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Abstract 
The objective of this work was to study the constraints on biological control of bluestain in logs and 
investigate ways to improve biocontrol agents’ performance and consistency. We conducted a literature 
search and a review of recently published literature on biocontrol in forest products and other fields and 
developed a research plan to study some of the key opportunities for improvement. The major focus was 
on Cartapip® (Sylvanex), which has been successfully used earlier in Forintek’s field trials. Other 
systems have also been discussed.  
 
In general, inconsistencies occur due to the biological nature of these agents and their vulnerability to 
different variables found in their environment (i.e. climatic factors, changes within substrates and 
activities of competitive organisms). To be successful, the chosen biocontrol agents have to be highly 
effective against a number of target organisms, persistent, able to compete with the natural flora, and able 
to quickly colonize and proliferate on existing and new substrates. They also have to stay attached to the 
substrate and be able to tolerate and maintain effectiveness for at least several months. Commercial 
biocontrol agents need to be produced inexpensively on a large-scale and have user-friendly formulations 
in order to compete with chemical-based pesticides. Efficacy of the delivery system and the 
environmental impact are also important to consider.  
 
Biological control agents are perceived to be promising and sometimes the sole alternatives to chemicals. 
However, they continue to be under similar scrutiny to chemicals. They are strictly regulated and cannot 
be released into the environment until they have passed a pest risk assessment and all the data on their 
toxicology and efficacy are provided. Sylvanex represents a good model to study as it is among a few 
products that have been temporarily registered in Canada to control bluestain (PMRA-REG2004-05). In 
March 2006 the product changed ownership and was successfully re-registered with PMRA (Reg. No. 
27561) when a temporary registration was granted until December 31, 2006. 
  
A research plan to understand the constraints and to optimize the use of biocontrol agents was developed 
after studying literature and through brainstorming sessions, which included researchers from Forintek, 
The University of British Columbia (UBC) and Forest Engineering Research Institute of Canada 
(FERIC). It suggested a series of laboratory and field activities: 
 
• Experimental evaluation of different possible constraining factors of existing albino biocontrol agents 

to control bluestain in the lab and field  
• Investigation of large-scale application systems during harvesting and log storage 
• Study other ways of control using biocontrol agents: e.g. modified decay fungi, bacteria, insect-vector 

control 
• Study if there is any effect of biocontrol agents on insect vectors and other pests whose infestations 

patterns may be affected  
 
As a part of this project, an early development of a harvester applicator system was also initiated. Some 
UBC mechanical engineering students developed a conceptual design of a field spray applicator system 
using facilities at Forintek and input from an expert panel. Tests determined that the mockup system, 
which tested selection and placement of different nozzle types and pressures, had the capability to evenly 
coat entire log surfaces. Future work should be coordinated through an industrial advisory committee and 
involve an equipment manufacturer and an industry champion/collaborator.      
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1 Objectives 
The main objective is to determine ways to improve the performance and consistency of biological 
control of bluestain in logs. This is done through two major action items: A) Conduct a literature search 
on constraints on biocontrol in forest products and other fields and B) Develop a research plan to study 
some of the key opportunities for improvements to Sylvanex (commercially available albino bluestain 
isolate). 
 
 

2 Introduction 
Wood discolouration that occurs in logs and in subsequent processing has a significant economic impact.   
A few options for the prevention of sapstain during log storage, such as water sprinkling or chemical 
treatment, are not commonly used. Water sprinkling is often impractical as it requires a large amount of 
water that has to be treated before discharge. Use of chemical pesticides in the field is problematic, given 
the potential for environmental contamination and the public perception that chemicals cause toxicity 
problems. There are no available registered pesticides to be used on logs in Canada. An alternative option, 
recently investigated in Canada, is biological protection of freshly felled logs.  
 
The concept of biological control of one organism by another has a long track record in the agricultural 
and forestry sector but has not been explored to great depth in the forest products industry.  The success 
of Bacillus thuringensis in combating various forest insect pests is one of the few working examples of 
biocontrol in forestry.  Another example is the use of Phlebiopsis gigantea in Europe to control butt rot 
caused by Heterobasidion annosum.  In the field of wood products several individuals have published 
work on the biological control of wood infesting fungi using bacteria or other fungi. Results have varied 
in their degree of success in the laboratory, but even systems that were successful in the laboratory often 
failed under field conditions.  It has been recognised that long-term protection (i.e. against decay fungi) is 
a challenging task considering a plethora of challenge fungi over a long period of time (Morris et al. 
1992). However, short-term protection, especially of bluestain in logs, showed promise as there are fewer 
challenge organisms and a shorter protection period is required. Still there remain inconsistencies in the 
field and information about the critical factors that limit biocontrol agent performance is incomplete. 
There is a need to better understand interactions between the biological control organism, the fungus 
being controlled, the competing microbiota and the substrate on which all are growing, within the context 
of a variable physical environment in order to select the best organisms for the specific end use.  
 
 

3 Background 
One promising method of control, recently tested by Forintek, is biological protection of freshly felled 
logs using albino bluestain strains.  Forintek showed that a commercially available albino strain 
Cartapip® of the fungus Ophiostoma piliferum, that is used to reduce stain and stain in wood chips 
destined for pulp, can effectively control stain in pine logs colonizing fresh sapwood and displacing wild 
bluestain fungi. In March 2004 the organism was registered temporarily under the name Sylvanex to 
control bluestain in lodgepole and red pine logs in Canada.  The agent remained stable in colour and 
caused no stain itself. Three Forintek field tests in Alberta and B.C. clearly indicated that Sylvanex could 
control bluestain if applied to the total log exterior immediately after felling.  After six weeks Sylvanex-
treated logs remained almost spotless compared to heavily stained, non-treated logs.  After 13 weeks of 
storage there was moderate stain development in Sylvanex-treated logs, but still significantly less than in 
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non-treated logs. We observed that Sylvanex-colonized wood resisted colonization by an aggressive wild 
bluestain species (Ceratocystis spp) which seemed unable to compete with Sylvanex, but which caused 
extensive stain in non-treated logs. During prolonged storage (13 weeks) other bluestain fungi, in 
particular Leptographium spp, infected the Sylvanex-treated logs and, in some instances, managed to 
grow beyond the Sylvanex-protected areas.  Whether the Leptographium grew through the shell of 
Sylvanex-colonized sapwood or was able to find breaches in the shell, or whether something diminished 
the longer-term effectiveness of Sylvanex is unknown. Despite our good results with Sylvanex, 
researchers in New Zealand, Europe and USA have experienced inconsistencies in performance, which in 
some cases failed to control bluestain.  Sylvanex remains a good model biocontrol agent as it is the only 
one that has been temporary registered in Canada for the control of bluestain (PMRA-REG2004-05A).  
 
Before any product is used industrially, performance and consistency need to be demonstrated. There is a 
need for more fundamental research to understand the limits under which biological control can work so 
that the biocontrol is maximized. We plan to collect information from recently published literature and 
also from research groups doing similar work. We hope to come closer to understanding why there are 
sometimes inconsistencies, recognize the most crucial ones and propose a research plan to study some of 
the key opportunities for improvements to Sylvanex. 
 
 

4 Staff 
Adnan Uzunovic  Mycologist, Project leader 
 
Hoy, D., Grieve, L., Skands, J., van Eekelen, A., Deseta, T. and Dalziel,  N.  UBC’s Mechanical 
Engineering students  
 
 

5 Materials and Methods 
5.1 Literature Search and Review 
A literature search and review of recently published literature on constraints to biocontrol in forest 
products was conducted. Research articles were chosen from peer-reviewed journals, conference 
proceedings and technical books published in the last 6 years. The review of articles published before 
1999 is summarized by Uzunovic and Byrne (2002).   
 
5.2 Registration of Sylvanex 
Part of Forintek’s mandate is to ensure access by our members to as broad a range of wood protecting 
agents as possible to provide resilience and flexibility in the marketing of clean, bright lumber. We 
therefore worked with Clariant Canada Corp. to ensure registration of Cartapip® as a pesticide with Pest 
Management Regulatory Agency (PMRA). The majority of paperwork preparation and PMRA 
correspondence was done by Clariant Canada Corp. We assisted Clariant by finding and providing them 
with necessary information and expert comments during the process. When the owner of Sylvanex rights 
changed in mid-2005 we contacted and assisted the new owner with re-registration. 
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5.3 Development of a Research Plan 
The development of a research plan was based on the findings of the literature review, our previous 
expertise and experience with biocontrol studies and additional in-house brainstorming.  Part of the 
brainstorming included putting ideas together for a possible PhD student in the biocontrol area. 
 
5.4 Development of Conceptual Design for Harvester Applicator System 
The last part of this project focused on the development of a conceptual design of a field spray applicator 
system. This included writing a proposal to the UBC Mechanical Engineering program to have a team of 
senior UBC Mechanical Engineering students work on the design.  After our proposal was accepted we 
assisted the UBC team with the industrial input, space and materials and organized several brainstorming 
sessions with a panel that gave the students additional input.  The panel included a representative from 
FERIC, spray and treatment experts from Forintek and Forintek’s lumber manufacturing department that 
have experience in mechanical engineering. 
 
 

6 Results and Discussion 
6.1 Literature Review 
Two recently published books (Butt et al., 2001 and Mason and Huber, 2002) and around 60 newly 
published papers relevant to biocontrol on wood products were reviewed. A number of other papers that 
cover use of biocontrol agents for weed control and plant pests control (including forest pests) were not 
studied in detail as these were perceived to be of little relevance to wood products.  However we scanned 
briefly some of these papers in search for ideas on how to improve performance of biocontrol agents. 
 
In general, there is continued pressure from the general public for further reduction of pesticide use, a 
need to replace phasing-out or banned chemicals or ones that have lost effectiveness due to the 
development of pesticide resistance. There is increased demand for development of biocontrol agents. 
Biocontrol agents continue to be perceived as promising and sometimes the only alternatives to 
chemicals. However, they continue to be under similar scrutiny to chemicals. They are being strictly 
regulated and cannot be released into the environment until they have passed a pest risk assessment and 
until all the data on toxicological and efficacy are provided. Regulatory authorities, recognizing the 
benefits of good biocontrol agents and the role they might play in future, attempt to encourage and ease 
the registration process. Unfortunately there is still relatively little investment in the research and 
development of microorganisms compared to what companies are ready to spend on the discovery and 
development of chemical pesticides (Butt et al., 2001). The major reason is their narrow niche-markets, 
narrow host range, short-term persistence and often inconsistent and poor control in field trials. Some 
researchers continued to concentrate only on screening and lab testing of potential biocontrol agents, 
neglecting a need to test them under field conditions (Zulpa et al., 2003; Bruce et al., 2003, Payne et al., 
2000, Payne and Bruce, 2001; Bruce et al., 2000; Crozier et al., 2000, Hiratsuka and Chakravarty, 1999.) 
However, others have evaluated the efficacy of existing products in the field (Morris et al., 1992, Brown 
and Bruce, 1999, Pratt and Thor, 2001, Behrendt and Blanchette, 2001). 
 
Target pest organisms for biocontrol in wood products include root and butt rots, decay, stain and mold. 
Biological control organisms operate either on the basis of parasitism, antibiosis, displacement or 
competition with target organisms, induced host resistance or through control of pest’s arthropod vectors. 
Bacteria/yeasts and their products are often explored as biocontrol agents. It is reported that their filtrates 
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and VOCs have the ability to degrade chitin and that they can control bluestain or decay  (Zulpa et al., 
2003; Bruce et al., 2003; Payne et al., 2000; Bruce et al., 2004; Hildgund, 2001). Molds as biocontrol 
agents are also a common choice due to their mycoparasitic ability and the inhibitory potential of their 
products. Especially Trichoderma spp are being continuously assessed (Morris et al., 1992, Bruce et al., 
2000; Humphris et al., 2001; Score, 1998; Švecová et al., 1998; Yang et al., 2003; Crozier et al., 2000; 
Phillips-Laing et al., 2003; Hiratsuka and Chakravarty, 1999). More than half of the registered and 
available fungal products (to control various plant diseases) are Trichoderma- or Gliocladium-based 
preparations. Some are intended to be used in standing trees to prevent decay, or as wound paints to treat 
pruning wounds. 
 
The work with Phlebiopsis gigantea (a decay fungus applied to freshly cut stumps to prevent colonization 
of the root and heart rot causing fungus Heterobasidion annosum) presents a good example of a 
successful biocontrol agent and offered practical knowledge and experience regarding the use of a 
biocontrol on wood products. It has been widely used in Europe and is commercially available in the UK, 
Scandinavian countries and Poland (Varese et al., 2003).  It has been recently developed for use in 
Canada as well (Mason and Hubert, 2002). Alternatives to P. gigantea, such as Phaeotheca 
dimorphospora, were also evaluated by field-testing. However while pre-colonized rice grains of P. 
dimorphospora inoculum reduced H. annosum colonisation, the spore suspension could not match the 
performance of P. gigantea oidial suspension (Roy et al., 2003). Attempts to use harvesters to inoculate 
P. gigantea were successful (Pratt and Thor, 2001. Pratt et al., 2001) however they commented that 
further work is needed to limit the waste sprayed on the ground surrounding stumps. P. gigantea has also 
been used to effectively control bluestain in pulpwood (Behrendt and Blanchette, 2001) both in laboratory 
and field tests. P. gigantea has shown the ability to disintegrate bluestain hyphae and also decolourise 
previously stained wood. However as P. gigantea is a decay fungus a caution is needed before the 
attempts are made to use it in larger scale to avoid any strength loss. The possibility of using or 
developing isolates that have diminished decay capability is an option that might be investigated and 
tested.  
 
In general, inconsistencies occur in biocontrol due to the biological nature of biological agents and their 
vulnerability to different factors found in the environment in which they operate. Changes in environment 
(temperature, humidity, radiation) and in substrate (nutrients, chemical changes) can affect both target 
organisms and biocontrol agent and shift competitiveness of one over the other. Bruce et al. (2000) 
showed that slight changes in amino acid content caused significant changes in inhibition of wood decay 
by Trichoderma volatile organic compounds. To be successful the choice biocontrol agents will have to 
be highly effective against a number of target organisms, persistent, able to compete with residual flora, 
and able to quickly colonize and proliferate on existing and new substrates. Biocontrol organisms must 
stay attached to the substrate and be able to tolerate and maintain effectiveness for at least several months, 
to tolerate sometimes drastic changes in moisture, humidity and temperature. Significant protection in 
many systems was only achieved when the control agents were applied to the wood prior to exposure to 
target organisms.  
 
Commercial biocontrol agents need to be produced inexpensively on a large-scale and have user-friendly 
formulations in order to compete with chemically-based pesticides. Efficacy of the delivery system and 
the influence of the organism on the microbial succession pattern within the system are important to 
consider. Delivery and application processes thus need to be developed for specific applications as no 
general solutions can exist. For biocontrol agents it is also a bonus if it can follow standard industrial 
procedures as closely as possible. (Brown and Bruce 1999). For example Score (1998) investigated the 
use of a Trichoderma spore suspension with a pressure impregnation system and found that spores 
retained viability after the treatment. Ideally they should also have good shelf life even under adverse 
conditions. Thus in the development phase of a biocontrol product studies are needed to look sturdiness of 
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organisms to desiccation, room temperature storage, elevated temperatures, exposure to ultra-violet 
radiation etc.  
 
Little is known about the modes of action of Volatile organic compounds (VOC) and their role in the 
interaction between resident organisms (Bruce et al., 2004). The choice and combination of agents may 
also be important as some biocontrol isolates were shown to actually increase the growth or pigmentation 
(Bruce et al., 2003).  
 
6.2 Registration and Current Status of Existing Albino Bluestain Agent (Cartapip®) 
An albino bluestain fungus under the name Sylvanex gained temporary registration in Canada under 
Section 17 of the Pest Control Product (PCP) to be used as a biological antisapstain product to control 
blue-staining fungi on freshly felled lodgepole pine and red pine logs at the felling site (PMRA-
REG2004-05). We were pleased with this outcome, considering how difficult the process of registering 
new pesticides often is. This product has not been registered in the United States for use as an antisapstain 
product and there are currently no other registered antisapstain products in Canada to be used for the same 
purpose. The owner of the product needs to carry out additional studies as a condition for this temporary 
registration.  Clariant Canada Corp. who was official distributor of the product decided to pull out of the 
further work as AgraSol, the owner, did not manage to secure the same production plant for the product. 
If the production plant is changed this would affect the registration status of Sylvanex in Canada and may 
require additional amendments in the registration process and that could be very costly and time 
consuming.  It was also not clear to Clariant what the industry’s interest in this product was and if there 
would be a commercial gain. There was also a need to develop an application system and do additional 
research to optimize the product. Clariant is not interested in pursuing this product further including its 
marketing and development. Recently a company in New Zealand has bought Sylvanex technology from 
AgraSol. We talked to Roberta Farrell of Parrac Limited (the new owner), who was also originally 
involved in its development, and they initiated the process of re-registering products, securing production 
and distribution and were looking for parties interested in further collaboration with them on further 
product development. In March 2006 the product was successfully re-registered with PMRA (Reg. No. 
27561) and temporary registration is granted to December 31, 2006 after which time it will be subject to a 
new Pest Control Product Act (PCPA) expected in 2006. 
 
We are aware of several other developments in the technology of using albino bluestain fungi. 
Researchers in New Zealand (especially Dr Roberta Farrell) have generated a number of isolates able to 
grow on different wood species. Laval University and the University of British Columbia developed and 
tested their own albino strain (Kasper) based on the deep penetrating bluestain fungus Ceratocystis 
resinifera (Morin et al., 2006). This organism seems to be especially efficacious on spruce, which would 
make it complementary to Sylvanex which performs better on pines. The group also studied potential 
pathogenicity of their product and the data will help them to address some important questions during the 
registration process. The registration process of these products that are so specialized and for small niche 
markets will inevitably slow down commercial development of these products. It will continue to be 
inhibited by the costs of providing data to regulators for registering the products and the type and 
complexity of data required. 
 
6.3 Ph.D. in Biocontrol Outline and Research Plan for Future Work 
In June 2004 we examined the possibility of hiring a student to do a PhD work in the area of biocontrol. 
The objective was to: Outline plans and assess feasibility of a PhD in the area of biocontrol on wood 
products, and find possible sources to fund this work. We brainstormed with our UBC collaborator from 
the Department of Wood Science, Professor Colette Breuil on the scope of the work and the logistics. The 
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potential PhD student would be registered at UBC. At that time a German student who spent a summer 
working with us as an undergraduate student was interested to do the work however he was too late to 
apply for the funding body from Germany and later on did not receive funding to do this work. We 
continued to examine possibilities for external funding for the student. Later we realized that it would be 
difficult to pass this work onto a PhD student because of the large volume of required work and its 
unpredictability. We concluded that the best approach would be to do this work in house, combining 
different sources of funding.  
 
Here is a revised outline of the proposed PhD work that also contains a research plan: 
 
Project objective: Study and select the best candidates to use for biocontrol of stain in conifer logs, 
improve their performance and consistency and study feasibility of using automatic, unobtrusive, 
inexpensive and efficient methods of applying them in the field. 
 
6.3.1 Draft Ph.D. Work Plan 

6.3.1.1 Literature review 

 Evaluate constraints of existing albino biocontrol agents to control bluestain (Compare Sylvanex, 
Kasper-UBC/Laval albino strain, G. roseum with alkali, Forintek’s biocontrol agent) 
• Test maximum allowed spray delay time (aging) after the harvest 
• Study basic application requirements, dosage rates 
• Investigate possibility of cutting down water requirements for field application 
• Investigate shelf life, laboratory studies to determine the stability of diluted product at different 

concentrations.   
• Investigate efficacy when using combination of different albinos 
• Investigate surface area coverage requirements 
• Investigate feasibility of spraying albinos in winter under the field conditions 
• Test feasibility of protecting array of wood species 

 
 Investigate large-scale application systems during harvesting 

• Review of forest spray technologies 
• Performance criteria for field applicators 
• Recognize which ones will operate quickly, efficiently, and be practically feasible 
• Investigate feasibility of developing an attachment to existing log harvesting equipment (efficacy 

while using high speed rates in delivering appropriate dosage rates) 
• Study compatibility of biocontrol agents with hydraulic spray equipment, nozzles 
• Feasibility of developing independently operated spray system for treating log decks 

o Determine optimum operational parameters 
o Maximum allowed storage time (in days) prior to successful treatment 
o Optimal pile size 
o Feasibility of spraying log piles rather than individual logs sideways or from the top 

• Find time window and determine parameters for safe storage of wood products treated with 
successful biocontrol agents  

• Investigate integrated control 
 

 Study other ways of control using biocontrol agents: e.g. modified decay fungi, bacteria, insect-vector 
control 
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 Study if there is any effect of biocontrol agents on insect vectors and other pests whose infestations 
patterns may be affected (as significant increase or decrease of infestation dynamic) by the presence 
of biocontrol agent. 

 
The research plan considers a series of laboratory and field activities designed to address the challenges in 
achieving the project objectives. The activities are to be done in parallel and in a logical order leading to 
the field testing of a prototype applicator at the end of Year 2 after which further studies will be done to 
test the product under real-life conditions and further improve its consistency and performance.  At the 
project start we suggest formation of an industry advisory committee. This will be a group of industry 
representatives with relevant interests in this project to provide guidance throughout the project’s 
duration.  The committee will include the project partners, collaborators and clients as they are added to 
the team. 
 
An example of some specific outlines of work are listed under the following activities/subtitles: 
 
To study constraints of the biological agent: 
This work is targeted towards determining the way in which the biocontrol agent needs to be handled in 
the field and to optimize dosage rates. Lab experiments will determine the basic application requirements 
for the biocontrol agent including dosage rates and surface area coverage requirements, feasibility of 
spraying in winter and compatibility with hydraulic spray equipment components, shelf life and optimum 
dosage rates for biocontrol agent. Some of parameters have to be also tested under field conditions.   
 
To test shelf life dilutions, solutions will be agitated to suspend the fungus, and then allowed to sit at 
room and refrigerator temperatures. Over 5 days we will use a bioassay technique to assess the 
concentration of colony forming units (CFU) starting every 4 hours for the first day and then twice per 
day for the remaining four days. For each concentration two replicates, one constantly agitated and one 
without agitation, will be used.   We will extend this experiment as long as the viability of the fungus 
remains high.  Different field mixing methods will be also studied in the lab with one concentration 
(107CFU/ml).  
 
To determine optimum dosage rates two experiments will be set up in one location at two different times 
(July and August). Depending on log availability we could use lodgepole (or ponderosa) pine logs (2-5m 
long). Using a design that permits statistical analysis we will spray 4 different concentrations (106, 107, 
108 and 109 CFU/ml) of the biocontrol agent at three dosage rates (75, 100, 250 mL/m2). The success of 
each treatment will be assessed by measuring the extent of stain in thin sections of the test logs, compared 
to water sprayed controls, after 7 weeks. The experiments may continue based on the results. 
 
To determine if application rates can be minimized, a set of laboratory experiments would determine 
whether bluestain control can be achieved by targeted application to wound sites at the butt and crown of 
the tree (where most limb wounds are located).  The selected biocontrol agent will be sprayed on log ends 
and onto artificially produced wounds. Growth and spread rates will be assessed within the wood.   Stain 
development will be assessed by measuring the stained area on thin discs taken from the logs compared to 
logs where the log has been sprayed over the whole surface area.   
 
To determine the feasibility of spraying frozen logs, preliminary laboratory simulations will be carried 
out.  In winter we will bring portions of freshly frozen logs to the laboratory. We will retain some 
segments as untreated controls and other segments will be sprayed with two different concentrations of 
the biocontrol agent.  All the segments will be put into a large freezer.  When the segments are removed 
from the freezer they will be thawed and allowed to be colonized by natural bluestain inoculum. They will 
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then be assessed for internal stain (as described above) and compared with control logs that were not 
treated.  Antifreeze adjuvants may also be tested. 
 
To study compatibility of biocontrol agent with industrial scale field application methods tests will be 
designed to focus on the survival of biocontrol organisms under several anticipated field application 
system conditions including: 

1. spray nozzle shear 
2. pump agitation  
3. liquid pressure and temperature  
4. spray solution recycling 
5. different levels of antifreeze substances 

 
Forintek’s spray pilot plant will be used for 1-4.  The viability of the biocontrol organism will be assessed 
under varying conditions that could prevail in an industrial hydraulic spray system.  The viability 
assessments and item 5 could be done in Forintek’s biology laboratories. 
 
To look into feasible industrial scale field application methods:   
Logs are spray-treated with chemicals in New Zealand at central sorting facilities and at ports. In Europe 
stumps are treated with chemicals and biological agents.  These are different from the use we propose but 
there may be lessons to learn from their problems and experiences.  While aerial spraying of forests for 
pest control is done in some countries, including Canada, we do not think investigating aerial spraying 
would be fruitful for this project. Researchers in New Zealand, Germany and Scandinavia will be 
contacted to determine what technology they have that may be relevant to the project.  Of particular 
interest will be technology that is used to apply liquids during periods of the year when temperatures are 
well below freezing.  Site visits will be made to see demonstrations of the most promising technology if 
warranted. 
 
To look into performance criteria for field applicators:   
A critical part of this project is to determine the technical criteria needed for large-scale application 
systems to effectively deliver biocontrol agents.  Under field conditions, application systems need to 
operate quickly with high efficiency to be practical.  Two envisioned application system scenarios include 
a spray system attachment to existing log harvesting equipment and the development of an independently 
operated spray system for treating log decks. Experimental work will focus on these two spray system 
types to determine optimum operational parameters. Spray System Attachment for Existing Log 
Harvesting Equipment might be used for mounting onto existing delimbing and processing equipment. 
However one of the main challenges of this concept is that log harvesters process logs at high speeds, 
sometimes exceeding 1000 ft/min.  Prior to embarking on the design of a specific applicator for a 
delimber or processor we propose to carefully assess the efficacy of such high feed rates in delivering the 
appropriate dosage rates. The concept of using a fixed array of nozzles (e.g. a nozzle ring) to spray logs 
on all sides will be assessed.  To simulate high-speed industrial conditions, a conveyor system in 
Forintek’s spray lab, which is capable of variable speeds up to 1000 ft/min, will be used to propel small 
logs at different speeds through a specially designed ring-type spray system.  Tests will determine the 
system’s capability to evenly coat log surfaces at various speeds.  Different nozzle types and pressures 
will also be used to determine optimum liquid transfer efficiency and whether spray applicators are 
suitable for mounting on delimbers or harvesters.  The amount of overspray and methods of dealing with 
this will be carefully assessed. 
 
To study a spray system for log decks:  
The forest industry stores logs in several types of decks. Initially, logs can be stored at roadside decks for 
a few days to weeks, or at landings for several hours to a few days. Some of the roadside decks or satellite 
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decks are used for longer periods (several months). At the mill yard, logs can be stored up to nine months 
in high, closely-packed decks under overhead cranes, or in lower, less-dense decks created by log loaders 
and stackers. Mill yard decks can consist of loose or bundled packages of logs. We would work with 
woodland and mill staff to assess the most efficient method for applying a biocontrol to the various log 
decks at different times of the year.  Feasible methods will be tested by improvising simple equipment to 
apply water containing a pigment to assess penetration and coverage characteristics over different log 
deck configurations. 
 
Knowledge and technology should be transferred to end-users/resource practitioners on a complete, 
proactive, and interactive basis. The project’s extension plan should be developed in conjunction with the 
end-users/resource practitioners so that the knowledge, information, tools, or other products will have a 
high probability of being integrated into policies, planning approaches, practices or standards in support 
of activities ranging from strategic through to operational. 
 
6.4 Early Development of Harvester Applicator System 
In December 2004 an opportunity arose to have a team of senior UBC Mechanical Engineering students 
develop a conceptual design of the applicator system that could be used to spray biocontrol agent on the 
logs.  After our proposal was accepted a team of UBC students started work in January 2005. The Project 
Leader gave the students industrial input and organised several brainstorming sessions with a panel that 
gave the students additional input.  The panel included a representative from FERIC, spray and treatment 
experts from Forintek, and Forintek’s lumber manufacturing department that have experience in 
mechanical engineering.  Students developed the design and built a model that was successfully tested at 
Forintek.  It concentrated mostly on defining performance criteria, assessing the efficacy of high feed 
rates in delivering the appropriate dosage rates on three different diameter sizes using Forintek’s conveyor 
system. Tests determined that the mockup system with selection of nozzle types and pressures had 
capability to evenly coat log surfaces.  The amount of overspray and methods of dealing with this were 
also addressed. We initiated further talks with UBC as well as with University of Alberta, a harvester 
manufacturer and FERIC to continue this work. See Appendix 1 for detailed description of this work.  
 
 

7 Conclusions 
In general, inconsistencies occur in biocontrol due to the biological nature of biological agents and their 
vulnerability to different factors found in the environment in which they operate. Changes in environment 
(temperature, humidity, radiation) and in substrate (nutrients, chemical changes) can affect both target 
organisms and biocontrol agents and shift their competitiveness. Biocontrol organisms must first survive 
application, stay attached to the substrate, then retain activity in the environment of use throughout the 
period when active control is required. They must be able to fight against indigenous and competitive 
microflora and survive fluctuations in the physical environment.  
 
Additionally, commercial biocontrol agents need to be produced inexpensively on a large-scale and have 
user-friendly formulation with satisfactory shelf-life in order to compete with chemically-based 
pesticides. Effective and unobtrusive delivery processes need to be developed in order to use the product 
on a commercial scale.  
 
There is a need for further research to address some of these key points. It has to involve a series of 
laboratory and field activities coordinated through an Industrial advisory committee to provide guidance 
and industrial input. The field studies are particularly important as they represent real-life challenges.    
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The collaborative study between Forintek and UBC Mechanical Engineering department on feasibility of 
developing harvester applicator system has shown promise and encouraged further work to develop a 
prototype and initiate field tests. 
 
With future focused research we seek to recognize and understand the most crucial inconsistencies and 
come up with suggestions on how to improve them in the field. Integration of these agents with other 
protection strategies is also worth pursuing. 
 
 

8 Recommendations 
• Understand status and current changes in the registration process of new biological control agents in 

Canada and abroad. Monitor and assist if necessary the registration process of the promising agents 
including Kasper and G. roseum. Monitor and discuss possible improvements in the production and 
formulation of these agents. 

 
• Find ways to initiate and conduct parts or the full scope of the research outlined in the draft PhD work 

plan   
 
• Continue development of a spray applicator system either through UBC mechanical engineering 

department or University of Alberta; link with an equipment manufacturer, an industry champion and 
FERIC.  
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Appendix I  
 

 Spray applicator system mounted on a harvester or delimber head final report. 
Report submitted to Forintek by UBC Mechanical Engineering Students. 
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