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Some of man's earliest known writings make reference to the ravages 
of plant diseases. In the Old Testament, blasting, mildew, and insect 
pests are included with human diseases and war among the great 
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scourges of mankind (Gen. 4 1 : 2 3 ; Deut. 2 8 : 2 2 ; I Kings 8 : 3 7 ; I I Chron. 
6 : 2 8 ; Amos 4 : 9 ; Hag. 2 : 1 7 ) . Fossil fungi thought to be nearly 2 , 0 0 0 , -
0 0 0 , 0 0 0 years old have been found in pre-Cambrian cherts (Tyler and 
Barghoorn, 1 9 5 4 ) . Seward ( 1 9 3 1 ) states that "from the Devonian period 
onward and even from a more remote age there were parasitic and 
saprophytic fungi." There can be little doubt that plant diseases long 
preceded man on earth and that, as he developed a substantial agricul
ture far back of recorded history, they took their toll of his crops. 

I . T H E BEGINNINGS OF BOTANY 

Theophrastus of Eresus, who lived from 3 7 0 to about 2 8 6 B.C., was 
the first great botanist of whom convincing records are known (Greene, 
1 9 1 0 ; Hort translation, 1 9 1 6 ) . With Aristotle, he was a student of Plato. 
Later, he was a student and junior colleague of Aristotle, who be
queathed him his extensive library and botanic garden at Athens. Theo
phrastus conducted a school of about 2 0 0 0 students. Although he com
passed the whole field of learning of his day, he devoted much time and 
interest to botany. He is reported to have written 2 2 7 treatises, of which 
about one-twentieth dealt with botany. He brought together and greatly 
extended the botanical knowledge of his time. His "Historia plantarum" 
has been reviewed by Greene, who lists 1 9 outstanding contributions. 
The following excerpts from Greene's review illustrate their scope and 
importance: 

"He distinguished the external organs of plants, naming and dis
cussing them in regular sequence from root to fruit. . . . He classified 
such organs as (a) permanent, and ( b ) transient. . . . He divided the 
plant world into the two subkingdoms of the flowering and the flower-
less. . . . The subkingdom of the flowering he again saw to be made up 
of plants leafy-flowered and capillary-flowered; really the distinction be
tween the petaliferous and the apetalous. . . . He indicated the still more 
important differences of the hypogynous, perigynous, and epigynous 
insertion of corolla and androecium. . . . He distinguished between the 
centripetal and centrifugal in inflorescences. . . . He was the first to use 
the term fruit in the technical sense, as applying to every form and 
phase of seed encasement, seed included; and gave to carpology the term 
pericarp. . . . He classified all seed plants as (a ) angiosperms and ( b ) 
gymnosperms. . . . He classified all plants as tree, shrub, half-shrub, and 
herb. . . . Theophrastus, with natural vision, unaided by as much as the 
simplest lens, and without having seen a vegetable cell yet distinguished 
clearly between parenchymatous and prosenchymatous tissues; even 
correctly relating the distribution of each to the fabrics of pith, bark, 
wood, leaves, flowers and fruit. . . . This list of facts which Theophrastus 
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saw, and in the main discovered, is not complete, but it embraces well-
nigh all the first rudiments of what even today is universal scientific 
botany." This work is the foundation for Theophrastus, great reputation 
as the "Father of Botany." 

In dealing with trees, cereals, and pulses, Theophrastus wrote briefly 
of their diseases. His approach was observational, deductive, and specu
lative, rather than experimental and inductive. In his treatment of plant 
diseases, he appears to have relied heavily on observations made by 
others, and some widely held erroneous beliefs of his time were passed 
on without challenge. The result was a mixture of keen observations and 
logical deductions with numerous errors of observation and interpreta
tion. The following quotations from the Hort translation are illustrative: 

Under the heading "Of diseases of cereals and pulses and of hurtful 
winds," he wrote: "As to diseases of seeds—some are common to all, as 
rust, some are peculiar to certain kinds; thus chick-pea is alone subject 
to rot and to being eaten by caterpillars and by spiders; and some seeds 
are eaten by other small creatures. Some again are liable to canker and 
mildew, as cummin. But creatures which do not come from the plant 
itself but from without [italics added] do not do so much harm; thus 
the kantharis is a visitor among wheat, the phaiangion in vetches, and 
other pests in other crops. 

"Generally speaking, cereals are more liable to rust than pulses, and 
among these barley is more liable to it than wheat; while of barleys some 
kinds are more liable than others, and most of all, it may be said, the 
kind called 'Achillean/ Moreover, the position and the character of the 
land make no small difference in this respect; for lands which are 
exposed to the wind and elevated are not liable to rust, or less so, while 
those that lie low and are not exposed to wind are more so. And rust 
occurs chiefly at the full moon. . . ." 

Theophrastus' views on spontaneous generation are of special interest. 
In his "De causis plantarum," he stated (see Theophrastus, Dengler 
translation, 1927) : "Seed, it is agreed, may be secured from all plants 
in general; but because it is not used by husbandmen in the case of 
some plants, since they grow more quickly of their own accord, and 
because it is difficult in some plants, be they woody or herbaceous, to 
get the seed, there are some who think that not all plants come from 
seed. As was said, however, in the Historia, the possibility of such 
growth is quite evident even in figs. In still other manners do plants 
come into being, as for example: spontaneously, that is by conflux and 
decay, or even by more natural change that takes place [transmutation]. 

"Now it is clear that reproduction from seed is common to all plants. 
If some of them have both ways of reproduction; namely, by spon-
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taneous generation as well as from seed, that is a marvel no greater than 
that of some animals, which produce either from their own kind or out 
of the earth. 

"Spontaneous generation, to put the matter simply, takes place in 
smaller plants, especially those that are annuals and herbaceous. But still 
it occasionally occurs too in larger plants whenever there is rainy weather 
or some peculiar condition of air or soil. . . . 

"The rains also produce certain decompositions and changes—when 
the moisture penetrates deeply—and they can nourish and increase the 
resulting growths under the warming and drying influence of the 
sun. . . . 

Theophrastus' work on plant diseases, as recorded in his "Historia 
plantarum," appears to have been minor and far inferior in quality to 
his contributions to phases of botany that were more approachable by 
the methods and the learning of his time. However, it reflects the state 
of knowledge of his day. Plant diseases caused great damage and were 
of very serious concern. Philosophers speculated on their causes and the 
people appealed to the gods for protection. There appears to have been 
no inkling of the true causes of infectious diseases. On the contrary, it 
was generally accepted that fungi and various other organisms observed 
in association with diseased or decaying plants arose spontaneously from 
the plants or from the environment. Supported by the authority of the 
great Greek philosophers, the erroneous belief that fungi associated with 
plant disease were a result, rather than an inciting cause, of disease 
dominated thought on this subject for more than 2000 years and greatly 
retarded the advancement of knowledge of infectious diseases. 

II . Two MILLENNIA OF WAITING 

Comparatively little was added to the knowledge of botany or plant 
pathology for nearly 2000 years after the time of Theophrastus. Greene 
(1910) has reviewed the botanical writings of the Greeks and Romans 
after Theophrastus. There were many writers in the period after Theo
phrastus to the 6th century A.D., but few thereafter for a thousand years. 
The botanical writings of this period, which were oriented largely toward 
medicine and agriculture, derived chiefly from Theophrastus and from 
the fragments that were added to his work. 

References to plant diseases continued to attest to their importance, 
but added nothing substantial regarding their nature, cause, or control. 
Among the more noted Roman writers were Marcus Terentius Varro 
(117-27 B . C . ) , who in his "De re rustica" referred to Robigus as the god 
to be propitiated for protection against rust, and Caius Plinius Secundus 
(Pliny the Elder, 23-79 A.D.), who in his monumental compilation "His-
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toria naturalis" included sections on plant diseases that contain virtually 
all that Theophrastus wrote on these subjects, with fragments from other 
sources. 

From the 5th century A.D. until the Renaissance there was a paucity 
of intellectual activity, and little was written on botany or plant pathol
ogy. Writing about plant pathology of that period, Whetzel (1918) states 
that one bright spot in the all but universal darkness was the work in 
the 10th century of an Arabian landed proprietor, Ibn-al-Awam, who 
was said to have described accurately the symptoms of many diseases 
of trees and of the vine and to have given extensive consideration to their 
control. The references cited by Whetzel have not been available to the 
present writer. 

III . T H E RENAISSANCE, THE DISCOVERY OF THE WESTERN HEMISPHERE, 

AND THE BEGINNINGS OF MODERN BOTANY 

Development of modern plant pathology had to await a sufficient 
foundation in botany and other sciences from which it derives. This, in 
turn, had to await a change in intellectual climate that would make it 
possible to break the bonds of scholasticism, dogma, and inertia and to 
initiate free inquiry into natural phenomena. Beginnings of the intel
lectual awakening of the Renaissance in Europe in the 14th century 
heralded this change. As the Renaissance progressed, there was a general 
quickening of activities in all fields. Printing, which had been intro
duced into Europe in the middle of the 15th century, greatly facilitated 
learning, and the discovery of the Western Hemisphere several decades 
later opened prospects that fired men's imagination and spurred their 
activity. Science shared with the arts, literature, and commerce in a 
great forward movement and Christian religion underwent the Reforma
tion. Although release from authoritarianism came slowly and painfully, 
the movement was on its way and the beginnings of modern science 
were in the making. 

The beginning of a revival of interest in botany is reflected in the 
writings of the "herbalists." Greene (1910) has given an excellent account 
of the lives and works of four 16th century "German Fathers" of this 
revival: Otto Brunfelsius, Leonhardus Fuchsius, Hieronymus Tragus (or 
Bock) , and Valerius Cordus. The first three named were clergymen and 
all were doctors of medicine. Cordus was a brilliant young scholar who 
died at the age of 29 on a botanical expedition. Greene states: "Brunfels 
and Fuchs busied themselves almost wholly with medical botany. It is 
a rare thing with either of them to mention a plant of unknown or even 
uncertain medical or alimentary qualities; and their plant descriptions 
are almost as uniformly either compiled or literally copied from authors 
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of centuries or even almost thousands of years before them. The books 
of Tragus and Cordus abound in new and original descriptions. These 
demonstrate that these two men examined plants with their own eyes, 
and for the love of them as plants, and they saw many things about the 
structure and the behavior of them to which the other two men, and 
even all botanists before them, had been blind." This 16th century work, 
which was done largely in response to the urge of medicine, aroused a 
new interest in botany and added to the foundations for the great 
movement in description, naming, and classification of plants that was 
to be the first step in the development of modern botany. 

The development of modern science received a stimulus from the 
writings of Sir Francis Bacon. Although not himself an active scientist, 
Bacon (1605) clearly saw the limitations of the primarily deductive and 
speculative methods of the Greeks and Romans and of the scholasticism 
and authoritarianism that had enveloped and bound learning during the 
Dark and Middle Ages. He called vigorously for the use of inductive 
methods and for the development of institutions and facilities for free 
inquiry and for the advancement of learning in all fields (cf. Weld, 
1848). 

The great pioneering discoveries of modern science were largely the 
work of amateurs, who also took a major part in developing one of the 
great aids to science, the scientific societies. One of the oldest and most 
important of these is The Royal Society of London. An outgrowth of 
informal meetings of men with common scientific interests and enthu
siasms, beginning about 1645, the Royal Society of London was more 
formally organized in 1660 and received its first charter from Charles II 
in 1662 (Weld, 1848). Communication to this Society was one of the 
most important channels for reporting the great discoveries that set 
modern science on its course. 

Although amateurs played a major role in making these great early 
discoveries, they did not do this single-handed. Their contributions were 
made possible, in large part, by the legacies from scholars of antiquity, 
by the custodianship of learning by the Church in the Dark and Middle 
Ages, and by the rise of the universities in Europe. 

The development of optical apparatus in the 17th century opened a 
new era in science. With extended vision, Galileo could look outward 
through his telescope and reveal a new cosmos and the early microscop-
ists could look inward and discover a new world of the "infinitely small." 
Robert Hooke (1665) improved the compound microscope and saw that 
sections of cork and of other plant tissues were made up of minute units 
that he named cells. Marcello Malpighi (1675-79) of Italy and Nehe-
miah Grew (1682) of England, both physicians and amateur microscop-
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ists, independently and virtually simultaneously laid the foundations 
of minute anatomy of plants so well that their work was not surpassed 
for a hundred years. Antony van Leeuwenhoek, a linen draper, surveyor, 
wine-gauger, and Chamberlain to the Sheriffs of Delft, Holland, ground 
the finest simple lenses of his time as an avocation, discovered bacteria 
(in 1675-76) and many other microorganisms, and opened up a great 
new science of microbiology (Dobell, 1932). All these men, except Gal
ileo, reported their findings to the Royal Society of London, of which 
Hooke was Curator and later Secretary. Stephen Hales (1727) , an Eng
lish clergyman and a Fellow of the Royal Society, laid a foundation for 
modern plant physiology with his "Vegetable Staticks." He was a careful 
experimenter who studied especially sap movement and plant nutrition. 
While these new fields were being pioneered, the chief botanical activity 
continued to be describing, naming, and classifying plants. The pioneer
ing stages of this movement culminated in the work of Carolus Linnaeus 
(1753) who, drawing heavily on the work of his predecessors, estab
lished the modern binomial system for plants and animals. The son of 
a clergyman, Linnaeus studied theology but turned to medicine and 
botany. He was Professor of Botany at the University of Uppsala from 
1741 to 1778. His genius was for description and classification of higher 
plants, and his work is the starting point for nomenclature of this group. 
Great as his contribution was to taxonomy, Linnaeus accepted the doc
trines of special creation and fixity of species. Along with Hooke, Grew, 
Hales, and most of the naturalists of his time, he believed with the 
ancients that small organisms could arise de novo. 

As the foundations of modern botany were laid, similar advances were 
made in other fields of science, and at last the time was ripe for the 
beginnings of a modern science of plant pathology. 

IV. T H E DEVELOPMENT OF THE G E R M THEORY OF DISEASE IN PLANTS 

Knowledge of causation is the key to understanding disease. Knowl
edge of the pathogenic role of microorganisms is a key to understanding 
both infectious and noninfectious diseases, since it is essential for sep
arating the effects of pathogens from those of the environment. There
fore, the establishment of the concept that microorganisms can incite 
disease in plants became the primary foundation of plant pathology, the 
various branches of which are largely outgrowths from this fundamental 
thesis. 

A. Experimental Proof of Reproduction in Fungi 

The first great step toward establishment of the germ theory of dis
ease, after the development of the microscope, was the experimental 
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proof that fungi are autonomous organisms that reproduce by means of 
seedlike bodies, rather than capricious products of spontaneous genera
tion. Buller (1915) has given a valuable account of this important 
advance. 

Porta (1588) saw the black spore dust of mushrooms and stated that 
it was their seed, but he had no proof. Robert Hooke (1665) saw 
and figured teliospores of a Phragmidium taken from yellow spots 
on leaves. Buller states that this is the first illustration of reproduc
tive bodies of a fungus. Hooke, however, thought these spores were seed 
pods rather than seeds. He believed that the fungus initially arose spon
taneously but might produce seeds for its further propagation. Malpighi 
(1675-1679) also figured fungus spores, but regarded them as florets 
of an inflorescence, rather than as seeds. He thought, but did not prove, 
that fungi grew from seeds or fragments of themselves, rather than that 
they arose by spontaneous generation. Joseph Pitton de Tournefort 
(1705) , a prominent French botanist, confidently expressed the view that 
fungi could reproduce by means of eggs or seeds and cause the danger
ous moldiness disease of plants in humid greenhouses in winter. He 
thought humidity hatched the fungus eggs or seeds in minute crevices 
in plant surfaces, much as happens in moldiness of leather in cellars. 
He recommended keeping greenhouses drier to prevent moldiness. Thus, 
he clearly foresaw first, that fungi are autonomous organisms, rather 
than capricious creatures of spontaneous generation, and second, that 
they can incite disease in plants. However, he lacked the proofs, which 
Micheli was later to produce for the first great proposition and Provost 
for the second. 

Pier' Antonio Micheli (1729) was born in Florence, Italy, in 1679 of 
parents of limited means. Largely self-educated, he acquired an exten
sive knowledge of plants and was appointed botanist to the Grand Duke 
of Tuscany and placed in charge of the public gardens of Florence. His 
major work, "Nova Plantarum Genera," published in 1729 with financial 
aid of patrons, including Hans Sloane, President of the Royal Society of 
London, dealt mainly with higher plants but included his work on fungi, 
for which he is chiefly remembered. Micheli studied many fungi micro
scopically and identified their "seeds." He conducted an ingenious series 
of experiments with species of agarics, Mucor, Botrytis, and Aspergillus 
to test the reproductive ability of their "seeds." He scattered "seeds" of 
the agarics on dead leaves which he incubated on selected sites in the 
woods, and cultured those of the other fungi on freshly cut surfaces of 
melons, quinces, and pears. He varied the environmental conditions of 
the experiments, made replications and repetitions, and provided non-
inoculated controls. The experiments with fruits gave clear-cut and con-
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vincing results. The "seeds" consistently produced crops of their own 
kind. He attributed the few aberrant growths on seeded or control sur
faces to air-borne spores that chanced to fall there. He figured spore 
clouds arising from Lycoperdon and Fungoides (=Peziza) and clearly 
understood that spores floated in air. Thus, he took one of the first great 
steps toward the overthrow of the theory of spontaneous generation; it 
remained for Pasteur nearly a century and a half later to take the last. 
A modest and devoted scholar, Micheli died unmarried at the age of 57 
of an illness contracted on a botanical expedition. Although his great 
contribution to mycology and microbiology was neither appreciated nor 
widely accepted in his time, he was famous as a botanist and beloved 
as a man. It is fitting that he was interred in the Church of Santa Croce, 
where lie the remains of many of Italy's great sons. 

B. Experimental Proof That Bunt of Wheat Is Contagious 

The next major advance toward establishment of the germ theory of 
disease was Tillet's (1755) experimental proof that wheat bunt is con
tagious and that it can be partly prevented by seed treatments. Mathieu 
Tillet, an amateur experimenter, was born in Bordeaux, France, about 
1714. Little is known of his early life or education. For a time he was 
Director of the Mint at Troyes. In well replicated and controlled plot 
experiments over a period of three years, he proved conclusively that 
application of the black dust from bunted wheat to seeds from bunt-free 
plants greatly increased bunt in the crop they produced and that certain 
seed treatments, especially with a saltpeter solution and lime, partly pre
vented the disease. He did not realize, however, that bunt is incited by 
an organism. He thought the black dust contained a poisonous principle 
that could be partly antidoted. The brilliant design of his plot experi
ments would be highly creditable today. He was awarded a prize by 
the Royal Academy of Literature, Science, and Arts of Bordeaux for his 
Dissertation. 

Tessier (1783) , a prominent French agriculturist, repeated some of 
Tillet's experiments on bunt of wheat and conducted others of his own. 
He also studied several other diseases of cereals. He confirmed Tillet's 
results on the contagious nature of bunt. He reported that the bunt dust 
placed on the "germs" of wheat seeds resulted in a greater number of 
diseased plants than when placed on other parts of the seeds. He thought 
that treating seed wheat with extracts of bunt dust increased bunt. He 
conducted many seed treatment tests for prevention of bunt, using 
chiefly lime, alone in water or with various materials added. He also 
employed several mechanical methods for partial cleansing of the seed, 
including washing with water. His results, which were carefully com-
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piled, indicated partial control from many treatments, but no sure and 
satisfactory control. He thought that reduction of bunt was due to 
reaction of the lime with the oily portion of the bunt dust. He did not 
recognize the parasitic nature of bunt, and concluded that the cause 
of the disease was unknown. He thought that soil moisture played a 
major role in the development of ergot of rye and that mists seemed to 
be the cause of rust of wheat, probably because of checking transpiration. 

C. A Period of Classification of Plant Diseases and 
Speculation on Their Causes 

With the Revival of Learning, the budding science of plant pathol
ogy, like botany and zoology, entered a long period dominated by 
observation, description, classification, and speculation. The widely ac
cepted concept of spontaneous generation and the dogmas of special 
creation and fixity of species were firm barriers to progress. There was 
also a strong tendency to distort descriptions and classifications to con
form with the theories and terminology of medicine. Because of igno
rance of the nature and causes of infectious diseases, confusion was 
compounded and the first great advances toward establishing the germ 
theory of disease were nearly lost. 

A few writers who participated in this movement, however, did not 
accept the idea of spontaneous generation. De Tournefort (1705) was 
one of these. He divided plant diseases into two classes, the first due 
to internal causes and the second to external causes. He listed as internal 
causes too much sap, too little sap, bad qualities acquired by sap, and 
unequal distribution of sap to different parts of plants. Special interest 
attaches to his class of external causes, in which he included hail, frost, 
moldiness, plants hatched on other plants, insect injuries, and wounds. 
A clear-cut category of parasitic diseases was introduced here for the 
first time, but without adequate experimental foundation. 

Hales (1727) , writing of hops, stated that ". . . stagnating sap cor
rupts, and breeds moldy fen, which often spoils vast quantities of flour
ishing hop-grounds." He thought the "seed" of the mold might cause 
infection of the hops in successive years. 

The prominent French botanist, Adanson (1763) , followed de Tour
nefort in classifying plant diseases in two main groups, one attributed 
to internal causes and the other to external causes. He thought that 
mildew, rust, and smut diseases were caused by impeded transpiration, 
and regarded the associated fungi as products of the plant sap. He 
thought that the black dust of bunt, which he likened to the powder of 
Lycoperdon, was a secondary and perpetuating cause of this disease. 
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In 1766, grain rust occurred with great severity in Italy and was 
studied independently by two distinguished Italian scientists, Felice Fon-
tana (1767) , a brilliant professor of physical and biological sciences, 
and Giovanni Targioni-Tozzetti (1767) , a prominent physician and 
botanist, who was the successor of Micheli. On the basis of careful 
microscopic examinations, both of these men concluded that the cereal 
rust diseases were caused by microscopic parasitic plants. Although their 
observations and interpretations were remarkably advanced for the 
time, experimental proof of their thesis was lacking. 

In 1773, John Baptiste Zallinger (Sorauer, 1909), a professor of 
natural history at Innsbruck, Austria, went to an extreme in attempting 
to follow medical concepts and terminology. He was strongly of the 
opinion that fungi associated with plant diseases are products of the 
diseased plants, rather than causes of the disease. 

Johann Christian Fabricius (1774) , a Danish professor and a devoted 
student of Linnaeus, placed plant diseases in an elaborate system of 
classes, genera, and species. Probably because of the influence of Lin
naeus, he was equivocal and far less advanced than de Tournefort and 
his followers, with regard to fungi as causes of plant diseases. He ex
pressed the belief that the cause of rust and smut of cereals "is one and 
the same." After calling attention to the belief of Linnaeus that black 
smut powder soaked in water for some days turns into small worms 
which are the true cause of smut, he states: "A kind of movement is 
always observable when the black powder has been saturated; whether 
this is due to something animal, to something organic, or whether indeed 
it is the cause and not the effect of smut, is not absolutely certain. How
ever, certain it is that the causes and symptoms of smut can never be 
better explained than by assuming something organized to be the 
cause." 

The last major attempt to classify plant diseases without knowledge 
of the true causal role of microorganisms was made by Filippo Re (1807) , 
Professor of Botany and Agriculture at the University of Modena, Italy, 
in a treatise on diseases of plants. He divided plant diseases into classes 
and genera according to symptoms and supposed causes. Like so many 
of his predecessors, he was much influenced by medical concepts and 
terminology. However, he included a class of "indeterminate diseases." Of 
this class, in which he placed the rust and smut diseases, he wrote: "I 
have thus designated those diseases whose origin is either entirely un
known, or deduced from observations contradictory in themselves, or 
from hypotheses which, however brilliant, have no real foundation." 
After this excellent statement, he discusses the opinions of several prom-
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inent writers on the cause of rust diseases and adds his own, which he 
summarizes as follows: "All this would lead me to lay down that the 
cryptogamic plants, the minute insects, or the exudations, whether dry 
or not, are rather symptoms of the disease itself, which is a result of 
excessive vigour or over-repletion." 

D. Early Development of Mycology 

The development of mycology was highly essential to progress in 
plant pathology. Beginning with the work of Linnaeus (1753) , mycology 
entered a dominantly taxonomic period. Although Linnaeus worked but 
little with fungi, he made an important contribution to mycology by 
including them in his Latin binomial system. His work is the starting 
point for modern nomenclature of the Myxomycetes and lichens. Pierre 
Bulliard (Bulliard and Ventenat, 1809-12) , a talented French botanist 
and mycologist, wrote a major book on mycology, "Histoire des cham
pignons." This work was published in part, beginning in 1791; the second 
tome was completed by Ventenat after Bulliard's death and the complete 
work was published in 1809-12. Bulliard recognized four orders based 
on the position in which the "seeds" were borne. He used colored illus
trations, which he prepared. The foundations of modern classification 
of fungi were laid chiefly by Persoon and Fries. Christiaan Hendrik Per-
soon, a native of South Africa, was educated in Germany and Holland 
and did most of his work in France. Although a doctor of medicine, he 
devoted most of his time to the study of fungi. His "Synopsis methodica 
fungorum" (1801) is the chief basis for all later classifications of fungi 
and is the starting point for the nomenclature of the Uredinales, Ustil-
aginales, and Gasteromycetes. He thought that some fungi arose spon
taneously and that some grew from spores. He regarded smut fungi as 
products of the diseased plants. Elias Magnus Fries, son of a Swedish 
clergyman, was Professor of Botany, first at the University of Lund and 
later at Uppsala, where he succeeded Linnaeus. His monumental "Sys-
tema mycologicum" (1821-32) was designed to include all the fungi 
then known. It is the starting point for the nomenclature of all groups of 
fungi except those that start with the work of Linnaeus or Persoon. Fries 
regarded the rust and the smut fungi as products of the diseased plants. 
Among many other prominent early mycologists were Nees von Esen-
beck (1816-17) of Germany, von Schweinitz of the United States of 
America (1822) , LeVeille (1837, 1846, 1851) of France, Corda (1837-
54) of Bohemia, and Berkeley (1857, 1860) of England. Although early 
concentration on taxonomy undoubtedly delayed progress in other 
aspects of mycology, it furnished an essential basis for further develop
ment of the science. 
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E. Experimental Proof That Bunt of Wheat Is Incited by a Fungus 
and Can Be Controlled by a Fungicide 

In the same year in which Tillet published his experimental proof 
that bunt of wheat is contagious, a child was born who, a half century 
later, was to furnish brilliant proof of the cause of this classical disease 
and a sure method for its prevention. Born in Geneva, Switzerland, 
August 7, 1755, Isaac-Benedict Prevost (Prevost, P., 1820) came of an 
old intellectual family. His early education was very irregular. At the 
age of 22, after trying two apprenticeships, he became the tutor of the 
sons of M. Delmas of Montauban, Departement du Lot, France. After 
2 years of intensive self-education at Montauban, he announced the 
intention of devoting himself entirely to his studies. His early interest 
was chiefly in mathematics; physics and natural history dominated later. 
At Montauban he was affiliated with TAcademie du Lot, of which he 
was a founder. He was elected to several other learned societies in 
France and Switzerland and was friend and correspondent of many of 
their distinguished members. In 1810 he accepted the chair of philosophy 
at the newly founded Faculte de Theologie protestante at Montauban. 
He filled this position with distinction until his death at the home of 
M. Delmas on June 10, 1819. 

Benedict Prevost published more than a score of papers on physics, 
chemistry, biology, and philosophy. His most important contribution 
was his "Memoire sur la cause immediate de la carie ou charbon des 
bles, et de plusieurs autres maladies des plantes, et sur les preservatifs 
de la carie" (1807) , which was based on studies undertaken at the invi
tation of TAcademie du Lot. In this memoir, Prevost clearly showed 
"that the immediate cause of bunt is a plant of the genus of the uredos 
or of a very nearly related genus." As far as the present writer is aware, 
this work contains the first recorded adequate experimental proof and 
interpretation of the role of a microorganism in the causation of a dis
ease. This discovery of the cause and a means of prevention of bunt of 
wheat gave to the world a key to understanding the causation and the 
prevention of all infectious diseases; it, therefore, ranks high among the 
great pioneering advances in science (American Phytopathological So
ciety, 1956; Keitt, 1956). 

Founded upon accurate and well controlled experimentation over a 
10-year period, Prevost's essential findings stand unchanged. He gave 
an accurate and detailed description of the symptoms of bunt in its 
various macroscopic stages of development. He suspected and proceeded 
to prove that the "globules" in the bunted kernels were "gemmae" or 
spores of a cryptogam. He described and illustrated these spores in detail 
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and made extensive studies of their germination and of the development 
of the "bunt plant" in relation to time, temperature, substrata, toxic 
agents, age and previous treatment of the spores, and concentration of 
spores. Having concluded that he was dealing with a microscopic plant, 
he proceeded to prove by extensive inoculation experiments that it is the 
"immediate cause" of bunt and to ascertain conditions that favor or 
hinder infection. He pointed out "that the vegetation of this plant, as 
well as that of a majority of the uredos, begins in the open air and is 
completed in the interior of the plant that it attacks," suggesting for 
such organisms "the general denomination of internal parasitic plants." He 
observed germinated spores of the bunt organism in the soil and on the 
surface of wheat seedlings grown in infested soil. Although he did not 
succeed in observing the mode of penetration of the bunt fungus into 
the wheat plant or its growth to the wheat embryo, he correctly sur
mised that some ramifications of the bunt plant must penetrate into the 
very young wheat plant and later insinuate themselves into the embryo 
and fructify. He observed fructification in the embryo and germinated 
the spores. In extensive and refined toxicological studies, he found that 
certain copper salts, distilled water in which metallic copper had been 
left, and various other substances in solution would prevent germination 
of spores of the bunt fungus. He critically distinguished injurious and 
inhibitory from lethal effects and experimented extensively on relations 
of concentration of the toxic agent, time, and temperature to toxic effects. 
On the basis of this information and of his extensive knowledge of the 
disease, he experimented on prevention of bunt. He made suitably con
trolled field tests in which inoculated seed wheat was planted after 
having received various treatments. Spores of the bunt organism from 
treated seed were tested for germination, and data were taken on the 
development of the disease on the wheat grown in the field from the 
experimental seed. Excellent control of the disease was obtained by 
steeping the seed wheat in a copper sulfate solution, and detailed prac
tical recommendations were made for large-scale seed treatment. 

Prevost's work, which was remarkably comprehensive and well cor
related, laid a firm foundation for nearly all branches of modern plant 
pathology. He developed methods for obtaining virtually pure cultures 
of spores of the bunt fungus and for keeping them free from contamina
tion by air-borne reproductive bodies of other microorganisms. He ex
pressed his disbelief in spontaneous generation. He regarded the bunt 
plant as the "immediate" or "direct," rather than the sole cause of bunt 
because he clearly proved that the fungus can incite the disease only 
under sufficiently favorable conditions. He thus recognized the condi
tioning or secondary causal relationship of environment. 
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Prevost's great contribution was rejected by the academicians whose 
views he had so brilliantly refuted. He was too far ahead of his time. 
The autogenetic theory of disease was dominant in places of authority. 
When his memoir was submitted to the Academie des Sciences at Paris 
for evaluation, it received an adverse report (Prevost, P., 1820). Prevost's 
work, however, was never entirely overlooked, and it undoubtedly had 
an important influence on later work. The memoir was well reviewed in 
at least two popular journals and the method of seed treatment became 
widely used without benefit of academic approval. The memoir was also 
cited in botanical literature, but chiefly from reviews, since the original 
was very inaccessible. Of special importance was the extensive reference 
made to it by the Tulasnes (1847) , with every evidence of confidence 
in the work and acceptance of its essential conclusions. Such treatment 
by the leading mycologists of the time brought Prevost's work into 
conspicuous attention. Thereafter, he was widely cited for the domin-
antly mycological findings that they emphasized, but his major contri
bution continued to lack recognition. Nearly a half century had to elapse 
before the world was ready to accept Prevost's major thesis. 

F . Retarding Influence of the Autogenetists 

The autogenetic theory of disease continued to be dominant through
out the first half of the 19th century. Among its most influential pro
ponents at this time were Unger, Meyen, and Liebig. Franz Joseph 
Andreas Nicholas Unger was an Austrian physician and an eminent 
professor of botany. Although primarily a plant physiologist, he devoted 
much study to plant diseases. His best-known work on plant pathology 
was his "Exantheme der Pflanzen" (1833) . He thought that fungi asso
ciated with plant diseases arose from the diseased plant because of 
abnormalities in the plant juices, and were, therefore, products rather 
than causes of disease. Franz Julius Ferdinand Meyen was a physician 
and a brilliant young Professor of Botany at the University of Berlin. He 
wrote on many aspects of botany, especially physiology and anatomy. 
His most important work on plant pathology, "Pflanzen-Pathologie" 
(1841) , was published a year after his untimely death at the age of 36. 
Firmly wedded to the autogenetic theory, he regarded fungi associated 
with plant diseases as pseudoorganisms which resulted from abnormal 
nutrition of the plants. Justus von Liebig (1853?a, b ) was one of the 
most famous chemists of his time. A doctor of medicine, though not 
active as a physician or biologist, he was a very influential opponent of 
the germ theory of disease. His ideas about the nature of disease were 
based on chemical theory, rather than experiments with diseases. He 
held that fermentation, putrefaction, and contagious disease resulted 
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from an active state of atoms, and that this active state of the atoms 
of one body could be transferred to those of another body in contact 
with it. Evidently much influenced by Hales, whose work he reviewed 
at length, he attributed the onset of the "potato disease" to stagnation 
of the plant juices because of suppressed transpiration and believed that 
the fungus observed on the leaves and the rotting of the tubers were 
consequences of the death of the plants. An appendix reports a method 
proposed by Klotzsch (Keeper of the Royal Herbarium, Berlin), for 
preventing potato diseases. It consisted of pinching off one-half inch 
from all growing tips of potato branches at specified intervals. Liebig's 
great and deserved reputation as a chemist gave undue weight to his 
opinions concerning the cause of diseases. Thus, preconception, specula
tion, and subservience to authority hindered the progress of experimenta
tion and open-minded interpretation. 

G. The "Potato Disease" and the Irish Famine 

Devastating epidemics of the "potato disease" near the middle of the 
19th century tragically dramatized the importance of plant diseases and 
greatly stimulated interest in plant pathology. Much of the early litera
ture of this disease is found in the Gardeners' Chronicle. It has been 
discussed by Jones et al. (1912) and Large (1940) . The potato, which 
was introduced into Europe from South America in the latter half of the 
16th century, had become a major food crop in many countries. It was 
the main source of food for the majority of the people of Ireland. 
Between 1830 and 1840, the disease now known as late blight, incited 
by Phytophthora infestans (Mont.) DBy., appeared in Europe and the 
United States. In 1845 and 1846, epidemic outbreaks virtually destroyed 
the potato crops of Europe. Famine resulted in Ireland, where it is esti
mated that hundreds of thousands of people died because of direct or 
indirect effects of malnutrition. Such a great wave of emigration followed 
that the population of Ireland was reduced by more than one-fourth. 
A social repercussion of the famine was the repeal of the Corn Laws. 

Scientists of the time were unable to agree on the cause of the disease 
or to propose a successful remedy. The autogenetic theory of disease was 
still dominant, although the opposition was rapidly increasing. Dr. John 
Lindley, Editor of the Gardeners' Chronicle and Professor of Botany at 
University College, London, was a leader of the autogenetists. Berkeley 
(1845, 1846,1848) , who was then the most prominent British mycologist, 
was at first somewhat reserved in supporting the parasitic theory, but 
came out unequivocally for it in 1846 and thereafter. Von Martius in 
Germany in 1842 appears to have been the first to describe the disease 
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and the associated fungus, which he thought was the cause. Montagne 
in France in 1845 described the fungus as Botrytis infestans. Morren in 
Belgium experimented with the disease in 1845. He described the dis
ease and the fungus and regarded the fungus as the major cause of the 
malady, although he lacked convincing evidence. He recommended 
spraying the ground with a mixture of copper sulfate, table salt, and 
lime in water to prevent tuber rot. Unfortunately, he did not apply the 
mixture to the foliage as a preventive of blight. Many committees and 
commissions were formed to report on the disease and there was much 
controversy over the opposing autogenetic and parasitic theories of its 
cause. The causal role of the fungus was finally proven experimentally 
by Speerschneider in 1857, and De Bary in 1861 and 1863 (Jones et al.9 

1912). Not until the discovery of Bordeaux mixture, nearly 40 years after 
these great epidemics began, was an adequate control measure found. 
All this time, the neglected work of Prevost contained the key to the 
solution of the problem. 

H. The Foundation of Modern Mycology and Acceptance of the 
Concept That Fungi Can Incite Disease in Plants 

The Tulasne brothers in France and De Bary in Germany were the 
outstanding founders of modern mycology. Louis-Rene Tulasne was 
educated as a lawyer but preferred botany. In 1842 he was appointed 
aide naturaliste at the museum of the Jardin des Plantes at Paris, where 
he worked until his health failed in 1864. Charles Tulasne, who studied 
medicine in Paris, gave up a medical career to join in his brother's 
botanical work. Louis-Rene was the leader. Charles collaborated in the 
studies and prepared mycological illustrations which have never been 
surpassed in artistic quality and workmanship. The Tulasnes' most im
portant work dealt with the rust and the smut fungi and the Ascomy-
cetes (e.g., 1847, 1854, 1861-65) . They made meticulous studies of 
species in various stages of development, and thus discovered poly
morphism in fungi. Their work threw a great flood of light on the 
morphology and natural relationships of fungi and on their potentialities 
as pathogens. The Tulasnes (1847) referred most favorably to Prevost's 
work and accepted his concept that fungi can incite disease in plants. 
Their crowning work was the superbly illustrated "Selecta fungorum 
carpologia." 

Heinrich Anton De Bary, born January 26, 1831, in Frankfurt-am-
Main, Germany, received his M.D. degree from the University of Berlin 
in 1853. Preferring botany to medicine, he was appointed lecturer at 
Tubingen in 1853, where he was associated with von Mohl. In 1855 he 
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succeeded Nageli at Freiburg, and in 1867 he was called to Halle. In 
1872 he became Rector of the University of Strassburg, where he con
tinued to develop his famous school until his death in 1888, in his 57th 
year. 

Although mycology was central in De Bary's work, he contributed to 
many aspects of botany and was one of the most outstanding biologists 
of his time. His famous "Untersuchungen uber die Brandpilze" (1853) , 
published when he was only 22 years old, is credited with establishing 
beyond further serious opposition that fungi are causes and not results 
of plant disease. In the first two parts of this book he reported thorough 
microscopic studies of the structure and development of numerous smut 
and rust fungi, including their relationships to the tissues of the dis
eased plants, and discussed their systematic relationships and classifica
tion. In the third part, he dealt with the relationships of these fungi to 
the smut and rust diseases. After a thorough discussion of literature and 
of his own observations, he concluded: "It has been shown that the 
smut and rust fungi originate not from the cell content or from the 
secretion of diseased cells and that they are not the result, but the cause 
of pathological processes." He suggested destruction of diseased parts 
of plants as a method of preventing such diseases, but recognized that 
this could not always be done. "Hence," he wrote, "for agriculture a 
successful result will be obtained only by seeking in the main to prevent 
in every way the development of smut and rust fungi, and therefore as 
far as possible destroying their spores, the 'smut dust.' This seems to be 
accomplished by means of the various corrosives which the farmers 
use for disinfection of the seed . . . undoubtedly and indeed chiefly by 
means of copper sulfate and lime." 

The foregoing quotation illustrates how far scholars were behind 
plant culturists in 1853 in the chemical control of plant diseases, which 
had vitally important implications that favored the parasitic theory. 
Empirical chemical treatments of seeds and plants were reported by 
Theophrastus and Pliny. Probably old in Theophrastus' time, such treat
ments were undoubtedly tried through the centuries, with little or no 
convincing evidence of success until Tillet (1755) was able to demon
strate partial control of bunt of wheat by liming and similar treatments. 
No reliable and effective chemical control of an infectious plant disease 
was established, however, until Prevost (1807) gave a fully rational 
demonstration and interpretation of control of bunt by treating the seed 
wheat with a solution of copper sulfate. Others had previously tried 
copper sulfate for bunt control, but had failed to prove its value (Pre
vost, 1807; Woolman and Humphrey, 1924). In the hands of plant 
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culturists, sulfur, which had been applied empirically to plants since 
ancient times, came into successful use in controlling surface mildews 
in the first half of the 19th century. John Robertson (1824) , in Ireland 
in 1821, reported a careful study of peach mildew, in which he correctly 
interpreted the causal role of the fungus and successfully controlled the 
disease by repeated applications of a preparation of sulfur and soap in 
water, by means of a syringe. This treatment, or modifications of it, 
came into use by gardeners, and recommendations of preparations of 
lime and sulfur soon followed (Lodeman, 1896). 

The first generally accepted method for chemical control of a major 
disease by treating plants in foliage was developed by gardeners and 
viticulturists. The powdery mildew of the vine was first observed in 
Europe in glasshouses at Margate, England, in 1845 by Edward Tucker, 
a gardener (Berkeley, 1847). After satisfying himself by microscopic 
study that he was dealing with a fungus similar to that of peach mildew, 
Tucker applied a preparation of sulfur and slaked lime in water to the 
diseased leaves by sponging or by rubbing it on with his hands. The 
mildew in his houses was controlled, while in the next garden it devel
oped destructively. As the disease spread rapidly and threatened the 
vineyards of Europe, many modifications of the sulfur treatment were 
tried. According to Mares (1856) , Gontier, a French gardener, obtained 
excellent results in controlling the mildew in glasshouses in 1850 by 
applying sulfur dust to moistened vines by means of a bellows. In 1851, 
another French gardener, Grison, reported successful control of the 
mildew by a diluted preparation made from sulfur and freshly slaked 
lime boiled in water (Heuze, 1852). A commission reported favorably 
on his work, and his preparation "eau Grison," a precursor of modern 
lime-sulfur, was used by gardeners against surface mildews for many 
years. In 1852, a gardener in France, Bergman, reported successful con
trol of grape mildew by moistening the hot water pipes of glasshouses 
and powdering them with sulfur (Truffaut, 1852). A commission re
ported favorably on his results. Mares (1856) states that decisive results 
were obtained in 1853 on 300 acres of vines at Thomery, France, by 
using a method proposed by R. Charmeux of dusting the dry vines with 
sulfur. With modifications, this method came rapidly into general use 
and saved the European vineyards. 

When Berkeley (1847) named the powdery mildew fungus of the 
vine Oidium tuckeri, n.s., interpreted it as the cause of the disease, and 
reported Tucker's control method, he met little opposition (Large, 1940). 
Thus, when De Bary published in 1853, the battle against the auto-
genetists had been largely won. De Bary himself actually contributed far 
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less convincing evidence in 1853 for the thesis that fungi can incite 
disease in plants than Prevost had presented in 1807. De Bary never saw 
Prevost's memoir, which was not available to him, and had only frag
mentary information about it through reviews. His own work was en
tirely observational; he made no experiments for inducing or preventing 
disease. Like Prevost, he was unable to observe the penetration of a 
pathogen into plant tissues. If his "Untersuchungen" had been his only 
work, he might not have been remembered long. Although this early 
work was very important, his great and fully deserved reputation was 
earned chiefly by the superb contributions that he made throughout the 
remainder of his life. These greatly accelerated the development of 
mycology and plant pathology. 

Many other advances of great biological significance were made in 
the early and middle 19th century. Among these were the synthesis of 
urea by Woehler in 1828, the discovery of the cell nucleus by Robert 
Brown in 1831, the founding of the cell theory by Schleiden and 
Schwann in 1838-1839, the contributions to plant embryology by Hof-
meister in 1849 and 1851, the works of Wallace and Darwin on the 
origin of species in 1858 and 1859, and the discovery of the laws of 
heredity by Mendel (1866) (von Sachs, 1875). 

V . SOME EFFECTS OF THE STEAM AGE ON PLANT DISEASES 

AND PLANT PATHOLOGY 

The advent of the steam age at the beginning of the 19th century 
had profound effects on problems of plant disease. Availability of cheap 
power led quickly to industrialization, and steamships and railroads 
furnished the transportation that permitted rapidly increased urbaniza
tion. As the cities grew large, an extensive and intensive agriculture was 
necessary to support them. Small and diversified plantings were increas
ingly replaced or supplemented by large acreages devoted to single 
crops, and often to single varieties. Since incidence of infectious disease 
is a function of density of population, losses from plant diseases greatly 
increased and the need for increased study of plant pathology became 
urgent. Out of this need has grown the present highly organized science 
of plant pathology. 

VI. ESTABLISHMENT OF MAJOR TRENDS OF WORK CENTERING ABOUT 
GROUPS OF CAUSAL AGENTS OF DISEASE 

Trends of investigation naturally developed about groups of causal 
agents of disease. Since fungi were the first microorganisms shown to 
incite disease, the first great trend in plant pathology was mycological. 
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A. The Mycological Trend 

1. De Bary and His School 

De Bary and his school gave great impetus to the development of the 
mycological trend in plant pathology, from which the subsequent trends 
largely derived. He was a great teacher, investigator, compiler, and 
educator. Students came to his laboratory from many countries. More 
than 60 of them became prominent in their fields and carried his teach
ings and influence to many parts of the world. Among these were 
Woronin of Russia, Brefeld of Germany, Millardet of France, Ward of 
England, Farlow of the United States of America, and Fischer of 
Switzerland. 

De Bary was especially interested in the morphology, physiology, 
parasitism, sexuality, and natural relationships of fungi. His compila
tions of knowledge in this field were of great value to mycology and 
plant pathology. His "Morphologie und Physiologie der Pilze, Flechten 
und Myxomyceten" (1866) was followed by his "Vergleichende Mor
phologie und Biologie der Pilze, Mycetozoen und Bacterien" (1884) , a 
masterpiece which was for many years the leading source of reference 
in its field. "Vorlesungen iiber Bacterien" appeared in 1887. 

Especially noteworthy among De Bary's more direct contributions to 
plant pathology were his studies on the Peronosporaceae (1881) and dis
eases they incite, especially the "potato disease" (1861, 1863, 1876), his 
discovery of heteroecism in the rusts (1866-67) , and his work on 
Sclerotinia sclerotiorum (1886) , which opened up a new field of investi
gation into the physiology of parasitism. In these and other works he 
abundantly developed the experimental element that was lacking in his 
first publication. Because of his own work and that of his students, the 
influence of De Bary will long be felt. 

2. Kuhn and Economic Plant Pathology 

Julius Gotthelf Kuhn was born in Pulsnitz, Saxony, in 1825. He was 
trained as a farm manager. He managed large estates and began agricul
tural investigations which stimulated his interest in further scientific 
education. At the age of 30, he entered the Agricultural Academy at 
Poppelsdorf and a year later transferred to Leipzig, where he received 
his doctor's degree in 1856. After a term as lecturer at the Agricultural 
Academy at Proskau, he became manager of a large estate in Silesia; 
there he wrote his famous textbook on plant pathology. In 1862, at the 
age of 37, he was called to the newly created chair of agriculture at 
the University of Halle. He remained at Halle until near the time of 
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his death in 1910, and saw the fulfillment of his hopes of introducing 
agriculture into the University structure. His interests in agriculture 
were very broad. He was the author of more than 250 published papers, 
of which some 70 dealt with mycology or plant pathology. 

Kiihn's "Die Krankheiten der Kulturgewachse" (1858) was the first 
textbook on plant pathology written in the full light of knowledge of the 
role of fungi in the causation of plant diseases, although Berkeley 
(1854-57) had published a very valuable series of 173 articles on 
"Vegetable Pathology" in the Gardeners' Chronicle, beginning January 
7, 1854, and ending October 3, 1857. With the rapidly accumulating 
knowledge of fungus diseases and with his great knowledge of agricul
ture, Kiihn was able to bring his science to bear on the practical prob
lems of plant disease and to recommend specific control measures. 

Kiihn listed as causes of plant diseases unfavorable climatic and soil 
conditions, animals (insects), phanerogamic parasites, and cryptogamic 
parasites. Special consideration was given to smut of cereals, rust of 
cereals and of legumes, ergot, mildew, sooty-mold and honey-dew, leaf 
blight or leaf spot diseases, disease of rape and rape seed, seed rot of 
Fuller's teasel, the gout or cockle disease of wheat, and diseases of tuber 
or root crops. Of special interest were his contributions on bunt of wheat. 
He discovered and figured direct penetration of the bunt fungus 
into the wheat seedling, traced its development to the bunted kernel, 
and standardized the copper sulfate seed treatment method which farm
ers had been using for a half century since Prevost had discovered it. 

Kiihn contributed greatly to the development of the economic as well 
as the scientific aspect of plant pathology and to the advancement of 
the study of agriculture to the university level. 

3. Brefeld and the Development of Mycological Techniques 

Born in Telgte, Germany, in 1839, Oskar Brefeld was educated as a 
pharmacist. Preferring botany, he studied under Hofmeister at Heidel
berg and De Bary at Halle. After an appointment at the Forest Academy 
at Eberswalde, he held professorships successively at the Universities 
of Minister, Breslau, and Berlin and died in Berlin in 1925. 

Brefeld (1875, 1881, 1883), working with fungi, was the leader in 
the early development of modern techniques for growing microorganisms 
in pure culture. With the refinements made by Koch, Petri, and others, 
his techniques are the foundation for the pure culture methods cur
rently employed. After his earlier studies on the complete life cycles of 
saprophytic fungi, he gave major attention over a period of some 30 
years to the smut fungi and diseases (1888, 1912; Brefeld and Falck, 
1905). He was the leader in tracing the life cycles of the cereal smut 
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fungi and their role in the causation of diseases. In this work he made 
important contributions both to pure culture of smut fungi and to inocu
lation techniques. 

4. Hartig and the Foundation of Forest Pathology 

Heinrich Julius Adolph Robert Hartig was of the third generation 
of a distinguished line of foresters. His grandfather, Georg Ludwig 
Hartig, was chief forester of Prussia. Theodor, his father, a famous 
botanist and forester, was Professor of Forestry at the University of 
Berlin. Robert was born in Braunschweig, Germany, in 1839. After train
ing in forestry, he studied at the Universities of Berlin and Marburg, and 
obtained his doctor's degree from the latter in 1867. His most important 
work was done at the University of Munich, where he was Professor of 
Botany and Director of the Royal Forestry Experiment Station. 

Robert Hartig was an enthusiastic and successful teacher, an accurate, 
thorough, and productive investigator, and a voluminous writer. A man 
of broad interests and great energy, he made valuable contributions to 
many aspects of forestry, botany, and entomology. He is widely known 
as the "Father of Forest Pathology" because of his great pioneering work 
in this field. Outstanding among his many contributions to forest pathol
ogy were his "Wichtige Krankheiten der Waldbaume" (1874) and his 
"Lehrbuch der Baumkrankheiten" (1882) . The latter was for many years 
the most comprehensive and authoritative work in its field. 

5. MiUardet and Bordeaux Mixture; Stimulus to Research in 
Biology and Agriculture 

Pierre Marie Alexis MiUardet was born in Montmerey-la-Ville, 
France, in 1838. He began the study of medicine in Paris, but was more 
interested in botany, which he studied under Hofmeister at Heidelberg 
and De Bary at Freiburg. He returned to France and took his doctorate 
in both medicine and science. After appointments at the Universities of 
Strasbourg and Nancy, he was called in 1876 to the chair of botany at 
the University of Bordeaux, where he served until he retired in 1899. 

MiUardet was an able and imaginative investigator with broad inter
ests. His works may be divided into three major groups: (1 ) early 
studies on the morphology, physiology, and systematic relationships of 
plants; (2 ) investigations of Phylloxera of the vine, including introduc
tion of resistant stocks from North America and extensive hybridization 
experiments aimed at obtaining resistant varieties and understocks; (3 ) 
researches on diseases of the vine, especially the downy mildew and its 
control by Bordeaux mixture. In these investigations, MiUardet became a 
pioneer in the development of two of the most important means of plant 
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disease control—use of disease resistant plants (1878, 1891a, b, 1894) 
and application of fungicidal sprays to plants in foliage (1885a, b, c; 
Lodeman, 1896; Large, 1940). 

The downy mildew of the vine was first reported in Europe in 1878; 
Millardet and Planchon found it at about the same time in France, 
where it evidently had been introduced from the United States of 
America. The disease spread rapidly and threatened to ruin the vine
yards of Europe. Millardet promptly began a thorough study of the 
disease and its control. In October of 1882 he noticed that vines that had 
been treated with a mixture of copper sulfate and slaked lime to deter 
pilferers retained their leaves, whereas the untreated vines were de
foliated. In 1883 and 1884 he performed extensive spraying experiments 
with many preparations of copper, calcium, and iron salts, used alone 
and in various mixtures; he also arranged tests by viticulturists. Both 
seasons were dry and little mildew developed. Being a conservative 
scientist, Millardet preferred to delay publication until he could recom
mend a thoroughly tested spraying program. However, the news of his 
work spread and others began to publish the effects of copper prepara
tions on mildew. In May, 1885, Millardet published his work and gave 
detailed recommendations for spraying with a mixture of copper sulfate 
and slaked lime, later known as "Bordeaux mixture." Mildew was severe 
in 1885 and Millardet's recommendations were followed extensively, with 
spectacular success. He and others rapidly improved spraying methods 
and studied a great variety of copper and other fungicidal preparations. 
Bordeaux mixture emerged as the most successful one for a long period 
until the need for fungicides less injurious to some host plants was 
clearly recognized. 

Mastery of the mildew and saving the vineyards of Europe was a 
spectacular accomplishment but only a foretaste of what was to come. 
As experimenters in many countries eagerly joined in the investigations, 
Bordeaux mixture began a triumphant march around the world. The 
dreaded "potato disease" and one after another of the major plant dis
eases toppled before it. Never before had there been such a dramatic, 
world-wide demonstration of what science could do for agriculture. The 
discovery of Bordeaux mixture gave a great stimulus to the development 
of agricultural institutions, and more broadly, to increased study of 
science and its relation to human affairs. 

6. Fungus Diseases of Plants Studied Around the World 

In the latter half of the 19th century plant pathology was concerned 
chiefly with exploiting the great fundamental concepts experimentally 
founded by Prevost and confirmed and extended by the Tulasnes, 
De Bary, and others. Fungus diseases, the most important and best known 



HISTORY OF PLANT PATHOLOGY 85 

group, were studied by many able investigators around the world. The 
knowledge and the methods derived from their study resulted in increas
ing recognition of other groups of causal agents of plant disease. Around 
these new or more clearly recognized groups, arose new trends of work. 

It is noteworthy that the chief principles and most of the basic 
methods of plant disease control were discovered in the development 
of the mycological trend in plant pathology. The beginnings of fungicidal 
control of plant diseases have been noted on earlier pages. Both Prevost 
and De Bary clearly recognized the principle of eradication of pathogens 
for plant disease control and proposed specific eradicative procedures. 
Their work and similar investigations which followed provided the 
rationale for methods of eradication and exclusion of pathogens, which 
were extensively developed in the latter half of the 19th century. Simi
larly, establishment of the fact that fungi can incite disease in plants 
gave a rational basis for selecting and breeding plants for disease resist
ance. Comparatively little progress was made along this line, however, 
until the rediscovery of Mendel's laws of heredity gave a scientific 
foundation for plant breeding. 

Theophrastus had noted that some plants are less liable to disease 
than others, a fact that probably was known long before his time. 
Consciously or unconsciously, plant culturists through the ages have 
undoubtedly accelerated natural breeding and selection for disease 
resistance by propagating from plants that seemed superior for their 
purposes. The great epidemics of the "potato disease" stimulated efforts 
in the latter half of the nineteenth century to breed blight resistant 
potato varieties. Limited success was obtained from crosses of South 
American stocks with American and European varieties (Jones et ah, 
1912). Millardet (1878; 1891a, b ; 1894) made extensive crosses of Euro
pean and American varieties of grape in an effort to develop varieties 
of the European type resistant to Phylloxera and downy mildew. He 
obtained Phylloxera resistant understocks on which European varieties 
could be successfully propagated. Farrer (1899) , an Australian wheat 
breeder, initiated successful experiments to produce varieties resistant 
to stem rust. 

The rediscovery of Mendel's laws in 1900 greatly stimulated breeding 
plants for disease resistance. Biffen (1905, 1907, 1912) was the first to 
report the application of this knowledge to inheritance of disease resist
ance. Working at Cambridge University, England, with stripe rust of 
wheat, incited by Puccinia glumarum (Schm.) Erikss. and Henn., he 
showed that in crosses of a resistant and a susceptible variety, resistance 
was inherited as a recessive Mendelian character. Beginning in 1900, 
Orton (1900, 1909), in the United States, made spectacular progress in 
the control of Fusarium wilts of cotton, watermelon, and cowpea by 
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selecting and breeding resistant varieties. The work of Biffen and Orton 
established breeding for disease resistance on a firm scientific and prac
tical foundation. 

B. The Physiological Trend 

The physiological trend in plant pathology may be regarded as having 
three major aspects: ( 1 ) studies of physiogenic diseases, ( 2 ) work on 
the indirect or secondary causal relationships of environment to infectious 
diseases, and (3 ) investigations into the physiology of parasitism. The 
first of these constitutes the separate and distinct physiological trend; 
the second and third are joint aspects of the physiological and other 
trends. 

The relationships of environmental factors to the causation of disease 
could not be reliably determined until the causal role of microorganisms 
was known. As late as the middle of the 19th century, many leading 
scientists were still attributing fungus diseases to environmental influ
ences. Kiihn (1858) , knowing the causal role of fungi, included in his 
book a reliably differentiated class of diseases caused by unfavorable 
climatic and soil conditions. Sorauer, however, was the leader in estab
lishing modern studies of physiogenic diseases. 

Born in Breslau, Germany, in 1839, Paul Karl Moritz Sorauer studied 
botany and received his doctor's degree at Rostock in 1867. His longest 
assignment was as Director of the Experiment Station for Plant Physi
ology at the Imperial Cider Institute of Proskau from 1872 to 1893, after 
which he retired because of an eye ailment. He continued to work, how
ever, and was later Privat Docent at the University of Berlin. He was 
noted as a teacher, compiler, and editor and was a leader in efforts to 
develop international cooperation to limit the spread of plant diseases. 
He was a founder and for some 25 years the editor of Zeitschrift fiir 
Pflanzenkrankheiten. He died in 1916. His best known work was his 
"Handbuch der Pflanzenkrankheiten," the first edition of which was 
published in 1874. This book, which was immediately very successful, 
has been revised and expanded through six editions and is still widely 
used. Sorauer's chief interest was in physiogenic diseases, and he gave 
these emphasis and space comparable to that devoted to parasitic 
diseases. 

Prevost (1807) demonstrated experimentally and interpreted clearly 
the indirect or secondary causal role of environment in the etiology of 
parasitic disease. Sorauer (1874) and Ward (1902b) were other out
standing pioneers in studying influences of environment on parasitic 
plant diseases. Both stressed the importance of predisposition of host 
plants to disease by environmental influences prior to infection. 
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De Bary (1886) , in his last work, pioneered in the fertile field of 
physiology of parasitism. Working chiefly with Sclerotinia sclerotiorum 
and the disease it incites on carrots and other plants, he observed that 
host cells were killed in advance of the invading hyphae of the fungus. 
He expressed juice from rotted tissue and found that it could rapidly 
break down healthy host tissue. This activity of the juice was lost on 
boiling. De Bary thought that the fungus was a saprophyte which became 
facultatively parasitic by producing an enzyme or enzymes that killed 
plant cells and made their contents available for its nourishment. 

Another eminent pioneer in studies of the physiology of parasitism 
was Ward. Harry Marshall Ward, one of England's greatest botanists, 
was born in 1854 and graduated from Cambridge in 1879. After a brief 
period of study in Germany under Sachs and De Bary, he was commis
sioned to investigate the rust disease of coffee, which was destroying 
the plantations of Ceylon. He made a thorough 2-year study of this 
disease, but was unable to save the plantations. After returning to 
England, he was for some years Professor of Botany at the Royal En
gineering College at Cooper's Hill. In 1895 he was called to the chair 
of botany at Cambridge, where he rendered distinguished service until 
his death in 1906 at the age of 52. Plant pathology was his central inter
est, with special emphasis on host-parasite relationships. An outstanding 
contribution on the physiology of parasitism was his work on "A Lily-
Disease" (1888) incited by a Botrytis species. He made a thorough study 
of the fungus and of its penetration and invasion of host tissues. He 
obtained from pure cultures of the fungus a highly purified "ferment" 
that would break down healthy host tissues. Although he could not 
find a perfect stage of his fungus, he surmised that it was a Peziza 
(Sclerotinia). He thought De Bary's Sclerotinia sclerotiorum was inter
mediate in its parasitism between his Botrytis and saprophytic pezizas 
and that it was in process of being "educated" to parasitic habits. Ward's 
belief that fungi can thus be educated was strengthened by his famous 
brome rust investigations (1902a, 1903). Although later work did not 
support his interpretation of "bridging hosts" in his rust work, nor his 
conclusion that secretions produced by Botrytis dissolve the plant cuticle 
and thus permit penetration by the fungus, these mistakes in interpreta
tion of pioneering experiments on very difficult problems are rare excep
tions in his brilliant career. 

C. The Bacteriological Trend 

The concept that fungi can incite diseases in plants had been gen
erally accepted for nearly a quarter of a century before a similar role 
was proved for bacteria. As it had been with fungus diseases, a great 
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stumbling block was the ancient concept of abiogenesis. In one of the 
most brilliant series of researches in the history of science, Pasteur 
finally completed the overthrow of the theory of spontaneous generation 
and paved the way for convincing experimental proof by Koch (1876) 
and himself that anthrax is incited by a bacterium. This great work has 
been adequately reviewed elsewhere (Ducleaux, 1896; Dubos, 1950). 
It revolutionized animal pathology and medicine and had wide implica
tions for plant pathology, agriculture, industry, and other fields. 

Burrill in the United States and Wakker in Holland were pioneers in 
producing the proof that bacteria can incite diseases in plants. Born in 
Massachusetts in 1839 and educated in Illinois, Thomas Jonathan Burrill 
was for many years Professor of Botany and Horticulture and Vice Presi
dent of the University of Illinois. In studies of fire blight of pear and 
apple, chiefly from 1877 to 1883, he showed that a bacterial organism 
was constantly and abundantly present in freshly blighted tissues and 
that he could incite the disease consistently by direct inoculations (1878, 
1881, 1884). J . H. Wakker (1883, 1889), a young botanist at the Univer
sity of Amsterdam, began work on the yellow disease of hyacinth in 
1881. He found bacteria abundantly in the diseased tissues and was able 
to incite the disease consistently by direct inoculation, beginning in 1882. 
Arthur (1885, 1887a, b ) confirmed and extended Burriirs work on fire 
blight, inciting infection with pure cultures of the bacterium. Savastano 
(1887) , in Italy, showed that olive knot is incited by a bacterium. Most 
of this early work on bacterial diseases of plants was done with methods 
and standards far below those developed by Koch and Pasteur in studies 
on bacterial diseases of animals. Many scientists, especially in Europe, 
still doubted that bacteria incited diseases in plants (Fischer, 1897, 
1899), or thought that such diseases were unimportant (De Bary, 1884, 
1887). The outstanding leader in bringing the best available methods 
and standards to the study of bacterial diseases of plants, and in estab
lishing the modern bacteriological trend in plant pathology, was Smith. 

Erwin Frink Smith, one of the greatest plant pathologists, was born 
in 1854 in the State of New York. He received his B.S. degree in 1886 
and his Sc.D. in 1889 from the University of Michigan. His long and 
fruitful career was spent in the United States Department of Agriculture. 
He died in 1927 at the age of 73. His work on bacterial diseases of 
plants began with successive studies on wilt of cucurbits (1895) , brown 
rot of solanaceous plants (1896) , and black rot of cruciferous plants 
(1897) . Outstanding among his later works are his "Bacteria in Relation 
to Plant Diseases" (1905-14) and his extensive researches on crown gall 
(e.g., Smith et al, 1911, 1912). In his controversy with Fischer, he 
(1899a, b, 1901) silenced the last doubters of the occurrence or the 
importance of bacterial diseases of plants. 
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D. The Virological Trend 

Although diseases now known to be incited by viruses have been 
described in literature for at least several centuries, their etiology could 
not be determined until sufficient knowledge and techniques were 
developed to distinguish them from fungal and bacterial diseases. The 
first great step in discovery of the etiology of a virus disease of plants 
was the experimental transmission of tobacco mosaic by Mayer (1886) . 
Adolf Mayer was born in Oldenburg, Germany, in 1843 and educated 
as a chemist at the Universities of Heidelberg, Ghent, and Halle. From 
1876 to 1904, he was Director of the Agricultural Experiment Station at 
Wageningen, Holland; before and after this appointment he was a pro
fessor at Heidelberg. About 1880 he began work on a serious tobacco 
disease, which he named mosaic. He was able to incite the disease con
sistently by injecting juice from diseased leaves into healthy tobacco 
plants. The infectivity was not impaired when the juice was heated at 
60° C., but was reported as lost when it was held for several hours at 
80° or passed through two layers of filter paper. Mayer sought unsuc
cessfully to discover a causal microorganism by microscopic studies, 
poured plate cultures, and inoculations. Nevertheless, he concluded 
that the disease was caused by a bacterial organism that he had been 
unable to identify. 

About the same time that Mayer was working on tobacco mosaic, 
Smith (1888, 1891) in the United States made a very thorough study of 
peach yellows. He could transmit the disease only by budding from 
diseased to healthy trees and obtaining graft union. He was unable to 
determine the cause of peach yellows, but thought it was similar to that 
of tobacco mosaic. 

The next great step in the advancement of knowledge of virus dis
eases was passage of the infective entity of tobacco mosaic through a 
bacterium-proof filter. This was done by Dimitrii Ivanowski (1892) , a 
Russian who worked at the Botanical Laboratory of the Academy of 
Sciences at St. Petersburg. Ivanowski confirmed Mayer's work on the 
transmission of tobacco mosaic and corrected Mayer's erroneous state
ment that the causal entity was lost when juice from diseased plants was 
passed through two layers of filter paper. He passed juice from diseased 
plants through a Chamberland filter and found that it retained its infec
tivity. Although this was the first recorded passage of the causal virus of 
a plant or animal disease through a bacterium-proof filter, Ivanowski did 
not fully appreciate the importance of his accomplishment. He still 
thought that the causal agent of tobacco mosaic was a bacterium which 
might in some way have passed through the filter, or might have pro
duced a toxin that passed through. 
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The existence of viruses as causal agents of disease was generally 
accepted after the work of Beijerinck (1898) , a brilliant Dutch botanist 
and microbiologist who brought the best bacteriological knowledge and 
methods of his time to the study of tobacco mosaic. Born in Amsterdam, 
Holland, in 1851, Martinus Willem Beijerinck was thoroughly trained in 
the physical and biological sciences at the University of Leyden, where 
he received his Ph.D. degree in 1877. Most of his work was done at the 
Technical School of Delft, where he founded the Microbiological Lab
oratory and became a great pioneer in soil microbiology. He confirmed 
Ivanowski's finding that the causal entity of tobacco mosaic would pass 
through a porcelain filter, and was unable to culture any organism from 
the filtrate. He proved that the infectious agent increased in the tobacco 
plant and that it could pass through a layer of agar. He concluded that 
the disease was not caused by a microbe or anything corpuscular, but 
by a "contagium vivum fluidum" which he also referred to as a virus. 

Thus, at the beginning of the 20th century, the virological trend in 
plant pathology was definitely established, but its great development was 
yet to come. 

VII. PLANT PATHOLOGY IN THE 20TH CENTURY 

The advent of the automobile and the airplane at the beginning of 
the 20th century intensified the influences of the steam age on plant 
pathology. As urbanization and transportation increased, crop plantings 
became more specialized, extensive, and concentrated; opportunities for 
spread of pathogens increased; and the problems of plant disease became 
more acute. With the recognition of these rapidly increasing problems, 
plant pathology, which hitherto had developed in departments of botany, 
became a vigorous young science in its own right. Chairs and depart
ments of plant pathology were established; teaching, research, and exten
sion services developed; phytopathological societies organized; channels 
of publication provided. 

The major trends of work that had been established in the 19th cen
tury were continued and expanded. However, the impact of new knowl
edge and techniques brought about some major new lines of emphasis. 
Excepting only the development of the microscope and the discovery 
that microorganisms can incite disease, the discovery of the laws of 
heredity might well be considered the most important contribution yet 
made to plant pathology. Genetics affords the key to knowledge of vari
ability, and variability is a basic aspect of most problems of plant disease. 
The rise of the science of genetics; the growth of botany, bacteriology, 
chemistry, and physics; the development of the electron microscope and 
of atomic physics; and the application of mathematics to biological 
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problems have opened up vast new opportunities for research in plant 
pathology. 

It is possible to mention here only a few major lines of new or in
creased emphasis in phytopathological work in the 20th century: 

Education and organization: introduction of plant pathology into 
universities and colleges; development of extension services for educa
tion and information of growers; expansion of governmental and private 
agencies dealing with plant diseases; establishment of phytopathological 
societies and journals. 

Genetics of host plants in relation to the inheritance and the nature 
of disease resistance, the development of disease resistant plants, and 
the nature of host-parasite interactions. 

Environment in relation to plant disease development; influences on 
host, parasite, and host-parasite interactions. 

Genetics of pathogens in relation to the inheritance and the nature 
of pathogenicity and to the nature of host-parasite interactions. 

Physiology of parasitism. 
Virus diseases: nature and properties of plant-infecting viruses; inter

actions of viruses with plants and with animal vectors; disease develop
ment and control. 

Improvement in materials and methods for chemical control of plant 
diseases. 

Epidemiology and its relation to plant disease control: major factors 
that govern development of epidemics; rational orientation of control 
measures. 

Diseases incited by nematodes; their occurrence, development, and 
control. 

Regulation: inspection, quarantine, and certification. 
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