Armillaria Root Disease
Hosts
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Collectively (and in many cases individually), Armillaria species have a huge host range (®). Many conifers and hardwoods, and even some herbaceous plants, are susceptible.

Age of the host may influence the disease. With conifers, killing of young, vigorous trees is fairly common, especially in plantations. Older trees can tolerate infections much better and they survive much longer with infection. The older trees tend to get butt rot if they are infected.

Pathogen
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Several species in the genus Armillaria, commonly called oak fungus or honey mushroom, cause similar diseases. These fungi, in the Agaricales, form mushrooms. The characters of the mushrooms for field identification are:

	· honey, or yellow-brown, cap

· small scales or fibrils on cap

· gills whitish, attached to stem but notched

· ring (may be partial) on stem
	· on wood or occasionally on rhizomorphs

· mushrooms in clusters

· white spore print


We used to call everything in this group Armillaria mellea. Now we know that there are over 30 distinct entities there. They are difficult to distinguish morphologically. In most cases, however, we now recognize them as distinct species because: (a) they are intersterile; (b) there are some differences among them in morphology and molecular-genetic characters; (c) there are differences in distribution, host range, and virulence, and; (d) it is a very important genus, both ecologically and economically. Following are some of the most studied species (®®):

A. borealis
Armillaria borealis frequently causes butt rot in conifers. It rarely kills trees and has been moderately virulent in inoculations. Rhizomorph branching dichotomous. Distributed in the northern parts of Europe, Scandinavia, Russia.

A. calvescens
Armillaria calvescens is most commonly found on hardwoods in northern hardwood forests, where it often causes butt rot. It may kill stressed trees. Rhizomorph branching monopodial. Probably the most common species in much of northeastern North America

A. cepistipes
Armillaria cepistipes may function largely as a saprobe, but also can infect living hardwoods. It causes butt rot in hardwoods and may attack sapwood and cambium in stressed trees. It has also been found causing butt rot in conifers in Finland and Scotland. Rhizomorphs abundant; branching monopodial. Europe, North America, Japan.

A. gallica
Armillaria gallica commonly causes butt rot in hardwoods, especially oaks. When the trees are stressed, the fungus can move into more vital tissues, causing significant damage and death. The best-known case is in the northeastern U.S., where repeated defoliation by the introduced gypsy moth leads to killing by A. gallica of trees that might otherwise recover from the defoliation stress. Rhizomorphs large (up to 5 mm diameter) and abundant; branching monopodial. Circumboreal: Europe, eastern North America, Japan.

A. gemina
Armillaria gemina is almost always found on hardwoods. One report based on limited observations indicates it is similar to A. ostoyae in pathogenicity (®), but it is normally not found causing disease in the forest. Eastern North America.

A. luteobubalina
Armillaria luteobubalina has a wide host range among the tree species in its habitat, dry sclerophyll eucalypt forests. Rhizomorphs absent or sparse. Australia.

A. mellea
Armillaria mellea is probably the most common and aggressive pathogen of hardwoods. In some areas, such as California, it is common on oak woodlands and the orchards that replace them. However, especially in Europe it is known to attack young or weakened conifers on former hardwood sites. Circumboreal: Europe, North America, northern Asia, and Japan.

A. novae-zelandiae
Armillaria novae-zelandiae is found in wet forests. It causes particular damage to the introduced tree species Pinus radiata. New Zealand, eastern Australia, New Guinea, South America(?).

A. ostoyae
Armillaria ostoyae is probably the most common and aggressive pathogen of conifers in the genus. It can kill trees of all ages and may cause butt rot in older conifers. However, it is known to occasionally attack and kill hardwoods associated with conifers, and it has even caused significant mortality in cherry orchards in one area (®). Rhizomorphs usually thin, delicate and sparse; branching dichotomous. Circumboreal: Europe, North America, Japan.

A. sinapina
Armillaria sinapina is often found in mixed hardwood-conifer forests, but usually more often on the hardwood component. It is usually not found causing substantial disease and has been only weakly pathogenic in inoculations. However, it is sometimes found on conifers without a significant hardwood component. In British Columbia, it is often found in disease centers in conifers with A. ostoyae (®). Although there is some evidence that it killed conifers independently in British Columbia, most evidence suggest that it is only weakly pathogenic and tends to follow pathogens such as A. ostoyae as secondary invaders. Rhizomorphs abundant. North America.

Environment
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Stress may play a role in some cases. The fungus may behave like a saprobe or cause a nonlethal butt rot until the trees are stressed (e.g., gypsy moth defoliation of oaks). Then, host physiology is altered and fungus can successfully attack and kill vital tissues. This tends to be the case more often in hardwoods. In conifers, killing of vigorous trees is more often observed. However, killing of hardwoods can be seen without apparent stress too.

This disease is so difficult to deal with partly because it uses as a food base not only the trees it kills, but also stumps of trees killed by felling or other means. Thus, any management we do, if it involves felling, stands a chance of backfiring and making the situation worse.

Disease Cycle

While an infected tree is still alive or long after it has died, the pathogen has three means of dispersal to to other trees:

1. mycelium can grow through direct root contacts and grafts with uninfected trees

2. rhizomorphs can grow through soil to contact uninfected trees

3. mushrooms produce basidiospores, which are wind-dispersed to wreak death and destruction in new places

The first two means of dispersal, via mycelium at root contacts and rhizomorphs, are short-range. This local spread is very important and is generally the dominant source of infection. The fungus can move by these means from an old root system, perhaps from a previous forest, to plants currently growing on the site. This leads to the appearance of disease in a previously uninfected population. This has been so common in California on sites formerly occupied by oak and cleared for orchard production that the pathogen there is commonly called the "oak root fungus." Because the pathogen may survive for 50 years or more in stumps (®), it can wait until the new generation provides a large target for infection. The fungus can also move this way from a diseased tree to a neighboring healthy tree, leading to expanding areas of disease and mortality, usually called root disease centers.

[image: image4.png]Spores: primary inoculun
establishing e fungal nd
(clone, gene?). RARE

o

© o

‘Secondary spread by shizomorphs
of mycelial growth across oot
Comtars. COMMON.

Secondary
presn
continues



Root disease centers, as well as saprobic growth of the fungus, involve indeterminate growth through the forest. Resulting clones can cover many hectares, perhaps even miles, and be thousands of years old. Armillaria is the famous humongous fungus that was in all the news some years ago (more on this below).

Rhizomorphs are macroscopic, 1-5 mm diam., reddish brown to black, bundles of organized hyphae with an organized apically growing tip. Rhizomorphs grow through soil, produce branches, and look very much like roots (rhizo-morph) or shoestrings (thus a common name for the disease, "shoestring root rot"). They use energy from a stump or killed tree to grow and infect a nearby tree. They can grow many meters through the soil.

The third means of dispersal, basidiospores, seems to be the least common. Although mushrooms and basidiospores are common enough, the spores don't seem to get established very easily. There is indirect evidence that they do occasionally colonize stumps or wounds, especially in moist climates.

Persistance in dead roots and stumps, the saprobic phase, may be dominant for some species that subsist by colonizing dead trees but rarely seem to kill them. Armillaria species may be abundant in the forest without a lot of obvious, damaging disease in some situations. Other species decay dead trees and stumps and build up energy to attack neighboring trees.

Symptoms

External, above-ground symptoms on individual trees are variable and not specific to this disease or even to root diseases in general. It is not uncommon for the disease to be very advanced but showing no obvious symptoms. Symptoms include:

· reduced terminal growth (most detectable in conifers)

· dieback of twigs and branches (most apparent in hardwoods)

· chlorosis of needles

· stunted leaves

· crown thinning

· premature fall coloration (hardwoods)

· basal resinosis (conifers)

· heavy production ('stress crop') of cones or fruits

Internally, the disease may develop as butt rot in some situations and as cambial killing in others. The difference may be related to stress and host differences. If the host is resistant, a major wound may be required for infection, and the fungus would be restricted to inner, inactive wood (butt rot). If the host becomes stressed, the fungus is then able to attack cambial regions, even of unwounded trees.

Clear mortality centers, from a few trees to several hectares, may be seen in some cases and not in others.

The decay is a spongy, often wet, white rot. Zone lines can usually be found in the decayed wood. In hardwoods the decay often has a gelatin in it.

This pathogen is very generous in providing oodles of signs to allow diagnosis. They all require some experience to identify to the genus Armillaria with certainty. They are:

· Mycelial fans (like soft, white, peelable paint) can be seen under the bark of tree portions that are colonized while the tree is alive or shortly thereafter.

· Rhizomorphs (see above under Disease Cycle)

· Mushrooms (see above under Pathogen and under Disease Cycle)

Distribution

Armillaria species cause root disease throughout most temperate regions of the world. See the list of species under Pathogen, above, for details.

Management

Here's what doesn't work:

· Fire

· Stump-top chemical treatment

· Fertilization

· Wide spacing

Here's what often does work:

· Inoculum Reduction - There are two approaches to inoculum reduction, both pioneered in the PNW. One is mechanical stump removal, either during harvest by simply pushing trees over, or after harvest by removing stumps with a big excavator. Small roots stay in the soil, but the fungus won't last long in them. This is of course expensive, and is done with sites that are otherwise good. The other is fumigation. This is more in the experimental stage. Volatile, toxic chemicals are placed in a hole drilled into an infested stump. The chemical kills the fungus or weakens it to the point other fungi can kill it.

· Resistant Species - We are learning more all the time about host ranges of the major Armillaria species. Planting or favoring the more resistant species will avoid the disease. For PNW, larch, birch and to lesser degree ponderosa pine are resistant. Following a rotation with resistant species, the pathogen should have died out in the old root systems, permitting the reestablishment of susceptible species. This is crop rotation.

· Increasing Host Vigor - This is applicable in cases where the disease is linked to prior stress. Examples might be control of defoliating insects; using good planting practices to avoid deformed roots or using seeds.

Here are management guidelines for PNW conifers:

· In establishing new stands (such as after a clearcut), where discrete disease centers can be identified and marked, stumping or planting resistant species can be tailored for the centers. Elsewhere, a preferred, susceptible species may be planted. If inoculum is scattered, stumping or resistant species can be used throughout.

· During thinning, resistant species can be favored. However, thinning may do more harm than good, and not doing it should be considered.

· In a partial harvest, consideration should be given to focussing on disease centers, removing stumps or planting resistant species afterward.

· Note that most of these approaches require field personnel who are skilled in recognizing symptoms and disease centers. You will find this for all the root and butt rots.

Here's something that might work: biological control. We found a fungus that is similar to Armillaria and apparently competes with it. We investigated the degree to which they compete and how they are affected by silvicultural treatments in stands threatened by gypsy moth and subsequent Armillaria root rot (®). Others have investigated biological control as well. This may be the future for management for this disease, as silvicultural approaches are often quite limited.
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