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PROBLEM FOREST TYPE RESEARCH TRIAL - FIA PROJECT 2421004  

FOURTH YEAR PROGRESS REPORT   
 

 

1 EXECUTIVE SUMMARY 

 

A formal growth and yield research trial was initiated in 2001 on a poor growing lodgepole pine 

(Pl) stand in the Northern Interior of British Columbia.  This report describes the response of the 

stand to treatments four years after treatments were imposed.  The stand developed on a moist to 

mesic, fine-textured site within a 23 year-old wildfire, known locally as the Swiss Fire near 

Houston BC.  The trial was designed to look at response of a 15 year-old Pl problem forest type 

(PFT) stand to innovative and conventional silviculture treatments to see if poor growing stands 

respond positively to treatment.  As PFTs are currently removed from the THLB, it was decided 

that more research was needed to determine whether such PFTs have greater site growth potential 

than expressed by the repressed Pl stand category that currently exists.  The stand being studied is 

approximately 22 years old and very dense (~50,000 sph), approximately 1.5m in total height and 

has an estimated Site Index of 6.6m/50 years.  Such a stand fits the category of non-

merchantable, low site or PFT, given current harvesting/utilization standards (Yole, 2001).  Left 

untreated, this stand would not be expected to be merchantable in size in less than 150 years.  

This trial was designed and installed in an attempt to reveal what factors are limiting growth and 

whether treatments can eventually lead to a productive stand that will contribute to the THLB. 

 

The four treatments being compared are untreated (~50,000 sph), juvenile space the existing 

stand to 1600 sph, rehabilitate (clear the area) and replant, and rehabilitate and subsoil plus 

replant.  Pre-treatment stand and site measurements were completed in 2001.  Spacing, subsoiling 

and rehabilitation (tree removal) occurred in October, 2001 and the site was subsequently planted 

in the summer of 2002.  This report describes the results and observations as measured in 2005, 

four growing seasons after site preparation/stand tending treatments were completed and 

seedlings were planted.   In 2005, the re-measurement of soils and seedlings concentrated on 

height increment growth, soil nutrient changes and soil aeration. 
 

Thus far we have learned the following facts from this research trial: 

 

-Sub-soiling treatment works fine in NAR (stumps intact) under moist soil moisture conditions 

when dense silty clay textured soils dominate.  Such conditions are found in late May or early 

June. 

 

-Rehab treatment alone resulted in high countable soil disturbance (compaction, wide scalps).  

Long-term site degradation may occur and can be monitored. 

 

-After one-growing season, 0-10cm soil bulk density values were significantly lower in subsoiled 

planting microsites as compared to untreated soils or rehab treatments.   

 

-After one-growing season, aeration and drainage appeared improved in the upper rooting zone of 

the rehab with subsoiling treatment (RSS).  This usually equates to improved soil warming and 
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drainage in the early growing season periods in the RSS treatment versus untreated soils or rehab 

soils.  

 

-Benefits to soil nutrients were most noticeable in subsoil treatment (RSS) including increased 

total N and organic C brought about by some mixing of surface soil materials during the 

treatment  

 

After 4 growing seasons (i.e. in 2005), aeration index was again re-measured by inserting steel 

rods in the ground in the spring and measuring the depth of rust (aerated zone) from the surface.  

This non-statistical test found subsoiled treatments had a 23% greater aerated zone versus the 

rehab treatment. The earlier bulk density and aeration index results after one growing season 

(2002) agree with our assumption that subsoiling improves the potential soil productivity of the 

site by extending the vertical aerated rooting depth of the soil.  The author of this report has 

found in other soils research work that soil temperature over the growing season significantly 

improves in soils where treatments promote soil drainage (Yole 1996). 

 

After 4 growing seasons, mineralizable-N (available nitrogen estimate in the soil) was 

significantly higher in rehab+ subsoil treatment (RSS) (34 ppm) relative to all other treatments.  

The control plots had lowest Min-N concentrations (12 ppm) and is believed related to extremes 

in root competition for soil nutrients owing to high stocking levels.  Total N is also a good 

indicator of site productivity.  Lowest total N values (non-significant, P=0.06) were found in the 

rehab (0.09%) and control plots (0.09%) and highest total N on the RSS (0.12%) and juvenile 

spaced plots (0.11%).  Organic matter content was significantly higher on the subsoiled treatment 

(6.5%) versus the rehab treatment (4.4%), which can have important long-term soil productivity 

implications.   

 

In terms of seedling growth response 4-growing seasons after treatment, height increment growth 

was relatively small on all treatments, ranging between 12 cm/year for untreated control trees to 

26.6 cm/year for juvenile spaced trees.  Stand density in juvenile spacing was reduced from 

30,000sph to 1600sph.  Despite relatively small growth response, it is encouraging that these very 

dense stands do respond favourably to treatment.  Highly variable seedling height growth in the 4 

year old seedlings of the rehab and rehab+subsoiled treatments may be partially explained by 

considerable frost heaving noticed in these treatments where exposed mineral soil was common.  

It is expected that root growth of seedlings in the subsoiling treatment will expand over time and 

this treatment is expected to perform better than rehab-only treatment in the long term (i.e. 10 + 

years) owing to improved nutrient and soil warming conditions.  The poor increment height 

growth of seedlings in the untreated sites (C) is likely a consequence of measured low nutrient 

status, cold moist soils (duff layers intact), high elevation of the site and very dense stocking 

resulting in extremes in root competition for limited nutrients and light resources. 

 

The four–year results of this study are showing that this PFT stand is responsive to treatment and 

that both rehab and subsoiling treatment show an increment growth improvement over the 

untreated condition.  Juvenile spacing appears to improve height increment growth significantly 

in the short term (stems reduced from 50000 sph to 1600 sph).  Height increment growth was not 

significantly improved by the subsoiling treatment.  However, the significant improvement in soil 

nutrient status and aeration in the upper root zone should help boost growth in the future. 



   

  

  

 

 

 

 

 

3 

 

It is recommended that the trial be re-assessed every 2-3 years between 2007-2010 to maintain 

the trial condition and decide whether sufficient height growth increments between treatments 

warrant a re-measurement.  Otherwise, the trial should be fully re-measured at 10 years from 

installation, or in the year 2011, to determine the longer term affects of treatments on this PFT 

stand.  

 

2 BACKGROUND 
 

The establishment report for this Problem Forest Type (PFT) research project (Yole, 2003), 

provides detail about project rational, location and layout and methods for this formal growth and 

yield trial.  The reader should refer to the establishment report for more detail the treatments and 

how the trial was installed and measured.  The same sampling methodologies were used in 2005 

to re-measure the trial.  Figure 1 gives the reader an idea of the experimental layout at Rose’s 

Road.  The site is located 10.2 km on “Rose’s Road” after turning off at 20km along Buck Flats 

Road west of Houston, B.C.  The trial is located in mapsheet-opening 93L017-031.   

 

The trial attempts to evaluate treatment options for very poor growing forest stands or Problem 

Forest Type (PFT) that make up a sizable area in the Morice and Lakes Timber Supply areas 

(~185,000 ha, TSR2 review).  These slow growing stands have limited or no merchantable value 

if left untreated and this trial was setup to assess 4 treatment options likely to change site and 

stand productivity.  There was sufficient funding in this years budget to reassess soil nutrients in 

the 4 treatments, height growth parameters, root collar diameter and aeration index.  Maintenance 

was completed in 2005 such that the trial can be visited at the 10-year post-treatment period for 

re-assessment of longer-term affects.  Some assessment of seedlings planted in subsoiled 

demonstration areas (roads and landings) was made in the fall of 2005 as well as the 12 treatment 

plots of the research trial. 

 

3 OBJECTIVES 
 

The primary objective of this FIA project (formerly IFPA) is to determine whether a very poor 

growing, fire-regenerated lodgepole pine stand can be managed or rehabilitated to produce a 

moderately productive stand that should contribute to the THLB.  Productivity would likely never 

be very high on such sites, but through proper forest management, a SI of 15-20m/50yr may be 

attainable.  Response variables were measured one season after treatments were installed, and 

again re-measured, four seasons following treatment, in 2005. 

 

The four treatments being compared include: 

 

• Rehabilitation, “R” (blade or clear off 1-3m high trees with a bulldozer) and replant, 

• Rehabilitate + subsoil “RSS” (to break up dense soil layers) and replant,  

• Juvenile space “JS” to 1600 sph, 

• Untreated control “C”  

 

Management implications of the results and recommendations for future measurements will also 

be discussed. 



   

  

  

 

 

 

 

 

4 

 
 

Figure 1. Research trial layout at Rose’s Road site.  Mapsheet and opening 93l017-031. 
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4 METHODS 

 

Methods used for this project are described in more detail in the establishment report (Yole, 

2002) and first year progress report (Yole, 2003) for this project.  For detailed descriptions of 

layout, design, and variables being assessed the reader should refer to these publications and the 

same procedures were followed in the 2005 re-measurement.  For newly measured variables 

including soil aeration, methods are described in more detail below.   

 

To briefly recap the experimental the project was laid out using a completely randomized design 

with four treatments (C, JS, RSS, and R) believed to have the best potential for treatment 

response in such challenging stand conditions.  There were three replicates of each treatment 

(experimental units or plot) with each plot was approximately 32.5m square in size and laid out 

in areas of a block having similar pre-treatment stand and site conditions.  Figures 2-5 give the 

reader an approximate picture of how each treatment looked prior to- and soon after treatment. 

 

   
 

Figure 2. Control (e.g. plot C3) in 2002. Figure 3. Rehab only (e.g. plot R3) in 2002.  

 

  
Figure 4.  Juvenile space to 1600 sph from   Figure 5.  Rehab+subsoil (e.g. plot RSS1) 

50,000 sph (e.g. plot JS1) 
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Activities and measurements in 4
th

 year re-measurements in 2005 included: 

 

• Re-establish trial plots and tree stakes 

• Soil aeration/drainage index measurements 

• Soil nutrient sampling 4-years post-treatment (0-10 cm mineral layer) 

• Seedling/tree height growth and root collar diameter 4-years post-treatment 

• Seedling measurements in demonstration areas 
 

4.1 Soil Nutrients 

 

Soil nutrients were re-measured in the 0-10cm mineral layer of each of the 12 plots after 4 

growing seasons.  Soils were sampled at random sampling locations in each 32m square plot 

area.  Three composite samples were each formed from 5 randomly sampled locations in each 

plot (15 sampling locations/plot).  Results can be compared to year=1 nutrient results as the same 

sampling and lab analysis methods were employed. 

Forest floor materials were removed from control and juvenile space plots prior to sampling 

mineral soils.  In subsoiled plots, samples were taken close to the subsoiled ripped microsite as 

this microsite was generally where trees were planted to make use of the loosened and preferred 

soil.  Lab analysis was performed by Pacific Soil Analysis of Vancouver BC.  This lab used 

standard forest fertility methodology as described in establishment report for this project (Yole, 

2003).  Total and available nutrients, pH and electrical conductivity were determined in the 

surface 0-10cm mineral layer.   
 

4.2 Soil Aeration  

 

During initial site investigations in the trial area, fine textured soils combined with dense 

subsurface soil horizons have resulted in perched water tables in spring periods.  As a result of 

prolonged wet soils and impeded drainage in the spring, root growth will be restricted for longer 

periods owing to cold soil temperatures.  Other research (Yole, D. 1996) has found that surface 

soil layers which have been modified, such that the forest floor being removed or intermixed, 

have resulted in greater cumulative hours of soil temperature >8 degrees C and corresponding 

improved seedling root growth.  Disturbed soils where forest floor is removed or altered are 

shown to warm sooner in the spring periods and give a distinct growth advantage for the 

seedlings (Yole, 1996).  Following discussions with the Regional Soil Scientist (M. Kranabetter, 

pers. comm. 1992) it was determined that soil aeration, or lack thereof, may explain some of the 

very poor growth of Pl trees at the study site.  High water tables are believed to persist for a 

significant part of the early growing season at this site, resulting in cold or saturated conditions 

for perhaps half the growing season, particularly in horsetail, spirea or coltsfoot site series (i.e. 

SBSmc2/10, 04, 05).   

 

The method involves placing steel rods into the soil in the early spring and then measuring the 

depth of rust on the rod from the soil surface.  Rods were pushed in as far as possible at 5m 

intervals along a diagonal transect direction from SW to NE in each plot measured.  One assumes 

the aerated zone is the depth of rust on the steel rod when extracted from the soil.  Non-rusted 

portion of the rod is assumed to be the saturated zone.  Minimal root growth is expected to occur 
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in the saturated zone of the soil.  No statistics were formed as the steel rod/aeration zone method 

is meant mainly as a demonstration procedure for field tours of the site. 

 

There was sufficient time/budget to install 6 steel rods in each of the three R and RSS plots and 

in 2 of the C plots.  Rods were placed at sampling points in early May 2005 on a diagonal  

line transect with sampling points established at 5m intervals along a 30m Epslon tape.  Depth to 

compacted and aerated soil layer (rust on the rod) was measured from the surface on Sept. 14, 

2005.  Most of the rods could only be pushed in 30-50cm owing to dense soil layers also high in 

coarse fragments. Results are discussed in the next section. 

 

 4.3 Seedling Measurements 

 

Seedlings and trees were re-measured in September, 2005 for total height, height increment (one 

year) and root collar diameter.  A total of 49 seedlings were replanted in the rehab and subsoiled 

plots while 49, 20 year-old trees were established at 2.5 m spacing in each of the control and JS 

plots. 

 

5 RESULTS AND DISCUSSION 

 

Results are reported in the order they were re-measured in the 2005 field season.  Statistical 

methods employed are described for each section. 

 

5.1 Soil Nutrients 
 

Mean soil nutrients were summarized by treatment and replicate and compared with an ANOVA. 

Treatment means were compared by fitting a mixed-effects model: nijk = Ai + aij + eijk where nijk 

is the measured nutrient level for treatment i (1,2,3,4), replicate j (1,2,3), and composite sample k 

(1,2,3); Ai is a fixed treatment effect; aij is a random (independent normal) replicate effect; and 

eijk is a random (independent normal) sample effect. An overall F-test of the null hypothesis that 

the treatment means are equal, and pairwise comparisons of individual pairs of treatment means, 

were performed for each nutrient (to apply a Bonferroni adjustment for multiple comparisons the 

latter p-values should be multiplied by 6=total number of pairs).  A log transformation was 

applied where there was evidence of non-normality, in which case, results for both the 

untransformed and transformed data are reported. 
 

Soil nutrients were assessed in the mineral 0-10cm layer four growing seasons after site 

preparation to determine how nutrient concentrations had changed in the short-medium term as a 

result of treatments.  Refer to Table 1 for a summary of soil nutrient results in 2005.  Statistical 

comparisons of soil nutrient treatment means are found in Table2. 

 

There was significant treatment effect (p=0.0008) on Mineralizable-N (ppm) concentration.  

Mineralizable N was significantly higher (34 ppm) in the RSS plots relative to all other 

treatments.  The rehab (R) was the other treatment having mineral soil disturbed, and this 

treatment had the second highest levels of Min N (24 ppm) measured.  These results suggest 
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Table 1.  Soil nutrient means in 0-10cm mineral soil layer by treatment unit, four seasons after treatment. 

 

    pH 
est. E.C.  

(mmhos/cm) 
Total O.M.  

(%) 
Total N  
(%) 

Min. N  
(ppm) 

Bray avail. P  
(ppm) 

Avail. K  
(ppm) 

Avail. Ca  
(ppm) 

Avail. Mg  
(ppm) 

Treat Rep Mean Std. Err. N Mean StdErr N Mean StdErr N Mean StdErr N Mean StdErr N Mean StdErr N Mean StdErr N Mean StdErr N Mean StdErr N 

C 1 4.9 0.06 3 0.27 0.007 3 4.2 0.50 3 0.08 0.007 3 9 1.5 3 51 9.5 3 107 4.4 3 1233 159.0 3 268 35.3 3 

  2 4.7 0.07 3 0.27 0.018 3 4.3 0.52 3 0.09 0.006 3 9 2.4 3 79 10.6 3 130 5.8 3 1133 66.7 3 260 20.8 3 

  3 4.8 0.07 3 0.27 0.013 3 4.0 0.50 3 0.09 0.007 3 16 3.5 3 59 12.6 3 147 10.9 3 1417 44.1 3 318 7.3 3 

JS 1 4.6 0.03 3 0.26 0.020 3 4.7 0.73 3 0.10 0.007 3 13 0.3 3 73 11.3 3 137 4.4 3 1283 116.7 3 307 34.7 3 

  2 4.7 0.15 3 0.34 0.000 3 4.8 0.78 3 0.10 0.007 3 14 1.7 3 84 5.7 3 143 6.0 3 1367 130.2 3 310 26.5 3 

  3 4.9 0.00 3 0.33 0.018 3 6.8 0.93 3 0.13 0.013 3 21 5.7 3 43 2.9 3 235 25.7 3 2283 145.3 3 587 37.1 3 

R 1 4.9 0.10 3 0.23 0.013 3 5.0 1.22 3 0.10 0.017 3 20 5.5 3 111 12.4 3 168 18.3 3 1617 116.7 3 380 28.4 3 

  2 5.2 0.03 3 0.25 0.007 3 4.4 0.68 3 0.09 0.007 3 30 6.7 3 39 5.2 3 125 20.2 3 1600 125.8 3 397 29.5 3 

  3 5.6 0.00 3 0.25 0.007 3 3.7 0.87 3 0.07 0.013 3 21 2.3 3 18 1.7 3 77 8.8 3 1950 264.6 3 420 69.3 3 

RSS 1 5.1 0.07 3 0.23 0.007 3 7.1 1.31 3 0.11 0.012 3 33 0.6 3 38 2.9 3 133 1.7 3 2083 185.6 3 447 37.1 3 

  2 4.8 0.06 3 0.29 0.027 3 6.4 1.94 3 0.11 0.022 3 36 2.7 3 56 6.7 3 137 17.6 3 1467 116.7 3 357 31.8 3 

  3 5.0 0.09 3 0.30 0.023 3 6.2 1.43 3 0.12 0.019 3 34 5.5 3 70 27.7 3 183 16.4 3 2033 356.3 3 475 86.7 3 

Means by Treatment                                              

C   4.8 0.05 3 0.27 0.002 3 4.2 0.07 3 0.09 0.003 3 12 2.4 3 63 8.2 3 128 11.6 3 1261 83.0 3 282 18.2 3 

JS   4.8 0.08 3 0.31 0.025 3 5.4 0.71 3 0.11 0.011 3 16 2.4 3 66 12.1 3 172 31.7 3 1644 320.4 3 401 92.8 3 

R   5.2 0.20 3 0.24 0.007 3 4.4 0.38 3 0.09 0.008 3 24 3.3 3 56 28.2 3 123 26.5 3 1722 114.0 3 399 11.6 3 

RSS   4.9 0.08 3 0.27 0.023 3 6.5 0.28 3 0.12 0.004 3 34 1.0 3 55 9.3 3 151 16.1 3 1861 197.8 3 426 35.7 3 
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Table 2.  Statisitcal Comparison of Soil Nutrient Means After Four Seasons. 

 

    pH 
est. E.C.  

(mmhos/cm) 
Total O.M.  

(%) 
Total N  
(%) 

Min. N  
(ppm) 

Bray avail. P  
(ppm) 

Avail. K  
(ppm) 

Avail. Ca  
(ppm) 

Avail. Mg  
(ppm) 

Mean   Est.  
Std. 
err.  Pr > |t| Est.  

Std. 
err.  Pr > |t| Est. Std. err. Pr > |t| Est.  Std. err. Pr > |t| Est.  Std. err. Pr > |t| Est.  Std. err. Pr > |t| Est.  Std. err. Pr > |t| Est.  Std. err. Pr > |t| Est.  Std. err. Pr > |t| 

C  4.8 0.12 <.0001 0.27 0.017 <.0001 4.2 0.56 <.0001 0.09 0.007 <.0001 12 2.4 0.0014 63 16.6 0.0053 128 22.9 0.0005 1261 201.0 0.0002 282 50.9 0.0005 

JS  4.8 0.12 <.0001 0.31 0.017 <.0001 5.4 0.56 <.0001 0.11 0.007 <.0001 16 2.4 0.0002 66 16.6 0.0039 172 22.9 <.0001 1644 201.0 <.0001 401 50.9 <.0001 

R  5.2 0.12 <.0001 0.24 0.017 <.0001 4.4 0.56 <.0001 0.09 0.007 <.0001 24 2.4 <.0001 56 16.6 0.0096 123 22.9 0.0007 1722 201.0 <.0001 399 50.9 <.0001 

RSS  4.9 0.12 <.0001 0.27 0.017 <.0001 6.5 0.56 <.0001 0.12 0.007 <.0001 34 2.4 <.0001 55 16.6 0.0108 151 22.9 0.0002 1861 201.0 <.0001 426 50.9 <.0001 
No difference 
 (Pr > F)    0.0744    0.1140    0.0192    0.0600    0.0008    0.9495    0.4593    0.2572    0.2632 

JS - C -0.1 0.17 0.6990 0.04 0.024 0.1368 1.3 0.79 0.1240 0.02 0.010 0.0650 5 3.4 0.2101 4 23.4 0.8795 44 32.4 0.2128 383 284.3 0.2144 119 71.9 0.1370 

R - C  0.4 0.17 0.0348 -0.03 0.024 0.2666 0.2 0.79 0.8137 0.00 0.010 1.0000 12 3.4 0.0073 -7 23.4 0.7796 -4 32.4 0.8944 461 284.3 0.1434 117 71.9 0.1435 

RSS - C 0.1 0.17 0.4833 0.00 0.024 0.9291 2.4 0.79 0.0053 0.03 0.010 0.0333 23 3.4 0.0002 -8 23.4 0.7380 23 32.4 0.4922 600 284.3 0.0678 144 71.9 0.0805 

JS - R -0.5 0.17 0.0187 0.07 0.024 0.0216 1.1 0.79 0.1890 0.02 0.010 0.0650 -8 3.4 0.0584 10 23.4 0.6674 48 32.4 0.1744 -78 284.3 0.7913 2 71.9 0.9761 

JS - RSS -0.2 0.17 0.2889 0.04 0.024 0.1570 -1.1 0.79 0.1676 0.00 0.010 0.6802 -18 3.4 0.0007 12 23.4 0.6285 21 32.4 0.5438 -217 284.3 0.4678 -25 71.9 0.7371 

RSS - R -0.3 0.17 0.1089 0.03 0.024 0.2344 2.2 0.79 0.0096 0.03 0.010 0.0333 11 3.4 0.0143 -1 23.4 0.9560 28 32.4 0.4165 139 284.3 0.6382 27 71.9 0.7149 
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measurable increases of available N are found in treatments that result in mineral soil exposure or 

intermixing relative to control and juvenile spacing treatments having forest floor materials 

intact.  Other notable changes in nutrients after 4 seasons include a significant (p=0.0192) 

increase in organic matter (i.e. %C) nutrients in RSS treatment.  These results may be explained 

by the incorporation of surface organic C into mineral layers during sub-soiling.  Both of the 

above-described N and C nutrient gains following site preparation may have long-term benefits to 

site productivity.  Total N concentration in the soil was higher in the RSS plots, but effects were 

not significant after 4 seasons. 

 

5.2 Soil Aeration Index 

 

In 2002, one season after site preparation, positive results were reported (Yole, 2003) in 

improved depth of aerated rooting zone as evidenced from rust depth on metal rods inserted into 

the upper 50cm of mineral soil.  The same measurements were completed in 2005 in order to 

further understand positive treatment effects of subsoiling.  Table 3 summarizes depth to 

compacted layer, rust depth measured, total depth of profile measured (rod depth) and percentage 

of profile which was aerated.  The results of Table 3 would suggest that the subsoiling treatment 

still has beneficial effects to soil aeration 4 years following treatment relative to the rehab-only 

treatment. 

 

Table 3.  Mean depth to compacted layer, aeration soil depth and saturation depth from soil 

surface at Rose’s Road. 

 

Treatment Rep n Depth to  Depth of rust Total depth  % Profile  

   compact (aerated) assessed  aerated 

      cm cm cm   

C 1 6 25.7 24.5 39.3 68 

C 2 6 24.5 25.9 30.4 86 

C  Mean 25.2 25.2 34.8 77 

RSS 1 6 32.1 28.8 36.3 80 

RSS 2 6 35.6 27.3 36.8 75 

RSS 3 6 47.8 25.8 47.8 54 

RSS  Mean 38.5 27.3 40.3 70 

R 1 6 23.3 15.0 50.6 30 

R 2 6 25.1 19.3 35.7 57 

R 3 6 28.0 23.0 41.8 55 

R  Mean 25.5 19.1 42.7 47 

 

Subsoiled treatments had a 23% greater aerated zone versus the rehab treatment (Figure 6). The 

significant near-surface bulk density (first season post-treatment, Yole 2003) and aeration index 

results above (Table 3) agree with our assumption that subsoiling improves the potential soil 

productivity of the site by extending the vertical aerated rooting depth of the soil and loosening 

the soil layers following subsoiling treatment.  The reader can see a greater depth to compact 

layer in the RSS treatment (Figure 7).  The reader can observe that soils are wetter closer to the 

surface (% profile saturated) in the rehab treatment relative to the others.  Cold wet soils in high 

elevation locations do not bode well for fast tree growth in the long-term.   
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Figure 6.  Soil aeration assessment and % profile aerated using steel rods during the 2005-field 

season. 
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Figure 7.  Soil aeration assessment and depth to compact layer in 3 treatments measured during 

the 2005 field season. 
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 5.3 Tree/Seedling Measurements After Four Growing Seasons 

 

Summer planted Pl seedlings were planted in three subsoiled and three rehabbed plots in July 

2002.  The juvenile spacing (JS) treatment was completed in 2001 and involved removing 96% of 

stems down to 1600sph, which was the common operational spacing density at the time.  Data is 

presented for total height (Table 4a), one-year height increment (Table 4b) and root collar 

diameter (Table 4c) after one- and four-growing seasons.  The individual plot means and 

treatment means are presented in Tables 4a-4c below.  Recently planted seedlings (i.e. RSS and R 

treatment) are treated as a separate dataset from control (C) and spaced (JS) treatments owing to 

sample tree age.    

 

Statistics for tree data involved the following:  

Mean heights were summarized by treatment, replicate, and year.  The 2002 and 2005 heights 

were analyzed by fitting a mixed-effects, repeated-measures model: hijkt = Ai + aij + (Bi + bij)t + 

eijkt where hijkt is the measured height for treatment i, replicate j, tree k, and year after treatment t;  

Ai and Bi are fixed treatment effects; aij, bij are random (independent, normal) replicate effects 

and eijkt is a random (independent, normal) tree effect with general covariance structure for repeat 

measurements of the same tree.  Separate analyses were performed for the two treatments that did 

not involve re-planting (C and JS) and for the two rehabilitation treatments (R and RSS). In both 

cases, mean heights for each measurement year (2002 and 2005) and average (3-year) growth 

rates were compared for the two treatments. A log transformation (to improve normality) had 

little effect on the p-values for comparing treatments (cf., results for untransformed and 

transformed data). 

 

Mean annual height increment and root collar diameter were summarized and analyzed as 

described for soil nutrients. 

 

Height increment data from 2005 (Table 4b) is the only variable that can be compared for all 4 

treatments over the first four years. There were significant 4-year total height differences between 

the JS and C trees, with JS trees being significantly taller (p=0.0146).  There are no significant 

differences in total height between RSS and R treatments (p=0.2023).  Log transformation did not 

adjust the results of analyses.  Four-year height increment was highly significant (p=0.0037) in 

terms of treatment effect (all treatments).  The JS treatment has the greatest increment/year in the 

fourth growing season after treatment (26.6 cm/yr) and the rehab has the least growth rate (11.6 

cm/yr).  There was no significant difference between height increments of R vs. RSS treatment 

(p=0.0841) despite slightly improved growth rates in the RSS (16.9 cm/yr) treatment versus 

rehab-only.  Figure 8 details height increment means. 

 

In Table 4c, the reader can see that significant root collar diameter effect between JS and C 

treatment was evident after the 4
th
 growing season after treatment (p=0.0036).  JS trees were 42% 

larger than control trees by the year 2005.  Although RSS seedlings were larger in root collar 

diameter (1.22 cm) this difference was not significantly larger than rehab treatment (1.02 cm) 

after 4 seasons of growth.  Longer-term diameter differences are expected to increase as root 

systems and overall seedling size increases over time. 
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The condition and damage of the seedlings after one- and 4- seasons of growth are compared in 

Table 5.  Of note are the relatively high incidence of Commandra blister rust in the control 

treatment and appears related to high stem density.  Note also the common incidence of basal 

sweep and frost heave in the rehab and subsoiled treatments during the 4-year measurement 

(Table 5).  These damages appear related to uneven ground surface and mineral soil exposure and 

related frost heaving in silty clay soils of the area. 

 

 

Height Increment Growth (cm/yr) After 4 Years
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Figure 8.  Height increment comparison after 4-growing seasons. 

 

 

   5.3.1 Demonstration Areas 

 

Three demonstration areas were established for field site tours.  These include: 

 

• larger RSS (subsoiled) area in NAR (0.5ha
2
) and comparison of Sx and Pl planted 

seedlings 

• small compacted landing (20mx10m area) planted to Sx and Pl plus, compare 

subsoiling and untreated and planted to Sx and Pl  

• mineral exposed access road subsoiled and planted to Pl and Sx 

 

Species differences in height increment in the RSS demonstration area in NAR were small but Pl 

seedlings (15.5 cm/yr) were growing slightly faster than Sx (11.3 cm/yr), 4 years after planting.  

The first 50 seedlings encountered were measured for height and last year’s height increment of 

Sx and Pl.  The mean increments for Sx and Pl in the demonstration area are presented in Figure 

9. 

 

Observations in the untreated compacted landing noted that both Sx and Pl seedlings were 

growing very slowly at 1.0-1.5 cm/year.  Colour was very chlorotic and seedlings were in very  
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Table 4a.  Total tree height and data analysis after one- and four-growing seasons (2005). 

 

    2002 2005        

    Year 0 Year 0 Year 4 Year 4        

Replicate    R RSS C JS R RSS C JS        

1 Mean 20.7 20.4 161.2 199.5 44.1 43.8 208.8 243.4        

  Std. Err. 2.88 3.74 39.3 57.6 8.50 9.88 51.8 64.1        

  No. Trees 48 49 49 49 47 44 49 47        

2 Mean 20.6 21.5 171.2 206.7 48.2 51.0 213.6 267.8        

  Std. Err. 4.12 3.85 43.2 67.6 11.32 11.91 54.6 84.1        

  No. Trees 47 49 49 49 46 49 49 45        

3 Mean 20.9 21.4 155.8 252.4 36.7 58.1 190.5 305.0        

  Std. Err. 3.97 3.12 40.2 63.4 9.27 16.13 52.5 73.2        

  No. Trees 49 49 49 49 47 44 39
1
 47        

Average Mean 20.7 21.1 162.7 219.5 43.0 51.0 204.3 272.0        

  Std. Err. 0.16 0.62 7.8 28.7 5.83 7.17 12.2 31.0        

  No.  Reps. 3 3 3 3 3 3 3 3        

                 

                 

Comparison of treatments               

    Year 0 Year 0 Year 4 Year 4 
Average growth rate  
2002-2005 (cm/year) 

Treatment (difference) Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| 

C        162.7 12.8 0.0001      204.7 13.2 <.0001 14.0 2.3 <.0001 

JS        219.5 12.8 <.0001      272.0 13.2 <.0001 17.5 2.3 <.0001 

JS - C         56.8 18.0 0.0292       67.3 18.6 0.0146 3.5 3.3 0.2904 

R   20.7 0.30 <.0001      43.0 3.73 0.0003      7.4 1.25 0.0034 

RSS   21.1 0.30 <.0001      51.0 3.73 0.0001      10.0 1.25 0.0011 

RSS-R   0.4 0.43 0.3670       8.0 5.28 0.2023       2.5 1.76 0.2212 
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Table 4b.  Height increment results comparing all four treatments at Rose’s Road in 2005. 

 

    
Annual height increment  

(cm) 

Treatment Replicate Mean Std. Err. N 

C 1 20.8 1.04 49 

  2 20.5 1.05 49 

  3 18.2 1.34 39 

JS 1 23.9 1.22 47 

  2 30.5 1.52 45 

  3 25.4 1.30 47 

R 1 11.9 0.75 47 

  2 15.3 1.03 46 

  3 7.5 0.67 47 

RSS 1 12.8 0.82 44 

  2 17.2 1.10 49 

  3 20.8 1.37 44 

C   19.9 0.81 3 

JS   26.6 1.98 3 

R   11.6 2.25 3 

RSS   16.9 2.30 3 

     

     

Comparison of treatment means   

    
Annual height increment  

(cm) 

Mean (difference) Est.  Std. err.  Pr > |t| 

C   19.9 1.93 <.0001 

JS   26.6 1.93 <.0001 

R   11.6 1.93 0.0003 

RSS   16.9 1.93 <.0001 
No difference (Pr > F)     0.0037 

JS - C  6.7 2.73 0.0391 

R - C  -8.3 2.73 0.0159 

RSS - C   -2.9 2.73 0.3135 

JS - R  15.0 2.72 0.0006 

JS - RSS  9.6 2.72 0.0076 

RSS - R   5.4 2.72 0.0841 
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Table 4c.  Root collar diameter of seedlings and small trees in Rose’s Road trial in 2002 and 2005. 

 

 

    2002 2005        

    Year 0 Year 0 Year 4 Year 4        

Replicate    R RSS C JS R RSS C JS        

1 Mean 0.58 0.62 2.75 3.86 1.11 1.12 3.11 5.35        

  Std. Err. 0.057 0.076 0.729 1.12 0.224 0.334 0.867 1.36        

  No. Trees 48 49 49 49 47 44 49 47        

2 Mean 0.61 0.60 3.45 4.08 1.12 1.16 3.81 5.99        

  Std. Err. 0.062 0.065 0.940 1.31 0.278 0.274 1.19 1.33        

  No. Trees 47 49 49 49 46 49 49 45        

3 Mean 0.61 0.51 3.09 5.22 0.82 1.40 3.48 6.59        

  Std. Err. 0.080 0.085 0.769 1.12 0.189 0.414 0.936 1.38        

  No. Trees 49 49 49 49 47 44 391 47        

Average Mean 0.60 0.58 3.10 4.39 1.02 1.22 3.47 5.98        

  Std. Err. 0.015 0.061 0.349 0.733 0.169 0.153 0.351 0.621        

  No.  Reps. 3 3 3 3 3 3 3 3        
1
Only 39 trees used in analysis as a result of removing moribund/poor trees infected with common blister rust.     

                 

Comparison of treatments               

    Year 0 Year 0 Year 4 Year 4 
Average growth rate  
2002-2005 (cm/year) 

Treatment (difference) Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| Est. Std. Err. 

Prob. 

 ≥ | t| 

C         3.10 0.315 0.0004       3.47 0.321 0.0002 0.12 0.044 0.0055 

JS        4.39 0.315 0.0001      5.98 0.321 <.0001 0.53 0.044 <.0001 

JS - C         1.29 0.446 0.0413       2.51 0.453 0.0036 0.41 0.062 <.0001 

R   0.60 0.025 <.0001      1.02 0.114 0.0006      0.14 0.037 0.0205 

RSS   0.58 0.025 <.0001      1.22 0.114 0.0003      0.22 0.037 0.0044 

RSS-R   -0.03 0.036 0.5173       0.21 0.162 0.2658       0.08 0.053 0.2168 
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Table 5.  Seedling and tree damage by various parameters and changes over time from 2002-2005. 

  

    2002 2005 

Treatment Replicate 
Multiple 
leaders 

Frost 
heave Fork Sweep 

Comm. 
blister 
rust Broken Fungus 

Number of 
live trees 

Multiple 
leaders 

Frost 
heave Fork Sweep 

Comm. 
blister 
rust Broken Fungus 

Number 
of live 
trees 

C 1 0 0 1 0 0 0 0 49 0 0 0 0 0 0 0 49 

  2 0 0 0 0 0 0 0 49 0 0 0 0 0 0 0 49 

  3 1 0 0 0 0 0 0 49 2 0 0 0 10 0 0 49 

JS 1 0 0 0 0 0 0 0 49 0 0 0 2 2 0 0 49 

  2 0 0 0 0 0 0 0 49 0 0 0 2 1 2 0 48 

  3 0 0 2 0 0 0 0 49 2 0 1 1 2 0 0 49 

R 1 0 0 0 0 0 0 0 48 3 10 1 5 1 0 0 48 

  2 0 0 0 0 0 0 0 47 6 2 0 3 0 0 1 47 

  3 0 0 0 0 0 0 0 49 5 7 1 10 0 1 0 48 

RSS 1 0 0 0 0 0 0 0 49 10 5 1 4 0 5 0 49 

  2 0 0 0 0 0 0 0 49 3 4 1 2 0 0 0 49 

  3 0 1 0 0 0 0 0 49 0 2 1 1 1 0 3 48 

C   1 0 1 0 0 0 0 147 2 0 0 0 10 0 0 147 

JS   0 0 2 0 0 0 0 147 2 0 1 5 5 2 0 146 

R   0 0 0 0 0 0 0 144 14 19 2 18 1 1 1 143 

RSS   0 1 0 0 0 0 0 147 13 11 3 7 1 5 3 146 

Total   1 1 3 0 0 0 0 585 31 30 6 30 17 8 4 582 
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Height Increment Growth in RSS Demonstration Area

15.5

11.3

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

15.0

16.0

H
e
ig
th
 I
n
c
 (
c
m
/y
r)

Pl Ht Inc Sx Ht Inc

 

Figure 9. Demonstration area comparing Sx and Pl growth after 4 years in RSS area (based on 

n=50 samples). 
 

poor health.  Seedlings planted in the landing that had undergone subsoiling treatment were 

growing better, with height increments of approximately 7-15 cm/yr.  Seedlings were generally 

still unhealthy and chlorotic but not to the poor extremes as non-subsoiled areas.  As only 6 

seedlings were measured in the landing demonstration area, no data is presented. 

 

There was insufficient time/budget to measure the Sx and Pl seedlings in the subsoiled access 

road at the north end of the project.  However, the author did not notice any significant 

differences between Pl and Sx seedling growth on the subsoiled roads.  In addition both species 

were growing slowly (height increment of 5-10cm/year for both) 4 seasons after planting.  

Measurement data can be collected at the 10-year re-measurement of the trial.   
 

5 SUMMARY AND REMEASUREMENT 
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The above sections describe the four-year response of a dense PFT lodgepole pine stand to 

treatments believed to alleviate growth stagnation.  Several stand and soil factors were improved 

following treatments of rehab with and without subsoiling, and thinning the very dense stand to 

1600 sph (juvenile spacing).  It is apparent from the four-year results that the stand (originally 

30000-80000 sph in density) is responsive to treatments.  Height increment of trees from the 

juvenile spacing treatment is growing at significantly greater rates (increment/year) than the 

untreated stand condition.  Although the subsoiled plots had greater height increment growth than 

rehab plots, frost heaving and sweeps in mineral exposed microsites were believed to result in 

short term slowness in growth response and non-significant height increment effects between the 

two treatments of clearing trees with and without subsoiling.  This height increment differences 

are expected to gain as seedling and root systems respond to improved drainage and nutrient 

conditions measured in the subsoil treatment microsites.  The rehab treatment resulted in high % 

of negative soil disturbance, poorer surface soil aeration properties, higher initial bulk density 

(i.e. compaction with puddling/ponding evidence) lower nutrient status and smallest root collar 

diameter of seedlings after 4 growing seasons.  Owing to poor root growth characteristics 

observed during the excavation of a few seedling roots after four growing seasons, it was decided 

to defer this comparison to a later date when microsites affects are expected to be reflected in 

larger differences in root growth. 

 

The operational demonstration areas (0.5 ha) show relatively small and slightly improved growth 

rates in Pl vs. Sx seedlings planted in the RSS treatment in NAR.  Frost heaving occurred in 8% 

of the Sx and 4% of the Pl seedlings measured.  Poor growth rates of Pl and Sx were noticed in 

mineral exposed subsoiled roads and landings where organic matter had been removed.  The 

cleared and compacted landings showed the poorest height increment growth or Pl and Sx as 

expected and neither species appear better adapted to soils with poor nutrient or excessive 

compaction.   

 

Early response of this research trial would suggest that growth rates of a PFT stand can be 

improved through rehab and subsoiling in NAR on a moist and relatively poor site.  Juvenile 

spacing brought about the greatest height increment response after four years.  Response gains 

from the rehab treatment were small and non-significant as an improvement over the control or 

untreated condition.  Effects of the rehab (R) and subsoiled (RSS) treatment should not be 

extrapolated to other soil/site/stand conditions differing from this research site. 

 

It is recommended that the PFT trial be re-measured in 2011 for a 10-year summary.  Trial 

maintenance would be beneficial every 2-3 years to remove brush and replace numbered seedling 

stakes.  Foliar analysis should replace soil nutrient measurements to assess longer-term nutrient 

status. 
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