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Project purpose: 
Reliable, cost-effective methods are needed to determine the natural range of soil 
conditions in healthy forest ecosystems. The concept of relative bulk density-RBD (field 
bulk density/reference bulk density) may eliminate the need for determination of a single 
growth-limiting threshold for soils with varying properties. This project aims to advance 
recent studies of soil productivity on natural and disturbed forest ecosystems in the Interior 
of BC by evaluating thresholds for RBD in relation to tree growth. 
 
This study addresses the need for more refined indicators and thresholds of sustainability 
on disturbed and undisturbed forest soils. In many cases, limited compaction is not 
expected to impact tree growth or ecosystem stability in the short term. Our work will help 
managers who want to know (i) which ecosystems may be at risk from soil disturbance, (ii) 
whether operations on a particular site are creating soil conditions that approach or exceed 
thresholds that could be detrimental to tree growth over the long term, and (iii) at which 
sites changing climate or other factors would expose ecosystems to additional risk.  
 
The overall objectives of this study are to (i) predict MBD and RBD based on the model 
developed by Drs. Bulmer and Krzic and their team for 8 long-term sites throughout BC 
(field work and laboratory analysis completed in year 1), and (ii) evaluate the relationships 
between tree growth and RBD (to be done in year 2). The long-term objective is to advance 
the conceptual understanding of the overall effects of soil compaction on tree growth. 
Development of high-level (coarse-filter) integration indicator such as RBD would allow 
prediction of ecosystem change and provide a scientific basis for sustainable management 
under future disturbance regimes, as specified under theme 3, topic 3.2, and priority 
identified in the 2007/08 project plan. 
 
 
Project start date, length of project, and any former project numbers or funding 
sources that apply: 
This project was initiated on Apr 1, 2007 and will be carried out until Mar 31, 2009.  
 
This study is linked to and builds upon the following: 

1) FSP project Y073250 entitled “Soil conditions and tree growth in BC’s forests: 
factors affecting ecosystem response to forest practices”, 

2) NSERC project on “Effects of land-use practices on soil compaction” by Dr. Krzic 
funded by NSERC (2005-08), and  

3) past FII project (#R2003-0219) on “Relative measure of bulk density to characterize 
compaction of forest soils caused by harvest”. 

 



 
 
Methodology overview: 
The project is using existing, long-term study sites that were installed by the BCMFR within 
the past 10 years to evaluate the effects of mechanical disturbance and rehabilitation on 
site conditions and productivity. All sites feature replicated designs although the specific 
array of treatments varies for each installation. At each site, soil samples were previously 
collected for the determination of field bulk density (BD) and other properties. Tree growth 
was also evaluated previously for all sites.  
 
Based on a number of factors, including sample amounts, replication, and recent site 
conditions, a subset of the existing samples was selected for further analysis, and the 
sample set was extended through additional soil sampling during 2007. Soil sampling and 
tree measurements needed for this study were done during the 2007-08 growing season, 
and included the following: 
  

- updated measurement of tree height at Bear Lake, Apollo, John Prince, Younges, 
and Will Lake.  

 
- re-sampling a total of 126 samples for soil bulk density determination at the Bear 

Lake, Apollo, John Prince, and Younges sites. 
 

1. Soil sampling and analysis 
During the 2007-08 growing season, a new set of 126 soil bulk density samples were 
collected from Bear Lake, Apollo Road, John Prince Road, and Younges Road. The aim of 
this sampling was to replace some old bulk density samples at these sites. Total number of 
soil bulk density samples collected for this study is 283 (i.e., 126 new samples from 2007 + 
157 previously collected samples).  
 
To date, analysis of the following properties were completed (i) total C, (ii) oxidisable 
organic matter, (iii) soil oxides of Fe and Al extracted by ammonium oxalate, (iv) Atterberg 
limits (i.e., plastic and liquid limit), (v) particle density, and (vi) particle size.  
 
During year 2 (i.e., 2008-09), we will employ a modeling approach based on the results of 
Zhao et al. (2008) for a large data set of MBD determinations carried out over the past five 
years, and refinements of these methods, a predicted MBD will be determined for each 
sample. The predictive approach will be considered from a number of perspectives, 
including (a) a ‘universal’ approach encompassing all samples in the MBD dataset, (b) a 
site specific approach based only on the samples from the site in question, or (c) alternative 
approaches based on regional location, soil texture, soil carbon, parent material, etc. 
 

2. Tree growth evaluating 
Tree growth will be evaluated using regression analysis of RBD and tree height. Where 
appropriate and the trees are big enough for the determination of site index using the 
growth intercept method, site index will also be calculated (Nigh 2001) and included in the 
regressions. A minimum of three years growth above breast height is normally required for 



the determination of growth intercepts. The trees growing on the proposed study sites are 
at least 6 years old. 
 
 
Project scope and regional applicability: 
The study is conducted on and adjacent to existing research sites near Okanagan Falls 
(IDF biogeoclimatic zone) Vernon (ICH biogeoclimatic zone), Westwold (IDF biogeoclimatic 
zone), Kamloops (IDF biogeoclimatic zone) and Fort St James (SBS biogeoclimatic zone) 
within Northern and Southern Interior Forest Region. 
 
 
Contact info:  
Dr. Maja Krzic, University of British Columbia, Faculty of Forestry, E-mail: 
krzic@interchange.ubc.ca 


