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ever since presidents and presidential ad-
dresses were invented, ¢ e., Should the
effort be primarily to entertain and amuse,
or to instruct? I fear that any effort of
mine to entertain would be a grievous fail-
ure, while an effort to instruct may be but
little more successful. Since of two evils
we are advised to choose the lesser, I have
decided to attempt something more in the
line of instruction than entertainment.
Instruction is usually regarded, I believe,
B/ D TIOTT B 1 normel ok K 2
specialist, and as modern social and eco-
nomic conditions have compelled specializa-
tion, we must accept the consequence.
The subject of plant pathology properly
includes all the phenomena connected with
abnormal forms and functions of plants.
These abnormal conditions may be grouped
in three classes, aceording to their origin:
First, those which are of non-parasitic
origin; second, those which are caused by
plant parasites; third, those which are
caused by animals. Excluding from pres-
ent consideration diseases directly due to
animals, we have left the two classes, non-
parasitic and parasitic. By far the greater
part of the trouble with which the phyto-
pathologist has to deal are caused by plant
parasites. In fact, the greater part of the
phytopathology of to-day might quite
properly be designated parasitology, and

1 Address of the retiring president of the Bo-
tanical Society of Washington, March 2, 1915.
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parasitology is of course only a branch of
mycology.

Plant pathology is a subject of very
recent development and can scarcely be
said to have existed before the middle of
the last century. During the period from
1830 to 1850 attention began to be given
to this subject. Unger, Wiegmann, Meyen,
Raspail and Regel wrote on the diseases of
plants. These authors took up the subject
from the standpoint of general botany and
human pathology rather than mycology.
Some very curious ideas prevailed; e. g., it
was believed that fungi such as rusts were
produced by the puncture of insects (Ras-
pail, 1846). Unger’s idea was that certain
fungi were outgrowths or modifications of
the tissues of the diseased plant. These
and earlier works contained various more
or less academic discussions of various dis-
eases, based largely upon erroneous ideas
of the structure and nature of the parasite
as well as the host. As an illustration of
how persistent medieval ideas and concep-
tions are I may cite a recent instance. A
correspondent, in explaining the cause of a
strawberry disease, states that it is due to
‘““glemental debasement.’” This reminds
one of the ‘‘original sin’’ of the old the-
ology, to which it may perhaps be closely
akin,

Under the influence of the important
contributions to the knowledge of the cellu-
lar structure and tissues of plants, which
were made during this period, together
with the work of contemporary mycolo-
gists, the foundation was laid for a more
rational and correct interpretation of plant
diseases and parasites.

Since the great majority of plant diseases
are caused by fungi, it is quite proper that
mycology should be considered the chief
cornerstone of this branch of science and
should be thoroughly understood by the
plant pathologist.
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In order to get a proper conception of
any subject and to understand and appre-
ciate its present condition and needs, a
knowledge of its past history and develop-
ment is necessary. It is quite appropriate
that Florence, the chief seat of learning
and the leader in literature, religion, art
and science during the Renaissance and be-
ginning of the modern era, with the illus-
trious names of Dante, Savonarola, Raphael
and Michael Angelo should have pro-
duced the great botanist, Micheli, who may
be justly considered the father of mycology.
His great work, ‘‘Nova Plantarum Gen-
era,”” published in 1729, was devoted
largely to the description and illustration
of fungi. This work remained unsurpassed
for fifty years and is still recognized as a
classic on this subject. Micheli’s collec-
tions of fungi are still preserved in Flor-
ence beside those of Cesalpini. Some of his
specimens compare favorably with those of
much more recent mycologists.

Following Micheli some twenty-five years
later came Battara, also an Italian. Dur-
ing the latter half of the eighteenth cen-
tury Tode, Hoffman, Batsch, Bulliard and
Persoon made important contributions to
descriptive mycology. In the early part of
the nineteenth century the most distin-
guished students of the subject were Per-
soon, Qreville, Wallroth, Link, Sowerby,
Fries and Corda in Europe, while in
America the illustrious Schweinitz laid the
foundations of American mycology and
took rank among the first mycologists of
the world. Following him in this country
came Curtis, Ravenel, Peck, Ellis, Farlow
and Burrill. Most of the work of the early
writers was systematic, and may appear to
some of us to be very crude and unsatis-
factory, but when we consider the condi-
tions under which they labored and the
tools and technique available, it will be
found that their work is of as high quality
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as could be expected; and is perhaps no
more imperfect than ours will appear to
mycologists and pathologists a century
hence.

Beginning about 1850, there was a great
change and improvement in methods and
aims in mycological work. The two most
conspicuous men of this period were De
Bary and Tulasne, who understood a care-
ful comparative study of all that was known
of the morphology and physiology of fungi,
as well as original investigations of the life
histories of the organisms. At the same
time Berkeley in England, while devoting
-his time chiefly to descriptive work, gave
much attention to the pathological aspects
of the subject and published a very im-
portant series of papers in the Gardener’s
Chrowicle (1854) on ‘“Vegetable Pathol-
ogy.”” In this connection, M. C. Cooke,
who has recently passed away, should be
mentioned. In America Farlow, Bessey
and Burrill first introduced laboratory
methods of studying fungi, taking up the
work along the lines indicated by De Bary
and Tulasne.

NOMENCLATURE

In considering the various phases of my-
cology in their relation to plant pathology,
the subject of nomenclature deserves men-
tion. The plant pathologist as well as the
mycologist must use plant names. It is
therefore important that this matter should
be given careful consideration, in order to
devise means of securing as nearly as pos-
sible uniformity and stability of usage.
Unfortunately at present there is no gener-
ally accepted method of accomplishing
these ends. It is therefore desirable that
pathologists take an active interest in this
subject and assist in determining what the
fundamental requirements are to secure
uniformity and stability and exercise their
influence to secure the general adoption of

SCIENCE

481

such regulations. One of the subjects of
most fundamental importance in this con-
nection is that of types. It does not seem
possible to secure any great degree of uni-
formity in the use of names until generic
and specific names are fixed to definite
types. Teachers of mycology and pathol-
ogists should consider these matters in a
scientific spirit and without reference to
personal preference or professional affilia-
tions. ‘

Closely related to this subject is that of
terminology in general. There is at pres-
ent a decided lack of accuracy and uni-
formity in the use of the various technical
terms used in mycology and pathology.
With the exception of the rusts, the de-
seriptive terms used have not been ac-

“curately defined and coordinated in accord-

ance with our present knowledge; e. g., the
term conidium is variously applied to spores
produced either on external sporophores or
within pycenidia. There is also lack of gen-
eral agreement and uniformity in regard to
the names applied to the various conidial
and pyenidial forms of the Ascomycetes.
We have such terms as stylospore, sperma-
tium, micro- and macro-pyenospore, micro-
and macro-conidium variously applied by
different writers.

Of great importance also to the patholo-
gist is the standardizing of methods and
technique as far as possible. Though abso-
lute standards in these matters can not
well be attained, effort should be made to
approximate definite standards as closely
as possible.

TAXONOMY

Mycology formerly consisted chiefly of
the identification of old species and the
describing of so-called new species. This
of course was natural and necessary, as
there was a vast unknown group of organ-
isms most of which had not been named or
described. Unfortunately, the overwhelm-
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ing number of the species and the few
workers made it impossible for them to
devote the time and study to the organisms
necessary for satisfactory segregation and
description. Species were usually based
upon supposed host relations, slight morpho-
logical differences or geographical distri-
bution. More recent and thorough studies
have shown that these can not be generally
depended upon. While one species of a
genus may have very definite host relations,
the next one may be very indefinite in this
respect. In the same way morphological
characters which are reliable in one genus
or species may be very variable and unre-
liable in another. The same may be said
of geographical distribution. Some species
are apparently more or less cosmopolitan,
while others are confined to rather limited
geographical areas. These facts ean only
be determined by the most thorough mono-
graphic study of each genus or group. Our
studies of Endothia have brought out these
points with great clearness and emphasis.
For instance, one of our American species,
E. gyrosa, extends from the Atlantic coast
to the Pacific, and from Connecticut and
Michigan to Florida and Texas, whereas
its near relative, E. radicalis, is restricted
to the Appalachian region in America.
Such facts are of exceeding importance to
the pathologist in determining the nature
and possibilities of a parasite.

LIFE HISTORIES

Of still greater importance to pathology,
however, is a knowledge of the life his-
tories of parasites. This subject is not
only of exceeding importance to pathology,
but also to phylogeny and taxonomy in
general, and has important bearings on all
other branches of mycology. ‘The work of
Tulasne and De Bary and their contempo-
raries was the first important contribution
to this subject. Following the discovery
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of the pleomorphy of the Ascomycetes there
was a tendency on the part of some myecol-
ogists to connect up all the various known
forms of the so-called Fungi Imperfecti
upon the basis of association, similarity or
other more or less uncertain evidence. One
of the most striking cases of this is fur-
nished by Fuckel in his ¢‘Symbole Myco-
logicee,”’ 1869, where supposed pycnidial
or conidial forms are given for the ma-
jority of the Ascomycetes listed. In some
cases the author was probably correct, but
none can be accepted without being veri-
fied by cultural studies or other reliable
methods. The work of Tulasne, while much
more reliable and satisfactory, was based
primarily upon the intimate association
or union in the same stroma of the differ-
ent forms of fructification. Much of his
work has already been verified by later in-
vestigators. Brefeld in his great work on
the life histories of the fungi made an ex-
ceedingly important contribution to this
subject. Unfortunately, many of the coni-
dial and pycnidial forms which he obtained
in eulture from ascospores can not be iden-
tified and connected with certainty with
forms already described.

It has already been thoroughly demon-
strated that some of the Pyrenomycetes
have from one to three metagenetic spore
forms besides ascospores; e. g., Spharella,
Glomerella, Guignardia, Plowrightia, ete.
It is also well known that some of the
stages of a fungus may be parasitic and
others apparently saprophytic; e. g., many
Pyrenomycetes mature their perithecia
upon dead vegetable matter, while their
pyenidial or conidial forms may be actively
parasitic. This has led to the classification
of most of the Pyrenomycetes, whose life
histories are not known, as saprophytes.
It is clear, therefore, that to even be able
to classify an organism satisfactorily as a
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parasite or saprophyte its life history must
be known. ‘

Here is a vast field for investigation
which offers great opportunities for mak-
ing valuable contributions to kmowledge.
Thousands of pleomorphic species whose life
histories are unknown await the patient
and properly equipped investigator. Pres-
ent culture methods must be improved and
new methods probably devised in order to
induce many of these fungi to pass through
their complete life cycles. It is in this
field that we may expect very important
discoveries in regard to the factors which
determine the production of any particular
spore form in the life cycle of a fungus.
Of such factors we have very little definite
knowledge at present.

PARASITISM

The exact nature of parasitism, its origin
and modifications, is naturally of the ut-
most significance to pathology. This prob-
lem can perhaps be attacked with the great-
est promise of successful solution in those
cases which appear to be near the border
line between saprophytic and the parasitic
species. If we admit that evolutionary
processes are still active, there seems no
reason to doubt that parasites are at pres-
ent in process of evolution. Whether this
evolution is brought about by mutation or
by a gradual accumulation of slight varia-
tions or by some other process or complex
of processes not yet discovered, it would
seem possible to get further light on this
subject by a thorough investigation and
comparison of some of the active parasitic
Ascomycetes and their near relatives which
seem to be saprophytic or only very weakly
parasitic. A striking example of this con-
dition of affairs is presented by the genus
Endothia already referred to. Endothia
parasitice is a most virulent parasite,
whereas its near relative, E. radicalis,
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which occurs on the same host, shows little
or no parasitic tendencies, while some of
the other species show slight indications of
parasitism.

ECOLOGY

In this connection it may be well to call
attention to the great possibilities in the
study of the ecology of the fungi. At
present, unfortunately, there is little ex-
act knowledge of the distribution and en-
vironmental relations of fungi. The exact
limits of distribution of but very few
species is known, and in fact the exact
identity of many species is still doubtful.
The question of their host relations is also
not well understood except in the case of
the rusts, smuts and powdery wmildews.
Our studies of Endothia appear to indicate
that, in this group at least, the species have
very definite geographical ranges which
are not determined by their host relations,
but apparently are very intimately asso-
ciated with eclimatic and other environ-
mental conditions, as well as competition
with other fungi. All these things are of
vital interest to the pathologist, especially
in connection with the possibilities in the
way of the spread of any particular para-
site, or in determining the probable be-
havior of any foreign species which might
be introduced. To know what fungi exist
in any region and what their natural dis-
tribution and host relations are, is of the
utmost importance in devising ways and
means to prevent their introduction into
other countries. In this connection I may
quote from Winthrop Sargent in the Final
Report of the Pennsylvania Chestnut Tree
Blight Commission, 1914, page 12, as he
presents the case in a very plain and force-
ful manner:

In conclusion, it seems necessary to call sharp
attention to the real lesson to be learned from the

chestnut blight epidemic—viz.: the necessity of
more scientific research upon problems of this
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character; to be undertaken early enough to be of
some value in comprehending, if not controlling
the situation. We have seen that the blight might
have been kept out of the country in the first
place by inspection, or, once in, that it might have
been destroyed, or at least checked, before it had
gotten widely distributed. But instead it was
permitted to enter, and to spread for many years
without secientifie notice, and for several more
years without any organized attempt to control it,
or even to study it seriously. Are we doing any
better now with reference to the future?

GENETICS

‘While perhaps not having the same
direct bearing upon pathological problems,
still it may be worth pointing out that
fungi appear to offer one of the simplest
and easiest points of attack on the gen-
eral problems of evolution, such as muta-
tion, variation, and inheritance; in fact,
the various problems of genetics. Here
we have organisms comparatively simple in
structure, either asexual or at least not
complicated by possible hybridization and
capable of rapid reproduction and cultiva-
tion under controlled conditions.

Coming finally to questions of preven-
tion and control of diseases caused by para-
sites, it is only stating a truism to say that
whatever success may be attained in this
direction must depend chiefly upon the
completeness of our knowledge of the para-
site in all its aspects and relations.

Finally, mycologists, pathologists and all
real scientists are searchers after truth.
This implies not only large opportunities,
but also obligations. ‘‘Noblesse oblige’’ is
particularly applicable to the scientist. In
these days of storm and stress it is, if pos-
sible, more important than ever that we
should live up to the highest ideals of truth,
and make individual and united effort to
establish the universal reign of justice,
peace, and brotherly love among mankind.

An excellent example of what the scien-
tist should strive to be in all his human re-
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lations has been given us by Professor
Charles E. Bessey, the distinguished botan-
ist and beloved teacher, whom death has
so lately taken from wus. He not only
sought truth and taught truth, but lived it,
making the world not only wiser and richer,
but better. May we all leave as noble a
record when called to lay life’s burdens
down,
C. L. SHEAR

EDWARD WESTON’S INVENTIONS

THE pioneer work of Dr. Edward Wes-
ton is not easy to describe in a few words.
His restless inventive activity has been
spread over so many subjects, has inter-
twined so many interlocking problems, that
in order to understand its full value, it
would be necessary to enter into the inti-
mate study of the various obstacles which op-
posed themselves to the development of sev-
eral leading industries which he helped to
create: the electro-deposition of metals, the
electrolytic refining of copper, the con-
struction of electric generators and motors,
the electric illumination by are- and by in-
candescent-light, and the manufacture of
electrical measuring instruments. An im-
pressive list of subjects, but in every one
of these branches of industry, Weston was
a leader, and it was only after he had
shown the way in an unmistakable manner,
that the art was able to make further prog-
ress and develop to its present-day magni-
tude.

But why was Weston able to overcome
difficulties which seemed almost unsur-
mountable to his predecessors and cowork-
ers in the art?

The answer is simple: He introduced in
most of his physical problems a chemical
point of view—a chemical point of view of
his own; a point of view which was not
satisfied with general statements, but which
went to the bottom of things. He did not




