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INTRODUCTION

So widely spread and, it may be added, often so intelligent is
the interest now taken in the incidence and the dissemina-
tion of the diseases which affect cultivated plants, and at the
same time so important is a proper conception of the causa-
tions and the treatment of these diseases, that a work which
deals with them cannot fail to be welcomed. Much has been
and much is daily being done to advance our knowledge of
plant-diseases and to increase our ability to cope with the
practical difficulties that their presence creates. But the
literature of the subject is so widely scattered, and the results
of individual investigations so often tend, when settling some
immediate difficulty, to create new difficulties, to open up
new lines of research, and to indicate new principles of treat-
ment, that in the absence of a compact, general review of the
actual state of affairs, the practical man is apt to feel at a loss
as to how matters really stand, and at times is disposed to
doubt the soundness of the advice he is urged to follow.

The conditions necessary for the preparation of such a work
as is called for are in the first place an intimate knowledge
of the labours of a host of investigators widely scattered
throughout the world, with at the same time ready access to
the literature in which these results are embodied. But, in
addition to this, the work must be something very much
more than a mere compilation of the statements of others;
it must be the outcome of long-continued, personal investiga-
tion of the morphological and biological peculiarities of many
types of the organisms that cause or are associated with cases
of disease in plants, by a writer who is not only capable of
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representing accurately the views of others, but is competent
to give reasons for the faith which he himself professes.

Mr. Massee has already shown, and nowhere more notably
than in 4 Zext-book of Plant Diseases, published by him in
1899, second edition 1903, how fully he is endowed with the
qualifications required in the author of a work like the pre-
sent. Various passages in that Text-book, useful and trust-
worthy as it has proved as a guide to the results obtained
up to the date of its publication, already, however, serve
rather as records of what was then believed than of what is
now actually known. A further issue of what has so soon
become, in some respects, a historical landmark rather than
a conspectus of existing information, being undesirable,
Mr. Massee has found it preferable to prepare a new work
on somewhat different lines and covering a rather wider
field. This work, it is hoped, may take the place of the
Text-book, the issue of which has become exhausted, and
should prove as helpful to those who stand in so much need
of assistance as its predecessor has done.

D. PRAIN.

RovAL BOTANIC GARDENS,
KEew, 25¢% January 1910,



PRESAICE

DisEASES of plants are numerous and undoubtedly do much
injury. This, however, is not so much due to a lack of known,
reliable, preventive or curative methods, as to a lack of applica-
tion on the part of those who should be most interested in the
matter. If the various well proved remedial measures now
known, which are neither exorbitantly expensive nor diffi-
cult of application, were honestly carried out, the loss from
fungus and animal pests would be very materially reduced.
The most important of remediable and preventive measures
combined is cleaniiness. Unless this fact is constantly kept
in view, and practised, no amount of spraying or other modern
method of dealing with disease will produce the desired
result. Just now spraying is the order of the day, and under
certain conditions is productive of much good ; at the same
time spraying alone may be overdone, whereas when used in
combination with other measures the success is greater and
the cost less. Hundreds of people know, to their cost, that
repeated sprayings do not always prevent Apple scab. Why?
Because they do not remove the dead twigs on which the
fungus winters. It is sometimes argued that this is impractic-
able, which is simply nonsense. ‘The same is true of most of
our diseases ; the cultivator is led to believe by the manufac-
turer of spraying apparatus of various preparations warranted
to cure everything, and frequently supported by expert
opinion, that his salvation depends on spraying alone. Not-
withstanding such persuasion and advice, the cultivator will
find it to his advantage to remove the primary cause of disease

whenever practicable, rather than allow it to remain, and
vil
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endeavour, by means of spraying alone, to keep it under sub-
jection. Diseased branches, fruit, etc., should be removed—
in fact, as far as practicable, all diseased material should be
destroyed. Unfortunately it is not always possible to do so,
as when potatoes attacked by Black scab, or turnips suffering
from Finger-and-toe rot in the ground. In such cases the
land should be sterilised by the use of quicklime or gaslime.
Much has been written of late respecting the great advan-
tage derived from certain fungi parasitic on insects. Such
statements are perfectly true ; myriads of destructive insects
are destroyed by such means. This has happened in the
past, and will continue in the future. The one thing to
refrain from is that of investing money in any scheme having
for its object the extermination of injurious insects through
the agency of fungi. Any such investment will be regretted.
The numerous references given in this book indicate my
great indebtedness to other investigators, to whom I respec-
tively tender my best thanks. Finally, to my colleague,
Mr. A. D. Cotton, I am indebted for calling attention to
many subjects which would otherwise have been omitted.

GEO. MASSEE.

GATEACRE, KEW GARDENS,
January 28, 1910,
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DISEASES OF CULTIVATED PLANTS
AND TREES

INTRODUCTION

SoME people are fully convinced in their own mind that
diseases of cultivated plants increase in number and intensity
year by year. In connection with this question it is im-
portant to remember that at the present day the majority
of persons occupied in the cultivation of plants have learned
to attribute every disease to some specific cause—generally
a fungus or an insect; something that can be prevented,
hence a disease. In bygone times the same amount of
injury was considered as a ‘visitation,” or due to ‘blight,’ or
some equally indeterminable agency, and was accepted with
calm resignation, and not counted as a disease. Cultivators
have yet to learn that in addition to epidemics, primarily due
to insects or fungi, of which there are admittedly many,
numerous diseases of considerable importance are primarily
due to physiological causes—bad cultivation; that system
of horticultural gambling represented by an atmosphere
saturated with moisture and an abnormally high temperature,
which results too often in a general break-down of the
constitution of plants subjected to such treatment. Such a
constitutional weakening invites the attacks of fungi, which
promptly complete, but do not originate, the calamity.
Growers of tomatoes, cucumbers, etc., have not yet realised
that there is a limit to the endurance of plants grown under
highly abnormal conditions, and until they do so, they will
be the greatest sufferers, as preventive measures under such
conditions are, I believe, impossible. It is a pure specula-
tion, yet judging from a somewhat extensive experience, is
sufficiently often a success to justify its continuance.

As to whether plant diseases are more prevalent at the

A
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present day than heretofore is an open question, and can
only be answered by a comparison of the area under cultiva-
tion with the annual loss due to disease at the present day,
as compared with that of some twenty-five years ago,—which
is an impossibility.

There are many causes which favour the spread and
increase of disease at the present day, which had no existence
in bygone times; perhaps the most potent is that commonly
known as ‘rapid transit.’

Undoubtedly a change of seed is good, but, as experience
has proved, you never know what disease you are intro-
ducing, and in many instances it is impossible to detect
anything wrong until too late. The facility with which
seeds, tubers, and even living plants can now be sent to the
uttermost parts of the earth is a source of great danger from
the point of view of introducing new diseases, and unless
something in the way of a quarantine is insisted upon in
every country, it appears highly probable that in course of
time those diseases, which assume the proportions of an
epidemic, will be equally abundant wherever the host-plant
is cultivated. Where total prohibition is not considered
necessary, quarantine, which has answered so well in the
case of animal diseases, might with advantage be applied in
the case of fruit-trees, etc. The trees should be planted in
some suitable place, and be examined from time to time by
some qualified person. After a season’s growth they might
be allowed to pass into the country, if free from disease.

I am quite aware that some people will say this idea
is not practicable, and further, such precautions are not
necessary. There is certainly nothing impracticable; it is
quite as easy to plant a tree in one place as another. The
cost of a tree that has been in quarantine for a season would
certainly cost more than it would at the moment of landing,
but on the one hand the purchaser would secure a tree free
from disease, whereas on the other hand the tree might
prove to be infected with some disease, The fact that the
most destructive diseases attacking fruit-trees and other
plants in Europe, also eventually appear in whatever part of
the world such trees are cultivated, is absolute proof that
the disease has been conveyed along with the plant.



PRIMARY AND SECONDARY CAUSES OF DISEASE 3

PRIMARY AND SECONDARY CAUSES OF DISEASE

It is often a most difficult matter to ascertain with certainty
the primary cause of a given disease. In most instances
a secondary agent is credited with this power, simply because
the part the secondary organism plays in the development
and extension of a disease is more obvious and more
casily followed and demonstrated than the true primary
cause, which alone enabled the secondary one to gain a
foothold. What I mean is illustrated as follows. The
common disease known to gardeners as ‘damping off’ in
seedlings, is generally considered as being primarily due to
a minute parasitic fungus called £yzhium debaryanum (Hesse).
At the same time it is perfectly well known that it is only
under certain conditions of cultivation that the fungus can
attack seedling plants, and those conditions in themselves
are the worst under which seedlings can be cultivated, namely,
excess of moisture and shade. When seed-beds are located in
open, well-drained, and well-lighted situations ¢ damping off’ is
unknown, simply because such conditions are inimical to the
growth of the parasite. In this instance, personally I attribute
‘damping-off’ to a bad method of cultivation. The explanation
is briefly as follows. Pythium is one of those types of fungus
but little removed from primitive aquatic- forms, its repro-
ductive bodies consisting of motile zoospores which can only
reach their destination through the agency of water. The
necessary film of moisture is ever present on the stems of
seedlings grown in damp, shaded, and badly ventilated
situations. Again, the cell-walls of plants grown in damp
places are very thin, and the cells are always turgid with
watery cell-sap, thus presenting the conditions absolutely
necessary for enabling the zoospores of Zy#kium to penetrate
the cell-walls, and gain. an entrance into the tissues of the
plant. When zoospores are placed on the stem of a seedling
plant grown in an open situation, well exposed to light and
air, no infection takes place. _

The host of fungi known as wound-parasites, usually
considered as originators of disease, are, in reality, only
secondary agents, although in the majority of instances the
greatest amount of injury resulting is due to their presence.
Among such may be enumerated most of the fungus diseases
of forest and fruit trees. As indicated by the name wound-
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parasites, the spores of these fungi cannot effect an entrance
through an unbroken surface, but only through some wound.
Many kinds of wounds to which trees are liable, as those
caused by hailstones, frost, branches broken by wind, etc.,
are beyond our control ; on the other hand, the injuries caused
by bad pruning, by workmen in planting trees, neglecting to
protect cut surfaces at once by a coating of gas-tar, and
many other examples, may be cited as primary causes of
disease, over which we have the means of perfect control,
which are but rarely applied.

An epidemic, say, caused by a fungus, is usually the
outcome of the spores of that particular fungus having been
previously present in the vicinity, hence, honestly speaking,
I consider sheer negligence as the most frequent primary
cause of disease, as when diseased plants are left lying
about instead of being promptly burned or buried. More
will be said on this subject under the heading, Cleanliness.

On the other hand, numerous insects, mites, eelworms, fungi,
and even flowering plants are undoubtedly primary causes of
disease. There is no denying the fact that many different
kinds of insects, during some period of their development,
attack and destroy perfectly healthy plants. The sameistrue
of the minute organism called Plasmodiophora, which is the
primary cause of the disease known as ‘ anbury’ or ¢ finger-and-
toe,” in the roots of turnips, cabbages, and various other
cruciferous plants. Aphides or ‘green-fly’ of various kinds,
Thrips, ‘eel-worms,’ and ‘scale-insects,’” of which the ¢ woolly
aphis’ or American blight is a well-known example, also
belong to the same category.

Among fungi, as primary causes of disease, may be
enumerated the whole of the great family popularly known as
rusts—wheat rust, hollyhock rust, etc.; the ‘smuts’ and
‘bunts’ of cereals. Finally, flowering plants furnish such
destructive parasites as the ‘dodders,’” which attack flax,
clover, hemp, etc. The broom-rapes and mistletoe also
kill or injure other plants.

In some instances the presence of one parasite renders the
host more susceptible to the attack of a second parasite. I
have proved by means of repeated experiments that the very
destructive disease known as larch canker, caused by the fungus
Dasyscypha calycina (Fekl.), is enabled to establish itself at
new points on the tree, where the surface has been wounded
by the larch aphis.(Chermes laricis). In like manner apple
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canker, caused by Nectria ditissima (Tul.), finds a suitable
starting-point on the branch of an apple-tree that has been
wounded by the woolly aphis (Schizoneura lanigera). Not
only does the aphis make wounds in which the canker fungus
can commence growth, but it also unconsciously conveys the
spores of the fungus to new sites as it moves about. Perhaps
it is not stating too much to say that if the larch aphis and the
woolly aphis could be exterminated, larch canker and apple-
tree canker would cease to exist, at all events under the form
of destructive epidemics.

Norton, an American observer, considers that the brown
rot of fruit (Selerotinia fructigena, Schrét.) follows insect bites
or other injury.

Massee, G., ¢ Larch and Spruce Canker,’ Journ. Bd. Agric.,
9, p- 176, 3 pl. (1902). 4

Massee, G., ¢ Canker fungus and Woolly Aphis,” Journ. Bd.
Agric,, 13, p. 55 (1906). ,

Norton, J. B. S., ‘Plant Diseases in Maryland in 1go2.’

EPIDEMICS

It is a well-known fact that epidemics or sudden outbursts
of disease, extending over a considerable area, are fortunately
sporadic in their occurrence. The presence of an epidemic
does not prove that an exceptionally large number of fungus
spores were present, and that these accounted for its occur-
rence. This would imply an excess of fungus growth the
previous season, which is not in accordance with experience.
The various diseases which every now and again assume the
proportions of an epidemic, are usually caused by fungi quite
general in the district and always present, and probably the
necessary number of spores required to start an epidemic are
also always present. This being the case, it follows that the
presence, in sufficient quantity, of both the proper host-plant
and of the fungus are alone not sufficient in themselves to set
up an epidemic ; another factor is necessary, namely, suitable
atmospheric conditions.

A few illustrations will make clear the above statement.
Marshall Ward appears to have had some similar idea in mind
when he wrote the following: ‘Suppose we take a potato
plant, the leaves of which are very slightly marked with disease
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spots, and divide it into two halves as exactly as possible, and
place each half in a tumbler of water ; the two tumblers with
their half-plants are then placed in an ordinary room, side by
side, at a temperature of about 20° C., and one is covered
close with a bell-jar, and the other left uncovered. In a short
time—often a few hours—the covered leaves become black and
rotten with the disease; whereas the uncovered one will go
on looking fresh for several days, though it also succumbs at
once if covered. The question arises whether the rapid
spread of the fungus and the rot it causes here are simply
owing to the increased supply of water, as the tissues become
turgid in the saturated atmosphere under the belljar; or
whether we have not here again, in addition, a case where the
diminished access of oxygen to the interior of the tissues of
the host results in the accumulation of organic acids and
other substances, which make the excessively turgid cells and
thin watery cell-walls more than usually easy prey to the
parasite.’

This experiment, I consider, supports my contention that
disease caused by fungi is dependent on weather conditions ;
or to state the case more exactly, it depends on an excess of
moisture in the air and absence of sunshine; a ‘muggy’ or
‘stuffy’ condition, as it is termed in the country. As to
whether the disease is accelerated by moisture or by lack of
oxygen, although very important in itself, has no bearing on
the contention that atmospheric conditions alone can cause
an epidemic of potato disease, for even if it is proved that
lack of oxygen is the determining factor, such lack of oxygen
in the tissues of the potato is due to the presence of an excess
of moisture in the air. No one ever saw or even heard of an
epidemic of potato disease during a dry season.

The following experiments, conducted at Kew, show still
more clearly the effect of weather conditions in accelerating
or retarding fungus diseases. Three potatoes showing rusty
stains in the flesh, indicating the presence of the mycelium of
potato disease (Phytophthora infestans), were each cut into two
equal parts. Each half potato was planted separately in a plant
pot, the soil and manure used being the same for all, and
was sterilised by steam. Three of the pots were placed in a
house having a temperature ranging between 70° and 80° F.,
and very often with moisture at saturation point. Each
pot was covered with a belljar. The remaining three pots
were placed in a house without any artificial heat, and having
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the air exceptionally dry. These pots were not placed under
belljars. An equal amount of water was supplied to each of
the six pots. The stems and leaves of the three plants grown
under conditions of high temperature and much moisture
were attenuated and weak. The Pkytophthora first appeared
on these plants six weeks after planting, and a fortnight later
all three plants were blackened and destroyed by the fungus.
The potatoes grown in the cool, dry house were perfectly
healthy when two months old. At this time one of the plants
from the cool house was removed to the hot, damp house,
and placed under a bell-jar. Within nine days this plant was
completely blackened and killed by the fungus. A fortnight
later a second potato plant, showing no indication of disease,
was removed from the cool to the hot house, and placed
under a bell-jar; within a week this plant was also killed by
the Phytophthora. The third plant was allowed to remain in
the cool house, and at the end of thirteen weeks, when the
experiment ended, showed no trace of disease. Similar results
were obtained by using potato tubers containing mycelium of
the fungus causing potato ‘leaf-curl’ (Macrosporium solant).

These experiments I consider to prove that the outbreak of
an epidemic of potato disease—also other epidemics—is due
entirely to weather conditions.

Secondly, they prove that even when the disease is actually
present, that is, when the mycelium of the fungus exists in a
living condition in the tuber of the potato, its development to
the extent of manifesting itself in a fruiting condition, or
doing any material injury to the plant, depends on atmo-
spheric conditions. This again points to the conclusion that
when a crop of potatoes has grown vigorously and remained
apparently healthy up to a certain point, and then suddenly
collapses under the influence of the Phylophthora, the epi-
demic is not necessarily due to the infection of the plants
by spores conveyed by wind or other agents, but rather that
the disease was already present in the plants, and only awaited
favourable climatic conditions for manifesting itself in a domi-
nant form.

Thirdly, these experiments prove that the occurrence of
potato disease does not in all instances depend on the infec-
tion of plants by floating spores. The mycelium present in
the tuber can give origin to the disease. This being so, it
follows that the disease can be conveyed from one country to
another in a manner that defies detection.
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The development of an epidemic of fungus disease upon
weather conditions may not be universal, but it undoubtedly
applies to other than potato disease. Who ever saw or heard
of an epidemic of cereal rust during a hot, dry season, or an
outbreak of peach ‘leaf-curl,’ excepting following a sudden
snap of cold, dull, damp weather, preceded by conditions
favourable to the growth of the peach-tree.

Traditional beliefs die hard; the ideas of farmers and
gardeners concerning the cause of mildew, blight, etc., are
very much the same to-day as they were centuries ago. It is
the common practice of scientists to smile, or even to sneer,
at such antiquated notions, nevertheless there is generally a
substratum of truth in these old traditions, the outcome of
centuries of observation ; in fact the arguments advanced by
such people are often quite correct as far as they go, and only
fail where they could not possibly be expected to succeed,
that is in giving a scientific interpretation of the facts
observed.

Atmospheric conditions have undoubtedly much to do
with determining whether a given plant can be infected or
not; or even, when infection has taken place, whether the
parasite can manifest itself to any injurious extent. The
practical man believes that blight, mildew, etc., are caused by
cold east winds in the spring. This is quite correct as far as
it goes, and all that the scientific man knows in addition is
the fact that mildew and blight are due to a fungus, the
growth and development of which is favoured by the weather
conditions indicated above. It is common knowledge that
when favourable conditions for plant growth are continuous,
fungus diseases are absent or very much in abeyance ; whereas
a genial period in the spring, followed by a cold spell of east
wind or frost is as certainly followed by blight, or a rapid
development of fungus growth.

The man who grows potatoes knows too well that a period
of cloudy, damp, warm weather will be followed by potato
disease. The fungus was already present in the potatoes, but
so long as conditions favoured the growth of the potato plant,
the fungus could not make headway. The atmospheric con-
ditions indicated prove unfavourable for the continuous
healthy growth of the potato plant, but, on the other hand,
favour the growth of the fungus, and an epidemic is the
result, more or less severe, depending entirely on atmospheric
conditions.
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The connection between barberry bushes and wheat rust
has been upheld by farmers for centuries ; in fact an act of
legislation for the destruction of barberry bushes was passed
more than one hundred and fifty years ago. This idea was
generally ridiculed by scientific men until De Bary commenced
an investigation of the subject, and, as all the world knows,
the result proved the farmers’ contention to be correct. The
matter, however, did not end here. De Bary in investigating
the subject discovered the condition known as heteroecism, or
the fact that certain fungi live during different periods of their
life-cycle on different host-plants, and assume an appearance
very different under the two conditions. This discovery, one
of the most brilliant amongst botanical discoveries of any
age, has proved equally important from a purely scientific
and an economic standpoint, and yet its discovery was
suggested by what was generally considered as a myth.

When I was a boy I remember often hearing my father,
who was a farmer, discuss with friends the nature and origin
of ‘finger-and-toe’ or ‘anbury,” which about that time was
rapidly spreading, and doing serious damage to the turnip
crop. Opinion as to the nature of the disease was various, but
all agreed that its appearance was due to the substitution of
artificial manure, crushed bones, etc., for farm-yard manure
and lime. This opinion proved to be perfectly correct.
Thirty years later I proved, by a series of experiments con-
ducted at Kew, that the organism causing ‘finger-and-toe”’ in
turnips, cabbages, etc., and other plants belonging to the
crucifer family, required an acid medium for its development,
and that an alkaline medium arrested its growth. The
‘finger-and-toe’ disease was probably always with us, but its
rapid extension was rendered possible only by the consider-
able amount of acid present in many artificial manures.
Lime is the best known check to the disease.

The question that naturally suggests itself is, why do the
weather conditions indicated above favour the development
of parasitic fungi? No complete answer is forthcoming, but,
speaking broadly, such conditions indirectly provide the
fungus with a greater supply of food. Parasitic fungi are
always present in greater or less quantity, even when disease
is generally considered to be absent. During a continuance
of warm bright weather, plants produce a large amount of
starch during daylight. During the night (and to some
extent also during the day) this solid starch is converted into
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soluble glucose, which is conveyed to those parts of the plant
where growth is proceeding. This soluble glucose or its
modifications, sugar, etc., along with other cell-contents,
constitute the food of parasitic fungi; during fine weather
when a plant is actively growing, the daily supply of glucose
and other substances is, monopolised by the plant itself, and
the fungus present is literally starved, or obtains so small a
share of food that it is but little in evidence. On the other
hand, during a spell of weather unfavourable to the plant,
growth is more or less suspended, the amount of starch after
conversion into glucose is not quickly attracted to growing
points, but in common with other substances formed under
conditions unfavourable for growth more or less saturates
the tissues, and consequently supplies the fungus with a
copious supply of food. Infection of a plant by fungus spores
is also most readily effected under the conditions indicated,
hence an epidemic follows. It is common knowledge that
only the young and actively growing parts of plants are
attacked by the majority of kinds of parasitic fungi. This is
because at such points there is the greatest concentration of
soluble glucose and other constructive substances required by
the fungus. For this reason the mycelium of Phytophthora
present in the tuber of a potato follows the growing stems ; it
also explains why the ‘bunt’ fungus, that attacks seedling oats
in the ground, follows the upward growth of the plant, being
always most in evidence at the tip or growing-point, where its
food is in greatest abundance.

The above remarks apply more especially to the first or
conidial form of parasitic fungi, which is most markedly
parasitic in habit ; the later stages of the same fungus usually
develop on the fading or even dead host-plant, and are
consequently more saprophytic than parasitic in their nature.

HOW PLANTS ARE INFECTED BY FUNGUS SPORES

It is a well-known fact that the spores of a given parasitic
fungus cannot infect indiscriminately every kind of plant
that the spores happen to alight upon. On the other hand,
the majority of the most destructive parasites known can only
infect and set up a disease on one particular kind of plant,
or at most, a few closely related plants.

The fungus causing potato disease, since its introduction to
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Europe, bas spread from the potato to weeds belonging to the
potato family only. In like manner the hollyhock fungus (Puc-
cinia malvacearum), which followed the hollyhock to Europe,
has only succeeded in infecting European weeds belonging to
the hollyhock family. The rust of wheat (Puccinia graminis)
has followed wheat throughout the world, but has not been
able to extend its range of host-plants beyond that of a few
grasses belonging to the wheat family. Now it is perfectly
certain that the spores of all these fungi, which are produced
in myriads, must necessarily have alighted times out of
number on living leaves of hundreds of different kinds of
plants, so that it cannot be for lack of opportunity that a
more varied assortment of plants have not been infected.

In the instance of some highly specialised fungus parasites,
it has been shown that the power of infection is much more
restricted than in the examples given above. In some cases
only one kind of plant can be infected, or even only one
particular form or variety of a plant.

1If these well-proved facts are borne in mind, much loss of
time and expense might often be saved. In one instance a
plum-tree, growing near to a house in which cucumbers were
grown, was cut down because its leaves were infested with
plum ¢ leaf-rust’ (Puccinia pruni), as it was assumed that the
‘leaf-rust’ was also the cause of cucumber ¢ leaf-blotch,” due in
realityto a totally different fungus ( Cercospora meloni's), which is
quite as incapable of infesting plum leaves as the Puccinia
is of infesting cucumber leaves.

The reason for the apparent selective power exercised by
fungi in infecting plants, I have dealt with in detail elsewhere.
The following are the most essential points bearing on the
subject. When the spores of a fungus are made to germin-
ate in water, the presence of certain substances can be
shown to exert an attractive influence on the germ-tubes
of the fungus; in other words, the germ-tubes formed by the
spores grow towards the substance in question. Other
substances are found to exercise an opposite effect on the
germ-tubes, which are repelled, or grow in a direction away
from the exciting substance. This directive action of
certain substances in solution, on the germ-tubes of fungus-
spores is called chemotropism ; positive when the germ-tubes
are attracted ; negative when they are repelled.

Every degree of parasitism exists amongst fungi, ranging
from those very highly differentiated forms that are restricted
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in their parasitism to a single kind of plant, or even to a
particular variety of a plant, through those fungi that are
restricted to a group of closely allied plants; ending with
those whose parasitism is yet in a rudimentary or incipient
stage, and consequently exhibit but little discrimination in
the selection of a host, but attack many different kinds of
plants when conditions are favourable. The last-named
category of parasites can also live as saprophytes when
favourable conditions for parasitism are not forthcoming.

Now chemotropism is the force that enables a parasitic
fungus to gain an entrance into its host-plant. In the most
highly differentiated parasites the germ-tubes of the germin-
ating spores have become so sharply specialised that they
respond to, or are cnly attracted by, some special chemotactic
substance or substances met with only in the cells of the one
particular kind of plant they have adapted themselves to.
Of course the spores of the most highly specialised parasites
germinate on the surface of any or every kind of plant on
which they happen to alight, but if the chemotactic substance
attractive to the fungus is not present, the germ-tube of the
fungus is not attracted into the tissues of the plant, and
infection does not follow. To this category belong several
kinds of ‘rust’ fungi attacking cereals and other grasses.

A second batch of parasites, including those causing the
hollyhock and the potato-diseases respectively, are somewhat
less specialised than the members of the preceding group,
and respond to the chemotactic substance characteristic of
a certain family of plants.

Even in the very worst cases of an epldemlc it is not
unusual to find that certain plants of the kind attacked
remain perfectly free from disease. On investigating such
individuals I discovered that their freedom from disease
was due to the absence of the special chemotactic substance
that enabled the fungus to infect the plant; in other words,
such plants were immune to that particular disease.

This discovery should prove to be of value in any attempt
to produce strains of plants immune to their most destructive
parasite.  Until quite recently attempts in this direction
have been based on the production of a more resistent
cuticle, formation of bloom, or some other structural
character that would prevent the entrance of the germ-
tubes of the fungus into the tissues of the host- plant
Marshall Ward has paid special attention to this subject, and
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has come to the conclusion that the respective susceptibility
or immunity of species of Bromus against the attack of
species of Puccinia dispersa is not at all influenced by
structural characters. His conclusions are summarised as
follows: ‘The capacity for infection, or for resistance to
infection, is independent of the anatomical structure of the
leaf, and must depend on some other internal factor or
factors in the plant.” The factor for insuring infection I
consider to be the presence of a chemotactic substance in
the plant, to which the germ-tubes of the parasite respond.
The factor for immunity, if it may be so stated, is the
absence of the necessary chemotactic body.

Infection of plants by the spores of parasitic fungi occurs
chiefly during the night in a state of nature. The following
account of an experiment bearing on this point, which I
have previously recorded, may be repeated here. ¢A batch
of vegetable marrow plants in my garden were badly attacked
by [a mildew] Sphaerotheca humuli. Twelve young leaves,
showing no trace of the disease, were selected for experi-
ment. Six leaves were protected during the day (6 A.M. to
6 p.M.) in paper bags, and left exposed during the night.
Six other leaves were enclosed in bags during the night
(6 .M. to 6 A.M.) and exposed during the day. This
arrangement was continued for a week; those leaves that
had been exposed during the night only were white with
the mildew at the termination of the experiment, whereas
those leaves that had been exposed during the day only
were free from the disease with the exception of a few
very small patches on three of the leaves.’

Some of the reasons why infection occurs during the night
chiefly, are as follows. The surface of leaves is covered with
a film of moisture, a condition necessary to enable the spores
to germinate on the surface of the leaf, previous to the
germ-tubes entering the tissues. Owing to retarded trans-
piration or loss of water, by the leaves, the cells become
more fully distended with liquid contents, a condition
favourable for infection. The starch formed during the day
becomes dissolved during darkness into soluble glucose,
and this along with other substances furnishes an excess of
food which practically saturated the leaves, and possibly the
necessary chemotactic substances are present in greater
abundance also.

- During a succession of very dull, damp days, conditions
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are also favourable for infection. It will be noticed that
the symptoms described above ,agree in the main with the
gardener’s conception of ‘soft’ foliage, a condition which
is well known to favour the development of disease. Now
plants grown under glass, more especially when exposed to
an abnormally high temperature and excess of moisture,
have comparatively speaking always ‘soft’ foliage, and con-
sequently are more susceptible to fungus disease than plants
of the same kind grown under more natural conditions.

HOW FUNGUS DISEASES ARE DISSEMINATED

Itis very important to remember that fungus diseases may be
disseminated in different ways. (1) By means of spores or
specially produced reproductive bodies. (2) By whatis-termed
a vegetative method, that is by a portion of the mycelium of
the fungus present in the seed or some other portion of a plant,
as rootstock, tuber, bulb, etc. The mycelium remains in a
passive condition until the seed or tuber commences growth,
when the mycelium grows up along with the new plant.
This method of infection is most dangerous and most difficult
to prevent, as the seed, or whatever portion of the plant
harbours the mycelium, is infected every year, the fungus
simply passing from the old to the new generation without
ever leaving the plant. (3) Sclerotia or concentrated masses
of mycelium, replete with food, are also often formed in the
substance of bulbs, tubers, etc.

" In dealing with infection by means of spores, it is again
necessary to treat the subject from two standpoints, (1) The
spread of disease from one locality or district to another in
the same country.

Wind is undoubtedly an important factor in distributing
spores within a limited area, as are also insects and various
kinds of mites and other minute creatures that creep or fly
about from one plant to another. Birds, rabbits, and hares
also carry spores from one place to another. Snails and slugs
are responsible to a considerable extent for the diffusion of
spores, and consequent spread of disease. Many kinds of
fungi are eaten by slugs, and so far as is at present known the
spores of some kinds of fungi germinate only after having
passed through the ahmentary tract of a slug. Slugs are
eaten by toads, and here again we have an additional agent
in effecting the dispersion of spores. If a slugis placed on
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the leaf of a plant covered with mildew and allowed to crawl
about for some little time, and is then placed on another leaf
of the same kind free from disease, and again allowed to
crawl about, within two or three days the track made by the
slug on the previously healthy leaf will be covered with mil-
dew. The slimy surface of the slug picked-up spores from
the infected leaf, and in moving about, deposited them on the
healthy leaf. This is what slugs do constantly of their own
accord. As specific instances of the unconscious transporta-
. tion of fungus spores by insects, the following may be noted:

—The well-known *stinkhogn’ (Phallus impudicus), in com-
mon with all the members of the family to which it belongs,
has become specially adapted for the purpose of utilising
flies as agents in dispersing its spores. When mature the
fungus emits a very strong and, from the human standpoint,
exceedingly offensive smell. The very minute spores are im-
bedded in a green semiliquid mucus which has a very sweet
taste, and is produced in such quantity that it drips from the
fungus if not removed. Attracted by the strong smell,
numerous flies assemble and feed greedily on the spore-laden
sweet mucus. By this arrangement the spores are not only
removed in immense quantities on the feet and proboscides
of the flies, but a copious growth of mycelium has been
obtained from the dung of flies that had been fed on the
mucus.

The dangerous fungus parasite called ‘ergot’ (Claviceps
purpurea), which grows from the grain of rye, wheat, and
many other grasses, has two forms of spores. The summer
spores produced on black, horn-shaped bodies, springing from
the grain, are exceedingly minute, and are imbedded in a
quantity of sweet mucus. This sweet substance forms the
food of certain kinds of flies, who, in visiting healthy grass- .
flowers, leave some of the spores adhering to their proboscides
on the stigmas, thus securing infection.

The fungus causing ‘apple canker’ (Nectria ditissima) is a
wound-fungus, that is, its spores cannot effect an entry into
the unbroken surface of a plant, but only through wounds
caused by some other agent. The Necfrza is an indigenous
fungus, and has always been with us, and in all probability
always will be, but during late years it has become much more
aggressive, and epidemics of ‘canker’ are too frequent at
present. This rapid spread of ‘canker’ coincides with the
introduction and spread of the ¢ American blight’ or ¢ woolly
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aphis’ (Schizoneura lanigera) into this country. The wounds
and gouty swellings made on the branches by the ¢ woolly
aphis’ are exactly of the nature required by the ‘canker’
fungus to enable it to effect an entrance into the living tissues
of a branch. When the fungus has once established itself and
produced fruit, the ¢woolly aphis,’ aphides, and other insects,
again lend their aid, by carrying the spores from one part of
the tree to another. The result is an epidemic of ‘canker.’
As the result of extended observation on this matter, I think
it would be scarcely an exaggeration to say that if we had no .
‘woolly blight’ we should haveeno fcanker,’ that is in the
sense of an epidemic.

A whole volume could be written on the subject of spore
dispersion, but perhaps sufficient has been explained to indi-
cate the various possibilities by which this object can be
attained. The subject cannot, however, be dismissed without
some allusion to the part played by man in this connection.
When a crop of any kind has been attacked, portions of the
diseased plants are constantly left on the ground, even when it
is practicable to remove such; in many instances owing to
rapid decay such a course is not possible. In such cases the
diseased plants eventually decay and liberate the spores in the
soil, where they remain for some time 1n a living condition,
ready to infect any subsequent crop. The matter, however,
does not end here ; the infected soil may be, and is, constantly
conveyed from one field to another by adhering to the wheels
of carts, implements, and in various other ways that will sug-
gest themselves. When an epidemic breaks out in plants
grown under glass, as in a cucumber house, in some instances
many precautions are taken to prevent the disease from
spreading to other houses, but it rarely, if ever, occurs to
those concerned that spores may be carried on the clothes or
hands of workmen, although such is the fact. Of course it
may be urged, and with good reason, that it is practically
impossible to guard against such cases, nevertheless it is well
to be acquainted with the possibilities.

Too frequently when an endeavour is made to remove and
destroy diseased material, the attempt is not a success, owing
to lack of knowledge as to the amount of apparently drastic
treatment spores can undergo, without material injury. Mil-
dewed peas, rusted bean straw, diseased fruit, mangolds, etc.,
are carefully collected and thrown into the piggery or some
similar place, on the supposition that they will either be eaten
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or trampled into manure. In either case myriads of spores
escape destruction, and are eventually returned to the land in
a condition favourable for infecting any suitable crop. The
same remarks apply to rusted straw.

Passing to the spread of disease from one country or even
from one continent to another, we have mostly to deal with
economic plants that have been introduced to distant coun-
tries from Europe. It is too frequently the case that either
from the first, or after an interval of time, such introduced
plants are attacked by the same kind of fungus disease from
which they suffer at home.

Three different reasons have been advanced in explanation
of these outbreaks of disease in a distant country, caused by
fungi that are natives of Europe. The first, which is now
almost universally discredited, assumed that the spores of
fungi were carried immense distances by wind, as from Europe
to Australia for example. The second reason is based on the
assumption that those particular kinds of fungi that attack
plants of economic importance are widely distributed, are in
fact practically everywhere, lying in wait as it were for the
advent of introduced plants. There are many grave reasons
against this view. Fungi conform to the laws of geographical
distribution as other plants do, and if we admit this reasoning,
we must also admit that it applies mainly to those fungi that
happen to cause damage to economic plants. No other kinds
of fungi are known to be cosmopolitan.

The fact that wheat rust occurs now on some indigenous
Australian grasses, or that broad bean rust is now met with on
indigenous New Zealand weeds, does not prove that these
fungi are indigenous to Australia or New Zealand respec-
tively, or that they existed there before the advent of wheat
and broad beans, as is advocated by some authorities.

Every one is agreed that the hollyhock rust (Puccinia
malvacearum) is an alien in Europe, and that by some means
it followed its host-plant to that continent. At the pre-
sent- day this rust has attacked practically every kind of
European wild plant belonging to the hollyhock family.
Now suppose this indisputable fact not to have been known,
it might, and probably would, have been argued that the
hollyhock was attacked on its arrival in Europe by a fungus
common on European mallows. The same remarks apply to
the fungus causing the destructive potato disease. The
fungus by some means followed its host-plant, and has since

B
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spread to most European wild plants belonging to the potato
family, and also to some cultivated representatives of the
family, as tomatoes, etc.

The history of the introduction and spread of alien
fungi has yet to be written, but the examples given, with
others that could be enumerated, afford absolute proof that
such a condition of things does in reality exist, and probably
to a considerable extent.

My own opinion is that when a plant is attacked by the
same fungus in a distant country, as that from which it suffers
at home, the fungus was in some way conveyed with the seed
of the plant. This refers to those plants that can be intro-
duced by means of seed, as cereals ; leguminous plants, as
beans, peas, lucerne, clover, etc. ; mangold, beet, and many
other plants. In the case of ‘bunt’ (Us#ilago) attacking
cereals, we have absolute proof that spores are carried along
with the ¢seed’; why should a similar method of conveyance
be denied in other instances?

At Nairobi, in British East Africa, climatic conditions are
favourable for the cultivation of many economic plants grown
in this country. Wheat, broad beans, and French beans
were sown, and for a time promised well, but eventually one
and all were completely destroyed by a fungus epidemic.
On examination it was found that each kind of plant had
succumbed to the same species of fungus known to be
destructive to these plants at home. The wheat was destroyed
by rust (Puccinia graminis); a small amount of ‘bunt’
(Tilletia caries) was also present. The broad beans were
covered with rust (Puccinia fabae), and the pods of the French
beans were distorted by the fungus called Colletotrichum
lindemuthianum. Now, 1s it more reasonable to assume, in
the absence of positive proof, that these kinds of fungi were
already growing on indigenous plants at Nairobi, than to
assume that spores were carried from England along with the
seed? Ithink not. Allvarieties of beet and mangold originated
from the wild beet. Now wild beet is attacked by a rust called
Uromyces betae, and this fungus passed on to the cultivated
varieties, and has followed them to South Africa, Australia,
New Zealand, United States, etc. The wild beet is absent
from each of these countries, and beet rust only occurs on
beet, hence if the fungus was not conveyed with the seed, how

did beet become infected in New Zealand and other distant
countries ?
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Numerous other instances could be given of economic
plants that have been introduced to distant countries falling
victims to the same fungus disease from which they suffer at
home ; in fact this is true of every plant widely cultivated, and
I think proves my contention that the germs of the disease
are conveyed along with the seed in those instances where
seed is the only means by which a plant can be introduced
into a new country.

In those cases where living plants, as fruit-trees, are sent to
distant parts, there is the double risk of introducing disease.
The fungus may be actually growing on the plant, or spores
may be nestling in tiny crevices or cracks in the bark or
adhering to the roots. Most destructive diseases, however,
attack the foliage and fruit, as ‘apple scab’ (Fusic/adium
dendriticum) ; ‘brown rot’ (Monilia fructigena); *bitter rot’
(Gloeosporium fructigenum) ; ‘shot-hole’ fungus (Cercospora
circumscissa), etc.; but as trees are exported during the
resting condition, when leaves and fruit are absent, these
diseases could only be conveyed under the form of spores.
It is quite possible, however, that the spores of many parasites
may be introduced along with ripe fruit in a living condition,
and, opportunity offering, establish a disease in a new district.
Other parasites, as apple-tree ‘canker’ (Nectria ditissima),
grow on the trunk cr branches, and could thus readily be
carried from place to place.

The importation of rusted straw into a country is always
a source of danger to cereal crops. It has been proved that
even uredospores or summer spores retain their vitality much
longer than was at one time imagined. It only requires that
such rusted straw should be placed in the vicinity of a growing
crop, and the possibility or even probability of infection is

reat.

: Certain kinds of minute fungi, Ascobolus, Pilobolus, etc.,
that only grow on the dung of herbivorous animals, have
followed colonists to every part of the world.

These fungi eject their spores to a considerable distance,

/some of which alight on living grass growing in the vicinity of
the dung on which the fungus is growing. When the spores
alight on grass, they are fixed by a kind of mucilage which
hardens when exposed to the air, and is not soluble in water.
If grass bearing these spores is eaten by some animal, the
spores commence germinating in the alimentary canal, and
soon produce a new crop of fungi on the dung. When hay
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bearing such spores is shipped as fodder, or used for any
other purpose, and on its arrival in another country is eaten by
some animal, the probable result is a crop of fungi on the dung.

Respecting diseases that can be dispersed by vegetative
methods of fungus reproduction, mycelium hibernating in
seeds, bulbs, tubers, etc., I have already shown that in the
case of the potato, the potato blight, also potato ‘leaf-curl’ can
be introduced from one district or from one country to
another without the possibility of detection. Unfortunately,
two other potato diseases come under the same category.
¢ Black scab’ is one of these. In its most pronounced form
this disease is very conspicuous and unmistakable, but as I
have proved by many experiments, the spores may be present
in the ‘eyes’ of a potato tuber without betraying their pre-
sence until the potato begins to grow, when the young shoots
are at once attacked. The fourth disease, known as ‘black
leg’ is caused by a bacterium (Bacillus phytophthorus), and
hence is outside the realm of fungi.

Some members of the family forming ¢smut’have mycelium
perennial in the host-plant. In Sci//a bifolia the ‘smut’ in
the anthers originates from mycelium present in the bulb.
This mycelium persists in the bulb from year to year, hence
the anthers are always ‘smutted.” Furthermore the perennial
mycelium present in those bulbs which produce young bulbs
passes into the latter, consequently every bulb originating
from a diseased parent inherits the disease, in fact it is what
we call in other instances ¢ constitutional.” Smut in the anthers
of Lychnis diurna also originates from hibernating mycelium
present in the root.

Carrots are often much injured by a minute fungus called
Phoma sanguinolenta ; when the disease is slight and escapes
attention, the roots may be planted the following year for
seed. If this occurs, the mycelium of the fungus hibernating
in the root passes up into the stem and prevents the formation
of seed. The hibernating mycelium of Peronospora schachtii
in the crown of beet and mangolds acts in a similar manner.

The very destructive disease known as peach ‘leaf-curl’
has perennial mycelium in the branches, which grows along
with the shoot and enters the leaves each year. When the
leaves have fallen it is often impossible to detect the presence of
the fungus, and such infected trees could be sent to any part
of the world, and thus distribute the disease.

In cases of true parasitism the relation between parasite
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and plant attacked is very one-sided ; the parasite is provided
with a home, and feeds entirely on those substances which
its host-plant had prepared for its own use. Thus the
parasite obtains all that it requires at the expense of
the host-plant, while the latter derives no benefit what-
ever, but otherwise, from its parasite. In some instances,
however, the relation between what were in the first instance
parasite and host respectively, has become so much modi-
fied that the two live together and derive mutual bene-
fit from each other’s presence. This condition of things
has reached its climax in the Lichens. Each lichen is a
combination of a fungus and one or more kinds of alga,
which are morphologically quite independent of each other,
yet fungus and alga respectively do a certain amount of work
in connection with the production of food that the other
constituent could not perform. This condition of things is
known as symbiosis or mutualism.

Very few fungi and flowering plants have attained to the
condition of symbiosis, but a very remarkable instance has
been shown to exist between a fungus and certain rye-grasses,
Lolium temulentum, L. perenne, and L. italicum. In L.
temulentum, the life-history has been worked out by Freeman.
Briefly, the mycelium of the fungus is located in the ‘seed.’
On germination this mycelium becomes active and keeps pace
with the growing stem of the grass, and continues to do so
until it again enters the ‘seed,” where it remains in a resting
condition until the seed germinates, when the same cycle of
growth is repeated. The presence of the fungus in no way
interferes with the function of the seed, and experiments
showed that infected plants were more vigorous and robust
than uninfected ones. So complete is the symbiosis, and so
certain is the fungus of perpetuating itself by the vegetative
method described, that the production of spores or fruit of
any kind has been arrested ; consequently, we have no means
of determining with certainty the affinities of the fungus.
From this it follows that no infection of other plants of the
same kind can occur. We have two distinct races of each of
the three grasses: one race infected and always producing
infected seed, so again the disease has become constitutional.
A second race is free from disease, and without the-possibility
of becoming infected. @A microscopical examination of a
commercial sample of the seed of L. femulentum showed that
over eighty per cent. were infected, hence the facility for
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world-wide dispersion of diseased darnel, rye-grass, and
Italian rye-grass is ample.

Many of the ‘rusts’ have permanent mycelium in the root
or rhizome of the host-plant, which ensures the continuation
of the fungus without reinfection by spores, and also ensures
the introduction of the disease into a new country, if roots or
rhizomes are introduced.

It has recently been proved that the mycelium of the rust
fungi attacking cereals persists in the leaves as long as the
plant lives, and produces uredospores during warm periods
that occur throughout the winter months. In cold countries
a very few degrees above freezing-point is sufficient for the
formation of uredospores. In the spring there is usually a
final outbreak of rust on old plants that have survived the
winter, and the spores thus produced infect the spring crop,
and so commence the disease afresh.

Many other examples could be given where a parasitic
fungus has perennial mycelium located in some part of its
host, but perhaps sufficient evidence has been furnished to
indicate the facility with which fungus diseases can be intro-
duced into a new district quite independent of fungus spores,
and in a manner that defies detection otherwise than by
microscopic examination.

When plants are introduced into a new country they are
rarely attacked by the fungi indigenous to that country. This
at first sight appears somewhat remarkable, but when it is
remembered, as I have already explained, that most of our
destructive parasites have become so highly specialised as
only to be capable of infecting a single kind of plant, or at
most a few closely allied plants, the reason becomes apparent.
The following interesting fact illustrates this point. Pelar-
goniums were originally introduced into this country from
South Africa ; during their stay with us they have not been
attacked by the rust so common on our wild geraniums.
Quite recently a selection of the best varieties was returned
to South Africa, where they were promptly attacked by
Puccinia granularis, the rust common on pelargoniums in
South Africa.

One marked exception to this rule has occurred in the case
of the very destructive coffee disease. When this plant was
introduced into Ceylon it was attacked by an indigenous rust
(Hemileia wastatriz), that occurs on two or three plants
belonging to the coffee family. So destructive did the
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parasite become that the cultivation of coffee had to be
abandoned. At a later date coffee plantations have been
established in Natal and German East Africa, but the same
kind of fungus has proved destructive there also, and on
investigation it has been shown that the Hemileia is also
present on native trees in Africa belonging to the coffee
family.

FACTS NOT GENERALLY KNOWN

However frequently and however well spraying is done, it
should always be considered as nothing more than a supple-
mentary aid towards the prevention of disease. Take, for
instance, the too well-known scab of apples and pears, for the
prevention of which spraying is perbaps more generally
practised than for any other disease in Britain. The fact has
now been generally accepted that this disease is caused by a
fungus, hence many people commence by spraying the quite
young fruit, for the purpose of destroying the fungus spores
that alight on its surface. Other people, possessing a little
more knowledge on the subject, spray the young foliage some
time before the fruit is set, knowing that as a general rule, the
fungus appears on the leaves before it does on the fruit, and
that it is the spores produced on the leaves that are washed
by rain, etc., on to the young fruit. This is one step in
advance, but not sufficient. How many people know, or if
they know, act on the knowledge that the fungus first forms
spores on dead terminal shoots, that the spores formed on
such dead twigs infect the young leaves, and from thence pass
to the fruit. Now no amount of spraying will kill the mycelium
of the fungus present in the dead shoots, hence some other
remedy is necessary. Such remedy is only to be found in the
removal of all dead tips of shoots during the winter, before
the spores are produced. As a further safeguard, spray just
when the leaves are expanding, as it may safely be assumed
that certain infected branches have been overlooked.

Black scab or warty disease of potatoes is perhaps more
destructive than the original ‘potato disease’ caused by
Phytophthora infestans. Yet many people collect diseased
potatoes and throw them into the piggery, realising that the
pigs may benefit a little by eating them. Probably the pigs
do benefit to a certain extent, but if the owner knew that
the spores present in the scabbed potatoes passed through the
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intestinal canal uninjured, were conveyed along with the
manure to the land in a condition to infect future crops of
potatoes, perhaps he would come to the conclusion that it
would be a far more economical method to burn, or in some
manner thoroughly destroy such diseased potatoes, than to
run the risk of infecting previously clean land, and have
diseased crops in the future.

With the idea of making the best of a bad job, it is the
usual thing to throw diseased roots of all kinds that can be
eaten, turnips, carrots, mangolds, potatoes, etc., into the
piggery or cattle shed. The statement made above respecting
the spores of the black scab fungus is true of all cases. The
spores to a great extent find their way back to the land in
manure, and consequently diseases are—unconsmously on the
part of the farmer—perpetuated.

I am perfectly well aware that in many instances the
return of the spores of fungi to the land cannot be prevented,
nevertheless it is just as well to know the worst. In the case
of wheat mildew, caused by Puccinia graminis, D.C., the
last, or teleutospore, stage has its spores so firmly attached to
the straw on which it grew, that they are not removed by the
operations of harvesting, threshing, etc., and may often be
found, when specially looked for, on fragments of straw in
the manure heap. Such spores are capable of germination,
and if the minute secondary spores they produce alight on
the right host-plant, the disease commences its cycle of
development.

When land has produced a crop of potatoes affected: with
black scab, or of turnips injured by *finger-and-toe,” it is
perfectly certain that some of the spores will remain in the
soil. Here again, prevention of infection of neighbouring
land is a much more difficult matter than might at first be
imagined. Soil containing spores from the infected land
may be conveyed to adjoining clean land on various imple-
ments, cart-wheels, boots, etc.

As a rule parasitic fungi attack only one particular kind of
plant, or at most, a few closely related kinds of plants; con-
sequently when a diseased crop of potatoes has occurred,
potatoes should not be planted in the same land again for
some years. By adopting this method, the spores present in
the soil, and capable of infecting potatoes, may perhaps perish
in the absence of the proper host-plant. The black scab
fungus, so far as known, can only attack potatoes. *Finger-
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and-toe,” or ‘anbury’ can only attack crucifgrous plants,
turnips, cabbages, etc. Corn mildew never attacks plants of
economic value, outside the various cereals. The above
statement naturally suggests, in the case of land known
to be infected by some particular fungus, the sowing of some
crop that cannot be attacked by the fungus known to be
present in the soil. This again means simply rotation of
Crops. ‘

In connection with this subject, it may be pointed out that
a given disease is much favoured in its extension, when great
numbers of its host-plant are crowded together. Here again
it is in most instances practically impossible to avoid growing
large areas of the same kind of plant, as in the case of crops
generally, cereals, turnips, potatoes, etc.

On the other hand, in some cases, trees of one kind only
are planted over a large area, especially larch-trees, whereas
if the wood consisted of a mixture of larch and other suitable
trees, the very destructive larch canker, caused by Dasyscypra
calycina, would be to a very considerable extent checked in
its career, and would not assume the proportions of an
epidemic. :

In many gardens and fields there is a corner reserved as a
dumping ground for rubbish in general, which in too many
instances is allowed to accumulate from year to year. Such
an accumulation of decaying vegetable matter serves as a
veritable hot-bed and nursery for many kinds of fungi, as is
proved by the presence of a considerable quantity of mould
and mycelium present, if the mass of decaying matter is
disturbed after six months’rest. Among other fungi Botzyis
cinerea is almost invariably present on decaying vegetable
matter, and this is one of the most universal and destruc-
tive of fungus parasites known. Undoubtedly many local
" epidemics originate from spores produced on such accumu-
lations of dead and decaying plants. At the same time it is
necessary that plant remains should be collected some-
where, but to prevent danger, and at the same time en-
hance the value of the manure resulting from such accumu-
lations, a judicious sprinkling of lime or, better still, gas-
lime, would prevent the copious growth of fungi.

I have on previous occasions stated that weeds of various
kinds growing on neglected borders of fields, headlands,
hedgerows, etc., harbour many kinds of fungi that are
capable of infecting the particular crop that may be growing
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in the field. = More than this, I have proved, on more than one
occasion, that a fungus disease which has proved destructive
to a crop has originated in the first instance from spores
produced on weeds growing on the borders of the field.
A celebrated professor of agriculture, hailing from one of
our universities, has pronounced the above statement to be
a mycological myth, adding as a rider, that it was impractic-
able to keep headlands, etc., clear of weeds. As to whether
it is practicable to keep headlands clear, or even as to

Fi1G. 1.—Leaf mould infested with mycelium,
turned out of a plant pot, in which a Begonia
was planted. The mycelium attacked the root

_ of the Begonia and killed it. Reduced.

whether it is necessary to have uncultivated headlands at
all, I leave for the practical farmer to decide.

Some years ago, a batch of begonias that had been potted
in leaf-mould went ‘off’ in a mysterious manner. On
investigation it was discovered that the leaf-mould in which
the begonias were planted was overrun by a dense mass
of white mycelium. As a rule leaf-mould contains mycelium,
and in this particular instance the mycelium or spawn of
some fungus proved predominant. This is only an isolated
instance of the destructive work done by fungus mycelium
present in leafmould. It can be prevented by intimately
mixing a small amount of kainit with the leaf-mould some
time before it is used.
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WOUNDS

Wounds may conveniently be arranged under two distinct
headings: (1) natural wounds, effected by the plant itself for
economic reasons; (2) wounds resulting from outside in-
fluence, as pruning, birds, game, insects, storms, grass-cutting
machines, etc. ]

Self pruning.—Many different kinds of trees shed certain
of their twigs annually, as the litter of twigs under such trees

F1G. 2.—An example of good pruning. The wound was
at once protected by a coating of gas-tar, and is nearly
covered by a development of callus. The figure represents
portion of a poplar growing in Kew Gardens. Much re-
duced.

clearly indicates. The plant anticipates the fall of certain
branches some time in advance, by forming a layer of peri-
derm across the branch at the point where the portion no
longer required is to be cut off, so that when the twig actually
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drops off the wound is already healed and closed against
infection by fungus spores, etc. In some instances a deposit
of gum at first spreads over the wound, and the production
of periderm follows by degrees. Such wounds are natural,
and do not expose the tree to those dangers that follow
artificial wounds, over which the tree has no control, and for
which it was not prepared.

Amongst trees that annually shed some of their twigs are,
oaks, poplars, willows, elms, horse-chestnuts (Catalpa, Ailan-
thus), etc.

Gager, Journ. N.Y. Bot. Garden, 8, p. 252 (1907).

Pruning.— My only object in mentioning this subject is to
indicate the great risk of injury following an improper method
of pruning. If a branch is properly removed the wound is
in course of time protected by a callus, but before this protec-
tion is completed, even under the most favourable conditions,
the spores of fungi may alight and germinate on the wounded
surface, enter into the tissues, and start a disease which can
never be eradicated. On the other hand, if a branch is
improperly removed, a callus may form only in part or not at
all, and the danger indicated becomes almost a certainty.

The advice of those best able to speak with authority is:
prune trees as little as possible.

Hartig says: ‘The rate at which a wound is occluded
[=protected by a callus] depends entirely upon the vigour of
the tree and the size of the wound. A callus forms on young
trees, with their relatively broad annual rings, faster than
upon old trees, and the faster, too, the higher on the stem the
wound is situated, because with few exceptions the breadth of
the rings increases as we ascend. It is equally apparent that
occlusion will be accomplished sooner where the situation
is good than where bad. In the case of dicotyledonous trees,
especially the oak, branches of a greater diameter than four
inches should not be removed.’

Schlich says: ‘As a general rule plants should not be
pruned unless it is absolutely necessary. Every cut produces
a wound, exposing the plant to disease, which may ultimately
render it unfit for the purpose for which it has been grown.
Recent researches have shown that the unhealthy condition
of timber trees may be due to the spores of fungi entering the
tissues through wounds received at a very early age.’
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Notwithstanding the above, pruning is sometimes necessary,
even on a large scale, as in the case of trees growing in streets,
etc., and it is important that it should be performed in a
manner incurring the minimum of risk of infection by fungus
spores, or of decay of the wounded portion through wet.

A general rule is that a branch should be cut as close as
possible, and the cut should be parallel to the part from which
the branch is removed. This method of operation is most
favourable for the quick development of a callus, provided
the edge of the bark surrounding the wound is not crushed or
torn in removing the branch. As soon as possible after the
removal of a branch, the wounded surface should be thor-
oughly covered with a coat of gas-tar.

Pruning should always be done during the autumn or winter
months, if undertaken in spring or summer the gas-tar fails to
enter the wood, and does not prevent the entrance of spores
and wet into the tissues through cracks that form in the wood
during drying.

Mr. J. Bean, assistant curator, Kew Gardens, has recently
published a valuable article on pruning, illustrating right and
wrong methods, in the Gardeners’ Chronicle.

Bean, Gard. Chron. (1905).
Hartig, Diseases of Trees (Engl. ed.), p. 257 (1894).
Schlich, Manual of Forestry, 3, p. 283.

Injuries caused by man.—As previously stated, grass-cutting
machines do a great amount of injury to the exposed roots
and bases of trees when carelessly handled. Such injuries
are usually either altogether ignored, or simply covered with
soil to hide the injury.

During the planting of young trees the collar of the stem
is often more or less barked or bruised by the boots of the
workmen stamping the soil down round the root.

Inboth these instances the wounds made serve as openings
for the attack of wound fungi, and when young larches are
injured in planting, larch canker too frequently follows in due
course.

Injuries caused by wind, snow, etc.—Too frequently limbs
of trees are broken by wind or by the weight of snow resting
on the branch. When such accidents happen to trees it is
desirable to preserve, the wound made should be carefully
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trimmed and the hole filled with cement to keep out wet and
fungus spores, otherwise the tree will soon become decayed
and hollow.

DROUGHT

Stagheaded trees.—This disease is indicated by the top-
most branches of the crown dying, the dead branches showing
conspicuously above the general mass of foliage. The injury
is due to lack of water, which implies a shortage of food-
material, and the upper branches are starved, the lower ones
monopolising all the water and food. This may be owing to
prolonged drought, excessive drainage, or to any surrounding
conditions affecting the underground water-level. It is more
frequently due to the removal of litter or thinning or removal
of the undergrowth. Hartig says that ‘ when oaks that have
grown up in a dense wood of beeches, and that have but
poorly developed crowns in consequence, are isolated by the
removal of the beeches, they clothe their stems abundantly
with epicornic branches. For some years these, as well as the
crowns, thrive perfectly satisfactorily. Inthe process of time,
however, and especially on the lighter classes of soil which
are subject to rapid drought or are liable to produce weeds,
a portion of the topmost branches of the crowns die, and the
oaks become stagheaded. If the ground is protected in time
by under-planting, the top branches either do not die or the
disease fails to make any progress, and the stagheaded con-
dition may entirely disappear owing to the dry branches
dropping off.’

Hartig and Somerville, ZextBook of Diseases of Trees,
p. 270 (1894).

INJURIES DUE TO FROST AND HAIL

Spring frosts.—When frost occurs late in the spring many
plants suffer from its effects that have survived without injury
more severe frost during the winter. This is owing to the
fact that during the winter, when the plant is not vegetatively
active, or before its leaves have expanded, the amount of
water in those parts most susceptible of injury is compara-
tively small, whereas when active growth has commenced, the
leaves and youngest shoots contain a considerable quantity
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of water, and it is the freezing of this water that is the cause
of injury under certain conditions, What happens is briefly
as follows. During a late spring frost water is abstracted
from the cells into the intercellular spaces, and more especially
under the epidermis of leaves and shoots, where it freezes

v

Fi1G. 3.—A ‘stag-headed oak’ growing in Epping Forest.
(A. Clarke.)

into parallel prismatic crystals. This withdrawal of water
fromthe cells of a leaf causes it to droop and exhibit the well-
known symptoms of the effect of frost. If thawing takes
place slowly, so that the water can be again absorbed by the
cells, the leaf gradually becomes erect, and no lasting injury
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is experienced. On the other hand, if thawing takes place
rapidly, the liberated water escapes into the intercellular
spaces instead of being absorbed by the cells, and the death
of the organ results. From the above account it follows that
when plants have been frozen late in the spring they should
be protected by a covering of some kind from the sun’s rays,
so that they may thaw gradually and slowly. When the
covering method is impracticable, a thorough syringing with
cold water is often effective in preventing rapid thawing.
When actively growing leaves are frozen late in the spring,
the epidermis of the under surface is often completely torn
away from the rest of the leaf, and hangs like a blister. I have
seen a whole field of cabbages affected in this manner, with
the large lower leaves hanging limp on the ground, and the
lower epidermis raised in large blisters. The young leaves of
Auwucuba and other evergreens also suffer in a similar manner.

Frost cracks.—These are longitudinal cracks of variable
length in the bark and wood of tree trunks, and are generally
the result of a sudden and great reduction of temperature.
The cracking is due to the abstraction of water from the cell-
walls, which freezes in the cavities of the cells. Owing to
this loss of water from the walls the cells shrink and a crack
is the result. When the temperature rises the cells expand
by again absorbing water, and the crack closes up more or
less, and is soon protected by a growth of callus along the
two edges of the wound, which projects more or less above
the level of the adjoining bark, and is known as a ‘ frost-rib.’

In some instances a frost-crack that has healed up is again
opened by frost, when the same healing process is repeated.
If this rupturing occurs repeatedly a very prominent frost-rib
results, which may finally remain permanently open or closed
depending on weather conditions.

Catalpa bignonioides, an ornamental tree, is a native of
the southern United States, and is often injured by frost
when planted in the New England States, and in this country.
Avery fine specimen, about sixty years old, recently succumbed
from frost in Kew Gardens. The tree had two tiers of
principal branches, an upper tier of four nearly horizontal
branches and lower down on the trunk three larger ones.
When the upper branches were about forty years old, each
one was injured by a severe frost, which produced a frost
wound throughout its entire length. These wounds never
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healed, as shown by the accompanying figure, and afterwards
no more branches were formed on the upper side of these
branches, and only comparatively few on the lower side; as
a result these four branches were literally starved to death,
owing to lack of food and water. The three large lower
branches, being sheltered by the upper ones, were perfectly
healthy and bore an abundance of foliage and flowers when
the tree was cut down. :

Glassy fir is the name given by Schrenk to the appearance
of glassy or polished portions of the trunk of the balsam fir
(Abies balsamea), when cut with a cross-cut saw. These
portions are perfectly smooth and shiny, as if they had been
planed, and are conspicuous as contrasted with the normal
roughened surface produced by the saw. Some of these
patches extended from the heart to the sap-wood, others
formed irregularly circumscribed spots usually surrounding
healed-over portions of old branches. Where the patches
were isolated they were generally near some check. In all
cases the sap-wood had the glassy appearance. All the
specimens examined were cut during the months of February
and March, when the temperature was 32 F., or much
lower.

A series of experiments showed that the glassy appearance
was due to the presence of frozen water in the wood. Wherever
the wood-cells were filled with ice the saw made a clean
polished cut, and the fibres were not torn as is usually the
case, the ice acting like imbedding material, paraffin, etc.,
in sustaining the weak cell-walls during the operation of
cutting sections. In cooling, the sap-wood just within the
bark would freeze first, and the cooling would gradually
extend inwards, hence the sap-wood presents a uniform
glassy appearance. The distribution of glassy patches along
the lines of former branches is accounted for by assuming
that the lowering of the temperature would take place more
quickly along such channels as are in communication with
the outer portions of the trunk.

From a practical lumbering standpoint, glassy fir cannot
be considered as a defect, as it has been in some instances
before its origin was clearly known.

Schrenk, H. Von, ‘Glassy fir, Sixteents Ann. Rep.
Missouri Bot. Gard. (1905).
C
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Injury caused by hail.—The amount of damage to leaves
and flowers caused by hail is well known. The fact that an
equal or greater amount of damage to the bark of trees,
especially when the rind is smooth, is occasioned by hail is
not so generally realised. Hartig states: ¢ At places where
the hailstones strike, the rind is crushed, or, it may be,
knocked off altogether. Although as a rule a callus very
soon forms over such wounds, still it not infrequently
happens that the injured portion of the stem dies. In young
spruce woods in the neighbourhood of Munich I found that
the leading shoots which were affected by hailstones died—a
result doubtless due to the excessive evaporation from the
wood, which in many cases was stripped of its cortex on one
side of the shoot to the distance of about an inch.

‘It very frequently happens that the wounds caused by
hailstones form an entrance for parasitic fungi. The spores
of Nectria ditissima are specially apt to germinate on such
places, and to produce canker on the beech. Larches, too,
are often similarly infected by Peziza willkommii (= Dasy-
seypha calycina))

In the winter of 1907 a pear-tree was badly injured by
hail, and the accompanying illustration shows portions of a
branch of the injured tree as it appeared during the winter
of 1908. Immediately after the storm the cortex was seen
to be bruised in those places struck by the hailstones, at a
later date those bruised portions died, contracted, and
separated more or less from the surrounding living tissue.
In some of the cracks thus formed various kinds of fungi
had established themselves.

Injury by hail can generally be recognised by one side of
the branch only being damaged, the sheltered side remaining
sound.

Hartig and Somerville, Diseases of Trees (Engl. ed.), p.
299 (1894).

CHLOROSIS

This term is used to express the gradual disappearance of
the green colouring matter—chlorophyll, from leaves. In
some instances this loss of green colour extends over the
entire surface of the leaf, in others only patches disappear
here and there, giving the leaf a variegated appearance.
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Such diseased leaves, and sometimes also young shoots, first
change colour to a sickly greenish-yellow, and then assume a
clear yellow colour, finally becoming almost white and drying
up. The disease is of frequent occurrence and attacks
plants belonging to widely separated families. The disease

F1G. 4.—Two portions of a branch of a pear-tree damaged by hail. The
left-hand figure shows the injured side of the branch ; that on the right hand
shows the uninjured side. Half nat. size.

has been studied in detail by Viala, as affecting the vine.
When_once attacked, the branches, although yellow, do not
die at once, but produce leaves which remain small and are
of a yellow colour. The branches produced are numerous,
very short, slender, and bear only rudimentary leaves. If
the disease occurs during the flowering season, the colour of
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the flowers is changed and the fruit remains small and
yellowish, with scattered reddish patches, and finally shrivels.
The root presents a normal appearance superficially, but
when carefully examined the vascular system is found to be
feebly developed, the amount of protoplasm is scanty in the
cells, and there is but little nitrogenous material present.
In the leaves the chlorophyll not only disappears, but also
the chloroplasts. In such leaves raphides and crystals are
very abundant.

The primary cause of chlorosis is not definitely known ;
Viala strongly suspects the presence of carbonate of lime in
the soil as the agent. The disease only manifests itself in
vines growing in a calcareous soil. It is considered that
the carbonate of lime taken up in solution by the roots
precipitates the organic acids in the cells, and owing to this
precipitation, the carbonate of lime continues to be taken up
by the roots. By this means the normal acidity of the cell-
sap is diminished, and the normal feeble alkalinity of the
protoplasm is augmented. As a consequence the normal
activity of the cells is disturbed, and results in a diminished
formation of nitrogenous matter and of hydrocarbons. Viala
further demonstrated that the application of sulphate of iron
restored the green colour. The ground was watered in the
spring with a solution of sulphate of iron in water.

The sulphate of iron is supposed to act by converting the
soluble carbonate of lime into insoluble sulphate of lime—
gypsum.

Watering the foliage with one per cent. solution of sulphate
of iron in water also favours the formation of chlorophyll in
the leaves.

S. Mokrzecki has recently been experimenting with sulphate
of iron as a cure for chlorosis; the following is his account
of the process and the results attained.

In order to restore the trees to health, I bored from one to
four holes in the trunk of the tree, 1 to 1} cm. in diameter,
and deep enough to put 4 to 12 grammes of green vitriol
(sulphate of iron). These holes were smeared over with
cement. These little wounds readily heal towards the
autumn. The ascending sap carries up with it the iron in
solution to the tips of the leaves, and the trees begin to
improve wonderfully ; the bright green colour soon appears,
and in size and any other relation it is difficult to distinguish
them from those not affected. Other salts of iron (such as
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the phosphate and chlorate) do not affect the cure so readily.
Spring (May) months are the most appropriate time for this
operation. By this method I have effected a permanent
cure on many hundreds of trees of different varieties, not
excepting coniferous or evergreen trees. The deforming
anthracnose of the grape-vine rapidly disappears under the
influence of sulphate of iron, the leaves acquiring their
normal size and colour. In other experiments of this
internal method of nourishing the plants, not directly through
the roots, by means of various combinations of salts, dry or
in solution (using for this purpose a small and very simple
apparatus) I succeeded in increasing their size and improving
their colour, thus effecting a cure.

Mokrzecki, S., Gard. Chron., Jan. 16, 1904, where refer-
ence to further literature by the same author is given.
Viala, P., Malad. de la Vigne, p. 430 (1893).

Contagious chlorosis.—Baur has shown that chlorosis of a
contagious nature exists in certain members of the Malvaceae,
also in Zigustrum and Laburnum, and is probably of wide-
spread occurrence. The cultivated variegated mallows were
derived from a form of Abutilon striatum called A. Thomsoni.
This plant transmits its variegated condition by grafting.
Baur discovered that if the leaves are removed from a
variegated plant, or if the shoots bearing leaves are removed,
and the plant is kept in the dark, the new shoots produce
only very few variegated leaves, and if those are removed, the
plant remains permanently green in the light, unless it is
again infected by grafting scions of a variegated plant. If
latent axillary buds of the old parts produce variegated leaves
the whole plant is quickly infected. =~ When scions of the
immune A. arboreum are grafted on the infected 4. Zhomsoni
they grow readily but do not become infected ; whereas if
scions of a susceptible kind are in. turn grafted on the 4.
arboreum of the previous experiment, they become infected,
thus proving that the virus can travel unchanged through the
intermediate piece of 4. arboreum. Shoots bearing green
leaves that are immune to the disease sometimes appear on
A. Thomsoni. If one of these shoots is grafted on a varie-
gated plant the scion continues to produce green leaves. If
in turn a susceptible scion is grafted on to the immune
branch, its leaves are variegated, showing that the virus
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passed through the immune branch. This passing of the
virus unaffected through a portion of an immune plant does
not always hold good. If a scion of Lavaftera arborea is
grafted on 4. Thomsont, and another susceptible portion is in
turn grafted on the Z. arborea portion, the leaves do not
become variegated. In this instance the virus loses its
potency in passing into the intermediate immune scion of
L. arborea. The author considers that this form of varie-
gation or chlorosis is due to the presence of a virus depending
on light for its formation. When grown in the shade suscep-
tible plants lose the variation and become green, although the
general health of the plant is not affected. Experiments
proved that the virus travelled in the cortex and not in the
wood.

Baur, E., Ber. d. deutsch. Bot. Gesells., 24, p. 416 (1906).

INJURY BY SMOKE, ACID FUMES, GAS, ETC.

Sulphur dioxide has been proved to be the specific cause
of injury to vegetation arising from smoke. Wieler, who has
recently investigated the subject in an exhaustive manner,
states that, contrary to the view of von Schroeder and Rensz,
sulphur dioxide, like other gases, enters into leaves only
through the stomata. Leaves having the surface-bearing
stomata coated over showed no injury, when exposed for
several hours to a comparatively strong concentration of
the gas.

In very young leaves the gas penetrates the cuticle.

The physiological effect of sulphur dioxide on foliage is
very complicated. Probably its acid nature and its capacity
for forming certain products with aldehydes present in the
tissues act on the protoplasm. Wieler recognises two kinds
of injury, acute and chronic. The acute condition is rare,
and is manifested only in the immediate neighbourhood of
the source of the smoke where the quantity of gas is sufficient
to kill the tissues directly. In chronic cases, where the gas
is present only in a very small percentage, respiration becomes
irregular, photosynthesis is partly checked, probably due to
the direct action of the gas on the chlorophyll rather than to
the closing of the stomata. The removal of the products of
photosynthesis is somewhat checked, and growth is retarded.
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On the other hand transpiration is not affected by the
presence of the gas, neither is the absorption of water inter-
fered with.

Notwithstanding the deleterious effects indicated, Wieler
does not consider them sufficient to account for the chronic
form of injury, and is led to believe that the true cause will
be found in the effect of the gas on the soil, and that such
continuous accumulation of sulphur dioxide in the soil is
responsible for all the injury due to smoke, the ultimate
effect resembling death due to drought.

Haywood has investigated the action of smelter fumes.
The ore consisted of sulphides of iron and copper. Practic-
ally all the sulphur in the ore is burned and given off into
the air, principally as sulphur dioxide, but to some extent as
sulphur trioxide. For each pound of sulphur burned two
pounds of sulphur dioxide are formed and given off ; this acts
directly on the foliage. Sooner or later all the sulphur
dioxide becomes sulphur trioxide, and in this form is found
in the leaves. Sulphur trioxide becomes sulphuric acid in
the presence of water, which also acts on the leaves.
Within a radius of three miles of the forge all vegetation
was killed, and even at a distance of nine or ten miles
numbers of fruit-trees, especially peaches, which are very
sensitive to injurious substances, were badly injured.

The author’s conclusions are as follows :—

Sulphur dioxide, when present in very small quantities in
the air, kills vegetation. '

Such injury shows itself by the increased sulphur trioxide
content of the foliage.

Finally it is stated that in connection with this study it
might be of value to give some idea of the amount of sulphur
dioxide that is given off each day into the atmosphere by the
smelter. Analyses of three samples of the ore show that it
contains 41'87, 40°06, and 42°44 per cent. of sulphur, or 41°46
per cent. sulphur on the average. Since in extracting the
copper the sulphur is nearly all given off as sulphur dioxide, it
seems safe to assume that go per cent. of the sulphur from this
ore would be liberated. Therefore a simple calculation will
show that for each ton of ore about 838 pounds of sulphur or
1676 pounds of sulphur dioxide would be given off into the
atmosphere. The author has been informed that the smelter
extracts 1000 tons of ore per day. If such is the case it
will be seen that the enormous quantity of 1,676,000
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pounds of sulphur dioxide (or 748 tons) are given off each
day.

Placing sulphur on hot-water pipes is always a risky
experiment, and sometimes results in disaster. The above
account explains how this is brought about. If the heat is
above a certain point some of the sulphur at all events is
converted into sulphur dioxide; this in the presence of
moisture eventually becomes sulphuric acid. Both these
substances are extremely injurious to plants.

Coal gas, — The leakage of gas from faulty pipes often
causes considerable injury to plants. The roots of trees are
completely dead and rotten before the cause of injury is
suspected. In such cases the bark of the trunk becomes
dry and frequently falls away in large patches. Mr. Aggett,
Superintendent of Public Gardens, Bermondsey, who has
had much experience of the injury caused by the leakage
of gas in the seventy miles of streets under his supervision,
states that after trees had been killed by gas in the soil,
when a space of six feet square of the affected area was
cleared and replaced with new soil (after the pipe had been
repaired), the young trees perished, and it occurred to him
to place a lining of wet clay over the sides and bottom
of the hole, and the result proved in every way satisfactory.
Unless this precaution is taken, two or three years must
elapse before the gas has completely escaped from the soil.

Creosote fumes.—During recent years since wood-paving
has been introduced, the fumes from the creosote used for
dressing the blocks has proved disastrous to vegetation.
Bedding plants of all kinds are promptly blackened,
shrivelled, and killed, and the foliage of trees is also
destroyed or severely injured.

Aggett, W. H., ‘Trees affected by gas,’ Z%e Garden, 6o,
p. 246 (1906). :
Haselhoff, L., and Lindau, G., Die Beschidigung der
Vegetation durch Rauch (1903).
Haywoad, J. K., ‘Injury to Vegetation by Smelter Fumes,’
U.S. Dep. Agr. Chemisiry, Bull. No. 89 (1905).
Wieler, A., Untersuchungen iber die Einwirkung schwe-
Niger Saure auf die Pflanzen (1905).
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INTUMESCENCES AND WARTS

These structures frequently occur on the surface of leaves
or on young shoots, and may be due to the work of mites or
insects ; on the other hand they may appear as the result of
special conditions of temperature, moisture, etc., or again
they may be directly produced by the application of some
chemical stimulant, as in spraying. Those cases resulting
from the influence of some physical agency will only be dealt
with here.

In this country such small warts are most frequently met
with on the under surface of vine leaves grown under glass.
It is generally agreed that excess of temperature and humidity
favour the formation of these growths. Opinions differ as to
the part played by light in the process. Sorauer and Atkinson
consider that a dull light favours the formation of intumes-
cences, whereas Dale states that white light, more especially
yellow and red rays, are absolutely necessary for their forma-
tion. Viala and Pacottet also state, as the result of experi-
ments, that intumescences are caused by an excess of light in
a damp atmosphere, and that it is only during a period of
bright light, and only on leaves near to the glass that these
structures are formed in quantity, being practically absent
from leaves growing in diffused light or in the shade. These
authors consider that shading the glass would prevent the
formation of warts by checking excessive transpiration.
Atkinson, on the other hand, considers that their presence
may be due to the greater turgescence of the leaves owing to
the low rate of transpiration in a gloomy greenhouse. It is
evident from the foregoing statements that the part played
by light in the formation of warts is by no means settled. Its
direct action, if of any importance at all, may vary with
different plants.

Sap warting.—This is a term used by gardeners to express
the appearance of small ruptures and corky outgrowths in the
bark of the stem or branches, which are sometimes continued
along the midrib and veins of leaves. At first the ruptures
are scattered and might be mistaken for lenticels, but usually
they continue to increase in number until the branch is
almost covered with small, gaping cracks with raised edges,
and showing the inner pale cells of the bark in the central
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portion of the wound. This form of injury is mostly present
on plants grown under glass, and is especially common on

F16. s.—Intumescences, or sap-warts on stem of
an Acacia grown in a hot-house. Nat. size,

species of Solanum and allied plants. It is, however, also met
with on other plants, as species of Mimosa, Acacia, Camellia,
etc. It is occasionally observed on plants growing outside,
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but is not common, and must not be confounded with the
excessive growth which gives a rugged appearance to stems,
as in Acer campestre, the lower portion of the stem of Lythrum
when growing in water, etc., although the latter examples may
probably be the outcome of causes similar to those grown in
houses, which in both instances consists in the formation of a
mass of suberised or corky tissue composed of very large,
thin-walled cells containing air. In the case of plants grown
in warm houses, it is known that ‘sap-warting’ is favoured by
an excess of heat and moisture, and is quite independent of
the influence exercised by fungi or insects. In some cases, as
in acacias, a certain amount of gum is produced, due to the
breaking up of cells in the ruptures; this gum serves as a
starting-point for the development of species of Botryiis,
Cladosporium, and other minute fungi, whose mycelium
eventually passes into the injured tissue, and sometimes also
extends to the surrounding living tissue. Such fungi often
intensify the original injury, but being in all instances wound-
parasites and incapable of penetrating an unbroken surface,
cannot be considered as the primary source of mischief.

Practically I have repeatedly noted that good ventilation,
especially when applied in the morning, along witlr a reduction
of temperature, checked the formation of warts on vine leaves.
Such_disfigured leaves are being constantly submitted for
examination, with a query as to whether the warts indicate the
presence of Phylloxera, the general appearance being the
same in the two diseases.

Sap-warting yields also to the treatment indicated above.

Schrenk has recently described the formation of small warts
on the under surface of cauliflower leaves, that had been
sprayed with a copper and ammonium carbonate solution to
check the progress of Peronospora parasitica. Various other
copper sprays were also used, to which a small quantity of
fish-glue was added to cause the spray to adhere more firmly
to the leaves. In all cases the warts appeared a few days
after spraying. Numerous experiments were subsequently
made with sprays of different kinds on cauliflowers, and also
with the various components of the solutions used separately.
The following is Schrenk’s summary.

1. Cauliflower plants sprayed with copper ammonium
carbonate (5 oz. copper carbonate, dissolved in a mixture of
3 pints ammonia to 50 gallons of water) produced large
numbers of intumescences as a direct result of the spraying.
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2. Similar intumescences were produced by means of weak
solutions of copper chloride, copper acetate, copper nitrate,
and copper sulphate when sprayed in very fine drops on the
surface of the leaves.

3. The intumescences were formed in larger numbers on
the lower surface of the leaves than on the upper surface of
the leaves.

4. Intumescences were formed independent of soil or
atmospheric conditions, so that the heat and water supply
had nothing to do with their formation.

5. Intumescences must be regarded as a result of the
stimulating activity of chemical poisons, sprayed upon the
leaf in weak solutions.

6. The stimulating activity exerted is due to the formation
of compounds within the cells of high osmotic tensions, these
compounds being either compounds formed by the copper
salts with parts of the protoplast, or compounds formed as a
result of a stimulus exerted, as evidenced by the presence of
large amounts of oxidizing enzymes as a result of indirect
stimulus exerted by the salts upon the leaf surface.

In all instances the general morphology and structure of
these warts, independent of relative size, is the same. A
section through a young wart shows certain of the cells form-
ing the spongy parenchyma much enlarged, growing outwards,
and raising the epidermis, which at a later stage becomes
ruptured. The enlarged cells increase enormously in size
and grow outwards, forming a wart projecting considerably
above the general surface of the leaf. These giant cells are
very thin-walled, the outermost ones only containing air, the
more deeply imbedded ones containing considerably reduced
chlorophyll grains. At first the cells forming the spongy
parenchyma are only involved in the formation of the wart,
but at a later stage the cells of the palisade tissue also
begin to increase in size and become much elongated in
the direction of the projecting portion of the wart. Reagents
show that the older cells of the warts are more or less suberised
and liquefied, and become broken up into a scurf-like mass.

Atkinson, G. F., ‘Oedema of Tomato,” Bull. Cornell Agric.
Exp. St., No. 53 (1893).

Dale, E., ‘ Investigations on the Abnormal Outgrowths, or
Intumescences on fHibiscus vitifolius) Phkil. Tran. Roy. Soc.,
Ser. B, 194, p. 163 (1901).
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FASCIATION

Popular names for this abnormal method of growth are
¢sports,” ‘freaks,’” ‘ monstrosities,’ etc., all implying the fusion
or cohesion of stems or flowers which under normal conditions
would have remained distinct. I am quite well aware that
such terms as normal and abnormal are considered as out of
date, nevertheless I think they make clear the idea I wish to
convey. The following account is mainly after Worsdell,
who has for many years paid special attention to this subject.
The primary cause of fasciation remains to be discovered ;
in the majority of instances it is induced or favoured by a
superabundance of food which in some way disturbs the
equilibrium of the plant. On the other hand, it is by no
means unusual to meet with fasciation of a single branch or
flower of a plant, having all its other parts perfectly normal,
thus proving that excess of food alone will not account for
the phenomenon. Fasciation includes two distinct sets of
phenomena—(1) the fusion of organs or tissues that were
once distinct; (2) the branching of an organ or tissue which
is primarily a unity. Fusion again is of two kinds, which it is
most important to clearly grasp. (1) Postgenital, real or
mechanical fusion ; (2) congenital, or ideal fusion.

Postgenital fusion includes most of the sports or mon-
strosities with which we are most familiar, the commonest
type being a flattening of the stem or peduncle, in which it is
obvious that it consists of a number of structures grown
together, which, under usual conditions, would have been
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free from each other. When the equilibrium of an organism
is upset there is often a tendency to rezes# in some of its
characters to an ancestral condition, and flattened or strap-
shaped fasciations are probably a reversion to an ancient type
of branching. When our higher flowering plants, from some
unknown cause, lose their balance, they revert to the long

FI1G. 6.—A fasciated example of a cultivated carnation. Reduced.

past branching conditions of Lycopods, Ferns, and Algae. In
these latter examples the branching is probably always
primarily iz one plane.

Congenital or ideal cohesion of parts is applied to those
structures where cohesion occurs before development. The
gamopetalous corolla is an illustration, having originated from
the congenital fusion of primitively free petals, the free tips
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and tube collectively constituting such a corolla. The fusion
of stamens amongst themselves, as in Aypericum, etc., also
fusion of stamens to petals, carpels fused to form a syncarpous
ovary, all come under this head, which, according to the
author, accounts for the great variety of form and structure
met with in the plant world resulting in the varied combina-
tions formed by cohesion of parts, or, on the other hand, the
breaking up of primitive organs into a greater number of
parts. -

I have frequently been struck by the modification in form,
structure, and durability of leaves produced on the clustered
branches, more especially of conifers, called ¢ witches’ brooms,’
caused by fungi. Do such leaves represent a reversion to a
more primitive type of leaf borne by the ancestors of the
tree?

The following account of the origin of fasciation is given
by Miss Knox, who investigated the causes and transmissibility,
from generation to generation, of the banding or fasciation
of stems in the evening primroses.

It was found that the malformations in question were due
to injury in all cases examined. ‘The injuries are caused by
larvee which hatch and feed on the growing tips, attacking
the cells while still in a merismatic condition. In most plants
which are attacked the growing region is destroyed or its
vitality impaired, or the surrounding leaves alone are con-
sumed, the cells of the apex not reached, when no fasciations
result. Certain swarms of larve, by boring into the heart of
the tip, inflict delicate wounds which may induce fasciation.
The occurrence of the phenomena is dependent on three
factors—the individual manipulation of the insect, the extent
and nature of the wound, and the innate character of the
plant. Slow-growing species are more apt to fasciate than
those of rapid development.

In the case of fasciation from the rosette stage, the injuries
may be made by small larve in the soil, and usually date
from the first stages of germination. The development is
slow, and all the causes must be traced far below any sign of
their effect. The fasciations are ordinarily flat, but often
ring-shaped, and intermediate stages between the two are
common. The appearance of secondary meristems, which
later differentiate and which may eventually become incor-
porated with the bundle ring, in conjunction with the altera-
tion of the stem’s shape, is a frequent occurrence.
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The section of a fasciated tip shows no deviation from the
normal structure other than that of shape. Below the
fasciated region inequalities in the amount of wood formed
are indicative of the early injury.

The progeny of fasciated plants shows no more tendency to
fasciation than that' of normal stock. Both may give an
equally large percentage of fasciated stems.

Knox, Fifth Year Book of the Carnegie Inst. of Washington,
p- 131 (1907). \ i il

Worsdell, W. C., ‘Fasciation: Its Meaning and Origin,’
New Phytologist, 4, p. 55 (1905).

BACTERIOLOGY OF THE SOIL

¢‘Soil fertility, broadly interpreted, denotes the crop-
producing power of any soil under given climatic conditions,
and is itself the resultant of many forces often opposed to
one another.” The above definition of fertility given by
Voorhees and Lipman is terse and to the point, and the rider
suggests with equal terseness the difficulties to be overcome
in formulating in a concise manner the causes that culminate
in such fertility.

The earliest scientific attempts to investigate the means
whereby soil furnishes food for plants were undertaken by
chemists, who, however, soon discovered that chemical
methods alone would not solve the problem. Then followed
researches from a physical standpoint, and much valuable in-
formation on soil-fertility is the outcome of soil physics.

At a still later period the part played by micro-organisms or
bacteria in connection with the fertility of the soil was recog-
nised, and it is now universally acknowledged that further
progress bearing on the subject of plant nutrition will mainly
result from the combined work of the chemist, physicist, and
bacteriologist, and every scientific student of agriculture
realises the supreme influence exercised by bacteria present
in the soil on plant life. ;

It has long been known that poor, uncultivated land in
process of time becomes capable of producing a good crop;
in other words, such land <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>