Unit 1 - Basic Plant Pathology: 1a. Plant Disease

Unit 1: Basic Plant Pathology

Introduction

What is plant pathology?
Plant pathology is the study of diagnosing and managing plant diseases.
Plant pathology is important because unmanaged plant diseases can be disastrous. Consider these two lessons from history:

In the late 1800s, the Irish Potato Famine, a devastation of Ireland’s primary food staple, killed 1.5 million Irish people. This was caused by the oomycete Phytophthora infestans. This is a fungal-like organism, also known as a “water mold.”

In the early 1900s, the Chestnut Blight wiped out American chestnut trees that were once the most common trees in the eastern U.S. forest. This was caused by the fungal pathogen Cryphonectria parasitica.
Overview

To better understand the concepts of plant pathology, this unit will cover:

a. Plant disease

b. The plant disease triangle

c. Pathogen groups

d. Integrated pest management

a. Plant Disease

This lesson will cover:

1. Parasites and pathogens

2. Abiotic and biotic disease

3. Signs and symptoms of disease

1. Parasites and pathogens

A parasite is an organism obtaining food by living on or in another organism, the host.

A pathogen is an organism capable of causing disease.

A parasite, because it can cause disease, can also be a pathogen.

Plant disease is the malfunction of host cells that results from a continuous association with a pathogen and leads to development of symptoms.

2. Abiotic and biotic disease

Plant disease can be viewed as abiotic or biotic, depending on the agents that cause it.

Abiotic disease: 
(Images 1-3 in Image PowerPoint file)

· Is caused by an environmental factor; 
· cannot be spread from plant to plant;

· is non-living

· is dependent upon the following factors: 

· temperature

· moisture

· nutrient deficiency

· light

· pollutants

· chemicals
Is injury to a plant an abiotic disease?

Injury to a plant would not fall under abiotic disease. Disease is considered to be continuous, while injury is an isolated event. Lawn mower damage is an injury. Air pollution, although abiotic/non-living, is a continuous event and therefore considered an abiotic disease.

Biotic disease: 
(Images 4-6 in Image PowerPoint file)

· is an impairment of an organism's essential functions due to continuous association with a pathogen
· is living

· are caused by the following major groups of pathogens: 

· Fungi (80%)

· Bacteria (10%)

· Viruses (5%)

· Nematodes (5%) 

· Phytoplasmas (< 1%)

3. Signs vs. Symptoms 
(definitions taken directly from Agrios 2005 – see citations)

Signs: the pathogen or its parts or products are seen on a host plant.

Symptoms: the external and internal reactions or alterations of a plant as a result of a disease.

For example, the most common sign you might see are fungal signs, such as spores, sclerotia, fruiting bodies, or mycelia (these terms will be covered in lesson 3). 

Signs vs. symptoms with bacteria and viruses:

The term sign may refer to bacterial streaming, a test indicating the presence of bacteria, but never bacteria. Bacteria can only be viewed with high-powered microscopes. 

In the case of viruses, all you see are the symptoms the virus is causing the plant to produce. 

(Images 7-12 in Image PowerPoint file)
b. Plant Disease Triangle 

(See Image 13 in PowerPoint file)

· The plant disease triangle
· The interaction of pathogen, host, and environment

· Preventing disease
1. The plant disease triangle
The plant disease triangle is formed by the following three components:

· Host - the plant that the pathogen is associated with.

· Pathogen - the causal agent that affects the health of the plant.

· Environment - the environment in which the host and pathogen coexist.

Disease occurs as the host, pathogen, and environment interact.
2. The interaction of pathogen, host, and environment
Each component of the plant disease triangle can be variable and can affect disease severity. For example, consider the following:

· Pathogen:  soilborne pathogen that causes root rot
· Host:  plant that is susceptible to this soilborne pathogen
· Environment:  dry summer
In this situation, the likelihood of the disease developing is lessened because the environment, a dry summer, does not encourage root rot. 

Consider this environmental change:

· Pathogen:  soilborne pathogen that causes root rot
· Host:  plant that is susceptible to this soilborne pathogen
· Environment:  over-watered flower bed
With this environmental change, an over-watered flower bed, the disease would be more likely to occur, as root rot pathogens generally like excessive moisture.
3. Preventing disease

Disease can be prevented by breaking the disease triangle at any of the three components. 

Host resistance

If you plant a disease-resistant plant, you are helping to break the triangle because the susceptible host is no longer a part of the triangle. Resistance means that the plant has qualities that hinder development of a pathogen. This is different from tolerance, which is the ability of a plant to sustain the effects of a disease without reductions in plant quality or quantity.

For instance, a homeowner purchases a tomato plant resistant to tomato spotted wilt virus (a common tomato pathogen). This plant has a lower chance of being infected by that particular disease. The resistance of the plant breaks the disease triangle.
Pathogen avoidance

If you prevent a pathogen from entering your landscape using sanitation, making sure you are not bringing in diseased material, and/or monitoring your landscape weekly. You are breaking the disease triangle.
Environmental measures

A plant may be healthy and properly cared for, but if the weather changes (temperature, moisture, or wind), the plant’s health can change too. For example, planting roses in an open, sunny location will help prevent certain diseases from developing and infecting the plant. 
c. Pathogen groups

Plant diseases are caused by the following major groups of pathogens:

· Fungi

· Bacteria

· Viruses

· Nematodes

· Phytoplasmas

This lesson will introduce you to basic facts about each pathogen group, including: appearance, growth, reproduction, dispersal, penetration, survival, symptoms, and examples.

1. Fungi

About

· >10,000 species of fungi can cause disease in plants 

· Most fungi are beneficial (>100,000 are strictly saprophytic – live on dead organic matter). The following would not be possible without fungi:

· Decomposition – fungi decompose cellulose and wood, biological and chemical waste, and pesticides

· Fermentation/food production - wine, beer, bread, cheese

· Antibiotic production – Penicillin and others.

Appearance

Fungi that are parasitic range from slime mold to mushrooms (Image 14).

Growth

Fungi grow and expand by threadlike filaments known as hyphae (singular hypha); it resembles white, spiderweb-like growth (Image 15). A mass of hyphae make up one body known as mycelia (singular mycelium) (Image 15).

Reproduction

3 main forms of reproduction (Image 16)

· Spores – reproductive unit

· Hyphae – threadlike unit (makes up fungus body)

· Sclerotia – tightly wound hyphae surrounded by a protective rind/crust; also a survival structure for certain fungi. 

Dispersal (images 17 & 18)
· Wind/rain

· Water (both short & long distances)

· Insects

· Animals

· People

· Contaminated tools

Penetration into host tissues

· Direct penetration by producing enzymes that dissolve plant cuticles or other tissues or by pressure; young, tender leaves and blooms are more likely to be invaded by this means. 
Example: Apple Scab (Venturia inequalis) fungus penetrates only the plant cuticle, not the cell wall; others, like Colletotrichum (sp. Image 19), penetrate both plant cuticle and cell wall.
· Most fungi, oomycetes, and nematodes – direct penetration

· Penetration through natural openings (stomates). Many fungi (and bacteria) can enter through natural plant openings, such as stomates, hydathodes, and lenticels.
· Penetration through wounds. Some fungi only enter through wounds in the plant tissue (these can be caused by tools, equipment, frost cracks, etc.). Many of the fruit rots occur this way. (Image 19)

Survival

· On dead/dying plant or organic material

· As sclerotia

· As other resistant structures – chlamydospores or oospores

Symptoms

See table of terms

Examples

See (image 20-26)

2. Bacteria
About

· Bacteria are single celled micro-organisms that multiply by division.

· ~100 species of bacteria cause diseases

· ~1600 species known – most are strictly saprophytic. beneficial to humans because bacteria too help decompose organic matter (human, animal, and plant wastes)

Appearance

Bacterial cells are not clearly visible in compound microscopes and will appear hyaline (clear) or yellowish-white and must be viewed with special electron microscopes. 

Growth

Most plant pathogenic bacteria are rod-shaped (except Streptomyces) and in culture/artificial media appear as a colony (see Image 27); the cell walls of most bacterial species are enclosed by a viscous, gummy slime layer, which is how I most often think of bacteria – a rotten slimy cucumber that has been forgotten in the back of the refrigerator. 

Reproduction

Most bacteria reproduce by simple fission (transverse splitting in 2) and can multiply VERY rapidly – cells divide every 20 to 50 minutes – one cell will give rise to 17 million cells in 12 hours!!!! 

Dispersal

· Wind & rain

· Insects

· People & animals

Penetration of host tissues:

· Penetration through wounds

· Penetration through natural openings

Survival

· In or on seeds, other plant parts, or insects found in soil
· On plants, they can survive epiphytically 
· in buds
· on wounds
· in exudate, a substance that oozes from plant pores

· in various tissues
Symptoms 

see table (Images 29-31)

3. Virus

About

· Very small particle that consists of genetic material encased in a protein capsule which can reproduce only within a LIVING organism

· >2000 viruses known to date

· Nearly ½ of all known viruses attack plants

· A plant can be infected by more than one kind of virus at the same time

· Too small to be seen individually with a light microscope 

· Plant viruses are systemic in their hosts

· Cannot use similar detection methods as other plant pathogens 

· Viruses are not cells and do not consist of cells

· Viruses shorten the length of the plant but rarely kill it

Appearance

Viral cells are not clearly visible in compound microscopes and must be viewed with special equipment such as electron microscopes.

Growth and Reproduction

· Viruses do not grow like the other pathogens. They are composed of only RNA or only DNA, and protein; they do NOT divide and do NOT produce any kind of specialized spores; they multiply by inducing host cells to make more virus.
· Viruses cause disease not by consuming cells or killing them with toxins; instead, they utilize host cell materials during their multiplication and take up space in cells. This in turn disrupts the host cell’s normal processes, which upsets the host’s metabolism; the result is abnormal substances and conditions that injure the host.

Dispersal and penetration

· Enter cells through mechanically-made wounds, such as cutting, pruning, bruising and other wounds made by people (from diseased to healthy plants) or through sap

· By insect feeding – aphids, leafhoppers, thrips, whiteflies, plant hoppers 

· Through seed, pollen, dodder

· Vegetative propagation

· Mites, nematodes, or fungi

Survival

Survive in other living hosts – weeds, ornamentals, insects, etc. 

Symptoms

Virus symptoms produced (see table) (Images 32-40)

· Sometimes there are no external symptoms for viruses. This is sometimes the case in hot weather.
· Symptoms produced are highly variable – depends on the weather, the plant variety, the time of infection, etc. 

Examples
(images 32-40)
4. Nematode

About

· Microscopic worm-like animals that live saprophytically in water, soil, or as parasites on plants 

· Several thousand species of nematodes exist – most live freely in fresh or salt water, in soil, and feed on microscopic organisms, plants, & animals

· Several hundred – feed on living plants – using a stylet – which is the distinguishing feature of a plant parasitic nematode 

Appearance

· Stylet – spear-like mouth part (works like a hypodermic needle) – inserts stylet into root/plant tissue and withdraws plant nutrients/food as it feeds.

· Are identified based on morphology – can easily be seen in the microscope – but not with the naked eye

Growth

· Obligate parasites – must feed on plant tissue to complete some stage of their life cycle

Reproduction?
All nematodes lay eggs. Syngamy, or cross fertilization, is common in most nematodes.

Dispersal

· Nematodes occur in the greatest abundance in the top 15-30 cm of soil

· They spread through the soil very slowly – overall distance traveled - < a few meters per season

· They move more quickly in sandy, porous soils – so they are a greater problem in south GA

· Also spread by contaminated farm equipment, irrigation, flood water, birds, animals

· Foliar nematodes – in nursery plants, splashing water (overhead irrigation) or falling rain & vegetative propagation

Penetration 

· Ectoparasites & endoparasites – one feeds from outside the root and the other feeds completely inside the root tissue. Few nematodes feed and penetrate as endoparasites, a common one is the root knot nematode 

· Can cause great damage if population is large

· Feed on plant roots – injury interferes with movement of food, nutrients, and water in plant; 

· Also feed on leaves – foliar nematode

Survival

Survives in soil and plant debris. Once in the home garden, it is hard to get rid of nematodes.

Symptoms

Nematode symptoms produced (see table) (Images 41-45)

Reflected both in above ground and below ground plant parts 

· Root symptoms: root lesions, root knots or galls, excessive root branching, injured root tips

· Foliage/aboveground plant symptoms: reduced growth, yellowing of foliage, wilting, reduced yields 

Examples
5. Phytoplasma

About

· Not accurately identified until late 1960s 

· >200 plant diseases affecting many different types of plants caused by this group

· Were once thought to be viruses, now redefined

· Very small organisms

· Most important disease to know that is caused by this group is YELLOWS disease, also known as Aster Yellows

Appearance

Phytoplasma are characterized by their lack of a cell wall, a pleiomorphic or filamentous shape, normally with a diameter less than 1 micrometer, and their very small genomes.
Growth and Reproduction

One of the most poorly characterized groups of plant pathogens; phytoplasmas multiply within the insect and become systemic in the insect,
Dispersal and Penetration
· This disease is spread by insect vectors (similarly to viruses). The leaf hopper is the most common insect vector for phytoplasma.
· The disease is also spread by budding or grafting

· The leaf hopper acquires the phytoplasma while feeding by inserting its stylet into phloem of infected plants; after an incubation period, when insect feeds on healthy plants, it injects the phytoplasma through its stylet into the phloem of the healthy plant

· Phytoplasma spreads to the rest of plant from the infection site within 24 hours

· Aster yellows phytoplasma is limited primarily to phloem of plants

Survival

The phytoplasma survives in perennial ornamental, vegetable, and weed plants (thistle, dandelion, black-eyed Susan, wild carrot, etc.)

Symptoms 
of aster yellows (Images 46-48)

· General yellowing (chlorosis)

· Dwarfing of plant

· Witches’ brooming (see table)
· Reduction in quality and quantity of yield

· Malformation of organs

Examples
(see symptoms – images 46-48)

Symptoms caused by Plant Pathogens (Agrios 2005)
	Symptom
	defintion
	fungi
	bacteria
	virus
	nematode
	Phytoplasma

	Leaf spot
	Localized lesions on host leaves
	X
	X
	
	
	

	Blight
	General and extremely rapid browning & death of various plant tissues
	X
	X
	
	
	

	Necrosis
	Localized dead & discolored tissue
	X
	X
	X
	
	

	Canker 
	Localized necrotic lesion on stem or fleshy organ of plant; can be sunken
	X
	X
	
	
	

	Dieback
	Death of twigs beginning at the tip and moving toward their bases
	X
	X
	
	X
	

	Root rot
	Decay of root system
	X
	
	
	X
	

	Damping off
	Rapid death and collapse of seedlings at the soil line
	X
	
	
	
	

	Soft rot
	Disintegration of plant tissue (such as fruits, bulbs, fleshy leaves)
	X
	X
	
	
	

	Scab
	Localized lesions on host plant tissue that is slightly raised, sunken, or cracked.
	X
	X
	
	
	

	Anthracnose
	Necrotic and sunken ulcer-like lesion on host tissue
	X
	
	
	
	

	Decline
	Loss of vigor; slow growing plants
	X
	X
	
	
	

	Galls
	Enlarged portions of plants parts
	X
	X
	
	X
	

	Leaf curl
	Distortion, thickening, or curling of leaves
	X
	
	X
	
	

	Wilt
	General loss of turgidity and dropping of leaves or shoots
	X
	X
	X
	X
	

	Chlorosis
	Yellowing of green leaf tissue 
	X
	X
	X
	X
	X

	Bleaching
	White, necrotic areas on plant parts (leaves)
	X
	
	
	
	

	Scorch
	Burnt appearance of leaf margins
	X
	X
	
	
	

	Dwarfing/

stunting
	Shorter or smaller plants than the normal plant size
	
	
	X
	X
	X

	Local lesions
	Small chlorotic/necrotic lesions at point of infection (foliage or roots)
	
	
	X
	X
	

	Mosaics
	Variegated patterns of light & dark green to yellow leaves
	
	
	X
	
	

	Ring spots
	A circular chlorotic/necrotic area on leaves, stems, and/or fruit
	
	
	X
	
	

	Witches’ broom
	Broom-like growth or massed proliferation caused by dense clustering of branches of woody plants
	X
	
	
	
	X


1d. Integrated Pest Management

Integrated pest management (IPM) is the attempt to prevent pathogens, insects, and weeds from causing economic crop losses by using a variety of management methods that are cost effective and cause the least damage to the environment (Agrios 2005).
IPM is an ecological approach which is used to help reduce the amount of pesticides in the environment. 

IPM is applicable to plant diseases as well as insect pests; it is a holistic approach to disease management and encompasses insects, weeds, and diseases. 
Components of IPM include:

· Plant health

· Host plant resistance

· Biological controls

· Cultural controls

· Chemical controls

This lesson will focus on IPM in terms of plant disease management and cover the following:

· Identification of plant disease

· Prevention and monitoring

· Economic and aesthetic thresholds

· Integration of management strategies

1. Identification of plant disease
It is important to properly identify the plant problem. For example, if a plant is wilted due to drought, not disease, spraying an unnecessary fungicide can be avoided.

Identifying the disease can be one of the hardest pieces of the puzzle. Over time, locating the disease problem and identifying it becomes easier. Many plant disease problems will be repetitive during certain times of the year, whereas others may only show every couple of years or more.
The diagnostic clinic at UGA can assist in identifying plant disease problems.
If the plant problem is disease related, knowing the life cycle of the pathogen will help break the disease triangle. For example, if a pathogen survives in only two weedy hosts, the landscape can be monitored and these hosts can be removed if they are present.

Information about particular pathogens can be found by searching the internet. There are also many plant pathology resources available for county agents, including the Compendia (APS) (a resource list will be provided in Unit 2). 
2. Prevention and Monitoring
Most plant disease management strategies are most effective if applied in a preventative manner. 
Prevention practices might include:
· purchasing disease-resistant varieties and certified disease free seed 
· removing and destroying nearby weeds and plant debris

· monitoring and controlling insect vectors

· disinfecting and cleaning garden tools

Regular, weekly monitoring and observations are the cornerstones of IPM practices. When doing so:

· walk through the landscape or garden and visually inspect the foliage, stems, roots, etc.

· keep detailed records of observations.

· use observations to prevent diseases from reoccurring in the landscape.

An example of observation and prevention:

· Observation: a root rot problem occurred because of a downspout on a corner of the house.

· Prevention: correct the downspout drainage issue or do not plant in that particular spot.

Remember, keeping a journal of the plant health problems that occur will help save time and money in the future. 

3. Economic/aesthetic Thresholds

Thresholds are the levels of disease populations at which action should be taken to prevent the disease from causing unacceptable injury or harm.
An economic threshold is the pest population level at which action needs to be taken to prevent the population from causing economic damage, such as reductions in quality and/or quantity. 
For example, for a farmer, the threshold is the point at which the cost of damage by the pest is more than the cost of control. This is an economic threshold.

An aesthetic threshold generally refers to personal tolerances of disease. One gardener’s personal threshold may be very high, tolerating a large amount of disease in the yard and rarely spraying a pesticide. For another, this threshold may be low. 
This is a personal preference, although homeowners may be encouraged to tolerate plant diseases in their own homescapes, to a certain extent. Plants are going to get disease; disease free landscapes are not feasible in terms of cost and time.

4. Integration of management strategies

There are various options for management strategies. Often management of a particular disease will involve more than one of the following tactics:

· Cultural management

· Mechanical management

· Biological management

· Genetic management

· Chemical management

It is important to evaluate which methods work best for each situation.

Cultural management means maintaining healthy plants.

· Choose the right plant for the right place.
Make sure the plant grows optimally in your particular area. Refer to USDA Plant Hardiness Zones (image 49), a map of the geographically designated zone in which specific plants can grow or withstand the average minimum temperatures within that zone. Choose plants that grow best in zones for Georgia (zones 7 & 8). If a particular plant’s hardiness zone is 10b, the minimum temperature that plant can withstand is 35-40°F. Therefore, the plant may not be able to withstand the low temperatures common here in GA (anywhere from 5-10°F). This is as much plant selection as site selection in a particular area of the landscape.

· Provide adequate water and nutrients.
Know the horticultural requirements of each plant, which are most often found on the plant label or can be found in catalogs or online. It is important to recognize that over-watering or over-fertilizing, as well as the opposite, can weaken plants and make them susceptible to attack by pathogens
· Keep dead, dying, or diseased plant tissues out of the garden.
Sanitation practices are extremely important in preventing established diseases from spreading or reproducing and new diseases from entering a particular area. 
Mechanical management
This may apply slightly more to insect pathogens but can also be applied to plant diseases. Mechanical management practices include:
· Using barriers or traps – mainly for insect control

· Hand-picking individually infected leaves (i.e. infected with a leaf spot pathogen) and discarding them away from the site.

· Tillage or mowing

· Placing mulch (pine needles, bark chips, etc.) beneath shrubs or between rows, providing a barrier which helps prevent soil borne diseases from getting on the foliage and above-ground plant tissues

· Pruning and discarding old dead or dying branches from woody shrubs and trees 

Biological management is the total or partial inhibition or destruction of pathogen populations by other organisms (Agrios, 2005). This type of management involves minimal environmental impacts and is becoming increasingly popular. There are various biological control products available today that help manage various plant diseases in conjunction with the other IPM practices. Most of the products available are bacterial and fungal products; bacteria (or fungi) are the source and they are being used to control target pathogens. 
An example of a successful bacterial biocontrol agent is Bacillus subtilis which has been labeled and marketed as various products (Companion, HiStick, or Kodiak) and is used to control various fungal pathogens (the root rots – Pythium, Phytophthora, Fusarium, and Rhizoctonia). 

Genetic management involves purchasing and planting disease-resistant plants that have been developed through breeding and selection efforts. These varieties can be found online or in seed and plant catalogues. This strategy fits with IPM practice and many plants are being developed with resistance to specific diseases. 
Resistance does not mean the plant will not get disease; it means the plant will be infected minimally. Also, not every plant has disease resistant varieties and a plant may be resistant to one disease but not another.

Chemical management 
This is considered the last resort in IPM practices but is often necessary to manage particular plant diseases. 
Common plant disease pesticides a county agent may recommend are:

1. Fungicides (most plant diseases are fungal)

2. Bactericides

3. Nematicides

Pesticides can be categorized by mode of action, activity, mobility, and protective role (Image 50).
· Mode of action 

This describes how the chemical affects the pathogen; this is important to know because pesticides with the same mode of action should be rotated to help prevent resistance from developing. Pesticides that belong to the same chemical group have the same mode of action; for example, the strobilurins stop energy production in fungi by interfering with the production of ATP.

· Activity


· Single site: more specific and act at a single site in the pathogen.
· Multiple site: less specific and have multiple sites of activity.


· Mobility

· Contact (protectant) pesticides remain on the leaf surface where they are deposited.


· This pesticide may move slightly from the point of contact but does not move inside the plant tissue; 

· Good coverage is essential

· Most fungicides and bactericides are protectants. 
· Contact fungicides prevent the fungus from germinating; contact bactericides may inhibit bacterial multiplication or cause bacteria death. 


· Systemic fungicides are absorbed into the leaf tissue.

· Translaminar fungicides are locally systemic. They are absorbed within the leaf tissue and spread within that particular leaf but not out of the leaf where they were applied. Leaves that are not treated are not protected.

· Acropetal fungicides are truly systemic. These are absorbed into the leaf tissue and the xylem and are translocated throughout the plant. Xylem only moves fluids upwards so these types of fungicides are usually applied at the base of the plant and the fungicide moves upward to protect untreated leaves of the plant.


· Role in protecting the plant


· Preventative (protectant) fungicides protect leaf surfaces by inhibiting spore germination and infection. These can be contact or systemic in nature.
· Curative (eradicant) fungicides kill the fungus & fruiting body within the leaf and are therefore, always systemic. 
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