
Parasitism audi 
Disease 
Development 

T H E PATHOGENS that attack plants b e l o ng to the same groups of or
ganisms (fungi, bacteria, viruses, nematodes) that include the patho
gens that cause diseases in humans and animals. With the exception of 
some insect-transmitted plant viruses, however, which cause d iseases 
in both their host plants and their insect vectors, none of the pathogen 
species that attack plants can affect humans or animals. Plants are 
moreover attacked by a number of other plants. 

Infectious d iseases are those that result from infection of a plant by 
a pathogen. T h e y are characterized by the ability of the pathogen to 
grow and multiply rapidly on d i s e a s ed plants and also by its ability to 
spread from d i s e a s ed to healthy plants and, thereby, to cause ne w 
diseases. 

Parasitism and Pathogenicity 

Whe n an organism lives on or in some other organism and obtains 
its food from the latter, then it is a parasite. T h e relationship between 
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2. PARASITISM AND DISEASE DEVELOPMENT 

a parasite and its host is called parasitism. A plant parasite is an orga
nism that b e c o m es intimately associated with a plant and multiplies or 
grows at the expense of the plant. T h e removal by the parasite of nu
trients and water from the host plant usually leads to r educed effi
ciency in the normal growth of the plant and b e c o m es detrimental to 
its further development and reproduction. Thus, in many cases, para
sitism is intimately associated with pathogenicity, since the ability of 
the parasite to invade and b e c o me establ ished in the host generally 
results in the development of a d i s e a s ed condition in the host. 

In some cases of parasitism, as with the root nodule bacteria of leg
u me plants, both the plant and the microorganism are beneficial to the 
other's development, and this phenomenon is known as symbiosis. 

In most plant diseases, however, parasitism alone cannot explain 
the amount of d a m a ge caused to plants, since this is often much 
greater than would b e expected from the mere removal of nutrients by 
the parasite. This additional d a m a ge results from substances secreted 
by the parasite or produced by the host in response to stimuli originat
ing in the parasite. T i s s u es affected by such substances may show in
creased respiration, disintegration or collapse of cells, wilting, abscis
sion, abnormal cell division and enlargement, degeneration of specific 
components such as chlorophyll, and other conditions which in them
selves do not s e em directly to improve the welfare of the parasite. It 
would appear then that the degree of pathogenicity exhibited by a 
parasite is not always porportional to the nutritional affiliation of the 
parasite and its host. Pathogenicity may b e more properly considered 
as the interference of the parasite with one or more of the essential 
functions of the plant, with parasitism playing, frequently, an impor
tant, but not always the most important, role. 

Of the large number of groups of living organisms, only a few mem
bers of a few groups can parasitize plants: fungi, bacteria, and parasitic 
higher plants (all three be longing to the plant kingdom), nematodes 
(of the animal kingdom), and viruses. T h e se parasites to b e successful 
must be able to invade a host plant, fee d and proliferate in it, and 
withstand the conditions in which the host lives. S o me parasites, in
cluding viruses, nematodes, and, of the fungi, those causing downy 
mildews, powdery mildews, and rusts, can grow and reproduce only 
on living hosts, and they are called obligate parasites. Other parasites 
(most fungi, bacteria) can live on either living or d e ad hosts and are, 
therefore, called nonobligate parasites. S o me nonobligate parasites 
live most of the time or most of their life cycles as parasites but, under 
certain conditions, may grow saprophytically on dead organic matter 
(facultative saprophytes), whereas others live most of the time and 
thrive well on d e ad organic matter but, under certain circumstances, 
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Host Range of Pathogens 

may attack living plants and may b e c o me parasitic (facultative 
parasites). T h e r e is usually no correlation b e t w e en the d e g r ee of para
sitism of a pathogen and the severity of d i s e a se it can cause, since 
many diseases c a u s ed by weakly parasitic pathogens are much more 
damaging to the plant than others c a u s ed even by obligate parasites. 
Moreover, certain fungi, e.g., those causing sooty molds, can cause 
d isease by growing on the surface of the plant and feeding on insect 
excretions rather than by parasitizing the plant. 

Obligate and nonobligate parasites generally differ in the ways by 
which they attack their host plants and procure their nutrients from 
the host. Many nonobligate parasites secrete enzymes which bring 
about the disintegration of the components of cell walls of plants and 
which alone or with the toxins secreted by the pathogen result in the 
death and degradation of the protoplasm of the cells. T h e invading 
pathogen then utilizes the contents of the cells for its growth. Many 
fungi and bacteria act in this fashion, growing on a nonliving substrate 
within a living plant. This m o de of nutrition is like that of sapro
phytes. On the other hand, all obligate (and some nonobligate) para
sites do not kill cells in advance but get their nutrients either by pene 
trating living cells or by establishing close contiguity with them. T h e 
association of these pathogens with their host cells is a very intimate 
one and results in continuous absorption or diversion of nutrients, 
which would normally b e utilized by the host, into the body of the 
parasite. T h e depletion of nutrients, however, although it restricts the 
growth of the host and results in symptoms, does not always kill the 
host. In the case of obligate parasites death of the host cells restricts 
the further deve lopment of the parasite and may result in its death. 

Parasitism of cultivated crops is a common phenomenon. In North 
America, for example, some 8000 species of fungi cause approximately 
80,000 diseases, and at least 180 species of bacteria, more than 500 
different viruses, and over 500 species of nematodes attack crops. Al
though there are about 2500 species of higher plants parasitic on other 
plants, only a few of them are serious parasites of crop plants. A single 
crop, tomato, is attacked by more than 80 species of fungi, 11 bacteria, 
16 viruses, and several nematodes. This is an average number of dis
eases since corn has 112, wheat 77, and apple and potato each have 
about 200 diseases. 

Host R a n ge of Pathogens 

Pathogens differ with respect to the kinds of plants that they can at
tack; with respect to the organs and tissues that they can infect; and 
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with respect to the age of the same organ or t issue of the same plant on 
which they can grow. S o me pathogens are restricted to a single 
species, others to one genus of plants, while others have a wide host 
range, including many taxonomic groups of higher plants. S o me 
pathogens grow especially on roots, others in the stems, some mainly 
on the leaves or on fleshy fruit or vegetables. S o me pathogens attack 
specifically certain kinds of t issues, e.g., vascular parasites. Others 
may produce different effects on different parts of the same plant. 
In regard to age of plants, some pathogens attack seedl ings or tender 
parts of plants while others attack only mature t issues. 

Obligate parasites are usually very specific as to the kind of host 
they attack, possibly b e c a u se they have evolved in parallel with their 
host and require certain nutrients that are produced only by these 
plants or b e c o me available to the pathogen only in these hosts. Non
obligate parasites may attack many different plants and plant parts of 
varying age, possibly b e c a u se they d e p e nd for their attack on nonspe
cific toxins or enzymes that affect substances or processes found 
widely spread among the plants. S o me nonobligate parasites, howev
er, will produce d isease on only one or a few plant species. In any 
case, the number of plant species presently known to b e susceptible 
to a single pathogen may b e smaller than the actual number in nature 
since only a few species out of thousands have b e e n studied for their 
susceptibility to each pathogen. Furthermore, b e c a u se of genetic 
changes, a pathogen may be able to attack hosts previously immune to 
it. 

Stages in the Development of Disease 

T h e chain of events in the deve lopment of a d isease is called the 
d isease cycle and includes inoculation, penetration, infection, incuba
tion period, invasion of the host, reproduction of the pathogen, dis
semination of pathogen, and overwintering of the pathogen. 

Inoculation is the process by which pathogens or their reproductive 
units are brought into contact with plants. T h e part of the pathogen 
population that comes in contact with the host plant is called inocu
lum. Plant pathogenic bacteria and viruses are carried to plants as 
such and do not produce any other kind of inoculum. T h e other patho
gens can contact plants directly, but they also produce special kinds of 
reproductive bodies that can serve as inoculum. F u n gi produce 
spores, higher parasitic plants produce seeds, and nematodes produce 
eggs. 
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Stages in the Development of Disease 

Whe n the inoculum is in the form of the reproductive bodies of the 
pathogens, these must first deve lop into their vegetative bodies before 
they can cause infection. F u n g us spores and seeds of parasitic higher 
plants must germinate and nematode eggs must hatch before penetra
tion of the host. Germination is a delicate process, and the s p e e d, 
abundance, and type of germination d e p e n d greatly on certain envi
ronmental conditions, such as moisture, temperature, and sometimes 
special chemical stimuli diffusing from the host. T h e time required for 
spore germination may vary from less than an hour to many hours. 

Penetration is the entrance of the pathogen into the host. It may 
involve penetration through the cuticle alone (e.g., apple scab), pene 
tration into the epidermal cells only (e.g., powdery mildews), or pene 
tration into the epidermal cells or intercellular spaces, from which 
points it progresses into the inner cells or t issues of the host (most 
pathogens). 

Pathogens may enter plants through wounds, through natural open
ings such as stomata, lenticels, and hydathodes, or by penetrating di
rectly through plant surfaces. S o me pathogens can enter in only one of 
the three ways; some can enter in more than one way. Direct penetra
tion of the host surfaces by pathogens can take place either through 
mechanical pressure on the plant surface by the pathogen, or through 
secretion by the pathogen of enzymes or, most commonly, by a combi
nation of pressure and enzymes. T h e latter soften or dissolve the plant 
surface with which they come into contact and create an opening 
through which the pathogen enters. 

Many organisms can penetrate cells of plants which are not suscep
tible to these organisms and which do not b e c o me d i s e a s e d; these 
organisms cannot proceed b e y o nd the stage of penetration and die 
without producing d isease. 

Infection is the process by which the pathogen establishes contact 
with the susceptible cells or t issues of the host and procures its nu
trients from them. For infection to take place the infecting organism 
must b e in a pathogenic stage, the host must b e in a susceptible condi
tion and the environmental conditions must b e favorable. During and 
s u b s e q u e nt to infection, some parasites kill cells and disorganize tis
sues in advance; others obtain their nutrients from living cells, often 
without killing them at all or at least not for a long time. During infec
tion the pathogen re leases in the host a number of biochemically ac
tive substances which may affect the structural integrity of the host 
cells or their physiological processes. In response to these, the host 
reacts with a variety of de fense mechanisms which result in various 
degrees of protection of the plant from the pathogen. T h e develop-
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ment of d isease is the expression of this inner struggle b e t w e en patho
gen and plant. T h e survival or the death of a d i s e a s ed plant are the 
measures of the success or the failure of the defense reactions of the 
plant. 

Incubation period is the time interval b e t w e en infection of a plant 
and appearance of d isease symptoms on the plant. T h e length of the 
incubation period is usually determined by the particular pathogen-
host combination and the environment. For most d iseases, especially 
those of annual plants, the duration of the incubation period varies 
from a few days to a few weeks. In other d iseases, especially virus dis
eases of trees, the incubation period may b e from a few months to 
several years. 

Invasion refers to the later stages of infection during which the 
pathogen spreads more or less extensively into the t issues of the host. 
Invasion follows the establishment of infection and is the result of 
growth or reproduction of the pathogen, but its extent varies greatly 
with the pathogen. S o me pathogens are l imited in their invasion to the 
subcuticular area (e.g., Venturia inaequalis), others are restricted to 
particular plant tissues such as the epidermal cells (e.g., powdery 
mildews) or to vascular bundles (e.g., fungal and bacterial vascular 
parasites). Still others spread into all the t issues of certain plant organs 
(leaves, stems, roots, etc.). T h e mycel ium of most fungi invades tis
sues intercellularly (between cells) or intracellularly (within cells). 
Bacteria usually invade tissues intercellularly. Most nematodes in
vade tissues intercellularly, but some can invade intracellularly as 
well. Viruses invade tissues by moving from cell to cell intracellu
larly. Although some fungi and some bacteria may spread throughout 
their hosts and may thus cause systemic infections, only in the sys
temic infections caused by viruses does the pathogen invade nearly 
every cell of the infected plant. 

Reproduction of the pathogen. Once the pathogen has establ ished 
contact with the host cells and obtains nutrients from them, the patho
gen increases in size and/or numbers. Plant pathogens reproduce very 
fast and in extremely great numbers. Bacteria and viruses multiply to 
produce a large number of individuals, all of similar size. Bacteria 
multiply by fission, i.e., one bacterium divides into two bacteria; theo
retically, under optimum conditions, one bacterium can reproduce in 
20-30 minutes, so that in 10 hours it can produce about a million bac
teria. Viruses multiply by replication or duplication, i.e., each virus 
produces exact replicas of itself with the help of the plant cell, and 
viruses reproduce at least as fast as bacteria. F u n g us pathogens pro
duce a variable amount of mycel ium (fungal body) which later may 
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produce some kind of spores (sexually or asexually). F u n gi are also 
prolific, since one d i s e a s ed kernel of wheat may contain as many as 10 
million spores of a fungus pathogen. Reproduction of parasitic higher 
plants is by s e e ds and is similar to that of other plants. N e m a t o d es re
produce by means of eggs, each female producing an average of 300 
eggs. Since nematodes have three or more generations per growth 
season, many hundreds of thousands of nematodes may b e produced 
from one nematode in one season. 

Dissemination of the pathogen. Only a few kinds of plant pathogens 
have any autonomous movement, and this is usually insignificant. 
Bacteria can swim for a few centimeters perhaps and so can certain 
kinds of fungal spores (zoospores). T h e mycel ium of some fungi can 
grow in the soil for considerable distances (several meters). S o me 
fungi have mechanisms by which their spores are forcibly expelled. 
Nematodes can m o ve on their own, but they se ldom travel more than a 
few feet per season. Viruses and parasitic higher plants as well as most 
spores of fungi are unable to move by themselves. Thus all pathogens 
d e p e nd on agents other than themselves for their dissemination. Such 
disseminating agents are wind, water, insects, man, and other animals. 
This pass ive dissemination results in waste of countless numbers of 
pathogens (e.g., spores), which may b e carried to areas where there 
are no plants, or at least no susceptible plants at a vulnerable stage of 
development. T h e ability of the pathogen to reproduce in such astro
nomical numbers, however, more than makes up for the waste. 

Overwintering of the pathogen. On perennial hosts, pathogens 
usually overwinter on or in their hosts in their vegetative form. Since 
many of the plants attacked by pathogens are annuals or deciduous 
and since pathogens cannot live in a vegetative state in the low winter 
temperatures, only those pathogens that have d e v e l o p ed special win
ter-hardy structures or can utilize some other host can survive through 
the winter. Thus, pathogens of annual plants overwinter either on 
other plants serving as winter hosts (viruses, bacteria, fungi), as rest
ing spores on the ground or on d e ad hosts (fungi), as seeds (parasitic 
plants) or eggs (nematodes) in the soil, in or on seeds and in insects 
(viruses, bacteria, fungi). 
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