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Abstract 
 
This project aimed to develop technologies for protecting OSB raw materials from biodegradation and to 
explore biological pre- or post-treatments to increase the durability of panels so they would better resist 
mould, stain and decay. The project was conducted in five parts. Part one involved developing a 
biological technology to protect OSB raw materials from biodegradation. The results of this part of the 
work showed that all untreated logs, with or without bark, were seriously degraded by moulds, stain and 
decay fungi after a summer storage period of five months. The logs with bark were more degraded than 
the debarked logs, and the log ends were more degraded than the middle sections. After summer storage, 
55% to 83% of the wood was degraded in untreated logs. The biological treatment was effective, only 4% 
to 16% of the wood in treated logs was infected by various fungi after a five-month storage period. 
Furthermore, the biological treatment was more effective on logs without bark than logs with bark, and 
more effective on yellow birch and aspen than on red maple. After one year in storage, the total infection 
rates of untreated logs ranged from 68% to 91%, whereas the rate for biologically treated logs ranged 
from 27% to 49%. Strands cut from untreated logs contained 50% to 75% of grey or blue stained strands, 
whereas those cut from biologically treated logs contained 10% to 25% of such strands. Panels made 
using biologically treated logs had the lowest thickness swelling (TS) and water absorption (WA) values 
compared with panels made using fresh-cut logs and untreated stored logs. The other physical and 
mechanical properties of the various panels made for this test were comparable.  For the mould resistance, 
all panels made from fungal treated logs had better mould resistance than those made from freshly cut and 
untreated logs. Panels made of strands cut from fungal treated debarked logs had better mould resistance 
than the panels made from fungal treated bark-on logs.  
 
The second part of the research consisted of investigating antifungal properties of barks from various 
wood species. In this part, antifungal properties of barks from 6 wood species: aspen, red maple, yellow 
birch, balsam fir, white spruce and white cedar were screened in a laboratory test against moulds, staining 
fungi, white-rot and brown-rot fungi. Based on the colony growth rate of moulds, stain and decay fungi 
on bark-extract-agar media, white spruce bark was the best at inhibiting growth of these fungi, followed 
by red maple bark. White cedar and balsam fir bark somewhat inhibited certain fungi tested. Aspen and 
yellow birch bark did little or nothing at all to inhibit fungal growth.  
 
The third part involved developing a biological treatment technology by using naturally resistant wood 
species to increase the durability of panels so they would better resist mould, stain and decay. In this part, 
a series of tests were conducted using various wood species. These tests included a) using white cedar to 
improve panel durability; b) optimizing manufacturing conditions for producing durable panels with 
white cedar; and c) using other wood species to produce mould-resistant panels. The results showed that 
three-layer panels made using white cedar strands in the face layers and aspen strands in the core layer at 
different ratios were mould and decay resistant. White spruce heartwood-faced panels were highly mould 
resistant and moderately decay resistant. In addition to being mould resistant, white spruce heartwood-
faced aspen panels also had better internal bond (IB), modulus of rupture (MOR) and modulus of 
elasticity (MOE) properties, compared with aspen panels. The panels with black spruce in surface layer 
had mechanical and mould-resistance properties that were similar to those with white spruce in surface. 
The panels with surface layer of Eastern larch heartwood were non-resistant to moulds and slightly 
resistant to decay, but they had better IB, TS and WA properties compared with the other types of panels.  
 
The fourth part of the research consisted of developing a biological treatment technology by using fungal 
antagonists to increase the durability of panels against mould, stain and decay. In this part, two major tests 



Biotechnology to Improve Mould, Stain and Decay Resistance of OSB 

 
 
 
 

 
 

iv 
 

were conducted using various fungal species. They were: a) treating wood strands with three antagonistic 
fungi, Gliocladium roseum, Phaeotheca dimorphospora and Ceratocystis resinifera, to increase OSB 
panel durability; and b) treating wood strands with a lignin-degrading fungus, Coriolus hirsutus, to reduce 
OSB resin usage. The results of this part of the work showed that all of the 4 fungal species used grew 
well on aspen strands in four weeks, and strands in all treatments had normal wood color after incubation. 
For IB property, panels made of fungal treated strands were better or similar to the control panels.  Panels 
made of fungal treated strands had higher TS and WA values than untreated control panels. For 
mechanical properties, panels made of fungal treated strands had a slight lower dry MOR and higher wet 
MOR than control panels. For mould resistance, panels made of fungal treated strands were infected by 
moulds one week later than the untreated control panels, and reduction of mould infection rates was 
detected on fungal treated panels within 6 weeks. After 6 weeks, all panels, treated or untreated, were 
seriously infected by moulds. Reducing resin usage in fungal treated panels did not affect panel density. 
Compared with untreated control panels, the IB property of panels made of fungal treated strands was 
slightly increased by using normal dosage of resin or a reduced dosage by 15%, but slightly decreased 
with a resin reduction by 30%. There was a negative linear correlation of the panel TS and WA properties 
with resin reduction by using fungal treated strands.  For the mechanical properties, panels made of fungal 
treated strands had lower dry MOR and MOE values, but higher wet MOR values (except for a resin 
reduction of 30%) than panels made of untreated strands.  
 
The fifth part involved protecting OSB against mould and decay by post-treatment of panels with natural 
extracts from durable wood species and from fungal antagonists. In this part, three tests were conducted 
using extracts of white cedar heartwood and extracts of a fungal antagonist. These tests were: a) screening 
antifungal properties of natural extracts against mould and decay fungi; b) post-treating OSB panels with 
white cedar heartwood extracts and finishing coats; and c) post-treating OSB panels with fungal 
metabolites.  The results of this part of the work showed that the mycelial growth of all fungi tested 
(moulds, staining fungi, white-rot and brown-rot fungi) was inhibited by the extracts of white cedar 
heartwood and extracts of the fungal antagonist, P. dimorphospora, on agar plates. Panel samples dipped 
with the cedar extracts got slight mould growth on the 2 faces and moderate mould growth on the 4 sides, 
whereas the panel samples dip-treated with the fungal extracts got the minimal mould infection among the 
panels tested. The results of the mould test on the post-treated panels with extracts of white cedar 
heartwood and three coating products showed that slight or no mould growth was detected on any sample 
dip-treated with the extracts and then brushed with finishing coats. The decay test showed that most post-
treated samples had less weight losses than untreated control samples.  
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1 Objectives 
 
• To develop a technology to protect OSB raw materials from biodegradation. 
• To develop a biological pre- or post-treatment technology to increase the resistance of OSB 

panels against mould, stain and decay. 
 
 

2 Introduction 
 
The growing perception of wood as a non-durable material is a serious threat to wood markets. One of the 
main end-uses for Canadian wood-based panels, such as oriented strand board (OSB), is the residential 
wall framing market. This market represents approximately 30% of the total 21 billion sq. ft. of panel 
consumed annually in the residential construction sector in North America. Building envelope failures 
due to mould, decay fungi infection or poor construction practices can have a negative impact on the 
image of wood. This can cause product substitution, which in turn can affect the overall competitiveness 
of this industrial sector.  
 
Mould growth in buildings is becoming an increasing concern for house owners. Moulds usually appear 
as black or greenish-brown patches on surfaces in humid environments and are common in damp houses. 
Mould fungi thrive in high humidity and are often seen on the northern exposure of wooden structures 
and on ceilings, joists, walls, and other surfaces in damp basements or bathrooms. Mould spores are very 
tiny and lightweight, which allows them to travel through the air. When moulds are present in large 
quantities, they can cause allergic reactions, asthma episodes, infections, and other respiratory problems 
for people (Dales et al., 1991). In poorly designed or maintained domestic and commercial buildings, 
mould growth can be found on many construction materials, such as solid wood, composite panels, 
gypsum board, insulation products and wall papers. Moulds require lower moisture content in wood and 
grow faster than decay fungi. As a result, they appear more frequently on wood panels than decay fungi.  
 
In Canada, OSB panels are commonly made of aspen strands and are susceptible to mould and decay 
attack when they get wet. Panels used in house construction can get wet by groundwater, piped water, 
condensation and precipitation. Moisture problems lead to mould problems, which have economic and 
health consequences (May 1991). Since the 1980s, a large number of energy-efficient wood-frame houses 
have been built in North America. Because these residential structures are more airtight, they are prone to 
moisture accumulation. To ensure durability and avoid moisture problems in wood-frame houses, the 
most important consideration is the use of design features and construction tools and practices that will 
not only keep wood as dry as possible, but will also make it easy to dry if it gets wet. One critical factor in 
these designs is using mould-resistant panels to prevent fungal attack. From a market point of view, using 
low environmental impact technology to improve the durability of sheathing products could have 
advantages over using chemical protection products.  
 
The susceptibility to moulds and decay fungi varies from one wood species to another. The natural 
durability of various wood species can be classified as resistant, moderately resistant, slightly resistant 
and nonresistant, based on their resistance to decay fungi (Williams and Feist, 1999). It was believed that 
moulds can affect all species of wood, including naturally decay-resistant species and wood treated with 
preservatives (Williams and Feist, 1999). In fact, there can be wide-ranging differences among wood 
species when it comes to susceptibility to mould growth. Some wood species are not decay resistant but 
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are highly mould resistant (Yang, 2003). These mould-resistant wood species can be used to make mould-
resistant strand board panels, where mould is the most important consideration for users.    
 
Some natural durable wood species, such as white cedar, have been used for making medium-density 
fibreboard (Behr, 1972), particle board (Behr and Wittrup, 1969) and flake board (Haataja and Laks, 
1995) against decay and termites. However, this wood species contains a high volume of volatile 
compounds in its heartwood, and it is difficult to manufacture well-bonded strand board panels without 
blowing during pressing. Small sized particles or flakes of this wood species can be used to make particle 
board or flake board, but panels need to be pressed at a high temperature for 5 to 8 minutes until most of 
the high volatile compounds inside the panels are evaporated (Behr and Wittrup, 1969; Haataja and Laks, 
1995). If this wood species is used alone or in combination with other wood species to make OSB panels, 
the high volatile compounds inside the wood cannot be completely evaporated within acceptable pressing 
time because the strands are large. Extending the pressing time until the gas inside the panels is 
evaporated also causes some problems: firstly, the surfaces of boards will be burned, and secondly, the 
long pressing time will not be acceptable from the production efficiency point of view. To produce mould 
or decay resistant strand board with strands of this naturally durable wood species, a specific method and 
manufacturing process is required. 
 
 

3 Background 
 
This project complemented new and continuing projects in other program areas to improve the durability 
of wood buildings. More durable buildings will result from an increased tolerance of building materials to 
short term wetting and drying combined with improved design and construction practices that limit the 
exposure of building products to moisture in service. 
  
Forintek’s Durability Program primarily addresses building moisture problems. A recently completed 
project compared the drying rates of wall systems using OSB and plywood under extreme conditions. 
Results showed that, in other equivalent assemblies, OSB wetted and dried more slowly than systems 
containing plywood. In response to these findings, controlling moisture permeability of OSB will 
complement a durability initiative in which methods will be investigated to improve moisture 
management of wall systems in service. Another durability project, this time involving the limiting 
conditions for decay, will establish critical exposure times and moisture contents at which plywood and 
OSB start to lose their strength.   
 
This project examined a way to extend the time OSB retains its strength by delaying the onset of fungal 
infection under moist conditions. The project called upon the expertise Forintek has built under its 
Protection program in the area of biological control of mould and stain on logs and lumber. A variety of 
potential bio-products were explored, including the one developed at Forintek. In 2000, Forintek patented 
a bio-product for protecting logs and green lumber from fungal stain, mould and decay. Large volumes of 
this potential bio-product have been produced by fermentation in a pilot plant trial. The trial demonstrated 
that production on an industrial scale is feasible. Laboratory tests showed it provides satisfactory 
protection from fungal stain, mould and decay on wood wafers of various Canadian wood species. 
Preliminary tests also demonstrated that this bioprotectant could protect logs and wood strands used in 
OSB panel manufacturing.  
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Biotechnology is one of the world's fastest-growing technologies. Under Forintek’s Protection program, 
this technology has shown tremendous potential in wood protection and fibre modification. Forintek has 
carried out several projects related to this area and three patents have been received. The progress made 
by Forintek in developing and applying biotechnology for protecting wood has been recognized 
internationally. Using biotechnology to improve mould, stain and decay resistance of OSB panels is 
feasible and has tremendous potential for making technology breakthroughs in the wood and fibre product 
manufacturing sector. 
 
 

4 Staff 
 
Dian-Qing Yang, Ph.D. Mycologist and Wood Protection Scientist, Project Leader 
Xiang-Ming Wang, Ph.D. Composite Research Scientist, Project Co-Leader 
Hui Wan, Ph.D. Composite Research Scientist, Project Co-Leader 
Marie-Claude Bisson Mycological Technologist 
Colombe Guiehède Mycological Technologist 
Tommy Martel Composite Technologist 
Marie-Claude Giguère Composite Technologist 
Stéphan Raymond Composite Technologist 
Gilles Brunette Manager, Composites Department 
Jun Shen    Visiting Scholar, 2002 
Zhenhua Gao    Visiting Scholar, 2004 
Wenhuan Man    Visiting Scholar, 2004 
 
 

5 Materials and Methods 
 
5.1 Biological method to protect OSB raw materials from biodegradation 
 
The use of biocontrol agents to protect logs and green lumber from fungal degradation is seen as a 
promising alternative to chemical treatment world-wide because of their low environmental and human 
health impacts. Forintek Canada Corp. developed a bioprotectant recently for protecting logs and green 
lumber from moulds, stain and decay, and was granted US and Canadian patents. The active ingredient of 
this bio-product is an albino fungus called Gliocladium roseum. In this experiment, aspen, yellow birch 
and red maple logs used for OSB manufacturing were treated with this bioprotectant and stored in 
Forintek’s yard. Biological degradations of treated and untreated logs were evaluated after a summer and 
a year in storage. Panels were then made from these logs and tests were conducted to assess their physical 
and mechanical properties and their resistance to mould.  
 
5.1.1 Preparation of bioprotectant 
 
In May 2002, a fermentation trial was conducted for producing a bio-product, G. roseum, in a 
fermentation laboratory belonging to the Food Research and Development Centre of Agriculture and 
Agri-food Canada in Saint-Hyacinthe, Quebec. One kilogram of the powdery bioprotectant (for detailed 
information on this bioprotectant, see report by Yang and Gignac, 2003) was produced in this trial. The 
bioprotectant was kept at 4ºC until use. 
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5.1.2 Preparation of logs 
 
In June 2002, aspen, red maple, and yellow birch trees were felled in local Quebec areas. Tree trunks 
were cut into 1200-mm (4-foot) logs with diameters of 145 to 300 mm. A total of 34 fresh-cut logs were 
used per wood species. These logs were laid on the ground in the forest for two days before being 
transported to Forintek. As soon as they arrived, two logs of each species were placed in a cold room at -
30ºC to act as controls, and the remaining logs were divided into two groups of 16 logs each. One group 
of logs was debarked and the other kept bark on (Table 1). 
 
Table 1 Summary of log treatment 
 

Number of logs 
Biologically treated Untreated 

 
Wood species 

Debarked Bark-on Debarked Bark-on 
Fresh-cut, 
stored at –30ºC

Aspen 8 8 8 8 2 
Red maple 8 8 8 8 2 
Yellow birch 8 8 8 8 2 

 
5.1.3 Treatment and storage 
 
Logs with or without bark were further divided into two groups, each containing eight logs. One group of 
logs was sprayed (Figure 1) with 200 to 400 ml of bioprotectant per log (depending on log size) at a 
concentration of 1.2 x 106 spores/ml. Another group, serving as the control, was sprayed with an equal 
amount of water. Treated and untreated logs were piled separately; each pile was covered with plastic 
lumber wrap and stored in Forintek’s yard (Figure 2). A total of six piles were made.  
 
 

 
 
Figure 1 Log treatment with a bioprotectant 
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Figure 2 Log storage in Forintek’s yard 
 
 
5.1.4 Inspection 
 
The first log inspection was conducted in late October 2002, after a five-month summer storage period. 
Four logs from each test group (half of the total test logs) were cut into sections. Three 3-cm thick discs 
were taken from each log – one disc cut from each end of the log and one cut from the middle. These 
wood discs were labelled and brought to the laboratory to evaluate biological deterioration (growth of 
mould, stain and decay). The remaining wood sections were marked, put in a container, and placed in a –
30ºC freezer-room for later panel manufacturing. The remaining logs (four logs from each test group) 
were rewrapped with the plastic sheet and stored at the same place until the second inspection in 2003. In 
the laboratory, the total degraded wood area of each disc was traced using transparent paper. The 
percentage of wood deterioration in each disc was calculated. The average values of wood deterioration 
from the ends or middle sections of the four logs from each test group were analyzed separately. This 
provided a measure of how severe the wood was deteriorated in each treatment.  
 
The second log inspection was conducted on the remaining aspen, yellow birch and red maple logs in July 
2003, after a one-year storage period in Forintek’s yard. The same inspection method as the first one was 
used. Four remaining logs from each test group were cut into sections. Three discs were removed from 
each log and evaluated for mould, stain and decay growth. The remaining wood sections were marked, 
put in a container and placed in a –30ºC freezer-room for later panel manufacturing. In the laboratory, the 
total degraded wood area of each disc was examined in exactly the same way as the first inspection 
described above.  
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5.1.5 Panel manufacturing 
 
The remaining log sections were taken out of the –30ºC freezer-room and thawed for 24 hours at room 
temperature. All log sections with bark were debarked and separated according to wood species and 
treatment. A CAE waferizer with a 6” x 6” feeding slot was used to cut these log sections into strands 
measuring 100 mm x 32 mm x 0.6 mm (4” x 1.25” x 0.025”). After flaking, all strands were dried to a 
moisture content of 4.5%. A series of strand board were manufactured at a target board density of 39 lb/ft3 
(624 kg/m3) with the strands prepared from log sections of different groups: 
 
Variables 
Treatment:  2 with and without bioprotectant  
Bark:   2 bark-on and debarked 
Storage period:  2 2002 and 2003 
Pressing time:  2 long and short 
Species:  1 aspen/yellow birch/red maple (60/20/20) 
Control:  1 fresh-cut logs and stored at -30ºC 
Replicate:  3 
 
Total panels = [(2 x 2 x 2 x 2 x 1) + 1] x 3 = 51 
 
The liquid PF resin was applied to the face strands using a nozzle system. The powdered PF resin was 
applied to the core strands, by manually distributing it among the strands loaded in a blender which then 
mixed the resin and strands together. After each blending, either for face or core material, the blender was 
thoroughly vacuumed to remove any remaining fines and/or powdered resin so as to minimize the 
variation of blending quality from batch to batch. After blending, the actual mat MC ranged from 4.1% to 
4.9% for the core layer and from 7.0% to 8.8% for the face layer. Detailed information on the panel 
manufacturing parameters is presented in Table 2. A Dieffenbacher press (34” x 34”) equipped with a 
PressMan control system was used.   
 
Table 2 Panel manufacturing parameters for stored logs of aspen, yellow birch, and red 

maple  
 
Panel dimension     11.1 mm (7/16 in) x 610 mm (24 in) x 610 mm (24 in) 
Panel construction      Three layer and random orientation 
Mass distribution 25:50:25  
Wood species  Aspen/yellow birch/red maple (60:20:20) 
Supports Caul plate 
Target mat MC 7.0%-7.5% in face layer; 4.0%-4.5% in core layer 
Slack wax content  1.5% 
Resin content 3.5% LPF (solids basis) in face layer; 2.5% PPF in core layer 
Blender 3 ft (diameter) x 3 ft (depth) or 914 mm x 914 mm 
Blender rotation speed 11 rpm 
Target OD density 624 kg/m3 (39 lb/ft3) 
Press temperature 225°C (surface of platen) 
Total press time 130 and 150 seconds (daylight to daylight) 
Degas 30 seconds 
Replicate 3 
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5.1.6 Evaluation of panel physical and mechanical properties 
 
After pressing, all panels were conditioned at 65%RH/20°C in a chamber for at least three weeks or until 
they reached an equilibrium moisture content (MC) prior to testing. The panel internal bond (IB), dry/wet 
modulus of elasticity (MOE), dry/wet modulus of rupture (MOR), thickness swelling (TS) and water 
absorption (WA) were tested according to CSA Standard O437.1-93 (1993).  
 
5.1.7 Evaluation of panel mould resistance  
 
To evaluate resistance to mould, 10 samples measuring 50 mm long by 50 mm wide were cut from two 
panels in each test group. An incubator was filled with water to 50-mm level. Test panel samples were 
randomly put on two mesh racks in the incubator, which was then covered with a plastic lid (Figure 3).   
 

 
 
Figure 3 Mould test of panel samples in an incubator  
 
The relative humidity inside the incubator was 100%. This incubator was then put in a microcosm growth 
chamber set at 25°C. Panel samples in the incubator were inspected for mould growth after eight weeks.    
 
Mould growth on each panel sample was visually rated using a scale of 0 to 5, where: 0 = no mould 
growth; 1 = trace of mould growth (less than 5% mould coverage); 2 = little mould growth (6-25% mould 
coverage); 3 = moderate mould growth (26-50% mould coverage); 4 = heavy mould growth (51-75% 
mould coverage); and 5 = very heavy mould growth (over 76% mould coverage). Average scores, which 
measure the general severity of the mould infection on each panel, were obtained by averaging infection 
rates from all samples in a treatment.   
 
 
 
 



Biotechnology to Improve Mould, Stain and Decay Resistance of OSB 

 
 
 
 

 
 

8 of 75 
 

5.2 Determining antifungal properties of bark from various wood species 
 
Trees contain a large volume of bark. On average, every thousand board feet of lumber production 
produces 250 pounds of oven-dried bark. The use of bark has been a major concern to the wood industry 
for a long time. Efficient bark use can not only produce valuable products out of wood production waste, 
but also boost economic development.  One use for bark is in the production of various types of 
composite panels, and another use is the extraction of effective compounds to make preservatives. Such 
possibilities have been studied for a long time in countries around the world. Mould and decay fungal 
growth in buildings is increasingly becoming a concern for building owners. Today, panels used in 
building are commonly made of aspen or pine, and both wood species are susceptible to mould and decay 
attack when wet.  Many barks have high extractive, resin, and wax contents. Incorporating the use of bark 
into the production of various composite boards may increase panel resistance to fungal attack.  Little is 
known about which bark is more fungal resistant than others among Canadian commercial wood species. 
To address this issue, the following tests were conducted. 
 
Bark was removed from freshly felled white cedar (Thuja occidentalis L.), white spruce (Picea glauca 
(Moench) Voss.), balsam fir (Abies balsamea (L.) Mill.), yellow birch (Betula alleghaniensis Britton), red 
maple (Acer rubrum L.), and aspen (Populus tremuloides Michx.). The bark was dried to a moisture 
content of 5% in a forced-draft oven at 60°C. It was then ground into a powder using a laboratory 
grounding machine (Wiley Mill) and passed through a 5-mesh (4-mm opening) screen.  In addition to the 
bark of these species, the heartwood of white cedar was also ground into a similar size wood powder.   
 
Media preparation was as follows: 25 g of bark powder from each wood species (based on oven-dry 
weight) and 15 g of Bacto agar were placed in a flask containing 1 litre of distilled water. The flasks 
containing the different bark powders were heated at 121°C for 20 minutes and then cooled to 50-60°C.  
Each flask was well shaken, then 20 ml of each agar medium/bark particle mixture was poured into a 
Petri dish (8.5 cm in diameter). When the media were cooled, all bark particles settled to the bottom of the 
dishes, with the agar on top. The white cedar wood powder was extracted in the same way as the bark 
powder. In addition to these bark/wood powder extract media, another two media were prepared as 
controls: a 4% potato-dextrose-agar medium (PDA) and a 1.5% agar medium.  
   
A total of five fungi, two moulds, two decay fungi and one wood staining fungus, were tested on the 
media described above. They were Aureobasidium pullulans (FCC 132S) (wood staining fungus), 
Aspergillus niger (FCC 207C) (mould), Penicillium sp. (FCC 278B) (mould), Gloeophyllum trabeum 
(ATCC 11539) (brown rot) and Irpex lacteus (ATCC 11245) (white rot). These fungi grew on 2% malt-
extract-agar medium at 25°C for two weeks before being used in the test. A mycelium disc, 5 mm in 
diameter, was cut from the periphery of a vigorously growing fungal colony and placed in the centre of 
each dish containing a bark extract medium. A duplicate was prepared for each inoculation. The plates 
were then incubated in a growth chamber at 25°C and 75% relative humidity. 
 
The growth of the fungal colony in each dish was assessed by measuring two diameters (short and long) 
of each colony every three days for 15 days. All assessments were based on an average of four 
measurements from two replicate plates.  
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5.3 Increasing OSB panel durability against mould, stain and decay by using 
resistant wood species 

 
5.3.1 Using Eastern white cedar to improve OSB panel durability 
 
A previous study showed that the heartwood of white cedar was more resistant to mould, stain and decay 
fungi infection than any other eastern wood species (Yang, 2003). The purpose of this test was to 
manufacture mould and decay resistant OSB panels using white cedar and aspen. Freshly cut aspen and 
white cedar logs were obtained from a local forest and debarked upon arrival. All aspen logs and half the 
white cedar logs were cut into strands measuring 127 mm long x randomly wide x 0.6 mm thick. These 
strands were called “whole-wood strands” since they included both sapwood and heartwood. The 
sapwood from the remaining white cedar logs was sawn off and the heartwood left was flaked into strands 
the same size as the aspen strands. These strands were called “heartwood strands.” After flaking, one 
batch of white cedar whole-wood strands was steam-treated, and another batch of strands was 
immediately dried to a MC of 3-4%. The advantage of using white cedar strands pre-treated with steam 
was that the volatile compounds in the wood were partially evaporated and dissolved in water during 
steam treatment, therefore, panels made of these strands were well bonded without blowing. In the steam 
treatment, raw white cedar strands were placed in a heat-resistant container and filled with water at a ratio 
of 1:4 (strands in oven-dry weight:water in volume). The container was covered with an aluminium paper 
and heated in a steam cycle at 121°C for 20 minutes. The steam-treated white cedar strands and any water 
extract left in the container were then mixed with untreated aspen strands at a ratio of 3:7 based on oven-
dry weight. The strands were well mixed in a container and left to rest for at least 4 hours at room 
temperature. Then, the strand mixture was dried to a moisture content of 3-4%.  
 
Some heartwood strands of white cedar were further ground into wood particles measuring 5-10 mm x 1 
mm x 1 mm for extraction purposes. The wood particles were placed in a heat-resistant container and 
filled with water at a ratio of 250 g of strands (oven-dry weight) per litre of water. The container was 
covered with an aluminium paper and heated in a steam cycle at 121°C for 20 minutes. The water extract 
was poured out, and more water (half the amount used in the first extraction) was added to the container. 
The wood particles were extracted a second time, using the same method as the first time. The two 
extracts were then mixed together and freeze-dried into powdered form. After freeze-drying, each litre of 
extract yielded 4 g of the powder product.      

Seven types of strand boards were manufactured using these strands and extracts: a) aspen (100%) 
untreated control (C1); b) aspen (100%), board surface sprayed with 2% white cedar extracts at a dosage 
of 50 ml per board after pressing (C2); c) white cedar whole-wood strands/aspen/white cedar whole-wood 
strands (25%:50%:25%) (T1); d) white cedar heartwood strands/aspen/white cedar heartwood strands 
(25%:50%:25%) (T2); e) steam-treated mixture of white cedar whole-wood strands (30%) and aspen 
(70%) (T3); f) aspen (100%), strands were sprayed with 0.4% white cedar extracts at a dosage of 250 ml 
per kg of strands in oven-dry weight during blending (T4); and g) aspen (100%), surface strands were 
sprayed with 2% white cedar extracts at a dosage of 50 ml per board after forming (T5). Strands used for 
face layers were coated with a PF liquid resin, while strands used for the core layer were mixed with a 
powdered PF resin. Panels were pressed at 220°C for 150 seconds, and the other manufacturing 
conditions are described in Table 3. The final panel size was 610 mm x 610 mm x 11.1 mm (24" x 24" x 
7/16"), and two boards were made from each treatment. After manufacturing and treatment, all panels 
were conditioned in a chamber at a temperature of 20°C and a relative humidity of 65% for at least three 
weeks to reach an equilibrium MC prior to testing. Internal bond (IB) strength, dry modulus of elasticity 
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(MOE), dry modulus of rupture (MOR), thickness swelling (TS) and water absorption (WA) of the panels 
were tested according to CSA Standard O437.1-93.  
 
Table 3 Panel manufacturing parameters for aspen and white cedar 
 
Panel dimension     11.1 mm (7/16 in) x 610 mm (24 in) x 610 mm (24 in) 
Panel construction      Three layer and random orientation 
Mass distribution 25%:50%:25% in oven-dry weight  
Wood species  Aspen and white cedar 
Supports Caul plate 
Target mat MC Face layer: 7-8% on oven-dry basis; Core layer: 3-4% on oven-dry basis
Slack wax content  1.5% by weight 
Resin Content 3.4% LPF (liquid) in face layer; 2.4% PPF (solid) in core layer 
Blender 3 ft (diameter) x 3 ft (depth) or 914 mm x 914 mm 
Blender rotation speed 11 rpm 
Target OD density 624 kg/m3  (39 lb/ft3)  
Press temperature 220°C (surface of platen) 
Total press time 150 seconds  
Degas 30 seconds 
Replicate 2 

 
To evaluate mould growth on these panels, the same method as the one described in section 5.1.7 was 
used. 
 
To evaluate decay resistance, a standard soil block testing procedure defined in the AWPA Standard E10-
91 (1991) was used (Figure 4). Soil (250 g) was placed in glass jars, and distilled water was added to 
bring the moisture content of the soil to 130%. Two feeder strips of white pine (34 x 28 x 3 mm) were 
placed on top of the soil in each jar. The jars were autoclaved twice in a 24-hour interval, for 30 minutes 
each time at 121°C. The feeders were inoculated with two white-rot fungi, Trametes versicolor (ATCC 
12679) and Irpex lacteus (ATCC 11245), and two brown-rot fungi, Gloeophylum trabeum (ATCC 11539) 
and Postia placenta (ATCC 11538), respectively. The jars were incubated for 2 weeks in a growth 
chamber set at 25°C before being used for the test. Twenty-four 19 x 19 mm samples were randomly cut 
from two panels of each panel type and conditioned in a forced-draft oven set at 50°C to a constant 
moisture equilibrium. Oven-dried test samples were weighed to the nearest 0.001 g just before the test. 
Before putting the test samples into the soil bottles, they were placed, according to treatment, into beakers 
containing a filter paper soaked with 5 ml of water, wrapped with an aluminium foil and steamed at 
100°C for 20 minutes. After cooling, the test samples were placed in aseptic conditions, with the cross-
section in contact with the mycelium-covered feeder strips. Each soil bottle contained two samples and 
three bottles were used for each treatment. The soil bottles were placed in a microcosm growth chamber 
set at 25°C and 75% RH for 16 weeks. At the end of the incubation period, samples were removed from 
the bottles, cleaned of any fungal mycelia attached, oven-dried to a constant weight at 50°C and weighed 
to determine weight loss. The average weight loss from six replicates of each type of panel served as the 
measure of how much wood decay was caused by a particular fungus.  
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Figure 4 Accelerated decay test in soil jars   
 
5.3.2 Optimizing manufacture conditions for producing durable OSB panels with white cedar  
 
To optimize manufacturing conditions for producing durable OSB panels with whole-wood strands of 
white cedar and aspen, a series of strand boards were manufactured to investigate the effects of the 
following factors on panel qualities: 1) pressing conditions; 2) species ratio in face; 3) species ratio in 
core; and 4) mass distribution. To do this, whole-wood strands of aspen and white cedar were prepared in 
a same way as that described in section 5.3.1, and all strands were dried to a MC of 3-4%. Strands used 
for face layers were blended with a liquid PF resin (2.4% by weight) in a drum-type laboratory blender. 
Then, 1.5% slack wax was added. Strands used to form the core layer were coated with a powdered PF 
resin (3.4% by weight). After blending, the actual strand MC in the core layer was 3-4% based on oven-
dry weight, whereas strand MC in the face layers was 7-8% based on oven-dry weight. Unless specified 
otherwise, all panels were pressed at 220°C for 160 seconds. The other pressing conditions are described 
in Table 3. A Dieffenbacher press (34” x 34”) equipped with a PressMan control system was used. The 
final panel size was 610 mm x 610 mm x 11.1 mm (24" x 24" x 7/16"), and two boards were made from 
each combination.  
 
To study the effects of pressing conditions on panel properties of three-layer cedar/aspen strand board, 4 
types of panels were manufactured. Aspen strands were used in the core layer (50% strands of a panel 
based on oven-dry wood weight) and strands of white cedar were used in the two face layers (each layer 
contained 25% strands of the panel based on oven-dry wood weight). Strand boards were made from 
these strands using various pressing temperatures and time schedules: a) 200°C, pressed for 160 seconds; 
b) 200°C, pressed for 180 seconds; c) 240°C, pressed for 160 seconds; and d) 240°C, pressed for 180 
seconds.   
 
Four types of panels were manufactured for studying the effects of species ratio in the face layer of a 
three-layer cedar/aspen panel. They were a) white cedar/aspen/white cedar (25:50:25); b) strand mixture 
of white cedar (70%) and aspen (30%)/aspen/strand mixture of white cedar (70%) and aspen (30%) 
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(25:50:25); c) strand mixture of white cedar (40%) and aspen (60%)/aspen/strand mixture of white cedar 
(40%) and aspen (60%) (25:50:25); and d) aspen/aspen/aspen (25:50:25). The strand mixture of white 
cedar and aspen was heat treated as described in 5.3.1. 
 
Five types of panels were manufactured for studying the effects of species ratio in the core layer of a 
three-layer cedar/aspen panel. They were a) white cedar/white cedar/white cedar (25:50:25); b) white 
cedar/mixture of white cedar (50%) and aspen (50%)/white cedar (25:50:25); c) aspen/mixture of white 
cedar (25%) and aspen (75%)/aspen (25:50:25); d) white cedar/mixture of white cedar (25%) and aspen 
(75%)/white cedar (25:50:25); and e) white cedar/aspen/white cedar (25:50:25). 
 
The effect of the mass distribution ratio in whole-wood strands of white cedar and aspen on the physical 
and mechanical properties of panels and on mould–resistance was investigated as follows: a) 
aspen/aspen/aspen (25:50:25); b) white cedar/aspen/white cedar (15:70:15); and c) white 
cedar/aspen/white cedar (25:50:25). 
 
After pressing, all panels were conditioned for three weeks in a chamber set at 20°C and 65% RH to reach 
an equilibrium MC prior to testing. The physical and mechanical properties of panels were evaluated in 
the same way as described in 5.1.6, the mould resistance was tested in the same way as described in 5.1.7, 
and the decay resistance was tested in the same way as described in 5.3.1, but only two decay fungi (I. 
lacteus and G. trabeum) were used instead of four.  
 
5.3.3 Using other wood species to produce mould-resistant OSB panels 
 
In addition to white cedar, the possibility of using other durable wood species, such as white spruce, black 
spruce and Eastern larch, was also investigated. Two tests were conducted for this purpose: the first test 
involved using the heartwood of white spruce and Eastern larch to produce OSB panels. The second test 
was designed to see how panel properties were affected when various proportions of sapwood from white 
spruce and black spruce were added in the face layers of panels.    
 
In the first test, freshly felled aspen, white spruce and Eastern larch were obtained from a local forest. The 
aspen logs were debarked and cut into strands measuring 127 mm long x randomly wide x 0.6 mm thick. 
The bark and the sapwood of white spruce and Eastern larch were sawn off and the heartwood left was 
flaked into strands the same size as the aspen ones. After flaking, all strands were dried to a moisture 
content of 3-4% based on oven-dry weight. Strands used for the face layers were sprayed with a liquid PF 
resin using a nozzle system, whereas strands used for the core layer were mixed with a powdered PF 
resin. After blending, the actual strand MC in the core layer was 3-4% based on oven-dry weight, while 
the strand MC in the face layers was 7-8% based on oven-dry weight. A series of three-layer strand 
boards were manufactured with strands prepared from the various wood species. Aspen strands were 
placed in the core layer (50% strands of a panel based on oven-dry wood weight) and strands of a mould-
resistant wood species were placed in the two face layers (each layer contained 25% strands of a panel 
based on oven-dry wood weight). Wood species combinations were as follows: a) white 
spruce/aspen/white spruce (25:50:25); b) Eastern larch/aspen/Eastern larch (25:50:25); and c) 
aspen/aspen/aspen (25:50:25). The other pressing conditions were the same as those described in Table 3. 
 
In the second test, white spruce, black spruce and aspen trees were felled in a local forest. They were then 
cut into 4-foot logs, with the sapwood being marked on both ends of each log. The sapwood of the white 
spruce logs was measured as 31% and that of black spruce logs was 29%. All logs were debarked when 
they arrived at the laboratory. The aspen logs and half the white and black spruce logs were flaked into 
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whole-wood strands as described above. The remaining half of white and black spruce logs were sawn 
and flaked, separately, into sapwood and heartwood strands. After flaking, all strands were dried to a 
moisture content of 3-4% based on oven-dry weight. White and black spruce strands were used in the face 
layers and coated with a 2.4% liquid PF resin, based on solid content. Aspen strands were used in the core 
layer and coated with a 3.4% powdered PF resin, based on solid content. A series of three-layer strand 
boards were manufactured with various proportions of sapwood and heartwood strands of white and black 
spruce in the panel’s two face layers. They were a) aspen/aspen/aspen (25:50:25); b) white spruce 
heartwood/aspen/white spruce heartwood  (25:50:25); c) white spruce sapwood (10%) and heartwood 
(90%)/aspen/white spruce sapwood (10%) and heartwood (90%) (25:50:25); d) white spruce sapwood 
(20%) and heartwood (80%)/aspen/white spruce sapwood (20%) and heartwood (80%) (25:50:25); e) 
white spruce whole wood strands/aspen/white spruce whole wood strands (25/50/25); f) black spruce 
heartwood/aspen/black spruce heartwood (25:50:25); g) black spruce sapwood (10%) and heartwood 
(90%)/aspen/black spruce sapwood (10%) and heartwood (90%) (25:50:25); h) black spruce sapwood 
(20%) and heartwood (80%)/aspen/black spruce sapwood (20%) and heartwood (80%) (25:50:25); and i) 
black spruce whole wood strands/aspen/black spruce whole wood strands (25:50:25). The pressing 
conditions were the same as those described in Table 3. The final panel size was 610 mm x 610 mm x 
11.1 mm (24" x 24" x 7/16"), and two or three boards were made for each combination.   
 
After pressing, all panels were conditioned for three weeks in a chamber set at 20°C and 65% RH to reach 
an equilibrium MC prior to testing. The mechanical properties of these panels were evaluated in the same 
way as that described in section 5.1.6, the mould resistance of panels was tested as in section 5.1.7, and 
the decay resistance was tested in the same way as in section 5.3.1.  
 
5.4 Increasing OSB panel durability against mould, stain and decay by using 

fungal antagonists 
 
5.4.1 Fungal treatment of strands to increase OSB panel durability 
 
Aspen strands were cut from freshly-felled logs, and the moisture content of strands was adjusted to 50%. 
The strands were put in containers covered with an aluminium paper and heated in a steam cycle at 121°C 
for 20 minutes.  After cooling, the strands were ready for inoculation with fungi. 
 
Three fungal antagonists were used for inoculation of aspen strands. They were: 1) Gliocladium roseum; 
2) Phaeotheca dimorphospora; and 3) a white isolate of Ceratocystis resinifera. These fungi were grown 
on a 2% malt extract agar medium in Petri plates at 25°C for one week, and then transferred to 1L flasks, 
each containing 500 ml of 2% malt extract liquid medium.  Each fungus inoculated 5 flasks, and flasks 
were incubated on a shaker (120 rpm) at 25°C for two weeks. Fungal biomass in flasks was ground into 
fungal suspensions, and each flask inoculated 7 pounds (lbs) of the strands (based on dry weight 7 lbs/500 
ml culture).  Strands in each treatment were put in a sterile plastic bag and incubated at 25°C for 4 weeks. 
Strands in each bag were, then, checked for fungal colonization and dried to a MC of 4%. 
 
By using these fungal treated strands, different types of panels were manufactured with a UF resin.  The 
panel manufacturing conditions are described in Table 4, and 3 replicate panels were pressed for each 
type. The mechanical property test, mould test and decay test on these panels were conducted with the 
same procedures as described in the above sections. 
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Table 4 Panel manufacturing parameters for fungal treated strands 
 
Panel dimension     11.1 mm (7/16”) x 610 mm (24”) x 610 mm (24”) 
Panel construction      Homogeneous 
Stop bar 7/16” + 1/32” + 1/100” 
Wood species  Fungal treated aspen strands 
Supports Caul plate 
Target mat MC 4.5-5%  
Slack wax content  1% by weight 
Resin Content 4% MUF (solid basis) + 5 parts of catalyst 
Blender 3 ft (diameter) x 3 ft (depth) or 914 mm x 914 mm 
Blender rotation speed 11 rpm 
Panel density 624 kg/m3  (40+0.5 lb/ft3) 
Press temperature 180°C (surface of platen) 
Press time 150 seconds  
Board pressure 40 seconds to close 
Degas 15 seconds 
Replicate3 3 
Conditioning 65%RH/20°C for three weeks 

 
 
5.4.2 Fungal treatment of strands to reduce OSB panel resin usage 
 
Fungus used in this test was a well known lignin degrading fungus, Coriolus hirsutus (FCC89).  This 
fungus was subcultured on a 2% MEA medium in Petri plates at 25 °C for one week, and then transferred 
to 1L flasks containing 500 ml of a 2% ME liquid medium. Flasks that contained 5 fungal mycelia plugs 
each were cultured on a shaker at 25 °C for two weeks before use.   
 
Freshly-felled logs were cut into strands, and MC of the strands was adjusted to 50%. Strands were placed 
in a container, covered with an aluminium paper and heated in a steam cycle at 121 °C for 20 minutes.  
After cooling, the strands were inoculated (dry weight, 7 lbs/500 ml culture) with the fungal suspension 
prepared in the same way as described above. The inoculated strands were incubated at 25 °C for 4 
weeks, and then dried to a MC of 4%. Three types of panels were manufactured in the same way as in 
5.4.1 with a UF resin; one type of panels was used at a normal amount of resin (4%), another type of 
panels was manufactured with 85% of the normal amount of resin (3.4%), and the third type of panels 
was manufactured with 70% of the normal amount of resin (2.8%).  Three replicates were pressed for 
each type of panels with the manufacturing parameters listed in Table 4. The mechanical property test, 
mould test and decay test on these panels were conducted in the same way as in 5.4.1.  
 
5.5 Increasing OSB panel durability against mould, stain and decay by post-

treatment with natural extracts 
 
5.5.1 Extraction of white cedar heartwood  
 
The sapwood of freshly felled white cedar was trimmed away from logs and the heartwood left was sawn 
into 100-mm (4-inch) long blocks. The blocks were then ground into fibre powder (5-10 mm x 1mm x 
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1mm) with a laboratory grounding machine (Wiley mill) and passed through a 5-mesh screen. The 
moisture content of the fibre powder was 19.7%, based on oven-dry weight. For the extraction, 250 g of 
the white cedar heartwood fibre powder (based on oven-dry weight) were weighed and placed in a 
container containing 1 litre of distilled water. The containers were heated at 121°C for 20 minutes, and 
then cooled to 50-60°C. The extracts in the container were filtered through three layers of cheese cloth. 
The remaining wood powder was further extracted with another 500 ml of distilled water using the same 
method. The two extracts were mixed together and then poured into trays, each containing 2 litres. The 
filled trays were placed for 48 hours in a freezer-room set at –30°C. The extracts were freeze-dried into 
powdered form by an industrial-scale lyophilizer. The final powder product was 4.12 g per litre of 
extracts.  
 
5.5.2 Extraction of fungal metabolites 
 
Fungus used for this test was Phaeotheca dimorphospora DesRochers & Ouellette, and this fungus had 
demonstrated strong antagonistic effects on various fungal pathogens of hardwood and softwood trees 
(Yang et al, 1993).  The fungus was first grown on a 2% malt extract agar medium in Petri plates at 25°C 
for one week, and then transferred to 1L flasks, each containing 500 ml of 2% malt extract liquid 
medium.  A total of 10 flasks were inoculated and incubated on a shaker (120 rpm) at 25°C for two 
weeks.  Metabolites were extracted from the liquid culture of this antagonist by the method of Yang et al. 
(1993). The mycelia pellets of the fungal culture in flasks were ground for 3 minutes with a homogenizer, 
and the resulting slurry was extracted with chloroform. An equal volume of chloroform was added to the 
flask, which was then shaken for 5 minutes by hands. The chloroform extract was collected with a 
separatory funnel.  One successive extraction with the same volume of chloroform was done in the same 
manner.  The two chloroform extracts were combined and evaporated in vacuum at 40 °C to dryness.  The 
residue was taken up in 1 ml of acetone per 250 ml of chloroform extracts. 
 
5.5.3 Anti fungal properties of fungal metabolites against mould and decay 
 
The antibiotic activity of chloroform extracts was tested in Petri plates (85 mm in diameter) containing 
2% malt extract agar medium against 8 common fungi ( 4 mould and 4 decay species). The 4 common 
moulds were Aspergillus niger, Aureobasidium pullulans, Chaetomium globosum and Gliocladium virens, and 
the 4 decay fungi were Gloeophyllum trabeum, Postia placenta, Trametes versicolor and Irpex lacteus. 
These fungi were cultured in flasks, each containing 500 ml of 2% malt extract liquid medium.  The 
flasks were incubated on a shaker (120 rpm) at 25°C for two weeks, and then spores and mycelia pellets 
of the fungal culture in flasks were ground for 1 minute with a homogenizer. The fungal suspensions were 
adjusted to a concentration of 107 spores + mycelia pieces/ml solution. An amount of 0.5 ml of each spore 
and mycelial suspension of various fungi was evenly applied over the entire surface of a Petri plate, and 
one hole (5 mm in diameter) was made at the center of the plate with a cork borer.  An amount of 75 µl 
chloroform extracts in acetone was applied in the hole, and when the medium had completely absorbed 
the extracts, another 75 µl was added. Petri plates applied with 150 µl of acetone alone without 
chloroform extracts served as controls. In all cases, three plates (replications) were used.  The plates were 
placed at 25°C for culturing, and the inhibition zone was determined by measuring the straight line 
distance from the margin of the fungal colony to the edge of the hole after 7 days of incubation. 
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5.5.4 Post-treating OSB panels with extracts of fungal metabolites and of white cedar heartwood 
 
One aspen OSB panel (10 mm thickness) was bought from a retail store and cut to sample size of 50 x 50 
mm. One set of 10 OSB samples was dipped for 5 seconds each in an extract solution of Phaeotheca 
dimorphospora in acetone, and the solution up-taken was measured as 1.5 ml /sample.  Another set of 10 
OSB samples was dipped for 5 seconds each in a white cedar heartwood extract solution (4% by weight in 
water) described in 5.5.1. The third set of 10 OSB samples was untreated as the control group. All 
samples were left at room temperature for 6 hours to complete dryness of dip-treated samples.  Testing 
these post-treated samples for mould resistance was followed the procedures described in the section of 
5.1.7. 
 
5.5.5 Post-treating OSB panels with extracts of white cedar heartwood and finishing coats 
 
Three commercial coating products were bought from a retail store.  They were a Durakote Clear Laquer 
Coating (K-3895-A), a Natural Deck Oil (waterborne) and a Wolman Clear Wood Preservative 
(oilborne).  Two sets of aspen OSB samples were cut from a panel bought from a retail store: one set of 
samples (50 x 50 mm) were prepared for mould test and another set (19 x 19 mm) for decay test.  Each 
sample was first dipped for 30 seconds in a white cedar extract solution described above, left 24 hours for 
drying, and then painted with one of the coating solutions.  Each treatment included 10 sample replicates 
for mould test and 24 samples for decay test.  A total of 17 treatments, 170 samples for mould test and 
408 samples for decay test, were prepared in this set of tests.  Testing these post-treated samples for 
mould resistance followed the procedures described in the section of 5.1.7, whereas testing for decay 
resistance followed the procedures described in section 5.3.1. 
 
 

6 Results and Discussion 
 
6.1 Protection of OSB raw materials 
 
6.1.1 Temperature and relative humidity in log piles  
 
In this study, three data loggers for temperature and relative humidity were installed in three different log 
piles. Since the piles were all set up in the same way, their environmental conditions were similar. During 
the storage period from June 2002 to June 2003, the maximal temperature recorded was 36.6ºC in July, 
the minimum was -15.7ºC in January and the average annual temperature was 7.6ºC (Figure 5).  During 
this storage period, the maximal RH recorded inside the log piles was 103.9%, the minimum was 56.7% 
and the average was 98.9%. It should be noted that the temperature and relative humidity shown in Figure 
4 represent the environmental conditions inside the piles that were wrapped with plastic. The temperature 
and relative humidity in the open air in Quebec were lower than those recorded during this test. 
Therefore, the biodegradation of logs shown in this test was considered as a worst case scenario for this 
region because higher temperatures and relative humidity are favourable for fungal infection.   
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Figure 5 Temperature and relative humidity in log piles located in Forintek’s yard 
 
 
6.1.2 Biodegradation of treated and untreated logs  
 
The results of the first inspection showed that all untreated logs, either bark-on or debarked, were 
seriously degraded by moulds, stain and decay fungi (Figures 6, 7, 8, 9, 10). Among untreated logs, aspen 
and red maple were more degraded than yellow birch, bark-on logs were more degraded than debarked 
logs, and log ends were more degraded than the middle sections (Table 5, Figure 11). In general, two 
thirds of the total wood area of log discs were more or less degraded in untreated logs (55 to 83%). 
Meanwhile, biologically treated logs were only slightly infected from various fungi (4 to 16%). As for the 
treatment applied, it was more effective on logs without bark than on those with bark, and more effective 
on yellow birch and aspen than on red maple. 
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Figure 6 Untreated aspen logs after a 5-month summer storage 
 

 
 
Figure 7 Treated aspen logs after a 5-month summer storage 
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Figure 8 Biodegradation on wood discs of treated and untreated aspen logs after a 5-month 

summer storage 
 
 
 

 
 
Figure 9 Biodegradation on wood discs of treated and untreated red maple logs after a 5-

month summer storage 
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Figure 10 Biodegradation on wood discs of treated and untreated yellow birch logs after a 5-

month summer storage 
 
 
Table 5 Hardwood log deterioration after a 5-month summer storage in yard 
 

Treatment Wood species Log type Deterioration coverage (%)1 
      End Middle Total 

Bark-on 10.7 (6.8) 3.3 (2.8) 8.2 (6.7) Aspen 
  Debarked 3.9 (2.6) 3.2 (2.3) 3.7 (2.4) 

Bark-on 3.8 (4.8) 3.8 (1.9) 3.8 (4.0) Yellow birch 
  Debarked 4.2 (2.7) 2.3 (1.6) 3.6 (2.5) 

Bark-on 15.6 (6.6) 17.0 (18.7) 16.1 (11.1) 

Treated 
  
  
  
  
  

Red maple 
  Debarked 7.5 (2.8) 13.7 (5.9) 9.5 (4.9) 

Bark-on 99.3 (2.2) 32.7 (6.4) 77.1 (33.0) Aspen 
  Debarked 93.7 (11.7) 38.6 (15.3) 75.3 (29.8) 

Bark-on 88.6 (16.0) 32.1 (7.7)  69.8 (30.8) Yellow birch 
  Debarked 65.6 (17.9) 34.8 (12.3) 55.3 (21.8) 

Bark-on 92.3 (10.7) 64.9 (15.0) 83.2 (17.8) 

Untreated 
  
  
  
  
  

Red maple 
  Debarked 74.8 (24.9) 60.0 (15.1) 69.9 (22.6) 

1 Values are means of four replicate logs. Values in parentheses are standard deviations. 
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Figure 11 Log deterioration after a 5 month summer storage in Forintek’s yard 
 
The results of the second inspection showed a similar pattern of log deterioration as the first inspection 
conducted in October 2002. All untreated logs, bark-on or debarked, were seriously degraded by moulds, 
stain and decay fungi. The total infection rates of untreated logs ranged from 68% to 91% (Table 6, 
Figure 12). Among these logs, ends were more degraded than middle sections. For example, the ends of 
bark-on or debarked aspen logs were 100% degraded, whereas the infection of the internal sections of 
these logs was 31% to 42%. Biologically treated logs of these three wood species, regardless of whether 
or not they had bark, significantly reduced fungal growth after a one-year storage period. The total 
infection rates of treated logs ranged from 27% to 49%. Among these logs, the ends were degraded from 
31% to 62%, whereas the middle sections were degraded from 7% to 26%. 
 
Table 6 Hardwood log deterioration after a year storage in the yard 
 

Treatment Wood species Log type Deterioration coverage (%)1 
      End Middle Total 

Bark-on 62.3 (21.0) 22.0 (5.1) 48.9 (26.1) Aspen 
  Debarked 58.0 (22.9) 15.6 (12.9) 43.9 (28.5) 

Bark-on 47.5 (20.0) 7.0 (5.9) 34.0 (25.8) Yellow birch 
  Debarked 40.4 (18.5) 14.9 (2.3) 31.9 (19.4) 

Bark-on 34.2 (20.8) 11.7 (6.9) 26.7 (20.3) 

Treated 
  
  
  
  
  

Red maple 
  Debarked 30.8 (27.4) 26.0 (3.5) 29.2 (22.0) 

Bark-on 100.0 (0.0) 42.2 (14.3) 80.7 (29.4) Untreated 
  

Aspen 
  Debarked 100.0 (0.0) 30.9 (14.8) 77.0 (34.9) 
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Treatment Wood species Log type Deterioration coverage (%)1 
      End Middle Total 

Bark-on 98.3 (4.8) 51.4 (7.2) 82.7 (23.7) Yellow birch 
  Debarked 94.7 (10.0) 82.6 (18.4) 90.6 (13.8) 

Bark-on 80.1 (10.1) 45.2 (6.4) 68.5 (19.3) 

  
  
  
  

Red maple 
  Debarked 76.3 (16.6) 52.7 (5.0) 68.4 (17.9) 

 1 Values are means of four replicate logs. Values in parentheses are standard deviations. 
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Figure 12 Log deterioration after a year storage in Forintek’s yard 
 
 
The moisture content (MC) of logs after storage are showed in Table 7. In general, aspen contained a 
higher MC than red maple and yellow birch. The initial MC of aspen was 104%, whereas red maple was 
66% and yellow birch was 83%. After storage, logs with bark contained a higher MC than those debarked 
within a same species. With a few exceptions, treated logs contained a lower MC than untreated logs. For 
example, after a five-month summer storage period, untreated aspen logs with or without bark had a MC 
of 103% and 79%, while biologically treated logs in same groups contained a MC of 84% and 61%, 
respectively. After a year in storage, the MC of logs in different test groups was only slightly lower 
compared with those stored for five months. 
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Table 7 Moisture content of logs in different treatments after storage 
 

Wood  species Treatment Bark status % MC of logs in storage 
     Initial After 5 months  After a year 

      Average1 SD2 Average SD Average SD 
Bark 104.23 9.68 84.27 19.28 81.00 6.88 Treated 

  No bark     61.11 8.98 61.59 26.82 
Bark 104.23 9.68 103.28 15.42 94.61 9.89 

Aspen 
  
  
  

Untreated 
  No bark     79.22 9.98 72.54 17.76 

Bark 65.67 2.80 61.11 3.34 51.29 9.63 Treated 
  No bark     50.19 6.16 49.41 12.48 

Bark 65.67 2.80 60.92 6.83 58.67 10.29 

Red maple 
  
  
  

Untreated 
  No bark     50.66 13.28 33.45 5.77 

Bark 82.81 5.38 66.63 10.92 61.04 11.21 Treated 
  No bark     45.99 10.29 36.20 1.40 

Bark 82.81 5.38 66.71 17.38 73.50 5.60 

Yellow birch 
  
  
  

Untreated 
  No bark     58.35 9.47 46.11 7.69 

1 Values are means of four replicate logs. 2 SD = standard deviation. 
 
6.1.3 Physical and mechanical properties of panels made from treated and untreated logs  
 
Fungal stain on strands cut from various logs was evaluated. Strands cut from fresh-cut logs were clean, 
whereas those cut from untreated logs contained 50% to 75% of grey or blue stained strands. Fungal stain 
in strands cut from biologically treated logs was lower, affecting 10% to 25% of the strands.   
 
The test results on the physical and mechanical properties of panels made from treated and untreated logs 
in storage are shown in Table 8. In general, all panels had low IB values, which might be related to the 
resin and pressing conditions. Panels made from freshly-cut logs had the highest TS and WA values 
among all panels made for the test. The TS and WA values were much lower in panels made from logs 
that were in storage, especially panels made from biologically treated logs. The lowest TS and WA values 
were obtained with panels made from biologically treated bark-on logs (stored for one year) and pressed 
at 225ºC for 150 seconds (03TB150), i.e. 11.6% and 22.4%, respectively, compared with 16.9% and 
38.4% for panels made from fresh-cut logs under the same pressing conditions. Lower TS and WA values 
in panels made from biologically treated logs can be explained by the degradation of hemicelluloses and 
polysaccharides in wood by an inoculated fungus. Untreated logs were also naturally infected by various 
fungi during storage. As a result, panels made from these logs also had lower TS and WA values than 
those made from fresh-cut logs. The panels made from fresh-cut logs and pressed at 225ºC for 130 
seconds (C130) had a dry MOR and MOE of 25.89 MPa and 3663 MPa, respectively, while those pressed 
at 225ºC for 150 seconds (C150) had a dry MOR and MOE of 27.49 MPa and 2953 MPa. These two 
values varied depending on the type of panel, the highest values were measured in panels made from 
biologically treated bark-on logs (stored for 5 months) and pressed at 225ºC for 150 seconds (02TB150), 
i.e. 34.41 MPa and 4433 MPa, respectively. Panels made from biologically treated logs also had a higher 
wet MOR value compared with panels made from fresh-cut logs. The panels made from biologically 
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treated bark-on logs (stored for five months) and pressed at 225ºC for 130 seconds (02TB130) had a wet 
MOR of 19.57 MPa, whereas those pressed at 225ºC for 150 seconds (02TB150) had a wet MOR of 
19.60 MPa. Panels made from fresh-cut logs and pressed under the same conditions, had a wet MOR of 
13.7 MPa (C130) and 16.8 MPa (C150), respectively.    
 
Table 8 Mechanical and physical properties of panels made from logs in storage 
 

Panel code1 Density TS (24 hrs) WA(24hrs) Dry MOR Dry MOE Wet MOR IB MC 
  (kg/m3) (%) (%) (MPa) (MPa) (MPa) (MPa) (%) 

C130 652 20.3 38.4 25.89 3663 13.70 0.176 8.3 
C150 650 16.9 38.4 27.49 2953 16.80 0.311 8.0 

02TD130 660 15.0 25.8 23.66 3377 16.95 0.181 8.0 
02TD150 659 12.4 24.7 30.04 3999 19.48 0.325 8.3 
02TB130 640 14.5 26.1 27.45 3869 19.57 0.178 8.4 
02TB150 645 12.9 23.4 34.41 4433 19.60 0.292 8.1 
02UD130 655 15.5 25.1 31.26 4246 17.71 0.198 8.3 
02UD150 655 14.3 24.8 29.44 4115 18.45 0.333 7.9 
02UB130 656 17.1 26.6 28.79 4018 14.54 0.204 8.4 
02UB150 653 13.6 24.1 29.43 3822 13.82 0.326 8.5 
03TD130 658 14.2 25.3 21.90 3151 14.03 0.156 8.5 
03TD150 662 12.5 21.7 26.44 3802 19.79 0.340 8.2 
03TB130 659 16.1 26.4 26.43 3610 13.14 0.190 8.7 
03TB150 675 11.6 22.4 27.83 3537 18.44 0.323 8.4 
03UD130 671 18.1 26.6 27.34 3848 14.36 0.232 8.4 
03UD150 661 15.7 23.8 26.48 3860 15.98 0.341 8.3 
03UB130 660 18.3 28.7 28.89 4162 15.09 0.209 8.2 
03UB150 653 16.3 23.7 32.37 4307 19.45 0.399 8.1 

1 C130 = panels made from fresh-cut logs and pressed at 225ºC for 130 seconds; C150 = panels made from fresh-cut logs and 
pressed at 225ºC for 150 seconds; 02TD130 = panels made from biologically treated debarked logs (stored for 5 months) and 
pressed at 225ºC for 130 seconds; 02TD150 = panels made from biologically treated debarked logs (stored for 5 months) and 
pressed at 225ºC for 150 seconds; 02TB130 = panels made from biologically treated bark-on logs (stored for 5 months) and 
pressed at 225ºC for 130 seconds; 02TB150 = panels made from biologically treated bark-on logs (stored for 5 months) and 
pressed at 225ºC for 150 seconds; 02UD130 = panels made from untreated debarked logs (stored for 5 months) and pressed at 
225ºC for 130 seconds; 02UD150 = panels made from untreated debarked logs (stored for 5 months) and pressed at 225ºC for 
150 seconds; 02UB130 = panels made from untreated bark-on logs (stored for 5 months) and pressed at 225ºC for 130 seconds; 
02UB150 = panels made from untreated bark-on logs (stored for 5 months) and pressed at 225ºC for 150 seconds; 03TD130 = 
panels made from biologically treated debarked logs (stored for 1 year) and pressed at 225ºC for 130 seconds; 03TD150 = panels 
made from biologically treated debarked logs (stored for 1 year) and pressed at 225ºC for 150 seconds; 03TB130 = panels made 
from biologically treated bark-on logs (stored for 1 year) and pressed at 225ºC for 130 seconds; 03TB150 = panels made from 
biologically treated bark-on logs (stored for 1 year) and pressed at 225ºC for 150 seconds; 03UD130 = panels made from 
untreated debarked logs (stored for 1 year) and pressed at 225ºC for 130 seconds; 03UD150 = panels made from untreated 
debarked logs (stored for 1 year) and pressed at 225ºC for 150 seconds; 03UB130 = panels made from untreated bark-on logs 
(stored for 1 year) and pressed at 225ºC for 130 seconds; 03UB150 = panels made from untreated bark-on logs (stored for 1 
year) and pressed at 225ºC for 150 seconds. 
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6.1.4 Mould resistance of panels made from treated and untreated logs 
 
The results of mould test on panels made from treated and untreated logs in storage are shown in Table 9.  
Panels made of fresh aspen strands and pressed at 225ºC for 130 seconds (C130) or for 150 seconds 
(C150) were fully covered by moulds with an overall scale 5 in 8 weeks (Figure 13).  Panels made of 
strands cut from untreated logs stored for 5 months or for a year, debarked or not, and pressed at 225ºC 
for 130 seconds or for 150 seconds were also fully covered by moulds with overall scales 4.8-4.9 
(02UD130, 02UD150, 02UB130, 02UB150, 03UD130, 03UD150, 03UB130 and 03UB150). Panels made 
of strands cut from fungal treated debarked logs stored for 5 months or for a year and pressed at 225ºC for 
130 seconds had moderate resistance to mould infection on panel surfaces with overall scales 3.5-3.6 
(02TD130 and 03TD130).  Increasing pressing time from 130 seconds (02TD130, 02TB130, 03TD130 
and 03TB130) to 150 seconds (02TD150, 02TB150, 03TD150 and 03TB150) reduced mould resistance 
of panels made of strands cut from fungal treated logs.  Panels made of strands cut from fungal treated 
debarked logs (02TD130, 02TD150, 03TD130 and 03TD150) had better mould resistance than those 
panels made from fungal treated bark-on logs (02TB130, 02TB150, 03TB130 and 03TB150). Panels 
made of strands cut from fungal treated logs stored for 5 months (02TD130, 02TD150, 02TB130 and 
02TB150) had similar mould resistance as those panels made from fungal treated logs stored for a year 
(03TD130, 03TD150, 03TB130 and 03TB150).  All panels made from fungal treated logs had better 
mould resistance on the panel 2 faces than on the 4 sides 
 
Table 9 Mould growth on various types of OSB panels made from logs in storage 
 

Panel type Mould growth rating scale (0-5)1 
  Smooth face Screen face Average Sides Overall 

C130 5.0 5.0 5.0 5.0 5.0 
C150 5.0 5.0 5.0 5.0 5.0 

02TD130 3.1 2.8 3.0 4.9 3.6 
02TD150 3.7 3.7 3.7 4.9 4.1 
02TB130 3.5 3.4 3.4 4.9 3.9 
02TB150 3.7 3.6 3.6 4.7 4.0 
02UD130 4.9 4.9 4.9 5.0 4.9 
02UD150 4.9 4.8 4.9 4.9 4.9 
02UB130 4.9 4.9 4.9 5.0 4.9 
02UB150 5.0 4.7 4.9 5.0 4.9 
03TD130 3.4 2.5 2.9 4.7 3.5 
03TD150 3.9 2.3 3.1 4.5 3.6 
03TB130 3.9 3.3 3.6 4.5 3.9 
03TB150 4.0 3.5 3.8 4.4 4.0 
03UD130 4.9 4.6 4.7 5.0 4.8 
03UD150 4.8 4.6 4.7 4.9 4.8 
03UB130 5.0 4.7 4.8 5.0 4.9 
03UB150 4.9 4.8 4.9 4.9 4.9 

1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage.  



Biotechnology to Improve Mould, Stain and Decay Resistance of OSB 

 
 
 
 

 
 

26 of 75 
 

 

 
 
Figure 13 Mould growth on panels made of biologically treated and untreated logs  
Note: A = panel made of stored untreated logs; B = panel made of fresh logs; C = panel made of stored biologically 
treated logs 
 
6.2 In vitro antifungal property of bark from various wood species 
 
The fungal colony growth on various bark extract media is presented in Table 10. All fungi grew well on 
a 4% potato dextrose agar (PDA) medium. Except for a slow growing A. pullulans, all other fungi 
covered the whole dish (maximum 82 mm in inner dish diameter) within 9 to 15 days (Figures 14 and 
15). White cedar is a well-known decay resistant wood species and has been used for making various 
wood products (Williams and Feist, 1999; Behr, 1972; Behr and Wittrup, 1969; Haataja and Laks, 1995). 
The results of this test showed that the heartwood-extract-agar medium of this wood species not only 
inhibited decay fungal growth, but also inhibited growth of moulds and staining fungi.  However, the 
bark-extract-agar medium of this wood species contained less fungal-inhibiting compounds and only 
selectively reduced growth rates of certain fungi. For example, white cedar bark-extract-agar medium 
reduced the growth of A. pullulans, Penicillium sp. and G. trabeum, but did not reduce the growth of A. 
niger and I. lacteus. In fact, the growth of these three last fungi was also poor on the 1.5% agar medium. 
The reduction in fungal growth caused by the white cedar bark-extract-agar medium was probably due to 
poor nutrients rather than inhibition.    
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Table 10 Fungal growth on different media 
 

Fungus 
Extract-agar 

medium Fungal growth (mm) 
    3 days 6 days 9 days 12 days 15 days

Aspen bark 10 24 35 49 64 
Red maple bark 10 19 32 45 54 

Yellow birch bark 11 23 36 50 65 
Balsam fir bark 10 20 31 46 59 

White spruce bark 8 12 24 33 40 
White cedar bark 9 19 31 40 52 
White cedar wood 6 6 6 6 6 

1.5% Agar 10 20 29 40 49 

Aureobasidium 
pullulans 

  
  
  
  
  
  
  
  4% PDA 12 27 40 60 72 

Aspen bark 28 38 49 82 82 
Red maple bark 25 34 37 44 82 

Yellow birch bark 26 39 56 80 82 
Balsam fir bark 23 35 43 80 82 

White spruce bark 23 28 35 63 77 
White cedar bark 20 30 44 82 82 
White cedar wood 6 7 7 7 7 

1.5% Agar 21 50 58 70 80 

Aspergillus niger 
  
  
  
  
  
  
  
  4% PDA 34 58 70 80 82 

Aspen bark 14 21 40 67 78 
Red maple bark 11 26 58 67 80 

Yellow birch bark 9 26 46 76 82 
Balsam fir bark 6 32 50 63 70 

White spruce bark 13 20 33 42 48 
White cedar bark 11 17 34 52 70 
White cedar wood 6 6 6 6 6 

1.5% agar 5 5 5 5 5 

Penicillium sp. 
  
  
  
  
  
  
  
  4% PDA 18 35 52 80 82 
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Fungus 
Extract-agar 

medium Fungal growth (mm) 
    3 days 6 days 9 days 12 days 15 days

Aspen bark 15 30 48 69 80 
Red maple bark 8 12 16 26 32 

Yellow birch bark 7 27 42 71 80 
Balsam fir bark 12 22 36 60 75 

White spruce bark 7 12 13 18 20 
White cedar bark 14 25 40 63 76 
White cedar wood 6 6 6 6 6 

1.5% agar 6 37 52 73 75 

Gloeophyllum trabeum 
  
  
  
  
  
  
  
  4% PDA 20 45 68 82 82 

Aspen bark 26 52 82 82 82 
Red maple bark 14 26 47 66 79 

Yellow birch bark 6 60 82 82 82 
Balsam fir bark 6 48 79 82 82 

White spruce bark 10 31 56 82 82 
White cedar bark 17 35 59 82 82 
White cedar wood 6 6 6 6 6 

1.5% agar 7 39 67 82 82 

Irpex lacteus 
  
  
  
  
  
  
  
  4% PDA 32 80 82 82 82 
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Figure 14 Decay fungal growth on various bark extract media  
 
 
 

 
 
Figure 15 Mould fungal growth on various bark extract media  
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Similar to the white cedar bark-extract-agar medium, the balsam fir bark-extract-agar medium inhibited 
somewhat the fungal growth of A. pullulans, Penicillium sp. and G. trabeum, but not A. niger and I. 
lacteus. Balsam fir bark contains a lower level of nitrogen than other barks (Young, 1971). Again, we 
believe that this inhibition was caused by poor nutrients rather than antifungal compounds.  
 
Little or no fungal inhibition was provided by aspen and yellow birch bark-extract-agar media. All fungal 
growth on these two media was faster than on the 1.5% agar medium and similar to on the 4% PDA 
medium. This indicated that these two bark-extract-agar media not only had little fungal inhibition 
function, but also provided good nutrients for fungal growth.    
 
Unlike other bark-extract-agar media, the red maple bark-extract-medium showed strong growth 
inhibition to decay fungi, especially to brown-rot fungus G. trabeum. The colony growth of this decay 
fungus was 82 mm on 4% PDA and 75 mm on 1.5% agar medium, but only 32 mm on red maple bark-
extract-agar medium in15 days.  
 
Among the bark-extract-agar media tested, the white spruce bark-extract-agar medium was the best at 
inhibiting the growth of A. niger, A. pullulans, Penicillium sp. and G. trabeum, but inhibited less the 
white-rot fungus I. lacteus. For example, after 12 days incubation at 25ºC, G. trabeum covered the dish on 
the 4% PDA (82 mm), but only grew 20 mm on the white spruce bark-extract-agar dish; four times less 
than on the PDA medium.    
 
Based on the results of this study, using white spruce bark in composite panels may be more suitable than 
using other bark when seeking to provide fungal resistance. A further study on the physical, mechanical 
and anti-fungal properties of panels incorporating white spruce bark is needed. 
 
 
6.3 Using Eastern white cedar to improve OSB panel durability 
 
The results of physical and mechanical tests on seven types of panels made from strands of aspen and 
white cedar are presented in Table 11.  Data showed that the white cedar whole-strand-faced panel made 
at a ratio of 25:50:25 and pressed at 220°C for 150 seconds (T1) had IB, TS, WA and MOE values similar 
to those of aspen panels (C1); however, its MOR went from 31.2 to 39.92 MPa. Panels faced with 
heartwood strands of white cedar at a ratio of 25:50:25 had blown out (T2) in several spots. Data shown 
in Table 11 on this type of panel were measured from samples cut from the sound parts of the panel. This 
type of panel showed the lowest TS and WA values and the highest MOR value among the seven types of 
panels manufactured in this test. Compared with aspen panels (C1), panels made from steam-treated white 
cedar and whole aspen strands at a ratio of 3:7 based on oven-dry weight (T3) had the highest MOE value 
and low TS and WA values. Panels made of aspen strands sprayed with 0.4% white cedar extracts at a 
dosage of 250 ml per kg of strands during blending (T4) or surface sprayed with 2% white cedar extracts 
at a dosage of 50 ml per board after forming (T5) did not affect their physical and mechanical properties, 
compared with control panels C1 and C2. All parameters of these seven types of panels were superior to 
the requirements for manufacturing strand board in the standard (CSA 0437.0-93, 1993).  
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Table 11 Mechanical and physical properties of various types of panels from different 
treatments 

 
Panel type1 

  
Density 
(kg/m3) 

IB2          
(MPa) 

TS3          
(%) 

WA4         
(%) 

Dry MOR5    
(MPa) 

Dry MOE6 
(MPa) 

C1 628 0.371 11.1 28.0 31.20 4065 
C2 633 0.319 12.8 29.6 34.74 4310 
T1 633 0.360 11.2 27.0 39.92 4005 
T2 623 0.360 8.5 22.3 40.78 4040 
T3 642 0.321 9.6 25.4 39.23 4730 
T4 638 0.316 12.9 29.5 31.92 4615 
T5 649 0.376 12.8 27.8 33.27 4650 

1 C1 = aspen (100%) untreated control; C2 = aspen (100%), board surface sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after pressing; T1 = white cedar whole-wood strands/aspen/white cedar whole-wood 
strands (25%:50%:25%); T2 = white cedar heartwood strands/aspen/white cedar heartwood strands 
(25%:50%:25%); T3 = steam-treated mixture of white cedar whole-wood strands (30%) and aspen (70%); T4 = 
aspen (100%), strands were sprayed with 0.4% white cedar extracts at a dosage of 250 ml per kg of strands in oven-
dry weight during blending; and T5 = aspen (100%), surface strands were sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after forming.  
2 IB, internal bond (average of 5-8 specimens per panel).  
3 TS, 24-h thickness swelling (average of 2 specimens per panel).  
4 WA, 24-h water absorption (average of 2 specimens per panel).  
5 Dry MOR, dry modulus of rupture (average of 2 specimens per panel).  
6 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel). 
 
 
The efficacy of these seven types of panels against moulds is presented in Table 12. After an 8-week 
incubation period at 25ºC and 100% relative humidity, aspen control panels (C1) were seriously infected 
by moulds, all test samples were covered with moulds and had an overall rate of 4.9. Spraying 2% white 
cedar extracts at a dosage of 50 ml per aspen board after pressing (C2) was not effective in stopping 
mould growth on panels. Panels either faced with whole strands (T1) or heartwood strands (T2) of white 
cedar had minimal infection from moulds, especially in their faces which rated a 0.2. The sides of these 
panels were moderately infected, rating 2.6 and 2.2 respectively, and this occurred mostly in the middle 
layer of aspen strands. The overall rates of these two types of panels were 1.0 and 0.8 respectively, which 
indicated that these panels were resistant to mould infection. Panels made of steam-treated white cedar 
strands and aspen strands at a ratio of 3:7 in oven-dry weight (T3) also showed low infection rates: the 
average face infection rate was 1.2; the side infection rate was 2.4 and the overall rate was 1.6. Panels 
made from aspen strands sprayed with 0.4% white cedar extracts at a dosage of 250 ml per kg of strands 
(T4) or surface-sprayed on mat with 2% white cedar extracts at a dosage of 50 ml per board after forming 
(T5) only slightly reduced mould growth on panel surfaces but not on sides, compared with control panels 
(C1). 
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Table 12 Mould growth on various types of panels from different treatments 
 (25ºC, 100% RH, 8 weeks) 
 

Panel type1 Mould growth scale (0-5) 2 
  Smooth face Screen face Average Sides Overall 

C1 5 4.7 4.9 5 4.9 
C2 4.7 4.2 4.5 5 4.6 
T1 0.2 0.2 0.2 2.6 1 
T2 0 0.3 0.2 2.2 0.8 
T3 1.7 0.7 1.2 2.4 1.6 
T4 4.5 3.8 4.2 4.9 4.4 
T5 4.2 2.8 3.5 4.9 4 

1 C1 = aspen (100%) untreated control; C2 = aspen (100%), board surface sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after pressing; T1 = white cedar whole-wood strands/aspen/white cedar whole-wood 
strands (25%:50%:25%); T2 = white cedar heartwood strands/aspen/white cedar heartwood strands 
(25%:50%:25%); T3 = steam-treated mixture of white cedar whole-wood strands (30%) and aspen (70%); T4 = 
aspen (100%), strands were sprayed with 0.4% white cedar extracts at a dosage of 250 ml per kg of strands in oven-
dry weight during blending; and T5 = aspen (100%), surface strands were sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after forming. 
2 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 
 
After subjecting samples of these seven types of panels to decay fungi for 16 weeks, samples of control 
aspen panels (C1) and those surface treated with white cedar extracts (C2, T4 and T5) were completely 
colonized by white-rot or brown-rot fungi. Less mycelia growth was found on the white cedar-faced 
aspen panels, and moderate mycelia growth was found on the panels made from steam-treated white cedar 
strands and aspen strands. 
 
Weight loss in these panel samples is shown in Table 13. In the control aspen samples (C1), 45.1% 
weight loss was caused by T. versicolor, 63.3% weight loss was caused by I. lacteus, 74.7% weight loss 
was caused by G. trabeum, and 67.6% weight loss was caused by P. placenta. Compared with control 
samples (C1), weight losses caused by these four types of fungi were reduced to 18.4%, 41.1%, 24.2% 
and 11.0%, respectively, for white cedar whole-strand-faced aspen panels (T1), and 33.2%, 46.3%, 37.3% 
and 47.4%, respectively, for panels made from steam-treated white cedar strands and aspen strands (T3). 
Panels faced with white cedar heartwood strands (T2) were the best resistant against decay fungi; the 
weight loss of samples caused by the four decay fungi used were 18.8%, 36.6%, 16.9% and 9.7%, 
respectively. These data indicate that white cedar-faced aspen panels were decay resistant, especially to 
brown rot, and panels made from steam-treated white cedar strands and aspen strands were moderately 
resistant to decay. Weight loss of panel samples treated with white cedar extracts, either during blending 
(T4) or after forming (T5) or after pressing (C2), was similar to untreated control panels (C1). 
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Table 13 Weight loss (%) of various types of panels from different treatments 
 

Panel  White-rot fungus  Brown-rot fungus 
 Type1 T. versicolor I. lacteus G. trabeum P. placenta 

  Average2 SD3 Average SD Average SD Average SD 
C1 45.11 12.18 63.31 13.00 74.68 2.87 67.62 1.52 
C2 48.39 4.50 61.07 10.38 69.91 2.94 67.11 3.59 
T1 18.38 16.25 41.05 3.75 24.19 18.41 11.00 16.78 
T2 18.81 8.02 36.61 6.93 16.85 16.78 9.69 16.35 
T3 33.21 16.43 46.28 7.55 37.33 20.41 47.38 15.11 
T4 60.03 7.99 72.79 9.72 64.89 10.61 66.22 1.13 
T5 42.03 14.50 64.44 8.76 65.19 5.99 67.46 2.16 

1 C1 = aspen (100%) untreated control; C2 = aspen (100%), board surface sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after pressing; T1 = white cedar whole-wood strands/aspen/white cedar whole-wood 
strands (25%:50%:25%); T2 = white cedar heartwood strands/aspen/white cedar heartwood strands 
(25%:50%:25%); T3 = steam-treated mixture of white cedar whole-wood strands (30%) and aspen (70%); T4 = 
aspen (100%), strands were sprayed with 0.4% white cedar extracts at a dosage of 250 ml per kg of strands in oven-
dry weight during blending; and T5 = aspen (100%), surface strands were sprayed with 2% white cedar extracts at a 
dosage of 50 ml per board after forming.   
2 Values are means of 6 replicates. 
3 SD = standard deviation. 
 
 
6.4 Optimal manufacturing conditions for producing durable OSB panels with 

white cedar 
 
6.4.1 Effect of pressing conditions  

Panels made under various pressing temperatures and times dramatically changed their physical and 
mechanical properties. Panels with surface layer from white cedar whole strands at a ratio of 25:50:25 and 
pressed at 200°C for 160 seconds had an IB strength of 0.582 MPa, a TS of 26.7%, a WA of 39.6%, a 
MOR of 31.92 MPa and a MOE of 3547 MPa (Table 14). When the pressing time was increased from160 
seconds to 180 seconds at 200°C, the panels’ IB strength and MOE increased and the panels’ TS, WA and 
MOR decreased.  When the pressing temperature was increased from 200°C to 240°C and the pressing 
time was 160 seconds, the panels’ IB strength, MOR and MOE increased and the panels’ TS and WA 
decreased sharply. At a pressing temperature of 240°C and pressing time of 180 seconds, the panels’ IB 
strength, MOR and MOE were significantly increased and the panels’ TS and WA values significantly 
reduced. These data showed that aspen panels with surface from white cedar whole-wood strands at a 
ratio of 25:50:25 and pressed at 240°C for 180 seconds had the best mechanical and physical properties.   
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Table 14 Mechanical and physical properties of panels made from whole-wood strands of 
white cedar and aspen under different pressing conditions 

 
Panel type Pressing 

Temp. (°C) 
Pressing 

Time (sec.) 
Density 
(kg/m3) 

IB1        
(MPa) 

TS2       
(%) 

WA3      
(%) 

Dry MOR4  
(MPa) 

Dry MOE5

(MPa) 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
200 160 659 0.582 26.7 39.6 31.92 3547 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
200 180 657 0.775 23.4 35.8 30.72 3638 

White cedar/ 
Aspen/White cedar 

(25:50;25)  
240 160 652 0.700 17.6 28.8 32.07 3756 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
240 180 675 1.073 14.4 24.7 39.67 4069 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel) 
 
The results of the tests to evaluated mould growth on white cedar whole-wood strand-faced aspen panels 
made under various pressing conditions are presented in Table 15.  After an 8-week incubation period at 
25°C and 100% RH, all panel samples were slightly infected with moulds on the faces. A fair amount of 
moulds infected the sides of panels pressed at 200°C for 160 seconds, followed by panels pressed at 
240°C for 180 seconds and those pressed at 200°C for 180 seconds. The panels pressed at 240°C for 160 
seconds were the least infected by mould (with an infection rate of 0.3). Panels pressed at 200°C had a 
white-yellowish colour, whereas those pressed at 240°C were yellow-brownish, darker than those pressed 
at 200°C.   
 
Table 15 Mould growth on various panels made from whole-wood strands of white cedar and 

aspen under various pressing conditions 
 (25°C, 100% RH, 8 weeks) 
 

Mould growth scale (0-5) 1 Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) Smooth face Screen face Average Sides Overall 

White cedar/ Aspen/White 
cedar (25:50:25) 200 160 0.6 0 0.3 1.8 0.8 

White cedar/ Aspen/White 
cedar (25:50:25) 200 180 0.2 0 0.1 0.9 0.4 
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Mould growth scale (0-5) 1 Panel type Pressing 

Temp. (°C) 
Pressing 

Time (sec.) Smooth face Screen face Average Sides Overall 

White cedar/ Aspen/White 
cedar (25:50:25)  240 160 0.3 0 0.2 0.6 0.3 

White cedar/ Aspen/White 
cedar (25:50:25) 240 180 0.4 0.1 0.3 1.1 0.5 

1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage.  
 
The weight loss of the white cedar whole-wood strand-faced panels made under various pressing 
conditions is presented in Table 16. After a 16-week decay process, panels pressed at 200°C for 160 or 
180 seconds and those pressed at 240°C for 160 seconds were the most resistant to decay, especially to 
the brown-rot fungus G. trabeum. The decay resistance of panels pressed at 240°C for 180 seconds was 
decreased for both white rot and brown rot. The reduction in decay resistance in this type of panel might 
be caused by the evaporation and/or degradation of volatile anti-fungal compounds in white cedar strands 
during pressing.  
 
Table 16 Weight loss (%) of various panels made from whole-wood strands of white cedar 

and aspen under various pressing conditions 
 

Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) 

White-rot fungus 
 I. lacteus 

Brown-rot fungus  
G. trabeum 

   Average1 SD2 Average SD 
White cedar/ 

Aspen/White cedar 
(25:50:25) 

200 160 18.82 
 

16.17 
 

3.67 
 

0.66 
 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
200 180 17.63 

 
12.07 

 
3.31 

 
1.45 

 
White cedar/ 

Aspen/White cedar 
(25:50:25)  

240 160 16.99 
 

21.81 
 

3.93 
 

0.51 
 

White cedar/ 
Aspen/White cedar 

(25:50:25)  

240 
 

180 
 

43.73 
 
 

4.72 
 
 

11.46 
 
 

12.81 
 
 

1 Values are means of 6 replicates. 
2 SD = standard deviation. 
 
 
6.4.2 Effect of species ratio in face  
 
The physical and mechanical properties of four types of panels made using different proportions of white 
cedar and aspen in the face layers are presented in Table 17. In this test, aspen panels with white cedar 
whole-wood strand in surface layer made at a ratio of 25:50:25 and pressed at 220°C for 160 seconds had 
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a similar TS and a lower IB when compared with a panel with aspen in surface. However, its WA 
decreased from 39.2 to 35.2%, its MOR increased from 24.88 to 31.95 MPa, and its MOE increased from 
3272 to 3717 MPa. Compared with panels with aspen in surface, panels with surface layer from steam-
treated white cedar strands and aspen strands at a ratio of 7:3 based on oven-dry weight had higher TS, 
WA, MOR and MOE values and a similar IB value. Panels with surface layer from steam-treated white 
cedar strands and aspen strands at a ratio of 4:6 based on oven-dry weight had the highest IB value among 
the four types of panels made in this test. The other properties of this type of panel were similar to those 
of white cedar whole-wood strand-faced aspen panels. 
 
Table 17 Mechanical and physical properties of panels made from whole-wood strands of 

white cedar and aspen at different ratios in face 
 

Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) 

Density 
(kg/m3) 

IB1        
(MPa) 

TS2       
(%) 

WA3      
(%) 

Dry MOR4  
(MPa) 

Dry MOE5

(MPa) 

White cedar/ 
Aspen/White cedar 

(25/50/25) 
220 160 660 0.509 20.8 35.2 31.95 3717 

Mixture of white 
cedar and aspen 
(70:30)/Aspen/ 

Mixture of white 
cedar and aspen 

(70:30) (25:50:25) 

220 160 660 0.586 23.8 41.6 36.53 3804 

Mixture of white 
cedar and aspen 
(40:60)/Aspen/ 

Mixture of white 
cedar and aspen 

(40:60) (25:50:25)  

220 160 668 0.771 20.9 37.8 31.74 3834 

Aspen/ 
Aspen/Aspen 

(25:50:25) 
220 160 640 0.618 20.1 39.2 24.88 3272 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel) 
 
The results of a mould test on these panels showed that panels with aspen in surface layer were seriously 
attacked by mould during the 8-week test period (Table 18). The average mould growth rate was 3.7 on 
the faces of aspen-faced panels and 4.1 on the sides. The overall mould growth rate on panels with aspen 
in surface layer was 3.8. Mould growth rates increased when the proportion of white cedar strands in the 
face layers decreased. For example, the overall mould growth rate was 1.27 on panels with steam-treated 
white cedar strands and aspen strands in surface layer at a ratio of 4:6 based on oven-dry weight, 0.6 on 
panels faced with steam-treated white cedar strands and aspen strands at a ratio of 7:3 based on oven-dry 
weight, and 0.4 on panels faced with 100% white cedar whole-wood strands.    
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Table 18 Mould growth on various panels made from whole strands of white cedar and 
aspen at various ratios in face layer  

 (25°C, 100% RH, 8 weeks) 
 

Mould growth scale (0-5) 1 Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) Smooth face Screen face Average Sides Overall 

White cedar/ Aspen/White 
cedar (25:50:25) 220 160 0.1 0 0.1 1.0 0.4 

Mixture of white cedar 
and aspen (70:30)/Aspen/ 

Mixture of white cedar 
and aspen (70:30) 

(25:50:25) 

220 160 0.6 0.1 0.4 1.1 0.6 

Mixture of white cedar 
and aspen (40:60)/Aspen/ 

Mixture of white cedar 
and aspen (40:60) 

(25:50:25)  

220 160 1.2 0.5 0.9 2.1 1.27 

Aspen/ Aspen/Aspen 
(25:50:25) 220 160 4.1 3.3 3.7 4.1 3.8 

1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage.  
 
The weight loss of this series of panels is shown in Table 19. Aspen panel samples were seriously 
decayed in 16 weeks. The average weight loss caused by the white-rot fungus I. lacteus was 79.33%, and 
the one caused by the brown-rot fungus G. trabeum was 74.09%. Aspen panels faced with 25% of whole-
wood strands of white cedar were the best at preventing weight loss caused by decay, especially G. 
trabeum (4.02% weight loss). Mixing strands of white cedar and aspen in the face layers reduced the 
panels’ resistance to decay. Resistance to decay decreased as the proportion of aspen strands in the face 
layers increased. For example, panels made from a mixture of 70% white cedar strands and 30% aspen 
strands on the face layers had a 36.89% weight loss caused by I. lacteus and 25.66% weight loss caused 
by G. trabeum, while those made from a mixture of 40% white cedar strands and 60% aspen strands on 
the face layers had weight losses of 57.45% and 46.80% due to these two fungi, respectively.        
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Table 19 Weight loss (%) of various panels made from whole strands of white cedar and 
aspen at different ratios in face 

 
Panel type Pressing 

Temp. (°C) 
Pressing 

Time (sec.) 
White-rot fungus 

I. lacteus 
Brown-rot fungus  

G. trabeum 
   Average1 SD2 Average SD 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
220 160 32.08 

 
22.58 

 
4.02 

 
0.39 

 
Mixture of white 
cedar and aspen 
(70:30)/Aspen/ 

Mixture of white 
cedar and aspen 

(70:30) (25:50:25) 

220 
 

160 
 

 
36.89 

 
 
 

 

 
25.10 

 
 
 

 
25.66 

 
 
 

 
24.55 

 
 
 

Mixture of white 
cedar and aspen 
(40:60)/Aspen/ 

Mixture of white 
cedar and aspen 

(40:60) (25:50:25)  

220 
 

160 
 

57.45 
 
 
 

7.41 
 
 
 

46.80 
 
 
 

31.89 
 
 
 

Aspen/Aspen/Aspen 
(25:50:25) 220 160 79.33 3.38 74.09 1.75 

1 Values are means of 6 replicates. 
2 SD = standard deviation. 
 
 
6.4.3 Effect of species ratio in core  
 
The effect of species ratio in the core layer on the physical and mechanical properties of five types of 
panels made from whole-wood strands of white cedar and aspen is shown in Table 20. Panels made from 
white cedar or a mixture of white cedar and aspen strands (50:50) in core layer were “blown” after 
pressing, and it was not possible to assess their properties. Panels made from a mixture of white cedar and 
aspen strands at a ratio of 25:75 in the core layer and aspen strands in surface layer had higher IB, MOR 
and MOE values than other panels. However, their TS and WA values were also higher than those of 
panels with white cedar in surface layer. Panels made from a mixture of white cedar and aspen strands at 
a ratio of 25:75 in the core layer and white cedar whole strands in surface layer had the worst physical and 
mechanical properties of the panels made for this test.    
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Table 20 Mechanical and physical properties of panels made from whole-wood strands of 

white cedar and aspen at different ratios in core 
 

Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) 

Density 
(kg/m3) 

IB1        
(MPa) 

TS2       
(%) 

WA3      
(%) 

Dry MOR4  
(MPa) 

Dry MOE5

(MPa) 

White cedar/White 
cedar /White cedar 

(25:50:25) 
220 160 655 Panel was blown 

White cedar/ 
Mixture of white 
cedar and  aspen 

(50:50)/White cedar 
(25:50:25) 

220 160 663 

 
                                                                                        

Panel was blown 

Aspen/Mixture of 
white cedar and 
aspen (25:75)/ 

Aspen (25:50:25)  

220 160 660 0.771 29.2 43.9 34.09 4112 

White cedar/ 
Mixture of white 
cedar and aspen 

(25:75)/White cedar 
(25:50:25) 

220 160 646 0.295 36.7 53.6 26.13 3361 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
220 160 660 0.509 20.8 35.2 31.95 3717 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel) 
 
 
The mould test results on this series of panels are shown in Table 21. Panels made from a mixture of 
white cedar and aspen strands at a ratio of 25:75 in the core layer and aspen strands in surface layer were 
seriously attacked by moulds and had an overall mould growth rate of 4.2. Panels made from 100% white 
cedar whole-wood strands and panels made from a strand mixture of white cedar and aspen in the core 
layer were blown, but they were still evaluated for mould resistance. No mould infection was found on 
panels made from 100% white cedar strands. Panels made from a mixture of white cedar (50%) and aspen 
(50%) strands in the core layer and white cedar strands in the face layers had little mould infection. The 
overall mould growth rate on this type of panel was 0.2. Mould growth on panels made from a mixture 
white cedar and aspen strands at a ratio of 25:75 in the core layer and white cedar whole strands in the 
surface layer was minimal, and had an overall mould growth rate of 0.1.  
 
 
 
 
 
 
 



Biotechnology to Improve Mould, Stain and Decay Resistance of OSB 

 
 
 
 

 
 

40 of 75 
 

Table 21 Mould growth on various panels made from whole-wood strands of white cedar and 
aspen at different ratios in core  

 (25°C, 100% RH, 8 weeks) 
 

Mould growth scale (0-5) 1 Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) Smooth face Screen face Average Sides Overall 

White cedar/White cedar 
/White cedar (25:50:25) 220 160 0 0 0 0 0 

White cedar/ Mixture of 
white cedar and aspen 
(50:50)/White cedar 

(25:50:25) 

220 160 0.3 0.1 0.2 0.4 0.2 

Aspen/Mixture of white 
cedar and aspen (25:75)/ 

Aspen (25:50:25)  
220 160 4.7 3.9 4.3 4.0 4.2 

White cedar/ Mixture of 
white cedar and aspen 
(25:75)/White cedar 

(25:50:25) 
220 160 0.2 0 0.1 0.2 0.1 

White cedar/ Aspen/White 
cedar (25:50:25) 220 160 0.1 0 0.1 1.0 0.4 

1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage.  
 
 
The decay test results on this series of panels are shown in Table 22. Panels made from whole-wood 
strands of white cedar were decay resistant. After a 16-week period of decay testing, the weight loss of 
this type of panel was only 6.86% and 3.38%, by white rot and brown rot, respectively. Panels made from 
white cedar strands in the face layers and a mixture of white cedar and aspen strands in the core layer 
(either at a ratio of 50:50 or 25:75) had similar resistance to decay as those made from 100% white cedar 
strands. Panels made from aspen strands in the face layers and a mixture of white cedar and aspen strands 
in the core layer (at a ratio of 25:75) were not decay resistant and samples had a 49.81% and 68.6% 
weight loss due to the two decay fungi. 
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Table 22  Weight loss (%) of various panels made from whole-wood strands of white cedar 
and aspen at various ratios in core 

 

Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) 

White-rot fungus 
I. lacteus 

Brown-rot fungus  
G. trabeum 

   Average1 SD2 Average SD 
White cedar/White 
cedar /White cedar 

(25:50:25) 
220 160 6.86 

 
7.45 

 
3.38 

 
0.36 

 
White cedar/ Mixture of 
white cedar and aspen 
(50:50)/White cedar 

(25:50:25) 

220 160 8.44 
 

8.10 
 

2.89 
 

0.21 
 

Aspen/Mixture of white 
cedar and aspen (25:75)/ 

Aspen (25:50:25)  
220 160 49.81 

 
9.56 

 
68.16 

 
9.90 

 
White cedar/ Mixture of 
white cedar and aspen 
(25:75)/White cedar 

(25:50:25) 

 
220 

 
160 5.11 

 
5.05 

 
3.97 

 
0.44 

 
White cedar/ 

Aspen/White cedar 
(25:50:25) 

220 160 32.08 
 

22.58 
 

4.02 
 

0.39 
 

1 Values are means of 6 replicates. 
2 SD = standard deviation. 
 

6.4.4 Effect of mass distribution  
 
The test results on the mechanical and physical properties of three types of panels are shown in Table 23. 
Compared with the control aspen panels, panels with white cedar whole-wood strands in surface layer at a 
ratio of 15:70:15 had similar IB and TS values, a lower WA value and higher MOR and MOE values. 
When the proportion of white cedar strands in the face layer was increased from 15% to 25%, the panels’ 
IB and WA values decreased and the MOR and MOE values increased.   
 
Table 23 Mechanical and physical properties of panels made at various ratios of white cedar 

and aspen strands 
 

Panel type Density 
(kg/m3) 

IB1          
(MPa) 

TS2          
(%) 

WA3        
(%) 

Dry MOR4     
(MPa) 

Dry MOE5 
(MPa) 

White cedar/ 
Aspen/White cedar 

(15:70:15) 
663 0.649 20.6 37.1 30.46 3644 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
660 0.509 20.8 34.9 31.95 3718 

Aspen/Aspen/Aspen 
(25:50:25) 640 0.618 20.2 39.2 24.89 3272 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 

5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel). 
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The mould growth on samples of this series of panels is shown in Table 24. Samples of control aspen 
panels were seriously infected by moulds, with an infection rate of 3.8, which indicated that panels made 
from 100% aspen were susceptible to mould growth. Panels with white cedar whole-wood strands in 
surface layer at a ratio of 15:70:15 had little infection from moulds on both faces, but an increased 
infection rate on all four sides. The average overall infection rate of this type of panel was 0.5. When the 
proportion of white cedar strands in face layers was increased from 15% to 25%, the average mould 
infection rate on the panel faces was still 0.1, but the infection rate of the panel sides decreased from 1.2 
to 1.0 and the overall rate was 0.4. These data indicate that aspen panels with white cedar whole-wood 
strands in surface helped the panels to be upgraded from mould-susceptible to mould-resistant. When the 
proportion of white cedar strands was increased in the face layers, the mould infection rate in the panel 
sides decreased.  
 
Table 24 Mould growth on various panels made in various ratios of white cedar and aspen 

strands  
 (25°C, 100% RH, 8 weeks) 
 

Panel type Mould growth scale (0-5) 1 
  Smooth face Screen face Average Sides Overall 

White cedar/ Aspen/White cedar 
(15:70:15) 0.2 0.0 0.1 1.2 0.5 

White cedar/ Aspen/White cedar 
(25:50:25) 0.1 0.0 0.1 1.0 0.4 

Aspen/Aspen/Aspen (25:50:25) 4.1 3.3 3.7 4.1 3.8 
1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 
 
The weight loss of this series of panels caused by decay fungi are shown in Table 25. Aspen panels with 
25% whole-wood strands of white cedar in surface layer were decay resistant, especially to brown rot. 
Samples from this type of panel had 32.08% weight loss caused by white rot and 4.02% caused by brown 
rot. When the proportion of white cedar strands was decreased from 25% to 15% in the face layers, the 
panels’ decay resistance also decreased. The weight losses of panels with 15% of white cedar strands in 
surface layer were 51.07% and 24.99% caused by the two white-rot and brown-rot fungi, respectively.    
 
Table 25 Weight loss (%) of various panels made at various ratios of white cedar and aspen 

strands 
 

Panel type Pressing 
Temp. (°C) 

Pressing 
Time (sec.) 

White-rot fungus 
I. lacteus 

Brown-rot fungus  
G. trabeum 

   Average1 SD2 Average SD 
White cedar/ 

Aspen/White cedar 
(15:70:15) 

220 160 51.07 
 

8.96 
 

24.99 
 

31.24 
 

White cedar/ 
Aspen/White cedar 

(25:50:25) 
220 160 32.08 

 
22.58 

 
4.02 

 
0.39 

 
Aspen/Aspen/Aspen 

(25:50:25) 220 160 79.33 3.38 74.09 1.75 
1 Values are means of 6 replicates. 
2 SD = standard deviation. 
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6.5 Manufacturing mould-resistant OSB panels with other durable wood species 
 
6.5.1 Panels faced with heartwood of white spruce and Eastern larch  
 
The evaluation results on mechanical and physical properties of panels made from white spruce, eastern 
larch and aspen are presented in Table 26. Panels made of heartwood strands of white spruce and eastern 
larch in the face layers were well bonded. The IB strength of control aspen panels was 0.618 MPa, 
whereas IBs of panels faced with white spruce and eastern larch heartwood strands were 0.713 and 0.883 
MPa, respectively. These data indicate that white spruce and eastern larch-faced panels had greater IB 
strength than aspen control panels. The TS and WA values of panels with eastern larch in surface layer 
decreased, compared with aspen panels, whereas the TS and WA of panels with white spruce in surface 
layer increased. Compared with the aspen control panels, MOR and MOE of panels with eastern larch in 
surface layer decreased, whereas the MOR and MOE of panels with white spruce in surface layer 
increased.  
 
Table 26 Mechanical and physical properties of panels made from other naturally mould 

resistant wood species and aspen 
 

Panel type Density 
(kg/m3) 

IB1          
(MPa) 

TS2          
(%) 

WA3         
(%) 

Dry MOR4     
(MPa) 

Dry MOE5 
(MPa) 

White spruce/Aspen/ 
White spruce 

(25/50/25) 
668 0.713 25.3 42.0 31.74 3822 

Eastern larch/ 
Aspen/Eastern larch 

(25/50/25) 
645 0.883 19.8 33.7 21.40 2956 

Aspen/Aspen/Aspen 
(25/50/25) 640 0.618 20.2 39.2 24.89 3272 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel). 

The test results for mould on this series of panels are shown in Table 27. Panels with white spruce 
heartwood in surface were best at resisting mould on both face layers and sides. The overall mould 
infection rate on white spruce heartwood faced panels was only 0.2 after eight weeks exposure to high 
humidity environmental conditions. The panels with Eastern larch heartwood in surface were heavily 
infected by moulds, which indicated that Eastern larch was a mould susceptible species even though it 
was reported as moderately decay resistant (Williams and Feist, 1999). The overall mould infection rate 
on Eastern larch heartwood faced panels was 3.7, which was similar to the aspen control panels. Aspen 
panels (serving as control panel) were seriously infected by moulds on both their face layers and sides 
with an overall mould infection rate of 3.8 (Figure 16). These data indicated that aspen panels with white 
spruce heartwood in surface are mould resistant and also have higher panel IB, MOR and MOE 
properties, compared with aspen panels. 
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Table 27 Mould growth on various strand board panels made from other naturally mould 
resistant wood species and aspen 

 (25°C, 100% RH, 8 weeks) 
 

Panel type Mould growth scale (0-5) 1 
  Smooth face Screen face Average Sides Overall 

White spruce/Aspen/White spruce 
(25/50/25) 0.1 0.0 0.1 0.6 0.2 

Eastern larch/Aspen/ Eastern larch 
(25/50/25) 3.9 3.0 3.5 4.3 3.7 

Aspen/Aspen/Aspen (25/50/25) 4.1 3.3 3.7 4.1 3.8 
1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 

 
 
Figure 16 Mould growth on various panels 
E = White cedar-faced panel; L = White spruce-faced panel; M = Eastern larch-faced panel; and H = Aspen-faced 
panel. 
 
Weight loss of these panel samples caused by white rot and brown rot are shown in Table 28. The control 
aspen samples were well colonized by the two decay fungi (Figures 17 and 18); the weight loss caused by 
I. lacteus was 79.33% and that caused by G. trabeum was 74.09%. Compared with aspen control samples, 
there was less weight loss caused by these two fungi on samples of panels with white spruce and eastern 
larch in surface layer. The weight loss of panels with white spruce in surface layer was 59.05% and 
61.94%, caused by white rot and brown rot, respectively, whereas weight loss of panels with eastern larch 
in surface layer was 64.66% and 63.85%, respectively. 
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Table 28  Weight loss (%) of various strand board panels made from other naturally mould 
resistant wood species and aspen 

 

Panel type White-rot fungus, I. lacteus Brown-rot fungus, G. trabeum 
  Average1 SD2 Average SD 

White spruce/Aspen/White spruce 
(25:50:25) 

59.05 
 

5.23 
 

61.94 
 

12.46 
 

Eastern larch/Aspen/ Eastern larch 
(25:50:25) 

64.66 
 

5.37 
 

63.85 
 

5.87 
 

Aspen/Aspen/Aspen (25:50:25) 79.33 3.38 74.09 1.75 
1 Values are means of 6 replicates. 
2 SD = standard deviation. 
 
 

 
 
Figure 17 Decay of various panels caused by a white-rot fungus 
H = Aspen faced panel; E = White cedar-faced panel; L = White spruce-faced panel; and M = Eastern larch-faced 
panel. 
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Figure 18 Decay of various panels caused by a brown-rot fungus  
H = Aspen-faced panel; E = White cedar-faced panel; L = White spruce-faced panel; and M = Eastern larch faced 
panel. 

The results of this test showed that the panels with white spruce heartwood in surface were highly mould 
resistant and moderately decay resistant, and they also have higher IB, MOR and MOE properties 
compared with aspen panels. The panels with eastern larch heartwood in surface layer are non-resistant to 
moulds, slightly resistant to decay, but they have higher IB, TS and WA properties compared with other 
types of panels. 
 
6.5.2 Effect of white spruce and black spruce sapwood on panel properties   
 
The results of mechanical evaluation on panels made of different proportions of sapwood and heartwood 
strands of white spruce and black spruce in the face layers and aspen whole-wood strands in the core layer 
are presented in Table 29. In these tests, the physical and mechanical properties of panels with various 
proportions of sapwood and heartwood strands of white spruce and black spruce in surface layer were 
similar or inferior to aspen panels. Panels with white spruce strands in surface layer were similar to those 
with black spruce strands in surface. No correlation was found between the panels’ mechanical properties 
and the proportion of white and black spruce sapwood in them.  
 
Table 29 Mechanical and physical properties of panels made of various proportions of 

sapwood and heartwood of white spruce and black spruce and aspen strands 
 

Panel type Density 
(kg/m3) 

IB1          
(MPa) 

TS2         
(%) 

WA3        
(%) 

Dry MOR4   
(MPa) 

Dry MOE5 
(MPa) 

Aspen/Aspen/Aspen (25:50:25) 658 0.354 15.0 30.7 43.10 5370 
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Panel type Density 
(kg/m3) 

IB1          
(MPa) 

TS2         
(%) 

WA3        
(%) 

Dry MOR4   
(MPa) 

Dry MOE5 
(MPa) 

White spruce heartwood/ 
Aspen/White spruce heartwood  

(25:50:25) 
642 0.298 20.3 31.5 39.34 4392 

White spruce sapwood (10%) 
and heartwood 

(90%)/Aspen/White spruce 
sapwood (10%) and heartwood 

(90%) (25:50:25) 

646 0.345 23.9 38.8 37.36 4317 

White spruce sapwood (20%) 
and heartwood 

(80%)/Aspen/White spruce 
sapwood (20%) and heartwood 

(80%) (25:50:25) 

644 0.283 23.0 35.9 39.12 4573 

White spruce whole wood 
strands/ Aspen/White spruce 

whole wood strands (25:50:25) 
647 0.340 23.3 37.6 34.79 4134 

Black spruce heartwood/Aspen/ 
Black spruce heartwood  

(25:50:25) 
643 0.291 18.8 32.5 34.98 4515 

Black spruce sapwood (10%) 
and heartwood (90%)/Aspen/ 
Black spruce sapwood (10%) 

and heartwood (90%) (25:50:25) 

643 0.343 18.6 29.1 38.95 4691 

Black spruce sapwood (20%) 
and heartwood (80%)/Aspen/ 
Black spruce sapwood (20%) 

and heartwood (80%) (25:50:25) 

638 0.328 19.5 35.0 35.59 4356 

Black spruce whole wood 
strands/ Aspen/ Black spruce 

whole wood strands (25:50:25) 
653 0.386 19.1 32.6 33.46 4331 

1 IB, internal bond (average of 5-8 specimens per panel) 
2 TS, 24-h thickness swelling (average of 2 specimens per panel) 
3 WA, 24-h water absorption (average of 2 specimens per panel) 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel) 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel) 

The mould test results for these panels are shown in Table 30. All aspen panel samples were seriously 
infected by various moulds and presented an overall mould infection rate of 4.7. No difference in mould 
infection was found between panels with white spruce and black spruce in surface layer. Panels with 
white spruce and black spruce heartwood in surface layer had the least mould infection of all the types of 
panels. The infection rates on the faces and sides of panels with white spruce heartwood in surface were 
0.3 and 2.5, respectively, while those of panels with black spruce heartwood in surface layer were 0.4 and 
2.4. There was a positive correlation on the proportion of sapwood of white and black spruces added and 
mould infection rate on panels. For example, the overall mould infection rate on panels with white spruce 
heartwood in surface layer was 1.0 after eight weeks exposure to high humidity environmental conditions. 
Mixing 10% of sapwood of white spruce in the panel face layers increased the overall mould infection 
rate to 1.3, while mixing 20% of sapwood in the face layers increased the mould infection rate to 1.7. 
Using whole wood strands of white spruce on the panels’ face layers increased the overall mould 
infection rate to 2.4. Similar data were obtained from panels with black spruce strand in surface.    
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Table 30 Mould growth on various strand board panels made of various proportions of 
sapwood and heartwood of white spruce and black spruce and aspen strands 

 (25°C, 100% RH, 8 weeks) 
 

Panel type Mould growth scale (0-5) 1 
  Smooth face Screen face Average Sides Overall 

Aspen/Aspen/Aspen (25:50:25) 4.8 4.4 4.6 4.9 4.7 

White spruce heartwood/ 
Aspen/White spruce heartwood  

(25:50:25) 
0.5 0.2 0.3 2.5 1.0 

White spruce sapwood (10%) and 
heartwood (90%)/Aspen/White 

spruce sapwood (10%) and 
heartwood (90%) (25:50:25) 

0.7 0.4 0.6 2.9 1.3 

White spruce sapwood (20%) and 
heartwood (80%)/Aspen/White 

spruce sapwood (20%) and 
heartwood (80%) (25:50:25) 

1.5 0.6 1.1 2.9 1.7 

White spruce whole wood strands/ 
Aspen/White spruce whole wood 

strands (25:50:25) 
2.4 1.3 1.9 3.4 2.4 

Black spruce heartwood/ Aspen/ 
Black spruce heartwood  (25:50:25) 0.6 0.1 0.4 2.4 1.0 
Black spruce sapwood (10%) and 
heartwood (90%)/Aspen/ Black 

spruce sapwood (10%) and 
heartwood (90%) (25:50:25) 

0.9 0.4 0.7 2.7 1.3 

Black spruce sapwood (20%) and 
heartwood (80%)/Aspen/ Black 

spruce sapwood (20%) and 
heartwood (80%) (25:50:25) 

1.3 1.0 1.2 2.9 1.7 

Black spruce whole wood strands/ 
Aspen/ Black spruce whole wood 

strands (25:50:25) 
2.3 1.2 1.8 3.4 2.3 

1 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 
 
 
The results of decay test of these panels are shown in Table 31. The panels made of aspen strands were 
well decayed by I. lacteus, G. trabeum and P. placenta, and the weight losses caused by these fungi were 
51.21%, 65.90% and 62.28%, respectively.  The white-rot fungus, T. versicolor, did not cause serious 
weight loss on aspen panels, which was 11.78%.  Panels made of white spruce or black spruce heartwood 
in surface layer had less weight losses than aspen panels, caused by the two white-rot fungi, I. lacteus and 
T. versicolor. However, no significant difference in weight losses was found among different types of 
panels caused by the two brown-rot fungi, G. trabeum and P. placenta, and all samples were heavy 
decayed.  The different proportions of sapwood of white spruce or black spruce in panels did not 
significantly affect the durability of panels against decay.   
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Table 31 Weight losses (%) of various panels made of white spruce, black spruce and aspen 
strands in the decay test 

 

Panel type1 White-rot fungus Brown-rot fungus 
  T. versicolor I. lacteus G. trabeum P. placenta 
  Average2 SD3 Average SD Average SD Average SD 

2A 11.78 9.81 51.21 10.00 65.90 9.69 62.28 8.13 
2B 6.68 5.63 39.71 12.68 66.17 2.91 62.05 3.72 
2C 14.37 4.79 39.10 1.98 66.62 1.68 65.43 1.90 
2D 9.37 4.20 42.51 9.76 64.58 3.42 64.23 1.95 
2E 3.52 1.68 35.23 6.84 65.25 1.42 65.48 0.71 
2F 4.43 2.63 37.36 6.80 63.29 2.43 65.62 0.93 
2G 3.55 1.96 39.96 4.08 61.31 2.32 63.59 0.67 
2H 5.93 2.15 37.97 10.01 67.36 3.31 65.27 1.56 
2I 5.04 1.63 34.88 8.46 62.75 4.09 65.68 1.08 

1 2A = Aspen/Aspen/Aspen (25:50:25) control; 2B = White spruce heartwood/ Aspen/White spruce heartwood (25:50:25); 2C 
= White spruce sapwood (10%) and heartwood (90%)/Aspen/White spruce sapwood (10%) and heartwood (90%) (25:50:25); 2D 
= White spruce sapwood (20%) and heartwood (80%)/Aspen/White spruce sapwood (20%) and heartwood (80%) (25:50:25); 2E 
= White spruce whole wood strands/ Aspen/White spruce whole wood strands (25:50:25); 2F = Black spruce heartwood/ Aspen/ 
Black spruce heartwood  (25:50:25); 2G = Black spruce sapwood (10%) and heartwood (90%)/Aspen/ Black spruce sapwood 
(10%) and heartwood (90%) (25:50:25); 2H = Black spruce sapwood (20%) and heartwood (80%)/Aspen/ Black spruce 
sapwood (20%) and heartwood (80%) (25:50:25); and 2I = Black spruce whole wood strands/ Aspen/ Black spruce whole wood 
strands (25:50:25). 
2 Values are means of 6 replicates. 
3 SD = standard deviation. 
 
 
6.6 Using fungal antagonists to improve OSB panel durability  
 
6.6.1 Fungal colonization on aspen strands  
 
All of the 4 fungal species inoculated were well colonized on aspen strands in four weeks, and the white 
mycelia growth was seen on most strands inoculated.  Strands in all treatments, fungal inoculated or not, 
had normal wood color.  The fungal concentration in each treatment was quantified as fungal colony 
forming unites (CFU) per gram of wood strands (Table 32). Strands inoculated with Gliocladium roseum 
had a fungal concentration of 1.9-2.2 x 106 CFU/g of strands, those strands inoculated with Phaeotheca 
dimorphospora had 2.4-3.4 x 106 CFU/g, and those strands inoculated with Ceratocystis resinifera had 
1.8-2.9 x 106 CFU/g.  Strands inoculated with Coriolus hirsutus had the highest fungal concentration (5.8-
9.6 x 106 CFU/g ) among the 4 fungi inoculated.  Untreated strands also contained a low density of fungi 
(9 x 103 CFU/g), and those fungi were natural contaminates in strands preparation.  Panels made of fungal 
treated strands had the same appearance as the panels made of untreated strands (Figure 19).  
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Table 32 Colonization of fungi inoculated on aspen strands (4 weeks at 25ºC & 100% RH) 
 

Fungal  Strand dry Dilution 1:5000 Dilution 1:10000 
treatment weight (g) 1 2 3 Average CFU/g2 1 2 3 Average CFU/g 

Gliocladium 
roseum 1.64 2981 376 260 311 1.9 x 106 180 182 182 181 2.2 x 106 

Phaeotheca 
dimorphospora 1.76 412 444 387 414 2.4 x 106 295 287 316 299 3.4 x 106 

Ceratocystis 
resinifera 1.62 280 275 320 292 1.8 x 106 240 240 213 231 2.9 x 106 
Coriolus 
hirsutus 1.61 972 984 868 941 5.8 x 106 824 787 712 774 9.6 x 106 

Untreated 2.13 2 2 3 2 9 x 103      
1 Data are presented as fungal colony forming unites (CFU) per Petri plate inoculated with 0.5 ml of a suspension washed from 
wood strands. 
2  CFU/g = Fungal concentration in treated aspen strands expressed as fungal colony forming unites (CFU) per gram of wood 
strands.    
 
 
 

 
 
Figure 19 Panels made of aspen strands treated with fungal antagonists  
Note: 1=panel made of strands treated with Gliocladium roseum; 2=panel made of strands treated with Phaeotheca 
dimorphospora; 3=panel made of strands treated with Ceratocystis resinifera; 7=panel made of untreated strands. 
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6.6.2 Bonding and mechanical properties of panels made of aspen strands treated with fungal 
antagonists  

 
The results of bonding and mechanical property tests of panels made of aspen strands treated with fungal 
antagonists are summarised in Table 33.  Panels made of G.r-treated strands had a similar uniform panel 
density (660 kg/m3) as untreated control panels, whereas the density of those panels made of P.d- and C.r-
treated strands varied one to another, and ranged from 633 to 677 kg/m3.  For panel bonding property 
(IB), panels made of C.r-treated strands were the best (0.326 MPa) among this set of panels, followed by 
panels made of G.r-treated strands (0.306 MPa). Panels made of P.d-treated strands had a similar IB 
(0.271 MPa) to the control panels (0.277 MPa). Panels made of fungal treated strands had higher 
thickness swelling (TS) and water absorption (WA) rates than untreated control panels. Among the three 
fungal treatments, the TS and WA values of panels made of strands treated with P.d were the closest to 
control panels.  For mechanical properties, panels made of fungal treated strands had slightly lower dry 
MOR and much higher wet MOR than untreated control panels.  Among the three fungal treatments, the 
dry MOR and wet MOR of panels made of strands treated with P.d were lower than panels made of 
strands treated with G.r and C.r.   The dry MOE of panels made of strands treated with G.r (3656 MPa) 
was similar to that of control panels (3658 MPa), whereas panels made of strands treated with P.d had the 
lowest dry MOE (3385 MPa) among the three fungal treatments.   
 
 
Table 33 Mechanical and physical properties of panels made of aspen strands treated with 

fungal antagonists 
 

Fungal Density IB TS (24 hrs) WA(24hrs) Dry MOR Dry MOE Wet MOR 
Treatment1 (kg/m3) (MPa) (%) (%) (MPa) (MPa) (MPa) 

Gr 
1 

 
657 0.299 25.1 31.3 25.11 3414 6.17 

2 661 0.307 28.2 47.6 26.28 3679 4.41 
3 661 0.313 21.5 40.8 25.77 3875 6.29 

Average 660 0.306 24.9 39.9 25.72 3656 5.62
SD 2 0.007 3.3 8.2 0.59 231 1.05

Pd 
1 

 
671 0.300 18.7 37.1 26.62 3163 5.53 

2 652 0.254 20.6 36.4 24.16 3647 5.36 
3 637 0.260 20.6 37.3 21.97 3346 4.80 

Average 653 0.271 20.0 36.9 24.25 3385 5.23
SD 17 0.025 1.1 0.5 2.33 244 0.38

Cr 
1 

 
633 0.315 20.5 39.9 24.95 3436 6.94 

2 664 0.335 21.1 40.9 23.70 3333 5.50 
3 677 0.327 22.2 40.8 26.36 3728 6.38 

Average 658 0.326 21.3 40.5 25.00 3499 6.27
SD 23 0.010 0.9 0.5 1.33 205 0.73
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Fungal Density IB TS (24 hrs) WA(24hrs) Dry MOR Dry MOE Wet MOR 

Treatment1 (kg/m3) (MPa) (%) (%) (MPa) (MPa) (MPa) 
Control 

1 
 

666 0.309 18.4 33.3 28.37 3792 3.96 
2 659 0.240 17.8 36.5 29.07 3828 3.89 
3 658 0.283 18.1 34.8 24.78 3355 2.59 

Average 661 0.277 18.1 34.9 27.40 3658 3.48
SD 4 0.035 0.3 1.6 2.30 263 0.77

1 Gr=Gliocladium roseum; Pd=Phaeotheca dimorphospora; and Cr=Ceratocystis resinifera. 
 
 
6.6.3 Mould resistance of panels made of aspen strands treated with fungal antagonists  
 
The appearance of mould growth on panels made of untreated strands and strands treated with three 
fungal antagonists is presented in Figure 20.  Moulds grown on untreated panels (7) were denser than on 
fungal treated panels (1, 2, 3), and they were mostly air-borne green moulds (Penicillium and 
Trichoderma species). These moulds infected untreated control panels in the second week of the test 
(Figure 21), while they started to grow on fungal treated panels in the third week.  Reduction of mould 
infection rates was detected on all three types of fungal treated panels within 6 weeks.  After 6 weeks, all 
panel samples, treated or untreated, were seriously infected by moulds, with mould growth scales of 5 or 
nearby. Among the three fungal treatments, the mould resistance of panels made of strands treated with 
G.r was similar to those panels treated with C.r and better than those treated with P.d.  The differences of 
mould growth rates were observed on different faces of all panel samples, either treated or untreated.  
Mould growth was more serious on the 4 sides than on the 2 faces of a panel, whereas it was more serious 
on the screen face than on the smooth face (Table 34). For example, in the 4th week mould growth on the 
smooth face, screen face and 4 sides of the panels made of strands treated with G.r was rated as 0.4, 1.1 
and 2.5, respectively; whereas for those control panels, they were 3.5, 3.7 and 4.5, respectively.  The 
differences of mould growth on different faces and sides of untreated control panels were much smaller 
than on fungal treated panels.  Before the mould test, the moisture content (MC) of untreated control 
panels was measured as 7.5% (Table 35), whereas panels made of fungal treated strands had slightly 
higher MCs than controls; around 7.8-8.0%.  After exposure of these panels in the mould test chamber 
(100% RH) for 8 weeks, the MC of the panels reached 25.5-26.6%, and there were no significant 
differences between different treatments and controls.  
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Figure 20 Mould growth on panels made of aspen strands treated with fungal antagonists  
Note: 1=panel made of strands treated with Gliocladium roseum; 2=panel made of strands treated with Phaeotheca 
dimorphospora; 3=panel made of strands treated with Ceratocystis resinifera; 7=panel made of untreated strands. 
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Figure 21 Mould growth on panels made of aspen strands treated with fungal antagonists at 

different weeks of the test 
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Table 34 Mould growth on different faces of OSB panels treated with fungal antagonists 
 

Fungal treatment Week Face Ave Sides Overall 
    smooth screen face   scale 

1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.1 0.1 0.5 0.2 
4 0.4 1.1 0.7 2.5 1.3 
5 2.4 3.0 2.7 4.3 3.2 
6 3.9 4.1 4.0 4.6 4.2 
7 4.8 5.0 4.9 5.0 4.9 

Gliocladium roseum  
  
  
  
  
  
  8 4.9 5.0 4.9 5.0 5.0 

1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 0.5 0.3 0.4 0.9 0.6 
4 1.4 1.6 1.5 2.7 1.9 
5 3.0 3.7 3.4 4.4 3.7 
6 4.3 4.5 4.4 4.9 4.6 
7 5.0 5.0 5.0 5.0 5.0 

Phaeotheca 
dimorphospora  

  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 

1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 0.1 0.1 0.1 0.3 0.2 
4 0.7 1.1 0.9 2.7 1.5 
5 1.9 2.9 2.4 4.2 3.0 
6 3.3 3.8 3.6 4.7 4.0 
7 4.5 5.0 4.7 5.0 4.8 

Ceratocystis resinifera  
  
  
  
  
  
  8 4.6 5.0 4.8 5.0 4.9 

1 0.0 0.0 0.0 0.0 0.0 
2 0.3 0.3 0.3 0.5 0.4 
3 2.1 2.5 2.3 3.3 2.6 
4 3.5 3.7 3.6 4.5 3.9 
5 4.6 4.9 4.7 5.0 4.8 
6 4.8 5.0 4.9 5.0 4.9 
7 5.0 5.0 5.0 5.0 5.0 

Untreated control 
  
  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 
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Table 35 Moisture contents (MC) of OSB panels treated with fungal antagonist before and 

after mould test 
 

Panel treatment MC (%) before mould test MC (%) after mould test 
  Average1 SD2 Average SD 

Gliocladium roseum 7.8 0.30 26.5 0.86 

Phaeotheca dimorphospora 8.0 0.33 26.2 0.70 

Ceratocystis resinifera 8.0 0.43 25.5 0.94 

Untreated control 7.5 0.20 26.6 0.30 
1 Values are means of 15 replicates. 
2 SD = standard deviation. 
 
 
6.6.4 Decay resistance of panels made of aspen strands treated with fungal antagonists  
 
The decay fungi, I. lacteus, G. trabeum, and P. placenta, colonized well on all types of OSB samples 
tested and caused serious weight losses (over 58.6%) of these samples (Table 36). No significant 
differences of weight losses were found between samples in different treatments and controls. The fungus 
T. versicolor did not colonize well on the treated or untreated OSB samples and caused weight losses of 
these samples to 9.6-11.6%. The weight losses of different types of OSB samples caused by T. versicolor 
were also not significantly different from each other. This result indicates that pre-treating aspen strands 
with antagonistic fungi was not effective to control decay in these panels.  In another word, the decay 
resistance of panels can not be improved by a pre-treatment of aspen strands with fungal antagonists.       
 
 
Table 36 Weight losses (%) of various panels made of aspen strands treated with fungal 

antagonists 
 

Fungal treatment White-rot fungus Brown-rot fungus 
 T. versicolor I. lacteus G. trabeum P. placenta 
 Average1 SD2 Average SD Average SD Average SD 

Gliocladium roseum 11.43 2.17 58.60 13.88 64.42 4.43 65.71 3.10 
Phaeotheca dimorphospora 11.62 1.37 65.79 7.34 67.88 2.66 64.44 0.82 

Ceratocystis resinifera 9.66 0.63 61.52 8.33 62.84 9.01 65.09 0.40 
Untreated control 9.62 1.04 66.78 8.54 66.98 3.94 66.92 2.77 

1 Values are means of 6 replicates. 
2 SD = standard deviation. 
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6.6.5 Resin reduction of panels made of aspen strands treated with a lignin degrading fungus  
 
Panels made of aspen strands treated with the lignin degrading fungus, Coriolus hirsutus, had similar 
appearances (Figure 22) but lower density (644-647 kg/m3) than untreated control panels (661 kg/m3, 
Table 37). Reducing resin usage in fungal treated panels did not affect panel density.  Compared with 
untreated control panels (0.277 MPa), the IB property of panels made of fungal treated strands was 
slightly increased by using normal dosage of resin (0.290 MPa) or reduced to 15% (0.309 MPa), but 
slightly decreased in the resin reduction of 30% (0.240 MPa). There was a negative linear correlation of 
panel TS and WA properties with resin reduction by using fungal treated strands: the less the resin used, 
the bigger the TS and WA values were.  For the mechanical property, panels made of fungal treated 
strands had lower dry MOR and MOE values, but higher wet MOR values (except for the resin reduction 
of 30%) than panels made of untreated strands.   
 
 

 
 
Figure 22 Panels made of aspen strands treated with a lignin degrading fungus Coriolus 

hirsutus   
Note: 4=panel made of strands treated with Coriolus hirsutus and a normal amount of resin; 5=panel made of 
strands treated with Coriolus hirsutus and a resin reduction of 15%; 6=panel made of strands treated with Coriolus 
hirsutus and a resin reduction of 30%; 7=panel made of untreated strands and a normal amount of resin. 
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Table 37 Mechanical and physical properties of panels made of aspen strands treated with a 

lignin degrading fungus, Coriolus hirsute,  and reduced amount of resin 
 

Resin Density IB1 TS2 WA3 Dry MOR4 Dry MOE5 Wet MOR
Reduction 
(panel No.) (kg/m3) (MPa) (%) (%) (MPa) (MPa) (MPa) 

0% 
(1) 

 
657 0.273 20.5 35.6 25.51 3422 4.86 

(2) 654 0.300 18.0 35.2 23.08 2953 5.12 
(3) 629 0.299 19.5 36.4 21.46 3309 6.56 

Average 647 0.290 19.3 35.7 23.35 3228 5.51
SD 15 0.015 1.3 0.6 2.04 245 0.92

15% 
(1) 

 
646 0.339 23.8 38.3 24.04 3087 6.12 

(2) 634 0.325 19.1 40.6 26.06 3357 4.77 
(3) 652 0.265 19.7 39.0 20.91 3154 5.99 

Average 644 0.309 20.9 39.3 23.67 3199 5.62
SD 9 0.039 2.5 1.2 2.60 141 0.75

30% 
(1) 

 
632 0.268 26.3 45.9 21.64 2806 3.96 

(2) 648 0.209 27.1 44.6 18.90 2754 3.89 
(3) 656 0.245 24.1 42.7 20.74 3056 2.59 

Average 645 0.240 25.9 44.4 20.43 2872 3.48
SD 13 0.030 1.5 1.6 1.39 162 0.77

Control 
(1) 

 
666 0.309 18.4 33.3 28.37 3792 3.96 

(2) 659 0.240 17.8 36.5 29.07 3828 3.89 
(3) 658 0.283 18.1 34.8 24.78 3355 2.59 

Average 661 0.277 18.1 34.9 27.40 3658 3.48
SD 4 0.035 0.3 1.6 2.30 263 0.77

1 IB, internal bond (average of 5-8 specimens per panel). 
2 TS, 24-h thickness swelling (average of 2 specimens per panel). 
3 WA, 24-h water absorption (average of 2 specimens per panel). 
4 Dry MOR, dry modulus of rupture (average of 2 specimens per panel). 
5 Dry MOE, dry modulus of elasticity (average of 2 specimens per panel). 
 
 
For mould resistance, panels made of strands treated with the lignin degrading fungus and reduced resin 
usage less than 15% were infected by moulds one week later and the mould growth scales were lower 
compared with untreated control panels in 6 weeks (Figure 23). Panels made of strands treated with the 
lignin degrading fungus and a reduced resin usage of 30% had similar mould resistance as the untreated 
panels.  In all treatments, the 4 sides of panels were more infected by moulds than the 2 faces (Table 38).   
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Figure 23 Mould growth on panels made of aspen strands treated with the lignin degrading 

fungus at different weeks of the test  
 
 
Table 38 Mould growth on different faces of OSB panels treated with the lignin degrading 

fungus 
 

Panel type Week Face Ave Sides Overall 
    smooth screen face   scale 

1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 0.9 0.7 0.8 1.7 1.1 
4 2.1 2.0 2.0 3.6 2.6 
5 3.8 3.7 3.7 4.7 4.0 
6 4.3 4.9 4.6 5.0 4.7 
7 4.9 4.9 4.9 5.0 5.0 

Resin reduction 0% 
  
  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 

1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 1.2 0.9 1.1 1.6 1.2 
4 1.9 2.3 2.1 3.4 2.5 
5 3.3 3.9 3.6 4.7 4.0 
6 4.5 4.1 4.3 5.0 4.5 
7 4.9 4.9 4.9 5.0 4.9 

Resin reduction 15% 
  
  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 
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Panel type Week Face Ave Sides Overall 

    smooth screen face   scale 
1 0.0 0.0 0.0 0.0 0.0 
2 0.1 0.1 0.1 0.2 0.2 
3 1.8 1.7 1.8 3.1 2.2 
4 2.7 2.7 2.7 3.9 3.1 
5 4.2 4.4 4.3 4.9 4.5 
6 4.7 5.0 4.9 5.0 4.9 
7 5.0 5.0 5.0 5.0 5.0 

Resin reduction 30% 
  
  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 

1 0.0 0.0 0.0 0.0 0.0 
2 0.3 0.3 0.3 0.5 0.4 
3 2.1 2.5 2.3 3.3 2.6 
4 3.5 3.7 3.6 4.5 3.9 
5 4.6 4.9 4.7 5.0 4.8 
6 4.8 5.0 4.9 5.0 4.9 
7 5.0 5.0 5.0 5.0 5.0 

Untreated control 
  
  
  
  
  
  
  8 5.0 5.0 5.0 5.0 5.0 

 
 
The initial moisture contents of this series of panels were between 7.5-8.1% (Table 39).  At the end of the 
test, the MCs of these panels increased to 24.7-26.6%.  Panels made of strands treated with the lignin 
degrading fungus and a normal resin usage or a resin reduction of 15% absorbed slightly less moisture 
content than the panels made of a resin reduction of 30% and untreated controls. 
 
Table 39 Moisture contents (MC) of OSB panels treated with the lignin degrading fungus 

and reduced resin content before and after mould test 
 

Panel type MC (%) before mould test MC (%) after mould test 
  Average1 SD2 Average SD 

Resin reduction 0% 7.7 0.17 24.7 3.07 

Resin reduction 15% 8.1 0.31 25.7 0.81 

Resin reduction 30% 7.8 0.39 26.1 0.72 

Untreated control 7.5 0.20 26.6 0.30 
1 Values are means of 15 replicates. 
2 SD = standard deviation. 
 
 
For decay resistance, testing results on this series of panels are shown in Table 40. The decay fungi, I. 
lacteus, G. trabeum, and P. placenta, well colonized on all types of samples, and caused weight losses of 
these samples to 59.8-67.8%. However, the white-rot fungus T. versicolor did not colonize well on most 
samples, causing weight losses between 9.6-19.1%. No significant differences of weight losses, caused by 
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any of these four decay fungi, were found between samples made of different resin usages and controls. 
This result indicates that pre-treatment of aspen strands with the lignin degrading fungus did not improve 
the decay resistance of panels made of these strands.  It also indicates that reduction of resin usage in 
panels made of strands treated with the lignin degrading fungus did not reduce the decay resistance of the 
panels. 
 
Table 40 Weight losses (%) of various panels made of aspen strands treated with the lignin 

degrading fungus 
 

Panel type White-rot fungus Brown-rot fungus 
  T. versicolor I. lacteus G. trabeum P. placenta 
  Average1 SD2 Average SD Average SD Average SD 

Resin reduction 0% 19.10 13.48 63.08 7.79 67.24 1.52 *   
Resin reduction 15% 11.33 1.52 67.53 10.17 67.25 6.31 64.18 4.84 
Resin reduction 30% 10.62 1.59 61.46 12.79 67.76 5.87 59.83 9.39 

Untreated control 9.62 1.04 66.78 8.54 66.98 3.94 66.92 2.77 
1 Values are means of 6 replicates. 
2 SD = standard deviation. 
* The samples were contaminated 
 
 
6.7 Protecting OSB panels by post-treatment with natural extracts 
 
6.7.1 Antifungal properties of extracts from the antagonist Phaeotheca dimorphospora 
 
The antifungal property of the extracts of Phaeotheca dimorphospora against various moulds and decay 
fungi is shown in Table 41.  The mycelia growth of all fungi tested was inhibited by the extracts. Among 
the four mould species, Aureobasidium pullulans (growth inhibition zone was 21.5 mm in diameter in 7 
days) and Aspergillus niger (inhibition zone 20.7 mm in diameter) were the most sensitive to the extracts, 
followed by Chaetomium globosum (inhibition zone 14.7 mm in diameter; Figure 24).  Gliocladium 
virens was the least sensitive to the extracts, with a growth inhibition zone of 5.5 mm in diameter. Among 
the decay fungi, the brown-rot fungi were more sensitive to the extracts than the white-rot fungi did. The 
fungal growth inhibition zone for the two brown-rot fungi, Postia placenta and Gloeophyllum trabeum 
(Figure 25), was 60.7 and 38.3 mm in diameter in 7 days, respectively; whereas for the two white-rot 
fungi, Irpex lacteus and Trametes versicolor, it was 22.73 and 15.0 mm, respectively. No fungal growth 
inhibition zone was shown in any plate inoculated with the same amount of acetone alone or in untreated 
controls plates. 
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Table 41 Growth inhibition of moulds and decay fungi on Petri plates by extracts of 

Phaeotheca dimorphospora  
 (7 days at 25ºC) 
 

Growth inhibition zone (mm diameter) Fungus 
Extracts in acetone Acetone alone Untreated control 

Aspergillus niger 20.7 (0.29)1 0 0 
Aureobasidium pullulans 21.5 (1.73) 0 0 
Chaetomium globosum 14.7 (3.62 0 0 

Gliocladium virens 5.5 (1.00) 0 0 
Trametes versicolor 15.0 (2.50) 0 0 

Irpex lacteus 22.3 (10.97) 0 0 
Gloeophyllum trabeum 38.3 (3.62) 0 0 

Postia placenta 60.7 (1.76) 0 0 
1  Data are means of three replications, and standard deviations are presented in parentheses.  
 
 

 
 
Figure 24 Growth inhibition of a mould, Chaetomium globosum, on agar plates by fungal 

extracts of Phaeotheca dimorphospora     
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Figure 25 Growth inhibition of a decay fungus, Gloeophyllum trabeum, on agar plates by 

fungal extracts of Phaeotheca dimorphospora     
 
 
6.7.2 Post-treatment of OSB with extracts of fungal metabolites and cedar heartwood against 

mould  
 
The results of the mould test on OSB panels dip-treated with the fungal extracts are presented in Table 42.  
Untreated control panels were fairly infected by moulds; with an average face infection scale of 4.7, a 
side infection scale of 4.9, and an overall infection scale of 4.7 (maximum 5).  Panel samples dipped with 
the cedar extracts got a slight mould growth on the 2 faces (average scale 1.0) and moderate mould 
growth on the 4 sides (average scale 2.5).  The average overall mould growth scale on these samples 
treated with the cedar extracts was 1.5.  Panel samples dip-treated with the fungal extracts got the 
minimal mould infection among the three groups of panels tested; the average mould growth scales were 
0.4 on the faces, 1.0 on the sides, and 0.6 on the overall.  Panel samples dipped with the fungal extracts 
did not change their original wood colour.  At the end of the test, all untreated samples were covered by 
dense green-greyish moulds, whereas those samples dipped in the fungal extract kept the same panel 
colour as at the beginning of the test (Figure 26).     
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Table 42 Mould growth on aspen OSB panels treated with fungal extracts  
 (8 weeks at 25ºC & 100% RH) 
 

Panel treatment Mould growth scale (0-5) 1 
  Smooth face Screen face Average Sides Overall 

Extracts of Phaeotheca 
dimorphospora 0.6 (0.5) 2 0.2 (0.4) 0.4 (0.4) 1.0 (0.5) 0.6 (0.4) 

Extracts of white cedar 
heartwood 1.5 (1.0) 0.4 (0.5) 1.0 (0.6) 2.5 (1.2) 1.5 (1.1) 

Untreated control 4.9 (0.3) 4.4 (0.7) 4.7 (0.4) 4.9 (0.3) 4.7 (0.3) 
1   0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area 
covered by moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 
2  Data are means of 10 replications, and standard deviations are presented in parentheses.  
 
 

 
 
Figure 26 Moulds growth on aspen OSB panels coated with fungal extracts    
Note: FE=aspen panel coated with fungal extract; AC=untreated aspen panel control. 
 
 
6.7.3 Post-treatment of OSB with cedar heartwood extracts and finishing coats  
 
The results of the mould test on the post-treated panels with extracts of white cedar heartwood and three 
coating products are shown in Table 43.  After a 12-week testing period at 25°C and 100% relative 
humidity, the mould growth was serious on untreated control OSB panels; with an average overall mould 
growth rate of 3.7 (maximum 5). The average overall mould growth rates on panel samples dip-treated 
with the extracts alone at concentrations of 5%, 10% and 15% were 1.7, 1.5 and 0.7, respectively. Panel 
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samples brushed with Durakote Clear Laquer Coating (K-3895-A), Natural Deck Oil, and Wolman Clear 
Wood Preservative alone had the average overall mould growth rates of 0.2, 0.3, and 1.0, respectively. No 
mould growth was detected on any sample dip-treated with the extracts at concentrations of 5%, 10% and 
15%, and then brushed with Durakote Clear Laquer Coating and the Natural Deck Oil. Samples dip-
treated with the extracts at concentrations of 5% and 10%, and then brushed with the Wolman Clear 
Wood Preservative got a slight mould infection (growth rate <1), while those treated with 15% extracts 
and brushed with this coat were free of infection. For all panel samples (surface treated and untreated) 
that were infected by moulds, the four sides got more mould growth than the two faces.  At the end of the 
mould test, the highest of moisture content (MC) of panels was found in untreated control samples 
(average 30.5%), followed by samples treated with the extracts alone (26.8-28.1%). The samples treated 
either with finishing coats alone or with the extracts plus coats had the similar final MCs (around 25.7-
27.6%).    
 
The untreated panels had a natural whitish aspen wood colour, whereas the panel samples brushed with 
finishing coats became yellowish (Figures 27, 29, 31). Panel samples dipped in cedar extracts and brushed 
with finishing coats changed to a light brownish colour; the more extracts used, the more brownish the 
samples were. At the end of the mould test, untreated panel samples became green-greyish in colour, 
whereas treated samples had the similar colour as at the beginning of the test (Figures 28, 30, 32, 33).      
 
Table 43 Mould growth on OSB panels coated with cedar extracts and three finishing coats 

(12 weeks at 25ºC & 100% RH) 
 

Panel  Average MC (%) Mould growth rating scale (0-5) 2 
 type1 at the end of test Smooth face Screen face Average Sides Overall 

A-0 26.3 0.00 0.20 0.10 0.30 0.17 
A-5 26.5 0.00 0.00 0.00 0.00 0.00 
A-10 26.2 0.00 0.00 0.00 0.00 0.00 
A-15 26.7 0.00 0.00 0.00 0.00 0.00 
B-0 25.7 0.30 0.00 0.15 0.60 0.30 
B-5 26.4 0.00 0.00 0.00 0.00 0.00 
B-10 27.6 0.00 0.00 0.00 0.00 0.00 
B-15 26.5 0.00 0.00 0.00 0.00 0.00 
C-0 25.9 0.70 1.00 0.85 1.30 1.00 
C-5 27.2 0.00 0.20 0.10 0.00 0.07 
C-10 26.1 0.00 0.10 0.05 0.00 0.03 
C-15 27.4 0.00 0.00 0.00 0.00 0.00 
E-5 26.8 1.90 1.10 1.50 2.20 1.73 
E-10 28.1 1.70 1.00 1.35 1.70 1.47 
E-15 28.1 0.90 0.20 0.55 0.90 0.67 

Control 30.5 3.80 3.30 3.55 4.10 3.73 
1 A=Durakote Clear Laquer Coating (K-3895-A); B=Natural Deck Oil; C=Wolman Clear Wood Preservative; E= extract alone; 
0=0%; 5=5%; 10=10%; and 15=15%. 
2 0=no mould growth; 1=<5% area covered by moulds; 2=>5<25% area covered by moulds; 3=>25<50% area covered by 
moulds; 4=>50<75% area covered by moulds; 5=>75% mould coverage. 
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Figure 27 Aspen OSB panels coated with cedar heartwood extracts and Durakote Clear 

Laquer Coating before mould test    
 

 
 
Figure 28 Aspen OSB panels coated with cedar heartwood extracts and Durakote Clear 

Laquer Coating after mould test    
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Figure 29 Aspen OSB panels coated with cedar heartwood extracts and a Natural Deck Oil 

before mould test    
 

 
 
Figure 30 Aspen OSB panels coated with cedar heartwood extracts and a Natural Deck Oil 

after mould test    
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Figure 31 Aspen OSB panels coated with cedar heartwood extracts and Wolman Clear Wood 

Preservative before mould test    
 

 
 
Figure 32 Aspen OSB panels coated with cedar heartwood extracts and Wolman Clear Wood 

Preservative after mould test    
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Figure 33 Moulds growth on aspen OSB panels coated with cedar heartwood extracts alone    
 
 
At the end of the decay test, the untreated control samples were fully covered with dense white mycelia of 
decay fungi, whereas most post-treated samples were covered by sparse fungal hyphae and fungal growth 
on these samples was poor (Figure 34).  After cleaning fungal mycelia and hyphae off the samples, the 
untreated control speciments were fully decayed, whereas many specimens post-treated with cedar 
heartwood extracts and finishing coats were still sound (Figures 35 and 36).    
 
The results of weight losses of these post-treated and untreated panel samples caused by the 4 decay fungi 
used are summarized in Table 44. Two decay fungi, one white–rot I. lacteus and one brown-rot G. 
trabeum, colonized well on all untreated controls samples and caused weight losses of 75.2% and 64.4, 
respectively.  Another brown-rot fungus P. placenta grew well on most untreated samples but with a large 
variation.  Again, the white-rot fungus T. versicolor did not colonize on any of test samples well and 
caused an average weight loss of untreated samples only by 2.5%. This fungus is not suitable for use in 
the decay test for OSB panels; even if it is good for testing solid wood.  OSB samples post-treated with 
white cedar heartwood extracts alone slightly reduced weight losses compared with untreated controls.  In 
most cases, the higher concentration of the extracts was used; the less weight loss of samples was 
obtained. For example, the untreated control samples lost an average weigh of 64.4% caused by G. 
trabeum, whereas the samples treated with 5%, 10% and 15% of the extracts resulted in the weight losses 
of 60.5%, 59.9% and 40.5%, respectively.  P. placenta was more sensitive to the extracts than the other 
decay fungi, and little weight losses were caused by this fungus on samples treated with 10% and 15% of 
the extracts alone.   
 
For the 3 finishing coats used, coat A itself was highly resistant to decay, and OSB samples coated with 
this coat alone lost 9.8%, 0.7% and 0.5% of their weights, caused by I. lacteus, G. trabeum and P. 
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placenta, respectively. Pre-treating panel samples with white cedar heartwood extracts before brushing 
coat A did not further reduce weight losses of samples compared to those brushed with coat A alone.  
Coat B itself was not resistant to decay, and pre-treating panel samples with white cedar heartwood 
extracts before brushing this coat greatly increased panel resistance to decay.  For example, the samples 
coated with coat B alone lost an average weigh of 52.8% by P. placenta, whereas samples treated with 
5%, 10% and 15% of the extracts and the coat B showed weight losses of 20.0%, 12.8% and 0.8%, 
respectively. Coat C itself was highly resistant to P. placenta, and moderately resistant to I. lacteus and G. 
trabeum. Pre-treating panels with white cedar heartwood extracts before brushing coat C increased the 
decay resistance of the panels to G. trabeum but not to I. lacteus.   
 
 

 
 
Figure 34 Untreated control and post-treated aspen OSB samples coated with cedar 

heartwood extracts and a finishing coat at the end of the decay test    
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Figure 35 Decay of various post-treated aspen OSB samples caused by a white-rot fungus    
 
 
 

 
 
Figure 36 Decay of various post-treated aspen OSB samples caused by a brown-rot fungus    
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Table 44 Weight losses (%) of various panels coated with cedar extracts and three finishing 
coats 

 
Panel type1 White-rot fungus Brown-rot fungus 

 T. versicolor I. lacteus G. trabeum P. placenta 
 Average2 SD3 Average SD Average SD Average SD 

A-0 0.67 0.82 9.83 14.24 0.66 0.29 0.47 0.33 
A-5 0.97 0.35 14.27 14.60 0.79 0.18 0.72 0.29 

A-10 0.98 0.41 13.77 13.91 1.29 0.51 0.86 0.33 
A-15 1.68 0.75 11.52 15.91 1.07 0.26 1.13 0.27 
B-0 14.40 21.47 50.66 2.10 56.17 11.10 52.82 6.18 
B-5 1.44 1.18 42.84 13.27 51.79 3.68 20.03 29.44 

B-10 2.10 1.41 66.75 3.45 32.84 20.75 12.78 19.18 
B-15 2.03 0.79 36.15 17.94 25.69 27.19 0.83 0.37 
C-0 1.19 0.19 38.19 8.50 12.80 18.20 1.67 0.32 
C-5 1.44 1.05 32.81 5.78 1.60 0.32 1.48 0.31 

C-10 1.33 0.40 29.75 3.92 1.86 0.34 1.68 0.22 
C-15 4.79 4.45 32.36 11.44 1.72 0.73 1.94 0.55 
E-5 1.90 0.35 70.74 6.16 60.48 3.05 40.32 30.44 

E-10 7.65 10.07 71.78 2.66 59.90 3.64 0.54 0.17 
E-15 3.04 0.62 60.71 4.92 40.45 18.69 1.36 1.30 

Control 2.52 0.35 75.21 1.98 64.38 4.62 30.73 30.79 
1 A=Durakote Clear Laquer Coating (K-3895-A); B=Natural Deck Oil; C=Wolman Clear Wood Preservative; E= extract alone; 
0=0%; 5=5%; 10=10%; and 15=15%. 
2 Values are means of 6 replicates. 
3 SD = standard deviation. 
 
 

7 Conclusions 
 
Part I: developing a biological technology to protect OSB raw materials from biodegradation 
All unprotected logs for OSB manufacturing were seriously degraded by moulds, stain and decay fungi 
after a five-month summer storage period. Among untreated logs, all three wood species were seriously 
degraded. Logs with bark were more degraded than those without, and log ends were more degraded than 
middle sections. After summer storage, 55% to 83% of the wood areas of log discs were degraded in the 
untreated logs. Biologically treated logs only showed 4% to 16% infection by various fungi. The 
biological treatment was more effective on debarked logs than on bark-on logs, and also more effective 
on yellow birch and aspen than on red maple. Strands cut from untreated logs contained 50% to 75% of 
grey or blue stained strands, whereas those cut from biologically treated logs contained 10% to 25% of 
such strands. Panels made from biologically treated logs had the lowest TS and WA values compared 
with panels made from fresh-cut logs or untreated logs. The other physical and mechanical properties 
were comparable among various panels made in this test. For the mould resistance, all panels made from 
fungal treated logs had better mould resistance than those panels made from freshly cut and untreated 
logs. Panels made of strands cut from fungal treated debarked logs had better mould resistance than the 
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panels made from fungal treated bark-on logs. Panels made of strands cut from fungal treated logs stored 
for 5 months had similar mould resistance as those panels made from fungal treated logs stored for a year.    
 
Part II: investigating antifungal properties of barks from various wood species 
The testing of antifungal properties of bark from six wood species showed that based on the colony 
growth rate of these fungi on bark-extract-agar media, white spruce bark was the best at inhibiting growth 
of these fungi, followed by red maple bark. White cedar and balsam fir bark somehow inhibited certain 
fungi tested. Aspen and yellow birch bark did little or nothing at all to inhibit fungal growth. The 
heartwood-extract-agar medium of white cedar not only inhibited decay fungi growth, but also inhibited 
the growth of moulds and staining fungi.   
 
Part III: developing a biological treatment technology by using naturally resistant wood species to 
increase the durability of panels against mould, stain and decay 
The three-layer panels made from white cedar heartwood strands in the face layers and whole aspen 
strands in the core layer at a ratio of 25:50:25 had blown out after panel pressing; however, these panels 
were only slightly infected by moulds and decay. The overall mould infection rate on panels with white 
cedar heartwood in surface was 0.8, which indicated that the panels were mould resistant. Panels with 
white spruce heartwood in surface were the most resistant to mould on both their faces and sides. The 
overall mould infection rate on panels with white spruce heartwood in surface was only 0.2 after 8 weeks 
exposure to high humidity environmental conditions. In addition to being mould resistant, panels with 
white spruce heartwood in surface also had better panel IB, MOR and MOE properties, compared with 
aspen panels. The panels with Eastern larch heartwood in surface were heavily infected by moulds, which 
indicated that Eastern larch was a mould susceptible species even though it was reported to be moderately 
decay resistant. The overall mould infection rate on panels with Eastern larch in surface was 3.7, which 
was similar to aspen control panels. The aspen panels (serving as controls) were seriously infected by 
moulds and had overall mould infection rates ranging from 3.8 to 4.9.   
 
Aspen panels with white cedar whole-wood strands (including both sapwood and heartwood) in surface 
made at a ratio of 25:50:25 and pressed at 220°C for 150 seconds had IB, TS, WA and MOE values that 
were similar to those of aspen panels, but had a higher MOR. All properties of this type of panel met the 
requirements of the standard. This type of panel also had little infection from moulds, especially on their 
face layers. The overall rate of this type of panels was 1.0, which indicated that the panels were resistant 
to mould infection. This type of panel was highly resistant to brown rot and moderately resistant to white 
rot.  
 
Panels made from steam-treated white cedar whole-wood strands and aspen strands at a ratio of 3:7 based 
on oven-dry weight, also had low infection rates: average face infection rated as 1.2; side infection rated 
as 2.4 and overall infection rated as 1.6. Compared with aspen panels, this type of panel also had high 
MOR and MOE and low TS and WA values.   
 
Aspen panels with white cedar whole strands in surface at a ratio of 25:50:25 and pressed at 240°C for 
180 seconds had the best mechanical and physical properties. All panel samples were slightly infected by 
moulds on the face layers. A fair amount of mould occurred on the sides of the panels pressed at 200°C 
for 160 seconds or 180 seconds and those pressed at 240°C for 180 seconds. The panels pressed at 240°C 
for 160 seconds were the least infected by mould (with an infection rate of 0.3). Panels pressed at 200°C 
had a white-yellowish colour, whereas those pressed at 240°C were yellow-brownish and darker than 
those pressed at 200°C. Panels pressed at 200°C for 160 or 180 seconds and those pressed at 240°C for 
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160 seconds were highly decay resistant, especially to brown rot. The decay resistance of panels pressed 
at 240°C for 180 seconds was lower compared with other panels.   
 
Compared with aspen panels, panels with steam-treated white cedar strands and aspen strands in surface 
at a ratio of 7:3 based on oven-dry weight had higher TS, WA, MOR and MOE values and a similar IB 
value. Panels with steam-treated white cedar strands and aspen strands in surface at a ratio of 4:6 based on 
oven-dry weight had the highest IB value. Mould and decay resistance decreased as the proportion of 
white cedar strands in the face layers decreased.  
 
Panels made from 100% white cedar strands or a mixture of white cedar and aspen (50:50) in the core 
layer were blown after pressing. Panels made from a mixture of white cedar and aspen strands at a ratio of 
25:75 in the core layer and with aspen strands in surface had superior IB, MOR and MOE values to other 
panels; however, their TS and WA values were also higher than those of panels with white cedar in 
surface. Panels made from a mixture of white cedar and aspen strands at a ratio of 25:75 in the core layer 
and with white cedar strands in surface had the worst physical and mechanical properties of the panels 
made for this test. The mould test results showed that panels made from a mixture of white cedar and 
aspen strands at a ratio of 25:75 in the core layer and with aspen strands in surface was seriously attacked 
by moulds. No mould infection was found on panels made from 100% white cedar strands. Panels made 
from a strand mixture of white cedar (50%) and aspen (50%) in the core layer and white cedar strands in 
the face layers were slightly infected by mould.   
 
Compared with the control aspen panels, aspen panels with white cedar whole-wood strands in surface at 
a ratio of 15:70:15 had similar IB and TS values, a lower WA value and higher MOR and MOE.  When 
the white cedar strand proportion in the face layer was increased from 15% to 25%, IB strength and WA 
of panels decreased, whereas the MOR and MOE increased. The panel with white cedar strands in surface 
at a ratio of 15:70:15 had little infection from moulds on face and bottom layers, but an increased 
infection rate on all four sides. The average overall infection rate for this type of panel was 0.5. Increasing 
the white cedar in the face layer of the panel from 15% to 25%, the average infection rate on the panel 
faces was still 0.1, but the infection rate of the panel sides dropped from 1.2 to 1.0. The overall rate was 
0.4. In terms of decay resistance, panels with 25% white cedar strands in surface performed better than 
those with 15% in surface.   
 
Part IV: developing a biological treatment technology by using fungal antagonists to increase the 
durability of panels against mould, stain and decay 
All of the 4 fungal species used in the test were well colonized on aspen strands in four weeks, and 
strands in all treatments had normal wood color before panel manufacturing. For bonding property (IB), 
panels made of fungal treated strands were better or similar as those control panels.  Panels made of 
fungal treated strands had higher thickness swelling (TS) and water absorption (WA) rates than untreated 
control panels. For mechanical properties, panels made of fungal treated strands had slight lower dry 
MOR and higher wet MOR than untreated control panels. For mould resistance, panels made of fungal 
treated strands were infected by moulds one week delayed than untreated control panels, and deduction of 
mould affection rates was detected on all three types of fungal treated panels within 6 weeks.  After 6 
weeks, all panels, treated or untreated, were seriously infected by moulds. At the end of the test, the 
moisture content of all panels reached 25.5-26.6%, and there were no significant differences between 
different treatments and controls. 
 
Panels made of aspen strands treated with the lignin-degrading fungus, Coriolus hirsutus, had lower 
density than untreated control panels. Reducing resin usage in fungal treated panels did not affect panel 
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density. Compared with untreated control panels, the IB property of panels made of fungal treated strands 
was slightly increased by using normal dosage of resin or a reduced resin dosage to 15%, but slightly 
decreased with a resin reduction of 30%. There was a negative linear correlation of panel TS and WA 
properties with resin reduction by using fungal treated strands: the lesser the resin used, the larger the TS 
and WA values were.  For the mechanical property, panels made of fungal treated strands had a lower dry 
MOR and MOE values, but a higher wet MOR values (except for a resin reduction of 30%) than panels 
made of untreated strands. For mould resistance, panels made of strands treated with the lignin degrading 
fungus and a reduced resin usage of 15% or less were infected by moulds one week later and the mould 
growth scales were lower than the untreated control panels in 6 weeks. Panels made of fungal treated 
strands and resin reduction of 30% had a similar mould affection rate as untreated panels. 
 
Part V: protecting OSB against moulds and decay by post-treatment of panels with natural extracts 
from durable wood species and from fungal antagonist  
The mycelia growth of all fungi tested (moulds, staining fungi, white-rot and brown-rot fungi) was 
inhibited by the extracts of white cedar heartwood and extracts of the fungal antagonist, Phaeotheca 
dimorphospora on agar plates. Panel samples dipped with the cedar extracts got slight mould growth on 
the 2 faces and moderate mould growth on the 4 sides, whereas the panel samples dip-treated with the 
fungal extracts got the minimal mould infection among the panels tested.  Panel samples dipped with 
cedar extracts changed into a light brownish colour, whereas those panels treated with the fungal extracts 
did not change their original wood colour.  
 
The mould test on the post-treated panels with the extracts of white cedar heartwood and three coating 
products showed that after a 12-weeks testing period at 25°C and 100% relative humidity, the mould 
growth was serious on untreated control OSB panels, while slight to moderate mould growth was detected 
on panel samples dip-treated with the extracts alone at concentrations of 5%, 10% and 15% or with the 
coats alone. No mould growth was detected on any sample dip-treated with the extracts at concentrations 
of 5%, 10% and 15%, and then brushed with two finishing coats. The decay test on these post-treated 
panels showed that after a 16-week exposure to 4 decay fungi in soil bottles, most treated samples had 
much less weight losses than untreated control samples. For a non decay-resistant coating product, a pre-
treatment of OSB panels with the extracts of white cedar heartwood before brushing the coat on largely 
increased the decay resistance of the panels. 
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