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Preface

FROM THE LAND that is clean and good, by the will of its Cherisher, springs up produce,
(rich) after its kind: but from the land that is bad, springs up nothing but that which is niggardly:

thus do we explain the signs by various (symbols) to those who are grateful.
7 (Al-Araf): Verse 58 , The Quran

MAY THE WINDS blow sweetly,
May the rivers flow sweetly,

May plants and herbs be sweet to us,

May days and nights be sweet to us. . . .
X. 48-50, Yajur Veda. Taitt. Aranyaka

... IF THERE IS FAMINE in the land, if there is pestilence,

if there is blight or mildew, locust or grasshopper. . . .
I Kings 8:37, The Bible

IF THERE IS BLIGHT OR MILDEW on one’s crops, what is
one to do? The topic of diseases that damage and kill
plants is hardly a new subject. For as long as humans
have foraged for, grown, traded, or eaten edible plants,
disease-causing organisms have been present and
exacted their toll on quality, yields, and consumer satis-
faction of these commodities. Impacts of plant diseases
on the lives of people range from the nuisance of losing
a few plants in one’s garden, to significant economic
losses to a farmer, and finally to widespread famine due
to extensive crop losses in a region. Throughout human
history, devastating crop losses have sometimes resulted
in subsequent loss of human life and disruptive migra-
tions of the inhabitants. Humanity’s dependence on
healthy crops and reliable sources of food, therefore,
transcends all barriers of culture, nation, and time. We
all need to eat and to feed our children.

Vegetables are an essential and increasingly popular
component of human diets today. Collectively, vegeta-
ble crops are a major part of agricultural commerce.
The vegetable industry produces large volumes of high
quality commodities that are intensely marketed and
can be delivered locally and regionally or shipped
internationally. Consumer standards and market
requirements mandate excellent quality produce. The

diseases that affect vegetables compromise such quality
and therefore are of great importance to grower,
shipper, marketer, and consumer. Vegetable production
and marketing in the 21st Century has been fashioned
by technology and developments that are unique to our
times, including molecular biology, globalization of
international trade, awareness of the benefits and
dangers of synthetic pesticides, and insights into specific
health benefits of vegetable foods.

This book is written to address the broad topic of
diseases that affect vegetables. Part 1 offers a brief
introduction to vegetable crops, descriptions of the
disease-causing agents, suggested strategies for identi-
fying and diagnosing vegetable diseases, and general
principles in controlling them. In this book we describe
diseases that are primarily caused by pathogens (biotic
diseases). Problems caused by nutritional and physio-
logical disorders and environmental and cultural
factors (abiotic problems) are mostly not covered.

The rest of the book (Part 2) is divided into chapters
on the principal crop groups (and further subdivided if
different plants within the group suffer from distinct
sets of diseases) and describes the major diseases that
affect those vegetables. The diseases are, for the most
part, organized first by pathogen type and then by



pathogen name. (We should point out that each crop
chapter does not include all possible diseases and that
the disease list is therefore not exhaustive.) Of special
note are chapters devoted to spinach — an increasingly
popular vegetable — and to specialty crops and herbs.
Each disease entry includes a brief introduction to the
disease, detailed description of symptoms, information
on the pathogen and disease development, and sugges-
tions on how to manage the problem. For pathogens
that affect several crops, full details are presented in
only one chapter in order to reduce unnecessary repeti-
tion; for other crops that are subject to the same disease,
reference will be made to the more complete chapter.
Selected references are included that will allow interest-
ed readers to further research the subject.

Our collective experience in applied research,
extension education, and working closely with farmers
and industry members has shaped our approach. Our
aim is to increase recognition and diagnosis of vegetable
diseases and to provide information on biology and
control of the problems. A particular feature of this
book are the many high-quality color photographs that
illustrate most of these vegetable diseases and which
will assist the reader in identifying and understanding
them.The glossary at the end lists much of the termi-
nology used in plant pathology and related fields.
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INTRODUCTION TO VEGETABLE CROPS AND DISEASES

Vegetable production

Vegetables are a critically important part of the human diet. Along with grains and fruits,

vegetables are one of the three major food groups of plant origin. The highly perishable nature of

most vegetable commodities, along with the market demand for a steady supply of high-quality,
disease-free produce, makes vegetable production a challenge for the farmers of the world.

The increasing importance of vegetables

The role of vegetables in the human diet has increased
for several reasons. Nutritional and medical research
elucidates the value and role of these foods in keeping
us healthy. Vegetables provide essential carbohydrates,
proteins, fibers, vitamins, and minerals. Researchers are
indicating that components found in vegetables provide
additional health benefits such as the following:
reduced cancer risk associated with lycopene in tomato
and watermelon fruit, beta-carotene from carrots and
squash, lutein from broccoli and peas, and glucosino-
lates from crucifers; lowered blood pressure and other
benefits for the circulatory system associated with
anthocyanins in beets, red cabbage, and kidney beans;
assistance with depression associated with B vitamin
folate in legumes and spinach; prevention of age-related
macular degeneration of the eye attained from the
antioxidant lutein in spinach leaves; reduced heart
disease and cancer risk associated with allicin in onion
and garlic. These and other examples highlight specific
roles that vegetables have in possibly addressing human
diseases.

In addition to nutritional and health issues, vegeta-
bles bring a welcome aesthetic value to the table.
Because there are so many different kinds and varieties
of vegetables, these commodities are an important
source of diversity, color, taste, and texture in cooking,.
Specialty vegetables, baby leaf and baby vegetable
products, and organically produced commodities
provide additional choices to the people preparing and
eating vegetables. New vegetable types, vegetable
products, and the changing tastes and demands of the
consumer have further encouraged growth in the
vegetable producing industry. For example, ready-to-
eat bagged vegetable products have greatly increased in
popularity and availability. These products consist of

diverse vegetable and salad components that are
washed, chopped into consumable portions, mixed
together, and sealed into plastic bags that allow for
many days of shelf-life.

Finally, the modern world market situation is
responsible for allowing significant increases in
vegetable production to take place. The current global
economy and intense export/import businesses make it
possible for vegetables produced in one part of the
world to be quickly shipped and made available to
markets and consumers anywhere else in the world.
Transportation systems and postharvest handling have
improved over the years, resulting in high-quality
produce with excellent shelf-life being available year-
round to the consumer.

The emergence of large corporate, national, and
international marketing chains and companies has also
affected the way vegetables are produced. Such huge
conglomerates in large measure are able to exert
control over commodities such as vegetables. Vegetable
growers and suppliers must agree to provide steady
supplies of high-quality produce at fixed prices in order
to sell to such chains. These business agreements place
pressure on growers who cannot allow disease and
other production problems to interfere with harvest
schedules and projections.

Total world vegetable production has increased
almost three-fold over the last 30 years according to
FAO reports (Table 1). This phenomenal growth
applies to many of the major vegetable crops, including
tomato, onion, eggplant, pepper, carrot, cucurbits,
spinach, and lettuce. Increases in corn, pea, and bean
production have doubled. In comparison to the growth
of vegetable production, over the same 30-year period
the human population has increased approximately 1.6
times, from 3.84 to 6.22 billion people.
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TABLE 1 Thirty-year trends for world production of major vegetable crops

Vegetable crop 1972 1982 1992 2002
Artichoke 1.40 1.18 1.24 1.26
Asparagus 1.16 1.42 2.24 5.08
Bean 2.68 3.18 3.66 5.65
Bean, string 1.02 1.12 1.32 1.72
Broad bean 0.66 0.87 1.00 1.02
Cabbage 27.39 39.39 39.78 62.47
Carrot 7.96 11.24 13.99 21.02
Cauliflower 4.48 6.57 10.24 15.05
Corn 4.84 5.77 7.26 8.40
Cucumber, gherkin 10.63 14.72 18.61 36.40
Eggplant (aubergine) 6.59 9.14 11.47 29.93
Garlic 2.98 4.76 7.34 12.11
Leek and other alliums 0.79 0.80 1.41 1.52
Lettuce 6.89 9.00 12.42 18.75
Mushroom 0.79 1.14 1.94 3.07
Okra 1.82 2.61 3.61 4.90
Onion and shallot, fresh 1.60 2.53 3.25 4.36
Onion, dry 16.94 24.57 32.35 51.91
Pea 4.86 5.98 6.75 9.06
Pepper 6.19 8.23 11.33 2217
Pumpkin, squash, gourd 6.23 8.60 10.84 16.91
Spinach 2.34 3.40 4.42 10.31
Tomato 38.49 57.67 74.76 108.50
Total fresh vegetables 158.73 223.89 281.23 429.40

Units = million metric tonnes [ million MT]
Listed vegetables are for fresh market and do not include crops grown for dried or processed products. Source: FAO
(http://apps.fao.org)

Vegetable commodities

What exactly is a vegetable? Like many words, the term
itself has different meanings and degrees of ambiguity
depending upon the context of its use. A formal dic-
tionary definition is the following: vegetable = usually
an herbaceous plant grown for the edible part that is
eaten as part of a meal; also, such an edible part
(Merriam-Webster’s Collegiate Dictionary). This defi-
nition, however, is broader than the agricultural/

horticultural understanding of ‘vegetable’ which usually
excludes traditional fruit commodities such as peach,
pear, apple, cherry, grape, blackberry, strawberry, and
many others. Botanically, a vegetable is usually defined
as those parts of a plant derived from a vegetative organ
(root, bulb, crown, stem, rhizome, petiole, leaf) and so
would not include reproductive structures like tomato
and pepper fruit, cauliflower and artichoke flower
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buds, and bean and pea pods and seeds. The conven-
tional usage of ‘vegetable’ is a combination of all these
meanings. Vegetables traditionally cover all crops
derived from vegetative plant parts, and also include
selected flower, fruit, and seed commodities that over
time were considered vegetables through common use
and inclusion in non-dessert foods.

In the USA, the issue of ‘what is a vegetable’ needed
to be addressed by the country’s highest court. In 1893,
the US Supreme Court ruled on whether tomato was a
vegetable or fruit. This authoritative legal body decided
that for Americans the tomato would be considered a
vegetable. This ruling was necessary because business-
es and regulatory agencies did not know whether
tomatoes were subject to commerce laws for fruits or
vegetables. Interestingly, ketchup derived from
processed tomatoes was quite popular many years
before this legal discussion; ketchup was declared
America’s National Condiment in 1830.

Like all other plants, each vegetable crop plant is
given scientific genus and species names. Each vegetable
is then grouped taxonomically into plant families
(Table 2). Knowledge of these plant families and the
relatedness between certain vegetable commodities is
often useful in understanding plant pathogen dynamics
and devising disease management strategies. While
some pathogens are able to infect hundreds of plants in
many different plant families, most of these organisms
have much smaller host ranges. In many cases, the
pathogens will tend to infect only crops within these
plant families. Rust (Puccinia alliz) of garlic infects
onion and chives, but not non-alliums. The black rot
pathogen of crucifers (Xanzhomonas campestris pv.
carmpestris) attacks many plants in the Brassicaceae, but
not plants in other families. The extensive research
information available for sugar beet diseases can in
large measure be used to help understand diseases of the
closely related table beet and Swiss chard.

Technological advances

There have been major changes and improvements in
the production of vegetables. To begin with, there is
now a great awareness of, and appreciation for, the
importance of seedborne pathogens. The seed pro-
ducing industry now invests a great amount of research
and effort into providing high-quality, relatively
pathogen-free seed to growers. Such seed results from
the following steps: establishment of clean mother seed

TABLE 2 Plant families and selected commercial

vegetable crops
Plant family Examples of vegetable crops
Alliaceae Onion, garlic, leek, chives, shallot
Amaranthaceae Beet, Swiss chard, spinach
Apiaceae Carrot, celery, celeriac, parsley,
parsnip, cilantro, fennel, dill,
chervil
Asparagaceae Asparagus
Asteraceae Lettuce, endive, radicchio,

artichoke, Jerusalem artichoke,
salsify

Brassicaceae Broccoli, Brussels sprout, cabbage,
cauliflower, mustard, arugula,

radish, broccoli raab, watercress

Cucurbitaceae Cucumber, squash, melon,

pumpkin, watermelon

Fabaceae Bean, broad/faba bean, pea

Lamiaceae Mint, basil, oregano, marjoram,
sage, catnip

Poaceae Corn, lemongrass

Polygonaceae Rhubarb

Solanaceae Pepper, tomato, eggplant, potato,
tomatillo

Valerianaceae Corn salad

stock sources, placement of seed increase plantings in
arid regions, vigilant monitoring of seed fields, roguing
of fields having symptomatic and off-type plants, devel-
opment and use of sensitive pathogen detection
methods, and treatment of seed to reduce what
pathogens might be present.

Advances in seed physiology, such as seed priming
and coating treatments, also contribute to improve-
ments in seed quality, seedling vigor, and reduction in



disease problems. Seed coat treatment is a highly
developed, sophisticated science. Seeds are coated with
various substances so that they can be more easily
handled during planting, germination can be modified
and controlled, and protection against pests and
diseases can be ensured. Seed priming is a relatively
recent development. Seed priming treatments are
applied before seeds leave the packaging facility, and
consist of processes that invigorate seeds and actually
initiate some physiological steps in germination. When
primed seeds are placed in the soil or rooting medium,
seeds will germinate more rapidly and uniformly than
non-primed seeds.

Vegetable transplants to start new plantings are less
frequently grown in the ground, but instead now are
often produced in sanitized transplant trays, using soil-
less rooting media, and placed in greenhouses where
conditions can be strictly controlled. In the USA, the
great majority of celery, cauliflower, tomato, pepper,
lettuce, and melon transplants are grown under this
system.

Vegetable crop breeding programs continue to
produce new, vigorous, productive cultivars. The
creation of improved hybrids brings about increases in
yield and in some cases resistance to diseases and pests.
While not universally accepted at the consumer level,
the fields of molecular biology and genetic engineering
potentially can further advance vegetable plant
breeding.

Postharvest handling methods have improved
greatly. Postharvest research has informed the industry
about the optimum ways of harvesting, transporting,
and storing vegetable commodities. Improvements have
therefore been made in the ways these vegetables are
handled once they leave the field. These improvements
have increased the overall quality of marketed vegeta-
bles, improved their shelf-life, and made possible the
long-range transport and sale of vegetables to distant
overseas destinations.

A revolutionary postharvest advancement for veg-
etables was the rapid development and marketing of
bagged, ready-to-eat vegetable products. Developed on
a large scale within the past 10 years, a wide variety of
vegetable commodities are harvested and taken to pro-
cessing facilities where they are washed, cut and
prepared, and placed in bags made of specialized, semi-
permeable materials. These specially designed plastics
control the concentrations of oxygen and carbon
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dioxide inside the bags and allow these products to have
significant shelf-life. Properly refrigerated, these cleaned
and chopped products may last perhaps as long as 7 to
10 days after they go on the market. Products are
intended to be ready-to-eat and do not usually need
further preparation. These ‘value added’ or ‘lightly
processed’ products have greatly changed the vegetable
market by providing novel products that are convenient
for the consumer. Vegetables included in these products
include lettuce, carrot, celery, cauliflower, broccoli,
cabbage, mustards, arugula, endive, radicchio, spinach,
beet leaves, Swiss chard, and others.

Research on plant pathogens has also aided the
vegetable industry. More sensitive, highly accurate
pathogen detection methods are now available for
many seedborne pathogens of vegetables. In-depth
studies on disease epidemiology help explain the
biology of vegetable pathogens and enable better
disease control strategies to be devised. Extensive
breeding efforts develop resistant cultivars. Safer fungi-
cides that are less disruptive to the environment are
being used on vegetables. Compared to older genera-
tion pesticides, such chemicals are applied at very small
rates and enable growers to control diseases while
adding less fungicide to the environment.

Challenges in vegetable production

Despite advances in vegetable production and disease
management, many challenges face growers of vegeta-
bles. Because of the nature of today’s worldwide
market, there are extremely high expectations for
growers to provide ample supplies of high-quality,
disease-free produce that has extended shelf-life.
Markets are looking to suppliers to provide such
produce over many months each year. Competition to
maintain a market share in this global vegetable market
is intense.

In addition to requiring high quality, the world
market is demanding food that is safe to consume.
Vegetables for both local and regional markets and for
use overseas must be free of human, foodborne
pathogens and contaminants such as Escherichia cols,
Salmonella, other enteric bacteria, and various other
microorganisms. Mistakes in the handling chain from
field to table can result in consumer exposure to such
pathogens. This requirement for cleanliness and careful
handling adds another pressure in the vegetable
producing business.

15
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Another challenge is the need to produce high-
quality vegetables while reducing the use of synthetic
pesticides. Consumers worldwide want fewer chemicals
on their food products, but still demand high quality
and long shelf-life. Vegetable growers must grapple
with both demands. As time passes, there are fewer
fungicides remaining to control diseases, fewer insecti-
cides to control insect vectors of pathogens, and fewer
herbicides to control weeds that harbor both insect
vectors and pathogens. Reduction in pesticide use is a
food safety and health issue as well as an environmen-
tal one. Individuals and groups are seeking to better
preserve the wildlife and environment around us, and
hence seek reduced pesticide use. The example of the
soil fumigant methyl bromide and the international
movement to ban the agricultural use of this chemical is
a prominent case study that illustrates these trends and
issues.

The challenge of plant diseases

For as long as humans have foraged for, grown, traded,
sold and bought, or eaten vegetables and other edible
plants, disease-causing organisms have reduced quality,
yields, shelf-life, and consumer satisfaction of these
commodities (see the references cited in this chapter that
give examples of plant disease concerns throughout
history). Therefore, managing these diseases is an
essential task of all producers. If a particular grower
cannot provide vegetables having these high standards,
then other farmers in the region or the world will take
over that market share. Therefore, disease control has
become an extremely critical aspect in the drive to
produce excellent quality vegetables. Ironically, the
same extensive international system that makes possible
the selling, buying, and transporting of harvested veg-
etables across the globe also can create new disease
problems for growers. Pathogens that occur in one part
of the world can be moved on contaminated or diseased
seed and plant material to other parts of the world
where that pathogen never before had occurred.

The cost of producing vegetables continues to climb,
placing ever-increasing economic pressure on growers.
Rising land use, water, seed, equipment, fuel, fertilizer,
pesticide, and labor expenses force growers to
maximize yields and seek economical ways to control
diseases. A final contemporary challenge is the
worldwide trend of reducing the use of certain pesti-
cides on food commodities. For environmental and

human health reasons, some pesticides are no longer
available for use on vegetables and others will either be
eliminated in the future or their use will be severely
restricted. Therefore, a disease control program that
relies on fungicides requires revision and development
of new and integrated strategies. Because of the chal-
lenges posed by plant pathogens, it will be imperative
for growers and field personnel to be familiar with the
vegetable diseases they may face.
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Causes of disease

A MULTITUDE of microscopic and sub-microscopic pathogens threaten vegetable crops

and can cause significant damage: principal among them are bacteria, fungi, and viruses.

Knowledge of the names, characteristics, and biology of these pathogens is critical
in the effort to identify and control them.

Diseases caused by biotic agents
Some understanding of the taxonomy of plant patho-
genic organisms is required to identify them accurately,
understand their biology, and ultimately to best control
them. Taxonomy is the science that classifies, catego-
rizes, and names organisms. The taxonomy of plant
pathogens, like that of all organisms, continues to
change and develop. Ongoing research, discovery of
additional species, and modern molecular and bio-
chemical methods allow researchers to more precisely
define these classifications, resulting in occasional but
significant changes in previous taxonomic schemes.
The major groups of plant pathogens are the fungi
and fungus-like organisms, bacteria and other prokary-
otes, and viruses and viroids. These major groups cover
the vast majority of the pathogens that affect plants,
though a few other miscellaneous pathogens exist. A
few plant pathogens are higher vascular plants such as
dodder (Cuscuta species), broomrape (Orobanche
species), witchweed (S#7Zga species), and mistletoes
(species of Arceuthobinm, Phoradendron, and
Viscurn). In very humid or tropical areas there are a few
other pathogens that are classified in other microor-
ganism groups. The alga Cephaleuros virescensis path-
ogenic on citrus and other plants in warmer regions of
the world. Flagellate protozoa, or flagellates, are path-
ogenic on plants in tropical areas. Examples of flagel-
lates are Phytormonas species on coffee, cassava, and
coconut palm. Microscopic unsegmented worms, or
nematodes, are important parasites on plants but are
usually considered parasitic pests and not pathogens.
Tables 3, 4 (page 21), and 5 (page 23) list the primary
bacterial, fungal, and viral pathogens that affect
vegetable crops. Table 7 (page 26) lists the vegetable
diseases that are discussed and illustrated in this book.

BACTERIA

Bacteria are microorganisms placed in the kingdom
Prokaryota and are typically single-celled organisms,
lack a membrane-bound nucleus, and usually have an
enclosing cell wall. Most plant pathogenic bacteria are
rod-shaped, Gram-negative species in the genera
Acidovorax, Agrobacterinm, Erwinia, Pseudomonas,
Ralstoria, Serratia, and Xanthomonas. Rbizormononas
bacteria are thus far only pathogenic on lettuce, are
Gram-negative, and live in the soil as soil inhabitants.
Pathogenic Clavibacterbacteria, previously in the genus
Corynebacterium, are rod-shaped Gram-positive
species. Streptomyces species are Gram-positive actin-
omycete bacteria that are found in soils, produce an
aerial mycelium and chains of spores, and form fila-
mentous, branching colonies. Xylem-inhabiting, path-
ogenic bacteria in the Xy/e//z group are not pathogenic
on vegetables but cause diseases of woody plants and
trees.

There are many vegetable crop pathogens in the
Erwinia, Pseudomonas, and Xanthomonas genera. In
most cases these pathogens are readily isolated onto
standard microbiological agar media. Presumptive
identification to genus, and sometimes species, level
requires matching strain features with known charac-
teristics such as colony morphology and color on
certain agar media, reactions to a number of biochemi-
cal tests, serological reactions, chemical composition,
fatty acid and other physiological profiles, and
molecular profiles.

Species in the Pseudomonas and Xanthomonas
genera are often further divided into sub-species cate-
gories based on host ranges. For example, the 7.
syringae pathogen that infects tomato is primarily
restricted to tomato. Therefore, pathologists go further



in their classification scheme for P. syringae and
designate the tomato pathogen as a specific pathovar
(pv.). This organism is therefore named Psexdorronas
syringae pv. tomato. In official taxonomic systems, the
pathovar designation is not a taxonomic term, but is a
useful means for pathologists and agriculturalists to
identify host—pathogen relationships and distinguish
between closely related but distinct bacterial pathogens.

Mollicutes are prokaryotes that differ from other
bacteria in important ways. Mollicutes notably lack cell
walls, have very small genomes, and previously were
called mycoplasma-like organisms (MLOs). There are
two groups of mollicutes that are pathogenic on plants.
Spiroplasmas are mollicutes that are single-celled and
form helical structures. Phytoplasmas are the more
commonly encountered mollicute on plants and take on
various shapes (called pleomorphism). Plant pathogen-
ic phytoplasmas are usually transmitted by insects such
as leathoppers for the aster yellows phytoplasma, and
plant hoppers for clover phyllody phytoplasma.

Diseases caused by phytoplasmas often cause virus-
like symptoms to develop on plants; therefore, for many
years researchers attributed these problems to viruses.
In 1967, MLOs were found in plants for the first time,
thereby documenting that such diseases were caused by
these bacteria and not by viruses. MLOs that are found
in plants are now called phytoplasmas or spiroplasmas.
Phytoplasmas thus far have not been cultured iz vitro.
For the most part, confirmation of phytoplasmas
requires molecular or serological tests and examination
of plant tissues using electron microscopy.

Bacteria find their way to plant hosts in a number of
ways. Most of these organisms survive on plant surfaces
as epiphytes until sufficient population numbers are
achieved. Bacteria reproduce by cell division, or fusion.
With the exception of Streprormyces, these plant patho-
genic bacteria do not make spores or other differentiated
reproductive cells or structures. When high epiphytic
populations are attained, the bacteria are able to enter
the plant via natural openings (stomata, hydathodes) or
wounds, reproduce inside plant tissues, and cause
disease. Bacteria present on diseased plants are
dispersed to other plants by splashing rain or irrigation
water. Winds generally do not spread bacteria, so this
pathogen does not travel far like fungal spores. Bacteria
are readily spread by contact. Transplant trays, green-
house benches, shears used to prune plants, workers
who handle diseased plants, and even equipment that
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passes through fields can all become contaminated,
harbor bacteria, and spread these pathogens to clean
plants. A few bacterial pathogens are vectored by
insects that become contaminated by feeding, then
move and spread the pathogen to other plants. A
significant number of bacteria are seedborne in vege-
tables because they are inside the seed or present on the
seed as external contaminants. Germination of the
infested seed can result in a plant that has the bacterial
disease. Plant pathogenic bacteria rarely survive free in
the soil, but can persist on crop residues that are not
completely decomposed. There are a few exceptions, as
Agrobacterium tumefaciens, Ralstonia solanacearum,
Rhizomonas suberifaciens, and Streptomyces scabies
are true soilborne organisms.

TABLE 3 Common prokaryotes that cause
diseases of vegetables

Bacteria Acidovorax
Clavibacter
Erwinia
Pseudomonas
Ralstonia
Rhizomonas
Serratia
Streptomyces
Xanthomonas

Phytoplasma Aster yellows phytoplasma
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VIRUSES

Viruses are sub-cellular entities and are made up of
some form of nucleic acid that is usually encased in a
coat of protein or other biochemical substance. Virus
genomes can be single- or double-stranded DNA or
RNA, and can consist of single (monopartite) or
multiple (multipartite) components. Viroids are similar
to viruses except that they consist of only an RNA
genome; viroids do not have any protective outer coat.
The outer virus coats take on diverse shapes such as
flexuous threads, spherical polyhedrals, cylindrical
rods, and others. Some viruses consist of multiple,
attached particles, with each sub-unit containing part
of the genome.

Being sub-microscopic entities, virus particles cannot
be observed with the light microscope. Therefore, to
confirm the presence and identification of a particular
virus, plant tissue must be observed with an electron
microscope and tested using serological and molecular
techniques. Extensive development of virus-specific
antisera and the enzyme-linked immunosorbent assay
(ELISA) detection methods have facilitated confirma-
tion of virus agents. The now commonly used
molecular method called the polymerase chain reaction
(PCR) is a powerful tool used for identifying viruses and
other organisms. PCR matches pieces of known genetic
sequences (primers) with the unknown virus sample. If
the match is positive, then the identity of the virus agent
can be confirmed. Labeling viruses with fluorescing
substances has proven useful in fluorescent antibody
microscopy. In addition, some plant viruses induce the
host to form various crystals and other structures
within the cell; these objects are called virus inclusions
and can aid in the identification of the virus. The use of
indicator plants, in which a test plant such as tobacco is
rubbed with a plant extract that may contain viruses,
may show that the plant sap was infected with a virus-
like agent. However, the resulting symptoms on these
indicator plants are generally not specific enough to
pinpoint precisely which virus was present in the sap.

Plant virus taxonomy divides viruses into different
groups depending on the natures of the genome and
external coat. Therefore there are DNA and RNA
viruses. Within each of these two groups there are
single- or double-stranded nucleic acid viruses. Further
dividing criteria are the shape of the virus external coat
and whether there are one or more strands of nucleic
acid per virus. Using these and other criteria, viruses are

now grouped into families of closely related virus
pathogens.

In general, viruses do not exist and survive in nature
without another organism. The plant host is the
primary refuge of these pathogens. Viruses typically
infect plants in a systemic way, and thereby make their
way into plant leaves, stems, seeds, and even flowers,
pollen, and roots. Cuttings, crown divisions, and other
vegetative means of dividing plants will therefore result
in progeny that are already infected with the virus
agent. Only certain viruses have the capability of
entering plant seeds and becoming seedborne patho-
gens. A limited number of plant viruses are carried in
pollen.

With the exception of pollen-borne viruses, in the
field viruses mostly move between plant hosts via a
mobile organism, called a vector, that carries the virus.
Vectors usually feed on the infected plant, become con-
taminated or infested with the virus, then move to
healthy plants and infect them by feeding. Arthropods
are the most common plant virus vectors and include
aphids, leafhoppers, whiteflies, thrips, beetles, and
spider mites. Soilborne nematodes in the Longidoridae
family (genera are 77ichodorus, Paratrichodorus,
Longidorus, Paralongidorus, Xiphinerna) and
protozoan soil microorganisms such as O/pidjurm and
Polymyxaspecies are also virus vectors. Two viruses in
the tombusvirus group, Tomato bushy stunt virus and
Lettuce necrotic stunt virus, present an interesting
exception to the dependence on vectors. These two
pathogens have no known vector, but apparently exist
freely in soil and water. The viruses are distributed when
infested soil is moved and infested water floods fields or
is used in irrigation. Some viruses are readily spread
mechanically in plant sap and fluid. The rubbing and
abrasion that takes place between plants in the field can
therefore theoretically spread virus agents; however, this
means of virus spread is not significant in the field.
More significant is the spread of virus that takes place
when people handle infected plants, become contami-
nated with plant sap having viruses, and then touch
uninfected plants.

Viruses do not reproduce independently. Once a
virus has been introduced into a host cell, the viral
genome is released into that cell and induces the cell to
manufacture the nucleic acid and protein components
needed to assemble more virus particles. Newly
assembled viruses then spread from cell-to-cell via
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TABLE 4 Common viruses that cause diseases of vegetables

Virus family Virus

Alfamovirus Alfalfa mosaic virus

Begomovirus Sinaloa tomato leaf curl virus

Pea streak virus
Shallot latent virus

Carlavirus

Caulimovirus Cauliflower mosaic virus

Closterovirus Beet pseudo-yellows virus
Beet yellows virus

Cilantro yellow blotch virus

Comovirus Broad bean stain virus
Broad bean true mosaic virus

Squash mosaic virus

Cucumovirus Cucumber mosaic virus

Enamovirus Pea enation mosaic virus
Furovirus Beet necrotic yellow vein virus
Geminivirus Beet curly top virus
Squash leaf curl virus
Tomato yellow leaf curl virus
llavirus Asparagus virus 2
Tobacco streak virus
Luteovirus Bean leaf roll virus
Nepovirus Artichoke Italian latent virus
Artichoke yellow ringspot virus
Tobacco ringspot virus
Ophiovirus Mirafiori lettuce virus
Polerovirus Beet chlorosis virus
Beet mild yellowing virus
Beet western yellows virus
Carrot red leaf virus
Potexvirus Artichoke curly dwarf virus

Asparagus virus 3

cytoplasmic connections between adjacent cells (plas-
modesmata). When viruses reach phloem vascular
tissue, the viruses are rapidly dispersed to other parts of
the plant, in particular the actively growing shoots and
new leaves.

Pathogen life cycle and disease development can be
complex and must take into account multiple factors.
The primary source of the virus can be any number of
plants in the field (crops, weeds, volunteer hosts), vege-

Virus family Virus

Potyvirus Asparagus virus 1

Bean common mosaic virus
Bean yellow mosaic virus
Beet mosaic virus

Celery mosaic virus

Garlic yellow streak virus
Garlic yellow stripe virus
Leek yellow stripe virus
Lettuce mosaic virus

Onion yellow dwarf virus
Papaya ringspot virus type W
Pea seedborne mosaic virus
Potato virus Y

Tobacco etch virus

Turnip mosaic virus
Watermelon mosaic virus
Zucchini yellow mosaic virus

Rhabdovirus Beet leaf curl virus

Rymovirus Onion mite-borne latent virus

Sequivirus Parsnip yellow fleck virus

Tobamovirus Pepper mild mottle virus
Tobacco mosaic virus

Tomato mosaic virus

Tobravirus Pea early browning virus

Tombusvirus Lettuce necrotic stunt virus

Watercress yellow spot virus

Tospovirus Tomato spotted wilt virus

Umbravirus Carrot mottle virus

Viroid

Watercress chlorotic leaf spot viroid

tative plant propagation units (transplants, cuttings,
crown divisions), vectors that have obtained the virus,
pollen, virus-infected seed, and in some cases, infested
soil and water. Disease development and rate of spread
will depend on the biology, distribution, and movement
of the vector. Virus diseases initiated by seedborne
viruses will depend on the number of infested seeds in
any one seed lot. Transmission of the virus depends
either on how the vector feeds on plants and how the
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virus is able to survive on or in the vector, or on the
degree that infested plant sap is infectious. Therefore, a
clear understanding of virus disease epidemiology
requires extensive research and information.

Funart

This group of microorganisms encompasses the great
majority of plant pathogens. Fungi are predominantly
multicellular organisms, lack chlorophyll, have cell
walls, and have DNA in a membrane-bound nucleus.
These organisms usually produce a filamentous,
branching structure (hyphae) that collectively is called
the mycelium. A great variety of reproductive structures
are found in this kingdom of organisms. The taxonomy
of fungi is primarily based on the shape and nature of
sexual spores, asexual conidia and sporangia, fruiting
structures, structure of the hyphae, and other physical
features (morphology). Molecular and biochemical
profiles are now being incorporated into taxonomic
schemes as well.

Kingdom Fungi contains the phyla Chytridio-
mycota, Zygomycota, Ascomycota, and Basidio-
mycota. Fungi are placed in these phyla based on
morphological structures and genetic characteristics.
Chytrids produce zoospores and gametes that have
flagella and can therefore swim in water, fungal struc-
tures without cell cross walls (coenocytic), and are often
single-celled. Few chytrids cause plant diseases, and no
chytrid directly causes important vegetable diseases.
However, the chytrid O/pidiumz vectors a virus patho-
gen of lettuce. Zygomycetes have asexual sporangia
that form on sporangiophores and dark, thick-walled
zygospores. A few zygomycetes are plant pathogens:
Choanephora, Mucor, Rhizopus. Ascomycetes form
sexual spores in a sac-like structure called the ascus; asci
are usually borne within a distinct fungal structure such
as a perithecium, apothecium, or cleistothecium.
Basidiomycetes form the sexual basidiospores on a
microscopic, club-shaped structure called the basidium.
A great many of the vegetable diseases are caused by
Ascomycte and Basidiomycete fungi.

Plant pathogenic fungi either penetrate host tissues
directly or enter via wounds or plant openings like
stomata. The pathogens then colonize host tissues and
usually produce reproductive structures and infective
propagules that can disperse and infect other plants.
Propagules generally fall into one of two categories.
Sexual propagules result from the fusion of two

gametes or two compatible mycelia, which is followed
by meiosis. Meiotic division results in sexually
produced spores, with the fungi in Zygomycota having
zygospores, Ascomycota producing ascospores, and
Basidiomycota forming basidiospores.

Many of the fungi in these three phyla also produce
a different, asexual spore type. These spores are not the
result of sexual recombination. For fungal pathogens of
vegetables, the asexual spore is often the most
prominent inoculum type and is classified as either a
sporangiospore or conidium. Sporangiospores are
formed within enclosed structures (sporangia) and do
not share a common cell wall with the sporangia. In
some cases the mature sporangiospore has flagella and
can swim in water; these spores are called zoospores.
Conidia are asexual spores that form as a result of cell
division on the tips of conidiophores. For this spore type
the conidium and conidiophore at some point shared a
common cell wall. Conidiophores can be formed singly,
in clusters (fascicles), or on a variety of fungal struc-
tures, including cushion-shaped pads of mycelium
(sporodochia), open cup-shaped structures (acervuli),
or enclosed spherical bodies (pycnidia). Another
asexual structure, the chlamydospore, is a vegetative
cell that has enlarged, formed thick walls, and functions
as a survival structure for the fungus.

Ascomycete and Basidiomycete taxonomy is com-
plicated by the fact that many species produce both
sexual and asexual phases. The sexual form of a species
is called the teleomorph (or perfect stage), and includes
the ascospore or basidiospore stage. The teleomorph
name of a fungus generally has priority and is the
primary name used in taxonomy. The same fungus,
however, can produce an asexual phase called the
anamorph (or imperfect stage). The anamorph includes
those forms of fungi that make conidia. All asexual
forms are placed in the Fungi Imperfecti, or Deutero-
mycete, category. Further, not all Fungi Imperfecti
species produce a known teleomorph stage, making
fungal taxonomy even more complex. When referring
to a fungus in scientific publications, the current con-
vention is to use the teleomorph name. However, in the
field, the teleomorph form may have a limited or
unknown role in disease development. Therefore, in
many cases it is practical to refer to the anamorph name
because this is the fungal form that will be more readily
present on the crop and play the more significant role in
disease development.
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TABLE 5 Common fungi and fungus-like organisms that cause diseases of vegetables*

FUNGI

Group Genus

Zygomycota Choanephora
Mucor
Rhizopus

Ascomycota Didymella
Erysiphe

Golovinomyces
Leptosphaeria
Monosporascus
Mycosphaerella
Pleospora
Podosphaera
Sclerotinia
Sphaerotheca
Zopfia

Helicobasidium
Itersonilia
Puccinia
Urocystis
Uromyces
Ustilago

Basidiomycota

Acremonium
Alternaria
Ascochyta
Aspergillus
Botrytis
Cercospora
Cercosporidium
Chalaropsis
Cladosporium
Colletotrichum
Cylindrosporium
Fusarium

Fungi imperfecti

Plant pathogenic fungi occupy diverse and interest-
ing ecological niches. Some fungi, like the powdery
mildews, are obligate pathogens and can only survive
and remain active on a living plant host. Other fungi are
pathogens on plant foliage and flowers, and can also
live as saprobes on dead and decaying organic matter.
Soilborne plant pathogenic fungi survive as pathogens
in host roots and other tissues, soil inhabitants that
persist on soil organic matter, or free living in the soil.
Some fungi, such as rusts, have evolved in specialized
ways and can only infect one or a few plant hosts. Other

Macrophomina
Microdochium
Mycocentrospora
Oidiopsis

Oidium
Penicillium
Phloeospora
Phoma
Pseudocercosporella
Pyrenochaeta
Ramularia

Fungi imperfecti (cont.)

Rhizoctonia
Sclerotium
Septoria
Stemphylium
Thielaviopsis
Verticillium

FUNGUS-LIKE ORGANISMS

Group Genus

Albugo
Aphanomyces
Bremia

Peronospora
Phytophthora
Plasmopara
Pseudoperonospora
Pythium

Oomycetes

Plasmodiophoromycetes  Plasmodiophora

Spongospora

* For fungi having both teleomorph and anamorph stages, if one of
the stages is not commonly found on vegetables or is not involved in
pathogenesis, that name is not included in this table.

fungi, like Sclerotinia, retain the ability to infect many
different types of plants. Fungi are dispersed in a variety
of ways. Most species produce spores that are spread in
the air and via winds. Airborne and other spore types
can also be splash-dispersed by rain and sprinkler irri-
gation. Soilborne fungi are spread by spores and
mycelia that are carried in water or moved in soil and
mud. Some species form specialized, hardened mycelial
aggregates called sclerotia that are readily spread in soil
and infested plant material. A number of important
fungal pathogens are seedborne in vegetables.
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FUNGUS-LIKE PATHOGENS

Two groups of plant pathogenic microorganisms were
traditionally classified as fungi but are now considered
to be taxonomically distinct based on morphological,
biochemical, and molecular criteria. The first group is
the phylum Plasmodiophoromycota, which includes
the clubroot pathogen of crucifers (Plasmodiophora
brassicae) and crook root pathogen of watercress
(Spongospora). These organisms are now placed in
kingdom Protozoa. Plasmodiophoromycetes are soil-
borne organisms, obligate pathogens, and produce
swimming zoospores.

The second group, phylum Oomycota, contains
extremely important vegetable pathogens such as the
downy mildews (Bresmia, Peronospora, Plasmopara,
Pseudoperonospora), water molds (Pythium, Phytoph-
thora, Aphanomyces), and the white rust organism
(Albugo). These organisms are mostly soilborne, with
the exception of most downy mildews and some species
of Phytophthora. Swimming zoospores are produced
by most species, vegetative hyphae are nonseptate
(coenocytic), and sexual oospores are produced by the
fusion of male (antheridia) and female (oogonia)
gametangia.

Recent phylogenetic investigations indicate that
reclassification of oomycetes was appropriate because
these organisms lack chitin in their cell walls, usually
have zoospores with heterokont flagella (one whiplash,
one tinsel type), and possess other features that separate
them from the true fungi and more closely align them
with certain types of primitive golden algae, diatoms,
and giant kelp. Researchers are divided on the name
that should be used for the taxonomic kingdom that
contains the oomycete group; kingdom Chromista and
kingdom Straminipila have both been suggested.

For many of the soilborne oomycete species,
sporangia will only form in water, so water cultures will
be necessary for identification. The biology and ecology
of oomycetes remains very similar to those of the true
fungi, even though the two groups are now considered
phylogenetically distinct from each other. Oomycete
dispersal is dependent on airborne sporangia (such as
for the downy mildews and the late blight pathogen,
Phytophthora infestans) or water- and soil-borne
ZOOSpOres.

TABLE 6 Selected physiological and abiotic
problems of vegetable crops

Crop Disorder Cause

Celery Black heart Calcium deficiency
Lettuce ~ Ammonium toxicity Ammonium buildup
Lettuce  Tipburn Calcium deficiency
Tomato  Blossom end rot Calcium deficiency

Artichoke Tipburn Calcium deficiency

Disorders caused by abiotic factors and
physiological conditions

Apart from the living organisms that cause plant
diseases, there are a number of non-living factors that
contribute to problems and disorders of vegetable
crops. Such abiotic factors include environmental
extremes, nutrient deficiencies and toxicities, damage
from crop production steps, soil and water conditions,
and others. In addition, problems with the plant’s
physiology and genetics can result in disorders and
mutations. This book covers only a few of the abiotic
and physiological problems that can affect vegetable
crops; a summary can be found in Table 6.
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TABLE 7 Vegetable diseases discussed and illustrated in this book

CROP BACTERIAL DISEASES

FUNGAL DISEASES

VIRAL DISEASES

Alliums Bacterial blight

Black mold

Botrytis leaf blight
Cladosporium leaf blotch
Downy mildew
Fusarium basal plate rot
Neck rot

Penicillium blue mold
Pink root

Purple blotch

Rust

Smut

White rot

White tip

Garlic mosaic
Onion yellow dwarf
Shallot latent

Artichoke Bacterial crown rot

Ascochyta rot
Gray mold
Powdery mildew
Pythium root rot
Ramularia leafspot
Verticillium wilt

Artichoke curly dwarf
Artichoke Italian latent
Artichoke yellow ringspot

Arugula Bacterial blight Downy mildew
White rust

Asparagus Cercospora blight Asparagus virus 1
Fusarium crown, root rot Asparagus virus 2
Phytophthora spear rot Asparagus virus 3
Purple spot Tobacco streak
Root rots
Rust

Basil Bacterial leaf spot Fusarium wilt Tomato spotted wilt
Gray mold
White mold

Bean Common bacterial blight Anthracnose Bean common mosaic

Halo blight Fusarium wilt Bean yellow mosaic

Gray mold
Powdery mildew
Root and foot rot diseases
Rust
White mold

Beet Bacterial leaf spot Black leg Beet chlorosis
Cercospora leaf spot Beet curly top
Damping-off Beet leaf curl

Downy mildew
Powdery mildew
Ramularia leaf spot
Rust

Scab

Beet mild yellowing
Beet mosaic

Beet necrotic yellow vein
Beet pseudo-yellows
Beet western yellows
Beet yellows

Cucumber mosaic



CAUSES OF DISEASE

TABLE 7 Vegetable diseases discussed and illustrated in this book (continued)

CROP

BACTERIAL DISEASES

FUNGAL DISEASES VIRAL DISEASES

Brassicas

Bacterial blight
Bacterial head rot
Bacterial leaf spot
Black rot

Alternaria head rot
Alternaria leaf spot
Black leg

Clubroot

Downy mildew
Fusarium yellows
Gray mold

Light leaf spot
Phytophthora root rot
Phytophthora storage rot
Powdery mildew
Rhizoctonia diseases
Ring spot

Verticillium wilt
White leaf spot

White mold

White rust

Beet western yellows
Cauliflower mosaic
Turnip mosaic

Broad bean

Bean leaf roll

Bean yellow mosaic
Broad bean stain

Broad bean true mosaic

Chocolate spot
Downy mildew
Fusarium root rot
Leaf and pod spot
Rust

White mold

Broccoli raab

Bacterial blight

Alternaria leaf spot
Powdery mildew
White rust

Carrot

Bacterial leaf blight

Alternaria leaf blight
Black mold

Black rot

Cavity spot
Cercospora leaf blight
Crater rot

Crown rot

Licorice rot

Powdery mildew
Rust

Scab

Southern blight
Violet root rot
White mold

Carrot motley dwarf
Parsnip yellow fleck

Catnip

Bacterial leaf spot

Celery

Aster yellows
Bacterial leaf spot

Crater spot
Damping-off

Early blight

Fusarium yellows

Late blight

Phoma crown, root rot
Pink rot

Celery mosaic
Cucumber mosaic
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TABLE 7 Vegetable diseases discussed and illustrated in this book (continued)

CROP BACTERIAL DISEASES

FUNGAL DISEASES

VIRAL DISEASES

Celery continued...

Powdery mildew
Pythium root rot

Chervil

Powdery mildew
White mold

Cilantro Bacterial leaf spot

Fusarium wilt

Cilantro yellow blotch

Corn salad

Powdery mildew
White mold

Cucurbit Angular leaf spot
Bacterial fruit blotch
Bacterial wilt

Cucurbit yellow vine disease

Anthracnose

Charcoal rot

Damping-off

Downy mildew

Fusarium crown, foot rot
Fusarium wilt

Gummy stem blight, black rot
Monosporascus root rot
Phytophthora crown & root rot
Powdery mildew

Scab

Verticillium wilt

Cucumber mosaic
Papaya ringspot
Squash leaf curl
Squash mosaic
Tobacco ringspot
Watermelon mosaic
Zucchini yellow mosaic

Dill

Itersonilia canker
Powdery mildew

Endive/escarole Bacterial soft rot

Alternaria leaf spot
Powdery mildew
Rhizoctonia blight
Rust

White mold

Beet western yellows

Fennel Bacterial leaf spot

Cercosporidium blight
White mold

Horseradish Black rot

Cercospora leaf spot
Downy mildew
Ramularia leaf spot
Verticillium wilt
White rust

Turnip mosaic

Jerusalem artichoke

Powdery mildew
Sclerotinia rot
Southern blight

Lemongrass Rust
Lettuce Aster yellows Anthracnose Beet western yellows
Bacterial leaf spot Bottom rot Lettuce mosaic

Corky root
Varnish spot

Downy mildew
Fusarium wilt
Gray mold
Lettuce drop
Phoma basal rot
Powdery mildew
Verticillium wilt

Lettuce dieback
Lettuce big vein
Tomato spotted wilt
Turnip mosaic



TABLE 7 Vegetable diseases discussed and illustrated in this book (continued)

CROP BACTERIAL DISEASES

FUNGAL DISEASES

CAUSES OF DISEASE

VIRAL DISEASES

Marjoram

Rust

Mint

Powdery mildew
Rust
Verticillium wilt

Mustards

Alternaria leaf spot
White leaf spot
White rust

Oregano

Rust

Parsley

Powdery mildew
Root rot
Septoria blight
White mold

Parsnip

Downy mildew
Itersonilia canker
Phloeospora leaf spot
Phoma canker
Powdery mildew
Ramularia leaf spot

Celery mosaic
Parsnip yellow fleck

Pea Bacterial blight

Aphanomyces root rot
Ascochyta blight

Downy mildew

Foot rot complex

Fusarium wilt

Gray mold

Leaf and pod spot

Powdery mildew

Pythium root rot, damping-off
White mold

Bean leaf roll

Pea early browning
Pea enation mosaic
Pea seedborne mosaic
Pea streak

Pepper Bacterial spot

Anthracnose

Damping-off

Gray leaf spot

Gray mold

Phytophthora blight, root rot
Powdery mildew

Southern blight

Verticillium wilt

Beet curly top
Cucumber mosaic
Pepper mild mottle
Potato virus Y

Sinaloa tomato leaf curl
Tobacco etch

Tobacco mosaic
Tomato mosaic

White mold Tomato spotted wilt
Radicchio Bacterial leaf spot Alternaria leaf spot Tomato spotted wilt
Powdery mildew
White mold
Radish Alternaria leaf spot

Downy mildew
Fusarium wilt
White rust
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TABLE 7 Vegetable diseases discussed and illustrated in this book (continued)