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Summary 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value 
products from a considerable portion of the resource every year. The major purpose of this project was to 
determine the practical and economic feasibility of using an albino stain of a common bluestain fungus 
Ophiostoma piliferum (Cartapip 97, recently renamed Sylvanex) or equivalent albino fungi to control 
sapstain in lodgepole pine logs. We also tested the Forintek's eastern laboratory integrated control 
technology (fungus Gliocladium roseum with alkali). Different activities were planned but as results 
developed some had to be modified or dropped and others added to the planned work. The various aspects 
of this work are described in the set of reports that are included in the appendices. 
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1 Objective 
The project objective is to determine the technical feasibility of using Cartapip 97, or equivalent albino 
fungi, to control sapstain in lodgepole pine logs. 

2 Staff 
Forintek Canada Corp, 

Adnan Uzunovic 
Tony Byrne 
Dian-Qing Yang 
Dave Minchin 
Tony Vlachos 

Mycologist, Project Leader 
Wood Protection Scientist 
Wood Protection Scientist 
Wood Protection Technologist 
Durability and Protection Technologist 

University of British Columbia 

Colette Breuil 
Seong Hwan Kim 
Sangwon Lee 

Co-op student 

Dominik Domanski 

Professor, Forest Products Biotechnology 
Research assistant 
PhD student 

3 Introduction 
Development of bluestain in logs prevents the Canadian forest industry from producing maximum-value 
products from a considerable portion of the resource every year. Bluestain is mainly caused by fungi from 
the genera Ophiostoma, Ceratocystis and Leptographium attacking green logs. Although there are 
traditional options for prevention of bluestain during log storage, such as water sprinkling, log ponding, 
or chemical treatment of the logs, such practices are not commonly used because of environmental 
restrictions. A newer option is biological protection of freshly felled logs, the subject being studied here. 
The major purpose of this project was to determine the practical feasibility of using an albino strain of the 
common bluestain fungus Ophiostoma piliferum (Cartapip 97'), or equivalent albino fungi, to control 
sapstain in lodgepole pine logs. The utility of this concept has been demonstrated on red pine logs, in the 
United States using Cartapip 97™, which is commercially available to the pulping industry from AgraSol 
Inc. as a pitch control agent. As a major part of this project we planned to test Cartapip on Canadian 
lodgepole pine. In addition, Forintek's eastern laboratory has investigated and developed biological and 
integrated control technology based on the fungus Gliocladium roseum. This has been tested on lumber 

' The same product, under the new name Sylvanex is currently being reviewed for pesticide use (to control 
bluestain) by Health Canada's Pest Management Regulatory Agency. 



and logs in laboratory tests in eastern Canada and we extended our work in the west to test the product on 
freshly felled lodgepole pine. The concept of using an albino fungus relies on the assumption that the 
colourless fungus will colonise the wood and utilise the nutrients, making them unavailable for wild-type 
bluestain fungi, thus preventing stain. This report summarises the research completed between 1999-2002 
and the reports to-date. 

4 Summary of project research 
The project started in January 1999 when we selected lodgepole pine as the test species because it is the 
most abundant tree species in western Canada, is highly susceptible to bluestain, and is widely used for 
appearance grade products. We were warned that Cartapip had not grown well on lodgepole pine in pulp 
chip tests. In case Cartapip was unsuccessful at growing on lodgepole pine we attempted to develop 
alternative albino or light-colored isolates of staining fungi found in Canada, and particularly ones 
isolated from pine. A number of alternative light strains were selected from our existing culture collection 
and used in a breeding process. However, during our parallel lab and field studies, Cartapip grew well on 
lodgepole pine sapwood, and there was therefore no need to continue work with alternative strains. Some 
selected light colored strains are being kept in our culture collection for future reference (Appendix 1). 

The concept of using Cartapip to prevent bluestain and to compete with bluestain fungi was proven on 
lodgepole pine logs under controlled conditions by spraying Cartapip and four challenge bluestain fungi 
on two types of wounds artificially produced on fresh lodgepole pine logs. (Appendices 2, 3, 4 and 5). 
When inoculated alone, Cartapip was able to colonize fresh lodgepole pine, to penetrate up to 2 cm deep 
into the sapwood, and to not cause stain. The challenge fungi alone colonized large areas of sapwood and 
caused significant stain. However, when the fungi were applied two days after Cartapip, the stain was 
negligible in most cases and Cartapip out-competed the challenge fungi over five weeks. 

Delays in receiving permits from the Pest Management Regulatory Agency to use the biocontrol agents 
prevented us from doing the field tests we planned in 1999. Instead we shipped 80 fresh logs (1.5 m long, 
20 cm mean diameter) from Alberta to Vancouver where we did a modified "field-test" in Forintek's yard 
in September 1999 (unreported work). Stain was slow to develop over the first two months of storage. 
Unfortunately neither Cartapip, nor the Forintek integrated biocontrol (Gliocladium roseum in alkali), nor 
two chemical insecticides (Tim-bor, Dursban-Turf) used for comparison, prevented bluestain and decay 
which eventually developed after 8 months of storage. This was despite both biocontrol agents growing 
actively in the logs. Failure to control stain was hypothesized to have occurred because the logs were 
several days old when treated and had been roughly handled, including being exposed to soil and mud. 
The project subsequently concentrated on Cartapip because the application has been made by the 
company that owns Cartapip for it to be registered as a pesticide. G. roseum is being developed in a 
parallel project. 

Because of permit delays the project schedule was revised. Additionally we ran several small pilot studies 
to test: a) whether Cartapip can grow and prevent stain in spruce; b) if spraying Cartapip in winter could 
protect logs from staining when they thaw in spring; and c) whether heavy colonization of wood by 
Cartapip and other stain fungi affects wood properties. To address the first question, western 
white/Engelmann spruce logwas sectioned in short billets and Cartapip and three challenge species 
inoculated as described in Appendix 2. Preliminary results showed that Cartapip poorly colonized spruce 
logs and could not prevent stain from one particularly aggressive Ceratocystis sp isolate which quickly 



colonised the sapwood and contaminated othei- test wounds. There is a need to repeat the experiment on a 
larger scale and under field conditions to confirm the results. 

To test if Cartapip can be applied on frozen logs, 16 logs, (1.5 m long, 22.4 cm average diameter) were 
obtained, put in a freezer at -8°C for four days, then taken out and eight sprayed with Cartapip and eight 
with water. They were then put back in the freezer for another 10 weeks at which time they were taken 
out and incubated in the Forintek yard during the summer for 12 weeks. Cartapip was able to survive 10 
weeks of freezing and colonize the thawed pine logs. However it did not control development of 
pigmented wild staining fungi when the logs thawed. We suspected that logs used in this experiment were 
aged (not freshly felled) and thus not treated immediately after felling. For more conclusive results the 
experiment needs to be repeated using freshly felled logs and preferably under field conditions. 

Cartapip and selected stain inoculations did not effect the toughness and bending strength of lodgepole 
pine. However this experiment should also be repeated with larger number of samples to reach more 
definitive conclusions. (Appendix 6). 

Field permits were granted in April 2000, and two field tests were then completed, one near Edson A B 
and one near Cranbrook B C (Appendix 7). There was little stain in the control logs and in general 2000 
was not a stain problem year for the western forest products industry. Nonetheless statistical analysis of 
data after 12 weeks of storage showed that Cartapip, the integrated control, and Tim-Bor, a borate 
insecticide/fungicide, significantly reduced the amount of stain. In order to determine whether biocontrol 
technologies have industrial potential and if their performance is consistent under field conditions we 
repeated the field experiments in 2001 in Alberta (Appendix 8). The data clearly indicated that Cartapip 
showed the ability to control bluestain in freshly felled lodgepole pine logs. After six weeks of summer 
storage, when logs are most vulnerable, Cartapip-treated logs remained almost spotless compared to 
heavily stained non-treated logs. After 13 weeks of storage there was stain development in Cartapip-
treated logs but the amount was significantly less than in non-treated logs. The product, and the concept 
of using albino isolates to control stain, therefore appears to have potential for industrial use. 

Parallel to the lab and field work we developed a partnership with U B C and Universite Laval who applied 
for, and received, a NSERC grant titled: "Cartapip: a potential control agent at harvest sites for the 
sapstaining fungi that infect Canadian softwood logs". Through this partnership the following work was 
done: comparison of growth and pigmentation rates of naturally occurring staining fungi and Cartapip on 
commercially important wood species; determination of the natural geographical distribution of wild type 
Ophiostoma piliferum; comparison of the genotypic profiles of Cartapip and wild type O. piliferum from 
Canada and the U.S.; clarification of the stability of Cartapip's albino phenotype in the field by assessing 
its mating behavior with wild type strains; determination of which genes are affected in the albino strain's 
melanin pigmentation pathway; and determining if green fluorescent protein can be used as a biomarker 
for tracing Cartapip in the natural environment. This work is described in the Appendices 9 and 10). 

Before Cartapip is used industrially on a large scale we recommend additional studies to investigate 
whether adjuvants, such as spreaders and stickers, or using higher concentrations of biocontrol agent can 
improve its performance and consistency. In addition the efficacy of the product should be tested on other 
wood species. There is also a need to pursue studies aimed to understanding constraints to biocontrol 
work and development of a field type applicator so that the organisms can be sprayed on the site during 
harvesting. 
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6 Recommendations on follow up research 
The following research is recommended to follow up on that reported here: 

• Field tests with Cartapip on other pine species 

• Optimizing the formulation (adjuvants, concentration) 

• Developing a economically feasible prototype field applicator that will spray biocontrol agents 
during the harvesting process 

• Understanding constraints to biological control 

• Field tests of Cartapip on frozen logs 

• Effects of Cartapip on wood properties such as its gluing properties, checking, drying etc 

• An assessment of biocontrol agents' tolerance to wood protective chemicals and the possibility of 
integrated biological/chemical control 

• Tests of the feasibility of spraying the biocontrol fungus on feller /buncher or delimber or processor 
equipment or on piles of logs 

• Effect of biocontrol agents on insect attack and development 

• Effects of log aging on colonization by Cartapip 

• Determination if spraying of log decks instead of individual log spraying is a feasible method of log 
treatment to prevent stain 
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Summary 

Softwood logs, particularly pines, are highly susceptible to staining caused by bluestain (sapstain) fungi. 
A study was done to determine whether albino staining fungi could be developed as a biological control 
agent of pigmented wild-type bluestain fungi. Biological control studies for bluestain fiingi were 
performed on lodgepole pine log sections using a non-pigmented strain of Ophiostoma piliferum, 
Cartapip-97®, which is sold commercially as a pitch reducing agent for treatment of wood pulp chips. In 
experiments on small logs, Cartapip-97® was successfully able to protect the wood against four test 
species of blue staining fungi. When applied to the artificially produced bark wounds, 2 and 10 days prior 
to the concentrated challenge fiingi, it was able to reduce stain by 86 to 100% after 38 days of incubation. 
Successfiil control of bluestain fungi in the field appears possible by treating the ends and sides of freshly 
cut logs with the Cartapip-97® but this yet has to be investigated. The success of this albino fiingus 
suggested that other species of albino fiingi could be developed. A selective breeding process was used to 
develop albino fungi from three bluestain species. Through single spore isolations and selective mating, 
fimgi that produced no pigmentation when grown on malt extract agar have been isolated, namely the 
Canadian O. piceae and O. piliferum isolates. These albino fungi could be used as potential biocontrol 
agents against wild, bluestaining fungi and their effectiveness could be compared to Cartapip-97® now 
that a baseline of the performance of the latter has been established. Isolates for O. floccosum that had 
decreased pigmentation were also developed, but time was unavailable to complete the breeding program. 
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1 Introduction 
Bluestain, also called sapstain, is a blue-black discoloration of the sapwood resulting from the presence of 
pigmented fungal hyphae. The hyphae can be found in xylem cells but ray parenchyma cells and resin 
canals are colonized preferentially (Ballard et al., 1982)). The fungi most frequently associated with 
sapstain are from the genera Ophiostoma and Ceratocystis and their anamorphs (Seifert, 1993). These 
fungi are primary colonizers that rapidly invade freshly cut wood, utilizing relatively assailable, 
nonstructural components in the wood such as sugars, other simple carbohydrates and lipids. The sapstain 
fungi possess sticky spores, which can be dispersed by insects, mites, water films, water droplets and 
probably through contaminated equipment. Bluestain fungi can colonize the ends of cut logs, but are also 
able to enter the log through the bark when insect attack or mechanical damage has occurred. 

Infection by these fungi does not compromise the strength properties of the wood, but does decrease the 
aesthetic and therefore the economic value of lumber (Zabel and Morrell, 1992). The forest products 
industry has long relied on various chemicals to control sapstain fiingi on exported green lumber (Byrne, 
1998). Seeking to reduce or eliminate the use of chemicals, investigations into alternative methods of 
sapstain prevention have been conducted. Biological control of fungi on lumber has been researched in 
Canada but no commercial biocontrol system has resulted. Success in laboratory tests has often not 
translated into success in field tests. This has been attributed to the fact that much of the lumber treated 
with chemical sapstain control agents is pre-infected with other fungi. 

The industry is trying to maximize the value of wood produced from increasingly expensive logs. Pines 
are especially susceptible to bluestain when in the log form and this was recently highlighted. In 1998, 
three mills in Alberta reported losses totaling $14.5 million due to bluestain, mainly in lodgepole pine, 
over and above their normal losses. The losses were due to the mills' inability to recover higher (visual) 
grade lumber from the logs. In western Canada the most commonly harvested tree is lodgepole pine and 
this species is a prime candidate for value-added uses. 

This 1998 example illustrated the need to have technology available which would allow the industry to 
protect lodgepole pine, or other species for that matter, from bluestain development. Options such as 
spraying chemicals onto freshly cut timber in the field or spraying large piles of lumber with water in 
hope of forming a mechanical barrier to bluestain-carrying insects, are not feasible. However one 
recently developed approach is to use albino bluestain fungi. These are the same fungi that normally 
cause bluestain, but in this case they do not have the ability to form the pigment (melanin) responsible for 
the stain. Biological control of bluestain, using fungi, has been performed on aspen wood and red pine 
using a non-pigmented strain of Ophiostoma piliferum (White-McDougall et al., 1998; Behrendt et al, 
1995), and on hemlock and fir lumber using Gliocladium roseum (McAfee and Gignac, 1997). 
Competitive interactions between a biological control fungus and a pest can be classified into either 
primary or secondary resource capture. In primary resource capture, interacting fungi compete to 
dominate an uncolonized resource but do not directly challenge one another. In secondary resource 
capture there are combative interactions between an established fungus and one newly introduced (Rayner 
and Webber, 1984). The concept of using an albino fungus as a biological control agent is that it will 
rapidly colonize nonsterile wood, with no apparent detrimental affects to the wood. By utilizing the 
available food resources and occupying the niche, the invasion by wild pigmented fungi is avoided, thus 
preventing bluestain. The colorless O. piliferum strain (marketed as Cartapip-97®, Clariant Corporation, 
USA) has been developed for, and used in, biological pulping processes where it has been shown to 



remove pitch from wood chips destined for pulping (Blanchette et al 1992). Development of Cartapip-
97® as a biological control agent for bluestain has not yet occurred. For Canadian use there would be a 
requirement to determine whether it could grow on Canadian softwood species (it was isolated from 
southern pine), and to find out to what extent it could displace the bluestain fungi found on Canadian 
softwoods. Information from the company selling this fungus indicated that it did not grow well on some 
Canadian wood species. The optimum temperature conditions for Cartapip-97® are higher than those 
observed for Canadian isolates of O. piliferum. Additionally a fungus from a Canadian source means that 
it has clearly already established itself in this environment and should be less of a challenge for 
registration as a bio-pesticide. 

The discoloration of the wood is due to the pigments (melanin) in the hyphae (Seifert, 1993). Melanin 
plays an important role in fungal physiology and development. Melanins found in fimgal cell walls are 
believed to play a role in ultraviolet protection, preventing desiccation, and protecting ftangi from 
microbial lysis. Melanin is also required for appresorial development in some fiingi and for perithecial 
development (Zimmerman et al., 1995) in O. piliferum. Colorless strains obtained from single ascospore 
isolations were reported to be melanin deficient and unable to produce perithecia when paired with other 
colorless isolates of the opposite mating type. Studies perfomied on Cartapip-97® suggest that the albino 
characteristic is caused by a single gene change, and that it appears to be stable since no revertants have 
been found. Comparisons of white and wild-type strains of O. piliferum show that melanin is not needed 
for growth or colonization on southern yellow pine as both strains colonized wood equally well (Behrendt 
etal, 1995). 

The primary objective of this study is to develop new albino strains, that could be used as potential 
biocontrol agents, from an existing culture collection of the common staining fungi O. piliferum, O. 
piceae and O. floccosum. These were chosen because they are important stainers of logs and lumber, and 
because they are considered to be shallow stainers. Importantly, these three fungi possess two mating 
types (analogous to male and female) which makes it possible to select certain inheritable characteristics 
of individuals and combine these into their progeny. Cartapip-97® was developed through selective 
mating, suggesting that other albino fungi or improvements on existing ones could be done using the 
same procedure. The reason for developing additional albino isolates of O. piliferum (Cartapip-97® is O. 
piliferum) is that Cartapip-97® was developed from isolates found in the U.S. south and it is believed that 
an isolate collected in Canada would be better adapted at colonizing Canadian wood species (see above). 

The second objective of this study was to examine the ability of Cartapip-97® to prevent the spread of 
pigmented bluestain fungi in lodgepole pine logs. This part of the study would give baseline information 
about how effective a currently available albino staining fungus might be on a Canadian softwood. Such a 
proof-of-concept is required before further commercial development of the principle of stain control by 
albinos could be considered. 



2 Materials and Methods 
Work on the two objectives was done concurrently but this report covers the proof of concept using 
Cartapip-97® first, followed by the development of alternate albinos. 

2.1 Testing the ability of Cartapip-97® to control bluestain 

2.1.1 Primary and Secondary Resource Capture in Pine Billets - Preliminary Study 

The objective of this part of the experiment is to serve as a preliminary study of the growth of Cartapip-
97® and its interaction with other staining fiingi. 

The primary and secondary capabilities of five different fungi were studied by inoculating colonized 
grains in lodgepole pine (Pinus contorta) billets. The pine trees were harvested by hand, to avoid bark 
damage, on November 17* 1998 close to Merritt, B C , and kept frozen at -9°C. On February 10* 1999 the 
logs were brought from cold storage and cut with a chain saw into billets of approximately 0.5m in length 
and 16 to 20 cm diameter. On the same day, the ends of the billets and any visible bark wounds were 
sealed with a paint containing petroleum distillates and glass fibers (Roof Patch from Insul-Mastic 
Building Products, New Westminster B.C.) to prevent moisture loss and ftingal colonization from the log 
ends. 

The first set of billets was inoculated with colonized grains on February 11* 1999, and the other set, on 
February 12th. The five fiingi used in the experiment were: a colorless isolate of Ophiostoma piliferum 
(Cartapip-97®), Ceratocystis coerulescens, Leptographium sp., Ophiostoma minus, and Ophiostoma 
piceae. The fungi were grown on sterile wheat grains which had been soaked overnight in water prior to 
autoclaving for 20 minutes at 121.5 °C. The fungi were initially grown on 2% Oxoid Malt Extract Agar 
(MEA) . Ten plugs taken from the edge of the growing culture of a fungus were placed on the autoclaved 
wheat grains contained in a flask. The grains were incubated at 20 °C for 22 days. 

Four treatments (A to D), using different combinations of fungi and inoculation periods, were studied: 

A . Inoculation of the five different fungi and sterile grain, as control, alone; 
B . Cartapip-97® inoculated simultaneously with each of the fijngi in the same hole; 
C. Cartapip-97® inoculated simultaneously with each of the fungi in two separate holes; 
D. The fungi inoculated first and Cartapip-97® inoculated five days later into a different hole. 

Three replicates were used for each treatment. 

Holes, 0.5 mm deep (reaching the xylem), were drilled around the circumference of the billet, with a 
sterilized, 6 mm drill bit, 7 cm from one end of the billet. Before the holes were drilled, the surface of the 
wood was sterilized by brief flaming. Up to five inoculation sites per billet were created. Each 
inoculation site required one or two holes depending on the treatment, and into each hole two colonized 
wheat grains of the particular fiingal isolate (or one of each as in treatment B,) were placed. For treatment 



D, the second hole was aseptically drilled at the time of inoculation. After inoculation, the holes were 
covered with plastic PVC tape. The billets were incubated for 28 days, positioned upright, in a growth 
chamber at 20°C and 80% relative humidity (RH). At the time of sampling they were cut transversely into 
disks 10 mm in thickness. The disks were planed in the locations were fimgal growth was expected, and 
wrapped in foil surrounded by moist paper towels. After two days at room temperature, when either stain 
or mycelium was visible, the fijngal growth in the phloem and the xylem was marked and measured. The 
extent of the fijngal growth in the phloem and the xylem was assessed by measuring the circumferential 
length (in mm) of growth in the phloem and by measuring the area of the stain in the xylem (in mm̂ ). 

2.1.2 Primary and Secondary Resource Capture In Pine Billets with Open and Puncture Wounds 

The primary and secondary resource capture of Cartapip-97® and the challenge fiingi were also studied 
using artificially produced bark wounds on lodgepole pine billets. The ability of Cartapip-97® to prevent 
blue stain was the main objective of this study. 

The wounds were either open wounds, where a 4 x 10 cm strip of bark and phloem was aseptically 
removed, or pimcture wounds, where 32 penetrations into the wood xylem over a 4 x 10 cm area were 
formed using a sterilized metal tool. These simulate the two main types of wound inflicted by modem 
tree harvesting equipment. The ends of the billets were sealed with roof patch as before. The same fiingi 
that were used in the first experiment were prepared as suspensions and sprayed onto the wounds. For 
each test fijngus spore suspensions were made by scraping a 22 day old colony from a cellophane covered 
2% MEA plate (100 x 15 mm) and dispersing it in 100 ml of sterilized water for 20 min. using a magnetic 
stirrer at low speed. The mixture was then filtered through sterile fiberglass fibers and applied onto the 
wounds using a spray bottle. 

The treatments consisted of: inoculating individual fiingi; spraying Cartapip-97® with the challenge fiingi 
on the same day, or before, or later (Table 1). 

Table 1: Fungi and treatments used on both open and puncture wounds on billets. 

Fungus 

Treatment 

Fungus 
A B C D E 

Fungus None Mix with 
Cartapip 

day 0 

Cartapip day 
-2 

Fungus day 0 

Cartapip day 
-10 

Fungus day 0 

Cartapip day 
5 

Fungus day 0 

1 Cartapip X 
II C. coerulescens X X X X X 
III Leptographium sp. X X X X X 
IV O. minus X X X X X 
V O. piceae X X X X X 
VI Mix of fungi X X X X 



The spore suspensions contained between lO' and 10^ cfu (colony forming units)/ml. Cartapip-97® and 
each of the fungi and the mixtures were applied in volumes of 4ml per inoculation. The billets were 
incubated for 38 days. At the end of the incubation period three disks were cut from each billet. Two 
disks were cut from both ends of the wound and one was cut from the middle. Each disk was assessed for 
dead bark and visible stain parameters such as radial penetration, and area of the stain by inspecting the 
surface on one side. The extent of fungal growth in the bark and xylem was assessed by 1) measuring the 
circumference of the dead bark in millimeters; 2) measuring the stain penetration and expressing it as a 
percentage of available distance to the heartwood; and 3) measuring the visible stain area and expressing 
it in millimeters squared. Fungi were also isolated from underneath the wood surface in the stained and 
adjacent areas to confirm their identities. 

2.2 Development of New Albino Strains 

The development of new and potentially improved albino strains from an existing culture collection was 
conducted. About 150 individual isolates representing different species from the UBC/Forintek culture 
collection were grown and checked for viability. Seventy isolates, representing three species, were 
selected and further studied. The isolates which were whiter or lighter in color than the average colony 
color were marked. The mating type of each whiter isolate was then determined by mating them with 
known mating types of the same species on sterile pine wood wafers. The mating combination was 
checked after a month of incubation at room temperature for the occurrence of sexual reproduction. 

The light colored O. piliferum isolates had been collected from sawn jack pine lumber (Pinus banksiana) 
near Big River, Saskatchewan in August 1997. The O. piceae isolates were collected from white spruce 
{Picea glauca) near Big River, Saskatchewan in August 1997 (isolate A U 122-5) and from Prince 
George, British Columbia on September 1997 (isolates A U 130-2 and A U 139-2-1). The O. floccosum 
isolates were collected from jack pine (isolate A U 88-11 from sawn lumber and isolate A U 123-42-10 
from log) and sawn Black spruce (isolate A U 95-4) in Big River, Saskatchewan on August 1997. After 
screening a large number of isolates these were chosen as the initial parents because of their lighter 
pigmentation characteristics when grown on 2% M E A at 20°C. A single pair was used to start the O. 
piliferum generations and two pairs consisting of three fiingi (one fungus was mated twice) were used for 
each of the O. piceae and O. floccosum species. The matings were performed by growing a series of 
fungal pairs having complementary mating types on sterilized lodgepole pine blocks. The pine blocks 
were sterilized by soaking them in 70% ethanol for 90 seconds and air drying them before brief flaming. 
The inoculated blocks were initially incubated in the dark at 20°C until fungal growth covered the blocks, 
then they were exposed to normal cycles of night/daylight to stimulate perithecial development. 

The complementary mating types produced sexual reproductive structures (perithecia), that contained 
ascospore drops. The ascospore-containing droplets exuded from the ostioles of mature perithecia were 
collected with a sterile dissection needle and dispersed in 1ml of 10%) Triton X-200 in sterile water. This 
solution was further diluted 5 fold in 10% Triton X-200, and 1 OOfil from both solutions was plated onto 
2% M E A plates and incubated at 20°C for 24 hours. In cases where only small amounts of ascospores 
were being exuded, such as for O. floccosum, whole perithecia were removed and surface sterilized in 
50% ethanol for 20 sec. and 2% household bleach for a further 20 sec. The ascospores were obtained by 
crushing the perithecia and dispersing them in 1ml 10% Triton X-200 solution. After incubation, the 
plates were examined under the microscope for single germinating ascospores. Using the microscope, 



these were picked up with a sterile dissection needle and transferred onto new agar plates to develop into 
single spore colonies. 

Hundreds of single spore colonies were collected from each mating pair and these were then incubated at 
a lower temperature (10°C) for approximately two weeks to encourage darkening. The single spore isolate 
collection was then visually screened for variants that were lighter than the parent fiingi. The lighter color 
variants were then mated with strains of known mating type to determine the light coloured variant 
mating types. From the 130 potential albino isolates of the first generation for each species, the whitest 
and most fertile ones (i.e. those producing many perithecia) were chosen and mated with opposite mating 
types. This produced perithecia which contained spores able to grow into potentially whiter isolates of 
the second generation. 

To produce ascospore colonies of the second generation for O. piliferum, six whitest isolates were chosen 
and mated to make five pairs (some fungi were used more than once). After incubation, the wooden 
blocks on which the mating pairs developed perithecia were examined for degree of staining by the fungal 
pair. Ascospore-containing droplets were picked from the pair that caused the least staining. The droplets 
were dispersed, plated and incubated as previously described. Over 300 germinating ascospores were 
isolated, screened and 8 were further used for mating. The eight isolates were mated in different 
combinations to make 10 pairs. Five of the pairs were noticed to produce on average, lighter isolates. 
Those five pairs produced 32 isolates of the third generation which were stored. 

For O. piceae, the 20 whitest and most fertile isolates from the first generation were chosen and mated to 
make ten pairs. Ascospore-containing droplets were picked from three pairs that caused the least staining 
of the wooden blocks they were growing on. Once again, the droplets were dispersed, plated and 
incubated. Over three-hundred germinating ascospores of the second generation were isolated, screened 
and 14 were stored. 

For O. floccosum the six whitest isolates from the first generation were mated to form five pairs. Lighter 
color variants were chosen from three of the pairs and stored. 

In order to determine i f differences between the isolates that produced little pigmentation on M E A existed 
some were grown on 2% mannose agar media, which is known to stimulate melanin production and 
darkening of the colony. 

3 Results 
3.1 Testing the ability of Cartapip-97® to control bluestain 

3.1.1 Primary and Secondary Resource Capture in Pine Billets - Preliminary Study 

Cartapip-97® alone, colonized 103 mm^ of the xylem and caused a small 11 mm bark lesion (Table 3.1). 
It did not produce bluestain and was only visible as a slightly lighter patch compared to the rest of the 
wood. When incubated it produced fuzzy, white, mycelial outgrowth. 
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C. coerulescens did not cause visible lesions in the phloem but produced a stained area of 808 mm^. 
When inoculated with Cartapip-97® in the same and separate hole the stained area was decreased to 415 
mm^ and 500 mm^ respectively. 

Table 2: The effects of Cartapip-97® on bark damage and stain area caused by the 
challenge fungi - preliminary study 

Fungi Treatment Inoculation Hole Bark lesion 
(mm) 

Stained area 
(mm*' 

Cartapip-97® A None N/A 11 103 
Sterile grain A None N/A 9 0 
C. coenilescens A 

B 
C 
D 

None 
Simultaneous 
Simultaneous 
5 days later 

N/A 
Same 

Separate 
Separate 

0 
3 
0 
0 

808 
415 
500 
800 

Leptographium A 
B 
C 
D 

None 
Simultaneous 
Simultaneous 
5 days later 

N/A 
Same 

Separate 
Separate 

84 
76 
88 
88 

1047 
617 
1173 
777 

0. minus A 
B 
C 
D 

None 
Simultaneous 
Simultaneous 
5 days later 

N/A 
Same 

Separate 
Separate 

35 
18 
24 
24 

103 
158 
94 
123 

0. piceae A 
B 
C 
D 

None 
Simultaneous 
Simultaneous 
5 days later 

N/A 
Same 

Separate 
Separate 

6 
9 
6 
12 

42 
27 
29 
19 

Leptographium alone, colonized both wood and bark extensively. When mixed with Cartapip-97® in the 
same inoculation hole the stain area decreased from 1047 mm^, in the control, to 617 mm . There was no 
inhibition of fitngal growth in the xylem when Cartapip-97® was inoculated in a separate hole on the 
same day and no significant decrease in bark colonization. 

For O. minus the extent of bark damage decreased from 35 mm in the control, to 18 mm and 24 mm when 
inoculated with Cartapip-97® in the same hole and separately respectively. There was no significant 
decrease observed in the stained area. 

For O. piceae the stained area decreased by the same amount in both the mix and separate hole 
treatments. 



3.1.2 Primary and Secondary Resource Capture in Pine Billets witli Open and Puncture Wounds 

Cartapip-97® had an inhibitory effect on the growth of C. coerulescens and consequently reduced the 
amount of sapstain produced (Table 3). The earlier Cartapip-97® was sprayed before the fungus 
application, the less extensive the phloem damage became. Alone, in the open wound treatment, C. 
coerulescens produced an average bark lesion of 85 mm, but when its application was preceded 10 days 
by Cartapip-97®, the phloem damage was only 56 mm. 

Table 3: The effect of Cartapip-97® as a biological control agent on the four challenge 
fungi as shown by the mean blue-stain parameters. 

Fungus 
Open wound Puncture wound 

Fungus Treatment Barl< lesion 
/mm 

% of stain 
penetration 

/% 

Visible 
stain area 

/mm^ 
Barl̂  lesion 

/mm 
% Of stain 
penetration 

/% 

Visible 
stain area 

/mm^ 
Cartapip-97® A 51 0 0 53 2 3 
C. coemlescens A (none) 

B (day 0) 
C (- 2 days) 
D (-10 days) 
E (+5 days) 

85 
75 
63 
56 

109 

85 
83 
26 
0 

100 

3055 
1646 

19** 
0** 

3738 

83 
130 
71 
68 

106 

100 
91 
2 

21 
100 

4269 
3087 

2** 
97** 

4137 
Leptographium 
sp. 

A (none) 
B (day 0) 
C (- 2 days) 
D (-10 days) 
E (+5 days) 

180 
175 
129 
100 
188 

40 
6 

45 
0 

49 

473 
15* 

106 
r* 

629 

137 
163 
141 
114 
188 

81 
32 
71 
22 
69 

, 1002 
342 
535 
135 

1214 
0. minus A (none) 

B (day 0) 
C (- 2 days) 
D (-10 days) 
E (+5 days) 

115 
67 
58 
86 

125 

65 
5 

19 
3 

46 

921 
13** 
24** 
15** 

663 

146 
105 
62 
93 

112 

36 
16 
2 
9 

60 

1104 
175** 

3** 
11 ** 

890 
0. piceae A (none) 

B (day 0) 
C (- 2 days) 
D (-10 days) 
E (+5 days) 

49 
76 
55 
78 
54 

23 
8 
0 
3 
0 

210 
24 
0 
6 
0 

56 
74 
56 
74 
53 

18 
4 

16 
4 

23 

74 
10** 
60* 
8** 

122 
Fungal mix 

i j . ) -

B (day 0) 
C (- 2 days) 
D (-10 days) 
E (+5 days) 

168 
131 
121 
121 

50 
20 
20 

100 

524 
51 
24 

1415 

138 
144 
103 
75 

61 
37 
9 

92 

1035 
294 
29 

1700 

each fungus individually (fungal mix treatment not included). * indicates the comparison is significant at the 0.05 
level. ** indicates the comparison is significant at the 0.01 level. 

A similar trend is seen in the puncture wounds. As with bark damage, the percent of stain penetration and 
stain area decreased with increasing time between Cartapip-97® application and the subsequent C. 
coerulescens application (Figure 1). 
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Figure 1: Inhibitory effect of Cartapip-97® on the hluestained area produced by the four 
fungi 

For C. coerulescens, when preceded by Cartapip-97® inoculation 10 days prior the areas decreased to 0 
mm̂  for the open wound and to 97 mm̂  for the puncture wounds. The application of Cartapip-97® five 
days after C. coerulescens had no effect on the percent stain penetration and stain area in the puncture 
wound treatment, but increased both in the open wound treatment. Bark damage increased for both 
treatments. 

Cartapip-97® inhibited development of Leptographium sp. In the open wound decreased bark damage 
resulted. When preceded by Cartapip-97® by 10 days, bark damage decreased to 100 mm. 

The percent stain radial penetration and stain area, for both open wound and pimcture wound treatments 
decreased to the lowest level when Cartapip-97® preceded the challenge fiingus by 10 days. When 
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preceded by when Cartapip-97® by 10 days, radial stain penetration and stain area dropped significantly. 
When Cartapip-97® was applied five days after the application of the challenge fungus, the numbers go 
above those of the challenge-fungus-alone treatment. 

The same trend is seen in the puncture wound treatments but the numbers in each case are higher. 
Cartapip inhibited the growth of O. minus. For the open wound, average bark damage was decreased from 
115 mm for the alone treatment to 58 mm when preceded by Cartapip-97® by two days. It was 86 mm, 
however, when preceded by 10 days. A similar trend follows in the penetrating wound treatment. The 
percent of stain penetration and stain area decrease significantly. The percent radial stain penetration for 
the open wound treatment decreased from 65% for O. minus alone to 3%o when Cartapip-97® was 
applied 10 days prior. The average visible stain area decreased from 921 mm^ to 13 mm^ when Cartapip-
97® was only applied on the same day. For the penetrating wound, the percent radial stain penetration 
decreased from 36% to a minimum of 2% when Cartapip-97® was applied two days prior. Also, the 
stained area decreased from 1104 mm^ to a minimum of 3 mm^ when Cartapip-97® was applied two 
days prior. 

The inhibitory effect of Cartapip-97® on O. piceae was more apparent on the open wound treatments. 
The stain area decreased from 210 mm^ in the challenge-fungus-alone treatment, to 24 mm^, 0 mm^, and 6 
mm^ in the same day, two days prior and 10 days prior treatments respectively. In the puncture would 
treatment, stain area was decreased by the most, to 8 mm^, when Cartapip-97® was applied 10 days 
before. The percent radial stain penetration decreased in parallel to the stained area for both treatments. 
Cartapip-97®, however, did not inhibit bark damage in both wound treatments. 

Cartapip-97® was also able to decrease the stained area produced by a mixture of the challenge ftingi. 
The earlier Cartapip-97® was applied, the more it prevented stain formation. When applied with 
Cartapip-97® on the same day the visible stain areas dropped to 524 mm^ and 1035 mm^ for the open and 
puncture wounds respectively. Further, with a 10 day head start Cartapip-97® limited the stain areas to 
24 mm^ and 29 mm^. 

In summary, Cartapip-97® was able to totally prevent staining from C. coerulescens when applied 10 
days prior to an open wound and prevented 98%) of the staining in the puncture wounds. Cartapip-97® 
prevented 99.7% of the staining for the open wound and 86%) of staining for the puncture wound when 
applied 10 days prior to Leptographium sp. application. The stained area caused by O. minus was limited 
by 98.6%) when Cartapip-97® was applied simultaneously on the open wound and by 99.1% when 
preceded two days by Cartapip-97® application on the puncture wounds. O. piceae staining was totally 
prevented Cartapip-97® when applied two days before the fiingus onto the open wound and limited by 
89%o on the puncture wounds when Cartapip-97® spraying was done 10 days before. 

3.2 Development of New Albino Strains 

For O. piliferum the parent strains used were A U 80-3 (B) and A U 87-2 (A) (Figure 2). The progeny of 
this cross were the ascospores of the first generation (E). The collected single spore colonies were grown 
for five days on 2%o M E A at 20°C, afterwards they were stored at 10°C for approximately two weeks. 
The E isolates were classified into seven pigmentation categories from 0-6 (Table 4). The frequencies of 
the different pigmentation levels amongst the 299 E isolates from the first generation are shown in Table 



4 where the mode pigmentation level was 6. From this first generation, 34 lighter isolates were tested for 
mating type. Out of the 34, 14 were mating type A and 20 were type B . The seven lightest colored were 
paired up with complementary mating types producing five crosses. A cross between isolate E2 and 
isolate E9 (both having pigmentation level of 2 [PL=2]), produced the least staining of the wood block 
they were being mated on. This pair was chosen to produce ascospores of the second generation (II H). 
About 300 ascospore isolates were obtained from the second generation. Once again these were classified 
into seven pigmentation categories and this time the mode level was 5 (Table 4). From this second 
generation, 27 lighter isolates were tested for mating type. Out of the 27, 6 were of type A , and 21 were 
type B . The A type isolates were all of PL=3 or higher. Ten complementary mating pairs were made 
between four B type isolates with PL= 1 or 2, and four A type isolates with PL= 3. Five of the pairs were 
found to produce, on average, lighter isolates. Thirty two isolates from the third generation were stored. 
The pair that produced isolates with no pigmentation on M E A was a cross between II H24 (PL= 2) and II 
H9 (PL=3). This pair produced single ascospore colonies III S6, III S7, and III S8 that were completely 
white on M E A , but produced dark colonies when grown on mannose agar. The fi-equency of pigmentation 
levels amongst 296 isolates from this cross is shown in Table 4 and showed a mode of PL=2. The other 
four crosses: II H2 (PL=2)x II H27 (PL=3) producing III V isolates, II H23 (PL=l)x II H27 (PL=3) 
producing III U , II H23 (PL=l)x II H7 (PL=3) producing III R, and II HI (PL=l)x II H7 (PL=3) 
producing III Q, had very similar pigmentation frequencies. 

O. piliferum 

AU 80-3 AU 87-2 
B (3) A (5) 

J 
r — ^ 

E2 E9 
A (2) B (2) 

I . I 

I \ \ r \ \ 1 

II HI IIH7 IIH23 IIH27 IIH2 IIH24 IIH9 
B (1) A (3) B (1) A (3) B (2) B (2) A (3) 

I l l _ I I , I I _ l I , I 

IIIQ1-5 IIIR1-3 IIIU1-6 IIIV1-6 III S B 7 8 Kh 
All(1) All(1) All(1) All(1) IIIS4 (2) 

III SI-3.5,9-12 (1) 

B Eorlnl 



O piceae 

AU 122-5 
A (4) 

I 
B3 

A (2) 

AU 130-2 
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B7 
B C3) 
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II J4 B (0) 
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Figure 2: Diagram showing the relevant matings performed from the starting parent fungi to 
the lighter isolates for O. piliferum, O. piceae and O. floccosum (pigmentation 
levels shown in parentheses). 
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Starting with two parents, A U 80-3 (PL=3) and A U 87-2 (PL= 5), three isolates were developed by the 
third generation which had no pigment expression when grown on M E A . Many isolates of PL= 1 were 
also collected and stored. 

Table 4: Change in frequency of pigmentation intensity in single spore progeny across 
generations for O.pilferum, O.piceae and O.flocossum. 

O. piliferum 

Pigmentation 
level 

Generation 
1 

Generation 
2 Generation 3 

Pigmentation 
level E II H III S IIIQ III U HIV 
Pigmentation 
level 

% of 299 % of 298 % of 296 % of 100 % Of 39 %of97 
0 0 0 0.7 0 0 0 
1 0 0.7 14.2 6.0 18.0 7.2 
2 0.7 1.0 50.0 40.0 48.7 46.4 
3 1.0 3.7 29.4 48.0 33.3 39.2 
4 5.0 41.3 5.4 6 0 6.2 
5 26.8 51.7 0.3 0 0 1.0 
6 66.6 1.7 0 0 0 0 

O.piceae 

Pigmentation 
level 

Generation 1 Generation 2 
Pigmentation 
level B D II 1 II J II K 
Pigmentation 
level 

% of 167 % of 147 % of 178 % Of 50 %of84 
0 0 2.0 0 8.0 3.6 
1 0 12.2 0 24.0 26.2 
2 0 22.5 6.2 68.0 66.7 
3 0 7.5 18.5 0 3.6 
4 10.2 9.5 65.7 0 0 
5 47.3 24.5 9.0 0 0 
6 42.5 21.8 0.6 0 0 

O. flocossum 

Pigmentation 
level 

Generation 1 Generation 2 
Pigmentation 
level F G II L II M II P 
Pigmentation 
level 

% of 102 % of 131 % of 199 % of 78 % of 50 
0 0 0 0 0 0 
1 1.0 1.5 1.5 5.1 4 
2 2.9 23.7 23.6 50 34 
3 20.6 53.4 62.8 44.9 62 
4 75.5 21.4 12.1 0 0 
Pigmentation Levels: 0 =no visible pigmentation; 1= very little pigmentation, few dark hyphae in centre of colony; 2= some 
pigmentation in centre; 3= some darker pigmentation in centre; 4= darker pigmentation; 5= colony mostly pigmented, very dark 
centre; 6= colony mostly very dark. Model level is the PL with the highest frequency. 

For O. piceae the parent strains used to produce ascospores of the first generation were a cross between 
A U 122-5 (A) (PL=4) and A U 130-2 (B) (PL=3) and a cross between A U 122-5 (A) (PL=4) and A U 139-



Confidential 

2-1 (B) (PL=2) (Figure 2). From around 200 isolates twenty with least pigmentation were chosen and 
crossed to produce ten mating pairs. Of the ten, the three crosses producing the least staining on the wood 
blocks mated on were: B3xB7, D31xD20 and D35xD19. These three pairs were chosen to produce the 
ascospores of the second generation. Again, over 300 isolates were obtained and classified. The B3 (2)x 
B7 (3) cross produced colonies that on average were much darker than those obtained from the D31 ( i )x 
D20 (0) and D35 (2)x D19 (7)crosses. The frequency of the pigmentation levels for the II I ascospore 
colonies for 178 isolates (isolates from B3xB7) is shown in Table 4. With a mode PL=4 these were much 
darker than the II J and II K (isolates from D3 lxD20 and D35xD19 respectively) isolates, which had very 
similar frequency of pigmentation (mode PL=2). Twenty two isolates with pigmentation levels of 0 and 1 
were tested for mating type, and all were found to be of type B. 

Thus, two crosses from the three initial parents with PL=2-4 produced, by the second generation, many 
isolates that expressed no pigmentation when grown on M E A and produced very light brown colonies on 
mannose agar. Fourteen isolates from the second generation, most of pigmentation level 0, were stored. 

For O. floccosum the parent strains used to produce ascospores of the first generation were crossings 
between A U 88-11 (PL=4) and A U 95-4 (PL=3), and between A U 88-11 (PL=4) and A U 123-42-10 
(PL=4) (Figure 2). 

Over 100 single spore colonies were collected from these crosses, and classified. The A U 88-11 x A U 
95-4 cross produced ascospores of the first generation (F). The frequency of pigmentation amongst 102 F 
isolates is shown in Table 4 and showed a mode PL=4. From this group, 15 of the lightest were chosen 
and tested for mating type. A l l 15 were found to be of mating type (Or-) 

The A U 88-11 X A U 123-42-10 cross produced the first generation ascospore colonies (G). The frequency 
of pigmentation shown in Table 4 shows a mode PL=3 arnongst 131 G isolates. Seven lightest were 
picked and tested for mating type. Two were found to be Gr\- mating type. Three F isolates were 
combined with three G isolates to make five mating pairs. After perithecial production, the five wood 
blocks were assessed for pigmentation intensity and found to be equal. After isolating spores and growing 
them into colonies, three out of the five crosses produced a high number of lighter colonies with mode 
PL=3 (Table 4). 

Out of the 420 isolates screened from the second generation, seven that were light brown (II L I , II L2 , II 
L3, II PI , II M l , II M2 and II M3) were stored in sterile water at 4°C. On 2% M E A II L I and II PI were 
considered to be lighter than the rest. No albinos of O. floccosum have been found after two generations. 

4 Discussion 
4.1 The ability of Cartapip-97(S) to control bluestain 

The preliminary study showed that Cartapip-97® could colonize freshly cut sapwood of lodgepole pine 
and compete with wild type blue-stain fungi. The fungus colonized a very small area of the sapwood, up 
to 20 mm towards the heartwood and four cm, tangentially, on either side from the inoculation point. The 
preliminary study showed that Cartapip-97® could prevent the extent of bluestain caused by a challenge 
fiingus but it was essential that Cartapip-97® colonize the available substrate before other fiingi can 



become established. Like wild-type bluestain fungi, Cartapip-97® thus appears to be adapted for rapid 
resource capture of lodgepole pine where it quickly dominates the sapwood, utilizing compounds such as 
fatty acids, triglycerides and resin acids (1). 

The main experiment of primary and secondary resource capture demonstrated more conclusively that 
Cartapip-97® can be an effective biological control treatment against blue-stain fiingi in freshly cut 
lodgepole pine logs. However its potential still needs to be confirmed in field tests. 

Cartapip-97® caused a small amount of bark damage, but once established, it limited the extent of bark 
damage caused by the wild-type bluestain fimgi which are strong bark colonizers. 

In general puncture wounds resulted in more bluestained area than the open wounds. Reasons for this 
remain speculative. One could be that the open wounds dry out faster while the puncture wounds are still 
protected by bark. A second reason involves production of fungitoxic wood extractives, such as 
pinocembrin, pinosylvin and pinobanksin, which have been found in low concentrations (12-57 ppm) in 
the outer 3 to 5 rings of lodgepole pine. None have been found deeper in the xylem, and high 
concentrations (179-5742 ppm) have been found in the heartwood. These chemicals are produced under 
stress in slowly drying cells such as those found in the open wounds, resulting in the lower fungal growth 
as compared with the puncture wound. A third reason could be that the tool used to form the punctures 
passes through the first few rings, possibly giving the fungi access to the deeper and wood extractive free 
xylem. 

Treatment with Cartapip-97® 10 days prior prevented bluestain caused by C. coerulescens in the open 
wound and inhibited 98% of stain in the puncture wounds. When applied on the same day, Cartapip-97® 
was only able to prevent 46%) of the stain in the open wound and 28%) in the penetrating wound. This 
confirms that for Cartapip-97® to be effective as a biological control it must be applied to logs as soon as 
possible after trees are cut. The extensive bluestain might be attributable to the high concentrations of the 
challenge fimgi applied (between 4 x l 0 ' and 4x10^ cfu per wound). This suggests that Cartapip-97®, also 
applied at relatively high levels, could perform even better on logs in the field where much lower levels of 
inoculum would be encountered. 

Some anomalies do exist in the data. These can be attributed to the small number of replicates used in the 
experiment and to the variability amongst logs. The logs can differ in their nutritional content and act as 
slightly different substrates causing the same fiingi to grow at different rates. The moisture content of the 
logs was measured at the start and end of the experiment. The largest difference in moisture content 
amongst the logs was found to be 10 percentage points and the drop in moisture content at the end of the 
experiment ranged from 4 to 10 percentage points. 

Cartapip-97® was also effective in preventing and limiting blue-stain caused by Leptographium sp., a 
common cause of stain in logs. When Cartapip-97® became established 10 days prior, it prevented 
bluestain in the open wounds and greatly limited its extent in the puncture wounds. Once again it is 
believed that i f Leptographium sp. naturally infected the log after felling the tree, thus in a smaller dose, 
Cartapip-97® would have been able to completely inhibit growth of this staining fungus. 

Cartapip-97® was also able to limit the growth of O. minus. It easily out competed O. minus when 
inoculated on the same day in the open wound treatment and even when the challenge fiingus was given a 
head start, Cartapip-97® was able to limit the bluestain produced. 



Cartapip-97® protected open wounds against O. piceae staining but its ability to protect the wood was 
less evident in the puncture wound treatment. Results suggest that the biological agent could be more 
effective against this fungus i f sprayed onto a debarked or partially debarked log then onto a log with 
punctured bark caused by harvesting equipment. 

Cartapip-97® was able to inhibit the growth of a mixture of the challenge fungi; the earlier the 
application was made, the more effective it was at inhibiting their growth. 

4.2 Development of New Albino Strains 

Three isolates, that produce no pigmentation when grown on M E A at 20°C and showed little 
pigmentation on the wood used for mating studies, have been produced for O. piliferum. However these 
isolates produced light pigmentation when grown on mannose agar, a medium which strongly stimulates 
stain development, and therefore further studies are needed to show how pigmentation is expressed when 
the isolates are grown on wood substrates, under field conditions. The two parents that were used to start 
the matings, were of PL= 3 and 5. The fact that, through selective mating, progeny of PL=0 were 
obtained in the third generation suggests that further matings could produce more albinos. 

Six isolates, that produced no pigmentation when grown on M E A , have been produced for O. piceae. 
When grown on mannose media the colonies produced very light brown pigmentation but whether this 
would occur on wood substrates requires further study. The three parents initially used were of P L 2,3 or 
4 and by the second generation, isolates of pigmentation level 0 had been achieved. This suggests that 
further mating of white isolates would increase their frequency in subsequent generations. In future 
matings mannose media instead of M E A could be used to better differentiate between isolates that would 
otherwise appear white on M E A . 

No albinos have been developed for O. Jlocossum, however the isolates from the second generation grown 
on M E A had decreased pigmentation compared to the first generation, suggesting that further matings 
could produce albinos in future generations. 

Albinism, to varying degrees, is found in staining fiingi in nature but, because of the importance of 
melanin to the fungi, it puts those with impaired ability to develop melanin at a competitive disadvantage 
(Zimmerman et al., 1995). Melanin synthesis pathways are only partially understood and may involve 
hundreds of genes. Isolates within a species wi l l differ in the degree of pigmentation due to genetic 
differences. Lighter pigmentation results from mutations in some of the genes linked to melanin 
production. These genes are possibly not expressed, or are expressed at a lower frequency, when 
compared to darker isolates. Such inheritable, natural mutations are the cause of variation within a natural 
population. These mutations wil l be passed to offspring produced asexually and may also be passed to 
offspring during sexual reproduction. In fungal sexual reproduction the chromosomes of both parents 
combine and are later separated through meiosis. During meiosis, chromosomes from the two parents 
exchange genetic information stored on D N A through the process of recombination resulting in the 
offspring inheriting characteristics from both parents. If the two whiter parents have natural mutations 
which cause decreased pigmentation, at different genes in their genome, the process of recombination 
could increase or decrease the number of mutations inherited by the progeny. Progeny that are whiter than 
both parents, inherited a combined set of mutations. By selecting whiter, single ascospore isolates and 



performing selective breeding, the number of these mutations should be increased in the genome with 
progressive generations, possibly reaching a point when enough mutations are present to totally prevent 
melanin production. The importance of selecting single ascospores to produce single spore colonies lies in 
the fact that the produced ascospores have single, haploid nuclei (In), meaning they posses one set of 
chromosomes, and will produce homokaryotic colonies, or cells with genetically identical nuclei. 
Bluestain fungi are usually heterokaryotic, or having two or more slightly (<5%) genetically different 
nuclei in common cytoplasm. Such ftingi may be unstable when grown over several generations. During 
culturing, the nuclei may segregate in cells in various combinations, changing the pigmentation 
characteristics of the strain. 

For O. piliferum and O. piceae, the B mating type was found to be more prevalent amongst the white 
isolates tested for mating type. For O. floccosum the Gr- mating type was found to be more prevalent. 
However only the isolates with lighter pigmentation were tested for their mating type. These observations 
show that there must be a genetic link between the mating type genes and genes responsible for decreased 
pigment expression. It is possible that the spores which are genetically predisposed for decreased pigment 
production and are of the A or Gr+ mating type, are, for some reason less likely to germinate. The spores 
that germinate with greater frequency are those with A or Gr+ type and dark pigment expression and B or 
Gr- types with dark or light pigment expression. 

For all three species the matings could be continued to generate more albinos. New white isolates might 
also be used in the matings to introduce new genetic information and generate even whiter progeny. In 
cases where matings were initially started with two parents, a point will be reached where the selected 
progeny would have inherited all of the possible genes responsible for lighter pigmentation. Further 
matings with these isolates would therefore not produce progeny that are lighter colored. 

The generation of completely albino isolates on agar media might not be necessary. Isolates which 
produce little pigmentation on agar media might not produce any or very little staining on wood substrate. 
The fungi used are naturally shallow stainers and would penetrate only about 20mm from the point of 
entry. Thus slight shallow staining might be acceptable providing the biocontrol fungus prevents other 
bluestaining fiingi from entering. In addition, future studies could show if using a mixture of albino 
species instead of one species as in the case of Cartapip-97® could protect logs better against bluestain. 

5 Conclusions 
This study has shown that Cartapip-97® when inoculated before wild-type staining fungi is able to 
significantly reduce the production of bluestain by these fungi in lodgepole pine log sections. 

Albino isolates of two shallow bluestaining fungi, Ophiostoma piliferum and Ophiostoma piceae, were 
successfully produced by a selective, but labour-intensive, breeding process. Given the fact that Cartapip-
97® performed well as a biocontrol agent on Canadian pine the need for these albinos might be 
redundant. However they could form the basis of alternative biocontrol approaches. 
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Summary 
This paper presents a laboratory test of the potential of using an albino strain of a common bluestain 
fungus to control bluestain in logs. In our initial studies, we tested an albino strain of Ophiostoma 
piliferum (Cartapip™). Cartapip and four challenge bluestain fungi were inoculated into test logs as a 
spore suspension. Two types of artificially produced bark wounds were inoculated on each log with the 
following: each fungus alone; Cartapip and each challenge fungus mixed together; Cartapip first, 
followed by each challenge fungus (2 and 10 days later); and the challenge fungi first, followed by 
Cartapip 5 days later. When inoculated alone, Cartapip was able to colonize fresh lodgepole pine, 
penetrate up to 2 cm deep into the sapwood, and not cause stain. The challenge fungi colonized large 
areas of sapwood and caused significant stain. However, when the fungi were applied after Cartapip, the 
stain was negligible in most cases. Based on these results, we believe that Cartapip has the potential to 
prevent stain under field conditions if it is applied immediately after felling. 
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1 Objective 
The project objective is to determine the technical and economic feasibility of using C97 (Cartapip 97), or 
equivalent albino fungi, to control sapstain in lodgepole pine logs. The specific objective of this work 
was to determine if Cartipip grows and thrives on lodgepole pine and be able to out-compete wild type 
staining fungi. 

Staining of logs caused by bluestain fungi may result in significant economic losses to the forest products 
industry. Practices for preventing bluestain during log storage, such as water sprinkling, log ponding, or 
chemical treatment of the logs, are not commonly used in Canada. Another possibility is the biological 
control of staining fungi. Several workers have published information on biological control of wild 
staining fungi by bacteria or other fungi (Benko 1988, Benko and Highley 1990, Bemier et al. 1986, 
Chakravarty and Hiratsuka 1994, Dawson-Andoh and Morell 1990, Highley et al, 1997, Kreber and 
Morrell 1993; McAfee and Gignac 1997; Morrell and Dawson-Andoh 1998; Schoeman et al. 1993; 
Seifert et al. 1987, Seifert et al. 1988. The results have varied in their degree of success in the laboratory 
but even systems which showed success in the laboratory have often failed under field conditions. One 
promising method of control, which has yet to be tested in Canada, is biological protection of freshly 
felled logs using albino bluestain strains. The concept is based on competition for the niche wherein the 
albino fungus is expected to establish and displace the pest organism(s). The concept has been 
demonstrated in the United States on red pine logs using Cartapip™, an albino strain of Ophiostoma 
piliferum (Behrendt et al. 1995). Testing of this fungus to control stain on green lumber gave mixed 
results, attributable to considerable pre-infection of the substrate (Byrne and Minchin 1996). However, it 
is anticipated that the challenge of controlling stain in fresh logs using such agents should be less 
demanding than controlling stain in lumber. 

Freshly felled logs are a specialized ecological niche and support the growth of a limited range of 
organisms, including bluestain species and various moulds. Cartapip, being a bluestain fungus itself, 
might be expected to colonize logs if given a strong start. By using the available food resources, we 
hoped to prevent other fungi from colonizing and causing stain. For Cartapip to be an effective biocontrol 
agent it must colonize fresh sapwood and resist displacement by other bluestain fungi. At the same time 
it must remain stable in colour and cause no damage itself. The trials described here, which involve 
testing Cartapip under controlled conditions and using lodgepole pine logs (billets), address all the above 
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4 Experimental Design 
To test the ability to colonize the substrate and compete with each other, Cartapip and four selected 
challenge fungi were inoculated by spraying their spore suspensions onto two types of bark wounds 
artificially produced on 50 cm long lodgepole pine billets. The wounds were either (1) open wounds 
where a 4 x 10 cm strip of bark and phloem was removed; or (2) puncture wounds, where 32 points of 
penetration were made into the wood xylem through the bark over a 4 x 10 cm area (Figure 1). A special 
tool was made for the latter so that by hammering it onto the log we simulated the damage from spiked 
rollers on the harvester head. 

Test fungi, including Ceratocystis coerulescens, Leptographium sp., Ophiostoma minus, and Ophiostoma 
piceae, were sprayed onto the wounds (approximately 4 mL of suspension per wound) in different 
sequences (Figure 2). These fungi had all been isolated from various wood species in Canada and caused 
stain with a range of intensity and expanse. The viability of spores at the time of spraying was also 
checked. After inoculation the billets were incubated in a growth chamber at 20 °C, 85% R H for 38 days. 
After incubation, the wood billets were analyzed for fungal growth and for the ability of fungi to colonize 
the substrate. 

Treatments included: 

. Individual fungi 

• Cartapip/individual challenge fungus mixed together 

• Cartapip followed by individual challenge fungi 2 days later 

• Cartapip followed by individual challenge fungi 10 days later 

• Individual challenge fungi first followed by Cartapip 5 days later 

. A mixture of the four challenge fungi and repeating the same treatments. 

After incubation the logs were sliced through the mid-wound area. One disc was taken from the middle 
section and two additional ones from each side of the wound area. We measured the area of visible stain 
and the depth of stain penetration. Fungi from the stained and adjacent areas were carefully re-isolated 
from underneath the wood surface and their identity confirmed. 
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Figure 1: Two types of bark wounds: puncture and open wound. 

Figure 2: Inoculating billets by spraying. 

5 Results 
When inoculated on its own, Cartapip was able to colonize fresh pine wood. However, its growth in wood 
was much less than that of C. coerulescens, Leptographium sp., and O. minus. These species not only 
colonized large areas of wood and living bark but caused significant stain on both wound types (Table 1, 
Figure 3). O. piceae did not produce significant stain while Cartapip colonized the sapwood, up to 2 cm 
deep, but did not produce stain. Penetration for C. coerulescens and Leptographium sp. was much higher, 
averaging between 84 and 100% and 40-80% of available sapwood, respectively. In general, puncture 
wounds were associated with larger areas of stain and resulted in deeper penetration for all fungi. In 
addition, Cartapip was fairly poor in colonizing living phloem. This result contrasted with 
Leptographium sp. or O. minus which showed bark lesions along the disc circumference stretching 8.5 
and 3.4 cm, respectively. 



Table 1: Stain area in different treatments 

Area of stain (cm*) 

Challenge fungi Type of 
wound 

Challenge 
Fungi 
Alone 

Challenge 
Fungi and 

Cartapip-mix 

Challenge 
Fungi 2 days 

Later 

Challenge 
Fungi 10 days 

later 

Cartapip 
5 days after 
Challenge 

Fungi 
Ceratocystis 
coerulescens 

Open 
Puncture 

33.0 
43.0 

16.5 
30.9 

0.2" 
1.1" 

0.0" 
1.0" 

37.4 
41.4 

Leptographium sp. 
Open 
Puncture 

5.7 
10.7 

0.2* 
3.4 

1.1 
5.3 

0.0** 
1.4 

6.3 
12.1 

Ophiostoma minus 
Open 
Puncture 

8.3 
9.4 

0.1" 
1.8" 

0.2" 
0.0" 

0.2** 
0.1" 

6.6 
8.9 

Ophiostoma piceae Open 
Puncture 

2.1 
0.7 

0.2 
0.1" 

0.0 
0.6* 

0.1 
0.1" 

0.0 
1.2 

*Significant at 0.05 level when compared with treatment with challenge fungi alone.. 
**Significant at 0.01 level when compared with treatment with challenge fungi alone. 

Replication = 3 

When challenge fungi and Cartapip were inoculated at the same time, significantly less stain was 
produced in both types of wounds. However, when Cartapip was inoculated 2 or 10 days before the 
challenge fungi, stain caused by C. coerulescens and O. minus was negligible. The development of stain 
was not affected when Cartapip was inoculated 5 days after the challenge fungi. 

Challenge fungi inoculated individually 
Cartapip inoculated 2 days 
before a challenge fungus 

Ceratocystis coerulescens Leptographium sp. Ophiostoma minus 

Figure 3: Stain in the billets after incubation. The first row of pictures are open wounds 
while the bottom row are puncture wounds. 



6 Conclusions 
• The experiments clearly showed that Cartapip can colonize lodgepole pine and compete with the 

challenge fungi over a five week period. 
• Cartapip also did not extensively colonize the phloem nor did it penetrate deeply into the sapwood. 

This reduces concerns of having a biocontrol fungus deeply established in sapwood and possibly 
affecting wood properties. 

• When Cartapip was sprayed before the bluestain fungi, it managed to establish well enough to keep 
the wood stain-free despite concentrations of spores of the challenge fungi being substantially higher 
than they would be in the field. 

Based on these results, we believe that Cartapip has potential to prevent stain under field conditions if it is 
sprayed on logs immediately after felling. 
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BIOLOGICAL CONTROL OF BLUESTAIN IN LOGS USING ALBINO 
BLUESTAIN FUNGI - CANADIAN EXPERIENCE 

Adnan Uzunovic ' and Dominik Domanski' and Diane P. Williams^ 

'Forintek Canada Corp. 2665 Ea.st Mall, Vancouver, B.C. Canada V6T 1W5 
^Clariant Corporation, The Biotech Research Division, 128 Spring Street Suite 1, Lexington, 

MA 02421-7821, USA 

Abst rac t This paper investigates the potential of using albino .strains of bluestain fungi 
to control bluestain in logs. In our initial studies we tested an albino strain of Ophiostoma 
piliferum (Cartapip™). An experiment was set up where Cartapip and four challenge bluestain 
fungi were inoculated in test logs as a spore suspension onto two types of artificially produced 
bark wounds. Different treatments included inoculating each fungus alone; Cartapip and 
the fungi mixed together; Cartapip first, followed by the challenge fungi (2 and 10 days 
later); and the challenge fungi first, followed by Cartapip five days later. When inoculated 
alone, Cartapip was able to colonize fresh lodgepole pine, penetrate up to 2 cm deep in the 
sapwood, and did not cause stain. The challenge fungi colonized large areas of the sapwood 
and caused significant stain. However, when the fungi were applied after Cartapip, the stain 
was negligible in most cases. Based on the results we believe that Cartapip has the potential 
to prevent stain under field conditions if it is applied immediately after felling and under 
optimized conditions. 

Introduction 
Buyers and users of Canadian lumber demand 

clean bright wood, and any discolorations are a 
major appearance problem causing substantial loss 
in value. As Canada's forest industry moves 
towards a more diverse product mix, emphasizing 
high value-added specialty products, the economic 
impact of wood discolorations become even more 
significant. The largest losses in value occur 
because of infection with bluestain fungi (usually 
species of the genera Ceratocystis, Ophiostoma or 
Leptographium) which can quickly colonize the 
sapwood of trees after felling and cause serious 
stain. Although there are theoretical options for the 
prevention of sapstain during log storage, such as 
water sprinkling or chemical treatment, these are 
not commonly used. For water sprinkling, large 
volumes of water are required, and Canadian 
environmental restrictions may require treatment 
of runoff water. The use of chemical pesticides in 
the field is also problematic given the potential for 
environmental contamination and the public 
perception that chemicals cau.se toxicity problems. 
In addition, these control methods are often 
impractical because of the large volumes of logs 
that are accumulated in the forest or in mill yards. 
A third option, which is just beginning to be 
investigated in Canada, is to use biological 
protection of freshly felled logs. 

The concept of biological control of one 
organism by another has a long track record in the 
agriculmral sector but is a more recent notion in 
forestry, and especially in the forest products 
industry. The success of Bacillus thuringensis in 
combating various forest insect pests is one of few 
working examples of biocontrol in forestry. In the 
field of wood products several workers have 
published information on the subject of biological 
control of wood staining fungi by bacteria or other 
fungi (Benko 1988, Benko and Henningsson 1986; 
Benko and Highley 1990; Bemier et al. 1986;. 
Chakravarty and Hiratsuka 1994; Dawson-Andoh 
and Morrell 1990; Highley etal. 1997; Kreber and 
Morrell 1993; McAfee and Gignac 1997; Morrell 
and Dawson -Andoh 1998; Schoeman etal. 1993; 
Seifert et al. 1987, Seifert et al. 1988). Results have 
varied in their degree of success in the laboratory, 
but even systems which showed success in the 
laboratory have often failed under field conditions. 
This has been attributed to lack of information about 
the interaction between the biological control 
organism, the fungus being controlled, the substrate 
on which both are growing, and the temperature/ 
humidity conditions (Seifert 1988). It is difficult to 
distil what factors contribute to a successful 
biological control outcome in previous research 
because the different studies involved different 
artificial substrates, wood species of varying 



nutrient status and incubation times, temperatures, 
moisture contents and the presence of antagonistic 
organisms. 

Organisms used as biocontrol agents are 
considered to interact with pest organisms in one 
(or combination) of the following ways: 

1) antibiosis; 
2) competition for the niche or 
3) parasitism. 
Antibiosis has been the main approach taken 

against wood-decaying fungi (Bruce and King 
1983) and against staining fungi (Kreber and 
Morrell 1993). Because the control mechanism 
involves the production of secondary metabolites 
by the control agent, sometimes questions are rai.scd 
about the nature of the mycotoxins and antibiotics 
involved (Sutcliffe and Chan 1993). 
Mycoparasitism can be successful (Byrne 1998; 
Croan 1996), but in order for the biological control 
agent to work, the staining organism has lo become 
established in the first place and this is nol dc.sinibjc. 
Thus competition for the niche could be iin 
approach most likely to succeed. The concept is 
that the bio logica l control agent becomes 
established in the same or similar niche lo the one 
used by the pest organism(s). At the same lime the 
control agent should not cause damaĵ e ilscK. An 
example in forestry where it has worked well i.s the 
control of the decay fungus Hewmhosidion 
annosum using another decay funĵ us ridi'.hiop.six 
gigantea in Europe (Rishbeth 1963; Greig 1976). 
In the case of staining fungi (he best biological 
control organism to occupy the niche would be 
another staining fungus. 

Staining fungi are primary coloni/crs which 
utilize simple carbohydrates, lipids, proteins and 
resin acids (Abraham et al. 1997) ami are generally 
tolerant to the residual sapwood defense 
mechanisms and high moisture conienis that prevail 
in freshly felled logs. Once they deplete readily 
available food sources, (ihey do nol posses the 
enzymes necessary to utilize cell w;ill constituents), 
they die out or are replaced by other fungi. Albino 
(non-pigmented) staining lungi have similar 
ecological and biological attributes to wild staining 
fungi and are thus able lo colonize freshly felled 
wood and deplete Ihc food resource, but without 
causing aesthetic damage. Pigmented wild type 
fungi might therefore not be expected to grow and 
cause stain in the areas where albino fungi 
colonized first. The utility of this concept has 
already been demonstrated on red pine (Pinus 
resinosd) logs in the United Slates by using Cartapip 
(Behrendt et a/. 1995) as well as in New Zealand 
(Kav 1997). Similar work is also ongoing in 

England and in Germany. Cartapip™ (Clariant 
Corp.), a non-pigmented strain of the staining 
fungus Ophiostoma piliferum, was originally 
designed as a biological agent for pitch control on 
wood chips destined for pulpirig. It has been shown 
to function well in this role, particularly in southern 
yellow pine, from which the fungus was isolated. 
However, we want to test this organism for its 
ability to prevent growth of wild staining fungi on 
Canadian wood species and then optimize its use 
under Canadian field conditions. 

The work that is currently under way aims to 
test the viability of this approach, and has the 
(bilowing specific technical objectives: 
1. To evaluate and demonstrate the concept of the 

displiicemeni of wild (pigmented) staining fungi 
by albino or light-colored biological control 
agents on lodgepole pine logs under Canadian 
field conditions. 

2. To evaluate the efficacy of Cartapip 97 
(commercially available albino isolate of 
Ophiostoma piliferum) in controlling stain in 
logs under laboratory and field conditions in 
Canada. 

3. To seek and develop other promising light-
colored bluestain fungi. 

4. To further develop knowledge of the ecology of 
the organisms involved and to learn how to 
optimize condiuons under which biocontrol 
agent will be successful in controlling stain. 

Materials and methods 
The initial experiments were done as small-scale 

field experiments under controlled conditions. 
Small diameter logs that were used in the 
experiments came from five 80-year old lodgepole 
pine (Pinus contorta) trees which were carefully 
felled by chainsaw (so that no bark damage 
occurred) on 17 November 1998 near Merritt B .C . 
Canada. After being carefully de-limbed, they were 
crosscut into manageable lengths (1.5-2.0 m), 
wrapped in polyethylene bags, brought back to 
Forintek Canada Corp. (Vancouver) and put in 
-20°C storage within two days of felling. One day 
prior to inoculation the logs were taken out of 
storage, additionally crosscut into shorter lengths 
(30-50 cm), both ends sealed with Roof Patch™ 
(Insul-Mastic and Bu i ld ing Products, N e w 
Westminster, B.C.) and left overnight. 

The experimental lab work was split into three 
phases: 
1) Selection of test fungi 

Fungal isolates included in studies were 
Cartapip97a, Ceratocystis coerulescens ( A U 123-
22-12), Leptographium sp. ( A U 156-234), 
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Ophiostoma minus (AU58-4J, and O. piceae 
(AU187-1) . They were selected from U B C / 
Forintek, Vancouver culture collection after being 
grown in pure culture, monitored for stability and 
tested for viability of spores in aqueous spore 
suspensions. The selected bluestain fungi had been 
originally isolated from heavily stained pine in 
various parts of Canada. 
2) Log inoculations with pre-colonized wheat 
grain in a drilled hole 

Cartapip and the four challenge fungi were first 
grown on wheat grain and then inoculated into 
lodgepole pine billets (short length logs, 
approximately 50 cm) to test the ability of the fungi 
for primary resource (substrate) capture. The wheat 
grain inoculum was inserted into predrilled holes 
of 6 mm in diameter (5 mm deep, drilled with a 
flame-sterilized drill). The billets were sealed at 
the ends to mimic the moisture relations in full-
length logs. Each billet was infected at four to six 
points and each hole was stuffed with two pieces 
of colonized wheat grain. Infected billets and two 
non-infected control billets were incubated in a 
growth chamber at 20°C, 85 % R H for 28 days. 
After incubation, the wood billets were cross-
sectioned lengthwise through the inoculum points 
and for the area and pattern of visible stain was 
measured using a clear template etched in square 
units of 0.25 mm^. Radial stain penetration was also 
measured. Fungal growth/colonization beyond the 
area of visible bluestain (also for Cartapip) was 
assessed on the basis of fungal mycelium that grew 
out of wood after the discs were incubated 
overnight. 
3) Spray inoculations onto bark wounds 
produced on logs 

To test their ability to colonize the substrate and 
compete, Cartapip and the challenge fungi wore 
inoculated onto logs by spraying their spore 
suspensions onto two types of wounds artificially 
produced on the logs. The wounds were either open, 
where a 4 x 10 cm strip of bark and phloem was 
removed, or puncture wounds, where 32 points of 
penetration were made into the wood xylem through 
the bark over a 4 x 10 cm area (Fig. 1). The two 
types of wounds are typical wounds that are found 
on logs that have been harvested mechanically. Test 
fungi were sprayed onto the wounds (approximately 
4 ml of suspension per wound) in different 
sequences. The viability of spores of each fungus 
was checked at the time of spraying and number of 
colony forming units (CFU) per ml of stock solution 
calculated. 

The treatments consisted of 
• individual fungi; 
• Cartapip and a challenge fungus mixed together; 

• Cartapip followed by a challenge fungus 2 days 
later; 

• Cartapip followed by a challenge fungus lOdays 
later; 

• challenge fungus first followed by Cartapip 5 
days later; 

• a mixture of the four challenge fungi and 
repeating the same treatments. 
The logs were incubated for 38 days in a growth 

chamber at 20°C and 85 % R H . After incubation 
billets were sliced through the mid-wound area. 
One disc was taken from the middle section and 
two additional ones taken from the each side of 
wound area. We measured the portion of dead bark 
above the wound area, the area of visible stain and 
stain penetration on all three discs. Fungi from the 
stained and adjacent areas were carefully re-isolated 
from underneath the wood surface, grown in pure 
culture and their identity confirmed. One slice of 
each billet was incubated at room temperature in a 
plastic bag overnight and the fungi were 
additionally identified based on microscopic 
examination of fungal outgrowth. Six randomly 
selected billets were also sampled for initial 
moisture content determination. Moisture content 
samples were taken from the disc cut from the 
bottom of the five randomly selected billets. Discs 
were then split with a chisel and mallet into wood 
cubes (containing 20 annual rings) taken from the 
outer sapwood area on two diametrically opposite 
sides of each disc. Moisture content was expressed 
as the percentage saturation (Uzunovic and 
Dickinson 1999). The same billets were used at the 
end of the experiment lo determine if moisture 
content changed significantly during the 
experiment. 

To tost lor significant differences between 
lri-:iimcnls and different fungi we performed 
Analysis of Variance. For comparison of means of 
each irciiinicni with each other treatment for each 
finigns individually we used Dunnett's test on the 
log-transformed data. 

Results and Discussion 
For Cartapip to be an effective biocontrol agent 

it must colonize fresh sapwood quickly and resist 
displacement by other bluestain fungi. At the same 
time it must remain stable in color and cause no 
damage itself The trials described here looked into 
these issues while testing Cartapip under controlled 
conditions and mimicking wounds that are seen in 
field situations. 

After studying the growth of Cartapip in billets 
inoculated with pre-colonized wheat grain it was 
clear that Cartapip was able to colonize fresh 
lodgepole pine wood. The fungus did not cause 



stain but gave the wood a slightly bleached 
appearance. The growth ability of Cartapip was less 
than the challenge fungi, C. coerulescens and 
Leptographium sp, which were able to colonize 
large areas of wood and living bark and cause 
significant stain during the same incubation period. 
Average visible stain area measured on the surface 
of a first slice (point of inoculation) for C. 
coerulescens was about 8 cm^, 10 cm^ for 
Leptographium sp, while the area occupied by 
Cartapip was only 1 cm^. Cartapip penetrated into 
the wood by up to 2 cm and did not cause 
discoloration. Cartapip was also fairly poor in 
colonizing the l iving phloem, in contrast to 
Leptographium sp or O. minus which respectively 
produced bark lesions stretching 8.5 and 3.4 cm 
circumferentially. 

When sprayed onto freshly produced wounds, 
C. coerulescens, Leptographium sp. and O. minus 

A 

Figure 1: Two types of wounds produced on test 

A 

produced large areas of stain and showed that they 
could be important stainers of lodgepole pine logs. 
This confirmed what we had found in previous 
examination of stained logs in the field (Uzunovic 
et al. 1999). For the open wound the average stained 
areas produced with these three species were 33.0, 
5.7 and 8.3 cm^ respectively while for the puncture 
wound the figures were 43.0, 10.7 and 9.4 cm^ 
(Table 1). Ophiostoma piceae did not produce 
significant stain, while Cartapip did not produce 
any stain at all. The mycelium of Cartapip could 
be traced and sampled to a depth of only 1.5cm in 
the wood. The radial penetration and colonization 
by C. coerulescens and Leptographium sp was 
much higher than for Cartapip, averaging between 
84-100 % and 40 - 80 % of the available sapwood 
thickness. Statistical analysis of stain-area data 
showed that there were significant statistical 
differences between fungi, between treatments and 

B 

logs A) puncture wound; B) open wound 

B 
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between wound types. There was also significant 
interaction between the fungus, the treatment and 
between fungus and wound type, i.e., the effect of 
treatment is different for different species of fungi 
and in different wound types. Table 1 indicates 
differences which are significant at the 0.05 and 
0.01 levels in the two wound types. 

When the challenge fungi and Cartapip were 
applied simultaneously there was significantly less 
stain produced only iot Leptographium in the open 
wound and O . minus in both types of wound. 
Ceratocystus coerulescens managed lo penetrate 
into the wood and cause stain. In the open wounds 
the stained area was reduced to a half compared to 
control treatment, and Cartapip mycelia was present 
all across the area stained with C. coerulescens. 
However, when Cartapip was inoculated either two 
or ten days prior to the challenge fungi, stain caused 
by C. coerulescens, Leptographium sp. and 
O. minus was negligible in most cases (Fig 2). 
There was no effect on the development of stain 
when Cartapip was inoculated five days after the 
challenge fungi (Table 1). 

Moisture content in logs at the time of 
inoculation was 83.5-85.2 % samration. After the 
incubation period, the moismre content dropped 
slightly to 73.7-79.4 % saturation in uncolonized 
sapwood. This moisture content level is still 
adequate to support fungal colonization and growth. 

Fieldwork with Cartapip should insure that 
application is done under optimized conditions fû st. 
This would involve making sure that the spore 
suspension is made fresh and that there is the 
required number of viable spores in the suspensions. 
The spray treatment should be done promptly after 
felling and coat all surfaces of the logs, including 
crevices. The logs should then be shaded from direct 
sunlight. 

If Cartapip is able to give good protection 
against stain under these relatively controlled 
conditions then in later stages of the work we will 
test its performance by under less optimal 
conditions to determine the conditions under which 
it will or will not work. 

Additionally, a large collaborative study 
involving Forintek Canada Corp., the University 
of British Columbia and University of Laval has 
investigated genetic diversity of bluestain fungi 
across Canada, and has obtained about 2000 isolates 
of staining fungi found on Canadian logs and 
lumber (Uzunovic ^/«/. 1999). Some of the isolates 
are naturally lightly pigmented and after being 
selected and bred further (enhanced) could show 
better potential as biological control agents for 
Canadian wood species than Cartapip. This will 
only be tested if Cartapip fails to grow and compete 
with wild staining fungi in field tests. 

Conclusions 
The results have clearly shown that Cartapip is 

able to colonize lodgepole pine and to compete with 
the challenge fungi over the five-week duration of 
the experiment. Cariapip also did not extensively 
colonize the phloem nor did it penetrate deeply into 
the sapwood. This reduces concerns of having a 
biocontrol fungus deeply established in sapwood 
and causing effects on wood properties. When 
Cartapip was given a good start by spraying it before 
the bluestain fungi, it managed to establish well 
enough to keep the wood stain-free despite the fact 
that concentrations of spores of the challenge fungi 
used were substantially higher than they would be 
in a field situation. Based on the results we strongly 
believe that there is a potential for Cartapip to be 
able to prevent stain under field conditions if it is 
sprayed on logs immediately after felling. 

Table 1. Ability of Cartapip to prevent bluestain on lodgepole pine. 

Area of stain in cm-

Fungi Fungi and Fungi Fungi Cariapip 
Alone Cartapip-mix 2 days 10 days 5 days 

later lalcr later 

C. coerulescens Open 33.0 16.5 0.2** ().()»» 37.4 
Puncture 43.0 30.9 I.l** !.()** 41.4 

Leptographium sp. Open 5.7 0.2* 1.1 0.0** 6.3 
Puncture 10.7 3.4 5.3 1.4 12.1 

O. minus Open 8.3 0.1** 0.2** 0.2** 6.6 
Puncture 9.4 1.8** 0.0** 0.1** 8.9 

O. piceae Open 2.1 0.2 0.0 0.1 0.0 
Puncture 0.7 0.1** 0.6* 0.1** 1.2 

*significant at 0.05 level when compared to fungi alone treatment 
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BIOCONTROL IN WOOD PROTECTION - CAN IT WORK? 

Adnan Uzunovic, Tony Byrne and Dian-Qing Yang 
Forintek Canada Corp., 2665 East Mall, Vancouver, B.C. V6T 1W5 

Summary 

This paper presents an update on the Canadian biological control research which has 
been done I on wood products in the last ten years. In particular, it concentrates on two 
technologies explored at Forintek Canada Corp. to address problems of stain in lumber 
and logs. One technology used the common mould Gliocladium roseum as a biocontrol 
agent in studies on agar media and wood wafers in the laboratory, and on lumber and logs 
in the field. The performance of G. roseum was enhanced both by prior wood 
pasteurization and by combining it with an alkali solution. The second technology looked 
into the potential of using albino strains of bluestain fungi to control wild type 
(pigmented) staining fungi. In our initial studies on lumber we tested an albino strain of 
Ophiostoma piliferum (Cartapip®). However results were inconsistent under field 
conditions. To test Cartapip® on logs an experiment was set up where Cartapip® and 
four challenge bluestain fungi were inoculated in different sequences onto artificially 
produced bark wounds. Cartapip® was able to colonize fresh lodgepole pine, penetrate 
up to 2 cm deep in the sapwood, and did not cause stain. The challenge fungi alone 
colonized large areas of the sapwood and caused significant stain. However, when the 
challenge fungi were applied after Cartapip®, the stain was negligible in most cases. 
Based on the results we concluded that there is a potential for biocontrol of stain, 
especially on logs using both of these technologies. However, building knowledge on 
optimization of their use as well as defining the conditions under which they can or 
cannot work is essential. 

1. Introduction 

A paper on biological control of wood-inhabiting fungi was last given at the CWPA 11 
years ago (Seifert, 1988). The current paper will give an update on progress in biological 
control (biocontrol) in Canadian wood products research specifically on the protection of 
wood products against staining fungi. 

Biological control and its place in wood products research 

Biocontrol can be defined as the use of biologically based technologies and tools to 
manage pest populations. Biocontrol is generally thought of as the use of natural 
parasites, predators, pathogens, or their parts or products, to control the depredation of 
crops, forests, livestock and the wider environment by invertebrates, weeds and diseases. 
When these agents are used in concerted, synergistic combinations timed to the life 
cycles of the target pests and the plants and animals they attack, the approach is called 



integrated pest management or 1PM. Interest in studying biological control as a pest 
control alternative has greatly increased due to public and regulatory pressures on 
chemical pesticides. Generally, biocontrol is perceived to be environmentally benign, and 
from a regulatory point of view, biologicals (pesticides based on biocontrol agents) are 
considered as offering reduced-risk pesticide alternatives to chemicals. 

Biological control has a long track record in the agricultural sector, but is a more recent 
notion in forestry and especially in the forest products industry. The success of Bacillus 
thuringiensis (Bt) in combating various forest insect pests is one of few working 
examples of biocontrol in forestry. In the field of wood products, early attempts at 
biocontrol focussed on wood decay fungi using bacteria or other fungi (e.g. Etheridge, 
1972; Greaves, 1970; Bruce et al., 1984). Biocontrol was also explored to control root 
and rot diseases (Rishbeth, 1952; 1963), and sapstain in sawn wood and ). 
Organisms used as biocontrol agents on wood are considered to interact with pest 
organisms in one (or a combination) of the following ways: 1) competition for the niche, 
2) antibiosis, or 3) parasitism. An ideal biocontrol organism should be efficient in 
primary resource capture, grow fast, and utilize available food quickly and thus inhibit 
colonization by other organisms. It also must be good at secondary resource capture (able 
to grow in substrate already colonized by other organisms) or able to prevent secondary 
resource capture by production of antibiotics or by mycoparasitism. The biocontrol agent 
must not utilize structural carbohydrates or not cause any other damage. 

Antibiosis has been the approach mainly taken against wood-decaying fungi. However, 
as the control mechanism involves the production of secondary metabolites by the control 
agent, questions are raised about the nature of the mycotoxins and antibiotics involved 
(Seifert, 1988). Similarly, biocontrol via parasitism requires the pest organism to become 
established first and this is not desirable. Despite many years of working on the control 
of decay fungi, no effective biocontrol technologies appear to have worked consistently 
The task of controlling decay fungi with another organism is made more difficult by the 
long-term nature of the requirement. Long term protection will require that either the 
biocontrol organism must stay alive in the wood for the duration of the protection needed 
or it must leave residual antibiotics (Seifert, 1988) and has to be equally successful 
against the many different organisms that it may encounter. 

Attempts at the biocontrol of wood staining fungi on lumber have employed bacteria and 
other fiingi (among others: Benko, 1988; Benko and Henningsson, 1986; Benko and 
Highley, 1990; Bemier et al, 1986). Chakravarty and Hiratsuka, 1994; Dawson-Andoh 
and Morrell, 1990; Highley et al, 1997; Kreber and Morrell, 1993; McAfee and Gignac, 
1997; Morrell and Dawson-Andoh, 1998; Schoeman al, 1993; Seifert etal, 1987, 
Seifert et al, 1988.). The main approach to date has involved using biocontrol agents 
that produce antibiotics. Results have varied in their degree of success in the laboratory, 
but even systems that showed success in the laboratory have often failed under field 
conditions. This could be attributed to a lack of information about the complex 



interaction between the biological control organism, the fungus being controlled, the 
substrate on which both are growing, and the temperature/humidity conditions. 

As with control of decay fiingi, mycoparasitism of staining fungi can be successful 
(Byrne, 1998; Croan, 1996), but development of the staining fungi before this can occur 
is not desirable. Thus, of the available biocontrol mechanisms, competition for the niche 
is the one most likely to succeed. Staining fungi are primary colonizers that utilize simple 
carbohydrates, lipids, proteins and resin acids (Abraham et al., 1997). They are generally 
tolerant to the residual sapwood defense mechanisms and high moisture contents that 
prevail in freshly felled logs. Once they deplete readily available food sources (they do 
not possess the enzymes necessary to utilize cell wall constituents) they die out or are 
replaced by other fiingi. As the biological control agent becomes established in the same 
or similar niche to the one used by the pest organism(s) it should not cause damage itself 
An example in European forestry where this has worked well is the control of the decay 
fungus Heterobasidion annosum using another decay fungus Phlebiopsis gigantea 
(Rishbeth, 1963; Greig, 1976). P. gigantea has the desirable characteristics of a good 
biocontrol agent: fast growing on the primary resource to occupy the niche, with the 
ability of secondary resource capture. Despite being a decay fungus, it does not cause 
damage to live trees like the pathogen it controls. Heterobasidion annosum spreads from 
the decayed stump through root grafts into healthy standing trees, w^hWt Phlebiopsis 
remains in the decayed stump. Thus in the case of staining fungi, it seems logical that the 
best biological control organism to occupy the same niche could well be another staining 
fungus. 

Biocontrol of stain in lumber and logs - approaches in the last ten years 

Recent work in Forintek has concentrated on investigating two technologies using two 
biocontrol agents. One is an antagonistic mould and the other is a commercially available 
albino strain of a bluestain fungus. In the mid-1980's, Forintek's eastern laboratory began 
work on the biological protection of wood from sapstain. This work began by screening 
a wide variety of wood inhabiting organisms for their ability to prevent stain. (Seifert et: 
al. 1987, Seifert et al., 1991). They then carried out pre-colonization experiments on 
agar and small blocks of sapwood of different wood species. Selected candidates were 
tested for the production of metabolites. Gliocladium roseum was chosen for further 
development. It was also found that G. roseum is a species tolerant to alkaline conditions 
(capable of growth at pH 10.8) while many other fungi were sensitive to elevated pH 
(Yang, 1998). This property was later used, combining G. roseum with alkalis in 
attempts to enhance the performance (Yang and Rossignol, 1999). 

Taking a different approach, Forintek's western laboratory tried using a commercially 
available albino strain of Ophiostoma piliferum called Cartapip®. This organism was 
developed as a pitch reducing agent for use in pulp chips destined for pulping (Blanchette 
et al., 1992). It was also shown to be able to reduce bluestain development in red pine 
logs (Behrendt et al, 1995, Blanchette et al, 1997). Colorless (albino) bluestain isolates 



can be obtained either through the selective breeding of lighter isolates or by searching 
for a natural mutant which occurs in 1 out of 30-40 000 individuals (Blanchette, personal 
comm.). Albino strains are expected to have the same aggressive grov/th characteristics 
as the wild type staining fungi and can utilize nutrient resources in the sapwood rapidly, 
thus preventing wild type staining fungi from establishing. The lack of pigment in their 
hyphae prevents the sapwood from staining. Albino (non-pigmented) staining fiingi have 
similar ecological and biological attributes to wild-type staining fungi. As such, they are 
able to colonize freshly felled wood and deplete the food resources without causing 
aesthetic damage. Therefore, pigmented wild type fungi would not be expected to grow 
and cause stain in the areas first colonized by albino fungi. Our goal was to test this 
organism for its ability to prevent growth of wild staining fungi on Canadian wood 
species and then optimize its use under Canadian field conditions. 

Controlling stain in lumber 

There are three major challenges facing the biocontrol of fungi on Canadian softwood 
lumber: 
1) The large number of fungi which cause stain and mould make control by a single 

biocontrol organism (or narrow spectrum fungicide for that matter) difficult; 
2) The wood substrate is highly variable in nutrient, moisture, and extractive content, all 

of which affect the establishment of biological control agents; 
3) The substrate is pre-infected with competing microorganisms during the long period 

between cutting down the trees and processing into lumber (significant infection also 
occurs during saw milling). 

In order to overcome these challenges and to enhance the bio-activity of the biocontrol 
agent, Forintek's eastern laboratory used two approaches. The first approach was a 
physical method using wood pasteurization, and the second one was a chemical method 
using a combination treatment with a mild alkali. In the first approach, lumber was heat 
treated at 85°C for 2 hours, until the maximum internal wood temperature measured was 
approximately 80°C and the minimum internal wood temperature was 56°C. Then, the 
lumber was dipped in a spore suspension of G. roseum. The test on western hemlock 
lumber showed that after 6 months of storage, G. roseum treatment resulted in a high 
percentage of acceptability on heat pasteurized lumber, but on unpasteurized lumber 
successful protection against stain and mould was not achieved (McAfee and Gignac, 
1997). The second approach was simultaneous application of G. roseum and an alkali 
solution. On white pine sapwood, simultaneous application of G. roseum and 5% sodium 
carbonate increased wood acceptability from 50% by the treatment with G. roseum alone, 
to 100% over an 8-week storage period. None of untreated wood pieces in controls were 
acceptable in this test. Further in vitro tests of the combined system were conducted on 
several major Canadian wood species: western hemlock, white spruce, black spruce, jack 
pine, lodgepole pine, white pine, red pine, Douglas fir, amabilis fir and balsam fir. 
Results showed that all wood species were fully protected by this integrated method 



(Yang and Rossignol, 1999). The field test on lumber showed that the treatment of jack 
pine with G. roseum spores alone was moderately effective against stain, but this 
treatment was ineffective on white pine. Application of G. roseum in an alkaline solution 
enhanced the activity of the fungus against stain. Use of the integrated treatment, 
resulted in 100% acceptable pieces of jack pine and 84% acceptable pieces of white pine. 
On both wood species, the treatment with G. roseumlz\Y?i\\ was superior to the reference 
chemical (Yang and Rossignol, 1999). 

In Forintek's western laboratory we tested the ability of Cartapip® to control stain in hem-
fir lumber, and obtained good results when the lumber was heat-treated and when the 
fungus was mixed with glucose (to encourage its establishment). However, when the trial 
was repeated in the same way the following year, the results were not duplicated (Byrne, 
1998). 

The difficulties in implementing biological control in commercial lumber have resulted in 
more research to understand the basic biology of staining fungi and the development of 
stain. To achieve this we set up alliances with the University of British Columbia Forest 
Products Biotechnology Group who are well placed to do research in basic biology. 

Biocontrol of stain in logs 

The recognition that pre-infection with competing microbes was a factor in reducing the 
efficacy of both biological and chemical treatments has resulted in the need to examine 
how these fungi get into the wood at the log stage. The increased cost of logs and the 
need to maximize value from them is also driving the interest in protecting logs from 
degrade, beginning at the point the trees are cut down. Fungal deterioration, particularly 
bluestain, is often associated with spiked rollers or with bark damage where the bark has 
been removed in log handling (Lee and Gibbs, 1996, Uzunovic et al., 1999). Modem 
harvesting procedures and subsequent log storage can therefore result in a significant loss 
in value of the product derived from the logs. Over the last two years bluestain in 
lodgepole pine logs had a big impact on the profits of affected sawmills. In summer of 
1998, stain developed to epidemic proportions in logs being processed at some Alberta 
sawmills. Of three sawmills visited by Forintek staff the bluestain problem caused losses 
for that year of $14.3 million over and above the "normal" losses which the mills 
encounter. These losses were encountered because the savm product cannot meet 
Japanese requirements for stain-free wood, nor can it be used for re-manufacturing into 
high value products such as furniture. The fact that the year was a particularly warm one 
was probably the major contributor to the problem. 

To date bluestain has often been considered by sawmill staff to be an inevitable 
occurrence in the logs processed in sawmills. However, recognition is developing to 
consider what might be done to reduce stain development after a tree has been felled. 
Spraying or sprinkling logs can provide excellent protection of softwood logs from 
degradation; however the lack of availability of water at the mill or the need to recycle 



the water has limited use of such techniques. Unlike other countries, there is no tradition 
of using chemical pesticides for the treatment of logs to prevent bluestain in Canada and 
it is unlikely that chemical treatments will be adapted because of negative public 
perceptions of the impact of pesticides on the environment. 

Measures taken to control stain on logs, whether in the forest or in the sawmill yard, need 
to be environmentally benign. Biological control methods seem to offer the greatest 
practical promise as a protection method for logs in the future, and Forintek research 
efforts have moved from the biocontrol of lumber to the biocontrol of logs. One would 
expect biocontrol fungi to be able to establish more effectively in freshly felled trees (i.e. 
clean logs, free of microbial colonization) rather than in pre-infected lumber. Forintek is 
currently pursuing using both the fungal (e.g. albino staining fungi) and chemical/fungal 
integrated approaches previously mentioned. (Yang, 1998). As with chemical pesticides, 
such biologicals must be registered under the Pest Control Products Act administered by 
the federal government's Pest Management Regulatory Agency. Canada has one of the 
most rigorous pesticide registration processes of anywhere in the world and such 
registrations are expensive and lengthy so biocontrol methods will not be available over 
the short term. 

Forintek's eastern laboratory has tested G. roseum technology on black spruce and jack 
pine logs that were cut in 1-m lengths. The logs were dipped in a spore suspension of G. 
roseum and/or in a spore suspension in an alkaline solution and compared with an 
untreated set of logs and a set of logs treated with a reference antisapstain chemical. Test 
logs were piled for four months in a yard and assessed for stain development. In general 
both treatments with G. roseum (alone or with alkaline solution) were much less stained 
then untreated logs during 4 months storage in summer. Treatment with the integrated G. 
roseum system provided the same level of protection as the reference antisapstain 
chemical. 

Forintek's western laboratory used 80-year old lodgepole pine trees cut into short lengths 
(30-50 cm). The short logs were end-sealed to prevent fungal colonization and drying 
through the ends. Cartapip® and wild-type challenge staining fungi were inoculated onto 
the logs by spraying spore suspensions onto puncture and open wounds artificially 
produced on the logs, and similar to those found on logs that have been harvested 
mechanically. Challenge fungi were sprayed onto the wounds before, after or with 
Cartapip®. The challenge fungi used in these treatments were commonly found staining 
fungi. After incubation for 38 days at 20 C and 85 % RH the short logs were sliced 
through the mid-wound area and assessed for stain. 

After studying the growth of Cartapip® in billets, it was clear that Cartapip® was able to 
colonize fresh lodgepole pine sapwood. It did not cause stain, but gave the wood a 
slightly bleached appearance. The Cartapip® did not grow as well in the short logs as 
did the challenge fungi, Ceratocystis coerulescens and Leptographium sp., which were 
able to colonize large areas of wood and living bark and cause significant stain during the 



same incubation period. Cartapip® penetrated into the wood to a depth of 20mm For the 
open wounds, the average stained areas produced by C. coerulescens, Leptographium sp 
and O. minus were 33.0, 5.7 and 8.3 cm respectively; while for the puncture wound, the 
areas were 43.0, 10.7 and 9.4 cm .̂ The success of Cartapip® as a biocontrol agent varied 
when it was applied simultaneously with the challenge fungi. There was significantly less 
stain produced by O. minus in both types of wound, and by Leptographium sp. in the 
open wound only. However, C. coerulescens managed to penetrate the wood and cause 
stain in both wound types. In the open wounds, the stained area was reduced to a half 
compared to control treatment, and Cartapip® mycelia was present across the area 
stained with C. coerulescens. However, when Cartapip® was inoculated either two or ten 
days prior to the challenge fungi, stain caused by C. coerulescens, Leptographium sp. and 
O. minus was negligible in most cases (No preventative effect on the development of 
stain was observed when Cartapip® was inoculated five days after the challenge fungi. 

Discussion and Conclusions 

Protecting wood from microbial attack is a difficult task because many organisms can 
cause deterioration problems. To be effective both biological and chemical pesticides 
need to control a wide range of these pests. Biological control of wood-deteriorating 
organisms is a relatively recent research goal, the focus of which has changed over the 
last decade or so from protecting wood in long-term service against wood-decaying 
fungi, to the prevention of growth of sapstain fungi. Fortunately only short-term 
protection is required against staining fbngi and such protection is therefore probably 
more feasible with bio-pesticides than over the longer term required against wood-
decaying fiangi. Based on tests, which are intermediate between the highly controlled 
conditions of laboratory tests and the less controlled conditions that prevail in industrial 
field tests, the two technologies, discussed in this paper show promise for control of stain 
particularly on logs. The results have clearly shown that both G. roseum and Cartapip® 
are able to colonize test wood and to compete with challenge fimgi over the duration of 
the experiments. Both fiangi also did not extensively colonize the phloem nor penetrate 
deeply into the sapwood. This reduces concerns of having a biocontrol fungus deeply 
established in sapwood and affecting the wood properties. When given a good start by 
spraying it before the bluestain fungi, both fungi established well enough to keep the 
wood stain-free. G.ro.yewm showed excellent performance against moulds and 
sapstaining fiingi on various wood species in the laboratory evaluation. Its bio-activity 
against stain can be enhanced by either pasteurization of wood or by the combination of 
this fungus with an alkali. Future fieldwork will include testing Cartapip® and G. 
roseum /alkali under field conditions using standard-size logs. 

As Seifert said at the 1988 CWPA meeting, we should see biocontrol as just another tool 
against wood degradation and not as a threat to the wood preservation industry, which is 
increasingly under pressure to use milder chemicals preservatives. Perhaps the solution 
might lay in integrated biological/chemical systems. 
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Summary 
The objective of this work is to test whether Cartapip or other bluestain affect the toughness or the 
bending strength of lodgepole pine sapwood. Several sets of 12, straight-grained, clear samples were: cut 
from lodgepole pine sapwood; inoculated with five species of fungi or left untreated; and then tested to 
determine the modulus of elasticity (MOE) and toughness. This work confirmed that there was no 
significant difference in the static bending strength for the samples inoculated with test staining fungi or 
with Cartapip. Only a difference between heartwood and sapwood was indicated in the bending strength 
test. There was also evidence that uninfected heartwood and Coniophora puteana (brown rot) treated 
samples had lower toughness than uninfected sapwood and Ophiostoma clavirgerum or Cartapip treated 
samples. None of stained samples significantly differ from uninfected sapwood both in M O E and 
toughness. The presence of bluestained wood in lodgepole pine boards is, therefore, less likely to have an 
effect on the bending (static or impact) strength of boards than other defects. 
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1 Objective 
To test whether Cartapip or other bluestain affect the toughness and the bending strength of lodgepole 
pine sapwood. 

2 Introduction 

This report is part of a series documenting Forintek research on the biological control of bluestain using 
Cartapip (Uzunovic 2001, Uzunovic et al. 1999). As Cartapip is an albino isolate of a bluestain fungus 
Ophiostoma piliferum, questions have been raised about the effect of this fungus on wood strength 
properties. There is a lack of data on the strength properties of wood colonised by Cartapip, but effects 
caused by bluestain fungi have been reported. Work on the effects of these fungi on the mechanical 
properties of wood was done in the 1930s and 40s (e.g. Chapman, 1933; Findlay and Pettifor, 1937; 
Chapman and Scheffer, 1940). These studies concluded that sapstain has only an insignificant effect on 
compressive and bending strengths, but that the toughness (resistance to suddenly applied shock) may be 
appreciably affected (Cartwright and Findlay, 1950). For pine, differences in toughness up to 30% have 
been reported (Findlay and Pettifor, 1937). Because of these findings, bluestained wood is not 
recommended in wood which is subject to sudden loading e.g. tool handles, ladder stock, or scaffold 
boards. However, recently researchers have found that the strength of bluestained wood, including 
toughness, of radiata pine or mountain pine beetle attacked lodgepole pine was not compromised (Schrip 
et al., 1999, Byme and Uzunovic, 2001). 

The purpose of the work reported here was to determine whether some of the strength properties of pine 
wood colonised by Cartpip compare to selected bluestain fungi and a brown rot fungus were affected. 
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Adnan Uzunovic Mycologist, Project Leader 
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4 Experimental 
Several sets of 12, straight-grained, clear 22 x 22 x 310 mm samples were cut from the inner lodgepole 
pine sapwood from end matched logs cut from one tree. Side matching pieces (same rings) were taken 
where possible (see Fig. 1). 

Figure 1: Test Samples Taken From Sapwood of Fresh Lodgepole Pine 

The dimensions allowed for 10% shrinkage during conditioning or drying. The final size of samples 
before testing for static bending and toughness was 20 x 20 x 280 mm. Juvenile wood, which can occur 
in material up to 30 years old, was avoided when making the samples. The freshly cut samples were 
surface sterilized by dipping individually in 70% ethanol for two minutes, allowed to dry on a laminar 
flow (sterile) air bench, and then quick surface-flamed. Prior to inoculation, the test fungi (except for 
Coniophora puteana) were grown for 8 days on 2% malt extract agar and incubated at 20°C. Coniophora 
puteana was grown on 1.5 % malt agar and incubated at 25°C. Each set was put in a sterilized 
autoclavable bag. The sample pieces were then inoculated with a spray suspension of scraped mycelium 
of the following fungi: 

• Cartapip 97 
• Coniophora puteana (brown rot fungus, isolate 9G), 
• Ceratocystis coerulescens (bluestain fungus, isolates A U 123-22-12 and AU157-22-14), 
• Ophiostoma minus (bluestain fungus, isolates AU198-4 and AU58-4) 
• Ophiostoma clavigerum (a bluestain fungus associated with the mountain pine beetle, isolates 

A U M M t 4 and AURP14) 
• Corresponding side-matched control pieces cut from sapwood and from heartwood were sprayed with 

water only in a separate bag. 



Bags were then sealed and incubated at 20°C for two months (Fig. 2), except for pieces inoculated with 
O. minus, incubated at 27.5°C. They were monitored for signs of condensation and water added 
aseptically if needed. Periodically bags were aerated by opening them in laminar flow air bench and re-
sealing them again. At the end of incubation period the samples were removed from the bags and 
conditioned for a month to 12% M C and tested. 

Figure 2: Inoculated Samples in Sterile Bag (left); Samples Inoculated With Cartapip 
Showing Characteristic Mycelial White Fluff on the Wood Surface (right) 

The first (non-destructive) test was a modification of A S T M D143-94 (Sec. 8) static bending test in which 
the span was 260 mm, the spanidepth ratio was 13:1 and the load rate was 1.27 mm/min. Following 
determination of the Modulus of Elasticity (MOE), the same samples were subjected to a destructive 
toughness test, A S T M D143-94 (Sec. 11) using a Baldwin Toughness Testing Machine (Fig. 3). 

Figure 3: Bending Test (left)and Toughness Test (right) 



This machine consists of 23 kg load mounted on a hinged pendulum, which is directed at a mounted test 
specimen with a moment of 119.3 N-m (1055 inch-pounds). The span was 240 mm. The angle of the 
pendulum before (60°) and after fracturing the specimen was noted and used to calculate the work 
required to break the sample, as laid out in the standard. In both tests the loading was applied to the 
tangential surface furthest from the pith. The data for the seven treatments were compared using analysis 
of variance. A Student-Newman-Keuls ( S N K ) multiple comparison test was used to compare the 
individual treatments. 

5 Results and Discussion 
After the incubation period, all samples showed signs of complete surface colonization with the target 
fungi. No cross contamination was detectable by examining the samples under the light microscope (Fig. 
4). 

Figure 4: Three Representative Samples for Each of the Treatments Following 
Conditioning to 12 % m.c. (from left to right: Untreated Sapwood, C. puteana, 
Cartapip, C. coerulescens, O. clavigerum, O. minus and Untreated Heartwood) 

The mean M O E figures are presented in the Table 1. Statistical analysis showed that the mean M O E of 
uninfected heartwood was significantly lower than the other treatments [F(6, 65) = 3.97, p = 0.0019]. The 
SNK multiple comparison test also picked up the uninfected heartwood treatment as being different from 
all other treatments. Other differences were not found to be significant. 



Table 1: Mean MOE for the Seven Treatments 

Treatments: Mean MOE Number of test samples 
O. clavigerum 13.7740 10 
Cartapip 13.0878 12 
Ceratocystis sp 13.0685 11 
Uninfected Sapwood 12.9761 13 
Conioptiora puteana 12.9430 6 
0. minus 12.8908 12 
Uninfected Heartwood 11.4688 8 

Analysis of variance for the impact bending strength (toughness) also showed a significant difference 
between the seven means. (F(6, 65) = 2.43, p = 0.034). However, the S N K test revealed no individual 
differences (Table 2). For further analysis a t-test was run to compare individual means. This provided 
some evidence that samples inoculated with O. clavigerum, or Cartapip and Uninfected Sapwood 
treatments had higher mean toughness than samples inoculated with Coniophora puteana or than 
Uninfected Heartwood (subgroup B). Ceratocystis sp and O. minus inoculated samples were not different 
from either of the two subgroups as they belonged in both A and B subgroups. 

Contrary to the earlier quoted reports we have found no clear evidence that reduced toughness resulted 
from bluestain. In our experiments we used known fungi while the reported experiments mainly used 
already stained wood. It is possible that these test pieces could have contained some incipient decay thus 
causing toughness loss. Additionally some bluestain species like Botryodiplodia theohromae, a tropical 
species which attacks hardwoods, are able to cause cell wall degradation (Encinas and Daniel, 1995). In 
all the cases where staining fungi display a soft-rot type activity there will be a more severe reduction in 
the timber strength. It is therefore important to know the identity of the fungi that caused stain in the test 
material so that strength changes can be linked with the fungal species. 

As we did not pick up any loss in sapwood toughness we believe that stained wood would not have any 
significant impact on the overall strength of a board. What seemed more important is the weaker, 
heartwood portion in a board and that alone would be more critical in determining the bending strength 
characteristic of a board. 

Although sapwood samples infected with C. puteana (a decay fungus) appear to have lower toughness 
and at the same magnitude as heartwood, this was not found to be statistically significant. To confirm 
that there is an effect on wood toughness of a decay fungus and no effect of bluestain isolates we would 
require further studies with larger number of samples. 



Table 2: Mean Toughness for the Seven Treatments 

Treatments: Mean Toughens t-Grouping Number of test samples 
O. clavigerum 213.39 A 10 
Cartapip 209.11 A . 12 
Uninfected Sapwood 204.80 A 13 
Ceratocystis sp 192.91 B A 11 
O. minus 192.35 B A 12 
Coniophora puteana 174.58 B 6 
Uninfected Heartwood 173.48 B 8 

6 Conclusions 
This work confirmed that there was no significant difference in the static bending strength for sapwood 
samples inoculated with test staining fungi or with Cartapip. Only a difference between heartwood and 
sapwood was indicated in the bending strength test. There was also evidence that heartwood and that 
Coniophora puteana (brown rot) treated samples had lower toughness than uninfected sapwood, O. 
clavigerum or Cartapip treated samples. None of the stained sets significantly differed from uninfected 
sapwood. The presence of bluestained wood in lodgepole pine boards is therefore less likely to have an 
effect on the bending (static or impact) strength of boards than the presence of other defects. 
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Summary 
We ran two field experiments in summer 2000 to test the feasibility of using two biocontrol agents to 
protect logs from being stained by wild-type bluestain fungi. Both Cartapip and Gliocladium roseum 
showed promise to control stain in freshly felled logs for the critical first 12 weeks of storage. 

Results show that: 

• Cartapip applied at the recommended concentration significantly reduced the amount of stain in the 
Alberta trials. 

• Cartapip concentration at 1/3 of the recommended concentration resulted in stain that was not 
significantly different from that in the control logs. 

• Tim-Bor and the integrated control with G. roseum also significantly reduced stain but less than did 
Cartapip applied at the recommended level. 

• In the B .C . trials the stain prevention effect of Cartapip appeared to be stronger in discs that had large 
sapwood areas (available areas). However, no treatment effects were found to be statistically 
significant. 

We need to repeat the experiment at least once as consistency must be demonstrated before the biocontrol 
agent can be used industrially. In our next field studies, we will concentrate on Cartapip. Additional 
studies could look into optimizing the formula and use of product by testing different concentrations of 
biocontrol agents, adjuvants (spreaders and stickers), and ways of timing application. 

B Forintek 
Canada 
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1 Objective 
The Project objective is to determine the technical and economic feasibility of using C97 (Cartapip 97), 
equivalent albino fungi, to control sapstain in lodgepole pine logs. 

2 Introduction 
Development of bluestain in logs prevents the Canadian forest industry from maximizing the value of 
products produced from a considerable portion of the resource every year. Bluestain results when staining 
fungi colonise green logs. Although there are options for prevention of bluestain during log storage, such 
as water sprinkling or log ponding, or chemical treatment of the logs, such practices are not commonly 
used because of environmental restrictions. An option, which is yet to be field tested in Canada, is 
biological protection of freshly felled logs. In 1999 we tested the feasibility of using an albino (coloriess) 
strain of a common bluestain fungus (commercially available as Cartapip 97™, owned by AgraSol, Inc.) 
to prevent bluestain and to compete with bluestain fungi on lodgepole pine logs under controlled 
conditions. After encouraging small-scale results we conducted two field experiments in summer 2000 to 
test Cartapip in the field on the logs of a commercial size (Uzunovic 2001). Cartapip is already registered 
in Canada for biological pulping processes where it is sprayed on unsterilized wood chips to remove pitch 
before pulping. Cartapip has been tested in small-scale field trials in several countries including 
Australia, England, New Zealand, South Africa, and the United States as a biocontrol agent against 
bluestain on pine logs and has shown promising results (Blanchette et al. 1997, Kay 1997, Kreber 1999). 
Using an albino fungus assumes that the colourless fungus will colonize logs, not cause bluestain itself, 
use the available food resource, and thus prevent other fungi from growing and causing stain. 

In addition, Forintek's eastern laboratory has investigated biological and integrated control technology 
based on the fungus Gliocladium roseum. This has been tested on lumber and logs in laboratory tests in 
eastern Canada. Extending the integrated control technology to freshly felled lodgepole pine trees in 
western Canada was also part of this project. 

The specific objective of the experiments reported here was to obtain efficacy data for Cartapip and G. 
roseum applied on Canadian lodgepole pine and in Canadian field conditions. 
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4 Experimental 
In late April 2000, the Pest Management Regulatory Agency granted federal permits necessary to run the 
field tests (Res. Perm. No 33-RP-OO; 47-RP-OO; 22-RP-OO). Discussions ensued with Alberta 
Environment and the B.C. Ministry of Environment, Lands and Parks (MELP) about the provincial 
permits required. Alberta Environment was satisfied with our safety and environmental protection 
protocols and the fact that we had the federal permit. We organized and conducted the first field trial at 
the first available opportunity following the onset of post spring-breakup logging. A few days after the 
soil was no longer wet from snowmelt and rain, Sundance Forest Industries selected a dry site south of 
Edson, characterized by a stand of pure lodgepole pine at the edge of a cutting area and away from 
watercourses. In British Columbia, M E L P granted the provincial experimental permit for using Cartapip 
on July 6, 2000 (683-001-00/00*RES). Soon after, we conducted the second field trial in the 
Skookumchuck River Valley, with assistance from Tembec Inc. 

4.1 Alberta Field Trials 

Location: Elk River/Brazeau River Valley, Alberta, elev. 1380 m, lat. 52°55', long. 116°29' 
Establishment date: June 20, 2000 
Sampling dates: August 10, 2000 and September 19, 2000 
Contact: John Huey (Woodlands Manager, Sundance Forest Industries) Ph:403 723-3977 

Three piles of 10 logs were set up for each of the two Cartapip treatments (recommended concentration 
and one-third of that concentration) and the control treatments (sprayed with water). For 
insecticide/fungicide (Tim-Bor) and G. roseum treatments, we had two piles of 10 logs for each treatment. 
Each experimental pile was covered with a layer of control logs (see Figure 1). At each sampling we 
tested five logs from each pile. 

4.2 British Columbia Field Trials 

Location: Skookumchuck River Valley, B.C. , elev. 1300 m, lat. 49°58', long. 115°56' 
Establishment date: July 13, 2000 
Sampling date: August 30, 2000 (second sampling abandoned) 
Contact: Gordon Dunwell (Technical Manager, Tembec Inc.) Ph: (250) 426-9358 

Three piles of 10 lodgepole pine logs were each sprayed with Cartapip (recommended concentration 
only). The same number of logs was set up for the control treatment. Each pile was covered with a layer 
of protective logs. On the first sampling date we sampled 6 logs from each pile; the second sampling was 
abandoned. 



4.3 Test Logs 

Test logs were selected from freshly felled healthy lodgepole pine trees that were free of bluestain and 
bark beetle attack. The trees came from an evenly aged stand of 85 to 100 years old and were felled and 
the stems delimbed using mechanized logging equipment. This process resulted in a moderate amount of 
bark damage. The minimum length of the logs was 3 rn. 

4.4 Treatments and Rate of Application 

The following treatments were applied to designated test logs using a 15.7L backpack sprayer with a 
conical spray nozzle (RL FLO-MASTER®): 

1) Control (tap water) 
2) Cartapip 97 - applied at a targeted 5 x lO' colony forming units (cfu)/mL (recommended 

concentration) 
3) Cartapip 97 - applied at a targeted 1.5 x lO' cfu/mL (one-third of the recommended concentration) 

(only at Alberta site) 
4) Insecticide/fungicide (Tim-Bor) - 10% disodium octaborate tetrahydrate (only at Alberta site) 
5) Integrated control - G. roseum applied at a targeted 1 x 10^ cfu/mL (via tank mix of 2 x 10*cfu/mL 

with equal volume of 5% sodium carbonate/bicarbonate) (only at Alberta site) 

The dilutions were made on the site at least half an hour prior to spraying. The required amounts of 
biologicals and chemicals were weighed in the lab and divided into separate smaller packages such that 
one package was sufficient to give the correct concentration in one backpack sprayer fully loaded with 
water. Where required, biologicals or chemicals were thoroughly dissolved or dispersed in a smaller 
container of water prior to pouring them into the backpack sprayer to complete the dilution. 

On the day of felling, the selected logs were transported to a work site where they were placed in one 
layer on log bearers. Two separate spraying sites were established (Figure 1). To prevent cross-
contamination, we first sprayed the control treatment, then the lower Cartapip concentration, and finally 
the higher concentration on one site. The insecticide/fungicide and the G. roseum treatments were 
sprayed at the second spraying site. A replication of 10 randomly selected logs was used as a set for each 
treatment. As one set of logs was sprayed, the others were covered with a tarpaulin to limit the effects of 
spray drift. During treatment, each log was manually rolled and its entire surface area sprayed with the 
assigned treatment including all sides and ends, and intact and damaged bark. Logs were treated to 
refusal but we were careful to minimize overspray into the environment. We used a tarpaulin under the 
logs to collect overspray. The viability and the concentration of Cartapip were tested on the day of 
spraying by taking three samples of the spraying solution before spraying the logs. The samples were 
kept in a cooler until placed onto malt extract agar plates later that day and assessed for viability based on 
the number of colony forming units. 



Figure 1: Alberta field test setup. 



4.5 Log Storage and Insect Trapping 

After spraying, tlie logs were moved a short distance to a storage site. The test logs were transported and 
handled cautiously so that minimal additional bark damage occurred. The experimental logs were piled 
out of ground contact on new log bearers. Logs for the two planned samplings were combined and 
covered with a layer of protective cover logs according to the scheme in Figure 1. Piles of logs were 
separated by at least 15 m. The temperature and relative humidity at the test site were monitored using 
data loggers (HOBO Onset Computer Corp., Bourne, Mass.) that were placed inside two test piles (a 
control and one of the Cartapip treatments). We also installed five Lindgren insect traps (12-unit funnel 
trap) in the surrounding area to collect different insects present. Following Phero Tech's (Delta, B.C.) 
advice, we used five different sets of semiochemicals. These targeted different insects as follows: 
• Mountain pine beetle (trans-verbenol; myrcene; exo-brevicomin) 
• Ips (ipsenol/butanediol) 
• Large wood borer (ethanol; a-pinene) 
• Spruce beetle (frontalin; a-pinene) 
• Striped ambrosia beetle (ethanol; a-pinene; lineatin) 

Insects were collected from the traps twice weekly, enumerated, categorized by type (ambrosia beetles, 
large wood borers, Ips beetles, large bark beetles, small bark beetles, click beetles, clerids and other 
insects). Entomologists from Simon Fraser University guided the author in these identifications. 

4.6 Log Sampling and Data Assessment 

On the sampling dates, the cover logs were removed and five experimental logs from each pile, selected 
randomly, were sampled destructively. The remaining five logs were covered again with the protective 
logs and sampled after an additional 6 weeks of storage. At each sampling time five discs (50 mm thick) 
were taken along the length of each log, avoiding the 300 mm closest to the ends. The discs were brought 
back to the Forintek laboratory in Vancouver for detailed examination, quantitative assessment of stain 
damage, culturing and identification of typical fungi, and recovery of the biological agent to determine if 
colonization was successful. Additional discs were also taken for moisture content determination. The 
extent of bluestain colonization was assessed by estimating the visible stain area on the disc surface 
(measured using a transparent grid template with 2.5 x 2.5 mm units). The underbark diameter as well as 
sapwood and heartwood areas were determined by measurements on two perpendicular diameter lines. 
The amount of stain was then expressed as a percentage of the sapwood area (the available area) of each 
disc. To determine which fungi were present and alive some of the discs were incubated in plastic bags 
for 48 hours. Several isolations were attempted from the areas where mycelial outgrowth occurred. 

4.7 Statistical Analysis 

Data from the Alberta and B C trials were analyzed by Dr Alan Donald (Donald Associates, Vancouver, 
BC) using analysis of variance ( A N O V A ) . In this design, each pile contained one treatment. Thus, 
statistically, logs were nested within piles and piles were nested within treatments. The appropriate 
denominator to test the effect of treatment was the variation between piles of logs. Before the analysis, 
each data point expressing stain as percentage of the available area was transformed to logio (percentage + 
1). The number 1 was added since some percentages were 0 and the logarithm of 0 is negative infinity. 



Statistical tests of significance were carried out on the transformed data. Means and standard deviations 
reported are for the raw percentages. 

4.7.1 The effect of heartwood and area available for staining 

In addition to treatment, the following factors may have modified the response to the treatment: trunk 
diameter (TRUNK), heartwood diameter (HEART), and area available for colonization ( A V A R E A ) . A 
linear model was therefore constructed to consider the effects of these factors and their interactions, with a 
treatment. The variables T R U N K and A V A R E A were significant. However, the interaction between the 
variables T R U N K and A V A R E A and treatment were not significant and were dropped from the model. 
For the B.C. data the same approach was used, including the analysis of covariance to evaluate the effect 
of diameter and available area. 

With considerable help from Sundance Forest Industries, the trial was set up exactly according to our 
requirements. Mean underbark diameters ±SD (and their range) for logs used in the experiments were 
19.1 ± 3.9 cm (12.4-31.3 cm). The assessment of the viability and concentration of Cartapip on the day 
of setup showed an average 3.7 x 10^ colony forming units (cfu)/mL for treatment 2 and 1.1 x 10^ cfu/mL 
for treatment 3. Both of the concentrations were slightly higher than expected based on the 
manufacturer's laboratory tests. 

Data collected showed that during storage, relative humidity (RH) in the piles varied from 23 to 100% at 
both sites. Mean relative humidity at the Alberta site was 76% (± 21%) while at the B.C. site the R H was 
60% (± 17%). Temperatures inside piles are shown in Table 1. On the first sampling date in Alberta, 
when the logs were crosscut and discs sampled, we saw negligible stain. When we assessed stain on the 
discs later in the laboratory we realized that the limited stain precluded obtaining useful results. The lack 
of stain was probably due to the dry cold summer in Alberta in 2000. Under such conditions the 
experimental logs could have dried out quickly thus preventing fungal growth. We assessed 18 logs for 
sapwood moisture content: 12 of them had moisture contents close to the fibre saturation point (28% oven 
dry weight basis), while others were up to 55%, still too dry to support rapid bluestain growth. 

5 Results and Discussion 

5.1 Alberta Field Trials 



Table 1: Temperatures recorded inside the piles of experimental logs during storage period 

Site location Experiment (juration Avg. temperature (SD) 
( °C ) 

Range 
(X ) 

Alberta (1) June 20 - Aug. 10 12 (4) 2 to 27 
Alberta (II) Aug. 10-Sep. 19 9 (6) -2 to 26 

B.C July 13-Aug. 30 15 (5) 0 to 31 

Surprisingly, on the second sampling date, we found sufficient stain in the experimental logs to make the 
test valid. The sampled discs were therefore assessed and stain data statistically analyzed. During the 
field sampling we saw abundant Cartapip outgrowth on the surface of the Cartapip sprayed logs but only 
scant growth of what looked like G. roseum on treatment 5 logs. We sampled outgrowth of mycelium; 
after obtaining pure cultures, we confirmed that the white outgrowth was Cartapip. We were not 
successful in culturing G. roseum out of the discs from our limited sampling. In addition G. roseum is a 
more difficult organism to isolate as there is no selective media for G. roseum as there is for Cartapip. 

Statistical analysis showed significantly less stain in Cartapip treated logs (but only for treatment 2 - the 
recommended concentration) than in the control logs (p < 0.05). The mean percentages stained for each 
treatment appear in Table 2. The means of the logio of the percentage affected are also included because 
subsequent analysis indicated a strong skew in the raw data. 

Table 2: Means and standard deviations of percentage stain and logio percentage 
infestation, by treatment 

Treatment 
Mean affected area (%) 

(standard deviation) 

Mean logio affected area (%) 

(standard deviation) 

Control 11.41 (15.47) 1.77 (1.30) 

Cartapip (recommended) 
(applied at 5 x 10^ cfu/mL) 

1.54 (3.28) 0.67 (0.62) 

Cartapip (low) 
. (applied at 1.5 x 10̂  cfu/mL) 

10.62 (12.18) 1.91 (1.10) 

Tim-Bor 5.58 (6.61) 1.44 (0.95) 

G. roseum with alkali 3.65 (5.32) 1.11 (0.88) 

In addition to treatment, the following factors appeared to affect the degree of bluestaining: trunk 
diameter (TRUNK), heartwood diameter (HEART) , and available area ( A V A R E A ) . A linear model was 
constructed that considered these factors and their interactions with treatment on the outcome. No 
interactions were significant; however, there was strong indication of the influence of some interactions 
and had the sample size been larger, one or more of the interactions might have emerged as significant. 
The implications of these interactions is that the effect of treatment may depend on one or more of the 
variables T R U N K , A V A R E A , or H E A R T . For example, treatment 2 is generally more effective than any 



of the other treatments and slightly more effective for discs of high diameter. The other treatments lose 
some effectiveness when the diameter is larger. A similar situation occurs for A V A R E A (HEART) . 

For the final analysis, all three covariates (TRUNK, H E A R T , A V A R E A ) were retained in the model. 
The comparison of the five treatments yields a barely significant F-statistic (F (4, 8) = 4.08, p = 0.043). 
Table 3 shows the results of the A N O V A . 

Table 3: A nalysis of variance of log percent infestation 
Source df SS MS F p 
T R U N K 1 0.62395 0.623952 3.97272 0.047 
H E A R T 1 0.74048 0.740481 4.71467 0.031 

A V A R E A 1 0.28286 0.282863 1.80100 0.181 
Treatment 4 15.18286 3.795715 4.08174 0.043 

Pile in Treatment 8 7.43941 0.929926 5.92087 0.000 
Residuals 307 48.21711 0.157059 

An additional analysis was done where only trunk diameters exceeding 160 mm were considered. The 
smallest discs were excluded because several trees with small diameters had pitch canker. The sapwood 
band of these trees was small and did not support fungal growth. The results of this additional analysis 
were similar to the first analysis and showed that the effect of treatment was even more significant (F (4, 
8) = 6.69, p = 0.011). 

Figure 2 illustrates how the response to treatment was modified by one of the three variables (in this case 
T R U N K ) . Discs were divided according to the variable values in two groups: "high" discs were those 
whose variable values were greater than the median (>183 mm); "low" discs were those whose variable 
values were less than or equal to the median. 

Mean.O 
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Figure 2: Effect of trunk diameter on treatment effect. 
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Multiple comparison tests evaluating the mean level of treatment 2 with other mean levels were all 
significant at the 0.05 level. Multiple comparison tests showed that the stain level in the control treatment 
was significantly higher (at the 0.05 level) than the means of all other treatments except for the Cartapip 
treatment with lower concentration. 

Many insects, mainly bark and ambrosia beetles and large wood borers, were trapped at the Alberta site. 
Many of these insects reportedly carry bluestain fungi and their presence indicates that stain inoculum 
was present in the area. However, we saw little evidence of insect attack in our test logs. Occasionally, 
we collected specimens of Ips sp. from under the bark of logs from the Alberta site and Hylastes sp. and 
Hylurgops sp. from B.C. site logs. Only a few heavily stained Alberta discs showed signs of bark beetle 
activity under the bark. Therefore, we do not know if any of the treatments reduced the amount of insect 
attack. This question merits future study. 

5.2 British Columbia Field Test 

On the B.C. site, we had an insufficient number of cover logs for.all piles considering that the weather 
was hot and dry during the whole storage period. Mean diameters for logs used in the experiments were 
18.3 (SD 3.2 cm) (range 11.7-30.0 cm). The first sampling showed that some logs were stained, in 
particular those at the bottom of the piles. We sampled six logs from each pile, combined the remaining 
four logs from each pile with the same treatment, and left them for further storage. Our general 
impression was that controls had fewer but deeper patches of stain and the Cartapip-treated logs had more 
frequent but shallower stain. The average percentage of the available area stained for control was 3.12 
(SD 6.29) (range 0-36.4) and for Cartapip 0.71 (SD 1.19) (range 0-6.5). However, statistical analysis 
showed that the effect of treatment was not significant (F (1, 2) = 1.49, p = 0.346). 

The effect was heavily influenced by trunk diameter (TRUNK) and sapwood area ( A V A R E A ) as 
covariates. To examine the situation more closely the means of raw data were divided into four 
groups based on the median values of A V A R E A and T R U N K (Table 4). The percentages are the 
means of the percentage area affected by the fungus. When the analysis of covariance is restricted 
to discs with available areas greater than the median, the effect of Cartapip increases, but is still not 
significant (F (1,4) = 4.198, p = 0.110). 

Table 4: Means of percent area stained grouped according to diameter and available area 

Small available area Large available area 
(< 170.4 cm^) (> 170.4 cm )̂ 

Small diameter Control mean: 0.93% (51) Control mean: 7.57% (5) 

(< 180cm) Cartapip mean: 0.65% (26) Cartapip mean: 0.53% (9) 

Large diameter Control mean: 0.17% (10) Control mean: 8.06% (24) 

(> 180cm) Cartapip mean: 0.40% (3) Cartapip mean: 0.79% (52) 

The percentages are tfie means of the percentage area affected by stain. The numbers in brackets are the number of discs 
contributing to the mean. 



5.3 General Discussion 

Cartapip colonized the sapwood of the logs thoroughly and survived for at least three months in the field. 
Both Cartapip and G. roseum show promise as biocontrol agents to control stain in freshly felled logs for 
the critical first 12 weeks of storage. We assume that bluestain normally develops within this 12-week 
window if it is going to develop. After 12 weeks of growth, we assume that the combination of 
respiration of the dying tree and growth of the fungal biocontrol agent would deplete the nutrients such 
that the substrate is unfavourable for wild-type staining fungi. 

We need to repeat the experiments at least once. In future work we plan to concentrate on Cartapip 
because it has a large registration data package already submitted to the Pest Management Regulatory 
Agency and has a chance of registration as a pesticide in the next two years. Repeatibility must be 
demonstrated before the biocontrol agent can be used industrially. Also, additional studies could look 
into optimizing the use of product. This could include testing different concentrations of biocontrol 
agent, adjuvants (spreaders and stickers), and ways and timing of application. The reason why Cartapip 
was more effective on certain sized trees and differed in efficacy depending on the sapwood area also 
needs to be investigated 

6 Conclusions 
Cartapip applied at the recommended concentration significantly reduced the amount of stain in the 
Alberta trials. 

• Cartapip Concentration at 1/3 of the recommended concentration resulted in stain that was not 
significantly different from that in the control logs. 

• Tim-Bor and the integrated control with G. roseum also significantly reduced stain but less than did 
Cartapip applied at the recommended level. 

• In the B.C. trials the stain prevention effect of Cartapip appeared to be stronger in discs that had large 
available areas. However, no treatment effects were found to be statistically significant. 
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Summary 
In summer 2001 we ran one field experiment to test the feasibility of Sylvanex (formerly Cartapip 97) as 
a biocontrol agent to protect logs from being stained by wild-type bluestain fungi. Freshly felled 
lodgepole pine logs were spray-treated with Sylvanex, dispersed in water, or with water alone (referred to 
as non-treated). Sampling of the piles of logs took place after 6 weeks and again after 13 weeks. The 
bluestained area on discs taken from the logs was measured in the laboratory. The data clearly indicate 
that Sylvanex can control bluestain in freshly felled lodgepole pine logs if applied immediately after 
felling to the total log exterior. After six weeks of summer storage, when logs are most vulnerable, 
Sylvanex-treated logs remained almost spotless compared to heavily stained non-treated logs. After 13 
weeks of storage there was moderate stain development in Sylvanex - treated logs but the amount was 
significantly less than in non-treated logs. The product, and the concept of using albino isolates to control 
stain, therefore has potential for industrial use. Before Sylvanex is used industrially on a large scale it is 
recommended that additional studies should investigate whether adjuvants, such as spreaders and stickers, 
or using higher concentrations of biocontrol agent improve its performance and consistency. In addition 
the efficacy of the product should be tested on other wood species. 
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1 Objective 
The project objective is to determine the technical and economic feasibility of using Sylvanex (formerly 
known as Cartapip 97), or equivalent albino fungi, to control sapstain in lodgepole pine logs. 

This report covers the second year of field tests of the feasibility of using an albino (colorless) strain of a 
common bluestain fungus {Ophiostoma piliferum, commercially available for pitch control as Cartapip 
97-AgraSol) to protect logs from being stained by wild type bluestain fungi. The same product, under the 
new name Sylvanex is currendy being reviewed for pesticide use (to control bluestain) by Health 
Canada's Pest Management Regulatory Agency. Previously, in 2000, we ran two separate tests, one near 
Skookumchuck, B C and one south of Edson, Alberta. The field results showed that Sylvanex (Cartapip) is 
a promising biocontrol agent to control stain in freshly felled logs for the critical first 12 weeks of 
storage". However, summer 2000 was very dry and not much stain occurred in our control logs. Still there 
was enough stain to show that: Sylvanex applied at the recommended concentration significantly reduced 
the amount of stain in the Alberta trials; Sylvanex at 1/3 of the recommended concentration resulted in 
stain that was not significantly different from that in the control logs; Tim-Bor (disodium octaborate 
tetrahydrate) and the Forintek's integrated control Gliocladium roseum!dXkdM) also significantly reduced 
stain. In the B.C. trials the stain prevention effect of Sylvanex appeared to be stronger in discs that had 
large sapwood areas. 

We needed to repeat the experiment at least once, as consistency must be demonstrated before the 
biocontrol agent can be used industrially. In our 2001 field studies we concentrated on Sylvanex only. 
The layout of the experiment was to be similar to the 2000 trials except that test was done only at a site in 
Alberta. The objective was to determine i f Sylvanex gave consistent results on Canadian lodgepole pine 
under field conditions. 

2 Introduction 

3 Staff 
Adnan Uzunovic Mycologist, Project Leader 

Wood Protection Technologist 

Wood Protection Technologist 

Wood Protection Scientist 

Dave Minchin 
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Tony Byme 
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4 Experimental 
In late April 2001, the Pest Management Regulatory Agency (PMRA) granted the federal permits 
necessary to run the field tests (Res. Perm. No 63-RP-Ol). We did not need to obtain a provincial permit 
as the Alberta Environment was satisfied with the federal government permit. 

4.1 Alberta Field Trials 

Location: Elk River/Brazeau River Valley, Alberta, 
elev. 1234 m, lat. 52°52.7', long. 116°23.5' 

Establishment date: July 17, 2001 
Sampling dates: August 27, 2001 and October 15, 2001 
Industrial contact: John Huey (Woodlands Manager, Sundance Forest Industries) Ph: 403 723-3977 

Two piles of 20 logs were set up for each of the two treatments: Sylvanex (recommended concentration) 
and the control treatments (sprayed with water). Each experimental pile was covered with a layer of 
protective logs (non-test). At each sampling we tested 6 logs from each pile. 

The location of the test was close to the site used in 2000. We organized and conducted the field trial at 
the first available opportunity following the onset of post spring-breakup logging. A few days after the 
soil was no longer wet from snowmelt and rain, Sundance Forest Industries selected a dry site south of 
Edson, characterized by a stand of pure lodgepole pine at the edge of a cutting area and away from 
watercourses. The P M R A in Alberta and Ottawa were advised of the exact location and given an updated 
experimental protocol. 

4.2 Test logs 

Test logs were selected from freshly felled healthy lodgepole pine trees which were free of bluestain and 
bark beetle attack. The trees were felled and delimbed by mechanical harvesting equipment and, as 
expected, showed a moderate amount of bark damage. Minimum length of logs was 5 m. The total 
number of logs used for this experiment was about 250 (120 experimental logs and 130 additional 
protective logs). Fig 1. shows the layout of logs schematically. During harvesting each log was 
randomly allocated to a treatment. 

4.3 Treatments and Rate of Application 

The following treatments were applied to designated test logs using a 15 L SOLO® backpack sprayer 
fitted with a flat fan spray nozzle (Spraying Systems Co, U S A ; 80° spray angle. Tip No. 80015 EVS): 



1) Control (tap water) 
2) Sylvanex - applied at 5 xlO'cfu^/mL (recommended concentration) 

This was a simplified version of the original protocol which also included the use of adjuvants and higher 
treatment levels of Sylvanex. The dilutions were made on site about an hour prior to spraying. The 
required amount of Sylvanex was pre-weighed in the lab into packages such that one package was 
sufficient to give the correct concentration in one backpack sprayer fully loaded with water. The Sylvanex 
was thoroughly dissolved or dispersed in a small container of water prior to pouring into the backpack 
sprayer to complete the dilution. The selected logs were treated immediately after felling. Control logs 
were sprayed first with water and then we sprayed the logs allocated for Sylvanex treatment. Each log 
was manually rolled and its entire surface area sprayed with the assigned treatment including all sides and 
ends, intact and damaged bark. During the test it was windy and raining so, except when spraying, logs 
were covered with tarpaulin to limit spray drift onto the logs and also to prevented wash off of Sylvanex. 
Logs were treated to refusal and care was care taken to minimize overspray into the environment. The 
viability and the concentration of Sylvanex were tested by taking samples of the spraying solutions 
immediately before spraying the logs. The samples were kept in a cooler until they were placed onto malt 
extract agar plates later that day. Viability was assessed based on the number of colony forming units 
growing on the plates after 2-4 days. 

4.4 Log Storage, Sampling and Data Assessment 

After spraying, the logs were moved carefully to a nearby storage site, partially under the shade of trees. 
The test logs were piled out of ground contact on new log bearers and with by at least 15 m between piles. 
Logs for the two planned samplings were combined and covered with a layer of protective cover logs 
(Figures 1, 2). The temperature and relative humidity within the test piles were monitored using data 
loggers (HOBO Onset Computer Corp., Bourne, Mass.) placed inside one non-treated pile and two 
Sylvanex treated piles. 

On the first sampling date (six weeks after set up) the cover logs were removed and six test logs from 
each pile, selected randomly, were sampled destructively. The remaining logs were covered again with 
the protective logs and sampled after an additional 7 weeks of storage. At each sampling time six discs 
(50 mm thick) were taken at 0.8 m intervals along the length of each log, avoiding the 500 mm closest to 
the ends. The discs were brought back to Forintek's Vancouver laboratory for detailed examination, 
quantitative assessment of stain damage, culturing and identification of typical fungi colonising the logs, 
and recovery of the biological agent. Additional discs were also taken for moisture content 
determination. The extent of bluestain colonization was assessed by estimating the visible stain area on 
the disc surface (measured using a transparent grid template with 2.5 x 2.5 mm units). The underbark 
diameter and sapwood and heartwood areas were determined by measurements on two perpendicular 
diameter lines. The amount of stain was then expressed as a percentage of the sapwood area (the 
available area for stain development) of each disc. Some of the discs were incubated in plastic bags for 48 
hours to determine which fungi were present and alive. Several isolations were attempted from the areas 
where mycelial growth occurred. At the 13 week the inspection was repeated and six more logs from 
each pile sampled. 

colony forming units 
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Figure 2: Spraying the biocontrol agent (left); a pile of treated logs covered with a layer of 
protective logs (right) 

4.5 Statistical Analysis 

Data were analyzed by Dr Alan Donald (Donald Associates, Vancouver, BC) using analysis of variance 
( A N O V A ) . The raw data on the amount of stain turned out to be approximately normally distributed and 
data transformation was not required. In the experimental design, each pile contained one treatment. 
Statistically, logs were nested within piles and piles were nested within treatments. The appropriate 
denominator to test the effect of treatment was the variation between piles of logs. Thus the variation 
between piles was incorporated in the error term for the testing of 'treatment'. SAS G L M procedure was 
used where 'pile' was a random factor. 

The covariates heartwood diameter, trunk diameter and available area were examined for their influence 
on the main effects (treatment and weeks). In these data (in contrast to the field work in 2000) these 
interactions were not significant and were not included in the analysis. 

5 Results and Discussion 
In comparison to the 2000 field trials the test logs were larger, (mean underbark diameter 21.6 ± 3.3 cm; 
5 m long). We also used the double the number of test logs to form the experimental piles (twenty instead 
of ten). This better simulated the piles used during normal harvesting operations and it prevented fast log 
drying that in turn would have affected fungal colonization. 

The assessment of the viability and concentration of Sylvanex on the day of setup showed an average 
7 X lO ' colony forming units/mL. These concentrations were higher than expected based on the 
manufacturer's laboratory tests. 



Data on relative humidity and temperature, collected from data loggers placed inside piles, are shown in 
Table 1. 

Table 1: Mean relative humidity and temperatures in experimental piles 

Control pile E1-E20 Sylvanex pile G41-60 Sylvanex pile G61-80 
T°C RH (%) T°C RH (%) T°C RH(%) 

Average ± SD 11.7 ±3.0 82.0 ±16.6 11.9 ±2.7 92.3 ±13.4 12.1 ±2.9 92.4 ± 13.5 

Min - Max 3.7-20.2 40-100 5.8 - 23.2 34-100 2.9-21.7 42.9 -100 

On the first sampling date, when the logs were crosscut and discs sampled, we saw substantial bluestain 
in the control logs and almost none in Sylvanex treated logs (Figure 3). There were no visible signs of 
bark beetle activity on the test or protective logs. Large areas under the loosened bark of stained logs were 
covered with dark fluffy mycelia covered with perithecia (sexual fruiting structures) characteristic of 
bluestain species belonging to the genus Ceratocystis. This was later confirmed in the lab when fungi 
isolated from bluestained wood were identified as Ceratocystis spp. Species from this genus are known 
to be among fastest growing and deepest penetrating bluestain species in logs^'''. 

During both field samplings we saw abundant Sylvanex outgrowth on the surface of the Sylvanex sprayed 
logs. We sampled the outgrowth of this mycelium and after obtaining pure cultures we confirmed that it 
was Sylvanex. No Sylvanex was found on the untreated logs, showing that the fungus does not easily 
spread onto non-target woody tissue in the environment. 

On the second sampling date, we found heavy stain in the control logs but some stain was also present in 
Sylvanex treated logs. Table 2 gives means and standard deviations of percent stained area broken down 
by both treatment and weeks. The data confirms visual observation that stain developed in the non-
treated controls during the first six weeks (mean stained area 32%) but had barely started in the 
Sylvanex treatment (1%). During the last seven weeks stain continued to develop in both but the net result 
was about two times more stain in the non-treated controls (64% vs 27% in the Sylvanex treatment). 
Statistical analysis showed that overall there was significantly less stain in Sylvanex treated logs than in 
non-treated logs (F(], 5) = 278.92, p < 0.001). The time factor was also significant (F(l,4) = 218.66, p = 
0.0002) with significantly more stain found in the second sampling for both Sylvanex treated and non-
treated logs. When the effect of treatment was examined for each sampling date separately, for both dates 
the effect of treatment was significant: 6 weeks data (F( l , 2) = 128.06, p = 0.008); 13 weeks data (F(l,3) 
= 155.45, p = 0.001). 

^ Uzunovic, A. and Webber, J.F. 1998. Comparison of bluestain fungi grown in vitro and in freshly cut pine billets. 
Eu'rop. J. For. Path. 28(5): 323-334. 

•* Fleet, C , Breuil, C. and Uzunovic, A. 2001. Nutrient consumption and pigmentation of deep and surface 
colonising sapstaining fungi in Pinus contorta. Holzforschung 55: 340-346. 
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Table 2: Means and standard deviations of percentage stain, by treatment and date 

Treatment 
Mean affected area in % (± SD) 

Treatment 
6 Weeks 13 Weeks Pooled 

Sylvanex 0.9 (±2.1) 27.39 (±23.8) 14.1 (±21.4) 

Non-treated 32.4 (±17.7) 64.4 (±19.7) 48.4 (±24.7) 

Pooled 16.7 (±20.3) 45.9 (±28.7) 

We sampled fungi from 11 randomly selected discs from Sylvanex treated logs and 11 discs from non-
treated \ogs. Ceratocystis spp and Leptograpiiium spp were the most predominant genera that caused the 
bluestain, the former mainly on the discs coming from non-treated logs and the latter mainly on the discs 
from Sylvanex-treated logs. 

It appears that Sylvanex worked well against the fast growing Ceratocystis spp, which if given a chance, 
colonize freshly felled wood quickly. On wood colonized with Sylvanex Ceratocystis spp. seemed 
unable to compete and hold. The same was found during our previous laboratory tests where Sylvanex 
successfully prevented colonization by Ceratocystis coerulescens if inoculated two days prior to the 
challenge fungus. When inoculated alone, C. coerulescens could rapidly and heavily colonize logs . 

Figure 3: Samples from a representative log treated with Sylvanex (top) and from a 
representative untreated log (bottom), after 6 weeks 

On the other hand, during the prolonged storage (13 weeks) other bluestain fungi, in particular 
Leptographium spp, infected the logs and, in some instances, manage to grow beyond the Sylvanex 
protected areas. Whether the fungus was able to grow through the shell growth of Sylvanex or was able 
to find breaches in the shell is unknown. The amount of stain however was still significantly lower than 
that in non-treated logs. This was also shown in our 2000 field test in which Sylvanex treated logs were 
still clean after 13 weeks of storage and had minimum stain compared with non-treated logs. 

^ Uzunovic , A. 2001. Preventing spread of bluestain fungi in short logs using Cartapip 97™ (Simulated Field 
Tests). Forintek Canada Corp. Report for CFS. 



6 Conclusions 
The data clearly indicate that Sylvanex can control bluestain in freshly felled lodgepole pine logs if 
applied immediately after felling to the total log exterior. After six weeks of summer storage, when logs 
are most vulnerable, Sylvanex-treated logs remained almost spotless compared to moderately stained non-
treated logs. , After 13 weeks of storage there was stain development in Sylvanex-treated logs but the 
amount was significantly less than in non-treated logs. The product, and the concept of using albino 
isolates to control stain therefore has potential for industrial use. 

7 Recommendations 
Before Sylvanex is used industrially on a large scale it is recommended that additional studies should 
investigate whether adjuvants, such as spreaders and stickers, or using higher concentrations of biocontrol 
agent, can improve its performance and consistency. In addition the efficacy of the product should be 
tested on other wood species. 
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Keywords Summary 

Sapstain fungi In this paper, we examined the ability of deep and surface staining fungi to utilize wood tissue nutrients. 
Nutrition Fungal isolates were inoculated onto fresh billets and T-sterilised sawnwood, both from Pinus contorta. 
Lipids and also onto defined nutrient media. The wood samples were assessed for host viability, fungal growth 
Sugars and nutrient status. The results indicated that the most aggressive sapstain species on fresh logs was Cer-
Pigmentation atocystis coerulescens, followed consecutively by Leptographium spp., Ophiostoma minus, O. pilifer-
Wood um, O. piceae, O. setosum, 0. pluriannulaium and Aureobasidium pullulans. H P L C analysis of soluble 

sugars in fungal-infected wood indicated that mannose was the most depleted sugar, followed by glu-
cose. Lipid analysis of infected wood indicated that Leptographium spp. and C. coerulescens greatly 
reduced the triglyceride fraction and that there was a wide spectrum of consumption of triglyceride-
derived fatty acids between the fungi. On defined media, the carbon source mannose led to the darkest 
pigmentation for all tested fungi. For C. coerulescens, the order of pigmentation intensity for the remain-
ing tested carbon sources was reversed when compared to the other fungal species. 

Introduction 

Sapstain of wood products is a serious and worldwide prob-
lem caused by deep and surface colonizing fungi (Seifert 
1993; Harrington and Wingfield 1998). Current stain pre-
vention methods on green lumber include chemical fungi-
cide treatments and kiln drying, though these treatments are 
costly and not fully effective (Seifert 1993; Xiao and Kre-
ber 1999). One reason slain is difficult to control in lumber 
is that it often becomes established in the log following har-
vest. However, the conditions under which logs or lumber 
become infected with stain and even the fungal species 
causing the stain are only partially understood. An addi-
tional unknown is that certain fungi, such as some Ophios-
toma spp., produce darkly pigmented cell walls when grow-
ing in pine or aspen sapwood, but little or no pigmentation 
when growing in other wood species, e.g. western hemlock 
(Kreber and Byme 1996). Some of the pigments have been 
described as melanins, but little is known of their mecha-
nism of production and means of attachment to the fungal 
cell wall (Zink and Fengel 1989, 1990; Brisson ef a/. 1996). 
Improved knowledge of the biology of these fungi may lead 
to better control strategies for sapstain in the forest products 
industry. 

Recent collaborative work between UBC Wood Science, 
the University of Laval, and Forintek Canada Corp. exam-
ined in more detail which sapstaining fungi were involved 
in staining logs and lumtier of different softwoods in Cana-
da (Uzunovic et al. 1999). The investigators surveyed seven 
sawmills across Canada and in each mill, sawn timber and 
fresh logs were set aside, and sampled after one month. 

Among the 1863 fungal isolates, 13 different sapstain 
species were recognised. The fungi isolated from logs were 
generally not found in the same frequency as those on lum-
ber. The deep stain species Ceratocystis coerulescens was 
almost exclusively isolated from fresh logs, whereas other 
species such as O. piceae (which causes surface slain) were 
isolated more frequently from lumber (Uzunovic et al. 
1999). It was important to verify whether the isolated organ-
isms would produce discolouration when re-inoculated on 
wood and examine if host tissue nutrients or viability played 
a role in the growth of deep and surface staining fungi. Our 
lab has shown that nutrients play an important role in O. 
floccosum pigment production in vitro (Eagen et al. 1997). 
However, the impact of nutrients on pigmentation and 
growth of deep stain fungi in host tissue is not known. It 
has t>een suggested that the deep stainer Leptographium 
wingfieldii can colonise Pinus sylvestris before triggering 
the host defence mechanism (Strong 1999). One hypothesis 
for rapid colonisation and stain of fresh logs by deep stain-
ers is that they can utilise nutrients that other species can-
not, and so can overwhelm host defence mechanisms. In 
this paper, we discuss the results of infection of Pinus con-
torta (lodgepole pine) logs and sawnwood with sapstain 
fungi and the effect of fungal growth on wood nutrient 
depletion. We also investigated fungal nutrition on defined 
media with selected carbon sources. 

Materials and Methods 

Except where noted, all chemicals were supplied by Sigma Chem-
ical Company (St. Louis, USA). 
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Selection of sapstain fungi 

Fungal strains with high frequency of isolation were selected from 
our culture collection of over 1300 strains isolated from four west-
ern Canadian sawmills. The tested strains belong to the follow-
ing species: Aureobasidium pullulans, Ceratocystis coerulescens, 
Leptographium spp, Ophiostoma coronatum (Doug McNew, Iowa 
State University, Personal communication), 0. floccosum, 0. minus, 
O. piceae, O. piliferum, and 0. setosum. The isolates were select-
ed because they produce a range of light to dark pigmentation on 
malt extract agar (MEA) . Working cultures were maintained on 
2% M E A (Oxoid Ltd. Basingstoke, England) for no more than 
three subcultures to maintain physiological characteristics of the 
culture. Stock cultures were stored in 10% glycerol at -80 °C. 

Inoculation of lodgepole pine 

Two Pinus contorta (lodgepole pine) trees were gently felled in 
March 1998 in the Merritt Forest District of British Columbia, 
Canada. Although the trees were of similar height (20m) and diam-
eter (26cm al breast height), one was 58 years old and one was 
88 years old. Both were growing in a mixed conifer/aspen forest al 
an elevation of approximately 1200 m. Felling look place as flush-
ing after the winter was about to occur. Sapwood bands were the 
same thickness in boih irees and sapwood moisture contents 
between 162 to 178 % were determined based on oven dry weight. 
The trees were carefully de-limbed in the field to avoid damaging 
the bark and logs brought back lo the laboratory. The day after 
felling, sawnwood blocks (25 X 25 X 75 mm; radial X tangential 
X longitudinal) were cut from the sapwood of a log from each tree 
and stored at - 20°C. The remaining logs were wrapped and sealed 
in 0.5 mm polyethylene sheets and stored at - 2 0 ' ' C . Samples 
(27 cm' each) were taken from various locations in the sapwood 
ring on each tree for lime zero chemical analyses. Within six 
weeks, stem logs were recovered from storage and cut into inler-
nodal billets (branch rings cut out) 40-80 cm long. The ends and 
any branch scars were sealed with a bituminous paint (Black 
Shield #7510; Insulmaslic Ltd., Delta, B.C.) and the billets stored 
overnight in an unhealed shed away from ground conlaci. 

Each billet was randomly inoculated with infected wheat grain 
following the procedure of Uzunovic and Webber (1998). Care 
was taken to ensure that each isolate was inoculated onlo al least 
one billet originating from each U'ee. To conserve moisture and 
10 reduce contamination inoculation points were covered and 
wrapped with elecu-ical tape. Infected billets and non-infected con-
trol billets were incubated al 20°C and 85 % RH for 28 days. 

Prior 10 infection, the sawnwood blocks were y-sterilised for 96 
hours for a total dose of 2.5 Mrads. The sterilised blocks were 
aseptically placed on a 2mm thick plasuc mesh above water-satu-
rated fdter paper conlained within a sterilised plastic box. Fungal 
cores (6mm diameter, taken from ihe actively growing edge of a 
fungal isolate growing on M E A ) were placed on the tangential 
wood surface and incubated for 28 days at 18°C. Moisture was 
maintained in the box by periodic addinon of sterile water to the 
fdter paper. Two wood blocks were infected for each fungal iso-
late. 

Data a.ssessment 

After incubation, (he wood billets and blocks were analysed for 
fungal growih. With a fine-toothed band saw, the billets were 
cross-sectioned into discs at 2 cm intervals above and below the 
infection point. Each slice was rinsed with de-ionized water and 
photographed with a digital camera. Longitudinal growth was 
measured as the distance of the last disc with visible slain meas-
ured from the inoculation point. The first disc of each billet was 
incubated at 20°C , 80% RH for two days and fungi were carefully 
re-isolaled from the wood surface of each. Fungal identities were 
confirmed by microscopic examination of mycelium outgrowth 

and by re-isolation of cultures. If contamination was present, the 
data was not used for further testing. The second disc of each bil-
let was soaked overnight in a 1 % solution of 2,3,5-triphenyl-2H-
tetrazolium chloride (TTC) to distinguish living host plant cells 
from dead ones (Feist et al. 1971). The third disc was further cut 
into infected and non-infecled sapwood blocks, frozen and milled 
through a 60-mesh (0.5 mm) screen. After freeze-drying, the sam-
ples were sealed in polyethylene bags and stored at - 20 °C for fur-
ther analysis. Wood moisture content as a percentage of oven dried 
weight was also determined. 

After incubation, sections of the top two 6.25 mm layers of the 
sawnwood blocks (labelled layers one and two respectively) were 
photographed, milled and stored as described for die billet sam-
ples. 

Sugar and starch analysis 

Soluble sugar extraction of freeze-dried groundwood was based on 
the protocol of Saranpaa and Holl (1989): 500-mg freeze-dried 
wood powder was extracted for 2 hours with 3.0 ml de-ionized 
water in a disposable 3cc syringe cartridge fitted with a 9 mm glass 
microfibre filter (Whatman 934-AH; Whatman Paper; Kent, Eng-
land). Extracts were vacuum eluted into glass vials and rinsed with 
1 ml de-ionized water. Next, 900 nl of the filtrate was syringed 
through a 0.45 \im membrane filter (Chromatographic Specialties, 
Brockville, ON, Canada) and spiked with 100 nl of S m g m l " ' 
fucose internal standard. Carbohydrates were separated and detect-
ed by Anion Exchange H P L C equipped with a CarbopacT" P A l 
analytical (4 x 250 mm) and guard (4 X 50 mm) column (Dionex 
Corporation, Sunnyvale, O A , USA) by the method of Mansfield 
(1997). The sugars arabinose, galactose, glucose, xylose and man-
nose were used as standards. 

Starch extraction was based on the protocol of Saranpaa and 
Holl (1989). This required boiling 50 mg of freeze-dried ground-
wood at 100°C for 10 min to destroy endogenous enzymes. The 
starch was then extracted with 1 ml 0.05M citrate buffer at ICWC 
for 4 hours. After cenu-ifugation, 500 nl of the supernatant was 
added to 450 (il citrate buffer and 50 (J1 of amyloglucosidase (10 
mg m l " ' ; Boehringer Mannheim GmbH, Germany), then incubat-
ed at 37 °C for 16 hours. The resulting glucose was measured as 
described then corrected for the free glucose measured earlier. The 
amount of starch present was reported in units of starch-bound glu-
cose. A l l samples were analysed in triplicate. 

Lipid analysis 

One to two grams of freeze-dried groundwood was extracted 
with acetone in a soxhiet apparatus overnight and vacuum dried. 
Acetone extracts were re-exlracled with methyl-tert-butyl ether 
(MTBE) , dried down under nitrogen, tarred, and stored under 
nitrogen at 4 ° C . 

A l l samples were analysed by gas chromatography (GC). The 
total extracted lipids (TE) were spiked with four internal standards: 
40 |ig heneicosanoic acid, 4pg belulin, 40 ng cholesteryl heptade-
canoate, and 40 ng l,2-dipalmiloyl-2-oleoyl glycerol. Spiked sam-
ples were silated and resolved by G C (HP Series II 5890 G C with 
HP 7673 Auto-injector, Hewlett-Packard Ltd., Mississauga, ON) 
using a slight modification of Orsa and Holmbom (1994). Some of 
the samples were fractionated by solid phase extraction (SPE) 
using the method of Chen et al. (1994) and analysed by G C to 
determine the retention times of the lipid fractions. The fractions 
resolved as follows: 96-98% of fatty acid/ resin acid (FARA) 
peaks occurred between 6.050-9.500 minutes; 72-75 % of mono-
glyceride (MG) peaks occurred between 10.500-12.400 minutes; 
60% of sterol/ fatty alcohol/ diglyceride (S/FAl/DG) peaks 
occurred between 15.300-21.000 minutes; 72-75% of triglyceride 
(TG) peaks occurred between 25.500-30.000 minutes. These 
retention times were used lo identify and quantify the major frac-
tions in the total extracted samples. A l l samples were analysed in 
triplicate. 



Nutrition and pigmentation 

Seven carbon sources were tested witli representative isolates of 
four species of sapstain fungi. The basic medium previously 
describied (Abraham 1995) was supplemented with 2% (w/v) of 
fdter-sterilised carbon source, except for linoleic acid, which was 
included at 0.5 %. Colony colour, morphology and radial size were 
measured every three to four days. Colony colour was determined 
by scoring each plate from 1 (cream/beige) to 5 (black). 

Results 

Fungal growth, stain and moisture content in wood 

In the billets, the fastest growing species was C. 
coerulescens (> 30 cm longitudinal stain in 28 days), fol-
lowed by Leptographium spp (14-18 cm), O. minus (4-11 
cm), O. piliferum (2-5 cm), O. piceae (1—4 cm), O. flocco-
sum (2.5—4 cm), O. setosum (2-3 cm), O. pluriannulaium 
(1-3 cm) and Aureobasidium pullulans (1-2 cm). Viability 
of host parenchyma was easily visualised by TTC immer-
sion (Fig. 1). Non-infected sapwood turned a deep red 
colour (viable parenchyma) whereas heartwood and infect-
ed sapwood did not. Leptographium isolates typically 
showed a non-pigmented, dead host cell zone, approxi-
mately two to five cm ahead of the stained area within the 
logs. Leptographium mycelia were isolated from this area 
shortly after cutting and synnemata grew in the same zone 
after two days of post-cut incubation. Smaller dead-host 
zones (0 to 0.5 cm) were observed for C. coerulescens and 
Ophiostoma spp.. 

The fungi colonised all parts of the sapwood of the wood 
blocks, and stain was observed throughout the block. How-

Fig. 1. Example of cross section (2 cm from infection point) of P. 
contorta after immersion in T T C solution. 
A-s : Leptographium spp. R slain zone; A - k : Leptographium spp. 
R dead host cell zone; B : O. minus P; C : C. coerulescens C stain 
zone; C-k : C. coerulescens C dead host cell zone; D : O. piliferum 
H stain zone; D-k: O. piliferum H dead host cell zone; S: T T C -
slained sapwood; H : non-stained heartwood. 

ever, two fungal species, O. piceae and A. pullulans showed 
a different pattern and only the top layer, where inoculation 
had occurred, was darkly pigmented. In general, moisture 
content of infected wood did not differ by more than ± 20 % 
from the control samples. 

Soluble sugars and starch in wood 

During the 28 day seasoning period of non-inoculated logs, 
glucose, mannose and arabinose concentrations changed 
significantly (Table I). Xylose decreased by 100% from a 
starting concentration of 140 ± 20ppm. Galactose increased 
by about 180 % from a starting concentration of 51 ±2 ppm. 
In non-inoculated, sterile sawnwood, sugar concentrations 
did not change significantly during the incubation period. 

Sugar levels of selected inoculated wood samples are 
shown in Table 1. When compared to unseasoned wood, 
fungal-depletion of mannose averaged 99 ± 1 % and 
92 ±4%, in logs and sawnwood, respectively. Glucose 
depletion averaged about 70 ± 10% in logs and 66 * 17% 
in sawnwood. In fungal-inoculated logs, xylose was not 
detected in significant quantities and decreased an average 
88% (125 ± 10 ppm) in sawnwood. In logs, arabinose 
increased approximately 50-fold (1000 ± 100 ppm) for 
Leptographium spp. and over 17-fold (350 ± 100 ppm) for 
the remaining fungi. In sawnwood, arabinose increased by 
100% (21 ±19 ppm). Galactose increased by about 330% 
(170 ± 50 ppm) and 40% (18 * 13 ppm) in logs and sawn-
wood, respectively. Further, there was little difference in 
sugar content between the stained and kill zones of Lep-
tographium spp. on logs. No significant levels of starch-
bound glucose were found in control or infected samples. 

Lipids in wood 

Lipid analysis of P. contorta revealed significant changes in 
the FARA and TG fractions during the 28 day incubation 
period of non-inoculated controls (Table 2). In the control 
logs, TG decreased by around 60% with a concomitant 
increase in FARA of about 280%. In y-sterilised sawn-
wood, TG decreased by approximately 25 % whereas FARA 
increased by about 130%. 

For infected wood samples, all reported changes are rel-
ative to the fresh, unseasoned control. Because the surface 
stain fungi grew slowly on logs and samples from logs were 
initially tested for sugar content, only enough groundwood 
from the infection areas of C. coerulescens and Lep-
tographium spp. remained for lipid analysis. In logs, 
C. coerulescens and Leptographium spp. reduced TG con-
tent to very low or undetectable amounts and increased the 
FARA content by 4 to 9 mg g~' OD wood (Table 2). In 
sawnwood, C. coerulescens, Leptographium spp. and O. 
piliferum reduced TG by an average of 80 + 10% in both 
layers. The remaining Ophiostoma fungi reduced TG by an 
average of 70 + 10%. TG depletion was not statistically 
different between layers one and two for most fungi except 
A. pullulans (86 ± 6% and 71 ±8%) and an isolate of O. 
piceae (74 + 6 % and 56 ± 9 %). All tested fungi increased 



the level of FARA of the sawnwood blocks. However, the 
FARA content of layer two was usually greater than layer 
one (Table 2). 

FA consumption is more complex. To examine FA con-
sumption, we performed a mass balance of TG and FA. 
First, the difference in TG between unseasoned controls and 

fungal or seasoned control samples was calculated (I). 
Since FA comprise about 95 % of the weight of TG of non-
infected lodgepole pine (Gao 1996), the theoretical mass of 
FA produced by TG hydrolysis in a sample could be derived 
and subtracted from the difference between FAĵ p̂,̂  and 
'̂̂ '̂ ''̂ ûnscasoned control (2)-

Table 1. Concentration (ppm) of soluble sugars in P. contnrta infected with fungi 

Logs 

Species A R M G L U l iVIANl 

Unseasoned Control ^ 
Seasoned Control 
C. coerulescens C 
C. coerulescens X 
Leplographium Q 
Leptographium D 
Leptographium R-k ^ 
Leptographium R-s ^ 
Leplographium E-k 
Leplographium E-s 
O. piliferum W 
O. piceae M 
O. piceae E E 
O. piceae F 
O. minus J 
O. floccosum DD 

19.9 ± 0 . 6 " 
240 ± 3 " 
251 ± 2 2 " 
398 ± 35 

n.a. 
n.a. 

896 ± 70 
1026 ± 8 3 
1165 ± 8 4 
1112 ± 9 0 

n.a. 
270 ± 35 

n.a. 
n.a. 

395 ± 32 
513 ± 4 0 

921 ± 8 2 
348 ± 10 
298 ± 15 
434 ± 20 

n.a. 
n.a. 

205 ± 20 
248 ± 18 
246 ± 22 
262 ± 26 

n.a. 
234 ± 20 

n.a. 
n.a. 

4 I 8 ± 3 0 
145 ± 15 

1063 ± 7 2 
335 ± 20 

16± 15 
3 ± 2 0 
n.a. 
n.a. 

4 ± 15 
4 ± 8 
3 ± 6 
4 ± 10 
n.a. 

3 ± 5 
n.a. 
n.a. 

4 ± 7 
0 ± 10 

A R A 

19.9 ± 0 . 6 
20.9 ± 0.6 

37 ± 6 ' 
36 ± 5 
33 ± 4 
20 ± 2 

n.a. 
n.a. 
n.a. 
n.a. 

36 ± 1 
n.a. 

70 ± 7 
7 6 ± 19 
31 ± 7 
33 ± 3 

Sawnwood 

G L U 

921 ± 8 1 
860 ± 8 1 
371 ± 3 6 
1 4 3 ± 5 1 
500 ± 15 
327 ± 74 

n.a. 
n.a. 
n.a. 
n.a. 

434 ± 140 
n.a. 

498 ±51 
267± 45 
59 ± 8 

250 ± 33 

' A R A : arabinose, G L U : glucose, M A N : mannose 
2- Sugar concentration was not significantly different in unseasoned logs and unseasoned sterile sawnwood. 

of all samples. 
n.a.: not measured, k: non-stained dead host tissue, s: stained portion. 

"• Error values equal 95 % confidence. Control n = 12, log fungi n = 3, sawnwood fungi n = 7 or 8. 

M A N 

1063 ± 7 2 
997 ± 72 

99 ± 4 
83 ± 5 

. 8 6 ± 5 
86 ± 3 

n.a. 
n.a. 
n.a. 
n.a. 

132 ± 9 
n.a. 

120 ± 1 
0 ± 9 

1 I 2 ± 6 
81 ± 5 

Reported values are averages 

Table 2. Concentration (mg g~' freeze-dried wood) of lipid fractions in P. contorta infected with fungi 

Species 

Unseasoned control ̂  
Seasoned control 
C. coerulescens L 
C. coerulescens C 
C. coerulescens X 
Leplographium sp. Q 
Leplographium D 
O. piliferum H 
O. piliferum W 
O. piceae E E 
O. piceae F 
O. floccosum DD 
O. floccosum V 
O. minus P 
A. puliulans A 
A. puliulans HH 

Logs Sawnwood 

F A R A ' T G ' F A R A T G 

Layer 1 Layer 2 Layer 1 Layer 2 

2.2 ± 0.3 3 9.2 ± 0.6 2.2 ± 0.3 2.2 ± 0 . 3 9.2 ± 0.6 9.2 ± 0.6 
8.4 ± 0 . 8 4.0 ± 0 . 6 5.0 ± 0.8 5.0 ±0 .8 6.8 ± 0.9 6.8 ± 0.9 
8.7 ± 0.8 0.2 ±0 .1 n.a." n.a. n.a. n.a. 

7 ± 1 0.13 ±0 .07 6.1 ±0 .8 6.9 ± 0.4 0.7 ± 0.4 1.2 ±0 .2 
11 ± 1 0.8 ± 0.2 5.5 ± 0.7 7.2 ±0 .2 0.7 ± 0.5 1.0 ±0 .2 
7 ± 1 _ 4 6.5 ± 0.5 8 ± 1 3 ± 1 3.7 ± 0.5 
6 ± 1 -• 3.3 ± 0.7 5 ± 1 0.7 ± 0.5 0.9 ± 0.4 
n.a. n.a. 5 ±0 .7 5.6 ± 0 . 3 0.8 ± 0.5 1 ± 2 
n.a. n.a. 6.7± 0.8 9 ± I 2 ± 1 3 ± 1 
n.a. n.a. 4.4 ± 0.7 5 ± 2 3.6 ±0 .5 3.9± 0.3 
n.a. n.a. 2.5 ± 0.7 3 ± 1 2.4 ±0 .5 3.9 ± 0.2 
n.a. n.a. 6 ± 3 4.8 ± 0 . 6 1.9 ±0.1 2.2 ±0 .8 
n.a. n.a. 2 ± 1 4.7 ±0 .8 1.2 ±0 .5 2.0 ±0.1 
n.a. n.a. 3.8 ±0 .7 4.7 ± 0.6 3.6 ±0 .5 3.3 ± 0.2 
n.a. n.a. 6.4 ± 0.7 7 ± 1 0.9 ± 0.5 2.1 ±0 .5 
n.a. n.a. 5.8 ± 0.7 5 ± 1 1.6±0.4 3.2 ±0 .5 

2- Lipid concentration was not significantly different in unseasoned logs and unseasoned sterile sawnwood. Reported values are a v e r a g e s 

of all samples. " 
Error values equal 95 % confidence. Control n 

"• - : not present, n.a.: not measured 
12, log fungi n = 3, sawnwood fungi n = 7 or 8. 
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On both sawnwood and logs, there was often large vari-
ability between isolates of a single species and no clear rela-
tionship between species and consumption of TG-derived 
FA. Consumption of TG-derived FA averaged 30 % (0 to 
60%) in logs, 60% (25 to 100%) in sawnwood layer one 
and 40% (0 to 80%) in sawnwood layer two. No significant 
changes were seen for MG and S/FAl/DG (data not shown). 
The steryl ester/ wax (SE/W) fractions did not resolve well 
by GC and thus were not examined in this work. 

Pigmentation and growth in defined media 

The results of the pigment colour scores and growth diam-
eters after 14 days are shown in Table 3 for four selected 
species. Mannose consistently yielded the densest growth 
and the darkest colour in all tested fungi. Leptographium 
and O. piliferum had identical colour scoring on all carbon 
sources. O. piceae had a very similar colour ranking except 
for glucose and linoleic acid. Interestingly, C. coerulescens 
has an almost reversed ranking order compared to the other 
species. Linoleic acid yielded dense growth and dark brown 
colour in C. coerulescens but light growth and light pig-
mentation with the other fungi. Furthermore, C. coerules-
cens had negligible growth on glycerol. However, this car-
bon source yielded good growih and dark pigmentation in 
the other fungi. 

Discussion 

C. coerulescens grew more rapidly in fresh logs than other 
species. Uzunovic and Webber (1998) noted that this species 
(and Leptographium wingfieldii) were able to colonise 
Scots pine logs rapidly. C. coerulescens typically caused a 
deep radial stain, often reaching the heartwood boundary, 
while other species such as Ophiostoma spp. only penetrat-
ed a short radial distance (Fig. 1). However, on y-sterilised 
wood most fungi were able to fully colonise and stain the 
entire block with the exception of O. piceae and A. pullu-
lans which stained only the top 6.25 mm-layer closest to 
the point of inoculation. No significant trends were found 
between growth, stain, and moisture content (data not 
shown). Testing host viability of infected logs showed that 
C. coerulescens usually had a very small region of dead host 
tissue at the stain boundary. This was also true for most 
other species except for Leptographium spp., which caused 
host cell death far ahead of the stain boundary. Tissue via-
bility of the sapwood in the logs, coupled with aggressive 
growth by the deep stainers support previous studies on 
Pinus sylvestris suggesting that living host tissue may stim-
ulate C. coerulescens (Uzunovic and Webber 1998). How-
ever, none of the fungi actually required living host tissue 
for growth and pigmentation as demonstrated by their 
growth and pigmentation on y-sterilized wood. 

Further research examined the changes in wood nutrients 
of non-infected control and infected wood samples. The 
absence of starch in the samples was probably due to sea-
sonal fluctuation of the food reserves as the trees would 
have been about to flush and these reserves mobilised for 
bud and leaf growth. Depletion of starch reserves over the 
winter and eariy spring season has tieen well documented 
(Fischer and Holl 1992; Sauter and van Cleve 1994). Saran-
paa and Holl (1989) noted that hemicelluloses could be a 
food reserve in trees. In non-infected controls of fresh logs, 
the changes in soluble sugars might be due to hydrolysis of 
cell wall hemicellulose for use as a food source by the host. 
Therefore, the depleted sugars, mannose and glucose, were 
probably consumed as a food source, whereas the increased 
arabinose was not utilised. Changes in the lipid concentra-
tions of non-infected control logs were likely due to the 
presence of host lipases that hydrolyse the TG fraction into 
glycerol and free fatty acids. In addition, during storage, 
wood extractives can undergo abiotic volatization and oxi-
dation (Nugent et al. 1977). Further, plant triglycerides can 
undergo oxidative degradation during long-term storage or 
short term heating (O'Keefe et al. 1993; Hannan 1991). We 
observed this seasoning effect in y-sierilised wood, though 
to a lesser degree than in logs. Thus, small changes in sawn-
wood extractives were most likely due to abiotic processes. 

Further investigation examined whether wood nutrients 
were consumed differentially by C. coerulescens versus 
other fungi such as O. piceae. Due to the 28 day incubation 
period, it was impossible to separate concurrent changes in 
nutrients due to fungal infection and natural seasoning. This 
is due to the fact that fungi may consume or produce some 
of the products of the natural seasoning process or they may 
alter the rate of seasoning. Moreover, the 28-day control 
logs and sawnwood samples had different levels of season-
ing, thus creating an unstable baseline for comparison and 
complicating the presentation of results. Consequently, all 
comparisons were made to fresh, unseasoned controls. In 
both billets and sawnwood infected with fungi, mannose 
was overall the most depleted monosaccharide, followed by 
glucose (Table 1). This may be due to easier accessibility of 
the mannose in wood or a genuine preference for mannose 
by sapstain fungi. The high degree of consumption of man-
hose in wood by fungi combined with consistent yield of 
dark pigment and excellent growth with mannose as a sole 
carbon source in defined media indicates that mannose may 
have a significant impact on stain production by fungi. It 
has been previously shown that carbon and nitrogen sources 
can affect the pigmentation and melanin type of O. flocco-
sum (Eagen et al. 1997). However, no cortelation between 
mannose and sapstain has been previously reported. In a 
study on chemical composition of fungal-decayed wood, 
Worrall et al. (1997) noted that decay fungi that selectively 
delignify (preferentially attack hemicelluloses and lignin) 
birch also had a larger decrease of total-wood mannose ver-
sus other sugars. These researchers also noted that total-
mannose utilisation usually exceeded total-glucose by 
decay fungi on pine. This similarity between decay and sap-
stain fungi may imply that accessibility to mannose is the 
key factor. Further study of sugar preferences of sapstain 



Table 3. Pigment score' and growth diameter of selected isolates on tested carbon sources 

Species 

C-source C. coerulescens C Leptographium R 0. piliferum H O. piceae E E 

Colour Diameter Colour Diameter Colour Diameter Colour Diameter 
score 1 (mm) score (mm) score (mm) score (mm) 

Mannose 5 50 5 50 4 45 4 45 
Linole icAcid 4.5 50 3 30 3 40 2.5 25 
Starch 4.5 45 4.5 45 4 45 3 50 
Glucose 4 45 4.5 50 4 30 2 30 
Arabinose 3.5 50 4.5 45 4 35 3.5 20 
Olive Oi l 3.5 50 4.5 50 4 30 3 20 
Glycerol + / - + / - 5 50 4 45 3.5 50 

'•5: black/very dark brown, 4: dark brown, 3: brown, 2: light brown, 1: beige, 0: white, +/-: negligible 

fungi in vitro is currently in progress lo answer this ques-
tion. Conversely, arabinose was significantly increased in 
fungal-infected wood. However, the changes were much 
larger in the fresh logs when compared to the very small 
increases seen in sterilised sawnwood. This was especially 
true for Leptographium spp. where arabinose increased in 
logs by over 50 fold (1000 ± 100 ppm). This points toward 
either a host defence mechanism or the combined effect of 
hemicellulolytic activities of sapstain fungi and host tissue. 

It is important to note that lipids are present in amounts 
at least ten times greater than the soluble sugars, are a more 
concentrated form of energy and are thus a more important 
food source. Previous studies have examined lipid con-
sumption in softwoods by sapstain fungi (Blanchette et ai 
1992; Brush a/. 1994; Chen e/a/. 1994; Gao a/. 1994; 
Martinez et ai 1999). These studies focussed on O. pili-

ferum or O. floccosum and found near complete reduction 
of TG and FA. Funher, some sapstain fungi produce extra-
cellular lipases (Gao and Breuil 1995). In logs, C. coerules-
cens and Leptographium spp. reduced TG to very low or 
undetectable amounts (Table 2). On sawnwood, these two 
species were also the most effective atTG reduction, though 
to a lesser degree than on fresh logs. All of the remaining 
species reduced TG content of sawnwood. Infection with 
O. piceae and O. minus resulted in the lowest TG reduc-
tion. This might indicate that deep stainers produce larger 
amounts or more robust extracellular lipases than the other 
fungi. Most fungi consumed around half of the FA derived 
from TG hydrolysis, though there was wide variability 
among isolates. Moreover, there were no obvious trends in 
consumption between the species. On defined media, the 
dense growth on linoleic acid-supplemented medium by 
C. coerulescens was supported by a 20 to 50% reduction 
of TG-derived FA in sawnwood and logs. On agar glycerol 
media, C. coerulescens did not show a dense growth, indi-
cating that this carbon source was pooriy assimilated 
(Table 3). The reason for this is unknown. However, the 
growth media must be optimized and glycerol liquid media 
should be tested before this result can be confirmed. The 
other fungi can apparently utilise both the glycerol and fatty 
acid portion of the triglyceride, though it is unclear if either 
ponion is preferred. On defined carbon source media, the 

ranking of colour scoring was reversed (aside from man-
nose) for C. coerulescens compared to the other fungi 
(Table 3). This funher indicates differences in nutrient util-
isation between the fungi. 

The presented results suggest that there is (are) some 
aspect(s) to living host tissue that may stimulate growth and 
pigmentation by C. coerulescens. Uzunovic and Webber 
(1998) previously noted that living host tissue may some-
how stimulate colonisation by deep stain fungi. Nutrients 
in wood (such as mannose or TG-bound glycerol and fatty 
acids) may play an important role, but it appears that other 
factors are also critical. Further work should examine the 
effects of kiln drying, storage and moisture content on host 
tissue viability/ defence and the resulting effect on different 
sapstain fungi. 
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NSERC REPORT ON A PARTNERSHIP RESEARCH PROJECT 

1 Applicant: Breuil, Colette, Department of Wood Science, University of British Columbia 

2 Title: "Cartapip: a potential control agent at harvest sites for the sapstaining fungi that infect 
Canadian softwood logs" 

3 Co-applicant: Bernier, Louis, University Laval. 

4 Industrial sponsors: 
AgraSol Inc. (formerly Clariant Corp.) Raleigh N C (USA) 
Forintek Canada Corporation Western Lab, Vancouver, BC 

5 Budget Amount awarded (NSERC) 

Y e a r l 43,000 
Year 2 45,000 

6 Objectives 

Our long-term objective in collaboration with Forintek Canada Corp. and its members, is to enhance the 
competitiveness of the Canadian wood industry, by providing the primary wood sector with potential 
biological alternatives to wood protection chemicals for controlling staining fungi in logs at the harvesting 
site. 

Our short-term objectives for this C R D grant were to: 
1) Compare growth and pigmentation rates of naturally occurring staining fungi and Cartapip on 

commercially important wood species, 
2) Determine the natural geographical distribution of wild type Ophiostoma piliferum, 
3) Compare the genotypic profiles of Cartapip and wild type O. piliferum from Canada and the U.S., 
4) Clarify the stability of Cartapip's albino phenotype in the field by assessing its mating behavior 
with wild type strains, and 

5) Determine which genes are affected in the albino strain's melanin pigmentation pathway. 

7. Achievements of Proposed Research Objectives 
7.1 Compare growth and pigmentation rates of naturally occurring staining fungi and 

Cartapip on commercially important wood species 

To examine the growth of sapstaining fungi and Cartapip on wood, Pinus contorta (lodgepole pine) trees 
were felled and de-limbed in the Merritt Forest District of British Columbia, Canada. The logs were 
wrapped and sealed in 0.5 mm polyethylene sheets and stored at -20C. Samples (27 cm^each) were taken 
from various locations on each tree for time zero chemical analyses. Each billet was inoculated with 
infected wheat grain. To conserve moisture and to reduce contamination, inoculation points were covered 
and wrapped with electrical tape. Infected billets and non-infected control billets were incubated at 20C 
and 85% R H for 28 days. 

Fourteen strains were inoculated in the logs. The fastest growing species was C. coerulescens (>30cm 
longitudinal stain in 28 days), followed by Leptographium spp (14-18 cm), O. minus (4-11 cm), O. 



piliferum (2-5 cm), O. piceae (1-4 cm), O. floccosum (2.5-4 cm), O. setosum (2-3 cm), O. species E (1-3 
cm) and Aureobasidium pullulans (1-2 cm). Viability of host parenchyma was easily visualized by TTC 
immersion. Non-infected sapwood turned a deep red colour (viable parenchyma) whereas heartwood and 
infected sapwood did not. C. coerulescens grew more rapidly in fresh logs than other fungal species. 
This species typically caused a deep radial stain, often reaching the heartwood boundary, while other 
species such as Ophiostoma spp. (including O. piliferum) only penetrated a short radial distance. 
Cartapip grew like the wild-type O. piliferum and it did not change the wood colour. 

To better understand the growth of sapstaining fungi on wood, we examined the changes in wood 
nutrients, mainly soluble sugars, starch, and lipids of the logs or sawn wood inoculated with the different 
fungal species (see above for the fungal species). Both in infected billets and sawn wood, mannose was 
overall the most depleted mono-sugar (99% depletion), followed by glucose (70%) depletion). Lipids 
analysis of infected wood indicated that C. coerulescens and Leptographium spp. greatly reduced the 
triglycerides fraction and that there was a wide spectrum of consumption of triglycerides-derived fatty 
acids between the fungi. This might indicate that deep stainers produce larger amounts or more robust 
extracellular lipases than the other fungi. 

Significant pigmentation was measured in the infected samples versus non-infected control wood. 
C. coerulescens infected wood was considerably more pigmented than the Leptographium spp. stain area. 
None of the fungi required living host tissue for growth and pigmentation as demonstrated by their 
growth and pigmentation on y-sterilized wood. We also tested the degree of pigmentation of 4 staining 
species {Leptographium, O. piliferum, C. coerulescens, O. piceae) on defined media amended with 
different carbon sources. Mannose consistently yielded the densest growth and the dark color in all the 
tested fungi. Leptographium and O. piliferum had identical color scoring on all the carbon sources. 
Interestingly, C. coerulescens has an almost revered ranking order compared to other species. Linoleic 
acid yielded dense growth and dark brown color in C. coerulescens. While this species grew poorly on 
glycerol, this carbon source yielded good growth and dark pigmentation in the other fungi (including O. 
piliferum). These results suggest that carbon source is one of factors affecting pigmentation in sapstaining 
fungi. 

Cartapip was also applied on Engelmanni spruce at Forintek. Logs from a tree obtained from the 
Kamloops area were infected with Cartapip or with C. coerulescens, Leptographium spp. and O. minus. 
Cartapip was applied before the staining fungi or at the same. Cartapip did not grow very well on spruce 
and could not prevent C. coerulescens wood discolouration. Similarly to Cartapip, O. minus and 
Leptographium spp. were poor colonizers of spruce. 

7.2 Determine the natural geographical distribution of wild type O. piliferum 

First, following our initial plan, we re-examined the O. piliferum-\\ke strains collected during our survey 
in 1997 and our seasoning experiment in 1998. In addition we obtained cultures from Eastern Canada, 
the US and Europe. About 184 O. piliferum-\ike stra;ins from 6 provinces were re-examined. The strains 
were isolated from lodgepole pine (84 isolates), White spruce (23 isolates). Black spruce (12 isolates) and 
Jack pine (65 isolates). We obtained 21 strains from Eastern Canada. As reference cultures we also 
obtained O. piliferum strains from foreign sources (7 from the USA, 3 from New Zealand, 39 from 
Europe of which 19 were from Germany). A l l the cultures were re-grown on M E A media and 
identification was confirmed by morphological, mating characteristics and molecular marker (PCR-RFLP 
of the 26S rDNA; refer to section 7.5.2). Most of the cultures were O. piliferum and thus O. piliferum 
was widely distributed in different conifer hosts across Canada. The cultures are preserved at U B C in the 
Wood Science's Culture Collection. 



To determine whether or how the occurrence of O. piliferum and other sapstain species varies depending 
on season, we examined the presence of these fungi on fresh lodgepole pine logs and lumber from a 
sawmill in Princeston, BC. A total of 510 fungal isolates obtained at three different seasons including 
spring, summer, and fall of the year was distributed in 5 different genera representing at least 10 different 
species. Species belonging to Ophiostoma, Ceratocystis, and Leptographium genera contributed to 95.5% 
of all the isolates, while Aureobasidium/Hormonema genera constituted the remaining 4.5%. 
Leptographium spp., O. floccosum, and O. piceae were found in all the seasons, while O. piliferum and O. 
minus were not found in spring. These findings suggest that the occurrence of fungal species varies 
depending on season. However, freshness of wood was considered being attributed to the variance of 
sapstaining fungi occurrence ensuing deviation in stain in different seasons. It is suggested that 
application of Cartapip needs to be done with fresh wood. 

7.3 Compare the genotypic profiles of Cartapip and wild type O. piliferum from Canada and 
the U.S 

7.3.1 Phylogenetic relationship of O. piliferum to other sapstaining species 
We first examined the relationship of O. piliferum to other sapstain species based on rRNA gene 
sequence. We sequenced the PCR-amplified rDNA regions of the 18S and partial 26S subunit rRNA 
genes, the 5.8S rRNA gene, and internal transcribed spacers (ITS) 1 and 2 from different O. piliferum 
strains and Cartapip. The sequences of the 18S and 26S rRNA genes were highly conserved between O. 
piliferum strains and Cartapip. A l l the Ophiostoma species were clearly separated from the out-groups 
species, Ceratocystis species and NeUrospora crassa. The phylogram generated by the sequence analysis 
of the 18S rRNA gene showed that O. piliferum was closely grouped with O. penicillatum and O. bicolor, 
and subgrouped with O. ulmi, O. quercus, and O. floccosum. In this phylogram, O. cucullatum and O. 
europhiloides were far apart from O. piliferum. Similarly, in the 26S rRNA gene-based phylogram, O. 
piliferum was grouped closely with O. bicolor, neighborly with O. floccosum, and distantly with O. 
cucullatum and O. europhiloides. The ITS-based phylogram further supported the distance relationship of 
O. piliferum to O. cucullatum. 

However, in the ITS region-based phylogram none of the Ophiostoma species was grouped closely with 
O. piliferum. For example O. ulmi, and O. quercus, the subgrouped species with O. piliferum in the 18S 
rRNA gene-based phylogram, diverged considerably from O. piliferum in the ITS region-based 
phylogram. These results reveal that the phylogenetic relationships of O. piliferum with the other 
Ophiostoma species vary depending on the chosen regions in the rRNA gene. Therefore, care should be 
taken when the position of O. piliferum is assigned inside the Ophiostoma genus based on phylogeny of 
the rRNA genes. 

7.3.2 RFLP marker for O. piliferum including Cartapip based on the 26S rRNA gene. 
Our phylogenetic results clearly suggested that O. piliferum could be separated from other known 
Ophiostoma species. Consequently, we generated some molecular markers for O. piliferum using the 
information on the rRNA genes. Using the R F L P analysis of the 18S rRNA gene, we showed that O. 
piliferum could be easily differentiated from O. minus, but not from the other Ophiostoma species tested. 
These results led us to target the 26S rRNA gene region. 
Seventy-seven strains representing nine Ophiostoma species were included in the RFLP analysis of the 
26S rRNA gene. Identical amplification products of about 900 bp were produced vsjith all the strains 
tested. Then the PCR-amplified 900 bp products from six representative strains from different geographic 
origins were subjected to twenty-nine restriction enzymes to generate band patterns for R F L P analysis. 
Among the enzymes tested, only Haelll generated a unique RFLP pattern of the partial 26S rRNA gene 
for O. piliferum. No intra-specific variations were observed in the nine species. The RFLP pattern 
generated by Haelll was identical among the fifty-two O. piliferum strains collected from different 



geographic regions. Therefore, we suggested that the PCR-RFLP of the 26S rRNA gene with Haelll 
could be used as a reliable and useful molecular marker for O. piliferum and Cartapip at the species level. 

7.3.3 Intraspecies variability in O. piliferum based on the analyses of the ITS2 and part of the |3-
tubulin gene sequences. 

In preliminary work on the O. piliferum strains, we found a reasonable variation in the full-length ITS 
sequence. Consequently, we extended our ITS analysis to other O. piliferum strains from different 
geographic origins. However, using the conditions described for the PCR amplification of the ITS 
regions, we had difficulty in amplifying these ITS regions in O. piliferum. Furthermore, we found low 
amplification frequency for the ITS regions when we extended tests for the specificity of the universal 
PCR-primers against O. piliferum strains. Since the 18S and 268 rRNA gene sequences were highly 
conserved within the O. piliferum species, it was unlikely that the absence of ITS amplification was due 
to sequence variations in the ITS primers' target sites. We hypothesized that the low amplification was 
due to the structural conformations of the target regions which hindered the accessibility of the ITS 
primers. This was supported by a successful amplification of the ITS regions from all O. piliferum strains 
using 5% DMSO, a strong denaturing agent. As well, we compared the full-length ITS sequences of two 
O. piliferum strains with the other Ophiostoma species, and found that in O. piliferum the ITSl and ITS2 
sequences have a high content (%) of guanine a.nd cytosine (G+C). This G+C-rich feature probably 
contributed to the high stability of the secondary structures in the ITS regions in O. piliferum. Since we 
also encountered difficulty in the sequencing of the ITSl region in several O. piliferum strains, we only 
compared the 1TS2 sequences of Cartapip and strains of wild-type O. piliferum from 5 diverse geographic 
locations. The cladogram generated on the ITS2 sequences showed that intraspecific variation occurred 
among the 6 strains tested. Cartapip was grouped closely with the Saskatchewan strain, and this group 
was separated from four other strains from Europe, New Zealand and Western Canada. Overall Cartapip 
could be differentiated from the O. piliferum from five diverse geographic areas based on the sequence 
analysis of the ITS2 region. 

We also determined the feasibility of differentiating Cartapip from O. piliferum using the sequence 
information from part of the (3-tubulin gene. The prinier pair T10-T222 amplified an approximately 1020 
bp band from the (3-tubulin gene from Cartapip and all the O. piliferum strains tested. We sequenced the 
PCR-amplified P-tubulin gene fragments (composed of 4 exons and 4 introns) from the same six 
representative O. piliferum strains used for the ITS sequence analysis. The cladogram based on sequence 
similarity of the p-tubulin genes showed that intraspecific variation occurred among the 6 strains 
including Cartapip. Sister groups were formed between Cartapip and Saskatchewan strain, the British 
Columbia and New Zealand strains, and the two European strains, respectively. The Cartapip-
Saskatchewan group was distantly related to the strains from the four other regions. Also, the British 
Columbia and New Zealand groups were closely grouped. Overall the pattern of the P-tubulin gene-based 
grouping was similar to that of the ITS2-based grouping. These results implied that either the ITS or P-
tubulin genes could be used to differentiate the Cartapip-Saskatchewan group from the O. piliferum from 
other geographic area. 

7.3.4 Region-specific molecular markers for Cartapip based on p-tubulin gene sequences 
Since the P-tubulin gene was easier to amplify by PGR, first we tried to confirm the intraspecific variation 
by PCR-RFLP analysis on 77 O. piliferum strains. Using the PC/Gene software we selected Hinfl and 
Spel as potential cutters to generate geographically variable patterns in the P-tubulin gene of the six 
strains sequenced. The R F L P patterns by Hinfl generated two main groups. A group included the strains 
from Europe, Saskatchewan, and the USA, and the other the strains were from British Columbia, Alberta 
and New Zealand. Cartapip was clustered with the strains from the U S A and Saskatchewan. This 
clustering was consistent with the results from the sequence analyses of the ITS2 and the P-tubulin genes. 
Digestion with Spel differentiated Cartapip from all the strains from Europe, New Zealand, British 



Columbia and Alberta, and most strains from Saskatchewan and the USA. The RPLP analysis of the (3-
tubulin gene with the two restriction enzymes confirmed that the intraspecies variation in O. piliferum 
seems related to the geographic origin of the strains. 

Then, we assessed the specificity of the 5pel-generated RFLP pattern of the P-tubulin gene. RFLP 
analyses of the (3-tubulin gene in several stainers, OJloccosum, O. minus, O. piceae, O. setosum, 
Aureobasidium sp., and a mold Alternaria alternata, frequently isolated from wood, were carried out. 
Since, no cutting patterns similar to those of Cartapip were observed with all the tested fungi, we 
suggested that the 5)3eI-RFLP of the p-tubulin gene could be used as a molecular marker for Cartapip. 
Thus, we designed a set of primer pairs, Catl-Cat2 for Cartapip, based on the alignments of the six 
obtained p-tubulin gene sequences. Then, we determined whether this pair of primers could amplify a 
D N A fragment of 180 bp from the genomic DNAs of fifty O. piliferum strains. A PCR-product of 180 bp 
was produced with the strains from Saskatchewan and the USA (including Cartapip) but not with the 
strains from Europe, New Zealand, British Columbia and Alberta. When the Catl-Cat2 primer pair was 
used in PCR reactions with the genomic DNAs of O. floccosum, O. minus, O. piceae, Leptographium 
huntii, Aureobasidium sp., Diplodia sp., and Alternaria alternata, no band of 180 bp was produced. This 
confirmed that the Catl-Cat2 primers were specific for Cartapip and its sister group from the U S A and 
Saskatchewan. Thus, it remains to further develop a molecular method for detecting Cartapip in central 
and eastern Canadian regions. 

7.3.5. Test of molecular makers for detecting Cartapip in biocontrol tested wood 
To evaluate the feasibility of using the developed molecular markers for Cartapip detection in field 
conditions, we tested them against wood samples (a total of 48 samples, 12 samples/disk) from a sawmill 
in Alberta where Cartapip sprayed for wood protection test (for more detail, see section 7.4). We could 
successfully detect the presence of Cartapip in lodgepole pine logs disks using PCR-RFLP by Haelll and 
PCR assay with Catl-Cat2 primers. We also demonstrated that the Cat2-Cat2 primers were useful for 
detecting Cartapip in Germany where Cartapip was sprayed for controlling sapstain in scots pine lumber 
and logs (in collaboration with Dr. Schroeder). 

To check the potential of Cartapip's presence in the surrounding area of its application on logs, we 
sampled soils 6 weeks after its application (5 sites) and tried to isolate Cartapip. Cartapip was not re-
isolated from the soil samples. Similarly, Dr. Schroeder in Germany could not re-isolate Cartapip from 
surrounding area of its applications. It is likely that Cartapip did not survive in the soil. However, to 
confirm it sustainability in soil, further detailed investigation is required. 

7.3.6. Test of green fluorescent protein (GFP) as a biomarker for tracing Cartapip 
Since rRNA- or P-tubulin gene-based molecularrnarkers for detecting Cartapip has limitation in use at 
some geographical regions, we assessed the feasibility of transforming with the green fluorescent protein 
(GFP), Cartapip™ and a sapstain fungus Ophiostoma piceae. Transformants of the two fungal species 
were screened by PCR and Southern blot analyses. The GFP was expressed in spores, synnemata, and 
mycelia of the transformants grown in artificial media or wood. The growth and wood colonization of the 
GFP-transformants were similar to that of the non-transformants, suggesting that the presence of the gfp 
gene have no negative effect on the biology of the transformants. Using fluorescence and confocal 
microscopy, the GFP-expressing fungi were easily differentiated from the wild type strains and other 
fungal species in wood, even four months after inoculation. Our results demonstrated that the use of GFP 
system is feasible to monitor the Cartapip in wood. Consequently, we suggest that GFP could be an 
alternative to the rRNA or p-tubulin gene-based marker for tracing Cartapip in U S A and central and 
eastern Canada. 

7.3.7. Population diversity of O. piliferum in Canada 



Molecular analyses of O. piliferum based on coding sequences were supplemented by multilocus 
analyses based on Random Amplified Polymorphic DNAs (RAPDs). A total of 100 single-spore isolates 
of O. piliferum were subjected to R A P D analysis. A l l isolates had been shown to belong to O. piliferum 
by P C R - R F L P analysis (see section 7.3.2). The collection included 65 isolates recovered in 1997 from 
Ontario, Saskatchewan, Alberta and British Columbia (Uzunovic et al, 1999); 15 isolates collected in 
British Columbia in 1998; 16 German isolates, including 15 isolates collected in 2000; 2 US isolates, 
including strain Cartapip97, 1 Dutch isolate and 1 specimen from New Zealand. 

Over 200 genetic loci were amplified by RAPD-PCR, using decameric primers (Operon Technologies, 
Alameda, CA) . A l l amplifications were carried out at least twice to ensure reproducibility. Data were 
scored as putative loci with 2 alleles (present or absent). Genetic comparison of the 100 individual 
isolates based on the Dice similarity index following the unweighted pair group method with arithmetic 
average (UPGMA) indicated that all strains were genetically different from each other. Based on their 
genetic similarity, the strains could be clustered into three different groups: 1) strains collected in British 
Columbia and Alberta; 2) strains from Saskatchewan and Ontario; and 3) strains from Germany collected 
in 2000. Overall genetic similarity between clusters 1 and 2 (26%), which included all North American 
strains, was only marginally superior to similarity between North American and German strains (23%). 
Isolates from the US (Cartapip97 and T A B . l ) clustered with the group of isolates from Ontario and 
Saskatchewan. Thus, results based on either coding sequences or anonymous loci led to similar 
conclusions regarding these isolates. The additional German isolates and the isolates from Holland and 
New Zealand cluster with the group of isolates from British Columbia and Alberta. No R A P D band was 
specific to strain Cartapip97. However, a few amplicons observed in Cartapip97 appeared to be rare in the 
Canadian population (OPE122485, OPE1289I, and OPE18g2o). 

For finer population analyses, only Canadian isolates were retained. The possible effect of different 
geographic origins on the genetic variability was estimated by analyzing 163 putative R A P D loci in the 
65 isolates of Ophiostoma piliferum recovered in 1997. Genetic diversity within geographic populations 
(Hs) was estimated at 0.22 and accounted for only 75% of total diversity (HT = 0.31). Thus, 
approximately 25%) of the overall diversity was due to frequency differences among populations (GST = 
0.24), indicating the occurrence of a high level of genetic differentiation among the four populations 
studied. Further comparisons confirmed that populations from British Columbia and Alberta were 
genetically close to each other (GST = 0.09). The same was true for the populations from Saskatchewan 
and Ontario (GST = 0.08). Therefore, differentiation was mostly accounted for by differences between the 
western (British Columbia and Alberta) and "central" (Saskatchewan and Ontario) Canadian populations. 
Interestingly, a similar, albeit less pronounced, trend was observed in the related species O. piceae 
(Gagne et al, 2001). In the latter species, genetic differentiation was lower (GST = 0.11) but was mostly 
accounted for by differences between central populations and other populations. However, the strong 
genetic differentiation between geographically distinct populations of O. piliferum did not translate into 
detectable phenotypic differences (mycelial grow1:h rate at 15, 22 and 29 °C) or barriers to intraspecific 
hybridization. 

The recovery of O. piliferum isolates from British Columbia over two consecutive years allowed us to 
verify whether the resulting populations differed genetically. A total of 159 R A P D loci were analyzed in 
37 isolates. Analysis of the genetic data indicated the occurrence of moderate differentiation (GST = 0.12) 
between populations collected in 1997 and 1998. 

7.4. Clarify the stability of Cartapip's albino phenotype in the field by assessing its 
mating behavior with wild type strains 

Before using Cartapip in field tests, we checked its genetic compatibility to other closely related Canadian 
Ophiostoma species that were obtained in a fungal survey in 1997 and 1998. For this, extensive mating 
tests were undertaken on pine sawdust agar media and on sterilized pine wood blocks. No perithecia were 



produced between Cartapip and other common Ophiostoma species (O. piceae, O. quercus, O. floccosum, 
O. minus, O. species E, and O. setosum). The results suggested that Cartapip was not genetically 
compatible with other Ophiostoma species. Meanwhile Cartapip formed perithecia with all the tested O. 
piliferum wild type strains of opposite mating type (designed as type A) from across Canada and from 
other countries indicating that there was no fertility barrier. In many cases typical dark perithecia with 
long necks formed. Progeny of some of the examined crosses had individuals with non-pigmented or 
pigmented phenotype. 

Thus, we assessed the potential of mating between Cartapip and wildtype O. piliferum strains in field tests 
carried out by the researchers at Forintek Canada Corp., in Alberta July 2001. Twenty lodgepole pine 
logs were sprayed with water (control) and twenty logs were sprayed with Cartapip™. Samplings were 
carried out after 6 and 12 weeks inoculation to assess stain. After 6 weeks stain was observed in all the 
control logs but was insignificant in logs treated with Cartapip. Consequently, we could not observe the 
presence of perithecia on the Cartapip-sprayed logs of 6 weeks olds. However, after 12 weeks, stain was 
observed in the sap of the Cartapip-sprayed logs despite the presence of Cartapip. The stain was caused 
by deep penetrating species such as Leptographium sp. No O. piliferum-Uke pigmented fungi were 
observed from the 12-weeks-old Carpapip-treated logs. It seemed that Cartapip's albino phenotype was 
stable during the period of field test. 

7.5 Determine which genes are affected in the albino strain's melanin pigmentation 
Pathway 

7.5.1 Cloning and expression of melanin genes in Cartapip and wild type O. piliferum 
In work going on in our lab we have cloned 4 genes {scytalone dehydratases (SD), 2 T H N reductases 
(THNR), pentaketide synthase (PKS)} from the melanin pathway of O. floccosum 387N. The cloned O. 
floccosum genes were able to restore melanin production in SD- or T H N - deficient mutants of 
Colletotrichum lagenarium or Magnaporthe grisea, respectively. Using PCR-based cloning with 
degenerate primers, we cloned partial sequence of SD and T H N genes from Cartapip and wild type O. 
piliferum. The sequences were similar between the two isolates. The results indicated that Cartapip 
possesses SD and T H N genes. However, we were unable to PCR amplify the PKS gene. To determine if 
the PKS gene was deleted in Cartapip, Southern assays against restriction-digested genomic D N A of 
Cartapip and wildtype strain O. piliferum using the O. floccosum PKS gene as probe were performed. 
The presence of PKS homologous D N A was detected both in wildtype and Cartapip D N A . Northern blot 
and RT-PCR analysis showed that transcripts of SD, PKS, and T H N gene were present in Cartapip 
grown on cellophane-layered M E A media. The melanin genes were expressed in mycelia but not in yeast-
like spores. Our results suggested that three key melanin genes were present and expressed at 
transcriptional level in Cartapip. 

7.5.3 Genetic complementation of melanin genes in Cartapip™ 
To determine that there was no defect in the three key melanin genes in Cartapip™, we tried to do some 
genetic complementation. Plasmids containing the hygromycin gene and a full length of PKS (from 
Alternaria alternata), SD and T H N genes (from O. floccosum) were transformed respectively into 
Cartapip. In hygromycin selective media, we obtained 200 transformants for SD, 269 for T H N , and 119 
for PKS, respectively. However, none of the transformants restored the dark brown color. These results in 
addition to the results of the previous section indicated that the three key genes were not responsible for 
the color deficiency in Cartapip™. We suggest that Cartapip's albino phenotype is resulting from 
deficiency in steps before PKS in the D H N melanin pathway, or more likely from deficiency in pigment-
controlling regulatory genes. 



8. Participation and scientific contributions to the project of each member of the research 
group. 

S. Schroeder, a PhD student conducting similar \vork in Germany, spent 5 months in our lab in the fall 
1999, at the initiation of the project. Jointly, we developed the collaborative work on the D N A analyses 
of the O. piliferum and Cartapip. A PDF (Dr. Kim), a technical assistant and 6 coop-students were 
involved in the project. The inoculation of the logs with different staining fungi, Cartapip and 
transformants of Cartapip (GFP) was carried out at Forintek by a Master's student, Carl Fleet, and a co-
op-student, Sangwon. We analyzed the fungal collection from a seasonal survey jointly with Dr. 
Uzunovic (Forintek). The strains were sent to Dr. Bernier (University Laval) who carried out the work on 
fungal population. One summer student and one research assistant (G. Racine) carried out the R A P D 
analysis. One Ph.D student, Nicolas Feau, helped with the statistical analysis of population data. To 
assess the efficiency of the product (Cartapip), our industrial partners have obtained a permit to carry the 
field trials in British Columbia and Alberta (summer 2000), and in Alberta (summer 2001). 

Results have been reported in 6 papers and presented at 5 conferences. 

Publications: 

1. S. Schroeder, S.H. Kim, S. Lee, K . Sterflinger, C. Breuil. 2001. The p-tubulin gene is a useful target for 
PCR-based detection of an albino Ophiostoma piliferum used in biocontrol. Eur. J. Plant Pathol. 
Submitted. 
2. S.W. Lee, S.H. Kim, C. Breuil. 2001. The use of green fluorescent protein as a biomarker for 
sapstaining fungi. Forest Pathology. Accepted for publication. 
3. S. Schroeder, S.H. K im, W. T. Cheung, K . Sterflinger, C. Breuil. 2001. Phylogenetic relationship of 
Ophiostoma piliferum to other staining fungi based on the ribosomal RNA gene. FEMS Microbiology 
Letters. 195:163-167. 
4. C. Fleet, C. Breuil and A Uzunovic. 2000. Deep and surface colonizing sapstain species in Pinus 
contorta logs and sapwood: Pigmentation and nutrition consumption. Holzforcshung 55:340-346. 
5. S. Schroeder, K . Sterflinger, S.H. Kim, C. Breuil (2000). Monitoring the potential biocontrol agent 
Cartapip. IRG/WP 00-10365. 
6. Uzunovic, S. H . Kim, C. Breuil (2000). Seasonal variation of bluestain fungi on lodgepole pine logs 
and lumber in a B C sawmill. Material und Organismen 33:177-186. 
7. Bernier, L. , G. Racine, E. St-Michel and N . Feau. Genetic variability of Ophiostoma piliferum in 
Canada. (In preparation). 

Presentation of the results at conferences 
1. S. H . Kim, S. Schroeder, S. W. Lee, and C. Breuil. Cartapip, a potential biological agent for sapstain, 
can be traced in selected geographic areas by PCR-based assays targeting the beta-tubulin gene. Annual 
Meeting of the Canadian Phytopathological Society BC Region. Vancouver, B C . Oct. 22-23, 2001 
2. L . Bernier, G. Racine, E. St-Michel, S. H . K i m , and C. Breuil. Genetic variability of Ophiostoma 
piliferum in Canada. APS/SON/MSA Joint Meeting; Sah Lake City, Utah, USA. August 25-29, 2001. 
3. S.W. Lee, S.H. Kim, C. Breuil. The use of green fluorescence protein as a biomarker for tracing 
Cartapip. Joint Meetings of the Canadian Phytopathological Society/Pacific division of the American 
Phytopathological Society. June 18-21, 2000, Victoria, Canada. 

4. S. Schroeder, K . Sterflinger, S.H. K im, C. Breuil. Monitoring the potential biocontrol agent Cartapip. 
Annual Meeting of the International Research Groups in the Wood Preservation. May 14-19, 2000, 
Hawaii, USA. 



5. S.H. Kim, S. Schroeder, C. Breuil. PCR-RFLP marker differentiation of Ophiostoma piliferum from 
other Ophiostoma sapstain species. Joint Meetings of the Canadian Phytopathological Society/Pacific 
division of the American Phytopathological Society. June 18-21, 2000, Victoria, Canada. 
6. L.Bernier. Etude des populations chez VOphiostoma piliferum. Invited lecture, Universite Henri-
Poincare, Nancy, France, Dec. 3, 2001. 

9 Collaboration with the industrial partners and training of personnel 
We had three meetings with Agrasol Inc. and more regular meetings with Forintek Canada Corp., and Dr. 
Bernier. The collaborators had also regular contact through e-mail and telephone. We kept close 
collaboration with Dr. A . Uzunovic and Tony Byrne from Forintek. We had also two meeting with Dr. 
Bernier in Laval (Quebec). The project was coordinated by one PDF, S. Kim, who also spent his time 
overseeing various aspects of the research. The PDF has also provided training to a doctoral and a Msc 
students (S. Schroeder and C. Fleet), and to coop-students who assisted the PDF on various aspects of the 
project. Carl Fleet has used the Forintek facility to step up the fungal experiments on logs. The co-op 
student who worked at U . Laval (E. St-Michel) is now pursuing a Master's degree in Bernier's laboratory 
on the population genetics of rust fungi. 

10 Prospects for commercial/industrial exploitation of the research results 
Results from the research have provided information to our Industrial partners for applying for a field trial 
permit and also in pursuing the registration of Cartapip as a biocontrol agent (in progress). In Canada, the 
biodiversity of staining fungi was poorly documented. We confirmed that O. piliferum is present across 
Canada and is not limited to a specific tree species. Consequently, applying the albino strain of O. 
piliferum (Cartapip) would not introduce a foreign fungal species in the different ecozones. We still need 
to generate more data on the structure of the O. piliferum population in the Eastern part of Canada where 
the number of isolates was small. It is likely that Cartapip did not survive in the soil, however, to confirm 
it sustainability in soil, further detailed investigation is required. Unfortunately, we were not able to 
produce a specific genetic marker for Cartapip, but we have shown that GFP could be a powerful 
alternative easy to follow in the environment. From discussion with our industrial partners, it is obvious 
that research needs to be carried out to fully understand the factors affecting the efficacy of Cartapip for 
long-term protection (over six weeks). 


