
C H A P T E R 7 

Effect of 
Environment 
on Development 
of Infectious 
Plant Diseases 

A L T H O U GH all perennial and, in southern areas, many annual plants 
as well as their pathogens are present in the field throughout the year, 
almost all d iseases occur only, or deve lop best, during the warmer part 
of the year. Also, it is common knowledge that most diseases appear 
and develop best during wet, warm days, especial ly after rains, or that 
plants heavily fertilized with nitrogen usually are much more severely 
attacked by some pathogens than are less fertilized plants. T h e se gen
eral examples clearly indicate that the environmental conditions pre
vailing in both air and soil, after contact of a pathogen with its host, 
may greatly affect the deve lopment of the d isease, and frequently they 
determine whether a d isease will occur or not. T h e environmental fac
tors that most seriously affect the initiation and development of infec
tious plant d iseases are temperature, moisture, light, soil nutrients, 
and soil p H. Their effects on d i s e a se may be brought about through 
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their influence either on the growth and/or susceptibility of the host or 
on the multiplication and activity of the pathogen or, finally, on the 
interaction of host and pathogen and its effect on the severity of symp
tom development. 

It is obvious then that, for a d i s e a se to occur and to d e v e l op optimal
ly, a combination of three factors must b e present: susceptible plant, 
infective pathogen, and favorable environment. However, although 
plant susceptibility and pathogen infectivity remain essentially un
changed in the same plant for at least several days, and sometimes for 
weeks or months, the environmental conditions may change more or 
less suddenly and in various degrees. Such changes influence the 
deve lopment of diseases in progress, or the initiation of ne w ones, 
more or less drastically. Of course, a change in any environmental fac
tor may favor the host or the pathogen or both, or it may b e more favor
able to the one than it is to the other, and the expression of d i s e a se 
will b e affected accordingly. Plant diseases generally occur over a 
fairly wide range of the various environmental conditions. Neverthe
less, the extent and frequency of their occurrence, as well as the sever
ity of the disease on individual plants, are influenced by the d e g r ee of 
deviation of each environmental condition from the point at which 
d isease development is optimal. 

Effect of Temperature 

Plants as well as pathogens require certain minimum temperatures 
in order to grow and carry out their activities. T h e low temperatures of 
winter and early spring or late fall are be low the m i n i m um required 
by most pathogens. Therefore, d iseases are not, as a rule, initiated 
during that time and those in progress generally come to a halt. With 
the advent of higher temperatures, however, pathogens b e c o me active 
and, when other conditions are favorable, they can infect plants and 
c a u se disease. Pathogens differ in their preference for higher or lower 
temperatures, and many diseases develop best in areas, seasons, or 
years with cooler temperatures, while others d e v e l op best where and 
when relatively high temperatures prevail. Thus, fungi of the gener a 
Typhula and Fusarium, which cause snow mold of cereals and turf 
grasses, thrive only in cool seasons or cold regions. Also, the late 
blight pathogen Phytophthora infestans is most serious in the north
ern latitudes, whereas in the subtropics it is serious only during the 
winter. On the other hand, most d iseases are favored by high tempera
tures and are l imited to within areas and during seasons in which such 
temperatures are prevalent. Such diseases include the fusarial wilts of 
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several kinds of plants, the brown rot of stone fruits c a u s ed by Sclero-
tinia fructicola, the southern bacterial wilt of solanaceous plants 
caused by Pseudomonas solanacearum, fire blight c a u s ed by the 
bacterium Erwinia amylovora, and the root-knot nematodes 
(Meloidogyne sp.). 

T h e effect of temperature on the deve lopment of a particular dis
ease after infection d e p e n ds on the particular host-pathogen combina
tion and its minimum, optimum, and maximum temperature require
ments for development. T h e most rapid d isease development, i.e., the 
shortest time required for the completion of a d i s e a se cycle, usually 
occurs at temperatures at or near the optimum temperature for the 
deve lopment of the pathogen and at temperatures above or be low the 
optimum for the deve lopment of the host. At temperatures apprecia
bly be low or above the optimum for the pathogen, or at temperatures 
near the optimum for the host, d i s e a se development is slower. Thus, 
for stem rust of wheat, c a u s ed by Puccinia graminis tritici, the time 
required for a d isease cycle (from inoculation with uredospores to 
ne w uredospore formation) varies greatly with the prevail ing temper
ature; this is 22 days at 5°C, 15 days at 10°C, and 5-6 days at 23°C. Sim
ilar time periods for the completion of a d isease cycle are required in 
many other d iseases c a u s ed by fungi, bacteria, and nematodes. Since 
the duration of a d isease cycle determines the number of d i s e a se cy
cles or, approximately, the number of n e w infections in one season, it 
is clear that the effect of temperature on the prevalence of a d isease in 
a given season may b e very great. 

Determining whether a more rapid d i s e a se development at a cer
tain temperature is the result of a favorable effect on the pathogen or 
of an unfavorable effect on the host is not usually easy. It appears, 
however, that if the minimum, optimum, and maximum temperatures 
for the pathogen, the host, and the d isease are the same or closely sim
ilar, the effect of the temperature in d isease deve lopment is, probably, 
primarily through its influence on the pathogen. T h e pathogen, appar
ently, b e c o m es so activated at the optimum temperature that the host, 
even at its optimum growth, cannot contain it. 

In many diseases, the opt imum temperature for d isease develop
ment s e e ms to b e different from those of both the pathogen and the 
host. Thus, in the black root rot of tobacco, c a u s ed by the fungus Thie-
laviopsis basicola, the optimum for d i s e a se is at 17° to 23°C, while that 
for tobacco is 28° to 29°C and for the pathogen is 22° to 28°C. T h e ex
planation for this behavior appears to b e in the fact that neither the 
pathogen nor the host grow well at 17°-23°C, but the host grows so 
much more poorly, and is so much more weaker, than the pathogen 
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that even the w e a k e n ed pathogen can cause maximum disease devel
opment. In the root rots of wheat and maize, c a u s ed by the fungus 
Gibberella zeae, the maximum disease deve lopment on wheat occurs 
at temperatures above the optimum for deve lopment of both the path
ogen and wheat, but on corn, it occurs at temperatures be low the opti
m um for the pathogen and for corn. Considering that wheat grows best 
at low temperatures while corn grows best at high temperatures, it 
would appear that the more severe d a m a ge to wheat at high tempera
tures and to corn at low temperatures is d ue to disproportionate weak
ening of the plants, in relation to the weakening of the pathogen, at 
the unfavorable temperatures. 

T h e effect of temperature on virus d iseases of plants is a great deal 
more unpredictable. Temperature determines not only the ease with 
which plants can b e c o me infected with a virus but also whether or not 
a virus multiplies in the plant and, if it does, whether the symptoms 
produced will be of one kind or another. Many plants b e c o me more 
easily infected by a virus after they have b e e n kept at 36°C, rather than 
the usual 20°C, for one or two days prior to inoculation. T h e severity of 
the d isease, however, may b e much greater or m u ch lower in various 
virus-host combinations if infected plants are kept at a higher temper
ature (e.g., 36°C) than at a lower temperature (e.g., 20°C), or there may 
be no difference at all. T h e incubation period, that is, the interval 
be tween establishment of infection in a plant and the first appearance 
of symptoms, as well as the rate of appearance of symptoms, is also 
affected by temperature, the incubation period usually b e i ng in
creased and the rate of symptom appearance decreased by lower tem
peratures. T h e effect of temperature on the kind of symptoms pro
d u c ed is indicated, for example, by the fact that Nicotiana glutinosa 
tobacco plants infected with tobacco mosaic virus and kept at 20°C 
produce necrotic local lesions, whereas if kept at 36°C they produce 
only a systemic mottling. If the temperature of plants showing mot
tling is changed from 36° to 20°C, the plants col lapse and die within 
one day. T h e effect of temperature on virus multiplication also varies 
with the virus-host combination. In some, e.g., c a b b a ge black ring-
spot, virus concentration and severity of symptoms are greater at 
higher (28°C) than at lower (16°C) temperatures; in others, e.g., 
horseradish mosaic virus, both are greater at 16°C than at 28°C. In 
still others, however, e.g., tomato spotted wilt virus, the most severe 
symptoms are produced at 36°C, at which the virus concentration is 
less than it is at lower temperatures. 

Temperature, probably in combination with sunlight, s e e ms to de
termine the seasonal appearance of symptoms in the various virus dis-
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eases of plants. Viruses producing yellows or leaf-roll symptoms are 
most severe in the summer, while those causing mosaic or ringspot 
symptoms are most pronounced in the spring. N ew growth produced 
during the summer on mosaic- or ringspot-infected plants usually 
shows only mild symptoms or is completely free from symptoms. 

Continuous high temperatures (i.e., 36°C or above) for several days 
or weeks not only reduce symptom deve lopment in most virus dis
eases but, in some of them, they inactivate the virus completely so that 
the plant is cured of the d isease. Usually, the higher the temperature 
the infected plant is e x p o s ed to, the shorter the time required for virus 
inactivation. T h e occurrence of the peach yellows virus mostly in the 
cooler, northern regions of the United States is b e l i e v ed to b e d ue to 
inactivation of the virus at temperatures of 35°C or higher. 

Effect of Moisture 

Moisture, like temperature, influences the initiation and develop
men t of infectious plant d iseases in many interrelated ways. T h e most 
important influence of moisture s e e ms to b e on the germination of 
fungal spores and on the penetration of the host by the germ tube. 
Moisture also activates the bacterial, fungal, and nematode pathogens, 
which may then infect the plant. Moisture, such as splashing rain and 
running water, also plays an important role on the distribution and 
spread of many of these pathogens on the s a me plant or from one plant 
to another. Finally, moisture affects d i s e a se by increasing the succu
lence of host plants, thus considerably increasing their susceptibility 
to certain pathogens. 

T h e occurrence of many d iseases in a particular region is closely 
correlated with the amount and distribution of rainfall within the year. 
Thus, late blight of potato, a p p le scab, downy m i l d ew of grapes, and 
fire blight, are found or are severe only in areas with high rainfall dur
ing the growing season. As a matter of fact, in all these, and other 
d iseases, the rainfall determines not only the severity of the d isease, 
but also whether the d i s e a se will occur at all in a given season. In the 
cases of the fungal d iseases, the effect of moisture is on the germina
tion of spores of fungi, which require a film of water on the t issues in 
order to germinate and, also, on the liberation of spores from the sporo-
phores which, as in apple scab, can occur only in the presence of mois
ture. T h e number of d i s e a se cycles per season of many of these 
d iseases is closely correlated with the number of rainfalls per season, 
particularly of rainfalls that are of sufficient duration to allow estab
lishment of n e w infections. T h us in apple scab, for example, continu-
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ous wetting of the leaves, fruit, etc., for at least 9 hours is required for 
any infection to take place even at the optimum range (18°-23°C) of 
temperature for the pathogen. At lower or higher temperatures the 
minimum wetting period required is higher, i.e., 14 hours at 10°C, 28 
hours at 6°C, and so on. If the wetting period is less than the minimum 
for the particular temperature, the pathogen fails to establish itself in 
the host and to produce disease. 

Most fungal pathogens are d e p e n d e nt on the presence of free mois
ture on the host or of high relative humidity in the atmosphere only 
during germination of their spores and b e c o me independent once 
they can obtain nutrients and water from the host. S o me pathogens, 
however, such as those causing late blight of potato and the downy 
mildews, require at least high relative humidity in the environment 
throughout their development. In these d iseases, the growth and spor-
ulation of the pathogen, and also the production of symptoms, come 
to a halt as soon as dry, hot weather sets in and resume only after a rain 
or after the return of humid weather. 

Though many fungal and most bacterial pathogens of aboveground 
parts of plants require a film of water in order to produce successful 
infections, the spores of some fungi can germinate, penetrate, and 
cause infection even when there is only high relative humidity in the 
atmosphere surrounding the plant. In the powdery mildews, spore 
germination and infection are actually lower in the presence of free 
moisture on the plant surface than they are in its absence and, in some 
of them, the most severe infections take place when the relative hu
midity is rather low (50-70%). In these d iseases, the amount of dis
ease is l imited rather than increased by wet weather. This is also indi
cated by the fact that, throughout the world, the incidence and 
severity of powdery mildews decreases as rainfall increases. 

In many diseases affecting underground parts of plants, such as 
roots, tubers, and young seedl ings —for example in the Pythium 
damping-off of seedl ings and s e ed decays —the severity of the d isease 
is proportional to the soil moisture and is greatest near the saturation 
point. T h e increased moisture s e e ms to affect primarily the pathogen, 
which multiplies, and moves (zoospores in the case of Pythium) best 
in wet soils, but it may also decrease the ability of the host to defend 
itself through reduced availability of oxygen in waterlogged soil and 
by lowering the temperature of such soils. Many other soil fungi, some 
bacteria, and most nematodes usually cause their most severe symp
toms on plants when moisture is moderate to high but considerably 
be low saturation, while yet others such as Streptomyces scabies, 
causing the common scab of potato, are most severe in rather dry 
soils. 
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Most bacterial d iseases, and also many other d iseases of young ten
der t issues, are particularly favored by high moisture or high relative 
humidity. Bacterial pathogens are usually disseminated in water 
drops sp lashed by rain, in rain water moving from the surfaces of in
fected tissues to those of healthy ones, or in free water in the soil. Bac
teria penetrate plants through wounds or natural openings and cause 
infection after they have increased in numbers by multiplication in 
the l iquid m e d i um in which they are carried. Once inside the plant 
t issues, the bacteria multiply faster and are more active during wet 
weather, probably b e c a u se the plants, through increased water ab
sorption and resulting succulence, can provide the high concentra
tions of water that favor bacteria. T h e increased bacterial activity pro
duces greater d a m a ge to t issues, and this d a m a g e, in turn, helps 
re lease greater numbers of bacteria on the plant surface where they 
are available to start more infections if wet weather continues. 

T h e effect of moisture on virus d iseases of plants is primarily 
through its effects on the host plant and on the vectors of the virus. 
Viruses multiply best in young, growing tissues. Since increased 
moisture usually induces the formation of such tissues, there is oppor
tunity for production of more virus and henc e for increased severity of 
the d isease. On the other hand, in many host-virus combinations, 
much more severe symptoms are p r o d u c ed in a host under moisture 
stress than in a host well suppl ied with water. Actually, some virus 
d iseases can b e observed in the field mainly during dry seasons; in 
wet seasons the plants remain symptomless or almost symptomless. 
Virus vectors include insects, nematodes, and fungi. Insects may b e 
influenced in their movement and spread by rain; nematodes and fun
gi, by the moisture content of the soil. T h e movement of insects is 
usually inhibited by rain, while the movement of nematodes and fun
gi, which are soil inhabitants, is usually a ided by increased soil mois
ture. It appears, therefore, that rain would decrease the incidence of 
virus d iseases transmitted by insects, while it would increase the in
c idence of those transmitted by nematodes and fungi in the soil. 

Effect of Light 

Although the effect of light on d isease development, especially 
under natural conditions, is far less than that of temperature or mois
ture, several d iseases are known in which the intensity and/or the 
duration of light may either increase or decrease the susceptibility of 
plants to infection and also the severity of the d isease. 

R e d u c ed light intensity before inoculation usually increases the 
susceptibility of plants to nonobligate parasites, e.g., of lettuce and 
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tomato plants to Botrytis, of tomato to Fusarium, etc., but decreases 
their susceptibility to obligate parasites, e.g., of wheat to the stem rust 
fungus Puccinia. T h e duration of the light and dark periods (i.e., the 
photoperiod) may also have an effect on d isease development, primar
ily through its effect on the host plant. Thus, short day lengths favor 
infection of tomato with Fusarium, but in other d iseases infection may 
b e reduced by either shorter or longer day lengths than the one under 
which the d isease normally occurs in nature. 

Plant pathogens also are sensitive to the intensity and quality of 
light. Full daylight reduces the germination, growth, or sporulation of 
most fungal plant pathogens. Bacteria s e em to b e even more inhibited 
by light than fungi. Many fungi germinate better in light of moderate 
intensity than in complete darkness, although the germination of cer
tain rusts may b e much greater in darkness than in light. It appears, 
therefore, that light may increase or decrease the germination and 
penetration of certain pathogens, d e p e n d i ng on the particular host-
pathogen combination. T h e effect of light on the pathogen after infec
tion has b e e n establ ished is not clear, but in some diseases, e.g., 
wheat stem rust, the pathogen completes its life cycle faster and spor-
ulates more abundantly with increasing light. Also, in flax rust, 
caused by Melampsora lint, the incubation period is twice as long (14 
days) under r educed light than it is (6V2 days) under continuous light, 
while under normal light conditions it is usually 9 days. H ow much of 
the effect of light on incubation period is d ue to the light effect on the 
pathogen or on the host is not clear, however. 

R e d u c ed light intensity generally increases the susceptibility of 
plants to virus infections. Holding plants in the dark for one to two 
days before inoculation increases the number of lesions (i.e., 
infections) appearing after inoculation and this has b e c o me a routine 
procedure in many laboratories. Thus, r e d u c ed light intensity before 
inoculation increases susceptibility of tobacco to spotted wilt virus, to 
tobacco necrosis virus, and to aucuba mosaic virus, of beans to tobacco 
necrosis virus, etc. S o me viruses, e.g., tobacco necrosis virus, tomato 
bushy stunt virus, cause severe d iseases under r e d u c ed light intensi
ties or in the greenhouse in the winter, while under high light intensi
ties or in the summer they cause only mild symptoms. Generally, 
however, darkening affects the sensitivity of plants to virus infection 
only if it precedes inoculation with the virus, but s e e ms to have little 
or no effect on symptom deve lopment if it occurs after inoculation. On 
the other hand, low light intensities following inoculation tend to 
mask the symptoms of s o me diseases, especial ly of mosaics. S o me yel
lows-type diseases, too, e.g., sugar bee t curly top, are much more se-
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vere when the plants grow in normal light than when they are shaded. 
In other host-virus combinations, however, e.g., Gomphrena globosa 
inoculated with potato virus X or with red clover mosaic virus, dark
ness before, after, or both before and after inoculation reduces the 
number of local lesions formed, and the longer the period of darkness 
the fewer the local lesions that are produced. 

Effect of Soil Reaction (pH) 

T h e p H of the soil s e e ms to b e an important factor in the occurrence 
and severity of plant d iseases c a u s ed by certain soil-borne pathogens. 
For example, the clubroot of crucifers, c a u s ed by Plasmodiophora 
brassicae, is most prevalent and severe at about p H 5.7, while its de
velopment drops sharply b e t w e en 5.7 and 6.2, and is completely 
checke d at p H 7.8. On the other hand, the common scab of potato, 
c a u s ed by Streptomyces scabies, can b e severe at a p H range from 5.2 
to 8.0 or above, but its d e v e l o p m e nt drops sharply at p Hs b e l ow 5.2. It 
is obvious that such diseases are most serious in areas whose soil p H 
favors the particular pathogen and that they can b e controlled by in
creasing or decreasing the soil p H, respectively, by adding appropri
ate materials such as l ime and a m m o n i um sulfate. In these, and in 
many other d iseases, the effect of soil acidity (pH) s e e ms to b e princi
pally on the pathogen, although in some, a weakening of the host 
through altered nutrition induced by the soil acidity may affect the 
incidence and severity of the d isease. 

Effect of Host-Plant Nutrition 

Nutrition affects the deve lopment and differentiation of plants, the 
rapidity of growth, the physiological processes of the plant cells and, 
thereby, their state of readiness to defend themselves against patho
genic attack. Abundance of certain nutrients, e.g., nitrogen, may result 
in the production of young, succulent growth and may prolong the 
vegetative period and delay maturity of the plant, making it more sus
ceptible to pathogens that prefer to attack such tissues — and for longer 
periods. Conversely, lack of nitrogen would make plants weaker, 
slower growing, and faster aging and would make them susceptible to 
pathogens that are best able to attack weak, slow growing plants. 
Thus, it is known that high nitrogen fertilization increases the suscep
tibility of pear to fire blight (Erwinia amylovora), of tobacco to wild
fire (Pseudomonas tabaci) and to tobacco mosaic virus, of Chenopo-



170 7. EFFECT OF ENVIRONMENT ON INFECTIOUS DISEASES 

dium to cucumber mosaic virus, of wheat to rust (Puccinia) and to 
powdery mi ldew (Erysiphe), of various plants to Verticillium wilt, etc. 
R e d u c ed nitrogen may also increase the susceptibility of s o me plants 
to certain diseases, e.g., of tomato to Fusarium wilt, of many solana
ceous plants to the Pseudomonas solanacearum wilt, of sugar beets to 
Sclerotium rolfsii, of most seedl ings to Pythium damping-off. 

Although nitrogen nutrition, b e c a u se of its profound effects on 
growth, has b e e n studied the most extensively in relation to d isease 
development, studies with other e lements such as phosphorus, potas
sium, and calcium, have revealed similar relationships b e t w e en levels 
of the particular nutrients and susceptibility or resistance to certain 
diseases. In general, high levels of potassium s e em to reduce infec
tion, e.g., of cereals to rusts and to powdery mildews, of tobacco to 
Pseudomonas tabaci, although they increase infection of tomato by 
Fusarium, and of citrus by Phytophthora. High levels of calcium also 
increase d isease resistance, e.g., of tomato to Fusarium wilt, of peas to 
Rhizoctonia root rot. T h e effect of phosphorus s e e ms to b e more varia
ble, since high levels of phosphorus were shown to increase the resist
ance of many plants to certain pathogens, e.g., of tobacco to Pseudom
onas tabaci, of beets to Phoma, of tomato to Fusarium, but also to 
decrease the resistance of almost as many plants to pathogens, e.g., of 
tobacco and beans to tobacco mosaic virus, of cucumber to cucumber 
mosaic virus, of citrus to Thielaviopsis. Studies on the effects of mi-
cronutrients, such as boron, manganese, and zinc, on d isease develop
ment indicate that they, too, may be important, since they may in
crease infection in some host-pathogen systems and reduce it in 
others. 

It appears that, in general, plants receiving a balanced nutrition, in 
which all required elements are suppl ied in appropriate amounts, are 
more capable of protecting themselves from ne w infections and of 
limiting existing infections than when one or more nutrients are sup
pl ied in excessive or deficient amounts. E v en a balanced nutrition, 
however, may affect the deve lopment of a d i s e a se when the concen
tration of all the nutrients is increased or decreased beyond a certain 
range, as in the case of increased susceptibility of b e an to powdery 
mi ldew (Erysiphe) after application of excessively high concentra
tions of balanced nutrients to bean plants. 

T h e mechanisms by which plant nutrients affect the susceptibility 
of plants to diseases are not known. Explanations advanced to explain 
increased susceptibility of certain plants to d isease, following applica
tion of a particular nutrient, s e em to b e diametrically o p p o s ed to thos x̂ 

explaining increased resistance of the same or other plants to other 
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pathogens. T h e existence of specific food interrelationships in differ
ent host-pathogen systems is quite poss ib le, but little is known yet 
about the nature of such interrelationships. 

The Role of Environmental Factors in Plant Disease Epidemics 

Provided that a large population of susceptible host plants exists 
over a large area and that a virulent pathogen is present throughout or 
in parts of this area, a large-scale e p i d e m ic will most likely d e v e l op 
when: the temperature and moisture are favorable early in the season 
so that an abundant supply of inoculum will b e l iberated and dissemi
nated widely; temperature and moisture are favorable for rapid germi
nation and penetration of the pathogen into the host; temperature, 
moisture, light, and nutrition are favorable for rapid deve lopment and 
abundant sporulation of the pathogen; and these favorable conditions 
are repeated several times during the growing season to secure a max
imum number of life cycles for the pathogen. Fortunately, occurrence 
of the most favorable combinations of conditions for d i s e a se develop
men t is rather infrequent and d i s e a se ep idemics are relatively rare, 
considering that most pathogens are usually present in sufficient 
numbers in the midst of a multitude of more or less susceptible hosts. 

Selected References 

B a w d e n, F. C , a nd B. Kassanis. 1950. S o me effects of host nutrition on the susceptibi l
ity of plants to infection by certain viruses. Ann. Appl. Biol. 37 : 4 6 - 5 7 . 

C h u p p, C. 1928. C l ub root in relation to soil alkalinity. Phytopathology 18: 3 0 1 - 3 0 6 . 
D i c k s o n, J. G. 1923. Inf luence of soil t emperature a nd moisture on the d e v e l o p m e nt of 

s e e d l i ng b l ight of w h e at a nd corn c a u s ed by Gibberella saubinetii. J. Agr. Res. 23 : 
8 3 7 - 8 7 0 . 

Foster, R. E . 1967. Chenopodium amaranticolor nutrition affects c u c u m b er m o s a ic vi
rus infection. Phytopathology 57 : 8 3 8 - 8 4 0 . 

Foster, R. E . , a nd J. C. Walker. 1947. Predisposi t ion of tomato to Fusarium w i l t . /. Agr. 
Res. 74: 165-185 . 

Frazier, N. W., V. Voth, and R. S. Bringhurst. 1965. Inactivation of two strawberry vi
ruses in plants g rowing in a natural h igh-temperature environment. Phytopathol
ogy 55 : 1203-1205 . 

Gal leg ly, Ì . E . , Jr., and J. C. Walker. 1949. Plant nutrition in relation to d i s e a se devel
opment. V . Am. J. Botany 36: 6 1 3 - 6 2 3 . 

H e p t i n g, G. H. 1963. C l i m a te a nd forest d i s e a s e s. Ann. Rev. Phytopathol. 1: 3 1 - 5 0 . 
J o n e s, L. R., J. J o h n s o n, a nd J. G. D i c k s o n. 1926. Wisconsin s tudies u p on the relation of 

soil t e m p e r a t u re to plant d i s e a s e s. Wise. Agr. Expt. Sta. Res. Bull. 7 1 . 
Kassanis, B. 1957. Effect of c h a n g i ng t e m p e r a t u re on plant virus d i s e a s e s. Adv. Virus 

Res. 4: 169-186 . 

171 



172 7. EFFECT OF ENVIRONMENT ON INFECTIOUS DISEASES 

Keitt, G. W., a nd K. L. J o n e s. 1926. Studies of the e p i d e m i o l o gy and control of a p p le 
scab. Wise. Agr. Expt. Sta. Res. Bull. 73 . 

Miller, P. R. 1953. T h e effect of weather on d i s e a s e s. Yearbook Agr. (U.S. Dept. Agr.) p p. 
83-93 . 

Schnathorst, W. C. 1965. Environmental relationships in the p o w d e ry m i l d e w s. Ann. 
Rev. Phytopathol. 3: 343-366 . 

Shaw, L. 1935. Intercellular humidity in relation to fire-blight susceptibi l i ty in a p p le 
and pear. Í.¾.  (Cornell) Agr. Expt. Sta. Mem. 181 : 1-40. 

S t u b b s, R. W. 1967. Influence of l ight intensity on the reactions of wheat and barley 
s e e d l i n gs to Puccinia striiformis. Phytopathology 57 : 6 1 5 - 6 1 7 . 

Walker, J. C. 1965. U se of environmental factors in sc reen ing for d i s e a se resistance. 
Ann. Rev. Phytopathol. 3: 197-208 . 

Wilcoxson, R. D., and S. M. El -Kandelgy. 1966. Effect of light on formation of lesions in 
Gomphrena globosa by re d clover v e in m o s a ic virus. Phytopathology 56 : 364 . 

Yarwood, C. E. 1959. Predisposit ion. In " P l a nt P a t h o l o g y" (J. G. Horsfall and A. E . 
D i m o n d, eds . ), Vol. I, p p. 5 2 1 - 5 6 2 . A c a d e m ic Press, N e w York. 




