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Figure 2. View of landslide area (right) and control area (left)
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Table 1. Mean + standard deviation of physiochemical soil properties under effects of elevation

byo maw 5l elas )l
Js Elevation & pdiged oo JUELH
Total e VO 5l i S YO« 5l e Sampling area Variable
>750m <750 m
1,69+ 0.22 1,66+ 0.24 171021 55 ;
Landslide @rlem®y ol pgase o,
1.64+0.19 1.643 +0.19 1.644 + 0.19 el Bulk density (gr/cm3)
Control
2.38+0.20 2434023 2.33+0.16 st ,
Landslide @ricm?) ii> oyane o,
2.3240.19 2.32140.25 2.320 +0.15 . Particle density (gr/cm3)
Control
6.80 0,61 6.88+ 0.74 6.73+ 0.48 25
Landslide A Al
6.56 + 0.41 6.53+ 0.43 6.58 = 0.40 el pH
Control
2334111 2.26+1.27 2.38+0.96 s ]
Landslide (,) JI S
3.49+0.72 3.70+0.78 331+ 0.65 _— Organic carbon (%)
Control
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Table 2. ANOVA of soil properties under effects of elevation in the different sampling areas

Slas o u»i’Lw PR
Mean square 'T,‘ Ol s pe
] Sl
oS SRV S pgate oy sl epate p > fj f) Source
0.C pH P.D '
| elas |
029"  0.035™ 0.039" 0.007" 1 vs° ol Sl 8,
Elevation
22.81" 1.05™ 0.068™ 0.035™ 1 6)bﬁ4fw S
Sampling area
1.06™  0.179™ 0.038™ 0.006™ 1 S oneisad e x Lo gl 5l €145
Elevation x Sampling area
107 0330 0.040 84 =
Error

o0 Jleim mhaw o o e BB 595 NS /0D ot s )0 o pme B 5
*Significant difference at the 0.05 level and ns not significant difference at the 0.05 level
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Table 3. Mean + standard deviation of physiochemical soil properties under effects of aspect
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5 Aspect 65 piges e i
Total e e % Jhs Sampling area Variable
West South East North
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Landslide @rem’y 5,0l ogasa p >
164+019 176+018 160+013 1574027 164+013 el Bulk density (gr/cm3)
Control
2384020 2454022 2454019 229+015 2344020 5 s .
Landslide @rlem’y Lai> ogass o
2324019 248+025 233+017 224+013 224+017 el Particle density (gr/cm3)
Control
680061 7254059 6754047 6494062 678054 25
Landslide FrR
656+041 695+006 648+015 6214048 6.64+037 aald pH
Control
2334111  18+11  20+085 27+10  25+11 o i
Landslide (2oyd) J oS
L i 0,
349072  35:078 36058 31:073 36087 Cg:tml Organic carbon (%)
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Table 4. ANOVA of soil properties under effects of aspect in the different sampling areas

Slaye (Sl ;
4o
Mean square . Oyt ke
) o
IS ! S ogate py> $2b (ogane py> ‘fj f) Source
0.C pH P.D B.D '
0.48" 153" 0.138" 0.038™ 3 aspect o>
* | 300
235 0.99"™ 0.057" 0.029"™ 1 (S 105l Joeo
Sampling area
| 300 X &
1.45™  0.02"™ 0.015™ 0.030™ 3 (S0 iged Jomo X Sz
aspect x Sampling area
1.01 0.27 0.037 0.049 80 e
Error

*Significant difference at the 0.05 level and ns not significant difference at the 0.05 level
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Figure 3. Mean comparison of pH and bulk density under effects of aspect
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Table 5. Mean + standard deviation of physiochemical soil properties under effects of slope

B

s Slope SIS pdigei oo JUEtH
Total Sy Bl e oy B0l S Sampling area Variable
>50 % <50 %
169+ 0.22 167+0.22 1704022 e , |
Landslide @rlem?y g ,alls s o>
1.64+0.19 1.66+0.16 1.62+0.22 _— Bulk density (gr/cm3)
Control
2,38+ 0.20 2344021 2.41+0.18 s ,
Landslide @rlicm?®y ii> pgate p,>
2.3240.19 2.39+0.20 2.24+0.16 —_— Particle density (gr/cm3)
Control
6.80 +0.61 6.79+ 0.61 6.81+ 0.62 s
Landslide FCIRVn
6.56 + 0.41 6.51+ 0.46 6.61+ 0.36 2els pH
Control
2334111 2.29+1.22 2.37+1.0 s ]
Landslide (2e,0) J oS
3.49+0.72 3.42+0.62 355+ 0.84 el Organic carbon (%)

Control
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Table 6. ANOVA of soil properties under effects of slope in the different sampling areas

Slay e (pSilo

Mean square “’f‘ s e
oS e (el ogate p > sl oyane o> ‘a H Source
0.C pH P.D B.D '
0.18™ 0.065™ 0.030 "™ 0.000 "™ 1 e
Slope
221" 0.981™ 0.060 ™ 0.038™ 1 (Sl paiges Jone
Sampling area
0.009™  0.027™ 0.203° 0.017 ™ S pties Jora x
Slope x Sampling area
1.08 0.334 0.039 0.048 84 >
Error
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*Significant difference at the 0.05 level and ns not significant difference at the 0.05 level
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Table 7. Mean + standard deviation of physiochemical soil properties under effects of age classes

PO o
s Landslide age &)l paiged Jowo R
Total JLe V0 5l i JLo V0 5l s Sampling area Variable
> 15 years <15 years
1.69 + 0.22 1.72+0.18 1.65+0.25 =5
Landslide @rlem®) ol ogass oy
1.64+0.19 1.57+0.18 1.71+0.18 el Bulk density (gr/cm3)
Control
2.38+0.20 2.34+0.15 2.42+0.23 =5 . ,
Landslide @rlem®y id> pgasa p,>
2.3240.19 2224013 2.41+0.20 2als Particle density (gr/cm3)
Control
6.80 £0.61 6.60 <057 7.0+ 0.59 =5
Landslide Aol
6.56 = 0.41 6.48 4 0.46 6.63+ 0.35 el pH
Control
. +1. 4 +0. 2+ 1. LSMI‘] _
233+111 2.4+0.95 22+12 Landslide (32,9) JT oS
3.49+0.72 3.3+0.76 35+0.71 el Organic carbon (%)

Control




Yo FOF B YY) domio V) 50l o 5,Led oo Jlo ool S cpessl oyl ) JSis dloxo
G0 ptiges alisee slafore 1o by o) dow Slib 3T couv S Sliogas Guibly & 5o A Jeox
Table 8. ANOVA of soil properties under effects of age classes in the different sampling areas
Sl po (5 Kle R
Mean square i Ol yads o
oS aua el pgate > ol pyae o> “; f’ Source
0.C pH P.D B.D '
0.00™ 1.28" 0.29 " 0.02™ 1 o
Age
221" 098" 0.06™ 0.03" 1 (Sl psed e
' ' ' ' Sampling area
0 62 ns 0 26 ns 0 06 ns 0 18 * L§)|“>)Jd"5'°" L}’bﬁ S g
' ' ' ' Age x Sampling area
las
1.07 0.301 0.03 0.04 84
Error

10 Jliml pdas o jle pixe GBS 05,5 NS ¢4/ B Loz | o jo lo e IS

*Significant difference at the 0.05 level and ns not significant difference at the 0.05 level

S gy oy S lse S psba
Sy S Y g0 alY (e az 50 5 canlie
S lade o oBysd Adlale 4y Cond vl ddlals o
Gl yiig SLs o slaay 5 S5
oy e Sl 4o &S LTl g (Bahmaniar, 2002)
Ol st plrals Jlrs S (ol &Y
o oy ddhie jo (Jep)S lade palS oS
=,y s Emami et al. (2016) .cul s yon
a5 458 ol i 3blie o S T oS
Silate ) it wals Al o T 0,5 e
&l re BN 5 (55l ks 5l gl (58
idhie b (ol dihie S (JI )8 jlade G
Lol (i pl gl b gued a5 5 )ls 0529 walls
,» Gorgandipour et al. (2017) «, X0 ciwgh ,o
e a5 aisls les sy wil s sle IS
b3 e ) 5y sals dilie o T
o DS SleFes Slagh i b as ol
aS ol Ll (g b)) S JI S oLk
il 90 50 (Al 008 ke (e (550 sixe IS
5 JLw 10 5l feS) oo Slob 38 ey (S
Olsse s Siledy 9,0 925 (JLo VO I i
sl Jo jybay S TS 5 a5 s
;,l L Zarin & Johnson (1995) .l sais

& = Y
el 5 (SS9 5d Slhogas ol owyp o
.- > (o ..‘Lé l‘>r_a &:)l cla ).a.’i_) . . kjl_‘>
Bblio 10 g Loyo a3l el )l o LSl 2
s, L Demir et al. (2013) .o oL, o5
Ayalew & g 4S5 ;0 bbbl » She Jolse
ol o5 SliwasS sble ,o Ymagishi (2005)
g Sl ela )] g bl Cax oud a5 Wo S
2 Cwla 533 e p 5o Jelse o Sege 5 Lo
dahio ,o Ballabh et al. (2014) ., o —agh
e a5 050,5 ln ws jeiS o Lllews yé
S L.S” sols w‘ &)"")”JUM) &939 )O )J§.A GI.ALC
S Loy 5l ol » 5,55 Jelse 5|
,o .(Salehi et al., 2012; Bahmaniar, 2002) <.
5 S (5 pan 385 ¢ J s o I ol 5429
8ols .l oo iul38l S Cugb, vy uizren
LS ol jo cege 51 aslas s olsel L JT
u-” bols jud pol> umgh j0 0Ll S lesle
iz olib 3l cou aals 5 53 sble o

O 5 Loy mhaw el | oldl s Coa
BT ols Glis gl a5 ol (pw b 553 e
L o) dalate o uﬂ DS Moy G 6l Sre
A g7 F Y lo Jguz) o,ls 09 >4 valss ddlais



WS gliend 5 (Kopd leogas (S p 2] Slacodlad S B o5 b Y8

O Sl smre ST (L o i3S 5y S
Oy Adbie Ly (o34 dilaie 5 S Slogas
b iaslie ;o Yool 5 )las 32 (aali) Lija)
il Slogas LaSLs j0 (Kb Sluogas
aile Slogas 4 Cos S slo pyass o2
Salehi et ) ws—is o 2b3L Fog) Hluws S il

.@l., 2012; Emami et al., 2016

9 L bl 589 50 ook else (S b

ol 5l S aS sl b Tl ool ol s cus
ashie B85 58 k)l g S Olusgas Jolse
U o aS ol L ol ) gl el
5 S Sheogas (9 St (o)
) (SF 558 iz Lulyl o S olands
» 2S5 Sids 9 SL Clogas oLk mls
o G geBy 5l S Ayl sl 4 (L55a) bl
O ddlain ;o gl g ols S (ool Julse
Slogar adhio ol o as o il oylae cul
O rran) eddwyp S olend 9 (So5S
S Syl 589 5 B &gl I e (]
Sl gl as ol s ragh opl mls ol
—oor 4wl Slallls jo b Koo &l o b ol
Gl ol 5o lhes Slles gzl il &g ,0
5 =503 osile sauS J,uS 5 blosl ololdl
L oS plosl o) ey 4 dtis bl s
SLagiagiy 45 340 o Sleidon @l & 4y
ladiss Cundg g0 05 plnil aie (ul 55 (6 iten
s JS oty B 58 e Lass el

T

3 i3 gblis o SLs (T oy Sl i
oS b as wobs plas S5 s Ko
e S G5 53 51 S gl o o S
sba Sy Fr G b ) Sleogas Ko
a5 el ;s b S a5 Koz
b 5l gl )l ol Gagh ol bl sauSaul
ol (53l 2 Fhe Jolye 5 (S i Lo
Sl by o s 1 elas )l a8 L oS (5 sboay
Pachauri et al., ) sg—i o yidon 35 (o33 e
Slelds)] o asila az g b oy 0 Hla5 451998
5 93 BAly g9 009 yidn Lo SKiw &S Sl YL
J—le ol (Dai & Lee, 2002) el cdle sl
2 P ey S Sl olml o Wil e
oy @l sl aals a5l 3L olelis)|
pyat pr (s oLl pgate g Slogas
b 3l el )l ol coow S ananl s
O 5 (g Al 5 o (oldlysz gz Lo
Sleogar cpl polae o (5 lo cxe BB AT ols
3las sgmg vl 3blis Ly —i3s) sblis o
Ok Ol Ko Sileas (A 5 Y gla Jgu)
(i E93g 5l ars 93 CBSS Sl Gy 45705
et oy (oL (ogate pyr Sliogas
g i b og 3 Aol el anuwl g Ak
ol Varedi Koolaei (2011) .asleais ool
sy 009 5l Jlw o ClldS 5l s a5 WS
sdalin SLo Olosgas o (5,0 cxe A
Bl Sleren Jipgim ol s Ly aS o
U sle > 0 Gorgandipour et al. (2017)
jlas 50 CoBdS 5l a5 Ws S ol 99> @y
5 2bod (S Slmogas (S e £959
e i ) g ady) Sl 4 S Sl
ol g3 ol Ll L gen 45T 2]
,o Mohammadi Savadkoohi & Hosseini (2013)
ool Las SUSLls gla Uiz jo o553 slvosss



Yoy YOF BVF) doio O F) 50l oF 5)led easliz Jlo iyl SLS ezl o)l UK il

References
Abedi, T., Hosseini, S.A., & Naghdi, R. (2009). Study of landslides and relation with mechanical soil
properties around the forest roads (Case study: ChafRood Forest). Journal of Watershed Management,
1(2), 17-29.

Ayalew, L., & Ymagishi, H. (2005). The application of GIS based logistic regression for landslide
susceptility mapping in the Kakudyahiko Mountains, Central Japan. Geomorphology, 65, 15-31.

Bahmaniar, M.A. (2002). Effect of parent material on clay mineralogy in some woodland ereas of
Northern Iran. Symposium. 7, 358.

Ballabh, H., Pillay, S., Negi, G.C.S., & Pillay, K. (2014). Relationship between selected physiographic
features and landslide occurrence around four hydropower projects in Bhagirathi valley of
Uttarakhand, Western Himalaya, India. International Journal of Geosciences, 5, 1088-1099.

Booklet of forestry plan. (2007). Department of forestry technical, Chaloos, Forests, Range and
Watershed Management Organization.

Dai, F.C., & Lee, C.F. (2002). Landslide characteristics and slope instability modeling using GIS,
Lantau Island, Hong Kong. Geomorphology, 42, 213-228.

Demir, G., Aytekin, M., Akgun, A., Ikizler, S.B., & Tatar, O. (2013). A comparison of landslide
susceptibility mapping of the eastern part of the North Anatolian Fault Zone (Turkey) by likelihood-
frequency ratio and analytic hierarchy process methods. Natural Hazards, 65, 1481-1506.

Emami, S.N., Jalalian, A., & Khosravi, A. (2016). The Role of Soil Chemical and Physical
Characteristics in Landslide Occurrence (Case Study: Afsar Abad Area in Chaharmahal and Bakhtiari
Province). Journal of Watershed Management Research, 7(13), 182-192.

Fathi, K., Jourgholami, M., Hosseini, S.A., & Khalighi Sigaroodi, Sh. (2021). Optimal distance among
water diversion structures for mitigating runoff on the skid trails (case study: Kheyrud forest). Iranian
Journal of Forest, 13(3), 237-250.

Garfi, G., & Bruno, D.E. (2007). Fan morfodynamics and slop instshility in the Mucone River basin (Sila
Massif, southern Italy): significant of wealthering and role of land use changes. Catena, 50, 181-196.

Gorgandipour, M., Hosseini, S.A., Abdi, E., & Zahedi Amiri, Gh. (2017). Comparison of stabilized
sliding and control area based on herbaceous biodiversity and some soil properties (Case Study: Patom
District, Kheyrud Forest). Ecology of Iranian Forests, 5(9), 17-23.

Guzzetti, F., Ardizzone, F., Cardinali, M., Rossi, M., & Valigi, D. (2009). Landslide volumes and landslide
mobilization rates in Umbria, central Italy. Earth and Planetary Science Letters, 279, 222-229.

Hafezi, M., & Ghafoori, M. (2007). Investigation of the distributions and causes of landslides in
central Alborz, Iran. World Applied Sciences Journal, 2, 652-657.

Kazemi, Sh., Hojjati, M., Fallah, A., & Tafazoli, M. (2015). Effects of forest management on soil
physical and chemical properties of Khalil-Mahale forest. Forest Research and Development, 1(2),
167-180.

Kooch, Y., & Moghimian, N. (2015). The effect of deforestation and land use change on
ecophysiology indices of soil carbon and nitrogen. Iranian Journal of Forest, 7(2), 243-256.

Mirsanei, S., & Kardan, R. (1999). An Analytically View on Country Landslides Properties.
Proceedings of the 1st Iranian Conferences on Engineering Geology and Environment. Tehran, 13 p.

Mohammadi Savadkoohi, N., & Hosseini, S.A. (2013). Effect of physical and mechanical soil
properties on landslide in forest road edge (case study: Pahnekola district watershed Tajen). Journal of
Watershed Management Research, 4(8), 28-42.

Pachauri, A.K. (1998). Landslide mapping based on geological attributes. Engineering
Geology, 32, 81-100.



WS gliend 5 (Kopd leogas (S p 2] Slacodlad S B o5 b vov

Ranjbar, M. (2012). Factors affecting of landslide in Gorganrood district using AHP model.
Gheography (Iranian Gheography Association), 10(35), 1-16.

Salehi, A., Taheri Abkenar, K., & Basiri, R. (2012). Study of the recovery soil physical properties and
establishment of natural regeneration in skid trails (case study: Nav-e Asalem forests). Iranian Journal
of Forest, 3(4), 317-329.

Sarikhani, N., & Gorji, M. (2003). Possibilities of Stabilizing Landslide and Mass Movement in forest
roads (Case Study: Kheyrud Kenar Forest as a Scientific Model). Iranian Journal of Natural
Recourses, 56(2), 29-37.

Sassa, K., & Canuti, P. (2009). Landslides- Disaster Risk Reduction, Springer-Verlag Berlin
Heidelberg. XVIII. 650 p.

Varedi Koolaei, S.M. (2011). Comparison of Regeneration, Diversity of Understory Vegetation Cover
and some of the Soil Factors in Afforestation and Land sliding Areas of Alder Stands with adjacent
Forests (Case study: district No. 1 in Darab Kola forest), Master thesis of Forestry. Faculty of Natural
Recourse. Sari Agricultural Sciences and Natural Resources University, 108p.

Varnes, D.J. (1978). Slope movement types and processes, In: Schuster, R. L. & Krizek, R. J. (Eds.),
Landslides: Analysis and Control Transportation and Road Research Board, National Academy of
Science, Washington D. C., Special Report, 176, 11-33.

Walkley, AJ., & Black, I.A. (1934). Estimation of soil organic carbon by the chromic acid titration
method. Soil Science, 37, 29-38.

Walker, L.R., & Shiels, A.B. (2012). Landslide Ecology. Cambridge University Press, 314 pp.

Wu, W., & Slide, R.C. (1995). A distributed slope stability model for steep forested basins. Water
Research, 31, 2097- 2110.

Zhou, C.H., Lee, C.F., & Li, J. (2002). On the spatial relationship between landslides and causative
factors on Lantau Island. Hong Kong. Geomorphology, 43, 197-207.

Zare, N., Hosseini, S.A., Hafizi, M.K., Najafi, A., Majnounian, B., & Geertsema, M. (2021). A
Comparison of an adaptive neuro-fuzzy and frequency ratio model to landslide-susceptibility mapping
along forest road networks. Forests, 12, 1-16. https://doi.org/10.3390/f12081087.

Zarin, D.J., & Johnson, A.H. (1995). Nutrient Accumulation during Primary Succession in a Mountain
Tropical Forest, Puerto Rico. Soil Science Society of America Journal, 59(5), 1444-1452.



Iranian Journal of Forest

Vol. 14, No. 3, Autumn 2022
pp. 341-354

Research Article

Effects of landslides causing by executive activities on some physical and chemical soil
properties (Case study: Tonekabon and Ramsar forests)

S.P. Misaghi', R. Naghdi %, A. Salehi®, and H. Pourbabaei?

1Ph.D. Student in Forestry Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran
2prof., Dept. of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran
3 Associate Prof., Dept. of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran

(Received: 27 December 2021; Accepted: 20 May 2022)

Abstract

This study aimed at investigating the effect of landslides causing by executive activities on some
physical and chemical of soil properties in Tonekabon and Ramsar forests. For this purpose, the
geographical location of the landslides was collected. Landslides in altitude (<750 and > 750 m),
aspect (north, south, east and west), age (< 15 and > 15 years) and slope (< 50 and > 50%) were
classified. In the each class, three sample plot (100 m?) were established to measure of soil properties.
Soil properties includingpH, organic carbon, bulk density and particle density. Totally, 88 sample of
soil were collected. The results showed that the mean of BD, PD, OC and pH in the landslide area
were 1.69, 2.38, 2.33 and 6.80, respectively, and in the control area they were 1.64, 2.32, 3.49 and
6.56, respectively. The study of soil properties under the effect of slope showed that the mean of pH
and OC in the control area was higher than landslide areas, but the BD in the control area was less
than the landslide area. Soil properties recovery showed that except soil OC, other soil properties were
fully recovered. The statistical results of soil properties showed that there was a significant difference
between the mean OC in landslide and control areas in all studied classes.
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