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Abstract 
 
Soil rehabilitation is an important strategy for enhancing timber supply where productive 
forest land is limited, as it is in much of BC. The benefits and costs of reclaiming roads 
and landings need to be documented so that managers can implement the best options for 
keeping roads active, deactivating them, or restoring them to establish a new forest. The 
goal of this project is to document medium- to long-term growth results and soil 
conditions on existing trials so that managers can make decisions with the best 
information possible. 
. 
In year 1, the following activities were completed or are in progress: 

• Review records and planning 

• Field work: tree measurements and site descriptions (63 subplots on 21 landings, 
and 56 subplots on adjacent plantations) 

• Field work: soil sampling (233 bulk density samples) 

• Lab work: soil sample prep and analysis for bulk density, carbon 

• Data analysis, write up and reporting 

• Prepare article and extension events…. (interim results will be presented to the 
CJSS meeting in Prince George July 2008). 
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Introduction 
Several trials have been established over the past twenty years to evaluate the 
productivity of rehabilitated roads, trails and landings. Short-term results have been 
reported and have been guiding decision making over the past ten years or so (e.g. 
Bulmer and Krzic 2003, Sanborn et al 2004, Dykstra and Curran 2000). Despite the 
progress made and lessons learned to date, reliance on short-term results for long-term 
decisions can be unreliable. In soil disturbance studies in BC and elsewhere, short-term 
results are not always good predictors of longer-term effects (e.g. Wass and Senyk 1999; 
Morris and Miller, 1994). For this reason, long-term measurements are essential. 
 
This project evaluated existing study plots in the BC interior to determine up-to-date 
measures of tree growth and productivity. Over a three year period, we will visit sites in 
the northeast, south-central and southeast interior to update existing tree growth 
information. In year one of the project (2007 field season), measurements were 
completed on 17 rehabilitated landings and adjacent plantations in the BWBS 
biogeoclimatic zone of northeast BC.   
 
The objectives of the project are to: 

• Provide longer-term information on tree growth and productivity for reclaimed 
sites in a variety of biogeoclimatic zones in BC, 

• Characterize the factors affecting productivity on the reclaimed sites, in relation to 
undisturbed areas and other areas that have experienced soil disturbance. 

 
The long-term objective is to provide information for forest managers and others trying 
to evaluate the costs and benefits of soil rehabilitation.  
 
Materials and methods 
 
Study sites: 
In the BWBS zone of northeast BC, a retrospective study was carried out in 2001 to 
evaluate the productivity of 24 landings that were rehabilitated with a winged subsoiler in 
1994 and planted with lodgepole pine in 1995.  The work was carried out operationally 
with the intent of increasing forest productivity on the disturbed areas. Five years later, 
sixty percent of landing subplots had more than 1000 well spaced stems per ha. Only 9 
percent of landing subplots had less than 600 well spaced stems per ha. Stocking was 
higher for mesic and sub-xeric sites compared to sites with a sub-hygric moisture regime. 
Trees in plantations appeared to be growing slightly better than those on the rehabilitated 
landings (Bulmer and Krzic 2003). We visited these sites in 2007 (year 12) and collected 
growth measurements to document their performance since 2001.  
 
In the MS and ESSF biogeoclimatic zones of south-central BC near Kamloops, 31 
rehabilitated landing and road segments were evaluated in 2001 and 2002 for site 
characteristics, soil properties, and tree growth response. The sites had been operationally 
rehabilitated over the preceding 10-15 years, and were stocked with lodgepole pine. Site 
index on both roads and landings in the MS and ESSF appeared to be no different than in 
the adjacent plantations, despite a trend towards slightly higher stocking on the landings. 
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Our plan is to revisit these sites in 2009 and collect 15 – 20 year growth measurements to 
document their performance since 2001. 
 
In the ICH, MS and ESSF zones of southeast BC, productivity of trees growing on 
reclaimed skid trails was evaluated at ten locations in 2002 and 2003. The trees growing 
on the berm and undisturbed treatments commonly displayed better growth than the trees 
growing on the inner track and midroad treatments. Trees growing on the berm were 
either the leading or second ranked treatment in seven out of 10 blocks, with differences 
in growth relative to the undisturbed ranging from 89 to 161%. Diameter and volume 
growth followed the same trend as height for all analyses. Our plan is to revisit these sites 
in 2010 (17 years) and collect growth measurements to document their performance since 
2003. 
 
Field methods: trees and site 
The projects in Dawson Creek and Kamloops are retrospective studies, where the sites 
were not originally intended as research trials. Although the retrospective approach has 
limitations (lack of initial control over sites and treatments limits the range of questions 
that can be answered), the very large number of potential sites provided for large sample 
size and robust interpretations in the original study. Full descriptions of the sites in 
Dawson Creek are provided in Bulmer and Krzic (2003), and a previous study in the ICH 
zone using similar methods was reported by Plotnikoff et al. (2002).  
 
In the original studies at Dawson Creek and for landings at Kamloops, three circular 
0.005 ha subplots were randomly located on each of the  landings and three more circular 
0.005 ha subplots were established at fixed distances of 15 m along a transect through the 
adjacent plantation. Road segments at Kamloops were located using a random distance 
from a point of commencement, and subplots were established at fixed distances within 
the segment. Plantation subplots for both roads and landings were located in areas (i) that 
were at least 30 m away from the landing / road, (ii) with no evidence of detrimental soil 
disturbance, (iii) with pre-harvest soil moisture regime similar to the landing, and (iv) 
where three or more undamaged lodgepole pine trees were growing. For each landing and 
plantation subplot, ecological information was recorded including soil moisture regime 
and ground cover of shrubs, herbs and grasses, along with site conditions such as depth of 
forest floor, coarse fragment content and the presence of coarse woody debris. Soil 
textural classes were estimated by hand texturing. 
 
Stocking rates were determined for each subplot, and all undamaged and unsuppressed 
lodgepole pine trees, had total height and all internode increments above 30 cm 
measured. In this way, tree growth rates could be compared, even though trees growing 
on landings and plantations may have been planted in different years. We assumed that 
tree heights and growth rates determined for plantations reflected the growth potential 
(i.e., “expected” growth) for lodgepole pine at each site. 
 
Our follow up work used the previously established  plots, and individual tree 
measurements were matched where possible, but this proved challenging on many sites. 
A primary goal of our work was to determine site index using the growth intercept 
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method (Nigh 2001), which requires determination of total height and the number of 
years of growth above breast height. Height was determined using a height pole. The 
number of years growth above breast height was estimated for at least two trees per 
subplot by using an increment corer, and we counted internodes for several additional 
trees on each subplot. For landing plots, our original intent was to measure all trees, but 
this but this proved impractical, and we collected several trees that could be matched, or 
additional trees until we were confident that we had a representative estimate of site 
productivity. For the undisturbed plots, a large body of evidence suggests that site index 
can reliably be determined by sampling one or two codominant trees, and that is how 
many we measured. (Nigh 2001). 
 
Field methods: soils 
From the 26 original study sites at Dawson Creek, eight were randomly selected for more 
detailed sampling of soil bulk density (BD; using intact cores; Blake and Hartge 1986), 
mechanical resistance (penetrometer; Bradford 1986), water retention characteristics 
(pressure plate on undisturbed samples; Klute 1986), particle size distribution 
(hydrometer; Gee and Bauder 1986), and chemical properties. Less intensive sampling 
was carried out at Kamloops because the stony soils made BD sampling impractical 
given the resources available at the time. 
 
Our follow up work involved collecting one bulk density sample at two depths in each 
suplot. A total of 233 bulk density samples were collected, using intact cores. Our 
primary goal was to evaluate the soil relative bulk density (RBD) for a large number of 
the sites. Because RBD is expected to be a more sensitive indicator of soil condition than 
BD, we will use a much reduced sampling intensity than previously. We will determine 
RBD as RBD = BD/MBD where MBD is maximum bulk density determined by the 
Proctor test. The MBD was recently evaluated for a range of BC forest soils (Krzic et al. 
2004), and we will use these data along with recent work by Zhao et al. to determine 
MBD for the study sites. At this interim stage, we have determined fine fraction bulk 
density and crbon on the samples. We also intended to carry out measurements of soil 
mechanical resistance and water content on the plots, but this proved impractical because 
of limited field time at this great distance from our base in Vernon. 
 
Data analysis and interpretation: 
Data analysis for all sites involved ANOVA for treatment effects, while correlation was 
be used to evaluate the relationships between soil properties and tree growth. Although 
each area provides a stand-alone study, the results from these studies will be integrated 
into an overall picture of how soil conditions affect tree productivity on disturbed and 
rehabilitated sites. 
 
Results 
Soil conditions: 
Bulk density on landings was higher than plantations at both 0-7cm (P=0.003) and 10-
17cm (P=0.039) depths (Figure 1). These values are very close to previous results from 
these landings, indicating little change in soil physical condition has occurred over the six 
years since the last measurements were taken (Bulmer and Krzic 2003). Water content 
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determined on the bulk density cores showed that landing soils were wetter than 
plantations at both 0-7cm (P=0.001) and 10-17cm (<0.001) depths (Figure 2). These 
results are also consistent with observations taken in September 2001.  
 
Figure 1. Bulk density for landing and cutblock soils at 0-7cm (surf) and 10-17cm (sub) depth. 
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Figure 2. Water content for landing and cutblock soils at 0-7cm (surf) and 10-17cm (sub) depth. 
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Tree growth: 
There were no differences in estimated site index for the landing and plantation plots 
(P=0.321), with average site index, determined using the growth intercept method, of 
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very close to 20m at 50 years. These results are in contrast to previous measurements 
where trees on landings were observed to be shorter than those on adjacent areas of the 
cutblock. There was no relation between site index and fine fraction soil bulk density 
(average of the 0-17cm and 10-17 cm values) for landings (r2=0.032; Figure 4) or 
plantations (r2=0.098; Figure 5) 
 
Figure 3. Relationship between tree growth and bulk density on landings. 
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Figure 4. Relationship between tree growth and bulk density on cutblocks  
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Conclusions  
We conclude that the rehabilitated landings have the same productivity as the cutblocks, 
despite slightly higher bulk density. It appears that the bulk density of the landing and 
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cutblocks is below any growth limiting value that may occur in these soils. Our longer-
term results have shown that landing rehabilitation is a viable strategy for restoring 
productive forests on areas that otherwise would be considered non-productive. Small 
differences in tree growth that were observed during the establishment phase of growth 
have not materialized into productivity differences as indicated by site index determined 
using the growth intercept method. 
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