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ABSTRACT 

Poria carnegiea Baxt., a wood-rotting basidiomycete in the 

family Polyporaceae, was shown to be associated with approximately 

68% of all saguaro windthrows in the past six years in surveyed areas 

of the east section of Saguaro National Monument. The fungus was found 

on no other host, although it is capable of decaying other types of 

wood in agar-block decay tests. The remaining windthrows were attrib

uted to decay by Phellinus texanus (Murr.) Gilbertson et Canfield, and 

to wind. 

The bipolar, heterothallic nature of the mating system of P. 

carnegiea was confirmed and a test for multiple alleles at the locus 

for heterothallism was completed. On the basis of 630 matings among 

36 homokaryotic isolates, it was estimated that P. carnegiea has 

approximately 90 alleles for incompatibility, which gives an outbreed

ing capacity of 98.89%. 

Nuclear staining showed that cells of homokaryotic mycelia 

are multinucleate, as are oidia from both dikaryotic and homokaryotic 

cultures. 

Mosaic studies were made to determine the number of dikaryotic 

mycelia involved in producing basidiocarps on a single cactus. Twelve 

homokaryons were retrieved from six parent dikaryons and all possible 

matings between these homokaryons were made. Ten alleles for incom

patibility were found for these 12 isolates, indicating multiple 

infection locations on this one plant. 
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X 

The optimum temperature for growth of the fungus on Nobles' 

agar medium was determined to be 32 C. The thermal death point after 

24 hr of constant exposure was 46-48 C. 

P. carnegiea was successfully inoculated into small saguaros 

through artificial surface wounds on the roots. It was successfully 

recovered in pure culture from three of eight plants, thereby demon

strating Koch's postulates. 



INTRODUCTION 

The saguaro cactus, Carnegiea gigantea (Engelm.) Britt. et 

Rose (Figure 1), is a popular tourist attraction in southern Arizona 

and is a symbol of desert regions. It ranges from Sonora, Mexico, 

to northwestern Arizona and to a few isolated specimens west of the 

Colorado River in southeastern California (Hastings, Turner, and War

ren, 1972). Arizona has some of the finest saguaro forests preserved 

in Saguaro National Monument. 

Around the turn of the century, it was observed that some of 

these saguaro stands were dying out and were not being perpetuated by 

the natural reseeding process (Niering, Whittaker, and Lowe, 1963). 

Alcorn and May (1962) predicted that one of these stands, the north 

forest of the east section of Saguaro National Monument, would be elim

inated by the year 2000 if mortality and lack of repopulation continued. 

Initial experiments on the decline of the saguaro were made by Lightle, 

Standring, and Brown (1942), and Boyle (1949), with interest directed 

toward the soft-rot bacterium, Erwinia carnegieana Standring. This 

bacterium was thought to be introduced into the cactus by the moth 

Cactobrosis fernaldialis Hulst. The soft rot caused by the bacterium 

then progressed through the parenchymatous tissues of the host until 

the plant died. The theory that E. carnegieana is a primary pathogen 

was rejected by Niering et al. (1963), who argued that only weakened or 

damaged plants were afflicted by the bacterium. They proposed over

grazing practices in Saguaro National Monument and other areas as a 
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Figure 1. Typical healthy saguaro stand, near 
Dripping Springs Mts., Pinal County, 
Ariz. 

2 
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reason for decline of the cactus. Other workers have suggested air 

pollution and vandalism as factors (Shelton, 1972). 

The decline of the saguaro is significant to man and wildlife. 

Economically, the giant cactus is an attraction for tourists and 

aesthetically it is an important part of the Sonoran Desert landscape. 

It is a scientific curiosity, being the only large columnar cactus of 

great numbers in the United States. It is a home and food source for 

such geographically restricted birds as the Gila woodpecker, elf owl, 

and cactus wren. The fruits are food for birds, rodents, etc., and 

the flowers provide nectar for birds, insects, and bats (Alcorn, 

McGregor, and Olin, 1961). The fibrous roots, spreading up to 70 feet 

in diameter from the plant, retard erosion of the desert soil (Shelton, 

1972). The saguaro has served the Papago Indians in many ways for 

centuries. They make dwellings of the woody ribs which form the cactus 

skeleton, harvest the fruit and utilize it in the fresh state or as 

a beverage, and make a kind of butter from the seeds (Benson, 1969). 

Poria carnegiea Baxter is a wood-rotting basidiomycete in the 

family Polyporaceae. To date it has been found on wood of saguaro and 

on no other substratum, although it has been suggested that other hosts 

may occur (Streets, 1969). The fungus was discovered in the summer of 

1938 and described in 1941 by Baxter, but until recently it was not 

further studied (Gilbertson and Canfield, 1972). It is a root and butt 

rot fungus, usually found in the woody part of the roots of the plant. 

Poria carnegiea has been associated with windthrow and root rot of 

mature saguaros and could possibly offer an explanation for the failing 

of otherwise healthy plants. Once a saguaro is on the ground, all woody 
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tissues of the plant are rapidly invaded by the fungus. This invasion 

apparently results from propagules carried and introduced into the plant 

by animals or from subsequent basidiospore infections. The fungus is 

found most commonly on mature cacti and is found only rarely on plants 

under 12 feet in height. Basidiomycete-incited root and butt diseases 

are hard to control. In the case of P. carnegiea, the disease is 

difficult to detect in the standing, living plant, since the fungus 

does not fruit on the trunk of the standing cactus and the main roots 

are not exposed until the plant falls. 

Poria carnegiea is one of several organisms that grow in saguaro 

tissues. This study was initiated to determine the role of P. carnegiea 

in the life cycle of the saguaro. Evidence is presented indicating 

that the fungus occurs in the living plant and an estimate is made of 

the percentage of cacti infected. Morphological and cytological data 

are presented and cultural and decay characteristics are reviewed and 

amplified. Estimates of the number of alleles for incompatibility in 

the population are made and mosaic studies of dikaryotic infections 

present in a single plant are presented. 



LITERATURE REVIEW 

D. V. Baxter originally described Poria carnegiea in 1941 from 

saguaro ribs (Baxter, 1941). He mentioned that this was the first 

Poria sp. found on cacti. He also noted that the fungus was not found 

on the outside of the fallen plant but on the vascular bundles inside 

the plant. The location of the fruiting bodies and the relatively 

limited distribution of the host were cited as reasons why the fungus 

had not been described previously. Mielke made a collection of P. 

carnegiea on May 9, 1943, and noted on his collection label that it was 

collected from the exposed ribs of a living plant. This information 

was later published by Gilbertson and Canfield (1972). Davidson and 

Mielke (1947) mentioned P. carnegiea briefly in their studies of 

Phellinus texanus (Murr.) Gilbertson et Canfield on saguaro. They 

referred to P. texanus in their work as Fomes robustus Karst. Lowe 

(1966) referred to P. carnegiea as rare and added more detail to Bax

ter's original description from his studies of a single collection. 

Streets (1969) noted that the fungus is "quite uncommon" and that it 

causes a "dry rot" of saguaro wood. Hepting (1971) briefly mentions 

P. carnegiea but adds no information concerning its effect on the host. 

The only comprehensive study to date is that of Gilbertson and Canfield 

(1972). 

Gilbertson and Canfield (1972) found that P. carnegiea was much 

commoner than originally assumed and gave a more thorough description 

than had previously been made based on 17 collections. They also found 

5 
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the fungus only on saguaro. One other Poria sp. has been found on 

saguaro. Poria apacheriensis Gilbertson et Canfield is a common wood-

rotting fungus on many desert shrubs and trees (Gilbertson and Canfield, 

1973) and was found on a single living saguaro, fruiting at the base of 

the arms of the standing plant (Lindsey and Gilbertson, 1975). It 

causes a white rot, as does P. carnegiea, but is microscopically dis

tinct, having subglobose basidiospores and two kinds of cystidia. No 

other Poria sp. has been reported on saguaro. 

Several wood-rotting fungi causing white rots have been reported 

from saguaro, including Phellinus texanus (Davidson and Mielke, 1947). 

The golden-brown mycelial mats and small, brown, perennial conks distin

guish this fungus and its rot symptomatology from that of P. carnegiea. 

Davidson and Mielke also reported that P. texanus can cause a butt rot 

in saguaros, although it is most frequently found at the base of the 

branches or "arms". Other white rot fungi on saguaro are distinguished 

by their distinctive basidiocarps and microscopic characters. Only one 

brown rot fungus, Panus fulvidus Bres., has been reported from saguaro 

(Lindsey and Gilbertson, 1975). 

Gilbertson and Canfield (1972) studied the cultural character

istics, sexuality, and decay capabilities of I?, carnegiea. The growth 

characters in culture were described for the first time and diffusion 

zones were found to be absent on both gallic and tannic acid media, 

although growth occurred on both. Reaction with gum guaiac also was 

negative. These characters in combination with a white rot are atyp

ical. Most white rot fungi give dark diffusion zones on gallic and 

tannic acid media because of oxidation of the phenolic compounds 



present. According to Davidson, Campbell, and Blaisdell (1938), 95% 

of all white rot fungi possess enzyme systems that will oxidize the 

phenolic compounds in these media. Cultures of _P. carnegiea were 

shown to produce abundant oidia in both homokaryotic and dikaryotic 

isolations. Nobles' key pattern for P. carnegiea would be 1.3.7.35. 

36.38.42.48.50.54.59. (Nobles, 1965). 

Gilbertson and Canfield (1972) obtained mass basidiospore 

deposits from revived basidiocarps and used dilutions of these depos

its to obtain 25 homokaryotic isolates. They paired these in all combi

nations and found 16 isolates representing one mating type and nine 

representing another. They concluded that P. carnegiea has a hetero-

thallic, bipolar mating system. 

Brodie (1936), in observations on oidial development in 

Collybia velutipes Fr.(a tetrapolar agaric), found no clamp connections 

on hyphal tips which fragmented into oidia, suggesting that the entire 

hyphal tip is monokaryotized before oidial development takes place. 

Suspecting a similar situation in P. carnegiea, Gilbertson and Canfield 

made 14 oidial isolates by dilution methods and mated them in all 

combinations. They found the same bipolar situation with oidial iso

lates as with basidiospore isolates; 10 isolates represented one mating 

type and four the other. Brodie (1936) demonstrated the presence of one 

nucleus per oidium by staining. This was true for monokaryotic as well 

as dikaryotic cultures of velutipes. He concluded that oidia func

tion in vegetative reproduction but that their primary function is in 

the diploidization process. In an earlier paper (Brodie, 1932), he 

used another tetrapolar agaric, Coprinus lagopus Fr., to show that 



oidial mycelia of opposite sex can diploidize each other, and oidial 

mycelia of one sex can diploidize basidiosporous mycelia of the oppo

site sex. 

Aschan (1952), working with Collybia velutipes, isolated 

monokaryons from dikaryotic cultures by micrurgical techniques and 

from oidia. She noticed that in isolations of large numbers of oidia, 

one nuclear type predominated over the other. Variable germination 

between two mating types was discounted as a factor but she did suggest 

that the age of the culture or environmental conditions, as temperature 

could influence this ratio. Aschan also observed differences between 

neohaplonts (monokaryotic mycelia retrieved through asexual dediploidi-

zation, i. e., oidial mycelia) and their original strains. She suggest 

ed mutant nuclei in the parent dikaryon, plasmagenes, or both, as an 

explanation for this phenomenon. 

Amburgey (1967) performed standard agar-block decay tests with 

both dikaryons and monokaryons of Lenzites trabea Pers. ex Fr., a 

bipolar basidiomycete commonly causing decay of wood in service, and 

found that some monokaryons caused more decay than their parent di

karyons. Other monokaryons had appressed growth habits, reached the 

wood blocks very slowly, and had low decay capacities. Consequently, 

he suggested that other monokaryotic isolates from the same dikaryon 

might give a better representation of decay capacity of that mating 

type. Synthesized dikaryons from monokaryon stocks were usually 

intermediate in decay capacity when compared with their component 

monokaryons. Amburgey found that dikaryons exposed to various concen

trations of sodium arsenate became "chemically monokaryotized". 



Monokaryons of identical mating type were consistently recovered from 

these experiments and he concluded that one nucleus of a dikaryotic 

pair is considerably more sensitive to sodium arsenate than the other. 

In other experiments Amburgey (1970a) found that monokaryotic cultures 

of L. trabea, as well as dikaryotic cultures, produced fertile basidio-

carps. Secondary monokaryons (derived from the original monokaryotic 

cultures by basidiospore isolations) varied both above and below the 

parent monokaryon in decay capacity. He attributed this variation to 

mutations that had occurred during the several years these secondary 

isolates had been in culture. Amburgey subsequently discovered a much 

lower variability in decay capacity among newly isolated secondary 

monokaryons. He concluded that age of cultures could be a significant 

factor in explaining variable decay capacities. Cytoplasmic factors 

were shown not to affect decay capacity by L. trabea (Amburgey, 1970b). 

Using two primary monokaryons, their synthesized dikaryon, and mono

karyotic oidial isolates from the dikaryon (which fell into the original 

mating type categories of the primary monokaryons), Amburgey found that 

the oidial monokaryons had a decay capacity similar to the original 

primary monokaryons obtained from basidiospores. 

Gilbertson and Canfield (1972) ran standard agar-block decay 

tests with saguaro wood and found a high variability in decay capacity 

among dikaryotic isolates. They also described the appearance of the 

rot. Two single basidiospore isolates of dikaryotic culture RLG 10081 

and two oidial isolates from the same dikaryon were tested along with 

the dikaryon for decay capacity. Both single basidiospore isolates 

gave a higher percent weight loss than the dikaryon, while both oidial 



isolates gave a lower loss. Both the homolcaryotic single basidiospore 

isolates and the homokaryotic oidial isolates gave greater decay per

centages than some of the other dikaryotic isolates tested, however. 

Field studies on incidence of decay by P. carnegiea or asso

ciated windthrow have not been made but Niering et al. (1963) state 

that death of saguaros may result from windthrow, and that the total 

mortality rate for mature cacti in undisturbed areas is 0.7% per year. 

Little (1968) says that uprooting of saguaros in wet weather is prob

ably one of the main causes of death. Alcorn and May (1962) also re

corded death from windthrow. They showed that the highest percentage 

of cacti killed by windthrow was in the size class of 19-24.9 feet. 

Bacterial necrosis by E. carnegieana eliminated 29.3% of all plants 

in the population they surveyed, while windthrow accounted for an 

additional 2.4%. These factors were the primary causes of death in a 

population in Saguaro National Monument. 



MATERIALS AND METHODS 

Cultures of Poria carnegiea used in this study were obtained 

directly from basidiocarps or rot collected in the field. Basidiocarps 

and typical rot of P. carnegiea can be found throughout the year, 

although the basidiocarps revive and produce spores only during the 

rainy seasons of late summer and mid-winter. FP 94318, an isolate 

cultured from rot by Davidson and Gill in 1948, was obtained from the 

Forest Products Laboratory, United States Forest Service, Madison, 

Wisconsin. The prefix letters for isolates (JPL, RLG, GBC, and ERC), 

identify the collectors J. P. Lindsey, R. L. Gilbertson, G. B. Cummins, 

and E. R. Canfield, respectively. 

Collection data for cultures and specimens of P. carnegiea, all 

from Arizona, are: 

JPL 83-89, inclusive - Isolates from rot; basidiocarps on woody 

ribs of fallen saguaros, Saguaro National Monument, west 

unit, Pima County, Ariz., Oct. 12, 1972 

JPL 96 - Isolate from rot; basidiocarp on woody ribs of fallen 

saguaro, Saguaro National Monument, west unit, Pima County, 

Ariz., Oct. 24, 1972 

FP 94318 - Isolate from rot; basidiocarp on woody ribs of fallen 

saguaro, Saguaro National Monument, east unit, Pima County, 

Ariz., Apr. 12, 1948 

JPL 126 and 128 - Isolates from rot; basidiocarps on decayed 

roots of healthy, recently windthrown saguaros, Saguaro 

11 
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National Monument, east unit, Pima County, Ariz., Apr. 8, 

1973 

JPL 342a, 342b, 342c, 342d, 342e, and 342f - Isolates from rot: 

basidiocarps on roots, arms, and woody ribs of a saguaro 

on the ground for one year, Saguaro National Monument, east 

unit, Pima County, Ariz., Apr. 9, 1974 

RLG 10553, 10554, 10556, and 10557, and ERC 71-367 - Isolates 

from rot; basidiocarps on woody ribs of fallen saguaros, 

Santa Rosa Valley, Papago Indian Reservation, Pinal County, 

Ariz., Nov. 11, 1971 

ERC 71-99 - Isolate from rot; basidiocarp on woody ribs of 

fallen saguaro, Redington Road, west slope of San Pedro 

Valley, Rincon Mts., Pima County, Ariz., Apr. 2, 1971 

RLG 10081 - Isolate from rot; basidiocarp on woody ribs of 

fallen saguaro, Redington Road, west slope of San Pedro 

Valley, Rincon Mts., Pima County, Ariz., Feb. 26, 1971 

RLG 10547 - Isolate from mass basidiospores; basidiocarp on 

woody ribs of fallen saguaro, Dripping Springs Mts., 10 

mi south of Superior, near Highway 177, Pinal County, 

Ariz., Nov. 4, 1971 

ERC 71-360 - Isolate from rot; basidiocarp on woody ribs of 

fallen saguaro, Dripping Springs Mts., 10 mi south of 

Superior, near Highway 177, Pinal County, Ariz., Nov. 

4, 1971 
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GBC collection - Isolate from rot; basidiocarp on woody ribs 

of fallen saguaro, Organ Pipe National Monument, Ajo Mt. 

Loop Drive, Pima County, Ariz., Oct. 31, 1974 

All isolates were obtained from rot except RLG 10547, which was 

obtained from mass basidiospores. Cultures were originally isolated and 

maintained on 2.0% malt extract agar (MEA), prepared with 15 g Difco-

Bacto agar and 20 g Difco-Bacto Malt Extract in 1000 ml tap water. 

Stock cultures were maintained on MEA contained in test tubes. Matings, 

temperature tests, and other cultural experiments were made in 60 mm 

or 100 mm diam plastic petri dishes filled about \ full with MEA, or in 

MEA slants. 

Isolations from rot were made by exposing the inner tissue of 

the rotten wood, preferably just below a basidiocarp, if one was pres

ent. A band saw was used for this operation. Small pieces of wood 

about 0.5 cm long were removed from the freshly cut surface with a 

razor blade or scalpel, flamed quickly, and placed in a test tube or 

petri plate containing MEA. Hyphal tips of the emerging mycelium were 

transferred two or three days later to fresh MEA tubes to provide axenic 

cultures. 

Mycelium growing out of the wood chip was examined microscop

ically in a drop of 2.0% aqueous potassium hydroxide plus a drop of 

2.0% aqueous phloxine. Examination of the cultures for mating tests 

or examination of basidiocarps was done similarly. Camera lucida 

drawings of representative basidiocarps and cultures were made with 

the aid of a Leitz Dialux Research Microscope. 
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Cultural Studies of Foria carnegiea 

Oxidase reactions 

Gallic and tannic acid media (Davidson et al., 1938) were used 

to confirm the presence or absence of extracellular enzyme systems 

capable of breaking down phenolic structures similar to those found in 

lignin. A brown diffusion zone around a piece of viable inoculum after 

one week at 25 C indicated the presence of these enzymes. 

Cytological staining 

Dried agar cultures of both dikaryons and homokaryons were used 

in nuclear staining procedures. Both hyphae and oidia were examined 

for numbers of nuclei present in the cells. When mycelium from fresh 

agar cultures was examined, it was found that the stain did not always 

penetrate through the agar. Mycelium from dried cultures gave a stron

ger staining reaction. 

The stain was prepared by adding 1.5 g orcein to 100 ml 45% 

acetic acid. The solution was filtered after mixing and stored in a 

brown glass bottle. This staining procedure was chosen for its sim

plicity and speed. A drop of 95% ethanol was mixed with the dried my

celium on the microscope slide to remove air bubbles. The mycelium was 

then mixed with a drop of aceto-orcein stain, squashed under a cover 

slip, and observed under bright-field at 1000 X on a Leitz Wetzlar 

Ortholux Research Microscope. 

Dikaryotic culture RLG 10556 and homokaryotic culture JPL 128B 

were used as sample specimens. 
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Temperature Studies 

The optimum temperature for growth and the thermal death point 

were determined for dikaryotic isolates JPL 126, RLG 10556, and ERC 

71-99. These isolates represent three widely separated geographical 

locations: Saguaro National Monument (east unit), Santa Rosa Valley, 

and Redington Pass area, respectively. 

For each of the isolates a plug of MEA agar containing viable 

mycelium was placed at the edge of a 100 mm diam plastic petri plate 

containing Nobles' agar (Nobles, 1965). Five replications of each 

isolate were incubated in the dark at 7, 17, 25, 28, 30, 32, and 34 C„ 

Measurements were made daily with a centimeter ruler along the diameter 

of the plate and through the original plug of inoculum. Growth was 

measured from the edge of the original inoculum to the edge of the 

advancing zone. Some plates were discarded because of contamination 

or because the advancing margin was obscured by dispersal and growth 

of oidia. The average rate of growth for one week was determined for 

the five replicates. After one week oidial production was so great 

that the advancing margin was often obscured, especially at higher 

temperatures. 

Four Nobles agar plates of each isolate were used for thermal 

death point determinations. A plug of mycelium from each isolate was 

placed at the edge of each plate and the cultures were grown at room 

temperature for several days to insure viability. The plates were then 

incubated at 42, 46, 48, and 50 C. At the end of each 24 hr period, a 

plug of agar containing mycelium was removed from each plate, placed in 

a 60 mm diam plastic petri plate containing MEA, and observed for 
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several days at room temperature to determine whether the mycelium was 

viable. Growth failure was interpreted as representative of the thermal 

death point. 

Several isolates of P. carnegiea which had been maintained at 

approximately 7 C for at least two years prior to this study did not 

revive when plated on MEA at room temperature or 30 C. Therefore, 

isolate JPL 342c, a dikaryon, was used to determine if extended constant 

periods of low temperature would kill the fungus, Five sets of four 

60 mm diam MEA plates were each inoculated with a plug of agar from a 

culture of JPL 342c. These plates were left at room temperature 

(approximately 25 C) for 24 hr at which time mycelium was observed 

growing from the agar plug. All plates were placed in plastic bags 

and incubated at 7 C. One set of four plates was removed every month 

for five consecutive months. A plug of agar was removed from each plate 

and transferred to a new MEA plate at room temperature. These transfers 

were observed for several days to determine whether the mycelium was 

still viable. 

Temperature readings were taken from the surface and internal 

tissue of windthrown saguaro JPL 342. The cactus had been on the ground 

for about one year and was still covered with large quantities of fleshy 

tissue, some of it still green. The thermometer was placed on the trunk 

surface for the external measurement. The internal measurement was made 

by pushing the thermometer through the cortex until it touched the woody 

skeleton. 



Mating System 

An inbreeding test was made to confirm earlier reports of the 

heterothallic, bipolar nature of the mating system of P. carnegiea. 

Isolate RLG 10556 was transferred to a petri plate of MEA at room 

temperature. After vigorous growth was established, the plate was 

inverted and covered with cheese cloth to prevent contamination. 

Fruiting bodies developed after about three or four weeks and deposited 

spore prints on the lid of the petri dish. Several loops of sterile 

tap water were mixed with portions of fresh spore prints. One or two 

loops were then removed and nonquantitatively diluted in sterile tap 

water. Tubes of MEA were heated in a water bath until the agar melted 

and were then cooled to just above the gelling temperature (45 C). A 

loop of the spore suspension was added to the cooled liquid agar and 

mixed thoroughly. The contents of the tube were immediately poured 

into a 100 mm diam plastic petri dish and allowed to solidify. Plates 

were incubated either at 30 C or at room temperature. Basidiospores 

germinated most rapidly at 30 C and appeared as white spots after two 

days of incubation. They were aseptically removed with a transfer 

needle and placed on fresh MEA slants. After about three weeks of in

cubation at room temperature, these cultures were examined microscop

ically for clamp connections (Figure 2). Cultures with clamp connec

tions were discarded. Cultures with simple-septate hyphae only were 

assumed to be homokaryotic. 

Twenty homokaryons were retrieved and 190 matings, representing 

all combinations between these isolates, were made on MEA slants. After 

four weeks the cultures were examined for clamp connections. The 



Figure 2. Photomicrograph of hyphae from dikaryotic culture of 
Poria carnegiea (RLG 10556) showing nodose-septate hyphae 
and eroded tetrahedral crystals. 
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presence of clamp connections indicated a compatible or positive mating 

(+) and the presence of simple septa only (no clamp connections) indi

cated an incompatible or negative mating (-). 

Test for Multiple Alleles for Incompatibility 

Since both homokaryotic and dikaryotic cultures of P. carnegiea 

form homokaryotic oidia, it was not necessary to allow the cultures to 

fruit to obtain homokaryotic isolates or mating types of the fungus. 

Once the bipolar nature of the fungus was recognized (i. e., the fact 

that a homokaryotic cell contains only one allele for mating type and 

not two, as with tetrapolar fungi), it was feasible to isolate single 

oidia for retrieval of homokaryons. The oidia are formed in profusion 

on the surface of the mycelium and several loops of sterile tap water 

were placed directly on the mycelium to create a dilute suspension of 

oidia (Figure 3). One or two loops of the oidial suspension were trans

ferred to sterile tap water in a nonquantitative dilution. After 

twirling the tube to mix the oidia, a loop of the dilution was placed 

in a cooled tube of melted agar. The agar was then poured into a 100 mm 

plastic petri dish and thoroughly swirled to distribute the oidia even

ly. The plates were incubated at room temperature or 30 C for about 

three days. As many as 10 single oidial isolates were transferred from 

each plate to MEA slants and incubated at 30 C or room temperature for 

about three weeks. They were then checked microscopically for clamp 

connections. Any dikaryons showing clamp connections were discarded. 

Of the remaining simple-septate cultures, one was mated with all the 

others, either on MEA slants or in MEA 60 mm diam plastic petri plates, 

and these were incubated three weeks at room temperature or 30 C. 
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Figure 3. Typical Poria carnegiea oidia (RLG 10556). 



These cultures also were examined for clamp connections. Any two homo-

karyons that produced clamp connections upon mating were considered 

to be the two mating types of the parent dilcaryon and were retained for 

the outbreeding test. This procedure resulted in selection of 18 

dikaryotic isolates: JPL 83, JPL 84, JPL 86, JPL 88, JPL 89, JPL 96, 

JPL 126, JPL 128, JPL 342a, FP 94318, ERC 71-99, ERC 71-360, ERC 71-367, 

RLG 10547, RLG 10553, RLG 10554, RLG 10556, and RLG 10557. The 36 

homokaryons from these isolates were then paired in all combinations, 

resulting in 630 matings. Positive matings (+) occurred between homo

karyons carrying different mating type factors, while negative matings 

(-) occurred between those carrying the same mating type factor. 

Mosaic Studies 

During the exceptionally rainy winter of 1972-73, many large 

saguaros, all apparently healthy, were windthrown. One of these cacti 

was examined in April, 1973, but showed no evidence of P. carnegiea at 

that time. In April, 1974, the fungus was fruiting at intervals along 

the entire underside of the plant. This cactus was chosen for multiple 

infection or mosaic studies to determine the number of dikaryons in

volved in producing a series of fruiting bodies on a single plant. 

Six dikaryotic collections were made from the underside of the 

plant (Figure 4): 342a - from the roots; 342b - from the lower trunk; 

342c - from the trunk directly below a whorl of several arms; 342d -

from the trunk immediately above the arms; 342e - from as near the top 

as possible (the cactus fell across a maintenance road and the actual 

top had been destroyed by road equipment); 342f - from the basal portion 
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JPL 342 

Figure 4. Diagrammatic sketch of cactus JPL 342, showing location of six dikaryotic collections 
used in mosaic studies. 



of one of the arms. This branch was supported by the other arms so that 

it was completely off the ground. There were no fruiting bodies on the 

arm; the fleshy tissue was quite moist and gave a rapid oxidase reaction 

when cut and the woody tissue appeared sound and healthy. The distance 

between collections on the main trunk was about 100 cm. 

Dikaryotic isolations were made from these collections follow

ing the same technique used for the isolations of mating test cultures. 

Homokaryotic mating types were obtained from each isolate by oidial 

dilution techniques. The 12 mating types were then paired in all com

binations, resulting in 66 matings. All matings were made in 60 mm diam 

plastic petri dishes containing MEA. 

Decay Studies in Culture 

Woods of common desert shrubs and trees were used in standard 

agar-block decay tests to determine the ability of P. carnegiea to 

decay wood of other species. Decay tests were repeated on saguaro wood 

to confirm observations by Gilbertson and Canfield (1972). Mesquite 

(Prosopis juliflora (Sw.) DC.), palo-verde (Cercidium microphyllum 

(Torr.) Rose et Johnst.), and ocotillo (Fouquieria splendens Engelm.) 

were used along with saguaro for the tests. Palo-verde and ocotillo 

blocks were mostly sapwood but sapwood was difficult to obtain from the 

mesquite blocks, because of the large proportion of heartwood, even in 

the small branches. 

Blocks of each wood type were approximately 5 cm x 3 cm x 2 cm 

in size. The blocks were numbered with an indelible marker, dried for 

at least 24 hr at 105 C, then placed in a dessicator until they cooled 

and came to an equilibrium weight. They were weighed on a top-loading 
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P1200N Mettler balance to the nearest hundredth of a gram, then soaked 

in tap water for at least three hours. Blocks were drained on paper 

toweling to remove excess moisture, then autoclaved for 30 min at 15 

psi in deep dish petri plates. Two dikaryotic isolates, RLG 10556 and 

JPL 342a, and their respective homokaryons (RLG 10556A, RLG 10556B, 

JPL 342a-l, and JPL 342a-2), were tested on each type of wood. The 

homokaryons of RLG 10556 were single basidiospore isolates, while those 

for JPL 342a were single oidial isolates. Five replications were made 

for each isolate, giving 30 decay chambers for each wood type. 

Screw-cap French square bottles were used as decay chambers. 

Each was filled with MEA to a depth of about 3 cm, autoclaved for 20 

min at 15 psi, and slanted. Sterile V-shaped glass rods were placed on 

the agar, and a block was set on the glass rod with forceps. Where 

possible, the transverse cut of the wood was oriented upwards, allowing 

the hyphae to grow directly up through the block. The saguaro blocks 

could not be balanced on the rods in this manner because of their cylin

drical shape. A small plug of mycelium was placed next to the wood 

block and the cap was lightly closed to allow for air transfer. All 

chambers were placed in a 30 C controlled temperature incubator in the 

dark for 20 weeks. The blocks were then removed and the surface myce

lium was brushed off with a soft nylon brush. The blocks were again 

placed in the oven at 105 C for 24 hr and then placed in a dessicator 

before reweighing. Percent weight losses were computed. 

Two uninoculated control blocks of each wood type were placed 

in decay chambers. They were incubated at 30 C in the dark for 12 weeks. 



Decay Studies in Nature 

Cactus JPL 342, used in the mosaic studies, was also selected 

for observations on decay in the field. The cactus was well removed 

from the frequented loop drive in the east unit of Saguaro National 

Monument, so all decay was probably due to microbial activities. There

fore the human element can be largely eliminated. The cactus was a 

victim of the rainy winter of 1972, and was first observed in early 

April, 1973. At that time it was apparently in perfect health and had 

probably been on the ground for less than a month. Samples of wood 

were taken from the roots. In April, 1974, this plant was examined 

again, and fruiting bodies of P. carnegiea were evident all along the 

underside of the cactus. The third examination of JPL 342 was made in 

June, 1974, and the last in August, 1974. Photographs were taken at 

each visit and dissections of the plant were performed. 

Incidence of Poria carnegiea in Saguaro National Monument 

Since 1941, data have been recorded annually on death, injury, 

and other physical changes to saguaros in the north forest of the east 

unit, Saguaro National Monument (Alcorn, personal communication). This 

information has been collected in reference to the soft-rot bacterium, 

IS. carnegieana. Most deaths recorded have been attributed to the bac

terium, but some were merely termed "windthrows", or "cause of death 

unknown". Windthrows from the last six years were examined for evi

dence of P. carnegiea. Samples of wood from most cacti examined were 

placed in a moist chamber in the laboratory to encourage growth of typ

ical hyphae and oidia. These chambers were made by soaking paper towels 

in tap water, wringing out excess water, and lining glass dishes with 
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the moistened paper. After laying the wood samples on the moist paper, 

the chamber was covered. If P. carnegiea mycelium was present, it 

would emerge from the wood after one or two days at room temperature. 

Samples of wood with basidiocarps were taken as proof of invasion of the 

plant by P. carnegiea. The percent occurrence of P. carnegiea in the 

plots was estimated. 

Field studies on decay were mostly made on fallen cacti from 

which all parenchymatous tissue had rotted away. The saguaro "logs" 

were usually easily rolled over and the roots could be twisted off 

plants with advanced stages of decay. Samples of rot were later exam

ined microscopically in free hand sections for the presence of P. 

carnegiea hyphae. 

Increment borings also were taken from the roots and butts of 

standing plants located near fallen cacti known to have typical j?. 

carnegiea decay. Increment borings were also placed in moist chambers 

and microscopic examination was made for the presence of typical hyphae. 

Inoculation Studies 

Nine small saguaros were supplied by Dr. Stanley M. Alcorn. 

These plants were either grown from seed or purchased about 1956. All 

had been maintained in the lathhouse at the Campbell Avenue Farm, Uni

versity of Arizona (except for a two year period when they were kept 

in a greenhouse on the University of Arizona campus). Several had been 

used earlier for growth regulator studies. The cacti were growing in 

small metal drums or clay pots in various soil types, and ranged from 

about eight-18 inches in height. Two of the plants developed black le

sions near their apex which spread to a diameter of about one inch, but 
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these appeared to have no effect on the experiment. The cacti were 

transferred to the Plant Pathology Greenhouse on the University of Ari

zona campus for the duration of the inoculation tests. 

Small pieces of sound saguaro wood, about 3 cm x 1 cm x 1 cm, 

were sterilized 30 min at 15 psi, then placed in a MEA plate. Several 

plugs of a culture of dikaryon JPL 342a, isolated from the roots of a 

windthrown cactus, were introduced around the wood pieces. The culture 

was allowed to grow for about two weeks, by which time the wood had 

been completely invaded by the fungus. 

Two inoculation techniques were used: surface and internal. 

Four replications were made of each. In the surface technique, soil 

was removed from the base of the plant until a root 2 mm or more in 

diam was exposed. A sterile scalpel was used to scrape the root until 

a small area of inner woody tissue was visible. A fungus-colonized 

piece of saguaro wood was then taken from the stock plate with sterile 

forceps and lodged against the surface of the injured root. The whole 

root was covered again with soil. The internal technique involved us

ing a sterilized knife blade to cut through the parenchymatous tissue 

at the base of the plant until the woody stelar tissue was exposed, 

a fungus-colonized piece of saguaro wood was placed in the hole and 

covered over with a strip of aluminum foil taped in place. One control 

plant was left uninoculated. 

The plants were watered at least once every two weeks. They 

were left undisturbed for three months. The plants were then removed 

from the pots and their roots were thoroughly washed. Pieces of wood 

or parenchyma tissue were removed from the inoculation area and placed 
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on MEA slants. Hyphal tips were made of any emerging mycelium to obtain 

pure cultures. The original wood chip used for inoculum, if recovered, 

was also used for isolations. Microscopic examinations were made of 

any mycelium retrieved from these plants for clamp connections and 

oidia. 



RESULTS 

Basidiocarps of P. carnegiea are inconspicuous, usually fruit

ing on the underside of fallen plants next to the ground or inside the 

woody cylinder of the plant (Figure 5). On those plants which were 

recently windthrown, fruiting bodies could usually be found by roll

ing the plant over; rarely small patches of basidiocarps could be 

seen on exposed roots. 

Cultural Studies of Poria carnegiea 

Description of homokaryotic cultures 

Growth rates of homokaryotic isolates from oidia and basidio-

spores were similar to those of the dikaryons but macroscopic appear

ances of the cultures varied. Those cultures similar in appearance to 

dikaryons were generally ivory to cream color. The mycelial mat was 

loose and farinaceous because of abundant oidial production. Aerial 

mycelium was present to the limit of growth. Reverse was unchanged 

in some and changed in others. Other homokaryotic cultures were entire

ly different in appearance, the mycelial mat being bright white in 

color and compact and cottony in texture. Oidia, although present in 

quantity, were not as abundant as in the previously described cultures. 

A third type of isolate had a completely submerged mycelium, with oidia 

produced sparsely in certain isolated areas of the culture. These 

cultures were almost translucent in appearance, and never built up the 

dense aerial mycelium characteristic of other cultures. One member of 
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Figure 5. Typical basidiocarp of Poria carnegiea (RLG 10547) on 
underside of fallen saguaro. 
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a pair of homokaryons from the same dikaryotic parent often possessed 

more vigorous growth than the other. Isolates FP 94318A and FP 94318B 

were both homokaryons of the submerged, translucent type but the di-

karyon also had this peculiar appearance. There were gradations between 

these types of cultures and these types did not necessarily correspond 

with the three types of hyphal morphology discussed below. 

Homokaryotic isolates varied widely in hyphal morphology. In 

some cultures the simple-septate hyphae were straight and rarely 

branched (Figure 6, bottom), and were 3-6 fim in diam. In these cul

tures many hyphae appeared to be slightly thiclc-walled and without 

contents. In other cultures the hyphae were contorted and frequently 

branched. Individual cells were often swollen to almost globose, and 

were often up to 13 (am diam (Figure 6, middle). In these cultures the 

cell contents were usually highly vacuolated, giving a foamy appearance 

to the cytoplasm. In a third type of culture, many hyphae were gela

tinized and many were apparently in a state of decomposition. They 

were often contorted and without contents. 

Oidia were highly variable depending on the type of mycelium 

from which they originated. Mycelia with swollen, globose cells pro

duced oidia ranging from 3 x 5 pm rectangular cells, to 3 x 25 (am 

cylindrical cells, to globose cells up to 13 (um diam (Figure 6, mid

dle). Some oidia were multicellular and some were branched (Figure 6, 

middle). Tetrahedral crystals were common in most cultures and ranged 

from 6-15 pm in width. Some cultures also produced small cylindrical 

crystals measuring 2-5 x 2.5-8 pra. 



Figure 6. Camera lucida drawings of microscopic structures from cul
tures of Poria carnegiea.-- top) dikaryotic mycelium from 
ERC 71-360; a, nodose-septate hyphae; b, large, simple-
septate hypha; c, oidia. middle) homokaryotic mycelium 
from J PL 342e-l; a, contorted simple-septate hyphae; b, 
oidia. bottom) homokaryotic mycelium from JPL 342e-2; a, 
straight simple-septate hyphae; b, tetrahedral crystals; 
c, cylindrical crystals. 
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Oxidase reactions 

Gilbertson and Canfield (1972) found that P. carnegiea does 

not produce extracellular oxidative enzymes in culture, as indicated 

by tannic and gallic acid tests. Figure 7 shows the appearance of a 

typical dikaryon (RLG 10081) on MEA, while Figure 8a and 8b show growth 

of the same dikaryon on gallic and tannic acid media. No discoloration 

of the agar around the mycelium occurred. It can be concluded that 

P. carnegiea does not have enzymes capable of oxidizing the phenolic 

compounds in these media. 

Cytological staining 

Interpretation of nuclei was difficult in some cases, partic

ularly for the homokaryotic cultures. Homokaryotic cells of JPL 128B 

had what appeared to be one to several nuclei (Figure 9b). Some 

cells in both homokaryotic and dikaryotic cultures appeared to have 

no nuclei, although they contained cytoplasm. Staining may not have 

taken place at the same level of intensity in all cells, however. 

Most cells of dikaryon RLG 10556 had what appeared to be two 

nuclei (Figure 9a). Some cells had only one apparent nucleus, however. 

No cells were interpreted to have more than two nuclei. 

Oidia from both dikaryotic and homokaryotic cultures were 

judged to be mononucleate to multinucleate (Figures 9c and 9d). 

Temperature Studies 

The average growth of five replications after one week is shown 

in Table 1. The optimum temperature for growth of the isolates tested 

is 32 C, except for ERC 71-99, which had an optimum at 34 C. Growth of 



Figure 7. Poria carnegiea culture (RLG 10081) on MEA after 12 days 
at approximately 25 C. 

Figure 8. Poria carnegiea cultures (RLG 10081) on gallic acid and 
tannic acid media.-- a) gallic acid; b) tannic acid. 
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Figure 9. Photomicrographs of hyphae and oidia of Poria carnegiea 
stained with 1.5% aceto-orcein.-- a) dikaryotic hypha with 
two clamp connections, showing two nuclei; b) homokaryotic 
hypha with three to four nuclei; c) oidia from dikaryon, 
showing one to two nuclei; d) oidia from homokaryon, showing 
one to two nuclei. Dikaryotic culture RLG 10556 and homo
karyotic culture JPL 128B are shown. 



Table 1. Average growth rates* (mm radius/day) for three dikaryotic isolates 
of Poria carnegiea at various temperatures after one week of incubation. 

ISOLATE 7 17 

TEMPERATURE (C) 

25 28 30 32 34 

RLG 10556 no growth 

ERC 71-99 no growth 

JPL 126 no growth 

2.8 9.7 11.2 

2.9 8.9 10.1 

1.7 7.7 9.1 

11.5 12.1** 10.2*** 

11.3 12.1**'***13.6 

10.2*** 10.4*** 8.8 

* Average of five replications except where indicated 
** Covered a 100 mm diam petri plate at one week 
*** Less than five isolates averaged due to contamination or excess oidial growth 
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isolates JPL 126 and RLG 10556 decreased at 34 C. No growth occurred 

after two weeks at 7 C. 

In preliminary studies no mycelial growth occurred during 

incubation at temperatures of 40 C or greater. Therefore, the thermal 

death point studies were started at 42 C. All four replications of 

the three isolates revived when removed from the 42 C incubator after 

24 hr and transferred to fresh MEA at room temperature. At 46 C all 

four isolates of RLG 10556 revived after several days at room tempera

ture, while only one ERC 71-99 isolate survived and no JPL 126 isolates 

survived (Table 2). At 48 C and 50 C none survived. The thermal 

death point for P. carnegiea after 24 hr of exposure is 46-48 C. 

All isolates of JPL 342c resumed growth when transferred to 

fresh MEA plates at room temperature after one to five months of 

incubation at 7 C. In addition, all isolates covered the 60 mm diam 

petri plates within the first month of incubation at 7 C, and the last 

two sets removed had grown out under the lids of the plates. Tempera

tures as low as 7 C apparently will not kill vigorous cultures of P. 

carnegiea over extended incubation periods. 

The air temperature on the day measurements were made from 

cactus JPL 342 was about 30 C. The surface temperature of the plant 

was 44 C and the internal temperature was 19 C. The insulative prop

erties of the cortical tissues of the saguaro are great enough to 

provide a fairly cool environment for the fungus under temperatures 

otherwise prohibitive to growth. 
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Table 2. Thermal death point of three isolates of Poria carnegiea. 

ISOLATE 42 

TEMPERATURE (C) 

46 48 50 

RLG 10556 -H-H-

ERG 71-99 ++++ +-—- ----

JPL 126 -H-H-

Growth of each of four replications on fresh media at room temper
ature is recorded by +; no growth is recorded by 
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Mating System 

The results of an inbreeding mating test using isolate RLG 

10556 are shown in Figure 10. These data confirm the heterothallic, 

bipolar nature of the incompatibility system of P. carnegiea. The re

sults are rearranged into two mating type groups in Figure 11« Data 

indicate that homokaryotic mycelia 1, 2, 4, 5, 6, 7, 8, 11, 14, 15, 

16, 17, and 19 are of one incompatibility group (i. e., represent one 

mating type). This group is designated mating type A]_. The other 

group, designated mating type A2, consists of homokaryotic isolates 

3, 9, 10, 12, 13, 18, and 20. Two matings did not fit into this pat

tern: 9 x 11 and 13 x 15. As will be discussed later, clamp connec

tions were sometimes difficult to find in matings, either because they 

were scarce, isolated in one part of the culture, or abnormal. These 

factors, or human error, may explain any aberrant results. 

Test for Multiple Alleles for Incompatibility 

Figure 12 shows the results of the test for multiple alleles 

at the locus for incompatibility in P. carnegiea. The fungus is multi-

allelic for incompatibility and seven alleles were common to more than 

one isolate. Twenty-nine alleles for incompatibility were represented 

by the 36 isolates (Table 3). Alleles A2, A7, A^q, A19, A2q> and A25 

appeared twice each and the other alleles once each. Isolate RLG 10547, 

from the Dripping Springs Mts., and RLG 10556, from the Santa Rosa Val

ley, had both alleles for mating type in common, i. e., they were iden

tical dikaryons as far as incompatibility factors were concerned. No 

two other isolates shared both factors, and no single factor was shared 

by more than two isolates. Isolates JPL 83 and JPL 88, both from the 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20| 
1 — 4 - — — — — 4 4 — 4 + — — — — 4- — 4 
2 — 4 — — — — — 4 4 — 4 + — — — — 4 — 4-
3 4 4 + 4 4 4 4 — — + — — H- 4 + 4 — 4 — 

4 — — 4 — — — — 4- 4 — 4 4 — — — — 4 — 4 
5 — — 4 — — — — 4 4- — 4 4- — — — — 4 — 4 
6 - — + — — — — 4 4- — 4 4 — — — — 4- — 4 
7 — — 4 — — - — 4 4 — 4 4 — — — — 4 — + 
8 - — + — — — — 4 4- — 4 + — — — — 4 — 4 
9 4- 4 — 4 4- 4 4 4 — — — — + + 4 + — 4 — 

10 4- 4 — 4- 4 4~ 4- +- — + — — 4 4- + 4 — -f- — 

11 - — 4 - — — — — — 4 1- 4 — — — — 4 — 4 
12 4- 4 — 4- 4 4- 4- •4 — — 4 — 4 4 + 4 — 4 — 

13 4 4 — 4 4 4 4 4 — — + — + — + 4 — + — 

14 — — 4 — — — — — 4 4- — + + — — — 4 — + 
15 — — 4 — — — — — 4 4- — -h - — — — + — 4 
16 — — 4 — — - — — 4- + — + •4 — \ 4 — + 
17 — — + - — - — — 4- 4 — + 4 — \ 4 — 4 

18 + 4 — 4 4 4 4 4- — — 4- — — + -f 4- 4 \ + 
19 - - 4- — - — — — 4 4 — 4 4 — — - — 4 \ 4 
20 + 4 — 4 4 4 4 4 — — 4 — — 4 4 4 4 — 4 \ 

Figure 10. Results of pairing 20 randomly selected, single 
basidiospore isolates of Poria carnegiea (RLG 
10556) in all possible combinations.— Compati
ble matings are indicated by +. 
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ai 

A2 

i 

a] | ̂2 , 

1 2 4 5 6 7 8 11 14 15 16 17 19 3 9 10 12 13 18 20 
1 \ + 4- ~|- 4- 4 4 
2 — \ + + + 4- + 4 4 
4 \ + 4- -4- 4- 4 4 
5 \ + + -t- + + + 4-
6 — — — — — — - - - - — — + 4- + 4- +- 4 4 
7 — — — — \ — — — — — — — + 4- + + + 4 
8 - - - - - \ - - - - - - + + -I- 4- + 4 + 
11 \ 4- — + "f" 4- 4 4 
14 \ + 4- 4- 4- 4 4 4 
15 — - - - - - - — -\ - - - 4- 4- + 4- — 4 4 
16 — — - - - - - - - -\ - - + + + 4- + 4 
17 \ - 4- 4- 4- 4- 4 -+-

19 \ + + + 4- -f 4 4 
3 4- 4- 4 4- 4- 4- + 4- 4- 4- 4- 4- 4-\ 
9 4 4 4- 4- 4 + + - + + + 4- + -\ 
10 + 4- 4- + 4 + + 4- 4-+ + 4- + - — \ — — — 

12 + 4 4- 4 4- -f* 4- 4- 4- 4- + 4- + - — -\ — - — 

13 4- 4 4 4- 4 + -+ + + - -t- + 4- - - - — \ 
18 4 + 4 4 4- + + 4- + + + 4- + \ 
20 4 4 4 4 + + 4 + + + +• 4- + \ 

Figure 11. Bipolar sexuality pattern of Poria carnegiea 
(RLG 10556) rearranged into incompatibility groups. 
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1 2 3 4 5 6 7 8 9 10 E! 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3C 31 32 33 34 35 36 
1 4- + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
2 \ + + + + — 4- 4- + + + 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4-
3 + + s + + 4- + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
4 + + \ + + 4- + + + + + 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
5 + + + 4-\ + + 4* + + 4- 4- 4- 4- 4- 4- 4- + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
6 + + 4- 4- \ 4- •f + + + + + 4- 4- •f 4- 4- 4- 4- 4* 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
7 + — + + + + \ + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- + 4* 4- 4- 4- 4- 4- 4- 4-
8 + + 4- + 4- + \ 4- + + + + 4- — 4- 4- 4- 4- 4- 4- 4- 4* 4- 4* 4- + 4- 4- 4- 4- 4- 4- 4- 4-
9 4- + + + + + + + \ + + 4- 4- 4- 4* + 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4* 4* 4- 4- 4- 4- 4- 4- 4-
10 + + 4- + + + + + 4* 4* 4- 4- 4- 4* + + 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4* 4- 4-
II + + 4- + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- — 4-
12 + + + 4- 4- + 4- + + + \ 4- 4- 4* 4- 4- 4" 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4* 4* 4- 4-
13 + + + + + + + + + + + 4-\ 4- 4- 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4-
14 + + 4- + + 4- + + + + + 4- \ 4- 4- 4- 4- 4- 4- 4- 4- + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
15 + + + 4- 4- + + + + 4- 4- 4- S 4- 4- 4- 4- 4- 4- 4* 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
16 + + + + + 4- + — + + + 4- 4- 4* \ 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- 4* 
17 + + 4- 4- 4* 4- + + + + + 4- 4* 4- 4- 4- S 4- 4- 4- 4- + 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4* 4-
18 + + 4- + + 4- + + + 4- + 4- 4- 4- 4- 4- \ 4- 4- 4* 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
19 + + + + 4* + 4- + + + 4- 4* 4- 4- 4* 4- 4- \ 4- + 4- 4* — 4- + 4- 4* 4- 4- 4- + 4* 4- 4-
20 4- + 4- + + + + + + + + 4- 4- 4- 4* 4- 4- 4- \ 4* 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- 4- 4- 4-
21 + 4- 4- + + 4- + + + + + 4- 4- 4- 4- 4- 4- 4* 4* 4-\ 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- — + 4- 4-
22 + + + + 4- 4- + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- \ 4- 4- 4- 4* 4- 4- 4- 4* 4- 4- 4* — 4- 4-
23 + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4-\ 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4* 
24 + + + 4- + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- \ 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
25 + + + + + 4* 4- + + + + 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- \ 4- 4- 4- 4- 4- 4- 4- 4* 4- 4-
26 + + + + 4* + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- \ 4- 4- 4- 4- 4- 4- + 4- •f 4-
27 + + 4- + + + + + + + + 4* 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4* 4- + \ 4- 4- 4- 4- 4- 4- 4- 4-
28 + + 4* + + + + + + + + + 4- 4- 4- 4- + 4- 4- 4- 4- 4- 4- + 4- 4- \ 4* 4- 4- 4- 4* 4- + — 

29 + + + 4- + + + + + + 4* 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- \ 4- 4- 4- 4- 4- 4-
30 + 4- + + + + + 4- + + + 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
31 + + 4* + 4 + + 4- + + 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

32 + + + + + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- 4- 4* 4- \ 4- + 4- 4-
33 + + + + 4- + + + + + + 4- 4- 4- 4- 4- 4- 4* 4- 4* 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-\ 4- 4-
34 + + 4- 4- + + + + + + + •4 4- 4- 4- 4- + 4- 4- 4- 4- — 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

35 + + + 4- + 4- + + -f + — + 4- 4- 4- 4- + 4* + 4- 4- 4- 4- 4- 4- 4* 4- 4- 4- 4- 4- 4- + 4-\ 
36 + + + + + + + 4* + + + 4- + + + + + + + 4- 4- 4- 4- 4- 4- 4- 4* — 4- 4- 4- 4- 4- 4- S 

Figure 12. Results of test for multiple alleles for incompatibility 
made by pairing 36 homokaryotic oidial isolates of Poria 
carnegiea in all possible combinations.-- Compatible 
matings are indicated by +. 



Table 3. Mating type factors found in 18 stock dikaryons of Poria 
carnegiea from Arizona. 

Stock Isolate Allele Collection location 

J PL 83 1 A1 Saguaro Nat. Mon. W. 
2 

I2 A3 JPL 84 3 I2 A3 Saguaro Nat. Mon. W. 
4 A 4 

Saguaro Nat. 

J PL 86 5 
6 

A5 
A6 

Saguaro Nat. Mon. W. 

JPL 88 7 A2 Saguaro Nat. Mon. W. 

JPL 89 
8 A7 JPL 89 9 

10 
A8 
A9 

Saguaro Nat. Mon. W. 

JPL 96 11 
12 

A10 
AN 

Saguaro Nat. Mon. W. 

JPL 126 13 
14 

A12 
A13 

Saguaro Nat. Mon. E. 

JPL 128 15 a14 Saguaro Nat. Mon. E. 

JPL 342a 
16 a7 JPL 342a 17 a15 Saguaro Nat. Mon. E. 

FP 94318 
18 a16 FP 94318 19 a17 Saguaro Nat. Mon. E. 

RLG 10547 
20 a18 RLG 10547 21 A19 Dripping Springs Mts 

ERC 71-360 
22 A20 

ERC 71-360 23 A21 Dripping Springs Mts 

ERC 71-99 
24 A22 

ERC 71-99 25 A17 Redington Pass 

ERC 71-367 
26 A23 

ERC 71-367 27 A24 Santa Rosa Valley 

RLG 10553 
28 A25 RLG 10553 29 A26 Santa Rosa Valley 

RLG 10554 
30 A27 

RLG 10554 31 A28 Santa Rosa Valley 

RLG 10556 
32 A29 

RLG 10556 33 A19 Santa Rosa Valley 

RLG 10557 
34 
35 T20 

A10 
25 

Santa Rosa Valley 
36 

T20 

A10 
25 
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west section of Saguaro National Monument, shared one allele. JPL 88 

shared its other allele with JPL 128, from Saguaro National Monument, 

east section. JPL 96, from the west section of the Monument, shared 

one allele with RLG 10557, from the Santa Rosa Valley. FP 94318, from 

the east section, shared one with ERG 71-99, from Redington Pass. ERC 

71-367 and RLG 10557 shared one, and both were collected in the Santa 

Rosa Valley. 

It is possible to estimate the number of alleles for incom

patibility in a population if the frequency of occurrence of that 

allele is known. The formula: 

p = 1/n + n<yp2 

gives this relationship, where p is the frequency of the allele in the 

population, or the probability of occurrence of that allele, n is the 

number of estimated factors, and <rp2 is the variance (Dobzhansky and 

Wright, 1941). If it is assumed that the alleles are randomly distrib

uted in the population, the formula may be expressed as: 

p = 1/n 

The error of estimation according to Example 1 in a paper by 

Stevens (1942) can be made in the following manner: 

p = 1/n = 7/630 with 5% limits of 2.82/630 and 13.75/630 
and 

n = 90 with 5% limits of 214 and 46. 

It was found that oidial isolates retrieved from the dikaryon 

for the incompatibility test often were of one mating type only. For 

several of the dikaryotic isolates, oidial dilutions were repeated two 

or more times before representatives of the two mating types were 

obtained. 



Mosaic Studies 

The 12 homokaryotic isolates from the six dikaryotic JPL 342 

collections were labeled as follows: JPL 342a-1, JPL 342a-2, JPL 

342b-l, JPL 342b-2, JPL 342c-l, JPL 342c-2, JPL 342d-l, JPL 342d-2, 

JPL 342e-l, JPL 342e-2, JPL 342f-l, and JPL 342f-2. When these were 

mated in all combinations, it was found that no alleles for incompati

bility were shared except between isolates JPL 342a-2 and JPL 342f~2, 

and between JPL 342c-l and JPL 342f-l. The rest of the matings were 

completely compatible (Figure 13). Homokaryons JPL 342f~l and JPL 

342f-2 were retrieved from the dikaryon located in the arm of the 

cactus, while JPL 342c-l was retrieved from the dikaryon located ad

jacent to the arm on the trunk, and JPL 342a-2 was retrieved from the 

dikaryon located in the roots. The fruiting bodies that developed 

along the underside of cactus JPL 342 were not all derived from the 

same dikaryotic mycelium. Of the 12 homokaryotic isolates in the test, 

there were 10 alleles for incompatibility represented (Table 4). 

Decay Studies in Culture 

The two isolates RLG 10556 and JPL 342a behaved differently on 

most wood types used in the decay tests (Table 5). Using saguaro wood 

as a substrate, the dikaryon of RLG 10556 brought about a greater per

cent weight loss than the JPL 342a dikaryon. Both homokaryons JPL 

342a-l and JPL 342a-2 caused substantially greater amounts of weight 

loss than their parent dikaryon JPL 342a and homokaryons RLG 10556A 

and RLG 10556B. Weight loss caused by homokaryon RLG 10556A was less 

than that caused by RLG 10556B and the parent dikaryon. 
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342 
a 

342 a 

342 b 

342 c 

342 d 

342 G 

342 f 

342 342 
b c 

342 342 342 
d G f 

1 2 1 2 1 2 1 2 1 2 1 2 
1 \ + 4 4 4 4 4 4 4 4 
2 \ + ~h 4 + + 4 4 4 4 — 
1 4 4 \ 4 + 4 4 4 4 4 4 
2 4-4 \ 4 4- 4 4 4 + 4 4 
1 4-4 -f 4-\| 4 4 4 4 — 4 
2 + 4 4- \ 4 4 4 4 4 4 
1 4~ 4 + 4-+ + \ 4 4 4 4 
2 4 4 H- 4- 4- 4- \ 4 4 4 4 
1 + 4 -f 4- 4 + 4- 4* \ 4 4 
2 4- -f 4- 4* 4- 4- 4 4 \ 4 4 
1 4 -f--h 4~ — 4- 4-4 4 4 \ 
2 4~ — 4- -f + 4- 4-4-4 4- \ 

Figure 13. Results of mosaic study pairing 12 homokaryotic, 
oidial isolates retrieved from six dikaryons of 
Poria carnegiea isolated from various locations 
on cactus JPL 342. 
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Table 4. Mating type factors found in six dikaryons of Poria carnegiea 
isolated from saguaro JPL 342. 

Stock cultures Isolate Allele Location on plant 

JPL 342a 1 
2 T1 A2 

roots 

JPL 342b 1 A3 lower trunk 

JPL 342c 
2 A4 

JPL 342c 1 
A5 

6 
a7 

trunk below arms 
2 A5 

6 
a7 

JPL 342d 1 
A5 

6 
a7 trunk above arms 

2 
A8 

9 JPL 342e 1 A8 
9 top of trunk 

JPL 342f 
2 
1 > 

A5 2 
base of arm 

2 
> 
A5 2 



Table 5. Percent weight loss of test blocks of selected desert woods decayed for 20 Weeks 
by Poria carnegiea. 

Saguaro Mesquite 

Range of % * % weight ** Range of % % weight 
Isolate weight loss loss weight loss loss 

RLG 10556*** 10.3-37.1 15.4 2.7-8.0 4.3 

RLG 10556A 5.5-30.0 12.9 1.8-3.7 2.7 

RLG 10556B 18.0-40.3 29.1 2.2-3.0 2.7 

JPL 342a*** 7.8-19.5 12.0 4.3-7.3 3.2 

JPL 342a-1 26.0-46.3 39.5 5.5-15.5 8.7 

JPL 342a-2 41.1-52.4 46.1 4.0-7.5 5.1 

Control 0-1.2 0.4 4.5-4.8 4.6 



Table 5. Percent weight loss of test blocks of selected desert woods decayed for 20 weeks 
by P. carnegiea, Continued. 

Palo-verde Ocotillo 

Range of 7» % weight Range of % 7o weight 
Isolate weight loss loss weight loss loss 

RLG 10556 16.4-21.8 19.1 16.5-32.6 20.1 

RLG 10556A 16.7-19.6 17.4 18.4-25.0 21.4 

RLG 10556B 14.2-23.2 17.7 26.0-49.8 40.6 

JPL 342a 15.8-17.4 16.3 17.3-43.0 22.3 

JPL 342a-1 32.7-57.0 45.9 37.4-70.8 54.4 

JPL 342a-2 45.4-61.6 51.5 29.3-59.8 45.6 

Control 9.8-10.1 9.8 2.9-3.4 3.2 

* Lowest and highest % weight loss determined for five test blocks exposed 
to each isolate, based on initial oven-dry weight. 

** % weight loss determined for five test blocks exposed to each isolate, 
based on total initial oven-dry weight and total weight loss. 

*** Dikaryotic isolates; the homokaryons representing the two mating types 
of these dikaryons are listed immediately below them. 
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Using mesquite wood as a substrate, little difference existed 

between dikaryons and their homokaryotic components. RLG 10556 dikary-

on gave a slightly higher weight loss than RLG 10556A and RLG 10556B. 

JPL 342a dikaryon brought about a similar weight loss to homokaryon 

JPL 342a-2, but less than half that of JPL 342a-l. The group of mes

quite blocks decayed by JPL 342a-1 contained one block with a large 

proportion of sapwood, however. When the mesquite blocks were dried 

and weighed, the heartwood showed little cracking and shrinking, signs 

generally associated with decay. However, the block in this group 

containing sapwood showed a high degree of shrinking in the sapwood 

portion of the block. The percent weight loss for this group in par

ticular is probably higher than it would have been if all blocks had 

uniform proportions of sapwood to heartwood. 

The two isolates again showed a differential capacity for decay 

with palo-verde wood as a substrate. RLG 10556 dikaryon gave slightly 

higher weight losses than its component homokaryons; all RLG 10556 

isolates, both homokaryotic and dikaryotic, were more effective than 

the JPL 342a dikaryon. The two JPL 342a homokaryons, however, caused 

approximately 50% weight loss of palo-verde blocks after 20 weeks of 

incubation at 30 C. 

With ocotillo wood as a substrate, homokaryotic isolate RLG 

10556B brought about twice as much percent weight loss as homokaryon 

RLG 10556A and dikaryon RLG 10556. The two homokaryotic isolates of 

JPL 342a brought about over twice as much weight loss as their parent 

dikaryon. 
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Decay Studies in Nature 

Cactus JPL 342 had no apparent injuries or other problems at the 

time of its windthrow. Saguaro National Monument officials indicated 

that most of the windthrows of the 1972-73 winter period occurred in 

October, 1972, but other recent windthrows examined in this study 

showed more deterioration at this time than JPL 342, and it was con

cluded that JPL 342 fell at a later date than the other plants. No 

evidence of _P. carnegiea was seen during the first examination of this 

cactus in April, 1973 (Figure 14). At this time a bright red oxidative 

reaction occurred when the cortex tissue was wounded, indicating that 

the plant was still alive. A large root ball was present but there was 

no indication of decay in the roots. In April, 1974, the cactus was 

examined again. The top of the plant had been destroyed during the pre

vious year. Typical P. carnegiea rot was observed along the trunk for 

a distance of about 15 feet from the base of the plant. Fruiting bodies 

were present on the main trunk and on arms in contact with the soil. 

The plant was still moist and had large expanses of apparently healthy, 

green tissue. Most of the reduction in size of the plant was probably 

due to water loss and shrinkage. The large root ball seen in Figure 14 

had diminished somewhat but was still obvious (Figure 15). The ex

posed roots were decayed and easily twisted off at this time. By June, 

1974, further decomposition had occurred. The arms of the cactus were 

losing their green color, becoming brown and dehydrated (Figure 16). 

The P. carnegiea fruiting bodies were beginning to decompose. In Aug

ust, 1974, all green tissue had disappeared. The skeleton was almost 

completely exposed in the trunk areas; the arms were collapsed and dry, 



Figure 14. Recently windthrown saguaro, JPL 342, in April, 1973. 

Figure 15. Saguaro JPL 342 in April, 1974, showing some green 
tissue still present. 
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Figure 16. Saguaro JPL 342 in June, 1974. 

Figure 17. Saguaro JPL 342 in August, 1974, showing the exposed 
woody skeleton and lack of green tissue. 
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although still covered by the remains of the dead, brown epidermal 

tissue (Figure 17). The activities of other microorganisms and animals 

also contributed to the breakdown of the fleshy tissues, as did the de

hydrating action of the sun and wind. P. carnegiea, however, had 

accounted for a great deal of breakdown of the woody skeleton of the 

plant, helping to reduce it to a relatively small heap of debris in 

less than two years. 

Dikaryotic hyphae with conspicuous clamp connections were 

apparent in free-hand sections made from typically decayed wood from 

the field and from the agar-block decay tests. Photomicrographs of 

P. carnegiea hyphae in saguaro vessels are shown in Figure 18. All 

hyphae in the basidiocarp have clamp connections. Camera lucida draw

ings of structures from a basidiocarp are shown in Figure 19. 

Incidence of Poria carnegiea in Saguaro National Monument 

Recent unpublished surveys by Dr. Stanley M. Alcorn (personal 

communication) of saguaro mortality (in the north forest, east unit, 

Saguaro National Monument), attributed to IS. carnegieana also include 

mortality by windthrow. These windthrown plants were examined for P„ 

carnegiea. Plants that died before 1969 were often so decayed or de

composed by termites that little remained of them except small isolated 

pieces of wood. Consequently, only plants that had fallen since 1969 

were recorded in the incidence study although some plants that fell 

earlier were also examined. All observations were made from November, 

1974, to February, 1975. 

A similar pattern existed in most of the recently windthrown 

plants. A part of the root system and adhering soil and rocks usually 



Figure 18. Dikaryotic hyphae of Poria carnegiea in vessels of 
saguaro wood.-- a) cross section of vessel; b) lon
gitudinal section of vessel. 
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Figure 19. Camera lucida drawings of structures from a 
basidiocarp of Poria carnegiea, GBC collec
tion.-- a) nodose-septate, subicular hyphae; 
b) basidia; c) basidiospores. 



was pulled out of the ground when the plant fell, leaving a large, 

conspicuous, compact root ball with broken and decayed roots pro

jecting from it (Figure 20, Figure 21). These roots could be broken 

off easily. Plants which had apparently been down for several years 

often still retained this large mass of roots and earth at their base. 

Because of the advanced stage of the rot, these roots appeared white 

and spongy (Figure 22) and could be easily crushed in the hand. When 

wet, the rot had a pungent, earthy odor. Plants attacked only by the 

soft-rot bacterium, E. carnegieana, usually did not fall until some 

time after their death, since the roots generally were not weakened 

by decay of the wood. Some plants were attacked by both E. carnegieana 

and P. carnegiea, but the presence of one organism in a plant did not 

appear to prevent or encourage the presence of the other. No fruiting 

bodies of P. carnegiea were seen on standing, living plants but they 

were seen on the roots of some plants which had been on the ground 

for less than five months. 

Samples of wood from all windthrows associated with P. car

negiea showed typical hyphae or oidia in a moist chamber. Wood with 

basidiocarps was considered proof of the invasion of the fungus and 

was not incubated in a moist chamber. 

The prefix letters for each cactus designate the plots sur

veyed by Alcorn, and the suffix number indicates the specific cactus 

examined. Plants numbered B-2 #22, C-7 #143, and F-3 #113 had conspic

uous root balls, and many unrecorded plants with evidence of the fungus 

showed this symptom. C-7 #233 and F-5 #236-237 both had the root ball 



Figure 20. Saguaro JPL 126, showing typical windthrow pattern of 
plants associated with Poria carnegiea. 
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a 

b 

Figure 21. Two saguaros showing the typical windthrow pattern 
and large root ball associated with plants affected 
by Poria carnegiea.-- a) saguaro in wash near loop 
drive of Saguaro National Monument, east section; 
b) saguaro along north end of loop drive in Saguaro 
National Monument, east section. 
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Figure 22. Rot of Poria carnegiea (RLG 10547) in roots and butt 
of saguaro stump. 

60 



61 

often found with plants infected by ]?. carnegiea but no signs or symp

toms of the fungus were found. F-5 #236-237 was leaning before it fell. 

Both plants were recently fallen at the time of their examination and 

it was impossible to roll them over to check all the roots due to their 

tremendous weight. 

F-3 #33 was broken through the skeleton at the butt and showed 

no root ball. F-2 #52 pulled up by the roots when it fell but did not 

have a large mass of soil trapped in its roots. One plant with P. 

earnegiea basidiocarps, F-5 #136, showed rot in the butt and broke over 

through the woody cylinder about one foot above ground line. 

F-5 #193, C-7 #245, and F-5 #117 all had P. texanus rot. F-5 

#193 had a root ball somewhat similar to that of P. carnegiea wind-

throws. C-7 #245 and F-5 #117 had no root ball. F-5 #117 broke off 

at ground level and had two P. texanus conks on one of its roots. The 

golden mycelium typical of this fungus was present up to six feet from 

the butt and a pinkish discoloration was present in the wood in the area 

of incipient decay. 

Eight of the 15 plants showing evidence of P. carnegiea were 

leaning prior to their windthrow. These plants were: C-7 #52, F-5 

#201, C-7 #260, F-5 #267, C-7 #233, C-7 #244, F-3 #113, and F-5 #293. 

Many other cacti were observed and increment borings were taken 

from dead standing cacti as well as those fallen plants showing no evi

dence of P. carnegiea (Figure 23). In no case were hyphae of P. car-

negiea retrieved from standing or fallen cacti showing no outward 

signs of the fungus (i. e., fruiting bodies or rot). The distance be

tween plants seems to have little relationship to occurrence of P. 
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Figure 23. Increment boring from butt of standing, living saguaro. 
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carnegiea. Once E. carnegieana is established in a clump of plants, the 

other plants are more likely to be killed than solitary plants (Alcorn 

and May, 1962). Plants designated C-7 #244 and C-7 #245 had adjacent 

butts, but #244 showed P. carnegiea rot while #245 showed P. texanus 

rot (Figure 24). No signs were seen of either cactus having both types 

of rot. 

Other plants that were wind thrown before 1969 were also ex

amined, but were not used in estimating incidence of P. carnegiea in 

the Monument. F-5 #283 fell in 1968 and was 18-24 feet tall with no 

arms. A fruiting body was found on the plant. F-5 #250 and F-5 #251 

went out in 1945 and 1944, respectively, and were attributed to bac

terial necrosis. F-5 #250 was 12-18 feet tall, and F-5 #251 was over 

25 feet tall. The two plants were within five feet of each other. 

Both had typical P. carnegiea rot and mycelium, although little was 

left of their skeletons. F-5 #155 was a 1966 windthrow, was over 24 

feet in height at that time, and showed P. carnegiea mycelium and rot, 

F-5 #70, another 1966 windthrow, also showed typical P. carnegiea rot. 

It was over 24 feet tall with at least four arms. A basidiocarp was 

also found on this plant. F-3 #150 was between 12 and 18 feet tall 

and probably had no arms. It was windthrown in 1967 and had advanced 

_P. carnegjiea rot in the roots. Cactus B-2 #224 fell in 1968 and had a 

large root ball. It was over 25 feet tall, with no record on the number 

of arms. It also had a basidiocarp. 

In addition to these recorded plants falling within the plots, 

other cacti showing evidence of P. carnegiea were found immediately 

outside the plots and along the loop drive in more frequented areas 



Figure 24. Phellinus texanus basidiocarps at the base of the arms 
of a living saguaro. 
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of the east unit of the Monument. Several of these cacti have been 

previously discussed (Figures 14-17, Figure 20, and Figure 21). Al

though there are no recorded data on these cacti, the pattern of fall 

and the conspicuous root ball, along with the general state of decom

position of the plants and the presence of signs of P. carnegiea in

dicates that they were windthrown due to decay of roots by the fungus. 

Most interesting of all these unrecorded windthrows were four 

plants immediately south of the plot designated F-5 by Dr. Alcorn. 

Three were estimated to have fallen during the wet winter of 1972-73. 

All had conspicuous root balls and exposed woody tissues but the des-

sicated epidermal tissues were still present over large expanses of 

all the plants. Two of these plants had intertwined root systems, and 

fell in opposite directions. The fall of one plant apparently assisted 

in uprooting the other. One plant was approximately 20 feet tall and 

had four arms, while the other was about 25 feet tall with several arms. 

Although no P. carnegiea basidiocarps were present, advanced rot was 

found in both root systems. The third plant in this group had its 

root ball about 10 feet away from the other two and was lying parallel 

to the 20 foot plant. It was over 25 feet in height, with several arms, 

and had advanced rot in its roots. The fourth plant was about 30 yards 

away from this clump and had apparently fallen in the past year, since 

some of the upper arms were in perfect condition, with healthy, green, 

intact epidermis. This plant was about 35 feet tall with five or six 

arms. The wood in the trunk area below the arms was exposed. The root 

ball was large and the roots were extensively decayed. Typical mycelium 

and rot were present but there were no fruiting bodies. On the north 



side of the F-5 plot two more unrecorded windthrows were examined. One 

plant was about 25 feet tall with one small arm. It had a typical root 

ball, advanced rot and mycelium, and probably fell two years ago. It 

had fallen across a smaller cactus but the top of the smaller plant 

had been knocked out, and its height could not be determined. The 

smaller plant also had rot in its roots. The butts of the two plants 

were less than four feet apart. Two other windthrows were noted out

side the F-2 plot. Both apparently fell in 1972-73 and both were over 

25 feet tall with at least two arms. They both had a typical root 

ball and rot of J?, carnegiea. 

Out of 22 windthrown saguaros examined in the surveyed areas, 

all falling in the last six years, 15 showed signs or symptoms of P. 

carnegiea, three of P. texanus, and four of neither. Death of these 

four plants could only be attributed to strong winds (Table 6). 

These numbers correspond to 68.1% windthrows with P. carnegiea in the 

roots, 13.6% with P. texanus, and 18.17» by wind alone. Death of three 

of the fallen plants with evidence of P. carnegiea was attributed to 

bacterial necrosis by Dr. Alcorn. These plants are F-5 #216, F-5 

#267, and F-5 #269. The two organisms may have acted jointly in 

bringing about failure of these plants. No other protected areas are 

known to have been surveyed in this manner in the past. The collec

tion of these data were possible only because of the detailed records 

made from these plots by Dr. Alcorn and others over the past 34 years. 



Table 6. Incidence of Poria carnegiea in windfalls in Saguaro National Monument, east section, 
since 1969. 

Plot 
Cactus 
number 

Year 
of 

windthrow* 

Height 
(in feet)/ 
number of arms 

Signs or 
symptoms** 

Bacterial 
necrosis 
present 

Failure 
attrib
uted to 

B-2 22 1973 18/3 mycelium, oidia, 
rot 

no pc*** 

B-2 72 1969 12-18/none basidiocarp no PC 

C-7 52 1972 18-24/2 basidiocarp no PC 

C-7 72 1973 18-24/3 mycelium, oidia, 
rot 

no PC 

C-7 143 1973 12-18/1 basidiocarp no PC 

C-7 233 1973 24/4 none no wind 

C-7 244 1969 24/12 mycelium, rot no PC 

C-7 245 1969 24/? PT mycelium no PT 

C-7 260 1973 24/9 mycelium, oidia, 
rot 

no PC 

F-2 52 1974 24/2 none no wind 



Table 6. Incidence of Poria carnegiea in windfalls in Saguaro National Monument, east section, 
since 1969, Continued. 

Year Height Bacterial Failure 
Cactus of (in feet)/ Signs or necrosis attrib-

Plot number windthrow* number of arms symptoms"* present uted to 

F-3 33 1973 ? none no wind 

F-3 85 1970 24/? basidiocarp no PC 

F-3 113 1973 18-24/none basidiocarp no PC 

F-5 117 1974 24/none PT rot, mycelium, yes PT 
basidiocarps 

F-5 136 1973 12-18/4 basidiocarp no PC 

F-5 193 1973 24/7 PT mycelium, rot yes PT 

F-5 201 1972 24/5 basidiocarp no PC 

F-5 216 1972 18-24/5 mycelium, rot yes PC 

F-5 236-237 1975 12-18/none none no wind 



Table 6. Incidence of Poria carnegiea in windfalls in Saguaro National Monument, east section, 
since 1969, Continued. 

Year Height Bacterial Failure 
Cactus of (in feet)/ Signs or necrosis attrib

Plot number windthrow* number of arms symptoms** present uted to 

F-5 267 1974 18-24/3 mycelium, rot yes PC 

F-5 269 1974 6-12/none rot yes PC 

F-5 293 1973 24/4 rot, mycelium no PC 

* Based on surveys made annually, generally in February or March. 
** Signs and symptoms are of Poria carnegiea unless otherwise specified. 

*** pc and PT stand for Poria carnegiea and Phellinus texanus, respectively. 

o* 
VQ 



Inoculation Studies 

Three of the four cacti inoculated internally showed no evi-
\ 

dence of infection by P. carnegiea. One of the cacti had abundant 

mycelium with clamp connections in the parenchyma around the inocu

lation point. A cluster of mushrooms (Lepiota sp„) developed at this 

point several weeks prior to dissection of the plants. The mycelium 

isolated from the parenchyma tissue around the inoculation point pro

duced oidia in culture, however, and was therefore assumed to be P. 

carnegiea. The wood chip used for inoculation in this plant was still 

intact and had viable J?, carnegiea mycelium in it. A second internally 

inoculated plant apparently developed a bacterial infection at the point 

of inoculation and the cortex surrounding the base of the plant for a 

vertical distance of about 10 cm was rotted away. The wood chip used 

for inoculation was not found. The wood in the base of the plant was 

water-soaked and blackened from the bacterial rot. Two other inter

nally inoculated plants still had the original chip of inoculum present, 

but showed no signs of P. carnegiea. The fungus was still viable in 

the chips and was readily isolated. Both of these plants had areas of 

black tissue at their apex but these were present before inoculation 

took place. 

One of the plants inoculated on the root surface was almost 

constantly wet during the three month incubation period due to erratic 

watering habits of the caretaker. The inoculation chip was not found 

for this plant and no evidence of P. carnegiea mycelium or rot was seen 

in the roots. Three of the four plants inoculated on wounded root sur

faces showed light-colored, decayed punky wood in the area of 
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inoculation and had typical P. carnegiea hyphae in the wood. Gilbertson 

and Canfield (1972) noted that wood decayed by P. carnegiea contains 

slender hyphae 1-1.5 |um in diam which are much branched and apparently 

lack septa and clamp connections. These hyphae were found in the three 

successfully inoculated plants. The inoculation chips were found for 

two of these plants and they contained viable P. carnegiea hyphae. 

P. carnegiea was reisolated from the decayed root tissues of two of 

these three plants. Therefore, Koch's postulates were completed for 

P. carnegiea in three plants, one inoculated internally and two inocu

lated on the root surface. The fungus was originally isolated in pure 

culture from collection JPL 342a. It was inoculated into a healthy 

cactus and shown to produce a rot similar to that found in plants in

fected in the field. Finally, it was recovered from the inoculated 

plants in pure culture and shown to be morphologically identical to 

the original culture. 

The single control plant showed no signs of P. carnegiea and the 

fungus was not retrieved from the plant. 



Poria carnegiea is a common component of Sonoran Desert eco

systems containing saguaros and saguaro is the only known host. It 

can decay wood other than saguaro in culture, including those foreign 

to its habitat, such as Douglas fir (Pseudotsuga menziesii Mirb.) Fran

co), and ponderosa pine (Pinus ponderosa Laws.) (Gilbertson, personal 

communication). It apparently does not occur on other columnar cacti 

in the United States, such as organ-pipe cactus (Lemaireocereus thur-

beri Britt. et Rose), or senita (Cereus schottii Engelm.) but could 

possibly occur on closer relatives of the saguaro in Mexico, such as 

cardon (Pachycereus pringlei (S. Wats.) Britt. et Rose). The cage

like skeleton of fallen organ-pipe cacti keeps most of the wood of 

these plants off the ground and does not offer favorable conditions 

for decay. Since P. carnegiea is capable of bringing about such ex

tensive decay in wood of ocotillo and palo-verde, it is surprising 

that it has not been found on these substrates in nature. Palo-verde 

acts as a "nurse tree" for young saguaros, shading them from direct sun

light. It is possible that palo-verde and other desert woods contain 

soluble extractives capable of inhibiting growth of P. carnegiea and 

that these extractives are diluted, altered, or removed in the process 

of soaking and autoclaving the blocks for the decay tests. In compari

son with the weight loss in the control blocks, the weight loss after 

decay of mesquite appears to be due largely to loss of extractives in 

the wood rather than decay. The group of blocks decayed by JPL 342a-l 
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had a greater proportion of sapwood than other groups and showed a 

higher weight loss. The difference between this weight loss and that 

of the controls can be attributed to decay of sapwood in these blocks. 

The weight of control blocks of palo-verde also indicates that loss of 

extractives is responsible for some of the weight loss after decay. 

Weights of control blocks were corrected for moisture content based on 

data taken from similar properly dried test blocks. 

The two JPL 342a homokaryons consistently brought about higher 

weight losses on all wood types. This indicates that these isolates 

are genetically different from the others in their ability to decay 

wood. 

It is probable that the fungus simply cannot physically invade 

the dense heartwood of mesquite. Decay of mesquite sapwood could occur 

in nature, however, since the small amount of sapwood in the blocks in 

the decay tests was rapidly destroyed by the fungus. 

Using eight dikaryotic isolates of Lenzites trabea and their 

component homokaryons, Amburgey (1967) showed that the homokaryons 

often brought about greater decay of ponderosa pine blocks than their 

dikaryotic parents, but that different homokaryotic isolates of the same 

mating type often brought about different degrees of decay. Some of his 

homokaryons had an appressed growth habit, reached the blocks slowly, 

and had low decay capacities. The description of his isolates is simi

lar to the appearance of the growth habit of some of the P. carnegiea 

isolates used in the agar-block decay tests and mating experiments. In 

further work with L. trabea Amburgey (1970a) showed that single basidio-

spore cultures would fruit and produce more fertile basidiospores. 
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These basidiospores could be used to establish secondary and tertiary 

cultures. If these isolates were maintained in culture for two to 

three years, their decay capacity on loblolly pine test blocks (Pinus 

taeda L.) was much less than cultures of the same mating type which had 

been in culture for only a short time. Amburgey attributed this varia

bility to mutation in culture, implying an instability in the secondary 

and tertiary homolcaryons. These observations could also apply to 

isolates of P. carnegiea. RLG 10556 had been maintained in culture 

since 1972, while JPL 342 has only been cultured since mid-1974. The 

age of these stock dikaryons may account for their differential decay 

capacities. 

Although Mielke isolated a culture of P. carnegiea in 1943 from 

the exposed ribs of a standing, living saguaro, present attempts to find 

the fungus under these circumstances have been unsuccessful. However, 

the evidence accumulated in this study indicates that the fungus does 

invade the roots of standing, living plants. Cacti labeled JPL 126, 

JPL 128, and JPL 342, plus several others not assigned collection num

bers, had been windthrown but had no apparent disease symptoms. These 

plants fell mostly in the wet winter of 1972-73. JPL 126 and JPL 128 

both had fruiting bodies of P. carnegiea on their roots in early April, 

1973. Since the bulk of the rainy period occurred from October, 1972, 

up to April, 1973, these cacti were probably on the ground for less than 

five months before these observations were made. Monument officials 

were not certain of the exact date of fall of these cacti but were sure 

they had fallen during the rainy period. Typical decay of P. carnegiea 

was found in the roots of all of these plants. The cacti were still 



green and healthy in appearance and the rapid decay of the fleshy tissue 

surrounding the ribs was not yet extensive. Although this cannot be 

considered proof, it strongly indicates that _P„ carnegiea was present 

in the roots of the standing plants and weakened them, causing them to 

fall. The fungus in nature probably requires several years to invade 

wood, become established in the tissue, cause extensive decay, and pro

duce fruiting bodies. Cacti JPL 126, JPL 128, and others not recorded, 

had fruiting bodies on roots which were suspended off the soil surface 

when the root ball was pulled out of the ground. These roots showed 

advanced stages of P. carnegiea decay. It seems unlikely that a root 

not in contact with the soil for as much as five months could become 

infected by spores or by mycelium from another part of the plant and 

produce a fruiting body in this arid environment in such a short period 

of time. The roots probably were infected before they were exposed by 

windthrow of the plant. Fruiting bodies are most commonly found at the 

interface of the soil and the underside of the fallen cactus, since 

moisture content is higher there. The fact that the fungus was not iso

lated from increment borings taken from the butts of standing plants 

does not prove its absence. Only rarely was typical P. carnegiea decay 

found in a dead saguaro which had broken over above the ground line, 

rather than pulling up by the roots. 

From observations made on decay in the field, it is clear that 

windthrown plants (and plants dying of other causes), lose most of their 

succulent tissues within two years of their fall. The woody tissues 

in the roots and underside of the plant are also well decayed by this 
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time. After these plants have been on the ground for 10 years or so, 

little remains of the skeleton. 

The appearance of windthrown saguaros examined in the east 

section of Saguaro National Monument suggests that P. carnegiea enters 

through the roots and weakens the roots and sometimes the butts, causing 

an uprooting or a breakage through the lower trunk in high winds. Maps 

showing the location of these plants show no "infection centers", al

though this area in the east section of the Monument apparently has 

more windthrows than the west section or some other areas outside the 

Monument. This localization of windthrows seems to be due largely to 

the soft nature of the soil in the bajada west of the Rincon Mountains. 

The Tucson Mountain slopes are composed of rocky volcanic soils (Niering 

et al., 1963), which are not as subject to erosion and water soaking 

and which probably provide more support for root systems. 

Instances in which adjacent plants were windthrown the same 

year might suggest that root contact or close proximity of root sys

tems could offer a means of spread for P. carnegiea. Clumps of sagua

ros (plants within six feet of each other) are found almost as often as 

solitary plants (Alcorn and May, 1962). Forty percent of the surveyed 

windthrown plants showing evidence of P. carnegiea were in clumps but in 

only one case were two plants in the same clump found to be infected 

with the fungus (F-5 #267 and F-5 #269). Increment borings would un

doubtedly miss many infection loci, however, and some of the living 

plants sampled may have been infected. Adjacent or intertwined root 

systems would certainly offer an ideal situation for spread of the fun

gus, however, especially if the roots of one plant were damaged or 
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dying when the fungus was present in the roots of the adjacent plant. 

A similar situation apparently existed in the unnumbered plants south 

of the F-5 plot with intertwined root systems. Most plants in the F-2, 

F-3, and F-5 plots were over 12 feet tall, and most of the windthrows 

examined were over 18 feet tall. The maturity of this stand when com

pared to younger populations (e. g., the Tucson Mountain section) could 

also explain the large number of windthrows in this restricted area. 

In the field plot study, eight plants showing evidence of _P. 

carnegiea (55.57o) had been recorded as leaning in previous years. 

Leaning is not uncommon among large cacti. Consequently a more exten

sive survey of leaning cacti, together with a dissection of the plants 

after their fall, is needed to determine the relation of leaning to the 

presence of P. carnegiea in the plants. 

The presence of P. carnegiea in the root systems of all plants 

invaded by the fungus is very strong evidence that P. carnegiea enters 

through the roots. As previously stated, the fungus was never recovered 

from increment borings of standing plants, probably because it only 

rarely grows above the soil line and into the butt of the plant. If 

the fungus did not enter through the roots, one would expect to observe 

it at least once in the aerial parts of some of the cacti dissected 

without also finding it in the roots. P. carnegiea apparently only 

attacks wood in the roots of living plants and then continues to decay 

wood in the rest of the plant after it falls. These invaded roots could 

be living or dead. It apparently invades sound wood only in plants 

originally infected through the roots. This phenomenon is known to 

occur with other wood-rotting basidiomycetes,such as Fhaeolus 



schweinitzii (Fr.) Pat. and Phellinus torulosus (Pers.) Bourd. et Galz. 

(Gilbertson and Burdsall, 1972). 

More plants fell in 1973 in the east unit of Saguaro National 

Monument (10) than in any other year covered during the incidence study. 

The association of the wet winter period with this high number of wind-

throws emphasizes the idea that the fungus probably decays wood in the 

roots more rapidly during extended wet periods than during dry periods. 

This factor, occurring simultaneously with softer soil and root systems 

already somewhat weakened by decay, may lead to extensive windthrow. 

The incidence of P. texanus as a butt rot fungus in the plots 

examined is surprising. It commonly fruits at the base of the arms of 

older plants, but its occurrence in 13.6% of the windthrows suggests 

it may play a more important role in removal of mature cacti from the 

population than previously assumed. Davidson and Mielke (1947) state 

that saguaros broken off near ground level during wind storms were 

found to be badly rotted by this fungus. Possibly, some of the plants 

examined by them were actually victims of P. carnegiea, rather than P. 

texanus, since the early decay caused by these fungi is similar. 

The mode of entry of P. carnegiea is still questionable. 

Gilbertson and Canfield (1972) reported galleries of wood-boring bees 

that were lined with the fungus mycelium (Figure 25) but these galleries 

were not found in all cacti. This does not eliminate the possibility 

that these insects or others, such as termites, may transport bits of 

mycelium, basidiospores, or oidia from one part of a plant to another, 

or from plant to plant. Rodents are prevalent in the east section of 

the Monument, and often chew tunnels in living plants. They may play a 



Figure 25. Saguaro rib with advanced Poria carnegiea decay 
(unnumbered collection) showing mycelium-lined 
tunnels of wood-boring bees. 
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role in spread of the fungus. Since P. carnegiea seems to be associated 

with older, mature saguaros, it is possible that the swaying of these 

larger plants in the wind is enough to split or scrape the roots, there

by exposing the woody tissues. If the fungus were in the soil, or if 

an insect carried bits of the fungus to the wounds, conditions would be 

ideal for growth to begin. Lack of moisture would not be a problem in 

the living plant; the fungus does grow on the woody skeleton when it is 

still intact under the surrounding fleshy tissue, as evidenced by the 

recovery of the dikaryon JPL 342f from the green arm of fallen cactus 

JPL 342. All plants associated with P. carnegiea were mature, large 

cacti. The smallest plant known to have the fungus in its roots was in 

the six to 12 foot height class. Whether the entry and establishment 

of P. carnegiea is a physiological phenomenon associated with age, or 

whether it is a physical phenomenon associated with root injury such 

as caused by plants swaying in the wind, is not known. The fungus could 

be present in the younger plants but the plants may not be massive 

enough to be affected by high winds and soft soil, or the fungus may 

enter only the older plants. Whatever the mechanism of entry, it seems 

feasible to suggest that P. carnegiea does not travel from root to root 

or from one plant to another by root graft, as in some root rot fungi 

(Martin, 1974), and that transfer by root contact is not necessarily the 

only method of infection. Other important basidiomycete root rot path

ogens, such as Phellinus weirii (Murr.) Gilbertson and Inonotus tomen-

tosus (Fr.) Gilbertson, are known to enter living plants by root contact 

(Boyce, 1961). P. carnegiea has been found in fallen plants adjacent to 

standing plants, but has not been isolated from increment borings of 



these standing plants. In one case two fallen plants with adjacent root 

systems were examined. One plant had P. carnegiea rot in the butt, 

while the other showed P. texanus rot in the butt. Neither fungus was 

established in both plants. Clumps of cacti were also observed in 

which the butts were within three feet of each other. P. carnegiea 

was found in windthrows from these clumps but it had apparently not 

spread to other members of the group,, The roots of the windthrown 

plants almost certainly were in contact with those of the other plants 

of the clump. In many fallen plants only one side of the root system 

showed decay of _P. carnegiea. It is possible that decay progresses so 

slowly that infected roots of a plant in a clump never contact roots of ' 

adjacent plants or only do so rarely, so that the fungus is capable of 

spreading by root contact, but only infrequently has the chance to do 

so. 

Cactus JPL 342 was utilized to estimate the number of different 

infections taking place on a single plant, and also to determine the 

number of alleles for incompatibility existing in a series of basidio-

carps on the same host. Out of 12 homokaryotic isolations from six 

dikaryons, only two alleles for incompatibility were found more than 

once. These results indicate that several dikaryons were involved in 

development of basidiocarps on the same cactus. Thus inoculation oc

curred at several different locations on the same plant. Whether all 

these occurred after the plant fell or before is not known. The root 

infection and subsequent decay of the roots may have been the cause of 

windthrow, and the trunk and arm infections may have occurred after the 

plant fell. The problem of detecting the presence of P. carnegiea in a 



plant is compounded by the fact that most basidiomycetes require light 

to fruit. Mycelium in a buried root or in woody tissue submerged in 

dense layers of parenchyma would not form basidiocarps unless exposed 

to light. When the JPL 342 cactus was first examined, no fruiting 

bodies were observed and no rot was seen, although the decayed roots 

may well have been on the underside of the root ball. The typical P. 

carnegiea windthrow pattern was noted, however. Most of the roots were 

buried in the dense root ball and were not easily uncovered. A year 

later, when the same plant was reexamined, much of the fleshy tissue 

had decomposed, exposing the skeleton and giving the fungus the light 

needed for fruiting. In the mating test performed with 12 homokaryotic 

isolates from the cactus, JPL 342f-l, a homokaryon retrieved from the 

dikaryon in the arm of the cactus, shared the same allele for incom

patibility with homokaryon JPL 342c-l, retrieved from a dikaryon lo

cated next to it on the trunk. JPL 342f-2, the other homokaryon iso

lated from the dikaryon in the arm, shared the same allele with JPL 

342a-2, a homokaryon retrieved from the dikaryon in the roots. 

The number of alleles for incompatibility in the isolates from 

this one cactus suggests a random infection process by basidiospores 

or oidia. Apparently individual homokaryotic inoculation centers orig

inally became established and were then dikaryotized by adjacent homo-

karyons, by the deposition of new homokaryotic oidia or basidiospores 

of different mating type on the established homokaryotic mycelium, or 

by di-mon matings of homokaryons with adjacent dikaryons (Raper, 1966). 

It would be impossible to specify which methods occurred (or which were 

favored in the field), from data collected for this study. JPL 342c-l 
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had the same incompatibility allele as JPL 342f-l. It is possible to 

propose several ways in which this situation could occur. An oidium 

or basidiospore carrying this incompatibility allele could have been 

transported to a location on the cactus somewhere between the collec

tion sites for dikaryotic isolates JPL 342c and JPL 342f. This propa-

gule could have established a homokaryotic mycelium, and this mycelium 

could have been dikaryotized on either side by any of the methods sug

gested above. The explanation for a shared allele between JPL 342a-2 

and JPL 342f-2 could be transport of oidia from a homokaryotic component 

of either dikaryon to the location of the other by insect, wind, rain, 

etc. These propagules could be moved from one location to another be

fore dikaryotization occurred, or homokaryotic oidia from an estab

lished dikaryon could serve to dikaryotized an established homokaryon. 

A di-mon mating could also explain this situation, with the propagule 

being a dikaryotic oidium or a piece of dikaryotic mycelium. The num

ber of possibilities for transport of propagules and establishment of 

dikaryons is great. 

It has been suggested that the geographical distribution of 

P. carnegiea coincides with that of the saguaro (Gilbertson and Can-

field, 1972). Larger sampling areas for testing the number of alleles 

for incompatibility in a population of P. carnegiea could give a more 

accurate estimate. Even though only collections from two counties in 

Arizona were sampled in this study, a large area of the saguaro pop

ulation was covered, since Pima and Pinal counties cover 9241 and 5378 

square miles, respectively (Granger, 1960). According to Raper, Kron-

gelb, and Baxter (1958), the level of outbreeding in a population can 
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be calculated by the formula: 

1 - 1/n = outbreeding level 

where n = the number of estimated alleles in the population. Since 

n - 90 for P. carnegiea, the outbreeding level is 98.89%. If 90 is 

accepted as the number of alleles in the population, the following 

formula (Raper et al., 1958) gives the total number of possible mating 

combinations in the population: 

(n^ - n)/2 = total possible combinations 

where n = the number of estimated alleles. The total number of pos

sible combinations in the population of P. carnegiea is 4005. If this 

value is multiplied by the outbreeding efficiency of the fungus, it can 

be seen that there are 3960 fertile combinations out of a total 4005 

possible matings. That is, out of every 4005 matings, only 1.117o of 

those can be expected to be incompatible. This hi'jh outbreeding level 

is exhibited by other basidiomycetes but it is especially valuable to a 

fungus existing in a hot, dry habitat like the Sonoran Desert. This 

high outbreeding level would allow dikaryotization and fruiting body 

formation 98.897, of the time and would rule out the necessity of deli

cate propagules having to be carried over long distances by vectors to 

complete compatible matings. 

Staining techniques indicate that oidia from dikaryons and 

homokaryons range from uninucleate to multinucleate. The question 

remains as to whether the multinucleate oidia arising from a dikaryon 

are homokaryotic or heterokaryotic. In making single oidial isolations, 

many dikaryons were retrieved. This may be due to a lack of precision 

in isolation, rather than to heterokaryotic oidia. No oidia that 
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otic cultures. One clamp connection was seen that appeared to be in 

the process of breaking up into three oidia, one oidium being formed 

from the hook cell. One the whole, oidia formed from a dikaryon seemed 

to arise from simple-septate hyphae. The homokaryon appeared to have 

multinucleate cells when stained with 1.5% aceto-orcein. It can be 

easily seen how multinucleate oidia occurred in these cultures. Brodie 

(1932) suggests that oidia of Collybia velutipes are not separated at 

the cell septa, but that vacuoles form within a cell, and the nuclei 

are trapped between these vacuoles. This may be the case with P. 

carnegiea in some instances, but the majority of oidia apparently are 

formed by fragmentation of hyphae at their septa. 

Matings of compatible homokaryons of P. carnegiea from the 

multiple allele test for incompatibility often showed only a few clamp 

connections when examined microscopically. These clamp connections 

did not always occur at the interface of the two mated homokaryons but 

were frequently only on one side of a culture (i. e., they were asso

ciated with one homokaryon of a mated pair). In addition, a strong 

reverse reaction was often, but not always, present on the side of the 

culture in which the clamp connections were found. One homokaryon in a 

mating often produced abundant oidia, giving a mealy appearance to the 

isolate, while the other remained cottony and compact. Some homokaryons 

were appressed and slow growing, with little or no aerial mycelium, and 

were almost surrounded by the other homokaryon in the mating. The 

apparent absence of clamp connections in many cultures was usually due 

to their isolation in one part of the culture or to their infrequent 
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occurrence and often distorted morphology. These observations have been 

made for other basidiomycetes, including Schizophyllum commune Fr., 

Hirschioporus pargamenus (Fr.) Bond, et Sing, and H. subchartaceus 

(Murr.) Bond, et Sing., and Collybia velutipes Fr. Aschan (1952), in 

her research with C. velutipes, found that many homokaryons recovered 

from dikaryons had a high frequency of morphological aberrations. As 

indicated, this was found to be the case with homokaryotic, single 

oidial isolates of P. carnegiea. This abnormality was often not mani

fested until the cultures had been maintained and transferred for sev

eral months. The oldest culture used in this study, FP 94318, isolated 

in 1948, had an appressed, translucent growth pattern, as did the com

ponent homokaryons. The hyphae of the homokaryons were of the type 

discussed earlier, having a gelatinized, contorted, degenerate appear

ance. Few oidia were formed in these cultures. Aschan found that 

variation occurred among oidial or micrurgical homokaryons of C, veluti

pes when their nuclei were identical. She attributed this phenomenon 

to mutant nuclei or to cytoplasmic inheritance. This may be the situ

ation with homokaryons of P. carnegiea. 

Traquair and Kennedy (1974) worked with isolates of Hirschio

porus pargamenus and H. subchartaceus, and found that mating capacity 

of homokaryons deteriorated after several years of culturing. They 

also point out that studies of the genus Coprinus in culture revealed 

reduced vitality and an inability to be dikaryotized in aged homo

karyons. Traquair and Kennedy made intracollection matings and inter-

collection matings of H. pargamenus and H. subchartaceus. In the H. 

pargamenus intracollection pairings, 15% showed unilateral 
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dikaryotization, while 39% of the H. subchartaceus pairings showed this 

phenomenon. The donor isolates in the matings were slow-growing and 

morphologically aberrant. Raper (1966) says "failure of reciprocity 

in nuclear transfer and dikaryotization ... is a common characteristic 

of many mutations, particularly those causing severe morphological 

aberrations of the homokaryotic mycelium." Raper also says that uni

laterally mating strains always serve as donors, not as acceptors, and 

that all mutations known to cause unilateral interactions are recessive 

to their wild-type alleles. Traquair and Kennedy (1974) suggested a 

similarity between the mechanism operating in the Hirschioporus matings 

and the "flat" common A donors, the "streak" donors, and the "modifier 

mutant" donors discussed by Raper in reference to Schizophyllum. Both 

Schizophyllum and Hirschioporus are tetrapolar fungi. These phenomena 

probably cannot be explained for P. carnegiea in an identical fashion, 

since P. carnegiea is a bipolar fungus, but the phenotypic expressions 

of these aberrations are similar in bipolar and tetrapolar fungi. The 

degeneration of homokaryotic cultures and the unilateral dikaryotization 

and apparent reduction in mating capacity (i. e., "weak" clamp connec

tion formation), for _P. carnegiea indicate that some form of mutation or 

cytoplasmic inheritance is probably occurring. 

Homokaryotic mycelia consistently representing one mating type 

only were often obtained from oidial dilutions. Amburgey (1970a) 

"chemically monokaryotized" Lenzjtes trabea dikaryons and recovered 

monokaryons of one mating type. Aschan (1952), in making oidial iso

lates of C. velutipes, found that one nuclear type predominated. On 

the basis of these studies, it can be predicted that oidia carrying 
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certain alleles for mating type are more sensitive to environmental or 

physiological factors than others. Aschan attributed this sensitivity 

to cytoplasmic inheritance or mutant nuclei. This situation is probable 

with P. carnegiea. 

The high optimum temperature (32C) for growth of P. carnegiea 

on MEA would probably correspond closely to the temperature underneath 

a fallen cactus during the summer rainy period when the fungus is most 

active. Actual measurements of saguaro temperatures taken on a rela

tively cool day (30 C) showed the surface temperature of the plant to 

be 44 C and the internal temperature to be 19 C. A plant lacking the 

insulation offered by the cortex would have higher surface and internal 

temperatures. The fungus would probably exhibit its most rapid growth 

when temperatures in the cactus tissues were below 40 C. The thermal 

death point of P. carnegiea (46 C) is very high and is based on con

stant exposure for 24 hr. This temperature would not be maintained for 

a 24 hr period in the desert, since there is such a great heat loss by 

radiation on summer nights. This temperature could be reached for 

several hours at a time, however, especially on the surface of the wood. 

P. carnegiea would be able to survive after a short exposure to such 

temperatures, and therefore seems to be well-adapted to its habitat. 

Poria carnegiea can be successfully introduced into living 

woody root tissues by artificial wounding and inoculation. This fact 

indicates that the fungus could be inoculated into a plant by burrowing 

action of animals or mechanical wounding and inoculation by air-borne 

propagules. Young plants (the ones used in this experiment were about 

20 years old) are susceptible to the fungus, which excludes the 
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possibility that only older, mature plants are susceptible. However, 

other factors may prevent inoculation from occurring in younger plants. 

When the root systems of these plants reach a stage of advanced decay, 

the water transport mechanisms must suffer. It is improbable that 

plants could be infected with P. carnegiea at such a young age, suffer 

extensive damage to their roots, and then continue to grow into large, 

healthy plants. 

The decay in the roots of inoculated plants appeared to have 

spread no more than two or three centimeters from the point of inocu

lation during the three months of incubation. This corresponds with 

the slow rate of spread of most wood-rotting fungi in living host 

tissues. 

The inoculation experiments show that infection does not have 

to take place through the dead roots, but these could be another in

fection court for P. carnegiea. The fungus can colonize dead wood in 

culture and could also invade the dead roots of an otherwise healthy 

plant in the field. Healthy roots continuous with colonized roots 

could then be infected by the fungus. Living roots do not offer the 

only means of support for saguaros. Sound dead roots still give support 

to the cactus, but if these were decayed by P. carnegiea, considerable 

weakening of the root system would occur. Dead roots are present on 

most mature specimens of saguaro, as well as other trees, and could act 

as infection courts in the same manner as wounds. 
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