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Project purpose and management implications:  
 In the Long Term Soil Productivity study (LTSP), we recognize that a 
leading edge reputation in forest management is based on environmental 
sustainability as well as on high-quality, reasonably priced product. The LTSP is 
part of a large, international network dedicated to testing sustainable forest soil 
management over the full timber rotation. LTSP sites have been installed in BC 
in 4 biogeoclimatic zones with 5 timber species and on calcareous or non-
calcareous soils.  
 Throughout North America, there are 62 similar installations, all designed 
to investigate the impacts of soil disturbance on near-term and long-term 
soil and forest productivity. Plots have had three levels of compaction (none, 
intermediate and heavy) and three levels of organic matter removal (stem only 
harvest; whole tree harvest; forest floor removal and whole tree harvest) before 
being regenerated with commercial tree species. Measurement of soil properties, 
understory vegetation, microclimate, and tree productivity occur at scheduled 
periods throughout the full timber rotation.   
 Findings from this research contribute to the development of our 
knowledge base and to ongoing development and refinement of forest practice 
regulations and guidelines. 
 
Project start date:  
BC LTSP EP 1148  April 1, 1989 
BCFSP LTSP Y062084 April 1, 2003 
 
Length of project: 
BC LTSP EP 1148  Full timber rotation 
BCFSP LTSP Y062084 March 31, 2007 
 
Former project numbers: 
BCFSP   Y051084 
 
Former funding sources: 
Forest Resource Development Agreement (FRDA)   1989 - 1995 
Forest Renewal BC         1995 – 2002 
Invermere Enhanced Forest Management Pilot Project (EFMPP) 1998 – 2002 
Forest Investment Initiative (FII/FSP)      2002 - 2007 
 
Methodology overview: 
Experimental design:  
 Five replicated installations exist in the province (SBS, BWBS, IDF, IDF on 
calcareous soil, and ICH). Replicates have similar soil and site features.  Each 
installation is treated as a block in a randomized block design. Within each study 



site a minimum of nine core treatment plots have been established, representing 
a factorial combination of three organic matter removal treatments (OM1 = Stem 
(boles) only removed; OM2 = Stems and crowns removed (whole-tree 
harvesting); OM3 = Stems, crown and forest floor removed) and three soil 
compaction treatments (C0 = No compaction; C1 = Intermediate compaction; C2 
= Heavy compaction). This results in nine experimental units per study site 
(OM1C0, OM1C2, OM1C2, OM2C0, OM2C1, OM2C2, OM3C0, OM3C1, 
OM3C2).  Treatments have been randomly assigned to plots.  Two tree species 
are being grown in each plot. The final design is a split plot design.  
Post-treatment activity and assessment 
 Slash loading was determined immediately after the treatments had been 
applied. On the three OM1 treatment plots, post-harvest slash was sampled by 
species and size class by the triangular intersect method using one triangle per 
treatment plot.  On OM1 and OM2 plots, incidence and depth of decaying wood 
were determined at point locations along a randomly oriented transect. Soil 
chemical and physical properties were determined using the same procedures 
and time of year for pre-harvest.  Post-harvest sampling occurs in Year 1 (year of 
planting) 5, 10, and periodically to the second harvest.  
 Each species was randomly assigned to half of a treatment plot and 
planted at 2.5-m spacing.  This created two split-plots of 196 trees in 14 rows of 
14 trees. Leaving aside a two-row buffer strip, a 100-tree measurement plot was 
established.  Seedlings were a local provenance.  Standard stock types were 
used. Planting spots were hand-scarified if necessary. 
 Survival and condition of planted seedlings were measured at the end of 
the first, third, and fifth growing season after planting and at intervals thereafter.  
Height and diameter were measured immediately after planting and from the third 
growing season at the same intervals. Nutrient content of seedlings (foliage) was 
determined on a subsample of the biomass samples in sample years.  
 Competing vegetation was controlled by manually brushing around each 
planted seedling within a 1-m radius each year, if required, until free growing 
stage is reached.  Brush residues were left on the ground. 
Data Analysis:  
 Effects of nine treatments were analyzed for mean tree growth and 
biomass production using a three-factor factorial experiment in a split plot design 
with the third factor (species) on sub plots. Soil properties that correlate with 
productivity were identified using multiple regression and multivariate techniques.  
Treatment effects over time were investigated using time as a repeated 
measures factor and analyzing response curves. Data have been shared with our 
international LTSP collaborators. 
 
Project scope and regional applicability: 
 
Site 
number 

Site name Biogeoclimatic zone Location 

BWBS-
1,2,3 

Kiskatinaw Boreal White and Black 
Spruce 

40 km N of Dawson 
Creek 



SBS-1 PG Log Lake Sub-Boreal Spruce 65 km N of Prince 
George 

SBS-2 SM Topley Sub-Boreal Spruce 12 km N of Topley 
SBS-3 WL Skulow Lake Sub-Boreal Spruce 30 km E of Williams 

Lake 
IDF-1 DC  Dairy Creek Interior Douglas-fir 30 km NW of 

Kamloops 
IDF-2 BP  Black Pines Interior Douglas-fir 50 km N of 

Kamloops 
IDF-3 OL  O’Connor 

Lake 
Interior Douglas-fir 40 km N of 

Kamloops 
IDF Nel-1  Mud Creek Interior Douglas-fir, 

calcareous subsoil 
70 km N of 
Cranbrook 

IDF Nel-2  Emily Creek Interior Douglas-fir, 
calcareous subsoil 

80 km N of 
Cranbrook 

IDF Nel-3 Kootenay 
East 

Interior Douglas-fir, 
calcareous subsoil 

75 km N of 
Cranbrook 

ICH-1  Rover Creek Interior Cedar Hemlock 15 km W of Nelson 
ICH-2 
Selkirk 

McPhee 
Creek 

Interior Cedar Hemlock 5 km E of Castlegar 

 
Interim conclusions, inferences or information of immediate use (abstracts 
of LTSP publications) 
 Five-year seedling response to different levels of organic matter removal, 
soil compaction and vegetation control was examined for 42 experimental 
locations representing 25 replicated studies within the Long-term Soil Productivity 
Project. These studies share a common experimental design while 
encompassing a wide range of climates, site conditions, and tree species across 
North America. Factorial ANOVA was used to investigate treatment responses 
within individual studies while meta-analysis techniques were used to integrate 
across-study results and provide broad comparisons.  Whole-tree harvest had 
limited effects on seedling performance as increases in survival relative to stem-
only harvest were offset by decreased growth. Forest floor removal improved 
survival, and increased growth in Mediterranean climates, but reduced growth on 
productive, nutrient-deficient warm humid sites. Soil compaction with intact forest 
floors usually benefited conifer survival and growth, regardless of climate or 
species. Compaction combined with forest floor removal generally increased 
survival, had limited effects on individual tree growth, and increased stand growth 
in Mediterranean climates. Vegetation control benefited growth in all treatments, 
particularly in more productive climates, but did not affect survival or alter the 
relative impact of organic matter removal and compaction on growth. Soil textural 
classes generally had relatively little overall effect on seedling response. 
Treatment responses varied among species: for instance, ponderosa pine often 
showed smaller responses in survival but larger positive growth responses than 
other California conifers. Aspen response reflected treatment impacts on coppice 
physiology as well as resource availability. Organic matter removal increased 



aspen densities, whereas both forest floor removal and compaction reduced 
aspen growth (Fleming et al 2006). 
 Reductions in soil porosity through compaction and losses in nutrients 
through site organic matter removal are considered potentially detrimental effects 
of forest operations to site productivity.  Defining sustainable forest practices is 
complicated, however, by the possible contrasting responses of commercial tree 
species to these disturbances.  We compared the productivity and foliar nitrogen 
(N) nutrition of lodgepole pine (Pinus contorta) and hybrid white spruce (Picea 
glauca x engelmannii) across organic matter removal and soil compaction 
treatments in the subboreal forests of central British Columbia.  Nitrogen 
availability peaked in the years following tree harvest, and by year 12 was 
uniformly low across treatments.  Low rates of N supply were partially offset by 
intermediate disturbances (scalping alone or compaction through forest floors) 
that likely increased N uptake through enhanced N diffusion and root activity, 
especially for hybrid white spruce.  Lodgepole pine, in contrast, maintained 
relatively adequate foliar N concentrations, and consequently good tree 
productivity, across the gradient of soil disturbances.  Some advantage in N 
nutrition for lodgepole pine might be provided by ectomycorrhiza through host-
specific Suillus species.  Fruiting bodies of Suillus species were, on average, 
40% greater in N concentrations than other common ECM fungi.  The large and 
often contrasting differences in growth and N nutrition between lodgepole pine 
and hybrid white spruce demonstrate the challenges in defining universal criteria 
for detrimental soil disturbance (Kranabetter et al. submitted for publication). 
 Retaining organic matter and preventing soil compaction are important 
factors affecting the sustainability of managed forests. To assess how these 
factors affect short-term ecosystem dynamics, pre-treatment and 1 year and 5 
year post-treatment soil properties and post-treatment tree growth responses 
were examined in a boreal trembling aspen (Populus tremuloides Michx.) 
dominated ecosystem in northeastern British Columbia, Canada. The experiment 
used a completely randomized design with three levels of organic matter removal 
(tree stems only; stems and slash; stems, slash, and forest floor) and three levels 
of soil compaction (none, intermediate (2-cm impression), heavy (5-cm 
impression)). Removal of the forest floor initially stimulated aspen regeneration 
and significantly reduced height growth of aspen and white spruce (Picea glauca 
(Moench) Voss). The compaction treatments had no effect on aspen 
regeneration density. At year 5, heights of both aspen and white spruce were 
negatively correlated (r2 > 0.31, p < 0.0001) with upper mineral soil bulk density 
and were lowest on forest floor removal treatments, where minimal recovery from 
compaction was observed. There was some evidence for recovery of soil 
properties to preharvest conditions where expansion of herbaceous vegetation 
increased soil organic matter (Kabzems and Haeussler, 2005). 
 Organic matter removal and reduced soil aeration porosity during logging 
are important factors influencing the sustained productivity of managed forest 
ecosystems. We studied the 4-year effect of these factors on diversity and 
composition of a trembling aspen (Populus tremuloides Michx.) plant community 
in northeastern British Columbia, Canada, in a completely randomized 



experiment with three levels of organic matter removal (tree stems; stems and 
slash; stems, slash, and forest floor) and three levels of soil compaction (none; 
intermediate (2-cm impression); heavy (5-cm impression)). Tree stem removal 
caused the greatest change in species diversity (30% of variance; ANOVA 
p ≤ 0.01), increasing the dominance of aspen and Calamagrostis canadensis 
(Michx.) Beauv. over other species. Slash removal had little effect. Forest floor 
removal caused the greatest compositional change (37% of variance; MANOVA 
p = 0.001), favoring ruderal over bud-banking species. Presence or absence of 
forest floor better explained these changes than any soil physical or chemical 
parameter. Although dominance of aspen over Calamagrostis was positively 
correlated with soil aeration porosity (R2 = 0.50, n = 27, p < 0.001), there were 
few differences between intermediate and heavy compaction. In this ecosystem, 
disturbances that reduce forest floor thickness without compacting soils will likely 
optimize plant species diversity and enhance aspen regrowth (Haeussler and 
Kabzems, 2005). 
 Three LTSP sites were established in the dry Douglas-fir forests on acidic 
soils near Kamloops, in the Southern Interior of British Columbia. These forests 
were of particular interest because, compared to other forests in the region, they 
have more sensitive soils, less organic matter reserves, more partial cutting, and 
more harvesting when soils are most susceptible to compaction. Short-term 
information on soil and microclimate changes after treatment, vegetation 
response, and early seedling survival and growth has been summarized. 
Continued monitoring of the study over the long term will allow any changes in 
these short-term effects to be followed through the length of a rotation. Soil 
physical properties were altered by treatments, although it is unclear if the altered 
properties will be growth limiting. Scalping decreased pinegrass cover; other 
treatments had insignificant effects on vegetation. Scalping increased soil 
temperature and soil drying. Compaction and slash retention had no detectable 
significant effect on microclimate. The growth of 3-year Douglas-fir, but not 
lodgepole pine, was increased by scalping, and reduced by compaction on 
scalped plots (Hope 2006). 

We investigated the effects of soil compaction and forest floor removal on 
growth and physiology of lodgepole pine (Pinus contorta ex Loud. var. latifolia 
Engelm.) and Douglas-fir (Pseudotsuga menziesii var. glauca [Baissn.] Franco) 
seedlings on a calcareous long-term soil productivity (LTSP) study site near 
Invermere, British Columbia. Treatments consisted of factorial combinations of 
soil compaction (noncompacted versus compacted) and forest floor removal 
(forest floor intact versus forest floor removed) as well as a remedial 
(rehabilitation) treatment of deep ripping following soil compaction. The 
experiment was not replicated at the treatment plot level, therefore no statistically 
based mean comparisons were made. After two growing seasons, we found that 
the two tree species responded differently to those treatments. Lodgepole pine 
height and diameter growth and unit needle-weight (dry mass per unit needle) 
averaged 25, 51, and 30% greater, respectively, in the rehabilitation than in the 
other treatments, whereas Douglas-fir responded to the rehabilitation treatment 
by increasing stem diameter growth by 27%, but not height growth (a change of 



9%). Forest floor removal decreased height growth in lodgepole pine by 11%, but 
increased diameter growth in Douglas-fir by 15%. The decreases in growth for 
lodgepole pine in the forest floor removal treatments were accompanied by lower 
foliar N concentrations. Foliar N concentrations were positively correlated with 
rates of net photosynthesis (r = 0.69, P = 0.004) and height growth (r = 0.76, P = 
0.004) in lodgepole pine, but not in Douglas-fir. Low N supply (as observed for 
lodgepole pine) and depletion of soil moisture as a result of forest floor removal 
likely played a role in shaping the growth and physiological responses of the 
trees in this study (Kamaluddin et al. 2005). 

The effects of soil compaction, forest floor (FF) removal, and rehabilitation 
treatments on foliar 13C and 15N of lodgepole pine (Pinus contorta) and 
Douglas-fir (Pseudotsuga menziesii) were studied on a calcareous soil. 
Regardless of soil compaction, FF removal (which reduces soil water potential) 
resulted in less negative foliar 13C values of lodgepole pine (from 25.9 to 
23.4‰), whereas soil compaction effects on foliar 13C were observed only within 
the FF intact treatment. This result and the more negative foliar 13C with 
increasing seedling growth most likely reflected limitation on CO2 diffusion due to 
water stress caused by those treatments. However, foliar 13C of Douglas-fir 
(range 25.0 - 24.5‰) were not affected by the treatments, indicating less 
susceptibility to water stress. Soil compaction reduced NH4-N concentrations in 
the FF (from 48.5 to 28.0) and NO3-N concentrations in the FF (from 13.8 to 6.4) 
and mineral soil (from 4.3 to 2.1 mg kg-1), and FF removal tended to decrease 
NH4 -N concentrations in the mineral soil. Foliar 15N of both species were not 
affected by soil compaction but were increased by the FF removal and 
rehabilitation treatments, indicating that the latter two treatments dramatically 
altered soil N dynamics (Choi et al. 2005). 
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Contacts for additional information: 
 
For more information on the LTSP project as a whole:  
Shannon M. Berch   Shannon.Berch@gov.bc.ca 
 

Site 
number 

Site name BC Forest 
Region 

Contact 
person 

Email address 

BWBS-
1,2,3 

Kiskatinaw Northern 
Interior 

Richard 
Kabzems 

Richard.Kabzems@gov.bc.ca
 

SBS-1 PG Log Lake Northern 
Interior 

Stephane Dubé Stephane.Dube@gov.bc.ca
 

SBS-2 SM Topley Northern 
Interior 

Marty 
Kranabetter 

Marty.Kranabetter@gov.bc.ca
 

SBS-3 WL Skulow Lake Northern 
Interior 

Bill Chapman Bill.Chapman@gov.bc.ca
 

IDF-1 DC  Dairy Creek Southern 
Interior 

Graeme Hope Graeme.Hope@gov.bc.ca
 

IDF-2 BP  Black Pines Southern 
Interior 

Graeme Hope Graeme.Hope@gov.bc.ca
 

IDF-3 OL  O’Connor 
Lake 

Southern 
Interior 

Graeme Hope Graeme.Hope@gov.bc.ca
 

IDF Nel-1  Mud Creek Southern 
Interior 

Mike Curran Mike.Curran@gov.bc.ca

IDF Nel-2  Emily Creek Southern 
Interior 

Mike Curran Mike.Curran@gov.bc.ca

IDF Nel-3 Kootenay 
East 

Southern 
Interior 

Mike Curran Mike.Curran@gov.bc.ca

ICH-1  Rover Creek Southern 
Interior 

Mike Curran Mike.Curran@gov.bc.ca

ICH-2 
Selkirk 

McPhee 
Creek* 

Southern 
Interior 

Mike Curran Mike.Curran@gov.bc.ca
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