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ABSTRACT

Pachykytospora tuberculosa is a fungus that is 
known in the western hemisphere only from southern Arizona. 
It is associated with white rot of Arizona white oak 
(Quercus arizonica Sarg.). Although this plant is of no : 
economic importance for lumber, its recreational and 
watershed values should not be overlooked.

In this research, morphological and physiological 
studies of this fungus were carried out. Ten isolates 
were cultured from the basidiocarps obtained from the 
field. Microscopic examinations revealed that two hyphal 
types are present in both basidiocarps and cultures, the 
thin-^walled generative hyphae with clamp connections, 
frequent branching and occasional swellings j and thick- 
walled skeletal hyphae with occasional branching, and 
swellings. The optimum temperature for growth is 25°C 
and growth is inhibited at 30°C and above. There was no 
success in the investigation on the carbon utilization 
since this fungus did not grow in any of the liquid media 
used. The fungus showed extreme variability and 
erratic growth in culture. Swollen and highly contorted 
hyphae are present in .some cultures. The fungus fruits" '



poorly In vitro, and It seems to require an additional 
metabolite, presumably tannin or tannin derivative, for 
good vegetative growth. It grows much better on malt 
extract agar medium containing oak twigs.



INTRODUCTION

'Very little research has been done on the diseases 
and decays of the many hardwood species occurring in 
Arizona. Although these trees are not of great commercial 
importance for lumber production, they are extremely impor
tant fOr watershed protection and for their aesthetic 
value in recreational areas. .This research concerns a
fungus causing decay in Arizona white oak (Quercus. 
arizonica Sarg.). •

Pachykytospora tuberculosa (DC. ex Fr.) Kotl. et 
Pouz., is a Bymenomycete in the family Polyporaceae. It 
has been known in Europe since 1815 but has been known ■ 
from North America only recently' (Gilbertson, 1 9 6 1) and 
has been found here only in southeastern Arizona. No 
further investigations on this interesting fungus have 
been carried out and its.geographical distribution and 
substratum relationships in North America, cultural 
characteristics, sexuality, physiology, and pathological 
significance are unknown.

The objectives of this research are as follows:
(1) to.determine the cultural morphology of(P. tubercu
losa; to investigate the morphology of the basidiocarp 
and vegetative stages in wood; (3 ) to determine the type



of rot it causes by field and laboratory studies3 (4) to 
determine its host relationships3 (5 ) to determine the 
distribution of the fungus in Arizona3 (6 ) to investigate 
physiological characters such as utilization of carbon 
sources and requirements unknown (tannins?) occurring in



LITERATURE REVIEW

Taxonomy

From the time of De Candolle (in Fries; 1821) to 
the present day, this fungus, like many others, has under
gone controversial taxonomic changes. The first name 
appended to it was Boletus tuberculosus De Candolle (1 8 1 5). 
That name is not valid' since it was published before 1821, 
the year designated as the nomenclatural starting point 
for the Hymenomycetes.

In 1 8 2 1, Fries published the species but trans
ferred it to Polyporus. Persoon in 1 8 2 5, while aware of 
the much older name of Polyporus tuberculosus, called the 
fungus P. colliculosus as he had used the specific epi
thet tuberculosus for Poria tuberculosus Pers. (1796).
That is quite another species and was disposed of by 
Persoon (1 8 2 5) in the same publication where he described 
Polyporus colliculosus.. .Lundell and Nannfeldt in 1937 
transferred P. colliculosus to the genus Trametes 
(Trametes colliculosa (Pers.) Lund. & Nannf.), The same 
year, Bondarzew placed it in the genus Coriolellus 
(Coriolellus colliculosus (Pers.) Bond.).

3
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Before the generic recombinations made by Lundell 
and Nannfeldt on one hand and Bondarzew on the other,
Rome11 (1926) described a new species as Polyporus albo- 
carneo-gilvidus. This name is now considered to be a 
synonym of _P. tuberculosa.

Lundell and Nannfeldt (1946) recognized Rome111s 
species but transferred it to the genus Trametes (T. albo- 
carneo-gilvlda (Rome11) Lund.). Abiding by the taxonomic 
rule of priority. Polyporus tuberculosus DC. ex Fries (Syst. 
Myc. 1 :3 8 0 . 1 8 2 1) is the valid basionym for this fungus.

In 1 9 6 3, Kotlaba and Pouzar proposed the new 
genus Pachykytospora based on this species. They argued 
that it belonged to neither Trametes nor Corlolellus 
because of the distinctive spore characters and color of 
the trama. Pachykytospora is characterized by large 
cylindrical spores which have a stout, hyaline perispore 
with immersed papillae staining strongly in cotton blue.
The affinity of the■spore ornamentation for cotton blue 
is unusual in the Polyporaceae — the family to which 
Pachykytospora belongs. Spores with Similar characters 
occur in the family. Gomphaceae Dohk (1964) which includes 
macroscopically diverse fungi in what he regards as a 
•phylogenetic grouping based on anatomical characters, 
primarily of the spores. The spores of the Gomphaceae 
have a remarkable resemblance to those of 'Pachykytospora.



but are distinguished by the absence of a hyaline peri- 
spore and the shape: they are elongated into a conspicu
ous apiculus at one end. Furthermore, a fruit-body with 
a tubular hymenophore has not so far been reported in 
the Gomphaceae.

Besides the spore characters already described, 
Kotlaba and Pouzar believe that Pachykytospora differs 
from Coriolellus and Trametes also by the light .brown 
color of the trama which in the latter two genera is 
white when fresh.

Geographical Distribution

Pachykytospora tuberculosa has been reported in 
Europe from Austria, Czechoslovakia, Denmark, Germany, 
Roumania, Sweden, Switzerland, and western Russia and 
in Asia from Siberia (Kotlaba et Pouzar, 1963 '> Bondarzew 
1953; Pilat, 1 9 3 6; Domanski, 1 9 6 5) . Pilat (193-6) 
reported this fungus (as _T. colliculosa) from North 
America in Ohio and New York. He based his report on 
Lloyd's (1919) statement that Rome11's Polyporus albo- 
carneo-gilvidus was synonymous with Trametes Morgan! 
Lloyd. However, Overholts (1953) considered T. morgani

xto be a synonym of Trametes trogii Berk, and these North 
American records for 3?. tuberculosa must be disregarded.



Gilbertson (1 9 6 1) reported finding it in the Chiricahua 
Mountains of Arizona and it has not been reported else
where in North America.

Substratum Relationships

Pilat (1 9 3 6) reported this fungus on oaks and 
particularly on dead trunks or branches. Kotlaba and 
Pouzar (1 9 6 3) reported that P. tuberculosus fruited on 
stout, dead branches in the crowns and, less frequently, 
on the trunks of dead oaks (chiefly Quercus robur L. and 
Q,. petraea (Mattuschka) Liebl.) and rarely on other trees 
or shrubs. They listed Castanea vesca Gaertn., Crataegus 
sp., Fagus silvatica L., Pirus malus L., and Salix sp. as 
additional European hosts. They also pointed out that 
Bohemian collections were always on venerable oaks, 
particularly on the banks of fish-ponds in enclosures or 
old parks. . In the Slovakian Carpathians, particularly in 
Central Slovakia, it occurred on naturally growing oaks 
(_Q. petraea), and also on the younger dead trunks. They 
concluded that P. tuberculosa was not parasitic, as sub
strata bearing the fruit bodies were always dead branches 
or trunks. Gilbertson (1 9 6 1) reported the fungus as 
occurring on dead standing trees or dead fallen trees in 
Arizona and reported a white rot associated with the 
basidiocarps.



MATERIALS AND METHODS

Study of Basidiocarps

Specimens examined. The ten isolates of Pachykyto- 
spora tuberculosa employed for this research were obtained 
from the collections listed below.. :

RLG no. 7252, collected on Quer-cus arlzonica in 
Rucker Canyon, Red Rock Picnic area, Coronado National 
Forest, Chiricahua Mountains, Arizona, by R. L. Gilbertson, 
D. 0. Eboh and S. Bunnya, August 24, 1 9 6 7.

' RLG nos. 7703, 7706, 7707, 7708, 7709, 7710, 7711, 
7712 and 7 7 1 3j> all collected on Q. arizonica, at the same 
location as no. 7252, by R. L. Gilbertson, R. B. Streets , 
and D. 0. Eboh, October 27, 19^7•

The following specimens were also studied: Jll
no. 9 0 6 9, collected on Qpercus sp., in Cave Creek, 
Chiricahua Mountains, Coronado National Forest near 
Portal, Arizona, by J. L. Lowe and R..L. Gilbertson,
August 22, 1952. Jll no. 9 8 1 2, collected on Quercus sp., 
in RuCker Canyon, Chiricahua Mountains, Coronado National 
Forest, by R. L. Gilbertson and J. L. Lowe, September J, 
1958 (1 9 6 2). These two specimens were used for the initial 
microscopic and macroscopic studies of basidiocarps. 
.Capitalized color names are taken from Ridgway (1912).



Macroscopic and microscopic study methods. A lOx 
hand lens and a variable power (l4-60x) binocular micro
scope were used as aids in studying the macroscopic fea
tures of the specimens. The compound microscope used in 
this research provides magnification ranging from 1 0 0- 
900x. Free hand sections were cut with a razor blade and 
prepared in two ways. In the first method, they were 
placed in 95$ ethyl alcohol to remove air, then the alco
hol was replaced by 2$ potassium hydroxide solution and 
the sections were then stained with two drops of phloxine; 
the second involved placing the sections in lactic acid 
containing cotton blue (aniline blue) and warming the . 
slides over a low flame.

Melzer's reagent was used in testing for amyloid 
reactions. A dark-bluish color indicates a positive 
reaction and a bright reddish-brown color, a "pseudo- 
amyloid" or "dextrinoid" reaction (Smith, 1 9 6 6). The 
formula for Melzer's reagent is given by Slysh (i9 6 0).

Study of Cultures’

Isolation methods. Basidiocarps were aseptically 
broken open and tissue from the context and tubes trans
ferred to sterile dishes of malt extract agar.

Media used. Four modifications of the same medium 
were used for culturing the fungus. The first one is malt
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extract agar .which is regarded as a standard medium for 
wood-rotting fungi. For its composition and preparation, 
see Nobles (1948). The other form of this medium is 
termed Bactomalt extract agar dehydrated, and for its 
composition and preparation refer to the Difco Manual 
(1 9 6 6). The third modification involves the•incorpora
tion of sterilized pieces of twigs of oak (2 gms per 
plate or 5 gms per 500 ml Erlenmeyer flask) into either 
of the above media. The fourth type was prepared the same 
way as tannic acid agar (Nobles, 1948), but instead of 
using the specified amount of tannic acid-, only 0 .2  gm 
per 500 ml was employed. Each of these media was 
sterilized in an autoclave for 15 minuts at 15 lb. pres
sure at 121°C.

Oxidase tests. An alcoholic solution of gum 
guaiac (0 .5  gm gum guaiac in 30 ml of 95$ ethyl alcohol) 
as recommended by Nobles (1958a) was used for a rapid test 
for extracellular oxidase. The Bavendamn test for extra
cellular oxidase (Davidson, Campbell, and Blaisdell,
1 9 3 8) was also carried out using gallic and tannic acid 
agar. For their compositions and preparations, refer to 
Nobles (1948).

Temperature study. A study of the effect of tem
perature on the growth of ]?. tuberculosa was carried out
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with isolates grown in the dark in incubators set at 15 0C, 
250C, 28°C, 30°C and 35°C. The media in plates for this 
study were planted in the center with plugs of mycelium 
cut with a no. 1 cork borer from the margins of rapidly 
growing cultures. Measurements were taken every two days 
from the margin of the inoculation to the margin of the 
mat. Four measurements per plate and along different 
radial lines were made and the average was recorded.
Malt extract agar and malt extract agar containing oak 
twig pieces were the media used.

Effect of light on mycelial growth. Nine petri 
dishes of malt extract agar were planted with isolate 
RLG 7252. Three of these were wrapped in aluminum foil 
and left at room temperature (28°C) and under day-night 
light conditions. Another set of three was unwrapped at 
room temperature and exposed to day-night illumination.
The third set of three unwrapped plates was exposed to 
continuous illumination in a lighted incubator set at 
•26°C. These were compared with the set of wrapped plates 
grown at 28°C.

Growth on different concentrations of tannic acid. 
A test of growth on different concentrations of tannic 
acid was carried out. Concentrations in percentages used 
were 0 .Ok-fo, 0 .09/£ and 0 .19$ (this is equivalent to 0 .2  gm.



Pig. Oak twig medium set up to induce in 
vitro fruiting of _P. tuberculosa 
(RLG 7712)
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0 .5  gm, and 1 .0  gm of tannic acid each dissolved In 500 ml 
sterile distilled water). The rest of the preparation Is 
the same as that of Nobles (1948). Two Isolates, RLG- nos. 
7708 and 7712, were used for this test. Two replicates 
were made for each concentration and Isolate. As controls, 
two plates of malt extract agar without tannic acid were 
each planted with each of the isolates. All the plates 
were left at room temperature under day-night light con
ditions . Growth measurements were taken every two days.

Attempts to induce fruiting in vitro. Series of 
experiments were conducted to see whether the fungus would 
fruit in vitro. These were as follows: (1) .Incubation
under ultra violet lamps at 25°C. Planted plates of malt 
extract agar were first left at room temperature in light 
for three days and then transferred to the UV chamber 
where they were exposed for one week. (2) Growth on oak 
twig medium. All of the isolates were grown in 500 ml 
Erlenmeyer flasks, each containing the standard malt 
extract agar plus a piece of oak twig measuring 4 inches 
in length and 0.-5-0.8 inches in diameter. The oak twigs 
were first sterilized before they were diagonally 
inserted into the flasks (Fig. 1). Eighty ml of the 
medium was poured into each flask and the flasks were 
then autoclaved. Five flasks without any oak were also 
planted and these served as controls. All the flasks
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were left at room temperature under day-night light condi
tions. (3) Use of fruiting medium. The fruiting medium 
developed by J. R. Raper at Harvard University was made 
up and poured into plates. Its formulation is given

4 .0  gm
■0.4 gm 
0.46 gm
1 .0 0 gm
1000 ml 
0 .5  gm
2 0 .0 gm 
1000 pg/liter

Five plates were planted and incubated under day-night 
light conditions at 25°C.

Chemical Monokaryotlzation. Chemical monokaryoti- 
zation (Kerruish and Da Costa, 1 9 6 3) was tried out. 'Two 
of the three types of formulation were prepared. Their 
formulae are:

(l) Twelve gms of sodium arsenate (for a 0.128 
M solution) were added to 100 ml of distilled water and 
autoclaved. Four and one-half gms of Difco Bacto-agar 
and 6 gms of Difco malt extract were added to 200 ml 
distilled water and autoclaved. After the solutions Mad 
cooled slightly, they were aseptically combined and mixed 
thoroughly. The medium was then poured into petri 
dishes.

below.
Glucose
AsparagineKHgPO^
K2HP04
Distilled water 
MgSO^
Agar
Thiamine



(2 ) Twenty gms of sodium arsenate (for a 0.064 M 
solution) were added to one liter of water containing 2 2 .5  

gms of malt extract and mixed thoroughly. 100 ml quanti
ties of this mixture were placed in 250 ml Florence flasks 
which were then plugged with cotton and autoclaved. The 
medium prepared using method (1) was poured into petri 
dishes and the following isolates were used as inocula:
RLG nos. 7703, 7710, 7711, and 7712. The planted plates, 
two per isolate, together with four planted malt extract 
agar dishes which served as controls, were left on the 
desk at room temperature and under day-night light condi
tions .

The following isolates were used for method (2): 
RLG nos. 7706, 7708, 7709, and 7713. Eight flasks were 
planted, two per isolate. Four controls without sodium 
arsenate were also set up. These flasks were placed on a 
shaker at room temperature under day-night light condi
tions. Observations were made at intervals of two days.

Monokaryotization by blending. Blending tech
nique (Miles and Raper, 1956) for monokaryotization was 
tried out. The procedure is as follows: A piece of
mycelium (3 mm by 4 mm) was removed from the advancing 
zone of a culture grown on the standard medium. This 
piece was then placed in 10 ml sterile distilled water 
in a 25 ml blending container.
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The mixture was blended aseptically at 14,000 

r.p.m. for 1 .5  to 2 minutes.
One ml of the blended, suspension was pipetted into 

10 ml sterile distilled water.
After a thorough shaking, 1 ml of the solution was 

pipetted into 10 ml of molten malt extract agar at 450C. 
This was very well mixed and then poured into sterile 
petri dishes.

Several days later, 10 well-isolated colonies were 
randomly selected and examined for clamp connections.

Utilization of carbon sources. Procedures used
for this study are based on Lilly and Barnett (1953).
Both monosaccharides and oligosaccharides were employed
for this experiment.

Mono s ac charide s Oligosaccharides
D-glucose Maltose monohydrate
D-fructose Lactose monohydrate
D-mannose Sucrose
D-galactose Raffinose pentahydrate
L-sorbose
L-arabinose
C-xylose
The sugars were used at a rate that supplied 10 

gms of carbon per liter medium. To furnish 10 gms of 
carbon, the following amounts of the various sugars were 
used:
(a) 25 gms per liter (that is, 1 .2 5 gm/ 5 0  ml basal medium) 
for each of the following:
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D-glucose Maltose monohydrate
D-fructose Lactose monohydrate
D-mannose 
D-galactose'
L-sorbose 
L-arablnose 
D-xylose

(b) 2 7 .7  gins per liter for sucrose (1 .1 8 gm/ 5 0  ml basal 
medium).
(c) 2 7 .3 gins per liter for raffinose pentahydrate (1 .3 6  

gm/ 5 0  ml basal medium).
The basal medium used has the following composi

tion:
Asparagine monohydrate 2 .0  gm
KHgPO^ . 1 .0 gm
Mg SO^HgO 0.5 gm
Micro elements 2.0 ml
Thiamine hydrochloride 1.00.0 p,g
Biotin 5-0 i_tg
Distilled water, to make 1000.0 ml
pH before autoclaving 6.0
The microelement solution was prepared by dis

solving Fe (N03 ) 3 9H20 (723.5 mg), ZnSO^H^O (4.39.8 mg), 
and MnSO^HgO (2 0 3 .0 mg) in distilled water acidified 
with sufficient sulfuric acid to yield a clear solution 
and made up to a volume of 1 liter. Each ml of the micro 
element solution contains 0 .1  mg each of iron and zinc 
and 0.05 mg of manganese. The isolates used are RLG nos. 
7252, 7703; and 7711. Two replicates for each sugar 
were used. Four flasks containing no carbon sources were 
planted and these served as controls. Pyrex Erlenmeyer



flasks of 250 ml capacity were used as culture vessels.
The basal medium was prepared and Its pH adjusted to 6.0. 
Aliquots of 50 ml of this medium were added to the weighed 
amounts of the sugars. Media were sterilized by auto- 
claving.

The Inoculum was grown In petrl dishes on malt 
extract agar. Small pieces of the mycelium and agar, 
approximately 2 mm by 2 mm, were aseptically transferred 
to the flasks. The flasks were set on a shaker in a room 
with a constant temperature' of 28°C and under day-night 
light conditions. In another run of this experiment, the 
flasks were set in a reciprocating water bath shaker.
Model RW 6 5 0.



Fig. Basidiocarp of _P. tuberculosa 
(RLG- 7252) on the bark of an 
oak branch



RESULTS AND DISCUSSION

Morphology of Basidiocarps

Pachykytospora tuberculosa (DC. ex Pr.) Kotla'ba 
et Pouzar Ceska Mykologic 17:2.8 1 9 6 3-.

Polyporus tuberculosus Pries, Syst. Myc. 1:380,
1321 (basionym). - . .

Polyporus colliculosus Pers., Myc..Eur. 2:103, 1925
Trametes colliculosa (Pers .) Lund., et Nannf. .r.. 

Fungi Suec . ,ex No. 450. ■ 1937• Not • Trametes 
colliculosus Berk. .1847..

Coriolellus colliculosus (Pers.) Bondarzew,
Polyporaceae of the European .Part of the USSR 
and of the Caucasus Leningrad 1. 106. p. 516
1953.

Polyporus albo-carneo-gllvidus Rom. Fungi 
■ - Exsiccatti Praes." Scand. No. 17. 1 8 9 0.

Trametes albo-carneo-gilvida (Rome11) Lundell in 
• - Lund, et Nannf.., Fungi Exsiccatti. Suec. - 

27-28 (No. 1331), 1946. . . .  •

Macroscopic Characters. Basidiocarps, annual or 
perennial, resupinate or narrowly reflexed up to 15 cm, 
usually appearing nodulose or irregular because of the 
uneven configuration of the bark on which they develop 
(Fig. 2 )j margin even, fertile or narrowly sterile up to 
1 mm. Light Buff or.Light Ochraceous-Buff, concolorous 
with the pore surfacej pore surface cream to Light Buff, 
pores circular to angular, 2 -3 mm; dissepiments thick.
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entire, finely tomentose; context cream to Light Buff, 
soft-fibrous, less than 5 mm thick; tube layer up to 3 mm 
thick, continuous and concolorous with the context; felt
like, light-buff mycelium is - present in the bark and 
decayed wood beneath the basidiocarps.

Microscopic characters. Hyphal system dimitic, 
both types hyaline in KOH solution; skeletal hyphae 
moderately thick-walled to almost solid, commonly with 
secondary simple septa, with occasional branching (Figs.
3 and 4) 2-4-5 m in diameter, sometimes encrusted with 
small crystals, often with fusiform to globose swellings' 
up to 8 mm in diameter (Fig. 3)  ̂ tips often swollen and 
clavate (Fig. 3) cyanophilous in cotton blue; generative 
hyphae particularly abundant in the marginal tissue, 
thin-walled, with frequent branching and abundant clamp 
connections, 3• 5-4p in diameter (Fig. 3)4 hymenial' layer 
distinct, about l6-20p thick, the basidia developing as 
globose terminal cells that eventually become more 
elongated and 4- sterigmate, 9-lOq in diameter (Figs.
5 and 6), the sterigmata up to 4.4p long (Fig. 5) fusoid . 
to cylindric cystidioles present, 6-10 x 23-33p and pro
jecting slightly beyond the basidia (Fig. 5)j basidiospores 
hyaline in KOH solution, strongly cyanophilous in cotton 
blue, non-amyloid, ellipsoid to cylindric-ellipsoid,
12-17 x 5-7p, distinctly verrucose, the "verrucae"
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Fig. 3 Microscopic characters of marginal hyphae of 
basidiocarps of P. tuberculosa (RLG 7252) 
a, thin-walled generative hyphae; b, thick-walled 
skeletal hyphae with apical and intercalary 
swellings



22

Fig. 4 Context hyphae of basidiocarp of P.
tuberculosa (RLG 7252) a, thick-walled 
skeletal hypha; b, thin-walled genera
tive hyp ha
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Fig. 5 Hymenial structure of JP. tuberculosa (RLG 7252) 

a, cystidioles; b, basidiosporesj c, basidia 
bearing basidiospores; d, basidia in different 
stages of development showing globose form of 
young basidia
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Fig. 6 Basidium bearing basidiospores 
of _P. tuberculosa (RLG 7710)
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appearing in more or less definite rows and often con
fluent to form discontinuous ridges, formed by projections 
of the perispore through a pitted exospore, apiculus vis
ible as a lateral projection not enclosed by the thick 
exospore (Fig. 7).

Remarks on similar fungi. The only other fungus 
that is similar to ■]?. tuberculosa, macroscopically and 
microscopically, is Trametes campestris Quel., which 
also occurs on oak in the Chiricahua Mountains and may be 
found in close proximity to J?. tuberculosa. Spores of 
Trametes campestris are cylindric, smooth, 12.5-16 x 4- 
and are not cyanophilous. It also has a dimitic hyphal 
system with clamp connections in the generative hyphae. 
Fames fraxinophilus (Peck.) Cooke frequently produces 
resupinate to slightly reflexed basidiocarps which may 
resemble those of P. tuberculosa. It is common on velvet 
ash (Fraxinus velutina Torr.) in the Chiricahua Mountains. 
Microscopically F. fraxinophilus can be distinguished by 
the dextrinoid reaction of its spores in Melzer's 
reagent. It has been only rarely reported on oak. Both 
_T. campestris and Ft fraxinophilus are also associated 
with white rots. '



Fig.

u

o
7 Basidiospores of _P. tuberculosa 

(RLG 7252) showing the 'Verrucae" 
that appear in more or less 
definite rows



Fig. 8 Culture of P_. tuberculosa 
(RLG 7708) showing fan- 
pattern type of growth

Fig. 9 Culture of P_. tuberculosa
(RLG 7711) showing distinct 
mycelial clumps or puffs

no
-o



Fig. 10 Culture of P_. tuberculosa (RLG 7708) 
on tannic acid medium showing a 
strong positive oxidase reaction



Fig. 11 A Petri dish culture of _P. tuber
culosa (RLG 7252) growing on malt 
extract agar medium with oak 
twigs

Fig. 12 A flask culture of _P. tuber
culosa (RLG 7252) growing on 
malt extract agar medium with oak twigs



30

10 20

Fig. 13 Microscopic structures of advancing zone of a 
young culture of P. tuberculosa (RLG 7709) 
a, thick-walled hyphaej b, thin-walled hyphae; c, crystals
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Fig. 14 Distorted, thin-walled generative hyphae of _P.

tuberculosa (RLG 7708) from a raised tuft of 
mycelium on a culture grown on malt extract 
agar and incubated at 25°C
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Fig. 15 Skeletal hyphae of _P. tuberculosa
(RLG 7706) from oak medium incubated at 
28°C. Note the terminal and intercalary 
swellings
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Fis. 16 Hyphae of advancing zone of an old culture 
of P. tuberculosa (RLG 7708) showing 
c h l a m y d o spore-like cells with thin walls



Fig. 17 Microscopic features of P_. tuber
culosa (RLG 7708) showing the 
intricately branched complexes of 
generative hyphae

Fig. 18 Generative hyphae of P_. tuber
culosa (RLG 7708) showing thin- <jo
walled vesicle-like structure ^



Cultural Morphology

Growth characters: Growth slow, plates covered in
four weeks.j advancing zone even, appressed at margin for 
about 1 -2 mm, with aerial mycelium developing in radial 
fans 1-2 mm behind appressed margin (Fig. 8 ), aerial 
mycelium in advancing zone white to cream or pale yellow
ish (Marguerite Yellow), on older portions of mat white 
to pale yellowish, cottony, with distinct scattered 
clumps or puffs (Fig. 9), faintly concentrically zonate 
in plates exposed to normal daylight and night periodj 
reverse unchanged or becoming slightly yellowish in older 
cultures3 odor faintly sweet and fragrant; on tannic acid 
medium reaction strongly positive (Fig. 10) and on gallic 
acid medium moderately strong after 24 hours, with gum 
guaiac reaction strong, on advancing zone within 2 -3 min
utes; growth on tannic acid 22 mm after 3 weeks, no 
growth on gallic acid. Very good growth obtained on 
malt extract agar media containing pieces of oak twigs 
(Figs. 11 and 12).

Microscopic characters: Hyphae of advancing zone
hyaline, of two types, some thin-walled, with frequent 
clamp connections, staining in phloxine, not staining in 
cotton blue, with occasional branching, 2-4p in diameter 
(Figs. 13 and 14), others thick-walled, not staining in



phloxine, staining in cotton blue, aseptate, with rare 
branching, 2-3p in diameter, tapering gradually to a very 
slender tip (Fig. 15)j hyphae of aerial mycelium similar 
but fiber hyphae often with irregular swellings (Fig. 15), 
submerged mycelium composed almost entirely of generative 
hyphae, these with frequent branching with some forming 
intricately branched- complexes, clamps abundant, simple , 
septa also common, irregular swellings and' constrictions 
present (Figs..16 and 17), also some thin-walled, ves
icle-like structures up to l6p in diameter, these Sub- 
globose to ellipsoid (Fig. 17); chlamydospore-like 
structures with thin walls present (Fig. 16), conidia 
absent.

Key patterns according to Davidson and Nobles.
Key pattern according to Davidson (1942): B-P-S-1-2-9-11- 
14-16.
Key pattern according to Nobles (1958b): Key section 29. 
3 0 . 37. 38. 39. 45.
Key pattern according to Nobles (1 9 6 5): Key code 2. 3. 8 .
2 6 . 3 4 . 3 6 . 3 8 . 44. 5 0 . 5 4 .

Remarks on possible phylogeny. Pachykytospora 
tuberculosa shows a positive oxidase reaction, has fiber 
hyphae, abundant terminal and intercalary hyphal swell
ings, and it is found associated with only broad-leaved
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trees. These characteristics are among the salient cri
teria attributed by Nobles (1958b) to the more advanced 
group. The formation of clamps is, however, regarded as a 
primitive characteristic. Pachykytospora would fall in 
group 4-5 in Nobles' (1958b) phylogenetic scheme of poly
pores based on cultural and other characters.

Temperature Study

The growth of the fungus in relation to tempera
ture is shown in Pig. 19 and tables I and II. The fact 
that the fungus grew extremely well at 25°C and well at 
28°C but poorly at 15°C and not at all at 30°C and 35°C 
showed that its optimum temperature for growth under 
laboratory conditions is approximately 25°C. Bayed 
growth observed.on the culture grown at 150C may be 
caused by the inhibition of the advancing zone mycelium 
at different points. Complete growth inhibition was 
noticed at 30°C and 35°C. A comparison of the growth 
of the fungus on malt extract agar and malt extract 
agar containing pieces of oak at the three temperatures, 
15°C, '25°C and 28°C, showed that better growth was 
obtained on the latter medium.
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Effect of Light

The mycelium on the wrapped plates was scanty but 
covered the plates faster than that of the plates left 
unwrapped at room temperature and also in a lighted incu
bator. The mycelium on the wrapped plates was initially 
white turning dull-white to light brown with age in con
trast to the mycelium on the unwrapped plates which 
remained white. This color change could have been the 
result of combined morphogenetic and nonmorphogenetic 
effects (Page, 1 9 6 5).

Table I. Temperature study using malt extract agar as 
the medium

Temperature 
in degrees 
centigrade

Number of days

2 4 6 8 10 12 14 16

15° no no 1 2 3 4 6 8
growth growth mm mm mm mm mm mm ; 4 •

25 0 1.5 5 11 12 16 20 24 32
mm mm mm ' mm -• mm ■ " mm : mm "mm1’- :

2 8° 1 3 10 11 15 18 22 28
mm mm mm mm ' mm mm mm 'mm

30° no
growth '

. - - - - -

35° . no
growth

- - - - - -
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Table II. Temperature - study using malt extract agar con
taining pieces of oak as the medium

Number of days

Temperature 
in degrees 
centigrade 2 4 6 8 10 12 14 16

15° no no 2 3 5 8 9 11growth growth • mm mm mm mm mm mm
25° 4 6.5 15 2 1 .5 27 31 38 46

mm mm mm mm mm mm mm mm ■
2 8° 2 4.5 10 17 21 24 29 35mm mm ' mm mm mm mm mm mm
30° no

growth
-

1 ' • --.V

35° no
growth

-

.Monokaryotizatjon

Of the two methods of monokaryotization carried 
out, one isolate without clamp connections was obtained 
with the blending technique from isolate RLG- 7711. This 
absende of clamp connections indicates that the isolate 
was probably a monokaryon. Since clamp connections were 
observed on the dikaryotic hyphae and were absent in a 
single culture obtained by blending, it is probable that 
P. tuberculosa is a heterothallic species. The type of 
heterothallic sexuality could, however, not be deter
mined because only one.monokaryon was available. The
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c
Fig. 21 Cultures of P. tuberculosa (RLG 7708) 

grown on different concentrations of 
tannic acid.
a) Culture grown on 0.04% concentra

tion of tannic acid
b) Culture grown on 0.09% concentra

tion of tannic acid
c) Culture grown on 0.19% concentra

tion of tannic acid



fungus would not grow at all on any of the media used in 
an attempt to achieve chemical monokaryotization.

Attempts to Induce Fruiting in Vitro

Initial attempts to induce fruiting in vitro by 
growing the fungus on fruiting medium, oak medium and 
the incubation of inoculated malt extract agar under 
ultra violet lamps were futile. Fruiting was observed at 
last with isolates RLG 7706 growing on oak medium kept at 
28°C under day-night light conditions. At the time of 
this writing sporulation has not occurred.

Growth on Different Concentrations 
of Tannic Acid

Table III and Fig* 20 show the result of the 
growth of the fungus on the three different concentra
tions of tannic acid used. The fungus grew very well at 
the concentration of 0.04$ (Fig. 21). The growth meas
ured in mm, on ordinary malt extract agar at the end of 
16 days was the same as on that concentration. Fairly 
good growth was obtained at the Concentration of 0.09$ 
(Fig. 21) and little or no growth at 0.19$ (Fig. 21). 
Probably on a concentration a little below 0.05$, the .. t 
fungus can grow much better than on malt extract agar.
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Carbon Utilization

The determination of carbon sources was not pos
sible since the fungus could not grow in the liquid 
medium. Presumably, the liquid medium lacked a metabo
lite, perhaps tannin or tannin derivative, needed for the 
normal growth of the fungus.

Table III. Growth of the fungus on three concentrations 
of tannic acid

Days
Concentra
tions 2 4 6 8 10 ■ 12 ■ 14 .. - jg •

o. 19% no no 2 3 3 3 3growth growth mm . mm ■ mm mm." ' mm
0 .09^ 1 1.5 3 5 9 12 16 19mm mm mm mm mm mm mm mm
0.040 2.5 4 8 11 18 24 27 32

• mm mm mm mm mm mm mm mm
Control 1 8 10 15 20 ' 23 28 32

mm mm mm mm mm mm ' mm ■ mm



SUMMARY

In this project <, I have researched into the mor
phological and, to a certain extent, the physiological 
aspects of the fungus, Pachykytospora tuberculosa (DC. 
ex Fr.). The results obtained may serve as stepping 
stones for further investigations on this organism. My 
findings are:

1. The distribution of this fungus, in North 
America, so far as it is known, is limited to the 
Chiricahua Mountains of Arizona, where it causes a white 
rot of living Arizona white oak (Quercus alba). Other 
oak species growing even in that same locality have not 
been found to be infected.

Basidiocarps are found on living trees or, 
occasionally, on dead branches of living trees. Basidio
carps also develop on dead, fallen trees but it is not 
known as yet if the fungus^ invades these fallen trees or 
was present in the living tree before it died.

2. Basidiocarps are characterized by two hyphal 
types, the thin-walled generative hyphae with clamp con
nections and the thick-walled skeletal or fiber hyphae. 
The basidiospores are hyaline and verrucose. “"Verrucae11 

are in more or less definite rows and sometimes confluent

45
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to form ridges. The hasidiospores are cyanophilous in 
cotton blue. The perispore is hyaline. Cystidioles are 
present in the hymenium,

3• Cultures contain hyphae of two types: a)
thin-walled type with frequent clamp connections, stain
ing in phloxine but not in cotton blue and with occa
sional branching, and b) thick-walled type, staining in 
cotton blue but not in phloxine and with rare branching.

Basidiocarps have developed in laboratory 
cultures but no basidiospores have been found in culture. 
Globular 'swellings, intercalary and apical, are present 
in old cultures. Chlamydospore-like structures with thin 
walls are present. Conidia are absent. Cultures are 
strongly and positively reactive for extracellular oxi
dase when grown on tannic acid media or when two to three 
drops of alcoholic gum guaiac solution are applied on the 
mycelial mat growing on malt extract agar. Good growth 
occurs on malt extract agar incorporated with pieces of 
oak and on lower concentrations of tannic acids. Growth 
on ordinary malt extract agar is slow.

4. The range for a very good growth for this ■ 
fungus is 2 5° through 2 8° in the dark, the optimum being 
25°C. An appreciable growth occurs at 15°C. Tempera
tures above 28°C inhibit its growth. No growth was
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observed in the cultures kept at 30°C and 35°C in the 
dark. Temperature also affects its growth pattern..

5• Monokaryot iz at ion using blending technique is 
possible.

6 . Standard technique for utilization of carbon 
sources is not applicable for the fungus because some

5 unknown metabolite is apparently absent.
7. Two lines of intensive research should be 

undertaken by future students of this fungus: a) the
physiological aspect, in which efforts should be made to 
determine the missing metabolite which will make the 
study of the utilization of carbon sources possible.
Also to find out whether that same missing metabolite is 
responsible for the slow growth of the fungus on ordinary 
malt extract agar,. and b) sexuality of the fungus should 
be studied using single spores from basidiocarps in the 
field.
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