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Summary 
 
The extensive outbreak of mountain pine beetle in north central British Columbia is resulting in a large 
volume of lodgepole pine coming into the log supply for sawmills. The major defining characteristic of 
beetle-infested trees is the bluestained sapwood caused by fungi carried by the beetle. Because 
bluestained wood is not very familiar to some consumers, this wood may pose a marketing challenge.  
Although the non-appearance properties of bluestained wood are widely recognised by the industry as not 
being compromised, there are no data to support this belief.  The literature on other types of bluestained 
wood reports up to 30% lower impact bending strength (toughness) and higher permeability than for non-
bluestained wood.   
 
Forintek Canada Corp. scientists identified the need to generate data on some properties of beetle-killed 
wood in order to address potential concerns.  Approximately 270 pieces each of bluestained lodgepole 
pine lumber cut from beetle-attacked trees, and equivalent non-bluestained lumber were collected from 14 
different sawmills in the B.C. Interior.  This was delivered to the Forintek Vancouver laboratory for 
conditioning and processing into test specimens.  The specimens were allocated, in equal proportion from 
each mill, between tests of mechanical, dimensional stability/permeability, gluing, and finishing 
properties. The results are presented here and in three associated reports.  
 
This is the first compilation of work on the properties of beetle-transmitted bluestained wood.  Overall, 
the research indicates that this wood can be used, without compromising performance, for structural, 
furniture, and preservative-treated end uses. 
 
A factsheet summarizing the findings produced for customers of bluestained wood is included in the 
appendix to this report. 
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1 Objective 
 
The overall objective of this project is to characterize the properties of lumber containing beetle-
transmitted bluestain by evaluating: three basic key strength properties; the truss plate fastener holding 
capability; the dimensional stability/tendency of lumber to check; sapwood permeability; and gluing and 
finishing properties. 
 

2 Background/Rationale 
 
British Columbia is in the midst of the largest outbreak of the mountain pine beetle ever recorded.  
Mainly under attack are mature lodgepole pine stands, particularly in the northern and central interior.  By 
late 2001, the beetle had attacked 41 million cubic meters of timber and was threatening 900 million cubic 
meters of northern forest, the latter equivalent to 13 years of provincial annual allowable cut (Hamilton, 
2001).  At the current time (2003), the epidemic continues to grow and shows no sign of abatement.  A 
major strategy for dealing with the beetle is to accelerate the removal of trees from the forests as soon as 
attacked, thereby slowing the infestation rate and reducing the risk of forest fires. Dealing with this large 
volume of infested trees has disrupted orderly harvesting plans in B.C.’s northern and central forest 
region.  For the next few years, some sawmills will be running on a diet that is 90% logs from harvested 
lodgepole pine, culled from beetle-attacked forests. 
 
The mountain pine beetle carries with it two specific bluestain fungi that lower the wood moisture content 
and weaken the tree defense mechanisms, eventually leading to tree death.  Bluestain develops quickly in 
the sapwood of dying trees and bluestain carries over into products made from the stained logs.  Bluestain 
in otherwise light-coloured lumber is sometimes highly visible and may pose a marketing challenge 
because the general public is not familiar with bluestained wood. In a recent Forintek market survey of 
homeshow visitors, consumers overwhelmingly chose other, non-stained wood of any species over 
bluestained pine (Fell, 2002).  Additionally, bluestain is sometimes mistaken for mould, which has 
become a multi-million dollar health issue in the USA, Canada’s major export market.  Some large U.S. 
retailers are also requesting bluestain-free lumber because of this confusion.   
 
Aside from the “is it mould?” issue (which it is not), customers question the quality of bluestained wood.  
They repeatedly ask whether bluestain is the first stage of decay and whether the wood is sound.  While 
the assumption of the general forest products industry is that bluestained wood is as sound as non-stained 
wood, there is no test data available to demonstrate this belief.  In fact, the small amount of literature on 
the strength of bluestained wood does indicate a loss in one strength property, albeit a less important one 
in terms of structural performance. 
 
In general, bluestain fungi live on cell contents and only destroy woody cell walls in the small holes 
where the hyphae pass through the wall when growing from one cell to the next.  It is this cell wall 
penetration that is thought to cause the loss in impact bending strength (also known as shock resistance or 
toughness) reported in the literature. However, the literature on the effects of bluestain fungi on wood 
properties is old and possibly not valid for the fungi carried by the mountain pine beetle.  This literature is 
repeatedly quoted in textbooks.  Reductions in impact bending strength and increased permeability of the 
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stained area are the most-often quoted effects.  Impact bending is a measure of a wood’s toughness and is 
regarded as the most sensitive indicator of fungal decay in wood (Wilcox, 1978).  Up to 30% loss (more if 
the wood is heated) in impact bending strength has been reported for bluestained softwoods, including 
Scots pine (Findlay and Pettifor, 1937; Chapman and Scheffer, 1940). However, the effect appears to be 
species specific (Zabel and Morrell, 1992) and the fungi used in these studies were different from the 
specific ones carried by the mountain pine beetle.  In response to information requests, Forintek recently 
tested the strength of bluestained sapwood from beetle-killed lodgepole pine trees and adjacent heartwood 
and found no difference in either static bending or impact bending strengths (Byrne and Uzunovic, 2000).  
While the database is too small to draw statistically valid conclusions from, this work indicated that 
beetle-killed pine is probably as strong as non-stained pine in terms of impact and static bending 
properties. This implies that the accepted wisdom, as quoted in wood science textbooks, may not apply to 
beetle-transmitted bluestain in lodgepole pine.  To confirm that bluestained wood has no impaired 
strength characteristics, and to obtain publishable information, further investigation is required.  New 
Zealand researchers have done just that and now have a competitive advantage over us in that they can 
confirm that bluestained radiata pine has no compromised bending strength properties (Schirp et al., 
1999). 
 
The work reported here focuses on characterizing the properties reported in the literature as being affected 
by bluestain fungi; plus others that we suspect may be affected.  Preliminary Forintek comparisons of the 
mechanical properties of bluestained lodgepole pine sapwood compared to non-stained sapwood were 
conducted using small clear wood bending specimens.  This approach was selected because of the ease of 
carrying out bending tests and the small specimen size, which facilitates the creation of bluestained and 
control test groups.  Such tests are an economic method of determining exactly what the effect of the stain 
is.  With the advent of engineered wood products, such as roof trusses and I-beams, in which members are 
highly stressed in tension and glued or mechanically fastened, there is also interest in assessing the 
holding capability of bluestained members under tension-loading conditions.  This work therefore also 
reports a metal-plate-connected “tension splice” test designed to determine if the stained wood affects 
holding ability of fasteners.  The tension splice is a critical joint found in virtually all metal-plate-
connected wood trusses. 
 
Increased permeability of the wood from trees killed by mountain pine beelte has not been studied but 
might be anticipated, based on studies of other bluestained wood (Scheffer, 1969).  Increased 
permeability has implications for irregular absorption of finishes and higher uptake of preservative or 
other liquids during pressure treatment, both of which are being examined in this project.  We looked at 
the finishing characteristics of bluestained and non-stained wood by doing comparative finishing tests.  
The intent of this work was to provide finishing solutions for interior use of bluestained wood. Finishes 
were chosen to either enhance the character of the wood or to diminish the contrast between stained and 
non-stained portions of wood.  Research was also targeted to examine the uptake of liquid during soaking 
or pressure treatment, anticipated to be higher than in non-stained wood.   
 
We have also observed changes in the dimensional stability/checking characteristics of bluestained wood.  
Checking results from the release of stress during swelling and shrinking.  In preliminary work, we found 
that the checks in bluestained wood appeared smaller and not as deep as in non-stained wood.  We 
proposed to examine this phenomenon, which may be a potential advantage over non-stained wood, in 
more detail. 
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Forintek has also been asked about the gluing characteristics of bluestained wood, but they are unknown.  
From the literature, we anticipate some potential overabsorption of adhesive by bluestained wood.  (If 
there is a problem, the adhesive formula can easily be adjusted.)   It is important to determine this because 
premature failure of gluelines in products such as glued-laminated beams can cause expensive repairs and 
possibly loss of confidence in the product.  Comparative “block shear” and delaminating tests of 
bluestained and unaffected wood were therefore done. If overabsorption is a problem, the adhesive 
formula can easily be adjusted to prevent starvation of the joint.   
 
The work reported here addresses the need to properly characterise the properties of beetle-transmitted 
bluestained wood.  Although the forest products industry has a reasonable level of comfort that this wood 
is not significantly compromised in non-aesthetic qualities, there is no documented evidence of this.  
Customers at this time ask for proof of any claims made.  Hard data on the properties of bluestained 
lumber are required to minimise customer concerns and enable maximum value to be obtained from the 
resource.  
 
This series of three reports covers work on the mechanical, dimensional stability, permeability, gluing, 
and finishing characteristics of beetle-transmitted bluestained wood. 
 

3 Staff: Project Team 
 
Tony Byrne  Project Leader, Wood Protection Scientist, Durability and Protection 

Group 
 
Axel Andersen Senior Composites Technologist, Composites Group 
 
Ken Chan Composites Gluing Technologist, Composites Group 
 
Jean Cook Research Manager, Building Systems, Composites and Protection  
 
Jules Gardy Wood Engineering Technologist, Wood Engineering Department 
 
Conroy Lum,  Senior Research Scientist, Wood Engineering Department 
 
Shane McFarling Wood Preservation Process Technologist, Durability and Protection 

Group 
 
Al Matsalla Carpenter, Building Services Group 
 
Dave Minchin Wood Protection Technologist, Durability and Protection Group 
 
Paul Morris Group Leader, Durability and Protection Group 
 
Elias Mucha Gluing Technologies Specialist, Secondary Manufacturing 
 
Jennifer O’Connor Building Industry Advisor, Markets and Economics Group 
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Rob Szpak Temporary Wood Preservation Technologist, Durability and 

Protection Group 
 
Len Stroh Wood Engineering Technologist, Wood Engineering Department 
 
Derek Williams Industrial Advisor, Secondary Manufacturing Department 
 
Dave Lick Finishing Instructor, BCIT 
 

4 Material Collection and Preparation 
 
The source material for the tests reported here was collected in December 2002 from 14 B.C. sawmills 
receiving lodegpole pine logs from areas infested with the mountain pine beetle.  The mills ranged across 
the N-S range of the mountain pine beetle in the province, from the U.S. border to the Vanderhoof Forest 
District.  Eighteen mills were contacted to ensure that we collected suitable material containing beetle-
transmitted bluestain.  They were then asked to set aside an excess of lumber pieces from which a 
Forintek technologist would select suitable test material consistently from mill to mill.  Four mills were 
not able to fulfill our requirements.  The specification for the lumber required that it be dimension 
lodgepole pine lumber, heavy to sapwood, and preferably flat grain.  Up to ¼ in. wane could be tolerated 
on both edges of a wide face.  High quality lumber was required so that small clears and other pieces that 
were not excessively knotty could be prepared.  We also needed a good level of comfort that the 
bluestained lumber was from beetle-infested trees and not from logs that had stained during prolonged 
post-harvest storage.   
 
Collected from each of the 14 mills were approximately 30 kiln-dried 8 – 14 ft.  nominal 2 x 4 in. or 2 x 6 
in. pieces containing substantial stain, and 30 kiln-dried pieces containing non-stained sapwood. The 
lumber was shipped to Vancouver for processing and testing.  On arrival at the laboratory, the material 
was sorted and the moisture contents determined (using a capacitance moisture meter) to be mainly in the 
range of 14–16%, with the occasional outlier up to 25–29%. 
 
This collection enabled us to produce test replication of up to 270 test pieces to be made from 270 
different boards.  Many of the specimens for other tests were cut from the same pieces of wood (end 
matched), enabling us to determine any correlations in the different properties being characterised. 
 
Test procedures employed standard methods where available and specially designed methods where that 
was not the case. Test specimens for appropriate standard and non-standard test samples were prepared as 
listed in Table 1.  An equal proportion of lumber pieces from each source mill was allocated to each of 
the tests.  The tests are described in three reports, one on mechanical characteristics, one on dimensional 
stability/check development and wood permeability, and one on gluing and finishing characteristics.  All 
test specimens required were numbered by source mill and lumber piece to enable statistical analysis of 
the data by mill if required.  
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Table 1: Summary of tests and sample numbers 

Test Sample Size:  
Bluestained/Non-stained 

Proposed 
Total Test 

Specimens 

Actual 
Number of 

Test 
Specimens 

Relative density 220 / 220 440 560 
Bending modulus of 
elasticity  

220 / 220 440 462 

Bending modulus of rupture 220 / 220 440 462 
Toughness 220 / 220 440 543 
Truss plate tension splice 
tests  

60 / 60 120 124 

Dimensional 
stability/checking 

54 (3 packages of 18) / 54 108 
 

108 

Wood permeability 
Dip treatment 
Pressure treatment 

 
60 / 60 
60 / 60 

 
240 

 
320 

Gluing  
Block Shear test 
 
Delamination test 

3 replicates of 30 samples x 2 
glue types x 2 wood types 
(stained/non-stained) 
 
1 replicate x 30 samples x 2 
glue types x 2 wood types 

360 
 
 
 

120 

180 
 
 
 

60 

Finishing properties 
Visual assessment  
Adhesive tape tests 

 

 
~ 40 two-sided panels 
80 

 
 

80 

 
 

102 
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5 General Observations on Material and Testing 
 
We asked key personnel at the participating sawmills where we collected the lumber what was known 
about the source of the logs and if they were from primarily green-, red- or grey- stage beetle-attacked 
trees.  The harvesting site could not usually be pinpointed, but it was believed that the logs were from 
trees relatively recently infested with mountain pine beetle, mainly green-stage attack but with some red-
stage attack. 
 
Collecting material that was fully stained from sawmills proved to be difficult.  Lodgepole pine is a thin 
sapwood species and it was not common for the sapwood to be 100% stained.  However, we believe that 
the material collected is typical of the heaviest stained wood commercially available.  Most 2–in. 
lodgepole pine lumber collected was closer to flat grain than edge grain. Pieces with bluestain on both 
faces were relatively uncommon and when it occurred it was more likely that the board represent diagonal 
grain and the bluestain was mainly along one edge. 
 
Although we attempted to collect non-stained control pieces with a similar amount of sapwood, we were 
not fully successful.  Data given in the report on dimensional stability/permeability (McFarling and 
Byrne, 2003) shows an average of 50% sapwood (standard deviation 29.2%) in the bluestained pieces and 
31% sapwood (standard deviation 30.5%) in the non-stained pieces.  The 250 cross-sections measured to 
obtain these data to the nearest 5% were representative of the whole of the material tested.  With the 
exception of that report, the data have been analysed without taking into account the different proportions 
of sapwood in the stained and non-stained test samples.   
 

6 Summary of Conclusions 
 
The conclusions from the three other reports in this series (Lum, 2003; McFarling and Byrne, 2003; and 
Williams and Mucha, 2003) are summarised below.   
 
Mechanical properties  
 
• Wood with beetle-transmitted bluestain and non-stained wood have comparable clear wood bending 

properties (MOR and MOE) and truss plate grip capacity. 
 
• The observed lower mean toughness of bluestained wood compared to non-stained wood was found 

to be only marginally significant (p = 0.05).  There does not appear to be any difference at toughness 
levels below the lower quartile of the strength distribution.  

 
• The small differences that appear to be associated with bluestain (5% decrease in mean toughness, 

and 5% increase in mean truss plate connector grip capacity) are likely to be masked by differences in 
the mechanical properties of the heartwood and sapwood, and, in the case of full-size lumber, by the 
presence of strength-reducing growth characteristics such as knots and slope of grain. 

 



Characterising the Properties of Wood Containing Beetle-Transmitted Bluestain:  Background, Material Collection, and Summary of Findings 
 

 
 
 

 
 

 7 

 

• The overall conclusion is that the beetle-transmitted bluestain does not have an impact on lumber 
mechanical properties.   

 
Dimensional stability/checking in service and permeability properties 
 
• Wood with beetle-transmitted bluestain is more dimensionally stable (i.e., shows less twist and 

cupping) if repeatedly wetted and dried than is non-bluestained wood. 
 

• In tests stimulatory outdoor wetting and drying, wood with beetle-transmitted bluestain checks 
differently than non-stained sapwood: fine micro-checking on the bluestained wood had a superior 
appearance over preservative-treated non-bluestained wood. 
 

• Bluestained lodgepole pine sapwood was more permeable than non-stained sapwood and absorbs 
water-based wood preservative and water more readily. 

 
Finishing and gluing properties  
 
• The presence of beetle-transmitted bluestain in lodgepole pine glue joints made with either PVA or 

PRF adhesive makes no difference to the shear strength and durability of the joints.  All joints 
exceeded ASTM D905 and D1101 standard requirements. 

 
• The color contrast between bluestained and non-bluestained wood can be masked in appearance 

products using standard furniture finishes that use stains/toners/glazes with reddish, bluish or charcoal 
tints. 

 
• The appearance of bluestained wood is enhanced or highlighted by a simple standard clear furniture 

finish. 
 
• The presence of beetle-transmitted bluestain in wood did not affect the adherence of the interior 

finishes tested. All finishes exceeded ASTM D3359 standard requirements. 
 

7 Summary of Recommendations 
 

To minimize manufacturing costs and to help industry optimize drying processes for beetle-killed wood: 
• The drying properties of green bluestained vs. green non-stained wood should be determined.  
 
To support product development: 
• Treatability of bluestained wood with preservatives being introduced as alternatives to CCA should 

be determined. 
• Field studies of the performance of preservative-treated bluestained pine are merited.  
• Methods of reducing wetting characteristics of preservative-treated bluestained wood should be 

investigated. 
• Samples of the better-looking finishes that mask bluestain should be market tested in key markets for 

B.C. wood products. A number of the better-looking finishes that mask bluestain and the clear finish 
that enhances it should be applied over full-size furniture pieces, flooring, and cabinet doors.  
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“Properties of Lumber with Beetle-Transmitted Bluestain” 


	Objective
	Background/Rationale
	Staff: Project Team
	Material Collection and Preparation
	General Observations on Material and Testing
	Summary of Conclusions
	Summary of Recommendations
	References Cited

