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Introduction

The impact on soil of forest operations is an important issue, and it has 
been a research field since the 1950s– focused on mitigation and 

recovery practices.

Soil plays a key role in forest ecosystems and its conservation require an 
assessment of the impacts caused by forest operation and the 

development of new solution for its mitigation.
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IntroductionThe SKIDDFORW Project

Determination of the impacts of logging on the soil using SKIDDer and FORWarder:
development of new methodologies and comparison between the two systems.

• To assess the impacts.
• To compare the productivity of mechanized methods with traditional tractor-based methods

(winch).
• To define a series of guidelines for the operators to chose the most efficient and less impacting

utilization system in relation to:
 characteristics of the station;
 type of intervention;
 work organization;
 infrastructure and equipment available.

A reference to integrate regional forest regulations and to define training
programs for forest operators.



Introduction

-Traditional methods: based on soil samples analysis - manual 
instruments (soil profile or physical parameters)

- New methods: laser scanning or photogrammetry (3D soil 
reconstruction)
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IntroductionStudy sites
• The soil disturbance extent and severity, are

related to the condition of the soil/harvesting
system.

• Soil compaction, displacement, and rut
formation.

• Information on the effects of logging on the
medium and long term period are still
missing.

• In the Mediterranean forests
the use of modern and heavy
harvesting vehicles, like skidder
and forwarder, still lacks of field
data.

• Soil degradation was evaluated
on three sites located in Central
Italy.



IntroductionStudy sites

Study 1

Study 2

Study 3

1 - Immediate and long-term (5
years) impacts (BD)
• Tracked and wheeled tractors
• Two soil moisture conditions

2 - One year evolution analysis of
soil compaction at different depths
(PR)
• skidding and forwarding

(TR+WINCH/TR+TRAILER)

3 - Three years evolution analysis of
the impacts (BD)
• skidder and forwarder
• salvage harvesting of trees after a

storm



IntroductionStudy 1

Immediate and long-term
(5 years) impacts on a loam
textured soil in a mixed
conifer stand of central Italy,
considering:

• two types of vehicles
(tracked and wheeled
tractors)

• two soil moisture
conditions (dry and
moist, 13 and 24% of
water content).



IntroductionStudy 1

Citation: Cambi M, Certini G, Fabiano F, Foderi C, Laschi A, Picchio R (2015). Impact of wheeled and 
tracked tractors on soil physical properties in a mixed conifer stand. iForest 9: 89-94. – doi: 
10.3832/ifor1382-008 [online 2015-05-22]



IntroductionStudy 1

• At (t0) the post-harvest soil showed clear signs of compaction.
• The wheeled tractor on moist soil had the highest impact on soil in terms

of BD increase.

• Considering soil conditions and vehicle type, a time span of 5 years
was enough for soil to recover from compaction.



Study 2



IntroductionStudy 2

• One year evolution analysis of soil compaction

• At different depths produced

• 2 different harvesting systems (skidding and forwarding)

• Ring circuit uphill – flat – downhill (20 % slope – 10 passages)

• To harvest the same wood volume we estimated a number of 10 and 45

passages through forwarding and skidding, respectively.
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IntroductionStudy 2

• At (t0) the site with forwarding harvesting system showed a higher

penetration resistance through the whole soil depth investigated (30 cm).

• Skidding had the highest impact, but confined to the first 8 cm of soil.

• After one year, none of the two soils recovered completely.

• The site harvested by skidding started to recover more quickly.



IntroductionStudy 3

Three years evolution analysis of the impacts of two types of vehicles (skidder

and forwarder) on soil compaction in a silver fir stand of Central Italy during

salvage harvesting of trees after a storm.

March 5, 2015  windthrow caused by the 
storm

Autumn, 2015  salvage logging (uphill) 
operations were carried out in the stand
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 20 m long; Slope 20-25%
 Skidder (John Deere 548H)
 Forwarder (John Deere JD1110 D)

10 days of logging 
operations 

Trails



Legend
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Tracks

Trails
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Results

Control 0.81 ± 0.07 a 66.28 ± 6.55 a 68.02 ± 2.54 a 0.35 ± 0.43 a

Forwarder 1.71 ± 0.25 b 35.88 ± 9.44 b 77.80 ± 7.93 b 0.45 ± 0.35 b

Skidder 1.05 ± 0.18 c 60.54 ± 6.62 c 72.33 ± 8.23 c 0.41 ± 0.5 c

Trails Bulk density
(gcm-3)

Soil Porosity
(%)

Shear 
Resistance

(kPa

Penetration 
Resistance

(MPa)

FORWARDER

Bulk density + 111 %

Shear resistance + 14 %

Penetration resistance + 29%

SKIDDER

Bulk density + 30 %

Shear resistance + 6 %

Penetration resistance + 17 %

Study 3



Conclusion 

Physical parameters showed a clear difference between before 
and after passes

Soil relocation along the 
skid trial in skidding

Different effects of 
forwarding and 

skidding

Higher compaction and 
depth of ruts in forwarding

Study 3



IntroductionStudy 3

• Both skidder and forwarder caused an high soil compaction.
• In particular, the forwarder doubled the BD.

• Year after year, soil showed a recovery trend.
• After three years only the soil compacted by skidder was almost completely

recovered, while the site trafficked by forwarder was still far from the complete
recovery.

Citation: Cambi M, Giannetti F,
Bottalico F, Travaglini D, Nordfjell
T, Chirici G, Marchi E (2018).
Estimating machine impact on strip
roads via close-range
photogrammetry and soil
parameters: a case study in central
Italy. iForest 11: 148-154. – doi:
10.3832/ifor2590-010
[online 2018-02-07]



IntroductionConclusions

• The restoring time of extraction tracks is related to the previous soil

compaction level.

• Forwarding wood extraction system has the higher and deeper impact on

soil in terms of compaction (BD) compared to skidding.

• Skidding requires less time for soil to recover – but more passages to

harvest the same wood volume.

• The effects of logging are still apparent after a long period - this

suggests that the use of previous tracks must be encouraged to avoid

the extension of soil disturbances.
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