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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 
issues. 

2 Introduction 
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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 undemeath the wood surface and their identity confirmed. 

B Forintek 



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

Replication = 3 

When chiillenge 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 

At 

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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