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0. PREFACE

An institution, made up of scientists engaged in a common pursuit, has an
inescapable desire to ‘look over its shoulder’ and to see where it came from and
how far it has progressed. This survey deals mainly with epidemics caused by
fungi. Its only pretence is to be the first of its kind in botanical epidemiology.
It is not written by a professional historian; the authors are a participating
epidemiologist and a documental biologist. The sources used are confined to
published literature, in original or in quotation. ‘Epidemic’ and ‘epidemiology’
were the major, but not the only, keywords in the search for sources. Indications
of inaccuracies, errors, and — most important - omissions or other comments
will be welcomed.

Note: Indications between square brackets, e.g. [25] refer to quotations.
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[11 ‘Epidemics resemble each other in the extent of their range. Ordinary diseases attack
single individuals, and if, from season or other causes, several cases occur simulta-
neously, they are still isolated and scattered. They never prevail at the same time among
several members of a family, or among the inhabitants generally of a court, street, or
town. Epidemics, on the contrary, derive their name from attacking large numbers at
once.’
S. SmrTH, 1866

[2] ‘Epidemics are those peculiar affections which, springing up suddenly in some parti-
cular spot, spread over a certain portion of the habitable globe, and then disappear
altogether.’
J. PARKIN, 1873

[3] “Et Jai éié surpris des desordres que cause cette maladie dans les endroits qui ont le

malheur den étre affligés. Et qui ne le seroif pas en effet, de voir qu'ure plante atta-
quée dune maladie devient meurtriére des autres de son espéce? En avoit-on jusqu’ici
remarqué de contagicuses épidémiques dans les plantes? Celle qui artague loignon du
safran est cependant de cette nature, puisque semblable a la peste des animaux, elle gite
les oignons voisins...’
(And T have been surprised by the damages which this disease causes in the places that
have the misfortune to be afflicted with it. And who would really fail to see that a plant
attacked by a disease becomes murderous to others of its species? Has anyone until
now observed contagious epidemics in plants? That which attacks the builb of saffron
is none the less of that nature, because like the pest of animals, it spoils the neigh-
bouring bulbs...)

H. L. DunaMEL DE MONCEAU, 1728

[4] ‘Dasselbe Verhalten in der Krankheitswelt des Menschen gibt Epidemieen, des

Thieres Epizootieen, und der Pflanze Epiphytozieen, durchaus Zusiinde von Exacer-
bation irgend einer Krankheits-Species, der nach Individualitit des Charakters in
Ildngeren oder kiirzeren Pausen der entgegengesetzte Zustand der Ruhe folgt.
{The same behaviour in the world of disease among humans leads to epidemics, among
animals to epizootics, and among plants to epiphytotics, generally conditions of
exacerbation of some disease species, which according to individuality of character
succeeds the opposite condition of rest after longer or shorter pauses.)

F. UNGER, 1833

(5] “The field of science dealing with the relationships of the various factors which
determine the frequencies and distributions of an infectious process, a disease, or
a physiological state in a human community.’
KENNETH F. Maxcy
IN: W. A. N. DORLAND, 1949
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1. INTRODUCTION

1.1, BOTANICAL EPIDEMIOLOGY

‘Epidemiology is the science of discase in populations” (VAN DER PLANK,
1963). These populations can be humans, animals, plants, etc. Accordingly
there is a medical epidemiology, a veterinary epidemiology and a botanical
epidemiology (ZADOKS, 1974a), rooted in medicine, veterinary sciences and
phytopathology respectively.

The term epidemios (emidnpios) dates from HIPPOCRATES, the revered physi-
cian of the Aegean island Cos, who lived about 460-380 B.C. (Jongs, 1972).
It is an adjective, meaning ‘what is among the people’. The word was used for
specific diseases, such as that known today as malaria.

In medicine the term ¢pidemic appears in the title of a booklet by LEONICENUS
Libellus de epidemia, an account of the syphilis epidemic at the end of the 15th
century (CASTIGLIONI, 1947). The authors have not searched for evidence on the
use of the term epidemic in the 16th, 17th and 18th centuries. The term may
have been used occasionally, as is suggested by DUHAMEL’S usage in 1728, and
by a passage in a popularizing scientific treatise published by the Dutch medical
doctor LE FRANCQ vAN BERKHEY in 1771, in both cases with little explanation.
In medicine, the term epidemic comes into general usage in the 19th century,
either as a substantive (SMITH, 1866; PARKIN, 1873) or as an adjective (HAESER,
1845 ; MiTcHELL, 1849). The use of the word is not yet completely consistent
[1, 2]. In phytopathology, the term epidemic was used in a book title by Ramaz-
Zini (1691) and, independently, by DunaMEL in a hitherto unnoticed publica-
tion dating from 1728 [3]. In 1833, UNGER introduced the German term Epiphy-
tozie for an epidemic on plants, echoed by the later American term epiphytotic
[4]. It is significant that VON MARTIUS used the word epidemic in the title of his
book on potato dry rot (caused by Fusarium sp.), published in 1842 [38, 39].
The term reappears, with little emphasis, in some textbooks such as those by
KUHN (1858), VoN TuBteUF (1895), and MarsHaLL WaRD (1901). The latter
went into more detail in his chapter on ‘The factors of an epidemic’. After 1900
the term epidemic appears more and more frequently.

The term epidemiology has been used in medicine since 1873 (PArKkIN, 1873),
maybe even earlier. The term is also applied to the ‘vegetable creation’. It is a
neologism composed of three parts, upon + people + treatise (epi + demio +
logy). In 1874 a new journal was devoted to medical epidemiology, the Allge-
meine Zeitschrift fiir Epidemiologie (General Journal for Epidemiology),
edited in Erlangen, Germany. Epidemiology is not just the registration of
epidemics. Such registrations only give a timetable of epidemics, valuable in
itself, but they do not show the development of ideas. A good definition of
epidemiology is given by Maxcey in The American Hlustrated Medical Dictionary
[5] (DoRLAND, 1949). A similar definition is given by one of the standard text-
books on medical epidemiclogy (MacMaHON & PuGH, 1970). For reasons
unknown, botanical epidemiology has limited its scope to infectious diseases
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[6] ‘Epidemic. Widespread temporary increase in the incidence of an infectious disease.’
PLANT PaTHOLOGY COMMITTEE, 1953

[7] ‘Epidemiology. Study of the factors affecting cutbreak and spread of infectious
disease’.
PLANT PaTHOLOGY COMMITTEE, 1953

[8] ‘Unter eine Epidemie verstehen wir somit das gehiufte Aufireten, die ortliche Kon-
zentration einer Infektionskrankheit innerhalb eines begrenzten Zeitintervalls’,
(By an epidemic we therefore understand the frequent incidence, the local concentra-
tion of an infectious disease within a limited period of time.)
E. GAUMANN, 1946 :

[9] ‘Epidemiology may be defined as the study of the laws governing the distribution
of disease in the community. Epidemiclogical investigations, particularly in Europe
and the U.S.A., have in recent years been directed increasingly towards the study of
non-communicable discase’.
J. PEMBERTON, 1963

(10] *Jede Epidemie veriduft eigengesetzlich, dndert ihren Charakter, schwillt an und
wird bisartig, klingt ab und wird milder : sie besitzt ihr eigenes Gesicht, ihre eigene
Morphologie, ihren eigenen Genius epidemicus’.
(Every epidemic develops according to its own rules, changes its character, expands and
becomes malignant, decreases and becomes milder: it has an appearance of its own, its
morphology, its own genius epidemicus.)
E. GAUMANN, 1946

[11) *Epidemiologie — de wetenschap van het onistaan en verloop van ziekten.
(Epidemiology — the science of the origin and course of discases.)
N.P.V_, 1968

{12] “In the last 25 years there has been a progressive increase in the use of statistical

methods in the solution of epidemiological problems, Those searching for aetio-
togical factors of some of the non-infectious diseases have been quick to adapt the
epidemiological method of approach profitably to their own purposes. One result is
_ that “the epidemiology of non-infectious diseases™ is a phrase in frequent use and, how-
ever painful this may be to those who prefer the limited meaning, the method of
approach which the phrase suggests has undoubtedly come to stay and to play an im-
portant part in medical research’.

I. TayLor & J. KNOWELDEN, 1964
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only [6, 7] (PL. PaTHOL. ComM,, 1953), [8] (GAUMANN, 1946; KRANZ, 1974), in
contrast to medical epidemiology [9] (PEMBERTON, 1963 ; MaACMAHON & PUGH,
1970).

In the first comprehensive treatise on botanical epidemiology, the phytopa-
thologist GRUMANN (1946) emphasized the individuality of each epidemic [10].
His genius epidemicus indicates the typical characteristics which distingunish
one epidemic of a fungus on a host from another epidemic of the same fungus on
the same host, and is thus very different from the older concept genius epidemi-
cus mentioned in guotation [29]). GAUMANN’s view was confirmed in quantita-
tive studies by VAN DER PLANK (1963 ; the ‘memory factor’) and ZADOKS (1971).

1.2. EPIDEMIOLOGY AND ETIOLOGY

Botanical epidemiology is only one of several specialisms within phytopa-
thology, where epidemiological thinking has always been well developed.
The reasons for promoting epidemiology to a specialism in its own right are
complex, among them the recent ecology drive, the need for relevance in
research, problems of funding (ZADoKs, 1974a). But perhaps the reorientation
of scientists as a reaction to the fundamentalism in basic science ranks first.
The present story of botanical epidemiology seems a necessary step to give
this specialism more ‘identity’. One attempt to promote its identity failed,
fortunately, i.e. the plea by WHETZEL (1929) for the use of the term epiphytotic —
leading to epiphytology — as the term epidemic was already in common use
(Boyck, 1948; N.P.V., 1968). A similar terin is used in French, as seen in the
title of the journal Annales des Epiphyties, which first appeared in 1913.
The term épiphypties then also covered insect pests. At times, insect pests have
been called epidemics caused by insects {e.g. MARSHALL WARD, 1901 ; BOUR-
CART, 1910; BLUNCK, 1929; EsCHERICH, 1931). These should be contrasted to
epidemics caused by pathogens of insects in insect populations or ‘epizootics’
(Franz, 1961), from which ‘epizootiology’. Epidemiology differs from etiology,
a difference obvious in medicine but not so evident in phytopathology as some
book titles (OrRLOB, 1964a) and formal definitions demonstrate [11] (N.P.V.,
1968). Etiology is the science of the causes of disease; more precisely: disease
of the individual. Of course, there is a link between etiology and epidetiology.
The knowledge that an individual is diseased because of an infection by a fungus
which multiplies rapidly and spreads easily can also explain disease of a number
of individuals in a population.

Usually, etiology precedes epidemiology, but the epidemiology of a disease
can be studied without knowledge of the causal agent(s) of that disease. Classi-
cal medical epidemiology started in this way, and much of modern medical
epidemiology is directed towards diseases of unknown ctiology (MacMaHON &
PuGH, 1970). Such diseases may or may not be infectious (PEMBERTON, 1963;
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[13] ‘Indem man nimlich durch scharfe Bezeichnung aller einzeinen Erscheinungen ein

entschiedenes Bild von der Krankheit emwirft, die Gelegenheits- und die pradisponi-
renden Ursachen kritisch erwdgt, und die Verbreitung, die Dauer und Fortpflanzung des
Uebels unter allgemeine Gesichispunkte bringt, sammelt man Materialen fiir die Ge-
schichte von epidemischen und endemischen Pflanzenkrankheiten, die mit der Zeit
dienen migen, den Lebensgang einer gegebener Nutzpflanze im Grossen zu zeichnen.”
(If one designs a distinctive picture of the disease by clear depiction of all separate
phenomena, if one critically considers the circumstantial and predisposing causes, and
if one looks in a general way at the distribution, duration, and propagation of the evil,
then one gathers materials for the history of epidemic and endemic plant diseases,
which may in time serve to show at large the life-history of a given ¢rop plant.)

C. F. P. VoN MarTius, 1842

[14] ‘Strictly speaking, however, all that we really know is this — that where certain con-
ditions exist, epidemics break out and spread; that where those conditions do not
exist, epidemics do not break out and spread; and that where those conditions did

exist, but have been removed, there-upon epidemics cease.”
S. Smath, 1866

[15] ‘A world-wide survey such as here proposed would be very greatly facilitated by

improved and extended iocal surveys made by the government of each country,
along the general lines followed at present in Germany and in the United States. The
purpose of such surveys is (1} to record the distribution of diseases of plants and their
annual prevalence in each section of the country; (2) to estimate the amount of loss
suffered each year, in order that the economic importance of the subject may be under-
stood; (3) to discover the introduction into the country of new and possibly dangerous
diseases, to the end that restrictive measures may be advised ; (4) to study epidemics of
plant diseases in relation to weather, crop distribution and other factors, and to obtain
a better knowledge of the condition governing the development, spread and control of
such outbreaks; (5) to gather data respecting the resistance and susceptibility of varie-
ties to disease, for comparison of reports from different sections and correlation with
climatological records; (6) to develop closer relations between phytopathologists, to
build up mycological collections, to illustrate the geographical range of plant parasites,
and to publish from time to time special articles or monographs on this subject.’

W. A. OrTON, 1914

[16] “That plant pathologists in each state be urged to make every effort to obtain in-
formation on the development of major disease hazards throughout the season,
with the aid of such agencies and individuals as may be available, with a view to the
issuance of timely warnings to growers and recommendations of immediate measures
to be taken to check epidemics, or to lessen losses that would otherwise result.”
WAR COMMITTEE, 1943

{17] ‘Kaum jemals in der Geschichte ist wihrend eines grossen Krieges der kommende

Friede so folgerichtiy vorbereitet worden wie in diesem Entscheidungskampfe des
Deutschen Volkes um seine Lebensrechte. ... Die Arbeit zur Einddmmung bestimmier
Gefahren — ich nenne nur Kartoffelkrebs, Kartoffelkdfer, Ribenwanze, St. José-Schild-
laus — wird auf grosseren Raum ausgedehnt werden miissen.’
(Hardiy ever in history has peace been so justly prepared for during a great war as in this
decisive fight of the German people for their right to exist.... The fight to confine
certain dangers — I mention only potato wart discase, Colorado beetle, bect-bug,
San José scale — must be extended to a larger space.)

B. RADEMACHER, 1942
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VALKENBURG, 1973; ZADCKS, 1974a). Today, there is a tendency to use epi-
demiological techniques in the search for etiological clues in diseases of un-
known etiology [12] (TAvyLoR & KNOWELDEN, 1964).

In much classical phytopathological work there was a good deal of epidemio-
logical thinking, which had great heuristic value with respect to unknown or
incompletely known etiology, with or without the use of statistics. A recent
example is an epidemiological study on Drechslera oryzae on rice in Surinam
(South America), which led to the conclusion that outbreaks of D. oryzae
epidemics were real epidemics causing measurable crop losses, but that they
should be regarded at the same time as a symptom of an economically far more
important nutritional disorder (KLOMP, in press).

1.3. OBIECTIVES OF BOTANICAL EPIDEMIOLOGY

The objectives of botanical epidemiology are not constant in time but follow
general trends of thought; rarely have they been stated explicitly.

VonN MARTIUS (1842) endeavoured to bring duration and perpetuation of
evil under general viewpoints with the aim of increasing our knowledge [13].
The general objective of the advancement of knowledge about the ‘conditions’
that promote or hamper epidemics is implicitly stated by SMITH in 1866 [14].
When the word epidemiology is interpreted extensively, all efforts made in the
decades following 1890 to establish plant quarantine systems can be seen as
objectives developed in that period and still valid (ANoNYMUS, 1900; ORTON,
1914). Surveying techniques were developed. The study of the relation between
weather and epidemics with the purpose of controlling disease became an expli-
cit objective in the decades following 1910 [15] (OrTON, 1914 ; KEITT, 1959). The
surveying ‘for effective direction of crop protection programs’ was reinforced
by war emergencies [16) (War EMERGENCY COMMITTEE, 1942). Expansionistic
dreams of warfaring states were translated into phytopathological benefits
[17] (RADEMACHER, 1942).

In the period after World War I, timely chemical control with the help of
forecasts using meteorological data became again a major objective [18]
(MAYER, 1952; MOORE, 1952; MOLLER, 1957). PAUL R. MILLER (1959) stated

clearly that ‘forecasting is applied epidemiology’ [19]. Moreover, the demand for
forecasting services based on *meteoropathology’ and epidemiology has increa-
sed in recent years [20] (DIERCKS, 1966 ; OORT, 1966 ; GROSSMANN, 1972).

Under the influence of VAN DER PLANK (1963), who brought various alterna-
tives within one theoretical framework, and of general trends of thought
within the domain of environmental protectionists and conservationists (e.g.
GoLpsMiTH et al., 1972) a modern viewpoint developed [21} (ButT, 1972; ZA-
DOKS, 1974a), in which biological control also has been given a place.

In response to the numerous questions raised by the public after the devasta-
ting 1970 epidemic of southern corn leaf blight (Helminthosporium maydis)
in the U.S.A., the genetic vulnerability of crops was studied by a Committee
on Genetic Vulnerability of Major Crops, a committee set up by the National
Academy of Sciences and chaired by JaMes G. HORSFALL. The report is valuable
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{18] ‘Die restlose Kidrung der Einwirkung der Umweltfaktoren auf das biologische Ge-
schenen der Kulturflanzen und ihrer Schiidlinge wird in dieser newen Epoche ein
leitender Gedanke bei aller Pflanzenschutzarbeit sein miissen.’
(The complete solution of the influence of environmental factors on the biological pro-
cesses in cultivated plants and their pests will have to be a leitmotiv of all plant protec-
tion work in this new era.)
O. SCHLUMBERGER, 1949

[19] ‘The forecasting of plant disease occurrence is the natural corollary of plant
disease epidemiology. Through prediction and analysis forecasting both uses
and contributes to epidemiological knowledge. Actually, forecasting is applied
epidemiology.”
P. R. MiLLER, 1559

(201 “Uberhaupt wird das etwas vernachidssigt erscheinende Gehiet der Meteorapathologic

und Epidemiologie stdrker in den Vordergrund gestellt werden miissen. Dabei
bedarf es einer engen Zusammenarbeit mil dem amilichen Wetterdienst der diesen
Aufgaben durchaus aufgeschlossen zu sein scheint.
{The somewhat neglected field of meteoropathology and epidemiology must be placed
on the foreground. In addition a close cooperation is necessary with the official mete-
orological office, which seems perfectly fitted for this task.)

R. DIERCKS, 1966

[21] *...we are now better equipped to implement the objective of epidemiology — the
formulation of disease controi strategy.’
D. J. Burr, 1972

[22] ‘The key lesson of 1970 is that genetic uniformity is the basis of vulnerability 1o
crops. ...most crops are impressively uniform genetically and impressively
vulnerable.’
COMMITTEE ON GENETIC VULNERABILITY, 1972

{237 ‘It is clear from our study of the factors of an epidemic that one of the primary
conditions which favour the spread of any disease is provided by growing any
crop continuously in ‘pure culture’ over large areas. ... The history of all great planting
enterprises teaches us that he who undertakes to cultivate any plant continuously in
open culture over large areas must run the risk of epidemics.’
H. MARSHALL WARD, 1901
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(see 3.7.), though the term vulnerability is more an eye-catcher than a well-
defined scientific concept [22] (CoMMITIEE ON GENETIC VULNERABILITY, 1972).
Note that MARSHALL WaRrP (1991), who did not know this use of the word
vulnerability, gave essentially the same warning as HORSFALL's committee [23].

In the last few decades botanical epidemiology has developed new views and
accumulated a formidable amount of knowledge. Epidemiology has often been
regarded as a ‘research’ activity, with relatively few possibilities for application.
It is felt, however, that at present ‘development’ is making progress, which in
the near future will lead to ‘application’ in practice, possibly within a framework
currently indicated as ‘plant disease management’. At the time of writing, 1975,
the new trend in development and application belongs to the future, not to
history.

2. HISTORICAL SURVEY OF BOTANICAL EPIDEMIOLOGY

2.1. HISTORY OF PLANT PATHOLOGY

The history of botanical epidemiology is largely the history of phytopa-
thology, which has been well described. Among the papers covering periods
of forty or more years are the following: Akal, 1974; BEraN, 1951; BRAUN,
1965: ErIKSsoN & HENNING, 1896: LARGE, 1950; MAGDEFRAU, 1973; MAIER,
1959 ; OORT, 1968 ; ORLOB, 1971; QUANIER, 1949; RADEMACHER, 1967; REED,
1942; ROZENDAAL, 1969; SMITH, 1962; STEVENSON, 1959; WEHNELT, 1943;
WESTERDUK, 1941. WHETZEL’s book (1918) merits special mention; he records
trends and events up to 1918 but he does not, however, discuss epidemiology
itself.

2.2. EARLY HISTORY (UP TO C. A.D. 1600)

Many epidemics are recorded in classical and medieval writings. Usually
such disasters were attributed to divine wrath, More critical minds recognized
the individuality — not to say personality — of epidemics. In medicine, an early
leader was HIPPOCRATES (c. 460-380 B.C.). He distinguished sporadic and
pandemic diseases, the latter being subdivided in endemic and epidemic disea-
ses. Epidemic diseases occurred only in some years and then caused high morbi-
dity or even mortality (OESTERLEN, 1873). The present use of the word pandemic
in phytopathology is slightly different from this early use (GAUMANN, 1946).
In his first book “‘On Epidemics’, HI*PPOCRATES’ terse descriptions of some
epidemics, such as mumps among young males in a gymnasium are inipressive
{Jones, 1972). HipPOCRATES, often dealing with the disease now known as
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[24] ‘More over, the position and 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.’
THEQPHRASTUS
IN: A, Horr, 1916
(Note by the authors: That cereal rusts develop faster or more in places sheltered from
the wind, where dew periods are longer, can be seen up to this day.)

[25] ‘If we consider the contagions inductively, we shall see that the contagion of a
putrefaction goes from one body to another whether adjacent or distant ... The
seeds have the faculty of multiplying and propagating rapidly.’
FRACASTORO, 1546
IN: A. CASTIGLIONI, 1947

[26] ‘There are diseases of plants which do not contaminate animals, and vice versa
animal diseases which do not attack plants; there are other diseases limited to man
or to certain animals as cattle, horses and so on. Certain diseases have a special affinity
for certain individuals or certain organs.’
FRACASTORO, 1546
In: A. CASTIGLIONI, 1947

[27] ‘At Baiza in my own country, I have noticed cabbages attacked by syphilis. This
disease is communicated to them by stagnant water in which the linen of syphilitic
patients has been washed and which has been used afterward to water the plants. The
swellings of these resemble the pustules of the disease to such a degree that the children
cut them with shears and paste them on their faces to imitate the disease.’
Ruiz Diaz DE IsLa
In: M. WORONIN, 1934

[28) *fm 16. und 17. Jakrhundert blieb die Ursache der epidemischen Krankheiten noch

ein grosser Mysterium. Selbst als die Vorstellung von den tibernatiirlichen Krank-
heitsursachen durch die natiirlichen Ursachen ersetzt wurde, glaubte man noch an der
gottlichen Ursprung der Krankheiiserreger.
(In the 16th and 17th centuries, the origin of epidemic diseases still remained a great
mystery. Even when the notion of the supernatural causes of disease was replaced by
that of natural causes, people still believed in the divine origin of the pathogen.)

G. B. OrLOB, 1964a

[29] °... die unbekannte Ursache, welche das Alles bewirken sollte, nennte man epide-
mische Constitution, oft auch Genius epidenticus.”
(... the unknown cause that would bring this all about was called epidemic constitution,
often also genius epidemicus.)
F. OESTERLEN, 1873
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malaria in its various forms, was well aware of environmental effects; as a
medical practitioner he was an applied ecologist.

THEOPHRASTUS (372-287 B.C.) had accepted that environment determines or
at least influences the incidence of plant diseases [24] (HorT, 1916), as did PLINY
THE ELDER (A.D. 23-79). The latter mentioned soil and climate (temperature,
precipitation, wind, etc.). The ancients were apparently aware of the phe-
nomenon epidemic, but they had little more than an implicit idea about conta-
gion.

The infectious character of some human discases was well known in biblical
times. In the later Middle Ages, sufferers from leprosy and plague were isolated
in special wards. When a plague epidemic flared up in a town, well-to-do citi-
zens fled to the country (GALE, 1959). It is said that the infectious nature of
disease was first formally recognized during the Council of Trente (c. 1547),
which, on the advice of GEROLAMO FRACASTORO, was adjourned and transferred
to Bologna because of the plague (OESTERLEN, 1873). FracasTORO, ‘father of
modern pathology’ (CASTIGLIONI, 1947), had a remarkably clear perception
of the existence of seminaria prima, seeds of contagion [25]. He also realized
that diseases were host-specific [26]. The phenomenon of host-specificity had
been overlooked by many ancient writers; WORONIN (1934) quotes the Spanish
syphilographer Ruiz Diaz pE IsLa, who claimed that cabbage plants suffer
from syphilitic swellings [27], caused by Plasmodiophora brassicae according
to WORONIN.

Until far into the 19th century epidemics on plants were a mystery (28]
(OrLOR, 1964a). When God was no longer accepted as the source of all, good
and cvil, miasmata and other vague notions took his place (LARGE, 1950).
Miasma (10 poopx) was the term used by HIPPOCRATES to indicate noxious
emanations which he thought to be a cause of disease, a notion persisting until
far into the 19th century. At times, criminal elements or social minorities were
blamed (PARKIN, 1873 ; ORLOB, 1964a). In the words of OEsTERLEN (1873), the
unknown causes governed by the stars and present in the atmosphere or soil
were indicated by the concept ‘epidemic constitution’ [29].

2.3. NEw HISTORY (C. 1600—C. 1850)

2.3.1. 17th Century

Empirical science came into being in the 17th century. The invention of the
microscope was the source of a never-ending stream of biological research.
In 1663 ANTONI VAN LEEUWENHOEK (1967) described micro-organisms isolated
i.a. from his teeth. ROBERT HOOKE in 1665 published the first picture of a fungus,
supposedly the teliospores of a Phragmidium (KerTT, 1959), but he did not re-
cognize its nature or function (ORLOB, 1964a). In medical epidemiology, a first
statistical approach was made by JOHN GRAUNT (1620-1674) and WILLIAM
PeTTY (1623-1687), who analysed the London Bills of Mortality (BAILEY,
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1957; GALE, 1959). Of practical importance was the first plant protection
legislation in Rouen (France), 1660, prescribing the eradication of barberry
( Berberis vulgaris) bushes in view of their mysterious relation to wheat rust
{ Puccinia graminis) epidemics (LARGE, 1950). The chapter on the 17th century
in the history of phytopathology has still to be written. Nothing can be said
about epidemiology in that century, except that epidemics did occur (ToZZETT],
1767). ANTONI VAN LEEUWENHOEK recorded a rust ¢pidemic on pasture in
September, 1648 [30] (VAN LEEUWENHOEK, 1967).

2.3.2. 18th Century

The history of phytopathology in the 18th century has not yet been adequa-
tely described. Many sources were quoted by TozzerT1 (1767), UNGER (1833),
DEe Bary (1853), and others, but undoubtedly other sources still await (re)dis-
covery. Most sources are difficult of access. As a consequence, the following
should be regarded as a first outline of 18th-century epidemiology.

Ina masterly essay dated 1728, DUHAMEL DE MONCEAU discussed the epidem-
iology of a disease of the saffron crocus ( Crocus sativus) called the Death, now
known to be caused by Rhizoctonia violacea. He recognized epidemics on
plants and compared them to those on animals, proved that the causal agent is

[30] Tk kan niet nalaten UE. te zeggen, dai in de maand september van het jaar 1648

onze weiden als overstroomd waren door zeker roodachtig poeder, geheel gelijkende
op de roest van het ijzer. En wanneer iemand door de gezegde velden wandelde, werd de
genoemde stof, in onze ogen roestkleurig, waar de wandelaar tegen het gras stootte als
poeder van het genvemde gras geschud, Dit veroorzaakte, dat men onder het volk algemeen
zel, dat de lucht bovenmat vurig was; en des te meer omdat veel mensen door koorts werden
aangestoken en daarom beelde het volk zich in, dat de rode poeder uit de luckt op het kruid
of gras gevallen was.”
(I cannot omit to tell Your Honour that, in the month of September of the year 1648,
our meadows were almost flooded by a certain reddish powder, entirely resembling the
rust of iron. And when anyone walked through the said fields the substance mentioned,
to our eyes the colour of rust, was shaken like a powder from the said grass wherever
the walker hit the grass. For this reason it was a common saying that the air was excessi-
vely fiery; and the more so because many people were infected by fever, and therefore
the common people believed that this red powder had fallen out of the air on to the herbs
Or grass.)

A. vAN LEEUWENHOEK, 1967

Note by the senior author: In the Netherlands, outbreaks of rusts (mainly Puccinia
coronata) on pasture grasses (mainly Lolium perenne and Holcus lanatus) are not
infrequent in late summer (late August, early September). Apparently, the epidemic
mentioned by Van Leeuwenhoek was so severe, that the spores drifting in the air gave
it a reddish hue, a phenomenon also known from severe wheat rust epidemics (but not in
the Netherlands).
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a biological entity per se, a parasite, and provided control techniques. DUHA-
MEL’s paper is the first epidemiological paper known to the authors, and remark-
ably enough it treats a soil-borne root-invading disease, whereas present day
epidemiology is often associated with shoot-inhabiting fungi only. DUHAMEL’s
experimental evidence that the parasite multiplies at the expense of the host
attracted little attention in the scientific world. Had his finding been accepted,
a century-long dispute on the parasitic origin of plant diseases could have
been avoided.

The rusts and smuts attracted much interest in the 18th and early 19th centu-
Ties as can be seen in DE BARY’s summary published in 1853, He did not,
however, quote all authors, and notably not two Italian scientists living in
Florence. Both were prompted Lo write on wheat rusts by the severe epidemic of
1766, which ravaged Italy, and the district of Tuscany in particular. FONTANA
(1767) and Tozzerri (1767) were both convinced of the parasitic nature of
the rust {evidently Puccinia graminis f.sp. tritici), but they did not mention
DuHAMEL’s paper. Both ‘philosophers’ believed that the rust was dispersed
by the wind, and both scientists attached much value to dry fogs during cool
nights followed by hot days with burning sunshine. These environmental con-
ditions are mentioned as favourable to rust development throughout the 18th
and 19th centuries, and — indeed — modern knowledge supports this view, at
least partially. Dew is mentioned by TozZETTI. More fundamental is TOZZETTI's
observation that the crop was excessively late due to late autumn sowing and
cold winter weather, whereas the rust appeared relatively early. TozzerTI
provided and used detailed weather records, beginning with a description of
the summer preceding the epidemic, The word epidemic was not used by the
Florentine scientists.

The word experiment was fashionable in 18th century literature. By experi-
ment Fontana (1767) meant the close examination of his object, sometimes
after a special preparation, by means of a microscope. The first real phytopatho-
logical experiment known to the authors was described by DUHAMEL in 1728;
he inoculated pathogen-free soil with sclerotia of Rhizoctonia violacea, planted
various crops in the inoculated soil and found that some crops died ; on these
crops the parasite had multiplied. More 18th century experimentation is
known, that by TiLLET (1755) being exemplary, but this experimentation
bears no specific reference to epidemiology.

A word has to be said on the motivation of 18th century scientists, inasmuch
as this is possible. In the 18th century, a sincere interest was taken in agriculture.
Many experiments were done, and a great number of publications appeared
on general agriculture. Some were written in answer to public prize contests,
like that by TILLET (1755), the problems being dictated apparently by current
agricultural problems. Authors motivaied the interest in their subject as it
‘merits the attention of one who is interested in the welfare of society’ (FONTA-
Na, 1767) or as a ‘means of rendering less serious the dearth, proposed for the
relief of the poor’ (TozzETTI, 1767). The interest of FABRICIUS THE DANE (1774),
whe was convinced of the contagiousness of plant diseases, though he supplied
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[31] “‘Knowledge of the diseases both of animals and plants forms an important part
of our rural economy, but is still too much neglected ... With plants the condition
is far worse; rural economy contains no complete description of their diseases.’
J. C. FaBricius, 1774

[32] *... a vast and difficult study, worthy of occupying the mind of any philosopher,
both for the great value that it can bring to society and for the inward pleasure,
little understood by the multitude, that is gained when one penetrates into the hidden
secrets ...
F. FonTtana, 1767

[33] ‘Die Epoche der deutschen Pflanzenpathologie von 1800— 1850 wurde deshalb als

die romantische bezeichnet. Diese romantische Fflanzenpathologie war ganz im
Sinne ihrer Zeit wesentlich auf Anschauung, gedankliche Erkenninis, auf spekulative
Deutung kranken Lebens eingesiellt. Die kunst des Experimentes war, bei gleichzeitiger
Neigung wund Féhigkeit zu genaver Beobachtung nur unvollkommen entwickelt,
{The era of German plant pathology from 1800 to 1850 was therefore described as the
romantic. This romantic plant pathology was, entirely in accordance with the spirit of
its time, essentially geared to contemplation, abstract knowledge, and speculative
explanation of diseased life. The art of the experiment was only poorly developed
alongside with preference and ability for accurate observation.)

B. WEHNELT, 1943

[34] ‘Die Schwerpunkt der Fragestellungen lag nicht bei einem krankheitserregenden
Lebewesen, sondern bei der kranken Pflanze selbst, ithrem krankhafien Leben und
Bilden.’
(The centre of gravity of the problems posed was not at the pathogenic living being, but
at the diseased plant itself, its morbid life and development.)
B. WEHNELT, 1943

{35] ‘Innerhalb des lebendigen Gefiiges romantischer Universitas sind die Bindungen
zwischen Pflanzenpathologie und romantischer Medizin, Naturphilosophie und Bio-
logie nachweislich besonders eng und fruchtbar gewesen.’
{Within the lively structure of the romantic universitas, the links between plant patho-
logy and romantic medicine, natural philosophy, and biclogy were very close and
fruitful as can be proved.)
B. WEHNELT, 1943

{36] “Erst in neuester Zeit nimlich féingt man an, den Krankheiten unserer Nutzpflanzen

grossere Aufmerksambeit zu schenken, so dass man den Maasstab einer gelduterten
Pflanzen-Anotomie und Physiologie anlegt, und die Krankheits-Erscheinungen in dhn-
licher Weise zusammenfuasst und in ihrem Zusammenhange darstellt, wie es die Patho-
logie bei Krankheiten der Hausthiere und Menschen vorschreibt”
{Only recently have people begun to pay closer attention to the diseases of our cultiva-
ted plants in order to apply the yardstick of purc plant anatomy and physiology, and
to summarize the disease phenomena in a similar way and to depict them in their
mutual relationship, as is required in the pathology of diseases in domestic animals
and man.}

C.F. P. Von MarTius, 1842

[37) ‘Auch der { Human- ) Patholog gewinnt durch die Kenntnis der botanischen Vorgdnge
die wertvollsten Ankniipfungspunkte fiir das Verstdndnis der Krankheiten.’
{From knowledge of botanical processes, the (human) pathologist too gains invaluable
points of reference for the understanding of diseases.)
R. VirRcHOW, 1858
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no proof, was plainly economical [31]. Besides the published motivation there
must have been a more covert one, the satisfaction, the fun of entering a new
world of discovery, as confessed by FonTana [32).

2.3.3. 19th Century, first half
Soon after Evrope had recovered from the Napoleonic wars, the romantic
era set in. Romanticism also coloured medicine (CASTIGLIONT, 1947) and the
natural sciences (MAGDEFRAU, 1973), where keen observation without the
opportunity for experimentation led to speculative thinking [33] (WEHNELT,
1943). The emphasis of ‘romantic phytopathology’ was on the diseased plant
[34] and its symptomatology. The pathogen, if recognized, was often regarded
as the effect rather than the cause of the disease. Typically, the word exanthema
(an eruption or rash of the skin) was used (UUNGER, 1833). WHETZEL (1918)
called this period, roughly the first half of the century, the ‘physiclogical’ or
‘autogenetic’ period; WEHNELT (1943) labelled it the ‘romantic’ period.
Phytopathology, not yet a discipline in its own right, was often undertaken
by doctors of medicine. UNGER (1833), being a medic, was certainly influenced
by the humoral pathology of his time. Only few people, many of whom had a
medical training, were engaged in the natural sciences, which were not yet very
diversified. There was a kind of unity of sciences, here to be indicated by the
word ‘holism’, a unity quite favourable to new developments [35] (WEHNELT,
1943). It is worth noticing that mycologists, though participating in the unity
of sciences, were rarely involved in phytopathology (ORLOB, 1964a). Those
interested were usually botanists, who followed the example set by the medical
fraternity [36] (VON MarTIUs, 1842). Phytopathology also affected human
medicine [37] (VircHOW, 1858), but in medicine the final proof of the existence
of independent pathogens by RoBerRT KocH in 1876 came later than in phy-
topathology (MAGDEFRAU, 1973). ‘Relevance’ as an argument for studying
plant diseases seems to be rare in the first half of the 19th century. General inter-
est in agriculture continued after the 18th century, but why medical doctors
became plant pathologists is not clear. The work of PREVOST (1807) on Tilletia
tritici was an answer to a public prize contest, in the 18th-century tradition.
There was a growing awareness that epidemics on crops must be caused by
infectious agents, and were favoured by specific conditions, but contemporary
experimental evidence is almost non-existent [38, 39].

2.4, BIRTH OF PHYTOPATHOLOGY

2.4.1. 19th Century, second halif

The great epidemic of potato late blight ( Phytophthora infestans}, which
unexpectedly struck north west Europe, changed the relative euphoria of the
epoch. The tremendous economic and social impact of the *blight” gave phy-
topathology the relevance it needed to become a discipline in its own right.
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[38] “Die Ansicht vom Wesen der Entartung und deren Fortpflanzung vom Kartoffel-
Epidemie bleibt ailen jenen Zweifeln unterworfen, die man riicksichtlich der Natur
der Epidemieen und Contagien iiberhaupt noch hegen muss ...
(The conception of the nature of the degeneration and of the transmission in the potato
epidemic remains subject to all possible doubts that one still must entertain with respect
to the nature of epidemics and contagia.)
C. F. P. Von MarrTiUs, 1842

{391 *‘Wie unter der Aerzten, herrschen auch unter den Botanikern verschiedene Meinun-

gen tiber die Natur der Pflanzen-Epidemieen, sofern diese von einem eigentiimlichen
Contagium getragen werden oder nicht. Meine Erfohrungen leiten mich mehr und mehr
zu der Annahme, dass den epidemischen Krankheiten im Gewdchsreiche irgend ein con-
cretes Substrat unterliege, welches unter gewissen, begiinstigenden Umstdnden Krankheit
hervorzurifen vermdige.
(As among medical practitioners, several opinions exist among botanists about the
nature of plant epidemics, in that they are carried by a characteristic contagium or not.
My experience has drawn me more and more to the conclusion that somehow there is
some concrete principle underlying epidemic diseases in the vegetable kingdom which
may call forth disease under certain favourable conditions.)

C. F. P. Von MaRTIUS, 1842

[40] Cryptogamous origin of malarious and epidemic fevers.
J. K. MrtcHELL (book title), 1849
In: A, CASTIGLIONI, 1947

[81] ‘Aber nicht Worte und Phrasen sind es, die uns dazu fiihren — Resultate, practisch

bedeutsame Resultate miissen wir Aufzeigen kinnen, und um dies zu vermagen, miis-
sen wir einsehen lernen, dass methodisch untersuchen, klar sehen, scharf beobachten und
den naturgesetzlichen Zusammenhang der Erscheinungen richtig auffassen lernen, die
wahre Frucht nawurwissenschaftlicher Studien ist;...

{But it is not words nor phrases that will lead us to this— it is results, practical meaningful
results that we must bring forward. And to do so, we must learn to investigate methodi-
cally, to discern, to see clearly, to observe closely, and to understand rightly the regular
interrelationship of phenomena, that is the true fruit of natural science.}

J. G. KUHN, 1858

{42] ‘Wie die Epidemieen unter Menschen und Thieren plgtzlich und unerwartet auftreten,
eine Zeit lang iiber ganze Liinderstrecken Verderben verbreiten und sich dann all-
midlig verlieren, so auch die Pflanzenepidemieen.’
(Epidemics among man and aminals appear suddenly and unexpectedly, spread des-
struction over whole regions for a while and then slowly disappear and so do plant epi-
demics.)
J. G. KUnN, 1858

[43] “Tm Jahre 1916 sollte es leider anders kommen. Diese Jahr brachre uns die kleinste

Kartoftelernte seit vielen Jahren, dadurch wurde umsere wirtschaftliche Durchhal-
tungfithigkeit wirklich ernstlich bedroht, zumal nicht nur jede Einfubr fast ganz qusblieb,
von der wir sonst in Friedesjahren erheblichen Gebrauch gemacht hdtten, sondern sogar
noch verbiindete und neutrale Linder mit Kartoffelmengen, allerdings wohl nicht sehr
betrdchtlichen, versorgt werden mussten.
(Unfortunately, the year 1916 proved different. That year brought us the smallest
potato harvest for many years, seriously threatening our economic resilience since not
only there was practically no importation of which we otherwise made considerable
usage in peace time, but also since allied and neutral countries had to be supplied with
potatoes, although not in large amounts.)

STORMER, 1918
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The discipline was born (TEN HOUTEN, 1959; OoRT, 1949) in 1858 when the first
comprehensive textbook was published by KUHN, widely acknowledged as the
Father of Modern Plant Pathology (WHETZEL, 1918).

The discussion, that had been going on for several decades, between the
‘autogenitists’ and the ‘pathogenitists’ was soon decided in favour of the
pathogenitists (WHETZEL, 1918), as in medicine [40]. Convincing evidence,
descriptive but not yet experimental, for the independent existence of pathogens
was put forward by DE BaRry in 1853. Mycology flourished and was also applied
to diseased plants. But the fundamental change was the introduction of the
experiment to demonstrate that fungi could be causal agents of plant diseases,
an advance which made it possible to unravel the etiology of many diseases [41].
Among the famous mycologists of the period were BERKELEY in the United
Kingdom, the brothers TULASNE in France, and DE Bary in Germany. The
experimental evidence provided by SPEERSCHNEIDER (1857) and De Bary (1861)
with Phytophthora infestans on potatoes and other comparable experiments
elucidated (parts of) the life cycles of these fungi. These resulis shifted the
general interest towards the pathogen as an individual worthy of detailed ob-
servation, description, and classification (OrLoB, 1964a). In 1865, DE BarRY
described the mysterious alternation of gencrations and hosts, a finding of
great epidemiological importance, which justified the legislature of Rouen after
two centuries.

Though there was no lack of speculation about the causes leading to epide-
mics, ¢pidemiology as it is understood now was hardly studied. HLUBEK's
proposal in 1847 to start regular meteorological observations, because they
might help to solve the riddle of the origin of diseases — in addition to effects
of soil, manure, and planting data — was not effectuated (MAvYER, 1952;
WEHNELT, 1943). In his 1858 textbook, KUHN recognized the importance of
epidemics on crop plants, and compared them to epidemics affecting men or
animals [42].

The period between the potato murrain of the 1840s and that in Germany
during World War I, another epidemic with political implications as it contri-
buted to the outcome of a was [43, 44] (STORMER, 1918; LOHR, 1954), was used
to organize and develop phytopathology. The organization was built up on
national and international lines, with private and governmental initiatives.
Governments started to accept plant protection as a public task. National
institutions were set up (Table 1), phytopatheological societies and journals
were initiated (Tables 2, 3), and teaching began (Table 4). Two personalities of
international standing played a key-role in the structuring of plant protection
including phytopathology and epidemiology: Sorauer and ErikssoN. In
view of many of his publications, the latter can certainly be regarded as an
epidemiologist. In the United Kingdom, H. MARSHALL WARD took an epi-
demiological point of view. He began his career by studying an epidemic of
coffee rust ( Hemileia vastatrix) in Ceylon. His textbook ‘Disease in Planis’
(1901) shows a typical ecological approach in chapters on ‘spreading of disease
and epidemics’ and ‘the factors of an epidemic’ [45].
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[44] ‘Diese Hungersnot, hervorgerufen durch die Kartoffelpest, hat die Widerstandskraft

des Deutschen Volkes gebrochen. Der Soldat wusste seine Angehdrigen daheim dem
quiilenden Hunger preisgegeben. Dies ldhmte seinen Kampfwillen. Es hat ja alles doch
keinen Sinn, sagte sich der Mann an der Front.
(This famine, caused by the potato blight, has broken the resistance of the German
peaple. The soldier knew that his relatives at home were tormented by hunger. This
paralysed his will to fight, All this has no meaning, said the man at the front.)

F. LOHR VON WACHENDORF, 1954

[45] ‘When we come to enquire into what circumstances bring about those severe and

apparently sudden attacks on our crops, orchards, gardens and forests by hosts
of some particular parasite, bringing about all the dreaded features of an epidemic
disease, we soon discover the existence of a series of complex problems of intertwined
relationships between one organism and another, and between both and the non-
living environment which fully justify the caution already given against concluding
that any cause of disease can be a single agent working alone.’

H. MARSHALL WARD, 1901

[46] ‘Die Ervkennminis, dass die Zeitschrift fiir Pflanzenkrankheiten ein notwendiger
Hebel fiir den Ackerbau geworden ist, der gerade jetzt wesentlich an der Steigerung
der sinkenden Bodenrente durch Erhaltung der Ernten mitwirken kann, hat die Aufmerk-
sambkeit und das Wohiwollen der Behirden auf sie hingelenkt und ihr die Sffentliche Emp-
fehlung seitens des kgl preuss. landwirtsch, Ministeriums und des k.u k. dsterr. Ackerbau-
Ministeriums eingetragen.’
(The realization, that the Zeitschrift fiir Pflanzenkrankheiten has become a necessary
husbandry, which especiaily at this moment can help essentially to improve decreasing
land rents by the preservation of crops, has attracted the attention and the benevolence
of the authorities. The Royal Prussian Ministry of Agriculture and the Imperial and
Royal Austrian Ministry of Agriculture have both publicly recommended the journal.)
P. SORAUER, 1894c

[47) Question 93. ‘Quelles sont les mesures introduites jusqu’'a présent par les divers
Etats & Europe, notamment au point de vue de Torganisation, pour favoriser Iétude
des maladies des plantes agricoles et pour en diminuer les mauvais effets? Que peut-on
et que doit-on faire encore dans ce sens?
‘Résolutions : 1°. Considérant que les maladies des plantes, trés importantes au point de
vue agricole, causent aux particudiers et par suite d I Etat des pertes souvant fort considéra-
bles e1 que les moyens curatifs et prophylactiques dont on dispose pour en diminuer les
ravages ne sont que & une trés faible efficacité, il serait bon détablir des siations & essais
phytopathologiques.’
‘Résolutions: 5°. Pour poursuivre la question dans la direction donnée, le Congrés élit
une commission internationale, ayant droit de cooptation qui aura a se metire en rapport
avec la Société LR, & Agriculture de Vienne et différentes Sociérés semblables, qui ont
leur siége dans I'autres Etats européens pour s'entendre avec elles sur les démarches d
Jfaire dans le but de créer les stations.”
(Question 95. What measures have so far been introduced by the various countries of
Europe especially with respect to organization, in encouraging the study of diseases
of agricultural plants and in reducing bad effects? What can one do and what must one
do yet on this matter?
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The second half of the 19th century has been called the naturwissenschaft-
liche Periode (WEHNELT, 1943), as the causes of plant diseases were studied by
experimental methods. Towards the end of the century these included the
etiological tests according to the postulates of KocH (1890), another beneficial
effect of medicine on plant pathology. In WHETZEL’s (1918} terminology, the
period was composed of the ‘Kithnian’ period, during which fungi were identi-
fied as possible causes of diseases and epidemics, and the ‘Millardetian’ or
‘economic’ period, in which chemical control was shown to be economically fea-
sible. WHETZEL’s near-contemporaneous viewpoint is too restricted; bacteria
and viruses were recognized as possible causes of disease, and KUHN had
founded plant nematology. Huco D VRies (1896), Dutch botanist, one of the
re-discoverers of MENDEL’s rules of inheritance, stimulator of plant pathology
in the Netherlands, described an epidemic of virescence, now known io be
caused by a mycoplasma, on plants in a botanical garden.

Plant quarantine regulations were set up in most developed countries to get
a grip on the importation of undesired plant pest and disease organisms.
‘Relevance’ took the form of economic necessity. The opening up of the Ameri-
can prairies was a major cause of a deep depression in European agriculture in
the 1890s [46] (VON PrROSKOWETZ, 1890; SORAUER, 1894¢), which led govern-
mental authorities to promote agricultural research including plant protection.

2.4.2. Internationalism in plant protection

Pests and diseases do not stop at national borders, but some can be halted by
interception. Besides adequate knowledge, the technique needs public support
and a minimum of public organization. Towards the end of the 19th century,
the time was ripe. The San José Scale [ Quadraspidiotus perniciosus) was the
great menace, and entomologists led the way to counter-measures.

In 1890, the International Congress of Agriculture and Forestry took place
in Vienna. On the proposal of J. ERIKSSON from Sweden and P. SORAUER from
Germany an International Phytopathological Committee was charged with the
task of stimulating the initiation and co-ordination of phytopathological
research stations [47) (VoN ProskoweETZ, 1890). The congressional resolutions

Resclutions: 1°. Since plant diseases, very important for agriculture, cause often very
considerable losses to private industry and consequently to the state and since the avail-
able means of cure and prevention to reduce damages are so inefficacious, it would be
good to establish plant pathology research stations.

Resolutions: 5°. To pursue this matter in the direction indicated, the Congress elects an
international commission with the right of cooptation which will report along with the
Société I.R. & Agriculture de Vienne and various similar societies with their seat in other
European countries to come to agreement with them about steps needed in creating
such stations.}

M. VON PROSKOWETZ, 1890
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were quite effective, see Table 1. The cooperation of the Committee with the
Zeitschrift fiir Pflanzenkrankhetten to select the best results of aller Kultur-
vélker der Erde for publication lasted from 1891-1899 (SorRaUER, 1891c;
1894c). In a series of international agricultural congresses the importance of
phytopathological organizations and international collaboration has been
emphasized [48] (SORAUER, 1891b; ERIKSSON, 1915; SORAUER, 1905a). The In-
ternational Agricultural Congress in Rome (1903) initiated an International
Phytopathological Committee with P. SORAUER as its chairman, and Berlin
as its seat. This was a committee of scientists without governmental support
{RoGERS, 1914). The International Agricultural Institute, founded in Rome,

[48] ‘Le Congrés est & avis qu’il y a lieu de reconnaitre que le secours le plus puissant que

la science pourra préter o la culture générale des plantes dans un temps rapproché
doit consister dans lorganisation d observations systématiques des maladies, épidémies,
ou des ennemis des plantes, pour étudier les moyens de les combattre et que pour atteindre
ce but il est nécessaire qu'un personnel scientifigue ainsi que des practiciens de tous les
pays se vouent d ces observations & une maniére méthodique et en se prétant une assistance
mutuelle.”
(The Congress thinks it right to acknowledge that the most powerful contribution
science could make in the near future to general crop husbandry is the organizing of
systematic observations on diseases, pests, and ennermies of plants, to study means of
combating them, and that to achieve this objective, scientific personnel and practicians
of all countries devote themselves to these observations in a methodical way, offering
one another mutual assistance.)

P. SORAUER, 1891b

[49] “Let us not be among the last of the groups of scientists who shall accept the great
responsibility and improve the wonderful opportunity now offered for world
service in advancing science and promoting the brotherhood of mankind.’
C. L. SHEAR, 1919

[50] ‘The relation of environment to the pre-disposition of the host, as well as to the
virulence of the parasite cannot be over-emphasized.”
L. R. Jongs, 1913

[51] ‘There are three phases in the history of plant pathology: First, the period of
De Bary in which the fungus held first place; second, the period in which the host
received most attention; and finally, the present period in which disease is considered
as an interaction of both under the conditioning influence of the environment. The lea-
der in this is Jones.
E. J. BUTLER, [926
In: G. W.Kerrr & F. V. Ranp, 1946
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1905, organized an International Phytopathological Conference at Rome in
1914, where scientists from thirty countries were present. The technical
proposals all involved epidemiology, without using the word: Seed Certifica-
tion Schemes, Import Restrictions, and Statistical Surveys (national and
international) (ERIKSSON, 1913; OrTON, 1914). The proposals for international
cooperation could not materialize as World War 1 broke out (ERIKSSON, 1915;
ROGERS, 1914),

During World War I the U.S A, took over the lead in plant pathology from
Europe (ErikssonN, 1915, SHEAR, 1913). After the war, internationalism
flowered [49] (SHEAR, 1919), and wilted, although in 1924 the words ‘an interna-
tional journal® were added to the title of the national U.S. journal ‘Phytopa-
thology’, a symbolic deed (ANnonyMOUs, 1911). The European editor up to
World War IT was H. M. QUANIER, Wageningen, the Netherlands (MacCaL-
LAN, 1959). Formal international developments had to wait until after World
War I1, but at the national level the objectives were realized in most developed
countries, thus also providing basic information for epidemiology.

2.4.3, Holistic tendencies, the ‘second wave’

Around 1910, when the movement for international phytopathology gained
impetus, holistic tendencies reappeared. It was clearly stated that phytopa-
thological problems were world-embracing problems [15] (OrTON, 1914 see
also 2.4.2)), The relation between outbreaks of disease, weather, and climate
was again emphasized. The word ecology appears in publications on botanical
epidemiology. The influence of environment on predisposition of the host and
virulence of the parasite is emphasized once more [50] (CoLroUN, 1964). One
could say that the *predispositionists’ headed by SORAUER are the successors
of the autogeniticists of the 19th century (WHETZEL, 1918).

Holistic tendencies became apparent in statcments that placed plant patho-
logy in a wider context. The title of the inaugural lecture given by RiTzEMa
Bos (1895b), when he accepted the chair of phytopathology at Amsterdam
University, 29 November 18935, dealt with the contribution of phytopathology
to the biological sciences. OrRTON (1914) wrote a paper with a set of clear objec-
tives on the biological hasis of international phytopathelogy [15]. There seems
to be a growing relation between plant and animal pathology as expressed by
a common terminology (HARDING, 1912). One reason for the holistic tenden-
cies might be found in the educational background of the leaders in the field,
who had medical, boianical, or zoological training. In Germany and the
Netherlands, phytopathology included the zoological aspects (R1TZEMa Bos
was a zoologist), in contrast to France, the United Kingdom, and the U.S.A.
{MORSTATT, 1921, 1929; OrLOB, 1964b; RADEMACHER, 1966).

E. J. BUTLER recognized three phases in the history of plant pathology from
1850 to 1925 [51] (KeITT & RAND, 1946), with emphasis on the fungus, the
host, and the interaction with the environment, respectively. Another view of
the three phases was given by MORSTATT, 1921, who distinguished the phases
of the study of the causal organism, the control of the causal organism, and the
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hygienic-therapeutic approach; epidemiology is mentioned as a distinct
subject [52]. It is possible that the holistic tendencies of the period were in part
a reaction to the relative ineffectiveness of applied phytopathology, but that
has been stated nowhere. These tendencies have been of great heuristic value, as
they opened up new and fertile fields of research.

[52) *Hierbei trat eine ganze Anzahl anderer Gesichispunkte und Richtungen hinzu. Von

diesen gehdren zu einer Epidemiologie die Fragen des Einflusses der Witterung und
anderer Faktoren der Umgebung, wie z.B. des Bodens, der Wanderung und Verschleppung
von Krankheitserregern und ihrer Ubertrager; die Fragen der Anfdlligheit und Wider-
standsfihigkeit der Sorten, woraus auf praktischem Gebiete die Immunitdrsziichtung her-
vorging ; der Virulenz der Erreger | ferner die sgn. biologische Bekdmpfung, u.s.w.’
(A whole range of other viewpoints and orientations here come to light. To epidemio-
logy belong questions on the influence of the weather and other environmental factors,
such as the soil, migration and transportation of pathogens and their vectors; the ques-
tions on susceptibility and resistance of varieties, from which ensues in the practical
field the breeding for resistance; on virulence of the pathogen; further on the so-called
biological control; eic.)

H. MorsTaTT, 1921

[53] ‘Von den verschiedensten Seiten ist in den letzten Jahren mit steigendem Nachdruk

auf die epidemiologischen Liicken im Wissensbereich des Pflanzenschutzes hinge-
wiesen und inshesondere ein Ausbau unserer Kenntnisse iiber das Ausbrechen, die Art des
Verlaufs und das Wiederverklingen der Seuchenbedingenden Fakioren gefordert worden.
{Dwuring recent years, people from the most diverse backgrounds have pointed more and
more emphatically to the epidemiological gaps in the science of plant protection. In
particular more facts must be obtained on the outbreak, course and decline of disease-
causing factors.)

- H. BLUNCE, 1929

{34) *Auf allen Gebieten, aud denen es mdglich ist, soll Deutschland in vier Jahren unab-

héingig vom Auslande sein. Dieser Plan verlangt von allen Wirtschaftskreisen, auch
von der Landwirtschaft, hochste Anstrengung. Er gibt newen Auftrieb der vom Reichs-
bauvernfiihrer im Jahre 1934 verkiindeten ** Erzeugungsschlacht” und dem im Herbst 1936
erklirten “*Kampf dem Verderb” ... Der Fiihrer verlangt die Durchiiihrung des Vier-
Jahresplanes ; dann miissen aber auch die Mittel dafiir zur Verfiigung gestellt werden. ...
(In four years time, Germany must be independent of foreign countries in all areas
possible. This plan requires tremendous efforts from all sectors of the economy, includ-
ing agriculture. It gives a new impulse to the ‘production battle’ proclaimed in 1934
and the ‘war against destruction’ proclaimed in autumn 1936 by the State Farmers’
Fiihrer. .. The Fiihrer demands implementation of the four-year plan but to do this,
people must be provided with the means. ...)

E. RienMm, 1937
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2.5. THE PERIOD BETWEEN WORLD WARS I AND II

During World War [, phytopathologists shifted their attention to more
‘relevant’ research, research in the field, to safeguard and increase food pro-
duction (HORSFALL, 1969b). The peak was reached shortly after World War I,
but later on the interest of researchers was spread more evenly over various
approaches within their discipline. There is little doubt that epidemiological
studies ranked high among the ‘relevant’ research [53] (BLUNCK, 1929 ; BREMER,
1926; MORSTATT, 1921). This is, however, difficult to demonstrate because
then piant pathology was not compartmentalized as it is now (1975), and,
accordingly, many publications covered several aspects of a problem, including
the epidemiological aspect (Maan & ZADOKS, in press).

Three major features became apparent in the period between the World
Wars. 1: Resistance breeding came into being and changed epidemiclogical
patterns all over the world. 2: Disease forecasting services, useful because
chemical disease control became possible, were developed on the basis of more
or less detailed epidemioclogical information (MORSTATT, 1929). 3: Physiologi-
cal (and primitive biochemical} research methods were also applied in phytopa-
thology and brought chemotherapy within reach. Generally speaking, the
period between the two World Wars engendered the now classical phytopatho-
logical methods intended to find the cause of a problem met with in practical
agri-, horti- or silviculture by means of laboratory methods (KERLING, 1966).

In 1934 Germany initiated a four-year crash program to become self-support-
ing in agriculture, including the intensification of crop protection research;
a prelude to World War II [54] (RietM, 1937).

2.6. THE PERIOD AFTER WORLD WAR II

2.6.1. Holistic tendencies, the ‘third wave’

In World War II the ‘relevant’ field-oriented research was stepped up
again, as during World War I. The American Phytopathological Society setup a
War Emergency Committee in 1942 [16] (War EMERGENCY COMMITTEE, 1942);
a better organized, nation-wide plant disease survey service was advocated.
Publication of field-oriented research reached a peak shortly after the war,
when results had piled up and scientists shook off wartime stress and settled
down to write (HORSFALL, 1969b; MAAN & ZADOKS, in press).

After World War 11, the swing of the pendulum went towards basic science;
in phytopathology this meant towards physiological and biochemical approa-
ches. Most of the money and practically all the bright young students were
engaged in the biochemical sector, thus leading to an outbreak of new know-
ledge, and finally to a stream of useful systemic biocides (ZADOKS, 1974a).
The change to fundamental and applied biochemical research was strongest in
the U.S.A. In the U.K. and in the Netherlands, epidemiological research
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