
Forintek 
Canada 
Corp. 

Forintek Canada Corp. 
Westem Division 

2665 East Mall 
Vancouver, BC 

V6T 1W5 

Project No.: 2444 

Biological Control of Stain in Logs: 
Two Field Tests in 2000 

by 

Adnan Uzunovic 
Mycologist 

Durability & Protection Group 

Apr i l 2001 

Forintek Canada Corp. would like to thank its industry members, Natural Resources Canada, 
and the Provinces of British Columbia, Alberta, Quebec, Nova Scotia, New Brunswick and 

Saskatchewan, for their guidance and financial support for this research. 



Notice 
This report is an internal Forintek Canada Corp. (Forintek) document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be copied 
for, or circulated to, persons or parties other than Forintek members and supporters, except with the prior 
permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek. 

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

' ©(2001), Fonntek Canada Corp. Ail Rights reserved. 

No pan of this published Work may be reproduced, published, stored in a retrieval system or transmitted, in any 
form or by any means, electronics, mechanical, photocopying, recording or otherwise, whether or not in translated 
form, without the prior written permission of Forintek, except that members of Forintek In good standing shall be 
permitted to reproduce all or part of this Work for their own use but not for resale, rental or otixerwise for profit, 
and ordy if Forintek is identified in a prominent location as the source of the publication or portion thereof, and 
only so long as such members remain in good standing. 

This published Work is designed to provide accurate, authoritative information hut it is not intended to provide 
professional advice. If such advice is sought then services of an appropriate professional should be retained for this 
purpose. 



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. 
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5 Resultŝ ^̂ Jd.QiscussiQ̂  6 
5A Alberta Field Trials 6 
5.2 British..Columbia.Eield Test 9 

5.3 General Discussion 10 

6 Conclusions 10 

2 Befejsoc^ 10 



List of Tables 
Table 1: Temperatures recorded inside the piles of experimental loss during storage period 7 

Table 2: Means and standard deviations of percentage stain and losm percentage infestation, by 
treatment : 7 

Table 3: Analysis of variance of log percent infestation 8 

Table 4: Means of percent area stained grouped according to diameter and available area 9 

List of Figures 
Figure 1: Alberta field test setup. 4 

Figure 2: Effect of trunk diameter on treatment effect. 8 



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

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 (colorless) 
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 eastem 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 
eastem Canada. Extending the integrated control technology to freshly felled lodgepole pine trees in 
westem 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 (683-00l-00/00*RES). Soon after, we conducted the second field trial in the 
Skookumchuck River Valley, with assistance from Tembec Inc. 

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. 

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. 

4.1 Alberta Field Trials 

Location: 
Establishment date: 
Sampling dates: 
Contact: 

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

4.2 British Columbia Field Trials 

Location: 
Establishment date: 
Sampling date: 
Contact: 

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



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 m. 

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 10̂  colony forming units (cfu)/mL (recommended 

concentration) 
3) Cartapip 97 - applied at a targeted 1.5 x 10'' 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 1x10^ cfu/mL (via tank mix of 2 x IG^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. 
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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 (ANOVA) . 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. 

5 Results and Discussion 

5.1 Alberta Field Trials 

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 10̂  colony forming units (cfu)/mL for treatment 2 and 1.1 x lO^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. 



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

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

Range 
(X) 

Alberta (1) June 20-Aug. 10 12 (4) 2 to 27 

Alberta (II) Aug. 1 0 - S e p . 19 9 (6) -2 to 26 
B.C July 13 -Aug . 30 15 (5) Oto 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 logic of the percentage affected are also included because 
subsequent analysis indicated a strong skew in the raw data. 

Table!: Means and standard deviations of percentage stain and logjo 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 10^ cfu/mL) 
10.62 (12.18) 1.91 (1.10) 

Tim-Bor 5.58 (6.61) 1.44 (0.95) 

G. roseum witti all<ali 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 TRUNK, A V A R E A , or HEART. For example, treatment 2 is generally more effective than any 



of the other treatments and shghtly 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, HEART, 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: Analysis 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 
TRUNK) . 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. 

Figure 2: Effect of trunk diameter on treatment effect. 



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 litde 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) 

Ttie percentages are ttie means of ttie percentage area affected by stain. Ttie numbers in braclcets are ttie number of discs 
contributing to tlie mean. 



5.3 General Discussion 

Cailapip 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. 

7 References 
Blanchette, R.A., Farrell, R.L., Behrendt, C.J., McDougall, W.W. and Held, B.W. 1997. Application of 

biological cntrol agents in the forest products industry in: Kreber, B. (Ed.) "Strategies for 
improving protection of logs and lumber". Proceedings of Symposium, Rotorua, New Zealand, 
21-22 November. FRI Bulletin No. 204. 81-85. 

Kreber, B. (Ed.) 1999. "The 2"'' New Zealand Sapstain Symposium". Proceedings of Symposium, 
Rotorua, New Zealand, 18-19 November. Forest Research Bulleting No.215. 

Kay, S.J. 1997. Biological control of sapstain in New Zealand, in: Kreber, B. (Ed.) "Strategies for 
improving protection of logs and lumber". Proceedings of Symposium, Rotorua, New Zealand, 
21-22 November. FRI Bulletin No. 204. 75-79. 



Uzunovic, A . 2001. Preventing spread of bluestain fungi in short logs using CartapipQ?^"^. Report to the 
Canadian Forest Service. 5p. 


