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1  Introduction 

 

 Discussions among British Columbia Ministry of Forests research soil scientists 

regarding the establishment of long-term soil productivity studies began in 1988, and a working 

plan was completed in 1992 (Hope et al. 1992, Holcomb 1996).  The study closely follows the 

protocol used by the US Forest Service and is included in that international network of 

experimental sites (Powers et al. 1990; Powers 2006).  The underlying assumption in the study is 

that forest management practices that alter two main factors - soil porosity and site organic matter 

- can largely account for changes in site productivity (biomass production).  The purpose of this 

report is to document the methods used in, and initial results obtained from, the Long-Term Soil 

Productivity Study (LTSPS) experimental sites established in British Columbia (Figure 1). 

 

1.1  Study objectives 

 

 The objectives of the study are to investigate and demonstrate how soil compaction and 

organic matter retention affect forest productivity over the long-term and, secondly, to gain an 

understanding of how the fundamental processes controlling productivity are affected by these 

factors.  Specifically, the objectives (Hope et al. 1992) are to: 

 

1. determine the effects of different levels of organic matter (above-ground biomass and 

forest floor) removal and soil compaction on long-term forest soil productivity over a 

range of sites and ecological conditions; 

2. study the long-term effects of organic matter removal and soil compaction on soil 

nutrient status, soil physical properties, soil microclimate, soil biological activity and 

nutrient cycling; 

3. identify causal relationships between soil properties that are altered by soil 

disturbance and long-term forest productivity; 

4. investigate the influence of biogeoclimatic1 unit on the effects of soil disturbance on 

long-term soil productivity; 

5. provide research sites for detailed studies into forest soils, nutrient cycling and forest 

productivity; and 

6. provide sites that illustrate the effects of soil disturbance on forest productivity for 

extension/demonstration purposes. 

                                                      
1  Changed  wording to “biogeoclimatic” from “ecosystem” to better reflect the current status and plans for 

the study. 
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Figure 1.  Long-term soil productivity study site locations in British Columbia. 

 

1.2  Types of studies 

 

 The core study investigating the two primary factors (soil porosity and site organic 

matter) has been established in four biogeoclimatic zones: the Sub-boreal Spruce Zone (SBS), the 

Boreal White and Black Spruce Zone (BWBS), the Interior Douglas-fir Zone (IDF) and the 

Interior Cedar - Hemlock Zone (ICH).  Each site follows the experimental treatments and 

sampling protocols described by Hope et al. (1992), although there are some significant 

departures from the 1992 LTSPS working plan in terms of experimental design, soil sampling 

procedures, species regeneration and vegetation management at some sites (see the Methods 

section for more details). 
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 Within spatial and temporal limitations of the core study design and sites, ancillary 

studies have been encouraged to compliment the core study objectives.  To date, these include 

studies examining treatment effects on soil fauna, ectomycorrhizal fungi, biodiversity of soil 

bacteria, litter and wood decomposition, nutrient dynamics, soil gases, and hydraulic infiltration.  

Principal researchers for each of the study sites, and project leaders of the ancillary studies are 

listed in Table 1.  References to those ancillary studies that have been completed can be found at 

the LTSPS website: http://www.for.gov.bc.ca/hre/ltsp/index.htm. 
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Table 1.  Principal researchers and ancillary study project leaders associated with the LTSPS. 

 

Study Principal researcher 

/ Project leader 

Affiliation 

Core studies 

SBS sites:   

Log Lake S. Dubé (originally P. 

Sanborn) 

Ministry of Forests & Range, Prince George 

Skulow Lake B. Chapman Ministry of Forests & Range, Williams Lake 

Topley M. Kranabetter Ministry of Forests & Range, Smithers 

BWBS site: 

Kiskatinaw R. Kabzems Ministry of Forests and Range, Dawson 

Creek 

ICH sites: 

McPhee Creek M. Curran Ministry of Forests & Range, Nelson 

Rover Creek M. Curran Ministry of Forests & Range, Nelson 

IDF sites: 

Black Pines G. Hope Ministry of Forests & Range, Kamloops 

Dairy Creek G. Hope Ministry of Forests & Range, Kamloops 

O‟Connor Lake G. Hope Ministry of Forests & Range, Kamloops 

Emily Creek M. Curran Ministry of Forests & Range, Nelson 

Kootenay East M. Curran Ministry of Forests & Range, Nelson 

Mud Creek M. Curran Ministry of Forests & Range, Nelson 

Ancillary studies 

Bacterial biodiversity P. Axelrood and J. 

Davies 

B.C. Research Inc. and Terragen Discovery 

Inc. 

Soil fauna J. Battigelli University of Alberta, Edmonton 

Ectomycorrhizal fungi and 

root pattern and biomass 

S. Berch Ministry of Forests, Victoria 

Nutrient dynamics S. Chang University of Alberta, Edmonton 

Soil gases T. Conlin Ministry of Forests, Victoria 

Wood decomposition M. Jurgensen and D. 

Page-Dumroese 

Michigan Technology University and USFS 

Rocky Mountain Research Station 

Litter decomposition M. Kranabetter and B. 

Chapman 

Ministry of Forests, Victoria and Williams 

Lake 

Remote sensing R. Magai, D. 

Marcoux, M. Curran 

and M. Magai 

Selkirk College, Castlegar and Ministry of 

Forests, Nelson 

Microbial diversity and 

function 

B. Mohn and M. 

Hartmann 

University of British Columbia, Vancouver 

Hydraulic infiltration M. Osberg Ministry of Forests, Victoria 

Other studies located at the LTSPS experimental sites, but unrelated to core treatments 

Rehabilitation study M. Curran Ministry of Forests, Nelson 

Mini-plot studies and wood 

decomposition 

D. Maynard and B. 

Titus 

Canadian Forest Service, Victoria 

Litter decomposition C. Prescott University of British Columbia, Vancouver 

Litter decomposition J.A. Trofymow Natural Resources Canada, Victoria 
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2  Study Areas 

 

2.1  Biogeoclimatic setting 

 

 The SBS dominates the central interior of British Columbia, while the adjoining BWBS 

dominates the area northeast of the Rocky Mountains.  The IDF and ICH are typically found in 

low- to mid-elevation forests in the south-central interior of the province, although the ICH also 

occurs in west-central British Columbia.  All four of these zones have continental climates and 

share wildfire as a dominant ecological factor and landscape feature.  Historically, these zones 

have been the most utilized in terms of commercial timber harvesting and silvicultural practices 

in the interior of British Columbia.  The descriptions that follow are taken from Ecosystems of 

British Columbia (Meidinger and Pojar 1991), which may be consulted for more detail.  

However, the characteristics and distributions of these zones are not static and will shift in 

response to climatic changes through time. 

 

 2.1.1  Sub-boreal Spruce Zone 

 

 The SBS is most commonly found on the rolling mountainous and plateau landscapes of 

the central interior.  Historically, it has been characterized by snowy, cold winters, and short, 

warm and moist summers.  Mean annual temperature ranges from 1.7 to 5
o
C, with temperatures 

below 0
o
C for 4-5 months per year and above 10

o
C for 2-5 months.  Mean annual precipitation 

can range from 415 to 1650 mm, with snow accounting for approximately 25-50% of total 

precipitation.  Soils do not generally freeze below the snowpack in the SBS except, perhaps, in 

the valley bottoms (Trowbridge, E.P. 920 unpublished data). 

 

 Climax tree species in the SBS are hybrid white spruce (Picea engelmannii x glauca) and 

subalpine fir (Abies lasiocarpa).  Lodgepole pine (Pinus contorta) is a seral conifer that is 

common in maturing climax forests in the drier and more southern portions of the zone.  Other 

seral tree species include Douglas-fir (Pseudotsuga mensiesii), trembling aspen (Populus 

tremuloides), and common paper birch (Betula papyrifera).  Black spruce (P. mariana) is 

generally found in wetter ecosystems, but may occasionally occur on zonal upland sites.  Zonal 

sites are typically represented by Luvisols, Podzols, or Brunisols, developed on extensive and, 

often, deep deposits of coarse- to fine-loamy textured glacial till. 
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 2.1.2  Boreal White and Black Spruce Zone 

 

 The BWBS has very cold winters, frequently influenced by arctic air masses, and very 

short, but warm summers.  It is found primarily on the Alberta Plateau in the northeastern corner 

of the province, and also in the valley bottoms and plains to the west in northern British Columbia 

and southern Yukon.  The mean annual temperature is approximately -3
o
 to 2

o
C.  Temperatures 

remain below 0
o
C for five to seven months of the year, and above 10

o
C for two to four months.  

Annual precipitation averages between 330 and 570 mm, with 35-55% as snow.  Discontinuous 

permafrost can be found, and the soil may freeze below snowpack in the winters. 

 

 Climax tree species include white spruce (P. glauca), black spruce, and subalpine fir.  

Seral species are trembling aspen, lodgepole pine, balsam poplar (P. balsamifera ssp. 

balsamifera), tamarack (Larix laricina), and common and Alaska (P. neoalaskana) paper birches.  

Luvisols and Brunisols are the dominant soils in upland forests, often developing on widespread 

glaciolacustrine and glaciofluvial deposits, respectively. 

 

 2.1.3  Interior Cedar-Hemlock Zone 

 

 The ICH is the most productive zone in the interior of British Columbia and is found on 

the lower slopes of the Columbia Mountains, the western side of the Rocky Mountains, much of 

the Shuswap and Quesnel highlands, and just east of the Coast Mountains, in west central BC.  

The climate in this zone is strongly influenced by air masses from the west that produce cool wet 

winters and warm dry summers.  Mean annual temperatures range from 2 to 8.7
o
C; temperatures 

remain below 0
o
C for 2-5 months and above 10

o
C for 3-5 months per year.  Annual precipitation 

is between 500 and 1200 mm, with 25-50% falling as snow. 

 

 The ICH supports the highest diversity of tree species in the province.  Climax species 

include western redcedar (Thuja plicata), western hemlock (Tsuga heterophylla), grand fir (Abies 

grandis), white spruce, Engelmann spruce (Picea engelmanii), hybrid spruce and subalpine fir.  

Common seral species include western larch (Larix occidentalis), Douglas-fir, western white pine 

(Pinus monticola), ponderosa pine (Pinus ponderosa), lodgepole pine, trembling aspen and paper 

birch.  Humo-Ferric Podzols are the dominant soil type in zonal ecosystems, although Brunisolic 

and Orthic Gray Luvisols are common on mesic sites with finer-textured parent materials. 
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2.1.4  Interior Douglas-fir Zone 

 

 The IDF is found primarily on the rolling hills and valleys of the southern Interior Plateau 

and Rocky Mountain Trench and on the eastern slopes of the Coast Mountains as high as 1450 m 

above sea level.  The climate of the IDF, characterized by warm, dry summers and cool winters, 

is strongly influenced by the rainshadow effect of the Coast, Cascade and Columbia Mountains.  

Mean annual temperatures range from 1.6
o
 to 9.5

o
C.  Temperatures remain below 0

o
C for 2-5 

months of the year, and above 10
o
C for 2-5 months of the year.  Annual precipitation is between 

300 and 750 mm but can exceed 1000 mm in the wettest subzones; 20-50% of the precipitation 

falls as snow.  Considerable moisture deficits can occur during the fairly long growing season. 

 

 Douglas-fir is the most common climax tree species in the IDF and pure stands of this 

species are common.  Ponderosa pine or hybrid white spruce and western redcedar can be found 

on drier and wetter sites, respectively.  Seral species include lodgepole pine, trembling aspen and 

paper birch.  Upland soils, developed over morainal deposits of base-rich volcanic bedrock, 

support Orthic, Brunisolic or Dark Gray Luvisols and Eutric or Dystric Brunisols. 

 

2.2  Experimental sites 

 

 In the SBS, IDF-Kamloops, IDF-Nelson and ICH experiments, the experimental design 

includes three separate sites, each of which represent a block in a randomized complete block 

design (Table 2).  For the SBS experiment, three sites were selected in zonal ecosystems 

(maturing seral to maturing climax stands) in three different subzones.  For the IDF-Kamloops 

experiment, three sites with predominantly zonal ecosystems and maturing seral to maturing 

climax stands were selected in one subzone.  The IDF-Kamloops sites are located on acidic soils 

while the IDF-Nelson sites are located on calcareous soils.  There are two sites in the ICH, one 

near Nelson and another near Castlegar, which form a complete experiment with a third site in 

Idaho.  For the BWBS experiment, which has a completely randomized design and three 

replications, a single site in a seral aspen stand with zonal edaphic properties was selected. 

 

 Uniformity of stand structure, and soil and site properties critical to plant growth were 

important criteria in the site selection process.  All sites have deep (> 1m), medium-textured soils 

and mor humus forms.  Within each site, understory vegetation was relatively uniform prior to 

treatment application. 
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Table 2.  Environmental attributes and tenure identification of the LTSPS sites (SBS, BWBS and ICH). 

 

 Log Lake Topley Skulow Lake Kiskatinaw Rover Creek McPhee Creek 
Biogeoclimatic 

zone/subzone 

SBSwk1 

(wet, cool) 

SBSmc2 

(moist, cold) 

SBSdw2 

(dry, warm) 

BWBSmw1 

(moist warm) ICH ICH 

Site series (series 

other than 01 are 

generally minor 

inclusions) 

01/Spruce-Oak fern 01/Spruce-

Huckleberry;05/Spruce-

Twinberry-Coltsfoot; 

06/Spruce-Oakfern 

01/ SxwFd- Pinegrass 

08/ Sxw-Twinberry 

01/Aspen-creamy 

peavine   

Latitude; Longitude 54
0
 21‟; 122

0
 37‟ 54

0
 37‟; 126

0
 18‟ 52

0
 20‟; 121

0
 55‟ 55

0
 58‟; 120

0
 28‟ 

49
0
 27‟; 117

0
 30‟ 49

0
 19‟; 117

0
 36‟ 

Elevation (m) 780-790 1100 1050 720 600 820 

Slope 0-3% 2-12% level 4% 
  

Aspect South West NA South 
  

Landform Morainal blanket Morainal blanket Morainal blanket Fluvial veneer / 

Lacustrine blanket   

Soil classification of 

modal soil pedons (in 

order of dominance) 

Gleyed Humo-Ferric 

Podzol, Gleyed 

Eluviated Dystric 

Brunisol 

Orthic Gray Luvisol, 

Gleyed Gray Luvisol 

Orthic Gray Luvisol Gleyed Gray Luvisol, 

Orthic Luvic Gleysol   

Predominant humus 

form 

Hemimor Hemimor Hemimor Hemimor 
  

Soil texture silt loam over loam loam to clay loam loam silt loam over clay 

loam   

Coarse fragment 

content % 

37-41 21-40 30-39 0 
  

Dominant pre-harvest 

tree spp. / 

approximate stand age 

Abies lasiocarpa, 

Pseudotsuga 

mensiesii, Picea 

glauca x engelmannii 

140 years 

Pinus contorta, Abies 

lasiocarpa, Picea 

glauca x engelmannii 

 

140 years 

Pinus contorta, Picea 

glauca x engelmannii 

 

 

112 years 

Populus tremuloides, 

Picea glauca 

 

100 years 

  

Site index (m@50 yr) Fd – 19.2; Sx – 18.5 Sx – 16.1; Pl – 15.7 Pl – 17.9  
  

Net merchantable 

volume. (m3/ha) 

416.5 390 141.8 280 
  

Tenure ID A28482 TSL A-40531 TSL A30748 TSA 47110 
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Table 2 continued.  Environmental attributes and tenure identification of the LTSPS sites (IDF-Kamloops and IDF-Nelson). 

 

 
Dairy Creek Black Pines O’Connor Lake Mud Creek Emily Creek Kootenay East 

Biogeoclimatic 

zone/subzone 

IDFdk2 (2005) 

(Cascades dry cool) 

IDFdk2 

(Cascades dry cool) 

IDFdk2 

(Cascades dry cool) 

IDFdm2 IDF IDF 

Site series (series 

other than 01 are 

generally minor 

inclusions) 

05/FdPl – Pinegrass – 

Feathermoss 

01 FdPl – Pinegrass – 

twinflower 

06 SxFd – Dogwood - 

Gooseberry 

01 FdPl – Pinegrass – 

twinflower 

05/FdPl – Pinegrass – 

Feathermoss 

06 SxFd – Dogwood - 

Gooseberry 

05/FdPl – Pinegrass – 

Feathermoss 

01 FdPl – Pinegrass – 

twinflower 

06-YS  $At – 

Snowberry - Rose 

 
  

Latitude; Longitude 50
0
 51‟; 120

0
  25‟ 50

0
 56‟; 120

0
 17‟ 50

0
 53‟; 120

0
 21‟ 50

0
 8‟; 115

0
 44‟ 50

0
 9‟; 115

0
 59‟ 50

0
 12‟; 115

0
 42‟ 

Elevation (m) 1150 1180 1075 1025 1200 1065 

Slope 0-3% level 2-12%  
  

Aspect NA NA West  
  

Landform Morainal blanket Morainal blanket Morainal blanket  
  

Soil classification of 

modal soil pedons (in 

order of dominance) 

Brunisolic Gray 

Luvisoll 

Brunisolic Gray 

Luvisol 

Brunisolic Gray 

Luvisol 

 
  

Predominant humus 

form 

Hemimor Hemimor Hemimor (Mormoder 

is secondary) 

 
  

Soil texture silt loam silt loam silt loam  
  

Sub-soil silt loam (– loam) loam (- silt loam) silt loam  
  

Coarse fragment 

content % 
20 17 21  

  

Dominant pre-harvest 

tree spp. / approximate 

stand age 

Pseudotsuga 

menziesii, 

Picea glauca x 

engelmannii, 

Pinus contorta 

175 and 100 years 

Pseudotsuga 

menziesii, 

Pinus contorta 

 

210 and 120 years 

Pseudotsuga 

menziesii, 

 

170 and 120 years 

 
  

Site index (m@50 yr) Fd – 18.1; Pl – 18.0 Fd – 15.6; Pl – 14.7 Fd – 16.8; Pl – 14.3  
  

Net merchantable 

volume (m3/ha) 

327 448 407  
  

Tenure ID A28482 TSL A30748 TSL A-40531  
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3  Experimental design 

 

 The core study design is a 3 x 3 factorial experiment (Table 3; Figure 2) with two factors 

(organic matter removal and soil compaction), each having three levels.  This resulted in 27 

experimental units for each complete replication of the experiment. For each experiment in the 

SBS, IDF and ICH biogeoclimatic zones, which had randomized complete block designs, there 

were nine experimental units in each of three sites.  For the BWBS experiment, which had a 

completely randomized design, there was one site with 27 experimental units.  Plot layout and 

dimensions for each site are found in Appendix 1.   

 

Table 3.  Experimental treatments in the core LTSPS design. 

 

 Treatments: 

 Organic Matter Retention Soil Compaction 

 coding:  coding:  

 OM1 Stem (boles) only 

removed 

 

C0 No compaction 

Levels: OM2 Stems and crowns 

removed 

C1 Intermediate compaction 

 OM3 Stems, crown and forest 

floor removed 

C2 Heavy compaction 

 

 

 

 

 

0M1C0 

 

 

 

OM1C1 

 

 

 

OM1C2 

 

 

 

OM2C0 

 

 

 

OM2C1 

 

 

 

OM2C2 

 

 

 

OM3C0 

 

 

 

OM3C1 

 

 

 

OM3C2 

 

 

 

 

Figure 2.  Conceptual layout of the core LTSPS design – a 3 x 3 factorial experiment with nine 

treatment combinations.  

Note: shaded areas are commonly termed the “four corners and centre”. 
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 At every site, the nine plots (27 at the BWBS site) were split into two; each half of the 

plots was randomly assigned one of two commercial tree species.  At the SBS sites, each half of 

the plot was planted to lodgepole pine or hybrid spruce.  Similarly, at the IDF – Kamloops sites, 

each half of the plot was planted to lodgepole pine or Douglas-fir.  At the BWBS sites, each half 

of the plot was planted to white spruce or allowed to naturally regenerate, by sprouting, with 

trembling aspen. This differs from the protocol of Powers et al. (1990), according to which each 

plot is split into „vegetation control‟ (by repeated herbicide applications) and „no vegetation 

control‟.  The latter approach is designed to demonstrate the role of vegetative regrowth in the 

rehabilitation of the disturbed ecosystem, both in terms of organic matter accretion and 

improvements in soil structure.  While acknowledging the validity of this approach, particularly 

in certain ecological and forest management settings, BC LTSPS researchers chose to use the split 

plots to compare the response of two conifer species, for the following reasons: 

 

 t was not logistically possible to test both the species effect and the vegetation control effect, 

and, as a result, it was necessary to choose between the two. 

 Differences in the response of commercially important tree species to alterations in soil and 

site conditions is a matter of great interest. 

 While the organic matter removal and soil compaction treatments can clearly be related to the 

results of some operational management practices, the complete suppression of natural 

vegetation by repeated herbicide application is not now nor, likely, in the future to become a 

common forestry practice in these ecosystems.  While this would, nonetheless, have been an 

extremely interesting experiment, it was decided that comparing two species in each zone was 

of greater practical importance for the management of these ecosystems. 

 Lastly, it was not the intention of the BC researchers to eliminate any of the driving forces in 

the development of soil formation (plants, animals, parent material, climate, and time) from 

the experiment.  Control of competing vegetation would largely remove one of the soil 

development factors (plants), except for that contributed by the crop species.  Thus, the BC 

experiments reflect an emphasis on ecosystem response to timber harvesting rather than on 

management for timber production. 

 

 There was also one plot-sized area (i.e., > 1 ha in size) that was left un-harvested (termed 

the “uncut control”) at each site.  At the Topley site, all pre-treatment sample collections and 

measurements were carried out in the uncut control as well as in each experimental unit assigned 

to a treatment.  At the other sites, pretreatment analysis of the uncut controls was not done.  

However, the uncut controls were sampled at each of the IDF-Kamloops sites during the first-year 

post-treatment sampling. 
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 Finally, a tenth plot was established at the Topley site for demonstration purposes.  In that 

plot, all three organic matter (OM) retention treatments were applied to one-third of a plot area, 

and then two lanes of heavy compaction were applied across all three OM treatments.  One half 

of the plot was planted to hybrid spruce and the other to lodgepole pine, each containing one lane 

of heavy compaction. 
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4  Methods 

 

 Methods are summarized below; however, working plans, progress and technical reports, 

as well as journal articles generated by the individual studies (see Literature Cited and the LTSPS 

website: http://www.for.gov.bc.ca/hre/ltsp/index.htm) should be consulted for more complete 

details.  The general chronology of the experimental sites is presented in Table 4.  Pre- and post-

harvest sampling methods were sometimes different, or were modified over time, depending on 

sampling location, stand structure, timing of treatments and planting, and other site factors or 

accumulated experience.  Thus, methods are separated into pre-, and post-treatment sections: 

 

4.1  Pre-harvest measurements and sampling 

 

 4.1.1  Ecosystem selection and plot layout. 

 

 In each administrative unit (Forest Region), the principal researchers found suitable 

candidate areas that were scheduled to be harvested through the Ministry of Forest‟s Small 

Business Forest Enterprise Program, based in Forest District offices, or through local forest 

licensees.  Suitable areas had to meet the ecological and size criteria specified in the working plan 

(Hope et al. 1992). 

 

 The total area required for nine treatment plots was approximately three hectares.  Where 

possible, the plots at each site were contiguous within the harvested block; this was not possible 

at Topley, Kiskatinaw, Dairy Creek, Black Pines or McPhee Creek (see Appendix 1).  Each plot 

was at least 40 m x 70 m in size, with 5-10 m access trails around the perimeter of each plot.  Plot 

locations were mapped on the harvesting plan, and semi-permanently marked by driving a metal 

pole into the ground at each plot corner to aid in plot relocation following harvesting.  Trees 

nearest to the plot corners were painted, and lines between these points were flagged.  Similar 

procedures were also carried out in the uncut control area at Topley.  
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Table 4.  General chronology for the LTSPS sites (SBS, BWBS and ICH). 

 

 Log Lake Topley Skulow Lake Kiskatinaw Rover Creek McPhee Creek 
Site selection 1990 1991 1992 1993   

Pre-harvest 

sampling  

 

1991 

 

1992 

 

1993 

1 – 1994 

2 & 3 – 1997 
2001 2002 

Harvesting in plots January to 

February, 1992 

January to March, 

1993 

March, 1994 1 - January to 

February, 1995 

2 – 1998; 3 - 1999 

2002 (3 plots 

burned in 2004 & 

were replaced in 

2005) 

2003 

Treatment 

application 

1992-93 1993 1994 1 – 1995; 2 – 1998; 

3 - 1999 
2002  2003-2004 

Year 1 post-

treatment sampling 

and planting 

1994 1994 1995 1 – 1995; 2 – 1998; 

3 – 1999 
2003 2004 

Regenerating crop 

species 

Hybrid spruce & 

lodgepole pine 

Hybrid spruce & 

lodgepole pine 

Hybrid spruce & 

lodgepole pine 

White spruce & 

trembling aspen 

  

Post-treatment 

chronology to year 

50 

yr-2 1995; 

yr-3 1996; 

yr-5 1998; 

yr-10 2003; 

yr-15 2008; 

yr-20 2013; 

yr-25 2018 

etc. to: 

yr-50 2043 

yr-2 1995; 

yr-3 1996; 

yr-5 1998; 

yr-10 2003; 

yr-15 2008; 

yr-20 2013; 

yr-25 2018 

etc. to: 

yr-50 2043 

yr-2 1996; 

yr-3 1997; 

yr-5 1999; 

yr-10 2004; 

yr-15 2009; 

yr-20 2014; 

yr-25 2019 

etc. to: 

yr-50 2044 

yr-2 1-1996; 2-

1999; 3-2000; 

yr-5 1-1999; 2-

2002; 3-2003; 

yr-10 1-2004; 2-

2007; 3-2008 

etc. to: 

yr-50 1-2044 2-

2047; 3-2048 

yr-2 2004; 

yr-3 2005; 

yr-5 2007; 

yr-10 2012; 

yr-15 2017; 

yr-20 2022; 

yr-25 2027 

etc. to: 

yr-50 2052 

yr-2 2005; 

yr-3 2006; 

yr-5 2008; 

yr-10 2013; 

yr-15 2018; 

yr-20 2023; 

yr-25 2028 

etc. to: 

yr-50 2053 

Forest floor & 

mineral soil 

chemistry, bulk 

density 

yr-0, yr-1, yr-5,  

yr-10 

yr-0, yr-1, yr-5, yr-10 yr-0, yr-1, yr-5,  

yr-10 

yr-0, yr-1, yr-5,  

yr-10 

  

Aeration porosity yr-0, yr-1 yr-0, yr-1 yr-0, yr-1 yr-0, yr-1, yr-5   

Seedling growth yr-0, yr-3, yr-5,  

yr-10  

yr-0, yr-3, yr-5, yr-10 yr-3, yr-5 yr-1, yr-2, yr-3,  

yr-4, yr-5 

  

Seedling foliar 

chemistry 

yr-5, yr-10 yr-5, yr-10 yr-5, yr-10    

Vegetation cover yr-1, yr-2, yr-5 yr-1, yr-2, yr-5 yr-1, yr-2, yr-5 yr-0, yr-2, yr-4   
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Table 4 continued.  General chronology for the LTSPS sites (IDF-Kamloops and IDF-Nelson sites). 

 

 
Dairy Creek Black Pines O’Connor Lake Mud Creek Emily Creek Kootenay East 

Site selection 1995 1995 1996    

Pre-harvest 

sampling 

 

1997 

 

1998 

 

1999 

 

1998 
Pl – 1999 

Fd - 2000 

2000 

Harvesting in plots January to February, 

1998 

January to March, 

1999 

February, 2000 1999 Pl – 2000 

Fd – 2001 

2001 

Treatment 

application 

1998 1999 2000 1999 Pl – 2000 

Fd – 2001 

2001 

Year 1 post-

treatment sampling 

and planting 

1999 2000 2001 2000 Pl – 2001 

Fd – 2002 

2002 

Regenerating crop 

species 

Douglas-fir & 

lodgepole pine 

Douglas-fir & 

lodgepole pine 

Douglas-fir & 

lodgepole pine 

Douglas-fir & 

lodgepole pine 

Douglas-fir & 

lodgepole pine 

Douglas-fir & 

lodgepole pine 

Post-treatment 

chronology to year 

50 

yr-2 2000; 

yr-3 2001; 

yr-5 2003; 

yr-10 2008; 

yr-15 2013; 

yr-20 2018; 

yr-25 2023; 

etc. to: 

yr-50 2048 

yr-2 2001; 

yr-3 2002; 

yr-5 2004; 

yr-10 2009; 

yr-15 2014; 

yr-20 2019; 

yr-25 2024; 

etc. to: 

yr-50 2049 

yr-2 2002; 

yr-3 2003; 

yr-5 2005; 

yr-10 2010; 

yr-15 2015; 

yr-20 2020; 

yr-25 2025; 

etc. to: 

yr-50 2050 

yr-2 2001; 

yr-3 2002; 

yr-5 2004; 

yr-10 2009; 

yr-15 2014; 

yr-20 2019; 

yr-25 2024; 

etc. to: 

yr-50 2049 

yr-2 Pl - 2002;Fd - 

2003; 

yr-5 Pl - 2005; Fd - 

2006; 

yr-10 Pl - 2010;Fd - 

2011; 

etc. to: 

yr-50 Pl - 2050;Fd - 

2051 

yr-2 2003; 

yr-3 2004; 

yr-5 2006; 

yr-10 2011; 

yr-15 2016; 

yr-20 2021; 

yr-25 2026; 

etc. to: 

yr-50 2051 

Forest floor & 

mineral soil 

chemistry, bulk 

density 

yr-0, yr-1, yr-5 yr-0, yr-1, yr-5 yr-0, yr-1, yr-5,    

Aeration porosity yr-0, yr-1, yr-5 yr-0, yr-1, yr-2, yr-5 yr-0, yr-1    

Seedling growth yr-0, yr-1, yr-3, yr-5 yr-0, yr-1, yr-3, yr-5 yr-0, yr-1, yr-3, yr-5    

Seedling foliar 

chemistry 

yr-5 yr-5 yr-5    

Vegetation cover yr-0, yr-1, yr-2, yr-5 yr-0, yr-1, yr-2, yr-5 yr-0, yr-1, yr-2, yr-5    
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 4.1.2  Ecosystem Descriptions 

 

 Ecosystems were described by classifying sites, soils, and vegetation according to the 

general protocol of Luttmerding et al. (1990) (see Appendix 2).  Soil and site attributes were 

examined in at least three locations (modal pedon sampling) within each study area, usually in the 

access corridors between plots.  

 

 4.1.3  Timber volume and productivity 

 

 Standing timber volume, size, and stand characteristics were estimated for all sites, based 

on standard Ministry of Forests cruising procedures.  Site index was estimated using procedures 

outlined in a contract report (J.S. Thrower and Associates Ltd. 1991) for the Log Lake, 

Kiskatinaw, and Kamloops - IDF sites, and modified by Laing & McCulloch (1993) for the 

Skulow and Topley sites.  Three standard cruise plots were completed in each of the treatment 

plots (and uncut control at Topley).  In each plot, the five largest trees of each leading species 

(well-spaced throughout the plot and free of defects) were cut and bucked into sections for stem 

analyses.  Determination of site index (meters from breast height at 50 years) was calculated for 

the leading tree species within each plot and across each site in order to compare plot and site 

productivity. 

 

 Ministry of Forests Regional Pathologists visited each site (only the Dairy Creek site for 

the IDF-Kamloops experiment) to give a visual assessment of pathological agents present.  

Evidence of pathogens were also noted during the cruise and stem analyses.  During the selection 

of trees for stem analyses, roots were cored to observe any visually identifiable rots that may have 

been present at the base of each stem. 

 

 4.1.4  Forest floor and mineral soil properties 

 

 Forest floors and mineral soils were sampled for analysis of both chemical and physical 

properties prior to treatment application.  The chemical properties measured in soils from all sites 

include total C, N and S, anaerobically mineralizable N, available P (Bray P-1), pH and 

exchangeable Ca, K and Mg.  Aeration porosity, bulk density and mineral soil coarse fragment 

content were also measured.  At the Log Lake and Topley sites, soil sampling methods closely 

followed the working plan (Hope et al. 1992), while at the Skulow, Kiskatinaw and IDF-

Kamloops sites there were some deviations from that plan.  Where possible, samples for chemical 

properties were taken in the spring, following snow melt, when soil moisture was expected to be 
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close to field capacity.  However, soil samples collected at the IDF-Kamloops sites were often at 

less than field capacity.  Table 5 provides a brief description of the sampling methods employed 

at each site.   

 

4.1.5 Native Vegetation 

 

 Plant species were listed somewhat differently at each site: 

 

SBS and BWBS sites 

At Log Lake, one floristic list with percent cover of species was compiled for the entire area 

occupied by the nine plots (Kranabetter et al. 1992), and the entire site was classified to one site 

series.  At Skulow Lake, the site was mapped into two strata: drier (A) and wetter (B) (Chapman 

1995).  Species cover was estimated in one subplot (400m
2
) of each plot for stratum A, and in 

three subplots located randomly within stratum B.  At Topley (Haeussler 1992; Trowbridge and 

Macadam 1993) and Kiskatinaw (Kabzems 1995a), vegetation cover was estimated within each 

plot.  At Topley, site series (and/or complexes) were mapped in every plot, including the uncut 

control area.  All 27 plots at Kiskatinaw were classified to one site series. 

 

Voucher specimens of unusual or difficult to identify bryophytes and vascular species found at 

Skulow Lake and Topley were pressed and mounted for future reference and are stored at the 

Ministry of Forests and Range‟s herbariums in Williams Lake and Smithers, respectively. 

 

IDF-Kamloops sites 

At the three IDF-Kamloops sites, four circular 2.5 m radius subplots were established at a 45
0
 

angle, and 15 m from all four corner posts in each of the nine treatment plots.  Percent cover was 

recorded for all plant species in each of the subplots.  Site series (often in complexes) were 

mapped separately from the vegetation data collected in each plot (Lloyd et al. 1990) and updated 

for this report using the 2005 classification (Lloyd 2005 unpublished). 
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Table 5.  Comparison of soil sampling methods among the LTSPS sites (SBS, BWBS and ICH). 
 Log Lake

1
 Topley

2
 Skulow Lake

3
 Kiskatinaw

4
 Rover Creek McPhee Creek 

field season year 1991 1992 1993 1994 
  

Chemistry  for mineral 

and forest floor- 

method and # of 

samples 

stratified random - 25 

locations/plot bulked 

to 5 composite 

samples / plot 

systematic - 25 

locations bulked to 5 

composite samples / 

plot 

systematic - 18 

locations, 3 samples / 

location bulked to 1; 

total = 18 mineral 

samples: 9 forest floor / 

plot 

stratified random - 25 

locations/plot bulked 

to 5 composite 

samples / plot; later, 

10 random samples / 

plot 

  

Chemistry - depth for 

mineral samples 

0-20 cm 0-20 cm 0-20 cm 0-10, 10-20, and 20-

30 cm; later, 0-10 cm 

and 10-20 cm only 

  

Chemistry - area or 

volume for forest floor 

500 ml, bryophyte  

layer removed 

15 x 15 cm template, 

bryophyte  layer 

removed 

20 x 20 cm template, 9 

systematic locations, 

included twigs, cones, 

and mosses. 

200 cm
2
 , bryophyte  

layer removed 
  

Density - mineral soil 10 random samples / 

plot, 0-20 cm, total 

and fine fraction 

10 stratified random 

samples / plot, 0-20 cm, 

volume replacement 

(silicon chips) total and 

fine fraction 

9 systematic 

locations/plot, 0-20 cm 

volume replacement 

(foam) 

10 random samples / 

plot, 500cm
3 

 core at 

0, 10, 20, and 30 cm 

depths; 0-10, 10-20 

only post-treatment 

  

Mass/density - forest 

floor 

10 samples / plot, 

template (19.5 x 14 

cm), volume 

replacement, avg. 

depth determined, 

medium and coarse 

roots removed 

10 stratified random 

samples / plot,  

template (15 x 15 cm), 

volume replacement, 

also % surface of forest 

floor, decaying log, and 

sound log determined , 

avg. depth determined 

determined from 

chemistry samples  

10 samples / plot, 

200cm
2
, avg. depth 

determined 

  

Coarse fragment 

content 

4 samples; 1m x 1m x 

0.2 m sieved 

4 samples; 1m x 1m x 

0.2 m sieved, and also 

determined from bulk 

density samples 

determined from bulk 

density samples 

not determined (very 

few coarse fragments)   

Moisture retention, 

aeration porosity, and 

hydraulic conductivity 

5 random cores / plot 

(5 cm dia x 2 cm 

hgt.); 0, and 10 cm 

depths 

(1993 before 

application of 

treatments) 5 random 

cores / plot (5 cm dia x 

2 cm hgt.); 0, and 10 

cm depths 

5 systematic cores / 

plot (5 cm dia x 2 cm 

hgt.); 0 and 10cm 

depths 

5 random cores / plot 

(5 cm dia x 2 cm hgt.); 

0, 10, and 20 cm 

depths 
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Table 5 continued.  Comparison of soil sampling methods among the LTSPS sites (IDF-Kamloops and IDF-Nelson). 

 

 
Dairy Creek Black Pines O’Connor Lake Mud Creek Emily Creek Kootenay East 

 Kamloops    
field season year 1997-2005  

  
Chemistry  for mineral 

and forest floor- 

method and # of 

samples 

stratified random (3 transects per split-plot)- 30 locations/plot bulked to 6 

composite samples / plot/layer 
   

Chemistry - depth for 

mineral samples 

0-20, and 20-40 for pre-treatment, 0-20 only post-treatment    

Chemistry - area or 

volume for forest floor 

15 x 15 cm template, bryophyte  layer removed , included decayed wood in 

forest floor 
   

Density - mineral soil 12 stratified random samples / plot, 0-20 cm and 20 – 40 cm (pre-

treatement), volume replacement (water), , total and fine fraction  
   

Mass/density - forest 

floor 
6 samples / plot (same samples as for  chemistry), template (15 x 15 cm

)
, 

avg. depth determined, medium and coarse roots removed  

   

Coarse fragment 

content 

Up to4 samples (1 common sample per adjacent boundary); 25cm x 25cm 

x 0.2 m sieved, and also determined from bulk density samples  
   

Moisture retention, 

aeration porosity, and 

hydraulic conductivity 

5 random cores (subsampled fron Db locations) / plot (5 cm dia x 2 cm 

hgt.); 0 and 10 cm depths . Only one 6-pt water retention per plot/depth. 
   

1
Kranabetter et al. 1992, Kranabetter 1993, and Sanborn 1995; 

2
Trowbridge and  Macadam 1993; 

3
Chapman, B. 1995; 

4
Kabzems, R. 1994, 1995a and 1995b 
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4.2  Application of the experimental treatments 

 

 In order to establish a methodology for achieving the compaction and organic matter 

treatment combinations in a feasible and cost-effective manner, a pilot study was carried out in 

the Prince George Region (Hope and Homoky 1991).  The compaction treatments were the most 

challenging aspect of the experiment, and considerable time and expense was spent developing a 

technique for applying them in a consistent and desirable way.  Most of the machinery and 

manual methods tried in the pilot study proved to be less than desirable.  However, the experience 

from the pilot study led the principal researchers to test the use of excavators with various buckets 

and hydraulic compaction plates (equipment used to compact soil or subgrade during building and 

road construction) at Log Lake.  Following the successful application of treatments at Log Lake, 

similar procedures were followed at Topley, Skulow, Kiskatinaw and at the IDF-Kamloops sites. 

 

 Compaction and organic matter retention treatments were initiated on each site during the 

first summer following harvesting except at Log Lake, where compaction treatments were 

completed the second summer following harvesting.  The exact procedures varied slightly from 

site to site, but the following sections provide general details about the methods used.  Refer to 

the individual progress reports for more detail.  

 

 4.2.1  Harvesting and organic matter removal 

 

 Silviculture prescriptions and logging plans (filed in Regional Research offices) provided 

details to the Forest District staff and harvesting contractors on how the operations were to be 

carried out in order to achieve the research goals.  All harvesting was done in the winter, usually 

with at least a 50 cm snowpack.  Trees were de-limbed within each plot on the OM1 plots.  To 

avoid unwanted compaction and forest floor displacement, machine traffic was avoided whenever 

possible.  At the SBS and IDF-Kamloops sites, this was accomplished by hand felling and line 

skidding to the access corridors.  At the Kiskatinaw site, however, a feller buncher entered the 

plots to cut the trees, and then positioned the stems so that the grapple skidder could remove them 

without entering the plots.  Staff from the Regional Research offices was present during 

harvesting of the treatment plots to ensure that procedures were followed correctly. 

 

 Slash removal treatments were completed in the summer following harvesting except at 

the Black Pines and O‟Connor Lake sites near Kamloops, where an excavator entered the OM2 

(stem + slash removal) plots immediately after harvesting was completed (the plots were still 

covered in some snow) and removed the majority of the large slash that remained.  Otherwise, 
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slash was removed by hand to the access corridors for the OM2C0 plots (all OM2 plots in the IDF-

Kamloops sites); in the OM1 C1/C2 plots (i.e., prior to application of compaction treatments at the 

IDF-Kamloops sites), OM2 C1 / C2 plots and OM3 C1 / C2 plots, an excavator was used to move 

the slash to the centre or outside of the plots by piling the brush to the rear of the machine, and 

then walking backwards on top of the piles.  At no time did the machines travel on exposed 

mineral soil.  The excavator carefully removed forest floor in the OM3 treatment plots by gently 

rolling the forest floor backward and into small piles.  Then, while keeping the bucket off the 

mineral soil interface, the excavator moved the piles of forest floor into the corridors.  Where 

necessary, accumulations of organic matter left behind were subsequently removed by hand, e.g., 

accumulations of organic matter around stumps at the Topley and IDF-Kamloops sites. 

 

The piles of organic material that had accumulated in the corridors were moved away 

from the experimental plots.  At Log Lake, this material was piled in rows adjacent to the 

experimental area, at Skulow Lake, it was piled on a landing in the cutblock, and at Topley, the 

material was spread over one of the landings off the cutblock.  At the Kiskatinaw site, the organic 

materials removed from the soil surface in Plot # 4 (see plot layout in Appendix 1) were moved 

40 m away, put into a low berm, and seeded with Agropyron trachycaulum (slender wheatgrass) 

and Astragalus cicer (cicer milk-vetch).  For the other plots at the Kiskatinaw site, the 

accumulations of organic material were placed on the harvesting road and seeded to the same 

agronomic species.  At the IDF-Kamloops sites, the organic material was piled in buffer strips 

and in areas adjacent to the experimental area. 

 

 4.2.2  Compaction of the mineral soil 

 

 Based on the trials at Log Lake, a compaction plate mounted to the arm of an excavator 

was used to apply compaction treatments at every site.  In order to achieve the desired soil bulk 

density, a 2-3 cm impression into the mineral soil was created for the C1 treatments at each site 

and a 5 cm impression was created for the C2 treatments.  A video tape demonstrating the 

application of the compaction treatments at Topley is on file in the Smithers office of the B.C. 

Ministry of Forests and Range. 

 

 At each site, the OM3 treatments were used to determine the amount of pressure and the 

time required for the operator to achieve the desired level of compaction; these parameters varied 

with the soil conditions at each site (e.g., soil moisture and coarse fragment content).  The 

pressure plate was used to compact in the front and to the sides of the excavator, which then 

moved backward across the plot in order to compact the entire area.   
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Compaction treatments were applied directly on top of the forest floor.  This contrasts 

with the procedure followed at some of the US Forest Service LTSPS sites, where the forest floor 

was first removed and then replaced following compaction.  Such a procedure was not feasible at 

the BC study sites because of the abundant network of roots within the forest floor.  When 

calibrating the machine and operator to the amount of mineral soil impression required, a small 

portion of forest floor was lifted, in order to place a survey rod at the mineral soil surface, and 

then replaced after measurements were complete.  The survey level and rod were used to compare 

the elevation of the undisturbed mineral soil surface with that of the mineral soil after compaction 

- the survey rod was placed on the undisturbed mineral soil surface, elevation was measured, 

compaction applied, and the spot resurveyed immediately afterward.  After sufficient repetition of 

this procedure, the operator became accustomed to uniformly compacting to the desired 

impression required by the soil properties within each plot.  Throughout this procedure, one or 

more researchers were on hand to monitor and assist the machine operators, thereby ensuring the 

consistency of compaction treatments across plots. 

 

 In the OM1 treatments, slash was moved into rows within the plot prior to application of 

the compaction treatments, leaving a corridor of bare forest floor for the excavator to compact 

and travel through.  At the Log Lake and Topley sites, long or large pieces of snags and slash 

were bucked into one to three metre lengths, to facilitate moving them by hand. Large pieces 

were not bucked up at the Kiskatinaw and Kamloops –IDF sites; instead, the largest pieces were 

moved by extending the arm of the excavator as far as it could reach into the plots, with some 

further redistribution of whole and broken pieces by hand. When compaction of these corridors 

was completed, the slash was moved onto the compacted areas, so that the excavator could treat 

the remaining regions of the plot.  Following this step, the slash was re-distributed as uniformly 

as possible across the entire treatment plot. 

 

At Log Lake, pre- and post-compaction elevation was systematically mapped for the C1 

and C2 plots, which allowed for a comparison of the impressions achieved among the various 

treatment combinations.   

 

 

 4.2.3  Tree planting and establishment 

 

 Seedlings were planted the year following treatment application at each site (see Table 4).   
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SBS and BWBS sites 

 Seedling heights and condition were assessed at the end of the first growing season at the 

Topley and Log Lake sites, and any dead trees were replaced with seedlings transplanted from the 

adjacent cutblock.  The height and root collar diameters of planted trees were measured in years 

3, 5 and 10 at Topley and Log Lake, and in years 3 and 5 at Skulow Lake.  At Kiskatinaw, the 

height, root collar diameter and condition of planted white spruce seedlings and the height and 

abundance of naturally regenerated trembling aspen, balsam poplar, paper birch and white spruce 

were monitored in years 1, 2, 3, 4 and 5.   

 

IDF-Kamloops sites 

For the first three years after planting at the IDF-Kamloops sites, dead seedlings were 

replaced with trees that had originally been planted adjacent to the treatment plots.  The survival 

of Douglas-fir seedlings continued to be poor at Dairy Creek and O‟Connor Lake, so these sites 

were replanted with fresh seedling stock in years 5 and 7, respectively.  The height, root collar 

diameter and condition of seedlings were monitored 1, 3 and 5 growing seasons after seedlings 

were initially planted, although many of the seedlings were younger than that, given the low 

survival rates of Douglas-fir seedlings at Dairy Creek and O‟Connor Lake.   

 

The growth and survival of planted trees will continue to be measured at 5-year intervals 

at all sites.  

 

4.2.4  Control of competing vegetation 

 

 Competing vegetation was controlled manually every year until free-growing status was 

achieved, by brushing within a one metre radius of each planted seedling.  Residues generated 

during brushing were left on the surface of the forest floor. 

 

4.3  Post-treatment sampling 

 

 4.3.1  Slash loading 

 

 Slash loading was determined on OM1 plots (three plots per site except at Kiskatinaw, 

where there were nine plots) within three years of logging.  Three triangles/plot were surveyed at 

each site using the line-intercept method described in Trowbridge et al. (1986). 
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To estimate nutrient removals in harvested biomass, samples of fresh deadfall 

corresponding to the slash size classes quantified during the slash loading surveys (Trowbridge et 

al. 1986) were collected in 1996 from unharvested areas adjacent to the Topley and Skulow Lake 

sites.  At the Log Lake (collected in 1996) and Kiskatinaw (collected in 2008) sites, samples were 

collected during the summer from trees that had been felled the previous winter in an adjacent 

stand. At the IDF-Kamloops sites, branch and stem samples were collected during harvesting 

from a single dominant or co-dominant Douglas-fir and lodgepole pine tree within each plot; 

composite samples were collected from spruce and subalpine fir trees across the site.  

Unfortunately, the samples from Dairy Creek were lost in transit to the analytical laboratory but 

further samples were collected from a recently harvested cutblock nearby. 

 

 4.3.2 Forest floor and mineral soil properties 

 

 Soils were sampled one and five years after treatment application, with a few changes to 

the pre-harvest soil sampling procedures at some sites (Table 5, but also refer to individual 

researchers for further details); sampling has been or will be repeated in years 102, 15, 25, and 50.  

As with the pre-treatment samples, post-treatment soil analyses include total C, N and S, 

anaerobically mineralizable N, available P, pH and exchangeable Ca, K and Mg, aeration porosity 

and bulk density. 

 

 4.3.3  Native vegetation 

 

 At the Log Lake site, 1st-year post-treatment (organic matter removal only) assessments 

of native vegetation were conducted in 1993 by compiling a complete list of all plant species 

observed in each plot.  In 1994 (one year after application of compaction treatments and two 

years after application of organic matter removal treatments at Log Lake), an area of 

approximately 10 x 10 m was selected in each split-plot and the percent cover of the dominant 

species within this area was recorded.  At the Topley site, vegetation was assessed one year post-

treatment, in late summer 1994 (Haeussler 1994).  Four circular 2.5 m radius subplots were 

established within each plot at a 45
0
 angle, and 15 m from each corner post.  Percent cover, 

distribution, vigor, mean height, and regeneration strategy was recorded for all plant species in 

each subplot, and a photograph of sub-plot # 1 was taken in each plot.  No post-treatment 

vegetation assessment was completed in the uncut control plot.  Vegetation was also assessed and 

                                                      
2  The 10-year measurement was not identified in the original working plan. 
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a photograph taken in Plot # 10 (the Topley demonstration plot) in each of the six treatment 

combinations located there. 

 

In 1995, native vegetation was sampled at all the SBS sites following the procedures for 

the 1st year post-treatment sampling at Topley in 1994; this represented the 1st-year post-treatment 

assessment for Skulow Lake, and the 2nd-year post-treatment assessment for Log Lake and 

Topley.  A similar procedure was used to examine the percent cover of native vegetation at 

Kiskatinaw (pre-treatment and in the 2nd and 4th years post-treatment), and at the IDF-Kamloops 

sites (pre-treatment and in the early summers of the 1st, 2nd and 5th years post-treatment). 

 

 4.3.4  Foliar analysis. 

 

Five and 10 years post-treatment, current-year foliar samples were collected from planted 

lodgepole pine and hybrid white spruce at the SBS sites and analysed for B, C, Ca, Cu, Fe, K, 

Mg, Mn, N, P, S, and Zn; in addition, the mean weight of 100 needles was determined on samples 

from Log Lake and Topley.  Similar analyses were performed on foliar samples collected from 

planted lodgepole pine and Douglas-fir collected in years 5 and 10 from the IDF-Kamloops sites, 

where three separate subsamples were taken per plot and species, and each subsample was 

collected from 16 trees. Foliar analyses will be repeated at years 10, 15, 25, and 50 years.   

 

4.4  Data storage system 

 

 Because of the large scale and long-term nature of the LTSPS program, a comprehensive 

system for the naming, formatting, and storage of data files has been developed (Macadam and 

Kranabetter 1996).  The purpose of the system is to provide long term security for data, facilitate 

the processing and analysis of data, and provide all researchers with convenient access to all 

LTSPS data files and documents.  It has been designed to accommodate files from all current and 

future B.C. Ministry of Forests LTSPS sites, as follows: 

 

 results of all pre- and post-treatment sampling and measurements, including files of cruise 

plot and site index data, results of sampling for soil chemical and physical properties, crop 

tree measurements and foliar chemistry, vegetation descriptions, and microclimate data  

 data from ancillary studies 

 files of raw data, calculated data (e.g., for bulk density), and treatment means 

 SAS programs for the processing and analysis of core experimental data 

 document files of working plans, establishment reports, and progress reports (these often 

contain useful tables and figures) 
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4.5  Data analysis 

 

 As described in the working plan, the experiments at most sites are a randomized block 

design or a completely randomized design (Kiskatinaw); the treatments consist of a 3 x 3 factorial 

arrangement within a split plot design, with the third factor (tree species) in split plots.  Statistical 

analysis of the overall experiment, in terms of the effects of organic matter removal and soil 

compaction on crop tree response, soil chemical and physical properties (particularly over the 

long term), and other variables of interest will be based on the ANOVA model given in the 

working plan (Hope et al. 1992).  Soil properties that correlate with productivity will be identified 

using multiple regression and multivariate techniques. 

 

 Suggested approaches to statistical analyses are described in Hope et al. (1992) and 

Macadam and Kranabetter (1996); model SAS programs for the calculation of summary statistics 

are included in the latter report. 
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5  Results 

 

 To date, pre-harvest and first year post-treatment data have been summarized for the 

SBS, BWBS and IDF-Kamloops sites; these data can be found in the Appendices of this 

establishment report.  Data from the IDF-Nelson and ICH sites are currently being processed.  

Although these data will be available shortly, summary tables remain incomplete and analyses of 

the province-wide LTSPS data are not yet possible.  The summary data presented in the 

Appendices have been reported in previous progress reports or were calculated specifically for the 

establishment report.  When the data are subjected to more intensive analysis, some of the data 

may need to be modified or corrected.  Therefore, it is important to note that more complete 

results, and some changes to the data reported here, can be expected. 

 

An earlier version of this establishment report (Trowbridge et al. 1996) included details 

of and data from ancillary projects connected to the LTSPS project; for simplicity, this 

information has not been included in the present report. 

 

 5.1  Ecological descriptions and site indices. 

 

 Ecological descriptions for the SBS, BWBS and IDF-Kamloops sites are found in 

Appendix 2, and include modal soil pit descriptions, lists of plant species, and site indices, where 

available, for commercial tree species.  The descriptions included here represent pre-treatment 

data only.  Some descriptive site data are also presented in Table 2. 

 

 5.2  Soils data. 

 

 Pre-treatment and one-year post-treatment soils data from the SBS, BWBS and IDF-

Kamloops sites are summarized in Appendices 3 and 4.  At the SBS and IDF-Kamloops sites, 

mineral soil samples were collected from the entire 0-20 cm depth.  At the BWBS site, mineral 

soil was collected in 0-10 cm and 10-20 cm increments.  To make the data comparable to the 

other sites, the results of bulk density determinations and chemical analyses from the two sample 

depths collected at the BWBS site were averaged to obtain an estimate of the values for the entire 

0-20 cm depth. 
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6  Recommendations 

 

6.1  Study working plans 

 

 The original establishment report recommended that the working plan (Hope et al. 1992) 

be revisited and revised to accommodate modifications in data collection methods and to more 

fully describe methods that had been only vaguely outlined.  We have attempted to address this 

recommendation by describing data collection methods and modifications to these methods in this 

updated establishment report.   

 

6.2  Data analysis and management 

 

 A related issue is the need to continue the task of compiling the data, working plans and 

progress reports from every LTSPS site into the database in order to ensure that no information is 

lost, to facilitate future re-measurements and to assist with province-wide data analyses.  While 

some analyses have been completed on data from individual sites or experiments, none has been 

completed for the entire province.  This establishment report and the database should continue to 

be updated frequently. All documents cited in this establishment report have been archived with 

the Research Branch in Victoria, and all data files submitted at this time have been entered into 

the data management system. 
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