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Logging always leads to a wide range of disturbing 
effects on the forest ecosystem. Soil surface distur-
bance, changes in chemical and physical properties 
of soil and damage to natural regeneration and tree 
stand are the main effects of logging operations 
and wood extraction on soil and forest stand. Using 
skidding machinery in logging operations causes 
destructive effects on soil.

Soil compaction is the first consequence arising 
from skidder traffic because due to the weight of 
the machine with load, engine vibrations and wheel 
slip the soil in skid trails will be compacted. There-
fore water and air infiltration decreases and runoff 
increases (Pinard et al. 2000; Grigal 2000; Defos-
sez, Richard 2002; Buckley et al. 2003; Hamza, 
Anderson 2005).

Skidder traffic on the forest soil bed along skid 
trails leads to rutting and soil displacement because 
skid trails lack the superstructure (Mac Donald et 
al. 2001; Trautner, Arvidsson 2003; Eliasson 
2005). Since the soil in skid trails is displaced and 
disturbed due to traffic, soil erosion along skid trails 
is noticeably higher than in control areas.

Arvidsson et al. (2001) showed that the amount 
of soil vertical displacement caused by the heavy 
traffic of machinery in sandy loam and clay soils 
was between 50 and 70 cm in different soil moisture 
content conditions.

Effective indices in designing skid trails such as 
longitudinal slope, soil moisture content, depth and 
texture, as well as effective factors of wood extraction 
such as load volume, weight and shape and number 
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of skidder passes are the most important effective 
factors of soil disturbance in skid trails. Soil displace-
ment consists in the physical movement of soil mate-
rials resulting from skidder traffic (Moore, Burch 
1994). In this regard the type of skidding method 
(in ground skidding system), slope, aspect and soil 
physical properties are the main factors affecting soil 
displacement (Rapp et al. 2001; Williamson, Neil-
son 2003). Rutting is defined as a created groove of 
at least 5 cm depth caused by skidding machinery 
wheels and logs. In other words the rut is the trace of 
machinery wheels or logs that usually occurs under 
high soil moisture content conditions (Quesnal, 
Curran 2000; Mac Donald et al. 2001). Rutting is 
the beginning of soil compaction or in other words it 
occurs concurrently with compaction, which causes 
the drainage to fail and after rainfall water flows 
along the rut, the runoff rate will increase and finally 
it causes soil erosion. Rutting will also damage the 
soil structure and the root development of residual 
trees will be affected (Rapp et al. 2001). 

Eliasson (2005) studied compaction effects on 
rut depth and dry bulk density of soil and showed 
that after five passes of a skidder the rut depth had 
reached 9.2 cm (with tire pressure of 600 kPa). 
Nugent et al. (2003) studied soil disturbance due 
to the traffic of skidding machinery in sensitive 
forest areas of Ireland. They showed that there was 
a significant difference between the rut depth and 
machine traffic rate and that the rut depth ranged 
between 7.8 and 15.3 cm. The phenomenon of rut-
ting and its expansion rate were more severe mainly 
in fine grained soils, in a way that by continuous 
rainfall and increasing machinery traffic the rut 
depth increased and changed into gully (Quesnal, 
Curran 2000). 

Lotfalian (1996) carried out a study of skidding 
effect by TAF E655 rubber wheeled skidder on two 
types of soil in Kheiroud Kenar forest of Noshahr, 
northern Iran. This is one of the few studies that 
have been conducted to assess damage arising from 
skidding machinery traffic to the soils of northern 
forests of Iran. He measured the rate of lateral pro-
file changes during wood extraction along the skid 
trail and showed that most changes occurred along 
the curves and steep slopes of skid trail. By measur-
ing the amount of soil compaction in sample loca-
tions of skid trails he also showed that maximum 
soil compaction occurred after 21 passes. 

Naghdi (2004) studied damage caused by tree 
length and cut to length logging methods to skid 
trails in Neka forests in Mazandaran. The maxi-
mum soil compaction caused by Timber Jack 450C 
wheeled skidder occurred after 18 to 20 passes.

During research carried out by Solgi (2007) in the 
Amreh forest of Mazandaran, soil disturbances in the 
skid trail caused by HSM 904 skidder were measured. 
In this research by comparing the mean rut depth of 
soil in different slopes, it was concluded that the rut 
depth was significantly higher on a skid trail with the 
longitudinal slope of more than 20%. By measuring 
the amount of soil dry bulk density in sample loca-
tions of skid trail, it was also concluded that by in-
creasing the traffic of a skidder from 14 to 20 passes, 
soil bulk density changes were insignificant.

Naghdi et al. (2007) showed that the soil bulk 
density increase compared to the control caused by 
different rates of traffic of Timber Jack 450C skidder 
along skid trails was between 15.8% and 62.6%. The 
study that was carried out along the skid trail with 
clay soil showed that there was no significant differ-
ence in the soil bulk density increase between two 
types of soil (clay soil with high liquid limit and clay 
soil with low liquid limit). At present the ground 
skidding system and winched skidding machinery 
are the only mechanized method of wood extraction 
equipments in northern forests of Iran. An increase 
in the efficiency of ground skidding system depends 
upon the prevention of soil damage and therefore 
soil erosion will be controlled. The soil is one of the 
main components of forest ecosystem and without it 
other sources of forest will be lost in time.

In this research the destructive effect of wheeled 
skidder in skidding trails on different slope classes 
and soil textures are studied. With respect to this, the 
amount of soil displacement and rut depth at sample 
locations are measured.

MATERIALS AND METHODS

This research was carried out in compartment 40  
of the second district of Nav-Asalem forest in 
northern Iran, at the altitude ranging from 1,050 to 
1,450 m a.s.l. and with average annual precipitation of 
1,100 mm. The area is located between 48°44'36''and 
48°49'58'' of longitude, and 37°37'23''and 37°42'31''of 
latitude.

Asalem forest is one of the best forest stands in 
northern Iran, which plays an important role in 
national wood production. At present a ground 
skidding system is the only mechanized method of 
harvesting used in these forests. The use of ground 
skidding system and construction of skid trails for 
wood extraction have made these regions one of the 
most vulnerable areas for forest soil damage and 
erosion.

The forest was uneven-aged and its type was Fa-
gus-carpinetum and the area of the compartment 
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was 41 hectares, the dominant slope of the compart-
ment was 20–60% and the dominant aspect of the 
compartment was north. The silvicultural method 
carried out in the study region was a single selec-
tion method. The total volume of production was 
650 m3 and wood extraction was carried out from 
stump area to roadside landing by the ground-based 
skidding system in the shape of tree length and short 
and long logs. The skidding direction along the skid 
trail was downward. The parent material is calcerous 
and the type of soil is leached brown forest soil. The 
skidder type used in this study was 450C Timber 
Jack cable skidder, model 6BTA5.9 with 177 hp and 
10,257 kg weight.

at 3 locations (with 5m interval from each other) and 
along the perpendicular to the skid trail, sampling 
was carried out (Fig. 1). Then a nylon string was 
attached on two sides of the skid trail and vertical 
height (distance) of the string to the surface of the 
trail was measured in a 50cm interval along the 
string (Fig. 2). In this study soil disturbance (rutting 
and displaced soil volume) measurement was car-
ried out after 20 passes of the skidder in different 
slope classes along the skid trail. In studies carried 
out by researchers on soil damage caused by Timber 
Jack 450C skidder in northern forests of Iran, it was 
reported that maximum compaction occurred after 
20 passes (Lotfalian 1996; Naghdi 2004).

In each predetermined sample plot, the amount of 
displaced soil and ruts were measured using the lat-
eral profile of the skid trail. With regard to this, ruts 
of more than 5 cm depth and minimally 2 m length 
are regarded as soil damage (Quesnal, Curran 
2000; Nugent et al. 2003). 

In each rut the depth of the rut was measured at 
25 mm intervals and an average figure was obtained 
(Fig. 2).

In order to determine the soil texture in each 
sample plot, a soil sample was taken adjacent to the 
central lateral profile (Fig. 1). First litter was removed 
from the soil surface and then by digging a pit, ap-
proximately 1 kg soil was sampled. After coding, the 
soil samples were sent to a laboratory and the soil 
texture was determined by a hydrometric method.

Analysis of variance and Touché test (Zar 1999) 
were used to estimate different amounts of displaced 
soil volume in each slope class. Pearson test was 
used to investigate the relationship between the 
longitudinal slopes, volume of displaced soil and 
mean rut depth. In the above method with the use 
of SPSS software correlations between the volume 
of displaced soil and mean rut depth were analyzed 
in different slope classes. Pearson test was also used 
to calculate correlations between these two variables 
(volume of displaced soil and mean rut depth) and 
soil texture. For this purpose all soil samples were 

    A: Horizontal distance                                  B: Vertical distance

Scale line

Fig. 2. Lateral profile in each plot
20 m20 m

Fig. 1. A sample plot of the study area

Precise field work assessment was carried out 
in the studied compartment. A skid trail of 750 m 
length was chosen with downward skidding. An 
effort was made to choose a skid trail with different 
range of longitudinal slope classes and without any 
lateral slope. After the skid trail levelling and draw-
ing the longitudinal profile of the trail and with re-
gard to a maximum slope of 36%, three slope classes 
were considered (0–15, 15–25 and more than 25%).

In each slope class, 6 repetitions along the skid 
trail were selected and studied. In order to assess 
the state of soil damage with regard to sample plot 
size and width of the skid trail (Laflen et al. 1991), 
sample plots of 4 × 20 m dimensions were consid-
ered. Consecutively to determine the volume of the 
soil disturbed by skidder traffic, in each sample plot 
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coded with regard to the soil texture, then the vol-
ume of displaced soil in each code was tested with 
each other.

RESULTS AND DISCUSSION

The results of this research showed that by in-
creasing the longitudinal slope of the skid trail, the 
displaced soil volume increases. The sample plots 
with more than 25% longitudinal slope and average 
volume of 5.2 m3 of displaced soil show maximum 
disturbance (Fig. 3).

The results of ANOVA between three longitudi-
nal slope classes and displaced soil volume showed 
a significant difference (F = 66.4, df 217, P < 0.001). 
The correlation between the longitudinal slope with 
displaced soil volume and rut depth was estimated 
and the results showed a significant correlation be-
tween longitudinal slopes with displaced soil volume 
(r = 0.947, n = 18, P < 0.05), while there was no cor-
relation between longitudinal slope and rut depth 
(r = –0.102, n = 18, P > 0.05) (Fig. 4).

Soil texture testing of samples in the laboratory 
determined four types of soil: loam, clay loam, sandy 

loam and sandy clay loam. The soil moisture content 
was from 18 to 22%. The results of this study showed 
the maximum volume of displaced soil in slope class 2 
(15–25%) in sandy loam soil (Fig. 5). There was no sig-
nificant correlation between the mean rut depth and 
soil texture (r = –0.194, n = 18, P > 0.05). No correlation 
was observed between the volume of displaced soil and 
the type of soil texture (r = 0.19, n = 18, P > 0.05).

In this study, the relationship between two inde-
pendent variables, longitudinal slope and soil tex-
ture, was investigated on two dependent variables, 
the volume of displaced soil and mean rut depth, 
after 20 passes of Timber Jack 450C skidder along 
the skid trail.

The analysis of variance of the above-mentioned 
components showed that with an increase in the lon-
gitudinal slope of skid trail, the volume of displaced 
soil will increase, which is consistent with the results 
from Solgi’s research (2007) on an increase in the 
amount of soil vertical displacement with an increase 
in the slope of skid trail. However, Larson et al. 
(1983) and Arvidsson et al. (2001) analyzed the 
amount of soil displacement in relation to a change 
in soil moisture content, soil texture and traffic rate 
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along skid trails, but this present study showed that 
the longitudinal slope of skid trail can play an impor-
tant role in the amount of soil displaced.

Based on the results from this research, there was 
no significant difference between the mean rut depth 
and different slope classes along the skid trail and the 
deepest rut depth of 22 cm occurred in slope class 3 
(more than 25%) with 21% average soil moisture con-
tent. In this regard the maximum measured rut depth 
was 37 cm during skidding by HSM 904 skidder with 
the soil moisture content of 40% (Solgi 2007). In 
their study McCurdy et al. (2004) concluded that 
logging caused soil rutting and this was due to the 
high soil moisture content at the time of logging. 
Soane (1990) and Raper (2005) also concluded 
that fine grained soils with high moisture content 
are more susceptible to rutting and soil rutting oc-
curs when the soil is vulnerable to compaction. With 
regard to this high moisture content the soil strength 
of fine grained soils decreases and therefore the soil 
is more vulnerable to compaction.

This research showed that there was no significant 
difference between the soil texture and volume of 
displaced soil and rut depth along the skid trail. The 
results also showed that the volume of displaced soil 
in sandy loam soil was higher than in loam and clay 
loam soils, but the difference was not significant. In 
this regard Arvidsson et al. (2001) illustrated in a 
research that the amount of soil displacement caused 
by the traffic of skidding machinery in sandy soils 
was higher than in clay loam soils.

CONCLUSIONS

In the mechanized logging system in northern forests 
of Iran, logs are extracted by cable wheeled skidders. 
The different types of used skidders cause damage to 
forest soil and stand. So it is necessary to use machines 
that are compatible with conditions of northern forests 

of Iran and cause less damage. Results from this study 
showed that the slope is an effective factor on the 
amount of soil disturbance along skid trails. The high-
est soil disturbance and displacement occur in slope 
class 3 (more than 25%). So precise planning of skid 
trails before skidding operations is one of the effective 
solutions in order to decrease damage resulting from 
skidding machinery operations. In this regard, limiting 
skid trails to a longitudinal slope of less than 25% and 
planning skid trails in areas with low slope should be 
considered. Another way of decreasing damage is that 
skidding operations be postponed to the time when the 
soil has a low moisture content.

Appropriate and precise scheduling of skidding 
operations in order to minimize damage to soil re-
quires the knowledge of soil and terrain conditions 
and machine characteristics. So it is necessary to 
know the relationship between forest soils and their 
susceptibility to damage arising from skidding ma-
chinery operations.

Determining and decreasing soil damage is a nec-
essary part of sustainable management strategies. 
Thus by assessing the skid trail network in forest 
management plans of northern Iran problems and 
deficiencies can be removed by providing appropri-
ate solutions to prevent more soil disturbance.

R e f e r e n c e s

ARVIDSSON J., TRAUTNER A., VAN DEN AKKER J.J.H., 
SCHJONNING P., 2001. Subsoil compaction caused by 
heavy sugar-beet harvesters in southern Sweden II. Soil 
displacement during wheeling and model computations of 
compaction. Soil and Tillage Research, 60: 79–89.

BUCKLEY D.S., CROW T.R., NAUERTZ E.A., SCHULZ 
K.E., 2003. Influence of skid trails and haul roads on under 
story plant richness and composition in managed forest 
landscapes in Upper Michigan, USA. Forest Ecology and 
Management, 175: 509–520.

Fig. 5. Mean displaced soil volume con-
cerned with soil texture in longitudinal 
slope 15–25%

3.9 3.7 3.5

2.9

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

sa
nd

y
lo

am cl
ay

lo
am

lo
am

sa
nd

y
cl

ay
lo

am

Soil texture

M
ea

n 
di

sp
la

ce
d 

so
il 

vo
lu

m
e 

(m
3 )

Sa
nd

y 
lo

am C
la

y 
lo

am

Lo
am

Sa
nd

y 
cl

ay
 

lo
am



182	 J. FOR. SCI., 55, 2009 (4): 177–183

DEFOSSEZ P., RICHARD G., 2002. Models of soil compac-
tion due to traffic and their evaluation. Soil and Tillage 
Research, 67: 41–64.

ELIASSON L., 2005. Effect of forwarder tire pressure on 
rut formation and soil compaction. Silva Fennica, 39: 
549–557.

GRIGAL D.F., 2000. Effects of extensive forest management 
on soil productivity. Forest Ecology and Management, 138: 
167–185.

HAMZA M.A., ANDERSON W.K., 2005. Soil compaction in 
cropping systems. A review of the nature, causes and pos-
sible solutions. Soil and Tillage Research, 82: 121–145.

LAFLEN J.M., ELLIOT W.J., SIMANTON J.R., HOLZHEY C.
S., KOHL K.D., 1991. WEPP soil erodibility experiments 
for rangeland and cropland soils. Journal of Soil and Water 
Conservation, 46: 39–44.

LARSON W.E., PIERCE F.J., DOWDY R.H., 1983. The threat 
of soil erosion to long-term crop production. Science, 219: 
458–465.

LOTFALIAN M., 1996. Skidding effect by TAF E655 rubber 
wheeled skidder on soil compaction in Kheiroud Kenar for-
est of Noshahr, northern Iran. [MSc. Thesis.] Noor, Tarbiat 
Modares University: 114.

Mac DONALD L.H., SAMPSON R.W., ANDERSON D.M., 
2001. Runoff and road erosion at the plot and road segment 
scales, ST John, US Virgin Islands. Earth Surface Process 
Landforms, 26: 251–272.

McCURDY D., STEWART B., NEILY P., QUIGLEY E., KEYS 
K., 2004. Post harvest soil disturbance and permanent 
structure survey. Ecosystem Management Group Forest 
Management Planning, Nova Scotia Department of Natural 
Resources: 17.

MOORE I.D., BURCH G.J., 1994. Topographic effects on the 
distribution of surface soil water and the location of ephem-
eral gullies. Journal of American Society of Agricultural 
Engineers, 31: 1098–1107.

NAGHDI R., 2004. Comparative study of tree length and cut 
to length logging methods for determining suitable forest 
road network in Neka-Zalemroud region. [PhD. Thesis.] 
Noor, Faculty of Natural Resources, Tarbiat Modares 
University: 230.

NAGHDI R., BAGHERI I., AKEF M., MAHDAVI A., 2007. 
Soil compaction caused by 450C Timber Jack wheeled 
skidder (Shefarood forest, northern Iran). Journal of Forest 
Science, 53: 314–319.

NUGENT C., KANALI C., OWENDE P.M.O., NIEUWEN-
HUIS M., WARD S., 2003. Characteristic site disturbance 
due to harvesting and extraction machinery traffic on 
sensitive forest sites with peat soils. Forest Ecology and 
Management, 180: 85–98.

PINARD M.A., BARKER M.G., TAY J., 2000. Soil disturbance 
and post-logging forest recovery on bulldozer paths in 
Sabah, Malaysia. Forest Ecology and Management, 130: 
213–225.

QUESNAL H.J., CURRAN M.P., 2000. Shelter wood har-
vesting in root-disease infected stands-post-harvest soil 
disturbance and compaction. Forest Ecology and Manage-
ment, 133: 89–113.

RAPP J., SHEAR T., ROBINSON D., 2001. Soil, groundwater 
and floristic of a southern united states black water swamp 
8 years after clear cutting with helicopter and skidder ex-
traction of timber. Forest Ecology and Management, 149: 
241–252.

RAPER R.L., 2005. Agricultural traffic impacts on soil. Journal 
of Terramechanics, 42: 259–280.

SOANE B.D., 1990. The role of organic matter in soil compact-
ibility: a review of some practical aspects. Soil and Tillage 
Research, 16: 179–201.

SOLGI A., 2007. Forest soil disturbance caused by HSM904 
wheeled skidder. [M.Sc. Thesis.] Noor, Tarbiat Modares 
University: 82.

TRAUTNER A., ARVIDSSON J., 2003. Subsoil compaction 
caused by machinery traffic on a Swedish Eutric cambisol 
at different soil water contents. Soil and Tillage Research, 
73: 107–118.

WILLIAMSON J., NEILSON W., 2003. The effect of soil 
compaction, profile disturbance and fertilizer application on 
the growth of eucalypt seedlings in two glasshouse studies. 
Soil and Tillage Research, 71: 95–107.

ZAR J.H., 1999. Biostatistical Analysis. New Jersey, Prentice 
Hall, Inc., Englewood Cliffs: 620.

Received for publication October 8, 2008 
Accepted after corrections November 29, 2008

Vyrytí kolejí a přemístění půdy způsobené lesnickým kolovým traktorem 
s navijákem Timberjack 450C v lese Asalem v severním Íránu

Abstrakt: Použití kolových mechanizačních prostředků k soustřeďování dříví při těžebních operacích má za 
následek destruktivní účinky zejména na lesní půdu. Má však také své výhody, jakými jsou vyklizování dlouhých 
a těžkých klád, optimální využití pracovního času, nepřítomnost vad kvality dřevní produkce a následně zvýšení její 
přidané hodnoty. V severním Íránu v nadmořské výšce 1 050–1 450 m bylo pro účely výzkumu vybráno oddělení 
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č. 40 lesa Nav-Asalem, aby se určila velikost objemu přemístěné půdy a hloubka kolejí vyrytých provozem lesnického 
kolového traktoru (LKT) s navijákem Timberjack 450C po přibližovací lince. Při dvaceti průjezdech LKT byla vyšetřo-
vána korelace dvou nezávislých proměnných – podélného sklonu a zrnitosti půdy – se dvěma závislými proměnnými 
– objemem přemístěné půdy a průměrnou hloubkou vyryté koleje. Výsledky výzkumu ukázaly významnou vazbu 
mezi zvětšujícím se podélným sklonem přibližovací linky a velikostí objemu přemístěné půdy (hodnota P < 0,001). 
Významná korelace nebyla zjištěna mezi průměrnou hloubkou koleje a různou třídou podélného sklonu přibližovací 
linky (do 15 %, 15–25 %, nad 25 %). Největší naměřená hloubka koleje činila 22 cm a vyskytla se při podélném sklonu 
třídy nad 25 %. Žádná významná závislost nebyla zjištěna mezi velikostí objemu přemístěné půdy či hloubkou koleje 
a měnící se zrnitostí půdy na lince.

Klíčová slova: přemístění půdy; koleje; přibližovací linka; lesnický kolový traktor; Írán 
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