
FII Forest Research Program 2003/04 Annual Progress Report 

The purpose of this Annual Progress Report is to communicate progress and achievements of your research project over the funding period and 
identify impacts or outcomes of the project.  Information from this progress report is required to assess the final progress of the project in relation 
to the Recipient Agreement and to provide information required for FII Ltd. to report on annual achievements and funding investments for the 
Forest Research Program.  Complete the required information in the unshaded text boxes for Parts A to C, (text boxes will expand). 

 

Part A:  General Project Information 
The information provided under Part A will be available for immediate posting on the Internet in a project repository on the Natural 
Resources Information Network (NRIN) website. 
 
Project No: R04-FII 078 
Organisation: University of British Columbia 
Project Contact: Dr. Suzanne Simard 
Address: Dept. Forest Science, 2424 Main Mall, University of British Columbia, V6T 1Z4 
Phone No. 604-822-1955 
Email: suzanne.simard@ubc.ca 
Project Title: 
 

Planted Douglas-fir in the Interior Dry-Belt: improving mycorrhization and root structure for better seedling performance. 

 
Final Project Abstract: 
 
This project identified critical nursery factors leading to improved mycorrhization and rooting structure of nursery-grown interior 
Douglas-fir seedlings.  Survival and productivity of planted interior Douglas-fir has historically been low in the Dry and Very Dry 
IDF subzones, and we hypothesized that lack of mycorrhization and poor root structure of standard container seedlings were 
important contributing factors to this poor success.  We conducted a series of growth-chamber experiments testing different levels 
of the factors important in growing media: nutrients (nitrogen and phosphorus), water, and aeration. We also compared seedlings 
grown with and without native inoculum (field soil) to determine whether natural inoculation enhanced mycorrhization across each 
of the growing medium factors.  This experiment was replicated 12 times at the UBC greenhouse.  The seedlings were harvested in 
March, April and May, 2004, and measured for height, diameter, and root and shoot biomass.  In the moisture experiment, we also 
tracked seedling mortality patterns, and assessed each dead seedling for biomass, number of root tips, and number of mycorrhizal 
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root tips.  All of this data has been statistically analysed and is summarized in this report.  We found that the best nursery regime 
for enhanced root development and mycorrhization included addition of mineral soil to the growing medium and (a) maintaining 
moisture content at 30-50% CC, (b) maintaining aeration levels achieved with 90% peatmoss and 10% styrolite, (c) adding nitrogen 
fertilizer at rates between 20 and 40 ppm during the establishment stage, and (d) adding phosphorus fertilizer at a rate of 10 ppm 
during the establishment stage.  This fertilizer formulation amounts to N20-40 P10 K80 during the establishment stage, and N60-80 
P10 K80 during the growth stage.  Where mineral soil is not added to the growing medium, our results suggest that the best root 
development will occur at  higher moisture contents, between 50 and 100% CC, with straight peatmoss (i.e., no styrolite added), 
and with same fertilizer regime as with mineral soil.  As we had anticipated, we will be completing the remaining mycorrhizal and 
root tip assessments through June, 2004, to be included in the journal article and extension note.  Extra seedlings are being 
hardened off at the UBC greenhouse with hopes that funding can be secured for out-planting trials on the nine sites we selected in 
the Very Dry, Dry and Moist IDF subzones during the spring of 2004 as part of this project.   
 
Keywords: 
 
Interior Douglas-fir, ectomycorrhizae, diversity, roots, seedlings, nursery practice, nutrients, aeration, moisture, physiology, survival, growth, 
productivity, IDF zone, stress, climate change  
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Part B:  Project Impacts, Outcomes, Progress, and Extension 
Information provided in Part B is used to evaluate and assess the completion of the project in relation to the terms and workplan outlined in the 
Recipient Agreement and assess the impacts and outcomes of the project. 
 
B1:  Workplan and Annual Progress Summary: 

Using the table below, describe the extent to which the activities and objectives identified in the workplan (Schedule A Recipient Agreement) 
were achieved.  Indicate any changes from the original plan in bold, and indicate date of approval and brief rationale for the change.  Please list 
extension activities and deliverables in table B5 below(“Outputs, Deliverables, and Extension”) 
 
Project Component 

or Objective  Activities (Tasks)  Extent to Which Activities have been Completed and Objective has been 
Achieved  

Objective 1. To 
determine the cause of 
poor mycorrhization of 
interior Douglas-fir 
stock in the nursery. 
 

1.  Initiate growing medium, aeration, 
soil moisture and soil nutrient 
experiments. 

2.  Harvest seedlings and measure 
response variables. 

3.  Place buffer seedlings in nursery 
until ready for fall-plant. 

4.  Analyse data and write 
reports/journal article/extension 
note. 

1. The growing medium, aeration, soil moisture and soil nutrient 
experiments were initiated.  Note that the number of treatments was 
increased from 11 to 40, and the inoculation experiment combined with 
this experiment, meeting objective 5 at the same time as objective 1. 

2. The seedlings were harvested in March/April and the response variables 
are currently being measured. 

3. Buffer seedlings have been placed outside for hardening off in case 
funding can be secured for spring 2005 planting. 

4. Data was analysed and drafts of the journal article and extension note 
completed. 

 
Objective 2. To 
identify appropriate 
nursery practices for 
promoting 
mycorrhization of 
interior Douglas-fir 
nursery stock. 
 

1. Initiate experiments that test 
combinations of growing medium, 
aeration, soil moisture and soil 
nutrient for best nursery practice 
aimed at mycorrhization. 

2. Harvest seedlings and measure 
response variables. 

3. Analyse data. 
4. Write reports/journal 

article/extension note. 

Because of the late award of the FII contract, this experiment was 
abandoned, and the funding used instead to expand experiment 1 (increased 
number of treatments and replication).  This allowed us to achieve the 
primary project objectives within the revised timeframe presented by FII.   
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Objective 3. To 
experimentally 
produce test seedlings 
which vary in 
mycorrhization. 

1.  Find commercial greenhouse or 
reserve UBC greenhouse for 
growing seedlings for out-planting 
trials (for objective 4). 

2.  Sow seed for seedling production 
using best nursery practises 
identified in objectives 1 and 2. 

3.  Grow seedlings in nursery for 16 
weeks then place in cold storage. 

1. UBC greenhouse was secured for growing seedlings.  The seedlings to be 
used in out-planting trials were grown as extras in experiment 1. 

2. Seedlings were sown for seedling production. 
3. Seedlings were grown for approx. 4 months and then placed outside for 

hardening off. 
4. Depending on whether additional funding is secured from other sources, 

these seedlings will be placed in cold storage for out-planting in spring of 
2005. 

Objective 4. To 
evaluate the 
performance, 
physiology and 
mycorrhization of test 
seedlings out-planted 
onto sites in the Very 
Dry and Dry subzones 
of the IDF.  
 

1.  Find field sites for out-planting 
trials. 

2.  Lay out in the field, treatment plots 
for (a) preliminary trials and (b) 
full out-planting trials. 

3.  Plant preliminary trial (single Dry 
site) using buffer seedlings from 
objective 1. 

4.  Harvest seedlings out-planted in 
preliminary trial. 

5.  Measure seedling growth and 
mycorrhizal response variables in 
preliminary trial. 

6.  Analyse data. 
7.  Write reports and extension note. 

1. Field sites were located with help of Licensees for out-planting trials. 
2. Treatment plots were laid out. 
3. None of the field trials were planted because of (a) delays in initiating the 

experiments due to delays in FII contract awards, and (b) funding 
discontinuation by the FSP in 2004/05.  

Objective 5. To initiate 
inoculation trials that 
may lead to 
enhancement of 
appropriate 
ectomycorrhizal fungal 
communities under 
best nursery practice 
(as identified in 

1.  Initiate experiments that test 
different commercial inoculants 
and compare them with seedlings 
grown under best nursery practices 
(from objective 3). 

2.  Harvest seedlings and measure 
response variables. 

3.  Analyse data. 
4.  Write reports and extension note. 

1. Completed using field inoculum (instead of commercial source). 
2. The seedlings were harvested in March/April and response variables are 

currently being measured. 
3. Buffer seedlings have been placed outside for hardening off in case 

funding can be secured for spring 2005 planting. 
4. Data was analysed and a journal article and extension note drafted (in a 

single article and note with objective 1). 
5. Presentations will be made at workshops and conferences where 

appropriate opportunity arises. 
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objective 2). 5.  Workshops, conference 
presentations, and personal 
communications for all objectives. 
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B2:  Research Question:   

Restate the research question as per your original proposal and comment on the extent to which your research question has been answered 
during the current funding period. 
 
To determine appropriate nursery practices for enhancing ectomycorrhizae and rooting of interior Douglas-fir stock with the goal of 
improving planted seedling performance in the Very Dry and Dry IDF subzones. 
 
We have identified appropriate nursery practises for enhancing ectomycorrhizae and rooting of interior Douglas-fir planting stock.  The nursery 
practise parameters we studied include soil water content, nutrient regime (NPK levels) and aeration level (as determined by composition of 
growing medium).  We identified optimal levels of each factor that maximized, in combination, the number of interior Douglas-fir short roots; 
ectomycorrhizal colonization, composition, and diversity; and root:shoot biomass ratios.  These optimal levels have been determined 
individually in replicated, randomized experiments at the UBC greenhouses.  In addition, we have tested these levels under two levels of 
inoculation: with and without native field soil added. 
 
The next step for this project was to test our seedlings for field performance.  In consultation with a number of interior Licensees, we selected 
nine field sites in Very Dry, Dry and Moist biogeoclimatic IDF subzones in the fall of 2004.  Areas were laid out on these sites for the trials.  In 
addition, the sites were reserved from operational planting by the responsible Licensees.  Unfortunately, because we were not successful in 
acquiring funding for the out-planting trials from the FSP, we also had to spend time contacting licensees to remove the map notations for the 
research trials.  As a result of cancellation of the field portion of this research, at least until future funding is secured, we will not be able to 
determine which of our nursery treatments result in the best field planted seedling performance.  We are still searching for funding, however, to 
adequately harden off the seedlings, place them in cold storage, and eventually carry out the field trials. 
 
In spite of the premature termination of the project, we will publish the nursery regime results in an international refereed journal, such as 
Mycorrhiza, ensuring the results are peer-reviewed and disseminated world-wide to research scientists.  In addition, we have produced an 
extension note intended for nursery growers, and plan to present the results at provincial conferences sponsored by SISCO or the Forest 
Nursery Association. 
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B3:  Impacts and Outcomes: 

Describe the impacts and outcomes of the research and how the research has benefited or improved sustainable forest management.  Where 
possible, provide quantifiable outcomes associated with this research (i.e., volume gain in terms of m3; cost savings due to improved access, 
etc.). 
 
Our greenhouse experiments have improved our understanding of nursery factors that lead to improved mycorrhization and rooting structure of 
interior Douglas-fir seedlings.  We hypothesized that lack of mycorrhization and predominance of sinker roots on container-grown seedlings 
are important factors that underlie the historically poor success of out-planted Douglas-fir nursery stock in the Very Dry and Dry subzones of 
the Interior Douglas-fir zone.  We have subsequently identified the appropriate nursery regimes (water, nutrient and aeration levels) for 
producing high-quality mycorrhizal Douglas-fir seedlings with a greater number of short-roots and higher root:shoot ratios than standard 
nursery stock.   Using these experimental seedlings following cold storage and additional funding acquisition, we hope to test their ‘fitness’ 
under field conditions.  If we are able to do that, we will compare the performance (survival, growth, physiology, mycorrhization) of our 
experimentally produced seedlings with standard nursery stock across a range of climatic conditions in the Very Dry, Dry and Moist IDF 
subzones.  The field trials should help us determine whether mycorrhization improves early water uptake of seedlings in the drier subzones, 
thereby closing the gap in out-planted seedling survival and productivity with the more favourable Moist subzones. They will also help us more 
confidently recommend changes to nursery practises for producing Douglas-fir seedlings for drought-limited sites.  These recommendations 
will become increasingly valuable to the forest industry if we continue to experience drier regional climates.  
 
With improved Douglas-fir nursery stock that performs well in the field, we anticipate changes in forestry practise that currently favours 
planting lodgepole pine over Douglas-fir on Douglas-fir-appropriate sites.  The historic low success of planted Douglas-fir stock in the field has 
led to young stand conversions to lodgepole pine on a range of IDF sites.  Although there is some ingress of natural Douglas-fir regeneration, 
and some retention of advance Douglas-fir regeneration, the shift toward lodgepole pine dominance on these sites is worrisome from both 
ecological and economic points of view.  Lodgepole pine may not maintain good productivity on Douglas-fir sites because (a) its silvics may 
prove to be maladapted at a later age, and (b) its effects on forest health and natural disturbance patterns may be unfavourable.  In addition, our 
results should lead to higher planting success and a lowered need for costly fill-planting of drought-killed Douglas-fir seedlings.  Finally, 
lowered watering and nutrient regimes should result in direct cost-savings to nurseries that currently invest heavily in high input regimes.  By 
encouraging planting of healthy, resilient mycorrhizal Douglas-fir seedlings on sites where it is preferred, the results of this study have the 
potential to improve sustainable forest management in the IDF zone. 
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B4:  Users and Application of Results: 

List the user group and describe the realised or expected benefit of your research (e.g., researchers, technical experts, planners, foresters, 
practitioners, regulators, decision makers, public). If results or information derived from the research have been used, provide the name of the 
individual and organisation and describe how the information has been applied. 
 
User/User Group Realised/Expected Benefit 
 
Planners/Foresters/ 
Practitioners 
 

• Increased access to results will help with better decisions for regenerating Douglas-fir forests with site appropriate 
Douglas-fir following harvest. 

• Solid, well-designed, peer-reviewed research for modifying and justifying planting practises. 
• Easy access to results in the form of extension notes and conference presentations once the research is completed.   

Nurseries • This information will be made available to nurseries through presentations at conferences like SISCO and the 
meeting of the Forest Nursery Association of British Columbia. 

• Nurseries can improve their market share of growing drybelt Douglas-fir by producing seedlings with a higher out-
planting success rate. 

Researchers • The publication of this research in an international scientific journal, and presentation at workshops and 
conferences, makes important contributions to the advancement of nursery research provincially and worldwide. 

Public 
 

• The public benefits from sound management of B.C. forests. Our research results will make strong contributions to 
this process by facilitating better regeneration success of interior Douglas-fir.  This will lead to more sustainable 
management of drybelt Douglas-fir forests by increasing suitable tree species selection for harvested sites. 
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B5:  Outputs, Deliverables, and Extension 
List the deliverables or extension products developed from the research during the 2003/04 funding period.  Please identify a) the type of 
deliverable (TYPE), b) the deliverable citation, and c) whether it is (Y) or is not (N) included as part of this Annual Progress Report submission 
(INCL). 
 
TYPE CITATION INCL (Y/N) 
OTH Planted Douglas-fir in the Interior Dry-Belt: improving mycorrhization and root structure for better seedling 

performance. Working plan by Olga Kazantseva and Suzanne Simard. 
Y 

JOU Effects of water, nutrient and aeration regimes on mycorrhization and root structure of Pseudotsuga menziesii var. 
glauca in the interior drybelt of British Columbia (working title). 

Y 

EXT Nursery cultural regimes for improved root development and mycorrhization of interior Douglas-fir container 
seedlings 

Y 

ORA Presentation at SISCO 2005 or meeting of the Forest Nursery Association of British Columbia. Will be 
completed 
when 
opportunity 
arises. 

 
 
 
Deliverable Type Legend 
TYPE OUTPUT DESCRIPTION TYPE OUTPUT DESCRIPTION 
TEC Technical Report FGM Field Guide or Manual 
JOU Peer Reviewed Journal Article ORA Oral Presentation 
EXT Extension Note or Newsletter Article POS Poster Presentation 
NEW Newsletter WEB Website 
BOK Book or Book Chapter OTH Other 
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Part C:  Additional Project Information 
Information provided in Part C will be used to report out on the overall investments of the Research Program during the 2003/04 funding period. 
 
C1:  Multi-year Projects: If the project is part of a multi-year research initiative, indicate in the statement below where the current funding period 
(2003/04) lies within the longer term research program: 

The 2003/04 fiscal period represents year _1__ of a _3_ year research program/project.  Continuing this project in years 2 and 3 will depend on 
securing funding from outside sources because subsequent years’ research was dropped by FSP. 
 
 
C2:  Research Focus:  Select (by placing an X in the preceding box) the primary category that would best categorize the focus of research 

 Silvicultural Systems - (harvesting systems – 
shelterwood, clear-cut, etc.) 

  Natural Disturbance Dynamics (fire, 
wind, etc.) 

  Site Rehabilitation and 
Restoration 

 Growth and Yield (modeling, site index work)   Ecosystem Dynamics (classification, 
inventory, PEM, ecosystem research) 

  Forest Genetics 

 Biodiversity/Habitat Management (SAR, 
habitat requirements, habitat supply modeling) 

  Wood Quality (assessment, wood 
properties and potential applications) 

  Other – Please specify 

 Forest health (pests and pathogens)  X Soil Conservation, Health, and 
Productivity 

   

 Riparian and Aquatic Management (buffers, 
CWD) 

  Integrated Resource Management (land 
use planning) 

   

 
 
C3:  Biogeoclimatic Ecosystem Classification:  Identify (by placing an X in the preceding box) the BEC zone(s) to which the research applies. 
 
 Alpine Tundra  Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce  Interior Cedar-Hemlock  Spruce-Willow-Birch 
 Bunchgrass X Interior Douglas-Fir  Sub-Boreal Spruce 
 Coastal Douglas-Fir  Montane Spruce  Not applicable 
 Coastal Western Hemlock  Mountain Hemlock   
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C4:  FII’s Objectives and Strategies:  With respect to FII’s objectives and strategies listed below, identify (by placing an X in the preceding box) 
which of the following strategies best represents the overall objective and approach of your research project. 
 
Objectives and Strategies 
Objective:  To support more effective policies, regulations, and guidelines  

 Support policy, regulatory and guideline development, evaluation and adjustment 
X Enhance quality of decision making through improved knowledge base 
 Empowered decision makers to employ practical adaptive management approaches 
 Support greater certainty in planning and decision making for all forest resources values  

Objective:  To enhance the value of timber and forest land assets  
 More effective and efficient use of forest resources 
 Reducing costs of timber production 
X Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
 Increasing available volume and value through productivity enhancements, increased utilisation and better realisation of inherent site 

potential 
 Increasing available timber volume through management of access constraints 

Objective: To improve stewardship and market acceptability of BC forest practices and forest products 
 Promoting new or adapted forest practices which give  BC an edge in the world forest product marketplace 
X Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
 Enabling and accelerating certification practices 
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