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ABSTRACT 

Phellinus weirianus (Aphyllophorales: Hymeno

chaetaceae) causes a white heartrot of living Juglans and 

is the major cause of decay in Arizona black walnut. 

Infection is caused by germinating basidiospores. 

Tissue isolates fruit in culture, but single 

basidiospore isolates do not. The growth of tissue and 

single-spore isolates is slow to very slow. Cultural 

morphology is quite variable even among single-spore iso

lates derived from a single, culturally produced basidio

carp. 

Single-spore isolates, presumed to be homokaryotic, 

are derived from uninucleate spores that germinate and 

develop hyphae with paired nuclei. Lack of fruiting in 

homokaryons suggests that ~. weirianus is heterothallic. 

Tissue isolates derived from basidiocarps produced in 

nature are assumed to'be heterokaryotic. Hyphae of tissue 

isolates have nuclei that are not paired and are more 

numerous than those in single-spore isolates. 

Interaction zones are formed in pairings of hetero

karyons, pairings of homokaryons, and pairings of homo

karyons with the parent heterokaryon. Homozygous matings 

do not form an interaction zone. 

xi 



xii 

Agar-block decay tests show that single-spore 

isolates exhibit no appreciable differences in decay 

capacity from tissue isolates. Phellinus weirianus readily 

decays woods of associated riparian species (Arizona alder, 

velvet ash, southwestern chokecherry, netleaf oak, and 

Arizona sycamore) in standard wood test blocks although 

it is not known on these hosts in nature. 



INTRODUCTION 

Phe11inus weirianus (Bres.) Gi1bn. (Aphy11ophora1es~ 

Hymenochaetaceae) was described by Bresado1a (1926) from a 

specimen Weir collected and sent to him. Bresado1a placed 

this species in Fornes; it was later transferred to the 

genus Phe11inus (Gilbertson, Canfield, and Cummins, 1972; 

Ryvarden,1972). 

Jug1ans is the only known host for P. weirianus 

(Gilbertson et a1., 1972). All specimens that I have 

examined were collected from Jug1ans major (Torr.) Heller, 

Arizona black walnut. Culture SRM 177 was obtained from a 

basidiocarp reportedly collected in Woodward County, 

Oklahoma, on Jug1ans nigra L. (black walnut). All other 

cultures were from J. major. 

Jug1ans major grows in riparian habitats at eleva

tions of 925 to 2300 m in Texas, New Mexico, Arizona, and 

Mexico (Figure 1) (Correll and Johnston, 1970; Martin and 

Hutchins, 1980; Kearney and Peebles, 1960; Standley, 1920; 

Gilbertson, Martin, and Lindsey, 1974). Phe11inus weirianus 

is known only from Arizona (Figure 2) and New Mexico 

(Gilbertson, et a1., 1972) except for SRM 177. The Appendix 

lists specimens of P. weirianus in the ARIZ mycological 

herbarium. 

1 
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• UA COLLECTIONS 

A ISOLATES EXAMINED 

Figure 2. Geographic distribution of Phellinus 
weirianus in Arizona 
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Phe11inus weirianus forms a perennial basidiocarp 

(Figure 3) and is associated with a white heartrot of 

living Jug1ans (Figure 4). It is the major cause of decay 

in Arizona black walnut (Gilbertson et a1., 1972; 

Gilbertson, Burdsall, and Larsen, 1975; Lowe and Gilbertson, 

1961; Gilbertson, 1979). Inonotus hispidus (Bull. ex Fr.) 

Karst. and P. weirianus may be found fruiting on the same 

tree (Gilbertson et a1., 1972). 

Jug1ans major, a non-commercial timber species, is 

important to wildlife for providing food and shelter. In 

the Bear Canyon Picnic Ground, walnut provides nesting 

sites (Table 1) for the Acorn woodpecker (Me1anerpes formi

civorus Swainson), Common flicker (Co1aptes auratus cafer 

Gme1in), and Western bluebird (Sia1ia mexicana Swainson). 

Walnut also serves the Acorn woodpecker as a storage 

granary for acorns (Scott et a1., 1977; MacRoberts, 1970; 

Scott and Patton, 1975). In picnic areas, decayed walnuts 

may constitute hazard trees. 

Phe11inus, the largest genus in Hymenochaetaceae, 

has important wood-decay species, including P. pini (Thore 

ex Fr.) Pilat on conifers, P. arctostaphy1i (Murr.) A. Ames 

on manzanita, P. everhartii (Ell. et Gall.) A. Ames on 

oaks, P. texanus (Murr.) A. Ames on desert shrubs and trees, 

and P. weirii (Murr.) Gi1bn. on Douglas fir. Despite the 

number of species and their importance as decay fungi, 
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Figure 3. Basidiocarp of Phellinus weirianus 



Figure 4. Arizona black walnut 
stump illustrating type 
of decay caused by 
Phellinus weirianus 

6 
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Table 1. Phe11inus we1r1anus conks and nesting cavities 
on/in walnut trees in the Bear Canyon Picnic 
Ground Study Area 

Nesting Nesting 
Tree Conk Cavity Tree Conk Cavity 

1 yes 0 24 yes 1 
2 yes 0 25 yes 3 
3 no 1 26 no 0 
4 yes 2 27 no 0 
5 yes 3 28 no 0 
6 no 0 29 no 0 
7 no 0 30 no 0 
8 yes 0 31 yes 0 
9 yes 0 32 no 1 

10 no 0 33 yes 0 
11 yes 0 34 no 0 
12 no 0 35 yes 1 
13 no 0 36 yes 0 
14 yes 0 37 yes 0 
15 yes 0 38 no 0 
16 yes 1 39 yes 0 
17 no 0 40 yes 5 
18 yes 1 41 yes 2 
19 yes 0 42 yes 4 
20 yes 0 43 no 2 
21 yes 0 44 no 0 
22 yes 1 45 yes 3 
23 yes 2 



little information is available about many of them. The 

objectives of this study were to determine culture morpho

logy, sexuality, and decay capacities of P. weirianus. 

8 



CULTURAL MORPHOLOGY 

Cultures derived from tissue and single basidio

spore isolates were studied to determine growth characters. 

Cytology, electron microscopy, temperature studies, and 

field studies were also conducted. 

Materials 

Heterokaryotic Isolates 

Tissue isolates derived from basidiocarps produced 

in nature are presumed to be heterokaryotic and are 

referred to as such in the text, figures, and tables. A 

total of 28 Arizona isolates of P. weirianus were obtained 

from the following sources: 

1. KHY 414-429, KHY 580-582, and RLG 7244 from basidio

carp tissue, Bear Canyon Picnic Ground, Santa 

Catalina Mountains, Coronado National Forest, Pima 

County. 

2. KHY 427 from mass basidiospores, Bear Canyon 

Picnic Ground, Santa Catalina Mountains, Coronado 

National Forest, Pima County. 

3. FP 48291 from decay in living tree Coronado 

National Forest, Pima County. 

9 
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4. MS 13, KHY 367, and KHY 533 from basidiocarp tissue, 

Sycamore Canyon, Atascosa Mountains, Coronado 

National Forest, Santa Cruz County. 

5. KHY 533 from basidiocarp tissue, Wet Canyon, 

Pina1eno Mountains, Coronado National Forest, 

Graham County. 

6. ERC 2 frombasidiocarp tissue, Southwest Research 

Station, American Museum of Natural History, 

Chiricahua Mountains, Coronado National Forest, 

Cochise County. 

7. RLG 7244 from basidiocarp tissue, Rucker Canyon, 

Chiricahua Mountains, Coronado National Forest, 

Cochise County. 

One isolate SRM 177 was obtained from Oklahoma 

from mass basidiospores, Boiling Springs State Park, 

Woodward County. 

Cultures ERC 2, MS 13, SRM 177, RLG 6975, RLG 7244, 

and FP 48291 were obtained from the Center for Forest 

Mycology Research, Forest Products Laboratory, U.S. Forest 

Service, Madison, Wisconsin. 

Homokaryotic Isolates 

Uninucleate basidiospores give rise to single-spore 

isolates that are presumed to be homokaryotic and are 

referred to as such in the text, figures, and tables. One 

homokaryotic isolate KHY 424A was derived from fruiting of 



culture KHY 424. From a fruiting culture of KHY 427, 35 

homokaryotic isolates KHY 427A-427I1 were obtained. 

Methods 

Growth Characters 

11 

All isolates were grown in 100 x 15-rom Petri 

dishes on 2% malt-extract agar (MEA) medium at approxi

mately 25°C and then incubated in the dark. Cultural 

morphology was studied as described by Nobles (1948; 1965) 

and Davidson, Campbell, and Vaughn (1942). Capitalized 

color names are from Ridgway (1912); designation in paren

theses is from Munsell (1973). Gallic (GAA) and tannic 

(TAA) acid medium (Davidson, Campbell, and Blaisdell, 

~938) and gum guaiac solution (Nobles, 1958; Gilbertson, 

Lombard, and Canfield, 1975) were used as indicators for 

extracellular oxidases. The tests are generally positive 

for white-rot fungi and negative for brown-rot fungi. 

Homokaryotic isolates were obtained from spore 

prints cast on inverted Petri dish lids. Non-quantitative 

dilution was used to obtain single-spore isolates. 

Plugs of mycelium of six isolates (KHY 424, KHY 

424A, KHY 427, KHY 427A, KHY 367, and KHY 533) were inocu

lated at the edge of 100 x 15-rom ?etri dishes of lima-bean 

agar (LBA) , corn-meal agar (CMA) , potato-dextrose agar 

(PDA) , V-8 juice agar (V-8) , and water agar (H20) media. 

These cultures were incubated at 25°C in the dark for 6 
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weeks and measurements of growth (from edge of original 

inoculum to edge of the advancing zone) were taken weekly. 

Cytology 

Nuclear staining of hyphae with Safranin 0 and 

Giemsa stain was attempted (Bandoni, 1979; Ward and 

Ciurysek,1962). Visualization of nuclei by using phase 

contrast objectives and'by growing mycelial plugs on 

cellophane strips was also attempted (C. A. Raper, 1976). 

The best results for indication of nuclear conditions were 

obtained from staining with acridine orange (Yamamoto and 

Uchida, 1982). Spores were placed and dispersed in a drop 

of water on a glass slide, and the suspension was allowed 

to air-dry. To determine the nuclear state of hyphae, 

large plugs of mycelium were placed on clean glass slides. 

Slides were incubated in a moist chamber at 25°C for up to 

6 weeks to allow the hyphae to grow over the surface of the 

slide. 

Electron Microscopy 

Specimens examined with the ISI-DS 130 scanning 

electron microscope were prepared from KHY 429 basidiocarp 

tissue and spore deposit. Small pieces of basidiocarp 

tissue were cut parallel to the tubes, exposing the 

hymenial surface, and fixed on mounting discs with double

faced tape. Other specimens were prepared from KHY 417 
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basidiocarp tissue collected in the field and KHY 417 

basidiocarp tissue produced in culture. These specimens 

were broken free, parallel to the tubes, then dried in the 

critical point dryer and fixed on discs as above. 

Tissue and spores were coated to a thickness of 

15 ~m with 60% paladium and 40% gold in a Technics sputter

coater. 

Whole-mount crude-sap preparations of 4-week-old 

cultures of KHY 414, KHY 421, KHY 427A, KHY 427C, KHY 427, 

KHY 533, and 8-week-old culture of KHY 581 were examined 

for the presence of virus-like particles. All isolates 

were maintained on 100 x IS-rom Petri dishes of 2% MEA in 

the light at approximately 25°C. Whole-mount crude-sap 

preparations were made as follows: 

1. Mycelium and a small amount of agar were removed 

with a spatula and placed in a mortar and pestle. 

Enough 0.1 M pH 7 phosphate buffer was added to 

make a thin paste. 

2. Liquid nitrogen was added to facilitate disruption 

of mycelium. 

3. Fungal tissue was thoroughly ground. 

4. One drop of paste was placed on a 7.5 x 5 cm glass 

slide. 

5. Two drops of buffer were added. 

6. Three drops of 4% PTA were added. 

7. Drops were thoroughly mixed. 



8. Grids (200-mesh copper grids coated with 0.3% 

[w:v] Pormar) were prepared. 

Grids were evaluated using a Hitachi H-500 trans

mission electron microscope with accelerating voltage set 

at 75kV, condenser lens aperture at 2, objective lens 

aperture at 3, and spot size 4. 

Extraction, clarification, and concentration of 

virus-like particles in isolate KHY 427A was attempted by 

modification of methods of Lemke and Ness (1970). Plugs 

of mycelium were inoculated in flasks containing 500 ml 

14 

of 2% malt-extract liquid media. The isolate was harvested 

and examined after 4 weeks. 

Temperature Relations 

Six isolates (KHY 424, KHY 424A, KHY 427, KHY 427A, 

KHY 367, and KHY 533) were grown in 100 x l5-rom Petri 

dishes on 2% MEA, then incubated at 2°C, 25°C, 30°C, and 

39°C for 6 weeks. Measurements of growth were taken weekly. 

After 6 weeks, half of the cultures previously incubated 

at 2°C and 39°C were transferred to the 25°C incubation 

chamber. After 6 months, the remaining cultures that were 

incubated at 2°C were transferred to 25°C. 

Petri dishes (60 x 15 rom) of 2% MEA were inoculated 

with isolates KHY 582, KHY 424, and KH¥ 424A, then incubated 

at approximately 25°C for 10 days to ensure viability. 

Thermal death point was determined by incubating plates of 
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each of the above isolates at 39°C, 40°C, 41°C, 42°C, 43°C, 

44°C, 45°C, 48°C, and 50°C for up to 2 weeks. Every 24 

hours a plug of mycelium was ·transferred to a fresh plate 

of 2% MEA and incubated at 25°C. If no growth appeared 

after 2 weeks, the culture was considered dead. 

Field Studies 

Temperature readings of internal heartwood tissue 

of walnut trees were taken by using Model TH.65, digital 

thermocouple thermometer (Wescor, Inc., Logan, Utah). 

Thermocouples were made from 24-gauge Honeywell thermo

couple wire with varnished Fiberglas insulation. In the 

Bear Canyon Picnic Ground, holes were drilled into 45 trees 

with an increment borer. Thermocouples were placed in 

these holes and the opening sealed from the outside air 

with modeling clay. The thermocouples were left in the 

trees for further readings. 

All increment cores were placed in small plastic 

bags and immediately weighed after returning from the 

field. Cores were dried at 110°C for 24 hours in a forced 

draft ove~. The moisture content of the wood was expressed 

as a percentage of field weight minus oven-dried weight, 

divided by the field weight. 

Microscope slides were placed under basidiocarps' 

in the field to serve as spore traps. 
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Results 

Growth Characters 

Growth is slow to very slow (Figure 5). The radius 

from the edge of the inoculum to the edge of the advancing 

zone is 26-32 rom at 14 days. Few isolates covered the 

surface of the agar in 100 x l5-rom petri dishes at the end 

of 4 weeksi others do not cover the plates in 6 weeks. The 

margin of the advancing zone is even and appressed but the 

mycelium behind the advancing zone may be raised. The mat 

is Cream (2.5Y 9/2) or Light Buff (lOYR 9/2) at first, then 

becomes Maize Yellow (2.5Y 9/4), Light Ochraceous Buff 

(lOYR 9/4), Ochraceous Buff (lOYR 8/8), Antimony Yellow 

(lOYR 8/10), or Yellow Ocher (lOYR 7/10). The growth is 

cottony or woolly and the mat is odorless. Mycelium is 

continuous over the plates and reverse brown in 2-3 weeks. 

No fruiting occurs within 6 weeks. Reaction on GAA and TAA 

is positive (Figure 6). The mat on GAA is 9-l5-mm diameter 

at 14 days and the mat on TAA is 5-ll-rom diameter at 14 

days. There is a moderate reaction with gum guaiac in 

15 minutes. 

The key pattern for P. weirianus based on Nobles' 

(1965) system is 2.6.8.17.18.32.37.39.45.46.54.58. The 

key pattern based on the system of Davidson et al. (1942) 

is C,P, 5,5,6,7,11. 



Figure 5. Cultures of Phe11inus weirianus 
isolate KHY 427 (top) and KHY 427A 
(bottom) on MEA (left) and CMA 
(right) at 8 weeks 
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Figure 6. Positive oxidase reactions of 
Phellinus weirianus isolate KHY 
367 (top) and KHY 533 (bottom) on 
GAA (left) and TAA (right) at 
12 days 
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The growth of six isolates (KHY 424, KHY 424A, KHY 

427, KHY 427A, KHY 367, and KHY 533) "on traditional phyto-

pathological media was measured weekly (Table 2) for 6 

weeks. 

Microscopic characteristics of basidiocarps pro-

duced in culture are identical to those of basidiocarps 

produced in nature. Gilbertson (1979) described micro-

scopic characters of P. weirianus (Figure 7). 

Table 2. Average growth rates (mm/wk) of six isolates of 
Phellinus weirianus at 25°C in the dark 

Time (wk) 

Medium 1 2 3 4 5 6 

MEA 9.17 27.17 44.50 66.33 75.50 79.50 

CMA 15.33 32.17 42.33 70.33 79.00 83.33 

PDA 9.67 23.00 41.33 69.67 79.50 83.67 

V-8 12.00 30.33 42.50 78.00 84.33 85.00a 

LBA 12.67 28.00 45.33 59.17 65.67 85.00 -" H2 O trace 16.00 24.50 36.50 54.66 69.33 

aSurface of agar is completely covered at 85.00 mm. 



Figure 7. Scanning electron micrograph of Phellinus weirianus showing 
hymenium with setae, basidiosp~res, collapsed basidia, and 
parallel tramal hyphae (KHY 429), x 18200 

N 
o 
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Cytology 

Acridine orange staining provided the best evidence 

of the nuclear condition of spores and hyphae. The spores 

are uninucleate. Hyphae of single-spore isolates contained 

paired nuclei that were distributed regularly along the 

hyphae (Figure 8). Hyphae of isolate KHY 427 obtained from 

a mass basidiospore deposit also had paired nuclei. Nuclei 

were neither paired nor arranged in any particular order 

and were more numerous in the hyphae of basidiocarp tissue 

isolates (Figure 9). 

Electron Microscopy 

Isodiametric virus-like particles (particle dia

meter 30 nm) were found in whole-mount crude-sap prepara

tions of isolates KHY 581 and KHY 427A, but not in purified 

preparation of KHY 427A. 

Temperature Relations 

The average growth for KHY 424, KHY 424A, KHY 427, 

KHY 427A, KHY 367, and KHY 533 isolates, incubated at four 

constant temperatures of 2% MEA, was also measured weekly 

for 6 weeks. The average growth of the six isolates at 6 

weeks was as follows: 2°C--nonei 25°C--79.50 romi 30°C-

plate completely covered (85.00 rom)i 39°C--none. At the 

end of 6 weeks, the mycelial plugs from half of the cul

tures previously incubated at 2°C and 39°C were transferred 

to fresh 2% MEA at 25°C. Isolates from the 2°C chamber 



,Figure 8. Photomicrograph of hyphae from a 
single-spore isolate (homokaryotic 
isolate) of Phellinus weirianus 
(KHY 427C) showing pairing of 
nuclei 

22 



Figure 9. Photomicrograph of hyphae from a 
basidiocarp tissue isolate (hetero
karyotic isolate) of Phe11inus 
weiranus (KHY 581) show1ng multinu
cleate condition 

23 
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resumed growth; those from 39°C did not. At the end of 

6 months, the remaining isolates that were incubated at 

2°C were transferred to 25°C where they resumed growth. 

Thermal death point is 44°C for 24 hours, 43°C for 

96 hours, and 42°C for 168 hours. 

Field Studies 

Table 3 lists the internal temperatures of walnut 

in the Bear Canyon Picnic Ground Study Area. 

All cores extracted from these trees showed evi-

dence of decay. The average moisture content of the wood, 

determined from the increment cores, was 41.07% (range 

12.90%-69.97%). Only three of the cores had below 25% 

Table 3. Temperature readings from heartwood of Arizona 
black walnut recorded from 9 February to 26 
March 1982 

Temperature (OC) 

Ambient Mean Range 
Week Air Internal Internal 

1 7.3 1.42 0.0-5.0 

2 9.0 3.11 1.2-5.1 

3 14.3 5.80 4.2-8.4 

4 9.0 7.25 6.3-9.5 

7 9.0 9.07 6.9-13.0 



moisture content, i.e. insufficient moisture for active 

fungal growth. 

Slides from spore traps, set up from mid-January 

to mid-February, were examined and had spores adhering to 

the surface. 
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SEXUALITY 

Pairings of heterokaryons, pairings of homokaryons, 

and pairings of homokaryons with parent heterokaryons were 

mated in all possible combinations. 

Materials 

Heterokaryotic Isolates 

A total of 16 basidiocarp tissues isolates KHY 

414-429 were used in mating tests. Basidiocarps of KHY 418 

and KHY 419 were taken from the same tree. 

Homokaryotic Isolates 

A total of 35 single-spore isolates KHY 427A-

427II and six single-spore isolates KHY 424A-424F were 

used in mating tests. 

Methods 

Heterokaryotic Matings 

Heterokaryotic isolates were mated in all possible 

combinations on 2% MEA in 60 x 15-rnrn Petri plates. Plugs 

of mycelium from two isolates were placed on either side of 

the Petri plate. Plates were incubated at approximately 

25°C and self-matings were used as controls. 

26 
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Homokaryotic Matings 

Homokaryotic isolates (KHY 427) were mated in all 

possible combinations on 2% MEA in 60 x 1S-rom Petri plates. 

Plugs of mycelium from two isolates were placed on either 

side of the Petri plates. Plates were incubated at approxi-

mate1y 2SoC and se1f-matings were used as controls. 

In addition to the above matings of homokaryotic 

isolates (KHY 427), each of 6S Petri plates (100 x 1S-rom) 

were inoculated with mycelial plugs from three different 

isolates. 

Homokaryotic and Parent 
Heterokaryotic Matings 

Six homokaryons (KHY 424A-424F) were mated against 

the parent heterokaryotic isolate KHY 424 on 2% MEA in 

60 x 1S-rom Petri plates. Six homokaryons (KHY 427A-427F) 

were mated against the parent heterokaryotic isolate KHY 

427 on 2% MEA in 60 x 1S-rom Petri plates. Plugs of myce-

1ium from two isolates (a homokaryon and its parent hetero-

karyon) were placed on either side of the Petri plate. 

Plates were incubated at approximately 2SoC. 

Results 

Heterokaryotic Matings 

Heterokaryotic matings exhibited interaction zones 

similar to those described in other species by other 

workers (Adams and Roth, 1967, 1969; Barrett and Uscup1ic, 
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1971; Childs, 1936, 1963; Coates, Rayner, and Todd, 1981; 

Mounce, 1929; Rayner and Todd, 1977, 1978). Pairings of 

different heterokaryotic isolates exhibited some degree of 

antagonism as evidenced by the development of interaction 

zones (Figure 10 and Table 4). Self-matings of heterokary

otic isolates did not form interaction zones. Results of 

pairings are rated as compatible or antagonistic. In com

patible matings (-), isolates grow together with no inter

action zones. In weakly antagonistic matings (+), there 

is a dark line of interaction, the line of demarcation, in 

which there are distorted hyphae. In moderately strong 

antagonistic matings (++), a zone (1-3 rom) without aerial 

mycelium is present. In strongly antagonistic matings 

(+++), a wide zone (greater then 3 rom) without aerial 

mycelium is present. Zones without aerial mycelium are 

also referred to as aversion zones. 

Homokaryotic Matings 

Self-matings of homokaryotic isolates grew together 

with no interaction zones (Figure 11). Homokaryotic 

matings of different isolates exhibited zones of inter

action (Table 5). The majority of these pairings exhibited 

a weak interaction zone in which a dark line of distorted 

hyphae was formed. A sixth of these matings had a strong 

interaction zone where wide zones without aerial mycelium 

(Figure 12) were present between the two isolates. This 



-Figure 10. Pairing of Phellinus we1r1anus 
heterokaryotic isolates (KHY 420 
x 427) on MEA showing dark inter
action zone 

29 



Table 4. Interactions of Phellinus weirianus heterokaryons 

KHY- KHY- KHY- KHY- KHY- KHY- KHY- KIIY- KHY- KIIY- KHY- KHY- KHY- KHY- KHY- KHY-
414 415 416 417 418 419 420 421 422 ~23 424 425 426 427 428 429 

KHY-4l4 + + + + + + ++ + + + + + ++ + + 

KHY-4l5 + ++ + + + + ++ ++ +++ ++ +++ ++ ++ ++ 

KHY-4l6 + + +++ + +++ + + + + + + ++ + 

KIlY-417 + + ++ + ++ + + ++ + ++ ++ ++ 

KHY-418 + + + + + + + + + ++ + 

KHY-"1'l + t + + + + + ++ ++ ++ 

KHY-420 + + + + + + + + ++ 

KHY-421 + + + + + ++ ++ + 

KHY-422 ++ ++ ++ + ++ ++ ++ 

KHY-423 + ++ ++ + ++ ++ 

KHY-424 + ++ + ++ + 

KHY-425 +++ ++ + ++ 

KHY-426 + + + 

KHY-427 + ++ 

KHY-428 ++ 

KHY-429 

(-I = No interaction zone 
(+) = Weak interaction zone 

(++1 Moderately strong interaction zone 
(+++1 = Strong interaction zone 

W 
0 



Figure 11. Self-mating of Phel1inus wel.rl.anus 
homokaryotic isolate (KHY 427II) 
on MEA showing no zone of interaction 
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Table 5. Interaction of Phellinus weirianus homokaryons from single-
spore isolates of KHY 427 

A B C D E F G 8 I J It L M N 0 p Q R 5 T U V W x y Z M BB CC DD EE FF GG 88 II 
---
A 

B • 
C 

D 
E • .. (-) Weak interaction zone 
F • • - • - (*) Strong interaction zone 
G • .. 
8 • 
I 

J - - - • 
It - .. .. 
L • 
H - .. 
N 

0 .. - .. • 
p - • • - .. 
Q .. - - - - - - - • - • 
R • - • • • • - .. - • .. 
5 • • - - - - • • - • • • • 
T - - - - - - - - - - - • - • 
u • • - - - - - • • 
v • - - - - • - - - - - - • • 
w • - - - - - - - - - • 
x • • 
y • - • - - • - • - • 
z - - - - - - - - - - - - - • - • • 

M • - - - - - - • • - • 
BB - • - • - - - - - • • - - • 
CC 
DD • • - • - .. - .. .. 
EE - .. • - .. .. - - - • - - - - - • • - • - - - - • 
FF - - - - • .. - - • • 
GG • • • - - .. .. - • - .. • • • 
HH • - - - - - - "- - - - - - - • 
II • • - - - - • - • - - - - - - - - W 

N 



Figure 12. Pairings of Phe1linus weirianus 
homokaryotic isolates (KHY 427G 
x 427GG, right; KHY 427B x 427GG, 
left) on MEA showing interaction 
zones without aerial mycelium 
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zone without aerial mycelium has been called the barrage 

phenomenon in known tetrapolar fungi and occurs between 

homokaryons with a common B allele and different A alleles 

(J. R. Raper, 1953, 1960). No fruitings occurred on any 

of these mating plates. 

On plates with three homokaryotic isolates per 

plate, isolates also formed interaction zones. Fruiting 

bodies developed in one plate, KHY 427Y x KHY 427HH x KHY 

427II. No fruiting occurred on the other plates. 

Homokaryotic and Parent 
Heterokaryotic Matings 

In matings between parent-tissue heterokaryon and 

homokaryons derived from parent heterokaryon, dark inter-

action zones developed. 

Tissue isolates fruited in culture; mass basidio-

spore and single-spore isolates did not fruit. These 

results indicate neither typical bipolar nor tetrapolar 

patterns of sexuality. 



DECAY STUDIES 

Agar-block decay tests using tissue isolates and 

single-spore isolates of P. weirianus as decay organism 

and walnut and associated riparian species as substrate 

were assembled. The decay chambers were incubated at 

approximately 25°C for 28 weeks. 

Materials 

Heterokaryotic Isolates 

Isolate KHY 427 was used in all decay tests. In 

addition, isolates KHY 424, KHY 367, and KHY 533 were used 

in decay tests of Arizona black walnut wood. 

Homokaryotic Islolates 

Isolate KHY 427A was used in all decay tests. In 

addition, isolates KHY 424A, KHY 427E, KHY 427H, KHY 427N, 

and KHY 427Z were used in decay tests of Arizona black 

walnut wood. 

Substrates 

Woods from Arizona black walnut and associated ripa

rian species were used. These included Alnus oblongifolia 

Torr. (Arizona alder), Fraxinus velutina Torr. (velvet ash), 

Prunus serotina spp. virens (Woot. et StandI.) McVaugh 
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(southwestern chokecherry), Quercus reticulata Humb. at 

Bonpl. (netleaf oak), and Platanus wrightii Wats. (Arizona 

sycamore) • 

Methods 

Agar-block Decay Tests 

Test branchwood blocks, measuring 3 x 2 x 1 cm 

(the 3 x 2 face being the transverse surface) were used. 

All the blocks were dried in a forced-draft oven at 110°C 

for 4 days and then placed in a desiccator for 2 hours. 

They were weighed to the nearest 0.01 g to determine oven

dry weIght. 

The test blocks were then soaked overnight, and 

autoclaved at 15 psi for 1 hour. The decay chambers were 

8-oz (225 ml) French Square bottles containing 25 ml of 

2% MEA. V-shaped glass rods were used to support test 

blocks. Plugs of actively growing mycelium of ~. weirianus 

were place near the block. 

Five replicates of each isolate-wood combination 

and one control chamber without inoculum were prepared, 

then incubated at approximately 25°C for 28 weeks. After 

28 weeks, the blocks were removed from the chambers. 

Mycelium on the outer surfaces of the blocks was removed 

with a nylon brush. The blocks were dried for 4 days at 

110°C in a forced-draft oven, then placed in a desiccator 



Table 6. Average weight loss of walnut test blocks expressed as a percent 
of original oven dry weight 

Isolate 

KHY KHY KHY KHY KHY KHY KHY KHY KHY 
Substrate 367 424 424A 427 427A 427E 427H 427N 427Z 

Arizona 
Black 29.34 36.19 35.84 31.16 28.20 29.06 27.44 27.71 29.38 
Walnut 

Average weight loss of control blocks was 3.34% 

KHY 
533 

32.90 

W 
...J 
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for 2 hours before weighing. The amount of decay was mea-

sured by the percentage loss in oven-dry weight of test 

blocks. 

Results 

Agar-block Decay Tests 

Although heterokaryon isolates caused greater 

weight loss in Arizona black walnut blocks than did corre-

sponding homokaryons (Table 6), this difference is not 

significant (p = 0.05, F-test). Relationship of decay 

capacities of homokaryons and heterokaryons in other non-

ho~t woods varies (Table 7). 

Table 7. Average weight loss of test blocks of selected 
riparian hardwoods as percent of original oven 
dry weight 

Substrate 

Arizona 
Arizona Velvet Southwestern Net1eaf Arizona Black 

Isolate Alder Ash Chokecherry Oak Sycamore Walnut 

KHY 427 15.74 11.08 14.05 42.87 18.46 31.16 

KHY 427A 18.66 11.45 15.16 33.54 26.37 28.20 

Control 1.91 2.03 2.42 3.87 3.34 3.66 
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Field Studies 

A total of 45 walnut trees in the Bear Canyon Picnic 

Ground Study Area were examined for P. weirianus fruiting 

bodies and nesting cavities (Table 1). Conks were present 

on 62% of the trees; 36% had nesting cavities varying from 

one to five in number. In general, nesting cavities were 

present in trees that had extensive decay as evidenced by 

increment cores and presence of conks. 



DISCUSSION 

Phellinus weirianus is the major cause of decay in 

Arizona black walnut and all the walnut trees in the Bear 

Canyon Picnic Ground Area are probably infected with this 

fungus. 

All different basidiocarp tissue isolates, even 

those obtained from the same tree, showed antagonism as 

evidenced by formation of interaction zones between pair

ings of isolates. Some matings had a dark zone of inter

action, the line of demarcation, in which hyphae were 

knotted and distorted. In other pairings, the zone of 

interaction was without aerial mycelium (aversion zone). 

This intraspecific antagonism has been noted for other spe

cies in culture and in the field (Adams and Roth, 1967; 

Barrett and Uscuplic, 1971; Coates et al., 1981; Goldstein 

and Gilbertson, 1981; Hansen, 1979a; Rayner and Todd, 1977, 

1978; Shaw and Roth, 1976). Phellinus weirianus basidio

carp tissue isolates obtained from nature are assumed to be 

heterokaryotic. Basidiocarp tissue isolates generally 

yield dikaryotic (heterokaryotic) cultures at least in 

those species having clamp connections (Gilbertson, 1980). 

One species, Arrnillariella mellea (Fr.) Quel., which 

lacks clamp connections, as does P. weirianus, has been 

reported to be diploid in nature (Ullrich and Anderson, 

1978). Homokaryons apparently do not normally exist in 
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nature because the probability of contact and fusion with 

compatible homokaryons and dikaryons (heterokaryons) is 

great. Basidiocarps of wood-rotting fungi are derived 

from a single heterokaryon (Gilbertson, 1980). 
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By interpretation, the formation of interaction 

zones by different heterokaryons indicates genetically 

different mycelia within a population of a wood-rotting 

fungus (Adams and Roth, 1967; Barrett and Uscup1ic, 1971; 

Coates et a1., 1981; Rayner and Todd, 1977, 1978; Shaw and 

Roth, 1976). The pattern of interaction between basidio

carp tissue isolates of P. weirianus is consistent with the 

Esser and Kuenen (1967) definition of heterogenic incom

patibility within a species. 

The existence of heterogenic incompatibility within 

a particular species of wood-decaying fungus has been used 

to establish natural field distributions and methods of 

spread of these fungi. Rayner and Todd (1977, 1978) 

reported several mutually antagonistic dikaryons of 

Corio1us versicolor (L. ex Fr.) Qu~l. in a single stump as 

evidenced by dark zone lines between dikaryons. No genetic 

information was exchanged between adjacent dikaryons. 

Rayner and Todd (1978) postulated that the numerous iso

lates in a single substrate were the result of infection by 

basidiospores from many different sources. Barrett and 

Upscup1ic (1971) reported several mutually antagonistic 

heterokaryons of Phaeo1us schweinitzii (Fr.) Pat. from 
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adjacent trees and postulated that basidiospores were 

important for infection rather than root contact from tree 

to tree. Shaw and Roth (1976) found that all isolates of 

A. mellea from a 600-hectare area grew together without 

formation of interaction zones. They postulated that 

mycelium from this area was a single genetically distinct 

isolate, and the fungus moved from tree to tree through 

root contacts from an original infection center. 

Based on analysis of mating studies of presumed 

heterokaryotic tissue isolates from the Bear Canyon Picnic 

Ground Study Area, it can be theorized that infection of 

Arizona black walnut by P. weirianus is caused by germinat

ing basidiospores and the population of P. weirianus in 

nature consists of genetically different heterokaryotic 

isolates. 

Self-pruning, wind and snow damage, injury from 

birds, insects, mammals, and from debris in running water, 

as well as injuries caused by human activity, are probably 

important in the establishment of infection courts, 

although the exact mode of entry is unknown. 

In the field, moisture, not temperature (Hawker, 

1966), seems to be a limiting factor in fungal sporulation. 

P. weirianus sporulates in the winter and summer rainy 

season. 



It attacks the heartwood of mature living walnut. 

Trees in the study area ranged from 11.5 cm to 46 cm dbh, 

the average being about 22 cm dbh. 
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The influence of virus-like particles on P. weiria

nus in nature or in culture is unknown. 

Sexuality of P. weirianus is unclear. Determina

tion of homokaryotic and heterokaryotic isolates is diffi

cult because the genus lacks clamp connections. Few 

studies of the nuclear condition of hypae have been under

taken. Cultural morphology has been usee to distinguish 

homokaryons and heterokaryons in other species which lack 

clamp connections, notably A. mellea(Shaw and Roth , -~r97bT 

Hansen (1979b) reported that homokaryons and heterokaryons 

of Phellinus weirii could be distinguished by using a 

combination of three characters: cultural morphology, 

wood-decaying abilities, and nuclear condition of the 

hyphae. 

Cultural morphology and wood-decaying ability of 

isolates of P. weirianus cannot be used to distinguish 

homokaryons from heterokaryons. It appears that nuclear 

condition is different for homokaryons and heterokaryons. 

This is difficult to ascertain, however, because nuclear 

condition is obscured if the fungus is grown on media or 

cellophane. Growth of mycelium on glass slides is 

exceedingly slow. Numbers of nuclei have been used to 
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distinguish heterokaryons and homokaryons (Burnett, 1975; 

Hansen, 1979b) because there is no way to distinguish iden

tical or different nuclei on appearance and because the 

heterokaryon in this genus lacks clanp connections. 

Based on ?In.alysis of pairings of single-spore 

isolates derived from a single basidiocarp, P. weirianus 

does not have a typical bipolar or tetrapolar heterothal

lism. Uninucleate spores give rise to presumed homokaryo

tic single-spore isolates. All pairings of different 

single-spore isolates (homokaryons) exhibited zones of 

interactions. Self-matings of single--spore isolates grew 

together without formation of interaction zones. None of 

the single-spore isolates, when alone or mated in pairs, 

fruited in culture, but all tissue isolates did. The 

homokaryon's inability to fruit and the difference in 

nuclear condition of the hyphae between single-spore 

(homokaryotic) and tissue (heterokaryotic) isolates sug-

gests that P. weirianus is heterothallic. Pairings of 

single-spore isolates with parent tissue isolates formed 

dark interaction zones. This also ineicates that P. 

weirianus does not have a typical bipolar or tetrapolar 

system of heterothallism. 

A few plates were inoculated with three single

spore isolates each and a fruit body formed in one. 

Although single-spore isolates do not decay walnuts 

quite as well as corresponding basidiocarp tissue isolates, 
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these differences are slight. Phe11inus weirianus is able 

to decay other riparian hardwoods in decay chambers. There

fore, it is possible that other riparian hardwoods contain 

soluble compounds, similar to those that inhibit other wood

decay species, that may inhibit the growth of P. weirianus 

(Es1yn, Bultman, and Jurd, 1981). Then, these compounds are 

altered or removed in soaking and autoc1aving of test blocks 

used in the decay study. The loss in weight in control 

blocks indicate this may occur. Also, the succession of 

microorganisms inhabiting wounds or branch stubs of associ

ated riparian hardwoods may be different from those favor

ing the germination and growth of P. weirianus (Shigo, 

1979). 



APPENDIX 

SPECIMENS OF PHELLINUS WEIRIANUS 
MAINTAINED AT THE MYCOLOGICAL 

HERBARIUM OF THE UNIVERSITY 
OF ARIZONA 

Arizona Specimens 

Cochise County 

Lowe 9470 - Pinery Canyon, Chiricahua Mountains, 
Coronado National Forest, ColI: J. L. Lowe and 
R. L. Gilbertson. 1 September 1958. 

RLG 7244 - Rucker Canyon, Chiricahua Mountains, Coronado 
National Forest, ColI: R. L. Gilbertson. 24 August 
1967. 

PDK - Chiricahua Mountains, Coronado National Forest, 
ColI: P. D. Keener. 24 July 1958. 

ERC 2 - Southwest Research Station, Museum of National 
History, Chiricahua Mountains, Coronado National 
Forest, ColI: E. R. Canfield. 15 September 1960. 

Graham County 

KHY 533 - Wet Canyon, Pinaleno Mountains, Coronado 
National Forest, ColI: R. L. Gilbertson and 
K. H. Yohem. 20 May 1981. 

Coconino County 

PDK - Oak Creek Canyon, Coconino National Forest, 
ColI: P. D. Keener. 24 June 1956. 

Gila County 

RLG - Rose Creek Forest Camp, Sierra Ancha Mountains, 
Tonto National Forest, ColI: R. L. Gilbertson. 
5 August 1967. 
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Pima County 

CKS 13 - Bear Canyon, Santa Catalina Mountains, 
Coronado National Forest, ColI: Charles K. Sylber. 
10 August 1968. 

PDK - Hitchcock Picnic Area, Santa C~talina Mountains, 
Coronado National Forest, ColI: P. D. Keener. 
2 August 1960. 

RLG 6975 - Bear Canyon, Santa Catalina Mountains, 
Coronado National Forest, ColI: R. L. Gilbertson. 
27 July 1967. 

PDK - Bear Canyon, Santa Catalina Mountains, Coronado 
National Forest, ColI: R. B. Str.eets and P. D. 
Keener. 16 August 1951. 

KJT - Bear Canyon, Santa Catalina Mountains, Coronado 
National Forest, ColI: K. J. Torgenson. July 1960. 

KHY 414-429, inclusive - Bear Canyon Picnic Ground, 
Santa Catalina Mountains, Coronado National Forest, 
ColI: K. H. Yohem. 29 January 1981. 

KHY 580-582, inclusive - Bear Canyon Picnic Ground, 
Santa Catalina Mountains, Coronado National Forest, 
ColI: K. H. Yohem. 23 July 1981. 

Santa Cruz County 

RLG 7353 - Sycamore Canyon, Atascosa Mountains, 
Coronado National Forest, ColI: R. L. Gilbertson. 
30 September 1967. 

ERC 47 - Sycamore canyon, Atascosa Mountains, Coronado 
National Forest, ColI: E. R. Canfield. 24 Septem
ber 1970. 

PDK - Sycamore Canyon on Ruby Road, Atascosa Mountains, 
Coronado National Forest, ColI: P. D. Keener. 
14 June 1956. 

RLG 7776 - Road between Washington Camp and Nogales, 
Patagonia Mountains, Coronado National Forest, 
ColI: R. L. Gilbertson. 10 November 1967. 

KHY 511 - Sycamore Canyon, Atascosa Mountains, Coronado 
National Forest, ColI: M. H. A. Sattar. 3 October 
1980. 
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KHY 367 - Sycamore Canyon, Atascosa Mountains, Coronado 
National Forest, ColI: M. D. Alegbejo. 3 October 
1980. 

Yavapai County 

PDK - Indian Creek Winter Sports Area, Prescott 
National Forest, ColI: P. D. Keener. 16 September 
1952. 

KDB - Prescott National Forest, ColI: K. D. Butler. 
6 September 1934. 

PDK - Off Luyarde Paz Tower Road, Senator Mountain, 
Prescott, ColI: P. D. Keener. 18 December 1956. 

PDK - Indian Creek Winter Sports Area, Prescott 
National Forest, ColI: P. D. Keener. 26 October 
1956. 

PDK - Wolf Creek, Upper Trailer Camp Area, 2 mi. south 
of Prescott on Hwy. 89, Prescott National Forest, 
ColI: P. D. Keener. 1 September 1955. 

New Mexico Specimen 

Catron County 

RLG 7522 - Between Apache Creek and Reserve, Gila 
National Forest, ColI: R. L. Gilbertson. 
18 September 1967. 
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