Unit 3: Plant disease epidemiology
Disease Triangle and Pyramid 

A plant becomes diseased in most cases when it is attacked by a pathogen or when it is affected by an abiotic agent.
There is three components in development of disease in plants. 
First two component-  For a plant disease to occur, at least two components (plant and pathogen) must come in contact and must interact.
Third components- a set of environmental condition within a favorable range, must also occur for a disease to develop. 
Each of the three components can display considerable variability; however, as one component changes it affects the degree of disease severity within an individual plant and within a plant population. 
For example, the plant may be of a species or variety that may be more or less resistant to the pathogen or it may be too young or too old for what the pathogen prefers, or plants over a large area may show genetic uniformity, all of which can either reduce or increase the rate of disease development by a particular pathogen. 
Similarly, the pathogen may be of a more or less virulent race, it may be present in small or extremely large numbers, it may be in a dormant state, or it may require a film of water or a specific vector. 
Finally, the environment may affect both the growth and the resistance of the host plant and also the rate of growth or multiplication and degree of virulence of the pathogen, as well as its dispersal by wind, water, vector, and so on.
The interactions of the three components of disease have often been visualized as a triangle (Fig. 2-1), generally referred to as the “disease triangle.”
Each side of the triangle represents one of the three components. The length of each side is proportional to the sum total of the characteristics of each component that favor disease
For example, if the plants are resistant, the wrong age, or widely spaced, the host side — and the amount of disease — would be small or zero, whereas if the plants are susceptible, at a susceptible stage of growth, or planted densely, the host side would be long and the potential amount of disease could be great. Similarly, the more virulent, abundant, and active the pathogen, the longer the pathogen side would be and the greater the potential amount of disease. Also, the more favorable the environmental conditions that help the pathogen (e.g., temperature, moisture, and wind) or that reduce host resistance, the longer the environment side would be and the greater the potential amount of disease.
If the three components of the disease triangle could be quantified, the area of the triangle would represent the amount of disease in a plant or in a plant population. If any of the three components is zero, there can be no disease. The disease triangle is also represented as a triangle with the words of the three components (host plant, pathogen, environment) placed at the peaks of the triangle rather than along its sides.
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When a pathogen spreads it affects many individuals within a population over a relatively large area and within a relatively short time, the phenomenon is called an epidemic. An epidemic has been defined as any increase of disease in a population. A similar definition of an epidemic is the dynamics of change in plant disease in time and space. The study of epidemics and of the factors that influence them is called epidemiology.
 Epidemiology is concerned simultaneously with populations of pathogens and host plants as they occur in an evolving environment, i.e., the classic disease triangle. As a result, epidemiology is also concerned with population genetics of host resistance and with the evolutionary potential of pathogen populations to produce pathogen races that may be more virulent to host varieties or more resistant to pesticides. Epidemiology, however, must also take into account other biotic and abiotic factors, such as an environment strongly influenced by human activity, particularly as it relates to disease management.
To describe the interaction of the components of plant disease epidemics, the disease triangle, describes the interaction of the components of plant disease, can be expanded to include time and humans. Indeed, the amount of each of the three components of plant disease and their interactions in the development of disease are affected by a fourth component: time. Both the specific point in time at which a particular event in disease development occurs and the length of time during which the event takes place affect the amount of disease. 
The interaction of the four components can be visualized as a tetrahedron, or pyramid, in which each plane represents one of the components. This figure is referred to as the disease tetrahedron or disease pyramid (Fig. 8-2).
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If the four components of the disease tetrahedron could be quantified, the volume of the tetrahedron would be proportional to the amount of disease on a plant or in a plant population.
Disease development in cultivated plants is also influenced greatly by a fifth component: humans. Humans affect the kind of plants grown in a given area, the degree of plant resistance, the numbers planted, time of planting, and density of the plants. By the resistance of the particular plants they cultivate, humans also determine which pathogens and pathogen races will predominate. By their cultural practices, and by the chemical and biological controls they may use, humans affect the amount of primary and secondary inoculum available to attack plants. They also modify the effect of environment on disease development by delaying or speeding up planting or harvesting, by planting in raised beds or in more widely spaced beds, by protecting plant surfaces with chemicals before rains, by regulating the humidity in produce storage areas, and so on. The timing of human activities in growing and protecting plants may affect various combinations of these components to a considerable degree, thereby affecting the amount of disease in individual plants and in plant populations greatly. The human component has sometimes been used in place of the component “time” in the disease tetrahedron, but it should be considered a distinct fifth component that influences the development of plant disease directly and indirectly.
In Fig. 8-3, host, pathogen, and environment are each represented by one of the sides of the triangle, time is represented as the perpendicular line arising from the center of the triangle and humans as the peak of the tetrahedron whose base is the triangle and height is the length of time. In this way, humans interact with and influence each of the other four components of an epidemic, thereby increasing or decreasing the magnitude of the epidemic. Sometimes, of course, humans themselves can be affected to a greater or lesser extent by plant disease epidemics
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number in nature, as only a few species out of thousands
have been_ studied for their susceptibility to cach
pathogen. Furthermore, because of genetic changes, a
pathogen may be able to attack hosts previously
immunc to it. It should be noted, however, that cach
plant species is susceptible to attack by only a relatively
small number of all known plant pathogens.

DEVELOPMENT OF DISEASE IN PLANTS

A plant becomes discased in most cases when it is
attacked by a pathogen or when it is affected by an
abiotic agent. Therefore, in the first case, for a plant
disease to oceur, at least two components (plant and
pathogen) must come in contact and must interact. If at
the time of contact of a pathogen with a plant, and for
some time afterward, conditions are t0o cold, t0o hot,
to0 dry, or some other extreme, the pathogen may be
unable to attack or the plant may be able to resist the
attack, and therefore, despite the two being in contact,
no discase develops. Apparently then, a third compo
nent, namely a set of environmental conditions within a
favorable range, must also occur for discase to develop.

h of the thrce components can display considerable
variability; however, as one component changes it
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Development and northward spread of the southern
com leaf blight cpidemic, caused by Cochliobolus heterostrophus
(Bipolaris maydis), in the United States from June 15 to September 1,
1970. [From Zadoks and Schein (1979).]
The discasc tetrahedron.
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Schematic of the interrelationships of the

factors involved in plant discasc cpidemics.

Levels of Genetic Resistance or Susceptibility
of the Host

Obyviously, host plants carrying race-specific (vertical)
resistance do not allow a pathogen to become estab-
lished in them, and thus no cpidemic can develop
(Fig. 8-4). Host plants carrying partial (horizontal)
resistance will probably become infected, but the rate at
which the disease and the epidemic will develop depends
on the level of resistance and the environmental condi-
tions. Susceptible host plants lacking genes for resistanc
against the pathogen provide the ideal substrate for
establishment and development of new  infections.
Therefore, in the presence of a virulent pathogen and
a favorable environment, susceptible hosts favor the
development of discase epidemics.
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are grown over large arcas, a greater likelihood exists
that a new pathogen race will appear that can attack
their genome and result in an epidemic. This phenome
non has been obscrved repeatedly, for example, in the
Cochliobolus (Helminthosporium) blight on Victoria
oats and in southern com leaf blight (Fig. 8-1) on
corn carrying Texas male-sterile cytoplasm. For similar
reasons of genetic uniformity, the highest rates of
epidemic development generally oceur in vegetatively
propagated crops, intermediate rates in self-pollinated
crops, and the lowest rates in cross-pollinated crops.
This explains why most epidemics develop rather slowly
in natural populations, where plants of varying genetic
makeup are intermingled

Type of Crop

In discases of annual crops, such as corn, vegetables,
rice, and cotton, and in foliar, blossom, or fruit diseases
of trees and vines, epidemics generally develop much
more rapidly (usually in a few weeks) than they do in
diseases of branches and stems of perennial woody crops
such as fruit and forest trees. Some epidemics of fruit
and forest trees, e.g., tristeza in citrus, f

Dutch elm disease, and chestnut blight, take years to
develop.

Age of Host Plants

Plants change in their reaction (susceptibility or resist-
ance) to discase with age. The change of resistance
with age is known as ontogenic resistance. In some





