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INSTRUCTOR: ...also worked an disease mapping so mapping potential of disease spread as a result of climate change. Before we go into the research, today we will do more broad. Talking about forest pathology as a whole. The simple way to define it is [reading].
When hear the word disease we tend to think of a pathogen, I think, a fungus, bacteria, when you walk through a forest and see a young tree, dead branchs, dead trees, a lot of that may not be a result of a disease or a pathogen itself.
So trees are exposed to a large number of stressors so it can be abiotic and biotic. They can deal with drought, temperature variations, limbed nutrients, fungal disease. Instead of memorizing a list of notable diseases in B.C. or in Canada, today we are talking at broader about how we can identify forest health in general before narrowing down to notable species.
So we are starting broad.
Before we talk about our specific disease, we are going to talk about what it actually means for a forest or tree to be healthy.
So that is actually a lot harder of a question
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than it sound. A tree doesn't have to be actually perfect looking to be healthy. Trees naturally lose branches, experience stress and interact with micro organisms and respond to environmental stressors.
When thinking about healthy forest we are thinking about the trees ability to function, grow, reproduce and respond to stressors. Looking at these pictures, A and B, which stand do you think looks healthier and why?

STUDENT: B. INSTRUCTOR: Why?
STUDENT: More diverse.
Better able to resist disturbances.
INSTRUCTOR: Why does diversify mean better resistance.
STUDENT: If one disease impacts that everything is wiped out or a forest fire they may all get wiped out.
INSTRUCTOR: Great. That's that. May be to someone that doesn't have a well versed background in ecology or forestry people tend to think A is nicer. But I agree, B is usually the healthier forest. A you see it's greener, uniform. Don't see any fallen logs or dead trees, and because we don't see dead trees some people think it's healthier but visually because we associate green with health that's not always the



case. We have to consider ecological functions and talked about fire and disease and we can talk about nutrients cycling. When talk about decomposition. One of the main ideas of today's lecture this portion is knowing that forest health is not limited to the health of one individual tree. It's about the ecosystem itself.
So to understand forest health, we have to first stop thinking of forest as a static system. It's very dynamic. When look at a forest now compared to when we go back to looking at it 20 years from now, it will be very different. Just because it's different, doesn't necessarily mean that's bad. Tree, establish, compete for light and water. Some die. Some thrive. Disease causes canny gaps. Some species are opportunists and make use of this to flourish. Change is not necessarily evidence of a bad or unhealthy echo system. It's part of a natural...forest disturbance is part of the change. Ecologically these have two very broad meanings. If an event disrupts a forest it can disrupt...[reading].
So what is the difference between structure and function?
So we can think about structure as what is physically there.



So what species are present. How many trees there are.
How old they are.
What does the canopy actually look likes. Function is what is the system doing.
So cycling nutrients, it can be also supporting different levels of ecological interactions. [Reading].
Disturbance can alter one or both of these and doesn't have to be for bad or good. It's always changing. That's a judgment that we get to make as managers. One first distinction we look is abiotic, non-living, so extreme temperature variations and drought. It can be pollution. It can be nutrient deficiency. Biotic is where we want to focus. Any living agents. These can be fungi or insect, [reading].
And in reality, these two stressors are not mutually exclusive. Often working interchangeably. So when we think about drought, we are thinking about lacking water. When a tree experienced this lack of water, this lack of nutrient, experiencing drought, their immune system weakens and invites micro organisms to attack. So the tree is susceptible to infection...because of the environmental factors.



Insect could have caused a physical injury in the tree that creates entry point for pathogen to come in. The forest system is beyond just saying there is one thing -- it's usually multiple variables and multiple factors.
So let's imagine one large tree dies.
At the individual level, it's obviously not great or positive that we have mortality. What happens to the forest as a result of this one dead tree? There's a gap in the canopy. Certain regeneration that has been suppressed may change the species composition. The trees previously there can grow. If the dead tree remained standing it can create wild life habitats, example woodpeckers. When the tree falls, invites micro organisms to colonize and wood decay and bringing nutrients back into the ecosystem. The...larger scale here. They create heterogeneity. There's a difference. Variety, patches of stands have different structures. They have different age classes and they also are prone for deferent environmental conditions.
So this was -- this example brings us back to why mortality itself is not a good indicator of health. Because we all have to consider the ecological context.



Another major complication is scale. Imagining one pathogen that kills one branch, that is a disturbance at very small scale. If we think of one insect species that kills one tree, that's also still relatively small.
We have root disease that cause infection centers. The scale is bigger. Mountain pine beetle causes thousands or millions of hectors of lost trees. That's also at a vastly different scales.
Beyond the spatial scale we have also temporal scale. Time matters. When we have wind throw, heavy wind, lasts a couple of minutes before a tree blows over usually. Wild fires can last for several hours or even days. When talk about pathology, fungal growth, this is something that can persist in the forest for decade and even centuries. This is why when someone asks whether or not a forest is healthy or not, the answer is a series of questions. What scale, how long has the pathogen persisted and what are the objectives for this forest.
So if disturbance is normal, it's something that naturally occurs in the forest stand, when should we be concerned. When think about intervention into this forest?
So there's not an equation or a specific number



of mortality threshold where disturbance suddenly becomes unhealthy. Several characteristics, how severe, [reading].
How often is it occurring? Once a year?
Persistently occurring throughout the growing cycle? How large is the area? Can the ecosystem recover after this disturbance? This is a big question.
So many insects and pathogens are naturally living at equilibrium within the forest.
So these relatively low levels of infection and disease we can consider them as background noise.
And the population now becomes endemic.
So if all of a sudden let's say due to climate change there's favourable conditions for the pathogen or disease to colonize and prosper. This now becomes out breaks.
Another example is introducing invasive species or foreign organisms to the stand it may not have historically interacted with creating a new level of susceptibility or weakness. Increasingly interested in not just whether occurrence occurred but the frequency severity and the extent it pushes the ecosystem outside it's normal, and outside its ability to recover.
So one insect can have very different outcomes,



these are just some real world examples that we have.
So most of these you probably have seen under the big umbrella topic of forest health threat. Are not all equivalent ecologically...this beetle is native within the Pacific north west but due to changing climate and warmer winters, this now native pathogen -- this native insect can now flourish and creates huge out breaks. This ash borer poses a different problem. This is the invasive species.
Introduced pathogen or introduced insect released into the ecosystem with a lot of susceptible hosts.
OTHER SPEAKER: Can you speak up a bit?
INSTRUCTOR: Louder? Thank you. No it's okay. I thought I speak quite loudly. Ash borer, introduced species, these are invasive, they have never been introduced in the environment, the susceptible hosts in the area have not had interactions or developed evolutionary advantages to this insect and we have a pathogen. The Dutch Elm disease. With a mutualist relationship with insect.
That now introduces this pathogen, this fungus into the tree, and yeah, so when we talk about diseases, we also have to consider the organism, their host variability and their evolutionary history within the host.



Okay. We have talked a lot about disturbances.
Let's look at the other side. What characteristics can help a forest respond to a disturbance? This is something you have mentioned. Which is diversity.
That helps with resilience. It's broader than just the number of tree species. We can have different levels of susceptibility to disease by diversity of tree species or diversity within one tree species, different age classes. The younger is may be more vulnerable or vice versa...canopy structures. Why does this all matter? So a lot of it is about resilience and how we can adapt to a certain level of disturbance.
So a pathogen may respond positively to one host. May favour a host. Now this host hay be introduced to more damage than another. Creating a lag time for forest to adapt.
Within each species, there's also a varying level of genetic diversity. Some more resistant, more drought stressed or drought resistant. All of this contributes to how the host can respond.
So the big idea behind diversity is being able to provide variation in your response.
Okay.
Imagine a pathogen can affect a species...it



dominates almost the entirety of one stand. That one species is vulnerable to one pathogen attack. This one disturbance can wipe out the stand. It can cause a lot of damage. Unnecessary disturbance uniformly across the whole stand but when apply the same logic or pathogen to a stand with varying levels of species distribution and age class distribution, this is what I'm talk about when said resilience. Each tree, each different species, age class responds at a different pace.
So now there's no uniform distraction or disturbance.
Now we are creating diversify to not guarantee but contribute to forest health and ability to with stand devastations.
I know this is a term that I've been using interchangeably seemingly and most people do that but they are not the same exactly. When talk about resistance talking about how the system changes because of a disturbance. How likely is it to change because of a disturbance.
So a highly resistant system should experience very little change.
Whereas resilience we are talking about how --it's ability to bounce back after the disturbance.



Can the ecosystem recover and reorganize itself while still maintaining its important eke logical functions? This is important distinction between the two.
Example could be if we think about humans, and colds, resistant human could be someone that doesn't get the cold. And resilient human is someone who gets a cold and bounces back after two days compared to someone who bounces back after two weeks.
That's analogy.
Now we have a biggest problem, who defines healthy?
So imagining insect that kills ten percent of the trees within a stand.
So if this forest now managed for timber values it's not great. We want to maximize the number of available timber.
So from a management perspective, this is not healthy forest.
But with the same insect, that kills ten percent of the trees but managing for old growth...canopy gaps, introduces new species, new variations, introduces wild life habitat so in the same sense this can be considered a healthy forest.
So the bio event hasn't changed for either scenario. What changed is the management and way



approached it. This is why defining a healthy forest could be problematic because it changes depending who defines it and the objective for that forest.
Now, putting all these pieces together, a useful ecological definition of a healthy forest shouldn't require every tree to survive. This is the case when think about pathogen. Just because a pathogen is present doesn't mean need to get rid of all of them.
Doesn't require...shouldn't depend entirely on what our human intervention is or human management objective is. Instead it's a fine balance between the ecological process and resilience and the working definition is dependent on the range and variety of your stand.
So these are the three words I -- the three words I particular want you to remember is process, diagnostic. Multiple levels to it. Dynamic, the forest is constantly changing. Interactions is changing and resilience. Healthy forest they change and functions and experience disturbance and healthy forest should have the capability to respond to different levels of disturbance. When back to this picture, you got it correct the first time, we have new questions asking. Now that we are looking at this dead log as a potential for nutrient cycling, looking



at dead standing log as a potential for wild life habitat. What tree species is present. Age classes, diversity. Brings us to the problem we have as forest pathologist, if we show just dying trees, you know there could be more than one possible cause and a lot of that may not be the biotic cause that -- we are trying to investigate. Which brings us back --towards what forest disease diagnostic is.
So now that we have talked about forest health in general, we are going to approach disease from opposite direction. Diagnostic forest pathology is like detective work. Trying to constantly find evidence that supports our hypothesis of what could be the under lying cause for a disease forest or unhealthy tree. When see unhealthy tree, how figure out what is the causing issue? When you walk through a forest, and you encounter a tree something clearly doesn't look right.
OTHER SPEAKER: They can't hear you in the back.
Sorry.


INSTRUCTOR: Is this better? OTHER SPEAKER: Is it better?
OTHER SPEAKER: Can you hear better? INSTRUCTOR: Can you hear better?



Good?
Is there any thing I need to go over? Tricky stuff to back peddle?

OTHER SPEAKER: Okay. Nobody said anything. INSTRUCTOR: Do you know resistant versus resilience?
Cool. It's more so the terminology I think people kind of miss so we will talk about that.
Okay.
Going back to this, imagine ourselves walking through that forest and encounter a tree that clearly doesn't look right, something is going on, may be the crown is yellow, the branches are dying, resin coming out and or may be several of the trees around are also dead, the question now is beyond what is wrong with the tree but what is the causal agent. What is causing this. Starting with what we can observe and working back to find the under lying cause.
So the question for this section of the lecture now becomes okay we recognize something is happening. Something abnormal is happening. Where is the problem occurring?
Is it one needle, one branch, the entire tree, multiple trees or the entire portion of the this portion stand. Then distinguish between signs versus



symptoms and then go over multiple of the major disease groups within forest pathology and the central idea of this part of the lecture is understanding that diagnostics is a process itself, about collecting multiple evidences before we can finally confirm and support our hypothesis. Usually most of the time, one symptom is not enough.
So when people see something unusual on a tree, may be they have a tendency to -- zoom in, if you see a really infected looking brown needle, you may start asking what is the pathogen that causes that. You may want to zoom in. But that's not the best place to start.
So useful diagnostic is starting broad and narrowing down. So want to first look at the stand. Is similar to what we said earlier with forest health. Looking at things in the surrounding and then can focus on the individual tree before we look at the infected tissue.
Why want to look at stand?
So big thing is because the pattern of the infection contains a lot of information.
One branch can tell you something.
One tree can tell you something different. And 50 trees clustered together could be



valuable information. Before we start naming different disease we want to learn how to observe the diseases.
So this is the framework for diagnostics within the forest pathology. Observe and where is the damage located. What tissue type is affected. What is the distribution looking like.
So from there, we then look for evidence of the causal organism. From that information we can develop possible explanations and when necessary, can confirm the diagnostic. This confirmation could be morphological, culture work, also molecule diagnostic which you talked about last class [reading]. The important part is, just because a tree is yellow it is not automatically because of disease X. We want to collect evidence first.
So again, the first observation starting broad is the stand. Before walking directly to the most obviously diseased trees, let's stop and look around.
So what is happening across the forest? Looking at the crown. Is the crown green?
Yellowing? Thin? Dead?
And then let's look at the distribution of mortality. Look at trees that are dead sporadically across the stand or are they more clustered together?



Is the mortality concentrated in one tree species or variety of tree species? Is there an obvious opening in the stand. Are the trees falling or breaking?
These contribute differently to how it gives us information on what the causal organism can be before we touch the diseased tissue. Spatial pattern is a huge part of the diagnostic.
Now that we have identified unhealthy or dying tree in the stand and looking at the stand, looking at the pattern is next. Taking a few seconds to look at this image, before we try to identify even what the pathogen is, what do we notice about this image?
So we can see that the effected trees are red.
So they are red. Probably a sign of dead tissue, dead needles. What do we see about the distribution? Is all the red equally uniform across the stand? Cluster together? This is important information. Near the edge of an opening? Creating a canopy gap? This is evidence we want to consider for our diagnostics.
Again, I want to emphasize these are mainly clues. Not a general rule. From a diagnostics perspective you should answer multiple questions. Age group, age class, species, what is the size of the effect? Infection size. It can be the severity of



the individual tree compared to the percentage of the stand that's influenced. How has expanded over time. We can see varying levels of disturbance, and the landscape level now is telling us how the pathogen behaves but not exactly what the pathogen is.
One of the easy observations we can look over is which species is effected?
So again, suppose you are in mixed stand. Every Douglas fir is declining and cedar and hemlock looks fine. That's useful information. Compared to if you are in a stand where all three are showing similar injuries. These are deferent patterns. Can be results of different pathogens. Environmental stresses can define host species. That can suggest may be it's not a biotic disturbance. May be abiotic. This contributes to the diagnostic...when moving to individual tree now, not looking at the most dramatic injury or the most dramatic lesion. We want to look at the entire tree.
So starting from the top, what does the crown look like? Thin? Green? Is it dying?
Are we seeing multiple branches? Only one side that's affected? Are the older foliage affected more the younger? Is the stem deformed? Resin?
So the location of the injury or the infection



tells us something about where the disease is progressing.
Then we want to localize the tissue.
So is the infection in the needles or leaves. Look at the branches? Looking at the stem? In the roots? Yes.
STUDENT: Sorry. What tree level mean. INSTRUCTOR: Individual. Yeah.
We go stand, landscape, then tree level is the individual tree, and then we go into tissue.
So an important complication to this is a lot of times symptoms are not specific. You can see the same level of symptoms across different pathogens and across biotic and abiotic stressors. Yellowing tree doesn't mean attack by insect or fungal...it can be deficient in nutrients, drought, so all of this is considerations that we have to think about.
Which is why we first started off on the stand level and gives us better idea.
So there are two terms in diagnostics that we will hear often and if you already know the terms --what different between a sign and symptom? Probably heard them used but always talk about looking for sign, look for symptoms of disease. What do they mean? Why are they deferent?



We will start with a symptom. A symptom in its -- it's the host's response. If something about the host looks abnormal. Those are symptoms. The foliage can become yellow. Stem can swell and warp. Resin produced. Things happening to the tree and the tree's response to a disturbance. This is all a symptom. What is important, something we repeat, a lot of times the symptoms are not specific. One symptom doesn't directly tell you what the causal agent is. Which is why we try to look for a sign.
So a sign is different.
A sign is the physical evidence of the pathogen itself.
So if you see fungal mycelium that's a sign.
Riso morphs that's a sign...mush room...that's a sign and spores are signs...these are all signs. Simple and it's important that we remember, is a symptom is what the host is doing, whereas a sign is the evidence of the causal agents.
Okay.
Quick practice.
Here is five observations. Tell us which one is sign or symptom. Top left.
Can you describe what it is and if it's a sign or symptom?




STUDENT: The top left looks like the needles are yellow.
Guessing corosis reduced chlorophyl and there's no physical signs of actual pathogen.
INSTRUCTOR: Yes so the first is yellow needles and there's no evidence of pathogen. If go one down, white mass under the bark.
STUDENT: Sign.
INSTRUCTOR: And then there's this really nice looking mass on the trunk. Sign or symptom?
STUDENT: Sign.
INSTRUCTOR: Sign. Moving one over, comparison, so you have one branch when you strip back the bark, you see green.
And then when you strip back the other one, you see brown. Sign or symptom?
STUDENT: Symptom.
INSTRUCTOR: Up top we see this yellow goopy substance coming from the bark. Sign or symptom?
STUDENT: Symptom.
INSTRUCTOR: That's resin. And next let's look at different levels of symptoms.
So the last example would be resinosus. Or people called it pitching. It's the production of this viscous material called resin and usually a



defence or a response to any level of stress, injury or attack.
In coniferous, it can be a very important defensive mechanism. If a tree -- if a insect penetrates the bark, this viscosity can stop invasion of certain insects but within the resin it has...compounds that creates a hostile environment for pathogens to germinate and develop. Here is something important. Resin tells us the tree is responding to something but doesn't tell us what that something is.
Next, another example.
Clorosis. It can be the yellowing of leaves or needles. It's the change in colour of the pigmentation because of the loss reduction of chlorophyl. So most of the time you see the foliage is either pail green or yellow. Useful to recognize but it's unspecific symptom that that we see. A lot of things can cause clorosis, different stressors and most of the time it can be abiotic too. If someone shows you a yellow foliage and asks what disease is it, the correct answer wouldn't be immediately a pathogen. It would be what other signs and symptoms do you know.
Another we see, hypertrophy. Which is the warping of the tissue.



So this is any abnormal increase in size of specific tissue.
So instead of the tissue dying or losing colour, we see excessive growth, swelling. Some pathogens can alter the host's growth and development. Abnormal swelling or gals or other weird looking enlargements. This is an interesting example.
[Reading].
So again, observation, symptom, is the abnormal enlargement.
Finally, we have necrosis. That means death of tissue. This is the most common thing we can see within plant pathology. A dead host. A brown lesion on the leaf can mean that particular spot on the leaf is dead. That's necrotic tissue...[reading].
And blight can have extensive necrosis. Saying something is necrotic, we are describing the condition of the host tissue. Not naming the cause.
So diagnostically, symptoms are clues.
But are not diagnosis. So yellow foliage is a good examples of corosis that's a very general symptom that we see in both biotic and abiotic stressors.
Root damage can cause water stress, it can be any other extreme weather conditions that would cause the tree to lose its chlorophyll. So instead we need to



combine multiple symptoms and evidence. Stand distribution and host species and signs and environmental context for us to properly diagnose the organism.
Different pathogens specializes in different tissues. Specific. Usually trying to exploit different levels of the tree. Thin cuticles within the leaves are different than the nutrient rich...understanding the tissue helps us predict the symptom, how the disease spreads, what management we should use for intervention. Pruning, sanitation, fungus cides. ...one way is classifying them by their infected tissue type.
So what tissue is being primarily affected. If the pathogen is affecting the needles or leaves, folio pathogen. [Reading]. If affecting the root, roots disease. This is a pretty general diagnostic because not all pathogens falls in one or the other category. Sometimes infect multiple tissue type but this is a general way to classify.
[Reading].
At first glance loosing a few needles may not seem serious but if we go back to the function, they photo synthesize. The tree gathers nutrients and makes energy. If the infection reduces the function



of this tissue, then it can cause premature defoliation. Meaning the needles or leaves are falling off and this reduces the tree's ability to function, to live and if cases where it's severe enough, when you are losing enough of the foliage, it can also cause mortality.
So two examples of important foliar disease in
B.C. is [reading]. Both are fungal species affecting needles and both can reduce the amount of functional foliage available to the tree but they behave very differently biologically. Swiss needle cast, the host is Douglas fir mainly. Specific host. One interesting thing about this particular pathogen is it doesn't actually cause necrosis within a tree. It affects...and colonizes and creates...that comes out of the stomata and it blocks the gas exchange. The stomata...so suffocating the tree.
And when you compare that to this...needle blight. It can infect hundreds of species of pine.
So it doesn't have specific host.
And within that dothistroma we see necrotic banding. You see stripes across the needles that's of the infects the area. Around the area is -- necrosis.
So again, we are reducing the tree's level of photosynthetic area but the way the bio between the



two pathogens is different. Both are foliar disease but are described differently and the signs and symptoms are different too.
Next is canker. Usually found on stem or branch. It's localized death of bark and under lying tissue under the stem or branch. Thinking about how a lesion expands, if the stem is deformed it affects the area structurally. If severe enough it inhibits the tree's ability to up take nutrients and water.
And then ultimately mortality depending on the severity.
The two big examples we have here, setoria...and atropellis...this helps with the diagnostics and unlike the foliar diseases that we see where affected tissue is on foliage, now look at the woody part of the tree. A lot of the times this causes structural deformity of the tree and weakens it. A lot of --beyond host identification...something -- within canker there's staining. Having multiple evidence is important for diagnostic.
So we have looked at a lot of fungal species that affect the foliage and stem. This is something different. Look at mistletoe. It's a plant pathogen. This dwarf mistletoe is a plant. It's a parasitic plant. Useful because remind us not all pathogens are



fungal disease or insects, it can be a plant. [Reading].
And one of the most characteristic symptoms we see is the witch's brew, abnormal branching of the host tissue.
Two examples, again, based mostly on the host specificity. One of them is the hemlock dwarf mistletoe, the second is pine dwarf mistletoe. Once a dwarf missal toe gets on the host...that's how it's able to absorb it's own nutrients and water. It uses the host's resources as their own. Again, witch's brew is a symptom. This is a example of hypertrophy, abnormal enlargement of the host tissue.
And then we have our root diseases. Root diseases are a bit special because diagnostically, unlike the stem or the foliage you don't look at the roots first.
So a lot of time diagnosing root diseases you look at the above ground symptoms instead of below grounds symptoms.
So the pathogen is below ground but affect the above ground symptoms. What do we see?
We see the crown is thinning. Chlorosis.
Reduced growth. Mortality. A lot of times we see trees falling over. I'm sure you have seen this when



you see a tree falling over and they have almost
non-existent root system, the root used as anchored. When decay in the root system, more prone to forces that lead it to fall over. This is a diagnostic disease where it's important to now consider the stand level symptoms. So the way root disease prosper and disperse is by root to root contact. Which when talk about disease centers talking about areas of disease where we see infection. So this is the pattern of the root root contact. Expanding mortality is where most prominent in root disease.
Two really important root diseases within B.C. is armilaria and laminated root disease that affects Douglas fir mainly. ...[reading].
Spreads through the root and root root contact. So as the root function declines, then we saw all the the symptomatic results of dying crown, post mortality, reduced growth. None of these are actually telling signs or symptoms that what we are looking at is armilaria or laminated disease so we have to always look for a specific sign. Armilaria have distinctive fungal bodies...honey much rooms you see or mycelia fans, mycelia develops that look like a spreading fan...and laminated root disease it's distinguishing feature is the way this fungal pathogen decays the



wood. It does it in a way where each layer of the bark and of the wood substrate can be peeled back. This is a special feature of this disease because the fungal body is able too digest the...of the tree.
So rust is the category that defying the tissue system.
So this is the one that doesn't necessarily fit into one tissue type compared to the next. So depending on the rust, you will see it involves the foliage, stem, branches or even the cones. Some produce cankers, some abnormal growth or orange spores. That's signs of the rust itself.
Two important diseases that we see often in B.C. would be white pine blister rust and western gal rust. Western gal rust is example of the deformity of tree host itself. We see the enlarged tissue around the tree.
And then western pine -- no, white pine blister rust has two hosts. Needs two hosts to finish the life cycle. ...for it to infect that's something to think about when want to manage for these diseases.
Okay.
And lastly, we have the decay pathogens. Those are very different because usually...feed off of dead organic matters. Many rather than pathogens attacking



the living host, they attack dead matter. A lot of nutrients cycling is important but they can alter the host structural strength. So the tree is now prone to breakage and they can have increase hazard risk too.
Something pretty obvious about most decay fungi is you would see large fruiting bodies, that's they're means of dispersal. There's...but decay you can expect bigger...bodies.
Our final example of wood decay is the brown crumbly rot versus the...[reading] these are both brown rots. In comparison to the laminated root disease which decomposes leg...this decomposes cellulose. So more of the crumbly dry texture...
So now that we have seen diseases that affect different tissue types and different parts of the tree, the branch, stem, roots, internal wood...we have seen necrosis...abnormal growth, defoliation, cankers [reading]. The challenge is the symptoms don't necessarily point to one cause. There's usually multiple causes or organisms that can attribute to it. This is the limits of our symptoms. We see a thinning crown, see the tree that's infected but without seeing the physical pathogen, we can't diagnose the tree. We need the additional evidence.
So again, we need physical evidence because



symptoms could be results of abiotic and biotic conditions and stressors. None of this is rule.
But the environmental stress can cause the tree to be more prone for pathogen attack. Like when a tree has already been infected with a pathogen...they all work interchangeably with one another.
Signs can greatly strengthen our diagnostic. Because now we have evidence of the organism rather than just the host response.
But even within that we need to be careful. We talked about our decay organisms that live off dead organic matter. So how do we know that that was what caused the death of the tree? A lot of the times it can be just opportunistic. It can be result of a root disease that's already -- root disease or...that's already colonized within the tree. Once the tree died, fell over, we have wood decay that takes advantage of the situation and grows colonizes germinates on the dead woody material but just because we see now this obvious fruiting body of the root decay that doesn't mean this is what caused the tree to fall in the first place. We have to be a bit more conscious of this before we confidently can diagnose...
So most of the time, just simple field



observations are not enough. So you have PCR and molecular diagnostic lecture the other day. So symptoms may overlap causing several diseases. Signs can over lap. Some you can't see them in the field itself. Different organisms may appear similar.
Morphologically may be can't differentiate them.
...introduce tools in the lab.
May find that depending on the question, we need different additional evidence to establish the cause.
And even once we have identified a pathogen, there's also another concept to remember.
Finding the pathogen doesn't explain the disease itself. Just because a spore lands on the tree, doesn't mean there's immediate infection or disease.
It takes multiple contributing factors. So we introduce the disease triangle. We need the infectious pathogen and host and environment that allows the pathogen to colonize and germinate.
So now we will go into forest fungi and the bio with that. We will take a ten minute break first and then continue.
[Break].
INSTRUCTOR: Okay. Okay.
We will get back to the lecture.
This will be shorter than the first half.



But it may be more dense in terms of terminology.
So now that we understand what an unhealthy tree looks like and we know we should not blame it on pathogen -- we found our evidence, we know the evidence pointing towards a pathogen. Pointing to a infection disease. What organism now can be responsible. Fungi is responsible for a lot of diseases that we study in forest pathology. We will look at specific diseases. Before that, we will spend time on the terminology and organism itself.
So most of you are probably already familiar with fungi at this level. I'm sure doctor PUNJA went through it but I will go over this again as a refresher. May be some of this is new information or it's more in depth than you learned. When hear the word fungus what do you picture? We often envision this existing fruiting body but this is the reproductive structure of the fungus and it's not the fungus itself. From a forest pathology perspective we are more invested in learning how the pathogen reproduce and survive and interact with the host.
That is one piece of the story look at this...not all fungal pathogens are organism that kill tree.
Nutrients...fungi...decompose dead material. And many



form mutualistic relationship with the host. So we will distinguish among fungi that live on dead matter from ones mutually beneficial with the host and some parasitic and cause diseases and exploiting their living host.
Fungi are diverse. We have currently 150 thousand described fungal species but estimate it's actually closer to two million.
So why do we think this is the case? Why think so many fungal species are overlooked? A lot of times it's because probably we are only looking for things that look conspicuous. When walk through a forest you can see trees and birds and then sometimes you can see the insect but what about the fungi? A lot of fungal bio mass is hidden in the soil and roots in leaves or within the wood. Sometimes if lucky they can produce a visible fruiting body, cankers and most of the time they don't and much of the organism remains hidden within the...so the fungi that we are only seeing right now is only a very small window of the actual fungal community. When I say fungus what do we picture? Hopefully beyond just the fruiting body.
We know that fungi are not plants but this is the misconception. They are...own kingdom. Plants are...[reading].



They generate their own energy and resources. Whereas fungi can't photosynthesize. Can't create their own energy and this makes them heterotrophs. Obtain their carbon by existing on organic matter. Similar to animals. Animals are also. We have to digest organic matter. Something that's different between them is when we eat, we ingest material, digest it internally but fungi have to digest their food externally before they can absorb it into themselves.
So most of the time they release enzymes into the surrounding. Digesting the material externally before absorbing the nutrients. We will spend more time on that later. That feeding strategy is very important in the way the pathogens can spread and symptoms you may see in the host.
So if the mush rooms is not the whole fungus, then what is the fungus? Most of the organism is consistent of microscopic filaments called hythae. Long tube structures surrounded by a rigid cell wall. Imagine hundreds of thousands of these filaments growing together and branching out...collectively this net work of hythae becomes the mycelium. So if a fungus is growing through a...it's expanding throughout the wood. So if the pathogen, if a



pathogen the mycelium may go through the roots or bark or needle or other of the host tissue. What we see is not always the case. It's reproductive structure and may not be produced depending on the pathogen. A useful analogy is apple tree. When you see apple you don't think it represents the entire tree. When you see a mush room it shouldn't represent the entire fungus...we have only removed the reproductive structure.
The majority is below ground or within the structure you picked it up from.
So the under lying medium still remains. Within the soil we see, the same concept applies within forest pathology. If you see the cank growing from the trunk or stem and remove that, it doesn't mean you removed...just removing the fruiting body is not viable enough.
And we are not actually targeting what is actually harming the tree.
So now we will zoom in on another level.
We will go from forest -- from forest to...now look at the fungal cell itself. A distinction between fungi and plant cell is what the cell wall is made of.
So remember, again the -- fungi are not plants so we shouldn't assume the cell walls are the same.



It's composed of deferent structures and different polymers. The first one we can recognize.
And it's one of the most important structural components of the cell wall is chitin,...this is something we have seen in other biological contexts. Part of the exoskeleton for different anthro pods.
Here contributes to the strength of the cell wall. Another major component is the beta clucans.
Think of them as composites material...this forms more of a matrix.
And then it helps cross links all the different components of the cell wall. It maintains the integrity of the cell wall.
There's also deferent proteins in additional components associated with the cell walls. This means that we should not consider the cell wall as one uniform cell. It's different materials and polymers and very dynamic structure.
And then underneath the cell wall, we have our cell membrane. So this is a one useful bio chemical distinction within fungal membrane is contains urgosterol...you don't need to memorize the entire bio chemical structure of the cell wall but important to understand the difference between the animal and plant and fungi cell wall...affect ability to grow and



survive and interact with the host.
So fungal cells are built to survive. This is important characteristic. Very persistent.
Some...[reading].
Depending on the organism the structure can help with UV exposure or other environmental stresses.
They can also prevent the fungal cells from drying. So why does this matter within forest pathology? It means that unfavourable conditions don't necessarily stop the pathogens's growth and doesn't stop the pathogen from developing and have the pathogen disappear.
So fungus may survive in soil, dead wood, infected plant material or they can have special structures that waits for it to prosper until the right environmental conditions arrive. That's important when think about management, because just because we remove the immediate mass doesn't mane the fungal spores is not persisting within the soil for decades. Removing the symptom is not necessarily removing the same pathogen.
So how does the fungal net work expand? How does our hyphae move. Does the fungal body itself move from point A to point B? No. The hyphae extends from the tip. Grows longer longer. As the tip moves



forward the fungus explores new substrates...branch out wards. For soil fungus, that tip is helped with different root to root contact, we see riso morphs which is a specialized structure...signs of fungus and root decay it spreads...can go through the leaves and roots and stem.
So now we have a interesting problem.
So we said that fungi themselves are heterotrophs, meaning they need to derive nutrients from other organic matters. So if we imagine that a fungus, growing on a tree, and there's lots of food for, how does this microscopic hyphae eat? Instead the fungi affectively digests the food externally before absorb it. A lot of fungi release enzymes into the surrounding and this breaks down the complex organic matter, cellulose...into smaller digestible molecules that it's able to absorb. So this feeding strategy is called osmotrophy.
Now let's take this exact biology and change the substrate. Instead of dead wood, imagine our hyphae encounters a live tissue...trying to absorb the nutrient. Living host. Now. This creates different possibilities for damage. The fungus may disrupt the cell wall of the host and may kill cells of the host. May alter the host physiology depending on the



pathogen. Turning into plant pathology because the pathogen is not entirely reacting the same way and it's a using the same tool but differently. Using the same fungal bio tools set of fungal growth but in the context of a living host.
So fungi have two broad reproductive strategies.
Sexual and asexual reproduction. [Reading].
Advantage of this is efficiency.
So if the environment is favourable...if the fungal genotype is fit and it's been successful, this rapid asexual reproduction can allow it to expand at a very fast pace.
If you think about sexual reproduction...the advantage is there's production of a new genetic...helps with the virulence of the pathogen, ability for it to infect the host and survive in different conditions. Many fungi can have both strategies at deferent stages of life cycle. Why can't they just choose one? Depends on the environment. If the environment is ideal, you successfully infected the host and there's a lot of susceptible tissue around and you want to colonize efficiently. If we think of the different scenario, now exposed to deferent levels of susceptible, you see hosts more tolerant to your attacks, you have to now



evolutionize to be able to successfully colonize. So having genetic variation contributes to the pathogen's ability to persist.
So the major reproductive and disbursal units we will encounter are spores. They can be asexual and sexual. So they have a rough analogy. Serving as seeds in a fruit but are biologically different from seeds. They can produce a lots of spores and why?
It's because dispersal is very risky. A lot of times fungal spores are flying around and if land...and it can be hard bark with no entry room or animals that it can't colonize so want to increase the likelihood of having a successful colonization and infect the host. So why produce so many spores because most are prone to fail. Producing this huge number increases the probability that at least some thing or some of this will end up at the right place at the right time.
So this is where today's bio turns to pathology.
Imagining a fungal pathogen produces spores on infected tree. Now the spores are dispersed. One lands on a host...now we have to consider our disease try angle. Is the condition good enough for the spore to germinate? The fungus has to enter and penetrate the host. Has to establish itself within the host and



colonize the tissue. It reproduces and generate new inoculum and new ways for it to germinate and nearly everything we learn today fits back into this sequence. Noticing, the fungus doesn't control everything. A viable spore landing on resistant host doesn't germinate. May be landing on a susceptible host but not germinating. The temperature is too cold or hot or it's too dry. A lot of things influence the ability to infect. Infection depends on the pathogen being present but also depends on the environmental opportunities and that's going to be another recurring theme within forest pathology.
So now connecting it back to our fungal body, the reproduction...mycelium is the vegetative growth stage. From the mycelium the fungus now has asexual spores. Those spores can establish new fungal colonies. Sex reproduction can occur. So this tree, now shows us that the fungi includes many different evolutionary groups. Within forest pathology we will focus on and most of the groups you will encounter in the future falls within these two. Not asking you to memorize the entire tree but you should recognize these two groups. [Reading].
At the top of the tree.
Initially going to differentiate them by the



sexual reproductive structures.
So when people picture fungi, they are often picturing members of the...micoda. This is the group with most of the conspicuous looking fruiting bodies. Many of these produce large fruiting bodies. Mush rooms people are familiar with. Forest pathology we will encounter conks associated with wood decay.
Visible fruiting body doesn't necessarily mean that is the entire fungus. So the mycelium...but you are not seeing it.
Here, on a microscopic level we see the basidoen. The sexual spores associate here are the bas...the terminology I want you to link with. The basidia micoda to...spore...then it's usually most commonly dispersed by the wind.
And then I want you to recognize the terminology, understand where the spores come from.
This is another look of the basidia.
So the other major group that we will encounter repeatedly is the ascoo...many pathogens belong to this group but this group produces less conspicuous...body. So instead of large mush rooms now dealing with microscopic fruiting structures.
So examples of this would be, swiss needle cast or the beech bark beetle. And good reminder that the



visible size of the pathogen of the fungus doesn't impact it's ecological importance.
So the terminology change in...follows a similar pattern...now sexual structure is...asi and the spores are asco spores...we go ascomycoda...to asco spores.
And of course, not all spores are sexual. We also have our asexual spores. So one terminology too focus on is conidia. That's the asexual spore structure and the type is called conidoespores, these are important because these are those strong willed fungal structures that allows the pathogen to persist for extended periods of time. When we study individual diseases later, we don't want to ask what fungus produces spores we want to also know what spore type, when and how produced and how many different reproductive cycles can occur...now that we spent most of our time talking about what fungi actually is, let's start to understand how they work.
So putting them back in the forest, simple frame work is three ecological life styles. Life style, how they derive nutrients. Some get resources primary from dead organic matter. Sapro...some form beneficial association with a living host and some exploit a living host and causes disease. Those are the pathogens.



So these categories are not perfect boxes. But are useful in understanding the general fungal functions.
Okay. Starting off with our decomposers, saprophytes. Forest every year generates lot of dead organic matters. Leaves fall and branches break.
Roots die.
Sometimes entire trees die. The fall over.
If there's no decomposition, then the organic matter would just keep building up. This is why fungi plays important role in the ecosystem because able to break down materials and recycle them back into the ecosystem. Decomp...it's essential. Just because a tree is dead and because we see fungi, it doesn't mean it's a bad thing.
Another major fungal life cycle is mutualism.
This is an important example...their association with the fungi and plant groups is basic exchange of nutrients. So the plant provides nutrients, and carbon, provide compounds for -- they made from photosynthesis and the micro hizal...it can penetrate further accessing more water and nutrients. Again, remembering fungal morphology helps us explain how this works with the micilial branching by growing from the tips and we have the pathogen. This is the group



that we are most interested in. These are the groups that exploit the living host.
This is the group that has to go through the defensive compounds of the host and create a different bio challenge. Dead wood is not defending itself but a living tree is. It can produce resin and have physical structures like the bark that prevents the pathogen from invading. A pathogen that reaches the host establishes infection...reproduces and eventually reaches a susceptible host, this is disease cycle...again remembering back to the forest health discussion. A fungus causing disease on individual tree doesn't inherently mean it's bad. It can contribute do a...ecological function.
Okay.
So this is the connection that I really want you to see today. Looking at the three life styles.
Substrate changes. Dead organic material to mutualistic association to exploiting a living host, many of the basic fungal characteristics doesn't change. The bio process doesn't change. The fungi grows hyphae...still mycelium. The fungus is heterotrophly getting nutrients...to digest the material externally before it can absorb it. What really changes is the substrate.



So here is a fun example of different -- we talked about fungal patches within the forest but this is fungal ecology at different scale. Organisms we see in every day lives. Yeast helps with fermentation for beers and breads.
These are examples showing fungi is not a niche group, they are relevant in every day lives and show a strong ecological and economical importance for us.
So tying everything together, this is an image of the end result of one of our foliar pathogens.
Needle...so this we can see the infected trees are showing extensive needle death.
Some crowns are thinning. See necrosis. How did the tree get to this point? Inoculum, the pathogen...has to land on a substrate. Which in this case a needle. Once it lands on the needle, it penetrate into the cell wall of the host. And has to successfully colonize and germinate and go past the defensive mechanism...favourable environmental conditions. If it's too dry, dead of winter, this disease cycle can't finish. Going back, we will finish off everything with the disease cycle, contributes to multiple factors of the disease and disease is not just about susceptible host and not just about virulent pathogens. It's a combination of



everything and it's also dependent on the environmental conditions.
So thank you. Email your TA if you have questions.
This should already be up load on Canvas. Thank you.
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