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SUMMARY
A survey of sapstain fungi occurring in Canadian lumber mills was undertaken in 
the spring and summer of 1990. Selected lumber companies from the Forintek 
membership were asked to send up to six samples from their untreated, undried 
stock, three samples of stained wood and three of apparently unstained wood. 
Fungi were enumerated directly on the specimens, and by isolation into pure 
culture. Fungi were classified into one of five categories: 1) Ophiostomatales 
for species of Ophiostoma and Ceratocystis and their asexual states; 2) Black 
Yeasts for darkly pigmented, yeast-like fungi such as Rhinocladiella atrovirens, 
Hormonema dematioides, Aureobasidium pullulans and Phialophora spp.; 3) 
Dematiaceous Moulds for darkly pigmented moulds producing abundant dry asexual 
spores; 4) Green moulds for fungi producing abundant, dry, green, asexual 
spores; and 5) Fungi of unknown significance.
Members of the Ophiostomatales were the most frequently isolated sapwood 
inhabiting fungi in both eastern and western Canada. Ophiostoma piceae was the 
most common single species in both the east and west, and was isolated from more 
than 50% of the samples received. It was isolated at a lower freqency from pine 
wood, a finding that should be confirmed with additional sampling, particularly 
in the autumn. Other species of the Ophiostomatales of importance were O. minus 
and Ceratocystis adiposa, and to a lesser extent, O. olivaceum, O. sagmatospora, 
O. piliferum and C. coerulescens.
Green moulds were also isolated at a high frequency. Many species of Pénicillium 
were isolated from wood; P. spinulosum and P. brevicompactum were most common 
in the west. Species of Trichoderma were also very common. Both Trichoderma 
and Pénicillium species are aggressive organisms that may be expected to compete 
with biological control agents.
Fungi of unknown significance were isolated at a high frequency on both eastern 
and western lumber. Although there was a large number of species isolated only 
a single time, the yeast-like fungus Dipodascus aggregatus and the group of fungi 
called "mycelial yeasts" were particularly common. The roles of these fungi in 
sapstain, or possible interactions with true sapstaining fungi, are unknown.
Black yeasts and dematiaceous moulds occurred at a relatively low frequency. 
Their populations might be expected to increase over the summer, however, and 
samples taken in the autumn might have a higher incidence of these fungi.
The results of this survey provide baseline data for an understanding of the 
distribution of sapstain fungi in Canada. Further work is necessary to 
understand the seasonal occurrence of the different species and their roles in 
sapwood ecology. More intensive studies of specific commodities should be 
undertaken as part of any pesticide product development.

V Forintek
Canada
Corp.



---------------------------------------------------------------------------------------------------------------

TABLE OF CONTENTS
Page

SUMMARY i
LIST OF TABLES iii
LIST OF FIGURES iv

INTRODUCTION 1
BACKGROUND 1
MATERIALS AND METHODS 3
RESULTS 3
DISCUSSION 4
CONCLUSIONS 6
ACKNOWLEDGEMENTS 6
LITERATURE CITED 27

ii

V Forintek
Canada



r —

Table 1.
LIST OF TABLES

Categories of non-decaying wood-inhabiting fungi used in this report.

Table 2. Fungi isolated from Western lumber mills in order of frequency of 
isolation, based on a total of 84 wood samples received from 13 
mills.

Table 3. Fungi isolated from Eastern lumber mills in order of frequency os 
isolation, based on a total of 71 wood samples received from 13 
mills.

Table 4. Fungi isolated from 9 samples of Abies spp. (true Firs) wood, from 
3 mills.

Table 5. Fungi isolated from 51 samples of Picea spp. (Spruce) wood, from 10 
mills.

Table 6. Fungi isolated from 37 samples of Pinus spp. (Pine) wood, from 7 
mills.

Table 7. Fungi isolated from 18 samples of Pseudotsuga menziesii (Douglas fir) 
wood, from 3 mills.

Table 8. Fungi isolated from 28 samples of Tsuga spp. (Hemlock) wood, from 
5 mills.

Table 9. Fungi isolated from 6 samples of Populus spp. (Aspen or Poplar) wood, 
from 1 mill.

Table 10. Relative importance of the major categories of non-decaying sapwood 
inhabiting fungi isolated from samples in western Canada.

Table 11. Relative importance of the major categories of non-decaying sapwood 
inhabiting fungi isolated from samples in eastern Canada.

iii

V Forintek
Canada
Corp.



r
LIST OF FIGURES

Figure 1. 

Figure 2.

Figure 3. 

Figure 4.

Figure 5. 
Figure 6.

Figure 7. 

Figure 8.

Map of Canada showing location of lumber mills participating in this 
survey.
Characteristic feature of the Ophiostomatales. A. Sexual fruiting 
structures (small arrows) of O. ips and O. plceae and scolytid beetle 
(large arrow) in beetle tunnels. B. Typical sexual fruiting 
structures of O. piceaperdum, with dark black base, long dark neck, 
and mass of sexual spores (arrow) oozing from the tip of the neck. 
C. Top of neck of sexual fruiting body of O. piceaperdum lacking 
ostiolar hyphae, with hat-shaped sexual spores (arrow) oozing from 
top. D. Top of neck of sexual fruiting body of Ceratocystis adiposa 
with ostiolar hyphae (small arrow), and sexual spores (large arrow) 
oozing out.
Characteristics of Ophiostoma species. A. Sexual fruiting bodies 
of 0. sagmatospora on the surface of wood. B. Top of an asexual 
fruiting body known as a 'synnema' produced by O. piceae.
Sapstain caused by various members of the Ophiostomatales. A. 
Penetrating stain caused by Ophiostoma minus on jack pine. B. 
Surface stain caused by O. piceae on Douglas fir. C. Surface stain 
caused by O. sagmatospora on eastern white pine.
Dark hyphae of Ophiostoma sp. growing in ray parenchyma of jack pine.
Wood samples stained by species of Ceratocystis. A. Dark surface 
stain caused by C. coerulescens on Douglas fir. B. Dark spots 
caused by sexual fruiting bodies of C. adiposa on Lodgepole pine.
Stains caused by dematiaceous moulds. A. Spotty surface stain 
caused by Cladosporium sphaerospermum on spruce. B. Mottled stain 
remaining in planed fir caused by Cladosporium cladosporioides. C. 
Superficial stain caused by a variety of dematiaceous moulds on 
Douglas fir before (left) and after (right) planing.
Microscopic appearance of some sapwood inhabiting fungi. A. The 
green mould Trichoderma harzianum. B. The black yeast Phialophora 
fastigiata. C. The yeast-like fungus Dipodascus aggregatus. D. 
Spores of the dematiaceous mould Alternaria alternats.

iv

V



r

INTRODUCTION
Economic losses caused by sapstain fungi have occurred throughout the twentieth 
century, but basic information on the prevalence and distribution of the causal 
organisms is scarce. The pioneering work was done in northern Europe, 
principally Germany (Hartig 1878, Miinch 1907) and Sweden (Lagerberg et al. 1927). 
In North America, most surveys concentrated on the southern USA (von Schrenk 
1903, Hedgcock 1906, Davidson 1935, Verrai 1939), although some information on 
the northern USA is available (Campbell 1959, 1960). Kaârik (1980) compiled 
information on some 200 species of fungi reported to cause sapstain of lumber 
or standing trees.
The published work on the prevalence and distribution of sapstaining fungi in 
Canada is scant. Taxonomic studies of the genus Ceratocystis in Ontario 
(Griffin 1968) and Manitoba (Olchowecki and Reid 1974) are essentially the only 
sources of information. An unpublished Forintek report (Chung and Smith 1986) 
documents the sapstaining fungi isolated during an extensive survey of western 
hem-fir received from mills or returned from European ports.
The survey reported here was initiated to provide basic information on the 
distribution and relative importance of sapstaining fungi as they occur in 
Canadian lumber mills (Fig. 1). It was designed to allow comparisons of the 
sapstaining fungi that occur on different wood species, in different lumbering 
regions of the country, and to provide a baseline for more intensive studies on 
particular commodities in specific geographical regions.

BACKGROUND
For the purposes of this study, the fungi observed have been categorized into 
biologically similar groups. Traditionally, non-decaying fungi that occur on 
sapwood have been described as "sapstainers" and "moulds", with the implication 
that sapstainers stain wood tissue, and that moulds cause only a superficial 
discoloration through their profuse production of spores. A more refined 
classification is employed here to emphasize that the biological importance of 
each group must be considered independently. Five categories have been employed 
and are summarized in Table Is 1) Ophiostomatales, designated as "O" in the 
tables; 2) Dematiaceous moulds, "DM" in the tables; 3) Green moulds, "GM" in the 
tables; 4) Black yeasts, "BY" in the tables; and 5) fungi of unknown 
significance, "U" in the tables.
The Ophiostomatales includes the fungal species most often thought of as 
sapstainers, such as species of Ophiostoma and Ceratocystis1 and their asexual 
stages2 classified in Graphium, Sporothrix, Leptographium and 
Hyalorhlnocladiella. The species that occur on sapwood form a fairly homogenous 
biological group. They are considered primary colonizers of wood and are often 
carried by bark beetles (Fig. 2A), or phoretic mites that live on bark beetles. 
They produce dark brown to black sexual fruiting bodies (Figs. 2A, B, 3A) with 
long necks with sticky masses of ascospores at the top (Fig. 2B arrow). Their 
asexual stages may produce dry conidia that may be transmitted through the air

'There is considerable taxonomic controversy over the use of the generic 
names Ceratocystis and Ophiostoma. Many of the species referred to as Ophiostoma 
in this report are also widely referred to as Ceratocystis. For example, 
Ophiostoma piceae is also often referred to as Ceratocystis piceae.

Many ascomycetous fungi have asexual stages (known as anamorphs) that have 
their own names. It is often only the asexual stage that occurs in culture. 
In some cases, this asexual stage is distinctive enough to allow the identity 
of the sexual stage to be determined. Often, however, exact identification is 
impossible if the sexual stage does not develop.

1
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or wet conidia that may be dispersed in water films. Some species discolour 
wood tissue (Fig. 4A, C) through the production of dark hyphae in the ray 
parenchyma (Fig. 5). Often, however, the discolorations are caused by the 
abundant production of dark fruiting bodies (Figs. 3A, 6A, B) or masses of dark 
asexual spores. Members of the Ophiostomatales are usually not found on 
substrates other than wood. Some species cause serious tree diseases: Dutch elm 
disease caused by Ophiostoma ulmi is the most notorious example. There is little 
evidence, however, that the species causing tree diseases are responsible for 
significant sapstain of lumber. The biology of members of the Ophiostomatales 
causing sapstain on conifer lumber has been reviewed by Seifert (1991).
The "black yeasts" are an unusual group of asexual fungi that exhibit two 
different types of sporulation. In drier environments, the species produce dry, 
wind dispersed spores rather similar to those of the dematiaceous moulds (see 
below). In wet coniditions, however, these fungi grow as yeasts, producing 
abundant slimy yeast cells that may be dispersed by water films, or within the 
cells of a living tree. Although the yeast cells are usually unpigmented, the 
cells that produce them are often heavily pigmented, and the wood can therefore 
become quite heavily stained. Black yeasts, such as Aureobasidium pullulans, 
Hormonema dematioides and Phialophora species (Fig. 8B), are common on substrates 
other than wood, particularly on leaf surfaces, in the air, and less frequently, 
in soil. Some species cause diseases of animals or humans, but these species 
were not found in this survey. There is some evidence that some black yeast 
species may occur as endophytes in healthy living trees, representing a hitherto 
unrecognized possibility for the introduction of sapstain into lumber. Many 
black yeasts exhibit high morphological variability and for that reason, they 
are difficult to identify.
The dematiaceous moulds (or dark moulds) produce dry masses of darkly pigmented 
conidia that are probably mostly transmitted by air currents. The discoloration 
of the wood may be caused by masses of dark spores (Fig. 7C left), in which case 
the discoloration disappears upon planing (Fig. 7C right) but penetration of the 
wood by pigmented hyphae is also common. Some species of dematiaceous moulds 
produce characteristic stains. Species of Cladosporlum, for example, are primary 
colonizers of freshly exposed sapwood. They form light to dark green spots up 
to 5 mm or so in size, giving the wood surface a freckled appearance (Fig. 7A). 
When the wood is planed, the colonies look similar to water spots (Fig. 7B). 
Species of Alternaria (Fig. 8D) produce a dark, penetrating stain that is similar 
to that produced by some members of the Ophiostomatales. The dematiaceous moulds 
are ubiquitous in the environment, occurring in the air, the soil and on leaf 
surfaces. Dematiaceous moulds are often implicated in human allergies.
The green moulds are well known to most who work with unseasoned wood because 
of the masses of green asexual spores that are produced on the wood surface. 
Because these spores can be brushed or planed off without leaving any residual 
discoloration, the green moulds should not be considered sapstain fungi. However, 
some consumers do find their presence objectionable. The green moulds belong 
to two distantly related groups of asexual fungi, the genera Trichoderma (Fig. 
8A) and Pénicillium. Species of both these genera grow quickly and produce a 
bewildering variety of secondary metabolites (including mycotoxins or 
antibiotics). Their aggressive nature makes them possible candidates for 
biological control agents, or potential antagonists of other biological control 
agents. Species of both genera are very common in the soil and in the air.

The final category employed, "fungi of unknown significance", is self- 
explanatory. Many fungi occur in wood that cause no apparent decay or sapstain. 
Their biological activities and interactions with other wood-inhabiting organisms 
are a mystery.
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MATERIALS & METHODS
From March-July 1990, wood samples were requested from selected lumber mills 
across Canada (Fig. 1). Each mill was requested to provide three samples cut 
from their stock that they believed to be sapstained. Three samples of unstained 
wood were also requested. The samples were wrapped in paper towel and air 
shipped by courier to Ottawa, where they were processed as soon as they arrived.
The samples were examined for visible signs of sapstain without magnification, 
then examined for fungal growth using a dissecting microscope at 16-40 x 
magnification. The fungi present were identified directly on the specimen if 
possible, or isolated into pure culture for identification.
Each sample was subdivided into three sections and four subsurface pieces of wood 
(about 5 x 5 x 1  mm) were removed from each section using ethanol-rinsed and 
flamed chisels and forceps. Two pieces from each section were plated two 
different media: 1) 2 % malt extract agar (2% MA: 20 g Difco malt extract, 20 
g Difco Bacto Agar, 1000 mL distilled water) with 100 ppm tetracycline and 2) 
2% MA with 100 ppm tetracycline and 100 ppm cycloheximide. Tetracycline was 
incorporated to inhibit bacterial growth. Cycloheximide was included to 
selectively isolate Ophiostoma species or their related asexual forms. Both 
selective compounds were added to the cooled medium after autoclaving, prior to 
pouring.
The plates were observed periodically for 3-28 days. Identifications were made 
directly on the isolation plates, or from purified subcultures when necessary. 
Ophiostoma and Ceratocystis were identified using Upadhyay (1981), Griffin 
(1968), Olchowecki and Reid (1974), Hunt (1955) and a computerized synoptic key 
(Grylls and Seifert, in press). Pénicillium species were identified using the 
methods of Pitt (1988) and the computer program PENNAME (Pitt, 1990). 
Representative herbarium specimens have been deposited in DAOM. Representative 
cultures have been deposited in FTK, DAOM and UAMH.
The wood species of some samples were indicated by the mills; these 
identifications were considered correct. Unidentified wood samples were 
determined as precisely as possible by wood anatomists in Forintek's Wood 
Uti1ization Department.

Lumber samples were received from twenty-six mills, thirteen in western Canada 
(British Columbia) and thirteen from eastern Canada (Ontario, Quebec, New 
Brunswick and Nova Scotia) (see Fig. 1). Because the objective was to obtain 
an overall impression of the fungi occurring on or in the samples, the data for 
all fungi isolated or observed on each board have been combined for the analysis. 
The raw data for each mill are given in Appendix One. The names and exact 
locations of the mills have been deleted in order not to compromise the business 
interests of the companies concerned.

The data has been summarized in Tables 2-9. In Table 2, the fungi isolated from 
lumber collected in western Canada are listed in order of frequency. Table 3 
provides comparable data for lumber samples collected in eastern Canada. Tables 
4-9 provide lists of fungi isolated from particular wood genera irrespective of 
location, namely from true firs (Table 4), spruce (Table 5), pines (Table 6), 
Douglas fir (Table 7), hemlock (Table 8) and poplar (Table 9).
The data for "stained" and "unstained" boards was combined for this analysis. 
The average number of fungi isolated per stained board was 4.16, and per 
unstained board 2.75. In most mills, more fungi were isolated from the stained 
samples, but in a few mills this was reversed. In many cases, sapstain or 
fungal growth was noted on the samples that were marked unstained. This may have

RESULTS
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been a consequence of growth in transit, but may indicate that incipient sapstain 
cannot be recognized visually, or at least, that mill personnel do not recognize 
the early stages of sapstain. In addition, some pieces marked as stained were 
discolored only by dirt or oil from machinery.
The most frequently isolated fungus on lumber from both eastern and western 
Canada, and from all wood genera except pines and true firs, was Ophlostoma 
piceae (Ophiostomatales), which occurred on more than 50% of the samples. 
Pénicillium and Trichoderma species (green moulds) were also isolated at high 
frequency in both the east and the west; in western Canada, two Pénicillium 
species, P. brevicompactum and P. spinulosum predominated, while in eastern 
Canada no particular species were predominant. In western Canada, the fungus 
Sporothrix sp. 1 (?Ophiostomatales) was isolated from 25% of the samples; the 
same species occurred, but at a much lower frequency, in eastern Canada. Fungi 
of unknown significance were also isolated at relatively high frequencies in both 
the east and the west. The "mycelial yeast" (a morphological group of fungi 
producing unpigmented, spreading hyphae at the colony margin and slimy yeast 
cells in the centre of the colony), common in the west, and the yeast 
Sporobolomyces roseus, common in both the east and west are worthy of note. The 
fungus Dipodascus aggregatus, very common on eastern lumber, is also yeast-like 
(Fig. 8C) . The dematiaceous mould Cladosporium sphaerospermum was isolated from 
15% of samples collected in western mills. The black yeasts Aureobasidium 
pullulans, Hormonema dematioides and Rhinocladiella atrovirens were all isolated 
from more than 10% of samples from eastern mills.
A meaningful comparison of the species of fungi occurring on different woods is 
difficult because of the varying number of samples received of each wood species. 
Too few samples of true firs (Table 4) and poplars (Table 9) were received for 
any sort of reliable analysis. The relatively longer list of fungi isolated from 
spruce is probably a reflection of the higher number of samples received. In 
general, members of the Ophiostomatales were prevalent on all four types of wood, 
with Ophiostoma piceae being the most frequently isolated species on all woods 
except pines. Green moulds were also common on all woods, although the low 
incidence of Trichoderma species on hemlocks (Table 8) may be significant. Black 
yeasts were most common on spruce (Table 5) and relatively infrequent on Douglas 
fir (Table 7). Of the dematiaceous moulds, Cladosporium species occurred at high 
levels on hemlock and at lower levels on Douglas fir.

DISCUSSION
This survey presents the first Canada-wide overview of the occurrence of sapwood 
inhabiting fungi in lumber yards. The data should be interpretted with some 
caution, however, because they are derived from only a single sampling period 
in the early part of the sapstain season (spring in the west, early summer in 
the east). A complementary sampling, undertaken from east to west in the autumn, 
would undoubtedly corroborate some of the conclusions, but might also reveal 
additional sapstaining species of importance. The relative abundance of 
individual fungi might also change with the seasons.
Based on this survey, it is clear that Ophiostoma piceae is the most frequent 
sapwood inhabiting fungus on Canadian lumber, occurring on more than 50% of the 
wood samples. Although this fungus does not produce the intense grey to black 
penetrating stain of other Ophiostoma species, it does produce a slightly 
penetrating light grey stain (Fig. 4B). Combined with the prolific production 
of asexual and sexual fruiting structures, this combines to give wood colonized 
by this species quite an unsightly appearance that is certain to detract from 
its value. The lower abundance of this fungus on pines (16% frequency of 
isolation) may or may not be significant. This should be tested by sampling more 
pine lumber, particularly in the autumn.

4

V Forintek
Canada



r
In addition to Ophiostoma piceae, other members of the Ophiostomatales occur at 
varying frequencies on different kinds of lumber. Ophiostoma minus may be the 
most important of these as it produces a dark penetrating stain (Fig. 4A) . This 
species is difficult to identify in culture, and many of the records of 
Ophiostoma spp. and Hyalorhinocladiella spp. may represent this fungus. 
Ceratocystis adiposa was also relatively frequent on species of pine and spruce. 
This species produces abundant dark brown spores and sexual fruiting bodies that 
discolour the surface of the wood (Fig. 6B), but does not produce a dark 
penetrating stain. Two very similar species of Ophiostoma, O. sagmatospora (Fig. 
3A, 4C) and O. olivaceum, were recorded at low frequency, but many of the records 
of Graphium species may represent these fungi. The significance of these two 
species, particularly on pines, should be investigated further. Ceratocystis 
coerulescens (Fig. 6A) has been implicated as an important sapstaining fungus 
in Canada in the past (Kâârik 1980), but was recorded only infrequently here. 
Our personal observations suggest this fungus is common on weathered lumber, 
and it is conceivable that we would have found this species more often if the 
sampling had been done in the fall. Ophiostoma piliferum, widely considered as 
the most important sapstaining fungus in the southern USA (Davidson 1935), 
apparently occurs infrequently in Canada although some of the records of 
Sporothrix species may represent this fungus.
Green moulds, especially species of Pénicillium and Trichoderma, are common on 
all kinds of lumber. In the west, P. spinulosum and P. brevicompactum are 
extremely common. In the east, no particular species of Pénicillium predominate. 
In general, we did not identify Trichoderma isolates to species, and hence cannot 
comment on the relative importance of the species of this genus. Green moulds 
discolour lumber primarily by their profuse production of spores, although some 
species of Pénicillium produce pigments that diffuse into the wood tissue. 
Because no penetrating stain is produced and because the aggressive nature of 
green moulds may actually prevent other unwanted fungi from growing, we do not 
believe that control of green moulds is a critical issue. However, allergic 
reactions to the dry spores and interference with potential biological control 
agents are possible causes for concern.
Fungi of unknown significance occurred at high frequencies on samples collected 
in both eastern and western Canada (Tables 10, 11) . An understanding of the 
roles that these fungi play in the ecology of exposed sapwood is essential. 
Although the yeast-like fungi are unlikely to cause sapstain themselves or to 
be antagonistic towards other organisms, they may have a synergistic role in the 
growth of other fungi. Dipodascus aggregatus, which was especially common in 
eastern Canada, is usually thought of as as associate of scolytid beetles (Batra 
1959), but clearly is occupying a broader niche than has hitherto been 
recognized. Its potential as a sapstainer or as a synergistic organism should 
be investigated.
Black yeasts and dematiaceous moulds, although capable of causing signficant 
sapstain, appear to be the least important categories of sapwood inhabiting 
fungi. This should be tested with samples collected in the autumn, however, 
because secondary colonizers, such as Alternaria alternata, may become more 
abundant. Of the black yeasts, Rhinocladiella atrovirens has been isolated at 
higher frequencies in previous, more limited surveys (Chung and Smith 1986) and 
is probably a more signficant sapstaining fungus than the numbers obtained here 
indicate.
Chung and Smith (1986) performed an extensive survey of sapstaining fungi 
occurring on western hem-fir, in which 267 cultures were isolated from 250 
samples collected at shipping terminals in British Columbia, and from various 
mills. Ophiostoma piceae and Sporothrix sp. 1 were considered the most important 
species, a finding we have confirmed. The relative proportion of black yeasts 
reported by Chung and Smith (1986) was higher than recorded here. The absence 
of green moulds and dematiaceous moulds from their list probably indicates that 
they were not considered sapstaining fungi and hence were not recorded. A number
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of fungi of unknown significance (Sporobolomyces roseus and mycelial yeasts) were 
also isolated in their study.
The taxonomic status of the fungus called "Sporothrix sp. 1” in this report 
remains unsolved. According to the world's leading authority on the genus 
Sporothrix, this is an undescribed species (de Hoog, personal communication). 
However, it is conceivable that this fungus may represent the asexual stage of 
an as yet unknown species of Ophiostoma, or another yeast-like ascomycete, 
Cephaloascus albidus (see Wang and Zabel 1990). Crossing of the available 
strains of this fungus should allow this question to be solved. The signficance 
of the species as a sapstainer is also unclear. It does not appear to cause much 
visible stain but its role in sapwood ecology remains to be determined.

CONCLUSIOKS
1. Ophiostoma piceae is the mostly commonly isolated sapstaining fungus in 

Canada. It was isolated from 58% of all samples received from western 
mills, and 52% of all samples from eastern mills. It was the most commonly 
isolated species on all softwoods except pines.

2. In western Canada, other sapstaining fungi of importance (>10 % isolation) 
are Sporothrix sp. 1 and Cladosporium sphaerospermum. The sapstaining 
abilities of Sporothrix sp. 1 are unknown. Cladosporium sphaerospermum 
is a primary colonizer of freshly cut wood and causes spots of light green 
stain.

3. In eastern Canada, other sapstaining fungi of importance (>10 % isolation) 
are Aureobasidium pullulans, Leptographium spp., Ceratocystis adiposa, 
Rhinocladiella atrovirens and Hormonema dematioides.

4. In both eastern and western Canada, green moulds (primarilly Pénicillium 
and Trichoderma species) are frequently isolated from lumber. These 
species may be antagonistic to other fungi and may be considered potential 
biological control organisms, or competitors of biological control 
organisms added to lumber. The green spores produced by these species are 
considered objectionable by some customers.

5. In both eastern and western Canada, a number of fungal species of unknown 
biological significance are frequently isolated from lumber. These include 
"mycelial yeasts" in the west, the yeast-like organism Dipodascus 
aggregatus in the east, and the yeast Sporobolomyces roseus in both the 
east and west. The roles that these organisms play in the development of 
sapstain, and their potential to interfere with biological control 
organisms, should be determined.

6. The taxonomy of an important group of sapstaining fungi, the 
Ophiostomatales, is problematic. More accurate identification of species 
of Sporothrix, Graphium, Hyalorhinocladiella and Leptographium, assumed 
to be the asexual stages of sapstaining Ophiostoma species may reveal other 
significantly important sapstaining species.

7. More extensive sampling of specific commodities over a longer time period 
is recommended as part of any antisapstain program.
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Table 1. Categories of non-decaying wood-inhabiting fungi used in this report.

Category Dispersal Stain Occurrence Other problems

Ophiostomatales bark beetles 
phoretic mites 
water films 
?wind

fruiting bodies
penetrating
hyphae

wood only tree diseases

Black yeasts water films 
wind

dark spores
penetrating
hyphae

wood mammal diseases 
water
leaf surfaces 
soil

Dematiaceous moulds
air dark spores 

penetrating 
hyphae

ubiquitous allergies

Green moulds air
water

green spores wood
soil

mycotoxins
allpygiPFi

Unknown significance
air ? ? ?
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Table 2. Fungi isolated from Western lumber mills in order of frequency

of isolation, based on a total of 84 wood samples received from 
13 mills.

Fungus
Category

Frequency 
% samples % mills

Ophiostoma piceae O 58 92
Sporothrix sp. 1 O 25 69
Pénicillium spinulosum GM 22 46
Pénicillium brevicompactum GM 20 38
mycelial yeast U 19 10
Cladosporium sphaerospermum DM 15 38
Trichoderma harzianum GM 10 30
Pénicillium spp. GM 10 15
Pénicillium commune GM 9 23
Graphium spp. O 8 38
Sporobolomyces roseus U 8 53
Hormonema dematioides BY 7 38
Pénicillium sp. 23 GM 5 7
Ceratocystis adiposa O 5 15
Trichoderma spp. GM 4 23
Phialophora fastigiata BY 3 15
zygomycete U 3 23
Trichoderma viride GM 3 7
Geniculosporium sp. U 3 7
Sporothrix sp. o 3 15
Mucor hiemalis u 3 7
Dipodascus aggregatus u 3 15
Ophiostoma minus o 3 15
Cladosporium sp. DM 3 15
Aureobasidium pullulans BY 2 15
Alternaria alternata DM 2 15
Cladosporium cladosporioides DM 2 15
Leptographium sp. O 2 7
Pénicillium simplicissum GM 2 7
Pénicillium sp. 27 GM 2 7
Acremonium sp. U 2 15
Epicoccum nigrum DM 2 7
Pénicillium sp. 13 GM 2 7
Pénicillium expansum GM 2 15
Phialophora sp. BY 2 15
Hyalorhinocladiella sp. O 2 15
Ophiostoma olivaceum O 2 7
Mariannaea elegans U 1 7
Neurospora sp. u 1 7
Candida sp.? u 1 7
Ophiostoma ips o 1 7
Rhizopus sp. u 1 7
Pénicillium sp. 15 GM 1 7
Pénicillium sp. 28 GM 1 7
Gliocladium roseum U 1 7
Piptocephalus sp. U 1 7
Ophiostoma sagmatospora O 1 7
Trichoderma koningii GM 1 7
Lecythophora sp. BY 1 7
Oidiodendron griseum DM 1 7
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Table 2. (continued) ..•

Fungus
Category

Frequency 
% samples % mills

Rhinocladiella atrovirens BY 1 7
Ophlostoma sp. O 1 7
Pénicillium sp. 26 GM 1 7
Aspergillus sp. GM 1 7
Fusidium sp. U 1 7
weird fungus U 1 7
Phoma sp. U 1 7
Monodictys castaneae DM 1 7
Hyalodendron lignicola U 1 7
fungus 1 U 1 7
Zalerion maritimum DM 1 7
unknown 1 U 1 7
Aspergillus niger DM 1 7
Pénicillium monovert GM 1 7
Cylindrocarpon sp. U 1 7
Ceratocystis coerulescens 0 1 7
Pénicillium sp. 28 GM 1 7
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Table 3 Fungi isolated from Eastern lumber mills in order of frequency 
of isolation, based on a total of 71 wood samples received from 
13 mills.

Fungus species Category Frequency

Ophiostoma piceae 
Pénicillium spp.
Trichoderma spp.
Dipodascus aggregatus 
Sporobolomyces roseus 
Aureobasidium pullulans 
Leptographium spp. 
Ceratocystis adiposa 
Hormonema dematioides 
Rhinocladiella atrovirens 
Ophiostoma minus 
Sporothrix spp.
Phialophora spp.
Ophiostoma piliferum 
Phialophora fastigiata 
Cladosporium sphaerospermum 
Ophiostoma sagmatospora 
Alternaria alternata 
Mucor sp.
Lomentospora sp.
Ophiostoma piceaperda 
mycelial yeast 
Trichoderma koningii 
Hyalorhinocladiella sp. 
Fusarium sp.
Mucor hiemalis 
Phoma sp.
Graphium spp.
Sporothrix sp. 1 
yeast
Cladosporium cladosporioides 
Trichoderma harzianum 
Ophiostoma crassivaginatum 
Geotrichum sp. ? 
Gliocladium/Verticillium sp. 
Rhizopus stolonifer 
Sporothrix cyanescens 
green ?
Gliocladium roseum 
Ophiostoma sp.
mycelial yeast (hat shaped s 
Paecilomyces sp.?
Trichoderma viride 
Arthrinium sp. 
Endophragmiella valdiviana 
Phialocephala bactrospora 
Acremonium falcatum 
Epicoccum nigrum 
Pénicillium citreonigrum 
dematiaceous sp.? 
Cladosporium (rosy) 
Ceratocystis coerulescens

% samples % mills
o 52 76
GM 33 76
GM 29 61
U 23 38
U 23 46
BY 18 46
O 18 46
O 11 30
BY 11 23
BY 11 38
O 8 15
O 8 46
BY 7 30
O 7 15
BY 7 7
DM 7 15
O 5 23
DM 5 30
U 5 15
U 4 7
O 4 7
U 4 15
GM 4 7
O 2 15
U 2 15
u 2 7
u 2 15
o 2 15
0 2 15
u 2 15
DM 2 15
GM 2 15
O 2 7
U 2 7
u 1 7
u 1 7
u 1 7
GM 1 7
U 1 7
0 1 7

1 7
GM 1 7
GM 1 7
DM 1 7
DM 1 7
O 1 7
u 1 7
DM 1 7
GM 1 7
DM 1 7
U 1 7
O 1 7
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Table 4. Fungi isolated from 9 samples of Abies spp. (true Firs) wood, 

from 3 mills.

Fungus Frequency
Category % isolation % mills

Aureobasidium pullulans 
Pénicillium A 
Hormonema dematioides 
Cladosporium cladosporioides 
Cladosporium sphaerospermum 
Sporothrix sp. 1 
Trichoderma sp.
Sporothrix sp.? 
Sporobolomyces roseus 
Phialophora sp.

BY 22 67
GM 22 33
BY 11 33
DM 11 33
DM 11 33
O 11 33
GM 11 33
O 11 33
U 11 33
BY 11 33
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Table 5 Fungi isolated from 51 samples of Picea spp. (Spruce) wood
from 10 mills.

Fungus Frequency
Category % isolation % mills

Ophlostoma piceae 
Pénicillium spp. 
Sporobolomyces roseus 
Trichoderma harzianum 
Trichoderma sp.
Hormonema dematioides 
Aureobasidium pullulans 
Dipodascus aggregatus? 
Leptographium spp. 
Ceratocystis adiposa 
Rhinocladiella atrovirens 
Alternaria alternata 
Mucor sp.
Cladosporium sphaerospermum 
Ophiostoma piliferum 
Ophiostoma piceaperda 
Geniculosporium sp. 
Hyalorhinocladiella sp. 
Graphium sp.?
Mucor hiemalis 
mycelial yeast 
Ophiostoma olivaceum 
Phoma sp.
Pénicillium sp. 27 
Zalerion maritimum 
Epicoccum nigrum 
dematiaceous sp.?
Trichoderma viride 
Cylindrocarpon sp. 
Gliocladium/Verticillium sp. 
Arthrinium sp.
Aspergillus niger 
Acremonium sp.
Cladosporium (rosy) 
zygomycete
Sporothrix cyanescens 
Pénicillium sp. A 
Oidiodendron griseum 
Pénicillium sp. 26 
Pénicillium citreonigrum 
Ophiostoma sagmatospora 
Neurospora sp.
Rhizopus stolonifer 
Sporothrix sp.
Pénicillium sp. 28 
Mariannaea elegans 
Phialophora sp.-lagerbergii? 
Phialophora sp.

o 70 90
GM 40 60
U 22 40
GM 18 40
GM 16 30
BY 14 30
BY 14 30
U 12 20
O 10 30
O 10 40
BY 10 30
DM 8 40
U 8 20
DM 8 20
O 6 10
O 6 10
u 6 10
o 6 30
o 6 20
u 4 10
u 4 20
o 4 10
u 4 20
GM 4 10
DM 2 10
DM 2 10
DM 2 10
GM 2 10
U 2 10
U 2 10
DM 2 10
DM 2 10
U 2 10
U 2 10
U 2 10
U 2 10
GM 2 10
DM 2 10
GM 2 10
GM 2 10
O 2 10
U 2 10
U 2 10
o 2 10
GM 2 10
U 2 10
BY 2 10
BY 2 20
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Table 6. Fungi isolated from 37 samples of Pinus spp. (Pine) wood,
mills.

Fungus Frequency
Category % isolation %mills

Dipodascus aggregatus U 32 57
Trichoderma spp. GM 29 57
Leptographium spp. 0 27 57
Sporobolomyces roseus U 21 57
Aureobasidium pullulans BY 16 57
Ophiostoma piceae O 16 42
Ophiostoma minus O 16 28
Rhinocladiella atrovirens BY 10 42
mycelial yeast U 10 42
Pénicillium spp. GM 10 42
Ceratocystis adiposa O 8 28
Graphium spp. O 8 42
Lomentospora sp. U 8 14
Ophiostoma sagmatospora o 8 28
Sporothrix sp. o 8 42
Sporothrix sp. 1 o 8 28
Trichoderma koningii GM 8 14
mycelial yeast (hat shaped) U 5 14
Ophiostoma piliferum o 5 14
Geotrichum sp. u 5 14
Phialophora sp.? BY 5 28
Ceratocystis coerulescens O 2 14
Fusarium sp. U 2 14
yeast u 2 14
Cladosporium sp. DM 2 14
Acremonium falcatum U 2 14
Sporothrix (or Hyalorhino) O 2 14
green ? GM 2 14
Pénicillium sp. X GM 2 14
Paecilomyces sp.? GM 2 14
Pénicillium brevicompactum GM 2 14
Pénicillium sp. 28 GM 2 14
Ophiostoma sp. O 2 14
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Table 7 Fungi isolated from 13 samples of Pseudotsuga menziesii 
(Douglas fir) wood, from 3 mills.

Fungus Frequency
Category % isolation %mills

Ophiostoma plceae 
Pénicillium spinulosum 
Sporothrix sp. 1 
Pénicillium sp. 23 
Pénicillium commune 
Mucor hiemalis 
Trichoderma viride 
Pénicillium brevicompactum 
Sporobolomyces roseus 
Cladosporium sphaerospermum 
Cladosporium sp.
Pénicillium simplicissum 
Epicoccum nigrum 
Ophiostoma minor 
mycelial yeast 
Hormonema dematioides 
Gliocladium roseum 
Alternaria alternata 
Ceratocystis coerulescens 
Cladosporium cladosporioides 
Ophiostoma ips 
Trichoderma harzianum 
Ophiostoma sagmatospora 
Trichoderma sp. 
zygomycete
Trichoderma koningii 
Ophiostoma sp.
Acremonium sp.
Piptocephalus sp.

o 67 100
GM 55 67
O 44 100
GM 27 33
GM 22 33
U 17 33
GM 17 33
GM 17 33
U 17 100
DM 11 33
DM 11 33
GM 11 33
DM 11 33
O 5 33
U 5 33
BY 5 33
U 5 33
DM 5 33
O 5 33
DM 5 33
O 5 33
GM 5 33
O 5 33
GM 5 33
U 5 33
GM 5 33
O 5 33
U 5 33
u 5 33
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Table 8 Fungi isolated from 28 samples of Tsuga spp. (Hemlock) wood
from 5 mills.

Fungus Frequency
Category % isolation % mills

Ophiostoma piceae 
Pénicillium brevicompactum 
Cladosporium sphaerospermum 
mycelial yeasts 
Pénicillium spinulosum 
Sporothrix sp. 1 
Hormonema dematioides 
Pénicillium spp.
Ophiostoma minus ? 
Pénicillium sp. 13 
Pénicillium commune 
Pénicillium expansum 
Graphium sp.
Sporothrix sp.?
Hyalodendron lignicola 
Candida sp.?
Aspergillus sp.
Cladosporium cladosporioides 
Fusidium sp.
Lecythophora sp. 
fungus 1
Alternaria alternata 
Rhizopus sp.
Trichoderma harzianum 
unknown 1 
weird fungus 
Sporobolomyces roseus 
Pénicillium (monovert)
Phoma sp.
Pénicillium sp. 15 
Phialophora fastigiata

o 75 100
GM 46 60
DM 39 80
U 28 60
GM 21 60
O 21 80
BY 10 60
GM 10 20
O 7 20
GM GM 7
GM 7 20
GM 7 40
O 7 20
O 7 20
U 3 20
U 3 20
GM 3 20
DM 3 20
U 3 20
BY 3 20
U 3 20
DM 3 20
U 3 20
GM 3 20
U 3 20
U 3 20
U 3 20
G M 3 20
U 3 20
G M 3 20
BY 3 20

20

15

V Forintek
Canada



Table 9 Fungi isolated from 6 samples of Populus Spp. (Aspen or Poplar) wood 
from 1 mill.

Fungus Frequency
Category % isolation % mills

Phialophora fastigiata 
Ophiostoma piceae 
Ophiostoma crassivaginatum 
Pénicillium spp.
Trichoderma sp.
Hormonema dematioides 
Geotrichum- Dipodascus? 
Endophragmiella valdiviana 
Sporothrix sp.
Phialocephala bactrospora 
Gliocladium roseum 
Fusarium sp.
Cladosporium cladosporioides 
mycelial yeast

BY 83 100
0 50 100
O 33 100
GM 33 100
GM 33 100
BY 33 100
U 33 100
DM 16 100
O 16 100
O 16 100
u 16 100
u 16 100
DM 16 100
U 16 100
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Table 10. Relative importance of the major categories of non-decaying

sapwood inhabiting fungi isolated from samples in western 
Canada.

Category Number of isolations Percentage of total
Ophiostomatales 98 35%
Green moulds 89 32%
Unknown significance 50 18%
Dematiaceous moulds 26 10%
Black yeasts 14 5%

Totals 277 100%
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Table 11. Relative importance of the major categories of non-decaying
sapwood inhabiting fungi isolated from samples in eastern 
Canada.

Category Number of isolations Percentage of total
Ophiostomatales 93 35%
Unknown significance 60 23%
Green moulds 54 21%
Black yeasts 39 15%
Dematiaceous moulds 15 6%

Totals 261 100%
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Figure 1. Map of Canada showing location of lumber mills participating in this 

survey.
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Figure 2. Characteristic feature of the Ophiostomatales. A. Sexual fruiting 

structures (small arrows) of O. ips and O. piceae and scolytid beetle 
(large arrow) in beetle tunnels. B. Typical sexual fruiting 
structures of O. piceaperdum, with dark black base, long dark neck, 
and mass of sexual spores (arrow) oozing from the tip of the neck. 
C. Top of neck of sexual fruiting body of O. piceaperdum lacking 
ostiolar hyphae, with hat-shaped sexual spores (arrow) oozing from 
top. D. Top of neck of sexual fruiting body of Ceratocystis adiposa 
with ostiolar hyphae (small arrow), and sexual spores (large arrow) 
oozing out.
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Figure 3. Sexual fruiting bodies 

B. Top of an asexual 
by O. piceae.

A
Characteristics of Ophiostoma species. A. 
of O. sagmatospora on the surface of wood, 
fruiting body known as a ’synnema' produced
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Figure 4. Sapstain caused by various members of the Ophiostomatales. A.

Penetrating stain caused by Ophlostoma minus on jack pine. B. 
Surface stain caused by O. piceae on Douglas fir. C. Surface stain 
caused by O. sagmatospora on eastern white pine.
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Figure 6. Wood samples stained by species of Ceratocystis. A. Dark surface 
stain caused by C. coerulescens on Douglas fir. B. Dark spots 
caused by sexual fruiting bodies of C. adiposa on Lodgepole pine.
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Figure 7. Stains caused by dematiaceous moulds. A. Spotty surface stain 
caused by Cladosporium sphaerospermum on spruce. B. Mottled stain 
remaining in planed fir caused by Cladosporium cladosporioides. C. 
Superficial stain caused by a variety of dematiaceous moulds on 
Douglas fir before (left) and after (right) planing.
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Figure 8. Microscopie appearance of some sapwood inhabiting fungi. A. The 
green mould Trichoderma harzianum. B. The black yeast Phialophora 
fastiglata. C. The yeast-like fungus Dipodascus aggregatus. D. 
Spores of the dematiaceous mould Alternaria alternata.
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APPENDIX

The fungi in the following list are noted in order of frequency of isolation. 
Stain characteristics are as listed by Kâârik (1980) for the species she 
considered, with some supplementary information based on our observations. 
Notes on general biology are taken from standard mycology reference sources, 
in particular Domsch, K. H., W. Gams and T.-H. Anderson. 1980. Compendium of 
Soil Fungi. Academic Press, London, New York, Toronto, Sydney & San 
Francisco.

Fungus: Alternaria alternata (Fr.) Keissler
Category: Dematiaceous mould
Spore dispersal: air
Stain characteristics: dark blue to black; deep penetration
Notes: A common fungus on all kinds of decaying plant material and in soil.
Often implicated in respiratory allergies.

Fungus: Aureobasidium pullulans (de Bary) Arnaud
Category: Black yeast
Spore dispersal: air, water
Stain characteristics: dark brown to black; moderate penetration Notes:
Especially common on leaf surfaces and in humid indoor environments (showers, 
window sills etc.) .

Fungus: Ceratocystis adiposa (Butl.) C. Moreau
Category: Ophiostomatales
Spore dispersal: insects?
Stain characteristics: grey to black surface discolouration

Fungus: Ceratocystis coerulescens (Münch) Bakshi
Category: Ophiostomatales
Spore dispersal: insects?
Stain characteristics: intensive grey to blue; deep penetration
Notes: Most frequently sighted as pathogen causing streak in maple; a
serious staining fungus in southern U.S.A. There is some taxonomic controversy 
involved in the correct name for this fungus; the sapstaining strains may be 
referrable to C. virescens Davidson.

Fungus: Cladosporium cladosporioides (Fres.) de Vries
Category: Dematiaceous moulds
Spore dispersal: air
Stain characteristics: dark blue to black, grey; deep in pine, outer wood in
spruce
Notes: A primary colonizer of freshly exposed wood, also common in the air
and on decaying plant matter.

Fungus: Cladosporium sphaerospermum Penzig
Category: Dematiacious mould
Spore dispersal: air
Stain characteristics: light grey to brown; little penetration into wood
Notes: A primary colonizer of freshly exposed wood, also common in the air and 
on decaying plant matter.

Fungus: Dipodascus aggregatus Francke-Grossman
Category: Fungus of unknown significance
Spore dispersal: insects
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Stain characteristics: unknown

Fungus: Epicoccum nigrum Link ex Fr.
Category: Dematiaceous moulds
Spore dispersal: air
Stain characteristics: brown to orange, superficial stain
Notes: Common saprophytic fungus.

Fungus: Graphium spp.
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: variable; dark brown to black stain
Notes: Graphium species are asexual forms of Ophiostoma species such as 0.
piceae, O. sagmatospora and 0. olivaceum. Exact identification of Graphium 
isolates is difficult because no taxonomic revision has ever been published. 
Graphium was subdivided into several smaller genera such as Pesotum and 
Phialographium, as summarized by Upadyay (1981), but this concept has fallen 
into disfavour.

Fungus: Leptographium spp.
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: dark brown, black to grey; deep penetration
Notes: Leptographium species are asexual forms of Ophiostoma species such as
0. crassivaginatum. Exact identification of Leptographium isolates is 
difficult because no taxonomic revision has ever been published. As many as 
five different species were isolated during this survey.

Fungus: Oideodendron griseum Robak
Category: Dematiaceous moulds
Spore dispersal: air
Stain characteristics: grey, superficial stain

Fungus: Ophiostoma crassivaginatum (Griffin) Harrington
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: brown to brownish grey; superficial
Notes: An uncommon species, found only on Poplar in this survey. Identified
by direct comparison with type specimen.

Fungus: Ophiostoma ips (Rumbold) Nannf.
Category: Ophiostomatales
Spore dispersal: insects.
Stain characteristics: extensive, deep, blue to grey stain of entire sapwood
Notes: Reportedly a common sapstaining fungus on lumber in the southern USA,
it was only found associated with bark beetle tunnels in this survey.

Fungus: Ophiostoma minus (Hedge.) Hunt
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: dark grey blue to black; rapid and deep penetration 
Notes: An important sapstaining fungus in the USA, and apparently also in 
Canada. This fungus is involved with bark beetles in pine diseases in the 
United States, particularly with the southern pine bark beetle. The frequency 
of occurrence in Canada may be higher than indicated here because some of the 
records of Hyalorhinocladiella sp. may be O. minus.
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Fungus: Ophiostoma olivaceum Mathiesen
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: greenish blue to grey; intermediate penetration
Notes: A fairly common sapstaining fungus according to Kàârik (1980). Some of 
the records of Graphium spp. in this survey may be O. olivaceum.

Fungus: Ophiostoma piceae (Miinch) Bakshi
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: light to moderate greyish blue; penetration moderate
Notes: The most common sapstaining fungus in Canada. There is considerable
variation among isolates. The form occurring on Douglas fir, for example, 
produces asexual fruiting bodies with a dark crown of rigid hyphae supporting 
the spore mass. Some isolates produce asexual fruiting bodies with red rather 
than slate-coloured stalks. The significance of this variation is currently 
unknown. The possibility that more than one biological species exists under 
this name must be considered.

Fungus: Ophiostoma piliferum (Fr.) H. & P. Sydow
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: greyish blue to black; deep penetration
Notes: This is considered the most important sapstaining fungus in the
southern U.S.A. and in parts of Europe. It is rather infrequently isolated in 
Canada, but some of the records of Sporothrix spp. may be this species.

Fungus: Ophiostoma sagmatospora Wright & Cain
Category: Ophiostomatales
Spore dispersal: insects
Stain characteristics: greyish green to brown with moderate penetrating
capabilities
Notes: A common fungus in eastern North America, we have isolated it
frequently from White Pine during other studies. Some of the records of 
Graphium spp. may represent this species.

Fungus: Pénicillium spp.
Category: Green moulds
Spore dispersal: air
Stain characteristics: generally superficial green to blue spore masses,
however, some species penetrate the wood creating internal discolouration 
(i.e. Pénicillium crustosum)
Notes: The literature on the biology of Pénicillium species is exhaustive.
These fungi occur in most decaying organic matter and some species may be 
amongst the most common living organisms on earth (Pitt 1988). They produce 
many secondary metabolites and may have a significant role in respiratory 
allergies.

Fungus: Phialophora spp.
Category: Black yeasts
Spore dispersal: air, water
Stain characteristics: brown, black to green stain; penetrating capabilities
variable, depending on the species

Fungus: Phoma sp.
Category: Fungus of unknown significance
Spore dispersal: air
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Stain characteristics: dark, superficial stain
Notes: Most Phoma species are known as plant pathogens or grow on decaying
plants and vegetables. The wood-inhabiting species are not well understood.

Fungus: Rhinocladiella atrovirens Nannf.
Category: Black yeasts
Spore dispersal: air, water
Stain characteristics: superficial dark brown to black spore masses; some
discolouration of wood tissues possible
Notes: A common sapstaining fungus in Canada, possibly more common than 
indicated in this survey.

Fungus: Sporobolomyces roseus Kluyver & van Niel
Category: Fungus of unknown significance
Spore dispersal: water, air
Stain characteristics: unknown
Notes: One of the most common yeasts, occurring on most plant surfaces. Its 
significance in wood is unknown.

Fungus: Sporothrix sp. 1
Category: Ophiostomatales
Spore dispersal: air, insects
Stain characteristics: unknown
Notes: See note at end of Discussion section.

Fungus: Sporothrix spp.
Category: Ophiostomatales
Spore dispersal: air, insects
Stain characteristics: Variable. Some species cause a dark penetrating stain, 
others cause very little stain.
Notes: Identification of Sporothrix species in the absence of sexual states
is difficult. Some of the records in this survey may represent O. piliferum, 
which produces a dark stain and has a Sporothrix asexual state.

Fungus: Trichoderma spp.
Category: Green moulds
Spore dispersal: air, mist
Stain characteristics: superficial green to yellow spore masses
Notes: Trichoderma species are extremely common in soil and in wood. They
grow quickly and produce many secondary metabolites, making them very 
effective at colonizing decaying substrates.

32

V



r CONFIDENTIAL

APPENDIX II 
RESEARCH PROPOSAL

V Forintek
Canada
Corp.


