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Presentation Notes
This learning module is an introduction to the principles of plant pathology that can be used by a grower of nursery and floricultural crops. 
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This learning module has been used previously for training purposes in UC workshops conducted by Steve Tjosvold, Maria de la Fuente, and others. 
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Presenter
Presentation Notes
This learning module was developed and refined by several authors over several years. The principal authors for this module are Steve Tjosvold, Maria de la Fuente, and Deborah Mathews. 



Overview 

• Introduction to the principles of 
plant pathology 

• Pathogen types and major diseases 
• Emerging diseases 
• Management strategies 

Presenter
Presentation Notes
This module will cover the principles of plant pathology with an emphasis on understanding how diseases can occur.
Important pathogen types and major diseases occurring in ornamental nurseries will be covered.
Several important emerging diseases in the United States will be covered so that California growers can know how to prevent their introduction.
Disease management strategies will be discussed in general at the end of the module. 



Plant Pathology 

• Pathology = study of disease 
• Disease = Progressive malfunction 
• Can be caused by biotic or abiotic 

factors 
 

Presenter
Presentation Notes

Pathology is a study of disease and therefore plant pathology is a study of plant diseases
Plant diseases are progressive and result in plant malfunction of some type. When particular diseases are discussed in this module, note that their life cycles are a succession of events, some are visible to the eye and some are not. 

This module will use a broad definition of Plant Pathology which includes diseases caused by biotic (or living) and abiotic (or non-living) factors. 



Plant diseases- their occurrence and severity- result from the 
interactions among the host plant, pathogen, and environment 

Pathogen 

Environment 

Host plant 

DISEASE 

Foundation of Plant Pathology 
The Disease Triangle 

Presenter
Presentation Notes
The disease triangle is a representation of a fundamental principle of plant pathology. �
Plant diseases– their occurrence and severity– result from the interaction of  the host plant, the pathogen, and the environmental conditions.    If one of the three factors is missing, no disease will occur.  Simply, disease will not occur if the pathogen is not present, or a susceptible plant is not present, or the environmental conditions are not favorable.  The severity of disease depends on the favorable level of each factor. How susceptible is the plant?  How virulent is the pathogen?  How conducive are the existing environmental conditions to disease? 

For every plant disease that you are managing,  consider how the concept of the disease triangle might help you understand how to break the disease through management practices. For example, could select non-susceptible plant varieties ?  Could you eliminate the pathogen through great sanitation practices?  Could you manage leaf wetness and relative humidity to create unfavorable environmental conditions for disease? 
�




Pathogen 

Environment 

Host plant 

DISEASE 

Disease Triangle 

Presenter
Presentation Notes
For this learning module, each of the 3 factors will be used to help organize the presentation. We start with a discussion of the host plant, then discuss the pathogen, then the environment. In actuality, even though we emphasize each factor separately, we are also discussing the interactions between that factor and the other two factors.  



The Disease Triangle:  Host Plants 
•  Anatomy (plant tissues and organs) 

•  Life cycles (seed, seedling, vegetative,  
flowering, fruiting) 

•  Physiology (physical and chemical defenses)  

•  Genetics  
‒ Resistant  
‒ Tolerant 
‒ Susceptible 

Presenter
Presentation Notes
Simply, a host plant is a plant that is attacked by a pathogen.

The occurrence  and severity of plant diseases often relates to the characteristics, conditions, or other critical factors of the host plant.

This includes:  

The anatomy of a plant. For example sometimes a host plant may have susceptible roots or sometimes just the above ground plant portions – the leafy shoots– are susceptible to a particular pathogen.  Sometimes, a host plant may have susceptible leafy shoots or sometimes just the flowers are susceptible to a particular pathogen.

The life cycle of the plant might influence its susceptibility.  For example, whether it is in a seed, seedling, vegetative, flowering or fruiting state.  

Some plants if physiologically unhealthy, may not have the ability to fend off an attacking pathogen. An unhealthy plant may not successfully produce the physical structures or release chemical defenses to fight an attacking pathogen. This might allow the pathogen to enter (or infect) and subsequently develop into a disease.  The key here is to grow healthy plants; give them the right amount of water, fertilizer, light, and other cultural needs. 

A host plant has range of susceptibility based on its genetics . We call plants “very resistant” where they are capable of totally resisting a pathogen, and then you have something on the opposite spectrum which is very susceptible. In between that, there is a term called “tolerance”, where disease occurs but has little or no impact on the final yield or quality of the crop. 




Host Plant Symptoms 

• How a host plant reacts to the pathogen. 
• Will be useful for identification of 

disease. 
• Symptoms fall into 4 categories: 

 

Presenter
Presentation Notes
Host plants react to the development of the pathogen on and within the plant. This reaction is expressed as symptoms. 

Disease symptoms can be used to help describe and diagnose the disease. 

Disease symptoms generally fall into four categories or different combinations of them.

[next slide, quickly]



Host Plant Symptoms 
•  Change of Color: Chlorosis 
•  Cell or Tissue Death: Necrosis 
•  Water Imbalance: Wilt  
•  Abnormal Growth:  

‒ Hypertrophy or hyperplasia: Galls 
‒ Hypotrophy or hypoplasia:  Stunting 

Presenter
Presentation Notes
Shortly you will see examples of these symptoms, but first let’s describe them:  

Chlorosis is a common symptom resulting in green leaves turning yellow or yellow white. This can happen when leaves produce an insufficient amount of the green pigment , chlorophyll. 

Necrosis is when cells or tissues die resulting in the tissue turning brown, dark brown, or black. 

Wilt is when leaves and stems droop down. It is the symptom that you would expect when a plant is suffering from the lack of water. However, some pathogens block or impede water moving from roots to the leaves and create a water imbalance or deficit in the leaves. This can occur even if there is plenty of water provided through irrigations. 

There are also various types of abnormal growths. 
Galls are caused by hypertrophy or the abnormal expansion of cells and hyperplasia or the abnormal/very quick division of cells.

Plants become stunted when plant cells are not expanding or they are not dividing very fast. Stunted plants are smaller, not as tall, or not as vigorous as other unaffected plants. 




Host Plant Symptoms 
Change of Color: Chlorosis 

  

Erwinia crown rot 
on Primula 

Presenter
Presentation Notes
Erwinia caratovora a bacterial pathogen of Primula causes a rotting of crowns near the soil  and also various degrees of chlorosis, as you see here.


Chlorosis Photo: Steve Tjosvold




Host Plant Symptoms 
Cell or Tissue Death: Necrosis 

 

Foliar nematode  
on Anemone 

Presenter
Presentation Notes
Foliar nematodes develop within leaf tissue causing leaf chlorosis and necrosis that you see here. 

Photo: Steve Tjosvold



Host Plant Symptoms 
Cell or Tissue Death: Necrosis 

 

Damping-off disease 
of Alfalfa seedlings 

Presenter
Presentation Notes
Necrosis can occur on plant roots too.  In this case, pathogens can attack alfalfa seedling roots at or near the soil line. 

Photos Jack K. Clark



Host Plant Symptoms 
Cell or Tissue Death: Necrosis 

 

Cytospora Canker on  
Corkscrew Willow,  

Salix matsudana 

Presenter
Presentation Notes
Or necrosis can occur on woody parts where bark and the underlying tissue has been killed. A lesion on a stem surrounded by living tissue is called a canker. 

Photo Jack K. Clark



Host Plant Symptoms 
Water Imbalance: Wilt 

 

Eustoma infected with  
Verticillium sp.  

Presenter
Presentation Notes
Wilt is caused by a water imbalance. The wilted plant on the right is a response to the invasion of water conducting tissue and roots by the fungus Verticillium . 

Photo Jack K. Clark



Host Plant Symptoms 
Abnormal Growth: Galls 

 

Crown Gall on rose caused by  
Agrobacterium tumefaciens 

Presenter
Presentation Notes

Woody galls caused by the crown gall bacterium are seen here. 


Photo S. Tjosvold



Host Plant Symptoms 
Abnormal Growth: Stunting 

Chrysanthemum infected  
by Fusarium oxysporum 

Presenter
Presentation Notes
Stunting here caused by Fusarium oxysporum, a pathogen that infects roots and clogs the water conducting vessels of the plant.  Early in disease development, the infected plant can look normal except for the stunting. Diseases are  progressive. Later chlorosis can occur and eventually the plant can die.

Photo by unknown



Pathogen 

Environment 

Host plant 

DISEASE 

Disease Triangle 

Causal Agent 

Presenter
Presentation Notes
So we will now look at another fundamental factor necessary for disease to occur. The pathogen. The word is derived from Greek that means “the cause of disease”.  

[Return, to forward animation] 

In some cases, a disease triangle might instead use the term the “causal agent”.  This is a more inclusive term that refers to living and non-living causes of diseases.   
Pathogens are living parasites that derive their nutrition from plants, are infectious, and can be spread from plant to plant. While non-living causes are not infectious and do not spread from plant to plant. 



The Disease Triangle 
• Pathogens   

⁻ Living parasites such as fungi, bacteria, 
virus, and nematodes. 

⁻ Infectious and spread 

• Abiotic factors  
⁻ Nonliving factors causing physiological 

malfunctions or damage such as from 
drought, frost, nutrient deficiency, 
excessive salts, herbicides, air pollution. 

⁻ Non-infectious and do not spread 

 

(cause “Disorders”) 

Presenter
Presentation Notes
To summarize:
Pathogens are living parasites such as fungi, bacteria, virus, and nematodes.
They are infectious and spread. Think the common cold for humans. 

While Abiotic, meaning non-living factors, cause physiological malfunctions or damage such as from drought, frost, nutrient deficiency, excessive salts, herbicides, or air pollution.These factors are of course not parasites and are not infectious and do not spread. 

[Click for animation]

Diseases caused by abiotic factors are often called “disorders” (instead of diseases) to distinguish them from those caused by pathogens. 

To follow are examples of disorders.



Abiotic Factors 
Nutrient Deficiencies 

 
 

 

Presenter
Presentation Notes
There are about 15 essential mineral nutrients needed for the correct functioning of the plant. These are available through the water or soil and the primary reason why fertilization is needed for crop production. Deficiencies of these nutrients can lead to disorders with fairly unique symptoms. Excesses can occur too.

This is an illustration of several mineral nutrient deficiencies in a corn plant leaves. On the right is healthy normal leaf. Then  moving to the left is Phosphorus deficiency.   Then Potash or Potassium deficiency.  Then Nitrogen deficiency.  Then Magnesium deficiency.   




Abiotic Factors 
Air Pollutants 
 

 
 

Chlorosis on this mother fern 
(Asplenium bulbiferum) was caused 
by chronic ozone exposure. 

Necrosis on orchid 
(right) caused by ozone 
exposure. 

Presenter
Presentation Notes
Air pollutants, such as ozone, can cause disorders. Ozone is found in automobile exhaust. In this case, orchids and ferns are very sensitive to it. A fork lift moving product in and out of an enclosed greenhouse might increase ozone to intolerable levels in these sensitive crops. 

Other air pollutants include: nitrogen dioxide, sulfur dioxide, peroxyacetyl nitrates (PAN), and ethylene.

Other abiotic factors that lead to disorders include: overwatering leading to oxygen depletion in the soil, high heat, low heat, wind, high or low light intensity.  These problems are usually diagnosed by attributing the symptoms to a particular environmental or cultural practice creating the stress. This diagnosis can be strengthened by ruling out pathogens, insects or other pests. Often there is evidence, visible signs, of these pathogens and pests found associated with the problem.

For the remainder of this training we focus on the living parasites of plants, the pathogens. 

Photos:  Regents of UC



Pathogens 

• Fungi 
• Bacteria 
• Viruses  
• Nematodes 

 
 

 

Presenter
Presentation Notes
The primary pathogens that cause plant diseases are fungi, bacteria, viruses, and nematodes. �
Fungi grow as microscopic filaments (called hyphae, and collectively called mycelium). 
Their cell walls are not like plant cell walls (which contain cellulose) but fungi contain chitin, the same material as in the shells of crabs and the exoskeletons of insects. 
Fungi reproduce by various spores. 

Some very important plant pathogens (the water molds) also grow as filaments and have various spores but are not fungi.  They are more closely related to brown algae. But they are often managed, in many respects, similarly to fungi.  In this training they will be organized at the end of the fungi section.

Bacteria are tiny single-celled organisms, most having cell walls, of different shapes, for example round, spiral, or rod shaped. Most plant pathogenic bacteria are rod shaped. Bacteria often have flagella that can help propel the cell short distances. Some bacteria, the phytoplasmas and spiroplasmas do not have cell walls. 

Viruses are very, very small and you need an electron microscope to see them. They have either RNA or DNA (as their genetic component) and a protein coat. Some people do not consider them as “living” because they need a host to survive and therefore cannot live and reproduce on their own. ��Nematodes are nonsegmented roundworms. Some are readily seen with the naked eye, but many are microscopic. Nematodes are the most abundant multicellular animals on earth. They have eggs, juveniles that molt like insects, and reproductive adults. Plant parasitic nematodes feed with a stylet, a needle-like feeding structure. 



Shapes and sizes of pathogens relative to a plant cell.  

Phytoplasmas 

. Viruses 

Presenter
Presentation Notes
This shows the shapes and sizes of pathogens relative to a plant cell. A filament of a fungus or a parasitic nematode are large relative to the bacteria. Viruses are so small, you actually wouldn’t be able to see them in this perspective.  



Pathogen:  Obligate parasites 

Euphorbia rust 
Penstemon rust 

Poplar rust 
 

Saprophytes 

Presenter
Presentation Notes
Pathogens like the rust fungi you see here are “obligate parasites”. They are obligated, or must, parasitize a living host plant to obtain nutrition. 
�[Click for animation]

They are not saprophytes, so they do not grow and obtain nutrition from dead plants or other organic matter. If they don’t have a living host then obligate parasites form some type of survival structure.

Obligate parasites kill host plant cells slowly and are capable of penetrating directly into the plant or through natural openings. Obligate parasites usually have fairly specific host ranges. For example the rust fungus that infects poplar only infects poplar. It does not infect penstemon or euphorbia. Penstemon and euphorbia are attacked by unique rust fungi. As you see here, these fungi have completely colonized their hosts, produced abundant spores, and still have not killed their host. 

Photos S. Tjosvold




Pathogen: Facultative Parasites/Saprophytes 
  

Botrytis on statice 
Botrytis on larkspur 

Botrytis on poinsettia 

Presenter
Presentation Notes
Most plant pathogens are facultative parasites and saprophytes. They are capable of growing on living hosts or as saprophytes depending on circumstances. These fungi usually produce toxins and enzymes that rapidly kill and degrade plant tissue and inhibit defense mechanisms. They often attack multiple hosts.  One very important pathogen in this group is the fungus Botrytis. It is very well adapted to obtain nutrition from dead or dying plant tissue but then in the right situation may invade healthy living tissue. More on Botrytis later.  

Photos S. Tjosvold 



Pathogen movement 

Presenter
Presentation Notes
Fungi and bacteria are spread by various conditions as illustrated here. Many spores are tiny and produced in large numbers. Some spores are formed above ground and are adapted for dispersal by the wind. Other spores are produced in sticky masses and can be dispersed by rain or irrigation. The water molds have swimming spores and are adapted to wet soils or wet above ground environments. The fungus body itself can also be moved inside contaminated seed or infected plants or plant parts. 



Disease Cycle 

Fireblight on pear and apple caused by the bacterium Erwinia amylovora 

Presenter
Presentation Notes

Plant diseases can be organized into a disease cycle. 
In this example, the disease is Fireblight on pear or apple caused by the bacterium Erwinia amylovora. You can see the succession of events that occur in the full development of the disease.

Many references have information on common disease life cycles. At least significant parts of life cycles are known, and this information can be used to try to manage the disease by breaking key parts of the disease life cycle. In the case of Fireblight, it can be seen that blossoms are the principal entry point of the bacterium. This would indicate that any preventative sprays would need to be applied at or around bloom time to prevent infection. Also, pruning out the new or old overwintering cankers might be useful to reduce or eliminate a source of the bacteria in the spring.

References will be listed at the end of this presentation.




Pathogen:  Signs 

•  Signs: structures or products of a 
pathogen in or on the diseased 
plant. 

•  The signs can help diagnose the 
cause of the disease. 

Presenter
Presentation Notes

Signs are structures or products of a pathogen in or on the diseased plant. The sign might be seen with the naked eye, a 10x hand lens, a stereomicroscope, a light microscope, or an electron microscope.  

The signs can help diagnose the cause of the disease. In the laboratory, a plant pathologist might try to isolate and grow the pathogen from diseased plant samples. The pathogen, when cultured properly, may produce signs of the pathogen– possibly unique spores or mycelium that could aid in the identification of the pathogen. A stronger diagnosis of the disease is obtained if the observed disease symptoms fit that caused by the identified pathogen. 




Pathogen: Signs 
Fungal mycelium 

and spores  

Rose powdery mildew 

Presenter
Presentation Notes

You can see the fungus that causes rose powdery mildew here.
The overt powdery appearance on the leaf is mostly mycelium, the fungus body.  If you look at it under high magnification, on the left, you’ll actually see there are spores there too, ready to blow off and be carried in the wind.



Photos S. Tjosvold



Pathogen: Signs 

Fungal 
sclerotia 

 and 
mycelia 

Dahlia Stem Rot, Sclerotinia sclerotiorum 

Presenter
Presentation Notes
Here is evidence of Sclerotinia sclerotiorum causing Dahlia Stem Rot. The fungus mycelium is fuzzy and white and the sclerotia are black and seed-like. Sclerotia are the survival structures of this fungus.



Photos S. Tjosvold



Pathogen: Signs 

Bacterial exudates 

Erwinia on Melon 

Bacterial Ooze 

Presenter
Presentation Notes
Here is a sign of the bacterium Erwinia causing bacterial wilt of melon. A common diagnostic test for bacterial wilt involves cutting a wilted runner close to the crown of the plant, rejoining the cut surfaces for a moment, and then slowly drawing apart the cut ends . The presence of bacterial slime extending from one cut surface to the other is a positive indication of bacterial wilt. A variation of this test involves placing the cut runner or crown in water. Bacteria will ooze from the exposed vascular elements of infected plants in 5–10 min, forming milky strands flowing from the cut surface into the water.  

APS photos�



Pathogen: Signs 

Presenter
Presentation Notes
Finally, seeing nematodes on diseased roots would be another example of a pathogen sign.



Fungi 
•  Composed of hyphae as basic structure, masses are 

called mycelium. 
•  300,000 species of fungi known 
•  78,000 unique fungus-host combinations in US alone 

 
 
 

Sclerotinia sclerotiorum on Petunia Armillaria mellea 

Presenter
Presentation Notes
Let’s describe what fungi are. 
They are composed of masses of thread-like pieces called hyphae. Masses of hyphae are called mycelium. Cell walls are composed of chitin.
There are 300,000 known species and 78,000 unique fungus-host combinations in the US alone.
Therefore, it is by far the most important group of plant pathogens. 




Fungi 
•  Many types of spores, asexual, sexual, and 

for survival/resistance  
 
 

Conidia masses on fruit 
(asexual spore) 

Conidia on conidiophore 
(asexual spore) 

Basidiospores 
(sexual spore of 

mushrooms)  

Presenter
Presentation Notes
Fungi usually reproduce by means of spores. Most fungi produce sexual spores and one or more asexual spores, which aid in dispersal. 

The sexual spores provide genetic diversity so the fungus can adapt to changing conditions. Some fungi have overcome resistance traits that have been incorporated into some crop varieties. And  some fungi have become resistant to some classes of fungicides. 

Sometimes asexual or sexual spores  have thick walls and other features to survive adverse environmental conditions or the host plant is not present. 



Fungi 
•  Enter plant through direct penetration 

using specialized structures, or through 
stomates, hydathodes, and wounds.  

 
 

Presenter
Presentation Notes
Fungi might have many obstacles once their spores arrive on a leaf surface.  For one, the leaf is covered with a waxy cuticle and other barriers.  Many fungal pathogens form specialized structures called an appresorium that allow the germinating spore to stick to the leaf surface and then an infection peg penetrates through or between cell walls. Once the fungus is inside it produces a haustorium to aid in nutrient absorption. 

Other fungi and many other pathogens may enter the plant through natural openings such as stomates or hydathodes, or wounds.  





Vascular Wilts 
Caused by Fungi 

Verticillium Wilt  
on Eustoma 

Presenter
Presentation Notes
Now we will discuss the categories of diseases that are many cases caused by fungi

One of the categories or groups of diseases are vascular wilts. Vascular wilt fungi infect roots and move into the water conducting vessels (or tubes) of the root and then upward into above-ground portions of the plant. Because the water conducting vessels may become clogged, water flow is impeded, resulting in wilting ,yellowing and stunting.

Sometimes when woody or mature plants are infected, wilting  can occur on one side or section of the plant at first. Wilting can be followed by the death of that portion of the infected plant. 





Vascular wilts caused by fungi 

• Very common 
diseases, many hosts, 
and specific. 

• Some can be good 
saprophytes. 

 
 

 

Rose 

Fusarium oxysporum f. sp. cyclaminis 

Presenter
Presentation Notes
These are very common diseases affecting many host plants. And the pathogens that cause these diseases are usually host specific.  For example. The pathogen Fusarium oxysporum f. sp. (forma specialis) cyclaminis infects cylcamen but not other plants. 

Some can be good saprophytes, but capable of invading  a healthy host root if it comes into contact with it. 




Verticillium on Stock 

Verticillium wilt 
on Stock 

Vessels that 
conduct water 

Presenter
Presentation Notes

If you cut across an infected stem, you would expose the open ends of the water conducting vessels (or tubes) and many other cells. [see the micrograph]  The water conducting vessels are the organized cells that are  stained pink in this micrograph.

Above, see cross sections of stems with vascular discoloration in and immediately around these infected water conducting vessels. In this case caused by Verticillium dahliae. 









• Prefer warm air and 
soil (75-86 ⁰F) 

• Move mainly by 
water, tools, infected 
soil, propagation of 
cuttings 

• Resting spores can 
survive for years in 
soil 

 
 

Rose 

Fusarium oxysporum 
 in Freesia 

Vascular wilts caused by fungi 

Presenter
Presentation Notes
Here is Fusarium oxsporum causing discoloration in Freesia corms on left. Healthy corms on the right.  However, not all vascular wilt diseases exhibit vascular discoloraton.

Vascular wilts are favored by 
warm air and soil (75-86 ⁰F)
Moved mainly by water, tools, infected soil, in propagative cuttings
Resting spores can survive for years in soil




Root Rots 
 

Fusarium Root Rot of Bean 

Pythium on Asiatic lily (right),  
healthy plant (left) 

Presenter
Presentation Notes
Another category of diseases are the Root Rots.  Fungi can attack and rot the roots of their hosts. Here Fusarium solani causes root rot on bean. 

 Another fungus-like pathogen-- Pythium --causes root rot on Asiatic lily on the right, and healthy plant on left.  When diagnosing whether a root rot disease is present, it is particularly important to look at a healthy plant and roots look like. It is not really obvious with lilly, as you see here.

[Next slide quickly]



Root Rots 
 

Pythium Root Rot 

Presenter
Presentation Notes
But it is more obvious here. 
With potted plants, one can remove the pot to look at the healthy roots.  Examples of healthy roots are left and right.  And then you have the obvious necrotic and rotted roots of diseased plants. 



Damping off  

Presenter
Presentation Notes
Damping off diseases can be common at propagation when seeds or seedlings fail to emerge or they topple over at the soil surface. Here is Thyme toppled over in a seedling flat on the left. [Photo Steve Koike UCCE]  And a closer look at infected discolored roots of cotton seedlings on the right. 

Fungi such as Alternaria, Rhizoctonia, Botrytis and others might cause damping off. Other fungi-like pathogens such as Phythium and Phytophthora commonly cause these diseases too. 



Leaf spots caused by fungi 

Entomosporium leaf 
spot on evergreen Pear 

Didymellina leaf spot on 
bearded Iris 

Presenter
Presentation Notes
Numerous pathogens including fungi cause foliar necrosis in fairly discreet areas. These are generally called leaf spot diseases. 
Here are some examples.  
Leaf spot on evergreen pear caused by the fungus Entomosporium mespili.  And Leaf spot on Bearded Iris caused by Didymellina macrospora





Leaf Spots 

Phyllosticta leaf spot 
on Calla Lily 

Entomosporium leaf Spot 
on Raphiolepsis 

Presenter
Presentation Notes
Here are others. Note that the lesions are discreet, in spot-like necrotic shapes, often with yellow or reddish halos surrounding the necrotic area. 



Cankers caused by fungi 
Botryosphaeria Canker in Ficus 

Basal Phytophthora 
canker in Kentia Palm 

Thousand 
Cankers 
disease in 
Walnut 

William J. Moller, courtesy UC Statewide IPM Program 

Presenter
Presentation Notes
Cankers are lesions on stems that are swollen or sunken and surrounded by living tissue. 

Images are from Jim Downer



Fruit Decay caused by fungi 
Botrytis Bunch Rot 

on Grapes 
Fruit rot  on Orange 

William J. Moller, courtesy UC Statewide IPM Program 

Presenter
Presentation Notes
Fruit such as this orange can become infected when bruised or injured by various fungi. In this case by Penicillium that causes water soaked lesions and then spreading and producing abundant visible spores and mycelium.

On right is bunch rot caused by the fungus Botrytis cinerea

[next slide quickly]



Fungus : Botrytis cinerea 

Often called  gray mold 
 
 

Pomegranate 

Strawberry 

Presenter
Presentation Notes
Here are other fruits and berries that are attacked by Botrytis cinerea. The disease is often called “gray mold”, for its ability to produce abundant masses of gray spores under the right environmental conditions, as you see here on pomegranate.  



Crown Rot of  
Calceolaria 

Fungus : Botrytis cinerea 

Gray mold is one of the most Important 
diseases of greenhouse crops 
 

Presenter
Presentation Notes
Gray Mold is one of the most Important diseases of greenhouse crops. Here it is attacking the root crown of Calceolaria

In this case Botrytis first colonized the lower dead or dying leaves and then developed into the root crown of the plant. 



Fungus : Botrytis cinerea Gray Mold 
 

 

Presenter
Presentation Notes
Botrytis does not usually directly attack green or living tissue unless it is through a wound. Here Botrytis established itself on a necrotic piece of stem that was inadvertently left when this poinsettia was pruned. [left]  Botrytis then could use this base to break through the plant defenses that normally would have prevented a direct infection. The outcome is a serious infection of the main stem. 

Photos S. Tjosvold



Botrytis on flowers 

Presenter
Presentation Notes
Botrytis does not usually directly attack living tissue unless it is through a wound as seen in the previous slide. The exception is in flower petals. In the right conditions, Botrytis spores land on a flower petal and if there is high humidity (lots of moisture) they can directly infect the flower petal.  The early stages are seen here when small necrotic spots are formed with purple halos. But within hours sometimes, petals can be consumed by the Botrytis and start to produce more spores. [right]



Photo rose by S. Tjosvold



Fungus : Botrytis cinerea 
 
•Weak as pathogen, very 
opportunistic 
• Requires cool moist 
conditions to thrive 
•Can germinate and 
infect within 6 hours 
•Can survive from 28-
90⁰F, prefers 70-77 ⁰F 
 

 

Botrytis spores on stalks 

Presenter
Presentation Notes
To summarize about this important pathogen, 

It is a weak pathogen, except on flowers where it can directly infect flower petals. But it very opportunistic, in that it can colonize dead or dieing plant parts or organic debris and use this as a base to infect living plant tissue. 
It requires moist conditions to thrive

It Can germinate and infect within 6 hours with the right environmental conditions. 

It Can survive from 28-90⁰F, but optimally at 70 to 77 ⁰F. 



Botrytis on 
 larkspur cutflowers 

Presenter
Presentation Notes
Because it can survive at very low temperatures, Botrytis can  be a very important post harvest disease. In the case of cut flowers, infected flower buds might be unnoticed when stored at cooler temperatures because there is very Botrytis might only develop very slowly at low temperatures. But once the flowers leave the cooler and are placed at room temperatures, perhaps at the florist or vases at home,  the fungus can develop very quickly as seen here. 



Powdery Mildews caused by fungi  

Euonymous Erysiphe euphorbiae on Poinsettia 

Characterized by white mycelium 
mainly on upper surface of leaves 

Presenter
Presentation Notes
Powdery mildew diseases are caused by fungi that produce a white, powdery appearance on leaf surfaces, mostly upper leaf surfaces,  and sometimes on other plant parts such as green stems or even flowers.  Infected tissue may be distorted. 



Fungi : Powdery Mildews 

Obligate biotrophic 
parasites.  Many with 
wide host ranges.   

Rose 

Erysiphe lagerstroemiae  
on Crape Myrtle 

Presenter
Presentation Notes
Powdery mildew fungi are obligate parasites; they can grow only on living plant tissue. When an infected plant dies, so does the mildew unless survival spores are formed. There are many kinds of powdery mildew fungi, and each can be highly specialized to the host that they infect. Erysiphe lagerstroemiae only infects and develops on Lagerstroemia, or crape myrtle. 



Fungi : Powdery Mildews 
• Prefer warm days and cool nights (68-86 ⁰F) 
•  Water not required for spore germination 
•  Some need high RH (98%), others do not 
•  Thrives in Greenhouses and California 

Rose 

Podosphaeria aphanis 
on strawberry leaf 

Presenter
Presentation Notes
 Powdery mildew diseases prefer warm days and cool nights (68-86 ⁰F)
They are unique, in that water is not required for spore germination
 Some need high RH (98%), others do not
 Thrives in Greenhouses and generally a major problem in California




Rusts caused by fungi 
• Form pustules with orange spores on leaves, stems 
• Generally host specific; may have alternate host 
 

 Rose 

Puccinia spp. on grasses 

Puccinia on Chrysanthemum 

Close-up of pustules 
 and spores Rust on rose leaf 

Presenter
Presentation Notes
Rusts are caused by fungi and characterized by pustules containing dry orange or brown (or rust-like) spores. These pustules are commonly found on the lower surfaces of leaves. Spores in the pustules can be wind blown or splash dispersed to other plants.   

They are obligate parasites as the powdery mildew fungi. They only survive on a living host. They infect a broad range of hosts and generally attack one host. However, many have complicated life cycles, with multiple spore types and two or more hosts. 

[Next slide]



Fungi : Wheat Rust with alternate host 

Sexual stage on Berberis spp. 

Asexual stage on Wheat 

Presenter
Presentation Notes

Wheat leaf rust spreads via airborne spores. Five types of spores are formed in the life cycle. Uredospores, teliospores, and basidiospores develop on wheat plants and pycniospores and aeciospores, the sexual stage, develop on Berberis.

If you are trying to manage rust diseases, it is a good idea to learn if there are alternate hosts and eliminate that host if possible. 



Fungi : Armillaria mellea 
• Mainly affects hardwood trees and conifers 
• Roots decay and tree gradually declines; may 

eventually topple over. 

apsnet.org 

Presenter
Presentation Notes
Armillaria mellea is a fungus that cause root rots on woody plants. Roots can decay and the tree gradually declines and eventually may topple over.  In California, it commonly attacks oaks and is called oak root fungus. Sometimes woody crops produced on areas that were once oak woodlands might be affected by this fungus. 



Fungi : Armillaria mellea 

• Rhizomorphs can grow and infect nearby roots 
• Can form mushrooms at base of trunk 
 

 

Mushrooms at base of almond tree Rhizomorphs on large root 

Presenter
Presentation Notes
[Right]  The fungus can form  rhizomorphs “root-like”  or “shoestring-like” structures that can grow short distances through the soil and infect new roots. 

The fungus sexual stage is a honey colored mushroom that forms at the base of infected trees. 



Oomycetes:  the water molds 

• The Oomycetes are fungus-like and often still 
referred to as fungi.  

• Water is key to their life cycle and spread 
often with swimming infectious zoospores  
• Oomycete “Fungicides” that are most active 

usually utilize different modes of action than 
fungicides.  

 
 

Presenter
Presentation Notes
The Oomycetes are fungus-like and often still referred to as fungi. But now we know that they are not fungi and they are more closely related to brown algae, which have cellulose in their cell walls. 

Water is the key to their life cycle because they need water to grow, reproduce, and move in. They actually have the ability to swim with the use of zoospores. Hence, this is why they are often called the “water molds”.

The most active “fungicides” that are used to control Oomycete diseases are usually not very active on fungal diseases. Rather they usually target the Oomycetes specifically. 




Root and Root Crown Rot 
Phytophthora 

Presenter
Presentation Notes
One of the most important water molds is Phytophthora. There are many Phytophthora species, and many have broad host ranges, that can attack roots and crowns of woody and herbaceous plants. Some are capable of living and spreading above ground too.  They can be very destructive. They can produce a sexual reproductive and survival spore called an oospore, and other asexual reproductive and survival structures: chlamydospores, sporangia and zoospores. 

Image on left from Jim downer





Damping off or Root Rot 

Cotton seedling damping-off 

Pythium 

Root rot on Asiatic lily bulbs  

Presenter
Presentation Notes
We have seen these damping off and root rot diseases earlier caused by Pythium, an important water mold. 



Downy Mildews 
• Fairly host specific 
• Prefer 40-60⁰F for growth 

and RH 90% for spores 

 
 

 

Lettuce 

Presenter
Presentation Notes
The downy mildews are specialized Oomycetes that are obligate parasites, fairly host specific and adapted for air dispersal on above ground parts. They produce oospores, sporangia and zoospores . They prefer cooler temperatures and high relative humidity for spore production.��Yellow or necrotic , often angular areas are seen on upper side of leaves

Next slide 



Downy Mildews 
• Spores usually found on underside of leaves 
• White, lavender, or purple spore masses 
 

 Rose 

Presenter
Presentation Notes

White, lavender, or purple spore masses
Can be found usually on the underside of leaves. Although their presence can be fleeting if temperatures become very warm or relative humidity falls. The same fungicides that control Phytophthora and Pythium usually control the downy mildews.

Images from University of Maine
http://extension.umaine.edu/ipm/ipddl/plant-disease-images/lettuce-downy-mildew-pathogen/

 
 



Bacteria 
• Tiny single-celled organisms, 1-3 μm 
• Have several shapes and some have flagella 

for motility 

 
 

Rose 

Bacilliform bacterium with polar 
flagella 

Bacterial colonies of Xanthamonus  
on nutrient agar 

Presenter
Presentation Notes
Bacteria:  Are tiny single-celled organisms,  most having cell walls, of different shapes, for example they can be round, spiral, or rod shaped. Most plant pathogenic bacteria are bacilliform or rod shaped. Bacteria often have flagella that can help propel the cell short distances. Some bacteria, the phytoplasmas and spiroplasmas do not have cell walls. 

Bacteria must be isolated in pure culture on plates of nutrient media. Erwinia have flagella all over the their surface and Xanthomonas have a single flagellum at one end and are yellow (from greek, Xantho), although most bacteria will plate out cream-white. Can be stained with a Gram stain.  Most plant pathogens are gram negative;  they have thin cell walls and do not retain the purple dye.  Other stains can be used to make them visible.  ELISA (enzyme based) or PCR (DNA based) tests are used commonly for rapid identification of a serious disease.



Bacteria 
• First recognized bacterial pathogen, Erwinia amylovora on 

pears and apples. 
• Bacteria enter plants through wounds, stomates,  hydathodes 

and other natural openings. 
 

 Rose 

Shepard’s crook symptom on Toyon  Fire blight on Ornamental Pear 

Presenter
Presentation Notes
Fire blight caused by Erwinia amylovora,  in 1878,  was the first plant bacterial disease recognized.  Now over 180 recognized bacterial plant pathogens are recognized.

Bacteria enter through wounds, leaf stomates and hydathodes, or other natural openings. 

The fireblight bacteria enter through the nectaries of flowers and moves into the stem.  A shepard’s crook symptom can be produced [left] here on Toyon , and eventually a flagging symptom can be produced as the bacteria develop and spread [right]  as seen on ornamental pear. 



Bacteria: Spots on Leaves and Fruits 

Xanthomonas spp. on Pelargonium leaf  
and tomato fruit  

Presenter
Presentation Notes
The most common types of bacterial diseases are those that cause leaf spots on leaves, stems, blossoms, and fruits. The spots are necrotic, usually circular, and sometimes surrounded by a yellowish halo. In some leaves, the development of the spots are restricted by the leaf veins and look angular. 

In wet or humid weather, the infected tissue often exudes masses of bacteria that can spread to new tissues with splashing water, insects, or other mechanical means.  



Bacteria: Vascular Wilts 

Erwinia  on tomato 

Presenter
Presentation Notes
Bacteria can also cause vascular wilts
Bacteria can infect through wounds, injured roots, injured stems, and natural openings like stomates. They then can move through the water conducting vessels of the plant. 



Bacteria: Galls 

Crown gall on Peach (left) and Euonymous (right) caused by 
Agrobacterium tumefaciens 

Presenter
Presentation Notes
Galls are produced on the stems and roots of plants primarily by Agrobacterium.  Some species of Corynebacterium and Pseudomonas can also cause galls.  

The bacteria enter plants through wounds and stimulate cells to divide and enlarge. 


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.ces.ncsu.edu/depts/pp/notes/Ornamental/odin003/peachcg.htm&ei=I3HRVJuBI8KvogTpsoCQDQ&bvm=bv.85076809,d.cGU&psig=AFQjCNHQO7KtjiRTcyZ22bsfvJlU3EaoTg&ust=1423098511886960


Bacteria: Soft Rots 

Bell Pepper 

Presenter
Presentation Notes
Bacterial soft rots occur most commonly on vegetables and some annual ornamentals that have fleshy storage tissues. The sympotoms can occur in the field or in storage. At first there is a small water-soaked lesion which enlarges rapidly in diameter and in depth. The affected area becomes soft and mus

Erwinia carotovora and other species are usually the causal agent. 



Fastidious Bacteria: Bacterial Scorch 

•  Caused by Xylella fastidiosa 
 

 
Elm Liquidambar 

apsnet.org 

apsnet.org 

Presenter
Presentation Notes
Fastidious bacteria are those that don’t grow in normal cultures or with specialized cultures. Some are limited to the water conducting vessels, such as Xylella fastidiosa. 



Insect Vectors of Xylella fastidiosa 
 

Leafhoppers such as the Glassy-winged sharpshooter 
(GWSS),  

Homalodisca vitripennis (=H. coagulata) 
GWSS vs blue-green sharpshooter 

GWSS 

Presenter
Presentation Notes
The Leafhopper  (sharp shooter) feeds on xylem and vectors the bacterium. 

Pierce's disease (PD) was discovered in 1892 by Newton B. Pierce (1856–1916; California's first professional plant pathologist) on grapes in California near Anaheim. The disease is endemic in northern California, being vectored by the blue-green sharpshooter, which only spreads the disease to grapevines that are adjacent to riparian habitats. It became a real threat to California's wine industry when the glassy-winged sharpshooter (GWSS), native to the southeast United States, was discovered in the Temecula Valley in California in 1996. The GWSS spreads PD much more extensively than other vectors do. It triggered a unique effort from growers, administrators, policy makers and researchers to work together in finding a solution for this immense threat. No cure has yet been found.



Symptomatic landscape plant species in CA from which  
Xylella fastidiosa was detected 

Plant Name Common Name Strain Group 
Ginkgo biloba Maidenhair Tree ALS 
Lagerstroemia indica Crape Myrtle ALS 
Liquidambar styraciflua Liquidambar ALS 
Olea europaea Olive ALS 
Prunus cerasifera Ornamental Plum ALS 
Morus alba White Mulberry MLS 
Nandina domestica Heavenly Bamboo MLS 
Hemerocallis Day Lily OLS 
Jacaranda mimosifolia Jacaranda OLS 
Nerium oleander Oleander OLS 
Cercis occidentalis Western Redbud PD 
Prunus avium Cherry PD 
Prunus dulcis Almond PD, ALS 
Magnolia grandiflora Southern Magnolia PD, OLS 

 
 

Presenter
Presentation Notes
Pathologists have now identified these different strains of Xylella that affect different kinds of ornamental plants.



Phytoplasmas 
• Bacteria that lack cell wall 

and flagella 
• Vectored by mostly 

leafhoppers and some  
psyllids 

Peach yellow leafroll Aster yellows, Delphinium 

Presenter
Presentation Notes
�Other fastidious bacteria, the phytoplasmas are vectored by leafhoppers and psyllids. They lack a cell wall and are only found in the phloem.  Damage causes yellowing and stunting. Manifestations of the disease are host specific.
Once you get the pathogen into the plant, the plant has to be destroyed because we have no chemicals to control this bacteria.

Photo Delphinium S. Tjosvold



Viruses 

• Composed of nucleic acid, DNA or RNA 
•  Surrounded by a self-made protective 

coat protein 
 

 

Rose 

Tobacco mosaic virus 
(Tobamoviruses) 

                        Cucumber mosaic virus 

Presenter
Presentation Notes

Viruses are infectious pathogens that are composed of either
RNA or DNA surrounded by a protective coat of protein.  They are generally either elongated or spherical. 

They are very very small, from 20 to 2000 nanometers in size, requiring an electron microscope for visualization. 

Viruses are obligate parasites; they require a living host cell in order to multiply and produce new particles, but existing particles can survive for days, months, or even years, depending on the virus, in plant debris, on hard surfaces such as greenhouse benches or walls, pots, tools, or watering implements.





Viruses 
• Over 1000 species of 

plant viruses 
• Each species may 

have many strains 
• Named for first host 

and symptoms 
‒ Tobacco Mosaic Virus 

Presenter
Presentation Notes
There are over 1,000 known plant viruses, with each usually having several different strains that may vary in the severity of
their symptoms or host range.

Viruses are named for the first host plant they were found in and the type of symptom that they cause. For example Tobacco mosaic virus was first found on tobacco causing a green and yellow mosaic symptom.

Therefore, the name does not reflect the only host that may be infected by that virus. For example, Tobacco mosaic virus (TMV) can infect 200 different plants, while Cucumber mosaic virus (CMV) can infect over 1,000 plant species. Mixed infections of more than one virus are quite common.

There are test strips for the field that you can use to test for specific viruses, as well as some bacteria or fungi.�




Virus transmission 
Vegetative propagation and grafting 
Insects 
Pruning tools, touching, and other wounding 
Irrigation water 
Fungi, nematodes, seedborne, and pollen 
 

 
 

Winged Aphid 
Thrips 

Whiteflies Thrips 
Aphids 

Presenter
Presentation Notes
All viruses can be transmitted by vegetative propagation
and grafting of infected source plants. 

Many can be transmitted by insects (primarily aphids, whiteflies, leafhoppers,
and thrips)

Many by pruning tools, touching, irrigation water, or any action that
causes wounding. 

And sometimes by fungi, nematodes or seedborne
via the embryo,  outer seed coat, even by pollen,



Viruses: Mosaic 

     Mandevilla                        Wisteria                          Hosta 

Cucumber mosaic virus Hosta virus X 

Wisteria mosaic 

Presenter
Presentation Notes
Viruses cause a range of symptoms, some that are very diagnostic, while others can be confused with other infectious diseases or abiotic disorders. 

The next few slides show different symptoms that viruses can cause.
Here are mosaic symptoms with patterns of yellow and green.



Viruses: leaf malformations 
and stunting 

        Bean                                   Lettuce                          Monocots 

Cucumber mosaic virus 

Lettuce big vein virus 

Unknown virus on Lisianthus 

Presenter
Presentation Notes
Leaf malformations and overall plant stunting is a common symptom



Viruses: Ringspots / Line Patterns 

Unknown virus on Impatiens 

Nemesia ring necrosis virus 

Hydrangea ringspot virus 

Photo: Ann Chase 

Presenter
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Here are ringspot and line pattern symptoms



Viruses: Flower Break  

Tulip flower break virus Angelonia flower 
 break virus  

No virus 

Presenter
Presentation Notes
Virus infections can sometime enhance color and complexity of coloration.



Viruses: Fruit Deformation 

Potyvirus on yellow squash  
(lower healthy, upper infected) 

Cucumber mosaic virus 
Pepper 



TSWV on Gerbera 

Photo: © Steve Koike 

Tomato Spotted Wilt Virus (TSWV) 
Impatiens Necrotic Spot Virus (INSV) 

TSWV on Stephanotis 

INSV on Impatiens 

INSV  on 
 Phalaenopsis 

Presenter
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Tomato spotted wilt virus (TSWV) and Impatiens necrotic
spot virus (INSV) are two members of the genus Tospovirus,
and they are increasingly important viruses in ornamental
plants. TSWV can be transmitted by at least eight species
of thrips, while INSV has to date only been transmitted by
the western flower thrips. Both viruses can be mechanically transmitted, but not easily.

All Photos: © Steve Koike
ern flower thrips (Frankliniella occidentalis).Very wide host range of weeds and ornamentals.



Nematodes 
• Non-segmented 

round worms, 
250μm-12mm 

•  Some feed 
externally, others 
internally 
 
 Endoparasitic 

 Pratylenchus sp. 

Ectoparasitic 
Mesocriconema sp. 

Presenter
Presentation Notes
Nematodes are nonsegmented roundworms, and mostly microscope, 250 micrometers to 12 milimeters. They should not to be confused with earthworms. They are the most abundant multicellular animals on earth, about 10% are obligate parasites. They have eggs, juveniles, and molt like insects,  and  have reproductive adults. 

Some feed externally surrounding the plant roots (ectoparasitic such as Mesocriconema) , while others dwell most or all of their life inside plant tissues (endoparasitic such as Pratylenchus. They feed with a stylet needle-like feeding structure and can cause significant plant damage.

Plant-parasitic nematodes are also responsible for the incidence and severity of various root disease complexes. Tissues weakened by nematode attack are
often more susceptible to other plant pathogens such as fungi (e.g., Fusarium, Rhizoctonia, etc.) and bacteria (e.g.,Agrobacterium tumefaciens). Some plant-parasitic nematodes (dagger, needle, or stubby root nematodes) are able to transmit plant-pathogenic viruses as well.




Nematodes: Root Knot 

Meloidogyne spp on several hosts 

Carrot 

Gravid Female 

Tomato 

Max Clover, courtesy UC Statewide IPM Program 

Presenter
Presentation Notes
In container nursery production, the most commonly encountered
nematode pest is the root knot nematode (Meloidogyne
spp.). Juveniles of Meloidogyne spp. invade roots and move
into their vascular cylinders. Plant-produced nutrients are diverted
to the feeding sites, while galled roots become increasingly
less efficient in water and mineral uptake. During the final
developmental stages, the root knot nematode female enlarges,
breaks through the root surface, and lays several hundred eggs
in a protective gel sack. The eggs can hatch immediately, and
the next generation of juveniles is ready to attack plant roots.
Under optimal conditions the life cycle is completed in 3 to 4
weeks.



Nematodes: Root and Foliar Lesions 

Pratylenchus spp. Aphelenchoides spp.  
on chrysanthemum 

Red-brown lesions around the 
root cortex  on Potato 

Presenter
Presentation Notes
In contrast to the sedentary root knot nematodes, which
remain in place once they establish a feeding site, lesion
nematodes (Pratylenchus spp.) continuously migrate and feed
throughout the cortex of an infected root. Foliar nematodes
(Aphelenchoides spp.) occur mainly within the leaves and
crowns of many herbaceous perennials. Aphelenchoides spp.
can survive desiccation in dried plant tissues but regain activity
when rehydrated.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://plpnemweb.ucdavis.edu/nemaplex/Taxadata/G011S2.htm&ei=wGvRVNvXC4muogSOl4Jg&bvm=bv.85076809,d.cGU&psig=AFQjCNEMpxo2Fr76PknYMGJc-K6zOlM3LA&ust=1423097151048386


Emerging Diseases 
• Plasmopara obducens, Impatiens Downy Mildew 
• Plasmopara halstedii, Sunflower and Rudbeckia  

Downy Mildew 
• Phytophthora ramorum  
• Phytophthora tentaculata 
• Liberibacter asiaticus, Citrus greening or  

Huanglongbing Disease 
• Ralstonia solanaceum, Ralstonia Southern Bacterial 

Wilt 
• Polyphagous shot hole vectored Fusarium diseases. 
• Botryosphaeria canker diseases 

Presenter
Presentation Notes
Here is the list of emerging diseases and subsequent slides to illustrate each one.




Plasmopara halstedii 
Sunflower Downy Mildew 

Plasmopara obducens 
Impatiens Downy Mildew 

Plasmopara halstedii 
Rudbeckia Downy Mildew 

Presenter
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Downy mildews have become more important in the ornamental industry and there are some that are particularly noteworthy.

Impatiens downy mildew (Plasmopara obducens) is a very destructive pathogen found on the common bedding plant Impatiens walleriana.
New Guinea impatiens, Impatiens hawkerii, are highly tolerant to the disease. Symptoms of the disease include a subtle stippling and yellowing or chlorosis of the leaves. Leaves tend to curl downward. Plants may lack vigor or are stunted. A white coating of spores, generally occurs on the leaf underside but buds and stems may be coated as well. The plants eventually defoliate.

Impatiens downy mildew moves primarily by dispersal of spores. These spores, produced in sporangia on the undersides of impatiens leaves, can become airborne or carried with free water to infect new plants at an alarming rate. In addition, longer-lasting resistant spores, oospores, may survive in the soil.  And  observations indicate they may directly infect roots. The key to managing this disease is prevention. 


Plasmopora halstedii causes diseases on over 100 host species from a wide range of genera in the family Asteraceae, including wild and cultivated species of sunflowers, the principal economic host. P. halstedii is a soil-borne pathogen, its oospores directly infect roots of young sunflower seedlings. Its sporangia can also be wind-borne, causing infection of above-ground plant parts. Or it can even be seed-borne when seed produced by infected plants carries mycelium and/or oospores of the pathogen. 



Sudden Oak Dead (SOD) and Diseases caused by 
Phytophthora ramorum 

Rhododendron 

Camellia Pieris 

Viburnum 

Presenter
Presentation Notes
Phytophthora ramorum has killed thousands of native oaks in coastal areas of California and Oregon where the disease is known as Sudden Oak Death. Many common nursery crops are susceptible to the pathogen and can infect leaves, stems, and roots. Soil can be infested with long-lived chlamydospores and mycelium in plant debris and fallen leaves. Although the disease is usually not serious on ornamental crops, there is concern that the pathogen could be moved on nursery stock to new areas and eventually infect new landscape and forest hosts. There are federal and state quarantines that require inspections for nursery stock shipments from quarantined counties, periodic annual inspections and sampling of hosts, and if the pathogen is detected, eradication of the pathogen is necessary and affected plants will be destroyed.
 
Although hosts of P. ramorum  show a range of symptoms, in general the disease is characterized by irregular necrotic leaf lesions, rather than distinct leaf spots. Leaf infections can develop down the petiole and into twigs. Often, such as in camellia, infected leaves fall off before the lesion reaches the petiole. Infections may occur initially on stems or move into stems and cause blights in which stems and associated leaves wilt, become necrotic, and die. A distinct dark line can mark the advance of the infection on some species. Root infections are not commonly seen because symptoms are not often overtly expressed. 
 




Phytophthora tentaculata 

Presenter
Presentation Notes
First identified in North America at a Monterey County nursery in 2012, Phytophthora tentaculata has since been found on nursery stock in Alameda, Butte, Placer, and Santa Cruz Counties and on outplanted stock in restoration sites in Alameda County. These detections raise concern for our forest and wildland health. The infested California nurseries specialize in producing native plants for restoration purposes. Unfortunately plants move directly from these infested nurseries to wildlands, so risk of pathogen introduction to forests is very high. 

Affected plants in California include Mimulus auranticus (sticky monkey flower), Frangula californica (California coffeeberry), Heteromeles arbutifolia (toyon), and Salvia sp. Phytophthora tentaculata causes similar symptoms to those caused by other soil or water inhabiting Phytophthora species. Mimulus aurantiacus symptoms include root and stem rot, with the roots and stem collars developing necrotic and sunken lesions with few feeder roots. In Europe and China, the pathogen is reported to cause crown, root, and stalk rot of nursery plants. Subsequently, above-ground symptoms include stunting, leaf russeting and yellowing to browning (chlorosis), defoliation and dieback of twigs, brown to black lesions girdling the basal stem, and eventually plant death.




Huanglongbing or Citrus Greening Disease 
 Candidatus Liberibacter asiaticus 

Asian Citrus Psyllid, 
vector of HLB 

Presenter
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Huanglongbing (HLB) or sometimes known as Citrus greening is one of the most serious citrus plant diseases in the world. Named for its green, misshapen fruit, citrus greening disease has now killed millions of citrus plants in the southeastern United States and is threatening to spread across the entire country. Once a tree is infected, there is no cure. 

Citrus greening is spread by a disease-infected insect, the Asian citrus psyllid, The bacterium (Candidatus) Liberibacter asiaticus, associated with the disease huanglongbing The psyllid takes the bacteria into its body when it feeds on bacteria-infected plants. The psyllid feeds on all varieties of citrus (e.g., oranges, grapefruit, lemons, and mandarins) and a few very closely related ornamental plants in the family Rutaceae (e.g., calamondin, box orange, Indian curry leaf, and orange jessamine or orange jasmine).





Ralstonia Southern Bacterial 
Wilt, Ralstonia solanacearum 

Presenter
Presentation Notes
The bacterium Ralstonia solanacearum attack almost 200 plant species in 33 different plant families. Plants in the tomato family (Solanacae) constitutes the largest portion of  hosts.

It can be moved readily in propagated plants when symptoms are not readily apparent.  It can also survive in soil and be spread through the movement of contaminated soil, in contaminated irrigation water, and on the surfaces of tools (cutting knives) and equipment used to work with the plants, and on soiled clothing. 

The bacteria can infect through roots and through any fresh wounds. There are no chemicals or biological agents that adequately control these bacteria.



Pathogen 

Environment 

Host plant 

DISEASE 

Disease Triangle 

Presenter
Presentation Notes


Back to the disease triangle,  and specifically the third factor of the disease triangle, the environment. As you have seen in this module, when we describe different diseases, we have also noted the environmental conditions that make a pathogen capable of infecting a host. Or for that matter, the environmental conditions that make a host plant more susceptible to a disease. There are many environmental factors that play a role. 



The Disease Triangle:  
Environment 

 Includes multiple factors and their 
interactions 

•  Temperature  Humidity   Light 
•  Water                  Soil                 Wind 
• Human Activity  Fertilizer         Chemicals 
 

 
 

Presenter
Presentation Notes
Important environmental factors include temperature, light, humidity, water
(quantity and quality), soil quality, nutrients, and wind. The
environment also includes interactions with vectors, animals,
and humans, including cultural practices applied by humans
that alter the plant (e.g., fertilizer and chemical applications).
Extremes at either end of the spectrum for each of these factors
can make a plant more (or sometimes less) susceptible
to a given pathogen. For example, some pathogens require
fairly specific temperatures or humidity in order to infect
plants and complete their life cycle; otherwise, they cannot
effectively cause disease, regardless of initial inoculum concentrations
or the presence of a suitable host.



Free Water:  dew, rain water, 
irrigation water, pesticide sprays 

The Disease Triangle:  
Environment: Importance of free water 

Presenter
Presentation Notes
One of these environmental factors is now highlighted. Free (or liquid) water is essential to the infection process of almost all plant pathogens on leaf surfaces. (The exception are the powdery mildew fungi).  Free water can be in the form of dew found typically in the morning, or in a greenhouse when dew is formed when the humid greenhouse air cools and condenses on plant surfaces and other cool objects. It can be rain water or irrigation water, or even pesticide spray.  



Botrytis (Gray mold) 

Presenter
Presentation Notes
Remember this slide showing the development of symptoms of gray mold on rose petals. Let’s look at what happens before infection occurs.



“Free Water” Needed 

Germination, Penetration, Infection 
 Botrytis cinerea 

Presenter
Presentation Notes
In the upper left, is a scanning electron micrograph  of a cluster of Botrytis spores. 

In the next micrograph to the right is one of those spores germinating on the surface of a rose petal.

And in the next micrograph below, the spore is penetrating (or breaking through) the petal surface and into the living cells below. 
The infection process is complete when the fungus begins to gain nutrition from the plant cells. 

The diagram on the right  shows the infection process and the blue area represents the free water that is needed.

If free water was not present infection would be impossible.  




Leaf Wetness Duration (LWD) Requirements  
for Infection of Some Plant Pathogens 

Fungus Disease Host 
Range of LWD 

Hours 

Botrytis cinerea Gray mold Strawberry 
flowers 6 - 32 

Colletotrichum coccodes Anthracnose Tomato fruit 10 - 50 

Phytophthora cactorum Leather fruit rot Strawberry fruit 0.5 - 5 

Puccinia recondita Leaf rust Wheat 9 -15 

Pyricularia grisea Gray leaf spot Ryegrass 6 - 48 

Diasporthe phaseolorum Stem rot Soybean 2- 140 

Adapted from L. Huber and T. Gillespie (1992) 

Presenter
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Research has shown that the period of wetness required for infection of these common  pathogens can vary from 0.5 (a half) to over 100 hours. Most fungal and bacterial pathogens require some free water to complete the infection process. A notable exception are the powdery mildews, but even they usually require high relative humidity for infection. 

 In addition research also shows that if the duration of leaf wetness can be reduced, then disease severity is often reduced. Therefore, reducing the leaf wetness period or avoiding greenhouse condensation is an essential management practice. 



Management of 
Leaf and Flower 

Wetness 

Drip irrigation Sprinkler irrigation 

•Avoid water on leaf or 
flower surfaces. 
 

•Avoid increasing water 
vapor late afternoon or 
evening.  

Presenter
Presentation Notes
Irrigate early in the day to reduce the wet period. Or use drip instead of sprinkler irrigation where possible to keep water off leaves and flowers. 




AIR CIRCULATION 

• Evaporate water and dry plant surfaces. 
 

• Keep temperatures of plants and greenhouse uniform. 
 

• Plant spacing. 
 

Presenter
Presentation Notes
Air circulation with fans in greenhouses help evaporate water and dry plant surfaces

Plants spaced adequately support good air circulation around plants. 

Air circulation can help keeping plants and greenhouse air temperatures uniform and reduces the cold areas and surfaces where condensation can take place.




Warm moist air  
At sundown, air cools 
and relative humidity 

rises 

Vent Closed “Holding in the 
heat”  …..holds 
moisture in too !! 

Presenter
Presentation Notes
At sundown, greenhouse air cools and relative humidity rises. Remember that holding in the heat, also holds the moisture in too.





Warm 
moist 

air 

Cool relatively “dry” air 
Open vents and heat  

Purge Cycles: Control RH at night 

Repeat to avoid prolonged 100% leaf wetness  

Presenter
Presentation Notes
Purge cycles control relative humidity at night.  

Greenhouse air is heated and vented slightly. The warm moist greenhouse air is replaced by cool relatively dry air.  These purge cycles can be repeated to keep relative humidity below the point when condensation on plant surfaces will occur. 




Disease Management Strategies 

• Use disease-free hosts 
• Use non-hosts:  resistant varieties and 

crop rotation. 
• Site selection and environmental 

manipulation 
• Cultural practices favorable to the 

plant, not the pathogen. 

Presenter
Presentation Notes
There are general management strategies that can be kept in mind with nearly all plant diseases.

Use disease-free hosts
Use non-hosts:  resistant varieties and crop rotation.
 Select sites that are not conducive to disease and manipulate the environment to minimize disease risk
 Use Cultural practices that are favorable to the plant, not the pathogen.




Disease Management Strategies 
• Vector control (weeds, insects, and 

people!) 
• Plant protection with chemical or 

biological treatments 
• Sanitation 

Presenter
Presentation Notes
 Control vectors of pathogens (weeds, insects, and people!)
 Protect plants with chemical or biological treatments
Sanitation.  

[Next slide quickly]



Sanitation:  Remove diseased plants 

Downy mildew, snapdragons 

Presenter
Presentation Notes
It is important to remember to remove diseased plants as soon as you see them. Dispose of them and the surrounding plants that might be infected but not showing symptoms yet. 

Photos S. Tjosvold



Plants Tools 
Shoes 

 

Sanitation 

Presenter
Presentation Notes
Make sure to wash and remove  soil from your shoes and then sanitize them with something like benzalkonium chloride , the active ingredient in Lysol’.

The same thing with tools. Wash and remove any clinging soil and soak in Chlorine bleach solution, or spray with benzalkonium chloride.

Make sure you do not re-infect the greenhouse. Don’t provide dump piles nearby that are great places for vectors to flourish or spores to thrive and be released.


Photos S. Tjosvold



Sanitizing Soil Before Planting 

Presenter
Presentation Notes
Steam sanitation has been used for a long time on ground or raised beds in greenhouses.



Temperatures Required to Kill Various Pathogens 

Presenter
Presentation Notes
This shows the range of temperatures that can kill the various pathogens and other pests and weeds. 

Most plant pathogenic bacteria and fungi are killed in the 140-160 degree Fahrenheit range in 30 minutes. 

The Oomycetes nematodes and some fungi are even sensitive at 120 F temperature. 

Weed seeds and viruses usually require higher temperatures to reach killing temperatures. 



Germination, Penetration, Infection 
 Botrytis cinerea 

Presenter
Presentation Notes
You saw this earlier. You are trying to prevent long wetness periods on leaves and flowers. But sometimes it is not something that can be controlled. There might be rainstorm coming in, and what do you do?




Protectant Fungicides 

Germination, penetration and infection Fungicide applied 

Presenter
Presentation Notes
Protectant fungicides work by providing a chemical layer that helps prevent infection. It works as a barrier to either germination , penetration, or when the pathogen is infecting living plant cells. 

Systemic or locally systemic fungicides are more or less found in the living cells and prevent infection of those cells.

There are very few diseases that can be eradicated once the infection process has been well established.




Eradicant Fungicides 

Control of rose powdery mildew with piperalin 

2 Days 5 Days 

Presenter
Presentation Notes
The notable exception is with powdery mildews. Here mycelium and spores are mostly exposed on the leaf surface. Feeding tubes penetrate the leaf surface, but the mycelium is vulnerable. 

Therefore, so-called eradicant fungicides can be effective.

This is a cluster of powdery mildew on the left which was sprayed with an eradicant fungicide. After just 2 days the spores have withered and died, and the mycelium is starting to die too. After another 5 days, the remaining mycelium is dead and only a small lesion from the infection is left.  




Photos S. Tjosvold



http:// ipm.ucdavis.edu 

Presenter
Presentation Notes
It is not the objective of this module to suggest chemical control products. But you can visit UC IPM Online where chemical control products are listed for the management of various ornamental plant diseases.  And importantly, this site has information about the identification, symptomology, and  biology of many ornamental diseases and their management.  

{Replace with new banner}



References 

http://anrcatalog.ucdavis.edu/ http://anrcatalog.ucdavis.edu/ 

Presenter
Presentation Notes
There are some very important references that we can recommend to aid in the identification and diagnosis of  plant diseases, and their biology and management. UC IPM manuals for Pests of Landscape Trees and Shrubs and for Floriculture and Nurseries.




http://anrcatalog.ucdavis.edu 

Presenter
Presentation Notes
And also the UC ANR container nursery production manual contains some of this information.



Thank you 

María de la Fuente 
medelafuente@ucanr.edu 

Jim Downer 
ajdowner@ucanr.edu 

Presenter
Presentation Notes
[Maybe need a conclusion slide}
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