DOI: 10.30466/jfrd.2021.121054 Koz dnngi 5 gy (oole dolilad
DOR: 20.1001.1.24763551.1400.7.2.1.4 OF ) AFANAY aio ¥ o)leds oV >

@'&#3}!’ o

diSa.Ja’- Ly SI) g A S C,é-l.a}‘wdl.w\\ S A}é‘su;}.‘gwjﬂ

&5.&33 ety J&;JL@ P gm'd_,g,} als g0 S coila Lgs

(mahsaa.hashemi@gmail.com) .ol 1 juvans go (IS LSS5 ¢ prs ol 0dSTEls (IS ikign 5 pske 05,5 (5553 (5l =)
(nikooy@QUilan.ac.ir) .o .1 d waxs s (S oKl ¢ el ol 0aSls (S i 5 pske 055 ltils =Y
(asalehi70@hotmail.com) .0l |l juwans o (OIS oL (rnds mlin oSl (K wdigo 5 ke 05 8 Sletils -1
(naghdir@yah00.com) .ol s d jwaxe so WS o&ils (b b eaSisls S kg pse 05 S bl ¥

QP 1y Q4/+ F/TA 12l 3 s

oA
e Sala 51 S el (65 5 5 6la s St L SL sl ol ISal, st
Sl el S Gl e 53 i g Sl Rl bl S sl 5 (S S Sl sl
Froolabad oy i e s (S5 At Sl 3l L)Y S S se Shs
Lo (o) S1 5 akb aw 5 (Ao Ve 51 i 5 Ao n Ve Dl 2aS) ol il 50 JJU s a e e
O3 Jols s possn Gl gite A s OAS Olal )2 55 U (g o I 55 (s
ey Sleslinal LS (g p 003 5h (6,8 03110 Sl Gas 5 p 350 (il (gl o uasis
Seslinal bl 6 83l 5 stk 1 oslinal b g alb o asis 055 40 gy (6015 240 500
A S 13 G 350 LSS a3 Gledd 3 e o se gla el il el (g 0 e la
ol QLS gl plnil 6503 VY (55, 1 S1 (Sosd o S35 550 2 S5 5 o Dl 3L
S i3 s« Jolss do s o5l o seasin 035 Sba site 53,5 LT Jilize 5 S35l I oS
S5 5 oS o i 53 (5 pdid sk 5 T (g all o et 055 SR el s fre )Ll Gas
H sy gl A edaliie (613 e sl dals Gladib b kb ol e 5 55 et 2Lk oS
ot 5 S35 L e s 1) 505 (sla s 55 S gla S5 2Lk Lo ariy- g ol ot

Bl Oles (.S

(Spdd s Old Ges (S (Kb gla S iy Gax (s b o sate 055 1S slaelly

ATFEYY ALY : Ll 5 led Jsns sk 9 ¥

154



\’o)Lm.i'“V.xl?‘ ‘.ia.}zd.stjjd.hj)_\ >_¢LC3ALAL43 8

—o e 53 s phe s (Grace etal., 2006) > i
i Loy St oxle, Bl o K gl
Ll o O e Sll & ool S g5,
(Cambi et al., 2015) wil us Vb 5 5l sae
53 Sl (S5 ezl sl Jooly 5 Mo oS s
Lol coasl 43 8 513 ) 3550 (#1553 S (s
sbsb Aol S Sldes sla S Al
Hamza and Anderson, ) ol a3l ;s Ko
e S e s 5 55 o (2005
555 ol e romais s Gla S LalS (6l ol
el S o B Al s sy S
Jold wns onl 03 unde Glassd on sl
5ol daS Gl walby 5l g3 b
gl S clesls QLS s L ol S Ll
OV-AY Wil oo Coys Gzl Cope o L)
Edwards and ) 1l O gy 0L = clale 5l as s
SSS e slaiSas  (Williard, 2010
Sl s g M5 SR 3 e Slas)
A e glatasn 53 S el 2S5
Lotfalian et al., ) <ol ol axsls , O >l
Lo aleva o sbiSas Ly (2018
Sleshaie slile ( aLS Glagdle AL il ) 50
0> il alie 53 (S 5 S pi) 0
DB eeon 25 a5 Sl Mg el
25 s iSas s (Solgietal., 2015) wlas S
2 sl e LS gl el Ll
o 3 03,5 3l s 53 50 by 5B D50
Ol e by e s 4 O 358 5 B
dmani et al., 2018) Wi o0 2S5 e 3l
Joadl 5w L 5ilke .(Jourgholami et al, 2018
S cbli= i8S gl 5 Sl (K Ol

03 Ay S s eslial b LIS Sla s

\Ve

PRV
S s Sl LS [ (513 e e
B JL<~>' Y goes o~ &l Q‘}ﬂ&a&u 355 3
b g bty ol (S el e Ln e
53,8 5 o 1y aikie IS 5l dsys YO B VS s
SHF 5 5l 2l (S G S i et e
(Murphy, 2004) 5,5 St g 55 cxse 5 O
Ois SRIF (ShesS Dopen Sy
o a Caglie 1S g Al o e
Sripst 5 s Sl SV Y plralr
5 @bl e O3S S s pas]
QLS Jlsais, el (mhae S Cd) s
22 S 5 s e GHPasds Dl 5 ol b
5 st plrale (SuusS ol W38 dol
il b s omdaw Ol Ol 5 ialS S 51
.(Williamson and Neilson, 2000) s> . il530 1,
G Hlg e Sdasls s S SAo S iomen
Sk Sk 5 K ey (S 60 4
(Ozturk, 2016; Kazemi et al., 2015) s ,1i& b
Slles (b 5o S 4 enjly g 595 0oy SIS L
4 e oS Ltes Lt gl (K e
@5 g S nxd 5 SIS n Bl il
Shlust Cawy 5 s S b 5 056 culles
Al B e g o Jle Sl LS
Greacenand Sand, ) s .o Ol S 5 Gws slaay
.(1980; Rab et al., 2005; Sylvia and James, 2006
DAL ol LS Ll sl s 3
5ol kS o3k e o K ol
& s gl Ll ol ol aiy Y S
Sl bl gl tasn Sl (S oy e
a5 K ol e Slles Jamany s G



ES057 G e (53 p Aiym g9z Sl ) Jlo VY S (SO 58 Slogad o)

G5 S onl 03 el K esnd 5 )
gj.vu.@.: g:,.; Ry wﬁ&: aﬁ.@ 9 dwb )\)'AJ\J
K.wj:}.bjl.r c)JM 4&\‘) dl}'}).} )WbWT
)J v.>=>- c‘d«p‘ qu )L:)/\A )J C)L’lﬁ-)b b\.}aj &;.w\
= Loy ARENAD g_,.:.n.:: U’Jﬁlﬁﬁ ko 0-A0
Sllas s oslatul 5590 i HASUl 5y e
S e RR5 il 03 (0 2050 et S5
55 450C
TRIR I
s S T R R
Sy iy G Sl g LSS sl Jl VY &S
._\.>W@ﬁ3‘®‘f®f)bgjhw
Ezzatietal., 2012) o lu= (o3 V=Y 5 0oy
s 33 sk s .(Jourgholami et al., 2018
2 S (6 S eI 8 s i ey IS
RN DVARPN PR SR E[CIPEA A
Ezzati etal., ) 13 osly e ¥V v slal b 4 gadanked
e Y A_L,abb.la:-c.s @ sasanbad a5 (2012
ol gslal O g bt oan u;—\JLJQM
bl oS 2 (55, (Suvinon, 2007) &%
9 C,\.wb e )L:.J JSJ‘ DL 4.:}4.’ 92 m,\.i;.;b'::j\
g Ll Jld S, 03 s sl 5 o
ol js dald @ gaiandad an e S D

Jﬂ)fb)}ﬂéu)wbu@ki‘fﬁj 6JL°V'_Y'

N

Gl K 55 I3 aas s Sl il Lol
i S e 5 ol ol gars LS Jles
S by S Slles OLL 5l gy ST
S plas $ 15 eSS 5 cblis 5 e s
S s S 31 Bl e a5 el 3 8
G S 2Ll bl ) s KOS 5 2SS
hss sl oy 035 e B S5
St Cosbs 5 L Ges B8 4 Gl (s
sles el conl Sl il 098 K5l e
S Sl e SbE e (S5 3 > Bl
sl 48 S 13 s 5 Gt 3550 S e
o5 Sl 5 s AL L e 5l L s
Gy 5 Pl Dlie Jals js Bl slajles

Solgi et al, 2017;) ol o3y ax g 5540 i

Parsakhoo et al., 2017; Jourgholami et al, 2018;
Ol il ol el gl T S (Imani et al., 2018

S g s s St gla S5 ol glaodias
g e Sk 5 Olal s OF sk L) g
Gl 53 48 o 5 go Sl 4 5513 ey

b s, 9l
LS G Sy e b o s ol
el 588 Jlad gla I s 0552 3 315 L
G OYATYA DN LWl Jub o adlie cpl LS
G owvorvory” llas e 5 TASOY YV
AV oL bwste ol sid Al An20 ANATN
gl Sl 2 ATY Lz g L) s 5 5 adeis
O aeS 5wl pp3lie 5 e Lo A0 550 (U)o
oSle el e Js VEE 5 N00 Ll S
Sl lawge 5 VY/F °C 1y adkee AVl gles

el L 53 505 VY il Ol slags,



Y o)w‘Vb‘uKomijajf@lc&Ll@s

53 5 g3 VY O e s ol by as s § b s

(Y JS8) s iy asad VY g o

2000007300000 $00000°""1300000~1800000 200000 210000 340000 410000 480000 550000
. | A
=
g { ONS H
g ] Guilan §
SR § I ! I |
84 |
g ¥
H EI. A ' g
S s
s ‘g ¥ | |
g g o ' ' T T
ﬁ M T T T T ﬁ /{00000 270000 340000 410000 480000 550000
200000 300000 800000 1300000 1800000 e,
250000 00000 s10000 szo00g” 2710 27400 37100 308000 }
=Y L SN g e ﬁL
§. < L 1 . .gg_ lg
Nav 1 Asalem 7 2] g
= =2 e
¥ s <
4 ! b
o
» WY ol
- 8 s
2 ks s\YY J“' | PG - 51 &
= - / £g E
RN Cat it W2 | 2 Compartment | 2
[ number 127
g
|84 ls
H TR g
T r e Legend
scale 1:125,000 scale 1:4000 —— topo
! Tes 'g 0 005 01 02 03 -Di”“ :I parcal s
3 H ; 3
2!0000‘ 300050 IWH(‘IO 320000 e, nree e oy -

Q‘f_\ JLQ..J; L;LAJK;;—Q.&Ae)'j})é éb O S0 aakes i —) Jg_’b
Figure 1. Map of the study area located in the watershed number 7 in North forests of Iran
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Table 1. Analysis of Variation of traffic effect and longitudinal slope of skid trail and their interaction
effect on soil physical properties
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Figure 3. Comparison of average of soil bulk density, total porosity, penetration resistance and rutting
depth in different slope and traffic classes in the study area (LSLT (low slope low traffic), LSMT (low
slope medium traffic), LSHT (low slope high traffic), HSLT (high slope low traffic), HSMT (high
slope medium traffic), and HSHT (high slope high traffic))
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Abstract

It is necessary to find solutions for soil recovery of skid trail. Water-bar construction is one of the best
management practices to improve the compaction and prevent the erosion of skid trail soil. Recovery of
soil physical properties 11 years after water-bar construction on skid trail was investigated on 40 square
meter sample plots in two slope (0-10% and 10-20%) and three traffic classes (Low, Medium, High) in
the forests of Nav district in the west of Guilan province. The studied variables included soil bulk
density, total porosity, penetration resistance and rutting depth. Soil bulk density, penetration, and
rutting depth were measured by steel cylinder, pocket penetrometer, and a 5-m leveling rod. The
parameters in each treatment were studied in three replications. The effect of slope and traffic variation
on soil physical properties was performed on 72 sample plots. The results showed that the effect of
slope, traffic and their interaction were significant on soil bulk density, total porosity, penetration
resistance, and depth of rutting. The value of soil bulk density, total porosity, and penetration resistance
in LSLT (Low Slope-Low Traffic) class was recovered, and there was no significant difference between
this class and the control area. The results of the study showed a positive effect of water-bar construction
on the recovery of soil properties in skid trail with low slope and low traffic.

Keywords: Bulk density, Water-bar, Soil physical properties, Rutting depth, Penetration resistance.
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