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abstract: Forest harvesting causes considerable damages to the forest soil and stands. 
To evaluate the harvesting systems it is necessary to study their environmental impacts. This 
case study was carried out in a mixed broad leave forest area which harvested by cable wheeled 
skidder and mule logging. The soil porosity and soil stress was measured for both skidding 
systems in two skid trails with the same length and same harvesting volume of 100 m3 in two 
neighbor compartments. The soil samples were collected using standard cylinder method from 
two depths; 0-10 cm and 10-20 cm. The results showed that skidding operation will reduce the 
porosity of the soil compare to undisturbed area. The porosity of the mule trail was higher 
that skidder operating trail. The relation between the porosity of the soil samples and their 
compaction rate showed the higher the porosity the less the soil compaction. The soil stress 
caused by mules was higher than by skidder. 
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introduction

Logging operations cause several damages to standing trees, regeneration 
and forest soils. Using logging equipments will change the physical soil 
characteristics such as structure, porosity, density, grading, ventilation, water 
preservation, penetration and the ability for water flow (Naghdi, 2004). To 
minimize the negative effects of the logging equipment on the soil and forest 
stands, it is necessary to select the suitable harvesting technology and the 
operation time (Modry, Hubney, 2003).

The damages to the soil due to logging operation have been studied 
in the past years. Adams, Froehlich (1981) reported that the soil stress for 
horse, human and tractor are 1.81, 0.44 and 0.73 kg/cm2 respectively. Butt 
(1987) indicated that the soil dry density increased due to soil compaction 
during skidding operation. The increment rates were 52% in the depth from 
0 to 10 cm and 34% for the depth from 10 to 20 cm respectively. Block 
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et al. (2002) reported that harvesting operation in winter led to increase 
the soil density up to 8-11% for the depth 0-20 cm. Harvesting in summer 
time increased the soil density up to 7-15% in the depth of 10 cm in boreal 
forests. Eric (2006) studied the soil compaction in three depths of 5, 10 and 
20 cm for skidding operation. He reported the soil dry density after first and 
third traction increased 12.5% and 19% respectively.

Skidding operation in Fir plantation of Turkey led to decrease the 
seedling density, soil porosity and humidity. The soil compaction increased 
the soil density (Makeinci et al. 2006). The other study in oak stands of 
Istanbul showed that the soil density in the skid trail was higher than 
undisturbed area in two depths of 0-5 cm and 5-10 cm (Demir et al. 2007).

Lotfalian et al. (1996) reported that the soil compaction depends on 
the number of traffic (working cycles) for skidding operation in Northern 
Iran. Naghdi (2004) documented a soil compaction rate from 14.3% to 
56.8% for skidding operations in Iran. 

Soil damage caused by animal logging has also been studied. Toms 
et al. (1996) indicated that the soil disturbance in mule skid trails is very 
low. In Alabama only 5 cm of the soil was disturbed and the maximum 
soil compaction occurred at the loading phase in mule logging operation. 
Ghaffariyan (2003) studied the mule logging in Iran. In this case study, 
soil disturbance was observed on 5.72% of the harvesting area, and the 
soil compaction in the studied skid trail increased by 14.14%. This study 
compares the changes caused by skidder and mule logging on soil porosity 
in the same operation site. Also the disturbed sites due to soil compaction 
in both skidding systems are compared. 

materialS and methodS

Study area
The study area was located at the nine district 9 of Shafaroud Forest 

Factory in Northern forests of Iran. Two compartments of this district were 
chosen for this project (Table 1). The harvesting system (Fig. 1) consists of 
following components: felling, delimbing and bucking with chainsaw, skidding 
with cable wheeled or tracked skidder, loading with grapple hydraulic loader 
and transportation with log truck. The logs in skidding system were skidded 
from the stand to the road side within the skid trails. For mule logging, the 
trees were processed to small lumber and pulpwood using chain saw. Then 
the small woods were loaded on the saddle of mules to be hauled to the 
landings at the road sides.

To compare the porosity and soil stress and disturbed sites, firstly the 
soil texture for both mule and skidder logging was determined based on the 
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hydrometric test. This test showed that for both skidding trail the soil texture 
was Loam-Silt. In each compartment, one skid trail was chosen with the 
minimum length of 200 m and average longitudinal slope of 24%. The cross 
slope of both trails were zero. Both skidding trail was used to extract the 
same logging 100 m3. Near to these trails another trail as control trail was 
marked in the stand. 

table 1 
Site specification of the study area

Compartment No. 923 927
Area (ha) 94 95
Elevation a. s. l. (m) 1250 1300
Slope (%) 30 60
Stand type Fagetum Fagetum
Stock volume (m3/ha) 444 418
Average load volume (m3) 2.78 0.22

Skidding equipment Mule Cable wheeled skidder 
(power: 177 hp)

Skid trail length (m) 1000 1800
Average skidding distance (m) 500 900

 MillStand Landing at road side

Felling, debranching 
and bucking 

Chainsaw

Skidding
Cable 

wheeled 
skidder

Transportation

Log truck

Loading
Grapple hydraulic 

loader

fig. 1. Cut to length harvesting system in study area
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In each trail, 10 soil samples were collected using standard cylinder 
(diameter 5 cm and height 10 cm) in two depths (0-10 cm and 10-20 cm) 
(Williamson, Nielson, 2000).  Therefore total of 80 samples were taken for 
measuring soil bulk density. The formula below was used for measuring wet 
bulk density:

v
w

w       (1)

γw = wet bulk density (g/cm3);
w = sample weight (g);
v = cylinder volume (cm3).
To determine dry bulk density, 100 g of soil sample was used to 

measure the soil moisture content. Based on formula (2) the dry bulk density 
of the samples is determined.

%1
w

d  (g/cm3)     (2)

γd = dry bulk density (g/cm3);
γw = wet bulk density (g/cm3); 
ώ% = percentage of moisture content.

To determine soil physical properties, 80 samples were taken at 20 m 
interval from sample locations and control. The boreholes were 20 cm depth 
and 30 cm diameter.

To evaluate the soil stress (p), the weight of the mule (wm), the 
weight of skidder (ws) and load weight (ww) were measured.  The stress was 
computed based on the formulation 3 and 4.
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Where ps and As are the stress and the area of each wheel of the 
skidder contacted to the soil respectively.
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Where pm and Am are the stress and the area of each hoof of the mules 
respectively.

To calculate the porosity, firstly looseness was computed using the 
formula 5. Then the porosity can be by formula 6 evaluated.

1
d

wsGe
 
(5)

 
100

1 e
en  (6)

Where 
e: лooseness;
Gs: soil density (g/cm3);
γd: dry soil density (g/cm3);
γw: water density (g/cm3);
n: пorosity (%).

To compare the result the Analysis of Variance test was used using 
SPSS 12. For mule and skidder operation sites, the disturbed area due to 
wood extraction was surveyed and the area was derived. The disturbed area 
was divided to the compartment area to see the percentage of disturbed area 
to extract 100 cubic meters for both logging systems.

fig. 2. Percentage of the soil porosity for skidder, mule and undisturbed trails

Mule SkidderUndisturbed site
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reSultS

Based on Fig. 2, the percentage of porosity of the witness trail (with 
no traffic and compaction) is higher than the mule and skidder trail. The 
porosity of the skidder trail is less than animal trail. 

The average porosity for mule, skidder and undisturbed trail were 
52.13%, 45.39% and 67.47% respectively. The porosity decreased 22.75% 
for mule and 32.73% for skidder trail due to extraction operation. Table 
3 presents the descriptive statistics for the porosity in mule, skidder and 
undisturbed trails.

table 3
Descriptive statistics for recorded soil porosity (%)

n mean Std.  
deviation

Std.  
error

95% confidence 
interval for mean

min. max.
lower 
bound

upper 
bound

Mule 10 71.01 0.85 0.27 70.4 71.62 69.71 72.85
Skidder 10 69.74 0.92 0.29 69.08 70.40 68.00 70.72
Undisturbed 10 71.88 0.44 0.14 71.57 72.19 71.23 72.25
Total 30 70.87 1.16 0.21 70.44 71.31 68.00 72.85

The recorded soil porosity data were tested using Anderson-Darling 
test to see whether they are normal or not in Minitab statistical software. 
Based on the P values of Fig. 3, 4 and 5, the data for skidder and mule 
trail is normal but for undisturbed site the data is not normally distributed. 
Therefore the Mann-Whitney test was used to compare three groups. The 
results showed that the porosity of undisturbed area is significantly higher than 
skidder and mule trails. Also the Mann-Whitney test confirmed significant 
higher soil porosity for mule logging than skidder. 

Fig. 6 presents the relation between soil compaction and soil porosity 
for both skidder and animal trails in the depth of 0-20 cm. This figure shows 
that the higher the soil compaction the less the soil porosity and vice versa.

The compaction rate at the depth of 0-20 cm was not significantly 
different for both animal and skidder logging. The stress on the soil for 
skidder and mule logging was 98 and 173 kpa respectively. The soil stress 
due to skidder is less than mule logging for this case study. Table 4 presents 
the information regarding to disturbed sites in loading sites, skidding trails 
and landing area for both logging systems.
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diScuSSion

According to Fig. 4, the porosity has been decreased in both skidder 
and mule trails. The porosity of skidder trail was decreased more than mule 
trail. This can be interpreted that skidder compact both depth 0-10 cm and 

fig. 3. Normal distribution for soil porosity of skidder trail

fig. 4. Normal distribution for soil porosity data of mule trail
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10-20 cm although the mules mostly compact top layer of the soil. Burger 
et al. (1985) indicated that forest machine traffic has significant influence 
on soil porosity. Increasing the compaction will decrease the porosity. Wang 
(1997) also reported that the porosity due to logging operation for animal 
and skidder averaged at 68% and 64.2% respectively.

fig. 5. Non-normal distribution for soil porosity of undisturbed trail

fig. 6. Relation between compaction rate (%) and porosity (%) for skidder and mule trail
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Regarding to disturbed area, Ghaffariyan (2003) reported that 5.72% 
of the compartment was disturbed due to processing and loading sites, 
landing site, skid trail of the mules in Northern Iran. Lockaby, Vidrine (1984) 
reported that 11% of the area was disturbed due to cut to length logging 
system in Louisiana. The disturbed sites for mule and skidder logging in this 
case study were 1.83% and 4.58% of the logging compartment respectively. 
Unlike the Ghaffariyan’s study (2003) where the disturbed area of whole 
harvested compartment was measured, in our case study the disturbed area 
for extracting 100 m3 by mule and skidder was surveyed. This can clarify the 
difference of the results.

The results showed that soil stress for mule is more than skidder in 
this case study. This result is the same to what Adams, Froehlich (1981) 
presented. For their case study, the soil stress was 181 and 73 kpa for horse 
and tractor respectively. Lull (1959) indicated that the stress on the soil for 
the static animals is about 168 kpa. When the animals move over the soil, 
this stress will increase two to four times.

concluSionS

This study compared the soil stress and soil porosity change due to two 
skidding systems in a similar area. The results showed that the mule logging 
has more stress on the soil than the skidder logging. The skidder traffic led 
to have higher soil compaction and lower soil porosity. For this case study 
skidder disturbed larger area than mules to extract the same wood volume. 

This information could be used as basic information by forest engineers 
to compare both systems and choose the best one in a specific logging area 
using multiple criteria evaluation. 

table 4 
Disturbed sites for mule and skidder logging

disturbed location

mule Skidder

area (m2) percentage of 
compartment area (m2) percentage of 

compartment

Loading/Processing sites 12000 1.30 25800 3.00%
Skid trails 1068 0.11 6438 0.76%
Landings 4000 0.42 7000 0.82%
Total 17 068 1.83 39238 4.58%
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( р е з ю м е )

Сечите в горите причиняват значителни повреди на  на горските 
почви и насаждения. За да се оценят различните методи на сеч в горите 
е необходимо да се се изследва тяхното влияние върху околната среда. 
Това изследване е проведено в смесена широколистна гора с въжена 
линия и животинска тяга. Измерени са почвената порьозност и 
стрес за двете системи при еднаква дължина и еднакъв обем добив 
в два съседни отдела. Почвените проби са събирани по стандартен 
цилиндров метод от две дълбочини – 0-10 cm и  10-20 cm. Резултатите 
показват намаляване на порьозността в областите на добивните 
операции по сравнение с незасегнатите площи. Порьозността при 
използване на животинска тяга беше по-висока от тази при въжената 
линия. При по-висока порьозност на почвените проби плътността е 
по-малка. Почвеният стрес, причинен от животинската тяга беше 
по-висок от този при въжената линия.

ключови думи: въжена линия, животинска тяга, почвена 
порьозност, почвена плътност
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