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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek”) document, for 
release only by permission of Forintek. This distribution does not constitute 
publication. The report is not to be copied for, or circulated to, persons or 
parties other than those agreed to by 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 by tradename, 
trademark, manufacturer or otherwise does not necessarily constitute or imply 
its endorsement by Forintek or any of its members.
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1.0 OBJECTIVES

To compile and generate information on the biology and ecology of sapstaining 
fungi that will be useful in our attempts to control them.

2.0 BACKGROUND

The problem of sapstain, moulding and decay of unseasoned lumber continues to 
plague the wood products industry. Claims to insurance companies for damaged 
shipments remain high. Public and government pressure motivated by concern 
for the environment have put chemical preservatives under increasing scrutiny. 
A report by Forintek's economic department estimates that compliance with new 
regulations could cost Canadian lumber producers between $5.4 million and 
$27.2 million. Treatment of mill effluents could add another $39.3 million to 
$85.1 million to the industry's costs.
Forintek is pursuing two strategies for the control of sapstain. At the 
Western Laboratory, a group led by Roger Smith is studying the use of new 
chemicals for the prevention of sapstain. At the Eastern Laboratory, the Wood 
Bio-Innovations Department is studying the use of biological control agents to 
control sapstaining fungi, and the detection of these fungi by immunological 
methods.
Our attempts to prevent sapstain are hindered by the fragmentary nature of our 
knowledge on the biology of these fungi. This project is intended to rectify 
this problem by gleaning as much useful information from the literature as 
possible, and performing experiments to help us understand these fungi.

3.0 PROPOSED APPROACH

a) To study the resistance to chemical preservatives of the most common 
sapstaining fungi. Placing toxic chemicals on wood may create 
conditions ideal for the growth of sapstainers that might not ordinarily 
be a problem. The tolerance of Cephaloascus fragrans to 
pentachlorophenol is a well known example. It will be useful, 
therefore, to study the effects of as many chemicals as possible on as 
many sapstainers as possible. This may allow us to predict problems 
before they occur.

b) Study some aspects of the biology of Ophiostoma piceae, one of the most 
important sapstaining fungi in Canada. We will study various aspects of 
its biology, including its resistance to chemicals such as 
pentachlorophenol, its ability to produce volatiles that may mimic 
insect pheremones, factors affecting sporulation and sexual 
reproduction, its ability to stain different woods, its occurrence in 
nature and in mills, and its taxonomic status.

c) Participate in the organization of a workshop/symposium on the Biology 
of the Ophiostomatales to be held in association with the IVth 
International Mycological Conference (IMC-IV) in Regensburg, West 
Germany, August 1990.
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d) Complete the literature search on sapstaining fungi started in 1986 as 
part of the biological control program.

e) Survey the sapstaining fungi on Canadian lumber in order to determine 
the most important species. Data will be analyzed from Smith's previous 
studies on sapstaining fungi on hem-fir and Douglas fir in BC. Similar 
studies will be set up in Ottawa for Eastern species, perhaps in 
parallel with studies in the west.

4.0 PROGRESS IN 1989/90

4.1 RESISTANCE TO ANTIFUNGAL CHEMICALS
To complement studies done in the western lab using a small number of fungi 
(Clark, 1989), a larger study is now underway in the Eastern lab. We hope to 
determine whether: a) resistant or tolerant species exist for particular 
antifungal agents and b) whether there is any variation in resistance or 
tolerance to a given antifungal agent within a species.
Eight species of sapstaining fungi were chosen: Alternaria alternata (4
isolates), Cladosporium cladosporioides (4 isolates), Exophiala jeanselmel (5 
isolates), Phialophora fastigiata (5 isolates), Leptodontidium elatius var. 
elatius (5 isolates), Rhinocladiella atrovirens (5 isolates), Aureobasidium 
pullulans var. melanogenum (5 isolates) and Hormonema dematioides (5 
isolates).
These fungi have now been tested for their responses to four antifungal 
chemicals (benomyl, malachite green, rose bengal and sodium chloride) and two 
antifungal antibiotics (nystatin and cycloheximide) incorporated at three 
different concentrations in agar.
The results of these experiments are shown in Table 1. Benomyl was the most 
toxic compound tested, and rose bengal the least toxic. Resistant or tolerant 
species or strains were found for all the antifungal antibiotics and chemicals 
tested. Alternaria alternata and Cladosporium cladosporioides were tolerant 
to 5 of the 6 compounds tested. All tested species were tolerant to one or 
more of the tested compounds. There were often strains within a single 
species that were sensitive and tolerant to a single compound.
We are at present growing the same set of sapstaining fungi on gamma 
irradiated blocks of Pinus banksiana that have been treated with wood 
preservative chemicals, using a variation of an experimental test developed in 
the Western laboratory. The blocks are dipped for 15 seconds in the treating 
solution, then drained overnight. Two different concentrations of each 
chemical are being used: the manufacturer's recommended concentration and half 
the recommended concentration. After inoculation, the blocks are incubated 
for three weeks and examined for sapstain. To date, we have tested only one 
antisapstain preservative, a formulation of TCMTB. None of the fungi grew on 
wood treated with this product.
These results demonstrate that sapstaining fungi are often resistant to 
antifungal compounds, and that there is considerable variation in sensitivity 
within a species. The compounds tested on agar are not used as wood 
preservatives. However, as several of the sapstaining fungi tested are also 
opportunistic pathogens of humans and animals, the resistance to antifungal 
antibiotics could be a cause for concern for workers handling sapstained 
lumber.
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Table 1
Species growing at the highest concentrations of various antifungal 

antibiotics and chemicals in agar
Antibiotics
Cycloheximide (1000 pg/mL)
Alternaria alternata (3 of 4 strains)
Cladosporium cladosporloides (2 of 4 strains) 
Exophiala jeanselmei (1 of 5 strains). 
Leptodontidlum elatius var. elatius (1 of 5 strains) 
Phialophora fastigiata (1 of 5 strains)
Nystatin (200 units/mL)
Cladosporium cladosporloides (1 of 4 strains) 
Exophiala jeanselmei (1 of 5 strains)
Phialophora fastigiata (4 of 5 strains)
Chemicals
Benomyl (10 pg/mL)
Alternaria alternata (5 of 5 strains)
Aureobasidium pullulans (1 of 5 strains)
Malachite Green (10 pq/mL)
Alternaria alternata (3 of 5 strains)
Aureobasidium pullulans (3 of 5 strains)
Cladosporium cladosporloides (3 of 4 strains) 
Exophiala jeanselmei (4 of 5 strains)
Hormonema dematioides (5 of 5 strains) 
Leptodontidlum elatius var. elatius (4 of 5 strains) 
Rhinocladiella atrovirens (3 of 5 strains)
Rose Bengal (200 pg/mL)
all species grow on rose bengal at a reduced rate
Sodium chloride (10 %)
Alternatia alternata (4 of 4 strains)
Cladosporium cladosporloides (4 of 4 strains) 
Hormonema dematioides (2 of 5 strains)
all species tolerant of 1 % NaCl
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4.2 STUDIES ON OPHIOSTOMA PICEAE
The Ascomycete Ophiostoma plceae is the predominant sapstaining fungus on 
Canadian lumber. The black discolorations produced by this fungus are caused 
by abundant sexual (perithecia) and asexual (synnemata) fruiting bodies on the 
surface of the wood. A grayish stain is sometimes produced in the wood 
itself, caused by the growth of pigmented fungal hyphae. Ophiostoma piceae is 
common in nature, where it colonizes freshly exposed sapwood, sometimes in 
association with bark beetles.
Some isolates of O. piceae from nature differ in colony characters from those 
isolated from lumber. At least three distinct groups appear to exist:

a) the "slate" type - producing black to gray colonies with blackish 
synnemata

b) the "honey" type - producing honey coloured colonies with reddish 
or orangish synnemata

c) the "yellow" type - producing colonies with a diffusible yellow 
pigment.

It is uncertain whether these three forms represent forms of the same 
species or are closely related species. The sexual states of the slate and 
honey types have been seen in culture, but as yet, no sexual state for the 
yellow type has been obtained. The slate type appears to be most common on 
lumber, but there is considerable variation in the colony and microscopic 
characters of these isolates.
Preliminary results from the Western laboratory (Chung & Smith, 1986) 
suggested that some isolates of O. piceae were tolerant to pentachlorophenol. 
Using the methods described above, we tested the ability of eight different 
isolates of O. piceae originating from wood products (mostly of the slate 
type) to grow on Pinus banksiana blocks treated with 0.25, 0.5, 1.0 and 2.0 % 
chlorinated phenates. Only one isolate, O. piceae F2, previously reported as 
resistant to chlorophenates, grew at all the concentrations tested. Other 
isolates failed to grow, even at the lowest concentration. This result shows 
that strains tolerant to chlorinated phenols do exist, but that this tolerance 
has not spread widely through the population.
We are now studying volatile metabolites from one honey isolate that was 
producing a yellow pigment in the condensate on the petri dish lid.
Continuation of this work with O. piceae is the subject of a contract proposal 
recently submitted to Forestry Canada.

4.3 WORKSHOP ON THE TAXONOMY AND BIOLOGY OF THE OPHIOSTOMATALES
The international symposium on the Taxonomy and Biology of the Ophiostomatales 
is now scheduled for 21-24 August 1990 in Bad Windsheim, West Germany, prior 
to the IVth International Mycological Congress. Approximately forty 
participants have agreed to participate. An application for financial support 
has been submitted to the NATO Advanced Research Workshop programme. The 
tentative program for this meeting is appended to this report. The published 
proceedings of this workshop will serve as a comprehensive review of the 
biology of this important group of sapstaining organisms.
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4.4 SURVEY OF SAPSTAINING FUNGI
The planned survey on the sapstaining fungi of Canada will be undertaken as 
part of a project to be partly financed by ISTC entitled "Feasibility study 
for the biological control of sapstain on lumber." The study will be 
conducted in the spring of 1990.
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TAXONOMY AND BIOLOGY OF THE OPHIOSTOMATALES 
- AN INTERNATIONAL SYMPOSIUM -

(BAD WINDSHEIM, WEST GERMANY. 21ST TO Z4TH AUGUST, 1990)

******

Tuesday 21st August - Morning

Introduction

Scope of the symposium 
M.J. Wingfield, K. Seifert

SESSION 1. MORPHOLOGY AND TAXONOMY OF TELEOMORPHS
* Chairperson: K Seifert

What are the Ophiostomatales?
H.P. Uphadhyay

Taxonomic relationships of the Ophiostomatales with other ascomycetes and 
yeasts.
J.P. van der Walt

DISCUSSION: Delimitation of the order
All participants.

The case for distinguishing Ophiostoma and Ceratocvstis 
G.J. Samuels

The problem with Ceratocvstiopsis 
M.J. Wingfield

DISCUSSION: Delimitation of the teleomorph genera
All participants.

Tuesday 21st - Afternoon

SESSION 2. MORPHOLOGICAL TAXONOMY OF ANAMORPHS
* Chairperson: M. Wingfield

Conidium ontogeny in the Ophiostomatales 
P.S. van Wyk and M.J. Wingfield

Graphium anamorphs of the Ophiostomatales
K. Seifert and G. Okada
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Leptoqraphium anamorphs of Oohiostoma 
M.J. Wingfield

Sporothrix and yeast like anamorphs of Oohiostoma 
G.S. de Hoog

Chalara anamorphs of Oohiostoma 
W.B. Kendrick and Nag Raj

DISCUSSION: Criteria for distinguishing anamorph genera
All participants.

Tuesday 21st August - Evening

Posters on typification of anamorphs and teleomorphs

Wednesday 22nd August - Morning

SESSION 3. NEW TAXONOMIC CRITERIA
* Chairperson: M. Blackwell

Immunological detection of some members of the Ophiostomatales
C. Breuil and K. Seifert

Isozyme analyses and their taxonomic implications in the Ophiostomatales 
P. Zambino

Application of cellular long chain fatty acid analyses in the taxonomy of the
Ophiostomatales
J.L.F Kock and M.J. Wingfield

Taxonomy of the Ophiostomatales and related fungi based on DNA sequences 
M. Blackwell, D. Mai loch and Taylor

Grouping of isolates and species of Ceratocvstis sensu lato on the basis of 
molecular and morphological characteristics 
J. Reid, G. Klassen and G. Hausner

Co-enzyme Q analyses in the taxonomy of the Ophiostomatales 
M. Miller, J.L.F. Kock and M.J. Wingfield

DISCUSSION: General discussion including media, methods and application of new
techniques
All participants

Wednesday 22nd August - Afternoon

FREE OR EXCURSION

Wednesday 22nd August - Evening

SESSION 4. ANALYSIS OF TAXONOMIC CHARACTERS

Informal evening session for interested parties
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Thursday 23rd August - Morning

SESSION 5. ECONOMIC AND ECOLOGICAL ASPECTS
* Chairperson: J.N. Gibbs

Introduction to the ecology and biology of the Ophiostomatales
J. N. Gibbs

Plant disease epidemics caused by Ophiostoma and Ceratocvstis
D.W. French

Plant diseases caused by the Ophiostomatales 
T.C. Harrington

Sapstain of commercial lumber caused by the Ophiostomatales
K. Seifert

Medically important members of the Qphiostomatales/Sporothrix spp.
L. Sigler

Diseases caused by Chaiara anamorphs 
G. Kile

Ophiostoma spp. associated with Proteaceae in Southern Africa : Occurrence 
and apparent significance
M. J. Wingfield

DISCUSSION: Future propects and challenges concerning the pathology of the
Ophiostomatales
All participants

Thursday 23rd August - Afternoon

SESSION 6. INSECT RELATIONSHIPS
* Chairperson: J. Webber

Insect vectors of the Ophiostomatales 
J. Webber

Dispersal Biology of the Ophiostomatales and morphologically similar fungi
D. Malloch and M. Blackwell

Tree response to infections by species of Ophiostoma
E. Smalley and K. Raffa

Host defense reactions in response to inoculation with Ophiostoma spp.
T.D. Paine

Host defense reactions to in response to Ophiostoma spp. associated with 
European Scolytidae
F. Lieutier (To be verified)

Insect associated with bluestain of Norway spruce.
E. Christiansen (To be verified)

Techniques for studying insect/fungus interactions 
Panel discussion - participants of session 6.
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DISCUSSION - Future strategies and prospects for studying relationships 
between Ophiostomatales and insects 
All participants

Friday 24th August - Morning

SESSION 7. CYTOLOGY, GENETICS AND BIOCHEMISTRY
* Chairperson: C. Brasier

Ascospore development in species of Qphiostoma and Ceratocvstis 
P.W.J. van Wyk and M.J. Wingfield

Genetics of the Ophiostomatales 
C. Brasier

Viral infections in species of Qphiostoma and Ceratocvstis 
H. Rogers (to be verified)

Volatile metabolites produced by Qphiostoma and Ceratocvstis 
H.P. Hansen

Phytoalexins and other biochemical factors associated with infections by 
Ceratocvstis.
M.Kojima

Phytotoxins produced by species of Ceratocvstis and Qphiostoma 
S. Takai

DISCUSSION. Future prospects in studying the genetics and biochemistry of
Ophiostomatales
All participants

Friday 24th August - Morning

SESSION 8. PLENARY SESSION
* Chair: M. Wingfield and K. Seifert

Problems and prospects for future research 
W. Bryce Kendrick.

General discussion 
All participants

Recommendations

Close
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