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Figure 1. Location of studied forest roads in a part of Darabkola forested watershed.
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Table 1. Properties of the rainfall simulated by the rainfall simulator used in the present study (15).
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Measured values Variables of simulated rainfall
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Rainfall intensity (mm h™)
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Rainfall kinematic energy (J m? mm™)
3 (o en) 2 b s
Drops diameter (mm)
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Maximum Speed of drops fall (m s™)




959 4 yuild

. 9‘:)‘ . ’Lb‘;hb

als 5

Y¥R0 (1) 2 o (YY)

AI[1qeIS [10S JO [9AIT [BO1ILID) UBA! UBOA! UBOA! UBDA! MO UBDIA UON ySiH UBS UON
2 = RS A ot ot ot ot s o <2 i okt 2
(1Q) Xopuy uonepeIsa(J 10§
e S A LT°0" €0°L- 8C0- 6v'SI- 1S°11- LO6T 0 8¥'Ly- 9L E- 0
(AMIN) Xopuy Aijiqers )esa1s3y
0 S ¥8°1 €81 48! 881 1T¢ 0Tl (44 860 19'1 09T
tak A2 A
(3D xopuy Anpiqipoig [10§ ) ] ) ) ) ) ) ] ) )
N A 61°0 0T°0 61°0 [44] s1o 170 ¥1°0 €C0 61°0 €10
(. sp) K)IA1ONPUO)) [BOLIOA[]
o TR 5 (e PO € iy 1€°0 9T°0 Y70 €20 9T°0 61°0 670 81°0 81°0 1€°0
Hd
o $89 9¢'9 91’9 619 L99 S¥'9 L9 6¥'9 9¢'9 9L’9
[~ A
(%) €00'D
N. €5°¢ 60 STy LET [ ST¢e €80 we LEE 090
19350 (¢CeT)
(%) uoqae)) sruesiQ
S0 (ser) ylI'e 90°¢ LT 861 SL'T 0€'1 S9°¢ LO'1 40! L8'E
(%) JoneN d1uediQ
S22 Y 19’ ’ L : 1e 91 ‘1 L
e (o) 14 8¢C 4 6¢'¢ oLV e €9 8 06 w9
(%) INSION [10S
L or'ee 69°1¥ L9¥E 0L9¢ SL'1Y Sy'se 8L'SY I8¢ 99°¢6¢ 9L 9%
T2 & A (o)
(;.wd 3) Ansua(q ying
C(0 et o0 e (579 K el ey €571 S¥'l 081 681 €9'1 SL'1 651 €L'1 IL°1 861
(%) pues
o [4N4Y (44014 £€6'CS 6Ty or'1s 9¢'v¢e £6'19 01°¢ce 98'1¢ 1$'v9
T (cCeT)
(%) s
. . €6'vE 10°9¢ 05°C¢ 89°¢¢ ¥S'LT 6£'CE £€9°6C 09°1¢ 9¢' 1€ £€'6T
TR (<CeT)
(%) £e1d
O e SIel LTI LS¥I £€6'1C €9'1¢C 90°€e ¥l €0'9¢ 8L°9¢ ool
(o)
peoy] pajoAeI3 (jonuo)) BIIY (jonuo))
-0 od -gad -1 od -0z od
soradoad {108 paInseapy % $20200IS % 01-S3d0IS % 0T-013AOIS % 0£-0C2d0IS  Proy w&?SO JON pue paaedupn)  J0O[,] 15910, Iy [PYM [enua) peoy 100[] 15910,]
) ) Q-+ <Cor g ler e sl Amepcler FOCHS pve e KD peoy ey
N A9 jri(esH S rre B B - . ) o e (7)) e 52 e AT =Ac (M)
[ e Lo L] o~ <o :
. j j . - feafc R — =

SJUQUIIEAI [, PAIpNIS

0D e empey

juoweal | odo[g [eurpniSuo peoy
A= g7 e

JudWIedl |, SuI[oALID) peoy]
S0 KD co

JUSWIIBI ], Iy [99Y A\ PEO
foC e 2 e

“SyuduIIEda) parpnys ayy ul [1os jo sanaadoad [ed1wdYd pue [edIsAyd SNOLIEA dY) JO AINSEIW UBIJA ¢ I[qEL

2rEp A- Fr o5 F oD mep T € oRAF A0 € 9 e

Yy



Oy Ken 9 lslS dilhs

Tl 2 S Al pepae D5 5 SR
de&QM\)ﬁzéueskqwt}Q
SlS 5o ol STy 5 5L, e e lalse
Ol E 58 5 s 5 Sl M5 4 e
S L sl s 5l asl e S
wsl= J_<.\> oo 93 53 S ol b ke
dae St (S S i) EC e
AU il loslr sl i b l3 s K
Sl e galS sl sl S
ST pystan SLs S 5 il b Ol
VY o andul a8 ghal glass s .ol
o ol 5 03 5L p e )T O e
LS o g ialsdl an el By a0 Sl
SLa0 LS 5 eld aalS gLl o g J Ao s
ol L plasls s as Wis s o0 5L 5 5
S Old SuSly comge ul S S
Sl fon o3 (orren s o S Rl et
s S5 S el Slie 5 sl Sl s
slize Sl S o Ciloses claslas 5o Yo s
S AL o sa s 055 Olpe Jlis Ol Al
G2 e Gt B e pae 055) S
ol amle 5 5 Sl Gl sl
NN St g s o s G Sl b
P oo O3k i 53 5 el Jle Caed
sl oS (S el
S gl 5 sl o p g Gl el
o2 ls (K) S g pdy gl p per s ol
Sbt 56 yartle s MWD) &St b
Sy G35 Doty Sen anlllas opl 45 oS (DD
Sl e B S 5 g Seslll s e
2> S e A s Grdiphbe b Ol L sl
soesym Jdalls bl a s Glosl gl s

5 K S Slogas ool Slas| (6108

¥y

23 ey p oo slaod S Ols g
DL ilwanes Dllas plxil 51 L3 10l fag
Q_.Z\:ﬁa\.gfuélw)ﬂsjyéuuﬁﬁ Soyales s
s (VA) (e Sl =Y Gae 51 S glad gas
a b 5,50 Gdisad e (3 (YY) &l nal s,
5 Sy il gla S5y 5 Jame Sb Kzl
Slasles 5 Lacdl 51 S o gl » S lad
@l_:.}c\j.i_izﬁ S Sl 5 s axdllas 550
el 0l 0303 QLIS Y Jgd s J.pL?-
(ol sdalie JLBY Jyds 3 S sboles
oo Jod 3l St bt 5 (Sos vie SS s
bl o Sle Sl culas 5 o Aoy
3 S e s eolde (slls (J_<.\> C]a_.»/) dal s
(Jmlie 53 5 e eslyr Sl s sl i
033 5 o A3 o e ys e sla S5
S J K ma 3 gD o pea e
Dl slade RS Sglesls sl sy
Slows am S0 g AL o pasie 055 Al
A s s 5 SbE (SasS 5 (S0
Oljee SRl 33l ol 5o 5 St (6 pdidss 5 Jlss
dsb e S iy e il ;ﬂc:‘u_jguﬁ)
2 AL ot 035 ke B w5 LL())
L as il jLbsl Ol oo «Obly, Ol il 53]
Olser 5t Jam CopB a3 5 Slily, )53l
b s (V) asd 5 e S Cdyude 5 fala
b 3l Bl S s (Hlesle s bl
cb b il OT gl Sl s bl
Ot sy (S (5 358 g_.JT & 154
J=lss 3l ol 5 e LSS 5 ciles 5 S
seals ol el 4ot aS 5l Jlisan | s
iy L) il e S sy e 5l b
S 5 6 AL o gasie 055 5 I esle pgr Jale
osle syms Jasi ool bt (S Wl



1190 (F) )l dTF) dls S 5 f clis gla yidgss s puls

DYV j2alS 5oy ool slcoss sla jise
osles ol a5 bS5l (shs s

b edi S5l gla e (o b] Slasuis

el doas e DL L OF St a0 2
For o 53 SLs (5l Gl o ol
Sloslor Sa i 4 o (Lydgdoms Ok 1)
R SVRGIO I G VW LNEPR EY) S A Jels

Y8 Y dj_i)u—‘:' c(_]a_..vj:.a :C,.lbj.,l_z-.a) obL;—

Slles ool b 10l g)lwan—d Slles (Jaws 50 13 5d00) (S 525008 BB (oS 1 y5 520)
ARl e plonil 51 e 5 OLL (s3leand
aallan 5 s (Sl 255 (Sl it (O
bl Slasiie o5 sl 5 Sojlhl (S b 0

iaagds) Jib oot Jled o gl
ool Bleul o oiluesls 3U 51 OLES (oo g0
S SLE eslide by 53 Ol sl 5 S
23 D g c’bb&uaﬂélf 35ls LAeJL?_-Ck.A

Wl 0l enls QLAY Tl 5o s e o]

anlas 340 adlain 53 015k (5lwamd 5 ol Ciliee 5la piie (gyll (sladasein ¥ Jyi

Table 3. Statistical characters of different variables resulted from rainfall simulation in the studied region.

(Ao 33) & i o o Slre Ol ool Jila= Sl oSle ol (6 Sl Ll pane
CV (%) Std. Deviation Min Max Mean Measured variable
: $ , chle
99.46 7.80 0.00 46.89 7.84 205 2
Sediment concentration (g L)
" $) S i
85.68 12.89 0.00 61.64 15.05 (e 2 08 St s

Soil loss (g m?)
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Table 4. Results of rainfall simulation for road longitudinal slope treatment.

Aoy Yoot i

Slope 20-30 %

Loy V=Y S

Slope 10-20 %

Loy 0=V s

Slope 5-10 %

Qo =0 g_,.:«l:

50
Slope 0-5 % ol (¢, S o3Il uane

s Sl s Sl s Sl

LS Sl < She Sl Sl Measured variable
Desit:t.ion Mean Desit:t.ion Mean Desit:t.ion Mean Desit:t.ion Mean
2.16 7.59 372 7.36 4.18 6.09 251 3.84 (09 s B
Sediment concentration (g L'l)
3.39 19.92 5.66 1219 1009 1638 5.52 gop  (@rAand) S

Soil loss (g m™)
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Table 5. Results of rainfall simulation for road graveling treatment.

(L) S o Sroire 03l 5 S eslr ol (S 5o0ps eslr
Forest Floor (Control) ~ Unpaved and Not graveled Road Graveled Road ol (& S o3l e
shre Ol ol oSl shre Ol ol oSl shre Ol ol oSl Measured variable
Std. Deviation  Mean Std. Deviation Mean Std. Deviation ~ Mean
(% $) chle
10.26 5.97 2.53 10.16 2.46 6.73 A2 2
Sediment concentration (g L)
( “ $) Sl iy yda
3.51 2.17 18.88 4132 472 6.58 G R £ 2) S
Soil loss (g m™)
ool £ 55 slass 8l 0Lk land I Jeole gl - Sy
Table 6. Results of rainfall simulation for road wheel rut treatment.
(aals) J{.} Cb—w o3> JL:A St o3l Cﬂ S
Forest Floor (Control) Road Central Area Road Wheel Rut ol (& S o3l e
shre Ol ol oSl shre Ol ol oSl Shre Ol ol oSl Measured variable
Std. Deviation Mean Std. Deviation Mean Std. Deviation Mean
(= $) cble
14.05 9.71 11.42 11.22 7.03 9.07 A 215 2
Sediment concentration (g L)
( “ $) Sbr iy yda
2.76 1.82 15.41 21.87 19.75 25.14 GRS =

Soil loss (g m™)
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Table 7. ANOVA analysis of measured variables during rainfall simulation in the road longitudinal slope treatment.

Golsggme o Follis ey 0:S0Ls Gl amys Slay e g o S S e o (5 S5l uite
Sig. (2-tailed) F value = Mean square df Sum of Squares Variation source Measured variable
o3l b
0.027 3.350 35352 3 106.055 b S o
Raod Longitudinal Slope
ot g clle
10.554 76 464.375 Sediment
Error .
concentration
79 570.430 &
Total
o3l b
0.000 7.252 318.614 3 955.841 b S o
Raod Longitudinal Slope
o S cé e
43.938 76 1933.250
Error Soil loss
79 2889.092 &
Total
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Table 8. ANOVA analysis of measured variables during rainfall simulation in the road graveling treatment.

ol gme o F i Sl e ke 3l am s Slay o g gaes i i ok (5 So3l Ll uaze
Sig. (2-tailed) F value Mean square df Sum of Squares ~ Variation source Measured variable
-] l? ) Qo
0.558 0.594 41577 2 83.155 SR
Road Graveling
s ey 2l
69.940 57 2308.03 Sediment
Error .
concentration
59 2391.188 &
Total
-] l? ) Qo
0.000 43303 5579.202 2 11158.404 SR
Road Graveling
Lo S by yue
128.842 57 4251.781
Error Soil loss
59 15410.185 &
Total
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Table 9. ANOVA analysis of measured variables during rainfall simulation in the road wheel rut treatment.

ol gmn o F i Sl e 5 Sle (@0l ax s Sla o g gares i ok (5 So3l bl uane
Sig. (2-tailed) F value Mean square df Sum of Squares ~ Variation source Measured variable
o3l »
0.891 0.116 14.606 2 29213 TR
Road Wheel Rut
et ey 2l
125.749 57 4149.716 Sediment
Error .
concentration
59 4178.928 &
Total
o3l Sk
0.001 9.035 1912.892 2 3825.783 )
Road Wheel Rut
Lo S by yue
211.709 57 6986.409
Error Soil loss
59 10812.192 &
Total
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Figure 2. Cumulative values of soil loss in measured periods in studied treatments.
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Figure 3. Water infiltration rates in soil in studied treatments.
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Abstract

Background and Objectives: Soil erosion is a natural and ongoing process of which severity
becomes higher than natural limit through human’s unprincipled interferences and it is one of the
main issues in most of watersheds in Iran. Some areas of Iran including the northern forests have
been noticed less in terms of soil erosion due to some reasons such as existence of acceptable
vegetation cover. Allowable amount of soil erosion in forest watersheds by construction of
thousands of kilometers of forest road has caused displacement of millions of cubic meters of soil
and thousands of cubic meters of tree cutting. Therefore, investigation of type and amount of soil
degradation and erosion in the roads surfaces and determination of their intensity seem necessary.
The different researchers investigated the factors affecting water erosion in skid trails and studied the
impact of movement of heavy skid machinery on soil characteristics of skid trails that their results
indicated, there is a significant correlation among the amount of soil erosion and longitudinal slope,
soil texture and forest floor cover. Also, bulk density, total porosity and soil moisture percentage in
skid trails are affected by traffic frequency compared to intact forest. The objective of the present
study is to investigate the effects of various factors including longitudinal slope of the road, road
graveling and road wheel rut on the amount of soil loss in the forest roads surface.

Materials and Methods: In the present study, some factors affecting the soil loss in forest roads
were investigated in Darabkola Watershed, Mazandaran Province, Iran. Also, some soil samples
were taken from the depth of 0-20 cm of the soil in the vicinity of each investigated plot in order to
understanding the effect of soil characteristics on the amount of soil loss in the studied treatments.
Results The results indicated that, there is significant differences (P<0.01) among soil loss (15.05
gm” on average) in different sections of the treatments including longltudlnal slope, graveling
and wheel rut; while, for the variable of sediment concentration (7.84 g.I" on average), a significant
difference (P<0.05) was observed only in the treatment of longitudinal slope. Also, some
soil samples were taken from the soil depth of 0-20 cm adjacent to each studied plot. The results
of the measurement of various soil characteristics showed that, Soil Erodibility Index (K)
(Ton.m’.hr.ha"MJ".mm™) and Deterioration Index (DI) (0.15 and -11.51 respectively) in the roads
with graveling were less than dirt roads without graveling (0.21 and -29.07) and the mentioned
indices in the middle part of the road (0.19 and -34.76) were less than the part of wheel rut (0.21 and
-29.07). The other results have represented a reduction by 54.7% for MWD in under-construction
parts of the road compared to the surface of forest.

Conclusion: The effect of longitudinal slope of the road is completely significant on the amount of
soil loss. In other words, the amount of sediment has a direct and significant relationship with slope
percentage. Road graveling operation has had a positive impact and role in the reduction of the
amount of soil loss in the forest roads. Also, the impact of human activities such as road construction
and exploitation of forest (skid machinery traffic and causing the wheel rut) on compaction and
degradation of the forest road and consequently soil loss, has been significant and negative.
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