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Executive Summary 

 

Forest managers are aware of the major changes that occur in conifer plantations as they 

develop from the seedling stage to maturity.  For example, the effect of a given level of removal 

(i.e., brushing) of above ground competing vegetation in the year following the initial brushing 

will differ from the effect of that brushing in years subsequent to brushing.  Also, competition 

thresholds developed for an earlier stage of stand development may differ from what they would 

be for a later stage of stand development.  Such concerns prompted the re-examination of results 

from a previous research project (Jacob 2003, Jacob and Opio 2001) that examined the feasibility 

of height to diameter ratio (HDR) as a competition index in lodgepole pine (Pinus contorta 

Dougl. ex Loud. var. latifolia Engelm.) and spruce (Engelmann spruce (Picea engelmannii [Parry 

ex. Engel]) x white spruce (Picea glauca (Moench) Voss sp. glauca)) plantations.    

 

Trends in HDRs of crop trees were investigated from 1998, when the plots were initially 

brushed, to 2000 when brushing was stopped (Jacob 2003, Jacob and Opio 2001).  Major 

outcomes of the project were the following: 

• Reference HDRs (i.e., HDR thresholds) were determined on the basis of HDRs of trees 

brushed to a 1.0-1.25 m brushing radius.    

• The “best” (i.e., optimum) brushing radius was determined over the study period as being 

1.0-1.25 m.   

• The “best” time to brush plantations was estimated as being < 4-5 years after planting.    

 

It is of particular interest to the researchers and West Fraser Mills Ltd. that the effect of 

the development of the plantations on the crop trees, be re-examined a few years following the 

cessation of brushing treatments.  The outcomes of the previous study (Jacob 2003, Jacob and 

Opio 2001) ought to be re-assessed in light of present (i.e., 2003) data.  Thus, crop trees were re-

measured on two lodgepole pine sites (Fraser Lake-101 km and CanFor-Bednestii-Little Bobtail 

Lake sites), and one spruce site (Fraser Lake-Log Yard site), three years following the cessation 

of brushing (i.e., 2003).  Measurements of diameter 30 cm above the root collar were taken in 

order to be able to recommend reference HDRs based on an operationally more efficient point of 

measurement.  The experimental design was a completely randomized, two factor design, with 

replication over time.  Study site and brushing treatment were the factors.       
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Major outcomes of the present project were the following: 

• The newly recommended reference HDRs based on root collar measurements were defined 

within specific ranges.  For lodgepole pine plantations these were: 

o Fraser Lake –101 km site: 41-53  

o CanFor-Bednestii-Little Bobtail Lake site: 41-50  

For white spruce plantations, the specified range was: 

o Fraser Lake-Log Yard site: 56-69  

The recommended reference HDRs (i.e., specified ranges) were only marginally different 

from those based on the 2000 measurements.   

• The recommended reference HDRs based on 30 cm height measurements were also defined 

within specific ranges.  For lodgepole pine plantations these were:   

o  Fraser Lake –101 km site: 55-69  

o CanFor-Bednestii-Little Bobtail Lake site: 53-62 

For white spruce plantations, the specified range was: 

o Fraser Lake-Log Yard site: 69-85 

• The optimum brushing radius (formerly 1.0-1.25 m) was re-assessed as being 1.25 m radius.   

• The suggested time when it is “best” to brush plantations was left at < 4-5 years age, as it was 

previously recommended.   

 

Although mean HDRs for no brushing increased significantly (p < 0.05) between 2000 

and 2003 for one site, mean HDRs for all brushing treatments remained substantially unchanged 

over this period for all sites. 
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1.0 Introduction 

 

The use of height to diameter ratio (HDR) as a competition index has developed in British 

Columbia (BC) as a tool for evaluating the level of non-crop vegetation that is admissible in young 

conifer plantations (Coopersmith and Hall 1999).  HDR has been viewed as an alternative approach to the 

conventional “free growing” assessment procedure in BC (Mustard and Harper 1998, Davis 1998).  Yet 

there have been impediments to the practical use of HDRs (Opio et al. 2000).  Such impediments include 

the following: 

• Reference HDRs (i.e., HDR thresholds) were not developed for specific biogeoclimatic ecosystem 

classification (BEC) zones in BC.   

• The optimum level of removal of above ground competing vegetation (i.e., brushing radius) around 

crop trees had not been determined. 

• The “best” time (i.e., years after planting) to brush plantations had not been addressed.   

• It was not known what time within the growing season was “ideal” for the measurement of HDRs. 

• Correction factors that might be applied to HDRs measured during operationally preferable times 

(i.e., June and July) were not developed.   

 

Jacob and Opio provided answers to practical questions about the use of HDR as a competition 

index in 4-7 year old year old lodgepole pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) and 

4-6 year old spruce (Engelmann spruce (Picea engelmannii [Parry ex. Engel]) x white spruce (Picea 

glauca (Moench) Voss sp. glauca)) plantations.  The major outcomes of the research were the following: 

• Reference HDRs were determined for specific areas within the sub-boreal spruce (SBS) BEC zone in 

the Vanderhoof Forest District.  These thresholds were recommended on the basis of HDRs of trees 

brushed to a 1.0-1.25 m brushing radius in the third year of brushing treatments (i.e., 2000) (Jacob 

2003, Jacob and Opio 2001).   

• An optimum brushing radius was determined over the course of the study as being 1.0-1.25 m (Jacob 

2003, Jacob and Opio 2001).   

• It was found that brushing could significantly depress HDRs in lodgepole pine and spruce plantations 

when treated 4-5 years after planting.  This finding suggested to the researchers that plantations 

should be brushed < 4-5 years after planting (Jacob 2003, Jacob and Opio 2001).  It seemed that the 

initial brushing treatment had the greatest impact on HDRs.   

• It was determined that the “ideal” time within a growing season to take HDR measurements was after 

mid-August (Opio et al. 2003, Jacob 2003). 
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• HDRs measured during operationally preferable times in the growing season (i.e., June and July when 

significant error was possible), could be “corrected” by application of correction factors that were 

developed (Jacob and Opio 2003).   

 

Jacob and Opio’s recommendations (Jacob 2003, Opio et al. 2003, Jacob and Opio 2001, Opio et 

al. 2000) were based on measurements conducted during the experimental phase of the research project 

(i.e., 1998-2000).  It was evident in the experimental design that even the most extreme of the brushing 

treatments (i.e., 1.25 m radius) permitted a remnant of trembling aspen (Populus tremuloides Michaux) 

and/or paper birch (Betula papyrifera Marshall) to remain on the study sites that were established.  

Plantations resembling mixedwood stands would be the outcome of the brushing treatments that had been 

applied to the sites.  It was estimated that a 1.0-1.25 m brushing radius treatment would result in 700-

1400 stems/ha aspen and/or birch remaining on a site among 1270-1460 stems/ha crop trees (Jacob 2003).  

Three years after these plantations were last measured (i.e., 2003), the crop trees were 9-10 years old and 

in a different stage of development from when the sites were established.  Aspen and/or birch stems 

which were not removed by brushing were growing up along with the crop trees, and changing the kind 

and level of competition felt by the crop trees (Burton 1993).  The stands were entering a new stage of 

stand development (Oliver and Larson 1996).   

 

It is not well understood how lodgepole pine and spruce will respond to naturally occurring aspen 

or birch (i.e., non-crop trees that remain behind after brushing treatments) growing up among the planted 

crop trees (Jacob 2003, Oliver and Larson 1996).  Related research, for example that described by Ruel et 

al. (2000), does not address the pattern of development occurring in stands similar to the study sites.  

Information on how HDRs of crop trees will respond (i.e., to what extent HDRs will increase) as the stand 

of crop and non-crop trees enters a new stage of development is lacking.  Brushing radii that may be 

suitable at the early sapling stage (i.e., 1.0-1.25 m radii) may not be applicable at a later stage of stand 

development (Williams et al. 1999).  Greater clarification is required with respect to the critical period of 

interspecific competition (Wagner et al. 1999), and whether 4-5 years is early enough to brush these 

plantations.  The operational feasibility of basing HDRs on measurements of diameter at the root collar 

has been questioned, and the alternative of basing HDRs on measurements of diameter 30 cm above the 

root collar has been put forward (Brian Walker,Silviculturalist, West Fraser Mills Ltd., pers. comm. 

2003).   

 



 3

A re-measurement phase to the research project will provide much additional information that is 

lacking in previous reports based on the experimental phase of the project (Jacob 2003, Jacob and Opio 

2001).   

 

 

2.0 Purpose of the Report 

 

The purpose of this study is to re-examine and (when necessary) revise previous 

recommendations for HDR thresholds, optimum brushing radii, and when it is “best” to brush plantations 

that were outlined by Jacob (2003), and Jacob and Opio (2001).  The objectives of the study are:  

 

1. To re-assess the reference HDRs which were previously recommended (Jacob 2003) on the basis of 

1998-2000 measurements (i.e., total height and diameter at the root collar).  

2. To develop reference HDRs based on diameter measurements 30 cm above the root collar, and to 

recommend where these are feasible to use. 

3. To re-assess previously recommended “best” brushing radii six years after the initiation of treatments 

(1998) and three years after the termination of treatments (2000). 

4. To re-assess the time period (i.e., years after plantation establishment) when brushing should be 

undertaken at three sites in the Vanderhoof Forest District.   

 

West Fraser Mills Ltd. is interested in improving their understanding of the benefits of brushing 

in younger plantations, and knowing when to brush such plantations.  The relevant study sites are Fraser 

Lake-101 km (9 year old lodgepole pine), Canfor-Bednestii-Little Bobtail Lake (10 year old lodgepole 

pine), and and Fraser Lake-Log Yard (9 year old spruce) sites (ages of trees are for 2003).  These 

plantations were 4 and 5 years old at the time of installation of the study sites in 1998.   

 

 

3.0 Materials and Methods 

 

3.1 Study sites 

 

The study sites (i.e., plantations) presented in this report included portions of the sub-boreal 

spruce (SBS) biogeoclimatic zone, in the Vanderhoof Forest District (Fig. 1).  A total of three sites were 

included in the study.  Using the BC biogeoclimatic ecosystem classification (BEC) as a basis for 
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comparison, the sites were selected from the dry warm (dw) subzone, variant 3, site series 01 (DeLong et 

al. 1993).  At the time of plot installations (1998) these sites ranged between four and five years of age; 

they were planted in 1994 and 1995.  The sites were selected from areas in which competition from 

trembling aspen was severe.  The geographical range of these sites was approximately from N 53 ْ47’ to N 

54 ْ03’ lat., and from W 123 ْ32’ to W 124 ْ45’ long.  The sites ranged in elevation from approximately 715 

m to 854 m above sea level.   

 

Lodgepole pine stock types planted on the sites were PCT 313B (1+0) (101 km site) and PSB 

211A (1+0) (Little Bobtail Lake site), with initial HDRs estimated to be approximately 48.6 and 44.0, 

respectively.  The spruce stock type planted at the Log Yard site was PCT 415B (1+0) with an initial 

HDR estimated to be approximately 57.1.  The trees were planted on the sites at an approximate range of 

1270-1380 stems/ha for the lodgepole pine and approximately 1220 stems/ha for the spruce. 

 

Mean annual precipitation in the Prince George Forest Region, where the Fraser Lake and 

CanFor-Bednestii sites are located, ranges from 427 mm to 648.5 mm. These areas in the Vanderhoof 

Forest District are the warmest of the SBS variants (SBS dw3).  Winter precipitation in the areas of the 

Forest District studied is relatively low, with winter snowpacks generally less than 2 m in depth (DeLong 

et al. 1993). 

 

The sites were prepared for planting by windrow burning followed by disc trenching, which 

involved creating raised planting spots, called the berm, and depressed areas, called the scalp (McMinn 

and Hedin 1990).  The majority of crop trees were planted on the middle and top positions on the berm.  

Fraser Lake sites were disc trenched one year prior to planting, while the CanFor-Bednestii site was disc 

trenched two years prior to planting.   
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Fig. 1. Location of study sites 
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3.2 Experimental Design 

 

The experimental design initially presented by Opio et al. (2000), and used by Jacob and Opio 

(2001), Opio et al. (2003), and Jacob (2003), was a completely randomized, one factor design, with 

replication over time.  The removal of competing vegetation (also known as brushing) within the 

prescribed radius was the factor (Sit 1995, Zar 1996).  The design consisted of four levels of brushing 

(three brushing radii: 0.75, 1.0, and 1.25 m; and no brushing as the control) replicated three times on each 

study site (12 plots/site).  A relatively homogenous aspen-dominated area (stratum) within the cut block 

was selected for sampling for each site.  A total of 12 plots, each 11.28 m radius (0.04 ha), were located 

within a 120 x 90 m (1.08 ha) area on the selected stratum of the cut block on each study site.  Treatments 

(brushing levels) were randomly assigned to the plots.  A buffer of about 7.44 m between plots was 

thereby established.  Each plot had approximately 50 crop trees (600 trees/ 12 plots).  Treatment plots 

were brushed within the specified radius shortly after the plots were established.  No brushing occurred 

within the control plots.  Brushing was conducted in the manner described by Opio et al. (2000).  The 

plots were brushed in 1998, and re-brushed in 1999 and 2000.   

 

The experimental design for the present project is essentially the same as that reported by Jacob 

(2003) and Opio et al. (2003), with one important change.  Study site was included as an additional factor 

to be used along with brushing treatment.  Re-measurement of crop trees in October 2003 involved taking 

a random sample of 12 trees within a plot (n=144 trees/site).  This was the same sample size as was used 

by Opio et al. (2003) in their study of monthly variations in HDRs.   

 

 

3.3 Measurements 

 

All planted lodgepole pine and spruce trees (i.e., crop trees) were identified and tagged in each 

plot.  A description of how and when crop trees were brushed is presented by Opio et al. (2003), and 

Jacob (2003).  Percent cover, distribution, and average height were estimated within each quadrant of a 

plot for aspen, alder, other deciduous shrubs, and herbaceous plants prior to brushing the sites.  

Herbaceous plants were identified and listed in order of their relative abundance also prior to brushing. 

 

Total height and diameter measurements were taken on 12 crop trees randomly selected from 

approximately 50 crop trees in each plot (on the three sites) in late August to October 1998, 1999, 2000, 
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and 2003.  In additions heights of the top two whorls (i.e., estimates of heights for 2001 and 2002) were 

recorded.   

  

At the 101 km site: total height, diameter, and leader length measurements were taken August 14, 

15,19, 1998, September 16,17, 19, 20, 1999, August 22,23, 24, 25, 2000, and October 23, 24, 2003.  At 

the Little Bobtail Lake site, the same measurements were taken August 7, 10, 1998, August 19, 20, 22, 

23, 1999, August 11, 14, 15, 2000, and October 25, 26, 2003.  At the Log Yard site, the same 

measurements were taken August 24, 25, 1998, September 30, October 1, 1999, August 28, 29, 30, 2000, 

and October 16, 23, 2003. 

 

 Total height, height of whorl, and leader length (cm) measurements were made with a height 

pole.  Total height was defined as the distance between the root collar (upper side of the slope at the top 

of the mineral soil) and the tip of the bud.  Diameter (cm) measurements were made at approximately 1 

cm above the root collar (above the swelling at the root collar) and at 30 cm above the root collar with 

electronic calipers or diameter-tape (as appropriate).  Diameter was measured to the nearest 0.01 cm.  The 

locations of diameter measurements were identified on the tree stem with a painted line. 

 

Damage to crop trees caused by disease, insects, and mechanical brushing devices were noted at 

the time of measurement.  Abnormalities in the crop trees (such as multiple stems) were noted at this 

time.  The position of each planted tree (crop tree) in relation to the raised planting spot, or berm, was 

also noted. The position was described as being either on the top, in the middle (mid-point), or on the 

bottom (in the scalp).   

 

 

3.4 Analysis 

 

The following description of the analysis is adapted from Jacob (2003, pp. 27-31).  The following 

additions were made to the previous analysis: 

 

1. Reference HDRs based on diameter at root collar measurements were re-assessed by determining 

reference HDRs from 2003 data and comparing these to those determined from 2000 data. 

2. Reference HDRs were developed on the basis of diameter measurements 30 cm above the root collar, 

i.e., 2000 and 2003 measurement data for the two spruce plantations and 2003 measurement data only 

for the one spruce site. 
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3. Previously recommended “best” brushing radii were assessed by comparing mean HDRs determined 

from 2003 data with those determined from 2000 data.  

4. The time period (i.e., years after plantation establishment) when brushing should be undertaken was 

re-assessed by a consideration of the success of the brushing regimes undertaken.   

 

HDR was calculated for each tree by dividing the total tree height (cm) by the root collar 

diameter (cm), or diameter at 30 cm.  The mean HDR of the 12 crop trees selected for measurement in 

each plot was calculated, and the measurement date (year) and site recorded for use in the analysis.  

Height, diameter, and HDR measurements were tested for normality using the Kolmogorov-Smirnov test, 

and homoscedasticity (i.e., homogeneity of variance) using the Brown-Forsythe test (Zar 1996, StatSoft 

1999).  The Kolmogorov-Smirnov and Lilliesfors tests for normality indicated that HDRs, total heights, 

and diameters for all sites were normally distributed.  The Brown-Forsythe and Levene tests indicated that 

homoscedasticity for HDRs, total heights, and diameters was achieved for all sites.  A multivariate 

analysis of variance (MANOVA) with repeated measures was conducted on plot mean HDRs. 

 

The mathematical model that was used for the repeated measures MANOVA (Johnson and 

Wichern 1992) was: 

 

HDRijkl = µ + sitei + treatmentj + yeark + (site * treatment)ij + (site * year)ik +  

(treatment * year)jk + (site * treatment * year)ijk + εijkl 

 

where HDRijkl = plot mean HDR; µ =grand mean HDR; sitei = study site (101 km site, Little Bobtail Lake 

site); treatmentj = brushing radius (0 m or control, 0.75 m, 1.0 m, 1.25 m); yeark = year of HDR 

measurement (1998, 2000, 2003); (site * treatment)ij = interaction between site and treatment, (site * 

year)ik = interaction between site and year of measurement, (treatment *  year)jk = interaction between 

treatment and year of measurement; (site * treatment * year)ijk = interaction between site, treatment, and 

year of measurement; and εijkl = experimental error (i.e., error term for three plots or replicates for each 

site, treatment, and year).  The mathematical model used in analyzing mean HDRs for the Log Yard site 

was the same as indicated above with the exception that site was removed as a factor in the model.  

 

The 1998 HDRs were compared with the 2000 and 2003 HDRs to determine changes in HDR 

(from 1998 to 2003) among treatments for each study site.  This approach normalized HDRs to the year 

of the initial treatments.  Percent change in HDR was calculated for each tree as follows: 
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 %∆HDRi = [(HDRyear i - HDR1998)/ HDR1998] * 100 

 

where %∆HDRi = percentage change in HDR between 1998 and 2000, and between 1998 and 2003; and 

HDRyear i = HDR in 2000 or 2003.  %∆HDR 1998 = 0.0.  The mean %∆HDR for each plot within a site was 

calculated for use in the analysis.  The mathematical model that was used for the repeated measures 

MANOVA on mean %∆HDRs was the same as that for the MANOVA on mean HDRs. 

 

The repeated measures MANOVA provided an overall assessment of the mean HDRs of crop 

trees; and whether the factors, site, treatment and date, had a significant effect on the mean HDRs.  If the 

MANOVA determined that one or more of the factors had a significant overall effect, then investigating 

more specific effects by means of Tukey HSD post hoc procedures was justified.  

 

The Tukey HSD post hoc test was performed on each site to test whether the mean HDRs were 

significantly (p < 0.05) different between specific years of measurement (1998, 2000, and 2003).  

Differences between mean HDRs, broken down by treatment and year of measurement, were assessed.  

The Tukey HSD test was performed on each site to test whether the %∆HDRs were significantly (p < 

0.05) different between specific treatments (0.0 m or control, 0.75 m, 1.0 m, and 1.25 m brushing radii) 

and specific years of measurement (1998, 2000, and 2003).  Differences between mean %∆HDRs, broken 

down by treatment and year of measurement, were assessed. 

 

The procedures described above helped to indicate whether the mean HDRs were stabilizing (i.e., 

changes in HDR from one year to the next were negligible), and a base level HDR was being achieved.  

Recommendations for reference HDRs were determined on the basis of mean HDRs ± standard error of 

the mean (SEM) for the 1.0 m and 1.25 m brushing treatments in 2000 (and 2003).  Reference HDRs 

previously determined on the basis of 2000 measurements were re-assessed on the basis of 2003 data. 

 

The “best” brushing radius around crop trees was determined from the mean %∆HDRs in the 

final year of measurement.  Where there was a significant (p < 0.05) separation in mean %∆HDRs 

between brushing treatments in 2000 (or 2003), one brushing radius was recommended over another (i.e., 

the 1.25 m brushing radius produces lower HDRs than the 1.0 m brushing radius).   
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4.0 Results 

 

The MANOVA on mean HDRs (Table 1) for the two lodgepole pine sites indicated that the sites 

were not significantly different.  The same MANOVA indicated that brushing treatment and year of 

measurement were significant.  The interactions site*brushing, site*year, brushing*year, and 

site*brushing*year were significant.  The MANOVA on percent changes in HDR produced 

approximately the same outcome.  However, the p-level for site was very close to being significant, 

site*brushing was not significant, and site*brushing*year was marginally not significant. 

 

The MANOVA on mean HDRs (Table 1) for the spruce site indicated that the brushing treatment 

was not significant.  The same MANOVA indicated that year of measurement and the interaction 

brushing*year were significant.  The MANOVA on percent changes in HDR resulted in brushing being 

significant.  The outcomes for year and brushing*year remained the same. 

 

T-tests for dependent samples indicated that diameters measured at the root collar were 

significantly (p < 0.001) different from diameters measured at 30 cm above the root collar for all sites in 

2000 and 2003.  The significant difference in diameters explains the difference between HDRs measured 

at the root collar (i.e., HDRRC) and 30 cm above the root collar (i.e., HDR30cm).  Since it is operationally 

advantageous to use HDR30cms, reference HDRs based on diameter measurements at 30 cm above the root 

collar were provided.  Tables 2, 4, and 6 are the basis for reference HDRs based on mean HDRRCs.  

Tables 3, 5, and 7 are the basis for reference HDRs based on mean HDR30cms.   

 

 



 11

 

Table 1. MANOVAs with repeated measures showing the factors affecting mean HDRs and 
percent changes in HDR between 1998 and 2003a for all study sites 
      
 Mean HDR Percent change in HDR
Effect df Effect F Value (Pr > F) F Value (Pr > F)
      
Fraser Lake-101 km and CanFor-Bednestii-Little Bobtail Lake sites (lodgepole pine) 
      
Site 1 2.99 0.10 3.74 0.07
Brushing 3 9.08 0.00 31.66 0.00
Year 2 156.90 0.00 135.84 0.00
Site*Brushing 3 3.42 0.04 2.08 0.14
Site*Year 2 6.62 0.00 6.81 0.00
Brushing*Year 6 19.33 0.00 18.01 0.00
Site*Brushing*Year 6 3.20 0.01 2.15 0.07
      
Fraser Lake-Log Yard site (white spruce) 
      
Brushing 3 2.96 0.10 5.58 0.02
Year  2 14.53 0.00 10.99 0.00
Brushing*Year 6 4.59 0.01 5.29 0.00
 
aPercent changes in HDR were calculated with reference to HDRs in 1998 for all sites (n=144/site).  
Mean HDRs and mean percent changes in HDR were calculated for each plot (n=12/site).   
Note: MANOVAs were run on 1998, 2000, and 2003 data for all sites (n=12/site). 
 

 

4.1 Fraser Lake-101 km site (lodgepole pine) 

 

 Mean HDRs did not seem to change appreciably between 2000 and 2003 for the control or 

treatments (Fig. 2).  The Tukey HSD post hoc test confirmed this perception, indicating significant (p < 

0.001) changes in mean HDR between 1998 and 2000, and 1998 and 2003 for the 1.0 m and 1.25 m 

treatments.  However, the same test did not indicate significant changes in mean HDR between 2000 and 

2003 for the control or any treatments.   

 

 Considerable separation in percent change in HDR between most treatments is indicated in 2000 

and 2003 (Fig. 2).  The ordering of the various treatments did not change from 2000 to 2003 (i.e., 

%∆HDR0.0m > %∆HDR0.75m > %∆HDR1.0m > %∆HDR1.25m in both years).  The Tukey HSD test indicated 

significant (p < 0.001) differences in percent change in HDR between the control and the 1.0 m and 1.25 



 12

m treatments; 0.75 m and 1.25 m treatments; and 1.0 m and 1.25 m treatments in 2000 and 2003.  

Differences in percent change in HDR between the control and 0.75 m treatments, and 0.75 m and 1.0 m 

treatments were not significant. 
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Fig. 2.  Percent changes in HDR between 1998 and 2003 for Fraser Lake-101 km 
site (lodgepole pine).  In order to improve clarity, error bars are not presented in 
the figure.  Instead, standard errors of the mean are presented in Table 2.  Exact 
dates of measurement were August 14-19, 1998, September 16-20, 1999, August 
22-25, 2000, and October 23-24, 2003.  Due to logistical constraints, data were 
not taken in 2001 and 2002.  Percent changes in HDR were calculated with 
reference to HDRs in 1998 (n=144/site), and mean percent change in HDR was 
calculated for each plot (n=12/site). 
 

 

Mean HDRRCs (± SEM) for the 1.0 m and 1.25 m treatments (Table 2) were 42.8-51.4 and 40.5-

48.7, respectively for 2000 (not significantly different); and 44.2-52.8 and 40.8-49.2, respectively for 

2003 (not significantly different).  Reference HDRRCs that may be deduced from these mean HDRRCs are 

defined by the ranges 40-51 based on 2000 measurements, and 41-53 based on 2003 measurements. 
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Table 2.  Mean HDRs, total heights, diameters at root collar, and standard errors of mean (SEM)a from 1998 to 2003b for Fraser 
Lake-101 km site (lodgepole pine) 
        

Brushing  
Mean HDR,  
total height (cm),  Year of Measurement 

radius (m) diameter (cm) 1998 1999 2000 2001c 2002c 2003
       
0.00 HDR 60.4 (4.8) 60.7 (4.8) 59.1 (4.8) n.m. n.m. 57.7 (4.7)
 total height (cm) 92.9 (6.0) 133.2 (7.2) 173.3 (8.2) 214.4 (9.1) 262.3 (10.0) 311.2 (10.9)
 diameter (cm) 1.57 (0.78) 2.27 (0.94) 3.08 (1.09) n.m. n.m. 5.69 (1.48)
     
0.75 HDR 60.6 (4.8) 57.3 (4.7) 54.8 (4.6) n.m. n.m. 56.6 (4.7)
 total height (cm) 103.6 (6.3) 142.0 (7.4) 182.6 (8.4) 229.8 (9.4) 286.3 (10.5) 342.9 (11.5)
 diameter (cm) 1.76 (0.83) 2.56 (1.00) 3.45 (1.15) n.m. n.m. 6.34 (1.57)
      
1.00 HDR 55.5 (4.6) 50.4 (4.4) 47.1 (4.3) n.m. n.m. 48.5 (4.3)
 total height (cm) 106.5 (6.4) 147.8 (7.6) 191.1 (8.6) 237.3 (9.6) 294.2 (10.7) 353.2 (11.7)
 diameter (cm) 1.97 (0.87) 3.02 (1.08) 4.16 (1.27) n.m. n.m. 7.53 (1.71)
    
1.25 HDR 60.2 (4.8) 49.6 (4.4) 44.6 (4.1) n.m. n.m. 45.0 (4.2)
 total height (cm) 108.0 (6.5) 145.4 (7.5) 187.5 (8.5) 241.8 (9.7) 296.0 (10.7) 357.6 (11.7)
  diameter (cm) 1.82 (0.84) 2.97 (1.07) 4.26 (1.28) n.m. n.m. 8.04 (1.76)

aSEM are presented in brackets following mean HDRs, total heights, and diameters.  bExact dates of measurement for 101 km 
site were August 14-19, 1998, September 16-20, 1999, August 22-25, 2000, and October 23-24, 2003 (n=144/site).  cTotal 
heights for 2001 and 2002 were obtained retrospectively from heights of whorls measured in October 2003.  Due to logistical 
constraints, data were not taken in 2001 and 2002.   Note: n.m. indicates no measurements were taken. 
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Mean HDR30cms (± SEM) for the 1.0 m and 1.25 m treatments (Table 3) were 57.5-67.3 and 54.7-

64.3, respectively for 2000 (mean HDRRC not significantly different); and 59.5-69.5 and 55.3-64.9, 

respectively for 2003 (mean HDRRC not significantly different).  Reference HDRs obtainable from these 

mean HDRs are defined by the ranges 55-67 based on 2000 measurements, and 55-69 based on 2003 

measurements. 

 

Although MANOVAs were not run on mean heights and diameters, mean heights appear to be 

similar between treatments in 2000 and 2003 (Tables 2 and 3).  Mean diameters seem to increase with the 

severity of treatment in 2003 (i.e., Diam 1.25m > Diam1.0m > Diam0.75m > Diam0.0m). 

 

 

Table 3.  Mean HDRs, total heights, diameters at root collar and 30 cm above root 
collar, and standard errors of mean (SEM)a for 2000 and 2003b for Fraser Lake- 
101 km site (lodgepole pine) 
      

 Mean HDR,  
Year of measurement and  

position of measurement on stem 
Brushing  height (cm),  2000 2003 
radius (m) diameter (cm) RCc 30 cmd RCc 30 cmd 
   
0.00 HDR 59.1 (4.8) 75.6 (5.4) 57.7 (4.7) 76.4 (5.4) 
 height (cm) 173.3 (8.2) 173.3 (8.2) 311.2 (10.9) 311.2 (10.9) 
 diameter (cm) 3.08 (1.09) 2.38 (0.96) 5.69 (1.48) 4.28 (1.28) 
   
0.75 HDR 54.8 (4.6) 71.4 (5.3) 56.6 (4.7) 77.0 (5.5) 
 height (cm) 182.6 (8.4) 182.6 (8.4) 342.9 (11.5) 342.9 (11.5) 
 diameter (cm) 3.45 (1.15) 2.62 (1.01) 6.34 (1.57) 4.66 (1.34) 
   
1.00 HDR 47.1 (4.3) 62.4 (4.9) 48.5 (4.3) 64.5 (5.0) 
 height (cm) 191.1 (8.6) 191.1 (8.6) 353.2 (11.7) 353.2 (11.7) 
 diameter (cm) 4.16 (1.27) 3.13 (1.10) 7.53 (1.71) 5.67 (1.49) 
   
1.25 HDR 44.6 (4.1) 59.5 (4.8) 45.0 (4.2) 60.1 (4.8) 
 height (cm) 187.5 (8.5) 187.5 (8.5) 357.6 (11.7) 357.6 (11.7) 
  diameter (cm) 4.26 (1.28) 3.16 (1.10) 8.04 (1.76) 6.02 (1.52) 

aSEM are presented in brackets following mean HDRs and diameters.  bExact dates of 
measurement for 101 km site were August 22-25, 2000, and October 23-24, 2003 
(n=144/site).  cRC indicates diameter measurement was taken at the root collar.  d30 
cm indicates diameter measurement was taken 30 cm above the root collar.   
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4.2 CanFor-Bednestii-Little Bobtail Lake site (lodgepole pine) 

 

 Mean HDRs for the control and 0.75 m and 1.0 m treatments seem to have increased from 2000 

to 2003, while mean HDRs for the 1.25 m treatment appeared to remain constant (Fig. 3).  The Tukey 

HSD post hoc test confirmed this perception for the control, where the increase in mean HDR was 

significant (p = 0.05).  However the change in mean HDR between 2000 and 2003 was not significant for 

any of the treatments.  The same test indicated significant changes in mean HDR between 1998 and 2000 

(p < 0.05) for all treatments, and 1998 and 2003 (p < 0.001) for the 1.25 m treatment. 

 

 A substantial difference in percent change in HDR is indicated between the control and 1.0 m and 

1.25 m treatments in 2000 and 2003 (Fig. 3).  A negligible difference is indicated between the 1.0 m and 

1.25 m treatments in 2000, with these treatments separating in 2003.  %∆HDR0.0m > %∆HDR0.75m > 

%∆HDR(1.0m, 1.25m) (%∆HDR1.0m ≈ %∆HDR1.25m) in 2000 and %∆HDR0.0m > %∆HDR(0.75m, 1.0m) > 

%∆HDR1.25m (%∆HDR0.75m ≈ %∆HDR1.0m) in 2003.  The Tukey HSD test indicated significant differences 

in percent change in HDR between the control and 1.0 m and 1.25 m treatments in 2000 (p < 0.01); the 

control and all treatments in 2003 (p < 0.05); and 0.75 m and 1.25 m treatments in 2003 (p < 0.01).  

Differences in percent change in HDR between the 0.75 m and 1.0 m treatments, and 1.0 m and 1.25 m 

treatments were not significant in 2003. 

 

Mean HDRRCs (± SEM) for the 1.0 m and 1.25 m treatments (Table 4) were 51.0-60.2 and 41.2-

49.6, respectively for 2000 (significant difference p < 0.001); and 55.4-65.0 and 41.3-49.7, respectively 

for 2003 (significant difference p < 0.001).  Reference HDRRCs obtainable from these mean HDRRCs are 

defined by the ranges 41-50 based on 2000 measurements, and 41-50 based on 2003 measurements. 

 

Mean HDR30cms (± SEM) for the 1.0 m and 1.25 m treatments (Table 5) were 62.6-72.8 and 52.3-

61.7, respectively for 2000 (mean HDRRCs significant difference p < 0.001); and 69.8-80.6 and 53.1-62.5, 

respectively for 2003 (mean HDRRCs significant difference p < 0.001).  Reference HDRs derivable from 

these mean HDRs are defined by the ranges 52-62 based on 2000 measurements, and 53-62 based on 

2003 measurements. 

 

Tables 4 and 5 indicate a similarity in mean heights between treatments in 2000 and 2003.  

However, mean diameters do not increase consistently with the severity of treatment in both these years.  

Diam1.25m > Diam0.75m > Diam1.0m > Diam0.0m rather than Diam1.25m > Diam1.0m > Diam0.75m > Diam0.0m.  
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Fig. 3.  Percent changes in HDR between 1998 and 2003 for CanFor-Bednestii-Little 
Bobtail Lake site (lodgepole pine).  In order to improve clarity, error bars are not 
presented in the figure.  Instead, standard errors of the mean are presented in Table 4.  
Exact dates of measurement were August 7-10, 1998, August 19-23, 1999, August 11-15, 
2000, and October 25-26, 2003.  Due to logistical constraints, data were not taken in 
2001 and 2002.  Percent changes in HDR were calculated with reference to HDRs in 
1998 (n=144/site), and mean percent change in HDR was calculated for each plot 
(n=12/site). 
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Table 4.  Mean HDRs, total heights, diameters at root collar, and standard errors of mean (SEM)a from 1998 to 2003b for 
CanFor-Bednestii-Little Bobtail Lake site (lodgepole pine) 
        

Brushing  
Mean HDR,  
total height (cm),  Year of Measurement 

radius (m) diameter (cm) 1998 1999 2000 2001c 2002c 2003
        
0.00 HDR 65.2 (5.0) 61.3 (4.9) 61.8 (4.9) n.m. n.m. 67.6 (5.1)
 total height (cm) 108.3 (6.5) 144.2 (7.5) 184.0 (8.4) 224.8 (9.3) 276.2 (10.3) 330.2 (11.3)
 diameter (cm) 1.70 (0.81) 2.43 (0.97) 3.08 (1.09) n.m. n.m. 5.15 (1.41)
       
0.75 HDR 57.7 (4.7) 51.6 (4.5) 50.5 (4.4) n.m. n.m. 54.2 (4.6)
 total height (cm) 107.6 (6.4) 142.6 (7.4) 186.0 (8.5) 238.3 (9.6) 299.7 (10.7) 362.8 (11.8)
 diameter (cm) 1.89 (0.85) 2.79 (1.04) 3.72 (1.20) n.m. n.m. 6.84 (1.62)
        
1.00 HDR 66.8 (5.1) 57.2 (4.7) 55.6 (4.6) n.m. n.m. 60.2 (4.8)
 total height (cm) 111.2 (6.5) 144.1 (7.5) 181.9 (8.4) 224.6 (9.3) 279.5 (10.4) 334.8 (11.4)
 diameter (cm) 1.71 (0.81) 2.57 (1.00) 3.34 (1.14) n.m. n.m. 5.71 (1.49)
     
1.25 HDR 55.4 (4.6) 48.4 (4.3) 45.4 (4.2) n.m. n.m. 45.5 (4.2)
 total height (cm) 104.1 (6.3) 139.4 (7.3) 180.7 (8.4) 221.0 (9.2) 276.9 (10.3) 337.7 (11.4)
  diameter (cm) 1.93 (0.86) 2.96 (1.07) 4.03 (1.25) n.m. n.m. 7.57 (1.71)

aSEM are presented in brackets following mean HDRs, total heights, and diameters.  bExact dates of measurement for Little 
Bobtail Lake site were August 7-10, 1998, August 19-23, 1999, August 11-15, 2000, and October 25-26, 2003 (n=144/site).  
cTotal heights for 2001 and 2002 were obtained retrospectively from heights of whorls measured in October 2003.  Due to 
logistical constraints, data were not taken in 2001 and 2002.   Note: n.m. indicates no measurements were taken. 
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Table 5.  Mean HDRs, total heights, diameters at root collar and 30 cm above root 
collar, and standard errors of mean (SEM)a for 2000 and 2003b for CanFor-
Bednestii-Little Bobtail Lake site (lodgepole pine) 
      

 Mean HDR,  
Year of measurement and  

position of measurement on stem 
Brushing  height (cm),  2000 2003 
radius (m) diameter (cm) RCc 30 cmd RCc 30 cmd

      
0.00 HDR 61.8 (4.9) 76.2 (5.4) 67.6 (5.1) 86.8 (5.8)
 height (cm) 184.0 (8.4) 184.0 (8.4) 330.2 (11.3) 330.2 (11.3)
 diameter (cm) 3.08 (1.09) 2.49 (0.98) 5.15 (1.41) 4.00 (1.24)
   
0.75 HDR 50.5 (4.4) 64.2 (5.0) 54.2 (4.6) 69.9 (5.2)
 height (cm) 186.0 (8.5) 186.0 (8.5) 362.8 (11.8) 362.8 (11.8)
 diameter (cm) 3.72 (1.20) 2.92 (1.06) 6.84 (1.62) 5.32 (1.43)
   
1.00 HDR 55.6 (4.6) 67.7 (5.1) 60.2 (4.8) 75.2 (5.4)
 height (cm) 181.9 (8.4) 181.9 (8.4) 334.8 (11.4) 334.8 (11.4)
 diameter (cm) 3.34 (1.14) 2.73 (1.03) 5.71 (1.49) 4.60 (1.33)
  
1.25 HDR 45.4 (4.2) 57.0 (4.7) 45.5 (4.2) 57.8 (4.7)
 height (cm) 180.7 (8.4) 180.7 (8.4) 337.7 (11.4) 337.7 (11.4)
  diameter (cm) 4.03 (1.25) 3.20 (1.11) 7.57 (1.71) 5.96 (1.52)
 

aSEM are presented in brackets following mean HDRs and diameters.  bExact dates 
of measurement for Little Bobtail Lake site were August 11-15, 2000, and October 
25-26, 2003 (n=144/site).  cRC indicates diameter measurement was taken at the root 
collar.  d30 cm indicates diameter measurement was taken 30 cm above the root 
collar.   
 

 

4.3 Fraser Lake-Log Yard site (white spruce) 

 

 Mean HDRs for the treatments did not seem to change between 2000 and 2003 (Fig. 4).  Mean 

HDRs for the control, however, seemed to increase between 2000 and 2003.  The Tukey HSD post hoc 

test confirmed this perception for the treatments. Furthermore, the test did not indicate significant changes 

in mean HDR for the control.  Mean HDRs decreased significantly (p < 0.05) between 1998 and 2000, 

and 1998 and 2003 for the 1.25 m treatment. 
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The separation between the 0.75 m and 1.0 m treatments appears negligible in 2000 and 2003 

(Fig. 4).  These treatments taken together, the control, and the 1.25 m treatment seem to be separated by a 

wide margin.  The ordering of the various treatments remains the same between 2000 and 2003.   

%∆HDR0.0m > %∆HDR(0.75m, 1.0m) > %∆HDR1.25m (%∆HDR0.75m ≈ %∆HDR1.0m) in both 2000 and 2003.  

The Tukey HSD test indicated a significant difference between the control and 1.0 m and 1.25 m 

treatments in 2000 (p < 0.05), and the control and all treatments in 2003 (p < 0.005).  Percent changes in 

HDR for the treatments were not significantly different from one another in 2000 or 2003. 

 

 Mean HDRRCs (± SEM) for the 1.0 m and 1.25 m treatments (Table 6) were 58.3-

68.1 and 54.6-64.2, respectively for 2000 (not significantly different); and 59.3-69.3 and 

55.7-65.3, respectively for 2003 (not significantly different).  Reference HDRRCs that 

may be deduced from these mean HDRRCs are defined by the ranges 55-68 based on 2000 

measurements and 56-69 based on 2003 measurements. 

 

 Mean HDR30cms (± SEM) for the 1.0 m and 1.25 m treatments (Table 7) were 

74.4-85.4 and 69.0-79.6, respectively for 2003 (mean HDRRC not significantly different).  

Mean HDR30cms were not obtained 2000.  The reference HDR that may be deduced from 

these mean HDRs is defined by the range 69-85 based on 2003 measurements. 

 

 Considerable similarity in mean heights is indicated across all treatments (Tables 

6 and 7).  However, mean diameters do not increase consistently with the severity of 

treatment.  Diam1.25m  > Diam(1.0m, 0.75m, 0.0m) in 2003 (i.e., Diam1.0m ≈ Diam0.75m ≈ 

Diam0.0m) rather than Diam1.25m > Diam1.0m > Diam0.75m > Diam0.0m.   
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Fig. 4.  Percent changes in HDR between 1998 and 2003 for Fraser Lake-Log Yard site 
(white spruce).  In order to improve clarity, error bars are not presented in the figure.  
Instead, standard errors of the mean are presented in Table 6.  Exact dates of 
measurement were August 24-25, 1998, September 30-October 1, 1999, August 28-30, 
2000, and October 16-23, 2003.  Due to logistical constraints, data were not taken in 
2001 and 2002.  Percent changes in HDR were calculated with reference to HDRs in 
1998 (n=144/site), and mean percent change in HDR was calculated for each plot 
(n=12/site).   
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Table 6.  Mean HDRs, total heights, diameters at root collar, and standard errors of mean (SEM)a from 1998 to 2003b for 
Fraser Lake-Log Yard site (white spruce) 
        

Brushing  
Mean HDR, 
total height (cm),  Year of Measurement 

radius (m) diameter (cm) 1998 1999 2000 2001c 2002c 2003
        
0.00 HDR 66.1 (5.0) 65.9 (5.0) 67.0 (5.1) n.m. n.m. 69.8 (5.2)
 total height (cm) 81.7 (5.6) 105.1 (6.4) 130.0 (7.1) 156.8 (7.8) 182.5 (8.4) 209.1 (9.0)
 diameter (cm) 1.25 (0.69) 1.61 (0.79) 1.96 (0.87) n.m. n.m. 3.03 (1.08)
       
0.75 HDR 72.1 (5.3) 68.4 (5.1) 67.1 (5.1) n.m. n.m. 67.9 (5.1)
 total height (cm) 81.4 (5.6) 100.6 (6.2) 124.1 (6.9) 151.1 (7.6) 179.6 (8.3) 208.8 (9.0)
 diameter (cm) 1.14 (0.66) 1.48 (0.76) 1.86 (0.85) n.m. n.m. 3.12 (1.10)
        
1.00 HDR 68.5 (5.1) 64.9 (5.0) 63.2 (4.9) n.m. n.m. 64.3 (5.0)
 total height (cm) 81.2 (5.6) 97.3 (6.1) 117.7 (6.7) 141.4 (7.4) 167.7 (8.0) 193.4 (8.6)
 diameter (cm) 1.20 (0.68) 1.52 (0.76) 1.88 (0.85) n.m. n.m. 3.03 (1.08)
     
1.25 HDR 67.4 (5.1) 61.5 (4.9) 59.4 (4.8) n.m. n.m. 60.5 (4.8)
 total height (cm) 76.9 (5.4) 94.8 (6.0) 118.5 (6.7) 148.2 (7.6) 178.6 (8.3) 214.1 (9.1)
  diameter (cm) 1.15 (0.67) 1.56 (0.77) 2.02 (0.88) n.m. n.m. 3.60 (1.18)

aSEM are presented in brackets following mean HDRs, total heights, and diameters.  bExact dates of measurement for Log 
Yard site were August 24-25, 1998, September 30-October 1, 1999, August 28-30, 2000, and October 16-23, 2003 
(n=144/site).  cTotal heights for 2001 and 2002 were obtained retrospectively from heights of whorls measured in October 
2003.  Due to logistical constraints, data were not taken in 2001 and 2002.  Note: n.m. indicates no measurements were taken. 
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Table 7.  Mean HDRs, total heights, diameters at root collar and 30 cm above root 
collar, and standard errors of mean (SEM)a for 2000 and 2003b for Fraser Lake- 
Log Yard site (white spruce) 
      

 Mean HDR,  
Year of measurement and  

position of measurement on stem 
Brushing  height (cm),  2000 2003 

radius (m) diameter (cm) RCc 30 cmd RCc 30 cmd

  
0.00 HDR 67.0 (5.1) n.m. 69.8 (5.2) 84.0 (5.7)
 height (cm) 130.0 (7.1) 130.0 (7.1) 209.1 (9.0) 209.1 (9.0)
 diameter (cm) 1.96 (0.87) n.m. 3.03 (1.08) 2.51 (0.98)
   
0.75 HDR 67.1 (5.1) n.m. 67.9 (5.1) 82.2 (5.6)
 height (cm) 124.1 (6.9) 124.1 (6.9) 208.8 (9.0) 208.8 (9.0)
 diameter (cm) 1.86 (0.85) n.m. 3.12 (1.10) 2.57 (1.00)
   
1.00 HDR 63.2 (4.9) n.m. 64.3 (5.0) 79.9 (5.5)
 height (cm) 117.7 (6.7) 117.7 (6.7) 193.4 (8.6) 193.4 (8.6)
 diameter (cm) 1.88 (0.85) n.m. 3.03 (1.08) 2.43 (0.97)
   
1.25 HDR 59.4 (4.8) n.m. 60.5 (4.8) 74.3 (5.3)
 height (cm) 118.5 (6.7) 118.5 (6.7) 214.1 (9.1) 214.1 (9.1)
  diameter (cm) 2.02 (0.88) n.m. 3.60 (1.18) 2.92 (1.06)

aSEM are presented in brackets following mean HDRs and diameters.  bExact dates 
of measurement for Log Yard site were August 28-30, 2000, and October 16-23, 
2003 (n=144/site).  cRC indicates diameter measurement was taken at the root collar.  
d30 cm indicates diameter measurement was taken 30 cm above the root collar.  Note: 
n.m. indicates no measurements were taken. 
 

 

5.0 Discussion 

 

 It is understood by forest managers that conifer plantations undergo different stages of 

development (Oliver and Larson 1996).  The relevant stages for the plantations Jacob and Opio 

studied (Jacob 2003, Jacob and Opio 2001) were the seedling and pole or sapling stages.  As 

plantations mature, the quantity and quality of light reaching crop trees changes (MacIsaac and 

Navratil 1996).  Such changes will affect growth in height and diameter of crop trees.  This is a 

dynamic and complex process involving competition for light between conifers, herbaceous 
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plants, and deciduous trees, and between coniferous trees themselves (Waring and Schlesinger 

1985).   

 

HDRs of crop trees are affected by many factors such as litter depth, slash, slope, aspect, 

tree species, age, seasonal climate, site preparation, stock type, provenance, and site quality 

(Burton 1993, MacIsaac and Navratil 1996).  However, in many situations light is the limiting 

factor (Chen 1997, Mustard and Harper 1998) and will be the primary influence over where 

resources are allocated in the crop tree.  When light is abundant, nutrients are allocated to the 

apical meristem (i.e., height growth) and cambium (i.e., diameter growth).  Thus, HDRs remain 

the same or decrease.  In light limiting situations, nutrients become unavailable for diameter 

growth (Waring and Schlesinger 1985).  Hence, HDRs are likely to increase.   

 

HDR measurements can provide forest managers with useful information on which to 

base decisions about where and when to brush plantations (Koch 1996).  Brushing treatments can 

be conducted to various levels (i.e., brushing radii), to provide different degrees of release from 

competition.  Jacob and Opio (Jacob 2003, Jacob and Opio 2003) made recommendations with 

respect to the optimum brushing radius, when to brush plantations, and HDR thresholds.  In a 

transition between stages of stand development, it makes sense to re-examine previous 

recommendations in light of new data that reflects the transition to the new stage of development. 

 

 The MANOVAs on mean HDRs and percent changes in HDR for the two lodgepole pine 

sites (101 km and Little Bobtail Lake sites) indicated that site was marginally non-significant.  In 

a related study, Jacob and Opio (2003) ran an ANOVA on HDRs in the control portions 

(n=36/site) of the same data sets.  They determined that the HDRs were not significantly different 

(p = 0.92).  However, an examination of aspen percent cover at these sites by Jacob (2003, p. 42) 

showed HDRs increasing with increasing aspen cover (R2 = 0.70, F(1, 10) = 23.4, p < 0.001).  

Nutrient-richness, as indicated by the homogeneity/heterogeneity of competing vegetation, 

seemed to be a factor at these sites.  There seemed to be greater similarity between the 101 km 

site and spruce site (Log Yard site) than between the two lodgepole pine sites.   

 

Management implications stated by Jacob (2003) are relevant to the present study.  Jacob 

(2003, p. 44) concluded the following: 

• The impact of brushing interventions on growth of smaller trees can be measured in a 

relatively short span of time using %∆HDR. 
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• Factors such as the nutrient-richness of a site (i.e., often indicated by homogeneity/ 

heterogeneity of deciduous trees and the presence of sitka alder) need to be taken into account 

when planning brushing interventions. 

• Brushing interventions need to be undertaken earlier (i.e., < 4-5 years after planting), rather 

than later (i.e., 9-10 years after planting) in the life of a plantation. 

• Brushing radii need to be 1.0 m or greater to have sufficient effect. 

• The medium-long term effect of brushing interventions may not be stable. 

 

These management implications bare a strong resemblance to the objectives addressed by 

the present study.  Two of the four sites (lodgepole pine) measured between 1998 and 2000 

(Jacob 2003) were re-assessed in the present study.  A third site (white spruce), also measured 

between 1998 and 2000 (Jacob and Opio 2001), was re-assessed in the present study. 

 

In the previous study (Jacob 2003), it was found that mean HDRs of smaller lodgepole 

pine (i.e., 4-5 years old in 1998) decreased substantially only one to two years after brushing (i.e., 

between 1998 and 2000).  This response was particularly evident for the 1.0 m and 1.25 m 

brushing radius treatments.  It seemed that the initial brushing treatment (i.e., 1998) had the 

greatest impact on HDRs.  Thus, for operational purposes, a second or third brushing was 

probably not necessary.  The present study indicated that mean HDRs obtained after brushing the 

sites for three years (1998-2000), generally were sustained three years after the brushing was 

stopped (2003). This behaviour was particularly evident with the 1.25 m treatment.  The same 

pattern was evident for the spruce plantation (i.e., 4 years old in 1998), although the decline was 

not as substantial as for the lodgepole pine sites. 

 

Mean HDRs continued to decline throughout the previous study (1998-2000) at the 

nutrient-richer 101 km site, whereas mean HDRs exhibited a reduced decline (or stabilized) at the 

nutrient-poorer Little Bobtail Lake site.  The response was stronger at the nutrient-richer pine site.  

For example, the mean %∆HDR for the 1.25 m treatment was –25% at the first site, compared 

with –16% at the second site in 2000.  HDR measurements in 2003 showed mean HDRs 

remaining at the previously lowest levels for the control and all treatments for the nutrient-richer 

site.  Mean HDRs remained at the previously lowest levels for the 1.25 m treatment only at the 

nutrient-poorer site.  Mean HDRs rose significantly for the control at the second site.   
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At the spruce site, the mean %∆HDR determined by Jacob and Opio (2001) seemed less 

dramatic (i.e., -13% for the 1.25 m treatment in 2000).  The present study indicated that mean 

HDRs in 2003 remained at the previous lowest levels for all treatments (2000).  The nutrient 

status of the Log Yard site is comparable to that of the 101 km lodgepole pine site, therefore 

species difference probably affected the lesser decline in mean HDRs at the Log Yard site. 

   

Jacob (2003) recommended that brushing interventions be undertaken < 4-5 years after 

planting.  Wagner et al. (1999) in their study of the critical period of interspecific competition 

made similar recommendations as to when to brush plantations of five conifer species.  The basis 

for Jacob’s (2003) recommendation was a comparison between the present lodgepole pine 

plantations and the lodgepole pine sites that were brushed 9-10 years after planting.  The older 

sites responded poorly to brushing interventions (i.e., mean %∆HDRs of –5 to –7% for the 1.25 m 

treatment in 2000).  The present study does not provide the benefit of re-measurements at the 

older pine sites, however, the two sites that were brushed 4 and 5 years after planting sustained 

the lower HDRs three years after the cessation of treatments (2003).  The spruce plantation also 

sustained the decline in mean HDRs, with the mean %∆HDRs for the treatments remaining 

approximately at the previous levels. 

 

The previous study (Jacob 2003) recommended that brushing radii need to be 1.0 m or 

greater to have sufficient effect.  The 1.0 m and 1.25 m treatments produced the lowest mean 

%∆HDRs, however, mean %∆HDRs for these treatments were not significantly different from 

one another for the Little Bobtail Lake site.  Approximately the same mean %∆HDRs were 

produced with either the 1.0 m or 1.25 m treatments in 2000.  However, the HDR measurements 

for 2003 indicated an appreciable rise in the mean %∆HDR for the 1.0 m treatment for this site.  

Consequently, it seems advisable presently to recommend a 1.25 m brushing radius.   

 

Other factors affected the revision of the previously recommended brushing radii.  First, 

substantial browsing was observed at the spruce site in plots with narrower brushing radii.  The 

narrow brushing radii increased cover for rodents and other small animals, which browsed on the 

crop trees in these areas.  Second, it was observed in the re-measurement of the sites that a 1.25 m 

brushing radius left a substantial proportion of aspen and/or birch behind.  Jacob (2003, p. 134) 

calculated that 1.0-1.25 m brushing treatments might leave behind approximately 700-1400 

stems/ha of aspen and/or birch (i.e., growing among approximately 1270-1460 stems/ha of crop 
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trees).  The wider brushing radius will lead to mixedwood stands which may result in 

considerable commercial and ecological benefits. 

 

It was not known at the end of the first three years of measurements (2000) whether mean 

HDRs would stabilize at the levels produced by brushing interventions.  Re-measurement of the 

three sites in 2003 indicated that the 1.25 m brushing radius left the mean %∆HDR relatively 

unchanged three years after the cessation of brushing.  Mean HDRs for the less extreme 

treatments (i.e., 1.0 m and 0.75 m radii) and the control increased for at least one site.  Mean 

HDRs may continue to rise with the 1.0 m and narrower brushing radii.  The possible instability 

in mean HDRs with the narrower brushing radii treatments provides further justification for 

recommending the 1.25 m brushing treatment. 

 

Previous recommendations for reference HDRs (Jacob 2003, p.45-48) were based on mean HDRs 

(± SEM) for the 1.0 m and 1.25 m brushing treatments in the third year of measurements (i.e., 2000).  

HDRs might rise again in subsequent years due to the delayed response of height growth to release (Ruel 

et al. 2000).  The magnitude of the release response and the concurrent growth of non-crop trees in the 

neighbourhood of the crop tree were not known.  The availability of light to the crop tree might decline in 

subsequent years.  Other factors such as root competition might also have affected a shift in HDR in 

subsequent years.  In the absence of better information, recommendations for reference HDRs were based 

on HDRs in the final year of measurements (i.e., 2000).   

 

Now that a re-measurement of some of the sites included in the previous study (Jacob 2003) has 

been undertaken (i.e., three years after HDR measurements were last taken), a re-evaluation of the 

previously recommended reference HDRs is possible.  The re-measurement of trees at the three sites was 

undertaken using a smaller sample size (i.e., 144 trees/site in 2003 vs. 432-555 trees/site in 2000).  It 

seemed that this possible source of error should be reflected in the presentation of the reference HDRs.  

Hence, reference HDRs were presented based on measurements of all trees and 144 trees/site for 2000; 

and 144 trees/site for 2003.  In addition, reference HDRs based on measurements of diameter 30 cm 

above the root collar were presented.  A recommended reference HDR was presented for each site (Table 

8).   

Reference HDRs based on measurements of diameter at the root collar (i.e., reference HDRRCs) of 

all trees and 144 trees in 2000 are virtually the same (Table 8).  Reference HDRRCs are somewhat higher 

in 2003 than 2000 for the 101 km and Log Yard sites.  They are the same in 2003 as in 2000 for the Little 

Bobtail Lake site.  Reference HDRs based on measurements of diameter at 30 cm above the root collar 



 27

(i.e., reference HDR30cms) are somewhat higher in 2003 than 2000 for the 101 km site.  They are almost 

the same in 2003 as in 2000 for the Little Bobtail Lake site.  Recommended reference HDRs are those for 

2003, however the negligible difference between the 2000 and 2003 results makes use of either set of 

reference HDRs feasible.    

 

The recommended reference HDRRC and HDR30cm for the 101 km site are somewhat 

higher than those for the Little Bobtail Lake site (Table 8).  However, the minor difference 

between the respective ranges makes it feasible to use either reference HDR for similar SBS dw3 

(01) sites.  Forest managers should use their knowledge of local conditions in judging which of 

the reference HDRs is best for the sites they are evaluating. 

 

Forest managers will find it practical to use reference HDRs based on measurements of diameter 

30 cm above the root collar (i.e., reference HDR30cm), where possible.  However spruce trees in the range 

of ages covered by the present study (i.e., 4-9 years age) are of a size that stem taper is a concern.  This is 

the reason why reference HDR30cms were not obtained for the Log Yard site in 2000.  Most trees at the 

spruce site were quite small for much of the initial study period (i.e., 1999-2000).  In comparison, most 

trees at the lodgepole pine sites were > 1.0 m height throughout the initial study (Jacob 2003).  Whereas it 

seems justifiable to use reference HDR30cms for 4-9 year old lodgepole pine sites, it is probably not 

advisable to apply reference HDR30cms to the younger white spruce sites (i.e., < 7-9 years age).   
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Table 8. Reference HDRs based on measurements of diameter at root collar and 30 cm above root collar in 
2000 and 2003 for all study sites 
         

  
Year of measurement, sample size, and  

position of measurement on stem 
  2000 2003 

 All treesa 144 treesb 144 treesb 
Recommended 
reference HDR 

Study site 
Maximum 
Minimum RCc RCc 30 cmd RCc 30 cmd RCc 30 cmd

         

Fraser Lake- 
101 km site 
 (lodgepole pine)e Maximum 51 51 67 53 69 53 69
 Minimum 40 40 55 41 55 41 55
         

CanFor-Bednestii-
Little Bobtail Lake 
site 
(lodgepole pine)e Maximum 49 50 62 50 62 50 62
 Minimum 40 41 52 41 53 41 53
         

Fraser Lake- 
Log Yard site 
(white spruce)e Maximum 68 68 n.m. 69 85 69 85
  Minimum 54 55 n.m. 56 69 56 69
 

aAll trees indicates sample consists of all crop trees: 101 km site n=555/site; Little Bobtail Lake site 
n=486/site; Log Yard site n=432/site. b144 trees indicates sample n=144/site for all sites.  cRC indicates 
diameter measurement was taken at the root collar.  d30 cm indicates diameter measurement was taken 30 
cm above the root collar.  eReference HDRs are stated in terms of a maximum and minimum HDR which 
was determined from the mean HDR for the 1.0 m and/or 1.25 m brushing radius treatment ± the standard 
error of the mean (SEM).  Reference HDRs are meant to be applied on aspen vegetation complexes, with 
SBS dw3 (01) BEC classifications, and on plantations of the approximate size of trees and species 
described in this study.  Note: n.m. indicates no measurements were taken. 
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6.0 Conclusions and Recommendations 

 

The newly recommended reference HDRs are based on measurements taken in 2003.  

They replace previously recommended reference HDRRCs based on measurements taken in 2000.  

Reference HDRs based on measurements of diameter at the root collar (HDRRC) and 30 cm above 

the root collar (HDR30cm) are specified (Table 8).  Recommended reference HDRRCs may be 

applied to 4-9 year old SBS dw3 (01) sites planted with lodgepole pine or white spruce.   

 

Forest managers will find it practical to use the recommended reference HDR30cms in 

place of the reference HDRRCs.  However, the use of reference HDR30cm on very small trees is 

questionable.  It seems feasible to use the reference HDR30cm for trees greater than approximately 

1.0 m height.  Taper is not a concern with this size of tree.  Lodgepole pine generally exceed 1.0 

m height at 4-5 years age, thus the reference HDR30cm may safely be used throughout the 

specified range of age for this species.  However, 4-5 year old white spruce may fall below 1.0 m 

height, and caution is advised in the use of the reference HDR30cm where spruce is < 7-9 years 

age. 

 

The following reference HDRRCs and HDR30cms (also described in Table 8) are meant to 

be applied on sites planted with lodgepole pine.  The newly recommended reference HDRRCs are 

defined by the ranges 41-53 replacing 40-51 (101 km site), and 41-50 replacing 40-49 (Little 

Bobtail Lake site).  The recommended reference HDR30cms are defined by the ranges 55-69 (101 

km site), and 53-62 (Little Bobtail Lake site).  Forest managers should use their knowledge of 

local conditions in deciding which of the specified reference HDRs (i.e., 101 km or Little Bobtail 

Lake sites) to apply to their plantations.   

 

The following reference HDRRCs and HDR30cms (also described in Table 8) are meant to 

be applied to sites planted with spruce.  They are based on measurements taken at the Log Yard 

site.  The newly recommended reference HDRRC is defined by the range 56-69 replacing 54-68.  

The recommended reference HDR30cm is defined by the range 69-85.   

 

 Previously recommended “best” brushing radii were 1.0-1.25 m (Jacob 2003).  Three 

years after the measurements for that study were completed, it seems that the 1.0 m brushing 

radius may result in an increase in the mean HDR.  This inflation in HDRs was not observed for 

the 1.25 m treatment, thus it seems advisable to recommend the 1.25 m brushing treatment over 
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the 1.0 m treatment.  The wider brushing radius supports the goal of mixedwood management 

(i.e., retaining approximately 700 stems/ha of aspen or birch), while not compromising the vigour 

of coniferous crop trees (i.e., reflected by a post-treatment inflation in HDRs).  

 

It was previously recommended (Jacob 2003) that brushing interventions in lodgepole 

pine plantations be undertaken < 4-5 years after planting (i.e., the lodgepole pine sites were 

initially brushed in 1998 at 4-5 years age).  In the present study, it was observed that the two 

lodgepole pine sites sustained the lower HDRs three years after the cessation of treatments.  The 

spruce plantation (i.e, initially brushed in 1998 at 4 years age) also sustained the decline in mean 

HDRs.  The present study reinforces the earlier recommendation that brushing interventions be 

conducted < 4-5 years after planting. 
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