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The coniferous forests of the Pacific Northwest are

affected by a variety of endemic fungal root pathogens. Forest

disease surveys have noted the presence of two or more of

these root pathogens infecting the same stump or root, and it

has been suggested that these fungi may be interacting

synergistically. To test this hypothesis, three separate root

disease centers were studied where the dominant pathogens

appeared to be either Arinillaria ostoyae (Roin.) Herink,

Heterobasidion annosum (Fr.) Bref., or Phellinus weirii

(Murr.) Gilb. The spruce-type intersterility group of i.

annosum was found infecting trees and stumps within both the

. weirii and . ostoyae centers, and was isolated from some

of the same roots as . ostoyae.



Three experiments were designed to study pairwise

interactions between A. ostoyae, P. weirii, the spruce (S) and

pine (P) type intersterility groups of ff annosum, and

Perenniporia subacida (Pk.) Donk. Hyphal and mycelial

interactions were studied microscopically on agar-filled

culture slides, macroscopically on 2% and enhanced malt agar,

and within wood blocks of an Abies sp. (either A. qrandis

(Dougi.) Lindl., or . concolor (Gord. and Glend.) Lindl.) and

Pinus onderosa Laws.

Direct interspecific hyphal contact occurred between

fungi on culture slides, resulting in sporadic hyphal

vacuolation. However, no other discernible reactions such as

anastomosis or parasitism were observed. Only one of the

pairings, A. ostoyae vs. H. annosum P-type, formed a definite

band of vacuolated hyphae along their zone of interaction.

Other pairings may have had more vacuolated hyphae in the zone

of interaction, but this was difficult to quantify.

Pairwise interactions were also studied on 2% and

enhanced malt agar. Reactions between fungi included the

formation of zones of inhibition, walling-off, abutting

growth, or overgrowth of one isolate by the other. The

reactions of identical fungal pairings were inconsistent

between the two types of media. Isolations from these plate

pairings revealed that visual observations may not be adequate

to classify the reactions which occur.

Interactions within sterilized wood blocks showed the

formation of either single or parallel barrier lines between



opposing fungi, and isolations revealed that the colonizing

fungi remained separated on their respective sides of the

barrier lines.

The conclusion from this study is that root pathogenic

fungi grow in proximity to one another in nature in what can

be termed associations. However, experimental results lead to

the conclusion that these fungi do not form complexes, nor do

they interact synergistically in causing decay. Pathogenic

fungi appear together independently, as conditions favorable

for their individual infection biologies coincide with the

presence of an inoculuni source and a suitable host.
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FUNGAL ROOT PATHOGEN INTERACTIONS IN A MIXED CONIFER
FOREST IN THE BLUE MOUNTAINS OF NORTHEASTERN OREGON

CHAPTER I - INTRODUCTION

INTRODUCTI ON

The overall purpose of this study was to discover if root

pathogen associations and complexes exist in the mixed conifer

forests of northeastern Oregon. Field and laboratory studies

examined whether the pathogenic fungi which cause root disease

occur in associations and complexes within infected roots, and

whether a selected group of five Basidiomycete wood decay

fungi act synergistically in causing wood decay.

The term "root pathogen association" is defined as a

relationship occurring between or among two or more pathogens

on a regular basis. An association can be described at the

infection center and/or tree root level. The hyphae of the

different fungal species comprising the association do not

grow in intimate contact at the hyphal level, but are often

observed growing in proximity in the same root, stump, or

infection center.

The term "root pathogen complex" denotes a more intimate

relationship between two or more fungal species.

Theoretically, these fungi can be isolated on a regular basis

from individual wood chip samples taken from infected wood.

The fungal species comprising a complex are apparently growing
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in contact at the hyphal level, without a physical separation

of the fungal thalli. It is this type of relationship between

fungi which might result in synergistic decay, where two

species acting together decay wood more rapidly and completely

than either species acting alone.

The coniferous forests of the Pacific Northwest are

affected by a variety of endemic fungal root pathogens. Five

of these pathogens, Armillaria ostoyae (Rom.) Herink,

Heterobasidion annosum (Fr.) Bref., Phellinus weiril (Murr.)

Gilbn., Leptociraphium wageneri Kendr., and Phaeolus

schwejnitzjj (Fr.) Pat. cause an annual loss of merchantable

timber in excess of $100 million (Reaves, et al., 1988). In

total, root diseases are thought to be directly associated

with 18% of the conifer mortality in the western United States

(Hadfield, et al., 1986). Most conifer species exhibit

susceptibility to infection from at least one root pathogen,

and every forested area of Washington and Oregon is affected

by them. Forest pathologists continue to elucidate the biology

of root disease pathogens, including the infection mechanisms,

survival mechanisms, genetics, and population structures. A

basic understanding of the organisms is vital for developing

management strategies that will allow land managers to reduce

the impact of root disease.

Detection, quantification, and management of root

diseases is difficult due to their below-ground and within-

tree habitats. Skilled field personnel are needed to conduct

surveys showing the extent and types of root disease present
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in a forest stand. These surveys are time consuming, but key

to sound disease management.

Management techniques for root diseases in forest

settings tend to fall into three areas. These are species

manipulations, inoculum removal, and cultural controls

(Hadfield, et al., 1986).

Northwest conifer species differ with respect to

susceptibility to the major root disease fungi (Hadfield, et

al., 1986). Planting pathogen-infested sites after harvest

with less susceptible or resistant species is one way to avoid

disease loss and intensification into and through the next

rotation. A good example of this is the practice of planting

western redcedar (Thu-ia plicata Donn ex D. Don), or the

hardwood species red alder (Alnus rubra Bong), onto . weirii

infection centers.

Inoculum removal, where operationally and economically

feasible, is a potential method to reduce disease incidence.

Stumps infected by P. weirii, H. annosum, and . ostoyae can

act as inoculum reservoirs for the next generation of

susceptible trees (Filip, 1979; Tkacz, 1982). If infected

stumps and roots are not removed, growing tree roots can

contact this residual inoculum and become infected through

ectotrophic mycelial growth or contact with rhizomorphs.

Cultural controls can be used to promote undamaged,

vigorous trees which are less susceptible to some root

diseases. Basidiospore infection by fl. annosum can be reduced

by minimizing tree wounding, L. wageneri incidence can be
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reduced by minimizing soil, skid trail, and road building

disturbances, and shortened rotations can be used to prevent

extensive infection and losses due to . schweinitzii.

Current trends in forest management practices may promote

the development of root disease associations and complexes.

Management techniques such as commercial thinning, green tree

retention, and uneven-aged management may combine with

continued fire suppression to provide susceptible host tree

species and fungal substrate where multiple fungal pathogens

can overlap and thrive in the same vicinity at the same time.

Although the presence of several different types of root

pathogens in the same infection center or the same tree is by

no means surprising, the question remains whether these

constitute synergistic relationships or chance occurrences

(Hansen and Goheen, 1988). A key question is whether

management techniques for the primary pathogen in a diseased

stand will exacerbate the effects of a pathogen that is

present at low or non-damaging levels. It is important to know

if root pathogen associations and complexes exist, and if so,

the implications they present for disease management.



LITERATURE REVIEW

Model of interspecific fungal interactions

Rayner and Webber (1984) state that two organisms

interact when the presence of one affects the performance of

another. These interactions were broadly categorized as

competitive, neutral, or mutual.

Competitive behavior is used either in defense or primary

resource capture, and can be distinguished at two levels. The

first is interaction of hyphae, and the second the interaction

of assemblages of hyphae, or the mycelia.

Neutral behavior also has two forms. The first is when

interaction is so minor as to result in no effects, while the

second is interactions advanced enough that one of the

associated fungi benefits, while the other accrues neither

benefit nor harm.

Mutual associations are those where both fungi benefit

via the activities of the other. An example of this might be

where two fungus species each produce extracellular enzymes

that the other does not, thereby freeing nutritional

components of a woody substrate that may not have been

possible for a single fungus species to utilize by itself.

Interspecific interactions can be studied at the hyphal

level. Three categories of hyphal interactions following

interspecific contact are: anastoniosis, hyphal interference,

and parasitism (Rayner and Boddy, 1988).

5
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Anastomosis, or hyphal fusion, can apparently occur

between species, but probably results in a rapid rejection

reaction involving vacuolation and cytoplasmic disruption.

Hyphal interference occurs when contact, but not anastomosis,

leads to the death of both cells. This reaction is similar to

that which occurs after interspecific anastomosis. Finally,

parasitism involves either penetration, or appression and

growth along the host fungus, by the species acting as a

mycoparasite.

Interspecific interactions can also be studied at the

mycelial level. Mycelial contact commonly leads to either

deadlock in growth between the colonies, or replacement of one

colony by the other (Rayner and Boddy, 1988). The reaction

which results from mycelial contact likely depends on the

relative competitive ability of the involved fungi.

Reports of root disease associations

Root disease fungi have been reported to occur in

associations within the same infection center, sometimes in

the same stump or root (Lockman,1993; Filip and Goheen, 1982;

James and Goheen, 1981; Lane and Goheen, 1979; Hertert et al.,

1975; Hansen and Goheen, 1988; Morrison and Johnson, 1978).

Although this phenomenon is often reported in disease surveys,

no work has been done to investigate possible relationships

that may exist between various root disease fungi.
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In the grand fir habitat type in central Idaho,

Perenniporia subacida (Pk.) Donk commonly inhabited the lower

portion of stumps that were also colonized by ff annosum in
the upper portions (Lockman, 1993). Additional fungi in root
samples included an Armillaria sp. or spp., . schweinitzii,
and P. subacida. An Arinillaria sp. and H. annosum were

commonly isolated from the same root. The author noted that a
portion of the mortality originally attributed to . annosunt

was probably due to one or more of these other fungi.
Associations of root pathogens also occurred frequently

in a mixed conifer forest in central Oregon. Filip and Goheen
(1982) reported that 9% of all dead and symptomatic stems per
hectare showed infection by at least two pathogens. These
associations were comprised of an Armillaria sp. together with
either . wageneri, P. weirii, or H. annosum. The authors felt
that the incidence of root pathogen associations was probably
greater than reported, because only a portion of each root
system was examined.

An Armillaria sp. and I-f. annosuin were also found co-

colonizing over 7% of the white fir trees examined in a study
in southern Colorado (James and Goheen, 1981). H. annosuin was

often found colonizing the root collar, and the Armillaria sp.
on lateral roots distal to this colonization.

Morrison and Johnson (1978) found U. annosum declining

over time due to the competition of other Basidiomycetes,
primarily A. inellea. Armillaria occupied the outer portions of
stumps that had been inoculated with II. annosum. James and
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Goheen (1981) also made this observation on white fir trees.

With the recent investigations into biological species of

Armillaria in North America (Anderson and Ullrich, 1979) it

now appears likely that this would have been either A. ostoyae

or Armillaria bulbosa (Barla) Kile et Watling. If it was A.

ostoyae, the possibility exists that inoculum buildup from the

interaction of A. ostoyae and . annosum would allow A.

ostoyae to increase its pathogenic potential on a site (Shaw

and Kile, 1991).

Associations of two or more root pathogens occurred in

adjacent trees, or the same tree, in 16% of 73 areas surveyed

for root disease across Oregon and Washington (Goheen and

Filip, 1980). Infection centers containing fungal associations

were in 15-100 year old Douglas-fir, true fir, and hemlock

stands. All sites had stumps from previous harvest, and many

had a high percentage of wounded residual stems. The

associations observed were similar to those described by James

and Goheen (1981), involving an Armillaria sp. together with

either P. weirii, H. annosum, or . wageneri. Other

associations were P. weirii with i. wageneri, or . weirii

together with L. wageneri and an Armillaria sp. The . weirii

- Armillaria sp. association occurred on the same tree and was

also noted by Lane and Goheen (1979).

Hertert, et al., (1975) stated that P. weirii occurred in

combination with other pathogens on trees 92% of the time,

most often with Phellinus niqroliinitatus (Rom.) Bourd. et

Galz. Twenty seven percent of diseased trees were colonized by



9

three or more pathogens. An Armillaria sp. was found together

with several other fungi, but still acted alone over half of

the time.

. weirii and L. wageneri are a pathogen combination

reported to occur together regularly (Hansen and Goheen,

1988). Since P. weirii causes a disease of the site with very

limited basidiospore infection, L. wageneri is the pathogen

that must be vectored to P. weirii infection centers. This

occurs when root feeding insect vectors of j. wageneri attack

trees weakened by . weirii.

Reports of root disease complexes

Fungal complexes have been reported among some of the

major root pathogens and other Basidiomycete wood decay fungi

(Barrett, 1970; Barrett and Greig, 1983; Dubreuil, 1981;

Miller and Partridge, 1973; Chacko and Partridge, 1976).

However, except for Dubreuil (1981), little follow-up work has

taken place to uncover the significance of any such possible

relationships.

Two of the better documented cases of fungal complexes

were studies by Barrett (1970) and Barrett and Grieg (1983) on

the relationship between . schweinitzii and . mellea in

Britain. They found that . schweinitzii was very likely using

. mellea lesions as infection courts, or at least the

weakened tissues adjacent to such lesions.
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However, Dubreuil (1981) and Shaw et al. (1976) did not

find any evidence of a similar relationship between .

schweinitzii and A. mellea (sp. ostoyae or bulbosa?) in the

western United States. Dubreuji (1981) found P. schweinitzii

invading root tips independently, and A. mellea acting only as

a secondary pathogen. Shaw et al. (1976) did not find

Armillaria sp. lesions predisposing tissues to invasion by

secondary pathogens on ponderosa pine sites. Barrett (1970)

and Dubreuji (1981) both conducted inoculated wood block

studies showing that P. schweinitzii readily colonized blocks

already inhabited by A. mellea (sp. ostoyae or bulbosa for

Dubreuil?). Dubreuil found a synergistic response between .

schweinitzii and P. subacida on Douglas-fir heartwood as

demonstrated by significantly more weight loss, a lower

specific gravity, and reduced compression strength, in

comparison to the effects of either fungus acting alone.

The most marked example of an alleged fungal complex

observed in the field was found by Miller and Partridge

(1973). They reported that . weirii occurred with other

organisms in 94.7% of the samples taken from active decay of

living tissue in grand fir. The most common fungus isolated

from the same samples as P. weirii was P. nigrolimitatus,

which occurred separately from P. weirii in only 8.1% of the

samples. Inonotus tomentosus (Fr.) Teng, which occured in

15.7% of the root diseased trees, never occured without .

weirii, and only once without P. nigrolimitatus. The authors

stated that cultures of the individual organisms isolated from
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decay caused by this combination grew faster than did cultures

from other sources, and that the decay produced by this

combination was unique. This observation suggests a possible

mutualistic relationship in which all three fungi benefit from

the presence of the others.

In a similar study, Chacko and Partridge (1976) isolated

from randomly selected live or dead conifers in Idaho. The

same sampling, isolation, and subculturing methods were used

as in the Miller and Partidge (1973) study. Of these trees,

43.7% had decay in the roots, stems, or both. Twenty species

of decay fungi were isolated, and six different combinations

of fungi were observed colonizing a variety of tree species.

Interestingly, the . weirii and . nigrolimitatus combination

was again found, this time in grand fir, Douglas-fir, western

larch, and western redcedar.

Chacko and Partidge (1976) state that the occurrence of

two or more fungi in single chips of wood implies either a

form of symbiosis or metabiosis. However, use of the term

metabiosis to refer to multiple fungi emerging from a single

chip may be inappropriate, since metabiosis is defined as "the

association of two organisms acting or living one after the

other" (Hawksworth, et al., 1983). This term then applies to

a successional relationship, which is never the interpretation

implied by the authors in their paper. The more correct term

would be symbiosis, which includes mutualism and commensalism.

Chacko and Partridge (1976), and Miller and Partridge

(1973) raise several unanswered questions. First, if these
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fungal relationships exist, are they a localized event in

northern Idaho, or can these results be duplicated elsewhere?

Second, how can interspecific mycelial interactions occur with

such regularity when so much evidence implies that the

expected reaction would be a physical separation of unlike

fungal masses (Rayner and Boddy, 1988; Todd and Rayner, 1980;

Cooke, 1977)?

These questions formed the basis of this thesis. An

attempt was made to answer whether root pathogen associations

and complexes occur in nature, and laboratory experiments were

designed to examine pairwise interactions between five fungi

of interest.



OBJECTIVES, HYPOTHESES, AND METHODS

There are two main objectives to this research project.

The first was addressed by field work, and the second by a

series of three lab experiments. The two objectives and their

accompanying hypotheses were as follows:

Objective 1) Determine if fungal associations and complexes

exist in the roots of disease symptomatic, living conifers on

the active edges of three root disease infection centers where

the dominant pathogens appear to be either . weirii, li

annosum, or A. ostoyae.

Hypotheses for Objective 1) A) There are other pathogenic wood

decay fungi present on or in the roots of living trees that

have been infected by the dominant pathogen of the root

disease center. B) These fungal associations occur in

predictable groups based on the dominant pathogen of the site,

host species present on the site, and management history of

the site.

13
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Objective 2) Determine if synergistic decay relationships

occur among five Basidiomycete wood decay fungi found in the

coniferous forests of the Pacific Northwest. A series of three

experiments were designed to study all pairwise combinations

of these five fungi. The first consisted of pairwise

combinations of fungi grown on membranes overlaid on agar and

subsequently transferred to culture slides. This allowed

microscopic study of the interspecific reactions of the fungi

at the hyphal level. The second repeated the pairings on two

types of artificial media to study the macroscopic reactions

between each set of fungi. The third was a wood block decay

experiment which tested for potential synergistic decay

effects among pairs of fungi.

Hypotheses for Objective 2) A) Certain pairwise combinations

of wood decay fungi act synergistically, decaying wood faster

and more completely than the individual fungi acting alone.

B) The basis for these synergistic relationships may be

observed at the hyphal or mycelial level.



CHAPTER II - FIELD STUDY

INTRODUCTION

The purpose of the field study was to look for the

existence of root pathogen associations and complexes within

the roots of infected conifers. To accomplish this, roots were

collected from each of three separate root disease infection

centers. Isolations were made from the root samples to

determine if multiple fungal species were acting together to

cause disease within each infection center, and within

individual roots.

The specific objective of the field study was to

determine if fungal associations and complexes (See

definitions in Chapter 1) exist in the roots of symptomatic

and nonsymptoniatic conifers on the active edges of three root

disease infection centers where the dominant pathogens were

either . weirii, . ostoyae, or jj. annosum.

15



FIELD STUDY METHODS

Study site selection

Three separate root disease infection centers in the Blue

Mountains of northeastern Oregon were chosen as study sites.

Boise Cascade foresters provided the location of two, and the

third was found by investigating a small area of blowdown

timber adjacent to a Boise Cascade logging road.

These three root disease infection centers were deemed

suitable for sampling due to the following reasons:

There were signs of more than one root disease at each

site.

Evidence such as young snags, recent blowdown, and

live, disease-symptomatic trees implied that the

pathogen or pathogens were still active on the site.

Each site appeared to have as its dominant pathogen

one of these three conifer root disease fungi: .

weirii, . ostoyae, or Ij. annosum.

Sample tree selection

Sample trees were chosen in a subjective process based

upon the presence of root disease symptoms. Trees that had

live crowns and exhibited symptoms such as reduced terminal

growth relative to other trees, chlorotic foliage, thinning

foliage, stress cone crops, or root collar and lower stem

resinosus, were all possible candidates for root sampling

16
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(Filip, 1986; Hadfield et al., 1986). The trees exhibiting

these symptoms were often on the margins of the root disease

centers, or on the edge of pockets of trees that appeared to

have previously escaped infection within the active infection

center.

A few sample trees were chosen for root sampling because

of their proximity to trees exhibiting strong root disease

symptoms. This was done in the hope of locating advancing

fungal infection fronts in the roots of nonsymptomatic trees

(Filip, 1986). A few of the trees which had roots collected

from them were within a short distance, or adjacent to, one

another. Most trees sampled within a single infection center

were purposely located a distance of 25-75 meters apart.

Along with the excavation of one or more roots, other

measurements and observations were taken from each sample tree

and the immediate area around each sample tree (Tables 1,3,5).

A data sheet (Appendix 1) was filled out for each collection

site. The data which were recorded included: sample tree

species, diameter at breast height (DBH), age (taken at every

fourth sample tree), crown class (dominant, codominant,

intermediate, suppressed), general crown condition, presence

of disease signs and symptoms, signs of other pathogens in

immediate vicinity, and the plant association of a plot

centered around the sample tree (Johnson and Clausnitzer,

1992).



Methods for root excavation

Once an appropriate tree was located for root sampling,

one or more of the main roots was exposed, proceeding outward

up to two meters from the root collar. The exposed root was

examined for signs and symptoms of root disease infection,

such as resinosus, ectotrophic mycelial growth, rhizomorphs,

and inycelial fans between the root bark and wood. Not all

trees selected for root inspection had roots collected from

them. Some of these either exhibited no signs or symptoms on

the roots, or the roots appeared to be heavily decayed and/or

dead. An attempt was made to find margins of infections in

roots, defined as the division between obviously infected and

noninfected root wood.

Most of the root samples were main or secondary roots a

short distance from the root collar. A large proportion were

within one meter horizontal distance of the root collar, and

within one half meter vertical distance of the soil surface

(Tables 1,3,5).

The soil around each root was removed with a Pulaski and

shovel, while the final excavation prior to removal was done

with small garden tools to minimize exterior damage that might

have introduced contamination into the root interior. The

sample was cut out using the Pulaski, and the midpoint root

sample diameter, midpoint root sample depth, and midpoint root

sample to root collar distance were recorded (Appendix 1).

18
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Notes were taken on the condition of the root sample exterior

and any disease signs and/or symptoms that were present.

Post-excavation root treatment

Post-excavation sample treatment was as follows:

Root measurements and notes placed on data sheet.

Extra soil brushed away to expose root bark.

Sample placed in plastic bag and labeled with

study site and sample tree numbers.

Roots placed in 5° C cooler within 12 hours of

excavation.

One to five days after collection, roots washed with

the bark in place to remove as much soil and debris as

possible.

Any signs, symptoms, or other miscellaneous root

features uncovered by washing were noted.

Root bark removed. Signs and symptoms of disease on

root wood surface were noted.

Three to five centimeters of root cut from both

ends of the root sample with radial arm saw.

Roots immersed and washed in a 1:1 bleach and water

solution for two minutes, then rinsed with non-sterile

distilled water and placed in clean plastic bags.

Root samples stored in 5° C. cooler until dissected.



Pathogen isolation procedure

The samples were taken from 5° C. storage and split open

using an ax that had been flame sterilized with alcohol. The

root pieces were immediately placed under a laminar flow hood.

Decayed, stained, and sound portions of the root were

determined visually and wood chip isolations were made from

each area.

Sets of three wood chips were aseptically removed from

the root using an Exacto knife with a heavy duty chisel blade.

Sets of chips, each set from an area approximately 1.5 cm

square, were taken from each type of stained, decayed, or

sound wood on the split root surface. The number of three chip

sets taken from each root depended soley on the amount of

visual variation that appeared on each split root surface. The

chip sets were then plated onto 100x15 mm Petri dishes

containing approximately 18 mls of 1.25% malt agar (12.5 g

malt extract, 15 g Difco agar, 1000 ml distilled H20). The

Petri dishes were labeled with the root sample number and the

specific isolation number from within the root sample so that

the origin of each set of chips could be relocated in the

sample piece.

A line drawing was made of each root piece from which

isolations were taken (Appendix 2). The location of each

isolation and the corresponding Petri plate label were noted

on the drawing along with a brief description of the type of

stain, decay, and sound wood which was present. Another
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notebook was kept for recording isolation numbers,

descriptions of the wood type they caine from, notes on isolate

growth habit, and preliminary identification of each isolate.

These data were recorded so that if one or more fungal species

appeared from a single wood chip, or single set of chips, the

fungal species could be related back to the type of decay and

position in the root from which it originated.

The plated chips were observed through a light

transmission, dissecting microscope every one or two days. As

fungi grew from the chips, subisolations were made onto

6Oxl5nuu Petri plates with 1.25% malt agar for growth and later

identification. Continued observations were made on the same

wood chips, and any subsequent mycelial growth that appeared

to be different from that subisolated previously was again

subisolated. Isolates of basidiomycetes were placed on agar

slants and stored at 5° C.

Identification of field isolates

Preliminary identification of field isolates of interest

in this study was done by observing gross morphology and

growth characteristics of the isolates. . weirii was

identified by its characteristic cinnamon brown, luxuriant

mycelial growth that produced numerous setal hyphae; f.

annosum by the presence of the anamorph stage of the fungus,

Spinicier meineckullus (Olson) Stalpers in culture; and

Armillaria species by the slow growth of whitish to tan
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colored mycelium on agar, and the frequent growth of

rhizoiuorph or mycelial fan structures within the agar beneath

the center of the culture.

Formal identification of isolates collected from the root

samples was done by various methods. The isolate of . weirii

that was used in the fungal pairing and wood decay studies

(See Chapter III) was verified by use of Nobles' key (1965).

All H. annosum isolates collected from the three study

sites were identified to species by the presence of the

anamorph stage in culture, then to the S or P type

intersterility groups (Korhonen, 1978) by use of isozyme

analysis, using the methods and gel buffer/enzyme systems

outlined by Lockman (1993). Isozyme testor isolates for the S

and P intersterility groups were from two different sources.

The known S-type isolate originated from W. J. Otrosina's

culture collection (USDA Forest Service, Pacific Southwest

Research Station, Berkely, California), and the known P-type

isolate from B. Lockman's culture collection (USDA Forest

Service, Region 1 Forest Pest Management, Missoula, Montana).

The key enzyme systems for distinguishing between the S and P

intersterility groups were malate dehydrogenase with the

morpholine citrate (pH 8.1) gel buffer system, and glutamate

oxaloacetate transaminase with the tris-borate (pH 8.8) gel

buffer system (Lockman, 1993).

Isolates thought to be an Armillaria species were tested

to the biological species and clone level using the methods of

McDonald, et al., from the Intermountain Experiment Station,
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Moscow, Idaho, (unpublished), based on mycelial interactions.

This method consisted of contructing a Punnett square of all

possible pairwise combinations of known vs. unknown isolates.

Each pairing was plated on a 50 mm Petri dish containing

enhanced malt agar (30 g malt extract, 15 g Difco agar, 10 g

peptone, 30 g sucrose, 1000 ml distilled H20), with each dish

containing two pairings placed a distance of 10 and 5 mm

apart, respectively. The plates were incubated for 21-28 days,

and then observed on a light table for mycelial reactions.

Each plate was assigned one of three codes dependent upon the

niycelial interaction. These were: 1) "0" for isolates that

displayed complete fusion and were therefore from the same

species and clone; 2) "1" for isolates that displayed a gap

between isolates with no black line formation and were

therefore the same species, but different clones; or 3) "2"

for isolates that formed a black line within the agar between

themselves, and were therefore different species.



FIELD STUDY RESULTS

Site #1

Field Site #1 is a large root disease center with .

weirii as the dominant pathogen. It is located on Boise

Cascade Corp. land northwest of Meacham, OR, with a legal

description of the E 1/2 of the SE 1/4 of Sec 18, R35E, TiN.

The disease center encompasses approximately 12.6 hectares

within an elevation range of 1122-1158 meters. Aspect is east

to northeast, with slope ranging from 10-40%. Stand age was

determined to be approximately 83 years by growth ring count

of 10 sample trees. An estimated species makeup of a larger

timber type that included this study site is 55% grand fir

(Abies grandis (Dougl. ex D.Don) Lindl.), 35% Douglas-fir

(Psuedotsuga menziesii (Mirb.) Franco), and 10% other species

(Johanningmeier, C., Boise Cascade Corp., personal

communication). This stand is in the grand fir plant

association series (Johnson and Clausnitzer, 1992).

The management history of the site was provided by Boise

Cascade Corp. (Johanningmeier, C., Boise Cascade Corp.,

personal communication). The area was selectively cut during

the years 1940-45 by a private landowner, and selectively cut

again during 1968-70 by Boise Cascade due to bark beetle

attack. Field observations were that dead and dying trees

within the infection center were being continually removed by

firewood cutters, where access allowed.
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A total of 15 grand fir and 7 Douglas-fir were chosen as

sample trees. All sample trees were root disease-symptomatic

or in proximity to known root disease infected trees. Table 1

summarizes the Site #1 tree and root sample data.



Table 1. Summary of Site #1 sample tree and root data.

1 - Codominant tree crown class.
2 - Intermediate tree crown class.
3 - Six trees had two roots collected.
4 - One tree had two roots collected.
5 - Depth of sample midpoint from soil surface.
6 - Horizontal distance of root sample midpoint from

tree face.
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Sample tree species Grand fir Douglas-fir

Number sampled 15 7

Crown class CD' = 13 CD = 7

INT2=2 INT=O

Mean DBH (cm) CD = 31.2 CD = 38.9

INT = 18.0 INT = 0.0

Mean age (years) 80 89

Total # root samples 2l

Mean root diam (cm) 7.0 5.0

Mean root depth5 (in) 0.28 0.26

Mean root dist.6 (in) 0.52 0.74
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In addition to P. weirii acting as the dominant pathogen,

evidence of other root disease fungi was observed. fl annosum

was scattered throughout the larger P. weirii center as stump

and live tree infections. H. annosum fruiting bodies and/or

typical wood decay were observed in older cut stumps across

the disease center. Weak mycelial fans of what appeared to be

a saprophytic Armillaria sp., likely A. bulbosa, were present

in bark callouses and fissures on a few of the dead trees and

excavated roots. Ten of the root samples had sparse to many

rhizomorphs either on the root surface or in close association

to the root in the soil, while 20 root samples showed light to

heavy ectotrophic mycelium.

Twelve sample trees, 9 grand fir and 3 Douglas-fir, had

confirmed P. weirij infections (Table 2). P. weirii was

isolated directly from the root samples of 7 trees, while

subsequent observations of the split root samples revealed

that 4 more roots had P. weirii mycelium and setal hyphae

growing from a portion of the root where isolations had not

been made originally. In general, most of the . weirii-

infected roots seemed to have more advanced decay towards the

exterior of the root, with sounder wood in the central

portion.

Only one root, PW.5, had sets of wood chips which

produced multiple fungal species. Of the eight three-chip sets

taken from this root, four produced only P. weirli, while two

produced both . weirii and a slow growing, dark green,

unknown fungus from separate wood chips. An examination of
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this root a year after dissection revealed that surface
mycelia of the two species were keeping a physical separation
by means of a walling-off reaction between the areas on the
root each was apparently occupying. No wood chip isolations
which previously produced p. weirii mycelium were subsequently

observed to grow any other fungi over a period of 2-3 months.

f. annosum was isolated from two grand fir. Two well
decayed roots were collected from tree PW.11, with fl. annosum

occupying an interior portion of one root sample within an
area of maroon colored stain and white pocket rot. The second
root sample from this tree showed an area of Armillaria decay
separated from the H. annosum decay by black zone lines.
Isolations from the Armillaria decay was unsuccessful. Due to

the advanced stage of decay in this root, it may be that the
Arinillaria species was saprophytic, taking advantage of the
already well decayed portion of the root. The ii. annosum

isolates from this tree were lost to contamination before
intersterility groups could be determined by isozyme analysis.
The second tree, PW.6, had sound roots, with fl. annosuin

occupying most of the root interior, as evidenced by the
extent of the light-brown stained core of the root from which
the fungus was isolated. On the outermost margin of the root
was a narrow strip of non-stained, apparently sound wood from

which no H. annosuni was isolated. Isozyine analysis of this fj.
annosuin isolate showed that it belonged in the S-type

intersterility group. No other fungi were observed to grow
from the wood chips that produced H. annosum in either tree.



Table 2. Summary of Site #1 isolation results.
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Sample tree species Grand fir Douglas-fir

Root samples 21 8

. weirii 7 1

(isolated)

. weirii 2 2

(observed)

. annosum 1 0

(isolated)

II. annosuin & Armillaria 1 0

(isolated or observed)

Arniillaria spp. 0 1

(observed)

No decay fungi isolated 12 7



Site #2

Field Site #2 is an extensive root disease center

covering approximately 25 hectares, with . ostoyae as the

dominant pathogen. It is located on Boise Cascade Corp. land

north of Wallowa, OR. The legal description is the SW 1/4 of

the SE 1/4 of Sec 2 and the NW 1/4 of the NE 1/4 of Sec 11,

R41E, T3N. Elevation ranged from 1109-1158 meters. Aspect is

east to northeast, with slope ranging from 15-30%. This stand

is in the grand fir plant association series (Johnson and

Clausnitzer, 1992).

The area has undergone several cuttings over the last 30-

38 years (Johanningmeier, C., Boise Cascade Corp., personal

communication). The south half of the area was logged "hard"

by a previous owner before 1966, while the north half was

logged "lightly" at the same time. The exact harvest date is

unknown, but was probably between 1955-60. The north half was

logged "hard" by Boise Cascade between 1966 and 1973. The

entire area was clearcut in 1976 due to mortality from a

tussock moth epidemic in 1972-73. There was abundant advance

regeneration at this time, and the trees were 3 meters or more

in height when preconnuercially thinned in 1981. The estimated

species composition of the stand in 1981 was 40% grand fir,

25% Engelmann spruce (Picea engelinannii Parry ex Engel.), 20%

western larch (Larix occidentalis Nutt.), and 15% Douglas-fir.

Boise Cascade foresters stated they became aware of the root
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disease problems in this stand several years after

precommercial thinning had been done.

A total of 17 grand fir, 6 Douglas-fir, and two Engelmann

spruce were chosen as sample trees. All sample trees were root

disease symptomatic or in close proximity to known root

disease infected trees or stumps. Table 3 summarizes the Site

#2 tree and root sample data.



Table 3. Summary of Site #2 sample tree and root data.

1 - Codominant tree crown class.
2 - Intermediate tree crown class.
3 - Two trees had two roots collected.
4 - One tree had two roots collected.
5 - Depth of sample midpoint from soil surface.
6 - Horizontal distance of root sample midpoint from

tree face.
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Sample tree species Grand fir Doug-fir E.spruce

Number sampled 17 6 2

Crown class CD' = 16 CD = 6 CD = 2

INT2 = 1 INT = 0 INT = 0

Mean DBH (cm) CD= 11.0 CD= 13.2 CD= 13.0

INT= 0.3 INT= 0.0 INT= 0.0

Mean age (yrs) 16 18 --

Total # root samples ig 74 34

Mean root diam. (cm) 5.6 6.5 6.1

Mean root depth5 (m) .16 .22 .09

Mean root dist.6 (m) .20 .30 .55
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The disease center apparently has A. ostoyae as the

dominant pathogen. Heavy mycelial fans of Armillaria were

observed on 14 of 25 sample trees: seven grand fir, five

Douglas-fir, and both Engelmann spruce; but A. ostoyae was

successfully isolated from only four of the infected sample

roots. Six trees, five grand fir and one Douglas-fir, produced

isolates of H. annosum. Two of these, both grand fir, had both

A. ostoyae and fl. annosum isolated from the same root sample.

The root from Douglas-fir had j. annosum isolated and

Armillaria fans observed on, but not isolated from, one

extreme end of the root. Isolation data are summarized in

Table 4.

The four Arinhllaria isolates were identified as belonging

to one clone of A. ostoyae by use of McDonald's et al.

(unpublished) methods for using mycelial interactions between

unidentified diploid field isolates and identified diploid

testors, as the plate pairing results showed complete fusion

between all Armillaria isolates collected from Site #2. The

determination that the species present was A. ostoyae was

based on the formation of gaps without black lines between the

isolates from Site #2 and the A. ostoyae testor isolates used

in the identification pairings. Although extensive isolations

from the outside margins of this disease center were not

collected and tested for clonal relationships, this work shows

that the portion of the center where collections took place is

one clone of . ostoyae. It is possible that the entire
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disease center is one clone of A. ostoyae (Shaw and Roth,

1976).

The six H. annosum isolates were confirmed as belonging

to the S-type intersterility group using isozyme analysis.

These isolates were also paired together on 2% malt agar (20

g malt extract, 15 g Difco agar, 1000 ml distilled 1120) to

test for vegetative compatibility groups (Stenlid, 1985).

Reaction lines ranging from weak to strong developed between

all combinations of isolates, showing that although several of

these isolates may have been related, all originated from

separate individuals of II. annosum. Therefore, no vegetative

clones of H. annosum were identified within the apparently

nionoclonal . ostoyae infection center.

On the three roots with both A. ostovae and j. annosum,

the A. ostoyae existed as mycelial fans between the root wood

and root bark, and/or with a narrow strip (<.5cm) of

Armillaria-like decay on the outermost root margin. The II.

annosunt came from the interior portion of the root, often from

an area defined by a light brown to pinkish core of stained

wood constituting a majority of the split root surface area.

No areas of interaction or direct contact were observed

between the A. ostoyae and H. annosum. It appeared that they

each occupied separate and distinct portions of the root

samples.



Table 4. Summary of Site #2 isolation results.
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Sample tree species Grand

fir

Douglas

fir

Engel.

spruce

Root samples 19 7 3

. ostoyae 0 2 0

(isolated)

. ostoyae 6 2 3

(observed)

H. annosum 3 0 0

(isolated)

H. annosum & 2 1 0

. ostoyae

(isolated)

No decay fungi

isolated

14 4 3



Site #3

Field Site #3 is in an area of mature timber with several

small H. annosum infection centers. It is located on Boise

Cascade Corp. land north of Wallowa, OR, with a legal

description of the Sw 1/4 of the NE 1/4 of Sec 8, R41E, T3N.

The area in which roots were collected is approximately 8.1

hectares, although the area actually affected by root disease

is probably less than 0.2 hectares. Elevation ranged between

1207-1244 meters, with a west aspect and a slope of 20-50%.

The stand age is approximately 90 years based on the average

age of nine of the sample trees. The estimated species makeup

of the stand in 1987 was 70% grand fir, 15% Douglas-fir, and

5% western larch (Johanningnieier, C., Boise Cascade Corp.,

personal communication). This area falls within the grand fir

plant association series (Johnson and Clausnitzer, 1992).

The management history of the site is similar to Sites #1

and #2. The area was selectively cut during 1955-60 by a

company which owned the land before Boise Cascade

(Johanningmeier, C., Boise Cascade Corp., personal

communication). It was "very lightly" cut by Boise Cascade in

1968, and has been unentered since then.

A total of 15 grand fir, 4 Douglas-fir, and 4 Engelmann

spruce were chosen as sample trees. In this area, most of the

trees could best be described as mature and nonvigorous, with

only a few displaying characteristic disease symptoms. Sample

trees were chosen adjacent to 1) a small j. annosum infection

36
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center; 2) a small pocket of Arinillaria mortality;
3) individual, older, cut stumps which had . annosum conks

found in them; and 4) the scattered mortality of larger trees
which occurred throughout the stand. The intention of this
sampling scheme was to locate roots that were currently being

infected by j. annosuin and or A. ostoyae. Table 5 suitmiarizes

the Site #3 tree and root sample data.



Table 5. Summary of Site #3 sample tree and root data.

1 - Codominant tree crown class.
2 - Intermediate tree crown class.
3 - Suppressed tree crown class.
4 - One tree had two roots collected.
5 - Depth of sample midpoint from soil surface.
6 - Horizontal distance of root sample midpoint from

tree face.
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Sample tree species Grand fir Doug-fir E.spruce

Number sampled 15 4 4

Crown class CD'= 13 CD= 4 CD= 4

INT2= 2 INT= 0 INT= 0

supr'3= 1 surr'= 0 SUPP 0

Mean DBH (cm) CD= 35.6 CD= 52.3 CD= 23.1

INT= 19.6 INT= 0 INT= 0

SUPP= .03 SUPP 0 SUPP= 0

Mean age (years) 90 -- 94

Total # root samples l6 4 4

Mean root diam. (cm) 5.6 8.1 6.5

Mean root depth5 (iu) .27 .24 .19

Mean root dist.6 (m) .51 .60 .49
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This area had both H. annosuni and a pathogenic Armullaria

species acting in it (Table 6). One grand fir had II. annosum

isolated from it, later identified as the S-type

intersterility group through isozyme analysis. Several trees

had evidence of old Armillarja sp. infections on the roots

and/or around the root collar. No isolates were obtained from

these trees. There was a small area of older and current

mortality where a pathogenic Armillaria sp. seemed to be

acting alone. There was no area in Site #3 where two pathogens

were found acting together. Evidence of ectotrophic myceliuin,

rhizomorphs, cross sectional root stains, and old Armullaria

sp. fans were found on the root samples from across this

sampling area, but no other fungi were recovered.



Table 6. Summary of Site #3 isolation results.
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Sample tree species Grand

fir

Douglas

fir

Engel.

spruce

Root samples 16 4 4

H. annosuin 1 0 0

(isolated)

Armillaria spp. 4 1 0

(observed)

No decay fungi

isolated

15 4 4



FIELD STUDY DISCUSSION

Introduction

The purpose of the field study was to investigate the

possible existence of root pathogen associations and complexes

within the living roots of disease symptomatic conifers. In

review, the definitions of root pathogen associations and

complexes in this thesis are as follows:

Root pathogen association - A relationship between or among

two or more pathogens that occurs on a regular basis. An

association can be described at the infection center and/or

tree root level. The hyphae of the different fungal species

comprising the association do not grow in contact at the

hyphal level, but are often observed growing in proximity On

the same root, stump, or in the same infection center.

Root pathogen complex - An intimate relationship between two

or more fungal species. These fungi grow intermixed at the

hyphal level, without a physical separation of the mycelia.

Theoretically, they can be isolated and grown from the same

wood chip.

Site #1

In light of the above definitions, the conclusion from

the field study is that, on this particular site, root disease

associations were observed in predictable situations according

to pathogen infection biology. However, no root pathogen
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complex as described by Miller and Partidge (1973), and Chacko

and Partridge (1976), was observed via our method of fungal

isolation.

On Site #1, P. weirii was the dominant pathogen, and was

isolated as an individual fungus, not with . nigroliinitatus

or . tomentosus, as reported by Miller and Partridge (1973),

and Chacko and Partridge (1976). It appeared the pathogen was

causing severe damage in a stand comprised mainly of true fir

and Douglas-fir, hosts with high susceptibility to . weirii

(Hadfield, et al., 1986). Observations of the roots collected

from this site showed that the decay caused by . weirii

tended to be more advanced in the outer portion of the root,

which is typical behavior for P. weirii, a fungus that spreads

ectotrophically, subsequently penetrates the root bark, and

infects the outer root wood first (Wallis and Reynolds, 1965).

The existence of the S-type intersterility group of if.

annosum on this site was not surprising. This site has a

history of selective harvest dating back approximately 50

years (Johanningmeier, C., Boise Cascade Corp., personal

communication), and although grand fir was probably less of a

stand component originally, at least some stumps of grand fir

would likely have been created over that time. These grand fir

stumps would have provided a suitable entry point for U.

annosum infections (Otrosina and Cobb, 1989), as has been

shown in pine species (Bega, 1963). Basal wounding has likely

occurred due to harvesting operations, which would have

offered another infection court for U. annosum basidiospores.



43

Due to the nature of the root sampling scheme, the extent

of H. annosum infection centers was not determined. They are

likely limited to one to several trees in small pockets,

originating from stump or wound infection in individual trees.

The origin of H. annosum on this site is unknown. It may have

been present prior to harvest, or introduced only when

suitable hosts with infection courts became available.

There was no evidence to indicate that the pathogens

observed on this site, P. weirii, the S-type intersterility

group of H. annosum, and an Armillaria sp., were growing

together in root pathogen complexes with other fungi or each

other. They do, however, meet the definition of a root

pathogen association as given in this thesis. That is,

multiple fungal pathogens existing on the same site in

proximity to one another. The reason for this is simple; on a

site already occupied by P. weirli, suitable infection courts

were created on hosts susceptible to the S-type intersterility

group of H. annosum as a result of harvesting activities, and

subsequently became infected via basidiospores. The Arniillaria

sp. observed on this site appeared to be acting as a

saprophyte, not as a pathogen.

Site #2

This infection center, with A. ostoyae as the dominant

pathogen, did not reveal any root pathogen complexes as

previously defined. It did, however, show an interesting and
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sometimes close association between A. ostoyae and the S-type

intersterility group of jj. annosum.

There was a mix of conifer species on this site,

comprised mainly of thinned, advance regeneration from the

previous stand, which had been clearcut in 1976. Three of the

species -- grand fir, Engelmann spruce, and Douglas-fir -- are

listed as susceptible to severe damage from . ostovae

(Hadfield, et al., 1986), while the fourth, western larch, is

listed as seldom damaged. There were also interplanted

ponderosa pine on this site, which is moderately damaged by .

ostoyae. Of these species, only grand fir is severely damaged

by the S-type intersterility group of ii. annosum, while the

others are seldom damaged. Ponderosa pine is moderately

damaged by the P-type intersterility group of i. annosuni, but

the P-type was not collected during this work. Observation of

the mortality occurring on this site supported this hierarchy

of susceptibility to these pathogens.

As discussed previously, the A. ostoyae isolates belonged

to one clone, and it is very possible that this large

infection center is a single, long-lived clone. On the other

hand, the six H. annosum isolates were shown via a plate

pairing vegetative compatibility test (Stenhid, 1985) to be

separate individuals, and therefore originating from

individual basidiospore infections. It was not determined if

the H. annosum infections involved single trees or clusters of

trees, because the sampling scheme for collecting roots was
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not intensive enough to allow determination of J:i. annosum

infection center size.

Most of the large stumps from the previously clearcut

stand were grand fir and Douglas-fir. Prior research (Filip,

1979) has shown mortality from Armillaria sp., ff. annosum, and

. weirii in young plantations to be associated with stumps

infected by these pathogens. If, as is speculated, A. ostoyae

rapidly colonizes stumps after harvest from existing lesions

on roots (Shaw and Kile, 1991), a tremendous inoculum base of

A. ostoyae colonized stumps may have been produced on this

site after clearcutting. The infection center was already

extensive in area, and the inoculum base likely already

increasing on trees stressed or killed by the Douglas-fir

tussock moth defoliation 3 years prior to harvest. As for the

fl. annosum, it was also probably present on the site at the

time of final harvest, as some of the grand fir stumps were

observed to have been hollow, and contained old annosum

fruiting bodies. Therefore, a ready source of fl. annosum

basidiospores was available for colonizing cut surfaces of

grand fir stumps on the site. Neither the presence of a large

A. ostoyae inoculuiu base, nor the H. annosum infected grand

fir stumps, is out of the ordinary considering the biology of

the pathogens and the history of this site.

The results of the isolations from excavated roots back

up these observations (Table 4). Both A. ostoyae and the S-

type intersterility group of H. annosum were isolated from

roots, with Armillaria sp. isolated or observed most often.
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Two roots from grand fir and one from Douglas-fir had the S-

type intersterility group of jj. annosum isolated from them,

and . ostoyae either isolated or observed on the same root.

This may be just a chance occurrence, where one or more roots

on the same sapling became infected by both pathogens.

Considering the extent of the fl. annosuin stain within these

roots, a possible scenario is that j. annosum infected these

trees first, became well established, and then was followed by

A. ostoyae. On this site, however, there is no evidence to

conclude that II. annosum was required to weaken the trees

before they could become infected by A. ostoyae. Both are

acting as primary agents of disease and mortality in this

stand, and the spatial distribution of fungal inoculum

determined the pathogen or pathogens which infected the trees.

Site #3

This site had neither root pathogen complexes nor

associations observed within it. As opposed to Sites 1 and 2,

it was being affected by two different pathogens, but within

small, discrete areas. There were individual centers of the S-

type intersterility group of H. annosum; and a pathogenic

Armillaria sp., possibly A. ostoyae, acting within this area.



CHAPTER III - LABORATORY EXPERIMENTS

INTRODUCTION

Pairwise interactions of five pathogenic, wood decay

Basidiomycetes were studied using three different experimental

techniques. Each technique represented a different level of

resolution for studying fungal interactions, as well as

varying degrees of artificiality compared to fungal

interactions observed in the field study (See Chapter II).

The three techniques used for studying pairwise

interactions of these fungi are described in the following

sections of this chapter:

Part I) Fungal pairings on membranes for observation of

interspecific hyphal interactions via microscopy.

Part II) Fungal pairings on two types of artificial media for

observation of macroscopic colony interactions.

Part III) Fungal pairings within two species of wood blocks to

test for synergistic decay, and for observation of the fungal

interactions within a woody habitat.
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The five fungal species used in the experiments described

in this chapter were collected from various geographic

locations and hosts across northeastern Oregon, central Idaho,

and western Montana. Four of the fungi, A. ostoyae, P. weirii,

and the spruce (S) and pine (P) type intersterility groups of

ii. annosuni, were used because they are significant forest

pathogens in the Pacific Northwest. . subacida was chosen

because it was used previously in a similar fungal interaction

study (Dubreuil, 1981), and has been noted as a common

associate of other root pathogen fungi (Lockman, 1993). The

geographic origin and host for each of the five fungi were as

follows:

Isolate Geoqraphic location Host

A. ostoyae northeast Oregon Douglas-fir

ij. annosum S-type northeast Oregon grand fir

. annosum P-type western Montana ponderosa pine

P. subacida central Idaho grand fir

P. weirii northeast Oregon grand fir

Armullaria root disease is caused by the fungus .

ostoyae (family Tricholomataceae). The fungus survives

saprophytically in woody substrates within soil, and is

capable of surviving up to 50 years in large stumps (Roth et

al., 1980). Intertree spread occurs mainly by root contacts,

and to a lesser extent via rhizomorphs. Spread by

basidiospores is infrequent, making Armillaria primarily a

disease of the site. Large infection centers may grow and

survive for hundreds of years (Shaw and Roth, 1976). Inoculum
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increases on harvested sites where Arinillaria is already

established, due to the availability of stumps and roots for

colonization by the fungus.

ff. annosum (family Polyporaceae), is a fungus which

causes a root disease in a range of coniferous species. It has

two intersterility groups in western North America, known as

the spruce and pine types, that show differences in host

range. Root contact is important for localized intertree

transmission, but unlike A. ostoyae and . weirii, fl. annosun

is very efficient at basidiospore spread and infection. Cut

stump surfaces and basal wounds are readily colonized

infection courts for H. annosum basidiospores, making

increases in disease incidence and severity a concern in

managed forests.

P. subacida (family Polyporaceae) is a weak pathogen on

suppressed or weakened trees (Hadfield, et al., 1986), and is

rarely seen on vigorous trees. Infection is thought to be

caused by root contacts, with spores playing an unknown role.

Stressed roots appear to be the most susceptible to infection

by this fungus.

. weirii (family Hyxnenochaetaceae) is the most damaging

root pathogen in the Pacific Northwest (Hadfield, et al,

1986). All conifers are susceptible to infection by this

fungus, although they show a range of susceptibility. Spread

occurs via ectotrophic mycelial growth across root contacts

with infected material. Basidiospore infections are considered

a rare event. P. weirii causes a "disease of the site", as
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inoculum can remain viable for at least 50 years, and can

transmit the disease to the roots of trees that are planted or

regenerate naturally on previously infected sites.



PART I: PUNGAL INTERACTIONS ON MEMBRANES

Introduction

The purpose of this experiment was to observe

interspecific hyphal interactions between paired fungi. Of the

three experiments described in this chapter, this was

considered to have the highest resolution for studying fungal

interactions. It allowed microscopic observation of

interspecific hyphal contact, and thus the potential for

observing the initial mode of action by which mycelial

separation occurs between species of wood decay fungi. This

was an observational experiment, and was intended to provide

descriptions of the types of reactions which occurred after

interspecific hyphal contact.

Three of the interspecific hyphal interactions that may

occur include: (Rayner and Boddy, 1988)

Hyphal contact and anastomosis.

Hyphal interference, or non-fusion contact followed by cell

death.

Parasitism of one species by another.
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Methods

The pairwise combinations of fungi listed in Table 7 were

grown on membranes overlaid on agar, and subsequently

transferred to culture slides for microscopic study of

interspecific hyphal interactions. The fungi were inoculated

onto disks of sterilized cellophane that had been placed onto

2% malt agar in 100x15 mm Petri dishes. The 8 cm disks were

cut from sheets of 1.5 ml, Biorad cellophane, placed in a 1000

ml beaker of distilled H20, brought to a boil on a heating

plate while using a stir bar, and then drained. The boiling

process was repeated three times, after which the disks were

rinsed individually, folded into quarters, and placed between

two moistened filter papers in a Pyrex Petri dish. The dishes

were wrapped in foil, autoclaved at 121° for 19 minutes, and

allowed to cool. The cellophane disks were unfolded onto the

2% malt agar plates using sterile technique in a laminar flow

hood.

Inoculations were differentially timed for slow growing

vs. fast growing fungi. The slow growing fungi were allowed to

grow out into a 2-4 cm diameter colony before the fast growing

fungi were inoculated onto the cellophane. Inoculum consisted

of 6 mm diameter plugs cut from the leading edge of actively

growing, pure cultures grown on 2% malt agar. The procedure

was to place two inverted inoculum plugs from each of the

isolates onto the cellophane, with plugs of the same species

being placed opposite each other near the edge of the
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cellophane disk. Opposing isolates were placed 900 around the

edge of the plate from the first isolate. In this way, four

points of contact occurred between opposing fungi.

As mycelial fronts of opposing species were just making

contact, or about to do so, a square of cellophane which

included the zone of interspecific contact was cut out and

lifted from the plate using a flame sterilized razor and

forceps. This portion of cellophane was then placed onto the

culture slide setup described below.

A two-depression, 75x25x3 mm culture slide was placed on

3 mm diameter glass rods in Pyrex Petri dishes, autoclaved,

and let cool under a laminar flow hood. Two percent Noble agar

(20 g malt extract, 15 g Noble Difco agar, 1000 ml distilled

H20) was prepared, and sterile pipettes were used to fill both

depressions of the culture slide. Sterile distilled water was

added to the Petri dishes to delay drying of the agar.

The squares of cellophane bearing the fungal reaction

zones were placed on the agar-filled culture slides after the

agar had cooled. One side of the cellophane was allowed to

contact the agar, and was then slowly lowered across the agar

to attain complete contact. A sterilized, 25 mm square cover

slip was placed over the cellophane and tapped down lightly.

The Petri dishes containing the slides were kept in a

dark cabinet at approximately 25° C., and observed every 1-2

days using a compound microscope at both 125x and 500x

magnification, using phase contrast optics. Hyphae from the

paired fungi were observed over time as they contacted each
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other. Notes and micrographs were made on the nature of any

pairwise hyphal interactions.

Results

Conclusive results were difficult to obtain from this

experiment. There was only a short period of time between

initial hyphal contact and mass mingling of hyphae on the

membrane, after which it became impossible to trace individual

hypha of either species and observe subsequent interactions.

Therefore, it should be noted that these results reveal what

occurred between individual hypha or hyphae, within this

particular experimental setup, and over a period of

approximately one week.

The most common interspecific hyphal interaction was

direct physical contact, without any apparent subsequent

reaction between the hyphae. This occurred when the hyphal tip

of one species contacted a hypha or hyphae of the opposing

species and grew along it, as was observed in the . ostoyae

vs. . weirii pairing (Figure 1); the . weirii vs. I. annosum

S-type pairing (Figure 2); and the . ostoyae vs. fl annosum

S-type (Figure 3). At other times, opposing hyphae contacted

each other more or less perpendicularly, grew under or over

the other, and then continued on in their original direction.

No examples of interspecific hyphal anastomosis or

parasitism were observed. Hyphal interference, in the form of

vacuolated hyphal tip cells, may have occurred in the .
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weirii vs. . subacida pairing. Vacuolated hyphae were often

observed scattered randomly within both isolates. This may

have been a result of physical injury from the transfer

process from plate to slide, the application of the cover

slip, or natural mortality.

Several times, a zone of reaction was observed between

two opposing isolates that appeared directly associated with

contact of mycelial fronts. The ,. ostoyae vs. j. annosum P-

type pairing formed a distinct band of vacuolated hyphae

(Figure 4) just at the point of contact with the advancing A.

ostoyae mycelial front. This reaction was not seen as

distinctly in subsequent repetitions of this pairing, nor in

any other interspecific pairing.

Several other pairings may have had more vacuolated

hyphae in their zones of contact than outside of them, but

this was difficult to quantify. Examples included the .

ostoyae vs. fl. annosum S-type pairing, the A. ostoyae vs. .

subacida pairing, the A. ostoyae vs. P. weirii pairing, and

the P. subacida vs. P. weirii pairing. The best way to

quantify this phenomenon was to compare within each colony and

estimate if as many hyphae were vacuolated within the zone of

contact as there were behind it.

Results from all pairwise combinations of the five fungi

used in this experiment are summarized in Table 7. All

pairings exhibited direct interspecific hyphal contact, with

varying degrees of subsequent hyphal vacuolation.
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Figure 1. Contact between growing hyphae of . ostoyae (Ao)
and P. weirii (Pw).

Figure 2. Contact between growing hyphae of . weirii (Pw) and
H. annosuin S-type (Ha).
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Figure 3. H. annosum S-type (Ha) hypha growing within .

ostoyae (Ao) mycelium.

Figure 4. Vacuolated hyphae along zone of contact between .

ostoyae (Ao) and H. annosuin P-type (Ha) inycelia.



Table 7. Hyphal reactions on membranes placed on agar.
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Funga]. Pairing Observed Hyphal Reaction

A. ostoyae / H. annosum Direct contact, probable
vacuolation reaction.(S-type)

A. ostoyae / H. annosum Direct contact, definite
vacuolation reaction.(P-type)

A. ostoyae / . subacida Direct contact, possible
vacuolation reaction.

A. ostoyae / P. weirii Direct contact, possible
inhibition / vacuolation.

P. subacida / H. annosum Direct contact, no
further reaction observed(S-type)

. subacida / H. annosum Direct contact, no
further reaction observed(P-type)

. subacida / P. weirii Direct contact, possible
vacuolation of Ps tips

P. weirii / H. annosum Direct contact, no
further reaction observed(S-type)

. weirii / fl annosum Direct contact, no
further reaction observed(P-type)

ff. annosum / H. annosuin Direct contact, no
further reaction observed(S-type) (P-type)

A. ostoyae / A. ostoyae Direct hyphal contact

annosum / H. annosum Direct hyphal contact
(S-type) (S-type)

annosum / fl. annosum Direct hyphal contact
(P-type) (P-type)

. subacida / . subacida Direct hyphal contact

. weirii / . weirii Direct hyphal contact
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The following are descriptions of how fungal interactions

occurred on membranes, as viewed via microscopy.

. ostovae (Ao) vs. . annosum S-type (Ha(s)):

Direct interspecific contact occurred between hyphae, as

the Ha(s) hyphae were observed growing up to and into the

dense Ao mycelium front, then continuing on for some distance

with no apparent effects on either hyphae (Figure 3).

Subsequently, a vacuolated hyphal reaction occurred where the

niycelial fronts of these fungi met, but it was not as well

defined as in the Ao vs. Ha(p) pairing (See below). It

appeared there were more vacuolated hyphae in this broad zone

of contact than within the pure Ao or Ha(s) mycelia to either

side of it.

. ostoyae (Ao) vs. fj. annosum P-type (Ha(p)):

Direct interspecific contact of the fungi occurred for

several days, with no discernible reaction. Hyphae of Ha(p)

were observed growing up to and within the Ao mycelium, and

showing no immediate vacuolation reaction. However, a definite

zone of vacuolated hyphae had formed in about one week along

a line where the mycelial bodies met (Figure 4). The Ha(p)

hyphae appeared to be the predominant vacuolated hyphae in the

contact zone, although vacuolation occurred in a lesser number

of Ao hyphae. No mechanism that may have elicited this

vacuolation response, other than prolonged hyphal contact, was

observed before vacuolation occurred. Continued observations
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of this pairing revealed no subsequent changes in the zone of

vacuolated hyphae between species.

A. ostoyae (Ao) vs. . subacida (PS):

Direct interspecific contact was observed, as hyphae came

into contact and grew side by side. After one week, the

mycelial fronts were completely intermingled. Within the Ps

colony, away from the zone of contact, the hyphae appeared

normal. However, in the broad contact zone adjacent to the Ao,

there appeared to be a vaguely defined band of vacuolated

hyphae. No further hyphal reactions were observed after this

point in time.

A. ostoyae (Ao) vs. . weirii (Pw):

Direct interspecific hyphal contact occurred in this

pairing (Figure 1). As the colonies grew together, there

appeared to be a lower concentration of hyphae where the

mycelial fronts met. Also, this area appeared to contain more

vacuolated hyphae of both species than either colony had away

from the zone of contact.

P. subacida (Ps) vs. j. annosum (Ha(s)):

Direct interspecific hyphal contact occurred in this

pairing. Side by side hyphal growth was observed with no

further hyphal reactions observed.
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. subacida (Ps) vs. ij. annosuin P-type (Ha(p)):

Ha(p) hyphae were observed growing into the densely

packed front of the Ps mycelium. It was difficult to track

individual hypha very far in this situation, but direct

interspecific contact was observed, with no other discernible

reactions taking place.

P. subacida (Ps) vs. P. weirii (Pw):

Direct interspecific hyphal contact was observed in this

pairing. In two cases, the hyphal tips of Ps hypha were

observed to have vacuolated shortly after contacting a Pw

hypha. Only the tip cell vacuolated, while the second cell

back was still alive. This reaction was not observed in all

such cases of contact, however.

P. weirii (Pw) vs. H. annosuin S-type (Ha(s)):

Direct interspecific hyphal contact was observed, as

hyphal tips of each species grew directly against opposing

hypha. No anastomosis or hyphal interference were seen

occurring in this situation; the hyphae simply grew past one

another after the initial contact.

. weirii (Pw) vs. jj. annosuni P-type (Ha(p)):

Direct interspecific hyphal contact was observed in this

pairing. No subsequent reactions were seen occurring within

either species.
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H. annosum S-type (Ha(s) vs. H. annosum P-type (Ha(p)):

Direct contact was observed between hyphae of these fl.
annosuin intersterility groups. Neither anastomosis nor any
other interaction occurred between these fungi.

The following intraspecific self-pairings between the
five fungi of interest exhibited direct hyphal contact.
Anastomosis between opposing mycelia was assumed to have
subsequently taken place, since these fungi represented two
colonies of the same individual, and hyphal fusion would have
resulted in self-recognition.

A. ostoyae vs. A. ostoyae:

jj. annosuin S-type vs. j. annosuin S-type:

II. annosum P-type vs. ij. annosum P-type:

P. subacida vs. P. subacida:

P. weirii vs. P. weiril:



Discussion of results

Direct interspecific contact of living hyphae was

observed in all pairwise combinations of the five fungi used

in this experiment. A vacuolation response along the zone of

contact was observed to occur to varying degrees in 5 of 10 of

the interspecific pairings (Table 7). Neither anastoinosis nor

parasitism was observed eliciting this vacuolation response,

nor were they observed occurring apart from the vacuolation

response.

Interspecific recognition between fungi may occur as a

resutt of adsorption of exocellular enzymes produced by an

opposing species. Adsorption of these enzymes could possibly

take place prior to hyphal contact, as the enzymes diffuse

ahead of the hypal tip, or after hyphal contact is

established. A variety of these enzymes are secreted by fungi,

and the particular set of enzymes any one fungus produces

depends on the ecological niche in which it evolved, as well

its immediate environmental conditions, which may induce or

suppress manufacture of these enzymes (Griffin, 1994).

Specific enzymes might exist whose sole function is to

act as chemical messengers to opposing fungal thalli, thereby

initiating the resource partioning process between species

which come into contact within a natural substrate. Or,

opposing fungi may recognize non-self exocellular digestion

enzymes, thereby receiving the chemical message that other

thalli are occupying nearby substrate.
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If such is the case, this experiment showed that

interspecific recognition between individual hypha, at least

in the form of visually discernible reactions, is not an event

that occurs prior to, or immediately after, hyphal contact, at

least within this experimental setup. It also shows the

absence of a diffusable chemical message ahead of growing

hyphal tips which acts to prevent interspecific contact. For

those pairings where a definite vacuolation response took

place, as in the A. ostoyae vs. H. annosuin P-type, it appears

extended contact over a period of days is required before the

chemical message being transmitted builds up to a level where

vacuolation takes place among the hyphae along the zone of

contact between the species.

This lag time may be an adaptation for maximizing primary

resource capture. As long as the chemical message does not

build up beyond a certain level, the hyphae of the affected

fungi do not vacuolate, and can proceed to utilize new

portions of the uninhabited or sparsely colonized substrate.

However, at a certain point, the chemical message builds up or

persists long enough that the mycelium "recognizes" it is

growing up against on opposing species, and then begins the

process whereby resource partitioning, and thus long term

survival, can be initiated.



PART II: PUNGAL INTERACTIONS ON ARTIFICIAL MEDIA

Introduction

All combinations of the fungi used in the culture slide

and wood block decay experiments (See Parts I and III of

Chapter III) were paired together on two types of artificial

media. The purpose of this experiment was to observe and

classify the macroscopic interactions between each pairwise

combination of fungi. This experiment was considered an

intermediate step in resolution between the hyphal interaction

experiment of Part I, and the wood block decay experiment of

Part III. It was performed in artificial media as was Part I,

but allowed observation of the gross morphology of reaction

zones occurring between fungi as in Part III. This was an

observational experiment intended to provide descriptions of

the interspecific reactions after mycelial contact.

Methods

The pairwise combinations of fungi listed in Table 8 were

established on two types of artificial media. The two media

used were 2% malt agar (20 g malt extract, 15 g Difco agar,

1000 ml distilled 1120), and enhanced malt agar (30 g malt

extract, 15 g Difco agar, 10 g peptone, 30 g sucrose, 1000 ml

distilled 1120) on lOOxl5 ml Petri plates. Three repetitions of

each fungal pairing were done on each type of medium.

Morphology of the reactions was recorded for each of these
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pairings. The pairings were repeated on the 2% malt agar, and

it was this set of plate pairings upon which the subsequent

narrative descriptions are based. Reactions were similar

within and between different runs of the pairings done on 2%

malt agar, and varied only in the intensity and rapidity with

which they occurred.

Plates were inoculated with inverted 6 mm diameter agar

plugs cut from the leading edge of actively growing, pure

cultures grown on 2% malt agar. Inoculations were timed either

simultaneously or differentially, depending on the relative

growth rates of the fungi in each pairing. In the case of slow

vs. fast growing species, inoculations were differentially

timed to allow the slower growing isolate to become

established. Inoculations were performed simultaneously for

fungal combinations with similar growth rates. For

simultaneous inoculations, inoculum plug spacing was 5 cm

apart on the plate surface for relatively fast growers, and

1.5 cm for slower growing fungi. Once both species were

inoculated onto the plates, the plates were sealed with

Parafiliu, and the cultures were grown in the dark for 35-40

days at approximately 25° C., at which time the pairings were

dissected and isolations were performed.

Hyphal fronts of each isolate were observed as outward

growth and contact with the opposing hyphal front occurred.

Notes were taken on morphology of hyphal fronts, hyphal

reactions as observed through a dissecting scope, and
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interaction zone formation. Observations were taken every 3-5

days using a transmitted illumination, zoom dissecting scope.

At the conclusion of the experiment, isolations were made

onto 2% malt agar from within and on either side of any

reaction zone which formed between the opposing isolates. This

was done to determine if each fungus species was still viable

and occupying its respective side of the plate, or its side of

any reaction zone that formed between the cultures.

Results

Tables 8 and 9 show the results from each pairing on the

two different types of media. Each reaction was classed into

one of seven reaction categories. These were:

Complete fusion of fungal colonies, defined as a complete

lack of any type of observable reaction between opposing

isolates. The opposing colonies grew together completely.

Formation of a weak zone of inhibition, defined as a narrow

band of clear, or less well colonized, agar between opposing

isolates that lasts only a short time, or is easily crossed

over by one or the other fungal species.

Formation of a strong zone of inhibition, defined as a band

of clear, or less well colonized, agar between opposing

isolates that lasted for the duration of the experiment. There

was no, or very little, crossover of this type of zone of

inhibition by either colony. If overgrowth occurred, it was
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only slight and did not result in substantial, continuing

overgrowth by this colony.

Abutting growth of opposing colonies, defined as contact

between opposing colonies, with no formation of a zone of

inhibition, no walling-off reaction, or no eventual

overgrowth. The colonies appeared to come together and then

stop forward growth.

Walling-of f reaction, defined as the formation by one or

both colonies of a wall of hyphae built up along the zone of

contact with the other.

Weak mycelial overgrowth, defined as overgrowth by one

colony onto or through the opposing colony. The weak type of

overgrowth lasted only a short period of time before slowing

or stopping. It did not result in complete overgrowth of the

opposing colony during the time period of this experiment.

strong mycelial overgrowth, defined as overgrowth by one

colony onto or through the opposing colony. This type of

overgrowth proceeded at a continual rate until overgrowth of

the opposing colony was complete. The overgrowth would often

continue to grow and thicken over the opposing colony.



Table 8. Plate pairing reactions on 2% malt agar.
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Fungal Pairing Reaction category

A. ostoyae / jj. annosum Strong zone of inhibition
(S-type)

A. ostoyae / . annosum Weak zone of inhibition
(P-type)

A. ostoyae / P. subacida Strong overgrowth by PS

A. ostoyae / . weirii Walling-off by Pw

P. subacida / H. annosum Strong overgrowth by PS
(S-type)

. subacida / . annosuin Strong overgrowth by PS
(P-type)

. subacida / . weirii Strong overgrowth by PS

P. weirii / H. annosum Weak overgrowth by Pw
(S-type)

. weirii / ff. annosum Weak overgrowth by Pw
(P-type)

II. annosum / . annosum Abutting growth
(S-type) (P-type)

A. ostoyae / A. ostoyae Fusion of colonies

H. annosum / H. annosuin Fusion of colonies
(S-type) (S-type)

H. annosum / H. annosum Fusion of colonies
(P-type) (P-type)

P. subacida / P. subacida Fusion of colonies

P. weirii / P. weirii Fusion of colonies



Table 9. Plate pairing reactions on enhanced nialt agar.
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Fungal Pairing Reaction category

. ostoyae / jj. annosum Strong zone of inhibition
(S-type)

. ostoyae / j. annosum Strong zone of inhibition
(P-type)

A. ostoyae / . subacida Abutting growth

A. ostoyae / . weirii Abutting growth

P. subacida / H. annosuni Walling-off by Ps
(S-type)

P. subacida / H. annosuni Strong overgrowth by Ps
(P-type)

. subacida / P. weirii strong overgrowth by Ps

. weirii / fl. annosum Strong zone of inhibition
(S-type)

. weirii / H. annosun Weak overgrowth by Ha(p)
(P-type)

II. annosuin / fl. annosum Abutting growth
(S-type) (P-type)
A. ostoyae / A. ostoyae Fusion of colonies

. annosuni / H. annosuin Fusion of colonies
(S-type) (S-type)
H. annosuni / H. annosum Fusion of colonies
(P-type) (P-type)
P. subacida / P. subacida Fusion of colonies

P. weirii / P. weirii Fusion of colonies
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The following are descriptions of how each fungal pairing

progressed on the 2% malt agar media. Note on Tables 7 and 8

that reactions were not consistent between the two different

types of growth media.

. ostoyae (Ao) vs. fl. annosum S-type (Ha(s)):

The Ao isolate was inoculated 18 days before the Ha(s)

isolate. Initial hyphal contact occurred in several days, and

hyphae of Ha(s) grew across and under individual Ao hypha. One

day following initial contact, a distinct zone of inhibition

(ZOl) had formed on the surface of the agar between the

isolates. It appeared as a 2-3 mm band of nearly clear agar

between the hyphal fronts, with little or no surface hyphae

occurring in this area. There appeared to be sparse hyphae

growing across the ZOl within the agar itself. The only Ha(s)

hyphae growing on the surface of the agar within the ZOl

appeared smaller in diameter than hyphae in other portions of

the colony, and also lacked aerial hyphae and the STinicIer

anamorph. The growing tips of many of the Ha(s) hyphae

actually seemed to curl back on themselves in sort of a

"shepard's crook" configuration in the ZOl, while not showing

this behavior on the margins of the colony outside the ZOl.

The ZOl remained intact over the next several weeks, and

was still apparent after 40 days. The Ha(s) side of the ZOl

exhibited neither massing of hyphae nor prolific Spinicier

ananiorph production anywhere on the colony. The Ao side showed
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no apparent special growth habit, simply a halt in forward

growth at the edge of the ZOl.

Isolations from both sides of, and within, the ZOl after

40 days of growth produced Ha(s) from within the ZOl, the

original Ha(s) side of the ZOl, and also the Ao side of the

ZOl. The Ao side appeared viable and apparently had no Ha(s)

growing over its surface, so this result was unexpected. It

may have been due to asexual Ha(s) spores causing

contamination of the Ao isolate, and then growing out faster

in culture than the Ao.

. ostoyae (Ao) vs. H. annosum P-type (Ha(p)):

The Ao isolate was allowed to grow for 18 days before the

Ha(p) isolate was added. Initial hyphal contact between

isolates occured within four days, with the faster growing,

sparsely spaced Ha(p) hyphae growing into the densely packed

hyphal front of Ao. No apparent reaction between the

respective hyphae was observed.

A very short-lived Zol formed between these two isolates

as they grew together. In contrast to the ZOl between Ao and

Ha(s), this reaction produced a narrower ZOl that was readily

crossed by Ha(p) surface hyphae. Approximately four days after

initial hyphal contact, the Zol was nonexistent. The Ha(p)

hyphae grew up and onto the front of the Ao mycelium, but

advanced only a short distance in four days and then slowed or

stopped completely.
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Ha(p) myceliuin built up slightly along the contact zone

between the isolates, and sporulation by the Spinicier anamorph

seemed more prolific and localized in this area than other

areas of the Ha(p) colony. As the Ha(p) mycelium grew around

the established Ao colony, the ZOl remained weakly intact in

a few places, without being completely overgrown by Ha(p).

Final isolations from this pairing showed Ha(p) coming

from its original side, as well as from within the weak ZOl.

Ao was isolated from its original side of the ZOl.

. ostoyae (Ao) vs. . subacida (PS):

The Ao isolate was inoculated 18 days before the Ps

isolate. Once the PS inoculum plug was placed on the plate,

the first PS hyphae reached the densely packed hyphal front of

the Ao after about five days. These hyphae seemed to grow into

and through the Ao front without any apparent hyphal reaction

by either species.

Within one day, a ZOl had formed on the surface of the

agar between the two isolates. The surface mycelium front of

the PS closely paralleled the surface mycelium front of the

Ao, with the ZOl between them. However, the submerged mycelium

of the Ps seemed to be unaffected, and grew straight onward to

merge with the subsurface Ao mycelium. The ZOl was transient

and lasted for only two days, then was quickly overgrown by

the PS mycelium.

The overgrowth of the Zol and the Ao colony by the Ps

colony occurred via what was termed oriented growth (Figure
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5). This growth was highly organized and uniform compared to

the diffuse growth habit of the Ps inycelium not facing into

the Ao mycelium. Upon contact with the Ao, the Ps hyphae

oriented parallel to each other and perpendicular to the ZOl,

exhibiting appressed growth. These oriented hyphae appeared to

thicken as they grew, as larger hyphae were observed at the

initial contact point compared to those where initial contact

was just occurring. The oriented growth of the Ps mycelium

continued as it grew over and through the Ao inycelium. The

front of the oriented Ps growth was uniform in growth rate,

the hyphae were densely packed, and the coloration was bright

white.
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Figure 5. Initiation of the oriented growth forn' of .

subacida (Ps) over the leading edge of the . ostoyae (Ao)
colony.
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Overgrowth of the Ao mycelium by the PS mycelium

continued until the Ao colony was completely covered after 40

days. The leading edge of the Ps overgrowth continued to grow

in an oriented, somewhat appressed form. The older Ps

overgrowth eventually grew into a more dense, cottony mycelial

mat.

Recovery of isolates after 40 days showed Ps coming from

its original side of the initial contact zone, as well as the

Ao side of the plate.

. ostoyae (Ao) vs. . weirii (Pw):

The Ao isolate was inoculated 18 days before the Pw

isolate. Six days after adding the Pw inoculum plug, the

hyphal fronts were just growing together. A ZOl formed between

the surface mycelia of the isolates, while the submerged

mycelium of Pw appeared to grow on unimpeded. Five days later,

the ZOl remained evident on all three plates. A walling-off

reaction had begun on one plate at this point.

The walling-off reaction began on the Pw side of the ZOl,

as a dark brown to black line within the agar. However, the

ZOl remained evident either as clear agar, or as an area where

appressed mycelium from one or the other isolate grew across.

There were obviously fewer hyphae in the ZOl than on either

side of it.

Besides the dark line within the agar, Pw mycelium began

to build up over and along the dark line within the agar. The

setal hyphae of Pw within this hyphal wall appeared to be



77

shorter and thicker than those back within the Pw niycelium,
and many grew with their tips oriented towards the Ao side.
The front of the hyphal wall was composed of densely packed

mycelium with prolific setal hyphae.
Dissection and isolation from the pairing revealed Pw

growing from the Ao side of the reaction zone. The isolation
from the Pw side revealed Pw growing from the upper portion of

the agar piece, and Ao from the lower portion. As the colonies
grew out, a zol formed again between the mycelia. Apparently,
Ao had grown beneath the Pw mycelium under the Pw hyphal wall,

thus resulting in both species coming from the one piece of
agar.

P. subacida (Ps) vs. H. annosum (Ha(s)):
The Ps isolate was inoculated four days before the Ha(s)

isolate. As the hyphal fronts came into contact, the Ps and
Ha(s) hyphae mingled with no discernible reactions occurring
between them. The growth of Ha(s) along the contact zone
seemed slightly impeded compared to the Ha(s) mycelium front

not facing the PS colony.
After three days, Ps ntyceliuxn formed a ridge of hyphae

along the contact zone with the Ha(s) colony. At this point,
the Ps mycelium exhibited some oriented growth, but did not
advance over the Ha(s) colony. Over the next six days, the Ps
colony continued to build up in a ridge of oriented, thick,
dense hyphae. At this time, the Ha(s) mycelium was sporulating

sparsely, producing very few Spiniger conidiophores,
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exhibiting very appressed growth, and producing a type of

small, crystalline structure in and on the agar.

One week later, the Ps mycelium started to grow from the

ridge line of Ps and over the Ha(s) side of the plate. From

this point on, the Ps mycelium continued to grow over the

Ha(s) myceliuiu until it completely overgrew the Ha(s) colony.

The dissections revealed Ps growing from both sides of

the reaction zone, as well as from within it. No Ha(s) was

recovered from this plate.

. subacida (Ps) vs. . annosuin P-type (Ha(p)):

The Ps isolate was inoculated four days before the Ha(p)

isolate. As the hyphal fronts came into contact, the Ha(p)

hyphae seemed to turn aside as they grew towards the PS

colony. The PS colony beaded up more exudate along the contact

front than along its uncontested front. Ps mycelium within the

agar was observed growing past the Ha(p) colony.

The rest of the reaction was similar to the reaction

between Ps and Ha(s). A ridge of Ps hyphae formed along the

contact front, becoming deeper and more pronounced over time.

The Ha(p) colony formed an opposing ridge of hyphae on its

side of the reaction zone. The Ha(p) side had a fair amount of

surface hyphae, but like the Ha(s) colony in the Ps-Ha(s)

pairing, crystalline structures formed on and in the agar on

the Ha(p) side of the plate.

One week later, all the plates had Ps mycelium growing

across the ridge of hyphae and over the Ha(p) mycelium. After
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growing a short distance across the Ha(p) niyceliuiu, the Ps
hyphal front slowed in forward growth and once again formed a

ridge of hyphae similar to the one first formed upon initial
contact. The Ha(p) side of the plate grew as a dense,

appressed mat of mycelium, and in a few spots displayed a
possible walling-off reaction through the formation of a

brown, crusty front of myceliuxn, typical of older Ha cultures,

facing into the secondary ridge of PS hyphae.
Dissection and isolations from the plate revealed Ps

growing from the original Ps side, from the line within the
agar over which a Ps hyphal ridge had formed, and also from
the Ha(p) side of the hyphal ridge. No isolate was taken from
a section of the Ha(p) colony that was not overgrown by Ps
mycel ium.

P. subacida (Ps) vs. P. weirii (Pw):
Because these fungi display similar growth rates in

culture, they were inoculated simultaneously onto the agar
plates. Contact occured in six days, and initial hyphal
contact appeared to result in no reaction, as the hyphae grew
straight past each other. A tan colored line formed in the
agar between the isolates as they continued to grow.

In the following days, the Ps mycelium continued to grow

over and through the Pw mycelium, while forming the oriented

growth front described in the Ao vs. Ps pairing. The inycelia
of the two species mixed freely, with setal hypae of Pw seen
interspersed throughout the Ps overgrowth. The Pw colony was
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observed to continue a slow, forward growth via observation of

the mycelium as seen on the underside of the plate.

The PS colony eventually completely overgrew the Pw

colony, after which the older Ps mycelium began to show a more

cottony growth form on both its original side and the Pw side

of the plate. No differences in the Ps mycelium were observed

beteween the PS and Pw sides of the plate.

Plate dissections revealed Ps growing from both the

original Ps and Pw sides of the initial zone of contact.

. weirii (Pw) vs. H. annosum S-type (Ha(s)):

The Pw isolate was inoculated onto the plate four days

before the Ha(s) isolate. As the hyphal fronts met, the Ha(s)

hyphae seemed slightly inhibited in forward growth, and some

hyphal tips exhibited the "shepard's crook" curling back seen

in the Ao vs. Ha(s) pairing. However, this behavior was also

observed around the portions of the Ha(s) mycelium not growing

into the Pw colony. A poorly defined ZOl formed along the

contact zone between the hyphal fronts at this time.

As contact continued, the Pw colony formed a very even,

straight front of hyphae with the Ha(s) colony. Then the Pw

mycelium began a form of oriented growth across the contact

zone and over the Ha(s) colony (Figure 6). This oriented

growth differed from that of PS described in the Ao vs. PS

pairing. This oriented growth consisted of mycelium

aggregating into tuft-like forms which grew perpendicular to

the contact zone between the fungi. The tufts were composed of
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surface and aerial hyphae, growing in the same direction in a

compact, parallel formation. These tufts of hyphae developed

into shapes much like miniature feathers or fans as they grew

over the opposing colony.

The weak ZOl formed upon initial contact continued to

break down as Pw crossed over it via oriented growth. Conidial

sporulation by Ha(s) occurred mainly along a front within the

Ha(s) mycelium just behind the initial contact front. After

forty days, the Zol was nearly totally overgrown by Pw. The Pw

overgrowth continued till the end of the experiment, but

seemed to slow substantially as it grew further over the Ha(s)

side of the plate.

Final dissections from the plate showed viable Ha(s) on

the original Pw side of the plate, the original Ha(s) side of

the plate, and the area of Pw overgrowth over the Ha(s)

colony. Apparently, the Ha(s) was growing within the agar both

on its original side and under the Pw side of the plate. The

Pw still appeared viable, but could not be reisolated from the

Pw overgrowth area. As before, this may have been due to Ha(s)

contamination via asexual spores.
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Figure 6. Tuft-like oriented growth form of . weirii (Pw)
over a H. annosum S-type (Ha) colony.
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. weirii (Pw) vs. . annosum P-type (Ha(p)):

This reaction was very similar to the Pw vs. Ha(s)

pairing described previously. As the hyphal fronts grew

together, the Ha(p) mycelium was slightly inhibited in forward

growth on the side facing the Pw colony. Fewer Ha(p) hyphal

tips along the contact zpne showed the curling back behavior

than was observed for Ha(s) in the Pw vs. Ha(s) pairing. No

reaction was observed by the Pw hyphae. A weak ZOl existed

between the isolates at this point in time.

After three days, oriented growth by Pw mycelium over the

ZOl and across the Ha(p) mycelium had begun. The growth form

was the same as that described for Pw mycelium in the Pw vs.

Ha(s) pairing. The overgrowth was white in color, mostly

appressed, with sparse aerial mycelium or setal hyphae. This

growth remained oriented perpendicular to the contact zone,

and became somewhat cord-like as the mycelium grew further

across the Ha(p) side. The oriented growth formed abruptly

from the typically diffuse Pw mycelium usually seen growing in

culture.

At the end of the 40 day growth period, all three plates

had variable amounts of overgrowth. One plate was nearly

complete in overgrowth, and the others had incomplete

overgrowth with a remnant Zol still partially separating the

intial contact zone.

Dissections revealed Ha(p) growing from the Pw side of

the plate just behind the original ZOl, the Ha(p) side of the

plate, and also from the area of Ha(p) being overgrown by the
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Pw colony. As in the Pw vs. Ha(s) pairing, the Ha(p) mycelium

was apparently growing through the agar under the Pw colony,

and was not being overgrown by Pw on the Ha(p) side of the

plate. However, this may also have been due to Ha(p) spore

contamination.

fl annosum S-type (Ha(s) vs. H. annosum P-type (Ha(p)):

These isolates were inoculated onto the agar plates

simultaneously and grown for 35 days. As the hyphal fronts

grew together, the Ha(s) hyphae tended to grow off to the side

somewhat instead of straight ahead, and the Ha(p) hyphae

became less elongated compared to the hyphae on the sides of

the colony not facing the Ha(s) colony. The hyphae grew past

one another at this point, and no other definitive reactions

were observed.

After 24 hours, the isolates nearly covered the plate. A

faint reaction zone appeared, seen as a broad ZOl

approximately 5mm wide between the isolates. Hyphae growing

within this zone were less abundant than on either side of it.

Two days later, a faint, pale yellow line began to form in the

agar between the isolates. For the rest of the growth period,

this pairing remained basically unchanged. The ZOl reduced in

width, as the line within the agar became better defined.

Dissections revealed H. annosum coming from both sides of

the reaction zone, but these isolations were not back paired

against the original H. annosuin cultures to see if they were
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vegetatively compatible, and thus the original isolate

inoculated onto that side of the plate.

The following intraspecific self-pairings showed a

complete fusion of mycelia with no observed reactions.

. ostovae vs. A. ostoyae:

fl annosum S-type vs. H. annosuin S-type:

annosum P-type vs. ij. annosuin P-type:

P. subacida vs. P. subacida:

P. weirii vs. P. weirii:

Discussion of results

Seven types of reactions occurred on artificial media

between all pairwise combinations of the five fungi. These

were: 1) Fusion of isolates; 2) Formation of a weak zone of

inhibition; 3) Formation of a strong zone of inhibition; 4)

Abutting growth of opposing colonies; 5) A walling-off

reaction; 6) Weak mycelial overgrowth; 7) Strong mycelial

overgrowth.

Reactions were not consistent between the two types of

agar used in this experiment (Tables 8 and 9). Six of the ten
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interspecific pairings showed dissimilar reactions between

media. Four of these six, A. ostoyae vs. . subacida, .

subacida vs. j. annosuni S-type, . weirii vs. II. annosuni S-

type, and P. weirii vs. H. annosum P-type were strikingly

different in their reactions; while two, the A. ostoyae vs. i.

annosum P-type and A. ostoyae vs. . weirii pairings, showed

slight differences in reaction. Peptone and sucrose, the media

ingredients used in the enhanced malt agar but not the 2% malt

agar, were apparently responsible for the differences in

mycelial reactions between media types. This raises a concern

about the reliability of agar pairings in discerning

interspecific reactions between fungi. Opposite conclusions

could have been drawn about the reactions between certain of

these fungi, depending upon which media type was used for

testing.

Isolations taken from the dissected pairings revealed

that the reactions observed visually were not always an

accurate indicator of where the fungi were growing (See prior

narrative descriptions). Overlap of isolates occurred across

even the most definitive mycelial separations. This is not

surprising, considering that use of an agar medium allowed the

mycelia to grow in any direction, thus allowing the hyphae to

avoid more directed contact with opposing hyphae, as might

occur in a woody substrate.



PART III. FUNGAL INTERACTIONS IN WOOD BLOCKS

Introduction

The purpose of this experiment was to quantify and

describe pairwise fungal interactions within two species of

wood. Compared to the experiments described in Parts I and II

of this chapter, this technique was the most realistic in

providing a natural medium in which paired fungi could grow

and interact. The specific purpose of this experiment was to

test for synergistic decay processes within pairwise

combinations of fungi, and to make visual and isolation

observations on the type of reactions occurring between the

fungal pairs within the wood blocks.

This experiment was intended to be a randomized test that

could be used to draw statistically valid conclusions on

whether synergistic decay occurs in pairwise combinations of

the fungi of interest. Three different runs of this experiment

were performed; Runs #1 and #2 used nearly identical methods,

while Run #3 had rather different methods. The multiple runs

were performed due to the loss of all or some of the

experimental data in all three runs due to either

contamination or non-colonization problems. Detailed

descriptions of the problems encountered in this experiment

are in the Results section of Part III. Run #1 methodology is

described in detail below, followed by a description of Run

#2, and finally, a short description of methods for Run #3.
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Methods - Run #1

Experimental design

This experiment was intended to test for synergistic wood

decay utilizing a split plot design. The 22 treatments

consisted of all 21 pairwise combinations of six fungi and an

uninoculated control. The six fungi were the five discussed in

Parts I and II of Chapter III, and a Trichoderma sp. taken

from one of the root samples collected during the field study.

Fifteen of the twenty one pairings were interspecific, and six

were intraspecific self-pairings.

The sample units were sterilized wood blocks cut from

each of five individual boards of both true fir and ponderosa

pine. The boards were green, dimensional lumber, manufactured

at the Boise Cascade Corporation mill in LaGrande, OR. Each

board was verified to species using microscopic features

(Core, H.A., et al., 1979). The sample blocks from each board

were kept separate and represented experimental blocks, and

each treatment was applied to one sample block chosen at

random from each experimental block. Therefore, each treatment

was repeated five times within each wood type, for a total of

ten times across both wood types.

Preparation of inoculum blocks
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Inoculum blocks consisted of 2x2x2 cm cubes cut from the

five boards of each wood species. The blocks were inoculated
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with fungi in plastic, autoclavable bags, approximating the

procedures of Sexton, et al., from the Forest Resources

Laboratory, Oregon State University, Corvallis, Oregon

(unpublished). Two hundred grams of #2 grade vermiculite were

placed into each of 24 bags, and 700 ml of 1% malt extract

broth (10 g malt extract, 1000 ml distilled H20) was poured

into each bag. Twelve lots of the inoculum blocks, at 40

blocks per lot, were selected at random from the combined

total of all inoculum blocks cut from the true fir boards. One

lot of 40 blocks was then placed in each one of 12 bags

containing vermiculite and malt extract broth. The same

procedure was performed for the other 12 bags, using 12

randomly selected lots of 40 inoculum blocks from the

ponderosa pine boards. The vermiculite, malt extract broth,

and inoculuin blocks were mixed thoroughly in the bags.

The top of each bag was folded over twice, clipped with

two clothespins, and autoclaved at 121° C. for 1 hour, four

bags at a time. The bags were taken directly from the

autoclave and placed in a laminar flow hood while cooling,

then sealed with an electric impulse sealer and stored till

the bags were inoculated with fungi 3-4 days later.

Preparation of inoculum

Shake cultures of the six fungi used in this experiment

were prepared via the following method. Twenty, 6 mm diameter

plugs of agar were cut from the leading edge of an actively
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growing, pure culture of each species growing on 2% malt agar.

Five plugs were dropped into 100 ml of autoclaved, cooled, 3%

malt extract broth (30 g malt extract, 1000 ml distilled H20)

in each of four 250 ml Erlenmeyer flasks. The mouths of the

flasks were covered with two layers of aluminum foil and

placed on a wrist-action shaker. The shake cultures were grown

for 20-23 days, except for the slower growing A. ostoyae,

which was grown for 30 days in enhanced malt extract broth

amended with pine resin (30 g malt extract, 30 g dextrose, 5

g peptone, 40 g pine resin, 1000 ml distilled 1120).

The liquid cultures were removed from the wrist-action

shaker at the end of the growth period, and the contents of

two of the flasks containing like species were poured into a

sterilized Buchner funnel set in an Erlenmeyer flask. This

procedure was done in a laminar flow hood using sterile

technique. The mycelium filtrate was rinsed well with sterile,

distilled water and poured into a sterilized Waring blender

cup along with 500 ml of cooled, distilled water which had

been autoclaved in a 500 nil, autoclavable, plastic squeeze

bottle. The blender cup was covered, and the mycelium was

macerated for 30 seconds, using six, five second bursts of the

blender, and allowing the mycelial mixture to settle between

bursts. The niacerated mycelial mixture was then poured from

the blender cup back into the 500 ml plastic squeeze bottle.

Two of the autoclaved bags containing the same species of

inoculum blocks were sprayed heavily with alcohol in the

laminar flow hood, and cut open just below the original seal
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with a sterilized scissors. One half of the macerated mycelial

mixture was sprayed from the squeeze bottle across the top of

the vermiculite, malt extract broth, and inoculum block mix.

The bag was then resealed and checked for holes and a tight

seal. This procedure was repeated with the other half of the

mycelial mixture and the second autoclave bag. The bags were

kept in dark, metal cabinets at approximately 25° C. for 35-45

days. The contents of each bag were occasionally mixed gently

by hand, without opening the bag, to promote uniform mycelial

growth.

Only one bag of 40 inoculum blocks was needed for each

combination of fungi and inoculum block wood species. However,

in case of contamination during the growth period for

colonization within bags, two of each type were produced. No

contamination during the initial growth period was observed to

occur, so these extra bags were later used for Run #2 of this

experiment.

Preparation of wood block sample pieces

Forty 5x2x2 cm sample blocks were cut from each of the

same five boards of true fir and ponderosa pine from which the

inoculum blocks had been cut. The blocks were cut from areas

of the boards with uniform grain and without knots, and were

cut so the grain of the wood ran the length of the block. The

experiment was designed to block by boards within each

species, so sample pieces were kept separated and subsequently
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numbered with a wax pencil according to the wood species type

and board from which they originated. The sample blocks were

placed in a 500 C. drying oven for 75 hours, taken directly

from the oven, and weighed to the nearest 1/100 g on a digital

scale.

To rehydrate the sample blocks for fungal colonization,

they were submerged in non-sterilized, distilled water for 2.5

hours for the true fir blocks, and 4.0 hours for the ponderosa

pine blocks. The disparity in these times was based on the

percent moisture content retained by test blocks subjected to

a range of hydration times. Although different, these

hydration times for the two wood species produced blocks with

similar moisture content.

The sample blocks were sterilized by irradiation at the

Oregon State University Radiation Center. Blocks were placed

into clean plastic bags, inserted into a Radiation Center

sample can, and exposed to a total of 2.5 Mrads (.5 Mrads/hour

for five hours). The #18, natural rubber bands used to bind

the inoculum blocks to the sample blocks were also placed into

the sample cans to be sterilized. The radiation cans remained

sealed until the experiment was assembled within 1-2 days.

Experimental assembly

Clear, eight-ounce, wide-mouth, French square bottles

with autoclavable, black, phenolic screw caps were used as

incubators for the inoculated sample blocks. Before use, the
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bottles were washed and double rinsed with distilled H20.

Eighty ml of #2 grade vermiculite were placed into each

bottle, followed by 40 ml of distilled H20. The vermiculite

was mixed to ensure uniform hydration, then the bottle was

placed on its side and the vermiculite formed into a level,

moderately compacted bed upon which the sample block would

rest. The caps were screwed on loosely, the bottles autoclaved

at 1210 C. for 25 minutes, then taken directly from the

autoclave and placed on the laminar flow hood while cooling.

The caps were screwed on firmly as soon as the bottles were

cool.

The bags containing the colonized inoculum blocks were

placed in the hood, sprayed heavily with alcohol, and cut open

with a sterilized scissors. Due to the large amount of

vermiculite sticking to the inoculum blocks, they were scraped

clean to ensure uniform contact with the sample blocks. The

cleaned inoculum blocks were kept covered in the hood till

needed.

All pairwise combinations of the six fungi in this

experiment were applied to the sample blocks by placing the

appropriate combination of inoculum blocks at the opposite

ends of the sample block. The inoculum blocks were strapped to

the sample blocks with an irradiated, #18, natural rubber

band. The entire assembly was placed on the prepared bed of

vermiculite in a French square bottle, and the cap was screwed

on till just firm to allow for gas exchange. The bottles were

kept in metal cabinets at approximately 25° C. for 215 days.
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Analysis of the interactions was carried out by removing

the sample blocks from the bottles, scraping them clean, and

splitting each one open to observe any interaction zones which

formed between the paired fungi. A small wood chip isolation

was taken from each side of any reaction zone and grown on 2%

malt agar to test for the viability and final location of the

fungi within the block. The blocks were dried and weighed to

determine the percent weight loss on a dry basis due to decay.

Synergistic decay responses between pairs of fungi were to be

assumed if a combination of fungi caused significantly more

weight loss than either of the individual fungi acting alone.

If synergism between fungi does not exist within treatments,

the percent decay loss would be between the weight loss values

of the self pairings of each fungus used in the combination.

Methods - Run #2

Run #2 was intended to replace Run #1 after the extent of

contamination in Run #1 became evident. Run #2 methods were

nearly identical to those in Run #1. The second set of

inoculum bags prepared for Run #1 were used here, and the

sample blocks were reduced in size to 4x1.5x1.5 cm in order to

reduce the time it would take the fungi to colonize the sample

blocks and produce reaction zones. All Run #1 treatments which

included the Trichoderma sp. as one or both of the isolates

were left out of Run #2.



Methods - Run #3

Run #3 differed in method from Runs #1 and #2. This

experiment was done in deep Petri dishes on a bed of enriched

vermiculite, and the sample blocks were inoculated with

colonized agar plugs. The fungi used included the five from

Parts I and II of this chapter, along with pairings between I.

tomentosus and P. weirii. Each treatment was replicated four

times within each wood species, for a total of eight

replications per treatment.

Sample blocks were prepared in the same method as for

Runs #1 and #2, except that they were reduced further in size

to 4.0x1.5x0.6 cm. The blocks were oven-dried for 50 hours at

500 C., and weighed to the nearest 1/1000 g. The blocks were

rehydrated in distilled 1120 for 4 hours, then blotted dry, put

in plastic bags, and sterilized by irradiation of 2.5 Mrads.

The 100x20 mm plastic Petri dishes were set up as

follows. First, 180 g of dry vermiculite were autoclaved for

18 minutes at 1210 C., then hydrated with 700 ml of 1% malt

extract broth (10 g malt extract, 1000 ml distilled 1120), and

autoclaved for 19 minutes at 121° C. Once cooled, several

tablespoons of the vermiculite mixture were spooned into each

Petri dish, and pressed firmly down by using the bottom of a

sterilized 250 ml Erlenmeyer flask.

Sample blocks were randomly selected from the bags in

which they had been sterilized. Using a sterile forceps, the

sample blocks were set into the vermiculite and pressed firmly

95
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into place. A sterile stir rod was then used to pack the

vermiculite up along the sides of the block, and also to

prepare a flattened area on each end of the block where the

agar inoculuin plug would be placed.

Inoculum was grown on 2% malt agar. Six mm wide inoculum

plugs were cut from the leading edges of actively growing

cultures, and placed at either end of the sample block. The

plug was pressed up tightly against the end of the block to

ensure close contact. The plate was sealed with two layers of

Paraflim, and stored in dark cabinets at approximately 25° C.

The treatments were grown for 15 weeks following inoculation

of the second isolate.

Inoculations were timed differentially based on the

experience gained in Runs #1 and #2. All treatments which

included A. ostoyae were inoculated with . ostoyae first,

and allowed to grow until they had colonized at least a third

of the block, which took approximately 3 weeks. The other

treatments received differentially timed inoculations as

deemed necessary.

Results

Results from the wood block decay experiment were based

on visual descriptions of the reaction zones which formed

between fungi in the wood blocks, as observed through a

dissecting microscope. Isolations were taken from both sides

of any reaction zones observed in the blocks, and were plated
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onto 2% malt agar for subsequent identification. The blocks

were then dried and weighed, and the weight loss percentage

(dry weight basis) was calculated.

Run //1: Run #1 used a Trichoderma sp. as one of the six

isolates, as well as the five fungi used in Parts I and II of

Chapter III. While attaching the inoculum blocks to the sample

blocks in a laminar flow hood, cross contamination from the

Trichoderma sp. inoculum blocks occurred onto block assemblies

that were not supposed to have included a Trichoderma sp. Out

of a total of 220 block assemblies (22 treatments Q 10 reps

apiece), 60 already included the Trichoderma sp. as one of the

isolates, leaving 160 reps of the other treatments that should

not have had any Trichoderma sp. on them. Of these 160, only

49 were left uncontaminated after the treatments were

concluded. The Trichoderma sp. contamination quickly overgrew

the sample and inoculuni blocks, and apparently suppressed

colonization of the sample blocks by either isolate.

Loss of these data eliminated the chance to test for

statistical evidence of synergistic weight loss. Too many

treatment combinations within both wood types were either lost

completely, or reduced to one remaining repetition. The sample

blocks that were not contaminated were dissected and used to

describe the reaction zones which occurred within fungal

combinations (Table 10). Weight loss data by wood species for

Run #1 are presented in Tables 11 and 12.
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None of the treatments that included A. ostoyae or the

Trjchodernia sp. as one of the isolates were valid for Run #1.

The A. ostoyae did not colonize the sample block from the

inoculum block quickly enough, and the opposing isolates

colonized the entire sample block themselves, to the exclusion

of the A. ostoyae. The Trichoderma sp. isolate grew so fast

that it colonized the entire sample block to the exclusion of

opposing isolates. It also appeared to suppress the growth of

the opposing fungi from its inoculum block.

Run #2: Run #2 produced no results. The bags of inoculum

blocks remaining from Run #1 did not appear via visual

examination to have been contaminated, but it was apparent

soon after assembly that several bags had been contaminated

during the prolonged storage, possibly by a Penicillium sp.

Many of the block assemblies within the French square bottles

had a green colored fungus observed on them, and only a few

blocks eventually remained uncontaminated.

Run #3: All of the blocks that were inoculated with A.

ostoyae became well colonized, and when the second isolates

were placed on the opposite ends of these blocks, they also

exhibited successful colonization. However, none of the other

fungal pairs used as treatments showed successful

colonization. Sparse hyphae were observed growing from the

agar plugs and across all the sample blocks, but no isolates

ever became well established. Therefore, only the results of
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treatments from Run #3 which included . ostoyae as one of the

fungi were utilized. Since the only self-pairing treatment

successfully produced in Run #3 was with . ostoyae, no

comparison analysis for synergistic decay within treatments

could be performed. The successfully inoculated blocks were

dissected and the reaction zones described (Table 10). The

weight loss data that was collected from Run #3 is presented

by wood species in Tables 13 and 14.

Summary: Interspecific colonization of wood blocks by all

pairwise combinations of five fungi, . ostoyae, the S and P

intersterility groups of ij. annosuin, . subacida, and .

weirii, resulted in the formation of what were termed colored

line barriers (CLB's) within the wood. The results from the

lone pairing that did not produce such a result, . subacida

vs. P. weirii, were inconclusive as to whether a CLB would

have eventually formed between mycelia. No differences in

pattern of decay by wood species were observed, so

descriptions of the reaction zones and isolation work are the

pooled results from both wood species. Table 10 summarizes the

descriptive results of sample block dissections, and

represents pooled results from Runs #1 and #3. Tables 11 and

12 summarize the weight loss data by wood species of the

successful pairings from Run #1, and Tables 13 and 14

summarize the weight loss data by wood species of the

successful pairings from Run #3.



Table 10. Mycelial interactions within wood blocks.
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Fungal Pairing Reaction

A. ostoyae / fl annosuin Single barrier line.
(S-type)

A. ostoyae / II. annosum Single barrier line.
(P-type)

A. ostoyae / . subacida Single barrier line.

A. ostoyae / P. weirii Single barrier line.

. subacida / H. annosuin Parallel barrier lines.
(S-type)

. subacida / fl. annosum Single barrier line.
(P-type)

P. subacida / P. weirii Results inconclusive.

. weirii / H. annosuin Parallel barrier lines.
(S-type)

. weirii / H. annosuin Parallel barrier lines.
(P-type)

H. annosum / H. annosuin Barrier line.
(S-type) (P-type)
A. ostoyae / A. ostoyae No reaction zone.

H. annosuin / H. annosum No reaction zone.
(S-type) (S-type)
H. annosum / H. annosuin No reaction zone.
(P-type) (P-type)

. subacida / . subacida No reaction zone.

P. weirii / P. weirii No reaction zone.



Table 11. Percent weight loss for Run #1 fir blocks.
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Fungal Pairing n Mean %
weight
loss

SD

. ostoyae / fl. annosuiu --
(S-type)

A. ostoyae / fl. annosum --
(P-type)

A. ostoyae / . subacida --

A. ostoyae / . weirii --

. subacida / fl. annosuin --
(S-type)

. subacida / II. annosum --
(P-type)

P. subacida / P. weirii 1 15.1

P. weirii / H. annosuin 3 20.6 7.72
(S-type)

P. weirii / H. annosuin 1 20.5
(P-type)

H. annosum / H. annosun --
(S-type) (P-type)
A. ostoyae / . ostoyae -- ---

fl. annosum / H. annosuin 2 14.5 2.19
(S-type) (S-type)
H. annosum / II. annosum -- ---
(P-type) (P-type)
P. subacida / P. subacida -- ---

P. weirii / P. weirii 3 23.0 5.07



Table 12. Percent weight loss for Run #1 pine blocks.
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Fungal Pairing n Mean %
weight
loss

SD

A. ostoyae / fl annosum --
(S-type)

. ostoyae / IT. annosum --
(P-type)

A. ostoyae / . subacida --

A. ostoyae / . weirii --

P. subacida / H. annosum 4 19.0 3.55
(S-type)

P. subacida / H. annosunt 2 14.9 2.05
(P-type)

P. subacida / P. weirii 4 24.1 2.36

P. weirii / H. annosuni 2 17.7 1.98
(S-type)

P. weirii / H. annosum 4 22.85 11.27
(P-type)

H. annosuin / . annosum 4 17.9 3.43
(S-type) (P-type)
A. ostoyae / A. ostoyae -- ---

jj. annosum / fl. annosuin -- ---
(S-type) (S-type)
H. annosuin / H. annosuin 2 19.9 0.42
(P-type) (P-type)

. subacida / . subacida -- ---

. weirii / . weirii -- ---



Table 13. Percent weight loss for Run #3 fir blocks.
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Fungal Pairing n Mean %
weight
loss

SD

. ostoyae / li annosum 4 9.5 3.04
(S-type)

A. ostoyae / H. annosuin 4 9.8 3.41
(P-type)

A. ostoyae / . subacida 4 12.4 3.97

A. ostovae / P. weirii 4 10.3 2.01

P. subacida / H. annosuin --
(S-type)

P. subacida / H. annosum --
(P-type)

. subacida / . weirii --

. weirii / fl. annosum --
(S-type)

P. weirii / . annosum --
(P-type)

H. annosum / . annosum --
(S-type) (P-type)
A. ostoyae / A. ostoyae 4 8.8 1.43

H. annosum / H. annosuin -- ---
(S-type) (S-type)
H. annosuin / jI. annosum -- ---
(P-type) (P-type)
P. subacida / . subacida -- ---

. weirii / P. weirii -- ---



Table 14. Percent weight loss for Run #3 pine blocks.
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Fungal Pairing n Mean %
weight
loss

SD

A. ostoyae / jj. annosuin 4 13.4 1.83
(S-type)

A. ostoyae / annosum 4 13.1 3.41
(P-type)

A. ostoyae / . subacida 3 14.9 1.20

A. ostoyae / . weirii 4 12.9 1.76

P. subacida / H. annosum --
(S-type)

P. subacida / H. annosum --
(P-type)

P. subacida / P. weirii --

. weirii / H annosuin --
(S-type)

. weirii / j. annosuni --
(P-type)

H. annosum / H. annosuin --
(S-type) (P-type)
A. ostoyae / A. ostoyae 3 12.0 1.60

fl annosum / . annosuin -- ---
(S-type) (S-type)
H. annosuni / . annosum -- ---
(P-type) (P-type)
P. subacida / P. subacida -- ---

P. weirii / P. weirii -- ---
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The following are descriptions of the reaction zones

found within the wood blocks receiving each treatment

combination, along with the results of the isolation work. The

results described here are pooled from Runs #1 and #3 of this

experiment, due to the previously mentioned contamination and

non-colonization problems. All treatment combinations with A.

ostoyae as one of the fungi are from Run #3, which was

performed in Petri dishes using colonized agar plugs as the

inoculum source. All other descriptions are results from Run

#1, which was performed in French square bottles using

colonized wood blocks as an inoculum source.

A. ostoyae (Ao) vs. II. annosum S-type (Ha(s)):

A (CLB) formed between the mycelia within the blocks.

This barrier varied from a single, black, thin line in the

wood, to parallel, black lines with a small (<1 miii) gap

between them. Decay types were visually distinct on either

side of the CLB, and isolations taken as close as 2-3 mm from

either side of a CLB revealed each inycelium remained viable on

the side of the CLB from which it originated.

A. ostoyae (Ao) vs. jj annosum P-type (Ha(p)):

Results from this treatment were similar to those

described for the A. ostoyae vs. H. annosum S-type treatment.

A CLB formed between two distinct decay types, and isolations

revealed the fungi remained separate and viable on the

respective sides of the CLB from which they originated.
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A. ostoyae (Ao) vs. . subacida (PS):

Colored line barriers of varying intensities formed

within the blocks receiving this treatment (Figure 7). only

one block had both isolates recovered from it, and they were

isolated close to the CLB, on the respective sides of the

block from which they originated.

A. ostoyae (Ao) vs. . weirii (Pw):

Colored line barriers formed in varying intensities in

most of the blocks receiving this treatment, and for the most

part were narrow with abrupt margins. Distincive decay types

occurred on either side of the CLB, with decay on the Ao side

of the CLB appearing the same as in previous combinations. No

isolations resulted in successful recovery of both isolates

from one block; either one or the other isolate was recovered.

However, any isolations that were successful revealed the

isolates remaining on their original side of the CLB.

P. subacida (Ps) vs. H. annosum (Ha(s)):

Two of four non-contaminated blocks receiving this

treatment produced a reaction zone (Figure 8). The reaction

zone was the same in both blocks; parallel, CLB's formed in

the wood where the fungi apparently met.
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Figure 7. Colored line barrier formation within fir block
between A. ostoyae (Ao) and P. subacida (Ps).
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Figure 8. Parallel colored line barrier fornation within pine
block between P. subacida (Ps) and H. anriosum S-type (Ha).
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There was a variable width gap of approximately 1-2 mm between

the parallel CLB's. The CLB on the Ha(s) side was brown with

abrupt margins, while the CLB on the Ps side was bronze

colored, without the abrupt margins of the Ha(s) CLB, and

blended in gradually to the color of the wood on either side

of it. Isolations from approximately 5 mm on either side of

the CLB's of one block revealed that the isolates remained

separate and viable on their original sides of the CLB.

P. subacida (Ps) vs. H. annosuin P-type (Ha(p)):

Only two non-contaminated blocks remained from those

receiving this treatment, and they produced very similar

results. The Ha(p) had grown through about 75% of the length

of the block before meeting the Ps mycelium. The ensuing

reaction produced a single, brown CLB with abrupt margins

between the isolates. Coloration of the Ha(p) decay was very

uniform up to the CLB, but on the Ps side the wood was a

bronze color adjacent to the CLB, and then receded to an even,

tan color further back in the Ha(p) colonized wood. Isolations

were inconclusive from these blocks; neither one produced both

isolates. However, the reaction zone produced by this

treatment was somewhat similar to that described for the .

subacida vs. fl annosum S-type pairing, and the fungi likely

remained on their respective sides of the CLB in this pairing

as they did for that one.
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. subacida (Ps) vs. . weirii (Pw):

Five non-contaminated blocks remained in this pairing.

Four appeared to have been completely colonized by PS without

any colonization by the Pw; as the decay was very uniform, no

reaction zones were observed, and only Ps was isolated from

the blocks. The fifth block had a poorly formed CLB on one end

of the block where the inycelia had apparently begun to

interact, but isolations from the extreme ends of this block

revealed only Ps. It appears the Pw never colonized enough of

the blocks to an adequate extent to instigate a reaction with

the Ps.

. weirii (Pw) vs. jf. annosum S-type (Ha(s)):

Five non-contaminated blocks remained in this pairing,

and two were inconclusive as to the formation of reaction

zones. The other three showed that Pw had grown only 2-7 mm

into its end of the block. Reaction zones between the Ha(s)

and Pw were similar in these three blocks. Parallel CLB's,

approximately 0.5-1 mm apart, formed between the isolates. The

CLB on the Pw side formed as a dark brown to black line with

very distinct margins, while the CLB on the Ha(s) side was a

much lighter brown, with less distinct margins than the Pw

CLB.

Isolations from one block revealed Pw and Ha(s) remaining

viable on their respective sides of the CLB's, while

isolations from the other two were inconclusive. This same

block was not dried till several days after dissection, and
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during that time observations showed that mycelium from each

isolate grew out from the wood immediately adjacent to its

respective CLB, but no mycelium grew in the gap between the

CLB's (Figure 9). This was the most distinct example of

separation of mycelia by CLB's observed in any block.

. weirii (Pw) vs. ff. annosum P-type (Ha(p)):

Five blocks remained non-contaminated in this pairing,

and only three showed any Pw colonization. The Pw growth was

very slight, but reaction zones formed between isolates in a

manner very similar to the P. weirii vs. 11. annosum S-type

paring. Parallel CLB's were formed, with the CLB on the Pw

side darker, wider, and with more distinct margins compared to

the CLB on the Ha(p) side. Isolations were inconclusive from

all blocks, but it was presumed that if the Pw had colonized

more of the block before meeting the Ha(p), successful

isolations would have shown viable isolates remained on their

respective sides of the CLB's.

ff annosum S-type (Ha(s) vs. H. annosum P-type (Ha(p)):

Four non-contaminated blocks remained from this

treatment. All showed formation of CLB's within the wood

(Figure 10). The CLB's sometimes appeared to be one line, and

other times as if they were parallel CLB's separated by a very

narrow gap. The CLB's were medium brown with fairly abrupt

margins. Only one block had conclusive isolations made from

it, and they showed the Ha(s) and Ha(p) mycelium remained
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viable 4-6 mm on either side of their respective CLB's.

Identification of these isolates was confirmed by back

pairings against the original Ha(s) and Ha(p) isolates.



Figure 9. P. weirii (Pw) and H. annosum S-type (Ha) hyphae
growing from respective sides of parallel colored line
barriers, with hyphal free (HF) zone between barriers.
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Figure 10. Colored line barriers formation within pine block
between H. annosum S-type (Has) and H. annosum P-type (Hap).
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The following intraspecific self-pairings showed no

formation of reaction zones of any kind within the blocks. All

decay caused by these pairings was uniform throughout the

blocks.

,. ostoyae vs. A. ostoyae:

11. annosum S-type vs. H. annosum S-type:

. annosuin P-type vs. II. annosum P-type:

P. subacida vs. . subacida:

. weirii vs. . weirli:



Discussion of results

This experiment demonstrated that interspecific pairings

of A. ostoyae, the S and p intersterility groups of fl
annosum, . subacida, and p. weirii formed colored line

barriers (CLB's) between their respective mycelia when grown

in true fir and ponderosa pine wood blocks. The mycelium of

each fungus remained viable on their respective sides of the

CLB' s.

These results show that fungal associations, but not

fungal complexes, can occur between these wood decaying fungi.

The fungi can grow into immediate contact with each other in

a woody substrate, which is our definition of an association.

However, fungal complexes, as defined in this thesis, did not

form. The formation of the CLB's apparently act to keep the

fungal mycelia separated within their originally colonized

habitats. Synergistic decay as envisioned in this thesis could

not occur if the myceliuni of paired fungi growing into contact

form barriers between each other and prevent interspecific

hyphal mixing.
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CHAPTER IV - SUMMARY

The overall purpose of this study was to determine if

root pathogen associations and complexes exist in selected

stands in the mixed conifer forests of northeastern Oregon.

The field study examined three separate root disease infection

centers where the dominant pathogen was either . ostoyae, fl.

annosum, or . weirii. Laboratory studies were designed to

observe interspecific interactions at the hyphal and inycelial

level, within various substrates.

Field study:

The association on Site #1, where P. weirii was the

dominant pathogen, involved P. weirii and II. annosum, and

occurred only at the infection center level. The . annosum

was recovered alone from individual trees, and only in one

well decayed root did it occur simultaneously with an

apparently saprophytic Armillaria sp. It is possible that .

weirii and fl. annosum are simultaneously infecting the same

tree or root within this infection center, but we did not find

this situation with our sampling methods. No root pathogen

complexes were observed to grow from individual wood chip

isolations, as reported by Chacko and Partridge (1976), and

Miller and Partridge (1973).
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A. ostoyae and the S-type intersterility group of

annosum comprised another root pathogen association in the

Site #2 infection center. These pathogens were found causing

mortality both alone and in combination on the same root. This

association can therefore be classified as occurring at both

the infection center and tree root level. The A. ostoyae was

found to be a single clone over our sampling area, and may

possibly exist as a single clone over the entire area

exhibiting tree mortality. Vegetative compatibility pairings

showed that H. annosum occurred as separate clones. This

implies that the introduction of ii. annosum onto this site

occurred by basidiospore infection, probably onto the cut

grand fir stumps created by prior harvest.

A. ostoyae and H. annosuin colonized separate areas of

root wood when found infecting the same root. The ff. annosum

had colonized the interior portion of the root, and the A.

ostoyae was colonizing the outer margin of the sapwood and

cambium. There was no apparent requirement on this site for

trees to be infected by another pathogen before A. ostoyae

could infect them. However, this work did not address the

physiologic question of tree stress due to one pathogen as it

relates to infection by another.

Others have reported the presence of an Armillaria sp. or

spp. as a close fungal associate of . annosum, often on the

same stump or root (Lockman, 1993; Filip and Goheen, 1982;

James and Goheen, 1981; Goheen and Filip, 1980). However, this

is one of the first studies to identify the Armillaria to
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species and the H. annosum to intersterility group, while at

the same time studying the genotype distribution of the

pathogen association.

The third root disease center was less well defined than

either the . ostoyae or . weirii centers. It had small

pockets of H. annosum and a pathogenic Armillaria sp. acting

separately within it, and neither root pathogen associations

nor complexes were observed to occur within this center.

Laboratory studies:

Interspecific hyphal contact was observed between paired

isolates of . ostoyae, the S and P intersterility groups of

H. annosum, p. subacida, and p. weirii, which had been grown

on cellophane membranes overlain on agar and then transferred

to agar-filled culture slides for microscopic study (Chapter

III, Part I). This direct contact often resulted in no

discernible hyphal reactions by either fungus, but in certain

pairings prolonged interspecific hyphal contact resulted in an

increase in vacuolated hyphae within the zone of contact.

Neither interspecific anastomosis nor parasitism was observed

occurring in any of these pairings.

The one pairing that produced a very definitive zone of

vacuolated hyphae, the A. ostoyae vs. H. annosum P-type

pairing (Figure 4), may represent what occurs normally in a

natural substrate and environment. This vacuolation reaction

between mycelia might be how the colored line barriers (CLB's)
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described in the wood decay study (Chapter III, Part III) are

formed. The CLB's may be formed from vacuolated, pigmented,

thick walled hyphae, as found in buried blocks of . weirii

colonized wood (Nelson, 1973).

As mentioned above, the artificial aspects of this

experiment bring into question the level to which this work

emulates what actually occurs under natural conditions within

a woody substrate. The entire range of exocellular enzymes

these wood decay fungi produce may not be expressed in this

type of artificial environment (Griffin, 1994), and it is

these enzymes which may act as chemical messages to other

mycelia, acting to initiate resource partitioning amongst

species.

Interspecific mycelial interactions on two types of

growth media produced a variety of reactions (Tables 8 and 9).

For the most part, the mycelia remained separated by either a

zone of inhibition, abutting growth, or a walling-off

reaction. However, growth of P. subacida over the isolates

against which it was paired occurred regularly. This range of

pairing reactions was similar to those described by Pearce

(1990), who paired Armillaria luteobubalina Kile et Watling,

against 128 isolates of wood decay fungi on agar; Chakravarty

and Hiratsuka (1992), who performed antagonism tests on agar

between Phellinus tremullae (Bond.) Bond et Borisov, and

Peniophora polygonia (Persoon:Fries) Bourd. et Galzin; and

Dubreuil (1981), who performed pairing tests between .
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schweinitzii and a variety of wood inhabiting fungi, including

. subacida and an Armillaria sp.

Interspecific pairings of fungi within true fir and

ponderosa pine blocks resulted in formation of single or

parallel colored line barriers (CLB's) between mycelia. The

CLB's apparently kept the mycelia separate, as isolations from

either side showed the fungi remained viable on their

respective, original sides of the CLB.

It is interesting that the reactions seen between fungi

on the 2% and enhanced malt agar exhibited more complexity

than those seen in the same pairings done in wood blocks. Only

two types of CLB's formed in the wood blocks, compared to the

range of reactions observed in culture. Chakravarty and

Hiratsuka (1992) showed that P. tremulae and P. polvcionia

formed dark lines of demarcation between each other in wood

blocks. However, this same pairing done in culture displayed

a zone of inhibition which formed around the P. tremulae

colony. Culture pairings should therefore be used cautiously

to study interactions between decay fungi. Fungal pairing

studies using wood blocks, although more time consuming and

difficult, seem to reveal better and more easily interpreted

results.



Management implications:

This study revealed several key points that can be used

in disease management. First, it does not appear that root

pathogen complexes, and therefore synergistic decay, can occur

between the five fungi studied in this work. The root

pathogens apparently appear independently of one another,

based on the host species present, the availability of

inoculum, and the management history of the site. Second,

these fungi can and do form root pathogen associations,

growing in proximity on the same tree or root, or in the same

infection center. When this situation occurs, a higher level

of mortality may be taking place from the effects of both

pathogens, compared to either one acting alone. Third,

pathogen identification to the intersterility group, as for ii.

annosum, or biological species, as for Armillaria spp., can be

important for understanding what is occurring on a diseased

site, and what is likely to take place in the future. Finally,

root disease surveys performed prior to stand entry allow the

manager to plan strategies for avoiding or reducing the impact

of disease.

The harvest of tree species susceptible to basidiospore

infection by H. annosum, on sites where . ostoyae or .

weirii are already established, will likely result in

establishment of H. annosum infection centers. The

introduction of a second root disease onto these sites is

cause for concern, since management strategies available for
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reducing disease impact may become more limited due to the

fact that conifer host ranges among the pathogens are not the

same.

On existing A. ostoyae and P. weirii infection centers,

precommercial and commercial thinning operations, if

undertaken, should discriminate heavily against the species

most susceptible to these root diseases, especially grand fir

and Douglas-fir. If the residual infected stumps from the

previous stand are widely spaced, eliminate the grand fir and

Douglas-fir around such stumps where it is feasible to do so.

Borax treatments of freshly cut grand fir stumps should be

considered on A. ostoyae and . weirii infection centers which

are not already heavily impacted by j. annosum. This measure

should help to limit the introduction or continued spread of

jf. annosum into or within these areas of established disease.

The question of species identification for Armillaria is

important. If the Armillaria sp. commonly occurring with .

annosum is pathogenic, there are implications for disease

management. Trees colonized by H. annosum would then be acting

as inoculum bases where pathogenic Armillaria spp. could

increase in infection potential on a site. However, if the

Armillaria noted most commonly with . annosum is a

saprophyte, and not a potential pathogen to surrounding trees,

then this may be a positive situation. This is because the

incidence of H. annosum has been found to decline when in

competition with an Armillaria sp. (Morrison and Johnson,

1978).
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Finally, root disease surveys should be performed before

entry into a stand. The information gained from these surveys

will enable the manager to plan for and administer suitable

action when it is most efficient to do so, or avoid actions

that will intensify root disease severity on a site where

disease already exists.

CONCLUS ION

The conclusion from the work in this thesis is that root

pathogen associations exist in the conifer forests of

northeastern Oregon. These associations form based on the

infection biology of the pathogens involved, the host species

present on the site, and the management history of the site.

Root pathogen complexes were neither observed in nature, nor

could they be formed in the laboratory experiments.
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APPENDIX



SAMPLE #: i4jU,

4) ROOT DATA:

DIST FROM TREE FACE TO SAMPLE NIDPT: 4
DEPTH FROM SURFACE TO SAMPLE MIDPT:
ROOT DIAMETER AT MIDPOII'IT: o.W

5) EXTERIOR ROOT DESCRIPTION AFTER WASHING w BARK:
j (.

-i

ROOT EXCAVATION DATA SHEET:

PLANT ASSOC:

PATHOGENS IN VICINITY: Ai'i 'M'

TREE DATA:

SPP: GF
DBH: I.'
AGE: 4'-42*t
CC: c(\
GENERAL CONDITION:

v---

101
DATE:

6) EXTERIOR ROOT DESCRIPTION AFTER WASHING w/out BARK:

7) INTERIOR ROOT DESCRIPTION AFTER SPLITTING:
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