
 

 

 

 

 

 

 

 

 

 

DRAFT RECOMMENDTIONS FOR HOE-FORWARDING  

HARVESTING SYSTEMS 

 

 

 

by 

 

 

 

Mary-Jane Douglas1, MSc, PAg, RPF and Terence Lewis2, PhD, PAg, PGeo 

 

 

 

 

 

 

 

Submitted to Forest Science Program 

FIA-FSP Project Number Y09-3284 

 

 

 

 

 

 

 

 

 

March 2009 

 

 

 

 

 

 

Mary-Jane Douglas, MSc, PAg, RPF    Terence Lewis Ph.D., P.Ag., P.Geo.   

Foresol Consulting Ltd.      Consulting in Soils & Land Use  
2037 Kelland Road      1472 Valley View Drive  

Black Creek, BC      Courtenay, B.C.   

V9J 1G4       V9N 8S7  
 



 1 

1.0  INTRODUCTION 

 
Concerns about soil disturbance levels from ground-based harvesting systems in the late 1980s led to 

development of the draft “Site Degradation Guidelines for the Vancouver Forest Region” by the BC 

Ministry of Forests (1991).  This document subsequently served as a basis for three Forest Practices Code 

guidebooks: 

 

1) The Soil Conservation Guidebook (BC Ministry of Forests 1995; revised edition 2001a) defines 

acceptable limits for the extent of permanent and temporary access structures as well as allowable 

soil disturbance within the area of the cutblock to be reforested. 

 

2) The Hazard Assessment Keys for Evaluating Site Sensitivity to Soil Degrading Processes 

Guidebook (BC Ministry of Forests 1995; revised edition 1999) provides a series of keys to assist 

field foresters in determining potential for soil compaction and puddling, soil displacement, surface 

soil erosion and mass wasting potential on a proposed cutblock. 

 

3) The Soil Conservation Surveys Guidebook (BC Ministry of Forests 2001b) describes the 

methodology for conducting a soil disturbance survey.  Contained within this guidebook is a listing 

and description of specific disturbance classes of defined sizes, including ruts, scalps, gouges, and 

areas with repeated traffic.  To determine the amount of soil disturbance on a standards unit1, a 

number of transects are conducted across the area.  Occurrence of these various disturbance types is 

tallied along each transect to determine the overall level of soil disturbance for a particular area.   

 

 

2.0 APPLICABILITY OF THESE GUIDELINES TO COASTAL HOE-FORWARDING 

OPERATIONS 

 

The development and wider application of hoe forwarding in the early 1990s represented a substantial shift 

in ground harvesting methods. Logs are lifted and swung towards roadside by a modified hydraulic 

excavator, rather than being dragged across the soil surface by a rubber-tired skidder or tracked vehicle (cat 

or forwarder).  In this system, the hoe-forwarding machine makes one to several passes over a portion of 

the cutblock.  Just how this changed the extent and nature of soil disturbance was the subject of three 

research trials on Vancouver Island (near Holberg, Woss and Jordan River) (Douglas and Brown 2009a, 

Douglas and Brown 2009b, Douglas et al. 2007).  These long-term projects assessed tree growth in relation 

to soil disturbance types and levels created by the hoe-forwarding harvesting system.  In addition, the 

applicability of both the hazard assessment keys, and the soil conservation survey methodology was 

evaluated for coastal sites. 

 

2.1  SOIL CONSERVATION SURVEY METHODOLOGY 

 

The Soil Conservation Survey methodology (BC Ministry of Forests 2001b) was designed to assess 

disturbances created by skidder and bulldozer logging systems.  These machines are equipped with either 

rubber tires or tracks (average of 30 cm wide) and they are built low to the ground.  Logs are removed from 

the setting by lifting one end of the log, and dragging it to a landing area.  Disturbance on skid trails is 

created by the wheels or tracks of the machine and the portion of the log dragged along the ground.  On 

bladed skid roads, additional disturbance is created by the displacement of soils as cuts and fills are made to 

form a surface on which the skidding machines can travel. 

 

                                                 
1 Standards unit is defined as an area under a silviculture prescription or site plan, or an area with the same 

regeneration date, free growing date and stocking requirements or soil disturbance limits (Operational and Site 

Planning Regulation, Part 1- Interpretation, Forest Practices Code of BC Act - Consolidated Dec 2003) 
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By contrast, purpose-built hoe-forwarders have wide tracks (usually about 1m or so), with shallow 

grousers, and high clearance for large stumps.  The machines are built to exert a lower ground-pressure than 

skidders or bulldozers and the logs are usually lifted entirely off the ground as they are removed from the 

setting.  Puncheon (logs, branches and debris) may be placed under the tracks of the machine to protect the 

underlying mineral soil as the hoe-forwarder travels across the cutblock.   

 

Disturbances created by hoe-forwarding differ from previous ground-based systems.  Ruts created by the 

hoe-forwarder are wider and often shallower than those of skidders and cats due to the larger track size.  

Where puncheon is used, or where the site is logged under dry soil conditions, the ruts may be difficult to 

discern.  With removal of logs by lifting, scalping (removal of forest floor only) is usually minimal, 

although some localized scalping may occur if the log is briefly dragged as it is lifted into the air.  In all 

systems, areas of scalping are larger and more concentrated where logs are decked and loaded out.   

 

As opposed to skidder logging where blading and/or dragging logs may displace both the forest floor and 

upper mineral soil layers, gouging seems to be rare with hoe-forwarding.  Where it does occur, the 

disturbances tend to be small.  Areas with repeated traffic may be present on hoe-forwarded sites where 

main access trails provide entry to a cutblock.  However, beyond this main access point, the hoe-forwarder 

usually travels out and across the site, rarely returning along the same trail unless required for machine 

maintenance. 

 

The use of puncheon under the hoe-forwarder reduces ground pressure overall by distributing machine and 

log weight over an area excess to the track area;  however, there may be localized areas of compression or 

compaction where logs or pieces of slash have been embedded into the soil and then removed (a puncheon 

impression).  The use of puncheon may also result in woody deposits left in place along the trail (a 

puncheon deposit).  These puncheon deposits may be embedded into the forest floor or mineral soil, 

potentially limiting planting locations.  Puncheon impressions and puncheon deposits are disturbance types 

not recognized in the original survey methodology (BC Ministry of Forests 2001b). 

 

In addition, as puncheon breaks down and is renewed, crushed slash is discarded, which can result in 

localized concentrations of debris.  Since excessive slash concentrations may limit plantability of a 

particular area, as with other types of slash accumulation, it may be important to instruct machine operators 

to disperse slash as necessary to improve overall plantability. 

 

The existing soil disturbance survey methodology remains an effective tool for estimating soil disturbance 

on cutblocks in coastal BC.  However, it is worth noting that surveyors may encounter additional types of 

disturbances with hoe-forwarding that are not present on skidder or bulldozer-logged sites.  This may 

require some additional thought while conducting the survey, and/or a slightly different interpretation of the 

final results.  

 

 

2.2 HAZARD ASSESSMENT KEYS FOR EVALUATING SITE SENSITIVITY TO SOIL 

DEGRADING PROCESSES 

 

The “Hazard Assessment Keys for Evaluating Site Sensitivity to Soil Degrading Processes Guidebook” 

(BC Ministry of Forests 1999) uses a number of soil properties including mineral soil texture, coarse 

fragment content, and soil moisture regime to assist field foresters in assessing soil compaction and 

puddling risk.  Presence of a particular mineral soil texture and coarse fragment content, together with the 

soil moisture regime will suggest whether a particular site has a “low, moderate, high or very high” risk for 

soil compaction and puddling.    

 

On the hoe-forwarding trial established near Woss (Lewis and Douglas 1994), we found a possible 

weakness in this evaluation system.  The mineral soil texture on this site was determined as sandy loam to 
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loamy sand by particle size analysis and hand-texturing.  Average coarse fragment content was estimated at 

55%.  Using these soil properties as a guide, the soil compaction and puddling hazard for this site would be 

classified as “moderate to low”.  The trial was established along access trails of a cutblock logged under 

wet, winter soil conditions.  Upon completion of logging, portions of the tracks appeared to be compacted 

based on the physical difficulty of penetrating the soil with a planting shovel.  Although no soil bulk 

density measurements were collected on this site, the same compacted feel was still apparent 9 and 15 years 

following harvest.  Height and volume growth of trees planted in the tracks at 15 years was significantly 

shorter than trees planted in undisturbed locations of the block (Douglas and Brown 2009b).  

 

The longer-term soil compaction and productivity differences noted on the Woss site after 15 years suggest 

that even the medium to coarse-textured sandy loam to loamy sand soils on this site may have been more 

susceptible to compaction than suggested by the present guidelines.  Although the clay content of the 

composited samples determined as sandy loam soils was only 5 to 6% as compared to 63 to 65% sand, the 

31 to 32% silt component likely rendered the soils more susceptible to compaction since silt-sized particles 

are available to pack into pore spaces between the larger sand particles.  Areas with loamy sand soils were 

also determined by hand-texturing.  However, the site was not intensively surveyed for particle size 

analysis to determine the distribution of loamy sand to sandy loam soils across the site.  It may be that 

compositing of samples has masked particle size variability on this site.  Additional textural sampling may 

be required to further refine present hazard assessment ratings.  However, until this research can be 

conducted, it is recommended that field foresters and operators carefully evaluate coarse-textured soils and 

consider applying seasonal or weather operating restrictions to sites with sandy loam or loamy sand soils.  

   

 

3.0 OBSERVATIONS AND RECOMMENDATIONS FOR HOE-FORWARDING IN COASTAL 

B.C. 

 

The following observations and recommendations for hoe-forwarding are based on longer-term (up to 15-

year) observations and results at the three hoe-forwarding research sites.  These recommendations may 

serve as a basis for refinement of the existing site disturbance guidelines and the survey protocol for soil 

effectiveness monitoring under the FREP program.  

 

1) Sites with thick (> 25 cm), mor-type forest floors will withstand trafficking without deterioration, 

under dry to moist soil conditions. 

These sites can withstand up to 2 machine passes without breaking down where no puncheon or 

protective mats are used. 

 

2) Even thick, mor-type forest floors break down under wet to very wet soil conditions and/or with 

multiple machine passes.  Once the machine track has broken through the forest floor, mineral soils 

other than fragmental and sand will be adversely affected.  Under moist soil conditions, compaction 

occurs; under wet conditions, puddling occurs.  Both compaction and puddling destroy soil 

structure, reduce permeability to water and air and reduce tree growth.  The severity of impact 

increases with the hazard rating. 

Under wet to very wet soil conditions or once the machine breaks through the forest floor, use 

protective puncheon and limit trafficking to 1 pass. 

 

3) Sites with relatively thin (<25 cm) mor-type forest floors will not withstand repeated levels of 

trafficking, particularly under wet soil conditions.   

Under moist soil conditions, limit the number of passes to 1 without puncheon or mats or 2 using 

puncheon or mats;  under wet conditions limit the number of passes to 1 using puncheon or mats. 
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4)  Friable forest floors (moder, mor-moder) do not protect underlying mineral soils, regardless of soil 

texture, particularly under wet soil conditions. 

Under moist soil conditions, limit the number of passes to 1 without puncheon or mats or 2 using 

puncheon or mats;  under wet conditions limit the number of passes to 1 using puncheon or mats. 

 

5) Medium to coarse-textured (sandy loam to loamy sand) soils may puddle and compact with 

trafficking while wet, depending upon the proportion of fines in the soil matrix.  A moderate to low 

hazard rating for these soils may under-estimate their potential for soil disturbance, particularly 

under wet soil conditions. 

Apply seasonal and weather constraints to sites with medium to coarse-textured sandy loam to 

loamy sand soils.  Limit the number of passes to 2 using puncheon or mats under moist to wet soil 

conditions.   

 

6) On sites where salal is a strong competitor, greater disturbance levels, i.e., 2-3 passes with a hoe-

forwarder without the use of puncheon may be beneficial in reducing subsequent salal competition 

to the extent that planted seedlings may successfully establish, and realize maximum growth 

potential over the rotation.   

However, care must be taken to ensure that the beneficial effects of salal control are not negated by 

adverse effects on soil physical properties.  Disturbance in the form of tracks or rutting that extend 

into the mineral soil where the forest floor has deteriorated through machine trafficking would be 

considered detrimental.  If/once such disturbances are experienced, protect the soil with puncheon. 

 

7) During planting, avoid planting seedlings in tracks where an increased number of passes or wet 

conditions have led to rutting and discernable compaction.  The degree of compaction can be 

determined by resistance to penetration with an ordinary planting shovel.  Planting in tracks may 

well result in a loss of volume increment over time. 

Undisturbed, flank or possibly between-track locations are recommended as suitable planting 

locations where tracks are clearly discernable. 

 

8) Avoid trafficking wetter microsites or other locally sensitive areas, particularly if puncheon or mats 

will not be used. 

Ensure a sufficient buffer from sensitive areas to avoid creating excessive disturbance.  Do not 

assume very wet areas will be trafficable with the use of puncheon.   

 

9)  Where puncheon is used under the hoe-forwarder as a means of protecting the underlying mineral 

soil, reduce concentrations of discarded puncheon in order to achieve the required number of 

planting locations across the cutblock. 

Where possible, redistribute smaller pieces of puncheon across the site, and pile larger pieces 

against stumps. 

 

10)  The creation of ruts may change hydrologic function of the soil; and where continuous, lead to 

concentrated water flow and possible surface soil erosion down a slope.  Inundation of tracks, 

particularly in low-lying areas during the winter, leads to mortality of planted seedlings.  
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Where possible, travel across the slope and use protective puncheon under the hoe-forwarder in 

wetter soil conditions to avoid rutting.  Limit the use of hoe-forwarding and other ground-based 

systems to more gentle topography. 

 

 11) Where localized adverse disturbances are experienced, remediate concurrent with logging. 

Rehabilitate disturbed areas as necessary by loosening mineral soil using the hoe-forwarder’s 

grapple. 

 

12) Plan for rehabilitation of staging and loading areas. 

Strip and stockpile forest floor and the upper 50 cm (where available) of mineral soil separately.  

After logging, de-compact trafficked areas, replace mineral soil and then forest floor.  Scatter 

additional organic matter, i.e., branches and coarser woody debris, where possible. 

 

  

4.0  CONCLUSIONS 

 

Two longer-term research trials on northern Vancouver Island (near Holberg and Woss) studying tree 

growth in relation to soil disturbance types and levels created by hoe-forwarding have provided information 

to refine soil disturbance guidelines and disturbance survey methodology. 

 

The sandy loam to loamy sand texture of the Woss soils together with a coarse fragment content of 55% 

suggest this site had a “moderate to low” hazard rating for soil compaction and puddling (BC Ministry of 

Forests 1999).  However, long-term compaction noted on the hoe-forwarding trails after 15 years and a 

reduction in 15-year volume increment in measurement trees planted on the tracks as opposed to those on 

the untrafficked control suggest these soils may be more susceptible to long-term soil compaction than the 

hazard keys indicate.  Additional particle size analysis to determine a more accurate estimate of proportion 

of sandy loam soils to loamy sands on this site would further assist in refinement of these hazard 

assessment keys.  It may be that loamy sand soils should be more accurately rated as a “moderate” risk for 

compaction and puddling.  In the interim, it is recommended that coarser textured soils be more carefully 

evaluated and that seasonal and weather constraints also be considered for sites with loamy sand soils.  In 

addition, it is recommended that undisturbed, flank and even between-track positions be utilized as planting 

locations to establish future crop trees, particularly where tracks are clearly discernable. 

 

Types of soil disturbance created by hoe-forwarding differ somewhat to disturbances created by skidder or 

cat logging systems.  Ruts created by a hoe-forwarder are generally wider and shallower where logging 

occurs under dry to moist soil conditions.  Where protective puncheon is used under the machine, the ruts 

may be indiscernible.  Through the action of lifting logs to a landing point, rather than dragging logs across 

the site, the incidence of scalping and gouging is reduced, with the exception of staging and loading areas.  

However, the use of puncheon may contribute to localized areas of compaction through compression of 

wood into the soil.  In addition, deposits of puncheon material along the tracks, in conjunction with slash 

accumulations created by renewal of puncheon as the machine advances, may contribute to reduced site 

plantability.  Puncheon impressions (where puncheon is pressed into the forest soil under the weight of the 

machine and then removed) and puncheon deposits are two disturbance types not currently noted in the soil 

disturbance survey methodology.  As these disturbances are commonly found on hoe-forwarding sites, it 

may be pertinent to include these disturbances in the survey methodology. 

 

Recommendations are suggested for logging practices with hoe-forwarders, specifically related to 

acceptable number of passes and the use of puncheon as a mean of protecting the underlying mineral soil.  

In the Holberg study (Douglas and Brown 2009a), where salal was an aggressive competitor, greater 

intensity of disturbance was found to improve tree establishment and growth to 15 years.  As always, it is 
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important to consider harvesting plans in relation to reforestation and longer-term management goals, while 

maintaining an awareness of site and soil conditions.  The overall goal should be to minimize detrimental 

soil disturbance while maintaining long-term site and soil productivity. 
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