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I . T H E CONCEPT 

The age of plants and the conditions under which they grow affect 
their susceptibility to disease. This environmentally conditioned suscepti
bility is called predisposition. More fully, predisposition is the tendency 
of nongenetic conditions, acting before infection, to affect the suscepti
bility of plants to disease. Comparable terms are "disease proneness" of 
Gaumann (1950) , "disease potential" of Grainger (1956) , "acquired sus
ceptibility" of Raines (1922) , "physiologic susceptibility," "precondition -
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ing," "induced susceptibility," and "acquired disposition." Predisposed, 
as used here, is an internal degree of susceptibility resulting from external 
causes. 

Other definitions or usages of "predisposition" are given by Chester 
(1947) ; Hartig (1894) ; Sorauer (1880) ; Walker (1950) ; and Ward 
(1890, 1901, 1902) in the field of plant pathology, and by Adami (1910) ; 
Arey et al. (1957) , and Hoerr and Osol (1956) in the field of medicine. 
The definition used here is in fair agreement with most of these, but 
there are areas of difference. The principal difference is that here pre
disposition includes induced changes in disease proneness toward greater 
or lesser susceptibility, whereas predisposition as commonly defined in
cludes only changes toward greater susceptibility. This change in 
definition seems a practical one. While some previous authors appear 
to exclude changes toward resistance in their definitions, they com
monly cite changes toward resistance among their examples, or in their 
experimental results. Resistance and susceptibility, or increasing and 
decreasing resistance, or increasing and decreasing susceptibility, are 
different ends of the same scale, and if increase of a factor causes 
increased susceptibility, decrease of the same factor will likely cause 
increased resistance. For example, increasing levels of sugar may cause 
increased susceptibility of leaves to rust infections (Yarwood, 1934), 
and this is just another way of saying that decreasing levels of sugar 
caused increased resistance to rusts. Similarly, low levels of gibberellic 
acid decreased Fusarium wilt of tomatoes, while high levels decreased 
disease (Dimond and Corden, 1957). 

Another difference between predisposition as used here and as used 
by some others is that commonly, especially in medicine, genetic sus
ceptibility is included in predisposition, but here it is excluded. In 
human medicine, in contrast to plant pathology, genetic susceptibility is 
a minor factor in disease, in that different individuals, families, nation
alities, and races of men are usually all susceptible to the same parasitic 
diseases, whereas with crop plants, each species is attacked by only a 
few of the many pathogens attacking crop plants, and within each 
species we commonly have disease resistant varieties. Therefore, genetic 
resistance to disease has become a major aspect of plant pathology but 
a minor aspect of human medicine. While genetic susceptibility could, 
by arbitrary definition, be appropriately included in predisposition in 
plant pathology, it has become of such major importance as to justify 
separate treatment. 

Not all changes in infection which have been brought about by the 
host are due to predisposition. The favoring of infection by the deposi
tion of dew on leaves in an unsaturated atmosphere due to the cooling 



PREDISPOSITION 523 

of leaves by radiation is presumed to act through favoring the germina
tion of the pathogen, not through increasing the susceptibility of the 
host. Similarly the increased infection which is believed to result from 
the exudation of specific chemicals by susceptible but not by resistant 
hosts (Buxton, 1957) is due to a genetic character of the host, and 
therefore not to predisposition. 

Few extensive treatments of predisposition as a biological phenom
enon have been found. Sorauer (1880) discusses in detail the meaning 
of the term and the importance of the phenomenon. Hartig (1894) 
gives many examples which are valid as predisposition is here defined. 
However, under predisposition he also includes many other epidemiolog
ical factors, such as proximity to inoculum, whereas this topic is com
monly treated under escape, production, and dispersal of inoculum. In 
Ward's extensive treatments of predisposition, the term seems to be 
used as synonymous with susceptibility and in contrast to immunity. 
Heald (1933) gives presence of inoculum and favorable environmental 
conditions for infection as examples among predisposing factors. Gau
mann (1950) gives many examples of predisposition in his discussion of 
"changes in disease proneness due to environment." He includes treat
ments which act principally before, during, and after inoculation. He 
further divides the subject into resistance to penetration, resistance to 
attack, and resistance to spread. 

The term predisposition is not commonly used in current plant 
pathology, although many examples of the phenomenon are given. Glos
saries of phytopathological terms by Whetzel et al. (1925) , the American 
Phytopathological Society (1940) , Ainsworth and Bisby (1943) , and the 
British Mycological Society (1950) do not include the term, but whether 
this is because of rarity of usage or difficulty of definition is not clear. 

Environment affects disease through its direct effect on the pathogen, 
through its effect on the susceptibility of the host, and through its effect 
on the interaction of host and pathogen. The first category, while likely 
most important in determining the natural incidence of disease, is 
excluded from predisposition by definition. The second category is the 
subject matter of predisposition, and the third is sometimes difficult to 
separate from the second. 

At one time in history (Whetzel, 1918), environment was considered 
the sole or prime cause of all animal and plant diseases. With the 
ascendance of the microorganism theory of disease, which is still dom
inant, environmental factors were relegated by most investigators to a 
minor or at least to a less important role. There have been many, how
ever, who believed that microorganisms which cause or incite disease 
can only attack if the host has been injured or modified by the environ-
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ment so as to be more susceptible to invasion by organisms which might 
not otherwise attack it. These people have been called the predis-
positionists by Whetzel in contrast to the pathogenetists, who emphasized 
the role of microorganisms. Greatest among the predispositionists of 
history have been Sorauer* (1880) and Marshall Wardf (1890, 1901, 
1902, 1905). 

Whether we define susceptibility as capable of being readily attacked 
by a pathogen, or lacking inherent ability to resist disease, there still are 
several kinds of susceptibility. We could have susceptibility to penetra
tion, susceptibility to spread of pathogen within the host (invasiveness), 
susceptibility to production of large numbers of reproductive units of 
the pathogen, susceptibility to injury, susceptibility to symptom produc
tion, susceptibility to necrosis, etc. Predisposition could be discussed in 
terms of the different manifestations of susceptibility (Gaumann, 1950) 
but here the classification of predisposition will be on the basis of cause. 

Experimentally, predisposition can be clearly demonstrated only by 
exposing otherwise similar healthy plants to contrasting conditions, then 
placing them all in the same environment, and inoculating them or sub
jecting them to a disease-inducing environment. If the experimental pre-
inoculation treatments cause differences in disease, predisposition may 
be said to have occurred. While predisposition has usually been demon
strated by this type of experiment, it can also be logically inferred, 
although not so safely, from less exacting evidence. 

Much of the information on the relation of fertilizer to plant disease 
is derived from field trials where differences in disease were correlated 
with fertilizer treatments. In many of these trials the plants were ex
posed to fertilizer long before infection occurred, and resulting disease 
differences could be due to predisposition. The differences could also 
be due to the effect of the chemicals acting directly or through the plant 
on the development of the pathogen after infection, in which case no 
predisposition would be involved, or at least such an interpretation is 
questionable. In such cases it would not be practical to place all the 
plants in the same nutrient environment just before inoculation, and 
usually the experimenter was not interested in predisposition anyway. 
If similar fertilizers, first added just before inoculation, produced no 
such differences in disease, the case for predisposition would be strength
ened but not established. When test nutrients are used in water cultures, 
it is a simple matter to grow plants in contrasting nutrient environments 
before inoculation and to transfer them all to the same environment at 

* Born 1839, died 1916. 
f Born 1854, died 1906. 



PREDISPOSITION 525 

inoculation, as was done by Kendrick and Walker (1948) . If differences 
in disease appear, predisposition may be safely inferred. Some of the 
evidence for predisposition cited here is of the unsatisfactory sort men
tioned above and must be used with caution. Greater emphasis should 
be placed on properly controlled experiments. 

The same cultural operation may function as a predisposing treatment 
in one situation and as a direct effect on the pathogen in another. In 
most cases, disease control with zineb is believed to be due to the 
toxicity of the zineb to the causal fungus (Horsfall, 1956). With reduc
tion of smog injury by zineb (Kendrick et al., 1954), the effect of zineb 
is presumed to be due to the effect of zineb on the host. Zineb can have 
profound effects on plants in the apparent absence of disease. In one 
field trial by the writer, 0.2% zineb spray caused the red leaves of 2 
varieties of garden beet to be much greener than normal. 

In another example, low soil moisture is considered a predisposing 
treatment in the case of Erysiphe on bean (Yarwood, 1949), since any 
effect of soil moisture on the aerial pathogen must act through the host. 
With Actinomyces on potato (Dippenaar, 1933), on the other hand, the 
effect of low soil moisture in increasing disease is believed to be through 
the effect of soil moisture on the pathogen, and therefore is not 
predisposition. 

All basic changes in plants, from whatever cause, probably affect the 
susceptibility of these plants to disease. The effects are often so slight 
as to be unobserved. Many changes in susceptibility are missed because 
treatments, pathogens, dosages, and other experimental manipulations 
were inappropriately chosen. The most obvious effects have been dis
covered first, and these, within the scope of our definition of predisposi
tion, are the subject of this chapter. In several cases incorrect observa
tions or interpretations have been made, and some of these are difficult 
to avoid. 

Chemical immunization (Horsfall, 1945) is a borderline subject. 
When a chemical increases resistance or susceptibility by changing the 
host, predisposition is involved. If the chemical acts to reduce or increase 
disease by its direct effect or that of its breakdown products on the 
pathogen, predisposition is not involved. The mode of action of most 
such chemicals is not known. Hacker and Vaughn (1957) give the con
trol of wheat rust with cycloheximide analogues as a type preinfection 
resistance, yet it is known that cycloheximide is one of the most toxic 
of all chemicals to fungi. In the absence of further evidence, it seems 
more likely that the toxicity of cycloheximide to the rust fungus was 
responsible rather than an effect on the susceptibility of the host. 



526 C. Ε. YARWOOD 

II. T H E EVIDENCE 

A. Ontogenetic Predisposition 

Plants, like animals, vary in susceptibility to disease with age. Man 
is most susceptible to diarrhea as an infant and to gout in old age. 
Plants are commonly more susceptible to damping-off fungi as seedlings, 
to rusts at an intermediate age, and to Rhizopus in senescence. Four 
categories are commonly recognized: youth susceptibility and age re
sistance, youth resistance and age susceptibility, youth and age suscepti
bility with resistance in middle life, and youth and age resistance with 
susceptibility in middle life. Youth and aee are, of course, only relative 
terms, and the absolute age is not usually known. 

Examples of transition from susceptibility to resistance with age 
are: barberry with the basidial stage of Puccinia (Melander and Craigie, 
1927), wheat with the uredinial stage of Puccinia (Chester, 1946), rye 
heads with Fusarium (Baltzer, 1930), lettuce with Erwinia (Erwin, 
1921), peach with Sphaerotheca (Schnathorst and Weinhold, 1957), 
tobacco with Peronospora (Clayton, 1945), potato with Phytophthora 
(Boyd and Henderson, 1953), and peach with Taphrina (Fitzpatrick, 
1935). 

Examples of increasing susceptibility with age are: peach and apricot 
fruits with Monilinia (Roberts and Dunegan, 1932; Wade, 1956), cucum
ber with Pseudoperonospora (Doran, 1932; Iwata, 1951), lettuce with 
Erysiphe (Schnathorst and Weingold, 1957), and apple with Botry-
osphaeria (Sitterly et al., 1957). 

Examples of youth and age susceptibility with resistance in middle 
life are: certain varieties of wheat with Puccinia (Vohl, 1938), flax with 
Sphaerella (Loughnane et al., 1946), and potato tubers with Fusarium 
(Boyd, 1952). 

Examples of youth and age resistance with susceptibility in middle 
life are: apple with the basidial stage of Gymnosporangium (Giddings, 
1918), potato tubers with Erwinia (Gregg, 1952), bean with Uromyces 
(Wei, 1937), and bean with tobacco mosaic virus (Yarwood, 1958). 
Other examples could be cited in each category. 

There are few generalizations which can safely be made about 
ontogenetic predisposition except that it is common. It has been sug
gested (Yarwood, 1934) that susceptibility to facultative saprophytes 
increased with age of host tissues, whereas susceptibility to obligate 
parasites decreased with age. In view of the apparent reversal of age 
effect with Colletotrichum trifolii on clover (Yarwood, 1934) in com
parison with C. lindemuthianum on bean (Yarwood, 1958), as well as 
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other apparent discrepancies between the results of different authors, 
even this generalization appears unsafe. It is likely that many factors 
affect the apparent trend in susceptibility with changing age of tissues. 

B. Seasonal Predisposition 

Plum trees are more resistant to Stereum during summer months 
than at other times of the year (Brooks and Moore, 1926). Chestnut is 
more susceptible to Nectria in autumn and winter than in spring and 
summer, and spruce and silver fir are more susceptible to several wood 
rotting fungi during February to July than during August to January 
(Gaumann, 1950). Gaumann interprets the seasonal susceptibility of 
chestnut as due to decreased water content, and the seasonal suscepti
bility of spruce as due to an increased content of growth substances. 

C. Diurnal Predisposition 

It is likely that the diurnal periodicities of plant pathogens are 
attuned to the diurnal periodicities of their hosts. Higher plants show 
diurnal periodicities with respect to leaf movements (Maximov, 1930), 
stomatal closure (Maximov, 1930), nuclear division (Maximov, 1930), 
elongation (Miller, 1938), organic acids in leaves (Pucher et al., 1947), 
carbohydrates in leaves (Krotkov, 1943; Mason and Maskell, 1928), protein 
in leaves (Chibnall, 1924), minerals in leaves (Phillis and Mason, 1942), 
water content of leaves (Ackley, 1954), turgidity of leaves (Weatherley, 
1951), vigor of leaves (Cox, 1954), wettability of leaves with water 
(Fogg, 1944), occurrence of plasmodesmata in epidermal cells of leaves 
(Lambertz, 1954), and guttation (Grossenbacher, 1938). It is likely that 
each of these periodicities could affect the susceptibility of plants to 
disease and thereby constitute predisposition. 

Plant pathogenic fungi show diurnal periodicities with respect to the 
formation of spores (Weston, 1924; Carpenter, 1949; Thorold, 1955; 
Yarwood, 1936, 1937, 1941), discharge of spores (Murray, 1880; Hirst, 
1953), germination of spores (Yarwood, 1936), and formation of appres
soria (Yarwood, 1936). Each of these could be a response of the fungus 
to environment, and as such would have no causal relation to predisposi
tion of the host. But each could be, in part at least, an adjustment by 
selection to the periodicities of their hosts. Although no example of the 
latter seems to have been established, there are several of diurnal differ
ences in the susceptibility of leaves to infection. 

The diurnal opening of the stomata of soybeans (Allington and 
Feaster, 1946) and peaches (Anderson and Powell, 1950) is correlated 
with the greater susceptibility of these plants to bacterial infections at 
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the time of maximum stomatal opening. It would be a nice story if 
closure of stomata could function to prevent infection with stomata-
invading parasites generally, but there are at least some exceptions. 
Caldwell and Stone (1936) found that not only did stomatal closure not 
prevent stomatal entrance by Puccinia triticina, but that the fungus 
actually stimulated stomatal closure as a prelude to forceful penetration. 

The greater infection following artificial inoculation with several 
viruses in the afternoon than in the early morning (Matthews, 1953; 
Yarwood, 1956a) is another example of apparent diurnal predisposition, 
but here no causal relation with any specific diurnal periodicity of the 
host has been established. 

D. Environmental Predisposition 

1. Temperature 

The classic example of predisposition with regard to animal diseases 
was reported by Pasteur et al. (1878) . They found that chickens with a 
body temperature of 42° C. were normally immune to anthrax. If, how
ever, the birds were chilled so that their body temperature was reduced 
to 37 to 38° C , they were highly susceptible to anthrax. 

When plants are exposed to high or low temperature before inocula
tion, their susceptibility to several pathogens may be increased or de
creased. By far the most common is an increase in susceptibility. Ward 
(1890) noted that if a carrot or turnip was first submerged for half a 
minute in boiling water before inoculation, the growth of Botrytis in the 
tissues was increased. Since the boiling water may have killed the carrot, 
this may be a questionable case of predisposition, since what Ward 
observed was the common phenomenon that killed tissues are a better 
substrate for many facultative parasites than are living tissues. Less 
equivocal cases of heat-induced susceptibility have been reported with 
Botrytis on apple (Vasudeva, 1930), Erysiphe graminis on Bromus (Sal
mon, 1905), Erysiphe polygoni on bean (Yarwood, 1956b), Erwinia on 
potato (Gregg, 1952), Fusarium caeruleum on potato (Boyd, 1952), 
Colletotrichum falcatum on sugar cane (Edgerton et al., 1942), C. linde-
muthianum on bean (Yarwood, 1956b) (Fig. 1 ) , Puccinia on wheat 
(Straib and Noll, 1944), Uromyces on bean (Yarwood, 1956b), and 
with many viruses (Kassanis, 1952, 1957; Yarwood, 1952b, 1956b). The 
best quantitative information appears to be with viruses, where a great 
range of temperatures, from 6 to 96 hours at 36° C. (Kassanis, 1952) to 
1 second at 55° C. (Yarwood, 1956b) have been effective. With tobacco 
mosaic virus on bean, the preinoculation heating may be effective when 
applied and discontinued as much as 4 days before inoculation. 
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Preinoculation heating of hosts may also decrease infection. Key-
worth and Dimond (1952) found that dipping tomato roots in hot 
water reduced subsequent infection with Fusarium lycopersici. Yarwood 
(1956b) found that heating bean leaves for 10 seconds at 55° C. before 
inoculation reduced their susceptibility to tobacco mosaic virus. In both 
of the above cases, the hosts were obviously injured by the heat treat
ment, but cases of reduction in susceptibility from heat treatment with
out obvious heat injury are to be expected. 

FIG. 1. Heat-induced susceptibility of Dwarf Horticultural beans to Colleto-
trichum lindemuthianum. These are twin primary leaves of the same plant, seeded 
February 2 and photographed February 27. The right leaf was heated 15 seconds at 
50° C. before both leaves were inoculated at 10 a.m. February 21. 

Exposure of plants to low temperatures before inoculation may also 
affect their susceptibility to disease, but the only clear cases found by 
the writer are those involving frost injury. Lasser (1938) reports that 
vernalization of wheat and rye reduced subsequent infection with Til
letia tritici and Ustilago nuda, respectively. Frost injury is reported to 
increase the susceptibility of broad beans (Moore, 1944), fig (Condit 
and Stevens, 1919), lettuce (Kerling, 1952), and lilies (McWhorter, 
1945) to Botrytis; of potato tubers to Fusarium (Weiss et al., 1928), of 
birch and spruce to Nectria (Gaumann, 1950), of larch to Dasyscypha 
(Gaumann, 1950), and of citrus to Botrytis, Sclerotinia, Alternaria, 
Phomopsis, Diplodia, and Dothiorella (Fawcett, 1936). 

2. Humidity 

For most fungus and bacterial diseases, free moisture is essential 
for the pathogen during the incubation stage, but moisture as a predis
posing factor seems to be less important. In some of the cases cited, the 



530 C. Ε. YARWOOD 

direct effect of moisture on the pathogen and on the susceptibility of 
the host may be confused. 

A well-established case of moisture-induced susceptibility is the 
increased infection which results when the intercellular spaces of tobacco 
leaves are flooded with water before the leaves are inoculated with 
Pseudomonas angulata or P. tabaci (Clayton, 1936; Johnson, 1937; 
Diachun et al., 1944). Here the procedure of water-soaking was discon
tinued before inoculation, but the leaves were still water soaked at the 
time of inoculation, and the increased infection could be because the 
intercellular water favored directly bacterial growth. Whether this should 
be called predisposition is debatable. As judged by the sequence of 
water treatment and inoculation, and the location of the water, it seems 
to be predisposition; as judged by the mode of action of the water on 
the development of the pathogen, it seems to be merely supplying a 
favorable environment for bacterial growth. Similar water soaking is 
reported (Johnson, 1947) to favor infection with several fungi, includ
ing rusts and one powdery mildew. This finding is questioned here 
because of the known relations of powdery mildews (Yarwood, 1957) 
and rusts to water. With Uromyces phaseoli on bean, Cohen (1951) has 
shown that water infiltration of the leaves increases their resistance to 
rust. Here the fungus germinated well on the water-infiltrated leaves, 
formed appressoria, but did not send infection hyphae into the water-
filled substomatal cavities. 

Thomas and Ark (1934) found that a high water content of the nec
taries favors, or, inversely, a high sugar content of the nectaries reduces 
infection of pears with Erwinia amylovora. Under natural conditions, 
rainy weather or high humidity favors a high water content in the 
nectaries and dry weather, by favoring evaporation, causes the sugar 
content of the nectaries to be high. 

Other cases where high water content of the tissues before inocula
tion is believed to favor infection are with Erwinia on apple twigs 
(Shaw, 1935) and on potato tubers (Gregg, 1952), Pseudomonas and 
Flavobacterium on potato (Murant and Wood, 1957), Pseudomonas on 
cucumber and peas (Riker, 1929), Botrytis on potato tubers (Mishra, 
1953), Oospora on potato tubers (Allen, 1957) and Phytophthora on 
potato vines (Ward, 1890). On the other hand, reduced moisture before 
inoculation is believed to favor infection with Pythium on potato tubers 
(Mishra, 1953), Peronospora on beet (Cornford, 1953), and tobacco 
mosaic virus and tobacco necrosis virus on bean (Yarwood, 1955). 

High soil moisture favors infection with Botrytis on broad bean 
(Wilson, 1937), with tobacco mosaic virus in tobacco and in Nicotiana 
glutinosa, with bushy stunt virus in N. glutinosa, with potato viruses X 
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and Y in tobacco (Tinsley, 1953), and intermediate soil moisture favors 
infection with Corynebacterium in tomato (Kendrick and Walker, 1948). 
High soil moisture reduces infection with Fusarium on tomato (Foster 
and Walker, 1947), Erysiphe on rye (Volk, 1931), Erysiphe on bean 
(Yarwood, 1949), and Gibberella on corn and wheat (Dickson, 1923). 

The writer agrees with Tapke (1951) that increased infection of 
powdery mildews due to wilting of the leaves before inoculation, as 
indicated by Riviera (1924) , is unlikely. 

3. Light 

Reduced light intensity before inoculation increased susceptibility of 
lettuce (Brooks, 1908) and tomato (Bewley, 1923) to Botrytis, of tomato 
to Fusarium (Foster and Walker, 1947), of elms to Ceratostomella 
(Caroselli and Feldman, 1951), of tobacco to spotted wilt virus (Samuel 
and Bald, 1933), of Physalts to potato virus Y (Ross, 1953), of beans and 
tobacco to tobacco necrosis virus, of tobacco to aucuba mosaic virus, 
and of Nicotiana glutinosa to bushy stunt virus (Bawden and Roberts, 
1948). Short day lengths favored infection of tomato with Fusarium 
(Foster and Walker, 1947). Intermediate day lengths favored infection 
of currant with Cronartium, while short or long days reduced infection 
(Moshkov, 1938). High light intensity increased resistance to Botrytis 
in begonia (Sironval, 1951) and in Lepidium (Schmitt, 1952). Ultra
violet radiation increased susceptibility of broad bean to Botrytis, but 
had no apparent effect on the susceptibility of broad bean to Uromyces 
(Buxton and Last, 1956). X-radiation increased or decreased suscepti
bility of tomato to Fusarium depending on the dosage (Waggoner and 
Dimond, 1956). Exposure of potato sets to sunlight for only a few hours 
increased subsequent seed piece decay (Edmundson, 1939), and Isleib 
(1957) found that gamma radiation prevented suberization and periderm 
formation which processes are known to protect against seed piece decay. 
Schwinghamer (1956) found that gamma radiation increased the sus
ceptibility to Puccinia of some moderately resistant wheat and oat 
varieties. 

4. Atmospheric Pressure 

Only one report of the experimental modification of disease suscepti
bility by manipulation of barometric pressure has been found. Bortels 
(1947) reports that a change from high to low barometric pressure 
increased susceptibility of beans, tobacco, and potato to Pseudomonas 
medicaginis, P. tabaci, and Erwinia carotovora, respectively, while the 
change from low to high pressure increased resistance. 

Mechanical pressure on bean leaves before inoculation increased 
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their susceptibility to tobacco mosaic virus, tobacco ring spot virus, 
tobacco necrosis virus, and Colletotrichum, but decreased their suscepti
bility to Uromyces (Yarwood, 1953). Similar mechanical pressure after 
infection reduced development of Uromyces, Peronospora, and Erysiphe, 
but did not reduce virus infection. 

5. Mineral Nutrition 

There has probably been more experimentation on the effect of 
nitrogen, phosphorus, and potassium in disease susceptibility than on 
any other potentially predisposing treatments. In most cases the experi
ments were not planned to separate predisposition from other effects of 
these nutrients, but predisposition is one probable explanation of the 
results obtained. High nitrogen has been reported to increase suscepti
bility of tobacco, Nicotiana glutinosa, and bean to tobacco mosaic virus 
(Spencer, 1935; Hitchborn, 1954), of tobacco to Pseudomonas tabaci 
(Boning, 1930; Volk, 1931), of wheat to Puccinia (Gassner and Hasse
brauk, 1931; Doak, 1954), of various plants to Verticillium (Donandt, 
1932), of potato tubers to decay (Fehmi, 1933), and of wheat to 
Erysiphe (Schaffnit, 1922; Trelease and Trelease, 1928; Lowig, 1936). 
High nitrogen reduces infection of tomato by Fusarium (Foster and 
Walker, 1947), of sugar beets by Sclerotium rolfsii (Leach and Davey, 
1942), of certain wheat varieties by certain strains of Puccinia graminis 
(Hassebrauk, 1940), and of legumes by Agrobacterium radiobacter 
(Fred et al., 1932). This latter infection is not considered a disease, 
but illustrates the principle of predisposition as well as do infections 
which are usually injurious. 

High phosphorus is believed to increase susceptibility of tobacco 
to tobacco mosaic virus (Bawden and Kassanis, 1950), of Nicotiana 
glutinosa to turnip mosaic virus (Pound and Weathers, 1953), of cucum
bers to cucumber mosaic virus (Cheo et al., 1952), of beans to tobacco 
mosaic virus (Yarwood, 1952b), and of citrus to Thielamopsis (Chap
man and Brown, 1942); but to increase the resistance of tobacco to 
Pseudomonas (Boning, 1930), of beets to Phoma (Larmer, 1937), and 
of tomato to Fusarium (Foster and Walker, 1947). 

High potassium is believed to reduce infection with several species 
of Puccinia on cereals (Gassner and Hassebrauk, 1931), with Pseudo
monas on tobacco (Boning, 1930), with Gleosporium on coconut (Patel 
and Nayar, 1936), with Erysiphe on wheat (Trelease and Trelease, 
1928), and with Sclerotinia fructicola on apricots (Wade, 1956), but 
to increase infection with Phytophthora on citrus (Chapman and Brown, 
1942) and Fusarium on tomato (Foster and Walker, 1947). 

With most diseases studied, excess nitrogen is believed to favor 
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infection, excess potash to reduce infection, and phosphorus to be 
variable (Gaumann, 1950). 

More important than the absolute level of separate nutrients may 
be the ratios of different nutrients (Alten and Orth, 1941; Roemer et al, 
1938; Doak, 1954) and the concentration of all nutrients in a balanced 
solution (Gallegly and Walker, 1949; Walker et al, 1954). A striking 
case of increased susceptibility with increasing nutrient concentration 
is with Erysiphe on bean (Yarwood, 1949). Since Erysiphe is a foliage 
pathogen, and since the nutrients were applied to the roots, it is clear 
that any effect of the nutrients on disease must have been by affecting 
the susceptibility of the host. It is believed that this effect with Erysiphe 
on bean was an osmotic effect rather than due to specific nutrients. 

Panzer (1957b) found that when beans were germinated in mineral 
nutrient solutions and then transferred to distilled water and inoculated 
with tobacco mosaic virus, no lesions developed, while plants maintained 
in the nutrient solution developed local lesions. This also appears to 
be an osmotic effect. 

Castano and Kernkampf (1956) found that all deficiencies tested— 
calcium, iron, nitrogen, phosphorus, sulfur, magnesium, and potassium— 
increased susceptibility of soybeans to Rhizoctonia solani. This might 
well be an effect on vigor, to be discussed later. 

Effects of micronutrients which appear to be due to predisposition 
are reduction of Erysiphe on barley and sunflower by boron (Eaton, 
1930; Schuster and Stephenson, 1940; Yarwood, 1938), reduction of 
Melampsora on flax by boron (Heggeness, 1942), reduction of Puccinia 
on wheat by boron, manganese, copper, and zinc (Ismailov, 1954), 
reduction of Erysiphe on barley by silicon (Wagner, 1940), reduction 
of Erysiphe on wheat by lithium (Spinks, 1913; Kent, 1941), reduction 
of Rhizoctonia by calcium and magnesium (Kernkamp et al, 1952), 
and increase of Puccinia on wheat by zinc (Forsyth, 1957a). The fore
going must represent very delicately balanced reactions, since several 
investigators have failed to confirm these findings. Specifically, the effect 
of boron in reducing Erysiphe graminis on barley was not confirmed by 
Cherewick (1944) , or Yarwood (1958) . The reduction of Erysiphe on 
sunflower (Yarwood, 1938) could be demonstrated in water cultures but 
not in soil. The reduction of Melampsora lini on flax by boron could not 
be confirmed by Colhoun (1945) and could not be repeated at will in 
Minnesota, but the writer has been told the effect has been clearly 
demonstrated in the field on one occasion since the original observation 
by Heggeness. 

The species of host and pathogen may be important in these nutrient 
effects. In the writer's trials (Yarwood, 1958), additions of lithium nitrate 
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and chloride to cultures in greenhouse soil increased the resistance of 
cucumbers to Erysiphe cichoracearum, but had no clear effect on 
Erysiphe polygoni on bean. The lithium-treated, mildew-inoculated cu
cumbers yielded significantly more than the mildew-inoculated cucum
bers without lithium. 

6. pH 

High ρ Η of the soil is reported to favor infection by Thielaviopsis 
on citrus (Chapman and Brown, 1942), Erysiphe polygoni on cowpea 
(Brown, 1930), and Erysiphe graminis on wheat (Schaffnit and Meyer-
Hermann, 1930), but low pH is believed to favor Fusarium on tomato 
(Foster and Walker, 1947) and Botrytis on broad bean (Wilson, 1937). 
No effect of pH on infection with E. polygoni on clover was detected 
by the writer (Yarwood, 1958). 

It seems clear that mineral nutrients and ρ Η may have profound 
effects on disease, but that these results are difficult to repeat or interpret. 

The differences in the susceptibility of wheat to Tilletia tritici as 
determined by the environment where the seed was grown (Holton and 
Heald, 1936) is apparently a type of environmental predisposition, which 
cannot now be interpreted in terms of any specific environmental factor. 

E. Wounding Predisposition 

When plants are wounded before inoculation, infection with many 
plant pathogens is affected, usually favored, and wounding, therefore, 
constitutes a type of predisposition. When wounding is part of the 
inoculation process, as in most artificial inoculations with viruses, the 
term predisposition can be applied less safely. Wounding before inocu
lation favors infection with Stereum on plums (Brooks and Moore, 
1926), with Penicillium on gladiolus (Lauritzen and Wright, 1934), 
Fusarium on potatoes (Weiss et al., 1928), Fusarium on beans (Burke 
and Seliskar, 1957), Botrytis on grapes (Wilhelm, 1944), Podosphaera 
on apples (Berwith, 1936), Erysiphe on bean (Fig. 2 ) , Colletotrichum 
on bean (Yarwood, 1958), Gnomonia on sycamore (Schuldt, 1955), with 
several fungi on harvested vegetables (Rose et al., 1939), and with 
canker-producing pathogens on hops (Yarwood, 1951b). Occasionally, 
wounding may reduce susceptibility, as with Fusarium on tomato (Key-
worth and Dimond, 1952). Wounding is believed to favor infection 
by making a break in a mechanical barrier which obstructs the pathogen, 
but in many cases the situation is more complex. 

Browning (1954) found that when inoculated leaves of susceptible 
varieties of oats were detached after inoculation with Puccinia, their 
reaction to rust was not changed greatly. When leaves of certain varie-
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ties, inoculated with rust strains to which they were normally resistant, 
were detached and placed on sugar solution, they became susceptible. 
Forward (1957) and Forsyth (1957b) found a similar phenomenon with 
Puccinia on wheat. 

When leaves of Nicotiana glutinosa are rubbed and later inoculated 
with tobacco mosaic virus without further wounding, much less infection 
normally results than if the inoculum is applied simultaneously with the 
wounding process (Holmes, 1929). When this is examined more care
fully, however, (Jedlinski, 1956) it is found that there is a period of 
about 10 minutes during which the susceptibility of the wounded leaves 

FIG. 2. Effect of carborundum treatment of the primary leaf of Black Blue 
Lake bean on its susceptibility to powdery mildew. Seeded July 19, photographed 
August 15. The right upper side of the leaf was rubbed for 10 brush strokes with 
dry carborundum before inoculation with conidia of Erysiphe polygoni at 11 a.m. 
August 2. 

to virus actually increases. Jedlinski's results have been confirmed and 
extended with tobacco mosaic virus on bean (Yarwood, 1958). It is 
found that if inoculations are properly timed from 0 to 100 minutes after 
wounding, there is an initial decrease in susceptibility within 1 minute, 
followed by an increase to a second maximum at about 8 minutes, which 
is in turn followed by a decrease to zero at about 100 minutes. 

In inoculations of sweet potatoes with Rhizopus, more infection 
resulted when roots were wounded by pressure, with no apparent break 
in the skin, than when the skin was removed with a sharp knife so as 
to leave no crushed tissue (Yarwood, 1958). Here it would appear that 
the principal effect of the wounding was to increase the susceptibility 
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of the tissues to the continued invasion by the fungus, rather than to 
expose the tissue to initial contact with the pathogen. 

An unusual type of predisposition by wounding has been analyzed 
in detail by Braun (1952) . He found that healing for 48 hours after an 
initial wounding favored later infection with Agrobacterium tumefaciens 
on Kalanchoe stems. 

The removal of plant parts is a type of wounding and also a means 
of changing the physiology of the plant, especially the carbohydrate 
balance. The wounding and the change in carbohydrate balance may 
function independently as predisposing factors. With Pseudomonas savas-
tanoi on olive (Hewitt, 1938) and Nectria galligena on apple (Crowdy, 
1952), the function of the removal of host leaves is apparently to provide 
entry points for the pathogen. In the following cases the removal of 
plant parts is believed to affect disease by changing the carbohydrate 
balance of the plant. With Macrosporium on tomato, removal of fruit 
or removal of growing points and young leaves increased the resistance 
of the remaining parts, but general removal of foliage increased suscepti
bility (Rowell, 1953; Horsfall and Dimond, 1957). Similarly removal of 
leaves of young elm trees in June increased their susceptibility to 
Ceratostomella (Zentmyer et al, 1946). With Verticillium wilt, removal 
of host leaves is reported to decrease disease in tomato (Roberts, 1944), 
but removal of flowers and buds is reported to decrease the disease in 
cotton (Suchorukov, 1957). These latter two cases are difficult to recon
cile because removal of leaves in one case and flowers and buds in the 
other are expected to have opposite effects on the carbohydrate balance 
of the plants. 

F . Chemical Predisposition 

Chemicals applied to plants before inoculation with pathogens com
monly reduce infection due to the toxicity of the chemicals for pathogens. 
This phenomenon is responsible for most of the extensive literature on 
fungicidal control of plant diseases and is not clearly related to predis
position. However, there are many cases where the disease reducing or 
increasing power of a chemical is not clearly associated with any direct 
toxic or stimulatory action of the chemical on the pathogen. These are 
included here under predisposition, because it is believed that these 
chemicals act through their effects on the host. 

Copper increases the infection of potatoes with Penicillium (Dillon 
Weston and Taylor, 1944), of potatoes with Fusarium (Newton, 1952), 
of oranges with Diplodia (Hopkins and Loucks, 1946), of celery with 
Anatospora (Newhall, 1944), and of beans with tobacco mosaic virus 
(Yarwood, 1954b). In all these cases, copper, rather than serving as a 
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nutrient (see above), was applied at concentrations believed to be toxic 
to the pathogen and the host. The increased infection can be best 
explained as predisposition due to host injury, which was dominant over 
the effect of copper on the pathogen. 

When potato tubers are cut and planted, the normal process of 
wound healing is usually adequate to protect the seed pieces from the 
saprophytic organisms in the soil. If the cut tubers were treated with 
solutions of salts of copper, cobalt, nickel, or iron, however, the process 
of wound healing was delayed, Penicillium developed abundantly on 
the cut surfaces, many such pieces decayed, and emergence of shoots 
from the cut tubers was reduced (Dillon Weston and Taylor, 1944; 
Werner, 1938; Sanford, 1951; Newton, 1952). 

Other examples of increased susceptibility from the use of pesticidal 
chemicals are as follows: Claviceps on wheat from use of 2,4-D (Long-
champ et al, 1951); Erysiphe on Bromus from the use of ether, alcohol, 
or chloroform (Salmon, 1905); Erysiphe on barley from use of herbicidal 
oils (Crafts and Reiber, 1948); Puccinia on wheat from the use of ether 
or chloroform (Stakman, 1914; Gassner and Hassebrauk, 1938), 2,4-D 
(Lyles et al, 1957), maleic hydrazide (Samborski and Shaw, 1957), zinc, 
manganese, and copper (Forsyth, 1957a), and D D T (Johnson, 1946); 
Fusarium on tomato from a variety of organic chemicals (Davis and 
Dimond, 1952, 1953); Alternaria on cauliflower from use of alcohol 
(Minkevicius, 1932); Peronospora on broccoli from use of emulsifiers 
(Natti et al, 1956); Agrobacterium on cherry from the use of dichlone 
(Young and Deep, 1956); Didymella on tomato from the use of 2 : 4 : 6-T 
(Croxall et al, 1957), and tobacco mosaic virus on bean from the use 
of zinc and silver (Yarwood, 1954b). The respiration inhibitors, 2,4-
dinitrophenol, thiourea, and sodium fluoride broke down resistance to 
Fusarium in tomato (Gothoskar et al, 1955). It is probable that con
centration of test chemicals (Dimond and Corden, 1957) and other 
factors are important in explaining apparently contradictory results of 
different investigators, as for example the different effect of 2,4-D on 
wheat rust as observed by Ibrahim (1951) and Lyles et al (1957) . 

G. Vigor Predisposition 

Vigor of the host is commonly believed to be an important factor in 
predisposition to disease, but much of the information is difficult to 
interpret. Many of the above effects of specific treatments on disease 
have been and will again be attributed to the effect of these treatments 
on vigor. In the present section, aspects of host vigor not readily classi
fied elsewhere will be treated. Vigor in plants is a useful term but one 
hard to define. We might say that a vigorous plant is one in which the 
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dry weight is increasing rapidly. In very few cases have the effects of 
treatments which predispose plants to infection been correlated with 
the effects of these treatments on the production of dry weight. Never
theless, much useful information has accumulated. 

Following are some examples which bear on the question of vigor 
and disease: rapidly growing tobacco plants become more severely in
fected by Pseudomonas angulata (Wolf, 1957), infection with Botrytis 
is favored on the yellow leaves of lettuce (Brooks, 1908), senescent or 
necrotic tissue favors Botrytis infection on various hosts (Baker, 1946), 
infection with Pseudopeziza is favored by poor growth of currant and 
gooseberry (Blodgett, 1936), large potatoes and sugar beet plants are 
more liable to virus infection than small ones (Bawden, 1950), active 
carbon assimilation favors infection with obligate parasites (Butler and 
Jones, 1949), vigorous celery plants favor infection by Septoria (Thomas, 
1921), slow growing bean plants are more susceptible to Erysiphe 
(Townsend, 1939), reduced turgor of poplar favors infection with 
Dothichiza (Butin, 1957), more infection with tobacco mosaic virus on 
rapidly growing than on hardened Nicotiana glutinosa plants (Samuel 
and Bald, 1933), and no relation of host vigor to Fusarium infection of 
tomato (Foster and Walker, 1947). The difficult problem of host vigor 
and disease susceptibility is discussed by Raines (1922) , Gaumann 
(1950) , Tapke (1951) , and many others. 

In certain types of experiments, a positive correlation between vigor 
and disease is indicated, and in others the reverse or no relation is 
indicated. Perhaps the most striking and also the most controversial 
results have been secured with powdery mildews. For example, Tapke 
(1951) studied the effect of preinoculation environment on infection of 
barley by Erysiphe graminis. He grew plants in three contrasting en
vironments—outdoors, in the greenhouse with light watering, and in the 
greenhouse with liberal watering. After several weeks he placed them 
all in the same environment and inoculated them. If we accept the size 
of his photographed plants as an index of vigor, then plant vigor in
creased in the order given. As mildew infection also increased in the 
order given, we have here an excellent positive correlation between 
vigor and disease, which is about what Tapke concluded. 

On the other hand, Trelease and Trelease (1928) produced contrast
ing differences in growth of wheat plants by the mineral nutrients 
K H 2 P 0 4 , C a ( N 0 3 ) 2 , and M g S 0 4 in water culture. They measured the 
dry weight of the healthy and mildewed plants and calculated mildew 
injury on the basis of the relative weights of healthy and mildewed 
plants with the same nutrients. While these experiments have minor 
imperfections, they certainly provide one of the most comprehensive sets 



PREDISPOSITION 539 

of data on the relation of vigor to disease. While the nutrient treatments 
caused great differences in dry weight and great differences in damage 
from mildew, the authors conclude that under their conditions host vigor 
did not appear to determine susceptibility to mildew. 

In a study of the relation of soil moisture and nutrient concentration 
to infection with Erysiphe polygoni, Yarwood (1949) followed the green 
weight of healthy and diseased plants. At low soil moisture with the 
smallest green weight for the healthy plants, mildew reduced green 
weight by about 80%. At intermediate soil moisture, with intermediate 
green weight for the healthy plants, mildew reduced green weight by 
about 65%. At high soil moisture with heaviest healthy plants, mildew 
reduced green weight by about 30%. In the soil moisture series there was 
thus an inverse relation between vigor and mildew. With beans in nutri
ent solutions ranging from 0.25 to 4 times the concentration of nutrients 
in standard Hoagland solution, the green weight of healthy plants in
creased with 0.25 to 1 times Hoagland solution. Mildew severity, on the 
other hand, increased fairly uniformly through 0.25, 0.5, 1, 2, and 4 
times Hoagland solution. Here there was a positive correlation of mildew 
and host vigor as the nutrient concentration increased from 0.25 to 1 
times Hoagland solution, and a negative correlation as the nutrient con
centration increased from 1 to 4 times Hoagland solution. 

Recent champions (Howard, 1940; and Bromfield, 1948) of the idea 
that plants fertilized with manures and composts tend to resist disease 
have attracted many followers among nonprofessional gardeners, but 
less support from professional agriculturists. Their ideas can be classified 
here under host vigor, as there is no doubt that composts and manures 
promote vigorous plant growth. Sir Albert Howard is a true predisposi-
tionist when he writes: "Insects and fungi are not the real cause of plant 
diseases but only attack unsuitable varieties or crops imperfectly grown." 
Since he reports no inoculations with any pathogen, it is difficult to 
assail his evidence. Most plant pathologists apparently consider it below 
their dignity to answer these preposterous claims, but Wager (1945) 
has performed a real service in experimentally exploring the relation of 
compost to disease. He showed that tomatoes grown with chemical 
fertilizers in one case and with 20 tons per acre of compost in another 
were about equally infected with and damaged by Pseudomonas solan-
acearum and Heterodera marioni. 

A clear relation of host vigor to disease has been demonstrated with 
detached leaves, but the relation of this to field severity of disease is not 
so clear. Detached leaves decrease in dry weight when floated on water 
in the dark, but may increase in dry weight and longevity on adequate 
concentrations of sucrose or other sugars (Yarwood, 1934, 1946). Sus-
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ceptibility of clover leaflets to the obligate parasites Erysiphe and 
Uromyces was favored by high concentrations of sucrose, whereas infec
tion with the facultative saprophytes Colletotrichum and Macrosporium 
was favored by water or by low concentrations of sucrose. 

Sugar content of tissues may be involved in the effects of senescence, 
light, and growth substances on infection with Botrytis. Botrytis cinerea 
commonly attacks senescent tissue, where the sugar content is presum
ably low (Baker, 1946). Botrytis infection sets in earlier on cabbage 
leaves kept in darkness, than on cabbage leaves kept in light (Suchoru-
kov, 1957). Direct addition of sucrose to the substrate of detached broad 
bean leaves reduced the size but not the number of Botrytis lesions 
(Yarwood, 1958). The sugar content of healthy tissue of diseased grapes 
was greater than that of healthy grapes (Nelson, 1951). Phenoxy acids 
reduced the size but not the number of Botrytis lesions on broad bean 
(Crowdy and Wain, 1950). In trials by Mostafa and Gayed (1956) , 
2,4-D reduced the sugar content of broad bean leaves and reduced the 
area of Botrytis infection per leaf, but the separate effects of 2,4-D on 
numbers and size of lesions is not stated. Since growth substances such 
as maleic hydrazide and 2,4-D have profound effects on the sugar con
tent of tissues (Naylor, 1951; Mostafa and Gayed, 1956), the effects of 
these chemicals on sugar content may explain in part their effects on 
disease (Horsfall and Dimond, 1957), but such an interpretation seems 
difficult to reconcile with more direct effects of sugar on Botrytis 
infection. 

With viruses as a group, the interrelation of sugar content of tissues, 
vigor, and susceptibility is also not clear, although very striking effects 
have been demonstrated. Panzer (1957a) and Yarwood (1952a) indicate 
a negative relation of sucrose concentration of the substrate to the 
formation of local lesions of tobacco mosaic on bean under certain con
ditions, but Leben and Fulton (1951) indicate that sucrose in the sub
strate favored lesion formation by tobacco ring spot virus on cowpea. 
Yarwood (1952a) has suggested that low carbohydrate level of the leaves 
might favor infection in virus-host combinations when necrosis results 
but that the reverse might apply to infections where no necrosis results. 
Here, as with Botrytis infections, numbers and size of lesions may be 
differently affected by the same treatment and this may account for the 
apparent disagreement between investigators. High carbohydrate level 
clearly decreases the size of the lesions but may simultaneously increase 
the number of lesions. (Yarwood, 1952a). The effect is further compli
cated by the reduced humidity around leaves in closed chambers when 
sucrose solution is used rather than water, since it has been shown (Yar
wood, 1955) that reduced humidity favors virus infection. Further, there 



PREDISPOSITION 541 

is an apparent contradiction, as far as the carbohydrate interpretation 
is concerned, in the increased infection following preinoculation dark 
treatments resulting in low carbohydrate levels and the increased infec
tion from afternoon inoculations when the carbohydrate level is highest 
(see light and diurnal effects above). The difficulties of reconciling the 
contrasting effects of sugar infiltration of leaves, preinoculation darken
ing of leaves, preinoculation heating of leaves, diurnal periodicity of 
susceptibility of leaves, season of growth, age of leaves, blocking of 
stomata, 2,4-D treatment of leaves, and water content of leaves, with 
the carbohydrate interpretation of the susceptibility of beans to tobacco 
necrosis virus are discussed by Wiltshire (1957) . 

Changes in turgor of cells are undoubtedly related to vigor. Reduced 
turgor could result from reduced water content of tissues, from high 
osmotic pressure of external solutions, from prior infection, and from 
other causes. Reduced turgor is reported to increase susceptibility of 
Eucharis to Botrytis (Brown and Harvey, 1927) of poplar to Dothichiza 
(Butin, 1957), of wheat to Erysiphe (Riviera, 1924), and to increase or 
decrease susceptibility of beans to tobacco mosaic virus and tobacco 
necrosis virus (Yarwood, 1955). In the latter example, wilting of leaves 
before inoculation increased infection if the water deficit was 0 to 15% 
of the original green weight of the leaves, but decreased infection if the 
water deficit were greater than this. Wilting of the leaves after inocula
tion, on the other hand, always increased infection. From these experi
ments it would seem that the major effect of wilting was to increase the 
internal susceptibility of the tissue. The reduced susceptibility from 
severe wilting before inoculation could have been because flaccid cells 
were less easily punctured by the inoculation procedure. 

H. Grafting Predisposition 

It is generally believed that the two components of a graft retain their 
specific susceptibilities to plant pathogens indefinitely after union 
(Leach, 1929; Scheffer, 1957), although the over-all gross response of 
the resulting plant may be changed (Bennett and Costa, 1949). In some 
cases, however, the vigor and growth of the scion may be reduced as a 
result of grafting, and this may reduce disposition to disease. Gaumann 
(1950) gives as examples Gymnosporangium of pear on quince root and 
Cladosiporium of tomato on Datura roots. Another special case is that 
of buckskin virus on sweet cherry. Here Rawlins and Parker (1934) have 
shown that Mahaleb rootstock in some way causes the sweet cherry to 
escape or resist natural infection. Even one Prunus avium root appar
ently confers susceptibility on a tree. 
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I. Prior Infection 

A fungus or virus may predispose tissue to itself or to other pathogens. 
A classic interpretation of the pathology of Monilinia and Sclerotinia is 
that these fungi release pectic enzymes which diffuse ahead of the 
fungus and predispose the tissue for further advance of the same fungus 
(Valleau et al, 1933; Brown, 1936). Dothichiza on poplar may predis
pose tissue to itself by release of toxins (Butin, 1957). 

Cases where infection with one pathogen may predispose to infection 
by a nonrelated pathogen are: Peronospora to bacteria in cabbage (Fel-
ton and Walker, 1946); Uncinula to Botrytis on grape (Boubals et al, 
1955); Taphrina to Monilinia on peach (Mix, 1930); Taphrina to 
Sphaerotheca on peach (Yarwood, 1939); Uromyces to Erysiphe on bean 
(Yarwood, 1957); Tilletia to Uromyces, Fusarium, and Helminthosporium 
on wheat (Fischer and Holton, 1957); Phytophthora to Fusarium on 
potato (Gaumann, 1950); Rotylenchus to Fusarium on cotton (Neal, 
1954; Martin et al, 1956); Thomasiniana to Leptosphaeria, Fusarium, 
and Didymella on raspberries (Pitcher and Webb, 1949); and Uromyces 
to tobacco mosaic virus on bean (Yarwood, 1951a). 

Prior infection may also reduce infection with a later pathogen. Ex
amples are: Phytophthora following viruses X and Y in potato (Miiller 
and Monro, 1951); cucumber mosaic virus following Erysiphe on cucum
ber (Blumer et al, 1955); Erysiphe following Tilletia on wheat (Sempio, 
1938); Uromyces following Uromyces on bean (Yarwood, 1954a); 
aucuba mosaic virus following tobacco mosaic virus on tobacco (Kunkel, 
1934); and Rhizobium following Rhizobium on legumes (Fred et al, 
1932). The phenomenon of acquired immunity or cross protection, a 
special case of predisposition best documented with viruses, will be 
treated in more detail in another section of this volume. 

J . Predisposition and Nonparasitic Diseases 

Predisposition to physiologic diseases is basically similar to pre
disposition to parasitic diseases. Any treatment which alters the basic 
physiology of the plant may influence its response to some injurious 
influence. Recorded examples are: growing plants in shade predisposes 
them to sun injury (Hartig, 1894); low potassium predisposes potato 
tubers to wound injury (Boyd and White, 1956); high soil moisture 
predisposes plants to smog damage (Koritz and Went, 1953); rust 
infection (Yarwood and Middleton, 1954) (Fig. 3) and zineb applica
tions (Kendrick et al, 1954) protect against smog damage; rust infection 
increases winter killing (Chester, 1946); and high soil moisture, growth 
at high temperature, rapid growth, low potassium, and narcosis predis-
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pose plants to frost damage (Levitt, 1941). Kerling (1952) reports that 
plants grown under sterile conditions suffered little from frost or Botrytis 
alone, but a combination of the two proved lethal. 

There is a diurnal periodicity in the tolerance of plants to heat 
(Laude, 1939; Van Arsdel et al, 1956; Yarwood, 1958) and presumably 
also to cold, since heat and cold resistance are correlated (Coffman, 
1957). 

FIG. 3. Effect of rust infection on susceptibility of beans to smog injury. Plant 
on right was inoculated with Uromyces phaseoli February 27. Both were equally 
exposed to artificial smog for 8 hours on March 3. Photographed March 4. The 
rust infection protected the plant on the right from smog damage. From studies of 
Yarwood and Middleton (1954). 

III . IMPLICATIONS AND DISCUSSION 

A. Interpretation of Effects 

It is always desirable to refer effects to basic causes, otherwise much 
information consists of empirical observations and correlations, and is 
less well understood. Copper treatment of cut potatoes is followed by 
growth of Penicillium and other fungi on the cut potatoes, and later by 
seed piece decay (Dillon Weston and Taylor, 1944). Control seed pieces 
showed much less growth of fungi and much less seed piece decay. It is 
reasonably certain that the copper did not directly stimulate the growth 
of the fungi or directly cause seed piece decay. It is believed that the 
copper prevented the normal periderm formation and suberization of 
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the cut tubers, that in the absence of normal suberization the nutrients 
in the potato stimulated the growth of fungi naturally present, and that 
these fungi invaded the seed pieces and caused their decay. Even this 
apparently logical interpretation is probably inadequate. Dillon Weston 
and Taylor believed that the fungus growth was greater than could be 
explained by the phytotoxic action of the copper and the prevention 
of suberization. It is likely that in the future the basic cause of this 
copper effect will be explained still further, and perhaps we may learn 
that copper favors seed piece decay by suppressing certain enzymes 
necessary for suberization and periderm formation, or that these 
processes are at least partially independent. 

Similarly when preinoculation darkening of plants favors virus infec
tion (Samuel and Bald, 1933; Bawden and Roberts, 1948), it is believed 
that the treatment exerted its influence through some secondary effect 
of the light. Increased nitrogen as a result of darkening of the plants 
has been correlated with the increased susceptibility (Watson, 1953) 
but it is probable that the basic interpretation of the effect of preinocula
tion darkening is more complex. 

The effects of defoliation, light, growth substances, boron, and sugar 
on fungus disease development have been nicely integrated by Horsfall 
and Dimond (1957) . Here the key to the interpretation is the sugar con
tent of the tissues, and defoliation, light, growth substances, and boron 
are interpreted in terms of their effects on the sugar content of the 
tissues. 

The increase in susceptibility of wheat to rust which is induced 
independently by DDT, maleic hydrazide, zinc, manganese, and cobalt, 
and by detachment of leaves (Forsyth, 1957a, b ) , may be all due to the 
same basic cause, such as increased amino acids or sugars. 

Slow growth (Townsend, 1939) and low soil moisture (Yarwood, 
1949) are reported to predispose beans to powdery mildew. Low soil 
moisture is a major cause of slow growth. Certainly the effect of soil 
moisture on bean mildew must be an indirect one, as the mildew fungus 
is well removed from the soil, whereas slow growth is specifically mani
fest in the leaves where the pathogen develops. Likely, other causes of 
poor growth, such as certain types of killing of roots, are, from the point 
of view of the leaves, similar to low soil moisture in their effect on leaf 
growth and can be expected to increase susceptibility to powdery mil
dew. It seems plausible, therefore, that slow growth is a more direct 
predisposing factor for mildew susceptibility than is low soil moisture. 
But, if true, this has only pushed back primary causes one step further. 
It is obviously the condition in the leaf epidermal cells which is the 
direct determining factor in mildew susceptibility, and this, as a cause 
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of mildew susceptibility, is largely unknown, although osmotic pressure 
in the epidermal cells has been suggested as a primary factor. 

The increased susceptibility of plants to infection as a result of frost, 
heat, narcotization, and mechanical injury (see above) may be basically 
similar in that any of a variety of injuries would have produced the 
same effect. The more basic cause of the increased susceptibility might 
be prevention of suberization, release of nutrients, or a variety of reasons. 
The multiplicity of empirical treatments which will produce changes 
in disease resistance, is likely much greater than the basic causes of 
the changes. 

While it is desirable to refer known changes in susceptibility to 
basic causes, this is usually impossible now. In this discussion, most of 
the responses reported must be referred to the treatments with which 
they are associated. Much more library work of the type of Horsfall and 
Dimond (1957) , and even more of laboratory work, will be necessary 
before even the present knowledge of predisposition can be properly 
integrated. The basic causes of predisposition are many, and in many 
cases are probably the same as the chemical bases of genetic suscepti
bility and resistance, and like them, are largely unknown. 

B . Uses in Disease Control 

All knowledge of factors affecting the incidence of disease, including 
predisposition, has potential value in disease control. At present, how
ever, exclusion, eradication, protection, therapy, and genetic immuniza
tion, mainly directed at the pathogen, constitute the major methods of 
disease control. Predisposition, directed at the host, plays little part at 
present, and without further basic advances in knowledge, is not likely 
to play an important part in the near future. Among the few cases where 
predisposition may be a factor in present disease control are: control of 
Rhizopus rot of sweet potatoes by avoidance of bruises on the harvested 
crop (Walker, 1950); control of Fusarium wilt in wilt resistant varieties 
of cotton by control of the nematodes (Martin et al., 1956); control of 
fire blight of pears by reduced nitrogen fertilization (Anderson, 1956); 
control of southern Sclerotium rot of sugar beet by increased nitrogen 
fertilization (Leach and Davey, 1942); control of cherry buckskin virus 
by grafting sweet cherries on Mahaleb rootstocks (Rawlins and Parker, 
1934); and control of smog damage by zineb sprays (Kendrick et al, 
1954). 

Most crops, during the course of their life cycle, are in potential 
danger of being destroyed by any one of several diseases. Yet disastrous 
epidemics, even in the absence of disease control, are relatively rare. For 
most successful crops the relatively low incidence of specific diseases is 
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usually because of the scarcity of the pathogen. If the pathogen is abun
dant, scarcity of disease is usually because the environment has been 
unfavorable for infection. Rarely is low incidence of disease caused by 
physiologic resistance of the host. 

It is a disturbing commentary on our knowledge of plant pathology 
that most known cases of predisposition, especially those involving treat
ments which offer promise of increased crop productivity, usually result 
in increases in susceptibility. The many hopes in the past of growing 
plants in such a way that they will resist disease, have mostly proved 
illusory. 

Most recorded predisposing treatments have increased the suscepti
bility of plants which were genetically somewhat resistant. There are 
fewer cases where predisposing treatments have greatly increased re
sistance of plants which were genetically rather susceptible, yet these 
are what is needed in order to apply predisposition to control. 

C. Predisposition and Disease Type 

The known degree of predisposition varies with different types of 
pathogens. With wound pathogens and with nonobligate parasites, the 
potential predisposition is believed greater than with pathogens which 
enter without wounds and with obligate parasites, but the evidence is 
not clear. Hiley (1919) and Hubert (1931) believe that whether one is 
a pathogenetist or a predispositionist depends on the type of parasite 
one is working with. Students of the pathology of Dasyscypha will-
kommii, Sclerotinia sclerotiorum, Botrytis cinerea, or Colletotrichum 
lindemuthianum would presumably be predispositionists. With Dasy
scypha on larch (Hiley, 1919), the facultatively parasitic fungus is 
normally present; whether it becomes pathogenic or not depends on 
wounds and on the vigor of the tree. With Sclerotinia and Botrytis on 
apricot (Smith, 1931; Yarwood, 1948), one or the other of these fungi 
are normally present on the blossoms, and whether or not jacket rot 
results depends on weather conditions, which in turn are believed to act 
both on the susceptibility of the host and directly on the growth of the 
pathogen. The presence of a senescent receptacle is believed essential 
for fruit infection. The greatest quantitative increase in infection due 
to heat predisposition as shown in studies made by the writer is with 
the facultative saprophyte Colletotrichum on bean (Yarwood, 1956b). 
Treating leaves for 10 seconds at 50° C. before inoculation increased the 
number of lesions elevenfold in one test, which increase was greater 
than with any other of 2 rust fungi, 1 powdery mildew fungus, and 4 
viruses tested. 



PREDISPOSITION 547 

A student of the rusts or downy mildews would likely be a patho-
genetist, since the presence of these fungi usually denotes disease, which 
disease is less likely to be affected by the predisposition of the host than 
in the previous examples. 

The most striking cases of predisposition are with viruses. Viruses 
are regarded as obligate parasites, and unique among the obligate 
parasites of higher plants, viruses are also wound parasites. The great 
response of viruses to predisposing treatments applied to the host is 
more likely because of their characteristic of wound entry than because 
they are obligate parasites, since the obligately parasitic downy mildews, 
powdery mildews, and rusts show no greater response to predisposing 
treatments than do the nonobligate parasitic fungi and bacteria. The 
wounding required for entry of viruses may itself function as a predis
posing treatment but it is difficult to separate the entry function of the 
wound from the changed susceptibility as a result of wounding. It is 
clear, however, that the entry of virus into the lumen of cells, where it is 
known to later reach a high concentration, is not enough to bring about 
virus multiplication or disease development. The many attempts to 
inoculate with plant viruses by injecting the virus into individual cells, 
when it is known that many thousands or even millions of virus particles 
are introduced, have been mostly unsuccessful, although it is reliably 
believed that plant virus lesions normally originate from one particle. 
It therefore seems likely that the success in bringing about infection by 
rubbing leaves with virus plus abrasive is due to accidentally placing 
the virus at a specifically favorable site for multiplication in the cells, 
or to an effect of the rubbing in predisposing the cells to susceptibility, 
or both. While there is no conclusive evidence on these points, I favor 
the view that rubbing predisposes the cells to infection. Two items which 
may support this are the pressure effect and the extra-rubbing effect. 
When bean leaves are pressed dry before inoculation (Yarwood, 1953), 
it seems likely that no, or few, wounds which would favor entry of virus 
are made in the outer cell wall, yet such pressed leaves yield more 
lesions when later inoculated by rubbing than do unpressed leaves. This 
pressure is regarded as a predisposing treatment, and since ordinary 
inoculation by rubbing is necessarily done with slight manual pressure, 
it seems that pressure must function as a predisposing treatment in 
ordinary inoculations. Could it be that rubbing with abrasive removes 
the cuticle in places, that where the cuticle is removed the plasmo-
desmata are exposed, that the pressure of rubbing forces cell sap to the 
surface through the plasmodesmata, that the cell sap mixes with the 
virus inoculum, that when the pressure is released the virus is drawn 
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into the cells through the plasmodesmata, and the virus on the surface 
of the plasma membrane of the relatively uninjured cell is in a position 
to increase and bring about infection? 

Rubbing bean leaves with a wet brush without virus for one or more 
strokes before or after rubbing inoculation decreases infection (Yar
wood, 1955). It is hard to imagine how this rubbing could have greatly 
reduced the virus in the cells; therefore, it appears that the extra-rubbing 
reduced the susceptibility of the cells. In one situation I am suggesting 
that rubbing increased susceptibility, and in another that rubbing de
creased susceptibility. This apparent inconsistency might be reconciled 
by the observed rapid change in the susceptibility of cells after wound
ing (see treatment of wounding above) first toward greater resistance, 
then toward greater susceptibility, and then toward greater resistance 
again. 

Other causes of predisposition for virus infections which are not 
known to apply to fungus infections are the increased susceptibility due 
to phosphate and sulfite in the inoculum, the increased susceptibility 
due to diurnal changes in the susceptibility of the host, and the in
creased or decreased susceptibility due to wilting. These and other 
predisposing treatments mentioned above, may be related. It is interest
ing that wounding, keeping plants in darkness, and high temperature 
favor protein hydrolysis and favor susceptibility to viruses, but there is 
no good reason to believe there is a causal relation in this correlation. 

D. Genetic Susceptibility and Predisposition 

It is desirable to consider that genetic susceptibility and resistance 
have their counterparts in physiologic susceptibility and resistance, here 
called predisposition. In other words, genetic susceptibility and sus
ceptibility due to predisposition may be due to the same chemical or 
physiological cause. Of course, there may be several biochemical bases 
for predisposition in the same species or variety, and the likelihood of 
the case of genetic and the case of physiologic susceptibility chosen 
being due to the same cause in a given study is rather remote. There are 
not enough cases where the chemical nature of genetic resistance and 
the chemical nature of physiologic resistance are known, to explore the 
above hypothesis. A semi-hypothetical case will be used. The presence 
of protocatechuic acid and catechol in the dead outer scales of colored 
and smudge-resistant onions (Walker, 1950) is one of the few cases 
where genetic resistance is known to be due to a specific chemical. The 
degree of resistance of these varieties, however, varies greatly in different 
years (Hatfield et al, 1948) and it appears highly suggestive that the 
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year-to-year variation in resistance of the colored varieties is greater 
than of the white varieties. It seems safe to predict that the amount of 
protocatechuic acid in onions may be greatly influenced by treatments 
applied to the growing crop. If so, we would have here a case where 
genetic and physiologic resistance and susceptibility could have the same 
biochemical basis. 

Similarly, high or low acidity of host cells, thickness and toughness 
of cuticle, reaction of cells by sudden necrosis which thereby restricts 
the pathogen, and formation of tyloses, could determine resistance and 
susceptibility, and could be conditioned by genetic and/or physiologic 
causes. 

Disease resistance is much commoner than disease susceptibility in 
that most plant species are resistant to most species of plant pathogens. 
On the other hand, disease resistance is a less stable property of plants 
than is disease susceptibility in that there are more examples where 
resistant plants have been predisposed toward susceptibility, than where 
susceptible plants have been predisposed toward resistance. There 
are many cases of successful artificial inoculation of plants with 
pathogens which have not been found associated with these plants 
in nature. This could be because pathogen and host did not come 
into effective contact in nature, or because field observations have 
not been sufficiently intensive, but predisposition probably plays a 
large part. Many studies of host ranges of pathogens and of disease 
susceptibility are performed in glasshouses, and growing plants in 
glasshouses certainly increases the susceptibility of plants to many 
diseases. It is true that most foliage diseases, except powdery mil
dews, do not naturally occur in greenhouses, but this is because most 
foliage fungi require free moisture for germination and penetration, 
and glasshouses by their nature protect plants from rain and dew. 
When such glasshouse-grown plants are inoculated and appropriately 
incubated in a moist chamber for a few hours, they are usually more 
heavily infected than are comparable plants grown out of doors. 

Just what are the principal predisposing features of glasshouse cul
ture may not be known but reduced light and higher temperature are 
certainly involved. Also important is the fact that glasshouse plants are 
usually more liberally watered, fertilized, and cared for than are plants 
outdoors. The succulence resulting from glasshouse culture provides a 
favorable substrate for many pathogens. While different species of 
pathogens differ enormously in most characters, they are mostly similar 
in that to be successful they must enter and move through their hosts 
by mechanical pressure. Any character such as succulence which reduces 
normal mechanical resistance to pathogens is likely to favor disease. 
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Ε. Use in Further Studies 

A "practical" use of predisposition in the future will certainly be in 
further studies of disease transmission, host range, epidemiology, etc. 
One of the elementary difficulties in studying disease is that of securing 
abundant artificial transmission. Predisposing treatments of the host 
may be helpful. For example, the symptoms of epidemic wildfire of 
tobacco, caused by Pseudomonas tabaci, could not be reproduced at will 
till Clayton (1936) demonstrated the important role of water soaking 
before inoculation in the development of this disease. Shading of plants 
before inoculation (Samuel and Bald, 1933; Bawden and Roberts, 1948), 
addition of phosphate to the inoculum (Thornberry, 1935; Yarwood, 
1952b), and heating of plants before inoculation (Yarwood, 1956b) have 
been useful in the transmission of many viruses and are interpreted here 
as predisposition effects. There are still many viruses such as aster yel
lows virus and peach mosaic virus which have not been transmitted 
artificially, and it is hoped that predisposing treatments reported here 
and others as yet undiscovered will be useful. 

When certain insects and bacteria are subjected to appropriate 
stimuli, viruses not previously demonstrable may become manifest and 
continue to be manifest in succeeding generations of the insects and 
bacteria long after the stimulus is removed. It is commonly believed 
that these insects and bacteria were carrying latent infections, and that 
the stimuli applied caused the infection to become active. It might be 
said that the stimuli disposed infected, but nondiseased, individuals to 
become diseased. No such phenomenon is recognized in higher plants 
but such cases are likely to be found in the future. Virus-infected plants 
may show symptoms in one environment but not in another, but in most 
of these cases the plants without symptoms will yield infective inoculum. 
Fruit trees may carry several viruses without showing symptoms. It seems 
likely that if appropriate stimuli were applied, specific symptoms would 
be manifested. When certain strains of peach ring spot virus, which are 
commonly latent in fruit trees, are transferred to beans, they normally 
cause no symptoms in the inoculated leaves, but if the inoculated leaves 
are heated at 50° C. for about 30 seconds for 2 to 11 days after inocula
tion, lesions may become apparent a few days later. This duration and 
temperature of heat treatment are approximately the same as those 
which are effective in predisposing beans to several viruses (Yarwood, 
1956b). Therefore, in some cases at least the same heat treatment may 
increase the invasiveness of the pathogen if applied before or after 
infection. That this is not a general rule, however, is apparent from 
studies with the bean rust fungus, where 30 seconds at 45° C. before 
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inoculation increased infection of the heated leaves, whereas only slightly 
mor,e time at 45° after infection was therapeutic. 

The principal utility of predisposition in the near future will be as 
an aid in working with and understanding disease. Use of predisposition 
in disease control lies farther ahead. 
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