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Abstract 
 
In 2005-06, we continued efforts to improve our ability to predict the effects of machine 
traffic on soils and forest productivity. 
 

• Tree growth measurements at Okanagan Falls showed that early trends were not 
indicative of the eight year results, illustrating the need for long term 
measurements for evaluating soil productivity.  

• Investigations of thresholds for growth limiting factors in a silt loam soil were 
initiated through installation of an experiment in raised soil boxes at Kalamalka 
Forestry Centre.  

• Field investigations of the relationship between soil bulk density, mechanical 
resistance and water content continued in 2005-06 with measurements taken at the 
LTSP plots near Kamloops. These investigations have confirmed the ability of our 
methods to evaluate soil physical conditions in soils with approximately 25 
percent coarse fragments, but have also revealed that measurements are much 
more difficult in soils with higher coarse fragment contents.  

• More detailed investigations have also confirmed the usefulness of an air 
pycnometer for evaluating air filled porosity and soil particle density.  

• Water retention prediction using two models has continued, and is showing 
promise for estimating the water retention curve from soil properties 

• Investigations have continued on the relationship between maximum bulk density 
and other soil properties such as particle size distribution, organic carbon, and 
Atterburg limits.   
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Project purpose and management implications 
Sustainable forest management relies on defining and monitoring ecosystem parameters 
to evaluate the response to practices such as access development and harvesting. Soil-
based parameters, and particularly soil physical properties, are important in this regard 
because they underpin many important ecosystem processes, are relatively resistant to 
change in natural systems, yet can be strongly affected by forest management.  
 
Our ongoing project features a comprehensive approach using both field and laboratory 
investigations to explore new measures of soil physical conditions and their effect on soil 
productivity and ecological sustainability on a variety of site types in BC. 
Our objectives are to  

(a) identify soil physical conditions that are consistent with productive forest 
growth on disturbed and undisturbed soils in a variety of ecosystems,  

(b) develop and introduce management tools for the rapid evaluation of soil 
physical conditions in BC’s forests, and  

(c) describe, for a range of site and soil types in BC, a comprehensive picture of 
physical factors affecting the growth of tree roots and its variation throughout 
the growing season. 

 
In 2005 – 06, we pursued these objectives through the following related investigations: 

1. Field studies on tree growth and soil physical conditions were carried out by 
measuring tree growth after eight growing seasons for rehabilitated landings 
in the Okanagan Shuswap forest district, where lodgepole pine seedlings were 
planted in 1998. 

2. Controlled studies were continued by initiating a new experiment in our series 
of studies on the effect of soil compaction and water content on the growth of 
lodgepole pine and Douglas-fir in a silt loam soil, using raised boxes at the 
Kalamalka Forestry Centre in Vernon. 

3. Testing portable field instruments for rapidly obtaining information on soil 
mechanical resistance, water content, and air-filled porosity was furthered 
through investigations at the LTSP plots near Kamloops, where soil 
mechanical resistance and water content were determined on 3 occasions 
during 2005, and measures of bulk density and carbon content were also taken 
for the soils. 

4. Determining the least limiting water range (LLWR) for forest soils 
representing a range of ecosystems in BC was pursued by obtaining 
measurements of soil mechanical resistance, water content and field capacity 
on 15 soils with medium and fine textures. 

5. Evaluating the maximum bulk density (MBD) and the relative bulk density to 
rapidly assess soil compaction was carried out by further studying the 
relationships between soil particle size distribution, organic matter, liquid 
limit, plastic limit and the MBD. 
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Methods 
 
Field studies 
We visited sites where lodgepole pine were planted on landings near Okanagan Falls that 
were rehabilitated using tillage and woody organic amendments. The sites were 
established as part of a previous study to evaluate the effectiveness of wood waste during 
rehabilitation efforts on landings and roads. Tree growth was measured in the fall, 2005 
after height growth had ceased, by measuring from the ground level to the top of the 
tallest bud. Bulk density and other measures of soil physical condition, along with 
nutrient status were previously measured for the soils at these sites.  
 
Controlled studies  
In March 2006, a silt loam soil was rough-screened through a 1.5 cm mesh, and a 40 cm 
layer of soil was placed over a sand base (50 cm thick) in nine raised boxes. Each box 
was divided into three cells (1.5 m x 2.5 m) to receive one of three randomly assigned 
compaction levels (low, medium and high). The soil water content in each box will be 
adjusted by irrigation to one of three levels (dry, moist and wet). Soil water content will 
be monitored continuously throughout two growing seasons. To characterize the soil 
physical condition, bulk density samples will be collected from 0-7 cm and 10-17 cm 
depths within each cell (n=27) using a 0.518 L core and a drop-hammer sampler. Samples 
for determination of water retention characteristics will be collected from each cell at 4-6 
cm depth using a 0.039 L core and analyzed for water content at 5, 10, 33, 100, 300, and 
1500 J kg-1 using a pressure plate apparatus. Sieved, air-dry soil from the bulk density 
samples will be used for analysis of total C and N, mineralizable N, soil pH, available P, 
and exchangeable K. 
 
Soil mechanical resistance will also be determined using a hand pushed cone 
penetrometer (30o cone angle with a 4 mm basal diameter). The penetrometer consists of 
a digital force gauge (HFG-44 Transducer Techniques, Temecula Calif) with an attached 
penetrometer tip 12 cm long, and measurements are collected by inserting it horizontally 
into an undisturbed face of a carefully excavated depression, at a depth of 10 cm.  An 
average value is recorded after observing the gauge display once the penetrometer tip had 
entered the soil from 3-7 cm (i.e. over the middle 50 percent of its full length) and values 
are converted to cone index (multiply by 780).  
 
Twenty five lodgepole pine and twenty five Douglas-fir seedlings (1+0 container grown 
nursery stock) will be planted into each cell in May 2006 using a tube sampler as a 
dibble. Survival rates and growth will be monitored for at least two growing seasons, at 
which time the seedlings will be carefully excavated. Weights of tops, root plugs, and 
egressed roots will be determined for each seedling, after drying at 70oC.  
 
Testing portable field instruments 
In 2005, we visited LTSP sites in the IDF near Kamloops to evaluate seasonal changes in 
soil mechanical resistance and water content. At three times during the growing season, 
when soils displayed a representative range of soil wetness, soil mechanical resistance 
was measured at 10 cm depth using the small, hand-held penetrometer. Additional work 
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on these sites included determination of bulk density, particle size analysis, and organic 
matter. 
 
Volumetric soil water content (θ) was measured with a ThetaProbe soil moisture sensor 
model ML2 (Delta T Devices) at 10 cm depth on the same face of the soil pit where soil 
mechanical resistance was determined. The ThetaProbe was inserted horizontally three 
times into the face of the soil pit and average water content was measured for three 
subplots of each disturbance type per plot (landing). 
 
The confounding effect of coarse fragments on measurements made by soil penetrometers 
has limited the use of this technique for determining soil mechanical resistance on stony 
forest soils, which are common in British Columbia. The problems are exacerbated when 
using larger (13-mm diameter cone 30o) instruments (e.g. Agridry Rimik PTY Ltd., 
Toowoomba, Queensland, Australia) to evaluate soil layers deeper than 20 cm. Our 
approach addresses this limitation, at least for surface soil layers, in two ways. First, the 
smaller penetrometer (4mm basal diameter compared to 13 mm), which is based on a 
design similar to those employed in laboratory studies requires a much smaller volume of 
stone-free soil for analysis. The hand-held mini-penetrometer we use is inexpensive, and 
results obtained when it is pushed horizontally into an undisturbed face of a small soil pit 
have correlated well with those from the RMIK penetrometer. Second, relationships 
between soil mechanical resistance and water content could be determined for a range of 
soil types and densities using prepared cores packed with sieved soil material in the 
laboratory. 
 
In 2005, we continued testing of a field – ready air pycnometer. This instrument allows 
for a rapid evaluation of the air-filled porosity of a soil sample. Air-filled porosity is a 
key measure of the aeration status of the soil. The air pycnometer we used was designed 
to accommodate a 518 ml soil core, and operated at an initial pressure of 143 kPa. After 
placing the filled soil core into the sample chamber, and adjusting the initial pressure of 
the air chamber to 143 kPa, a valve was opened connecting the chambers, and a final 
pressure was obtained which was converted to air-filled porosity, using a pre-determined 
calibration function. 
 
Determining the LLWR of forest soils 
To obtain the strength - moisture relationships needed to determine the least limiting 
water range, we prepared soil cores at a range of bulk density and water content using 
sieved (<2mm) soil material collected as part of a previous investigation (Krzic et al. 
2004). Subsamples of the air-dried soil were moistened to four wetness levels and left in 
tightly sealed plastic bags to equilibrate to uniform soil water content overnight.  The four 
water content levels were chosen to represent a range of values from near wilting point to 
near saturation. The pre-wetted soils were packed into 205 ml plastic cups at 3 
compaction levels, representing approximately 74%, 80% and 85% of the Proctor 
maximum bulk density value for the soil. The compacted cores were then probed with an 
IMADA digital force gauge fitted with a cone shaped tip (30o cone angle; 4mm diameter) 
that was lowered using a Chatillon motorized test stand (LTCM-6) running downwards at 
25 mm/min.  Resistance readings (in kg) were recorded by a handheld Allegro computer 
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(Juniper Systems) every 2.5 sec, and converted to cone index (kPa).  Each core was 
probed 3 times and an average strength reading was generated.  The core soil was then 
weighed and oven dried at 105°C for 24 hours.  Finally, the soil was weighed and 
gravimetric water content was determined.  These values were then converted to 
volumetric water contents. Sieved soil material was also packed into steel rings (38 ml) 
and sent to the MoF laboratory in Victoria to determine the water retention characteristic.  
 
We completed strength tests on 15 soil samples during 2005, and water retention samples 
for these soils are being analyzed at the Ministry of Forests laboratory in Victoria. In 
addition to these measurements, we have, with the assistance of Dr. Andrei Startsev, 
further tested the use of water retention functions developed by using particle size 
distribution for each of the soils. 
 
Evaluating the maximum bulk density (MBD)  
Additional testing was carried out by Yihai Simon Zhao on the samples from the study of 
maximum bulk density of forest soils (Krzic et al. 2004), and for an additional twenty soil 
samples that were collected as part of a related study of oil well restoration in northeast 
BC. The additional testing included (more detailed) evaluation of the particle size 
distribution, organic matter, liquid limit, plastic limit, carbonates and readily dissolved 
iron and aluminium. 
 
 
Project scope and regional applicability: 
The results of this project to be applicable to all regions of BC. The samples for 
determining soil mechanical resistance and water content were selected from among 
those used by Krzic et al. 2004 which includes approximately 10 soils from all parts of 
BC. The results of this project should also be applicable to a wide variety of soil types 
including a range of soil textures and organic matter contents. In the final year of the 
project, we will evaluate the soil behaviour under compaction, and its expected effect on 
productivity in regions of BC. 
 
Interim conclusions and management implications 

• Our measurements at Okanagan Falls indicated that early differences in height 
between treatment plots receiving wood waste and those that were untreated had 
disappeared after eight years. Therefore, at this time we can conclude that tillage 
and addition of sort-yard waste or hog fuel improved seedling establishment and 
early growth, but not height after eight years. 

• We continue to believe that evaluating soil strength and water content will prove 
to be an efficient means to evaluate soil compaction, but (a) typical relationships 
between water content and strength may not be demonstrated in soils with very 
low clay content, and (b) it is very difficult to make such determinations in soils 
with more than 25 percent coarse fragments, particularly where the coarse 
fragments are in the fine gravel size and distributed evenly throughout the soil 
matrix. 
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• Our work on the estimation of MBD from properties of field samples continues, 
and we believe it holds promise for more accurate determination of RBD and 
compaction status. 
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