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Summary   
 
This report provides the methods and summarizes the results of Forintek research to characterize the 
properties of British Columbia lumber containing beetle-transmitted bluestain. 
 
In 2003 Forintek Canada Corp. collected approximately 30 pieces of bluestained lodgepole pine lumber 
cut from beetle-attacked trees, and an equivalent amount of non-bluestained lumber from each of 14 
different sawmills in the B.C. Interior. The geographic range of beetle attack was represented in the 
sampling plan.  The wood 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.  
 
This research represents the first comprehensive study and compilation of 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 objective of this report is to summarize the test methods used and the results of Forintek research to 
characterize the properties of British Columbia lumber containing beetle-transmitted bluestain.  
 

2 Introduction 
 
In British Columbia the mountain pine beetle has attacked a large volume of lodgepole pine trees.  The 
beetle completes its lifecycle in the phloem layer between the bark and the sapwood and does not 
penetrate into the wood.  However the beetle carries with it a few specific bluestain fungi that do 
penetrate the sapwood lowering the moisture content of attacked trees and weakening their 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.  While bluestain in otherwise light-
coloured lumber is highly visible, the bluestain fungi transmitted by the mountain pine beetle are not 
wood decaying fungi and do not attack the wood substance. The presence of the stain should not generally 
compromise the performance of products made from this wood. However, prior to the research 
summarized here, there were few published test data to support, or refute, this statement.   
 
The scientific literature has some observations on the effects of bluestain in general on wood properties. 
This literature reports some reduction in impact bending strength and increased wood permeability due to 
bluestain. 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.  This cell wall 
penetration is thought to be the cause of the loss in impact bending strength (also known as shock 
resistance or toughness) reported in the literature. 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, such 
as Scots pine (Findlay and Pettifor, 1937; Chapman and Scheffer, 1940). However, the effect appears to 
be wood-fungus 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.   
 
Prior to the testing reported here, Forintek performed exploratory tests on 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 was too 
small to draw statistically valid conclusions, this work indicated that beetle-killed pine is probably as 
strong as non-stained pine in terms of impact and static bending properties. New Zealand researchers have 
also confirmed that bluestained radiata pine has no compromised bending strength properties (Schirp et 
al., 1999). 
 

 
 

 1 

 

Forintek comparisons of the mechanical properties of bluestained lodgepole pine sapwood compared to 
non-stained sapwood were conducted using small clear wood bending specimens in ASTM standard tests.  
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 was also interest in assessing the holding capability of bluestained members under tension-
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loading conditions.  A metal-plate-connected “tension splice” was used 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 beetle 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 were examined. Forintek 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.   
 
Forintek has 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 
therefore examined this phenomenon, which may be a potential advantage over non-stained wood, in 
more detail. 
 
The gluing characteristics of bluestained wood have not been previously quantified. From the literature, 
we anticipated some potential over absorption of adhesive by bluestained wood. Comparative “block 
shear” and delaminating tests of bluestained and unaffected wood were therefore done. If over absorption 
is shown to be a problem, the adhesive formula can easily be adjusted to prevent starvation of the joint.   
 
Evaluations were completed on three key lumber strength properties: the truss plate fastener holding 
capability; the dimensional stability/tendency of lumber to check; sapwood permeability; and gluing and 
finishing properties.  Where possible standard test methods were used.  Test methods were developed 
when standard test methods were unavailable.  This report summarizes the methods and results reported 
in greater detail by Lum, 2003; McFarling and Byrne, 2003; and Williams and Mucha, 2003.   
 

3 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.  At the time of year the wood was collected logs processed are typically felled in the 
fall and would not have been stored in weather warm enough for bluestain to develop in the logs.   
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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 the proposed 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.  
 

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 
ASTM D2395-93 Method B 

220 / 220 440 560 

Bending modulus of elasticity  
ASTM D143 Section 8 

220 / 220 440 462 

Bending modulus of rupture 
ASTM D143 Section 8 

220 / 220 440 462 

Toughness 
ASTM D143 Section 11 

220 / 220 440 543 

Truss plate tension splice tests  
CSA S347-99 (modified) 

60 / 60 120 124 

Dimensional stability/checking 
Forintek test method 

54 (3 packages of 18) / 54 108 
 

108 

Wood permeability 
Dip treatment 
Pressure treatment 

Forintek test method 

 
60 / 60 
60 / 60 

 
240 

 
320 

Gluing  
Block Shear test 

 ASTM D905-89 
 

Delamination test 
 ASTM  D1101-92 

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  
 Forintek test method 
 

Adhesive tape tests 
 ASTM D33359-93 

 
~ 40 two-sided panels 
 
 
80 

 
 
 
 

80 

 
 
 
 

102 
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4 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. 
 
Forintek believes that the material collected is typical of the heaviest stained wood commercially 
available in 2003.  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.   
 

5 Conclusions 
 
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. 

 
• 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. 
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• 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. 
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Properties of Lumber with Beetle-Transmitted Bluestain

Users of lumber are probably familiar with bluestain. Some may wonder if the amount and 
type of stain transmitted by the mountain pine beetle affects the wood in any way. Compre-
hensive testing recently confi rmed that beetle-transmitted bluestain has no practical effect 
on strength properties or gluing characteristics. Neither does the bluestain affect the adhe-
sion of furniture fi nishes.  The stain causes some possibly benefi cial changes to dimensional 

stability, checking and permeability.

R egular customers for western spruce-pine-fi r lumber have probably seen some bluestain, a subtle 
streaking in the lumber.  At the moment, bluestain is more prevalent than in the past, because British 
Columbia is currently experiencing a large natural outbreak of mountain pine beetle (MPB).  Native to 
the forests of western North America, the MPB attacks several species of pine trees, including ones 
commonly used for construction lumber and panels.  The beetle carries with it a staining fungus that 
weakens the tree’s defences which allows the insect to lay eggs under the bark.

While the beetle stays just under the bark, the fungus can grow throughout the sapwood (the outer 
part of the tree) feeding on sugars, carbohydrates and other 
nutrients contained within the wood cells.  As the fungus 
spreads, it leaves behind a permanent blue or grey stain 
that colours products made from this wood.  Neither the 
beetle nor the fungus eats the wood structure itself.

Bluestain fungi are not mold, nor do they cause 
decay (rot) problems.  They are considered harm-
less with respect to both wood products and peo-
ple, and are typically dead by the time the wood 
products leave the manufacturer.  The wood 
can be handled exactly as with non-bluestained 
wood.  Because it looks slightly different, 
questions are sometimes asked about 
bluestained wood.  Forintek performed a series 
of tests to address any possible marketplace 
concerns and to provide a scientifi c 
basis for the anecdotal evidence that 
bluestained wood is equivalent to non-
bluestained wood.



Property
 Tested Results Implications

Stiffness and 
breaking strength

No significant difference. These are the most important strength 
properties for structural applications. 
Bluestained wood is as strong and as stiff as 
non-bluestained wood.

Impact resistance 
(toughness)

Slightly lower (5%)  impact 
resistance for bluestain.

Toughness is not a critical strength 
property for most end-uses of wood but 
is one of the first properties affected 
by biological agents. 

The small reduction is much lower than 
previously reported for other types of 
wood and staining fungi and is of no 
practical significance in construction.  

Truss plate grip 
capacity

Measurable (6%) increase in 
ultimate grip capacity but similar 
slip for bluestained wood as for non-
stained wood.

Good plate grip capacity is critical for the 
design and manufacture of trusses. The 
measured increase is not of practical 
significance for truss design.

Dimensional 
stability and 
checking (in 
repeated wetting/
drying)

Bluestained wood was significantly 
less prone to warping when tested in 
our simulation of outdoor exposure.  
Cracks were significantly smaller in 
bluestained wood.

Bluestained wood seems to develop 
micro-checks (hairline cracks). This may  
have implications for kiln-drying practices, as 
well as potential benefit for the appearance 
and performance of wood in outdoor use. 
True outdoor testing is needed to clarify the 
implications.

Bluestained lumber may be a good 
candidate for decking material. 



Property 
Tested Results Implications

Permeability and 
treatability with 
preservatives

Bluestained sapwood wets more 
readily with water. The heartwood 
resistance to treatment is unchanged.

Bluestained sapwood is more easily treated 
with wood preservatives and fire retardants.  

Note that the green tint of many preservatives 
reduces the colour contrast between 
bluestained and non-bluestained wood.

The combined benefits of bluestain-masking, 
increased treatability and improved checking 
appearance indicate that bluestained lumber 
heavy-to-sapwood is probably a good choice 
for treated decking products.

Increased permeability may have implications 
for air or kiln drying—bluestained wood may 
dry faster.  

Glue joint integrity No difference between bluestained and 
non-bluestained wood in joint durability 
and strength.

No changes required for use of either 
structural or non-structural adhesives with 
bluestained wood.

Finishes for 
masking bluestain

Best masking of bluestain for furniture 
grade products is achieved with stains, 
toners or glazes containing blue, red or 
charcoal tints.

Furniture manufacturers could use 
combinations of these tints to reduce the 
colour contrast between bluestained and non-
bluestained wood without making the final 
product too dark.

Finishes for 
enhancing bluestain

Clear finishes are best at enhancing or 
highlighting the bluestain.

Some people find the bluestain visually 
appealing.

Finish adhesion No difference between bluestained and 
non-bluestained wood.

No changes required in the use of stains, 
toners and glazes.
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Test details
Over 500 8’,10’ and 12’ pieces of lodgepole pine 2x4 
or 2x6 lumber were collected from 14 B.C. interior 
sawmills for these tests.  

The evaluation of mechanical properties involved 
clear wood tests, which are sensitive indicators of 
any potential impact of bluestain on performance of 
lumber.  Full-size lumber may contain knots, sloped 
grain and so forth, all of which are more critical 
factors for mechanical properties outweighing any 
small effect of bluestain.  Toughness (also known as 
impact bending strength), stiffness (bending modu-
lus of elasticity - MOE), breaking strength (modulus 
of rupture - MOR), and the parallel-to-grain lateral 
resistance of the truss plate teeth in tension were 
all tested according to appropriate ASTM or CSA 
standards. 

There is no standard test for dimensional stability 
and checking of lumber in service caused by re-
peated wetting and drying.  Forintek has developed 
and regularly uses its own accelerated wetting/drying 
protocol and assessment procedure.  Various mea-
sures of how far off “true” the lumber was (bow, 
crook, cup, twist), check length and check width 
were measured, and appearance of the checks was 
visually assessed and assigned a rating.

Permeability to liquid was tested in both simple soak-
ing and pressure treatment.  The wood preservative 
chromated copper arsenate (CCA) was used as a 
tracer, since permeability characteristics are impor-
tant to the wood treatment process.  An additional 
benefit of CCA as a tracer is that it stops moving 
into the wood immediately upon completion of the 
soak or pressure process. Uptake and retention were 
measured for all samples.  Before and after weights 
were also measured.

The glue joint tests were conducted to determine 
performance for typical applications in both struc-
tural and non-structural uses.  To simulate a non-
structural application such as furniture, panels were 
made using radio frequency-curable polyvinyl ac-
etate (PVA) adhesive.  For an example of a structural 
application such as glulam, pieces were joined using 
phenol resorcinol formaldehyde (PRF).  The integrity 
of the glue joints was tested using the vacuum pres-
sure delamination test, and assessment of bond-

Tony Byrne, Research Scientist
Durability and Protection Group - Western Division
Tel: (604) 222-5650 / Fax: (604) 222-5690
byrne@van.forintek.ca

Details on this work are available in several Forintek reports.  For informa-
tion on acquiring Forintek reports, please consult our web site or phone our 
library in the Western Laboratory.

ing quality was done using the block shear test by 
compression loading, in accordance with ASTM and 
other standards. 

The finish tests were limited to furniture finishes that, 
unlike paints, do not completely hide the wood’s 
natural appearance.  A variety of stain, toner and 
glaze finishes were applied to the samples, alone 
and in combination.  Finish adhesion was tested us-
ing ASTM standard industry tape tests.  Appearance 
evaluations for the various finishes were subjective. 
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