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Abstract 

A series of studies were conducted in this project including 1) Evaluating the effect of the wetwood 

control agent on wood weight loss; 2) Evaluating the effect of the wetwood control agent on wood 

strength loss; 3) Evaluating the effectiveness of the wetwood control agent on western wood species; 4) 

Investigating natural distribution of the wetwood control agent in balsam fir logs and lumber; 5) 

Stimulating natural colonization and enhancing growth of the wetwood control agent; 6) Optimizing 

biological formulation and shelf life; 7) Studying the feasibility of biological stimulation for natural 

colonization; and 8) Identifying potential commercial partners, product registration and new substances 

notification. 

 

The results showed that the two wetwood control isolates were able to cause weight losses of the fresh 

sapwood of balsam fir, sub-alpine fir and hemlock tested; however, the amount of the weight losses 

caused by the wetwood control agent was significantly lower than the one caused by the true decay fungi. 

The wetwood control isolates were unable to cause wood strength loss of treated balsam fir lumber after 

an outside summer storage of 8 weeks. Both isolates of the wetwood control agent grew well on the 

western wood species such as sub-alpine fir or hemlock and reduced moisture contents from these wood 

species. 

 

A total of 456 cultures were isolated from bark of balsam fir logs, 295 cultures were isolated from the 

wood of logs, and 110 cultures were isolated from sawn lumber. Among these cultures, 2% of the 

wetwood control agent were isolated from bark, 6% of them were from wood and 5% from lumber.  

Studies also showed that pre-treating wood with 1% bleach solution or steaming at 100°C for 10 minutes 

could stimulate the growth of the wetwood control agent on balsam fir wood.    

 

Considering the high efficacy and the low cost, the best formulation of the wetwood control agent was 

identified as a concentrated spore suspension. Such a formulation could be stored or transported at 

ambient temperature, at 4°C or at -20°C; however, the highest survival rate was observed from those 

cultures stored at 4°C, which survived 100% for 3 months and 68% for 6 months. The moisture content 

loss from balsam fir logs treated with the culture of the wetwood control agent was 43.6% after a 2-month 

storage period. The potential commercial partners for commercializing this bio-product have been 

identified. 
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1 Objectives 

 Promote natural growth of a wetwood control agent on wetwood species.  

 Evaluate the efficacy and economic benefit of such a process. 

 

 

2 Introduction 
Wetwood has higher moisture content (MC) and lower permeability than normal wood and causes serious 

problems for lumber drying.  Sawmills drying lumber containing wetwood, such as balsam fir, struggle to 

control drying time and lumber quality. The economic loss resulting from wetwood is enormous. Based 

on the conservative estimate that, due to wetwood, lumber products are downgraded 5% and drying times 

are increased by 15%, a sawmill producing 100 MMfbm per year with 20% proportion of lumber 

containing wetwood will lose over $500,000 per year.  The wetwood control agent developed by Forintek 

could reduce drying time by 33%, reduce warping by up to 13%, and reduce checking by up to 30%. The 

treatment could reduce lumber degrading loss by $8.5-37.4/Mfbm. 

 

Effectively reducing MC of wetwood is a main focus for wood drying research, and recently a biological 

method has been successfully used to pretreat wetwood lumber before kiln drying (Yang 2007). In this 

previous project, the causal agents of wetwood were isolated from balsam fir, sub-alpine fir and aspen. 

The selected biological control agent was tested on balsam fir wetwood and demonstrated promising 

results. A further field test showed that pretreating wetwood lumber with the selected biological agent 

resulted in significant reduction of warping and checking rates, as well as drying time, compared to 

untreated controls. 

 

After presenting these results to the Lumber Manufacturing TAC and NRPC Meeting in January 2007, 

one of the key matters arising from the industry members was to promote technical transfer and 

commercialization of the wetwood control agent developed in this project. To realize this objective, key 

actions have been identified.  During the past 2 years, eight experiments and tasks were completed in the 

project. 

 

1. Evaluating the effect of the wetwood control agent on wood weight loss. 

2. Evaluating the effect of the wetwood control agent on wood strength loss.    

3. Evaluating the effectiveness of the wetwood control agent on western wood species. 

4. Investigating natural distribution of the wetwood control agent in balsam fir logs and lumber. 

5. Stimulating natural colonization and enhancing growth of the wetwood control agent. 

6. Optimizing biological formulation and shelf life. 

7. Studying the feasibility of biological stimulation for natural colonization. 

8. Identifying potential commercial partners, product registration and new substances notification. 

 

The test data and results of these experiments and tasks are reported in this report. 
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3 Background 

3.1 The origin and identity of the wetwood control agent  

The two fungal strains selected as wetwood control agent were originally isolated from logs in a sawmill 

located in Quebec, Canada. The strain A was isolated from a jack pine log numbered as DP3/5B-3a in 

1998, and the strain B was isolated from a balsam fir log numbered as DF3/1B-1b in the same year. Since 

both fungal strains only presented their Deuteromycetes form (asexual stage) on agar plates, they were 

temporary identified as Oidium sp.A and Oidium sp.B.  In the later days, after these 2 fungal strains were 

selected as wetwood control agent, these 2 fungal strains were sent to the National Fungal Identification 

Service, Agriculture and Agri-Food Canada located in Ottawa, Canada for identification. These 2 strains 

were confirmed to belong to a same fungal species, and the asexual stage of this fungus is not Oidium sp., 

but Geotrichum sp.  Later, based on more identification data, this fungus was finally identified as 

Phlebiopsis gigantea (Fr.) Jülich. The one isolated from the jack pine log was named as Phlebiopsis 

gigantea strain A, and the one isolated from the balsam fir log was named as Phlebiopsis gigantea 

strain B. 

 

3.2 What do we know about Phlebiopsis gigantea (Fr.) Jülich.  

Phlebiopsis gigantea (=Peniophora gigantea, =Phlebia gigantea, =Phanerochaete gigantea, 

=Thelephora gigantea) belongs to Basidiomycetes and is a common saprophytic fungus colonized on 

conifer logs and stumps. It is used as a biological control of conifer tree root rot, caused by 

Heterobasidion annosum, for a long history in Western Europe (Rishbeth 1963, Hodges 1964). In the 

United States, P. gigantea was used as a biological control agent for H. annosum caused pine tree root rot 

from the 1970s to 1995 (Ross and Hodges 1981). Currently, the Environmental Protection Agency of the 

USA requests to register P. gigantea as a pesticide. 

 

P. gigantea is found worldwide on the bark and wood of gymnosperms (such as on species of Pinus, 

Picea, Abies and Tsuga). Asexual stage of P. gigantea produces sparse white mycelia and colourless oidia 

spores. The sexual stage fruiting body of P. gigantea grows flat (1mm thick or less) along the wood 

surface after long colonization time. The fruiting body of P. gigantea produces sexual spores 

(basidiospores) that become airborne and spread to wood via the wind and rain, and it also has an asexual 

stage that produces spores (oidia) from mycelial fragmentation. The asexual spores are easily produced on 

artificial media in the laboratory, and easily identified as a species of Oidium or Geotrichum. 

 

The mode of action of P. gigantea as a biological control agent has been studied, and the hyphae of this 

fungus antagonize the hyphae of other fungi on contact - a phenomenon termed hyphal interference. Any 

hypha of any other fungi that makes contact with a hypha of P. gigantea shows rapid, localized 

disruption: the protoplasm becomes disorganized and its membrane integrity is affected. 

 

P. gigantea is now commercially available in England, Sweden, Norway, Switzerland and Finland. The 

English product is a spore suspension and is sold by the Forest research (formerly by Omex Ltd) under 

the name Pg Suspension. The Finnish product is a dry formula that is sold by Verdana Oy (formerly by 

Kemira Oy) under the name Rotstop. In the United States, P. gigantea was commercially available until 

1995 when the Environmental Protection Agency notified the Forest Service that P. gigantea was a 

biological pesticide and would need registration as such. 
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5 Materials and Methods 

5.1 Evaluating the effect of the wetwood control agent on wood weight loss  

The effect of the wetwood control agent on wood weight loss was done following the standard method of 

testing wood decay by laboratory soil-block cultures (AWPA E10-91). In this test, fresh sapwood of 

balsam fir, sub-alpine fir and hemlock were cut into the required sample size (19 mm x 19 mm x 19mm, 

Figure 1) and 24 wood blocks were cut from each species. The wood samples were dried at 50ºC for 

3 days to a constant weight, and then weighed. These wood samples were divided into 4 groups for each 

species; 6 replicates per group. Two groups of samples per species were exposed to 2 isolates of the 

wetwood control agent (Phlebiopsis gigantea strain A and Phlebiopsis gigantea strain B), one group 

exposed  to a white-rot fungus (Irpex lacteus), and another group exposed  to a brown-rot fungus 

(Gloeophyllum trabeum) in glass jars half-filled with soil prior to adding wood blocks. The inoculated 

samples were incubated in an environmental chamber set at 25°C and 75% relative humidity (RH) 

(Figure 2). After a 16-week incubation period, wood blocks were removed from glass jars, cleaned off 

decay fungal mycelia from each sample, and weighed to determine wood moisture content after decayed. 

All samples were dried at 50°C for 3 days to a constant weight, and then weighed to determine percentage 

of weight losses. The effect of wetwood control agent on wood weight loss was determined by the 

average weight losses of the samples exposed to each fungus and compared with the decay fungal 

controls. 

 

 
 

Figure 1 Wood samples prepared for laboratory soil-block decay test 
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Figure 2 Laboratory soil-block decay test in incubation chamber 
 

5.2 Evaluating the effect of the wetwood control agent on wood strength loss  

Parallel to the wood weight loss test, the effect of the wetwood control agent on wood strength loss was 

also investigated. In this test, two wetwood control fungal isolates (P. gigantea strain A and P. gigantea 

strain B) were cultured on 2% malt extract agar plates for 7 days at 25°C. Mycelial plugs were cut from 

actively growing fungal colonies and transferred to 1-L flasks containing 500 ml of 1.5% malt extract 

broth medium. The flasks were incubated on a shaker (120 rpm) at 25°C for 14 days, then, biomass inside 

flasks was ground into fungal suspension with a homogenizer. The spore suspension was adjusted to 1 x 

10
6
 spores/ml with sterile water.  

 

Balsam fir boards (2 x 4 inch x 4 feet, Figure 3) with heavy wetwood were freshly cut from logs in 

Maibec sawmill located at St-Pamphile and immediately transported to Forintek. A total of 60 boards 

were selected, and they were divided into 3 groups; each contained 20 boards. Two groups of boards were 

treated with the 2 wetwood control fungal isolates, respectively (Figure 4), and one group of 20 boards 

was untreated control samples. Each group of boards was piled together with stickers between groups. A 

plastic sheet was laid on the top of the board pile to prevent direct sunshine and rain penetration (Figure 

5). After storing for 8 weeks in the yard, the boards were weighed and kiln tried to a MC of 12%.  The 

dried boards were conditioned at 20°C and 65% RH to a constant MC for three weeks, and then wood 

strength including modulus of elasticity (MOE) and modulus of rupture (MOR) of each board was 

measured based on a standard testing method (ASTM D 4761-05, Figure 6). 
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Figure 3 Balsam fir boards prepared for wood strength loss test 
 

 
 

Figure 4 Inoculation of wetwood control agent on balsam fir boards  
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Figure 5 Treated and untreated balsam fir boards in outdoor storage  
 

 
 

Figure 6 Mechanical tests on treated and untreated balsam fir boards 
 

5.3 Evaluating the effectiveness of the wetwood control agent on western wood 
 species  

The test on the evaluation of the wetwood control agent on western wood species was conducted with the 

aid of Liping Cai, a drying scientist at the Western Laboratory.  In this test, two isolates of the wetwood 

control agent (P. gigantea strain A and P. gigantea strain B) were cultured on 2% malt extract agar plates 

at 25°C for 7 days. Mycelial plugs were cut from actively growing fungal colonies and transferred to 
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500 ml flasks containing 300 ml of 1.5% malt extract broth medium. The flasks were incubated on a 

shaker (120 rpm) at 25°C for 14 days, then, mycelial mass inside flasks was ground into fungal 

suspension with a homogenizer.  

 

Freshly-sawn sub-alpine fir and hemlock lumber (2 x 4 inch) with heavy wetwood were prepared by 

Liping in the Western Laboratory and promptly transported to the Eastern Laboratory. After arriving, 

these boards were cut into 1-inch thick samples (Figures 7 & 8). These samples were each weighed 

immediately and dipped 1 minute in the fungal suspension (10 samples per fungal isolate). After 

treatment, wood samples were put in an incubator at 25°C and 100% of RH for 2 weeks and then at 25°C 

and 75% RH for the remaining 6 weeks (Figure 9). One group of samples (10 samples per species) 

served as untreated controls in the same environmental conditions.  Samples were inspected at 2, 4, 6 and 

8 weeks after the treatment. During each inspection, fungal growth on wood samples from inoculated 

fungi or from contaminated fungi was evaluated, and each sample was weighed to determine its moisture 

content. 

 

 
 

Figure 7 Wetwood block of sub-alpine fir  
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Figure 8 Wetwood block of hemlock  
 

 
 

Figure 9 Incubation of treated and untreated sub-alpine fir and hemlock wetwood blocks 
 

5.4 Investigating natural distribution of the wetwood control agent in balsam fir 
 logs and lumber 

The natural distribution of the wetwood control agent in balsam fir logs and lumber was investigated. To 

conduct this test, a visit to Maibec sawmill located at St-Pamphile was arranged in June 2008. During the 

visit, sampling was conducted randomly on 30 balsam fir logs from a log pile (Figure 10). From each log, 

one sample (including both bark and wood) was taken from the base, one was taken from the middle 

section, and one was taken from the top. Each sample was put in a plastic bag and a total of 90 samples 
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were taken. These samples were brought to the laboratory for analysis of natural distribution of the 

wetwood control agent in balsam fir logs.  In addition to log samples, 60 wood samples were also taken 

from 30 balsam fir boards (2 x 4 inch x 8 feet) immediately after sawing (Figures 11 & 12).  

 

In the laboratory, small chips of bark or wood (3 x 5 x 2 mm) were taken separately from each sample and 

were aseptically transferred to culturing plates holding a malt extract agar, 4 pieces per plate (Figures 13 

& 14). The culturing plates were incubated at 25 C for 3-7 days and then examined for the formation of 

fungal colonies, followed by purification. Each fungal colony isolated from these wood samples was 

identified under a microscope. 

 

 
 

Figure 10 Sampling from balsam fir logs 
 

 
 

Figure 11 Freshly-sawn balsam fir lumber with heavy wetwood 
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Figure 12 Sampling from balsam fir lumber 
 

 
 

Figure 13 Laboratory isolation of fungi from balsam fir logs and lumber 
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Figure 14 Wood samples grown in plate containing 2% of malt extract agar 
 

5.5 Laboratory test on stimulating natural colonization and enhancing growth of 
 the wetwood control agent  

The clean kiln-dried balsam fir lumber was selected from sawmill and cut into 6 cm x 6 cm x 1 cm wood 

wafers. The wood wafers were submerged in sterile distilled water for 48 hours, and the moisture content 

of the wood wafers were measured as 60.8 + 2%. The wood wafers were divided into 7 groups, 10 wafers 

per group, and were treated separately by: a) 1% sodium carbonate (Laboratoire MAT, Quebec, Canada); 

b) 1% acetic acid (1 N, Fisher, ON, Canada); c) 1% bleach solution (5.25% sodium hypochlorite, Hero 

Canada, Toronto, Canada); d) 1% salt solution (Laboratoire MAT, Quebec, Canada); e) 1% sugar solution 

(Alimentation Sunbec Foods Inc., Laval, Canada); f) steaming at 100°C for 10 min (Autoclave AMSCO 

Scientific SG120, Quebec, Canada), and g) untreated controls.  The wood wafers were dipped 1 minute in 

different solutions, respectively. After the treatment, one mycelia agar plug of a 7 day-old fresh culture of 

P. gigantea strain A or P. gigantea strain B was inoculated on the centre of each wafer, 5 wood blocks 

per species per group.  The inoculated wood wafers were put in a sealed growth chamber and incubated at 

25°C and 100% RH for 14 days, and then the diameter of the fungal colony grown on each wood wafer 

was measured (Figures 15 & 16). The colony sizes of the contaminated fungi, if any appeared on wood 

wafers, were also recorded. 
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Figure 15 Incubation of inoculated wood wafers in an incubator at 25ºC and 100% relative 

 humidity 
 

 
 

Figure 16 Fungal colony grown on wood wafers for measurement after incubation for 

 14 days  
 

5.6 Optimizing biological formulation and shelf life  

A literature search was conducted on the formulation and production of the fungus Phlebiopsis gigantean. 

The production and formulation methods need to be at low cost with a high yield of viable spores. 

Considering the high efficacy and the low cost of the product, developing liquid fermentation for rapid 

spore production and using a concentrated P. gigantea suspension as a formulation was identified as the 

most suitable option for our application.  
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To determine the shelf life of such a formulation, the wetwood control agent, P. gigantea (isolate A), was 

cultured in liquid medium (1.5% malt extract broth) on a shaker for 14 days, and the culture was ground 

into spore/mycelia suspension. The suspension was filled 25 ml in each 50-ml sterile tube, a total of 12 

tubes were filled. The tubes were divided into 3 groups (4 tubes each group) and put at: 1) room 

temperature; 2) at 4°C; and 3) at -20°C for storage.  The viability of the suspension in the test tubes was 

tested at different storage times, such as before storage, 1 month, 3 months and 6 months in different 

storage conditions.  At each test, the suspension was diluted to 500 and 1000 times with sterile water, and 

0.5 ml of each diluted solution was uniformly applied to cover the whole surface of a Petri plate holding 

2% of a malt extract agar medium (3 plates per solution). These plates were cultured at 25°C for 6 days, 

then the colony forming unit (CFU) on each plate was counted.   

 

5.7 Studying the feasibility of biological stimulation for natural colonization 

5.7.1 Preparation of fungal culture 

The wetwood control agent, P. gigantea (isolate A), was cultured on 2% malt extract agar plates for 

7 days at 25°C. Mycelia plugs were cut from actively growing fungal colonies and transferred to 1-L 

flasks containing 500 ml of 1.5% malt extract broth medium. Each flask was inoculated with 5 plugs of 

the fungus. The flasks were incubated on a shaker (120 rpm) at 25°C for 14 days, then, mycelia mass 

inside flasks was ground into a spore/mycelia suspension with a homogenizer. The spore/mycelia 

suspension was adjusted to 1 x 10
6
 spores and mycelia sections/ml.  

 

5.7.2 Log preparation   

Balsam fir trees were felled, and logs with 15-20 cm in diameter were cut into 1-foot long sections. A 

total of 42 log sections were prepared and immediately transported them to the laboratory for treatment 

(Figure 17).  

 

5.7.3 Log treatment 

In the laboratory, the moisture content of logs was determined from 6 log sections by the oven-dry 

method.  The remaining 36 log sections were weighed individually and divided into 4 groups, each 

contained 9 samples. Each group of log sections was treated with one of the following solutions: a) Logs 

were first brushed with a 1% bleach solution (5.25% sodium hypochlorite), left for one hour, and then 

brushed with a spore suspension of P. gigantea; b) Logs were brushed only with spore suspension of P. 

gigantea; c) Logs were brushed only with 1% of bleaching solution; and d) Logs were brushed with water 

as untreated controls (Figure 18). Four groups of log sections were piled separately at the Forintek yard 

for storage (Figure 19).   

 

5.7.4 Log inspection and evaluation 

Log sections were inspected after storage for 8 weeks. The examination and evaluation of these logs 

included: 1) Observing fungal growth on each log and the surface coverage by inoculated fungus and by 

contaminated fungi (stain, mold, decay); 2) Weighing each log section to determine moisture loss during 

storage; 3) Cuting each log section into halves and measuring moisture contents in sapwood and 

heartwood with a MC meter; and 4) Isolating P. gigantea from 4 points of each log section. 
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Figure 17 Fresh balsam fir logs prepared for the treatment  
 

 
 

Figure 18 Treatment of balsam fir logs with wetwood control agent 
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Figure 19 Storage of treated balsam fir logs at Forintek yard 
 

 

6 Results and Discussion 

6.1 Effect of the wetwood control agent on wood weight loss  

After a 16-week incubation period in soil jars, all samples inoculated with either white-rot or brown-rot 

fungi were heavy decayed, collapse or lost integrity, whereas those samples treated with the 2 isolates of 

wetwood control agent were still in good shape (Figures 20, 21 & 22).  The data showed that on balsam 

fir wood, the white-rot fungus caused an average weight loss of 27% and the brown-rot fungus 47%, 

whereas the 2 wetwood control fungal isolates caused 6% and 13% of weight losses, respectively (Figure 

23). On sub-alpine fir, the white-rot fungus caused an average weight loss of 21% and the brown-rot 

fungus 29%, whereas the 2 wetwood control fungal isolates caused 14% and 7% of the weight losses, 

respectively. On hemlock, the white-rot fungus caused an average weight loss of 9% and the brown-rot 

fungus 61%, whereas the 2 wetwood control fungal isolates caused 4% and 3% of weight losses, 

respectively (Table 1). In summary, the true decay fungi (including both white-rot and brown-rot fungi) 

caused significant weight losses on the three wood species tested.  The two wetwood control fungal 

isolates were also able to cause weight losses of the wood species tested; however, the amount of the 

weight losses caused by the wetwood control agent was significantly less than the one caused by the true 

decay fungi. 
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Figure 20 Balsam fir wood samples decayed by white-rot (#1), brown-rot (#2) and two strains 

 of wetwood control agent (#3 & #4)   
 

 
 

Figure 21 Sub-alpine fir wood samples decayed by white-rot (#1), brown-rot (#2) and two 

 strains of wetwood control agent (#3 & #4)   
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Figure 22 Hemlock wood samples decayed by white-rot (#1), brown-rot (#2) and two strains of 

 wetwood control agent (#3 & #4)   
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Figure 23 Weight losses of different wood samples caused by white-rot, brown-rot and two 

 strains of wetwood control agent 
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Table 1 Weight losses (%) of various wood species caused by different fungi  
 

Wood species 
  
  

Fungal treatment 

Irpex lacteus Gloeophyllum trabeum 
P. gigantea  

strain A  
P. gigantea 

strain B 

Average SD Average SD Average SD Average SD 

Balsam fir  27.31 9.13 46.72 15.38 5.51 3.19 12.65 6.42 

Sub-alpine fir 20.71 8.76 29.11 20.46 13.67 4.47 6.79 5.65 

Hemlock 8.60 7.82 61.39 4.33 4.04 1.94 3.07 1.42 

Data are average of 6 specimens 
 

6.2 Effect of the wetwood control agent on wood strength loss  

The test machine loaded the force on each of the test lumber until its failure (Figure 24) and the MOE 

and MOR were calculated based on the force applied.  The data showed that for untreated controls, the 

average MOE was 1.69 Mpsi and the average MOR was 7557 psi (Figures 25 & 26). For those boards 

treated with the wetwood control agent P. gigantea. A, the average MOE was 1.88 Mpsi and the average 

MOR was 8734 psi. For those boards treated with another wetwood control agent P. gigantea. B, the 

average MOE was 1.74 Mpsi and the average MOR was 7537 psi (Table 2). In summary, both wetwood 

control fungal isolates were unable to cause wood strength loss of treated boards after a summer storage 

for 8 weeks. 

 

 
 

Figure 24 Failure of balsam fir boards after mechanical tests    
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Figure 25 Modulus of elasticity of treated and untreated balsam fir boards 
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Figure 26 Modulus of rupture of treated and untreated balsam fir boards 
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Table 2 Strengths of treated and untreated balsam fir boards 
 

Treatment Value 
MOE 
Mpsi 

Stiffness 
N/mm 

MOR 
psi 

P. gigantea strain A 

Min. 1.41 437 6059 

Max. 2.49 774 12877 

Avg. 1.88 585 8734 

SD 0.34 107 1684 

COV% 18.3% 18.3% 19.3% 

P. gigantea strain B 

Min. 1.31 407 4952 

Max. 2.11 657 10752 

Avg. 1.74 539 7537 

SD 0.22 69 1735 

COV% 12.8% 12.9% 23.0% 

Untreated control 

Min. 0.99 307 4042 

Max. 2.34 727 11874 

Avg. 1.69 525 7557 

SD 0.36 111 2107 

COV% 0.21 0 0 

MOE = Modulus of elasticity (average of 20 specimens) 

MOR = Modulus of rupture (average of 20 specimens) 

 

6.3 Effectiveness of the wetwood control agent on western wood species  

The results of this test showed that both isolates of P. gigantea grew well on sub-alpine fir and hemlock 

and reduced moisture contents from the wood samples (Figures 27 & 28). The isolate A of P. gigantea 

grew better on these two western wood species than the isolate B. Sub-alpine fir wood samples treated 

with these two fungal isolates reduced checking rates, compared with untreated controls, especially those 

treated with P. gigantea strain A (Table 3).  
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Figure 27 Treated (left) and untreated (right) sub-alpine fir wood samples with the wetwood 

 control agent    
 

 
 

Figure 28 Treated (left) and untreated (right) hemlock wood samples with the wetwood 

 control agent    
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Table 3 Wood blocks of western species treated with wetwood control agent at 25 ºC and 

 75% RH 
 

Wood species Treatment 
Time 

(weeks) 
MC % 

Average (SD) 
Colonization of 
inoculums (0-5)1 

Molds, stain2 
(0-5) 

Checking 
number 

Sub-alpine fir 

P. gigantea strain A  

0 74.89 (31.68)       

2 79.94 (30.15) 4.9 (0.32) 0.1 (0.32)   

4 20.88 (2.38) 4.1 (0.32) 0.9 (0.32)   

6 16.96 (0.33)       

8 16.66 (0.36) 4 (0) 1 (0) 1 (1.89) 

P. gigantea strain B  

0 91.61 (44.1)       

2 96.06 (42.75) 1.6 (0.52) 3.4 (0.52)   

4 24.36 (7.85) 1.3 (0.48) 3.7 (0.48)   

6 17.34 (0.5)       

8 17 (0.5) 1 (0) 4 (0) 4.5 (5.72) 

Untreated control  

0 99.2 (37.42)       

2 101.92 (35.32) 0 1 (0)   

4 19.83 (1.81) 0 1.2 (0.42)   

6 17.62 (0.17)       

8 17.28 (0.18) 0 1.5 (0.53) 7.3 (4.14) 

Hemlock 

P. gigantea strain A  

0 52.04 (10.19)       

2 55.2 (9.12) 4 (0) 1 (0)   

4 19.13 (0.27) 3.8 (0.42) 1.2 (0.42)   

6 17.6 (0.17)       

8 17.32 (0.25) 3.6 (0.52) 1.4 (0.52) 0.1 (0.32) 

P. gigantea strain B  

0 57.19 (19.5)       

2 59.59 (19.15) 2 (0.47) 3 (0.47)   

4 19.2 (0.52) 1.9 (0.32) 3.1 (0.32)   

6 17.68 (0.35)       

8 17.43 (0.39) 1.9 (0.32) 3.1 (0.32) 0 

Untreated control  

0 75.18 (23.68)       

2 75.74 (22.63) 0 1 (0.82)   

4 18.29 (0.37) 0 1.2 (0.79)   

6 17.44 (0.39)       

8 17.24 (0.4) 0 1.4 (0.52) 0 
1
 Fungal colonization scale: 0 = no fungal growth; 1 = fungal growth on <5% wood surface; 2 = fungal growth on 5-

25%; 3 = fungal growth on 25-50%; 4 = fungal growth on 50-75%; 5 = fungal growth on 75-100%. 
2
 Mold and stain infection of untreated samples come from Aspergillus niger, Cladosporium cladosporioides, 

Ophiostoma piceae, Rhizopus sp. and Trichoderma harzianum, whereas infection of treated samples caused by O. 

piceae and T. harzianum. 
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6.4 Natural distribution of the wetwood control agent in balsam fir logs and lumber 

Each fungal colony grown from wood chips in isolation agar plates were purified to a new agar plate 

(Figures 29 & 30).  A total of 456 colonies were isolated from log bark and 295 colonies were isolated 

from log wood, which involved in 15 fungal species (Table 4).  From log bark, 50% of microorganisms 

isolated were molds, 6% were wood staining fungi, 14% were decay fungi, 14% were wetwood causal 

microorganisms, 2% were wetwood control agent, and 14% were unknown species (Table 5).  From log 

wood, 20% of microorganisms isolated were molds, 20% were wood staining fungi, 17% were decay 

fungi, 27% were wetwood causal microorganisms, 6% were wetwood control agent, and 10% were 

unknown species. From freshly-sawn lumber, a total of 110 colonies were isolated, which involved in 12 

species (Table 6).  Among these species, 8% of microorganisms isolated were molds, 13% were wood 

staining fungi, 2% were decay fungi, 73% were wetwood causal microorganisms, and 5% were wetwood 

control agent (Table 7).  

 

 
 

Figure 29 Fungi grown from wood samples on agar plate   
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Figure 30 Purified wetwood control agent from isolation plate   
 

Table 4 Fungi isolated from balsam fir logs  
 

Fungal taxon Type of fungi 

Isolates from wood Isolates from bark 

No. of 
isolates 

Isolation rate 
(%) 

No. of 
isolates 

Isolation rate 
(%) 

Alternaria alternata Dark mold 0 0.00 9 1.97 

Aspergillus sp. Dark mold 2 0.68 6 1.32 

Aureobasidium pullulans Dark mold 14 4.75 25 5.48 

Bacteria 

Wetwood 

agent 38 12.88 14 3.07 

Basidiomycota Decay fungi 49 16.61 64 14.04 

Cladosporium 

cladosporioides Dark mold 0 0.00 4 0.88 

Fusarium sp. Pink mold 1 0.34 7 1.54 

Phlebiopsis gigantea 

Target 

fungus 18 6.10 7 1.54 

Gliocladium roseum White mold 5 1.69 6 1.32 

Hormonema dematioides Dark mold 7 2.37 76 16.67 

Leptographium sp. 

Staining 

fungus 4 1.36 3 0.66 

Ophiostoma piceae 

Staining 

fungus 56 18.98 25 5.48 

Penicillium sp. Green mold 4 1.36 1 0.22 

Trichoderma harzianum Green mold 21 7.12 93 20.39 

Trichoderma koningii Green mold 4 1.36 0 0.00 
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Fungal taxon Type of fungi 

Isolates from wood Isolates from bark 

No. of 
isolates 

Isolation rate 
(%) 

No. of 
isolates 

Isolation rate 
(%) 

Yeast 

Wetwood 

agent 42 14.24 51 11.18 

Unidentified species Unknown 30 10.17 65 14.25 

Total   295 100.00 456 100.00 

 

Table 5 Different types of wood-inhabiting fungi isolated from balsam fir logs  
 

 
Type of fungi 

Isolates from wood Isolates from bark 

No. of isolates Isolation rate (%) No. of isolates Isolation rate (%) 

Mold 58 19.66 227 49.78 

Staining fungus 60 20.34 28 6.14 

Decay fungi 49 16.61 64 14.04 

Wetwood causal agent 80 27.12 65 14.25 

Wetwood control agent 18 6.10 7 1.54 

Unknown 30 10.17 65 14.25 

Total 295 100.00 456 100.00 

 

Table 6 Fungi isolated from balsam fir lumber  
 

 
Fungal taxon 

 
Type of fungi 

Isolates from wood 

No. of isolates Isolation rate (%) 

Aspergillus sp. Dark mold 2 1.82 

Aureobasidium pullulans Dark mold 2 1.82 

Bacteria Wetwood agent 62 56.36 

Basidiomycota Decay fungi 2 1.82 

Botrytis cinerea Brown mold 1 0.91 

Fusarium sp. Pink mold 1 0.91 

Phlebiopsis gigantea Target fungus 5 4.55 

Ophiostoma piceae Staining fungus 7 6.36 

Penicillium sp. Green mold 1 0.91 

Sporothrix sp. Staining fungus 7 6.36 

Trichoderma harzianum Green mold 2 1.82 

Yeast Wetwood agent 18 16.36 

Total   110 100.00 
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Table 7 Different types of wood-inhabiting fungi isolated from balsam fir lumber 
 

Type of fungi 
Isolates from wood 

No. of isolates Isolation rate (%) 

Mold 9 8.18 

Staining fungus 14 12.73 

Decay fungi 2 1.82 

Wetwood causal agent 80 72.72 

Wetwood control agent 5 4.55 

Total 110 100.00 

 

6.5 Fungal growth of the wetwood control agent on balsam fir wood wafers with 
 different treatments  

The fungal growth of the wetwood control agent, Phlebiopsis gigantea strain A and strain B, on wood 

wafers is presented in Table 8.  The average growth of P. gigantea strain A and strain B on untreated 

wood wafers was the same, 7.6 mm in colony diameter in 14 days.  The growth of P. gigantea was 

stimulated by pre-treatment of wood wafers with 1% sodium carbonate (8.6 mm for strain A, and 12.4 

mm for strain B), or with 1% bleach solution (10 mm for strain A, and 10.4 mm for strain B), or steaming 

at 100°C for 10 minutes (11.8 mm for strain A, and 9.6 mm for strain B).  However, with exception of 

wood wafers pre-treated with 1% bleach solution or steaming at 100°C for 10 minutes, most wafers were 

contaminated with other fungi. The pre-treatment of wood wafers with 1% acetic acid or with 1% salt 

solution seemed stimulating growth of other fungi.  There was no contamination on wood wafers pre-

treated with 1% bleach solution or steaming at 100°C for 10 minutes. Considering the growth speed of 

wetwood control agent and the contamination, pre-treating wood with 1% bleach solution or steaming at 

100°C for 10 minutes were best to stimulate fungal growth of the wetwood control agent on balsam fir 

wood.    
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Table 8 Laboratory test on the fungal growth of the wetwood control agent on wood wafers 

 with different treatments  
 

Fungal strain 
 

Treatment* 
 

Chemical pH 
 

Fungal growth 
(mm diameter) 

Contamination 
(mm diameter) 

Phlebiopsis gigantea         

strain A 1% sodium carbonate 10.66 8.6 + 3.7 17.4 + 17 

  1% acetic acid 3.34 7.6 + 1.7 41 + 9.6 

  1% bleach solution 10.69 10 + 1.5 0 + 0 

  1% salt solution 6.04 8 + 1.4 34.4 + 19.7 

  1% sugar solution 5.6 8.4 + 2.2 8 + 11 

  Steam at 100°C for 10 min N/A 11.8 + 2.7 0 + 0 

  Untreated control N/A 7.6 + 1.7 24 + 22.2 

Phlebiopsis gigantea         

strain B 1% sodium carbonate 10.66 12.4 + 4.3 3 + 6.7 

  1% acetic acid 3.34 7.6 + 1.7 30 + 9.4 

  1% bleach solution 10.69 10.4 + 1.7 0 + 0 

  1% salt solution 6.04 8 + 1.4 38 + 11.5 

  1% sugar solution 5.6 6.8 + 1.1 6 + 13.4 

  Steam at 100°C for 10 min N/A 9.6 + 0.9 0 + 0 

  Untreated control N/A 7.6 + 0.9 17 + 18.6 

 

6.6 Formulation and shelf life of the product  

Phlebiopsis gigantea has been commercially produced as a biocontrol agent against root rot of coniferous 

trees for over 40 years in Western Europe, and several formulations of the product have been used. Each 

formulation has its particular advantage and disadvantage; however, the formulation used by UK as a 

concentrated P. gigantea suspension would be the most suitable for our application considering the high 

efficacy and the low cost. 

 

The shelf-life test on fungal cultures of P. gigantea showed variable survival rates when stored at 

different temperatures (Table 9).  The original cultures contained an average of 6 x 10
7
 spores/ml, and 

comparable data were obtained from cultures that were diluted to 500 and 1000 times with water. After 

storage for 3 months, the survival rates were 44% for those stored at room temperature (app. 20°C), 100% 

at 4ºC and 51% at -20°C, detected at the dilution of 1:500.  For the dilution of 1:1000, the survival rates, 

for the same storage period, were 38% for those stored at room temperature (app. 20°C), 96% at 4ºC and 

68% at -20°C. After storage for 6 months, the survival rates under most conditions were further reduced 

approximately by 50% compared with the survival rates at 3 months. The highest survival rate after 6-

month storage was 68% from the sample stored at 4°C and the dilution of 1:1000. Both sets of tests 

indicated that the highest survival rate of P. gigantea cultures was reached with storage at 4°C. 
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Table 9 Survival of P. gigantea cultures after storage  
 

Culture dilution Temperature Storage time CFU/plate (SD) Survival rate (%) 

1:500   0 month 84 (13) 100 

  20ºC 1 month 45 (5) 53 

    3 month 37 (4) 44 

    6 months 20 (3) 24 

  4ºC 1 month 34 (9) 41 

    3 month 119 (39) 142 

    6 months 42 (4) 51 

  -20ºC 1 month 24 (1) 29 

    3 month 43 (10) 51 

    6 months 21 (4) 25 

          

1:1000   0 month 57 (9) 100 

  20ºC 1 month 32 (8) 56 

    3 month 22 (7) 38 

    6 months 12 (1) 20 

  4ºC 1 month 40 (6) 70 

    3 month 55 (1) 96 

    6 months 39 (7) 68 

  -20ºC 1 month 32 (6) 57 

    3 month 39 (16) 68 

    6 months 18 (2) 31 

      

6.7 Biological stimulation of fungal growth on balsam fir logs 

The test logs were stored in FPInnovations-Forintek Division’s yard from 20 July to 21 September, 2009. 

During this 2-month period, the maximum temperature was 34.9°C, average 20.2°C and minimum 8.2°C.  

The maximum relative humidity was 100%, average 80% and minimum 30%.  These data were recorded 

by 2 data loggers located in the log pile.   

 

After storage, the average moisture losses from logs ranged from 36.8% to 43.6% (Table 10).  Among the 

4 treatment groups of the test logs, the MC loss from logs treated with the wetwood control agent P. 

gigantea was the most (43.6%), followed by those logs treated with 0.05% sodium hypochlorite plus P. 

gigantea spores (42.3%). Less MC loss was achieved by logs treated with 0.05% sodium hypochlorite 

alone (36.8%), which may be caused by killing natural colonized fungi on logs by sodium hypochlorite.  

The final MCs of logs in different treatment groups were 31-34%. 

 

The appearance of P. gigantea growth on log surfaces was white fluffy mycelia (Figure 31), whereas the 

contaminated fungi were grey, green or black colours. P. gigantea growth could also occur on non-

inoculated logs naturally (Figure 32); however, the rate of occurrence was low.  The coverage scale of P. 
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gigantea on logs treated with 0.05% sodium hypochlorite plus P. gigantea spores was the highest 

(coverage scale 1.8), which covered 5-25% of log surfaces seen by naked eyes (Table 11).  

 

The coverage scale of those logs treated with P. gigantea spores alone was 1.1, whereas those treated with 

0.05% sodium hypochlorite alone was 0.4 (Table 11).  The coverage scale of P. gigantea on untreated 

logs was only 0.1.   The lowest contamination rate was found on logs treated with 0.05% sodium 

hypochlorite plus P. gigantea spores (rating scale 0.9), followed by those treated with P. gigantea spores 

alone (rating scale 1.2). The contamination scale on untreated logs was 3.1, where about 25-50% of log 

surface area was covered by contaminated fungi. 

 

Isolation of P. gigantea fungus from logs in different treatment groups was done at the border of sapwood 

and heartwood, about 2-3 inches inside each log (Figure 33). Isolation rate of P. gigantea from logs 

treated with 0.05% sodium hypochlorite plus P. gigantea spores was 39%, whereas from logs treated with 

P. gigantea spores alone, it was 35% (Table 11).  The isolation rates of P. gigantea from logs treated 

with 0.05% sodium hypochlorite alone and untreated logs were low, 7% and 10%, respectively.  

 

Table 10 Final moisture content (MC) of logs after outside storage  
 

Treatment 
Water loss (%) after storage Final MC (%) of logs 

Average SD Average SD 

0.05% sodium hypochlorite + Pg  42.3 4.9 32.0 3.8 

P. gigantea alone 43.6 3.9 33.9 4.5 

0.05% sodium hypochlorite 36.8 3.4 31.7 3.3 

Untreated control 41.5 5.0 31.0 3.8 

 

Table 11 Growth of wetwood control agent P. gigantea on logs  
 

Treatment 
P. gigantea coverage (0-5)* Contamination (0-5)* Isolation rate 

(%) Average SD Average SD 

0.05% sodium hypochlorite + Pg  1.8 0.4 0.9 0.6 39 

P. gigantea alone 1.1 0.3 1.2 0.4 35 

0.05% sodium hypochlorite 0.4 0.5 1.7 0.5 7 

Untreated control 0.1 0.3 3.1 0.6 10 

* Fungal colonization scale: 0 = no fungal growth; 1 = fungal growth on <5% wood surface; 2 = fungal growth on 

5-25%; 3 = fungal growth on 25-50%; 4 = fungal growth on 50-75%; 5 = fungal growth on 75-100%. 
 

 



Promoting Natural Biocontrol of Wetwood 

 

 

 

 

 

 30 of 36 

 

 
 

Figure 31 Growth of the wetwood control agent Phlebiopsis gigantea on inoculated log  
 

 
 

Figure 32 Natural occurrence of P. gigantea on non-inoculated log    
 

 



Promoting Natural Biocontrol of Wetwood 

 

 

 

 

 

 31 of 36 

 

 
 

Figure 33 Isolation of P. gigantea from a log section   
 

6.8 Potential commercial partners, product registration and commercial 
 production of wetwood control agent 

The wetwood control agent has a big potential commercial value, and looking for commercial partners is 

one of the goals of the project. During the past years, several presentations were made to present the 

results of this research to conferences held by different industry groups and professional associations.  

Such as the Annual Meeting of American Phytopathology Society, Canadian Phytopathology Society, and 

Microbiology Society of America (Yang 2006); The Conference on Quality Drying for the 21
th
 Century: 

Energy and Market Realities hold by Forest Products Society (Yang 2008); and The Annual Meeting of 

International Wood Protection Research Group (Yang 2009). Many contacts have been made with 

different research organizations and biological/chemical companies during the conferences and meetings. 

Some of these companies expressed their high attention and interest on commercial production of this 

wetwood control agent. Further market research and finance aid from different sources would help these 

companies to join this adventure.  

 

In 1999, Environment Canada and Health Canada’s New Substances Program initiated the review of the 

living organisms provisions of the New Substances Notification Regulations (NSNR).  The regulations 

are covered by the Canadian Environmental Protection Act, 1999 (CEPA 1999). The government does not 

assume that naturally occurring micro-organisms are necessarily safe, and any one import or manufacture 

new micro-organisms (such as bacteria, fungi, yeast, protozoa, algae, viruses, cell culture, etc.), whether 

naturally occurring or genetically modified, must ensure that these new substances have been assessed for 

potential environment or human health risks as required by federal laws. Any new micro-organisms that 

are not regulated by other Acts, such as Feeds Act, Seeds Act, Fertilizers Act, Pest Control Products Act, 

and Health of Animal Act, must be assessed under CEPA 1999 and its New Substances Notification 

Regulations.   
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A new micro-organism is any micro-organism that does not appear on the Domestic Substance List 

(DSL). The wetwood control agent, Phlebiopsis gigantea, is not found in the current DSL provide by 

New Substances Division of Environment Canada. Commercial production of this micro-organism for 

pre-drying wetwood may not need to be registered under the Pest Control Products Act (Pest 

Management Regulatory Agency, Health Canada), but may need to be registered under the CEPA 1999 

and its New Substances Notification Regulations (New Substances Notification Division, Environment 

Canada).  A teleconference was arranged with relevant government officers from Environment Canada, 

Health Canada, and Agriculture and Agri-Food Canada on 22 July 2009. Detail information on 

notification requirements, procedure and time span were discussed. It was confirmed that the wetwood 

control agent to be used is considered as a new substance and is therefore subject to notification. The 

detail information on registration of such products is documented in Guidelines for the Notification and 

Testing of new Substances (2001). Additional information or documentation on this issue is available in 

the New Substances Web Site at (http://www.ec.gc.ca/substances), or contact the regulatory agency at: 

 

Notification and Client Services Section 

New Substances Division 

Science and Technology Branch 

Environment Canada 

Fontaine Building, 8
th
 Floor 

Gatineau, QC, K1A 0H3 

  

Tel: 1-800-567-1999 

Fax: 1-819-953-7155 

E-mail: nsn-infoline@ec.gc.ca     

 

A search was conducted on Canadian based biotechnology companies that specialize in the development 

and the production of biological based on bio-products. From 22 such companies, 3 of them were 

identified as potential commercial partners.  The contact and negotiation with these companies are in 

progress.   

 

 

7 Conclusions 
Through the analysis of laboratory tests conducted in this project, the following conclusions can be 

summarized. 

 

1. Effect of the wetwood control agent on wood weight loss  

The two wetwood control fungal isolates were able to cause 3-14% of weight losses of different wood 

species tested; however, the amount of the weight losses caused by the wetwood control agent was 

significantly lower than the one caused by the true decay fungi. 

 

2. Effect of the wetwood control agent on wood strength loss 

Based on the measurements of MOE and MOR of treated lumber, both wetwood control fungal isolates 

were unable to cause wood strength loss of treated boards after a summer storage for 8 weeks. 
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3. Effectiveness of the wetwood control agent on western wood species 

Both wetwood control fungal isolates grew well on the western wood species such as sub-alpine fir or 

hemlock, and they reduced moisture contents from test samples. The isolate A of the wetwood control 

agent grew better on these wood species than the isolate B. 

 

4. Natural distribution of the wetwood control agent in balsam fir logs and lumber 

A total of 456 cultures were isolated from bark of balsam fir logs, 295 cultures were isolated from the 

wood of logs, and 110 cultures were isolated from sawn lumber. From log bark, 50% of microorganisms 

isolated were molds, 6% of wood staining fungi, 14% of decay fungi, 14% of wetwood causal 

microorganisms, 2% of the wetwood control agent and 14% of unknown species. From log wood, 20% of 

microorganisms isolated were molds, 20% of wood staining fungi, 17% of decay fungi, 27% of wetwood 

causal microorganisms, 6% of the wetwood control agent and 10% of unknown species. Whereas from 

freshly-sawn lumber, 8% of microorganisms isolated were molds, 13% of wood staining fungi, 2% of 

decay fungi, 73% of wetwood causal microorganisms and 5% of the wetwood control agent.   

 

5. Enhancement of natural growth of the wetwood control agent 

Pre-treatment of balsam fir wood wafers with 1% sodium carbonate, or with 1% bleach solution, or 

steaming at 100°C for 10 minutes stimulated growth of the wetwood control agent.  Pre-treatment of 

wood wafers with 1% acetic acid or with 1% salt solution stimulated growth of other fungi.  Considering 

the growth speed of the wetwood control agent and the contamination, pre-treating wood with 1% bleach 

solution or steaming at 100°C for 10 minutes could be chosen to stimulate growth of the wetwood control 

agent on balsam fir wood. 

 

6. Formulation and shelf life of the potential bio-product 

The best formulation of the wetwood control agent was identified as a concentrated spore suspension 

considering the high efficacy and the low cost. Such a formulation could be stored or shipped at ambient 

temperature, at 4°C or at -20°C; however, the highest survival rate was observed from cultures stored at 

4°C with a survival rate of 100% after 3 months and 68% after 6 months.   

 

7. Feasibility of biological stimulation for natural colonization on logs 

After a 2-month storage period, the average moisture losses from logs ranged from 36.8% to 43.6%.  

Among the 4 treatment groups of the test logs, the MC loss from logs treated with the wetwood control 

agent was 43.6%, followed by 42.3% for logs treated with 0.05% sodium hypochlorite plus the wetwood 

control agent. Less MC loss was achieved by logs treated with 0.05% sodium hypochlorite alone (36.8%). 

 

8. Potential commercial partners, product registration and new substances notification 

After contact with the Government Agents from Environment Canada, Health Canada and Agriculture 

and Agri-Food Canada, it was confirmed that the commercial production of the wetwood control agent for 

pre-drying lumber in sawmill does not need to be registered under the Pest Control Products Act (Pest 

Management Regulatory Agency, Health Canada), but need to be notified as a new substance to New 

Substances Notification Division, Environment Canada. The detail information on notification of such 

products is documented in the Guidelines for the Notification and Testing of New Substances (2001).  In 

addition, several companies that produce biological products have been identified as potential partners for 

commercial production of the wetwood control agent.   
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Appendix I  

A paper presented at the 69th Annual Meeting of American Phytopathology Socienty 
Northeastern Division. October 28-30, 2008. Quebec, Canada 
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ABSTRACT 

 

Wetwood, or water pocket, is caused by anaerobic bacteria and occurs in many softwood and hardwood 

species. The bacteria enter trees through wounds or roots and produce pectinolytic enzymes to destroy the 

vessel and ray pit membranes of wood. The reproduction and metabolites of these bacteria form a foetid 

liquid in wood, which results in a high moisture content (MC) of the wetwood. Because the MC of 

wetwood is much higher than average, wetwood usually requires relatively long periods for adequate 

drying in sawmill. Degradation of pectic substances of the middle lamella causes weakness in the 

chemical bonds between wood cells. Consequently, weak bonding increases the risk of warping and 

checking in lumber during drying process. Wetwood also has a lower permeability than normal wood; 

this, in turn, affects the wood’s treatability with preservatives. The economic losses resulting from 

wetwood for wood production and utilization are enormous. Many studies have been conducted in 

sawmill on drying wetwood using various physical, chemical, biological or mechanical methods, but the 

problem has yet to be solved. Studies on wetwood infection mechanisms and its control measurements in 

forest are limited. More attention should be given to wetwood problem, and wetwood-free trees are 

required for lumber manufacturing and wood utilization.  

 

 


