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Extended Abstract

Background: In recent decades, the escalating impacts of climate change, coupled with
increasing anthropogenic pressures particularly in forest ecosystems—have raised significant
concerns regarding the degradation of vital natural resources, such as soil and water. Among these
pressures, logging operations, especially timber extraction via skid trails, result in substantial
physical disturbances to the soil structure and surface hydrological behavior. These activities,
create conditions conducive to enhanced surface erosion and runoff generation through soil
compaction, reduction of vegetative cover, and increased effective slope. Hydrological and
geomorphological processes, such as the transformation of rainfall into runoff and sediment
transport, are strongly influenced by soil properties, slope gradient, rainfall intensity, and land-
use practices. Consequently, examining both the individual and interactive effects of these factors,
particularly in ecologically sensitive forested regions, is essential for formulating sustainable land
management strategies. This study aims to quantitatively and qualitatively assess the influence of
soil properties and slope gradients on runoff generation, sediment yield, and rill erosion along
skid trails in Compartments 106 and 107 of the Loohe Forest Management Plan in northern Iran.
The research endeavors to enhance our understanding of the environmental implications of timber
extraction and provide a scientific foundation for the sustainable management of soil and water
resources.

Methods: To meet the study objectives, the skid trails were categorized into five slope classes:
less than 5%, 5-10%, 10-15%, 15-20%, and 20-25%. Three treatment types: (1) wheel track
(machinery path), (2) trail centerline, and (3) undisturbed control area (natural forest without
anthropogenic interference) were identified within each slope class. Soil samples were collected
at three depths (0—10 cm, 10-20 cm, and 20-30 cm) from each treatment using steel cylinders.
Physical soil parameters, including texture, bulk density, porosity, and gravimetric moisture
content, as well as chemical properties (such as organic matter content and electrical
conductivity), were analyzed in this research. To simulate hydrological processes, a rainfall
simulator was employed to deliver precipitation at an intensity of 65 mm/h for 30 min, reflecting
a 10-year return interval for the region. Hydrological and erosional variables, including runoff
volume, time to runoff initiation, runoff coefficient, sediment concentration and yield, and rill
dimensions (depth and width), were measured and recorded after simulated rainfall application.
Statistical analysis of the data was conducted using the Analysis of Variance (ANOVA) and mean
comparison tests at a 5% significance level to evaluate both main and interaction effects.
Results: The results indicated statistically significant differences (p < 0.05) among treatments
(wheel track, trail center, and control) and slope classes for most of the measured variables,
including runoff volume, sediment yield and concentration, runoff coefficient, runoff initiation
time, and rill erosion intensity. The highest values of runoff and sediment yield were recorded in
the wheel track treatment, identified as the most compacted and disturbed area due to repeated
machinery traffic, particularly on slopes exceeding 20%. In contrast, the control plots,
characterized by natural vegetation and the absence of mechanical disturbance, exhibited the
lowest values across all variables. Soil compaction in the wheel tracks, evidenced by increased
bulk density and reduced porosity, resulted in a marked decrease in infiltration capacity, thereby
promoting increased surface runoff. The interaction between soil properties and slope gradient
significantly influenced the hydrological and erosional responses; steeper slopes amplified the
negative effects of soil compaction on runoff and sediment production.
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Moreover, runoff volume demonstrated greater responsiveness to environmental changes
compared to sediment yield, reacting more rapidly and directly to alterations in physical
conditions. This suggests that runoff may serve as a reliable early indicator for identifying areas
at risk of erosion in disturbed forest environments.

Conclusion: The findings of this study underscore that timber extraction via skid trails
significantly alters soil physical characteristics due to mechanical compaction and, when
combined with steep slopes, exacerbates runoff, sediment generation, and rill erosion processes.
The wheel track treatment emerged as the most vulnerable area hydrologically and erosively due
to its elevated soil compaction. These results highlight the urgent need to reevaluate the planning
and implementation of skid trails, advocating for protective measures, such as revegetation,
mechanical soil stabilization, slope limitation, and designated routes for machinery movement.
Ultimately, this research provides a scientific basis for the development of technical guidelines
aimed at promoting sustainable forest management and conserving natural resources in
mountainous regions. The outcomes may serve as a valuable resource for forest managers, natural
resource engineers, and policymakers.
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(kg/cm?2)
0.002 1.21£0.02¢ 1.47£0.09° 1.64+0.15* 0-10 syl ogass (g
0.005 1.45+0.04¢ 1.61£0.03° 1.77£0.05* 10-20 Bulk Density(g/cm-3)
0.012 1.48+0.02¢ 1.61£0.07° 1.79+0.06®  20-30
0.00 8.46%0.03° 1.3£0.17° 1.27£0.23"° Organic matter (Z) JI oslo
0.001 49.7+1.59¢ 32.1£4.76" 31.4£2.04° Humidity (%) cusb,
0.017 6.91+£0.35% 6.43+0.06° 6.32+0.02° pH
0.002 5.4+0.15* 1.34+0.04° 1.32+0.05° Lime (%) Sal
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Table 3. The effect of less than 5% slope on runoff components and soil loss in the three study areas

Sligne S o Lauog S ese
Sig. Forest Center track Wheel track Variable
0.009 0.38+0.08" 618t 1.1° 7.46£2.7° Runoff (L/m2) (g0 e > yi) Vs,
0.002 1223+ 94.31° 86.53+ 11.27° 72+ 16.5¢ Runoff threshold (seconds)(asb) wblg, &b il
0.006 1.21+0.12° 14.50+£3.27* 15.08+4.05° Sediment concentration (g/liter) (i) ;> p,5) gw, cdale
0.000 3.15£0.46¢ 89.6% 14.47° 112.52+£22.73% Soil loss (g/m2)(zsye yio ;3 p,5) S cd))m
0.001 1.26+0.07 ¢ 20.6%3.56° 24.86%5.46° Runoff coefficient (percentage) (e ) blgy ¢y
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Table 4. The effect of 5-10% slope on runoff components and soil loss in the three study areas

Sisine SR e Lauog S sle
Sig. Forest Center track Wheel track Variable
0.006 0.62+£0.19°¢ 7.11£4.33" 8.71+3.55% Runoff (L/m2)(zs e 520 53 yid) <lg,
0.001 1215+ 76.58* 73.14+8.2° 61+10.96° Runoff threshold (seconds)(asb) CUlgy g9 skl
0.002 2.98+0.14¢ 15.28+2.19° 17.73+3.12* Sediment concentration (g/liter)(yi )3 p,3) Cguy cdale
0.000 1.85+1.14¢ 108.64+9.45° 154.43+19.25° Soil loss (g/m2)(zsye yio ;5 p,5) SB ¢d))u
0.000 2.07+0.12¢ 23.7t4.14° 29.03£3.76* Runoff coefficient (percentage)(sus3) llg) ey
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Table 5. The effect of 10-15 % slope on runoff components and soil loss in the three study areas

Sbisixe S e Lo (S ke
Sig. Forest Center tracks Wheel track Variable
0.001 0.94£0.17° 9.68£2.93° 2.11% 142° Runoff (L/m2)(zyeye 5 ) Uy,
0.002 1088+ 55.47° 58.27+9.51° 43+15.08¢ Runoff threshold (seconds)(4sb) wUlg, g9 ikl
0.00 3.47£0.95¢ 17.82+5.83° 20.12+6.02° Sediment concentration (g/liter)(yid )3 p,5) gw) ciale
0.00 3.26£1.9¢ 32.27£2071° 22977+ 41.08° Soil 10ss (g/m2)(aspeyie 3 p)5) SB 85,00
0.00 3.13£0.27¢ 25.36+7.16° 38.07+5.43° Runoff coefficient (percentage)(sus3) llg) ey

Kt Jao 3 O Jlein] pdaw 3 I e MR oy pusie b )3 S o By Ly dlae]
Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Table 6. The effect of 15-20% slope on runoff components and soil loss in the three study areas

Sl SR o Lauog D) e
Sig. Forest Center tracks Wheel track Variable
0.001 1.24£0.36° 11.47°48 41 15,12 6.13° RUnOff (L/m2)(zpeyze 5 y) Uls,
0.000 862+53.43* 40.28+11.61° 29.21£5.28¢ Runoff threshold (seconds)(4s6) wblyy g9y 4iliwl
0.000 4.28+1.22° 20.52+5.23° 25.77+4.42° Sediment concentration (g/liter) (i ) p,5) g, cdale
0.001 53142.15¢ 152.81£26.54° 389.64+48.54° Soil loss (2/m2)(aspe e 13 p)5) S )0
0.000 4.13+0.57¢ 38.236.19° 50.4£11.76* Runoff coefficient (percentage)(m)b) Gllyy cupd
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Table 7. The effect of 20-25% slope on runoff components and soil loss in the three study areas

Sbisine S oo Laog [ e
Sig. Forest Center track Wheel tracks Variable
0.001 1.64£0.76° 6.57° 13.91 19.32£8.25° Runoff (L/m2)(zpeyze 5 ,2) Uls,
0.000 670+ 31.67° 21.28+4.47° 11.21+2.67° Runoff threshold (seconds)(asb) bly, g9, 4l
0.000 5.72+2.42¢ 22.17+6.54° 28.35+10.72* Sediment concentration (g/liter) (i) ;> p,5) gw, cdale
0.000 9.38+5.15°¢ 308.38+ 18.34° 547.72+35.61* Soil loss (g/m2)(zsye yio ;3 p,5) S cd))um
0.000 5.47+1.46¢ 46.36+9.26° 64.4+10.25° Runoff coefficient (percentage) (s ) Cblg,y oy
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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Figure 3. The effect of the percent slope on runoff components and soil loss in the three study areas
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Table 8. Comparison of rill components in different slopes in the three study areas

(A2 ) s awMS

Sig. FJS,; e by T %) gl:@ duw Slope class
orest Middle of the path Wheel tracks Rill characteristics (percentage)

0.001 0.00% 0.00° 0.96% 0.05° 3.74%0.25° Length(m) (i) Jobo <5

0.00 0.00% 0.00° 0.02% 0.004° 0.05% 0.007° Width(m) (ye) (e

0.00 0.00% 0.00° 0.01% 0.005° 0.05% 0.002° Depth (m)( o) 3es

0.00 0.00% 0.00° 6.92% 0.55° 11.19% 2.17* Length(m) (i) Jobo 5-10

0.00 0.00£ 0.00° 0.07% 0.01° 0.15% 0.03° Width(m) (y2) 2,

0.00 0.00% 0.00° 0.04% 0.002° 0.11+0.03° Depth (m)( o) Gas

0.00 0.00% 0.00° 13.4£2.61° 19.82+9.17° Length(m) (,%) Jsbo 10-15

0.00 0.00% 0.00° 0.19% 0.07° 0.51%0.11° Width(m)( i) oye

0.00 0.00% 0.00° 0.08% 0.001° 0.21%0.05° Depth (m)( ) Gos

0.00 2.92%0.72° 21.91% 3.14° 29.65% 7.68° Length(m) () J 15-20

0.00 0.09% 0.002° 0.31% 0.07® 0.81£0.21° Width(m)(yze) 4oy

0.00 0.04% 0.001°¢ 0.12% 0.005° 0.45%0.12° Depth (m)( ) 3o

0.00 3.72% 1.07°¢ 2691+ 6.57° 37.82% 8.25¢ Length(m) () Jsb 20-25

0.00 0.120.02¢ 0.38% 0.09° 1.19% 0.27° Width(m)( i) o,e

0.00 0.07£0.01° 0.17% 0.05° 0.52%0.12° Depth (m)( ) Ges
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Numbers with common letters in each variable have no significant differences at the 5% probability level.
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