
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: R04-095 (Umbrella Letter of Agreement) 
Organisation: B.C. Ministry of Forests, Research Branch 
Project Contact: Robert P. Brockley 
Address: 3401 Reservoir Road, Vernon, B.C.  V1B 2C7 
Phone No. (250) 260-4768 
Email: Rob.Brockley@gems7.gov.bc.ca
Project Title: 
Effects of Intensive Fertilization on Timber and Non-timber Resources (R04-019) 
 
Final Project Abstract: 
Preliminary results from this project indicate that the repeated fertilization of young, managed forests may offer a potentially viable strategy for 
addressing timber supply challenges in the B.C. interior.  Young spruce plantations may be particularly well suited to intensive forest 
management. Four of five lodgepole pine “maximum productivity” installations have produced solid growth gains following periodic (every 6 
years) and yearly fertilization, representing relative stand volume increases up to 120% over unfertilized treatments after 6 years.  However, 
lodgepole pine growth responses have been more variable and consistently smaller than those obtained at the spruce study sites.  Foliar nutrient 
imbalances and growth disruptions at some lodgepole pine study sites were apparently induced by large, and frequent, nutrient additions.  
Conversely, the largest spruce growth responses have been obtained with the most intensive fertilization treatments.  Annual fertilization of 
spruce has produced up to 45 m3/ha of extra wood over 9 years, representing a relative increase of 290% over the unfertilized treatment.  It’s 
too early to reliably predict the potential impact of intensive fertilization on harvest yield and/or rotation length of managed interior spruce and 
lodgepole pine in north-central B.C.  However, preliminary responses from “maximum productivity” installations appear to be tracking along 
similar pathways as Scots pine and Norway spruce “optimum nutrition” studies in Sweden.  The Swedish results suggest that the volume yield 
of spruce plantations can potentially be doubled in southern Sweden, and more than trebled in the north, by frequent application of balanced 
fertilizers.  Growth projection models estimate that the rotation length for Norway spruce can be shortened by 20 to 30 years in the south and 
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by 40 to 60 years in the north.  In B.C., potential productivity gains of this magnitude would be of huge benefit in addressing timber supply 
challenges such as the amount, and timing, of future harvests from interior managed forests.   
 
The results from a white pine weevil ancillary study undertaken at three spruce “maximum productivity” study sites within the Sub-Boreal 
Spruce (SBS) biogeoclimatic zone indicate that the beneficial effects of fertilization on the growth of young interior spruce plantations likely 
outweigh the negative effects of increased incidence and severity of leader damage caused by the white pine weevil.  Fertilization significantly 
increased the incidence of weevil attack at only one of the three spruce study sites (in the SBSwk1 subzone).  Low attack levels and uneven 
attack distribution at the other two sites (SBSmc2 and SBSmk1) were characteristic of low weevil populations.  At the SBSwk1 site, analysis of 
fertilizer effects on weevil attack rates revealed increased weevil attack with increased fertilization intensity.  Over 6 years, 27% of the 
unfertilized trees sustained weevil damage compared to 56% of the trees receiving the heaviest fertilizer application.  At this site, however, 
height losses due to weevil attack were not as great as height gains due to fertilization. When combined with the development of weevil 
resistant genotypes and improved pest management strategies, intensive fertilization may offer great potential for improving the productivity of 
second-growth spruce plantations in the B.C. interior, with relatively low risk of weevil damage and associated stand volume losses or 
decreased wood quality and value. 
 
Keywords: 
Fertilization, Forest Nutrition, Forest Productivity, Growth and Yield, Intensive Silviculture 
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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  

Fertilization Scheduled fertilization of nine 
maximum productivity 
installations 

• Contracts were advertised and awarded to DC Forestry Services Ltd. and Interior Reforestation Co. 
Ltd.  All nine (9) field installations were fertilized as scheduled in May/June 2003. 

Growth and Development • 

 

 

 

• 

 

 

 

 

 

Scheduled LAI 
measurements in three 
maximum productivity 
installations 

 
• Contract advertisement and 

award for re-measurement of 
one installation 

 
• Re-measure psp’s 
 
• Quality assurance checks 
 
 
• Data editing and achiving 
 
 
• Data analysis 

Leaf area index (LAI) was measured at three (3) installations (Kenneth Creek, Crater Lake, and 
Hand Lake) in June 2003, prior to bud flush.  The LAI data has been compiled and analyzed, and 
results have been incorporated into a draft Technical Report, scheduled for publication in 2004. 

 
 
• Contract was advertised and awarded to R. White Woods Inc. for the remeasurement of one (1) 

“maximum productivity” installation (Crow Creek). 
 
 
• The remeasurement of the Crow Creek installation was completed in October 2003. 
 
• Field checks of remeasurement data from Crow Creek were completed by MoF research 

technicians in October 2004. 
 
• Remeasurement data have been edited and archived on the LAN-based server at the Kalamalka 

Research Centre, Vernon, B.C. 
 
• Remeasurement data have been analyzed and the results have been incorporated into a draft 

Technical Report, scheduled for publication in 2004. 
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Foliar Nutrition • 

 

 

 

• 

 

 

 

Scheduled foliar sampling in 
nine installations 

 
 
 
• Drying compositing, and 

grinding of foliage 
 
 
• Foliar nutrient laboratory 

analysis 
 
 
 
• Foliar nutrient interpretation 

and development of 
fertilizer prescriptions 

Foliar sampling was completed as scheduled in 8 of 9 “maximum productivity” installations in 
October 2004.  Scheduled sampling at one installation (Coyote Creek) was not completed due 
to severe small mammal feeding damage to lodgepole pine crop trees at this study site.  The 
Coyote Creek installation has been abandoned.   

 
• A contract was awarded to Wendy Clarke for the drying, compositing and grinding of foliage 

samples in preparation for chemical nutrient analysis.  The work was completed in December 
2003. 

 
• Chemical nutrient analysis of composited foliage samples was completed by the MoF, Analytical 

Laboratory in March 2004.  The foliar nutrient data have been archived on the LAN-based server 
at the Kalamalka Forestry Centre, Vernon, B.C.  The results have been incorporated into a draft 
Technical Report, scheduled for publication in 2004. 

 
• Foliar analytical results have been reviewed.  The results have been interpreted and have been used 

to develop appropriate fertilizer prescriptions for fertilization that is scheduled for May/June 2004. 
 

Weevil ancillary study • 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weevil damage survey field 
work 

 
• Collect bark samples for 

nutrient analysis 
 
• Leader volatile chemistry 
 
 
• Bark nutrient analysis 
 
 
• Collect weevil infested 

leaders from Lodi Lake 
 
• Collect emerging leaders in 

lab 
 
• Maintain weevil colony 
 
• Weevil behaviour studies in 

lab 
 

• The Canadian Forest Service (CFS) completed the scheduled weevil damage field surveys at three 
(3) spruce “maximum productivity” field installations in August 2003. 

 
• The CFS completed the scheduled bark sampling at the Lodi Lake study site in May 2003. 
 
 
• The chemistry analysis was completed at the CFS, Pacific Forestry Centre laboratory in February 

2004. 
 
• The bark nutrient analysis was completed at the CFS, Pacific Forestry Centre laboratory in 

February 2004. 
 
• The CFS collected weevil-infested leaders from the Lodi Lake study site in August 2003. 
 
 
• Emerging leaders were collected at the CFS, Pacific Forestry Centre laboratory in August 2003. 
 
 
• A weevil colony was established in August 2004 in preparation for the weevil behaviour study. 
 
• The CFS initiated a pilot study in October 2004 in preparation for the full-scale weevil feeding 

preference study.  However, the weevils failed to utilize the prepared samples (ground bark in 
agar).  As such, the behaviour study was not completed.  
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• • Data analysis Data analysis has been completed 

 

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. 
Question:  What are the effects of repeated fertilization on the nutrition, growth, and development of managed forests in the B.C. 
interior, and what are the long-term impacts of large nutrient additions on ecosystem health and sustainability? 
 
This is a long-term project and, as such, a full answer to this question cannot be provided at this time.  However, the foliar nutrition, growth 
and yield, leaf area development, spruce weevil and soil biota aspects of the study are all providing valuable interim results.  The strong 
relationship between growth and leaf area index that has been observed in “maximum productivity” installations, and the large increase in LAI 
following fertilization, confirms that increased leaf area is the primary “engine” driving fertilization growth response.  The prospects for 
continued productivity gains in fertilized treatments in most pine and spruce “maximum productivity” installations are very good due to the 
significantly higher leaf area levels in these treatments.  To date, the relative and absolute stand level volume responses in intensively fertilized 
treatments have been much larger in spruce than in lodgepole pine “maximum productivity” installations (Brockley and Simpson 2004).  
Yearly fertilization of spruce has produced up to 45 m3/ha more wood than in control treatments over 9 years, representing a relative increase 
of 290%.  Growth responses in lodgepole pine installations have been more variable and consistently smaller than those obtained at the spruce 
study sites.  Annual fertilization produced 6-year relative stand volume increments that ranged from 2% lower to 120% higher than control 
values.  Lodgepole pine growth responses appear to be inversely related to fertilization intensity with foliar nutrient imbalances and growth 
disruptions apparently induced by large, and frequent, nutrient additions at some study sites.  Conversely, the largest spruce growth responses 
have been associated with the most intensive fertilization treatments.  Large height responses have been obtained following fertilization in all 
spruce installations, despite significant increases in the amount and severity of spruce weevil damage to terminal shoots of fertilized trees at 
one study site.  Conversely, 4 of 5 lodgepole pine sites showed virtually no height response, or negative height response to fertilization.  These 
species differences are consistent with those reported from Swedish “optimum nutrition” studies, in which stand volume gains following 
intensive fertilization have been considerably better in Norway spruce than in Scots pine forests.  The continued monitoring of stand 
development in “maximum productivity” installations will determine whether these early species growth trends continue, and will document 
how closely growth responses from periodic fertilization (every 6 years) of spruce and pine can approximate the volume gains achieved by 
yearly nutrient additions.   
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Results from an earlier study reported changes in the hydraulic architecture of fertilized trees at two lodgepole pine “maximum productivity” 
sites (Amponsah et al. 2004).  The hydraulic conductivity and sapwood permeability in the lower crown of fertilized trees was increased 
relative to the upper crown at both study sites.  Greater water flow to the lower branches of fertilized trees indicates that the upper crowns may 
be more susceptible to water stress during periods of low soil moisture availability.  This is consistent with the lower stomatal conductance 
measured in the upper crowns of fertilized trees at both sites, and might partially explain the observed poor form of upper crowns in repeatedly 
fertilized trees. Branch diameter, branch wood mass, foliage mass, foliated shoot length, and annual shoot growth were larger in fertilized trees 
than in unfertilized trees at one of the lodgepole pine sites.  This suggests that greater allocation of growth to crown development may be at the 
expense of bole increment in lodgepole pine.   
 
Two ancillary studies have been undertaken at selected “maximum productivity” sites to examine the long-term impacts of repeated 
fertilization on timber and non-timber resources.  The results from the white pine weevil study undertaken at three spruce “maximum 
productivity” study sites within the Sub-Boreal Spruce (SBS) biogeoclimatic zone indicate that the beneficial effects of fertilization on the 
growth of young interior spruce plantations likely outweigh the negative effects of increased incidence and severity of leader damage caused by 
the white pine weevil.  The analysis of weevil attack rates revealed increased weevil attack with an increase in fertilization intensity at only one 
of the three spruce sites (in the SBSwk1 subzone). Low attack levels and uneven attack distribution at the other two sites (SBSmc2 and 
SBSmk1) were characteristic of low weevil populations.  At the SBSwk1 site, analysis of fertilizer effects on weevil attack rates revealed 
increased weevil attack with increased fertilization intensity.  However, height losses due to weevil attack in fertilized treatments were not as 
great as height gains due to fertilization (vanAkker et al. 2004).   
 
A soil biota study conducted at one lodgepole pine site showed that repeated fertilization resulted in significant changes in the mesofauna and 
mycorrhizae community structure, with declines in the relative abundance and density of some species, and concomitant increases in others.   
Tuberculate mycorrhizae and associated N-fixing bacteria were particularly sensitive to large nutrient additions.  Intensive fertilization also 
decreased fine root length, total mycorrhizal root tips and total live root tips.  Conversely, annual fertilization clearly increased microbial 
activity and diversity over the unfertilized control.  The possible implications of these below-ground changes on long-term ecosystem health 
and sustainability are currently being discussed among project scientists.  The results from this study are currently being prepared for formal 
publication (Berch et al. in preparation). 
 
 
 
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.). 
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Foliar analysis and growth response data from this project are proving invaluable in understanding the nutritional requirements of managed 
spruce and lodgepole pine forests in the B.C. interior, and in determining the rates and frequencies of nutrient additions required to maintain 
favourable foliar nutrient balance.  Foliar nutrient concentrations, and nutrient ratios, associated with favourable and unfavourable growth 
characteristics have been identified.  Young lodgepole pine and spruce managed forests have been found to react quite differently to intensive 
fertilization.  Lodgepole pine growth responses appear to be inversely related to fertilization intensity, with foliar nutrient imbalances and 
growth disruptions apparently induced by large, and frequent, nutrient additions at some study sites.  Less frequent fertilization, and lower 
nitrogen application rates, may be required to maximize the growth of lodgepole pine and reduce the risk of growth disruption caused by foliar 
nutrient imbalance.  Young spruce plantations have responded more positively than lodgepole pine to increased nutrient availability and appear 
to be less susceptible to foliar nutrient imbalances caused by frequent fertilization.  Stand volume increases up to 45 m3/ha over 9 years (290% 
greater than control treatment) indicate that spruce managed forests in the B.C. interior may be particularly well suited to intensive forest 
management.  It’s too early to reliably predict the potential impacts of intensive fertilization on harvest yields and/or rotation length of 
managed interior spruce and lodgepole pine in north-central B.C.  However, preliminary responses from “maximum productivity” installations 
appear to be tracking along similar pathways as Norway spruce and Scots pine “optimum nutrition” studies in Sweden.  The Swedish results 
suggest that the volume yield of spruce plantations can potentially be doubled in southern Sweden, and more than trebled in the north, by 
frequent application of balanced fertilizers.  Growth projection models estimate that the rotation length for Norway spruce can be shortened by 
20 to 30 years in the south and by 40 to 60 years in the north.  In B.C., potential productivity gains of this magnitude would be of huge benefit 
in addressing timber supply challenges such as the amount, and timing, of future harvests from interior managed forests.  
 
Results from the white pine weevil ancillary study undertaken at three spruce “maximum productivity” study sites within the Sub-Boreal 
Spruce biogeoclimatic zone have shown that the incidence of weevil attack increases with fertilization intensity in the SBSwk1 subzone.  This 
trend was explained by increased resources available for weevil feeding (adult and larvae) due to increased leader size and bark thickness, as 
well as by an observed weakening in the tree’s constitutive resin canal defenses. The ability of interior spruce to produce a traumatic resin 
response was not influenced by fertilization.  However, despite increased weevil damage in fertilized treatments, height losses due to weevil 
attack are not as great as height gains due to fertilization.  In other SBS subzones, repeated fertilization had minimal impact on weevil activity.  
These results indicate that the beneficial effects of fertilization on the height growth of young interior spruce plantations likely outweigh the 
negative effects associated with increased incidence and severity of leader damage from the white pine weevil. When combined with the 
development of weevil resistant genotypes and improved pest management strategies, intensive fertilization may offer great potential for 
improving the productivity of second-growth spruce plantations in the B.C. interior, with relatively low risk of weevil damage and associated 
stand volume losses or decreased wood quality and value. 
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B4:  Users and Application of Results: 
List the user group and describe the realised or expected benefit of your research (eg, 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 
Researchers 
 

• By publishing the results from this study in refereed journals, the scientific community, both nationally and 
internationally, will increase their knowledge about the effects of “high input” silviculture on the nutrition, 
productivity and sustainability of sub-boreal forests. 

• The creation and maintenance of rigorous treatment regimes provides excellent future opportunities for scientific 
studies. 

Modellers and 
Planners 
 

• Reliable estimates of the productivity impacts of various rates and frequencies of fertilization in managed 
lodgepole pine and spruce forests will be used to calibrate/validate growth and yield models used in stand- and 
forest-level analyses and decision-making.  Outputs from these models will support timber supply analysis and 
silvicultural prescriptions and investment decisions. 

Foresters and 
Practitioners 
 

• 
• 
• 
• 
• 

Improved nutrient deficiency diagnosis 
Improved fertilizer prescriptions 
Improved stand management prescriptions 
Improved silviculture investment decision-making 
Improved weevil hazard rating 

Policy Makers • Development and revision of appropriate science-based standards and guidelines 
 
 
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) 
TEC Brockley, R.P. and D.G. Simpson. 2004. Effects of intensive fertilization on the foliar nutrition and growth of young 

lodgepole pine and spruce forests in the interior of British Columbia. B.C. Min. For., Victoria. Technical Report 
(completed draft manuscript submitted for peer review). 

Y 
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JOU vanAkker, L., R. Alfaro, and R. Brockley. 2004. Effects of fertilization on resin canal defenses and incidence of 
Pissodes strobi attack in interior spruce. Can. J. For. Res. 34 (in press). 

Y 

JOU Amponsah, I.G., V.J. Lieffers, P. Comeau, and R.P. Brockley. 2004. Growth response and sapwood hydraulic 
properties of young lodgepole pine following repeated fertilization. Tree Physiol. (in press) 

Y 

JOU Sanborn, P. and R.P. Brockley. 2004. Lodgepole pine litterfall under contrasting fertilization regimes, Sub-Boreal 
Spruce Zone, British Columbia.  (partially completed draft manuscript to be submitted to the Can. J. of For. Res.) 

N 

JOU Berch, S., R. Brockley, J. Battegelli, S. Hagerman, and B. Holl. 2004. Impacts of fertilization on components of soil 
biota under lodgepole pine stands in the interior of British Columbia.  (partially completed draft manuscript to be 
submitted to the Can. J. of For. Res.)  

N 

EXT Amponsah, I.G., V.J. Lieffers, P.G. Comeau, and R.P. Brockley. 2004. Repeated fertilization of lodgepole pine 
produced shorter, stouter trees with large lower branches and poorly formed upper crowns. Univ. of Alberta, Centre 
for Enhanced Forest Management, Edmonton. EFM Research Note 01/2004. 

N 

ORA Field tour and oral presentation at one “maximum productivity” field installation (Kenneth Creek) for the Northwest 
Forest Soils Council annual field workshop in July 2003.   

N 

ORA Powerpoint presentation summarizing possible fertilization opportunities for TFL 52 (West Fraser Mills) for West 
Fraser Mills foresters and managers in January 2004. 

N 

WEB Results from the spruce weevil study have been fully summarized and are awaiting translation prior to posting onto 
the white pine weevil website hosted by the Canadian Forest Service.   

N 

 
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 
 

Annual Progress Report Template – Forest Research Program 2003/04     Page 9 of 11 



FII Forest Research Program 2003/04 Annual Progress Report 

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. 
 
 
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 

X 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)   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 X Engelmann Spruce-Subalpine Fir  Ponderosa Pine 
 Boreal White and Black Spruce  Interior Cedar-Hemlock  Spruce-Willow-Birch 
 Bunchgrass  Interior Douglas-Fir X Sub-Boreal Spruce 
 Coastal Douglas-Fir X 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 
 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 
 Reducing forest health risks through improved management practices  
 Enhancing timber quality and resulting products 
X 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 
 Improving sustainable forestry practices in terms of planning, management, monitoring, analysis, reporting and adjustment 
 Enabling and accelerating certification practices 
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