
Executive Summary 
FIA-FSP Project Number Y07-1284:  Soil disturbance effects of hoe-forwarding on tree growth and 
site productivity 
 
 
Project purpose and management implications 
Concerns about soil disturbance levels from ground-based harvesting systems in the early 1990’s, 
lead to the development of the “Site Degradation Guidelines for the Vancouver Forest Region” 
(BC Ministry of Forests, 1991). Hoe-forwarding was introduced to coastal B.C at the same time 
for use on gently sloping terrain with the expectation that this system would reduce soil 
disturbance by reducing ground pressure, particularly when puncheon (logs and debris placed 
under the tracks of the machine) was used under the machine.  Two benchmark trials were 
established in the early 1990’s, one near Holberg within the CWHvh1 biogeoclimatic variant on 
fine-textured silt loam soils with thick forest floors and the other near Woss in the CWHmm1 
biogeoclimatic variant on coarse loamy sand to sandy loam soils with moderately thick forest 
floors. Protective puncheon was used under the machine at all times on the summer-logged site at 
Holberg; no puncheon was used on the winter-logged site at Woss. The objectives for these 
studies were to categorize disturbances created by this harvesting system and to study the effects 
of these disturbances on short- and long-term tree growth as a measure of site productivity.   
 
Growth response data was periodically collected from these trials over the first nine growing 
seasons. Nine-year data suggested that the use of puncheon was important for protection of the 
soil by reducing disturbance, and subsequent compaction, even where soils were considered 
relatively “robust”. To further examine the benefits of puncheon, a third experiment was 
established on southern Vancouver Island in 2001 east of Jordan River within the CWHxm2 
biogeoclimatic variant on coarse to medium-textured loamy sand to sandy loam soils with 
moderately thick forest floors.  The objectives for this trial were to assess the benefits of using 
puncheon under the hoe-forwarder on this summer-logged site, using tree growth as an indicator 
of site productivity, and to examine the effect of specific disturbance types on short and long-
term tree growth. 
 
The purpose of the present FIA-FSP funded project for the 2006/2007 fiscal year was to revisit 
two of these trials and collect longer-term (15-year) data from the Holberg trial and short-term (5-
year) data from the Jordan River trial. 
 
Management implications 
The Forest Practices Code and the Forest Range and Practices Act gauge the effects of soil 
disturbance through measurement of specific disturbance types, i.e., ruts, scalps, gouges, and 
repeated traffic.  These disturbances are meant to be a proxy for the real effects of soil 
disturbance, which can be a decline in soil productivity or changes in hydrologic function.  
However, there is still a need to demonstrate the direct effects of soil disturbance on forest 
productivity.  One approach is measure tree growth over time.  This is possible only with well-
documented, long-term trials.  Factual data obtained from the existing hoe-forwarding trials will 
provide information for the refinement of site disturbance guidelines for ground-based harvesting 
systems, in particular hoe-forwarding on the coast of BC. In addition, these results will provide 
factual input to the FRPA Resource Evaluation Program for soil effectiveness evaluation. 
 



Project start date and funding information 
Establishment of the two benchmark studies occurred in (August) 1991 (Holberg) and (February) 
2002 (Woss) with funding from the Soil Conservation Fund by the BC Ministry of Forests.  
Subsequent monitoring of these trials was funded by the Soil Conservation Fund, and later by 
FRBC.  FRBC also funded maintenance work on these trials in the early years.  The third study at 
Jordan River was established in June and July 2001 with funding supplied by FRBC and Forestry 
Innovation Investment. Subsequent monitoring (3-year) was funded by the Forest Investment 
Account through Western Forest Products Inc.  Three-year maintenance work at Jordan River 
was funded by Western Forest Products Inc.  Thirteen-year maintenance work on the Woss trial 
was funded by the FIA-FSP program under the LTRI program in the 2005/2006 fiscal year 
(LTRI004). 
 
The present project for 2006/2007 has been funded by the FIA-FSP program with in-kind 
contributions from Western Forest Products Inc. and the BC Ministry of Forests.  The proposal 
also requested further funding in 2007/2008 for re-measurement of the Woss site, and in 
2008/2009 for the production of extension products, and on-site delivery of research results to 
field foresters through company presentations and field tours. 
 
Methodology overview 
Holberg site:  Four treatment lines were established in each of three replicate blocks consisting of 
1, 2, 4 and no passes (control) with the hoe-forwarder (12 treatment lines). The site was trafficked 
to simulate operational logging in mid-August under moist soil conditions, and protective 
puncheon was used under the hoe-forwarder at all times. Western hemlock seedlings were 
planted along the tracks, between the tracks, and on the flank of the tracks.  A row of trees was 
also planted on the untrafficked control. Soils were assessed for moisture content at the time of 
trafficking, particle size analysis, and soil bulk density following trafficking. Forest floor depth 
and soil disturbance types were also recorded at intervals along the tracks.  Tree growth, i.e., 
height and diameter increment has been monitored after 3, 5, 9 and now 15 growing seasons, and 
foliar nutrient levels were assessed at five and now 15 years.  
 
Jordan River: Three treatment blocks were established across the site at Jordan River during 
operational logging, each with replicates of 1, 2, or 3 passes by the hoe-forwarder randomly 
assigned across each block. Half of each treatment line was trafficked with puncheon under the 
machine; the other half was trafficked without protection other than residual slash for a total of 
18 treatments (3 blocks by 6 treatment lines). Trafficking by a mechanical harvester used to fall 
the trees precluded establishment of a “control” treatment. Soil particle size and moisture content 
at the time of trafficking were determined and soil disturbance types were recorded at intervals 
along the tracks. Douglas-fir seedlings were planted along the tracks of the trafficked lines at 2 m 
spacing.   
 
A second experiment was also established on this site to monitor growth of planted Douglas-fir 
on specific disturbance types identified by the Forest Practices Code (Soil Conservation Surveys 
Guidebook; BC Min of For 2001), including ruts of three depth classes (< 5 cm, 5 to 30 cm, and 
>30 cm) and scalped and gouged disturbances along with areas of repeated trafficking. A number 
of undisturbed points were also selected across each block.  Tree growth, i.e., height and diameter 
increment has been monitored after 1, 3, and now 5 growing seasons.  
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The proposed methodology for the current year project was to re-measure height and diameter of 
trees at Holberg (15-years) and Jordan River (5-years).  A determination of foliar nutrient levels 
was also proposed through the collection of foliar samples. 
 
Project scope and regional applicability 
Information obtained from these trials is applicable to similar coastal sites and possibly some 
wetbelt Interior sites where hoe-forwarding harvesting is used, taking into consideration 
differences in site location, topography, soil type (texture) and coarse fragment content, depth of 
forest floor, time of year of harvest, moisture content at time of harvest, microsite differences, 
competing vegetation, and species to be planted.         
 
Interim conclusions 
Holberg: 
Fifteen-year results for the Holberg study indicated large within and between-block variability for 
the three blocks obscuring any treatments effects on this site.  Due to more pronounced site 
differences between two of the blocks and the third by year 15, data was analyzed separately for 
the two site types. On the CH-types sites (Lewis 1982) where salal has become very aggressive 
after fifteen years, the effects of trafficking were most apparent where the site was trafficked with 
4-passes by the hoe-forwarder, but less so on the 1 and 2-pass treatments. Control trees exhibited 
the poorest growth on the CH site after 15 years.  It is clear that early establishment and growth 
on the CH sites is important for long-term survival and growth on these sites.   
 
Tree growth on the control of the HA (Lewis 1982) site continues to surpass growth on the 
trafficked treatments after 15 years.  However, tree growth on all treatments of the HA site 
remains superior to growth on most treatments of the CH site.  
 
Foliar N concentrations were uniformly low at Holberg and are indicative of severe N 
deficiencies. The concentrations of N and other elements 15 years after treatment are generally 
similar to concentrations after 5 years. 
 
It is possible that on similar sites with thick forest floors and high salal competition, a reduction 
in the use of puncheon where fewer passes with the hoe-forwarding machine are required, may 
provide similar beneficial effects of disturbance.  However, it is important to ensure that the level 
of disturbance does not reach the point where gains from reduced competition would be negated 
by adverse impacts on soil physical properties. 
 
Jordan River: 
Although no significant differences were indicated between levels of trafficking and the use of 
puncheon or across the range of identified disturbance types at Jordan River, graphical 
presentation suggested trends in tree growth that may become more apparent with time.  Trees on 
the trafficked lines demonstrated slightly better growth after five years where disturbance levels 
were greater, i.e., on the 2 and 3-pass no-puncheon treatments. These results suggest that 
compression of the thicker forest floor has initially created more favorable growing sites for 
Douglas-fir on this site.  However, tree vigor on these treatments was slightly poorer. 
 
By contrast, growth appeared to decrease with increasing number of passes on the puncheon 
treatments. A greater amount of residual slash on the puncheon treatments with increased number 
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of passes by the hoe-forwarder may have affected early growth response. However, trees on the 
puncheon treatments generally had better health and vigor. 
 
No significant treatment differences were found for five-year tree growth across the range of 
identified disturbance types. However, graphical presentation of the data suggested slightly better 
growth of Douglas-fir where disturbance levels were greater, i.e., in ruts on the no-puncheon 
treatments, gouged, and scalped disturbances. Tree vigor, however was slightly poorer on the 
gouge and large-sized scalp disturbances.    
 
Growth responses to treatments may be related to foliar nutrient concentrations. K concentrations 
were low in general for Douglas-fir, but were particularly low in large scalps and very deep ruts; 
Mg concentrations were within the “adequate” range, but showed similar responses as growth on 
the trafficked lines. 
 
Growth response of Douglas-fir will continue to be monitored on the Jordan River site over time. 
It is expected that differences in tree growth may become more apparent over time across the 
treatments and disturbance types, particularly as tree roots grow and expand into adjacent soil. 
Continued monitoring and evaluation of tree growth on the treatment lines will provide 
information about the long term effectiveness of the puncheon treatments. Monitoring of Douglas-
fir growth across the range of identified disturbances will provide factual data that may be used to 
refine soil disturbance guidelines, and provide factual input to the FRPA Resource Evaluation 
Program for soil effectiveness evaluation. 
 
Contact information 
For more information on the hoe-forwarding trial, contact:  
 
Mary-Jane Douglas, MSc, PAg, RPF 
Foresol Consulting Ltd. 
2037 Kelland Road, Black Creek, BC, V9J 1G4 
email:  foresol@island.net 
Telephone:  (250) 337-1834 
Fax:  (250) 337-1836 
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