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Species in the genus Armillaria are Basidiomycete, 

white-rot fungi. A study was done to determine the 

speciation of southern Arizona field collections. A number 

of isolates were positively or tentatively identified as 

belonging to Armillaria intersterility groups I, III, XV, or 

X. Some isolates had negative mating reactions with all 

intersterility group testers. Temperature - growth rate 

studies were done, and other cultural characteristics 

described. Additional areas of research on the species of 

Armillaria in southern Arizona were suggested. 

Key words: Armillaria mellea. intersterility group, 
southern Arizona, temperature - growth rates 
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INTRODUCTION 

The species in the genus Armillaria (Fr.:Fr.) 

Staude are Basidiomycete white rot fungi (Tricholomataceae: 

Agaricales). This genus of fungi is found world-wide, in a 

variety of climatic zones (Morrison, 1981). It also has a 

wide host range which includes hardwoods, conifers, and 

herbaceous plants (McDonald et al., 1987). The species in 

this genus vary in degrees of symptom expression they cause 

on the hosts they attack and in the life form of the fungus 

(Rishbeth, 1985). For example, some Armillaria isolates are 

highly pathogenic, while others act mainly as weak pathogens 

or predominantly as saprophytes. With such variable 

characteristics, Armillaria was something of an enigma prior 

to the early 1970s, as mycologists considered the genus to 

be composed of a single species, Armillaria mellea 

(Vahl:Fr.) Kummer. Plant pathologists thought it unusual 

for a single species of a pathogen to display the widely 

varying characteristics noted above (Wargo and Shaw, 1985). 

However, research on the genus progressed slowly 

for a number of reasons (Ullrich and Anderson, 1988): 

1. Armillaria is predominantly a soil and root 

inhabiting organism. Work with below-ground pathogens is 
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complicated by the mechanical difficulty of extraction, 

tracking, and studying the pathogen in its undisturbed 

state. Also, the rhizosphere is inhabited by many other 

pathogens and saprophytic bacteria and fungi. 

2. Armillaria is difficult to fruit in the 

laboratory, and until recently, repeatable and successful 

fruiting in culture was unknown. Not all isolates have been 

shown to fruit in culture. Without the basidiospores 

produced in culture, single spores needed for homokaryons 

used in mating tests must be collected during the sometimes 

infrequent occurences of fruiting in nature. 

3. The viability of basidiospores decreases 

rapidly following their release from the basidiocarp. 

4. The fungus is slow-growing. Studies of 

Armillaria may require extended periods of time, with each 

step proceeding at a tedious rate. 

5. The fungus has only a transient phase of 

dikaryotic hyphae. Similarly, clamp connections are only 

seen transiently. Both of these structures are used by 

mycologists to ascertain whether a successful mating has 

occurred. 

6. The basidiocarps of Armillaria are highly 

variable in morphology, even from the same supposed "clone." 

Traditional classification schemes based upon morphological 

characteristics are unreliable. 
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7. Mycelial cultural characteristics are variable 

and difficult to interpret. 

Single-spore isolate crosses have been done in the 

traditional way by which the genetics of basidiomycete fungi 

are studied. This approach was also used in studying 

Armillaria. but for the previously discussed reasons the 

base of knowledge about Armillaria did not increase 

appreciably until the 1970s. 

A breakthrough was made (1974), when Korhonnen and 

Hintikka found that Armillaria was not dikaryotic in its 

normal vegetative state. Vegetative dikaryosis had been 

assumed, but Korhonnen saw dikaryotic hyphae from the 

basidiocarp become monokaryotic. The presumed haploid 

nuclei of the dikaryotic hyphae fused, to form a presumed 

diploid. There is no other Basidiomycete known with a 

prolonged vegetative diploid stage. 

Tommerup and Broadbent (1975) found similar 

evidence of diploidization. He sectioned basidiocarps of 

Armillaria at various stages of development, and washed the 

tissue in stains specific for the nuclei. Monokaryotic 

mycelia gave rise to multinucleate cells, which in turn 

formed clamp connections and then dikaryotic hyphae. The 

dikaryotic hyphae formed the gill tissue and basidia. 

Meiosis occurred in the basidia, and basidiospores were 

formed. Tommerup used this staining technique in an attempt 
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to confirm the ploidy of the nuclei, through measurement of 

nuclear diameter with light microscopy. He found the nuclei 

of the monokaryons were significantly larger than those of 

the dikaryotic cells. 

Peabody and Motta (1978) also used cytophotometric 

measurements to study the ploidy of the cells in the various 

stages of basidiocarp formation. Their results were 

consistent with those of Tommerup in confirming the unusual 

nuclear conditions seen with Armillaria. 

Ullrich and Anderson (1978) made a pivotal 

discovery. They noted Hintikka (1973) had observed that 

single-spore isolate cultures were aerial and fluffy. When 

single-spore isolates from an individual fruiting body were 

paired in all possible combinations, the resulting colonies 

were either aerial and fluffy, or flattened and crustose. 

From the relative proportions of fluffy and crustose 

colonies/ Hintikka had postulated the fungus had a 

bifactorial, heterothallic pattern of sexuality. Later, 

after Korhonnen and Hintikka proposed a diploid vegetative 

state, Hintikka noted that cultures grown from basidiocarp 

tissue were flattened and crustose, and he surmised this was 

a diploid cultural characteristic. 

Ullrich and Anderson (1978) set out to test the 

theory that Armillaria utilized a bifactorial, heterothallic 

system. They also made single-spore isolate pairings, and 
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found the fluffy versus crustose results noted above. They 

then made auxotrophic mutants of single-spore colonies by 

treatment with N-methyl-N'-nitro-N-nitrosoguanidine, a 

mutagen. The researchers found some pairings of these 

auxotrophic mutants resulted in fluffy colonies, which was 

presumed to indicate an incompatible pairing. These fluffy 

colonies were auxotrophic on minimal media. However, 

crustose-resulting pairings were always prototrophic on the 

same media. 

Ullrich and Anderson also wanted to see if the 

fungus was multiallelic at the incompatibility locus. They 

found this was indeed the case (through pairings of spores 

from fruiting bodies from different localities), and also 

made an unexpected and crucial observation: isolates from 

some collections were completely intersterile with isolates 

from other collections. The completely incompatible 

isolates were usually from different geographic locations. 

Ullrich and Anderson were thus able to explain many of the 

unusual characteristics of "Armillaria mellea." when they 

reported there were actually a number of different 

biological species in the genus Armillaria. In addition to 

the cultural characteristics of the pairings, the 

researchers also observed a raised, black line which 

developed between isolates of an incompatible pairing. 

Similar results were confirmed by Korhonnen (1978) with his 
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work with European isolates. The type species for the genus 

was designated as Armillaria mellea (VahlsFr.) Kummer. 

Anderson and Ullrich (1979) also did a 

comprehensive mating study, with thousands of pairings, to 

establish the scheme of speciation in North America. They 

designated ten North American biological species, later 

reduced to eight (Anderson, 1986; Motta and Korhonnen, 

1986) . Either five or seven (the number is in question) 

intersterility groups have been identified in Europe 

(Korhennen, 1987; Roll-Hansen, 1985; Termorshuizen, 1987). 

However, the protocol for judging the pairings as compatible 

or not had an inherent degree of inaccuracy. Judging of the 

pairing reaction was done by a number of different 

researchers within the group, but in some cases a consensus 

could not be reached on whether a colony's appearance 

signified one type of mating result or the other. 

Anderson and Ullrich (1982) again used auxotrophs, 

in order to test the rate of diploid reversion, and found 

the matings to be stable. Further, he found that diploids 

were capable of mating with haploid strains. 

Once the existence of intersterility groups was 

ascertained, research efforts with Armillaria intensified. 

Morrison and Thompson (1985) attempted to use isozyme 

patterns to distinguish different intersterility groups. 

Preliminary tests revealed esterase and polyphenol oxidase 
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showed the strongest activity. They utilized gel 

electrophoresis, converted his data into digitized patterns, 

and employed factor analysis to separate their data. Their 

results, however, were inconclusive. They did find marked 

qualitative and quantitative differences between some 

isolates of the intersterility groups. However, there was a 

great deal of overlap. They concluded "pairing of known 

single-spore testers with unknown single-spore or diploid 

isolates is a more rapid and reliable method for determining 

intersterility groups than isozyme patterns." 

Differentiation of biological species utilizing 

single-spore testers is dependent upon the formation of the 

"black line" that separates incompatible pairings. The 

composition of the "black line" was investigated by Mallett 

and Hiratsuka (1986). They found it was "composed of 

melanized hyphal cells from both species, and was bordered 

on either side by the bladderlike cells of the 

pseudosclerotial plate of each species." 

Peabody and Peabody added a confusing, new twist 

to understanding Armillaria (1987). They used 

microspectrophotometry to compare the relative 4,'6-

diamidino-2-phenylindole stained DNA quantities of 

basidiospore and basidiocarp stipe nuclei. As basidiospores 

are the products of meiosis, they are thought to be haploid. 

The vegetative tissues (and basidiocarp) in nature had been 
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thought to be diploid. However, comparisons of DNA 

quantities of stipe and basidiospore nuclei showed no 

significant difference. This result indicated that, if a 

basidiocarp arises from a diploid portion of the mated 

mycelium, then this "post-mating karyogamy" must be followed 

by a haploidization. They stated, "If this proposed 

haploidization involves independent assortment, the 

resulting haploid basidiocarp tissues would in all 

probability be a genetic mosaic of cells with several 

different genotypes." 

Recently, molecular genetic techniques and DNA 

manipulations have been used to approach the speciation 

issue. Anderson et al. (1987) began a study to see if 

distinguishable restriction fragment length polymorphisms 

(RFLPs) could be found in Arroillaria DNA. He grew tester 

strain mycelia in liquid media, lyophilized the mycelia, and 

centrifuged the tissue in bisbenzimide-CsCl to extract the 

nuclear and mitochondrial DNA. Restriction enzyme reactions 

were done to break the DNA into fragments. The fragments 

were then ligated into the EcoRI site of the bacterial 

plasmid cloning vector pUC18. Eschericia coli was 

transformed with the plasmid DNA. Then, plasmid DNAs were 

removed by a boiling-lysis method, and electrophoretic gels 

of the DNA were run. A Hindlll-digested phage lambda DNA 

was used as the molecular weight standard. Recombinant 
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plasmids were labelled with 32P dATP or dCTP, to use as 

probes (a nick translation kit was used in this step). A 

Southern blot was done to transfer the gel DNAs to a nylon 

membrane, and the probe was added. After the probe was 

removed, autoradiography was done. 

Anderson et al. found there were distinctive RFLPs 

for the intersterility groups. Usually, DNA from isolates 

of the same biological species had the same restriction 

fragment sizes. Most of the variation observed was between 

biological species. The mitochondrial DNAs were highly 

conserved (more so than nuclear DNA) and significantly 

divergent between intersterility groups. 

Smith and Anderson (1989) followed up this work to 

see if unknown isolates could be identified through RFLP 

comparisons. This time, they focused on mitochondrial DNA 

RFLP patterns within and between North American species of 

Armillaria. A genomic library of an Armillaria isolate was 

prepared and screened for mitochondrial inserts, utilizing 

the bacteriophage lambda vector EMBL3. The library was 

screened with the isolates' mtDNA by in situ plague 

hybridization. The plagues that gave strong signals were 

selected, and Southern analysis of these plaques with the 

isolate mtDNA probes was done to select only those clones 

that contained just mitochondrial DNA inserts. These clones 

were then used as probes in RFLP analysis of the Armillaria 



18 

tester strain isolates. The same procedures Anderson et al. 

had used (1987) were employed with regard to the use of 

restriction endonucleases, electrophoresis, preparation of 

the radioactive probes, and autoradiography. Smith measured 

the bands of the autoradiograms, and recorded the results 

using a computer program which employed cluster analysis and 

a Jaccard's similarity matrix. He sepaj/ated the 

intersterility groups based upon their bands, and found that 

within-group bands clustered at a similarity level of 47% or 

more, while the between group clustering showed a similarity 

of 19% to 33%. Smith found utilizing cloned mitochondrial 

DNA probes for this work was more reliable than using the 

whole mitochondrial DNA as a probe. He concluded that 

"analysis of mtDNA restriction fragment patterns is an 

accurate and practical means of identifying North American 

Armillaria isolates" (Smith and Anderson, 1989). 

Species identification is still mostly done by pairing 

"testers" of the identified biological species with the 

unknown Armillaria. In many areas of the United States 

(including Arizona), species identifications have not been 

made of local Armillaria isolates (Wargo and Shaw, 1985). 

The objectives of this study are to identify the southern 

Arizona Armillarias using tester pairings, and study the 

cultural characteristics of the Armillaria biological 

species. 
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MATERIALS AND METHODS 

Armillaria Tester Isolates 

Homokaryotic, single-spore isolates of the North 

American biological species were used as "testers" 

throughout the study. These are from the collection of Dr. 

Robert L. Gilbertson, and are shown in Table 1. These 

cultures had been stored at 10°C on 2% malt extract agar 

(MEA). 

Field Collection of Armillaria Unknowns 

The areas chosen for collection of Armillaria were 

in southern Arizona: Mt. Lemmon in the Santa Catalina 

Mountains (directly north of Tucson) and Madera Canyon, in 

the Santa Rita Mountain range (approximately 40 miles south 

of Tucson, Arizona). The Mt. Lemmon collections were from 

the Summerhaven, Bigelow Peak, and Marshall Gulch areas. 

Scouting for diseased trees began in May of 1989. 

Trees infected with Armillaria typically show symptoms of 

rapid reddening of the foliage, die-back from the tips, and 

resinosis around the base of the trunk. Infection centers 

can be found, with a circular pattern of mortality (Filip, 

1978; Sinclair, 1988). Positive identification of an 
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Table 1. Homokaryotic isolates of the Armillaria biological 
species (Testers). 

Name Collection 

I A. ostovae (Romagn.) Herink UNH-123 
UNH-286 
SP 86-12-3 
SP 86-12-4 
SP 86-12-6 
SP 86-12-11 

II A. cremina Berube & Dessureault 

III A. calvescens Berube & Dessureault UNH-476 

V A. sinaoina Berube & Dessureault SP 86-10-3 
SP 86-10-12 

VI A. mellea (VahlrFr.) Kummer UNH-277 
UNH-284 

VII A. aallica Marxmuller & Romaan. UNH-470 
SP 86-13-1 
SP 86-13-4 
SP 86-13-8 
SP 86-13-9 

IX Unnamed SP 84-IX-2 
SP 84-IX-12 

X Unnamed SP 81-20-1 
SP 81-20-12 
SP 81-20-15 
SP 81-20-17 

XI Armillaria tabescens (Scop.:Fr.) 
Dennis, Orton, and Hora 

SP 82-14-4 
SP 82-14-8 
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Armillaria on an infected tree was made by cutting back the 

bark near the soil line and discovering a mycelial fan 

growing beneath the bark. Microscopically, the mycelia are 

monokaryotic and without clamps connections. 

Identified areas of infestation were checked every 

week during the usual fruiting time in southern Arizona. 

This is typically in August and early September, toward the 

end of the summer rainy season. Fresh basidiocarps were 

collected whenever possible. When fruiting did not occur, 

pieces of the tree trunk covered by mycelial fans were 

chopped off with a hatchet, and then brought to the 

laboratory for isolation of the fungus. 

Collections were made both in 1989 and in 1990. 

Table 2 lists the collections. 

Isolation of Vegetative Cultures 

A pure culture of the fungus from the sections of 

the tree trunk with mycelial fans were isolated in the 

following manner: The trunk chip was cut or broken to 

expose a surface not previously open to the air, and briefly 

passed over a flame. A razor blade was dipped in alcohol, 

heated over a flame, and used to dissect small pieces of the 

infested woody material from the exposed surface. Each cut 

piece was aseptically transferred onto a 2% MEA plate. The 

plates were kept at ambient temperature (20-22°C) for 10 
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Table 2. Field isolates of Armillaria used in this study. 

Isolate Substrate Locality 

KMM89-1 Pinus ponderosa 

KMM89-2 Pseudotsuqa menziesii 

KMM89-3 Pinus ponderosa 

KMM89-8 Pinus ponderosa 

KMM89-15 Abies concolor 

KMM89-16 Pinus ponderosa 

KMM89-17 Pinus ponderosa 

RLG 16298 Ouercus arizonica 

RLG 16334 Ouercus arizonica 

RLG 16340 Ouercus arizonica 

RLG 16343 Ouercus arizonica 

KMM90—22 

KMM90-23 

Pseudotsuqa menziesii 

Abies concolor 

Summerhaven, Mt. Lemmon 

Summerhaven, Mt. Lemmon 

Summerhaven, Mt. Lemmon 

Marshall Gulch, Mt. 
Lemmon 

Summerhaven, Mt. Lemmon 

Marshall Gulch, Mt. 
Lemmon 

Marshall Gulch, Mt. 
Lemmon 

Madera Canyon, St. Rita 
Mts. 

Madera Canyon, St. Rita 
Mts. 

Madera Canyon, St. Rita 
Mts. 

Madera Canyon, St. Rita 
Mts. 

Bigelow Peak, Mt. Lemmon 

Bigelow Peak, Mt. Lemmon 
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days, and then viewed under a dissecting microscope. When 

the characteristic mycelia of Armillaria was seen growing 

from the wood chip into the surrounding media, a small 

amount of this infested media was aseptically transferred to 

2% MEA slant tubes, and incubated at 20°C. 

Tissue from the stipe of a basidiocarp was 

isolated in a similar manner. The stipe was broken in half 

and a small piece of the inner tissue was aseptically 

transferred to 2% MEA petri dishes. After one week, hyphal 

tips of the pure, growing isolates were transferred to slant 

tubes. 

Isolation of Single-Spore Cultures 

Fresh, gilled portions of a basidiocarp were 

placed on an agar plate, with the gills facing upward. A 

cover was put on the plate, and the plate inverted. After a 

period of one to two days the lid of the plate was checked 

for deposits of basidiospores. 

Tubes of sterilized, molten 2% MEA were prepared. 

These were allowed to cool to between 55°C (the lethal 

temperature for most basidiospores) and 45°C (at which point 

the agar will solidify). Loops of sterile water were used 

to make a hanging drop of basidiospore suspension from the 

petri dish lid. Then, a loop of this suspension was 

aseptically removed and put into the tube of molten agar. 
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The agar and basidiospore suspension were mixed, and then 

either poured into an empty, sterile petri dish or over the 

surface of a 2% MEA plate. Dilution suspensions were also 

made by mixing the loop of water/basidiospores in sterile 

water blanks, and then adding a loop of this diluted 

suspension to the molten agar. Germinating spores were 

picked off as soon as they could be detected on dilution 

plates. The poured tubes were kept in order to retrieve any 

single-spore isolates that germinated in the medium 

remaining inside the tubes. 

Single-spore isolation was also done by taking the 

initial loop of water/basidiospores and directly streaking 

this onto 2% MEA plates or on plates of water agar. Also, 

the contents of inoculated water blanks were directly poured 

over the 2% MEA or water agar plates. 

Orange-Half Cultivation 

Some researchers have had success in obtaining 

fruiting of Armillaria in the laboratory, using a 

cultivation technique with orange sections (Siepman, 1985; 

Guillaumin et al., 1983; Guillaumin et al., 1985; Guillaumin 

et al., 1989; Shaw, 1989). This technique was used in this 

study with vegetative cultures (presumed diploid) of the 

following isolates: 
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KMM89-2 KMM89-8 KMM89-16 RLG16298 RLG 16343 

KMM89-4 KMM89-15 KMM89-17 RLG 16340 RLG 16343 

Oranges (edible, sweet variety sold at a local 

grocery) were sectioned and two quarters were placed in 500 

ml erlenmeyer flasks, with the cut surface upward. 3% MEA 

was added until the liquid level was approximately 5 mm 

below the upper surface of the orange half. The flasks were 

plugged with cotton wadding and autoclaved for 75 minutes. 

After the flasks had cooled each isolate was aseptically 

added to its own flask. The cultures were placed in a 

chamber at 20°C for four weeks, and then moved to a chamber 

at 13°C. Cool, white, fluorescent lights illuminated the 

growth chamber for twelve hours each day. The cultures were 

inspected every three days for any sign of formation of 

basidiocarps. 

Microscopic Inspection for Clamp Connections 

As Armillaria has been reported to produce 

transient clamp connections following hyphal anastomoses of 

compatible homokaryons (Tommerup and Broadbent, 1975), a 

"thin-film" slide technique was developed to see if this 

could be easily observed. 

Single glass slides were placed in the bottom of 

glass petri dishes. The dishes were covered and sterilized. 
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Molten, amended 3% MEA was aseptically poured into the 

sterile dishes, so that the level of the media was 

approximately 1 mm over the upper surface of the slide. 

After cooling, a 1 cm circular plug of a tester strain was 

put on the slide. A l cm plug of an unknown isolate was 

also placed on the slide, approximately 5 mm from the 

tester. Tester isolates of the same biological species were 

also paired on slides. The pairings were then incubated at 

25°C, and inspected periodically during a period of between 

four and fourteen days after inoculation. 

Determination of Matina-Tvpe Alleles in a Population 

Some researchers report they have been able to 

distinguish "semi-compatible common A" and "hemi-compatible 

common B" mating reactions from totally incompatible 

reactions (Lamoure and Guillaumin, 1985). Others (Ullrich 

and Anderson, 1978; Anderson and Ullrich, 1982) have been 

unable to distinguish allelic composition through mating 

interactions and the resultant colony morphology. 

Armillaria does not form "barrage," typically seen with 

"Common B" matings of other Hymenomycetes. 

A study was made to see if the number of alleles 

could be determined in an Armillaria population of one of 

the southern Arizona field unknowns. Ten, single-spore 

isolates from a single basidiocarp (isolate KMM 89-2) were 
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used. One of these single-spore isolates, KMM 89-2A, was 

arbitrarily designated as A^B^ and paired with all of the 

other homokaryons. Plates of 2% MEA were used, and plugs of 

the two homokaryons were placed 5 mm from each other. The 

plates were kept at 20° c for 8 to 12 weeks (the incubation 

time dependent upon individual isolate growth), and 

periodically checked for the resultant colony morphology. 

Two other sets of single-spore isolates from 

basidiocarps other than KMM89-2 were treated similarly. The 

results of the pairings of these sets yielded similar 

results as those seen with KMM89-2 (and therefore, only the 

data for KMM89-2 will be presented in the Results portion of 

this thesis). 

Species Identification of Field Collections 

The field isolates were grown in pure culture on 

2% MEA plates. A 1 cm plug from each isolate was 

aseptically removed and individually placed on amended 3% 

MEA plates. A 1 cm diameter tester plug was placed 2 mm 

from the field isolate. Each isolate was paired with at 

least two testers from each intersterility group. The 

plates were kept at 20° C for a period of four to twelve 

weeks, depending upon the growth rate of the paired 

isolates. Contaminated plates were withdrawn and the plates 

redone. 
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Pairings of isolates from different intersterility 

groups result in a dark, black line forming between the two 

colonies (Korhonnen, 1978; Ullrich and Anderson, 1978). 

This melanized area is distinctive of interspecific crosses, 

and is not seen as a result of vegetative incompatibility 

found in intraspecific pairings (Mallett et al., 1989). 

Thus, a process of elimination was employed to narrow the 

possible speciation of field isolates. Inconclusive plates 

(which could not easily be scored as to their compatibility) 

were redone. 

Some pairing results are difficult to score as the 

melanized line may be faint. The technique of Hopkin et al. 

(1989) was used to darken the line between incompatible 

pairings. Dialysis tubing was cut to make single-layer 

pieces, 3 cm square. These were autoclaved and placed on 

the surface of amended 3% MEA plates. 1 cm diameter plugs 

of a single tester isolate and of a field isolate were 

aseptically placed on the membrane, approximately 5 mm 

apart. The plates were incubated at 20° C for 20 to 40 

days, depending on the rate of growth of the specific 

isolates. The membrane was then removed and placed on a 

glass surface, in order to look for the black line from both 

the top and the bottom surface. If the line was faint, or 

could not be distinguished, the membrane was cut. The 

contact area between the two colonies and 1 cm of membrane 
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on both sides of the interaction zone was retained. This 

membrane piece was immersed in a fresh solution of 0.5% L-

DOPA (L-beta-3,4-dihydroxyphenylalanine, Sigma Chemicals) in 

0.05 M phosphate buffer, pH 7. The membranes were incubated 

at 37° C for 1 hour, and then examined under both dissecting 

and compound microscopes. 

Temperature Growth Study 

A representative isolate from each of the 

intersterility groups (testers) and some of the unknown 

field isolates, were employed in a temperature growth study. 

A 1 cm diameter plug from the growing edge of each isolate 

was aseptically transferred to the inside edge of an amended 

3% MEA petri dish. The cultures were incubated at 15, 20, 

25, 30, and 35° C over a period of 10 weeks. Each isolate 

had two replications at each temperature. The growth on the 

plates was measured at 14 day intervals. 

Media Used 

The media used in this study are listed in Table 
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2% Malt Extract Agar 

20 g malt extract 

12 g agar 

1 L distilled water 

3% Malt Extract Agar 

30 g malt extract 

12 g agar 

1 L distilled water 

Amended 3% Malt Extract Agar 

A variation of the Shaw and Roth (1976) medium . 

30 g malt extract 

30 g glucose 

10 g bacto-peptone 

12 g agar 

1 L distilled water 

Orange Half Fruiting Medium 

3% MEA (above), added to a 500 ml erlenmeyer flask 

containing an autoclaved orange half. 
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RESULTS 

Single Spore Isolation 

A number of approaches were used to obtain single-

spore isolates from the field collections. The use of 

liquid agar was rarely successful, with very few 

basidiospores germinating. Serial dilutions of the spores 

in water blanks followed by immersion in liquid agar gave no 

germinating basidiospores. 

The author noted basidiospores from the spore 

print were germinating in the condensed water film on the 

inside of the petri dish lid (formed when the plates were 

poured). Basidiospores did not germinate on the surface of 

dry lids. When the basidiospores floating in distilled 

water were poured or streaked on the surface of a plate, 

abundant germination occurred. It was from these latter 

plates that the majority of the single spore isolates were 

obtained. 

Orange-Half Cultivation 

European researchers (Guillaumin et al., 1983) 

have reported limited success in obtaining basidiocarps 

utilizing orange-half cultivation, for the following 
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biological species: A^. ostovae. A. ntellea. A. borealis 

(restricted to northern Europe) , and A.J. bulbosa (now called 

A. gallica). North American researchers have had similar 

success using vegetative isolates of A-. ostovae and A. 

mellea (Shaw, 1989). 

Only limited basidiocarp formation occurred when 

nine southern Arizona (presumed diploid) field collections 

were cultured by this method. Only KMM89-2 formed fruiting 

bodies (beyond a primordial stage) and had limited 

sporulation. These fruiting bodies were misshapen and 

aborted (Figure 1). KMM89-2 was also one of the few 

isolates which had formed basidiocarps in the field during 

the unusually dry summer of 1989, and single-spore 

collections had been made. Thus, no genotypically new 

single-spore collections were obtained through the use of 

the orange-half medium. 

"Thin-Film" slide Procedure 

The "thin-film" slide procedure was technically 

successful. It allowed the interacting mycelia to be 

clearly observed under both low-power compound microscopy 

and with a dissecting stereoscope, over a period of time, 

without destructively removing a portion of the growing 

culture for slide preparation. Use of the thinnest possible 

film of medium provided optimal viewing of the mycelia. 
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Figure 1. Orange-half cultivation of KMM89-2. Basidiocarps 
are misshapen and aborted. 
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Transient clamp formation was never observed in 

pairings of unknown homokaryotic isolates with testers. All 

of the North American biological species, with the exception 

of Ai mellea, form clamps transiently (A^ mellea is not 

known to form clamps at any stage). . A number of 

homokaryotic isolates from intersterility group I were also 

paired with each other. As expected, a melanized, raised 

line (which appears during interspecific challenges) did not 

form in these intraspecific pairings. The distinctive 

hyphal accumulation (Mallett et al., 1989) thought to be a 

sign of intraspecific vegetative incompatibility was also 

not seen. Rather, the group I homokaryons grew into and 

over each other, as if a compatible pairing had occurred. 

However, clamps on the mycelia were never found. 

Determination of Matinq-Tvpe Alleles in a Population 

Attempts to distinguish the mating-type allelic 

composition of the KMM89-2 homokaryons paired against KMM89-

2A, as well as with two other sets of single-spore isolates, 

were not successful. With a fungus such as Armillaria that 

has a heterothallic, bifactorial mating system, the mating 

type alleles in the presumed diploid genotype which had 

produced the basidiospores could be arbitrarily designated 

A1A2BiB2. Homokaryons produced by this parental strain 

would each have an equal chance of having one of the 
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following mating-type allelic combinations: AjBj, A1B2, 

R A2B2. AS a compatible mating requires different 

alleles at both mating-type loci (for example, A1B1 x 

A2B2), 25% of the pairings will give a compatible mating, 

25% will be totally incompatible (share both loci at the 

mating-type alleles), 25% will have a "common-A," and 25% 

will be "comraon-B." This is shown in Table 4. 

Table 4. Possible mating-type interactions of basidiospores 
from a single basidiocarp with a bifactorial mating system. 

AIBI A2B2 

AiBJ "*1*1*1*1 xAiAIBIB2 ^A1A2B1B1 ZAIA2BIB2 

A1B2 cA^A^B2B^ w 
2®2 eAiA2B2B1 ^a1A2B2B2 

A2BI Z^2A1B1®2 
w 
*2*2*1*1 

CA2A2BIB2 

A2B2 zA2A^B2B2 ^AaAiBaBa XA2A2B2B2 w A2A2B2B2 

w = incompatible, both A and B shared 
x = semi-compatible, common A 
y = hemi-compatible, common B 
z = compatible, no alleles shared 

The difficulty encountered was establishing which 
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negative reactions were common-B. Armillaria does not form 

barrage with common-B reactions (Figure 2). As previously 

noted, some researchers have made allelic distinctions, 

primarily based upon morphological characteristics (such as 

colony pigmentation). 

The author saw no unambiguous cultural 

characteristics in the group of negative pairings which 

could be confidently relied upon to make consistent mating-

type distinctions. Homokaryons from a single basidiocarp 

frequently had widely variable culture morphology in terms 

of growth rates, degrees of mycelial "aerialness," and 

rhizomorphic development and growth (Figure 3). Compatible 

matings are obvious when two white, fluffy homokaryons are 

paired, as the presumed diploid which results from such a 

mating is generally flattened and crustose (Figure 4). 

However, variable growth rates and rhizomorph formation can 

lead to one isolate growing over or around the other, making 

a negative reaction difficult to classify. As homokaryotic 

colonies age, their morphology can change, so that they 

eventually are dark and flattened or crustose (Figure 5). 

This further complicates assessment of pairing reactions. 



Figure 2. Pairings of homokaryons from the same 
basidiocarp. Left plate, a compatible mating of KMM89-2J 
(left) and KMM89-2H (right). Right plate, an incompatible 
pairing of KMM89-2D and KMM89-2K. 



Figure 3. Morphological variation in homokaryons from a 
single basidiocarp. Left plate, KMM89-2D with extensive 
rhizomorphs (left), not seen with KMM89-2J (right), which 
has a flattened, dark appearance. Right plate, KMM89-2H 
(left) with aerial, white mycelia, and KMM89-2A (right) with 
white, flattened mycelia. 



Figure 4. Top: Single-spore homokaryons. Bottom: A 
presumed diploid vegetative isolate. 
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'tamraH 

Figure 5. Homokaryotic tester isolates. Left, V (SP86-10-
7); right, XI (SP82-14-8). 



41 

Species Identification of Field Isolates 

Results of the pairings to identify the species of 

the field isolates are given in Table 5. Some of the field 

isolates were incompatible with all of the tester isolates 

available to the author. 

Table 5. Results of mating tests with field isolates and 
homokaryotic intersterility group testers. 

Field isolate fand morphology^ 

KMM89-1A homokaryon 
(white, aerial) 

KMM89-3 basidiocarp stipe tissue 
(tan, moderately flattened) 

KMM89-8 vegetative tissue 
(white, aerial) 

KMM89-15 vegetative tissue 
(tan, moderately fluffy) 

KMM89-16 vegetative tissue 
(dark, flattened, crustose) 

KMM89—17 vegetative tissue 
(dark, flattened, crustose) 

RLG 16298 basidiocarp stipe tissue 
(dark, flattened, crustose) 

RLG 16334 basidiocarp stipe tissue 
(tan, moderately aerial) 

RLG 16340 basidiocarp stipe tissue 
(white, aerial) 

RLG 16343 basidiocarp stipe tissue 
(white, aerial) 

Compatible Tester 

none 

I UNH-123 

none 

VI UNH-284 probable 
I UNH-123 possible 

none 

none 

X (SP81-20-12) 

VI UNH-284 probable 
I UNH-123 possible 

I SP86-12-3 possible 
III UNH-476 possible 

I SP86-12-3 possible 
III UNH-476 possible 
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Temperature - Growth Study 

Homokaryotic intersterility group isolates and 

both homokaryotic and presumed diploid field collection 

isolates were incubated at 15, 20, 25, 30, and 35°C for 10 

weeks. None of the isolates grew at 35°C. 

Temperature growth curves for the homokaryotic 

"testers" are given in Figure 6. The highest growth rate 

for all of these isolates was at 25°C. 

Temperature growth curves for the presumed diploid 

vegetative isolates are shown in Figures 7a, 7b, and 7c. 

The growth curves for the homokaryotic isolates from field 

collections are given in Figure 8. Figure 9 shows both the 

growth rates for KMM89-2 (a presumed diploid obtained from 

stipe tissue) and KMM89-2D, a homokaryotic isolate produced 

through the germination of a single basidiospore from KMM89-

2. The homokaryon had faster growth at the optimum 

temperature (a result seen many times in the course of the 

culture work). 

Raw measurement data, from which all of the above 

Figures were prepared, are presented in Appendices A, B, and 

C. 



43 

G 
r 
o 

w 
t 
h 

R 
a 
t 
e 

m 
m 

/ 
d 
a 
y 

—i -hin ^hy -fr-vi vii -4-ix -a-x -s-xi 

Figure 6. Temperature - Growth rates of the homokaryotic 
testers (North American intersterility groups). 
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v aii 

Figure 7a. Temperature - growth rates of vegetative 
isolates KMM89-2, KMM89-8, KMM89-15, and KMM89-16. 
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Figure 7b. Temperature - growth rates of vegetative 
isolates KMM89-17, KMM89-22, KMM89-23, and RLG 16298. 
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Figure 7c. Temperature - growth rates of vegetative 
isolates RLG 16340 and RLG 16334. 
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Figure 8. Temperature - growth rates of homokaryons KMM89-1A 
and KMM89-2D. 
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Figure 9. Temperature - growth rates of presumed diploid 
KMM89-2 and homokaryon KMM89-2D. 
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DISCUSSION 

The Armillaria complex are Basidiomycete white rot 

fungi, anomalous in their habit, morphology, and nuclear 

condition. Laboratory studies of this genus also require some 

different approaches than those used with most other wood-

rotting, Basidiomycete fungi. Initial collections of 

basidiocarps for the retrieval of single spores can be 

thwarted by dry weather conditions, as the mushrooms may not 

be produced under such circumstances. Fruiting bodies which 

do form are rapidly consumed or colonized by mycophagous 

organisms and mycoparasites, making prompt basidiocarp 

collection and single-spore retrieval imperative, in order to 

obtain pure cultures of homokaryons. Armillaria basidiospores 

remain viable for relatively short periods of time, so long 

term storage of spore prints to obtain homokaryons from a 

spore print is typically unfeasible. 

Attempts to get Armillaria field isolates to fruit, 

using the orange-half method of cultivation, were only 

slightly successful. The only isolate with basidiocarps that 

developed beyond a primordial stage and produced a hymenium 

was KMM89-2, one of the few from which basidiospores had been 

obtained from field collections in the fall of 1989. This 
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approach to obtaining basidiospores was also very slow - the 

first primordia began to appear after four months of 

incubation. 

This cultivation technique has been successful for 

other researchers with some of the Armillaria species only, 

predominantly Aj. ostovae (intersterility group I). KMM89-2 

may be A_s_ ostovae. In the species identification experiment, 

KMM89-3 was compatible with group I; KMM89-15, RLG 16334, RLG 

16340, and RLG 16343 were all possibly compatible with the 

group I testers (UNH-123 or UNH-476). However, these latter 

field isolates did not produce fruiting bodies by the orange-

half method. 

One aspect of the technique that may affect success 

in obtaining basidiocarps is the selection of the type of 

orange. The researchers previously cited as using this 

technique simply refer to using "oranges," without distinction 

of whether these are sweet or mock oranges, and without 

reference to cultivar. It is possible the oranges used in 

this study did not provide all of the compounds required by 

Armillaria for fruiting. 

The attempt to distinguish the number of mating-type 

alleles in a population of Armillaria was not successful. A 

fully compatible mating could be distinguished. With KMM89-2A 

arbitrarily designated as having mating-type factors A^B^ any 

compatible homokaryon from the same basidiocarp must have the 
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mating-type factors A2B2. However, the three other possible 

mating-type combinations A1B2, and A2B1) were 

indistinguishable for a number of reasons. 

First, the morphologies of homokaryotic isolates 

were variable. Some had obviously fluffy, aerial mycelia, 

while others were more flattened than aerial. Thus, there 

were inconsistencies in the "aerial/fluffy = incompatible" and 

"flattened/crustose = compatible" mating assessment. As the 

incubation period progressed some of the fluffy colonies 

became more flattened-looking. 

Secondly, the homokaryons had varying rates of 

growth. Some would grow over and around a slower challenger, 

which made distinguishing the reaction more difficult. 

Third, some of the homokaryons produced rhizomorphs. 

The rhizomorphs would spread throughout the plate, resurfacing 

in a random fashion, and initiating mycelial growth in that 

spot. Once again, distinguishing the reaction was made more 

difficult. 

Fourth, distinctive structures were not produced by 

interacting homokaryons. A melanized, raised line does not 

form intraspecifically. Clamp connections form only 

transiently, and were not seen. 

The inability to distinguish mating-type factors may 

be somewhat species-related (Burdsall, 1990). KMM89-2 may be 

one of the more difficult intersterility groups for use in 
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mating-type allele differentiation. 

Species identification of field isolates was 

moderately successful. In many cases, negative mating 

reactions were obvious, as indicated by the formation of a 

raised, melanized line between the challengers (Figure 10). 

Compatible reactions could also be distinguished, as an 

interaction zone does not form (Figure 11). 

The grading of compatibility using colony morphology 

is an inexact procedure, complicated by the variable 

morphology of the individual isolates. Some vegetative 

isolates, presumed to be diploid, which did not test 

compatible with group VI (A;, mellea. the only species 

consistently with white, fluffy mycelia) nonetheless had 

white, aerial mycelia (Figure 12) . When a compatible haploid-

haploid or haploid-diploid pairing is made with a fluffy, 

white isolate such as RLG 16343, one would not expect to see 

a flattened, crustose mat result (the indication of a positive 

mating). 

A shortcoming of this study is the lack of mating 

reaction and temperature data for intersterility group II. 

The most recent published compilation of the Armillaria 

complex (Anderson, 1986) listed only eight North American 

species. However, this researcher learned in the latter part 

of 1990 that nine intersterility groups are now recognized 

(Harrington, unpublished). Dr. H. H. Burdsall, from the 
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Figure 10. Negative mating reactions between tester 
homokaryons and field isolates. The middle plate is inverted 
to better show the melanized line between incompatible 
isolates. 
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Figure 11. Compatible matings of homokaryotic testers and 
field isolates. 



Figure 12. A comparison of the flattened, crustose morphology 
of KMM89-17 (left) , and the white, aerial mycelia of RLG 16343 
(middle) and KMM89-8 (right). 



56 

Center for Mycology Research in Madison, Wisconsin, offered to 

provide the missing tester. However, the group II isolates 

were received in early 1991, too late for inclusion in these 

studies. 

The field isolates which tested incompatible with 

the testers may be from intersterility group II. However, the 

typically flattened, crustose morphology of group II 

(Harrington, unpublished) does not match that of some of the 

unknown field isolates. Dr. Burdsall described group II as 

"rare." It is also possible that the unidentified field 

isolates are of a new species. 

The next step in this research would be to obtain 

fresh testers, and attempt to obtain single-spore isolates 

from the already-located field isolates. The testers used in 

this research were many years old. Fresh testers give more-

distinctive mating reactions, as they are less apt to have 

become flat and crustose (and thus obscure the results). Use 

of single-spore isolates of the field collections (rather than 

vegetative isolates) would also lead to less ambiguous 

grading. 

Subculturing (Harrington, 1990) would also be 

employed. This involves understanding that nuclear migration 

after a compatible mating is a relatively rapid event. The 

unknown field isolates would be paired with testers, as 

described above. After a period of time, during which the 
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hyphae of the two isolates have met, subcultures are made of 

the homokaryons' border area (from both homokaryons in a 

haploid-haploid reaction, and only the homokaryotic tester 

side in a haploid-diploid mating). These subcultures are 

incubated at 20 - 25°c for a few weeks, and the morphology of 

the subcultures are then compared to unmated colonies of the 

homokaryon(s) used in the pairing. Significant changes in the 

subculture morphology can indicate that nuclear migration has 

occurred, and the tester isolate is of the same intersterility 

group as the unknown. 

The nuclear state of the white, fluffy vegetative 

field isolates should also be addressed. Peabody and Motta 

(1978) and Peabody and Peabody (1987) use of cytophotometric 

analysis to measure nuclear size would be employed. An 

intriguing possibility is that some of these southern Arizona 

Armillarias may have a persistent haploid vegetative state (as 

indicated by their colony morphologies) . This follow-up study 

would be particularly indicated if these currently 

unidentified field isolates are indeed one of the known 

Armillarias (but not group VI, which has aerial, white 

mycelium). 

The temperature - growth rate data show similar 

growth curves for many of the intersterility groups. Group X 

was a very slow grower, and essentially only active near 25°C. 

Groups III, VI, and XI continued relatively faster growth at 
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temperatures up to 30°C. The optimum for all of the 

intersterility groups was 25°C. The temperature - growth 

results did not aid in the identification of the field 

isolates' intersterility group. 

These studies have indicated many of the 

difficulties in working with the Armillaria complex. The 

field and cultural characteristics of these fungi are what 

have made this group such an enigma. In view of the wide host 

and climatic ranges in which southern Arizona Armillarias are 

found, it is likely that several species of Armillaria are 

resident in this area of North America. 
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APPENDIX A. Temperature study data for the homokaryotic tester 
isolates. 

Isolate Growth fmml at 14 Day Intervals 
1S°C 20°C 25°C 30°C 

I 3-7-7-5-6 3-5-4-4-5 5-7-6-4-5 1-2-0-0-0 
SP86-12-3 4-3-3-3-4 3-4-5-3-6 5-6-6-4-4 1-2-0-0-1 

III 2-4-3-3-4 4-5-3-2-3 4-8-4-3-3 3-5-3-2-2 
UNH-476 2-4-4-3-4 2-5-3-3-3 5-8-5-3-3 3-4-2-2-2 

V 3-5-5-4-5 5-3-3-6-7 5-6-8-5-11 1-0-1-2-0 
SP86-10-7 3-3-4-4-5 4-5-6-4-7 4-7-8-5-8 0-1-1-1-1 

VI 3-3-6-4-5 5-7-7-8-8 6-8-10-9-7 4-3-3-4-4 
UNH-284 5-3-5-3-3 4-6-7-6-7 6-8-9-8-7 5-4-7-5-6 

VII 2-2-2-1-1 3-7-7-9-8 4-9-11-8-10 1-0-1-0-0 
SP86-13-9 4-5-5-3-3 3-6-7-8-8 6-8-10-8-8 0-1-1-1-0 

IX 2-3-4-4-5 2-4-3-3-3 3-5-5-4-5 0-0-0-0-0 
SP84-IX-12 2-4-3-3-4 4-2-2-3-3 4-5-5-4-6 1-0-0-0-0 

X 0-0-0-0-0 o-O-O-O-O 2-0-0-0-2 0-0-0-0-1 
SP81-20-12 0-0-0-0-0 1-0-0-0-0 0-2-2-2-3 0-1-1-0-0 

XI 
SP82-14-8 

2-5-4-3-5 
4-4-4-4-5 

4-6-5-6-6 
2-5-5-4-4 

6-7-5-3-4 2-3-4-4-5 
5-4-6-4-4 2-2-3-4-4 
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APPENDIX B. Temperature study data for the presumed diploid 
vegetative field isolates. 

Isolate Growth fmml at 14 Day Intervale 
15°C 20°C 25°C 30°C 

KMM89-2 2-1-1-1-2 

2-1-1-2-2 

2-3-1-2-3 
2-3-2-2-2 

3-2-2-2-2 
3-3-3-2-2 

1-3-3-2-3 
2-2-2-3-2 

KMM89-8 1-3-5-4-5 
2-2-5-5-3 

2-5-5-6-8 
2-6-6-4-10 

4-9-9-5-9 
3-8-8-6-10 

4-7-4-4-6 
4-3-6-2-2 

KMM89-15 2-7-6-5-7 
2-5-5-3-7 

3-10-7-6-8 
2-6-6-3-6 

6-8-6-5-4 
6-9-7-3-4 

1-4-2-1-2 
2-4-3-2-3 

KMM89-16 2-4-4-3-4 
1-3-5-3-5 

2-7-5-3-6 
2-4-4-2-3 

2-10-4-3-6 
4-11-6-3-6 

4-3-4-3-3 
4-3-5-4-5 

KMM89—17 1-5-5-4-7 
1-5-4-4-7 

3-7-8-6-10 
3-9-7-7-8 

5-8-6-3-3 
5-9-6-3-2 

2-5-5-5-3 
3-4-5-4-5 

KMM90-22 2-5-6-6-8 
2-4-4-6-9 

3-9-10-6-13 
3-9-9-6-12 

4-11-11-10-12 
4-13-11-9-11 

6-3-5-4-3 
4-2-3-2-3 

KMM90-23 3-5-7-5-6 
3-5-5-6-6 

5-7-7-5-10 
4-8-8-6-9 

5-9-8-7-6 
6-6-5-5-7 

3-1-2-2-2 
2-2-1-2-2 

RLG 16298 1-6-4-3-6 
1-4-6-4-7 

3-9-6-6-8 
3-8-6-5-10 

4-7-7-4-6 
5-10-8-6-5 

4-3-5-3-2 
4-3-4-1-2 

RLG 16340 2-3-3-2-2 
1-3-3-2-2 

2-4-3-3-2 
2-3-3-2-3 

3-4-3-3-4 
3-6-3-3-3 

1-2-0-2-1 

0-1-1-2-1 

RLG 19334 2-2-3-2-2 
2-1-2-1-2 

2-3-2-2-3 
1-2-4-3-3 

4-5-3-2-3 
4-4-5-2-3 

1-1-3-3-3 
1-1-1-2-2 
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APPENDIX C. Temperature study data for homokaryotic, single-spore 
isolates from field collections. 

Isolate 
15°C 

Growth (mml at 14 Dav Intervals 
20°C 25°C 30°C 

KMM89-1A 4-4-4-3-6 
3-4-5-4-5 

4-5-5-5-3 
4-5-5-5-6 

3-8-6-5-4 
3-8-7-3-3 

1-2-1-0-0 
2-1-0-0-0 

KMM89-2D 2-1-2-1-2 

2-2-2-2-2  
3-4-2-1-2 5-5-4-3-2 1-2-3-1-1 
2-3-4-2-4 4-7-5-4-4 2-1-2-2-1 
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