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Abstract

Due to the mountain pine beetle (MPB) epidemic that has been occurring in BC
for the past fifteen years, it is important to accurately identify and characterize the fungal
species that may potentially damage wood and decrease its market values. While
sapstaining fungi do not affect the structural properties of wood, many basidiomycetes
(e.g., decay) also vectored by mountain pine beetles or other secondary beetles (e.g., Ips
or ambrosia beetles) have a significant impact on the forest industry in British Columbia.
This report focused on the characterization of 40 different basidiomycetous fungi that
were isolated form 12 different sites across BC. Fungi were isolated from MPB-infested
lodgepole pine trees in green, red, and grey stages from each of the 12 sites. The fungal
diversity observed could be attributed to the geographic location, extent of the MPB
epidemic in the area, and age and moisture content of the lodgepole pines. The decay
fungi were identified and their ability to degrade both sapwood and heartwood was
examined using the soil jar decay test. We also established the growth rate and lignolytic
activity of the major isolates. Some species caused a significant wood weight loss in three
months, indicating that wood structural components (cellulose, hemicellulose, and lignin)
were affected. The data generated could help foresters make more informed decisions
regarding which trees should be rapidly harvested after MPB attack and which trees
could be left alone for a specified period of time without reducing the wood structural
quality. As a result, the forest industry could reduce the economic losses caused by the
MPB epidemic. To further support the decisions made with regards to the harvest
management of MPB-infected trees, the decay rates of various decay fungi at different
moisture contents and temperatures need to be further characterized.

Key words: Mountain pine beetle, basidiomycetes, fungal identification, DNA
sequencing, decay fungi, white rot, brown rot, lodgepole pine sapwood and heartwood,
decay tests.



Résumé

En raison de I’épidémie de dendroctone du pin ponderosa (DPP) qui sévit en
Colombie-Britannique depuis quinze ans, il faut impérativement dresser une liste exacte
des especes fongiques qui pourraient endommager le bois et en diminuer la valeur
marchande, et les décrire avec précision. Méme si les champignons qui colorent le bois
ne modifient pas les propriétés structurales du bois, bon nombre de basidiomycétes
(p. ex. la pourriture), également propagés par le DPP ou d’autres coléoptéres (p. ex., les
scolytes du bois), ont des répercussions considérables sur I’industrie forestiere en
Colombie-Britannique. Nous nous sommes concentrés sur la caractérisation de 40
champignons basidiomyceétes, prélevés dans douze régions de la Colombie-Britannique.
Nous avons prélevé les champignons sur des pins tordus, infestés de DPP aux stades vert,
rouge et gris, dans chacune de ces douze régions. La diversité fongique observée pourrait
s’expliquer par I’emplacement géographique, I’acuité de I’épidémie de DPP dans la
région, I’age et la teneur en eau des pins tordus. Nous avons isolé les champignons de
pourriture et avons examiné leur capacité de dégrader I’aubier et le cceur du bois
‘duramen’, a I’aide du test de pourriture en bocal. Nous avons également établi le taux de
croissance et I’activité lignolytique des principaux isolats. Certaines especes ont
provoqué une diminution considérable du poids du bois en trois mois, ce qui signifie que
les éléments structuraux du bois (cellulose, hémi-cellulose et lignine) sont affectés. Les
données obtenues pourraient aider les forestiers a prendre des décisions plus éclairées
concernant les arbres a couper rapidement apres une attaque de DPP et les arbres a ne pas
toucher pendant une période déterminée, sans porter atteinte a la qualité structurale du
bois. Par conséquent, I’industrie forestiere pourrait réduire les pertes économiques
associees a I’épidémie du DPP. Afin de corroborer les décisions prises a I’égard de la
gestion de la coupe des arbres infectés par le DPP, il faut caractériser davantage le taux
de dégradation cause par les divers champignons de pourriture, a divers degres
d’humidité et températures.

Mots-clés : Dendroctone du pin ponderosa, basidiomycétes, identification
fongique, sequencage de I’ADN, champignons de pouriture, pourriture blanche,
pourriture brune, aubier et duramen du pin tordu, test de pourriture.
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1 Introduction

A tree undergoes three main stages after a successful beetle attack. The progression
of these stages is indicated by the tree’s change in foliage colour and can vary depending
on the weather and the tree’s physiological conditions. Green, red, and grey attack stages
occur 1, 2, and 3 years following the initial MPB attack, respectively (Kim et al. 2005).
The fungal staining of the sapwood does not cause significant reduction in strength of the
wood; however, uncut MPB-killed trees are more susceptible to fungal decay. The major
concern arising from the MPB epidemic is the loss of wood and fibre yield and value
over large areas. It has been reported that alteration of nutrients and other toxic chemicals
by staining fungi may provide more suitable environments for wood decay fungi. Decay
fungi can affect structural wood properties by degrading structural wood components like
cellulose, hemicellulose and lignin (Zabel and Morrell 1992). The proposed work is
intended to generate information that will enhance the recovery of wood fibers from
infested areas. The work presented here will consolidate previous work on staining fungi
sampled from lodgepole pines with green, red and grey crowns at 10 different sites
across BC (see Fig. 1, map below). During this first extensive survey, we observed a
wide range in the ability of different fungal isolates to damage wood rapidly. The nature
of MPB-associated decay fungi is still largely unknown. Building a database for
basidiomycete decay fungi should allow the industry and the government to make
informed decisions on harvesting, handling and utilizing MPB-attacked trees, in order to
reduce economic loss by recovering the maximum wood value from infested areas.

2 Material and methods
2.1  Sampling

Fungal isolates were collected from 10 different sites across British Columbia,
Canada from June 2003 to September 2004. The geographical location of each site can be
seen in Fig. 1. Ten trees of each MPB-attack phase — green, red, and grey — for a total of
thirty trees were sampled from each site. The sites were: Manning Park (site 1), Riske
Creek (site 2), Radium (site 3), Cranbrook (site 4), Little Fort (site 5), Robson Park (site
6), Monte Lake (site 7), Burns Lake (site 8), Prince George (site 9), and Quesnel (site
10). Two logs from each tree, top and bottom, were collected to characterize fungal
isolates. The age and moisture content of each tree were also recorded. Isolates from
additional trees collected in 2002-2003, at two other sites, Kamloops (site 11), and
Williams Lake (site 12) were also included.
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Figure 1. MPB-associated fungal isolates collected from 12 sites across British Columbia.

2.2 Fungal Isolation

The majority of basidiomycete isolates were collected from wood. A small
number of fungal isolates were also collected from either washing beetle body (mountain
Pine beetle or Ips beetle) or from the beetle gallery. Wood chips were taken from either
the sapwood or heartwood of the log and placed in 2% malt extract agar (MEA, 20g of
malt extract, 15 g of agar, and 1000 mL of distilled water) and 2% MEA with benomyl
(BMEA,; Clubbe and Levy 1977). The fungi were allowed to grow for 7-14 days before
being transferred onto new media.

2.3 Morphological and molecular identification of fungal isolates

Fungal isolates were identified to either genera or species level by morphological
and molecular techniques. Isolates were allowed to grow on 2% MEA plates and
morphological characteristics were compared with reference cultures (Arx and Hennebert
1965, Nobles 1965, Staplers 1978, Upadhyay 1981). Isolates were divided into groups
based on morphology and representative isolates from each group were used for DNA
analysis.

Fungal isolates were allowed to grow on 2 % MEA overlaid with cellophane, then
the fungal mycelium was collected for DNA extraction (Kim et al. 2005). DNA was
extracted using a phenol protocol followed by PCR amplification for the 28S rRNA large
subunit (LSU) gene and the internal transcribed spacer (ITS) gene. PCR products were
purified using the Qiaquick Purification Kit and were sequenced at Macrogen (Seoul,
Korea) (Gardes and Burns 1993, White et al. 1990, Adair et al., 2002). The sequences were
analyzed and compared against GenBank database. Sequence alignment was performed
and a phylogenetic tree was created.



2.4  Determination of Wood Decay Rates

We set up our decay tests using the soil block decay method (ASTM, 2000). First,
wood blocks were oven dried at 105°C for 24 hours in order to determine the moisture
content. Then they were soaked 2-3 hours in sterile distilled water and autoclaved.

About 34 isolates belonging to different genus or species were each placed into
autoclaved jars of soil and were allowed to grow on the feeder strip on top of the soil.
Once the mycelium has completely covered the feeder strip, two wood blocks per jar
were then placed on the feeder strip. Each fungal isolate was tested on sapwood and
heartwood blocks with two jars per wood for a total of four replicates each. The decay
tests were run for approximately 12 weeks for both sapwood and heartwood, after which
the wood blocks were removed and oven dried for measuring wood weight losses. The
post-decay test oven dry weight was compared to the oven dry weight recorded before
the decay test, and the % weight loss was then determined.

3 Results and Discussion

3.1  Trees characteristics

The oldest trees were from Prince George, (average ages 138.2 to 130.9 years).
The average ages of green trees were 59.5 years in Radium, of red trees were 57.1 years
in Burns Lake, and of grey trees were 52.6 years in Riske Creek. Lodgepole pine trees
are considered as mature after 80 years, and these mature trees are preferentially attacked
by the MPB (Government of BC 2001). Sapwood moisture content (MC) for all green
trees was over 40%, except for those found in Little Fort (Table 1). At Monte Lake,
sapwood MC in green trees was higher than any other site. When comparing green and
red trees, significant higher values in sapwood MC can be seen in green trees regardless
of the site locations (Table 1). However, when the sapwood MC is compared between
red and grey trees, the difference was significant in some locations and not others.
Fungi were absent from red and grey trees with MC below 20%. Heartwood MC in the
green, red, and grey trees from all the sites ranged from 31.1% to 43.0%, 22.2% to
35.7%, and 14.6% to 35.8%, respectively.

3.2  Growing and grouping the isolates from 12 sites

Initially, we determined that isolates growing on MEA complemented with
benomyl were basidiomycetes. However, we also isolated basidiomycetes from 2% MEA
that could not grow in the presence of benomyl. We examined 333 isolates from 12 sites.
The isolates were grown on 2% MEA, and isolates from each site were grouped by
colony morphology, color and growth rate (slow, medium and fast); a few examples are
provided in Fig. 2. Morphological characteristics of some fungal hyphae are shown
Fig.3. Specimens with similar macro- and micro-morphological characteristics were
further group using taxonomic guides and standard procedures (Nobles 1965; Stalpers
1978; Wang and Zabel 1990). For example, 142 isolates from Manning Park comprised
potentially 20 different subgroups. This initial identification was complemented by
molecular sequence analyses. In artificial media we observed basisia and oedocephaloid
conidiophores for S. brinkmannii and Heterobasisium annosum. Fruiting bodies of
Trichaptum abietinum have been found on a few dead trees (Fig. 4, and Kim et al. 2005).



Based on morphological characteristics, Entomocorticium and Peniophora could only be
identified to the genus level.

Figure 2. Examples of different isolates on malt extract agar and hyphae morphology.

A B

A, dmylosterum chailletii; B, Entomocorticium sp.; C, Eomitopsis pinicola; D,
Phellinus pini

A B

Figure 3. Hyphal morphology of sterile mycelium from Phanerochaete sp. (A) and Trametes
versicolor (B). a: generative hyphae with clamp connections, b: skeletal hyphae. Bar = 10 um.



Table 1. Characteristics of the harvested green, red, and grey lodgepole pine trees after MPB

attack.
No. of Age (%) Moisture content ? Heart rot
Location Lat. / Long. Phase trees (yrs) . Date sampled
Sapwood Heartwood Diam (cm) B T
Green 10 793:16 66.9 % 30 327%5 2133 3 2
vaming N 49711735 Red 10 80.1%25 2699 216+ 4 19.1%5 3 3 Junelo. 2003
- 120° 35 05"
(site 1) Grey 10 88614 188+8 1975 190+4 4 0
Green 10 6095 79.4+19 33.9+11 225+4 0 0
Risk Kk N52°00135.2"/
iske Cree Red 10 703+21 199+6 243+5 27.0+3 0 0 Aug.l2 2003
(site 2) 122°31' 26.6”
Grey 10  526%6 1429 1552 1954 0 1
N 50° 40 83,77 1 Green 10 5955 425+12 340+2 21.7+3 1 0
Radium ' Red 10 703+8 19.8+9 242+4 2635 2 1 Sept. 30,2003
(site 3) 115° 51’ 91.6"
Grey 10 1043 1465 26.4+5 4 4
N 49° 27 07 8"/ Green 10 55.4 + 23 3311 262+4 0 0
Cranbrook 115° 43 45,47 Red 10 199+1 241+2 21.6+4 3 4 Oct. 1, 2003
sited) B 10 894xr  Dl=xd4 17166 2113 . LU
Green 10 268%2 3L1%2 294+4 i 3
Little Fort N 51°22'548"/  Red 10 22343 201+7 322+5  3(1) 4
(site 5) 120° 15' 35.7" Mar. 12,2004
Grey 10 21.7+5 21.8+5 309+4  2(3) 3
Robson Park Green 10 64.4 + 30 33.9+5 27.0+2
(site 6) N %0 119° ped 10 735+13 27548 27344 2623 1 Aug. 24,2004
Grey 10 720%11 222+4 265+6 296+3  1(1)
Monte Lak Green 10 958%3 100626 3444 236+3
onte Lake | 50°31' 5"/
(site 7) 119° 551 25" Red 10 9286 282+7 29.0+3 252+3 2 1 Aug. 25,2004
Grey 10 851%9 17.7+4 2035 244+3 1
) / Green 10 613%1 416+ 20 33.1+3 218+4 3
Burns Lake N 54°10' 31.3"
(site 8) 195° 97 24,6 Red 10 57.1%5 316+6 318+4 2394  3(9) 1 Sept. 21, 2004
. Grey 10 598%2 = 226%5 = 226%5 = : 23422 16 ow
Brince Green 10 1382%7 58.3+25 430+7 238+2 4 3
N 53° 40' 39.1" /
(Gsi‘érg)e 122°55' 37.0" Red 10 1370421  32.0%09 3574 275+3  5(1)  3(1)  Sept 232004
Gy 10 1309%16 __ 31.2+9  __ 358%7 ! 2722 5(1) 6() .
| Green 10 8624 50.8 + 24 400+9 237+2 1
Qytes?g N 52°59' 12.4"/ Sept. 24,2004
(site 10) 123° 4' 22.9" Red 10  881+5 21742 22242 24.7+3 5 (6) 1 pL.- 24,
Grey 10 93.6%10 200+2 228+6 24425  3(3) 3
Values are mean of ten bottom bolts per tree, including measurements from four pieces of wood per

bolt.
® Number of the bottom and top bolts with heart rot: B, bottom bolt; T, top bolt. Values in
parentheses are number of bolts with sap rot.



Figure 4. Sap-rot: Trichaptum abietinum fruiting body

3.3 DNA analyses and partial identification of the isolates
Sequence analyses of the partial 28 rDNA large subunit (LSU) or internal
transcribed spacer (ITS) region (Lim et al., 2005; Kim et al., 2005; Lee et al., 2006) have
been completed for samples from the 12 sites (Table 2). The sequence of each sample
was compared against the Genbank database. Isolates were identified to the species level

when the LSU sequence similarity to Genbank data was greater than 99% and to the

genera level when the similarity was less than 99%. All the nucleotide sequences
presented in this work will be deposited at Genbank in the near future. Based on the LSU
data, 32 genera were identified and 30 potential species were recognized (Table 3). A

preliminary phylogenetic tree of the LSU has been created with the majority of the

representative isolates (Fig. 5). However, further work on the ITS rDNA region was

necessary to confirm the preliminary results from LSU and to attempt to clarify isolates
identified only to the genus level. For a few genera, like Entomocorticium, Ganoderma,
Pheniophora and Pholiota, we were not able to identify the isolates to the species level.
For most isolates, the LSU phylogenetic tree confirmed the initial morphological
identification. Fungal isolates like Fomitopsis pinicola and Trichaptum abietinum were
easily identified to the species level due to their close sequence match with related taxa
from GenBank.

Table 2. Number of isolates from the green, red and grey trees from 12 sites

Manning |Riske |Radium |Cran- [Little [Robson |Monte [Burns|Prince |Quesnel|Kam-|William total
Park Creek brook|Fort |Park |Lake |Lake |George loops |s lake
Total 142 13 30 36 | 33 12 10 32 28 32 58 49 333
Isolates
Isolates for|
DNAwork] 20 8 9 13 | 13 7 3 18 14 17 10 15 147
Isolates
for decay 11 2 7 10 5 3 2 10 9 12 1 2 74
Test




Table 3. Fungi isolated from MPB-infested lodgepole pine trees and identified using DNA

sequences; 270 were identified at the genus or species level.

Species

Si

—

e

Site
2

Site
3

Site
4

Site
5

Site
6

Site

Site

Site

Site
10

Site
11

Site
12

Total

Acanthophysellum lividocoeruleum

=

Amylostereum chailletii

4

Athelia epiphylla

N[ Rk (-

Byssomerulium corium

Ceriporia sp.

Clavulina cristata

Coniophora olivaceae

Coprinellus xanthothrix

Cylindrobasidium sp.

Diplomitoporus crustulinus

RPINIP[WIFL|IN[0O|N((N

Entomocorticium sp.A

27

Entomocorticium sp.B

13

11

Fomitopsis pinicola

Ganoderma sp.

Gloeocystidiellum clavuligerum

Heterobasidion annosum

Hypholoma fasciculare

Lentinellus omphalodes

Metulodontia sp.

Oligoporus placenta

Oligoporus rennyi

Panus rudis

Peniophora sp.

Phanerochaete sp.

Phellinus ferreus

Phellinus pini or chrysoloma

Phlebia centrifuga

Phlebia queletii

Phlebia radiata

Phlebia subserialis

[

Phlebia tremellosa

Phlebia uda

Pholiota sp.

Pleurotus pulmonarius

Sarcomyxa serotina

Scytinostroma sp.

I P N T E Y F ) ENE PSS TN

Sistotrema brinkmannii

17

13

N
o

Stereum sanguinolentum

=
o

Trametes versicolor

N

Trichaptum abietinum

[y
[e2]

Total

270
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Figure 5. LSU phylogenetic tree obtained using Neighbor Joining method. Bold numbers are
representative isolates of each group. Bold line indicates the most common isolates.



3.4 Fungal diversity at the different sites

Basidiomycetes were isolated both from the bottom and top billets and from the
three types of trees: green, red and grey. With the exception of the Radium site, the
basidiomycetes diversity seems slightly higher at the bottom than at the top of the tree. In
the green trees, often basidiomycete isolations were from the beetle galleries, including
galleries from MPB, Ips, or ambrosia.

Some of the species were present at only one or two sites while other species were
present at six or eight sites. For example, Acanthophysellum lividocoeruleum and
Metulodontia sp. (a heartrot) were only isolated at one site while Pheniophora sp.,
Sistotrema brinkmannii and T. abietinum were found at eight of the 12 sites.
Entomocorticium species, commonly found in the beetle galleries, were also frequently
isolated from the sapwood in contact with the beetle gallery. Entomocorticium species A
was found at seven sites while species B was isolated at six sites. The abundance of each
species was similar. Overall, Entomocorticium was the most frequently isolated genus; it
is well known that species from this genus grow very slowly and do not cause major fiber
degradation. Species of this genus have mutualistic relationships with insect species
(Hsiau and Harrington 2003: Whitney et al. 1987) and have also been reported to be a
nutrient source for the MPB.

The highest basidiomycete diversity was observed at Manning Park (15 species),
Radium (13 species), Little Port (10 species) and Williams Lake (10 species) while the
lowest diversity was at Monte Lake (3 species) and Riske Creek (5 species) (Table 3).
Some of the species are well-known white rot (WR) while others are brown rot (BR).
Ganoderma species (WR) were only isolated at Quesnel, Heterobasidium annosum, was
isolated at three of the sites: Manning Park, Radium and Cranbrook. Phellinus pini, a
pine decaying fungus, was present at five sites, including Robson Park, a site with a low
frequency of basidiomycete fungi. Peniophora species, were present at 8 of the 12 sites.
These were not isolated at Canbrook, BurnsLake, Kamloops and Williams Lake.
Similarly, the sap rot T. abietinum was present at 8 of the 12 sites, it was not found at
Riske Creek, Radium Monte Lake and Kamloops.

Figure 6. Examples of green trees with heartrot prior to MPB attack

It is important to note that decay, especially heartrot, was present prior or after MPB
attack. The importance of the decay allows the differentiation between both types. Fig. 6
shows examples of heartrot.



3.5 Decay tests
3.5.1 Lodgepole pine wood from Williams Lake (lower density)

We harvested a 97-year-old tree from Williams Lake and a 118-year-old tree from
Kamloops (Table 4). Sapwood and heartwood from the trees were separated and
processed into boards that were dried at room temperature before being further processed
into small blocks. Processing and drying took three months. The difference between the
Williams Lake and Kamloops woodblocks can be seen in their ring density (Fig. 5) and
specific gravity measurements (Table 4). We had enough wood blocks from Williams
Lake to carry out decay tests on most of the fungi.

Table 4. Characteristics of the trees used.

Specific Gravity (SG)*
Location Age Diameter (cm) | Sapwood Heartwood
(year)
Williams Lake | 97 26 0.46 +0.014 0.46 + 0.021
Kamloops 118 21.5 0.55+0.034 0.51 £ 0.037

*Means of five replicates

Figure 7. Longitudinal and transverse sections of Kamloops and Williams Lake woodblocks.
The longitudinal (left) and transverse (right) faces of the sapwood (S) and heartwood (H)
woodblocks obtained from Kamloops (K) and Williams Lake (W) lodgepole pine trees show
significantly different ring density.

The moisture content (MC) of the wood was determined on a representative
number of samples (Table 4). Sapwood blocks from Williams Lake (MC: 56%) had
slightly higher moisture contents than those from Kamloops (MC: 40%), while the
moisture content of the hardwood (MC: 20-21%) was similar for the two locations. Then,
plugs of fungi grown on 2% MEA were inoculated on a wood strip that rested on the soil
in a jar (Fig. 8). After two to three weeks, when fungal growth was established on the soil
and wood strip, two small wood blocks per jar were carefully placed on the top of each
wood strip. The inoculated jars were incubated at 20°C in the dark for another 12 weeks
(Fig. 8). After the incubation period, the wood blocks were oven dried and weighted. The
difference before and after incubation was calculated and the average percentage weight
loss was determined. When possible, several strains of the same species were tested.
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Wood blocks

Figure 8. Soil jar decay test. Fungal inoculation of Amylostereum chailletii at the edge of the
feeder strip (A); Incubation of two sapwood blocks (B); incubation of two heartwood blocks (C);
same as C but closer picture (D).

The decay potential of 34 species was assessed. For some of the species we have only
one isolate, while for others we tested up to five isolates. The results are shown Table 5
Examples of wood block decay after 12 weeks incubation are shown Fig. 9.

Figure 9. Lodgepole pine wood blocks (2 x 2 x 2 cm) after 12 weeks of incubation with
different species. From left to right: heartwood (longitudinal & transverse), sapwood
(longitudinal & transverse). A. Fomitopsis pinicola. B. Heterobasidion annosum. C.
Trichaptum abietinum. D. Stereum sanguinolentum. E. Ganoderma species.
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Some species, like Entomocorticium sp. and Sistotrema brinkmannii, caused only
slight weight losses and these species were probably not affecting the wood structure. It
is likely that the weight losses in all these species are due to the removal of non-structural
wood components (e.g., triglycerides, fatty acids). The Entomocorticium species can be a
source of nutrient for the mountain pine beetle and they do not appear to damage the
wood fibres. Although reported as wood-rotting basidiomycetes, Sistrotrema brinkmanii,
an aggregate of biological species, did not cause a substantial wood weight loss. If this
species degrades wood fibers, the degradation process is probably very slow. Three other
rare species, Coprinellus xanthothrix, Cylindrobasidium sp., and Panus rudis did not
appear to cause decay. For these species both sapwood and heartwood weight losses
were below 2%.

Species, like Amylostereum chailleti, Peniophora sp., Phlebia tremellosa,
Oligoporus rennyi, Oligoporus placenta, Stereum sanguinolentum and Phellinus pini
decayed the sapwood preferentially while others e.g., Ganoderma sp., Fomitopsis
pinicola, Coniophora olivaceae and Trichaptum abietinum, degraded both the sapwood
and heartwood. None of the species degraded, only the heartwood. F. pinicola, T.
abietinum and Ganoderma sp. degraded the sapwood faster than the heartwood, while C.
olivaceae seemed to degrade the sapwood and heartwood at the same rate. It is likely
that C. olivaceae is less affected by the extractive contents present in the heartwood than
other decay fungi. Among all the species tested, F. pinicola, Ganoderma sp. and
Metulodontia sp. cause the most damage, reducing the wood weight by almost 50% or
more after 12 weeks of incubation at 20°C. The well-known root rot, Heterobasidium
annosum did not affect the heartwood. Two isolates of this species showed a moderate
degradation of the sapwood (between 10-17%) while the third isolate which had a slow
growth did not affect the wood weight. Trametes versicolor, another well-known decay
fungus, caused only moderate wood weight losses of the sapwood and very small
heartwood weight losses.

Among the isolates of the same species we noticed some variability in the overall
decay ability. For example, among four isolates of A. chailletii, three caused less than
10% weight losses of the sapwood while one caused a reduction of 17%. This species is a
well-known mycangial fungus of wood wasps (Slippers et al. 2003). While all the T.
abietinum isolates degraded the sapwood, only four of the five isolates degraded the
heartwood.

3.5.1 Lodgepole pine wood from Kamloops (high density)

We also examined the decay ability of a few species on lodgepole pine with high
wood density (Table 6). The fungal species tested were species used with the Williams
Lake wood decay test. A. chailletii showed a slight reduction in its ability to degrade
sapwood with high density, while both isolates of C. olivaceae were more effective in
degrading both sapwood and heartwood of the denser wood tree. For this fungal species,
the wood weight losses were similar between the sapwood and heartwood. F. pinicola
and Ganoderma sp. cause more weight losses of the sapwood than the heartwood, for
both high and low wood density. Similarly to our results with lodgepole wood from
Williams Lake, T. abietinum (isolate 606) did not cause any weight loss of the
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heartwood, while the other isolate (927) degraded heartwood and showed a 16% weight
loss.
3.5.2 Lignolytic activity

To differentiate white rot from brown rot fungi, we examined the production of
lignolytic enzyme activity on media containing tannic acid. Brown rot fungi utilized
mainly the wood carbohydrates (cellulose and hemicellulose), while white rot degrade
lignin and carbohydrates. The fungal isolates that we used in the decay test were
incubated on 2% MEA containing tannic acid (Fig. 10). When phenolic oxidases or
ligninases are secreted by the fungi, a red reaction zone is formed (Noble 1965). Tannic
acid seems to induce different lignolytic activities (laccase, phenol oxidases...) by white-
rot fungi. Brown rot fungi that do not degrade lignin do not produce these enzymes.
Some of the white rot species showed a strong lignolytic activity while others showed
weak or no reaction (Table 5). A few species also were not able to grow on media
containing tannic acid.

Most of the fungal species causing substantial wood weight losses were white rot
and brown rot fungi. Many white rot species produced strong reactions in the tannic
media, indicating the presence of lignolytic activity. As expected, Fomitopsis pinicola,
Coniophora olivaceae, Oligoporus rennyi and placenta did not produce any reaction
Confirming that these fungi were brown rot and did not degrade lignin. F. pinicola is one
of the most frequently occurring decay fungi in BC and one of the most damaging in old
growth forest (Allen et al. 1996). Overall, during this survey we isolated more white rot
fungi than brown rot.

Figure 10. Examples of growth and lignolytic activity on 1% MEA with 0.5% tannic acid.
Ganoderma sp. showed strong reaction. Phlebia uda showed weak reaction. Oligoporus placenta
showed no reaction. Coprinellus xanthothrix showed no growth.

4 Conclusions

The proposed work was a proof of concept to establish whether decay fungi were present
in MPB-killed trees. For the first time, information about the basidiomycetes present in
green, red, and grey lodgepole pines resulting from the mountain pine beetle attack in BC
has been generated on 12 sites across the province. Although a true symbiotic association
has not been shown between MPB and decay fungi, we showed that in an epidemic
situation the beetle could carry and seed decay fungi into new trees. Decay fungi were
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present at all the sites surveyed; however, some sites showed a higher fungal frequency
and diversity. We identified the basidiomycetes at the genera or species level and found
about 40 different basidiomycetes. We performed decay tests with different isolates from
the important genera or species and we showed that some of these species were
aggressive decay fungi and could degrade 50% of the wood fibers in 3 months at 20°C.
Having established the first basic information about decay fungi associated with the MPB
epidemic, we could develop tests to rapidly identify the most damaging fungi present in
wood and more reliably predict how rapidly these species would decay wood with time.
This would allow government and industry to be more effective in deciding which trees
should be left standing and which trees should be processed rapidly.
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Table 5: Summary: decay tests on wood blocks from Williams Lake,
lignolytic activity and growth rate.

Ligno-

Percentage Weight Loss ? ) Growth
Genus Species ID lytic Rate ©
Heartwood  Sapwood Ci(t:)tllgh mm/day
_Acanthophysellum____ lividocoeruleum__ 111 - 1.33+0.63 421+181 S . 4.0
Amylostereum Chailletii 139 2.32+0.51 10.59 + 1.59 w 2.4
Amylostereum Chalilletii 514 1.64+0.76 17.76 £ 1.49 w 2.4
Amylostereum Chailletii 428 1.64 + 0.56 9.26 + 1.66 S 4.0
Amylostereum Chailletii 329 - - S 5.8
_Amylostereum Chailleti 417 080015  753+258 W 34
Athelia Epiphylla 112 - - S 1.0
Athelia Epiphylla 112 0.33+£0.07 0.60+0.11 S 1.0
Athelia_______ Epiphylla 119  33.81%288 123+016 S 14
Byssomerulium Corium 413 0.88+0.13 417+1.41 ND 4.7
Byssomerulium Corium 912 1.47+0.18 27.20 £ 5.60 w 6.2
Byssomerulium Corium 909 1.096 £ 0.096 20.82 +3.51 W/NG 10.6
_Byssomerulium Corium 815 280+267  26.92+6.85 w129
Clavulina_______ Cristata 926 047+019  131+£031 __WING 30
Coniophora Olivaceae 818 33.20+7.23 34.62+11.88 NR 4.6
_Coniophora Olivaceae 831  29.30£13.87 1066%1.35 NR 116
Coprinellus xanthothrix 509 058%0.10 063%0.23 | NG 84
Cylindrobasidium sp. 101 0.68 £0.24 0.83+0.29 ND 2.2
_Cylindrobasidium  sp. 401 093%029 069#031  ND 22
_EntomocorticiumA 324 046024 074*036 S 18
_Diplomitoporus,________ crustulinus 316 503£226 3524497 S 147
Fomitopsis Pinicola 817 15.73+9.57 55.95+8.10 NR 3.5
Fomitopsis Pinicola 810 23.37 £ 15,50 32.63+17.95 NR 4.3
Fomitopsis Pinicola 530 38.90+12.01 61.48+0.95 NR 2.2
_Fomitopsis Pinicola 607 31.64%6.66 6099221  NR 02
Ganoderma sp. 1004 2439+3.82 31.82+1254 S 9.4
Ganoderma sp. 1005 16.20+2.77 46.10+21.15 S 9.3
Ganoderma  sp. 1006 3556140 49432863 S 74
Gloeocystidiellum clavuligerum 410 2.31 £0.85 7.14+0.71 w 0.2
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Table 5: decay tests continued

; a Ligno- Growth
Genus Species ID Percentage Weight L.oss lytic Rate °
Heartwood  Sapwood  Activity® mm/day
10.61 *
Heterobasidion ~ Annosum 312 0.90+0.28 3.08 S 10.7
Heterobasidium  Annosum 936 1.071 £0.046 0.77+£0.23 S 6.4
_Heterobasidium __Annosum 1017 1224033  17.274234 S 114
Hypholoma ~ Fasciculare 408 562#227 2691153 S 16
_Lentinellus omphalodes 529 5.82£265 559+122 . S 34
Metulodontia_ sp. 131 43554361 67.04+343 S 75
Oligoporus Rennyi 153 38.53+4.74 28.9312.32 NR 1.4
Oligoporus _____ Placenta 816 2694461 3556+7.90 NR 89 .
Panus  Rudis 420 037+023  142$028 W 12
Peniophora sp. 930 - - S 10.3
Peniophora sp. 211 3.11+0.91 9.57+0.79 S 4.6
Peniophora sp. 616 1.45+0.11 8.93+0.98 S 4.6
Peniophora____sp. 1010 163+069  867+088 S 61
Phanerochaete  sp. 118 0.059 £0.052 4.59 +1.32 W 8.0
_Phanerochaete  sp. 149 253112 248095  W__ 80 ..
CPhellinus " Ferreus 718 1.94+0.23  1308%50 s 25
Pini
Phellinus [chrysoloma 154 3.42 +£0.93 9.05 + 2.65 S 0.8
pini/
Phellinus chrysoloma 321 4.60+1.70 18.86 £ 3.15 S 0.8
pini/
Phellinus chrysoloma 925 - - S 3.3
pini/
Phellinus  chrysoloma 421 7.28+118  17.8+136 S 29
Phlebia Radiata 933 3.92+0.73 23.4+£458 S 9.0
Phlebia  Radiata 1022 581111  189%26 s 95
Phlebia Subserialis 802 212+221 120+£2.6 NG 10.8
_Phlebia ___ Subserialis 1013 248+149 148287 W 6.8
Phlebia Tremellosa 714 1.48 + 0.42 23.95+2.3 S 111
Phlebia Tremellosa 803 0.47 £0.15 18.4 + 3.43 S 155
Phlebia Tremellosa 1011 1.79+1.58 25.8£1.47 W 17.5
_Phlebia  Tremellosa 1016  3.33%0.95  234%259 S _..140
Phlebia Uda 323 0.661 +0.085 12.2+2.44 W 4.8
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Table 5: decay tests continued

Percentage Weight Loss ®  Ligno Growth
Genus Species ID lytic Rate °
Heartwood Sapwood Activity b mm /day
_Phlebia queletii 422 061+038 326+ 0.77 W . 14
_Pleurotus ____ plumonarius 317 067£013 2243 £906 | NG . 30 .
Sarcomyxa serotina 1019 1.04%0.36 598%1.09 s 56
Sistotrema  brinkmannii Klp - 2.6+0.75 NG
Sistotrema_brinkmannii 934  054+015 1.86+018 | NG 47
Stereum sanguinolentum 203 1.08+0.13 1.35+0.62 S 3.2
Stereum sanguinolentum 524 5.32+1.33 18.08+1.40 S 3.2
Stereum sanguinolentum 914 476 +0.91 12.28 +0.57 S 7.6
_Stereum sanguinolentum 829  1.06+0.17 12.35+248 S .4
_Stereum sanguinolentum WL = 208%227 S
Trametes versicolor 419 3.62+0.66 12.88+1.91 S 55
Trametes  versicolor 929 5.92+158 1206%191 s 128
Trichaptum  abietinum 120B 13.96+1.9 31.57+3.25 S 0.9
Trichaptum  abietinum 606 3.72+1.29 28.07+3.38 S 0.9
Trichaptum  abietinum 1001 13.79+2.0 36.32+12.98 S 8.2
Trichaptum  abietinum 927 21.2+475 38.73+3.94 S 5.9
Trichaptum  abietinum 807 12.3+5.65 27.45+12.87 S 2.8
Trichaptum  abietinum WL 2467 S

% Mean = standard deviation (4 replicates)

b lignolytic activity; abbreviations: S = strong, W = weak, NR = no reaction, NG =
no growth, ND = not done

¢ Growth rate measured on 1 % MEA = colony diameter (mm/day)

Kpl = Kamploops; WL = Williams Lake

Table 6: Decay tests on lodgepole pine from Kamloops.
Fungi were incubated 12 weeks at 20°C

Fungal Species ID Heartwood Sapwoood
Weight loss (%) Weight loss (%)

Amylostereum chailletii | 139 3.11+1.66 7.11+£0.45

Amylostereum chailletii | 514 5.02 + 2.66 12.07 £ 1.36
Coniophora olivaceae | 818 50.27 £ 4.53 52.42 + 10.59
Coniophora olivaceae | 831 41.35+3.35 40.20 + 4.23
Fomitopsis pinicola 530 36.31 +5.33 60.35+1.92
Fomitopsis pinicola 607 26.77 + 8.86 59.55 + 2.38
Trichaptum abietinum | 927 16.18 + 12.86 39.67 +2.43
Trichaptum abietinum | 606 3.30+£2.72 24.16 £2.19
Ganoderma sp. 1004 43.49 £ 3.30 51.74 + 6.54
Ganoderma sp. 1006 28.23 + 16.33 45,25 + 6.82
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