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NOTICE

This report is an internai Forintek Canada Corp. ("Forintek") document, for release only to Forintek 
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permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission 
is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the disclosed information would not 
infringe upon privately owned rights. Any reference in this report to any specific commercial product, 
process or service to tradename, trademark, manufacturer or otherwise does not necessarily constitute or 
imply its endorsement by Forintek or any of its members.



SUMMARY

In a previous project, Forintek was requested by a national utility company to assist in the determination 
of the causes of a number of instances of premature failure of the southern yellow pine poles treated with 
pentachlorophenol in P9 oil. The incidence of decay based on physical inspections and isolations of 
basidiomycetes showed that up to 16% of poles were decayed. Eighty-six percent of the basidiomycetes in 
culture were identified as Sistotrema brinJanannii. When basidiomycetes other than S. brinkmannii were 
considered, decay ratings dropped to 3% or lower. Similarly, Pachnocybe sp which is considered also to 
be saprophytic has been isolated from decayed western red cedar and Douglas fir.

In this study, two isolates of P. ferruginea, 624B and 624D, produced no significant loss in either 
biomass or toughness in the test Douglas fir sapwood samples. However, both isolates caused linear 
penetration of tracheid cell walls. None of the three isolates of S. brinkmannii, 2861, 286J and 286M, 
produced any significant loss in biomass. S. brinkmannii 2861 produced significant loss in toughness 
under soft-rot conditions with Douglas fir sapwood used in this study, but it is recommended that the 
findings of this study be supported with a long incubation period (at least six months) before final 
conclusions can be reached..
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1.0 OBJECTIVE

To determine the effect of some isolates of Sistotrema brinkmannii and Pachnocybe ferruginea on the 
biomass and toughness of wood.

2.0 INTRODUCTION

Decay of wood products in service is often evaluated by microbial activity. Presence of clamp connections 
is often consider»] as evidence of decay fungi (Basidiomycetes). However, not all basidiomycetes cause 
wood decay.

In a previous project, Forintek on behalf of a national utility company investigated the cause and 
incidence of premature failure of southern yellow pine utility poles treated with pentachlorophenol in P9 
oil. The incidence of decay based on physical inspection, and isolations of wood-rotting basidiomycetes 
showed up to 16% of poles were decayed. Eighty-six percent of the basidiomycetes in culture were 
identified as Sistotrema brinkmannii. When basidiomycetes other than S. brinkmannii were considered 
decay ratings dropped to 3% or lower (Morris and McAfee, 1992). On the basis of biomass loss 
determination, S. brinkmannii has been considered as saprophytic fungus (Eriksson et al,. 1984)), a 
white-rot fungus (Ginns, 1986) and a brown-rot fungus (Wang and Zabel, 1991). Similarly, Pachnocybe 
sp which is considered also to be a saprophyte has been isolated from decayed western red cedar and 
Douglas fir (Warren, 1992; Kropp and Corden, 1986).

Basidiomycetes isolated from utility poles are often assessed for wood decay capability in wood decay 
tests where biomass loss is employed as an index of wood decay ability. However, small decreases in 
biomass of wood can result in appreciable wood strength loss (Wilcox, 1978). A number of tests for the 
determination of wood decay ability of microorganisms based on reduction in strength properties like 
modulus of rupture, modulus of elasticity, or work to maximum load have been developed ( Mulholland, 
1954; Richards, 1954; Hartley, 1958; Kennedy, 1958 and Hardie, 1980). Another wood strength property 
that has been used to evaluate wood decay capability of microorganisms is toughness (Scheffer and 
Duncan, 1944; Pillow, 1950; Waterman and Hansbrough, 1957; Drow et al., 1965; Bravery and Grant, 
1971; Sarfo-Sampah and Graham, 1976; Scheffer, 1979). However, variability tends to be high in the 
toughness test (Drow et al., 1965) reflecting both natural wood variations and differences in the degree of 
fungal colonisation.

This study aims at providing answers to the question whether isolates of these two fungi can cause 
strength loss in wood in service. The development of an experimental design to address variability on 
toughness is a preliminary step in such a study.

3.0 MATERIALS AND METHODS

3.1 Test Fungi

The test fungi consisted of wood decay test standard isolates, three isolates of Sistotrema brinkmannii and 
two isolates of Pachnocybe ferruginea . Cultures are deposited in the Forintek Culture Collection of 
wood inhabiting fungi.

3.1.1 Standard Wood Decay Fungi

1. Brown-rot fungus: Gloeophyllum trabeum 47B
2. White-rot fungus: Trame tes versicolor 105T
3. Soft-rot fungus: Chaetomium globosum 172B

3.1.2 Other fungi

1. Three isolates of S. brinkmannii 2861, 286J 286M isolated from PCP treated southern yellow 
pine.

2. Two isolates of P. ferruginea 624B, 624D isolated from creosote treated western red cedar.
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3 J  Test Wood

Three wood species, southern yellow pine, western red cedar and Douglas fir were used. Small, clear 
samples measuring 7.5 X 7.5 X 90 cm (radial X tangential X longitudinal) from the sapwood of 
quartered southern yellow pine and Douglas fir and heartwood of western red cedar respectively served 
as test wood samples.

3 3  Experimental Design

The inherent variability of the toughness test was addressed in the design of the experiment. Two sources 
of inherent variability can be identified namely variability in toughness of test wood samples and that 
caused by the non-uniform colonisation and decay of wood by fungi.

The first source of variability was addressed by determining the size of wood samples required to permit 
the detection of significant differences of 5% between treatments. Test wood samples were conditioned at 
25°C and 65% relative humidity until they attained equilibrium moisture content. The dimensions and 
weight of these samples were determined and toughness was determined using the Forest Products 
Laboratory’s Toughness Testing Machine (USDA, 1941) in a controlled temperature and humidity room 
using a given number of test samples. From the computed coefficient of variation, the sample size was 
computed based on the 90% probability of detecting a 5% significant difference at 5% level of 
significance between treatments.

The second source of the problem was engendered by the variation in the colonisation and decay of the 
test wood samples. Consequently, wood decay fungi may produce concentrated pockets of decay rather 
than uniform decay throughout the piece of wood or the areas of maximum stress or force may not 
coincide with the location of the decay pocket (Winandy and Morrell, In press). In the toughness test, the 
maximum force or stress is located directly below the point of application of a flexible steel cable passing 
over a drum. This is achieved by focusing the source of fungal inoculum in the centre of the test wood 
sample.

The physiological conditions for soft-rot are different from those of either brown- or white-rot. Since the 
nature of decay if any caused by the isolates of S. brinkmannii and P. ferruginea is not known, they were 
be evaluated under the two physiological conditions.

The test was a completely randomised design with each test sample randomly assigned to each treatment.

3.4 Sample Size

The sample size required for the main experiment was computed as the number of replications needed to 
detect a given "true" difference between means using the formula indicated below. This approach 
required that the coefficient of variation of toughness of the test wood samples be determined in a pilot 
study:

n 2(a/ô)2{ta(vj +  tjy^j}*

where
n=number of replications
or= true standard deviation (s can be used as estimate of o)
6=the smallest true difference that it desired to detect. 0t is necessary to know only the ratio of a to 5, 
not their actual values, (=d(mean)/100))
v=degrees of freedom of sample standard deviation with a groups and n replications per group (=a(n-l). 
a = significance level
P=desired probability that a difference will be found to be significant (If it is as small as d) 
t,(V] and ta>i.P)[Vj=values from a two-tailed t-table with v degrees of freedom and corresponding to 
probabilities of a  and 2(1-P) respectively.
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s = standard deviation, ( cv(mean)/100) 
d = target difference between means 
cv=coefficient of variation

n is solved iteratively.

3.4 Treatment

Treatment of test wood samples was carried out under two 
physiological conditions:

Brown/white-rot test Soft-rot test

Test brown-rot fungus (1)
Test white-rot fungus (1)
Test S. brinkmannii isolates (3) 
Test P. ferruginea isolates (2) 
Control (1)
Subtotal =  8
Treatment periods = (3,6 months) 
Total = 16

Test soft-rot fungus (1)
Test S. brinkmannii isolate (3) 
Test P. ferruginea isolates (2) 
Control (1)

Subtotal =  7
Treatment periods = (3,6 months) 
Total = 14

3.5 Methods

The fungal inocula were prepared by growing test fungi in southern yellow pine sapwood incubation 
racks. Five slots, 10 m wide and 5 m deep were cut into the incubation racks. The latter measuring 8 X 
20 X 100 m were vacuum infiltrated with water and sterilised by steam sterilisation for 30 minutes. The 
test wood racks for the soft rot fungi were vacuum infiltrated with reduced Abrams nutrient solution 
(Whirl et al., 1991).

Plugs cut from the advancing perimeter of a growing culture of a test fungus were used to inoculate 
sterile 2% malt/agar in a petri plate (150 m diameter) containing a sterile nylon mesh. Two sterile 
incubation racks were placed upside down on the nylon mesh in the petri plate. The plates were incubated 
at 28°C and 95% relative humidity until the racks were colonised.

Vermiculite was brought to its water holding capacity; sterilised and used to fill a sterile petri plate (150 
m diameter) to approximately one-half of its depth. One colonised wood rack was placed into the 
vermiculite by pushing until the bottom of the slots arrived just above the level of the vermiculite. At this 
stage, the racks were ready to receive the test wood samples.

The test wood samples were conditioned at 25°C and 65% relative humidity until equilibrium moisture 
content was attained. Following weighing, the centre 2 cm portion was marked and samples were 
vacuum-infiltrated with either distilled deionized water or reduced Abrams nutrient solution and steam 
sterilised for 30 minutes. Five test wood samples receiving the same treatment were placed in each 
incubation rack ensuring that all were cantered. The petri plates containing test samples which received 
the same treatment were stacked up on glass rods sitting in a plastic container. Water was placed at the 
bottom of the plastic container to ensure that relative humidity was maintained at 95%. The test samples 
were incubated at 28 °C.

The study consisted of two treatment periods, 3 and 6 months. At the end of each incubation period, test 
samples were harvested and conditioned at 25 °C and 65% relative humidity until equilibrium moisture 
content was attained. Each sample was weighed and its toughness determined. Selected samples of each 
treatment were sent to Dr. G. R. Warren (Canadian Forest Service, St. John’s, Fid.) for anatomical 
analysis.
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Toughness in wood is dependent on a combination of properties described on the relation of tensile to 
compressive strength (USDA, 1941). The toughness machine operates on the pendulum principle but it 
differs radically from other types in that the load is applied to die specimen by means of a cable fastened 
around a drum mounted on the axis of the pendulum rather than by direct impact of pendulum and 
specimen. The toughness machine consists essentially of a frame supporting a pendulum, the whole being 
so arranged that a measured amount of the energy from the fall of the pendulum may be applied to a test 
specimen. The pendulum consists of a bar to which is bolted a weight adjustable to different positions, 
and carries at the upper end a drum or pulley whose centre provides the axis of rotation. The toughness 
specimen used was 3/8 X 5/8 X 10" and was tested as a beam with two vertical pins, adjustable as to 
span, acting as supports. The force was applied to the centre of the specimen by means of a flexible steel 
cable passing over a drum. A dial and vernier operated by the moving drum provided the angles through 
which the pendulum swung. The toughness for the specimens tested was computed using the formula 
indicated below:

Toughness (Work per specimen, inch-pounds) =  w(cos A2- cos A J 

where
w =  weight of pendulum in pounds
1 =  distance from the centre of the supporting axis to the centre of gravity of pendulum.
A, = initial angle, 30°
A2 = Final angle the pendulum makes with vertical after failure of test specimen

w is a machine constant which has been adopted for the Forest Products Laboratory toughness machine, 
and is part of the inherent design. The value of w for the position used was 1 432 (USDA, 1941).

3.6 Determination of Toughness of Test Wood Samples

3.7 Anatomical Analysis of Inoculated Wood Samples

Radial thin sections were cut with a razor blade from a location in the centre of test samples (i.e. focus 
point of fungal inoculation). Thin sections were mounted in lactophenol cotton blue and inspected under a 
light microscope for evidence of fungal activity (bore holes, cell wall penetration, erosion troughs).

4.0 RESULTS

4.1 Selection of Wood Species and Determination of Sample Size

The sapwood and heartwood of southern yellow pine sap wood and western red cedar respectively were 
originally designated for use in the study. The southern yellow pine sapwood was procured as boards 
from a lumber agent in the U.S. On the basis of growth ring width, the boards were separated into two 
groups; small and wide growth ring width. The group containing boards with wide growth rings was used 
to manufacture the inoculation racks. Those with narrow growth rings were used to produce the test wood 
samples. The latter were produced in two phases. In the first preliminary phase, test wood samples were 
cut for the determination of sample size. It is imperative that the test wood samples be truly quartersawn 
and free from any defects. These qualities were true for the first pilot test wood samples. The 
coefficients of variation for the toughness of theses samples of southern yellow pine sapwood (Tables 1,3) 
and western red cedar heartwood (Tables 4,5) were 28.6 and 4.35 respectively. Unfortunately much 
of the southern yellow pine sapwood test wood samples cut for the main experiment had a high 
coefficient of variation and therefore required a large sample size (Table 2 ) which was not possible with 
the available wood supply. This could be ascribed to the fact that some of the samples were not truly 
quartersawn.

Preliminary attempts to grow test fungi on western red cedar test wood samples were not successful. The 
heartwood of this species is one of the most naturally durable species in North America. (Hosie, 1979). 
Since 5. brinkmannii and P. ferruginea have been isolated from Douglas fir utility poles, a decision was 
thus made to use Douglas fir as the test wood species. The coefficient of variation of toughness of test
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Table 1

Southern yellow pine sapwood. Toughness, density and weight of test wood samples
preliminary experiment. Data includes rejects and outliers.

used in

I TEST 
fl VARIABLE

M IN. M A X. M EA N STD
D EV . 1

STD
ERROR

C O E F F IC IE N T  
O F VAR.

T O U G H N E SS -94.5601 70.1479 34.8310 9.9769 0.6348 28.6438
D EN SITY 0.4986 0.7241 0.5960 0.0470 0.003 7.33
W E IG H T 2.5290 3.822 3.1571 0.2576 0.0164 8.1608

Total number of test wood samples = 247
STD DEV. = standard deviation
STD ERROR = standard error
MIN. =  minimum
MAX. =  maximum
VAR. =  variation



Table 3

Southern yellow pine sapwood. Toughness, density and weight or test wood samples to be used in
main experiment. Data includes rejects.

TEST
VARIABLE

M IN . M AX. M EA N STD
D EV .

STD
ERRO R

C O -EFFIC IEN T  
O F VAR.

TO U G H N E SS 13.0934 67.6496 41.2306 12.7172 1.7985 30.8441

D EN SITY 0.4446 0.7310 0.6109 0.0635 0.009 10.3932

W E IG H T 2.3149 3.8086 3.2176 6.3357 0.0475 10.4330

Total number of test wood samples =  50 
STD DEV. =  standard deviation 
STD ERROR = standard error 
MIN. =  minimum 
MAX. = maximum 
VAR. =  variation
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Table 4

Western red cedar heart wood. Toughness, density and weight of test wood samples used in
preliminary experiment. Data includes rejects and outliers.

1 TEST M IN . M AX. M EA N STD STD C O E FFIC IE N T
VARIABLE D EV . ERROR O F VAR.

TO U G H N ESS 15.9197 25.3603 22.8189 0.9938 0.0586 4.3553

DEN SITY 0.3136 0.3704 0.3444 0.109 0.0006 3.1741

|  W EIG H T 1.6521 1.9857 1.8376 0.0625 0.6037 3.4001

Total number of test wood samples = 288
STD DEV. =  standard deviation
STD ERROR = standard error
MIN. = minimum
MAX. = maximum
VAR. = variation
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Table 5

Western red cedar heartwood. Toughness, density and weight of test wood samples used in
preliminary experiment. Data excludes rejects and outliers.

TEST
VARIABLE

M IN . M A X . M EA N STD
D EV .

STD
ERROR

C O -EFFIC IEN T 
O F VAR.

TOUGHNESS 15.9197 25.3603 22.7591 0.9729 0.0594 4.2748

DENSITY 0.3136 0.3704 0.3443 0.0111 0.0007 3.2285

WEIGHT 1.6521 1.9857 1.8407 0.0622 30.0038 3.3776

Total number of test wood samples = 268
STD DEV. = standard deviation
STD ERROR - standard error
MIN. — minimum
MAX. =  maximum
VAR. =  variation
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Table 6

Douglas Tir sapwood. Toughness, density and weight or test wood samples to be used in main
experiment. Data excludes rejects and outliers.

TEST : M IN . M A X. M EA N STD. STD . C O E FFIC IE N T
VARIABLE D EV . ERR O R OF VAR.

TO U G H N E SS 24.8122 46.1945 35.3666 5.1722 0.7544 14.6246

D EN SITY 0.5155 0.6284 0.57335 0.0278 0.0041 4.8539

W E IG H T 2.7139 3.3314 3.0338 0.1419 0.0207 4.6773

Total number of test wood samples =  47
STD DEV. =  standard deviation
STD ERROR = standard error
MIN. =  minimum
MAX. =  maximum
VAR. = variation
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wood samples was 14.6 (Table 6 ). Previous studies indicated that a 2*3% loss in biomass could translate 
into 20 - 30% loss in toughness. At 80% probability and 5% level of significance and for 16 treatments 
including two incubation periods, the estimated sample size was 56.7 (approximately 60).

4J2 Biomass and Toughness of Test Samples

A large number of test wood samples were contaminated during the course of the study. As a 
consequence, the test was run for only one incubation period of three months and the actual sample sizes 
for most treatments were reduced (Table 7). Sample sizes used in this study were those required to permit 
the detection of significant differences of 5% between treatments. The actual sample sizes for some 
treatments were less than those required as previously determined.

Significant weight loss ( Table 7) was observed only for wood samples inoculated with the white-rot 
fungus, T. -versicolor 105T and the brown-rot fungus, G. trabeum 478D. I
Significant reduction in toughness at a =0.005 was observed for test wood samples inoculated with C. 
globosum 172B; G. trabeum 47D and S. brinkmannii 2861 under soft-rot conditions (Table 7).

4 3  Anatomical Analysis of Inoculated Test Wood Samples

Microscopic observations of thin sections of test wood samples inoculated with test fungi showed erosion 
troughs and horizontal linear penetration of tracheid cell walls by both isolates of P. ferruginea (Figs 1 
& 2). Fungal hyphal penetration of cell walls was not observed tor any of the isolates of S. brinkmannii 
(Fig. 3), T. versicolor or G. trabeum.
P. ferruginea which is considered a member of Atractiellales, an order proposed for a group of 
heterobasidiomycetes (Oberwinkler and Bandoni, 1982) has been isolated from mining timbers in Europe 
(Levy and Floyd, 1960) and Douglas fir utility poles in Oregon (Kropp and Corden, 1986) and New York 
(Wang and Zabel, 1990) and cedar poles Newfoundland (Warren 1992). Whirl et al. 1991 reported no 
weight loss in either southern pine or yellow birch soft-rot decay test blocks inoculated with this fungus.
It has been shown to cause cell wall penetration (Warren 1992).

5.0 DISCUSSION AND CONCLUSION

Sistotrema brinkmannii has been isolated by different authors from decayed utility poles. Zabel et al. 
(1988) found Sistotrema sp. to be among the major fungi isolated from southern yellow pine poles in the 
eastern U.S. The status of S. brinkmannii as a wood decay fungus has been at best conflicting in the 
literature. This fungus has been reported to cause brown-rot (Wang and Zabel, 1990); white-rot (Ginns, 
1986; Gilbertson and Ryvarden, 1986) or to be saprophytic on decayed wood, soil or sporocarps 
(Eriksson et al., 1984). Using biomass loss as an indicator of wood decay, several authors have failed to 
demonstrate the decay abilities of this fungus under different conditions. The only evidence of very 
limited biomass loss comes from one study (Kaarik and Rennerfelt, 1957) using a soil burial test and 
extended exposure time suggesting that 5. brinkmannii may be a slow white-rotter.
Results emanating from this study indicated that although the three isolates of S. brinkmannii used in this 
study caused no significant wood weight loss, one isolate 2861 produced a significant reduction in 
toughness under soft-rot conditions. However, it is important to emphasize that the size of the test 
samples was reduced considerably (Table 7). In addition, only one of the two proposed incubation periods 
was evaluated. Using the soil-burial method, Kaarik and Rennerfelt (1957) demonstrated that S. 
brinkmannii for extended exposure times produced limited biomass loss of inoculated wood. These 
observations suggest that extended periods of incubation are important for detection of decay which 
progresses slowly. It is therefore recommended that the findings of this study be supported with data 
from a long incubation period (at least six months) before final conclusions can be reached.
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Table 7

Toughness and weight loss (%) or wood samples treated with Abrams nutrient medium and distilled
water respectively and inoculated with test fungi

TREATMENT SAMPLE
SIZE**

% WEIGHT 
LOSS

TOUGHNESS

FUNGUS MEDIA” *

C O N T R O L YES 29 -1.63 (0.11)
I

34.93 (0.77)

C O N T R O L NO 40 -1.43 (0.10) 32.71 (0.66)

C. globosum  172B YES 30 -1.33 (0.11) 31.76 (0.66)*

T. versicolor 105T NO 60 0.65* (0.16) 32.17 (0.54)

G. trabeum 47D NO 14 7.59* (1.39) 28.76 (0.67)*

S. brinkmannii 2861 YES 5 -1.17 (0.26) 28.23 (0.67)*

S. brinkmannii 2861 NO 40 -1.13 (0.08) 32.57 (0.80)

S. brinkmannii 286J YES 20 -2.13 (0.84) 33.90 (1.25)

S. brinkmannii 286J NO 44 -1.14 (0.31) 32.22 (0.76)

S. brinkmannii 286M YES 24 -0.96 (0.11) 34.24 (0.99)

S. brinkmannii 286M NO 56 -1.43 (0.10) 32.87 (0.55)

P. ferruginea 624B YES 30 -0.99 (0.53) 33.29 (0.81)

P. ferruginea 624B NO 45 -0.74 (0.08) 33.94 (0.83)

P. ferruginea 624D YES 25 -1.59(0.12) 34.45(0.94)

P. ferruginea 624D NO 49 -1.03 (0.23) 33.61(0.57)

CONTROL - NO FUNGI 
* Significantly different from control at a=0.05 
( ) Standard error 
** standard sample size = 60
*** Abrams nutrient medium to create soft-rot conditions.
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Figure 1 Radial thin section of douglas fir sapwood inoculated with Pachnocybe ferruginea 624B 
showing regular size of fungal hyphae (h) in the tracheids, erosion troughs (et) and 
penetration through the cell wall (w) by microhyphae (mh)
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Figure 2 Radial thin section of douglas fir sapwood inoculated with Pachnocybe ferruginea 624D 
showing erosion troughs (et) and horizontal linear penetration of fungal hyphae (h) 
through the tracheid cell walls (cw)
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Figure 3 Normal hyphal size (h) of Sistotrema brinkmannii in tracheid (t).
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The two isolates of P. ferruginea evaluated in this study engendered no reduction in either weight loss or 
toughness. However, both isolates caused erosion troughs and linear penetration of tracheid cell wall. In 
a recent study of failed western red cedar utility poles in Newfoundland, microscopic examination 
revealed microhyphal cell wall penetration in the failed pole and several other poles.. Warren (1992) 
attributed this to initial cell wall penetration attended by enzymatic activity. Tlie latter reflects the decay 
capabilities of this fungus and if so should produce wood degrading enzymes including ligninases, 
cellulases, laccases and hemicellulases The proposed combined mechanical and enzymatic actions 
should produce structural strength loss (Warren, 1992). However, tests using one of these isolates of P. 
ferruginea to affect soft-rot in southern yellow pine and yellow birch in wood decay tests (Whirl et al., 
1991) did not produce any weight loss with either wood species.

In conclusion, it can be stated that under the test conditions and the small sample size of Douglas fir 
employed in this study, S. brinkmannii produced significant reduction in toughness. It is however 
recommended that findings of this study be supported with data from a subsequent study with a long 
incubation period (at least six months) before final conclusions are reached.

A method which stimulates the initiation of wood decay in natural environments and the effects of 
consequent incipient wood decay has been developed (Winandy and Morrell, In Press). In this method , 
mycelial fragments of test fungi were used to inoculate wood microbeams and the beams subjected to 
matched chemical and mechanical tests. The latter included both non-destructive and destructive tests. 
Future studies should consider the following recommendations:

(1) Production of extracellular wood degrading enzymes notably ligninases including manganese

f>eroxidases, laçasses, cellulases and hemicellulases by both S. brinkmannii and P. ferruginea in both 
iquid and liquid cultures amended with sawdust.

(2) Use of a method such as that developed by Winandy and Morrell (In Press) and long exposure periods 
to evaluate loss in structural strength resulting from inoculation with isolates of S. brinkmannii and P. 
ferruginea.
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