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Chapter Outcomes
After studying this chapter, you will be able to:

• Describe disease development.

• Identify organisms that cause disease.

• Identify abiotic and biotic diseases.

• Describe the disease cycle.

• List signs and symptoms of disease.

• Describe the management of plant diseases.

• Identify plant diseases.

• List careers related to plant disease management.
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A fungus is a eukaryotic organism that attaches itself to a host and 

decomposes the organism and absorbs nutrients from it. A bark beetle 

infects the elm with a fungus (Ophiostoma) that causes Dutch elm disease.

The fungus spreads via the tree’s vascular system. The tree tries to stop 

the spread of the fungus by plugging up its xylem, the tubes that transport 

water and nutrients throughout the tree. Infected trees exhibit withering

and yellowing of leaves, premature leaf drop, and eventual root death and 

overall system shutdown. Suckers, or shoots from the original tree, may 

emerge and grow for up to 15 years, but they too will succumb to Dutch

elm disease.

Many methods of prevention, 

treatment, and even breeding

have been attempted to overcome

the effects of Dutch elm disease.

Initially, insecticides were used 

to combat the vector of the

disease, the beetle. This method

of control proved to be ineffective. 

Later, a fungicide injected into 

the vascular system of the tree

prevented the fungus spores from 

inhabiting the tree, Figure 31-2. 

This method of control has 

helped to save thousands of 

trees throughout North America. 

Geneticists work to select resistant 

varieties and continue research 

in an effort to fi nd a cure to this 

devastating tree disease.

Did You Know?
The American Arbor 

Society estimates that 

only about one in every 

100,000 American elm

trees is resistant to the 

Dutch elm disease. This

makes selecting and 

breeding from that one 

genetically resistant tree 

like finding a needle in a 

haystack.

Does your city or town have a street named Elm? If not, odds are that DD
there is an Elm Street somewhere near you. Much of North America was 

blanketed with elm trees until the introduction of Dutch elm disease (DED) b

in 1931, Figure 31-1. A disease is a disorder in the structure or function of a 

living organism, such as a tree. The devastation from this disease changed the 

landscape of most of North America forever.

A furniture company in Ohio imported some elm trees from France, not 

knowing they were infected with Dutch elm disease. To make matters worse, the 

exotic and invasive European elm bark beetle that accompanied the logs spread the

disease more effi ciently than native bark beetles in the United States. By 1977, the

city of Minneapolis marked 31,475 elm trees with Dutch elm disease. Most of these 

trees were over 50 years old and had trunk diameters of nearly 3′ (.91 m). The loss ′
of these trees cannot be overstated as it devastated urban streetscapes, especially in 

major cities such as New York, Chicago, and Detroit. By the 1970s, many scientists

believed that the American elm (b Ulmus americana) would be extinct by the turn of 

the century because more than 75% of all elm trees lost their lives to the disease.

Joseph O’Brien, USDA Forest Service, Bugwood.org

Figure 31-1. This picture from the late 1970s shows a typical American 

street lined with American elm trees.
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Disease Development
Plant diseases impact the global population every day. Diseases lead to 

food crop loss before, during, and after harvests. In tropical regions where the 

conditions constantly promote disease, up to two-thirds of some crops can 

be lost, contributing to hunger problems. Other horticultural crops, such as 

timber, fl owers, ornamental plants, and turf, are also signifi cantly impacted by

plant disease. Estimates of crop losses (food, fi ber, and ornamental plants) due

to plant pests and diseases are in the hundreds of billions of dollars annually.

Professionals who study and work to combat diseases play a critical role 

in disease management. A pathologist studies diseases, and an t entomologist
studies insects. People in these professions work together because insects 

are often the vector (transmitter) of diseases in plants. Together they create a

system of disease diagnosis and management.

Disease Triangle
Three factors impact the 

development of a disease. For a 

disease to develop there must be a 

pathogen (an organism that causes 

disease), a host (an organism that t
can allow a pathogen to survive), 

and the appropriate environment
(surroundings or conditions in 

which something lives or exists). 

These factors make up what is 

known as the disease triangle, 

Figure 31-3. These variables will 

determine whether and how a 

disease is expressed. If any one of 

these factors is not present, then 

the disease cannot develop.

Did You Know?
Some pathogens that 

infect plants can also 

infect people. For 

example, Pseudomonas 

aeruginosa causes rot in 

soft vegetables, such as 

lettuce. The bacterium 

can cause complications 

in the lungs, urinary

tract, blood, and existing 

wounds.

B Whitney Cranshaw, Bugwood.org

Figure 31-2. A—Damage and symptoms from a European elm beetle. B—Foresters 

have tried a number of different techniques to stop the infection of the American elm

with Dutch elm disease. Here, a tree was girdled and a fungicide put into the tree’s 

vascular tissue.

A Joseph O’Brien, USDA Forest Service, Bugwood.org

Corner Question

Why have American elm 

breeding efforts failed?

Pathogen
(an organism that
causes disease)

Disease

Host
(an organism that

can allow a
pathogen to survive)

Environment
(surroundings or

conditions in which
something lives))

Goodheart-Willcox Publisher

Figure 31-3. The disease triangle shows how pathogens, the 

environment, and a host interact to determine the amount of disease 

evident.

Jodi
Sticky Note
existing wounds of humans.
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Susceptible Host
A susceptible host plant acts as a nursery for the pathogen, providing 

food resources and a substrate for the pathogen’s growth. Some plants are 

more susceptible to disease and are better hosts for pathogens than others. A 

particular plant species may or may not act as a suitable host 

for a pathogen. Some plants are immune (resistant) to certain 

diseases and are known as resistant hosts. However, all plants 

are susceptible to at least one pathogen. Some plants are more

prone to infection by pathogens. Growers may want to avoid 

using such plants in the landscape or garden.

The general health and growth stage of the plant also 

contribute to the susceptibility (ability to be infected) of a 

host of a pathogen. Plant density, or how closely plants are

spaced, affects how quickly the disease spreads from one 

host plant to another, Figure 31-4. Healthy, properly spaced 

plants are less likely to acquire an infection. A susceptible 
host is a plant that is prone to disease.t

Pathogen
A pathogen can be bacteria, a fungus, a virus, a disease-carrying nematode, 

or a parasitic plant. Bacteria are microscopic, unicellular, prokaryotic (without a 

nucleus or membrane-bound organelles) organisms that reproduce asexually by

dividing. A virus is a nonliving entity that consists solely of nucleic acid (DNA or 

RNA) and a protein coat. Pathogens may infect all parts of the plant, including 

the stems, leaves, roots, fl owers, fruits, and seeds. These pathogens cause one

or more plant systems to not function properly. As a result, plants may show 

distress, fail to grow or fruit, and even die. A number of different pathways in 

which a pathogen can infect a plant are discussed later in this chapter.

The progression of a disease in a host is determined by how virulent 

(infectious) and aggressive the pathogen is. Pathogens can adapt to survive in 

even extreme environmental conditions. Some pathogens are able to quickly 

reproduce and disperse over a distance.

Corner Question

What organism is the 

vector for the bacteria 

Yersinia pestis that 

causes bubonic plague?

Vlad Teodor/Shutterstock.com

Figure 31-4. Disease can spread easily 

between plants that are too tightly spaced.

HHelene/Shutterstocck..coomm

STEMSTEM Connection Connection
Rose Picker’s Disease

SSpporothrix schenckii is a fungus that lives in soil, plants, i
aaaandd deccaying vegetation. The fungus can enter the human 
bbbboddy thhrough a cut caused by a rose prickle, a piece of hay, 
oooor ppine seedlings—anything that can cause a break in the 
ssskinn. TThhe fungal spores can also be inhaled. This fungus 
cccauusees “rose picker’s disease” (sporotrichosis). An open sore 
aaaapppeaarss on the skin at the site of infection. In very rare cases, 
tthhe ceenntral nervous system, bones, or joints can be affected.
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Environment
Several factors contribute to a favorable disease environment. Moisture 

in and temperature of the air and soil are key factors. Warmer temperatures 

and higher humidity often increase the speed of the disease cycle. Additional 

factors, such as poor air circulation, little sunlight, and stagnant water, can 

contribute to the environment for a disease.

During periods of rain, the greenhouse’s humidity 

may stay near 100%. This high humidity along with warm 

temperatures is the perfect environment for breeding 

pathogens. Decreasing the temperature and reducing the 

humidity can greatly decrease the diseases caused by 

pathogens, Figure 31-5.

Organisms that Cause Disease
Pathogens transmit disease. As in humans, when 

plants are infected with a disease, there is a causal agent 

responsible for the disease. Pathogens that are responsible

for plant disease include viruses, bacteria, fungi, and other 

infectious agents.

Viruses
Viruses are pieces of either DNA or RNA (genetic

material) wrapped inside a protein coat. They do not 

metabolize, maintain homeostasis, or reproduce on their 

own, and they are not made of cells, so they are not 

considered living, Figure 31-6. These intracellular parasites 

must use a host cell to form more virus particles. Viruses 

can enter a plant through a wound site or be injected by a 

vector such as an aphid.

Bacteria
Bacteria are unicellular organisms with no nucleus or 

membrane-bound organelles. These unicellular organisms 

reproduce asexually. Asexual reproduction in bacteria

occurs through a process called binary fi ssion, in which the

cells split in two.

Fungi and Fungal-like Organisms
Fungi and fungal-like organisms (FLO) are

heterotrophic, which means they feed off of something 

else and cannot make their own food (like autotrophs can). 

Pythium and Phytophthora are examples of FLOs that cause

plant rot. These organisms have fi lamentous growth and 

can produce spores. Fungi and FLOs cause the most plant 

disease of all the pathogen groups, Figure 31-7.

Vlad Teodor/Shutterstock.com

Figure 31-5. A horticulturist monitors the health

of her plants on a humid and cloudy day, when

pathogens can cause more problems.

Mary Ann Hansen, Virginia Polytechnic Institute and 
State University, Bugwood.org

Figure 31-6. A virus can spread throughout a 

host, such as this pine.

Corner Question

What is rose rosette?

Julie Vader/Shutterstock.com

Figure 31-7. Powdery mildew attacks the 

leaves of many squash plants.
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Organisms Detrimental to Plants
In addition to viruses, bacteria, and fungi, parasites also pose a threat 

to plants. These parasites include nematodes as well as parasitic plants.

These parasites harm plants by feeding off them.

Nematodes
Nematodes are microscopic worm-like organisms, Figure 31-8.

These simple, multicellular organisms have fewer than 1000 

cells each. Nematodes have a tubular digestive system with an 

opening at both ends. Although worm-like, they are classifi ed

differently from earthworms or any other worm. The total number 

of identifi ed nematode species is estimated to be one million. 

Nematodes inhabit environments like salt and fresh water, soil, 

and other organisms.

Parasitic Higher Plants
Parasitic plants feed off of other plants. They feed off of the 

nutrients being transported throughout the vascular system of the 

plant. Parasitic plants have a modifi ed root called a haustorium, 

which anchors itself into the vascular tissues of the host plant. 

Examples of parasitic plants include:

• Mistletoe, Figure 31-9A.

• Dodder, Figure 31-9B.

• Indian paintbrush, Figure 31-9C.

Mistletoe can be found all over the United States and is most easily

seen in deciduous tree canopies during the dormant season (when leaves 

are not present). Mistletoe is often used to decorate for winter holidays. 

The plant is poisonous to people, but the fruits and seeds are a source of 

nutrients for wildlife.

Did You Know?
The largest nematode 

ever recorded was found 

inside the placenta of a 

sperm whale. It was over

26′ (8 m) in length.

D. Kucharski K. Kucharska/Shutterstock.com

Figure 31-8. Nematodes are

microscopic worms that cause various 

injuries and diseases to plants.

C Tom Reichner/Shutterstock.com

Figure 31-9. A—Mistletoe can be seen in the canopies of deciduous trees when they are dormant. B—Dodder is a 

leafless parasitic plant that anchors into a host plant’s vascular system. C—Indian paintbrush is a parasitic plant as well 

as a state flower. 

A Jason Patrick Ross/Shutterstock.com B Ottochka/Shutterstock.com
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Types of Disease
Diseases negatively impact the way a plant 

performs. Diseases cause the plant to show 

abnormalities, Figure 31-10. Just because a plant looks 

sick does not mean that it is diseased. There are a 

number of cultural disorders that may also appear to 

be diseases. Wilting can be caused by a disease, the 

result of overwatering or under watering, or even a 

nutrient defi ciency. To determine the exact cause of 

the plant abnormality, a horticulturist must investigate 

every angle of culture.

Testing for Disease
When in doubt about what is causing a plant 

problem, a horticulturist can send a plant tissue sample 

to a lab to be examined by a plant pathologist. The 

pathologist can then study the tissue on a molecular level and identify the 

exact organism that is causing the disease. If a pathogen is identifi ed, the 

horticulturist can then begin to treat the disease or prevent it from spreading 

to uninfected plants.

Most land-grant universities have a plant pathology lab or clinic that 

can identify pest problems. Whether it is a weed, insect, cultural disorder, 

or disease, the team of pathologists, entomologists, and other scientists 

work together to correctly identify the problem and help determine 

a solution. These services are usually not free, but they are much less 

inexpensive than at a private lab. Contact your local cooperative extension

agency or your land-grant university if you need to submit plant material

for testing.

Two Types of Plant Disorders
Two types of plant disorders, referred to as abiotic and biotic, cause 

plants to act abnormally.

Did You Know?
In the year 2000, apple 

growers in Michigan

suffered devastation 

to their orchards from 

fire blight, a disease

caused by bacteria. 

The state estimated a 

loss of 450,000 apple 

trees resulting in a 

total economic loss of

$42 million.

Thinking Green
Using Baking Soda to Treat Plant Fungi

Many organic proponents suggest spraying a sodium bicarbonate (baking 
soda) solution on plants before or at the time a fungus appears on a plant. 
Baking soda solutions can help and are not bad for the environment. However, 
they are not 100% helpful for plants either. Baking soda is alkaline. Most plants 
prefer acidity. Over time, using baking soda can change the pH of your soil, 
making it more alkaline. In addition, the solution or concentration may cause 
plant damage.

absolutimages/Shutterstock.com

Figure 31-10. These diseased tomatoes can show 

symptoms of numerous types of diseases.
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Abiotic
Abiotic disorders are caused by some factor other than living 

organisms. (The prefi x a- means without.) They are not infectious and do 

not spread between plants (are not contagious). Abiotic disorders may 

result from:

• Reactions to pollutants.

• Nutritional defi ciencies and toxicities.

• Temperature conditions.

• Underexposure or overexposure to light.

• Water stress.

Abiotic damage does not show disease symptoms, such as oozing, cysts, 

or fungal growth. In addition, an abiotic damage is not the result of animals, 

insects, or any other living organism.

Biotic
An infectious disease that is caused by a living 

organism and that can be spread between plants

is known as a biotic disorder. Biotic causal agents 

include pathogens, insects, mites, and animals.

Vectors (organisms that spread disease) transmit

pathogens. A mosquito or a fl ea is a common

vector for disease in humans, and an aphid or a

whitefl y is a common vector for plant diseases,

Figure 31-11.

Sick Plants Versus Injured Plants
Plants can be sick as the result of disease,

but they can also be injured in various ways. 

A diseased plant performs suboptimally as the

result of a pathogen. A plant with an abiotic 

disorder is underperforming due to nutrient defi ciencies, water stress, or 

some other abiotic factor. Injury, however, is damage caused as a result 

of an immediate action or event within a plant’s environment. Examples of 

injury include:

• Ice, hail, or wind damage.

• Road salt damage (after snow).

• Damage from chemical burns.

• Pesticide damage.

• Mechanical damage.

• Lightning strike damage.

An injured plant is usually easy to diagnose because the cause and 

effect situation is obvious. After a signifi cant storm, for example, there may

be broken tree limbs scattered on the ground, or shredded leaves in fi elds

of crops. Once injured, plants are more susceptible to disease through open 

wounds, Figure 31-12.

corlaffra/Shutterstock.com

Figure 31-11. Aphids can infect plants with pathogens 

and also cause other damage to plants.

Corner Question

What are some 

common air pollutants 

that can impact plant 

growth?

Corner Question

How much electricity is 

in one bolt of lightning?
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Disease Cycle
The disease cycle is the series of events in 

the development of a disease. The parts of the

disease cycle include inoculation, entrance, 

establishment, growth, reproduction, and 

dissemination, Figure 31-13. The extent of 

the disease is measured by visual symptoms.

Symptoms are a plant’s reactions to a disease,

such as wilting. If any part of the disease cycle

is interrupted, the disease will not progress.

The disease can be interrupted intentionally 

by the grower in an effort to control the 

disease or prevent future infection.

Inoculation
A pathogen comes in contact with its 

host in the inoculation part of the disease 

cycle. An inoculum is a pathogen (or its 

parts) that is capable of causing infection 

and disease when transferred to the 

appropriate host and environment.

D Randy Cyr, Greentree, Bugwood.org

Figure 31-12. A—A lightning strike can cause damage to plant material. B—Pesticide 

burn or toxicity impacts overall plant health. C—The leaf margins will burn from road 

salt applied during winter snowfall. D—Mechanical damage by a lawn mower blade can 

cause life-threatening or just aesthetic damage to plants.

C William Jacobi, Colorado State University, Bugwood.org

A Bruce MacQueen/Shutterstock.com B William M. Brown Jr., Bugwood.org

Dissemination
Innoculation

Entrance

Establishment

Growth

Reproduction

Goodheart-Willcox Publisher

Figure 31-13. The life cycle of a disease begins with inoculation 

and ends with dissemination.

Corner Question

Are humans ever 

intentionally inoculated 

with disease?
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Entrance
After inoculation, a pathogen gains entrance into its host via several 

avenues, such as:

• Open wounds.

• Stomata (pores in the epidermis of the leaf or stem), Figure 31-14.

• Lenticels (pores in stems).

• Hydathodes (pores in stems).

• Vectors.

At this stage the plant is considered infected by the pathogen. The 

surrounding environmental conditions, the general health of the plant, and 

the concentration of pathogens will determine how quickly and to what 

extent the disease will become established.

Establishment, Growth, and Reproduction
At this point in the disease life cycle, the pathogen must establish itself 

within the host and begin replicating. The host acts as a substrate for the 

replication of the pathogen. The pathogen infects cells, tissues, and organs. 

Now, during growth and reproduction, the disease becomes apparent.

Bacteria can double in population every 20–30 minutes, depending on 

the species. One cell becomes two, then four, then eight, and eventually 

millions within a few hours. Bacteria and viruses reproduce more quickly 

with warmer temperatures and high humidity. This is why food should 

be stored properly. Foodborne illnesses are caused by bacteria that 

quickly reproduce when not properly stored in a refrigerator. Cold air in a 

refrigerator slows down but does not stop bacterial reproduction.

Dissemination
During dissemination, the pathogen can infect surrounding plants and the 

disease can continue to spread. When a pathogen infects another plant host, 

B Bildagentur Zoonar GmbH/Shutterstock.com

Figure 31-14. A—Disease can enter a plant’s system through structures such as the stomata. B—Insects, such as 

whiteflies, that have a piercing and sucking mouthpart transmit a variety of pathogens to plants.

Stoma

Chloroplast

Guard cell

(turgid/high pressure)

Thin cell wall

Thick cell wall

VacuoleVV

Epidermal cell

Nucleus

A photoiconix/Shutterstock.com
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it begins a secondary disease cycle. The pathogen can also remain in plant 

tissues of live or dead plants. The pathogen can overwinter in plant tissues and

inoculate a host again at a later time.

Signs and Symptoms of Disease
One of the fi rst steps of managing a disease is to identify the signs and 

symptoms and to diagnose the actual type of disease. Signs and symptoms

of disease differ from one another. A sign is when the pathogen or part of 

the pathogen is observed. Examples of 

signs are:

• Hyphae (branching fi laments of a

fungus), Figure 31-15.

• Mycelium (the vegetative parts of 

a fungus).

• Spores.

• Bacterial secretions.

• Fruiting bodies.

• Nematodes.

Signs may be identifi ed in the

fi eld; however, many signs must 

be observed and diagnosed by a 

pathologist in a laboratory setting

because of their microscopic size. 

Symptoms are a plant’s reactions to a 

disease, such as leaf distortion or blight.

Symptoms differ from signs in that 

they can be visually recognized as an

abnormality different from an injury.

Initial symptoms often are invisible or

nondescript. The pathogen may cause a toxicity
(poisonous effect). Vital plant processes may 

be interrupted, which may lead to death. As 

the symptoms progress, they can be classifi ed 

into the following categories: wilting, abnormal 

tissue color, defoliation, abnormal increase in 

tissue size, dwarfi ng, replacement of host tissue,

and necrosis.

Wilting
Various bacterial and fungal pathogens can 

block the xylem of a plant’s vascular system. The 

plant attempts to translocate water and nutrients, 

but the xylem is blocked by the colonization of 

the bacteria or fungi. Parts of the plant or the 

entire plant will die, Figure 31-16.

Corner Question

What should you do with 

diseased plant material?

HaustoriumCell plant

HyphaSporangium

Designua/Shutterstock.com

Figure 31-15. Fungi act as parasites on plants. They need the host 

plant for survival and a food source.

Miyuki Satake/Shutterstock.com

Figure 31-16. Plants that have a disease called wilt look 

just like those that have suffered from being under or 

over watered.



14   Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

Abnormal Tissue Color
Stems, leaves, and fl owers can change their 

pigment in response to a pathogen. Mosaic 

(mottling), chlorosis (yellowing), necrosis 

(browning), and reddening or purpling of tissue 

is common.

Although mosaics are a disease and cause 

an abnormal appearance in leaf tissue, some 

mosaics appear to be desirable. Abutilon striatum
‘Thompsonsii’ (fl owering maple) suffers from 

a mosaic virus; however, this virus is actually 

benefi cial. The mosaic disease makes the leaf 

unique and beautiful and does not cause the 

plant to perform poorly, Figure 31-17. Abutilon 
mosaic bigeminivirus (AbMV) is transmitted by 

whitefl y and causes the leaves to be heavily 

mottled. This effect is something desired by some 

plant collectors and enthusiasts.

Defoliation
Plants may lose leaves or drop fruit in response to a disease. The loss of 

leaves is known as defoliation. If plants are losing leaves out of season, it may 

be an indication of disease.

Deciduous plants naturally lose their leaves each fall in North America 

due to shortening days. Temperature is not a factor in determining when leaves 

are dropped. The plant measures the hours of darkness. As the length of night 

increases, the plant sends signals to its chloroplasts, and they begin to die. 

Other pigments from the leaves are then revealed, showing bright fall colors 

such as yellow, red, and purple, Figure 31-18.

Eventually, the leaf dies and falls from the plant.

Abnormal Increase in Tissue 
Size

A plant’s response to a disease may be 

an increase in the number of cells, larger cell 

sizes, or a distortion of plant tissues. Plant 

tissues can twist and curl in the stems, leaves, 

and roots. Galls, tumor-like growths, can 

develop in response to an insect laying eggs 

within the plant, Figure 31-19A.

Galls can be unique and colorful

deformations in plant tissues. Various 

insects can cause galls on plants. Some 

insects responsible for galls include moths, 

fl ies, aphids, and beetles, Figure 31-19B. 

Jodi Riedel/Goodheart-Willcox Publisher

Figure 31-17. Abutilon striatum ‘Thompsonii’ (also called m

a flowering maple) was infected with a virus that caused 

a mosaic appearance. This disease, however, only makes 

the foliage appear unique, and there are no other ill 

effects. Horticulturists covet this unique plant.

Pierre Leclerc/Shutterstock.com

Figure 31-18. The deciduous plants of the fall defoliate 

(lose leaves) according to how many hours of darkness are 

measured by the plant’s system.

“If you would 
know strength and 
patience, welcome 

the company of 
the trees.”

—Har Borland
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Galls have been used throughout history for medical purposes. 

In the 1700s, the French used galls as a way to treat fevers.

Today, galls are used in exotic and gourmet cuisine.

Dwarfi ng
Plants that appear stunted in size are known as dwarfed. 

Parts of the plant or the entire plant can become dwarfed as a 

result of disease.

Replacement of Host Plant Tissue
Disease-causing organisms can replace the tissues of a 

healthy plant. This can often be seen on fl owers and fruit tissues. 

Corn smut, caused by the pathogen Ustilago maydis, replaces 

entire kernels of corn with large sac-like structures fi lled with

black spores, Figure 31-20.

Necrosis
Tissues of leaves, stems, and roots may die as a result of 

a pathogen. This is known as necrosis, Figure 31-21. A fungal 

disease, called damping-off, results in the death of stem tissues. 

The seedling’s stem tissues die, and, eventually, the entire plant 

suffers the same fate.

Managing Plant Diseases
Plant diseases can be managed; however, prevention of disease

is always best. If a disease sign or symptom is identifi ed, then 

the disease must be diagnosed. After the appropriate diagnosis, 

the disease can be treated. Using integrated pest management 

(IPM) practices is essential for combatting plant disease. 

Nataliia Melnychuk/Shutterstock.com

Figure 31-20. Smut is the replacement 

of plant tissue with a pathogen.

Did You Know?
Corn smut is a delicacy 

in many South American 

cultures. Cuitlacoche 

(weet-la-ko-che) is a 

fungus and has a rich 

mushroom or truffle 

taste. Aztecs enjoyed 

cuitlacoche as part of 

their diet, and it was 

included in tamales and 

stews.

B Ariene Studio/Shutterstock.com

Figure 31-19. A—A gall is a tumor-like symptom that is often associated with a vector. 

B—This oak gall hosts small epidermal tubes that harbor immature insects.

A Jaclyn Schreiner/Shutterstock.com

Rocky Mountain Research Station/Forest Pathology,
USDA Forest Service, Bugwood.org

Figure 31-21. Rotting is exhibited in the 

saguaro cactus.
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Parts of IPM include cultural practices, using disease-resistant plants, 

incorporating benefi cial organisms, quarantining diseased plants, and 

employing chemicals when necessary, Figure 31-22. 

Cultural Practices
Effective cultural practices promote healthy plant growth and prevent 

plant diseases. Plants need appropriate amounts of water, light, nutrients,

and space as well as temperatures that allow optimal growth. Proper 

spacing of plants to allow air circulation is critical in disease prevention. 

Plants that have optimal growth are more likely to resist diseases.

Genetically Resistant Plants
Plants that can resist pathogens should be used whenever possible. 

Some plants may naturally resist a disease. Other plants have been

genetically engineered or selectively hybridized (bred) to withstand diseases. 

For example, tomatoes have been bred to resist a variety of diseases. Use 

disease-resistant plants to make prevention of diseases much easier.

Benefi cial Organisms
Another method of suppressing plant diseases is to use benefi cial 

organisms. Some organisms can act as parasites or predators to other

pathogens. Some bacteria and fungi have proven to combat a wide range of 

pathogens. Some products have biological control agents that target pests, 

such as mildew. Ladybugs and praying mantises are often released to eat 

disease vectors such as aphids and beetles.

University of Arkansas Forest Entomology 
Lab, University of Arkansas, Bugwood.org

Figure 31-22. Devices such as 

these traps can help to monitor 

and catch pests that spread 

disease.

Alberto Pantoja, USDA Agricultural Resseaarcch 
Service, Bugwooodd.orrg

STEMSTEM Connection Connection
GGeenetically engineered papayas were created by the University of

HHHHawwaaii in the late 1990s to resist the devastating disease called papaya 
rrriinggsppoot virus (PRSV). Papaya ring spot virus causes the foliage to appear 
aaaabnnorrmmally small and skinny.

HHaawaii grows, ships, and exports the majority of the papayas 
tthhroougghhout the United States and parts of Asia. As a major commodity for 
tthhiss isslaand state, Hawaii depends on healthy papaya plants. When these 
pppplanntss wwere developing a devastating disease, action had to be taken.

RReesearchers at the University of Hawaii joined forces to create a
ggggennetticcally engineered papaya that could withstand the virus. Since they 
aaaare noot living, viruses are not treatable and one of the only ways to deal 
wwwwithh thhee disease is prevention.

AAftter a great deal of research, Hawaiian growers were able to trial 
tthhiss neeww genetically modified organism, but not without controversy. It took 
aaaa greaat deal of education and persuasion to convince consumers and 
ggggovverrnmment agencies that the new GMO papaya was safe and that flavor 
wwwwouuldd rremain the same.

Papaya Ringspot Virus
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Quarantines
Separating infected plants from those that are not infected is a good 

way to control the spread of a disease. Many plant diseases never enter 

the United States because of quarantining laws established by the United 

States Department of Agriculture (USDA) and the Animal and Plant Health 

Inspection Service (APHIS). These organizations mandate how plant 

materials are traffi cked into the country. Through their vigilant service, the 

United States is protected from many exotic diseases that could otherwise 

cross our borders.

Chemical Applications
Many of the diseases that impact plant growth involve fungi. Fungicides 

treat fungus and are the most-used worldwide pesticide.

STEMSTEM Connection Connection
DDoog enthusiasts around the world realize the intensity of the beaagle 

bbbreedd’ss keen sense of smell. Over the years, breeders have trained bbeaglees 
ttooo bbe mman’s best friend and resource for sniffing. Trainers work with thhe breeed 
ttooo tracckk animals that will be hunted, find missing persons, and even ssearchh for
looostt poosssessions.

TThhe USDA and APHIS also employ beagles for another purpoose.
EEEEacch yyear, the Beagle Brigade (housed at airports and customs ppoints 
tthhroougghhout the United States) finds and helps prevent over 75,0000 
ppprohibbited agricultural items from entering through the borders of tthe United
SSSStaatess. Trainers must use proven animal science principles and the lateest
tteechhnnology to properly train these animals to protect the people annd thee 
eeenvviroonnment of the United States.

The Beagle Brigade

Thinking Green

Dipak Shelare/Shutterstock.com

Natural Fungicides

Several oils that are derived from plants can help control 
fungus without negatively impacting the environment. These oils 
include:

• Tea tree oil.

• Cinnamon essential oil.

• Rosemary oil.

• Oregano oil.

• Jojoba oil.

• Neem oil.

• Citronella oil.

The oils are applied to the plant’s surface. Special care must 
be made when applying the oils as they may burn the plant’s 
surface. Personal protective equipment (PPE) must be worn when 
applying these oils (or any pesticide).



18   Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

Disease Index
Entire textbooks and websites are dedicated to the identifi cation and 

management of plant diseases. Important plant diseases in greenhouses, 

ornamental gardens, edible gardens, and turfgrass sites impact growers 

every day. Diseases that affect plants include anthracnose, blights, 

cankers, club root, damping off, galls, leaf blister, leaf curl, leaf spot, 

mildew, mold, root-knot nematode, rot, rust, scab, smut, viruses, 

and wilts.

Anthracnose
Anthracnose is a fungal disease that causes small dead spots 

on the leaves, stems, fruits, or fl owers, with raised edges and a 

sunken center, Figure 31-23. There may be circles of brown and pink 

exhibited on the leaves associated with this disease. Avoid touching 

plants when they are wet to prevent spreading disease. If disease is 

found, cull (remove) the diseased plant and discard it. Do not add 

to a compost pile.

Blights
Blights appear as a scorching on stems and leaves. Leaves 

will suddenly wither, plant growth will cease, and the plant will 

die. Cut below where blight occurs to remove diseased parts. 

Burn diseased material that has been cut from the 

plant. Use resistant cultivars of plants when available.

Fire Blight
Fire blight is a destructive bacterial disease that 

impacts pears, apples, and roses. It causes the plants to 

appear scorched or burned, Figure 31-24, and impacts 

fruit production.

Early Blight
Early blight, also known as Alternaria, is a fungal 

blight that attacks vegetables, ornamentals, and fruit 

and shade trees around the world. It is caused by 

the Alternaria fungus. Tomatoes, peppers, eggplants, 

and potatoes are susceptible. Infected plants exhibit 

symptoms of leaves having concentric rings of brown 

or black spots. Leaves display symptoms fi rst, but the

fruits of these plants will also have dark, sunken spots. 

To combat this disease, apply benefi cial fungi to the soil

before planting, use resistant cultivars, encourage air 

circulation, rotate crops between families, and apply a 

baking soda spray two weeks before symptoms typically 

appear on the plant.

Grandpa/Shutterstock.com

Figure 31-24. Fire blight causes millions of 

dollars of damage to rose, apple, and pear 

crops around the country.

Clemson University - USDA Cooperative 
Extension Slide Series, Bugwood.org

Figure 31-23. Anthracnose has 

caused a sunken center in this fruit.
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Late Blight
Phytophthora, also known as late blight, is a water mold that infects 

azaleas, lilacs, hollies, and solanaceous crops (potato, tomato, eggplant, and 

pepper). Dark lesions, surrounded by yellow or brown tissue, are found on 

leaves. The presence of white fuzz indicates that the water mold is producing 

spores. If spores wash into the soil from rain or irrigation and come in contact 

with growing potatoes, the potatoes will rot. Tomatoes will have greasy-

looking lesions and may show white fuzz also. Plants usually will die during 

a wet season accompanied by late blight. The disease overwinters in plant 

material; therefore, all infected material should be disposed of and 

burned. The best way to control late blight is to prevent it in the fi rst

place. Do not save potato seed to use the following year. Plant resistant 

varieties. Be vigilant, especially during wet weather. Apply a bacteria

called Bacillus subtilis to the soil to help combat the disease.

Bacterial Blight
Bacterial blight attacks many plants, but it is especially 

troublesome to legumes. Foliage and the fruit exhibit water-soaked 

lesions followed by drying, and they eventually drop off. Some spots 

may have yellow bacterial secretions. Do not work with the legumes 

when they are wet to avoid bacterial blight problems. To combat this 

disease, rotate crops, use resistant cultivars, and remove and destroy 

and infected plant materials.

Cankers
Cankers commonly form on woody stems of plant material. 

Symptoms include cracks or splitting of wood, sunken areas, or other 

abnormal tissue, Figure 31-25. Cankers may girdle stems, resulting in 

the loss of branches or the entire plant.

AgEd ConnectionAgEd Connection
Nursery/Landscape CDE
Common Diseases 

AAss paart of the Nursery/Landscape CDE, students must identify certaiin 
cccoommmmoon diseases and the damage they cause. Disease symptoms and
dddaammaagge mmay be presented with a photograph, or as a preserved specimeen. 
SSSoommee of tthe common plant and crop diseases that may be included on thhe 
idddeenntifiicattion list include anthracnose, apple scab, black spot, blights, botrrytis, 
cccaankkeerr, ceedar-apple rust, crown gall, fire blight, powdery mildew, and root
rroott. UUsse thhe e-flashcards on your textbook’s student companion website 
aaat www.g-wlearning.com/agriculture to help you study and identify these
cccoommmmoon disease symptoms and damage.

 phomphan/Shutterstock.com

Figure 31-25. Citrus fruits, such 

as this lime, can have canker or 

lesions on the fruit.
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Cytospora Canker
Cytospora canker is a fungus that attacks stone fruits (peaches, cherries, 

nectarines, and plums), spruces, and poplars. Symptoms appear as discolored, 

circular lesions on the bark. To combat this disease, cut out the canker areas 

with clean pruning shears. Use resistant cultivars to avoid this disease.

Nectria Canker
Nectria canker is a fungus that attacks vines, shrubs, and some 

hardwood species, including maples. Small sunken areas form on the 

stem and may be accompanied by a white, red, or orange spore-producing 

structure. If plants are infected, remove dead and diseased branches and burn 

them. Clean pruning shears between cuts and especially between uses on 

different trees.

Club Root
Club root is a disease that impacts plants in the mustard family, such as 

cabbage and broccoli. This fungus causes wilting of the leaves during the day 

and may lead to yellowing in leaves. Defoliation may also occur. Roots will swell 

and appear distorted. The fungus can live for many years in the soil, even if host 

crops are not present. It is important to use cabbage cultivars that are resistant to 

the disease. Avoid growing cabbages in the same garden space each year.

Damping Off
Damping off is a disease caused by soil-borne fungi that may cause seeds 

to rot before germination, or cause seedlings to rot off at the soil line and fall

over. Keeping the soil moist but not waterlogged, increasing air circulation, and

using fungicides to treat seeds or seedlings can help prevent damping off.

Did You Know?
Canker does not only 

appear on woody stems; 

it can also be found 

on some citrus fruit. A 

bacterial canker can 

infect citrus fruit, such as 

limes, and cause lesions 

on the lime peel.

History ConnectionHistory Connection
No other people suffered as greatly as the 

Irisshh during what became known as the Irish Potato 
Fammmine of the 1840s. Much of Ireland had become 
depppendent on the potato as a critical source of 
calloories and nutrition. Ireland grew a monoculture 
of pppotatoes and focused their cultivation on one 
cullttivar known as the ‘Irish Lumper.’

The pathogen, Phytophthora infestans, is 
belliieved to have originated in the Andes mountains, 
aloonng with the potato. Some seed potatoes that were 
sennnt to Europe were infected, and the pathogen 
waass spread throughout Europe via wind patterns.
In 111845, about 40% of the potato crop was ruined;
by tthe next year the entire potato crop was ruined.

Because Ireland depended on one variety of potato 
that was not resistant to Phytophthora infestans, the
effects were devastating.

More than one million people in Ireland died 
from starvation, or from diseases such as cholera 
and typhus (resulting from people in poor health 
moving into close proximity while waiting to leave 
Ireland for England or other countries), and more thann 
two million people emigrated because of the potato 
disease in the 1840s. The disease was not contained
in Europe, however. The United States and Canada 
also recorded instances of late blight during 1845 and 
1846, but because their populations did not depend 
on one crop, the effects were not devastating.

Irish Potato Famine
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Galls
A gall is a tumor-like growth on plant tissue. Galls

are often the result of an insect vector, mite, nematode,

bacteria, virus, or fungus. If the gall is dissected and no 

insect is found inside, then the culprit for the disease is 

a pathogen.

Crown gall is caused by bacteria and it infects

and kills many types of plants, including brambles, 

grapes, vegetables, and ornamental plants. Galls are 

rounded like a ball and have a cork-like appearance.

They appear at the soil line, on roots, or on branches, 

Figure 31-26. To control this pest, buy resistant plants 

that appear healthy and avoid planting in soil that 

once had plants with crown gall.

Leaf Blister and Leaf Curl
Leaf blister and leaf curl cause distorted and curled leaves on many 

tree species. These fungal diseases cause blisters and yellow bumps. The 

pathogen may cause the plant to lose leaves and ultimately to die.

Peach curl is a disease that attacks peach and almond trees. The disease 

symptoms include new leaves that are pale or reddish with a midrib that 

does not grow within the leaf, causing the leaf to appear puckered. Fruit also 

exhibits damage, and the tree may eventually die. A dormant oil application 

prior to the time that buds begin to swell (during the late winter or early 

spring) can control the disease.

Leaf Spot
Leaf spot is a fungal disease that causes spots 

on the leaves. It can lead to serious plant problems. 

One type, called black spot, is a serious rose pest that 

causes black spots with yellow margins on leaves, 

Figure 31-27. An infestation can result in leaf drop. 

Control mechanisms include destroying all leaves 

from the roses when they fall, mulching underneath 

rose bushes to prevent spores of the pathogen from

splashing on uninfected leaves, and using resistant 

cultivars of roses.

Mildew
Mildew is easily recognized as a white, gray,

or powdery substance that covers leaf and stem 

tissues. This fungal growth leads to the browning 

and shriveling of leaves, and it may cause fruit to be of poor quality.

Using disease-resistant cultivars when available and applying appropriate 

fungicides to combat mildew can control this aggressive plant disease.

Did You Know?
Georgia ranks third in 

peach production. The

state, however, boasts

that its peaches are the 

juiciest and sweetest.

Georgia grows nearly 

140 million pounds of 

peaches during four 

months of each year.

University of Georgia Plant pathology, University of Georgia,
Bugwood.org

Figure 31-26. The crown gall on this branch is a 

tumor-like growth.

Yuan-Min Shen, Taichung District Agricultural Research and 
Extension Station, Bugwood.org

Figure 31-27. Black spot has caused the 

discoloration on the leaves of this plant.
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Mold
Many types of fungal diseases are molds. These 

diseases appear as woolly threads on the infected 

plants. Also known as gray mold, Botrytis impairs 

the performance of many fl owers and fruits. In high 

humidity, this disease thrives. It appears on mostly dead 

or dying tissues. Removing spent fl owers and ripened 

fruit combats Botrytis, as does increasing air circulation 

and decreasing humidity. You may have noticed Botrytis
on strawberries that you have purchased from the 

grocery store and left on your counter for a day or two, 

Figure 31-28.

Root-Knot Nematode
Root-knot nematode disease is the result of a nematode feeding on the

roots of the plant. Large tumor-like galls, or knots, form throughout the 

root system. The infection results in lower yields and makes edible plants 

unacceptable to consumers. Plants display additional symptoms above 

ground, such as wilting, chlorosis, and stunting. Because the roots of the

plant are impacted, the ability to absorb and translocate essential nutrients 

is limited. Eventually, severely diseased plants may die. Cultural controls, 

such as rotating crops, planting cover crops, and using resistant cultivars,

work well against root-knot nematodes. An infestation may require the 

use of chemical controls (such as soil fumigants) to control root-knot 

nematodes.

Rot
Rots result in the decomposition of plant tissues in

the stems, roots, and fruits, Figure 31-29. Rot is often 

seen in stored plant tissues, such as bulbs and tubers. 

Rots can be soft and wet or hard and dry, and they 

can be caused by either bacteria or fungi. To combat 

root rot, use benefi cial fungi and bacteria in the soil.

To control stem and fruit rot, increase air circulation

and use appropriate chemicals as a last resort. To store

bulbs, tubers, and fruits, regulate the environment 

to keep these perishable items according to scientifi c

recommendations. Requirements may include a certain 

temperature, relative humidity, and light exposure.

Rust
Rust is a fungus that causes powdery, orange-brown or rust-colored

spores to appear on the leaves and stems of plant material. The powdery 

spores can be carried by the wind and spread the disease. Remove infected 

plants and burn the material. Spray plants with a neem oil to help control 

rust disease.

“When you’re 
green you’re 

growing, when 
you’re ripe you rot.”

—Ray Kroc

Scott Bauer, USDA Agriculture Research Service, Bugwood.org

Figure 31-28. Botrytis can occur when fruit is 

improperly stored.

Corner Question

What is that smell in the

gym locker room?

Mary Burrows, Montana State University, Bugwood.org

Figure 31-29. This plant has been affected 

by root rot, which has caused its roots to 

decompose.



Chapter 31 Disease Management  23

Copyright Goodheart-Willcox Co., Inc.

Scab
Scab is a fungal disease that causes scabby lesions on fruits, 

leaves, and tubers. Apples, peaches, and potatoes are commonly

infected, Figure 31-30. Controlling scab can be accomplished by 

increasing air circulation through pruning. Additionally, using 

a sulfur fungicide on a spray schedule suggested by your local 

cooperative extension agency or land-grant university can help 

to control scab.

Smut
Smuts are fungal growths that are unique in appearance. 

Normal organ tissues, usually on fruit, are replaced with the 

fruiting bodies of these disease-causing organisms. Large, 

sac-like blisters are fi lled with spores. Refer to Figure 31-20.

Corn smut can cause kernels, tassels, stalks, and leaves 

to exhibit smut galls. The galls mature and burst, releasing 

spores. The spores disperse and lay in the soil, waiting to infect future 

crops. Remove infected galls and burn them before they burst.

Virus
A plant infected with a virus may function improperly and can exhibit

a range of symptoms. Leaves may curl, streak, mottle, or develop ring-

shaped spots. Using virus-resistant cultivars and plant material that has been 

certifi ed is the best way to prevent viral diseases.

Tobacco mosaic virus (TMV) can be transmitted from tobacco to many 

susceptible crops. Individuals who smoke cigarettes can transmit and spread 

Corner Question

What happens to your

jack-o’-lantern?

University of Georgia Plant Pathology, University of 
Georgia, Bugwood.org

Figure 31-30. Apple scab is a fungal 

disease that appears as scabby lesions.

STEMSTEM Connection Connection
CCeedar-apple rust is caused by Gymnosporangium

jjuuuniipeerri-virginianae. This disease disfigures apples, pears, and 
ccceddarrs on the leaves, stems, and fruit. For apples, the disease 
cccyyccle begins in April or May with pale yellow or orange spots 
aaaapppeaarring on the foliage. The spots grow larger and appear as 
ccconnceenntric rings that are rust colored. A sign of the disease may 
innnclluddee drops of orange liquid. Later in the season, black dots may 
dddevveloopp on the orange spots. In the summer, tube-like structures 
ffooormm oonn the undersides of the leaves where the spot are located.

CCeedar trees exhibit a reddish brown gall that is 1″ (2.54 cm) in ″
dddiammeeteer. The galls appear to have pitting or look a bit like chicken
ssskinn. TThhe pits then evolve into long, jelly-like orange horns in the 
ssspringg. These horn-like arrangements swell during April and May 
rrraainns. GGo outside after a rainstorm in late spring and see if you can 
ssspoot theese unique galls. Eventually the galls dry up, so they will not 
aaaalwwayys be seen.

Cedar-Apple Rust

Melinda Fawvver/Shhuutterstock.com

Jodi
Sticky Note
maybe say after Halloween?



24   Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

the disease by handling plants. Growers often ask employees who smoke 

to wash their hands and wear gloves when working with plants. TMV is 

expressed by mottling and some puckering of plant leaves. Infected plants do 

not photosynthesize effi ciently, and overall growth is slowed.

Wilts
Bacteria and fungi can attack the vascular system of a plant, causing the plant 

to look permanently wilted. Part or all of the plant will die when infected with wilt.

These pathogens can live in the soil for up to 10 years after infecting plants.

Stewart’s Wilt
Stewart’s wilt disease is spread by fl ea beetles and attacks sweet corn. Beetles

chew the leaves and then transmit the bacteria, which causes symptoms of wilt 

and streaking in the leaves. When the stalks are cut, bacterial ooze will appear. 

The plant will eventually die or no corn will be produced. To combat this disease, 

use resistant cultivars and control fl ea beetles with an appropriate insecticide.

Fusarium and Verticillium Wilt
Fusarium and Verticillium fungal wilts cause yellowing and wilting in 

a wide variety of plants. Rotate crops to avoid planting the same family of 

plants in an area where this disease has occurred. Remove and burn infected 

plants. Use resistant cultivars of plants when available.

Careers in Disease Management
Careers in plant pathology, entomology, and horticulture can focus on 

the diseases of plants. People in these careers may do research, work in a lab 

or clinic, or treat plants in a greenhouse or nursery operation.

Plant Pathologist
A plant pathologist specializes in plant 

health. Plant health management requires 

proper identifi cation of disease-causing 

organisms, an understanding of disease-causing 

agents, a knowledge of plant growth, and an 

understanding of disease impacts.

In preparing to be a plant pathologist, a 

person may take college courses in areas such as 

botany, microbiology, crop science, soil science, 

ecology, genetics, biochemistry, molecular biology, 

and plant physiology. Although plant pathology 

is an interdisciplinary science, most pathologists 

specialize and take courses for master’s and doctoral 

degrees. Plant pathologists are employed by colleges 

and universities, government agencies, international 

institutes, and industrial fi rms, Figure 31-31. They 

may also work as private practitioners.

Stephen Coburn/Shutterstock.com

Figure 31-31. A pathologist uses a microscope to 

examine plant tissues that have been sent to the lab.
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Farm Advisor
A farm advisor provides expertise in areas 

such as soil, irrigation, nutrition, and overall 

plant health. The advisor must usually possess at 

least a master’s degree in a related agricultural 

fi eld. In addition, he or she must have extensive 

knowledge and experience in plant production 

(usually within a specifi c commodity). The farm

advisor should be able to not only recognize 

pests and plant problems but also thoroughly 

understand how to prevent and treat these pests. 

A career as a farm advisor requires a great deal of 

general knowledge but especially some specialty 

in plant pathology.

Farm advisors can have a limitless list 

of responsibilities, including conducting and 

reporting needs assessments, designing and 

conducting on-site research, monitoring crops, 

and producing profi table yields on the farm. These duties require a great 

deal of mental and physical stamina. The farm advisor should be a good 

communicator, an excellent record keeper, a problem solver, and have a good 

work ethic. A farm advisor can be self-employed, contracted, or employed

by a company. These professionals work all over the world wherever 

agricultural production occurs, Figure 31-32.

Edler von Rabenstein /Shutterstock.com

Figure 31-32. A farm advisor helps a client with his 

crop. She gives advice based on sound agricultural 

knowledge, especially in plant pathology.

Cedar Valley Nursery

Taabitha and Mark West are part owners of a nursery in Ada, Oklahoma, 
ccalled CCedar Valley Nursery. Mark is a trained and educated horticulturist.
TTabithaa has a microbiology background with a focus on medical technology.
SShe beegan by helping Mark at the tree farm. In May 1999, she started 
wworkingg at their 40-acre nursery facility that houses 55 greenhouses.

Taabitha’s background in microbiology prepared her for a part of the job 
wwhere she is valued most. Her strong science background and knowledge 
oof funggi and viruses that affect humans easily transferred to working with 
pplants. The integrated pest management (IPM) program that she helped to
ddevelopp at Cedar Valley Nursery aided in her award of the “40 Under 40” 
mmost innfluential greenhouse growers by Greenhouse Product News in 2012.

Ceedar Valley Nursery propagates and produces mostly tree liners that are shipped to 35 states. 
TTabithaa works with her team to monitor seedlings, cuttings, and liners for diseases every day. Her plants 
hhave wwhat is known as a “grower’s shadow.” Tabitha claims, “The more time the plants see the grower’s 
sshadoww, the healthier the plants will be.” This undoubtedly true statement simply means that monitoring 
aand scoouting for pests is essential in the IPM program. Practicing a strong preventative disease program 
wwill help produce healthier plants.

Career ConnectionCareer Connection

Tabitha WWest

Tabitha West
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Chapter Summary
• Plant diseases lead to food crop loss before, during, and after harvests. Estimates 

of crop losses due to plant pests and diseases are in the hundreds of billions of 

dollars annually.

• Professionals who study and work to combat diseases play a critical role in

disease management. A pathologist studies diseases, and an entomologist studies

insects.

• Diseases develop based on three factors: host, pathogen, and the environment. 

These three elements make up what is known as the disease triangle.

• Organisms that cause diseases are known as pathogens and may include viruses, 

bacteria, fungi, nematodes, and parasitic plants.

• A plant that looks sick may not be diseased. A number of cultural disorders may 

appear to be diseases.

• Abiotic disorders are caused by some factor other than living organisms. An than living organi

infectious disease that is caused by a living organism is known as a biotic ganism is known as a b

disorder.

• Injury is damage caused as a result of an immediate action or event within a mmediate on or event 

plant’s environment, such as hail or wind ddamage.

• The disease cycle involves inoculation, entrance, establishment, growth, rance, establishment, g

reproduction, and dissemination. If any part of the disease cycle is interrupted, rt of the d

the disease will not progress.

• Disease signs are actual parts of the disease organism that can be observed. e organism

Disease symptoms are a plant’s reactions to a disease, such as wilting, tissue o a didisesease

abnormalities, defoliation, tissue size changes, dwarfi ng, tissue replacement, and oliation, tissue size changes, dwarfi  tissue replacement, and

necrosis.

• Integrated pest management (IPM) includes cultural practices, using disease-est management (IPM) includes cultural practices, usin ase-

resistant plants, incorporating benefi cial organisms, quarantining diseased pants,anan rporatin benefi cial o anisms, q arantini  disease paan

and using chemicals to control plant diseaseoo ccoo trol plant diseases.

• Diseases that affect plants include anthracnose, blights, cankers, club root, planttss anthracnose, blights, cankers, club roo

damping off, galls, leaf blister, leaf curl, leaf spot, mildew, mold, root-knot eaf blister, f spot, mildew, mold, root-

nematode, rot, rust, scab, smut, viruses, andcab, smut, virus , nndd wiwiltlts.

• Careers in plant pathology, entomology, and horticulture can focus on the logy, entomology, and hohortrticic  can focus on the 

diseases of plants. People in these careers may do research, work in a lab or clinic, ople in these careers may do res arcrch k in a lab or clinic,

or treat plants in a greenhouse or nursery operation.eenhouse or nursery operation.

Review and Assessment

CHAPTER 

31
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Words to Know 
Match the key terms from the chapter to the correct defi nition.

 A. abiotic

 B. bacteria

 C. biotic

 D. disease

 E. disease triangle

 F. entomologist

 G. environment

 H. fungus

 1. Microscopic, unicellular organisms that reproduce asexually, some of which cause 

disease.

 2. The three factors needed for a disease to develop: a host, a pathogen, and an appropriate 

environment.

 3. A eukaryotic organism that attaches itself to a host and decomposes the organism and 

absorbs nutrients from it.

 4. A organism that is capable of being infected by a pathogen and exhibiting symptoms of 

disease.

 5. A pathogen (or its parts) that is capable of causing infection and disease when transferred 

to the appropriate host and environment.

 6. A person who studies diseases.

 7. A host that is prone to disease.

 8. A microscopic organism that infects and lives off other organisms.

 9. A type of disease caused by living organisms.

 10. A person who studies insects.

 11. A tumor-like growth that can develop in response to an insect laying eggs within a plant.

 12. Damage caused as a result of an immediate action or event within an environment, such 

as wind damage to a plant.

 13. A plant that anchors itself into another plant and feeds from its vascular system.

 14. A host that is unable to be infected by a disease-causing organism.

 15. A plant’s reaction, such as wilt or blight, that is an indication of a disease.

 16. A disorder in the structure or function of a living organism, such as a person, animal, or

plant.

 17. The surroundings or conditions in which something lives or exists.

 18. A modifi ed root of a parasitic plant that anchors itself into the vascular tissues of the host 

plant.

 19. Resistant to or not affected by something, such as a disease.

 20. An organism that causes disease.

 I. gall

 J. haustorium

 K. host

 L. immune

 M. injury

 N. inoculum

 O. parasitic plant

 P. pathogen

 Q. pathologist

 R. resistant host

 S. sign

 T. susceptible host

 U. symptom

 V. toxicity

 W. virus
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21. An indication of a disease given by the observable presence of a pathogen or its parts.

22. A level or degree to which something is poisonous.

23. A type of disease caused by some factor other than living organisms.

Know and Understand 
Answer the following questions using the information provided in this chapter.

1. What was the cause of the Dutch elm disease when it was introduced to the United States? 

2. Name and briefl y describe the three parts of the disease triangle.

3. How does the spacing of plants affect their susceptibility to disease?

4. What are the fi ve types of pathogens that affect plants? 

5. What effects do plant pathogens have on plants?

6. How does a parasitic plant feed from a host plant, and what are three examples of 

parasitic plants?

7. Why might a grower need to send a plant tissue sample to a lab for testing?

8. How do abiotic and biotic diseases differ?

9. What is a plant injury? List one example.

10. What are the six parts of the disease cycle?

11. What are fi ve ways a pathogen can enter a plant?

12. What are seven categories of disease symptoms? 

13. Before a disease can be treated, what step must take place?

14. What parts of IPM must be included in disease management? 

15. How can using certain genetically engineered plants help prevent plant diseases? 

16. Why were genetically engineered papayas created by the University of Hawaii? 

17. What are some diseases that affect plants?

18. What steps can be taken to combat early blight disease? 

19. What causes damping off and how can it be prevented?

20. Which plant disease can be transmitted by cigarette smokers? 

21. What are two examples of careers related to plant disease management?

Thinking Critically
1. You ordered a load of topsoil for your garden. You planted some cucumbers this year.

Recently, you fi nd that all of your plants have died of wilt. You know that this must be

a disease because you watered appropriately and fertilized according to your soil test 

report. What would you do?

2. You recently culled your garden after experiencing some serious disease problems this 

past season. You have gathered all the dead plant material and are ready to burn the 

plants. However, you fi nd out there is a city ordinance against burning this year due to a

drought. What can you do to get rid of the diseased plant material?
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SAE Opportunities
 1. Exploratory. Job shadow a plant pathologist.

 2. Experimental. Use a variety of different oils to treat 

a fungus and see which one is the most effective 

against the disease.

 3. Exploratory. Research insects that are vectors for 

disease.

 4. Entrepreneurship. Develop a line of products used to 

combat fungus using essential oils.

 5. Placement. Get a job working at a garden center and focus on learning about plant 

disease control.

Vlad Teodor/Shutterstock.com

STEM and Academic Activities
 1. Science. Last winter was very long, and now the plants are fi nally starting to emerge

from their dormancy. The hostas that are planted near your mailbox have scorched edges.

There has been plenty of rain this spring, and there are no symptoms of pest damage. 

What do you think could have caused the young leaves to emerge burnt looking?

 2. Science. Identify 10 common diseases within your school’s greenhouse or garden. Create 

a dichotomous key to help others identify the diseases. Create a system that includes yes 

and no answers and helps people understand the symptoms they see.

 3. Math. Calculate how much bacteria will exist after 24 hours if one bacterium cell splits 

every 30 minutes into two bacteria.

 4. Science. Contact an agent with your local cooperative extension agency or a garden 

center employee and ask him or her to tell you about the most common plant diseases 

noted in your growing area. Discuss how to manage these diseases with this person.

 5. Language Arts. Write a letter to a horticultural magazine or newspaper with a question 

about a disease you identify on one of your plants. Describe all the symptoms and see if the 

author can respond with the correct identifi cation of the problem. Be sure to include cultural 

information about the plant’s environment (watering, location, sun exposure, and more).

Communicating about Horticulture
 1. Reading and Writing. Research a current disease that is impacting your region. Create 

a bulletin for growers to help them understand how to identify the disease as well as 

understand the life cycle, symptoms, prevention and treatment of the disease, and where 

to fi nd more information about this problematic disease.

 2. Reading and Speaking. Develop a presentation about disease prevention in greenhouses 

and gardens. Highlight how commercial and home horticulturists can change their 

current practices to prevent disease rather than treating disease.




