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Introduction

If not properly performed, harvest 
operations can damage forest soils by 
compaction, rutting, erosion and nutrient 
loss. Forest harvesting equipment 
moving across a cutblock may directly or 
indirectly impact water quality and future 
tree growth. To maintain soil health 
during harvesting, field supervisors must 
know when there is a risk of damage, and 
understand how equipment operations affect the 
soil. FERIC created this guide to provide practical 
advice for field supervisors to minimize soil and 
site damage during harvesting operations.
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Importance of soil

Soil is made up of mineral particles surrounded by air space 
called pore space. This air space is important to enable roots to 
exchange gases and water to drain properly. Soils are susceptible 
to damage from equipment travel if the air space, or porosity, is 
significantly reduced causing a loss in soil structure. This damage 
can lead to reduced plant growth and limit the regeneration of 
certain species such as aspen. Forest floor or organic layer consisting of 

dead vegetation including leaf litter and 
unincorporated humus.

Roots

Mineral particles - Clay, silt and sand, plus 
larger coarse fragments, combine together to 
form aggregates that define soil structure.

Pore space (soil porosity) - Small and large 
openings created by the burrowing of small 
animals and organisms, plant roots, and the 
freeze/thaw cycle. Pore space is important 
for water infiltration, drainage and exchange 
of gases.
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Soil strength

Soil strength is determined by the capacity of soil to resist 
changes in structure and porosity. When medium- and fine-
textured soils are dry, they have a high soil strength, due in part 
to good contact between soil particles. The opposite is true when 
they are wet. Organic soils and medium- and fine-textured soils 
are most easily damaged.

Increasing soil moisture decreases soil strength. Damage due to 
soil compaction and rutting can result from repeated travel across 
low-strength soils. 

Impact of rutting on  
roots, soil and drainage

Effects of compaction on soil

Pore space 
is lost 
reducing 
drainage 
and 
exchange of 
gases.

Damages roots 
and reduces or 
prevents growth.

Soil structure is 
modified and 
destroyed, and site 
drainage can be 
blocked.Risk of rutting and compaction

Sand Sandy loam Silt loam Clay loam Silty clay Heavy clay 

Low

High

Coarse Medium to fine Fine

For moist soils the risk of rutting and compaction 
increases as soil particle size decreases  
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Have a plan to protect soils

As a supervisor or team leader, you will need to evaluate 
the risk of soil damage prior to entering the block, and 
plan operations to minimize soil damage and maintain 
natural drainage patterns:

Match equipment to site conditions. For example, 
consider cut-to-length harvesting and forwarding 
versus full-tree harvesting and skidding and the use of 
wide tires or tracks to increase flotation.

•

When there are numerous wetlands in a block, 
consider harvesting the area in the winter. Be sure 
to set aside an appropriate amount of area to make 
reentry feasible.
Walk cutblocks to identify unmapped sensitive areas.
Plan as a team. Review block maps with the 
contractor to have a clear understanding of the 
location of boundaries and sensitive areas. Ideally 
provide a plan indicating the preferred direction 
of wood flow to avoid or minimize travel through 
sensitive areas.
Ensure that contractors are trained in the recognition 
of sensitive areas and how to avoid damaging soil.
Clarify rules on modifying operations, moving or 
shutdown when conditions deteriorate.
Ensure that contractors are aware of proper stream-
crossing procedures and that temporary crossing 
structures are available.

•

•
•

•

•

•
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If crossing a wetland is unavoidable, 
choose the most favorable location and 
protect the crossing or the ground with 
debris mats or corduroy.

Choose a felling pattern 
that favors wood flow over 
the highest strength ground.

Direct wood flow around rather 
than through wetlands.

Consider the terrain and location of sensitive areas on a block 
when choosing the pattern of wood flow and the location of 
roads and landings or processing areas. 
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Choose the appropriate extraction trail pattern

Select an extraction trail pattern that is suited to the ground 
conditions and minimizes soil damage.

Use dispersed travel (skidding operations) – when a machine travels a 
different route for each trip:

When the protection of advance regeneration or mature trees 
is not required.
On well-drained, high-strength soils.
On organic soils, using low-ground pressure equipment.

Use designated trails – when machine travel is confined  
to predetermined routes/trails:

On low-strength soils protected by brush mats or corduroy.
To limit disturbance to a small area of the cutblock.
When the protection of advance regeneration and mature 
trees is a priority.

•

•
•

•
•
•
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Reduce soil damage during operations

Soil protection during operations relies on a team approach 
between machine operators, contractors and supervisors. 

Follow these recommendations to reduce the risk  
of soil damage:

Schedule harvest operations so that difficult and unfamiliar 
areas are harvested during daylight hours. Set aside easier, 
better-defined operating areas for the night shift. 
Position roads and landings to promote skidding or forwarding 
downhill. 
Whenever possible, locate landings or piling areas on flat or 
gently sloping upland terrain and on well-drained soils.
Using excavators for slash piling operations is generally less 
damaging than using bulldozers.

•

•

•

•

Ensure that skidding occurs 
soon after harvesting–
ideally within two or 
three days–before ground 
strength is reduced from 
watering up of the site.

Integration of skidding and delimbing 
minimizes the need for piling work at roadside.
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Work around wetlands

Wetlands are composed of drainage ways, seepages and organic 
pockets that are usually saturated and have low soil strength. 
When equipment is working near wetlands, consider the following 
tips to avoid soil damage and the disruption of natural drainage 
patterns:

Use skidders or forwarders with high-flotation tires or tracks, 
or bogie axles with tracks and articulated loading booms 
or swing grapples to reduce ground disturbance adjacent to 
wetlands. 
Do not locate pile sites or bunches in a wetland.
Monitor conditions constantly when operating equipment 
near wetlands and take preventive measures when ground 
strength diminishes.

•

•
•

Move equipment to higher ground if you notice 
signs of a wetland: 

Areas.with.open.pools.of.water.

Areas.dominated.by.wet-site.vegetation.
such.as.speckled.alder,.sphagnum.moss.or.
Labrador.tea.

When.there.is.water.in.machine.tracks.or.if.
equipment.is.breaking.through.the.root.mat.

•

•

•
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Plan for changing operating conditions

Rainfall can shut down operations if soils become temporarily 
saturated. Plan ahead to avoid shutdowns:

Complete a sufficient number of inblock access roads in 
advance of harvesting so that operations can be shifted to a 
dryer block if weather conditions reduce soil strength.
Operate when conditions are favorable. When possible, schedule 
maintenance and vacation when rainfall forces a shutdown.
Be aware of changing conditions and ensure that all operators 
understand the local rules for shutdown or modify operations 
accordingly to prevent soil damage.

•

•

•

Wet 

Moist 

Dry

When conditions are 
dry, favor operations on 
more sensitive fine-
textured soils or wet 
areas that dry out.

Move to higher or 
better-drained ground 
when significant rainfall 
occurs until soils 
recover.

Low soil strength:
High risk of rutting and/or
compaction

Low to medium soil
strength:
Some risk of compaction

High soil strength:
Low risk of compaction

Check soil wetness using a  
simple hand consistency test

Transpiration from 
uncut trees will 
speed drying time 
on lowlands and 
prevent watering 
up of the site 
which reduces soil 
strength.
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Ensure that sensitive ground is frozen in the winter

Check if low-strength ground is sufficiently frozen to offer 
protection from machine traffic.

Expect insufficient frost depths when:
Frost depths are not adequate prior to significant snowfall.
Soils are dry because freezing may not occur.
Temperatures rise above the freezing point because thawing of 
previously frozen ground may occur.
On a lower slope position or on a wetter site.

•
•
•

•

Depth of frost required for protection
Soil type Compaction Rutting

Mineral > 15 cm 7 – 15 cm

Organic 50 cm if wet
70 cm if dry

0°C

Promote frost penetration by packing 
or blading the snow in advance of 
additional traffic. Allow sufficient time 
(typically, at least overnight) for frost 
penetration.
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Post-harvest stabilization

As harvest activity winds down, take steps to rehabilitate or 
stabilize areas of exposed or disturbed soil:

Decommission constructed trails on slopes by installing water 
bars or diversion ditches at appropriate intervals.
Stabilize exposed mineral soil by using locally approved 
methods such as spreading woody debris, hay or erosion-
control seed mixes.
Revisit post-harvest areas to ensure that drainage structures 
are functional and that revegetation/stabilization efforts have 
been successful.

•

•

•

Use water bars 
and debris on 
extraction trails to 
reduce channeling 
of runoff water.

Smooth out ruts on slopes to 
prevent channeling of water. 

Decommission 
stream crossings 
with seeded 
stream banks. 
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Mechanical site preparation

The potential for soil damage during site preparation lies 
primarily with rut formation caused by wheels or tracks of the 
prime mover. Follow these precautions to avoid soil damage:

Schedule mechanical site preparation treatments when ground 
strength is sufficient to allow equipment passage without rut 
formation.
When conditions are dry, favor operations on more sensitive 
fine-textured soils or wet areas that have dried out. 
Save coarse-textured, well-drained soils for later, when 
operating conditions may deteriorate.
Avoid treating localized wet areas that are easily rutted.
Orient continuous furrow treatments along slope contours and 
parallel to streams or wetlands to avoid channeling of surface 
runoff.

•

•

•

•
•

Use wide tires, tracks or chains to 
increase flotation and avoid slip.
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