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Preface

Plant Pathology: Concepts and Laboratory Exercises is intended to serve as a primary
text for introductory courses and furnishes instructors and students alike with a broad
consideration of this important and growing field. It also presents many useful protocols
and procedures and should thus serve as a valuable reference to researchers and students
in plant pathology and allied biological sciences. The book is intentionally written to be
rather informal—it provides the reader with a minimum number of references, but does
not sacrifice essential information or accuracy. Broad topic chapters are authored by
specialists with considerable experience in the field and are supported by one or more
laboratory exercises illustrating central concepts of the topic. Each topic begins with
chapter concepts, highlighting some of the more important ideas contained within the
chapter and signals students to read carefully for these primary topics. There is an
extensive glossary for the bolded words and terms found in each of the concept chapters
and some of the laboratory chapters. Collectively, the laboratory exercises are
exceptionally diverse in nature, providing something for everyone—from beginning to
advanced students. Importantly, the authors have successfully completed the exercises
many times, often with either plant pathology or biology classes or in their own research
laboratories. All the laboratory protocols are written as sideaside procedures that provide
step-by-step, easy-to-follow instructions. A unique feature of this text is that the authors
have provided in general terms what results should be expected from each of the
experiments. At the end of each exercise, there is a series of questions designed to
provoke individual thought and critical examination of the experiment and results. Our
intentions are that instructors will not attempt to do all the experiments, but rather select
one or two for each concept that serve the needs and interests of their particular class. For
an advanced class, different experiments may be assigned among resourceful students.
More advanced experiments following the general or beginning class exercises are
embedded within some of the laboratory chapters. We caution instructors and students to
obtain the proper documents for transport and use of plant pathogenic organisms and to
properly dispose of cultures and plant materials at the conclusion of the laboratory
exercises.

The textbook is divided into the following six primary parts: Introductory Concepts,
Groups of Plant Pathogens, Molecular Tools for Studying Plant Pathogens, Plant-
Pathogen Interactions, Epidemiology and Disease Control, and Special Topic. Each
section combines related facets of plant pathology and includes one to several concept
chapters, usually with accompanying laboratory exercises.

Part | introduces students to the basic concepts of plant pathology, including historical
perspectives; fundamental ideas of what is disease; how disease relates to environment,
the host, and time; and provides a very broad overview of organisms that cause disease.
Part 1l includes chapters that detail the various disease-causing organisms. This section
begins with a consideration of viruses, prokaryotic organisms, and nematodes. The next



10 chapters are devoted to the various phyla of fungi (classification primarily follows
Alexopoulus, Mims, and Blackwell, Introductory Mycology, 4th ed.), followed by
chapters that focus on the fungilike Oomycota, parasitic seed plants and other biotic
agents, and abiotic diseases. Part 111 introduces students to the basics of molecular tools
and is illustrated with laboratory exercises that are adaptable for beginning as well as
advanced students. Part IV explores plant-pathogen interactions, including treatments of
attack strategies, extracellular enzymes, host defenses, and disruption of plant function.
Part V is anchored with an extensive chapter outlining the basic ideas of epidemiology,
which is followed in turn by several chapters detailing various strategies for disease
control. This section also includes chapters on plant disease diagnosis. Part VI is devoted
to an often-neglected topic in plant pathology texts—in vitro pathology. We have found
that students are often fascinated with this topic as it combines several facets of
investigation from biological and chemical disciplines.

The appendices illustrate career opportunities in plant pathology and closely related
fields and a list of websites containing a wealth of supplementary information for the
various topics covered in the book. The website URLs were checked and were accurate
and functional as of February 1, 2003. Websites in Appendix 11 will be routinely updated
and may be accessed at http://dogwood.ag.utk.edu/ and looking under “Fantastic Plant
Pathology Websites.”

It is our hope that students and instructors find the format of the book and level and
amount of information contained in the book to be appropriate for an introductory course.
The presentation style has been used very successfully in Plant Tissue Culture and
Laboratory Exercises and with the addition of the glossary and concept statements,
students should find the format stimulating and conducive to learning. We invite and
welcome your comments and suggestions for improvements.

R.N.Trigiano, M.T.Windham, A.S.Windham
The University of Tennessee
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1
Plant Pathology and Historical Perspectives
Mark T.Windham and Alan S.Windham

CHAPTER 1 CONCEPTS

« Plant pathology is composed of many other disciplines
such as botany, microbiology, nematology, virology,
bacteriology, mycology, meteorology, biochemistry,
genetics, soil science, horticulture, agronomy, and
forestry.

* Plant pathology is the study of what causes plant
diseases, why they occur, and how to control them.

* Plant pathologists are usually interested in populations of
diseased plants and not in individual diseased plants.

« Plant diseases have had a major impact on mankind.
Diseases such as ergotism and late blight of potato have
led to the deaths of thousands of people.

« Diseases such as coffee rust have changed the way
people behave and/or their customs.

» Diseases such as southern corn leaf spot, chestnut blight,
and dogwood anthracnose have appeared suddenly and
caused millions of dollars to be lost in damage as the
pathogens of the diseases spread through the ranges of
the hosts.

BACKGROUND

Plants are the foundation of agriculture and life on this planet. Without plants, there
would be nothing to feed livestock or humans. Plants are a primary component in
building shelter and making clothing. Like humans and animals, plants are plagued with
diseases, and these diseases may have devastating consequences on plant populations.
Plant pathology is not a pure discipline such as chemistry, mathematics, or physics, but it
embodies other disciplines such as botany, microbiology, nematology, virology,
bacteriology, mycology, meteorology, biochemistry, genetics, soil science, horticulture,
agronomy, and forestry. Plant pathology encompasses the study of what causes a plant
disease; how a pathogen attacks the plant at the molecular, cellular, tissue, and whole
plant levels of organization; how the host responds to attack; how pathogens are
disseminated; how the environment influences the disease process; and how to manage
plant pathogens and thereby reduce the effects of the disease on plant populations. Unlike
physicians or veterinarians, who emphasize treatment of individuals, plant pathologists
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are usually interested in populations of plants and not individuals. An individual wheat
plant has little worth to a farmer. If it dies from a disease, the plants on either side of it
will grow into its space and their increased yield will compensate for the loss of the
diseased plant. However, if entire fields become diseased or fields in a region are
devastated by disease, economic losses can be staggering. The exception to emphasizing
populations of plants to individual plants is specimen plants that include large shade trees
or trees planted by a historical figure, such as an oak planted by George Washington at
Mt. Vernon, or a southern magnolia planted on the White House lawn by Andrew
Jackson. Extraordinary measures may be taken to protect or treat plants of high value or
historical significance.

Because of the diversity of questions that plant pathologists are called on to answer,
plant pathologists are a heterogeneous group of scientists. Some plant pathologists spend
most of their time in the field studying how pathogens move over a large area and what
environmental factors play a role in development of epidemics or determining which
management tactics are most effective in controlling or reducing the impact of a disease.
Other plant pathologists are interested in the processes by which a pathogen induces a
disease or may look for genes that confer resistance in a plant and complete most of their
professional activities in a laboratory. Some plant pathologists work in outreach programs
such as the extension service or in private practice and diagnosis disease problems for
producers and home gardeners and make recom-

0-8493-1037-7/04/$0.00+$1.50
© 2004 by CRC Press LLC

mendations as to how plant diseases may be managed. Still other plant pathologists work
for private companies and are responsible for development of new products (biological
control agents, chemicals, and new plant varieties) that reduce the impact of plant
diseases on producers and consumers (Appendix I).

IMPACT OF PLANT DISEASES ON MANKIND

Plant diseases have impacted man’s ability to grow plants for food, shelter, and clothing
since he began to cultivate plants. Drawings and carvings of early civilizations in Central
America depict corn plants with drooping ears and poor root systems. Crop failures for
ancient man and through the middle ages were common, and plant diseases were often
attributed to displeasure of various deities. The Roman god Robigus was thought to be
responsible for a good wheat harvest and Romans prayed to him to prevent their wheat
crop from being blasted with fire (rust). In more modern times (since 1800), plant
diseases have destroyed military plans of monarchs; changed cultures; caused mass
migrations of people to avoid starvation; resulted in loss of major components of forest
communities; and bankrupted thousands of planters, companies, and banks. Some
examples of the effects of some plant diseases on the history of mankind and the
environment are illustrated in the following paragraphs.
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ERGOTISM

Ergotism is caused by eating rye bread contaminated with sclerotia (hard survival
structures shaped like the spur of a rooster) of Claviceps purpurea. Sclerotia are formed
in the maturing heads of rye and may contain alkaloids, including LSD, a strong
hallucinogenic compound. Symptoms in humans eating contaminated bread include
tingling of extremities, including fingers, hands, and feet; a high fever; hallucinations;
mental derangement; abortion; and loss of hands, feet, and legs due to restricted blood
flow and subsequent gangrene. Death often follows consumption of large quantities of
contaminated grain. In livestock fed contaminated grain, heifers may abort fetuses and
livestock lose weight, quit giving milk, and lose hooves, tails, ears, etc., following
gangrene. As in humans, death is likely when exposed to high doses of ergot. In the
middle ages, thousands of people died from this disease in Europe and the disease was
referred to as the Holy Fire, due to the high fever and the burning and tingling sensations
in hands and feet of victims. An outbreak in France lead to the name St. Anthony’s Fire,
presumably because monks of the Order of St. Anthony successfully treated inflicted
people by feeding them uncontaminated rye bread. The disease continued in Europe for
centuries. A number of authors have concluded that the Salem Witch Trials were due to
an outbreak of ergotism in the early American colonies because rye was the primary grain
grown in the New England region. The behavior of the accused “witches” was similar to
behavior associated with an outbreak of ergotism in human and livestock populations. In
the 1950s, an outbreak of ergotism occurred in several small villages in France and
demonstrated that even when it is known how ergotism is caused and how the sclerotia
are introduced into grain, epidemics of ergotism are still possible.

IRISH POTATO FAMINE

Potatoes were one of the treasures taken from the New World back to Europe and were
readily adapted to European farming practices. By 1840, potatoes had become the staple
food crop in Ireland, and the average Irishman ate approximately seven pounds of
potatoes daily. Because so many potatoes could be grown on a relatively small plot of
land, the population of Ireland increased dramatically during the first four decades of the
19th century. In the early 1840s, an epidemic of a new potato disease was documented in
the U.S., but little attention was paid to it in Europe. In 1845, an epidemic of potato
cholera, later named late blight of potato and attributed to the pathogen Phytophthora
infestans, swept across Europe. Although starvation was common at this time in Europe,
it was spared the devastation that was found in Ireland because most of Europe had more
diversity in its agricultural production and did not depend on one crop for survival as the
Irish did. In Ireland, more than a million people starved to death because of an almost
total destruction of the potato crop. Another million people migrated to the U.S., taking
whatever jobs they could find in the New World. In cities such as Boston and New York,
many of the jobs they took were low-paying, dangerous jobs, such as policemen and
firemen. To this day, generations of descendants of these immigrants continue in the
same line of work.
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COFFEE RUST

In the 1700s and early 1800s, coffee was an expensive drink because of the monopoly
Arab traders had on the coffee trade and the careful attention they paid to ensure that
viable coffee beans (seeds) did not leave their domain. In the mid-1800s, some coffee
beans were smuggled to Ceylon (present-day Sri Lanka) and the British began growing
coffee. Coffee became the preferred drink of British citizens, and coffee houses became
as common as pubs. By 1870, more than 400 plantations of coffee, comprising at least
200,000 ha, were found in Ceylon. In the 1870s, a new disease, coffee rust, caused by the
fungal pathogen Hemileia vastatrix, struck Ceylon, resulting in terrible consequences and
the destruction of Ceylon’s coffee trade. Planters, banks, and shipping companies went
bankrupt and caused widespread panic in British financial markets. By 1880, tea plants
replaced 140,000 ha of the destroyed coffee trees. Great Britain became a country of tea
drinkers, and this custom remains to date.

CHESTNUT BLIGHT

When the first colonists arrived in the New World, they found forests of eastern North
America populated with American chestnut. Chestnut wood was resistant to decay, and
the bark contained tannins that made the production of leather from animal hides feasible.
In many areas, one of every four trees in the forest was an American chestnut. The nut
crop from these trees was so prolific that the ground could be covered by nearly a foot of
nuts. Nuts not only served as a food source for the colonists but were also a major mast
crop for wildlife that the colonists depended on for meat. Many of the ships of the
American shipping industry in the 19th century were made of rotresistant chestnut
timber. In the early 1900s, a new disease of chestnut, now known to be caused by
Cryphonectria parasitica, was discovered in the northern Atlantic states and named
chestnut blight. The disease spread rapidly south and westward, destroying chestnut
stands as it went. The disease finally reached the southern and western extent of the
chestnuts’ range in the 1950s. By this time, millions of trees had been destroyed, which
represented billions of dollars in lost timber. The effects of the disease on wildlife
populations were also dramatic, as wildlife had to adapt to less reliable and nutritional
mast crops such as acorns. There have been intensive breeding efforts to incorporate
resistance to chestnut blight from Chinese chestnut into American chestnut. Resistant
hybrids that have been backcrossed for some generations with American chestnut have
resulted in a tree that is resistant to chestnut blight and that strongly resembles the
American chestnut. Unfortunately, it will take more than a century before we see forests
with the stately giants that Americans marveled at before the onset of chestnut blight.

SOUTHERN CORN BLIGHT

After the advent of hybrid seed corn, corn yields began to skyrocket to unheard of yields
and came to dominate the corn seed market. To reduce labor costs in producing hybrid
seed corn, seed companies began using breeding lines containing a sterility gene that was
inherited through the cytoplasm of the female parent. The trait or gene was named the
Texas cytoplasmic male sterility (cms) gene. Using this gene in the female parent meant
substantial cost savings for the seed companies because they did not have to remove the
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tassels by hand when producing hybrid seed corn. This system worked for several years
until an outbreak in 1970 of a new race of the fungus that is currently named
Cochliobolus heterostropus (see Plate 7C following page 80). This new race caused a
disease on corn carrying the male sterility gene (practically all hybrid seed corn at that
time), resulting in tan lesions that covered the leaves. Stalks, ear husks, ears, and cobs
were also attacked and destroyed by the pathogen. The disease first appeared in Florida,
spread northward, and destroyed approximately 15% of the U.S. corn crop. Losses were
estimated to be in excess of $1 billion. Experts warned the country that nearly the entire
U.S. corn crop would be lost in 1971 if substantial changes were not quickly made in the
way hybrid seed corn was produced. Commercial seed companies leased almost all the
available space in South America in the winter of 1970 and were able to produce enough
hybrid seed corn that did not contain the Texas cms gene to save the corn crop of 1971.

DOGWOOD ANTHRACNOSE

Flowering dogwood, Cornus florida, is a popular tree in landscapes throughout much of
the U.S. and is worth more than $100 million in wholesale sales to the U.S. nursery
industry. It is also an important natural resource, and its foliage, high in calcium, is the
preferred browse of lactating deer in early spring in the eastern U.S. Its bright red berries
are high in fat and are an important mast crop to wildlife, including black bears, squirrels,
turkeys, and more than 40 species of neotropical song birds. In 1977, a new fungal
disease was reported in Seattle, WA, on flowering dogwood and Pacific dogwood, C.
nuttallii. The following year, the disease was reported on flowering dogwood in the
Brooklyn Botanical Garden in New York. The origin of this disease organism is
unknown; however, genetic data suggest that the disease-causing fungus is exotic to the
North American continent. Since these reports, dogwood anthracnose, caused by Discula
destructiva, has destroyed millions of dogwoods on both coasts. In some areas of the
Appalachians, flowering dogwood has nearly disappeared where it was once a common
understory tree. The disease epidemic continues to spread, with new reports occurring in
the Midwestern U.S. in 2001 through 2002.

CAUSES OF PLANT DISEASES

Plant diseases are caused by fungi, bacteria, mollicutes, nematodes, viruses, viroids,
parasitic seed plants, algae, and protozoa. The largest group of plant pathogens is the
fungi. This differs considerably from human pathogens, where the most common
pathogen groups include bacteria and viruses. This is not to imply that other groups such
as bacteria, mollicutes, nematodes, viruses, viroids, and parasitic seed plants do not cause
important and destructive diseases—they do. For example, Striga species (witchweed) is
the limiting factor in sorghum, sugarcane, and rice production in Africa, Asia, and
Australia. Dwarf mistletoe, Arceuthobium species, severely limits conifer production in
some areas of the western U.S. Millions of dollars are lost each year to nematode diseases
such as root knot, bacterial diseases such as soft rot and crown gall, and viral diseases
such as tobacco mosaic virus and impatient necrotic spot virus.
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ABIOTIC STRESSES (ABIOTIC DISEASES)

Some abiotic stresses such as air pollution and nutrient deficiencies were earlier referred
to as abiotic diseases. However, this terminology is no longer used in modern plant
pathology. Plant stresses such as those previously listed above and others such as
extremes in temperature, moisture, pH, and light levels, and exposure to herbicides are
now referred to as abiotic stresses or environmental stresses that result in disease-like
symptoms. Sometimes the symptoms that these stresses cause in plants, for example,
chlorosis, wilting, necrosis, leaf spots, and blights, look like symptoms of diseases caused
by plant pathogens.

WHERE TO GO FOR MORE INFORMATION ABOUT PLANT
DISEASES

Most plant pathologists belong to professional societies such as the American
Phytopathological Society, the Nematology Society, the Mycology Society of America,
and the American Society of Horticultural Science. The most prominent society for plant
pathology is the internationally recognized American Phytopathological Society. The
society’s web page (http://www.apsnet.org/) is a clearing house of information on new
and emerging disease problems, careers in plant pathology, a directory of plant pathology
departments at universities in the U.S., and featured articles on plant diseases. The
society also publishes several plant pathology journals such as Phytopathology, Plant
Disease, Molecular Plant-Microbe Interactions, and Plant Health Progress, and other
publications such as books and compendia on specific diseases or diseases affecting
specific hosts. It also publishes the monthly newsletter Phytopathology News.
Membership is open to professionals interested in plant pathology and to students at a
very reduced rate.
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What Is a Disease?
Mark T.Windham and Alan S.Windham

CHAPTER 2 CONCEPTS

« A disease is caused by the interactions of the pathogen,
host, and environment.

» Diseases are dynamic (change over time). Injuries are
discrete events.

* Plant stresses are usually caused by too much or too little
of something.

* Host responses to disease are known as symptoms.

* Structures (e.g., mycelium, spores, nematode egg masses)
of pathogens on a diseased host are known as signs.

* The interaction among the host, pathogen, and
environment is known as the disease cycle.

» A disease cycle is made of a sequence of events including
inoculation, penetration, infection, invasion,
reproduction, and dissemination.

* Diseases with only a primary disease cycle are known as
monocyclic diseases whereas diseases with secondary
disease cycles are known as polycyclic diseases.

* Host plants can be infected by a pathogen, whereas soil
or debris is infested by pathogens.

« Koch’s postulates are used to prove that a pathogen
causes a disease.

Before studying a plant disease, a framework or concept of what a plant disease is and,
almost as importantly, what it is not, is essential. There are many definitions of plant
disease. However, for this book, the following definition is used: A disease is the result of
a dynamic, detrimental relationship between an organism that parasitizes or interferes
with the normal processes of cells or tissues, or both, of the plant. The organism that
incites or causes the disease process with the host is called a pathogen.

A pathogen may or may not be a parasite. A parasite is an organism that lives on or in
another organism and obtains nutrients at the expense of the host. In contrast, pathogens
may interfere with plant cell functions by producing toxins that disrupt or destroy cells;
by producing growth plant regulators that interfere with the normal growth or
multiplication of plant cells; by producing enzymes that interfere with normal cellular
functions; or by absorbing water or nutrients that were intended for the cellular functions
of the host. Pathogens may also incite disease by blocking the vascular system so that
water and nutrients cannot be normally moved within the plant. Some pathogens disrupt
normal functions of plants by inserting portions of their DNA or RNA into host cells and
interfering with replication of nucleic acids.
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Pathogenicity is the ability of a pathogen to interfere with one or more functions
within a plant. The rate at which or how well a pathogen is able to interfere with cell
functions is referred to as virulence. A virulent pathogen can be very aggressive and
incite disease over a wide range of environmental conditions. An avirulent pathogen is an
organism that is rarely able to interfere with normal cellular functions of the host or does
so under very specific environmental conditions. The ability of the pathogen to survive in
the environment where the host is grown is a measure of pathogen fitness.

Plant stresses or injuries are not diseases because they are not dynamic; that is, they do
not change over time. If lightning strikes a tree, the tree may be damaged or killed.
However, the lightning does not get hotter or more dangerous to the tree over time. It
happens in a discrete instant in time and is therefore an injury and not a disease. The
same thing can be said for using a lawn mower on turf. Cutting off 30 to 50% of the leaf
area may severely impede ability of the grass to grow, but the cut is done in a discrete
instant of time. Therefore, it is not a disease but an injury.

0-8493-1037-7/04/$0.00+$1.50
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FIGURE 2.1 Disease is dependent on
three components: host, pathogen, and
environment. The area within the
triangle represents the interaction of
these components, referred to as a
disease.

A plant stress is usually too much or to little of something. Giving the plant either too
much (flooding) or too little (drought) water can cause water stress. Other examples of
plant stresses can be extremes in temperature, improper pH, and nutrient deficiency or
excess. Pollutants, pesticides, and road salt may also cause stresses to plants.

Plant pathogens that cause diseases include organisms such as fungi, prokaryotes
(bacteria and mollicutes), viruses, viroids, nematodes, protozoa, algae, and parasitic seed
plants. These organisms can detrimentally affect the host in diverse ways. Pathogens can
be classified into several groups. Biotrophs are pathogens that require living host tissue
to complete their life cycle. Examples of biotrophs include fungi, such as powdery
mildews (Chapter 14) and rusts (Chapter 18) and some members of the Oomycota, such
as downy mildews and white rusts (Chapter 20); prokaryotes, such as some species of
Xylella and mollicutes (Chapter 6); viruses and viroids (Chapter 4); phytoparasitic
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nematodes (Chapter 8); and protozoa and dwarf mistletoe (Chapter 22). Many pathogens
can be parasitic on a host under some conditions and at other times be saprophytic, living
on organic matter. A pathogen that often behaves as a parasite but under certain
conditions behaves as a saprophyte, is a facultative saprophyte. A pathogen that often
behaves as a saprophyte but under some conditions becomes a parasite is known as a
facultative parasite. Nonbiotrophic organisms kill before feeding on the cells or cellular
contents. These organisms that live on dead tissues are known as necrotrophs.

Diseased plants are infected by a pathogen. However, in some cases, once disease is
incited, symptoms may continue to develop even if the pathogen is no longer present
(e.g., crown gall caused by Agrobacterium tumefaciens). Inanimate objects such as soil,
pots, or debris are not infected by the pathogen, but infested by the pathogen.

The host plant, pathogen, and environment interact with each other over time and this
interaction is referred to as disease (Figure 2.1). The sequence of events that takes place
during the course of disease, sometimes at set or discrete time intervals, is known as the
disease cycle. The disease cycle is not to be confused with the pathogen’s life cycle.
Sometimes these two cycles follow similar paths, but the cycles are different.

The steps of the disease cycle are inoculation, penetration, infection, invasion,
reproduction, and dissemination. Inoculation is the placement of the pathogen’s
infectious unit or propagule on or in close proximity to the host cell wall. The propagule
then penetrates the cell wall of the host. In fungi, the propagule may germinate and the
germ tube may penetrate the wall directly or indirectly through a wound or natural
opening. Once the pathogen is through the cell wall, a food relationship with the host
may develop and the cell is considered infected. After infection takes place, the pathogen
may grow and invade other parts of the host or reproduce. The pathogen will continue to
reproduce and the new propagules will be dispersed or disseminated by a variety of
means such as wind, rain, within or on vectors, seed, or on contaminated debris or
equipment.

Some diseases are monocyclic diseases (Chapter 30), meaning that there is only one
disease cycle in a growing cycle. Inoculum that is produced during the disease cycle does
not contribute or fuel the disease during the current growing season. The sequence of
events of a monocyclic disease cycle is given in Figure 2.2. In many diseases, the
inoculum produced during much of the disease cycle contributes to continuing the current
disease cycle or epidemic. This inoculum actually fuels the epidemic, and the disease
cycle expands to include many more host plants, which in turn contribute more and more
inoculum to the disease cycle. In diseases where there are more than one disease cycles,
the primary cycle often has a repeating phase known as the secondary disease cycle
(Figure 2.3). Such diseases are known as polycyclic diseases.
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FIGURE 2.2 In a monocyclic disease,
the primary disease cycle is composed
of discrete events where inoculation
and penetration lead to infection.
Propagules produced during the
disease cycle overwinter and become
the primary inoculum (inoculum that
begins a new disease cycle) for the
next disease cycle. The inoculum is
disseminated at the beginning of the
next cycle.
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FIGURE 2.3 Polycyclic diseases have
primary inoculum that penetrates and
infects the plant. This is a part of the
primary disease cycle. Inoculum
produced after invasion is
disseminated and causes more
infections during the current growing
season. The inoculum contributes to
the secondary disease cycle, and the
secondary cycle may be repeated many
times.

Plant pathologists study disease cycles to determine where cultural or other types of
disease control tactics can be applied to interfere with the disease, and thereby interrupt
the processes. Elimination of infested or infected seed may reduce the primary inoculum
used to start a primary disease cycle. Use of resistant cultivars (Chapter 31) that are able
to wall off a plant infection and prevent invasion of the host can also stop a disease cycle
or prevent the formation of secondary cycles. Elimination of plant debris may reduce the
ability of a pathogen to overwinter. By understanding the disease cycle and the series of
events that are parts of that cycle, plant pathologists may attack the disease processes and
reduce the disease’s affects on society.

Host responses to infection are known as symptoms. Symptoms include leaf spots,
blights, blotches, twig blights, cankers, galls, seed, root and stem rots. Symptoms of a
plant disease may occur on only a small portion of the plant and result in little disruption
of the plant’s functions or symptoms may cover the entire plant. Definitions of common
plant symptoms are given in Table 2.1.

Structures of the pathogen are referred to as signs. Signs can include spores, mycelia,
resting structures such as sclerotia, nematodes, and bacterial streaming into water. In
some cases, symptoms and signs are present together. For example, a plant that is
infected with Sclerotium rolfsii may exhibit symptoms of wilting and show signs
(sclerotia) of the fungus.
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TABLE 2.1

Common Symptoms Associated with Plant Host
Response to Disease

Blight. Extensive area of diseased flowers or leaves.

Butt rot. Basal trunk rot.

Burl. Swelling of a tree trunk or limb differentiated into

vascular tissue—contrast with gall.

Canker. A sunken area in a fruit, stem, or limb caused by disease.
Chlorosis. Yellow-green color of foliage due to destruction or

lack of production of chlorophyll.

Dieback. Generalized shoot death.

Flagging. Scattered or isolated dead or dying limbs.

Gall. Swollen area of nondifferentiated tissues (tumor) caused by

an infection. Galls can arise from hypertrophy (cell enlargement)

or hyperplasia (increase in cell division)—contrast with burl.

Leaf spot. Lesion on leaf.

Lesion. A necrotic (dead) or chlorotic spot that occurs on all plant organs.
Anthracnose lesion is a necrotic lesion with a reddish or purplish border.
Local lesion is a necrotic or chlorotic lesion in which infection is limited
to a small group of cells and the infection does not spread to other parts of the tissue.

Mosaic. Chlorotic pattern, ringspots, and mottles in leaves, petals,
or fruit. Mosaics are usually associated with virus infections.

Mummy. Shriveled desiccated fruit.

Necrosis. Dead tissue.

Rot. Portion of plant destroyed by disease. Root rot is rotted roots.
Wilt. Loss of turgor in a plant or plant part.

Once we recognize that a disease is occurring, it is also important to be able to prove that
a pathogen is causing a particular disease. To do this, we use a series of rigid rules or
postulates known as Koch’s postulates (Chapter 36). Koch’s postulates are as follows:

1. The pathogen must be found associated with all symptomatic plants.

2. The pathogen must be isolated and grown in pure culture and its characteristics
described. If the pathogen is a biotroph, it should be grown on another host plant and
have the symptoms and signs described.

3. The pathogen from pure culture or from the test plant must be inoculated on the same
species or variety as it was originally described on and it must produce the same
symptoms that were seen on the originally diseased plants.

4. The pathogen must be isolated in pure culture again and its characteristics described
exactly like those observed in Step 2.

In conclusion, plant pathologists study what causes diseases; how plants are affected by
diseases; how plants resist pathogens; and how the host, pathogen, and environment
interact with each other. Through their investigations, the concepts of what is a plant
disease; which organisms cause diseases; how those organisms are classified; and how a
pathogen, a susceptible host, and the environment interact in a disease relationship is not
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static. For example, until a few years ago, diseases such as downy mildews and late blight
of potato were thought to be caused by fungi. However, it has been found from molecular
studies that the pathogens that cause these diseases are now classified in the kingdom
Stramenopila (Chromista) instead of in the kingdom Fungi. Although the inter actions of
the disease triangle endpoints (host, environment, and pathogen) will continue to be
reevaluated and redefined, plant pathologists still agree that without a conducive
environment, a susceptible host, and a pathogen, no disease will take place.
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Introduction to Plant Pathogens
Mark T.Windham

CHAPTER 3 CONCEPTS

* Fungi are achlorophyllous, filamentous, eukaryotic
organisms that reproduce by spores and have walls that
contain chitin.

» Anamorphic spore types include sporangiospores,
conidia, and chlamydospores.

* Spores in a sporangium are formed by cleavage of the
cytoplasm.

» Sexual spores of fungi are zygospores, ascospores, and
basidiospores.

» Members of Oomycota have oospores and contain
cellulose in their cell walls.

* Prokaryotic pathogens include bacteria, which have cell
walls, and mollicutes, which have a cell membrane but
no cell wall.

* Phytopathogenic nematodes have mouthparts called
stylets.

* Viruses are nucleoproteins and are too small to be seen
with light microscopy.

Plant pathogens belong to very diverse groups and are found in the kingdoms Animalia,
Stramenopila (Chromista), Fungi, Prokaryotae, Plantae, and Protozoa. The largest group
of plant pathogens is found in the Fungi. This chapter is intended to very superficially
acquaint students with the various groups of pathogens and some of the specialized
language and terms associated with each of them. A more complete description of the
different groups follows in subsequent chapters.

THE FUNGI

Fungi are achlorophyllous and eukaryotic. They are generally filamentous, branched
organisms that normally reproduce by spores and have walls made of chitin and other
polymers. Most of their life cycles are spent in the haploid (N) or dikaryotic (N+N) state.
The thread-like filaments of the fungus are known as hyphae (sing. hypha; Figure 3.1).
Hyphae of one body or thallus are known as mycelia (sing. mycelium). Spores are the
reproductive or propagative bodies of fungi. In some fungi, spores of the anamorph



Introduction to plant pathogens 17

(asexual) stage are formed by cleavage of cytoplasm within a sac or sporangium (pl.
sporangia; Figure 3.2). Spores produced in the sporangium are referred to as
sporangiospores, which may be motile (have one or more flagella) or nonmotile.
Nonmotile sporangiospores are usually disseminated by air currents. Motile spores within
a sporangium are called zoospores and are dispersed in water. Asexual spores of other
fungi are borne on the tips or sides of specialized hyphae called conidiophores. Spores
borne in this fashion are referred to as conidia (sing. conidium; Figure 3.3). Conidia
vary in shape, size, color, and number of cells. Some conidia are borne on naked
conidiophores whereas others are borne on conidiophores that are contained in
specialized structures. A pycnidium (pl. pycnidia) is an asexual fruiting body that is
flask shaped and contains conidia and conidiophores. Pycnidia (Figure 3.4) usually have
a hole (ostiole) from which conidia are pushed out of the structure. An acervulus (pl.
acervuli) is an asexual fruiting body that is found under the cuticle or epidermis of the
host. As conidiophores and conidia form, the epidermis or cuticle, or both, rupture and
spores are released. Spores may be released in a gelatinous matrix referred to as a cirrhus
(pl. cirrhi). Some acervuli have setae or sterile hairs (Figure 3.5).

Conidia may be borne singularly or in clusters on branched or unbranched
conidiophores. A number of conidiophores may be fused at the base to form a structure
known as a synnema (pl. synnemata; Figure 3.6A). In other fungi, short conidiophores
may be borne on mats of hyphae known as sporodochium (pl. sporodochia; Figure
3.6B).

0-8493-1037-7/04/$0.00+$1.50
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FIGURE 3.1 Hyphae of Rhizoctonia
solani have cross walls know as septa.
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FIGURE 3.2 Sporangia of Rhizopus
niger. The specialized hyphae or stalk
that is attached to each sporangium is a
sporangiophore.

FIGURE 3.3 Conidia of
Entomosporium species. Conidia can
be made of a single cell or be
multicellular as are these conidia.
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FIGURE 3.4 Pycnidium of Phoma
species. The hole at the top of the
structure is referred to as the ostiole.

FIGURE 3.5 An acervulus of a
Colletotrichum species with many
setae or sterile hairs.

Fungi also form a number of asexual survival structures. Chlamydospores are thick-wall
resting spores; some may even have a double cell wall. Sclerotia (sing. sclerotium) are
composed of hyphae that are so tightly packed that they have lost their individuality.
They are very hard and extremely resistant to harsh environmental conditions.

Fungi are usually classified by their telemorph (sexual) stage. In some fungi, gametes
(sex cells) unite to produce a zygote (Figure 3.7). This is usually how the more primitive
fungi reproduce. The fusion of gametes that are of equal size and appearance results in a
zygote, referred to as a zygospore, and are classified in the Zygomycota (Chapter 10).

In other fungi, there are no definite gametes and instead one mycelium may unite with
another compatible mycelium. In the Ascomycota, ascospores, usually eight
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FIGURE 3.6 (A) Fused conidiophores
comprise the synnema of Graphium
species. (B) Sporodochium of
Epicoccum species is a mat of densely
packed, short conidiophores.
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FIGURE 3.7 Zygosprorangium
containing a single zygospore (zygote)
of Rhizopus niger.
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in number, are produced within a zygote cell, the ascus (pl. asci; Figure 3.8). Asci may
be produced naked (not in any structure) or in specialized structures. Cleistothecia (sing.
cleistothecium) are enclosed structures with asci located at various levels (Figure 3.9).
Cleistothecia

o

FIGURE 3.8 Asci containing spindle-
shaped, multicellular ascospores of
Gibberella species.

FIGURE 3.9 Cleistothecia (ascomata)
of Erysiphe species.

typically not released until the cleistothecium ruptures or is eroded by the environment.
Ascocarps of powdery mildew have been referred to traditionally as cleistothecia but are
perithecia (Chapter 14). Perithecia (sing. perithecium) are usually flask-shaped
structures with an opening (Figure 3.10). Asci and ascospores are formed in a single
layer. Ascospores are pushed or forcibly ejected through the opening. They are dispersed
via air currents, insects, and water. Some members of the phylum form asci in open, cup-
shaped structures known as apothecia (sing. apothecium), and ascospores are
disseminated by modes similar to those found in fungi that produce perithecia.
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In other fungi, sexual spores are produced on the outside of the zygote cell or
basidium (pl. basidia) and are called basidiospores (usually four in number). Fungi that
reproduce in this manner are placed in the Basidiomycota. In this group, the basidia and
basidiospores may be borne naked (rusts and smuts) or formed in structures such as
mushrooms, puffballs, and conks. Mushrooms are

FIGURE 3.10 Perithecia of Nectria
coccinea var. faginata.

fleshy, sometimes tough, umbrella-like structures, whereas puffballs are white to light tan
(dark brown to black when mature) spongy, spherical bodies formed on the soil surface.
Conks are shelf or very hard, bracket-like fruiting bodies and are usually found on
stumps, fallen logs, or living trees.

PLASMODIOPHOROMYCOTA—PROTOZOA

Parasitic slime molds are placed in the kingdom Protozoa and the phylum
Plasmodiophoromycota. They are unicel-Plasmodia are amoeba-like cells without cell
walls inhablular and produce plasmodia in root cells (Figure 3.11). iting the lumens of
host cells. Parasitic slime molds produce zoospores that can function as gametes.

STRAMENOPILA—FUNGI-LIKE ORGANISMS

Other fungal-like organisms are found in kingdom Stramenopila (Chromista) and include
those in phylum Oomycota. These organisms were traditionally characterized as fungi
because of filamentous growth, lack of chlorophyll, and reproduction by spores.
However, with the advent of modern molecular techniques, they are now classified in a
different kingdom, which includes the brown algae. These pathogens cause some of the
most destructive plant diseases and include the downy mildews and species in the genera
Phytophthora and Pythium. They produce anamorphic spores in sporangia and the spores
may be motile (zoospores). The gametes are of different size and shape (antheridia in
male and oogonia in female) as illustrated in Figure 3.12. The sexual spore is an oospore
and functions as a survival structure. Members of Oomycota have cellulose in their cell
walls and the majority of their life cycle is diploid (2N).
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FIGURE 3.11 Plasmodia of
Plasmodiophora brassicae in a
cabbage cell. Arrows point to a single
plasmodium.
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FIGURE. 3.12 Antheridia and oospore
inside oogonium in a Pythium species.

BACTERIA AND MOLLICUTES

Prokaryotic organisms such as bacteria and mollicutes (Chapter 6) cause some of the
most important plant diseases. Bacteria are prokaryotic (have no nucleus or double-
membrane-bound organelles) and have a rigid cell wall that is enveloped in a slime layer.
Most of the DNA in bacteria is present as a single circular chromosome. Additional DNA
is found in many bacteria as independently reproducing plasmids composed of smaller
amounts of DNA. Most plant pathogenic bacteria are Gram negative, with the exception
of Clavibacter (Corynebacterium). Phytopathological bacteria are either rod or
filamentous shaped, may or may not be flagellate, and reproduce by binary fission.
Traditionally, bacteria were classified based on Gram stain, cell shape, cultural
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morphology, and substrate utilization. Today, bacteria are grouped by molecular analysis
of genetic material.

Pathogenic bacteria are known as wound pathogens because they usually do not
penetrate the host directly. They may also enter through natural plant openings such as
nectaries, hydathodes, and stoma. They are disseminated by air currents, water, insects,
plant materials, and contaminated equipment.

Mollicutes are smaller than bacteria, do not have a cell wall, and are delimited only by
a plasma membrane. Most of the mollicutes are round or elongated and are referred to as
phytoplasms. A few members of this group have a helical form and are termed
spiroplasms. They are very difficult to culture. Some of the more important diseases
caused by this group include aster yellows and x-disease of peach and apple. Mollicutes
are typically disseminated by insects, budding, and grafting.

VIRUSES AND VIROIDS

Viruses and viroids are much smaller than bacteria, cannot be seen with light
microscopy, and require the host plant’s replication machinery for multiplication. Viruses
are nucleoproteins—their nucleic acid (either DNA or RNA) is surrounded by a protein
coat. Viruses may or may not be encapsulated with a lipid layer. In some viruses, the
genome is spread between more than one particle. Viruses may be spherical or shaped
like long or short rods that may be rigid or flexible. They may be very sensitive to
environmental conditions such as heat and light or may be very stable under most
environmental conditions. Viruses are disseminated by budding, grafting, insects,
wounding, or infected plant materials. Viroids have many attributes of viruses, but differ
in being naked strands of RNA that have no protein coat.

NEMATODES

Plant parasitic nematodes are small worm-like animals that have a cuticle made of chitin
and a piercing mouthpart called a stylet, whereas free-living species, which are more
common in soil samples, do not have stylets. Nematodes vary in shape: they may be very
elongated, kidney-shaped, or globose. They reproduce sexually or parthenogenetically
because many species do not have males. Plant pathogenic nematodes may be migratory
and ectoparasitic (feed from outside of the root) or endoparasitic (feed inside the root). In
some cases they are sedentary. Plant nematodes are disseminated in water, soil, plant
materials, insects, and contaminated equipment. Although most nematodes are parasitic
on roots, some nematodes are parasitic on aerial portions of plants.

OTHER PATHOGENS

Other types of pathogens include parasitic seed plants, flagellate protozoa, algae, and
mosses. Some of these pathogens (parasitic seed plants such as dwarf mistletoe and
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flagellate protozoa) may cause severe crop losses. Diseases caused by algae and mosses
seldom cause damage that lead to economic losses.

This brief chapter has only touched on the incredibly diverse nature of organisms that
cause plant diseases. Plant pathologists, especially extension pathologists, must be well
versed in many different types of organisms. The succeeding chapters explore these
organisms and diseases in greater detail and hopefully whet the appetite for more advance
study.
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Plant Pathogenic Viruses
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CHAPTER 4 CONCEPTS

* Viruses are usually composed of RNA or DNA genomes
surrounded by a protein coat (capsid).

* Viruses are unique, submicroscopic obligate pathogens.

* Plant viruses replicate through assembly of previously
formed components, and replication is not separated
from the cellular contents by a membrane.

* Virus species are named for the host from which they
were originally associated and the major symptom that
they cause. Virus species may be grouped into genera
and families.

« Plant viruses are vectored by insects, mites, nematodes,
parasitic seed plants, fungi, seed and pollen.

« Plant viruses can be detected and identified by biological,
physical, protein, and nucleic acid properties.

WHEN POSSIBLE, PLANT VIRUS CONTROL FOCUSES ON
HOST RESISTANCE

Plant virology is one of the most dynamic research areas in phytopathology. During the
last quarter of the 20th century, our understanding of plant viruses and their pathogenic
mechanisms has exceeded the imagination of early virologists. Today, new plant viruses
are identified rapidly and our awareness of their pathological impact continues to
increase. This impact is most clearly seen in yield and other economic losses. Plant
viruses generate economic loss for farmers, producers, and consumers by adversely
affecting plant growth and reproduction; causing death of host tissues and plants, sterility,
reduction of yield or quality, crop failure, increased susceptibility to other stresses, loss of
aesthetic value, quarantine and eradication of infected plants; and increasing the cost of
control and detection programs (Waterworth and Hadidi, 1998). Viruses are also unique
in the deceptive simplicity of their structure. However, this simplicity leads to a greater
dependency on the host and a highly intricate relationship exists between the two. This
complicates strategies for control of plant viruses and the losses caused by them. Control
programs depend on our understanding of the virus-host relationship, and control remains
one of the greatest challenges for the future of plant virology.
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HOW ARE VIRUSES NAMED?

Plant viruses were typically named for the host that they were infecting when originally
described and for the principal symptom that they cause in this host. The word virus
follows these two terms. For example, a virus causing a mosaic in tobacco would be
Tobacco mosaic virus (TMV). This is the species name for the virus. The use of the
species concept in plant virology began in recent years following much debate regarding
what constitutes a virus species (van Regenmortel et al., 2000). Following the first use of
the species name, the virus is referred to by the abbreviation that is given in parentheses
after the first use of the species name. Two levels of taxonomic structure for grouping
species are the genus, which is a collection of viruses with similar properties, and the
family, which is a collection of related virus genera. Cowpea mosaic virus (CPMV) is a
member of the genus Comovirus and the family Comoviridae (van Regenmortel et al.,
2000). Table 4.1 lists some of the virus genera and families. Virus species may also be
subdivided into strains and isolates. Strains are named when a virus isolate proves to
differ from the type isolate of the species in a definable character, but does not differ
enough to be a new species (Matthews, 1991). For example, a virus strain may have
altered reactions in an important host, such as producing a systemic reaction in a host that
previously had a local lesion reaction, or the strain may have an important serological
difference. Strains represent mutations or adaptations in the type virus. Isolates are any
propagated culture of a virus with a unique origin or history. Typically, they do not differ
sufficiently from the type isolate of a virus to be a strain.
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TABLE 4.1

Families and Genera of Some Plant-Infecting
Viruses with Their Morphology and Basic
Genome Characters

Family or Morphology Nucleic  Number of Vector
Genus Acid Strands
Single-Stranded RNA
Allexivirus Filamentous +Linear 1 Eriophyid
mites
Benyvirus Rigid rod +Linear 4or5 Fungi
Bromoviridae
Alfamovirus Bacilliform; +Linear 3 Aphids
Isometric
Bromovirus Isometric +Linear 3 Beetles
Cucumovirus Isometric +Linear 3 Aphids
llarvirus Quasi-isometric +Linear 3 Thrips, pollen
Oleavirus Quasi-isometric to +Linear 3 Mechanical
bacilliform

Bunyaviridae
Tospovirus Spherical® +/—Circular 3 Thrips
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Capillovirus Filamentous +Linear 1 Seed and
grafting
Carlavirus Filamentous +Linear 1 Aphids;
whiteflies
and seed in
some
Closteroviridae
Closterovirus Filamentous +Linear 1 Aphids,
mealybugs,
and whiteflies
Crinivirus Filamentous +Linear 2 Whiteflies
Comoviridae
Comovirus Isometric +Linear 2 Beetles
Fabavirus Isometric +Linear 2 Aphids
