanced
relationship.

'It is not hereby suggested that in all cases of regular mycorrhizal association the
habit is obligate or that some degree of mycotrophy is necessary for complete
nutrition. The view held is rather that for species growing in nature the mycorrhizal
condition in a healthy plant represents one of physiological equilibrium. Mycorrhizal
association, often ignored or treated as an accidental and casual phenomenon, is a
manifestation of biological soil activity, and as such cannot be profitably overlooked
in the study of soil factors likely to promote healthy growth and maximum resistance
to disease. . . .

As already stated authorities are not agreed on the exact function of mycorrhizal
association. Howard's view is that the root cells, acting very much like the stomach of
an animal, obtain in the process of digesting the invading fungus, a protein food rich
in nitrogen and phosphorus, and that:

'"The mycorrhiza appears to be the machinery provided by Nature for the fungi
living on humus in the soil to transmit direct to the active area of the roots the
contents of their own cells. Whether this is the only means by which such things as
accessory growth substances can safely pass from humus to plant, or whether the
fungi provide essential materials for their manufacture in the plant itself, has yet to be
determined with certainty. Some such explanation of what is taking place seems
exceedingly probable. If the accessory growth substances contributed by humus were
to pass from the soil organic matter into the pore spaces of the soil they would have to
run the gauntlet of the intense oxidation processes going on in the water films which
line these pore In this passage any substance of organic origin would be almost certain
to be seized upon by the soil population for food and oxidized to simple substances,
such as the plant ordinarily takes in by the root hairs. If, as seems almost certain,
freshly prepared humus (obtained from animal and vegetable wastes) does contain
growth-promoting substances (roughly corresponding to the vitamins in food), it
would be necessary to get these into the plant undamaged and with the least possible
delay.

'"The mycorrhizal association in the roots, by which a rapid and protected passage
for such substances is provided, seems to be one of Nature's ways of helping the plant
to resist disease.'



There is no direct proof that this theory is correct, but it is an interesting
hypothesis. It is now recognized that the inclusion of a proportion of fresh raw food in
the diet of man and beast is the surest way of supplying those vitamins essential to the
avoidance of malnutrition an the deficiency diseases caused thereby. (See Technical Reference
No. 14.) Will this rule prove to apply als to plants? If so, the fact that disease should
follow the under nourishment which would result from the omission of this living
element from their diet, would be a perfectly logical sequence of events.

There is however a weak point in this theory, for it fails to explain the response to
compost treatment of non-mycorrhiza formers.

It seems more likely that it is the action of soil fungi in general, which in some
way--as yet unexplained--releases growth-promoting substances, and that mycorrhizal
association is only one factor in the case though of prime importance to mycorrhiza
formers. It seems clear tha this is the view which Rayner at present favours.
Discussing the observed fact that introduction of active mycorrhizal material into the
soil at Wareham was followed by an impetus to short root formation this root growth
preceding infection by the fungus mycelium--she states:

'Of the exact nature of the stimulus to root production nothing is known; the term
"growth-promoting substance" is used in a quite general sense. Nor is it known
whether the capacity to bring about such stimulus to root production is limited to
those fungal species capable of forming mycorrhizal associations. To the writers it
appears improbable that this should be the case. . . .

"The view reached is that mycorrhizal association is a highly specialized aspect of
the ecological balance normally maintained between the higher plants and their
fungus competitors. The study of mycorrhizal association as an isolated phenomenon
may obscure its real significance as an edaphic factor, a liaison aspect of soil
bionomics linking the microbiological activities concerned in the maintenance of soil
fertility with the nutrition of vascular plants. The specific bacterial and fungal
associations exemplified in nodules and mycorrhizas are special cases of a complex
ecological system embracing members of the surface vegetation and those of the soil
microflora.'

The leguminous crops which form nodules in association with the bacteria
referred to, and thereby are enabled to assimilate atmospheric nitrogen, may prove to
be a fruitful field for further research into this question. All the members of this
family that have been examined are also mycorrhiza formers, but with crop plants of
this family, such as pulses and clovers, nodules and mycorrhizas have never yet been
noted on the same rootlets. These have either formed nodules only, or mycorrhizas
only, maximum development of the latter being associated with those plants showing
also maximum vigour.

There seems little doubt that the health and quality of this group of plants suffer
when mycorrhizal association is absent. Howard, writing on this point, states:

'A long experience of the cultivation of leguminous plants in India has
completely shattered my belief in the idea that these crops can be grown successfully
without organic matter, and that the nitrogen fixation in the nodules is the complete



story as far as the supply of combined nitrogen is concerned. Farmyard manure or
compost, as already stated, is essential for keeping these crops healthy and for making
them form seed in the Indian Monsoon. Organic matter always stimulates both root
and nodular development. . . .

'There is a further point of some interest in this matter. When plants like French
beans are grown on poor soil by means of the nodules only, or by means of artificial
manures, the produce is tasteless and of poor quality. For real taste and quality in the
produce it is necessary to use humus (made from both vegetable and animal wastes)
or farmyard manure. A supply of combined nitrogen appears therefore to reach the
plant by way of nodules and root hairs; the materials which are needed for quality
appear to be absorbed by the mycorrhiza.

"The leguminous plant therefore promises to be a very valuable instrument in
separating out the various factors concerned in this question. Will, as seems to be the
case, quality and disease resistance only be obtained when the mycorrhiza mechanism

functions? Will disease resistance and quality turn out to be the same thing?' (Howard,
'Insects and Fungi in Agriculture', Empire Cotton Growing Review, 1938.)

It is of vital importance that a correct answer to this question should be found, but
without waiting for the research which will assuredly one day provide it, one can go
so far as to say, I think, that the evidence already submitted here, justifies the
conclusion that mycorrhizal association is a habit that can no longer safely be ignored
in the study of the nutrition of crop plants. Our first question has thus been answered
in the affirmative.

The next three points on the list can be taken together. They all concern the toxic
condition of Wareham soil. At first sight it would appear extremely improbable, if not
impossible, that any parallel to this condition should be found in cultivated soils. Two
things however are noteworthy, first, that while Wareham is an extreme case of its
kind, its condition is one of degree rather than of essential peculiarity (Neilson-Jones,
'Biological Aspects of Soil Fertility', Journal of Agriculaural Research, Vol. 31, Part 4, October, 1941.) and second, that
even in cultivated soils certain soil treatments have definitely been shown to depress
mycorrhizal activity, and therefore it can be assumed that inhibition of fungal activity
generally, can exist in such soils.

Our next question then, can be formulated thus: Does any evidence exist that
where fungal activity is inhibited in cultivated soils a toxin may be operating of a kind
comparable to that present in Wareham soil?

There can obviously be no great body of direct evidence on this point until many
different soils have been subjected to the same type of intensive investigation as that
carried out by Professor Neilson-Jones on Wareham soil, but a close study of his most
interesting report of this investigation, notably in regard to some of the methods
employed to increase and decrease toxicity, and a comparison of some of his results
with certain causes and effects well known in farming practice, give rise to a not
inconsiderable weight of circumstantial evidence. The Neilson-Jones experiments
prove that the toxin indirectly inimical to the growth of higher plants in Wareham
soil, is a by-product of some soil organism which operates directly by inhibiting
fungal growth.



In the course of the investigation strong evidence was forthcoming that the
organism concerned is anaerobic in habit. Waterlogging for example greatly increased
the toxicity; partial sterilization by steaming for short periods, or by air drying, had
the effect of inactivating the organism, but toxicity was regained when waterlogged
conditions were restored. It required complete sterilization by steaming for an hour or
more, baking under pressure, or soaking for long periods in alcohol to kill the
organism. Soil so treated in the laboratory did not regain toxicity spontaneously under
waterlogged conditions but required re-inoculation with untreated soil before doing
SO.

The identity of the organism responsible has not yet been definitely established,
but the group of bacteria capable of reducing sulphates was suspected. This group was
found to be present in Wareham soil in unusually large numbers. In the process of
reducing sulphates these bacteria produce the poisonous gas sulphuretted hydrogen
(H2S). They can produce it either from sulphates applied as chemical salts, or from
imperfectly decomposed organic matter, of which, as will presently be shown, there is
also a high proportion in Wareham soil.

Although the presence of H2S in Wareham soil has not been proved by direct
chemical tests, all the observations and experiments made with soil samples in the
laboratory are in conformity with the view that this gas may be responsible, at least in
part, for the arrest of fungal growth. An account of one such experiment will suffice
here.

'A series of cultures of once steamed soil was set up in flasks or Petri dishes of
which half received an addition of 0.1 per cent NaCl (sodium chloride) solution, the
remainder a corresponding addition of Na2SO4 (sodium sulphate) solution, each
culture receiving sufficient to produce a waterlogged condition. A period of twelve
days was allowed to elapse during which stimulation of the activity of H2S-producing
bacteria might take place, after which all cultures were exposed to air infection. A
month later, all flasks that had received NaCl solution showed a profuse growth of
Mucor spp. and Penicillium spp., whilst those that had received Na2SO4 solution
showed either no mycelial growth or very sparse growth of Penicillium spp., any
fungal development that had appeared in the earlier stages having retrogressed.

"The increased toxicity of soil to which sulphate is added is explicable if the
toxicity is related in any way with a slow and continuous evolution of traces of H2S
derived from the activity of bacteria capable of reducing sulphates.'

Neilson-Jones adds that: '"This interpretation is purely speculative in that it is
based on an isolated observation'; but he then proceeds to describe further tests and
observations, all corroborating the one just described, in the course of which it was
shown that the mycelium of airborne fungi 'is highly sensitive to H2S, the smallest
trace being sufficient to check growth.'

Many soils contain sulphur-reducing bacteria, particularly clay soils. It is well
known to cultivators of clay soils that good crops usually follow a well-made bare
fallow. Bare fallowing does not mean simply leaving a field derelict, as many laymen
seem to think; it is, on the contrary, an expensive preparation for a subsequent crop,
and consists of several ploughings, and constant surface cultivation throughout the



summer. The effect of this, in addition to killing weeds, is to thoroughly air dry the
top six or more inches of soil.

In his investigation on Wareham soil Neilson-Jones found that 'Air drying has an
effect on soil somewhat similar to steaming: on remoistening the toxic reaction is
found to have disappeared and mycelium grows as readily though with less vigour
than on steamed soil. In fact, complete air drying may be regarded as a mild form of
partial sterilization, the capacity of the soil for supporting a vigorous superficial
fungal growth subsequently being due as with steamed soil, to the removal of the
toxic reaction of the soil and the provision of an additional source of food--in this case
presumably from the organisms killed by desiccation.'

There is an old saying that a bare fallow is as good as a coat of muck. (Bare fallowing
is, of course, not suitable to all climates. Soil aeration is frequently best achieved by use of the wheel subsoiler and by growing

deeprooting crops.) It appears that this may be literally true in that both have the power to
discourage organisms capable of producing a toxin inimical to fungal growth, the
difference being that the effects of one are temporary, while the other produces
conditions which tend to be self-propagating and therefore permanent, or semi-
permanent.

Here then, in two methods proved to be effective in removing the toxic reaction
from Wareham soil, namely compost treatment and air drying, we have a close
parallel in ordinary farm practice. Farmyard manure, and the bare fallow. What of the
conditions shown to increase toxicity?

The deliberate waterlogging in the laboratory tests also has its counterpart on the
land.

That it is impossible in ordinary farm practice to grow good crops on waterlogged
land is a truism the reason for which is recognized as being a question of aeration..
Where the pore spaces in the soil are filled with water, air is excluded. 'Absorption by
roots, being a process dependent on the action of living cells, is directly affected
adversely by absence of oxygen,' but Neilson-Jones points out that 'a survey of the
area at Wareham Forest made it clear that the inhibition of growth observed there was
not due solely to such direct action. The work now recorded shows that factors of
many kinds are concerned, and provides evidence that plant growth may be affected
adversely or the reverse through causes inherent in the soil bionomics, members of the
soil population showing great sensitiveness to aeration and to the nature of additions
to the substrate whether derived from their own metabolic activities or from external
sources.'

Once more we have to question whether this state of affairs is peculiar to
Wareham soil. Here I think I can furnish some evidence from my own observation. I
know a farm in Scotland, one lying in a notably fertile area, the land of which has
been associated for generations with heavy crops, and noted for the excellence of its
sheep and cattle. A few years ago this farm became part of a much larger unit the
whole of which was turned over to mechanized farming. The live-stock disappeared,
and in their place was seen the artificial manure distributor, and the harvester-
combine. Temporary leys have recently been reintroduced on this farm, and a
considerable head of livestock is once more being kept. But towards the end of its



stockless period, although the land was still yielding heavy crops a definite increase
took place in certain weeds usually associated with water-logged soils, or soils with a
pan. Now on this land the appearance of these weeds is certainly not due either to bad
cultivation or to waterlogging, nevertheless a condition is developing which points to
faulty aeration. What is the factor, or factors, responsible? Possibly they include a
reduction in the earthworm population. This usually occurs where artificials have
been substituted for farmyard manure, and earthworms are great soil aeraters. (see
Chapter VI, also Technical Ref. No. 8.) Conditions inimical to earthworms are equally
unfavourable to fungal activity. Both worms and fungi appear to be highly sensitive to
certain chemical salts (See Chapter V1, also Technical Ref. No. 8.) notably sulphate of ammonia. It
seems a plausible hypothesis therefore, that the appearance of conditions suggesting
faulty soil aeration may be connected with poisonous products resulting from the
interaction between sulphate reducing bacteria and ammonium sulphate applied as
fertilizer.

In stockless farming I am told that the bare fallow is an absolute necessity. (On
stock farms the well-mucked root crop, or the green crop folded by sheep usually
takes its place.) In view of the evidence already presented in this chapter this is at
least suggestive.

In the case of another mechanized farm, this time in East Anglia, the owner a few
years ago boasted that there was not a single animal on the place, and that he had been
growing heavy crops of wheat and barley continuously, with the help only of large
dressings of artificial fertilizers. A year or two after this, the expert who advised him
as to his fertilizers, told me himself that the ravages of 'Take-all' in the wheat on this
farm had reached such disastrous proportions, that he had advised the ploughing up of
all corn land and putting the entire acreage into sugar-beet.

There is no question but that this disease is on the increase; the chemists are
trying to find a seed dressing or spray that will stop it, but this is on a par with looking
for an anti-toxin for a deficiency disease. Even if it succeeds, you are but curing a
symptom. The two examples I have just given are merely straws in the wind, but the
evidence is considerably strengthened by an incident that occurred on my own farm.
Howard's view is that 'Take-all' in wheat is a deficiency disease, and that the principal
primary cause is lack of aeration, this interfering with normal mycorrhizal association.
The following personal experience supports this view to a startling degree. I have an
eighteen-acre field, which was, for many years, badly in need of draining; in winter it
was invariably waterlogged in patches. The soil in question is medium clay loam on a
clay subsoil with pockets or drifts of sand in it. In the course of time drains passing
through these sand gaults collapse and a kind of pond is formed in the area. There
were several of these places in the field varying in size from a few square yards to as
much as half an acre and even more. I worked the field for some years before being in
a position to drain it, and came to know all these patches well, for whenever the field
was sown with winter grain such as wheat, the crop never survived on these patches,
which produced only a kind of water grass. The outline of these places was irregular
in shape, but well-defined, and year after year, exactly the same outline was
invariably visible in the growth of the water-grass, and the absence of the crop. One
year, shortly after I had first met Howard, and studied his work, we had an
exceedingly dry autumn, winter and spring. The field was under wheat, and as that
year there was no waterlogging because there was no rain to speak of, the crop



germinated and grew evenly over the whole field. At the flowering stage there was no
observable difference between the wheat on the 'wet' places and that on the rest of the
field, but by harvest time the wheat growing in the patches normally waterlogged, was
all blighted with 'Take-all'. The area of the diseased wheat followed exactly the
outlines of the badly drained patches. All the rest of the wheat was perfectly sound.
So much for the one time theory that the disease is air-borne.

Now the patches were not waterlogged that year, but by-products of past years of
anaerobic conditions were almost certainly still present, and it is safe to say that
although the plant roots must have obtained sufficient oxygen in that season, fungal
growth, even if inhibitory factors were not present, would not have re-established
itself in the time.

Neilson-Jones makes this observation in connection with his investigation of
Wareham soil:

'Chief among the initial causes of inhibition of mycelial activity in natural soils is
probably low oxygen pressure which depresses fungal activity directly and may do so
indirectly from the nature of the byproducts of anaerobic metabolism. Deleterious by-
products in the soil may be slow to disappear, even when the causes responsible for
their accumulation, such as lack of oxygen, are no longer operating.'

My experience suggests that this applies also to cultivated soils. These are some
of the examples of circumstantial evidence which bear on points two, three and four,
and I think it must be admitted that they suggest, if no more, that the lessons of the
Wareham researches, in connection with soil toxicity, may well be applicable to a
much wider field. The evidence concerning the fifth and sixth points on the list can
also be considered jointly. These present the question as to whether, in the case of
ordinary crop plants, compost acts directly on the roots by supplying plant nutrients,
or, as at Wareham, indirectly by stimulating the activity of soil fungi.

On the relationship between fertility and soil fungi in general, Neilson-Jones has
this to say

'Study of the causes of soil infertility in Wareham Forest justifies the
generalization that in organic soils of the acid type, possibly in all soils, maintenance
of the activity of fungi, whether those responsible for the breakdown of organic
detritus or those specialized forms concerned in the production of mycorrhizas, is of
critical importance. It is not suggested that organisms belonging to other groups are
not vitally concerned, but it appears that fungi form an essential link in a mechanism
whereby organic detritus is incorporated into humus of a fertile soil and that therefore
their activity can be used as an index of fertility; infertility may result either from
absence of appropriate fungi or from the presence of factors hindering their activity.'

Lack of aeration is one such factor operating not only directly but also indirectly
by favouring the activity of such anaerobic organisms as sulphur-reducing bacteria,
which, as mentioned above, can produce H2S or other volatile sulphur compounds
either from sulphates applied to the soil as chemicals, or from organic matter when
normal decomposition is arrested. Such activity forms a vicious circle, since the H2S
produced by the bacteria inhibits the activity, among others, of those fungi responsible



for the decomposition of organic matter, and the resulting arrest of normal
decomposition further encourages the production of HzS.

One effect of compost is to break this vicious circle, and the enormously
increased rate of cellulose decomposition in soil to which compost has been added is
one of the proofs of its action through the medium of soil fungi.

In an experiment designed to measure this factor cotton-wool pads of known
weight were buried for four months in untreated Wareham soil, in ordinary woodland
soil, and in Wareham soil plus C 5 compost. At the end of the period what was left of
these pads was dried and reweighed. Representative results based on many repetitions
of the experiment showed that in untreated Wareham soil only 10 per cent of this
cellulose had been decomposed, in the woodland soil the figure was 33.6 per cent, but
in Wareham soil plus compost the percentage of decomposition was over 91 per cent.
This experiment indicates a very simple way of testing for fungal activity, and the
effects upon it of different soil treatments. It could easily be undertaken on cultivated
soils as a regular routine, in conjunction with ordinary field analysis tests for
determining soil requirements, and as a measure of fertility. I only know of one place
where any attempt to carry out such a test on agricultural land has been made. (see
Chapter VIIL, also Technical Ref. No. 9.) These tests have not been going on long enough yet for
the results to have much significance, but so far the indications are that the highest
rate of cellulose decomposition would be found in fields that had received compost,
and the lowest in those that had received artificials.

This matter of cellulose breakdown is of vital importance to the whole question
of the nutrition of living cells, for it has been shown by experiment that raw cellulose

can be as njurious to plants Of great significance also are the changes in resistance to attack by soil fungi that
accompany alteration in the soil environment. In Wareham soil a severe attack on the roots of pine seedlings by M. atrovirens,
here normally innocuous, can be induced by the addition of 5 per cent of pure cellulose to the soil of pot-cultures. In another
heath soil of similar type, Rhizoetonia silvestris behaves in like manner, producing pseudomycorrhizas encrusted with massive

sclerotia on addition of 5 per cent pure cellulose. In both cases the health of the seedlings suffers severely. [Rayner] ) aS it is
indigestible to animals, and in both the soil and the digestive tract of herbivora,
cellulose decomposition is largely performed by fungi. (See Chapter VI.)

Such soil treatments, therefore, as ploughing in straw or green crops can only
prove successful if conditions for the subsequent breakdown of the cellulose are
present. It is useless to apply organic matter in this form while at the same time
inhibiting, by the use of certain artificial fertilizers, the fungi capable of converting
that organic matter into humus. The increasing use of harvester-combines even on
moderately sized farms makes this a question of very particular importance, for the
problem of such farms is the disposal of the straw left on the field by the harvesters.
Burning is wasteful, and ploughing it in not only presents mechanical difficulties, but
is not found particularly satisfactory in its results on the subsequent crop--sometimes
definitely the reverse. This adverse factor is not difficult to understand when it is
remembered that farms using such implements are usually those on which large
quantities of chemical fertilizers are also used, and where nitrogen is given largely in
the form of sulphate of ammonia. Sulphates, as we have seen, encourage toxin-
producing organisms which inhibit the fungi needed to break down this straw. There
are various ways of overcoming the difficulty, one of the most effective being to
under-sow the corn with some leguminous crop which is allowed to grow through the
scattered straw and then fed off by livestock, but on the stockless farm the 'solution’



sometimes adopted is to sweep the straw left by the combine into a heap and to
compost it according to the recognized formula of 1 1b. of nitrogen to 100 Ib. of dry
matter; but the nitrogen generally used for this purpose is sulphate of ammonia! True,
this has the effect of breaking down the cellulose and producing a finished product of
well-rotted material, not unlike other compost in appearance, but, as the Wareham
experiments clearly show, the value of a compost depends upon its organic
constituents, and not upon its appearance or its chemical analysis. Failure to recognize
this is responsible I think for some of the discrepancy of view regarding the value of
compost. The source of the nitrogen used in composting appears to be of considerable
importance to the value of the final product. Composts made with chemical activators
may increase yield in crops, just as chemicals alone also do--for a time--but the
growth of healthy crops showing maximum disease resistance has, so far as I can
discover, only been obtained when the activating agent is of animal origin. The one
exception seems to be in the case of compost the raw materials of which consist of
mixed garden refuse including leaves and young weeds in full growth. Such compost
can be activated by certain herbal extracts such as those developed by Miss M. E.
Bruce with results in the subsequent crops apparently in all respects equal to that of
animal activated compost. Such raw materials are, of course, extremely rich in a wide
range of trace elements and the resulting compost is rapidly invaded by an immense
earthworm population which automatically introduces an animal element. For her
work with conifers Rayner found that dried blood produced far better results than any
other activator used. The best activating agent for Indore compost for ordinary crops
in this country is, in my experience, fresh farmyard manure in which the urine is
preserved; this last is very important. I have, however obtained quite satisfactory
results by composting with both raw and coagulated blood, and also with sewage
sludge, alone and in mixture with muck or blood. The point is that for maximum
results in the quality of the crop subsequently grown with it, compost must include
some product of animal origin. People who advocate sulphate of ammonia or 'Adco’,
or other inorganic products for breaking down cellulose in the compost heap, are still
suffering from the illusion that humus nourishes the plant direct. The Wareham
experiments clearly show that this is not the case. Rayner's findings in this respect
were fully endorsed by the independent investigation cited in this chapter.

'"That the fundamental effect of the compost is to alter profoundly the soil
bionomics is proved by the enormously accelerated rate of cellulose breakdown and
the stimulation of the fungus flora in general in soil that has been treated with
compost. That the basis for these changes lies in the organic constituents of the
compost rather than in the inorganic nutrients it contains is evidenced by the efficacy
of leached compost, by the differential effects of composts differing only in respect to
organic constitution, by the dissimilar effects wrought by the same composts on
different organic soils, and by direct experiment with additions of salts of nitrogen,
potash and phosphoric acid equivalent to those contained in a given compost (Rayner,
1939). It is suggestive that the growth-promoting action of compost on fertile garden
soils is often negligible or comparatively small; here presumably conditions are
already favourable to fungal activity so that additions of compost can do little to

improve fertility by modification of the micro-flora.' (Neilson-Jones, Biological Aspects of Soil
Fertility.)

This supports the view that the effectiveness of compost in cultivated soils
depends, just as it does at Wareham, not on its value as a direct plant food, but on its



capacity to stimulate the activity of soil fungi. This explains why adherence to
fundamental principles in the making of compost heaps is so important, and also why
chemical activators fail to produce the degree of disease resistance in plants that result
from the use of such composts as those advocated by Rayner and Howard, and also
why negative results are reported by users of the putrefactive heaps misnamed
compost. Chemical activators will quickly rot vegetable rubbish, but there is much
more to the manufacture of humus than this. It involves the creation of what is at once
a habitat and a food for soil organisms, but more than this, it must be so fashioned as
to favour the activity of the beneficial species and discourage others. There are many
species involved besides those responsible for cellulose decomposition, the
mycorrhizal fungi forming at least an equally important group.

These various fungi feed on the humus in the soil, and it is the product of their
metabolism which is of such vital importance to the complete and balanced
nourishment of the plant.

Once this is understood, the necessity for the inclusion of animal, residues in the
compost heap at once becomes clear, for fungi require a mixed diet of organic matter.
Not only are they unable to take their nourishment exclusively from inorganic
chemicals, but they are not even purely vegetarian.

'In 1894, so noted a botanist as Hooker, speaking of the fungi, observed: "these
plants seem to invert the order of Nature and to draw their nutriment, in part at least,
from the animal kingdom, which it is held to be the function of the vegetable kingdom

m

to sustain."' (M. C. Rayner, Mycorrhiza.)

Thus it will be seen, that once you accept the view that soil cannot be fertile when
soil fungi are inhibited, then Howard's view on the value of compost and the harm
done by many chemical fertilizers and poison sprays, is shown not to be a fad, as
some people seem to think, but a perfectly logical conclusion based on practical
experience, and supported by scientific evidence.

I sum up this chapter with a final quotation from the paper already cited.

"The prescription for compost treatment advocated by Rayner to correct a special
case of infertility in a natural soil clearly envisaged removal of unfavourable by-
products, with alteration of the soil processes responsible for producing them, in
addition to promotion of mycorrhiza formation. The remarkable and persistent
improvement in tree growth that followed from this treatment brings the experimental
results at Wareham into line with records recently provided describing the action on
crop growth of composts manufactured by the Indore process when applied to
cultivated soils in many parts of the world (Howard, 1940). The great emphasis laid
by Howard on the significance of mycorrhizal activity is a welcome and long-overdue
recognition from the practical side of the important part played by this habit in crop
nutrition; the indifference displayed to this aspect of soil research by soil specialists is
difficult to understand. But the mycorrhizal habit, although widespread is not
universal in vascular plants; the soil possesses fertility in its own right as reflected in
the growth of non-mycorrhizal as well as mycorrhizal plants. It is the free action of
fungi that is regarded as essential for the development of soil fertility; (italics mind (author.)
that some of the species concerned also form mycorrhizal associations with certain of



the higher plants may be to the advantage of the latter, but this is additional to and
different from the generalized service that fungi, mycorrhizal or not, perform in the
soil--it provides an alternative channel uniting mycelial activity in the soil with the
nutritive processes in vascular plants.

'The analyses of a particular case recorded in the present researches shows very
clearly some of the ways in which a condition of biological inertia in the soil,
however produced, may bring about infertility for growth of the higher plants, and has
yielded direct evidence of some of the ways by which additions of organic material
operate in restoring fertility.

't is realized that there are gaps in the argument as presented in this paper; it
could hardly be otherwise in view of the complexities involved. Nevertheless, the
evidence is so striking that disturbance of microbiological equilibrium in the soil by
inhibition of fungal activity is a potent factor in bringing about infertility for growth
of vascular plants, its direct relation with the results of forestry researches so
impressive and the possibilities of wider application so evident, that publication at the

present stage of the work appeared to be justiﬁed.‘ (Neilson-Jones, Biological Aspects of Soil Fertility,
Cambridge University Press, now published as part of Problems in Tree Nutrition, Rayner and Neilson-Jones, Faber and Faber.)

It seems that the equation in the Medical Testament should be redrawn thus:

?egetahl: —=Boil—- —+Animal —
a:lr:.;rll & —>Fungus? Plant—Food Man
Waste —_— —_— ]

3 The word Fungus is here used to denote various groups of fungi in association with other micro-organisms.



CHAPTER VI
INDICATIONS

'The test of a diet is the wholeness of those who eat it,'
G. T. Wrench, mp.

I
PLANTS

In the last two chapters I sought to explain the complex character of compost action,

and to show that humus in the soil benefits the plants in three ways: mechanically, as
a direct plant food, and by fundamentally modifying the soil bionomics. Of the three,
this last, hitherto largely ignored, is probably the most important.

I have shown that the action of soil fungi plays a vital part in the nutrition of
certain plant species, and have given evidence of strong indications that the health of
all plants growing in soil is affected to a greater or less degree by the activity of the
soil micro-flora in general, and that it is the natural habit of the great majority of our
crop plants also to form direct association--probably symbiotic--with specific soil
fungi. Keeping this aspect of plant nutrition in mind, we are now in a position to
consider the value of further evidence bearing on the relationship between soil fertility
and health.

In Chapter I, I gave a summary of the far-reaching claims made by many
advocates of humus farming. Let me remind you what these are. That if the fertility of
the soil is built up with adequate supplies of humus, crops do not suffer from diseases
and do not require poison sprays to control parasites; that animals fed on these plants
develop a high degree of disease resistance, and that man, nurtured with such plants
and animals can reach a standard of health, and a power of resisting disease and
infection, from whatever cause, greatly in advance of anything ordinarily found in this
country.

Some mention of the evidence on which these claims are based has already been
made. It is now time to consider a wider field of such indications as exist in support of
them.

Let us take plants first. The claim speaks of resistance to disease and parasites.
We must consider the evidence under these two categories separately.

By plant disease, is usually meant those ailments which are caused by virus,
bacteria, or special parasitic fungi. It is well known that a shortage of certain essential
soil ingredients, besides causing derangement in the plant's metabolism, can also
induce some of these disorders; in fact in some cases the particular soil deficiency can
safely be deduced from the appearance in a crop of the disease in question. As an
example, 'finger and toe' in turnips indicates a lack of lime in the soil, and very many



diseases are now explained by lack of some essential trace element. Deficiency
diseases, in other words, are not confined to the animal kingdom.

This being so, it does not require a great feat of credulity to accept the view that if
any aspect of normal plant nutrition depends on fungal activity, then the disease
resisting capacity of any plant will be weakened by removal of this element from its
diet. Particularly should we expect to find such lowered resistance resulting from
inhibition of mycorrhiza) fungal activity in those plant species which normally form
mycorrhiza) associations. Yet the condition of mycorrhiza) activity is seldom taken
into account by plant pathologists.

"No true picture of the soil as an environment in which the root system of
vascular plants passes its life can be formed if there is omitted a biological component
so frequently present and often so abundantly developed as the mycorrhiza) system.
For example, although there may be at present no information as to the interaction of
this habit with the organisms, and soil factors, operative in root diseases, yet it would
appear dangerous to assume none to exist. Nevertheless, instances are not wanting in
recent researches in which the normal condition of the root tissues in respect to
mycorrhiza) infection, even in well-known and admitted mycorrhiza formers, is
completely ignored in pathological investigations.' (Rayner, Empire Cotion Growing Review.)

In cases of disease due to parasitic fungi, there are good grounds for believing
that the power of the host plant to resist attack may be closely bound up with
mycorrhiza) association. In discussing this point with regard to pines, Rayner states

'Study of these soil inoculation experiments raises a matter of practical
importance in relation to mycorrhiza) associations in general. It is already clear that
the damage inflicted by soil fungi such as the forms of M. r. atrovirens and
"Rhizoctonia" now under discussion does not depend merely upon the propinquity of
mycelium to the roots. Apart from direct effects of the soil environment it is
conditioned by other factors such as the vigour of the root system as a whole, the
presence of suitable mycorrhiza formers, and the capacity of the host for mycorrhizal
association. In cases where root response is satisfactory in these respects, there
appears to be more or less complete immunity from parasitic invasion.'

Elsewhere she writes:

'Discussing this matter in reference to certain plant diseases, especially those of
sugar-cane, it has been pointed out recently that disturbance of the normal activity of
the mycorrhiza) fungus may lead to secondary invasion of roots by bacteria or
parasitic fungi, e.g. species of Marasmius or Rhizoctonia (Constantin, 1924).'

My own experience recorded in the last chapter, concerning 'Take-all' in wheat
on the badly drained field, is very probably a case of this kind. The interaction, if any,
of the mycorrhiza) fungus with the activity of the fungus responsible for 'Take-all' has
not, so far as I know, been studied, but since wheat is a mycorrhiza former it is more
than likely that some such connection exists.

In fact, once accept as a likely hypothesis that under normal conditions plants
derive some part of their food (something possibly analogous to vitamins), from



substances resulting from the activity of certain soil fungi (and in view of the
evidence it is difficult not to accede so much), then the recorded cases of plant disease
being cured or prevented by compost treatment are readily explicable. That many
such cases do exist is incontestable. Examples have already been given in respect to
tea, cotton, grapes, sugar-cane, and strawberry. This year Howard records the
following further experience with strawberries:

'T grew in heavily composted soil a collection of Royal Sovereign strawberries,
badly infected with a common virus disease, alongside some healthy stock. This year,
1942, the strawberries raised from these two sets of plants were about the best I have
ever tasted. I found no trace of the virus disease. Similar results have been obtained
by several of my correspondents.'

Results of the use of compost are in fact now available from all over the world.
Here are a few representative examples. Mr. R. Paton of the Morib Plantations Ltd. of
Banting in the Federated Malay States, writes:

"We started to keep livestock on a fairly big scale in 1930 for the purpose of
manuring our coconuts, and this was done in conjunction with composting of husks,
fronds, etc. in trenches two feet deep along the centre of each row. . . . Our average
yield per acre was below nine piculs of copra, and the palms were then beyond the
age at which one would expect any appreciable response in yield. Nevertheless, they
have yielded over fourteen piculs per acre average for each of the past five years, and
look like doing even better. Fine results have been obtained also in our rubber areas,
particularly in young replantings, where the growth is all that could be desired, and

not one ounce of artificial fertilizer has been used.' (Compost News Letter No. 1. A four-monthly
periodical published by the County Palatine of Chester Local Medical and Panel Committee. Later incorporated into Soil and
Health.)

A good example from Europe was to be seen before the war on Dr. Pfeiffer's
farm, near Flushing in Holland. Neither his green-house nor his outdoor crops
received any artificial fertilizers. He succeeded in producing heavy crops of a flavour
and keeping quality far in excess of those in the surrounding neighbourhood.
Moreover, he never needed to use poison sprays because he was not troubled with
insect or fungus diseases. Dr. Pfeiffer follows the bio-dynamic method of agriculture
advocated by the late Dr. Rudolf Steiner. It includes the production of high quality
compost, fortified by various herbal and other organic preparations. E. Pfeitfer, Byo-Dynamic
Farming and Gardening, published in the U.K. as Soil Fertility, Renewal and Preservation, Faber and Faber, 1947.) Dr.
Pfeiffer is now engaged in important research work in the United States of America.

Africa has provided many indications in recent years. In a foreword which Lord
Bledisloe contributed to the pamphlet on this subject (referred to in Chapter IV) he
records 'the amazing justification' of the Indore process of humus manufacture which
met his eye 'in every direction' when he visited south Central Africa in 1938 as
Chairman of the Rhodesian Nyasaland Royal Commission. 'There I found,' he says,
'on the one hand, vast areas of desiccated and exhausted land, utterly destitute of
humus, which provided sustenance for neither man nor beast and where disease was
rampant among the native tribes, and on the other hand, in striking contrast, bumper
crops of tea, coffee, cotton, tobacco and maize being harvested by natives who were
relatively healthy, the secret being the use of compost, made (generally by the Indore
system) out of decayed vegetation associated with animal and human residues.



"The fact that the discoveries of McCarrison indicated that immunity from
degenerative human disease followed the ingestion of a fresh, well-balanced diet of
unprocessed natural foods, and that those of Howard disclosed a marked similar
resistance capacity, to both degenerative and infectious maladies, as a consequence of
returning to the soil a sufficiency of carefully prepared waste products may be
regarded as something other than a coincidence. In the latter case both crops and
livestock showed this salutary immunity.'

From Rhodesia Captain Timson reports 'that the resistance of maize to the attack
of witchweed, a flowering semi-parasitic plant, was raised to a point approaching
immunity by manuring with Indore compost.' (Howard, Letter to The Times, 10th August 1939.)

This result was confirmed by Captain Moubray of Chipoli who also records
(1942) that in an exceptionally dry season (only two inches of rain fell between the
end of January and middle of March) the pollen on the maize 'just dried up'
nevertheless 'lands throughout the colony that were well composted stood up well and
gave good results. The government', he states, 'are now appealing to everyone to make
as much compost as possible." Another 'outstanding fact' has been the seed production
from composted sunn hemp as compared with that where no compost had been added.
This seed crop he reports as being very bad throughout the colony, the average yield
being only about one bag per acre, but notwithstanding bad rain conditions' his own
composted crop yielded three bags an acre. He gives it as his considered opinion that

it is not really profitable to grow sunn hemp for seed without the addition of compost.
(Compost News Letter No. 4.)

Coming nearer home, the effect of organic manuring on quality in vegetable
growing can be seen on a large scale on Mr. Secrett's farm at Walton-on-Thames. 'Mr.
Secrett uses practically no artificials and raises his produce on fermented stable
manure. He stands at the head of his profession as regards quality.' (Howard.)

Lord Portsmouth has made an interesting contribution to this question in
connection with keeping quality. Wheat straw is used for thatching many of the
cottages on his Hampshire estate. By keeping careful records over a number of years
he found that, although the crops in question were grown side by side on the same
type of soil, thatch made with straw from wheat grown with humus lasted twice as
long as that grown with artificials.

One of the most impressive examples of large scale humus farming in this
country is to be found at Surfleet near Spalding in Lincolnshire, on the Iceni Estate,
owned and farmed by Captain R. G. M. Wilson. This particular farm, consisting of
nearly 300 acres, is of special interest because of the interdependence of its market
garden, and more normal farming departments, but in connection with the special
subject matter of this chapter, I am concerned with a result which he has noted in
connection with the use of compost (Made on the bio-dynamic principle.) On glass-house
tomatoes. This case is of interest because it is an example of the beneficent effect of
compost on a presumed non-mycorrhiza former. When he first started growing
tomatoes on a large scale, Captain Wilson tells me he was much troubled by that
uneven ripening of the fruit which is such a frequent cause of loss to commercial
growers of this crop. He first tried the treatments advocated by expert consultants
without any very marked success. Then he adopted his humus methods and this



trouble disappeared; moreover he has now grown a crop of tomatoes in his houses for
eight consecutive years without changing or sterilizing the soil and, so far, can detect
no falling off in yield or quality. This is usually considered by experts to be

impossible. (This result has been confirmed by several other commercial tomato growers. Again and again they have
reported the complete disease control by the use of compost only. Incidentally, the tomato is one of the plants that thrives best on
compost made from its own waste materials.)

The high quality of the Iceni produce is famous wherever it is known, and
Captain Wilson has demonstrated very clearly that quality, even to-day, has a very
definite commercial value. This is often contested by the users of chemical fertilizers
who argue that successful competition under modem marketing conditions involves
putting quantity before quality. Recently during one of the periodical bad slumps in
the demand for cabbages, brought about by a seasonal glut of that vegetable, Captain
Wilson sent a van load of cabbages to the market of a town in the Midlands. When the
name on his van was spotted, it was quickly surrounded by buyers, and the whole load
was easily disposed of. Afterwards, rather than return empty, the van loaded up with
the unsaleable cabbages sent, on the same day to the same market, by other growers.
These were taken back to Surfleet and added to the compost heaps.

Plant pathologists when visiting Surfleet have jokingly called it 'a most
uninteresting place', because it is, as they put it, 'so boringly healthy'. If the primary
cause of disease in plants (as in man) is faulty nutrition, then Captain Wilson can
claim that his organic treatment supplies his crops with a balanced diet.

We must now turn to the question of parasites proper. These can be divided into
those that live in the soil and attack the roots or stems of plants, and those (such as
insects) that live outside the soil, and usually attack the leaf structure.

We have seen that the beneficial effect of compost in controlling virus or fungus
disease is probably due to increased fungal activity, and the part this plays in
providing the plant with a balanced diet. I now hope to show that there exists an
equally plausible reason to explain the decrease in attack by parasitic grubs, which so
often follows humus treatment. One of the most interesting examples of the kind is
the effect on eelworm which has recently been noticed in South Africa and Ceylon
following applications of compost. An account of this appeared in the Rhodesia
Herald of 4th September 1942 as follows:

'Some years ago Mr. S. D. Timson, Assistant Agriculturist, noticed a garden in
which the vegetables were strong and healthy and the flowers bright and vigorous. He
was surprised to learn that three years earlier cultivation had been almost abandoned
because of the heavy infestation of eelworm. The excellent conditions he saw
followed a good dressing of compost.

'He immediately began to observe the results of compost in regard to eelworm,
make practical tests and induce farmers to experiment. Once the inquiry was begun
evidence began to pour in.

'At Darwendale Mr. O. C. Rawson had applied five tons of compost per acre to
infested tobacco land. In the first year there was a reduction of eelworm, and in the
second year, without a further application, the eelworm disappeared. Other tobacco
farmers began to report similar experiences. . . . The compost, of course, was applied



for its fertilizing value and the consequences on the eelworm population were a
surprise.

'Tt now seems that the same effect has been noticed in other countries where
compost was being tested out. In Ceylon members of the Department of Agriculture
were able to report last year that the most promising method of ridding the soil of
eelworms was one they had only recently discovered. It had been found that if large
quantities of organic material, such as compost, green manure, or cattle manure, were
added to the soil the population of eelworms was greatly reduced. Examining into the
causes of this effect, their conclusion was that it was due to the increase in the soil,
following the addition of organic matter, of organisms like fungi, and insects, and
other nematodes, which preyed on the eelworms. . . .’

This result would not have been a surprise if the machinery for coordinating the
results of research in different branches of science were less rusty. No less than fifty-
six different species or forms of fungi have been recorded by mycologists as
'subsisting by the capture of motile animals'. (Charles Drechsler, 'Predacious Fungi', Biological Review,
Vol. 16, 1941, pp. 278 and 290.) The first account of this phenomenon appeared as early as 1888
(Zopf). Of these fifty-six forms, twenty-five are known to capture and consume
nematodes, twenty-three kill and eat amoebae, five live upon rhizopods and the three
remaining species are aquatic.

The methods by which these fungi trap their prey vary. The majority of the
nematode-eating species form loops or bales of mycelium, which also usually excrete
an adhesive substance. When an eelworm crawls through these bales, they close round
it, holding it captive despite its violent struggles which may last for as long as two and
a half hours. When the captive becomes inert, the fungus bores through the skin of its
prey, making a narrow penetration. A globous body is then formed by the penetrating
mycelium, which increases in size until in an hour or two it has filled a transverse
section through the animal's body. Lateral elongated branches then grow from this,
passing between the captive's internal organs, until they fill its entire length. This
causes paralysis and death of the eelworm, after which the fungus consumes all the
internal fatty material of its body, leaving the cuticle untouched. This gruesome
process is well shown in Plate XI.
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PLATE XI. Arthtobotrys musiformis (Fig. 1) and Dactylella lysipaga (Fig. 2) Two
species of predaceous fungi, showing method of capture and destruction of
eelworms. From drawings by C. Drechsler. Mycologia 29 447 1939.

Nematodes appear to form the normal diet of some forms of predacious fungi,
other forms, it seems, eat such active prey only in the absence of other food.
Comparatively recent investigations have disclosed the fact that many more forms of
fungi are predacious than has been supposed. These forms have all the appearance of
non-predacious species until brought into close proximity with their mobile prey.
Then, and only then, do they develop the catching apparatus.

Many forms of these fungi are normally found in rotting vegetable matter and the
dung of animals. An examination has also revealed their presence in very large
numbers in compost.

Besides capturing and eating the active larvae of nematodes parasitic to plants--
such as wheat cockle and sugar beet eelworm, and the rootknot parasite of pineapple--
some forms also capture and consume the larvae of many animal parasites. These
larvae, which are present in the dung of affected animals, are quickly snared and
killed by the fungal species concerned. (See Technical Ref. No. 7a.)

This probably explains the greater liability to attack by parasitic worms to which
cattle and sheep are subject on worn out pastures deficient in humus, for it is unlikely
that predacious fungi can thrive in the absence of humus, any more than other soil
forms.

Whether or not these groups of fungi are among those concerned with the
production of growth-promoting substances is not known. It would be rash, in the



absence of precise knowledge, to assume that they are not. If they are, then the
deliberate destruction of eelworms by chemical means, may, even where successful,
do more harm than good by destroying the natural food of these beneficial fungi. The
normal presence in dung of both nematodes and the fungi which eat them, certainly
suggests that a balance between them exists in nature, particularly as some nematodes
and rhizopods appear also to eat fungi, if not first eaten by them. These organisms
provide an instance of the importance of the study of soil ecology, and of the possible
evil consequences of upsetting nature's balance of species.

""There is no human being who is not directly or indirectly influenced by animal
populations, although intricate chains of connection often obscure the fact . . . not
only do animals have this influence on man, but man has an increasing power over the
fate of the animal populations that still throng the world." It seems that considerable
caution should be exercised before "ordering the destruction of a species on the

chance that it may be doing harm to human interests." (Bureau of Animal Population at the University
of Oxford--Annual report, 1936-37, quoted from The Rape of the Earth.)

'We cannot condemn the prairie gopher, the Australian rabbit, the African
termite, or the locust, without first discovering to what extent, if any, some action of
man has upset an equilibrium in animal ecology, and therefore indirectly in plant

ecology, and so affected the conservation of vegetation, soil and water.' (Jacks and Whyte,
The Rape of the Earth, Faber and Faber, 1939.)

Man is certainly responsible for the devastations caused by the Australian rabbit,
though in this case he upset nature's balance by the introduction, not the
extermination, of a species. As for the African termite, Captain Moubray has recently
shown that it can serve a very useful purpose. He uses large quantities of compost on
his citrus farm in Rhodesia, and he has described (April 1942) how he has recently
been able to make use of the termite in providing an additional source of food for his
trees.

'We have a small box-making plant,' he writes, (Compost News Leiter No. 4.) 'and until
recently sawdust was looked upon as a waste product. Now it is spread on the grove,
where the termite or white ant of the insidious variety has made its home. This insect
has the property of fixing atmospheric nitrogen, which enables it to digest cellulose
and convert it into protein, which is a valuable source of nitrogen.

'"'We used to look upon the insidious termite as a pest and sawdust as waste. By
combining the two we make a valuable product. The termites do no harm to the trees.
The American representative of Cyanogas pays me regular visits, and has been
watching this particular experiment with great interest.'

In a later letter Captain Mowbray writes: 'Re termites, I now think the correct
explanation is as follows; the termites take the sawdust underground and use it in the
manufacture of their mushroom beds; this particular termite makes nets about the size
of a cricket ball, only a few inches below the surface. When finished with, these beds
decompose, nitrification takes place, and the nitrogen is available to the roots of the
orange trees. As regards eelworm in tobacco, our experts appear to be fairly satisfied
that this pest is now controlled by good applications of compost. Up till recently it
was generally accepted that once lands became badly infested they were lost to
tobacco forever. Many more have repeated Mr. Rawson's and Captain Timson's trials



with the same results. I found this out on tobacco years ago, but people then treated it
as a joke.' (Note: the expert advisers on sugar beet and potato eelworm in this country
still treat it as a joke.)

Whenever pests appear in unmanageable numbers, it is probably safe to assume
that nature's balance of species has in some way been upset, and in most cases it
would be profitable to suspect that the root of the trouble is man's mismanagement.
For example, there is some evidence for attributing the increase in insect pests, which
has been reported in some areas, to the wholesale destruction of hedges, undertaken in
the interests of mechanized farming, for with the hedge has gone the shelter for the
small birds who prey on the insects. Similarly, any soil treatments which tend to
inhibit fungal activity are probably a direct or indirect cause of the increase in many
different forms of parasitic larvae. In Hawaii successful control of root-knot parasite
in pineapple has been achieved by treating the soil with large quantities of organic
matter applied with the deliberate intention of encouraging predaceous fungi. (see
Technical Ref. No. 7B.) Farmers on the eelworm-infested potato lands in Lincolnshire might
do well to follow this example.

In addition to the undoubted presence of predaceous fungi in such substances as
compost and dung, other factors concerned with the balance of the soil population are
probably called into play as a result of organic soil treatment. There are indications,
for example, that attacks by wire worm on newly ploughed up pasture are noticeably
less severe if the grass receives a heavy dressing of farmyard manure before
ploughing.

PLATE XII A pair of Meyer lemons showing greater all-round development of the
plant on the right which was implanted with Soilution earthworms eighteen months
previously.

(Reproduced by courtesy of the Director, Californian Earthworm Farms)

Not the least important effect of replacing chemical fertilizers by farmyard
manure or compost, is the increase which this brings about in the earthworm
population. Darwin found that the weight of worm casts deposited on the surface of
ordinary field soil in good heart may exceed ten tons per acre per year. The



importance of this (see Plate XII) and its direct bearing on plant nutrition, becomes
clear when you consider the estimates of other experts, notably Dr. L. C. Curtis of the
Connecticut Experimental Station, that worm casts contain five times more nitrogen,
seven times more available phosphate, eleven times more potash, and 40 per cent
more humus than is normally to be found in the top six inches of soil, and this is not
their only contribution to soil fertility.(A list of some of the further beneficial activities of earthworms will be
found in Technical Ref. No. 8.) The late Sir Bernard Greenwell attached great importance to the
part played by earthworms in pest control and in the production of healthy crops
generally. In a paper which he read to the Farmers' Club in 1939 he stated:

'T am afraid very few of us realize what a good friend this little fellow is to the
farmer, and if we can only increase the population of the earthworm in the soil he will
do a lot of our deep cultivation for us and aerate the soil gratis. Where we manured
our grassland with artificials, we found the worms disappeared, but the following year
a compost was applied made from town rubbish mixed with dung, and immediately
the worm casts reappeared. It is a known fact that the nomad tribes in Central Africa
always pitched their camp on ground covered with worm casts as they found that this
was the best grazing. . . . [ am certain that the fertility of the soil is bound up with
organics which are a great encouragement to the worm. There is very little doubt that
he is a scavenger and if he disappears you will find his place taken by the leather

jackets and other insects detrimental to the crops.' (it has also been suggested (Dr. Joad, in a Brains
Trust session) that the increase in such pests as wireworm, and leatherjacket, may be attributable to the speed of the multifurrow
tractor plough, which does not allow the grub eating birds sufficient time to secure their prey before the fresh-turned soil is
covered up again by the next furrow. This is very plausible, and there is probably something in it.)

When it is remembered that as many as eight million earthworms may be found
in a single acre, and that their burrows are capable of penetrating the subsoil to a
depth of five or six feet, it is clear that their presence must have an appreciable effect
on soil aeration, and thus indirectly on humus formation.(see Technical Ref. No. 8.) Faulty
aeration, which interferes with humus formation underneath the turf, is perhaps the
commonest cause of infertile grassland.

Sir Bernard Greenwell found that he could obtain an improvement in poor
pasture by subsoiling, equivalent to that normally obtained by dressings of basic slag.
It will be remembered that some of the Wareham experiments suggested that the
improvement in tree growth brought about by slag was due less to its phosphate
content than to its indirect action on soil fungi, including no doubt those responsible
for humus formation. It seems fairly clear that an increase, however induced, in that
part of the soil population beneficial to plant life may well be accompanied by a
decrease in others of a parasitic nature.

We come now to consideration of the claim that compost treatment also confers a
resistance to attack by insect parasites. Here the reason is more difficult to understand.
At first sight one would have thought that the healthier a plant, the more appetizing
would it be to such pests. The recorded cases of such resistance following applications
of compost, are however too numerous to ignore. My own experience extending over
several seasons has convinced me that crops of the cabbage family, if grown from
seedlings raised on humus rich soil, and transplanted on to land treated with compost,
show markedly greater resistance to caterpillar and aphis attack than those grown with
artificials or even with ordinary farmyard manure. (See Chapter viir) I have also grown
onions in soil rich in humus which produced an abundantly healthy crop in a season



when practically the whole onion crop of the surrounding district was destroyed by
onion fly.

Howard records the following interesting experience with fruit trees found
growing in the garden of his house at Blackheath when he bought it in 1934. He
records that this garden 'was completely worn out through no fault of the previous
owner. It was a veritable pathological museum--the fruit trees, in particular, were
smothered with every kind of blight. Steps were taken to convert all the vegetable
wastes into humus with the help of stable litter. Even after one year the pests began to
retreat. In three years all had disappeared, the woolly aphis on one apple tree being
the last to leave. During this period no insecticides or fungicides were used and no
diseased material was ever destroyed. It was all converted into humus.'

Every year that passes brings an ever increasing number of carefully recorded
results of a like nature, for organic farming and gardening is daily becoming more
common. Among the outstanding features of all these reports are the disappearance of
disease, the increased size, and improved germination of seed, and the increased
resistance to drought and pests, all following upon a change from orthodox cultivation
to compost only. In none of these cases has a diminution in yield resulted--usually the
IEVErSE. (These results are now being collected and checked by the Soil Association. See Chapter VIIIL.)

I have evolved my own theory to explain the effect of compost on insect pests,
which I advance here merely as an hypothesis. In watching caterpillar and aphis attack
I have noticed that both compost- and chemically-grown plants will be attacked, but
whereas the plants grown with chemicals (if left unprotected) will, in a bad season, be
stripped to the rib, those grown with compost (with the exception of an occasional
isolated plant) are only slightly damaged and quickly recover. This suggests two
things: first, that the vigour of growth is so strong in the case of the compost-grown
plants, that they are able quickly to repair the ravages of the pest, and secondly, that
the compost grown plant may be more nourishing and the parasite consequently
satisfied with less. The evidence on which I base this theory will be found in the next
section.

II
ANIMALS

We now come to the second claim made on behalf of humus, namely that the
health of the crops grown with it can be transmitted to animals. This is not easy to
prove, but as an example of the instances given, I will briefly summarize the
experience of Mr. Friend Sykes, farmer of a 700 acre all-organic farm. For many
years Mr. Sykes farmed some of the richest land in the country, where he built up
famous prize-winning herds of Friesian cattle and Berkshire pigs, yet when the
accredited milk scheme was introduced, and he was asked to lead the way by having
his herd tested for tuberculosis, 66 per cent of his cows reacted. As can be imagined
this caused him many heart searchings. For the conclusions he reached, and the
reasoning by which he arrived at them, readers must study his book, (Friend Sykes, Humus and
the Farmer, Faber and Faber, 1946.) but the practical upshot of them was that he decided radically
to alter his system of farming, and abandon orthodox methods. He sold his rich land
farm (at £100 per acre) and in 1936 bought 750 acres of downland in Wiltshire over
800 feet above sea level and worth only £4 an acre.



This land was so poor that it was said to be incapable of growing grain crops, and
the herbage was so scant that the whole area, when he first moved in, was incapable
of sustaining fifty head of cattle, and heavy purchases of feeding stuffs had to be
made to keep them alive. Disease of every sort soon showed itself: contagious
abortion, Johne's disease, mastitis, tuberculosis.

He decided to plough up the whole 750 acres, to rely thereafter solely on home
grown food, and to attempt to re-establish fertility without recourse to any purchased
artificial fertilizers. He records the result in the following words: 'After seven years of
heart-breaking toil with the added difficulties of wartime conditions thrown in for
luck, we have (touching wood) (1) almost completely rid the farm of disease, (2) built
up a large herd of attested dairy cattle tubercle free for over four years now, and of a
soundness of constitution to all critical appearances such that no expert would believe
that any scourge had ever visited the farm, and (3) as each succeeding generation of
young stock is born we have unmistakable evidence of still greater stamina and
endurance.'

This remarkable achievement was brought about by a combination of ley farming
(four years seeds, four years arable), heavy cultivation including sub-soiling, and
intensive controlled grazing by cattle, sheep and horses. Beyond this heavy sheet
composting the land received nothing, yet the farm, once so poor, is now self-
supporting, carries 250 head of cattle, and grows heavy crops of roots and grain,
which are as healthy as the livestock. In 1944 the wheat crop reached seventy-two
bushels per acre, and this on land said to be unsuitable for wheat both on account of
quality and altitude.

The farm is still on the up grade, and now that Mr. Sykes is composting all his
straw by the method of open yards and a mechanical muck shifter he expects to be
able to carry a much larger head of livestock still.

Now this conversion of derelict and infertile soil into something much above the
average for the best, through no agency other than the dung and urine of the livestock
fed on the farm's own produce, while grain and milk are sold off the farm, cuts clean
across the orthodox view of what is possible. By all the rules a serious mineral
deficiency should have taken place. The reverse appears to have happened.

If animals fed on compost grown food are healthier than those fed on the same
foods grown by other means the explanation is probably to be found in a combination
of many factors, and to single out any one of them is perhaps to fall into the error of
fragmentation. Nevertheless since vitamins have already been singled out for special
investigation in recent research on this subject, and since they undoubtedly do appear
to be one of the factors concerned, some of the available evidence in connection with
them must now be given.

In Madras McCarrison found that grain produced with farmyard manure
contained more vitamins than that grown with minerals. In the Journal of Medical
Research, Vol. XIV (1926), p. 351, the following results of one of his rat feeding
experiments demonstrates this:



Percentage gain 1in

Feeding bodily weight
Basic ration plus stable-manured wheat 114
Basic ration plus chemically grown wheat
plus vitamin supplement 104
Basic ration plus chemically grown wheat
alone 89

The two wheat crops were grown on adjoining plots. (Memoirs of the Department of
Agriculture in India, IX, No. 4, 8927. Quoted. Pfeiffer.)

A striking confirmation of this finding in the case of a particular vitamin--'B--'is
to be found in an experiment carried out by Rowlands and Wilkinson of the
Knightsbridge Laboratories.

The following account of their experiment appeared in Compost News Letter No.
4 and was abstracted from the Biochemical Journal, Vol. XXIV, No. 1, 1930.

'Mr. Rowlands, having noticed that pigs grown on home-grown barley and wheat
did better than pigs on bought barley and wheat, decided to try the effect of artificial
manure versus natural manure. The crop tested was, not barley or wheat, but the seeds
of clover and grass; and the experimental animals were rats. Two groups of rats were
fed respectively on the seeds from the artificially manured field and the naturally
manured field; and the upshot was that, on the seeds of the naturally manured grass,
the rats grew nearly twice as well as those on the artificially manured grass. Both
preventive and curative tests were made.

'Here are the details:

Preparation of field 1925 Cabbages grown.

1926 Potatoes grown.

Wheat sown in autumn.

1927 Grass seeds with a small
quantity of the different
clovers sown amongst the
growing wheat.

After harvest, the aftermath
was lightly grazed.

1928 Field cut for hay and grass.

In autumn the field was
divided and half was manured
with natural manure and half
with artificial thus:



Natural Artificial--

Pig manure mixed with straw 20 cwt. basic slag and 3 cwt.
20 loads per acre. Kainite (sulphate of potash,
How the pigs which produced salt and magnesia) per acre

the manure were fed
50 per cent middlings (i.e.
ground bran with adherent
endosperm)
40 per cent barley meal
10 per cent of the
following mixture: 1929 1In the spring 1 cwt.
meat meal, rye and sulphate of ammonia per acre.
wheat embryo (rich
in vitamin B),bone meal
and cod liver oil

Harvest

'In July 1929 the crops were cut on both parts of the field; harvested in separate
barns, and threshed.

Analysis of Grass and Clover Seeds (percentages)

After After
natural manure artificial manure
Protein 12.7 11.7
Moisture 5.8 6.0
Fibre 19.4 21.6
Ash 9.0 10.5
Phosphorus 0.44 0.33

Preventive Tests

'"The rats were given Professor Drummond's "B deficiency diet" which consists of
rice starch, caseinigen, salt mixture and cod liver oil, and with this, one lot got 20 per
cent of "Dung Seeds" (seeds grown with natural manure) for twenty-one days and
thereafter 25 per cent of "Dung Seeds" for eleven days, whilst the other lot got the
same weights of seeds grown with "artificials", for the same periods. The result is
shown in Fig. 2.
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Curative Tests

'Both lots of rats to be tested were given the "B deficiency diet", with no seeds,
for eighteen days, at the end of which all were losing weight. Then to the diet of one
lot 25 per cent of "Dung Seeds" were added, and they at once began to grow
normally. (See Fig. 3.)
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"To the diet of the other lot 25 per cent of seeds grown with "artificials" were
added: they did not improve, but got steadily worse. Three days later they looked as if
they could only live a few hours. "Their condition was one of typical vitamin B
deficiency; they were wasted, hunched and shedding hair". Then Professor
Drummond saw them and suggested changing from seeds grown with "artificials" to
"dung seeds". The immediate result was that the rats rapidly recovered and showed
normal growth. (See Fig. 4.)
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'"The authors observe "It would seem that a plant may absorb vitamin B from the
land, and that the vitamin B content of any food may be dependent upon the amount
of this vitamin in the land." The earlier view that "the vitamin B is manufactured
entirely in the plant and stored in the embryo" thus seems to be incorrect. Then they
make this shrewd remark: "One worker states that in his experimental work a certain
food contains vitamin B ; another worker, using the same type of food, differs entirely
in his findings; and we consider that the food that is being tested is not the only point
which is of importance. If these results are correct they have a considerable bearing
upon agriculture and nutrition."

'A further detail: They found that the dung of the pigs which they employed
contained vitamin B. (They extracted it with slightly acidified 50 per cent alcohol,
concentrated the extract by distillation in vacuo, and then fed the concentrate to rats
losing weight on the "B deficiency diet". The rats began to grow at once.)'

This experiment dealt with vitamin B only. Very probably it could be extended to
include others. A similar result, but without an attempt to isolate the cause, is
recorded of the late Dr. Rowlands

'In his case he took an acre of land that had never had a crop on it, divided it into
two half-acre plots, ploughed, harrowed it, and made a seed-bed of the whole acre.
One half-acre was heavily fertilized with cow dung, the other half-acre with chemical
fertilizer--both plots seeded down with the same cereal--barley I think it was--both
plots had good crops with strong straw and well-filled heads, the seeds were kept
separate and again two groups of rats from the same families were divided in equal
halves--the one group fed from the chemically fertilized plot showed every evidence
of malnutrition--those fed from the farmyard manured plot had a perfectly normal
healthy gl’OWth.' (Personal letter to the author from Mr. J. Tustin, late of United Dairies.)

As against such experiments as these I must in fairness record certain contrary
evidence. First there is the increasing development of soilless culture, or hydroponics
as [ believe it is called in the U.S.A. It is usually described as growing crops in a



nutrient solution, either in water tanks or in sterilized sand or gravel, though it is
sometimes forgotten that water or sand when exposed to the air does not remain
sterile. Considerable progress has been made in this method. It has even reached a
commercial scale in some places. Satisfactory crops have resulted, and Professor R.
H. Stoughton, who is engaged in carrying out investigations in the process at Reading
University, has recently recorded that in order to determine the nutritional value of
crops so raised, 'chemical analysis of the carbohydrate, protein, inorganic
constituents, and vitamin C content were carried out. No significant differences could

be established between plants grown in gravel and those grown in soil." (Vazure, Vol. 150,
No. 3797, 8th August 1942.)

The first question, of course, which springs to the mind is 'what kind of so0il?' If
chemically treated soil, then one would not expect to find much difference, but apart
from this my reactions to these investigations are, firstly, that the results will be
inconclusive until feeding tests have been carried out such as those undertaken by Dr.
Rowland. It is very possible that the difference in nutritional value between humus
and chemically grown plants is not, as yet, detectable by chemical analysis. It must

not be forgotten that until very recently vitamins defied analysis. 'About twenty years ago T was
induced to preside, during the annual meeting of the British Association, over a joint conference of its Agricultural and Medical
sections arranged to discuss Vitamins. The subject was handled with considerable scepticism by the medical participants in the
discussion. I well remember, prior to its taking place,’ I wrote to several well-known physicians asking them their opinion on the
value of Vitamins. Their replies were almost without exception hostile to their alleged efficacy, and in some cases derisory. And
yet who to-day would dare to challenge the therapeutic value of these 'accessory food factors'? Viscount Bledisloe, 1940.)

Secondly there is no indication at present that plants raised by soilless culture can
continue to reproduce for consecutive generations. It is customary for the seed used to
be raised in soil. (Mrs. Hilyer records in her book Hydroponics having successfully raised second generation peas and
potatoes but her methods are not entirely inorganic.) Thirdly, plants grown in such very controlled and
artificial conditions present a very different picture from those growing in open
competition in the field. The danger of basing deductions exclusively on laboratory
experiments when dealing with such natural phenomena as mycorrhizal association,
for example, has already been pointed out. Of more importance to our subject
therefore, is the evidence of Sir John Russell, F.R.S., late director of the Rothamsted
Experimental Station. In 1939 he wrote as follows:

'We have searched diligently for evidence that organic manure gives crops of
better quality than inorganic fertilizers, and so far our experiments made jointly with
the Dunn Nutritional Laboratories at Cambridge, have all given negative results. No
difference has yet been found.'

How can such results be reconciled with those of Dr. Rowland? I am not in
possession of sufficient data to hazard an answer, but several lines of inquiry occur to
me. Firstly, in this case also, no evidence is forthcoming that feeding tests were
undertaken. Secondly, I would like to know the manurial treatment which the soil
received in the years immediately preceding the experiments, for the effects of both
organic and chemical manuring are cumulative. If the operative factor is a question of
fungal activity, it is obvious that this must be so. Thirdly, I should like to know the
form of the organic treatment given, for, as we have seen, not all treatments called

organic do stimulate the soil population in the desired manner. (A recent visit to Rothamsted
revealed the fact that no tests have been made with properly made organic compost. 1948)

It must be remembered that the inorganic enthusiasts tend to overlook in their
claims that application of inorganic chemicals to a field crop does not so much test the



effect of chemical nutrients as such, as of chemicals plus humus. This is why the
humus enthusiasts demand long-term tests. Their view is that it is the presence of
humus which softens the effects of inorganic chemicals, and the presence of inorganic
chemicals that prevents compost treatment being fully effective. In other words, while
it is only when the humus content of the soil becomes seriously lowered that the
harmful effect of inorganics becomes fully apparent, feeding value nevertheless is
probably affected long before this stage is reached. The only short-term tests therefore
which could possibly provide a true comparison would be one undertaken with
subsoil; in the one case with inorganic nutrients added, and in the other case with the
addition of humus. I believe it is a fact that the seed used on the famous Broadbalk
field at Rothamsted is invariably fresh seed, imported each year. This must weaken
any nutritional argument based on the reaction of this seed to soil treatment, for since
the effect of both organic and inorganic treatment is cumulative, it becomes more and
more evident with each succeeding generation. One of the reasons for this is no doubt
that continued applications of inorganic chemicals appear to have a serious lowering
effect on the fertility principle, while organic treatment, as already noted in the case of
sunn hemp, stimulates it. A similar result has been noted with clover by Mr. R. G.
Hawkins of Braintree who writes (May 1942):

'"For some years now I have inspected crops of Essex red clover and I have noted
that the yield of seed is invariably higher on those farms which keep stock, so that the
land receives a periodic dressing of dung. The difference is most pronounced in those
years when clover seed is generally a poor crop. . . ." (Quoted from Compost News Letter No. 3.)

The factor responsible for lowering reproductive powers, is probably the same as
that affecting feeding value. In both cases it is reasonable to assume that it is almost
certainly a vital factor. The argument that living forces are unnecessary to living
organisms, and that these require nothing for health, growth and vigour that could not
be supplied by synthetic chemical products, will remain unconvincing until such time
as scientists succeed in creating life itself. Dr. Innes Pearse maintains that the
relationship of humus to the seedling, is exactly comparable to that of the placenta to
the foetus. (See also Technical Ref. No. 14.) In any event, the mere fact that such startling
discrepancy of view as that cited above can co-exist among scientists is in itself a
sound indication of the importance of carrying out further tests.

There are very many indications now available contradicting the Rothamsted
results and they are not confined to rats.

In the course of feeding trials carried out by the late Sir Bernard Greenwell at
Marden Park in Surrey, in 1939, 'the effect of a grain ration raised from fertile soil
was compared with a similar one (purchased on the open market) on poultry, pigs,
horses and dairy cows. In all cases the results were similar. The animals not only
throve better on the grain from fertile soil, but they needed less--a saving of about 15
per cent was obtained. The grain from fertile soil was found to contain a satisfying
power not produced by ordinary produce. But this was not all; resistance to disease
markedly increased. In poultry, for example, infantile mortality fell from over 40 per
cent to less than 4 per cent. In pigs, troubles like scour disappeared. Mares and cows

showed none of the troubles which often occur at birth.' (Howard, quoting Sir B. Greenwell's paper
read to Journal of Farmers' Club, 1939.)



The possibility that grain grown on fertile soil might result in a quantitive saving
is an important point, particularly in war-time. If a wide adoption of humus farming
were to result in a 10 per cent to 15 per cent reduction in animal feeding stuffs
throughout the country, a large amount of shipping space would be saved, or
alternatively more livestock could be kept. These are worth-while considerations in
themselves, quite apart from the economic benefit that would accrue from any general
improvement in the health of our livestock, were this to result. I might remind you
here how Howard found that his oxen in India, fed on compost-grown food, failed to
contract foot-and-mouth disease even when 'rubbing noses' with infected animals.

In connection with this Lord Portsmouth told me an interesting story. A few years
ago he approached the heads of the Government Veterinary Department, whose
responsibility it is to decide on the policy to be followed during epidemics of such
infectious diseases as foot-and-mouth disease. At present, as is well known, the policy
in the case of this disease, is to slaughter not only all infected animals, but also all
contacts, at the same time prohibiting any movement of stock in an area fifteen miles
around the site of the outbreak. Anyone who has studied the outbreaks in recent years,
cannot fail to have been struck by the way in which farms next door to the one where
an outbreak has occurred, so often escape infection, while others, more widely
separated, succumb. It is difficult to reconcile this with the official theory that the
spread of infection is due to birds, or ground vermin.

Lord Portsmouth, with his personal experience of the effects of humus farming,
suggested an experiment to these Veterinary Authorities, to be tried when foot-and-
mouth next occurred in a suitable locality, such as the Isle of Wight, where a whole
area could be effectively isolated. His idea was that instead of adopting the slaughter
policy, they should prohibit any movement of stock to or from the island, and let the
disease take its course, carefully noting the farms that escaped and comparing the
system of farming in practice there, with that on the farms to which the disease
spread. The 'vets' 'threw up their hands in horror' and said 'Do you suggest that half
Europe is badly farmed?'

'Yes,' said Lord Portsmouth, 'just that.'

They then drew his attention to a large wall map. It covered the Continent from
the Baltic to the Mediterranean, and from the Atlantic to Russia. It was studded with
small flags, each flag representing a confirmed outbreak of foot-and-mouth disease.

Lord Portsmouth told me that he looked from this map to the 'vets' in
astonishment. 'Doesn't that map show you something?' he asked.

'Only', was the reply, 'that the disease is very prevalent.'

Lord Portsmouth then told me that he had an intimate knowledge of some parts of
southern Europe, and had travelled large tracts of it on foot, including the Balkans. He
said that from his personal knowledge of the farming methods undertaken in this
mountain area, he was able to notice that very often the flags stuck into the map
stopped where traditional peasant farming began. He pointed this out to these
authorities, saying, 'Do you mean to tell me that birds flying south stop when they get
to this valley or that region.'



I asked him what reply was made to this, and he said: 'Oh! They just thought I
was mad!'

There is nothing harder than to introduce a new idea into the official mind.

A further contribution to the indications concerning animals and artificials, is
contained in the following letter to the Spectator of 17th October 1941, by Dr.

Sanderson-Wells, Chairman of the Food Education Society.' (. H. Sanderson-Wells, M.B.E.,
M.D.,FR.CS.)

'A dig-for-victory plot on the edge of a golf-links was limed, planted and treated
with artificials. Luxuriant heavy-green cabbages, sprouts and other vegetables
resulted. To increase the family meat ration, part of this crop was fed to rabbits, who
ate without relish, became apathetic and smelt unpleasant. When later grass mowings
were substituted the rabbits ate voraciously and became vigorous and sweet-smelling.

'A correspondent writes: "Cabbages and sprouts grown too fast with nitrate and
phosphate are a curious 'wrong' colour. If over 50 per cent of the greenstuff given to
rabbits is of this sort the rabbits die. Permanent pasture dressed with phosphate
produces a luxuriant field. If the phosphate goes beyond a certain point the field takes
on an unnatural green, and is deserted by wild rabbits."

'Salesmen use this fact as a recommendation. One told me: "Use any soluble
phosphate fertilizer and keep the rabbits away." Another said "Use enough nitro-chalk
and you will get big greens that rabbits will scarcely touch: if they do, they die."
Animal instincts may be sound guides to food values, which are actually soil values,
because food is nothing more than the "conveyancing agent" or "agent of transfer" of
the soil's qualities into the bodies of man and beast; land in good heart supporting
bodily health, vigour and stamina; poor unbalanced soils producing ill health and
debility. For instance, the liking of birds for hips, haws and many other hedgerow
fruits has led to the discovery that these contain high concentrations of mineral salts,
vitamins, and other essential food elements.' (Reprinted in Compost News Letter No. 3.)

The soundness of this idea that food is an agent of transfer for the qualities of soil
has been demonstrated to me many times by my own experience in the raising of
young pigs. Pigs bred under modern housing conditions (defined by someone as 'cold
and concrete'), are very prone to the disease of white-scour when they reach the age of
about one month. If the attack is serious it can cause considerable financial loss, even
if it does not actually kill the pigs. The textbooks give the cause as lack of iron and
recommend dosing with some iron preparation such as Parrish's Food; feeding such
weeds as chickweed (which is rich in iron), or, as a third alternative, taking up pieces
of turf and giving these to the young pigs.

I have made many experiments in connection with the curing and prevention of
this trouble. From the turf remedy I tried experiments with ordinary soil from arable
fields. It was not long before I found that soil gathered from a field rich in humus,
where no chemicals have been applied, was quite as effective as turf, curing the pigs
within forty-eight hours. Whereas soil from exhausted land, or land treated with
chemicals had no effect in curing the disease. I also noticed that young pigs running in
the open on good pasture, provided it was not too hard for them to rootle (as for



instance in hard frost, or very prolonged drought), never suffered from this disorder. It
is never a menace to my herd now under any conditions, even in long spells of severe
winter weather when the ground is covered with snow and the pigs have to be entirely
housed up. Under such conditions I no longer wait for the first sign of scour, but
regularly collect the soil of fresh mole hills, newly thrown up above the snow, on land
I know to be fertile. Collected daily, this soil is friable in the hardest frost, and it is
equally good in very wet weather, for it is never sticky. The pigs eat it voraciously in
incredible quantities, starting when about a week old. I sometimes add a little chalk to
it, which the pigs seem to like.

This experience ties up in an interesting way with the research work of Baker and
Martin (F. A. Baker and Rollo Martin, Zbl Bake. 11, 1937.) and brings us back once more to the role of
the fungus. Baker and Martin have shown that a group of fungi indigenous to the
caecum of the rabbit, guinea-pig, and horse is responsible for the breakdown of
cellulose ingested by these animals, and their research work on the behaviour of these
fungi in vivo has provided strong evidence for the view that their relationship to the
host animal is a symbiotic one. (Some of these organisms incidentally are also
indigenous to the human mouth.)

These investigators have not experimented with the pig so far as I am aware, but
it is reasonable to suppose that the breakdown of cellulose in the pig's digestive tract
is very probably also dependent upon the presence of fungi. It is also reasonable to
suppose that the pig's gut, at birth, is more or less sterile. This being so, before he can
cope with green food or cereals, he must presumably inoculate himself with
appropriate fungi. If this is, in fact, what occurs, it explains the pig's very early
appetite for soil. It also explains why soil heavily dressed with artificials is not
effective in stopping the indigestion which causes white scour at about the age when
the pig normally begins to eat green food, since in such soil fungal growth is largely
inhibited.

An alternative explanation, put forward by certain medical friends, is that the
scour is bacterial in origin, and that some bactericidal agency is introduced with the
soil. This explanation is possible of course, and the recent discovery by an American
scientist of a soil organism possessing curative powers very much akin to penicillium
lends colour to the theory, but I still lean towards my own hypothesis, more
particularly since research, more recent than that of Baker and Martin, has provided
evidence that the digestive tract of all mammals is the normal habitat of fungus flora,
symbiotic in habit, whose function is not confined to assisting the digestion of
cellulose, but is also concerned with making certain vitamins available. If the initial
source of fungus infection should prove to be the soil, or even natural raw herbage,
one is prompted to wonder whether the inability to digest coarse natural foods, such
as raw salads, and wholemeal bread, which is sometimes exhibited by modern city
dwellers who have subsisted for years on sophisticated, processed and tinned foods,
may not be associated in some way with faulty fungal activity brought about through
the prolonged absence from their diet of those same natural foods. At any rate, in the
case of the pigs, all the recent research is consistent with my interpretation, which also
seems to be supported by the well-known fact that when cooked potatoes are fed to
pigs they must be washed before boiling, whereas raw potatoes can only be safely fed
if the soil is left on them. It would appear from this that live soil enables pigs to digest



raw potatoes (in moderation), while cooked potatoes not only do not require this aid,
but the soil, when sterilized, appears itself to be indigestible.

Older farm workers have told me that they never remember scour in young pigs
when 'they were young', and one of the more noticing among them told me that in his
view this was because in those days when roots such as mangolds were cleaned for
the cows, the part trimmed off, with the soil attached, was always thrown to the pigs,
and that in 'those days, these crops were always grown with muck'.

There seems little doubt that we can make much more use than we do at present
of the information which animals themselves are very ready to give us in estimating
quality in food. For instance, cattle are often better judges than the chemist as to
whether or not land requires liming. In the winter of 1941-2 I chalked part of a
meadow which the soil experts, after analysis, told me did not require it. The
following summer, and again during the summer of 1943, the verdict of the cattle was
very different; that part which received chalk was grazed as close as a billiards table.
The rest was fed off only when there was nothing left on the chalked portion.

The Rev. Willis Feast, of Booton, Norwich, records how a young farmer told him
that he grew Swedes, some with and some without artificials : 'He fed the "withouts"
first, and when they were finished had the greatest difficulty in persuading his beasts
to start eating the "withs".' (Compost News Letter No. 3. See also Chapter 1X.)

The preference of cattle for mucked or composted pasture is very marked.
Howard describes a case of this kind which he was able to observe personally, since
the six fields in question were in front of his house at Heversham. 'All are first-class
rye pastures,' he writes, 'with nothing to choose between them as regards soil, aspect
or drainage. Nevertheless in 1941 the sheep and cattle, which had access to all six
fields at the same time, consistently neglected one of them, the grass of which was
allowed by the animals to grow at will. This particular field alone of the six had
received a large dressing of artificials.'

One winter I noticed that the farm cats refused potatoes boiled for the pigs when
these had been purchased from a grower who uses artificials, but that later in the
season, when I started to use the small potatoes from our own crop, grown with
humus, the cats ate them with avidity.

Stories such as these are indications, because they are reported from so many
different quarters. They are not proof, because they have not been reproduced to order
under strictly controlled conditions. I must confess, however, that my own personal
taste entirely concurs with that of the animal. To me the flavour of vegetables grown
with farmyard manure, and more particularly compost, is noticeably superior to that
of the same vegetables grown with chemicals. It would be in keeping with nature's
usually sensible arrangements if palatability were to prove an indication of nutritional
value. Unfortunately, in so far as civilized man is concerned, such guides are no
longer reliable, generations of faulty feeding having developed in us a liking for many
things that do us little good, such as refined sugar and white flour. The natural choice
of animals, however-even domestic animals-is almost certainly worth noting, and
investigations based on it would probably yield interesting results.



The examples just given of animals obviously preferring compost-grown food,
coupled with the experience of Sir Bernard Greenwell and others, that a smaller
quantity of such food is required to produce a given increase in weight, certainly
suggest that such food is more complete and balanced.

A doctor of my acquaintance holds the view that, 'It is a likely hypothesis that the
appetite-satisfying qualities of compost-grown food are due to a greater content of
hormones and vitamins. Similarly when the vitamin content of such a food as bread,
for instance, is deliberately strengthened by the addition of extra germ, provided that
that is fresh and, except for the baking, raw, its power of satisfying hunger is notable.'

This doctor lives in Cheshire, a county where, before bread rationing, a special
wholemeal bread was available. This bread was known as 'Fertility Bread'. It was
made from locally grown wheat; about 667 lb. of the latter with about 33’ 1b. of raw
wheat germ added, and was baked within thirty-six hours of the meal being ground.

He told me the following story as an illustration of the satisfying power of this
bread.

'One rainy night, called to a distant and unknown patient, I returned from a
fruitless inquiry to find a man standing by my car in conversation with my wife. She
was saying--"I call a 4}%d. loaf expensive." And his reply was, "Well, I don't, Mrs.-- --
You see I put it this way: I can make a good meal on half a fertility loaf and nothing
more except the butter and perhaps a lettuce; and I am satisfied. That's 2%4d. aside
from the butter and so on. But if I must have white bread I want as much and more,
and a piece of beef or a chicken's leg as well; and against I've done, my dinner's cost
me more than double."

This same doctor used a vivid analogy to illustrate the same theme. He likened an
attempt to satisfy hunger on white bread, to eating Christmas pudding with intent to
find the threepenny bit. 'It is not in the first helping, so you have another, after that
you feel full, but though you do not really want to eat any more, you go on because
you are still looking for something which is not there.' This analogy also expresses my
theory of the susceptibility of chemically grown vegetables to caterpillar and insect
attack. For example, a commercial tomato grower carrying out an experiment recently
between a tomato house treated with compost only and one treated with compost plus
chemicals noted a greater number of white-fly in the compost houses but no visible
injury to the plant or staining on the fruit, while in the other house, the fruit was so
badly stained that every tomato had to be wiped although the number of insects
present was visibly less. If the vegetable lacks something which the caterpillar or
insect needs, he may go on eating long after satiety in an effort to find it. As already
stated, this is a purely personal hypothesis. I have no proof that it is so, it merely
seems to me probable in view of the evidence available.

III
MAN

If it should be conclusively proved that humus, whether through the agency of
soil fungi or otherwise, can restore to plants some virtue otherwise missing,
something which can best be summed up in the word 'quality’', embracing as it would



seem, palatability, keeping quality, and health, and that such plants do act as a
conveying agency, passing on this quality to animals; then the foundation would be
well and truly laid for further investigations as to the extent to which this same quality
can be further transmitted to the human race. The claim that it can be so transmitted
has already been made, but the moment we attempt to provide evidence involving
human beings, we are faced with a much more difficult task, critical proof is almost
impossible to obtain, for you cannot treat people as though they were laboratory
guinea-pigs. Nevertheless many indications supporting the claim do exist, and a few
examples must be given.

In many districts of India rice is the staple diet. [ have been told that in those
areas where the rice crop is sown broadcast in the paddy fields, the standard of health
of both crop and population is low, but that in other districts where it is the custom to
sow the rice in a seed-bed of soil rich in humus, and thence to transplant the seedlings,
both crop and people are remarkably healthy.

That the incidence of malaria may also be connected with methods of crop
cultivation is indicated in the following quotation.

"There are multitudinous examples of the retreat of the crop and of the animal and
of mankind before the parasite, but we are only now beginning to get examples of the
reverse process. In two cases--malaria and sleeping sickness--there are signs that soil
fertility is the real method of dealing with these diseases.

'T will take malaria first. In one of the most intensely malarious areas of India, the
Terai--a strip of forest at the base of the Himalayas--malaria is so bad in the early
rains, June to September, that it is regarded as a death trap both by Europeans and
Indians. Nevertheless, in this area a tribe exists who are practically, to all intents and
purposes, immune to malaria. They go in for intensive agriculture and