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Abstract

This study was conducted to improve the stability of cut slopes of forest roads in granitic
weathered soil areas. The study area is a national forest road (road length 28.48 km) in
Pyeongchang-gun, Gangwon-do. After data collection, a statistical analysis was performed
using IBM SPSS (Ver. 26.0). First, the correlation analysis showed that structure, slope
position, soil erosion, slope, and aspect (N, S) were correlated with vegetation coverage (p
< 0.05). Elapsed years, slope distance, and aspect (E, W) were found to have no correlation
with vegetation coverage. (p > 0.05) Second, one-way ANOVA and Kruskal-Wallis test results
showed that vegetation coverage was worse when the slope was located at the top or the
middle of the slope than at the bottom of the slope. In addition, the site with sheathing and
gabions showed good vegetation coverage when compared with the site without structures.
In the case of soil erosion, areas with severe damage and moderate damage showed worse
vegetation coverage. Therefore, it is necessary to strengthen the slope angle of the cut soil of
the granitic weathered soil area from 1:0.5-1.2to 1:0.8 - 1.5. In addition, structures such as
sheathing and gabions should be installed on granitic weathered land.

Key words: ANOVA, correlation analysis, forest road disaster, Kruskal-Wallis test,
vegetation coverage

Introduction
Ui M) Be) 9 QIS AW U B0 YYD Fele) 7o RS 25
A Ao Adshs =25 ofufs, =, A, & 59 752 s3ste 78k Aot
(Jeong, 2001; Lee et al., 2017). o] $F Y= A| & 7FsSH A HGE S H44 2l 7]9kA]

dojut, Al Foll= - T2 I8l AH Aisi S ob7 |5k Y9l ez #35]aL R th(Euetal,
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2015; Rhee et al., 2017). 2L, 7|5 H3LZ Q13
=0l W 22F ws = SRt Ao o] =2
531 UthBang et al., 2014; Lee et al., 2018).
=2 HE 2y e 4 Q)= Afslet Ted5to] Ohet Chun (1990)2 Y=AS Al Zfafiol -2 9J5l A EAMAS 36°,
HEAFHLE 42° 0|5t 2, HEAPHO Xt Zo]E 4 m |6tz 275h= 212 AFsHA AL, Cha®t Ji (1998)= HEAL
™ Zo] 8 m o], EA] 2.5 cm ©]4, AFA] AL 30 - 50°, AEAFH AL 6070l A AP B 7F Lofd 4= QL
o175 L =) e prA ) e L A R 1‘41” O 2 Ji 5(2003) 4T3t I 7ol oJsl A= JEARHS] e
EE AZ51 21, Song 5(2004)2 SHE YA ESLE Y= HAEANH =3} Al A] 2145 A E-2 A7) 950 7
_T_I_]-]Ti] izi\:ﬂ EE,,]ZI_ ‘_Eg_}f_ ]-Oﬂr,]- 0]9,]-71-2/\-10H0:]:rLEo] ZloHE]CHoL].Q}OU 9].57\]
Aol JE=AE Al A 4= = Al el AT o] Fg /A of] thigh & t= At = o] Fo A #] g2 AA ot

ST AZIE A o] AP B2 ¢A| AAXs) A 1L G2 7} golsh, BEF 22| FEjol wak APe] &1
AP =Eke] Adgoll njx|= kol E A= A A Uk EFE AFHZG Aol whebA] A o] A wEkE A
Sk, AP g/de) Qb Aol A B Y] B A E| AL Qi) kA, S BSHE 2|9 APH-2 AP AR}
APH /ol whet =35 32 2] A& slokst, =315 Ad5A o= 517 flslAl= A= A £/ A
E/d& skl A5 7|Rte] Aot TS A - o] 2Asfof she Eold& 7HA AL Ith(Kim et al., 2001).

olol] tiatoq, FFUAZIE X[ AFHLE A AlF FA| A H Ars Holu 47|7ke] ey HF5oe
Al Alo] Wfshe AaFe Holal Qltt. E5] JEAMET A EATHO| A thf i 2 EAYsHH LFALE] 5 22| A
3jo] EAQlo] 27 & FHCH(Ji et al., 2003; Choi, 2008). TE3F ZAIH EQL EQF A7 272 o] njQ- okslo] &
& 27 AIE ] kot EqFe] A @ W H|Z ol A4 9] stehe ZeljotH AP SHEHREE Sejui-ith
(Recanatesi et al., 2013; Xiong et al., 2018; Tianyu et al., 2021). X|&2] 0.2 S2{Ujd] EAl= 7 ]7 |22 AAYS ol EA]
7|31, 35 ol @ 47F e o 2 2251 St o] = 1 Al Bl 1oA|o] B oY xals)y] wfRol st
HAFHE Aol A A& A5 Al F A /ol thgh tizo] H e gt A Aot

A= Sallre F435] S7FHA O P(KES, 2012), AFH B3} EAL
Q1% 9178 Bl At w3} 3t chgatElo] Y] AU Algol &

webA], £ AT S AESEAS AE AEAA] SPHEHE 95 A B B R T AR
setsto] A WA 5 8t Al g A 3 A HEE 4 Ak V1ZAEE AT s S

Materials and Methods

2 AT s B 58 YA Befs] Foof fIRIsh -k 2848 kmE /O 2 S5H O H(Fig. 1),
o] Q& AlZ ZAxt W47} ohof 3P EEHE 29 0 2 4 2012 R 2022 71A] 107 A1 J =S A A
stk A& = A A= 2848 kmE ©] & 7H A &E=21.15 km, Y Y E = 7.33 kmO| THTable 1).

T AbHO el 2 Wk 3l Aol Fijdh Ik 700 - 1,250 mol] Y25k o =

O] AT YHL 15 H 29%E A QlshH tiRE AZUE 5 A P ol B2 VYT o)/l 90%E
2012 F5E 2021d7HA] 1087F 2788 s EatEA| o A= AEANH tis] A=E 2 6714
A7gstar, zF A AR 551l site (1 m X 1 m)E AAxI510] & 18079 siteollA] FFZALE A AISI3ICE.

Korean Journal of Agricultural Science 49(4) December 2022 810



Analysis of factors affecting vegetation cover for stabilization of granite weathered soil forest road cut slopes

Table 1. Overview of study area.

Number Year of construction Road type Length (km) Altitude (m)
1 2012 Main 3.00 847 -975
2 2013 Main 3.90 918-999
3 2014 Main 3.90 890 - 960
4 2015 Main 3.00 693 - 824
5 2016 Main 1.87 754 - 838
6 2017 Main 3.80 937-1,013
7 2018 Main 1.68 838-919
8 2019 Work 2.90 782 - 828
9 2020 Work 1.43 774 - 842
10 2021 Work 3.00 800 - 886

= HEAPH ZAR= |2 ALF AFH AR eIl check-listS ' = 2Hd ko] WadslthFig. 2). 71 FA=
vk Wl Axte sk 12 ZARsEQITE HF9) = 28] 1] E(Clinometer, SUUNTO, Vantaa, Finland)S &-85}o] 19
S5t o, W9l= 4] 2 HEsto] W12t 315°0]/4 4570 The FAFH, 45°0] 4 135°0] e S-APH, 135°

7e
o4 225°m|H. GAF, 225°0 14 315°M| RS AMAFAO 2 R ESIGIc AALEE Blold AeSIe ¢k e

o] 27313} =3t s¥tal= HTt] S GNSS (Global Navigation Satellite System, Garmin, Lenexa,
H| & o]-&5to] ZARSIIATY.

APHZARE BEA] HA Y 9 AP 3|2} 72|, AT B fL2E A, 53l3H, BEARRE A8 A
O} 32 WA 232 AR AFRE, AFH A= FEAH A%} ] HE] Afo] B J = A71A| 9
e & 575t o, o] & 3520to] AP SIX| & AR, ST, St 2 LEolkqleh 3k AEANHS] 13
2 b= flol Ax|gE AT A 7NAE AR OH, F2E A|A2 Fol met FYE], F9o], A/ a2

= ’.‘Q_EA]’U“ RN BEAPL AL uéﬁ}c’% SHHR of2f| A=A F7F
a1 ) o “A(severe- damage) ST Al o] FEE7EA] IS v 7oll=
T l 0| 2| 2] ¢ 7390l = 73 (low-damage) 2 & E 7|5}t

rlo
}-J
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Checklist
longitude -
Date : ¥YYY-MM-DD
latitude :
NO ‘Sile 2012 -1 - @ Investipator - S.M. Kim | Weather -
[0 General survey
Aspect © /N ME /I E !/ SE /s SwW o 200° fw 1w
Slope lAlmude : Matrix
O Slope survey
; . . Slope position
: x H -
Site area fmxtm Terrain © Ridpe - Valley . Top - Midde - Botiom
. B Revegetation Measure
Slope length © 55m Berm : - 1 2 . Seeding - Grass planting
R . Soil erosion :
Structure - exist, non-exist .
Severe - mid - Low
[0 Vepetation coverape & MNote
Vegetation coverage(3%)
[0 vegetation survery
Herbal Wood
MName Quaritity Mame CQuartity

Fig. 2. The data format used for the field survey of this study.

e A QIA A= A o) 5T} AAY AR Uro] ZARSERITE T E-E-2 site (1 m X 1 m)E Al site (20 cm
X 20 cm)2 WAL F 257 ZALLol| A o] E2H5HAE VEAE sho] A4 2 A ol whet m]5-E0] 0 - 35%°]H
BF, 36 - 70%0)H ‘S, 71%0]/Fo]H “AF 0 & Z A5 thFig. 3).

A. Ba
lm
v |V o e
lm Bl o
v v =
A I S IV A I o i .

Fig. 3. Site created for on-site investigation, (A) the schematic diagram of vegetation coverage survery, (B)
example of site (1 m X 1 m).
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A] 3t
o, A1 59| T4 Lee (2014)2] =7HS 085}
Armonk, Newyork, USA)E A-&-5t0] QIAHET} 4]4Y ﬂ%%{? o BAE Dot 7] flsl ool A 24
(Pearson correlation analysis) 2} H] B24=2] /A {IHH Q1 Aok Ak 24 (Spearman correlation analysis)= A Al
319l o, HE Q1z-50] Atk 7F B B2 9] 2 ux] EARLA (One-way ANOVA)T} B 242 737 Bl ol
AZAZ L2 A 737 (Kruskal-Wallis testyS A AlSFICH

6HEE 7€7HA] _Lirrg} EE_'_I_ 2 o] ZAIY

AR ZAF= 19 2 71 Thopsh 22 mobst 4 9]
Z
1

Results

L CHANK] LY R[S 2 21 B Sl

oo o

A A A A At ﬂA}Eh 21°FE] 41°7k2] B350 ™ 30.9°9] W3k YERHJ afdtale
680 m%-E 1,102 m7}4] ‘a@‘%% ZE B o 876.8 me| Htgha UEFUQITE 3 2 A+ tid A= 545 171
N, AT o7HAR ARl £ %4 o2 Qx5t o, AFHAZE 3.5 mEE] 144 m7HA] S B3 733 m
o] Gt gke YEPITE B9l 55 AP 3974, &5 AP 39714y, 555 AP 21704y, AZ AP 8171 A& AL
ok AT} L2 ES AR|T 22 217 36, 6370 o0, AT LR E-Z AX|okA] g2 2 22t 1447 A

117742 ZALE|QTE EAF §-Z0] Yojubr] 9o L2 18714, 85 A7 77 L2 2474, ‘F 22 30
W4, ARl 2 1087142 SHIAAZSHE 2| A EATHOA thREE EAF §-&0] Z5HA| dojural Q= 7o

9,]—01 E_] o] r;].a::lg 4)

160 +

140 ~

120 A
s
T

< 100 A
S
=]

2 80
=
=

7 60

40 +

20

0 .

S W None
Aspect Berm* Structure® Soil erosion**

* 0 :Structure, X : Non-Structure
## 1. : Low-damage, 2 : Mid-damage, 3 : Severe-damage

Fig. 4. The numbers of sites showing the aspect, whether the berm and structures are installed, and the
degree of soil erosion.
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MEAQI 2B ER 20l 0w = 2 B 2 o] 4.9 7] o8 (Festuca arundinacea), -5 > 71 2| & (Festuca rubra),
AFZT} AlE(Cyperaceae plants), =54 (Impatiens textori), FH| L5 7| (Lactuca triangulate), 7F2| 5% (Lysimachia
barystachys), &4 (Artemisia dubia), B} Z3F(Agastache rugose)2] A2 Hstal Ao FEF 0] 72 #e
(Lespedeza bicolor), V27| (Rubus crataegifolius), = }-5-(Stephanandra incisa), 133U 5~(Philadelphus schrenkii), 2~}
TH(Pinus densiflora), 8 Z-U-7(Weigela subsessilis)2] <=0 2 95111 ) S THTable. 2).

Table 2. Current status of herbaceous and woody species in this study.

Herbaceous species Woody species
Name N Name N
Festuca arundinacea 1,859 Lespedeza bicolor 818
Festuca rubra 342 Rubus crataegifolius 136
Cyperaceae plants 285 Stephanan draincisa 80
Impatiens textori 127 Philadelphus schrenkii 72
Lactuca triangulata 94 Weigela subsessilis L. 61
Lysimachia barystachys 57 Sasa borealis 55
Artemisia dubia 51 Quercus mongolica. 25
Agastache rugosa 48 Fraxinus rhynchophylla 18
Artemisia japonica 32 Ulmus davidianaPlanchi 18
Patrinia villosa 32 Larix kaempferi 12
Aster pilosus 26 Amorpha fiuticosa. 8
Potentilla freyniana 28 Actinidia arguta. 7
Artemisia stolonifera 22 Celastrus orbiculatus. 6
Commelina communis 18 Pinus koraiensis. 6
Astilbe rubra 16 Salix koreensis 4
Aster scaber 14 Alnus japonica. 4
etc 27 etc 15

20 ti/d Aol A Seed SprayE ©]-8-3t mhE-0] o] Fo|F| o FAke] 23} Hl&-2 7 2] Y (Festuca arundinacea,
40%), T U=(Lolium Perenne, 40%), -5 -2 71 2| E (Festuca rubra, 20%)°|th. ZE2-790] 2| 4=} -9 4F0] 7]
)& (Festuca arundinacea)™t 5 -2 71| Y (Festuca rubra) O = UEFG O B & o] -2 ATh= Q&= A]Z & A E AFH
of| Seed Spray S ©]-8-5F 1}F-0] AJ-34 O 2 o] Fo| K rtal BAE 4= 9l o, Q] HETH O] Qb ) w2 515 9|
EAST A T thA 2EFE 0] 835 53 2 A E T4 A3 A A k(Jeon and Ma, 2004)2F -3-AFSH
70 2 mpotsllrt.

AP Q1A A B = 2 EFO| 79 ST 1,703, ST 964, 3T 41120]0 F270] 79 sheki
50042, ST 4982, AT 3382 0 = UESTE AFHO| Aol XS5 EA {E B =7} AobA et
7S HOo|B E(rho =-0.348, p<0.01) °| 22 Ait= HEFHEO 2277} 340 915 A o = mjekH ) mpet
A, 2270|749 Ezbgo] EX|0t ZEFof v]s) F 4o Wtshy] whEol mES AAE A| 2B R} BERE

5] 4o} EsH Zlo] Al Qo] £8-8 % Zloleka Ak grt

Q.

—_

k)
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A4y 52 Boll G 131 AR 791917 4g5}7] Aol A mofe) Alpk 8 A e Awlofst AR 54 S
AAIBElon], Gole g BAS Lrebl S0l chsl A% QAP B 2412 517 1) Lekuix] BAHEA

S EA DA AT A= (r=-0222, p<0.01), 5 F2ltho =-0.347, p < 0.01), T-Z= %] AF(tho =0457,p <
0.01), AFH 91X] (tho =-0.348, p < 0.01), E %%E*(mo =-0.785, p <0.01)°] A W EET} [R5 JTHAIE B
Tk BFH AFH Z0](r=-0.053, p=0.48), 5 A ¥l (tho = -0.177, p=0.07), Y= A3 T Z3} W4 ho = 0.151, p=0.06),
AT AX] o 1ho =0.135, p=0.07)= A o5&} 523t gk TA| & Eo|A| 23 T Table 3).

Table 3. Correlation analysis results between variables and vegetation coverage.

Variable 1/tho” p-value
Pearson correlation analysis
Slope -0.222 0.003
Slope length -0.053 0.479
Spearman correlation analysis
Aspect (N, S) -0.347 0.002
Aspect (W, E) -0.177 0.076
Berm 0.135 0.070
Structure 0.457 0.001
Slope position -0.348 0.001
Soil erosion -0.785 0.001
Elapsed year -0.151 0.060

“ p/tho, correlation coefficient, -1 <rho <1.

ARET F 4B, B AlRo] A W4E, FEZ0] A4S, A 9217} 5100l 24T, ESF 95
o] 245 A4 T2 B FAH YIS T 202 ekt ek AP Zojo} Al =g 7hol Al 7
Al glom §olst b ATHE LRIGIT 541 ), A5 A o}, 9= A3 5 4 d4et A4 m B
Zro) AT A oFshA EAfsh SAR O R folst b ATE Uehieict

—l.l Y
.
)
>

Woo 5(1993)2 Jeon (2004)2] 4133 A A Z4o]7}7 m o5t wf A4 mlE-Eo] =] LrERSaL, APE 2
°]7}20 m o[’ wh A mE-Eo] EFT WIS B oM Y7 FFL W oot A mEES Hloh £
Aol M= AP o] Bl 54 19l oF A w55 7 [oljt A BAE ZA| el o= A3 et 2
G2 919 A A SR FRt Aol 7]Q1RE A 02 AT R, Song S(2004)2 Y= AlE T G} o
w} AlE F 1097H = A2k S718HH Als % 1090] A Aol A F435] S7Fbeal Brglot, 2 Aol

£ U A3 F Bk U4 82 ROl B} Ltk ke ol A oA s 10712 3 171200

EY fE0] dojten 53] 1087149 siteol| A B F-E% 4 ol 3Bk wsli7F Lref ofof oigt Jak2 v

Folgt AR WAl LR Q1S ol djal] Al 1Ak W2 ek 7k Aol o] £ ol 2 217 gla] AT BAS
o 1. 9] T,t_l_

AT 7T 9L QAR AR Aol TS ALllA] BAFEAE, 1 )o) QIAbEo] sk 25 AZ-
%aaaﬁégAaﬂq

BARRM A3} F = 12686, p = 00022 EA4ZQ1 -2]4 o] UEPIT) Scheffe
test Z2}, A a} =AC} % ﬁo% 52.40%, }Ud SR BT 22.2%, AFH FHE-E= T 36.98% % AP SR A
L gl F7HEH O A 1] B-Eof gt et $X] 7St A 02 E7] UEHA TH(Table 4).
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Table 4. Results of one-way ANOVA analyzing the average difference in vegetation cover by slope position.

Vegetation Coverage

Slope position N N ) B p Scheffe
Bottom (a) 60 52.40 36.99 12.686 0.00 a>b
Middle (b) 60 36.98 34.26 a>c
Top (c) 60 22.20 26.34

SD, standard deviation.

EE Az AZge|A B4 Aa), Fato] rxFo] AXE X AERE

o] A== 7] %k 3(p 0.00), S F2E0] AXH 3t B o] A=A g2 H(p=0.00)0ll4] H 2] 7}
e o, EAF 325 ‘A3 F (p=0.00), EAF -2 AT (p=0.00), EAM-ES ‘AT BEAF-E0] ¢l
= p=0.00), EAP T F'1 BEAF5-E0] §lE F(p=0.01)0lA - ZFo] 7} UERI T Table 5; Fig. 5). ©1 & &
aff AP QP& floll xR ES Aot AE A HO]—’PD% :L%L %2 =9 2 Futo|7} Eabdd Aozt
AFRECE 5 EAF 2] ‘ARl ¢ S5 UEIUEZ AFHS] EAF 25 &
A3fes kS arasof & Zlo|tt.

Table 5. Results of Kruskal-Wallis test between structure, soil erosion and vegetation coverage.

2
Al

ro o°1'
oh‘,
Z

oZ
%r
J

i

o

Factor N Chi-squared statistic Median df
Soil erosion 88.585 28 3
None 18
Low 24
Middle 30
Severe 108
Structure 32.940 28 3
None 117
Sheathing 24
Gabion 33
Vegetation belt 6
Conclusion

2 o7l shekuEekE O EAo] A4 1 E 8T olo] RS nlA| AFES 2AISle] A AT U
AAg T S EatE WE Atplo] QPN S olv| et 1 2AtR B A2 Sial sayEigict
o

FALAZIE A= AEAHO] AN FaE AF2 AAA 02 ZE7(69.59%)7F F-2730.41%)°1| H|5H Bol
sl o, 2250 22 - E 1} 22X E0| Seed Spray 50| 2J5l otEH FO 2 UEGTE o]= s E
s} 749 ZF 8}o] vlsl Q1 F =5t H| WA AdF24 0 2 o] FojX| 1l 9l 32 & = Tt

£ ARE 48] Yt B4 2 Aab oA ERske A BALE, E- 5
o B APH O] 9] %], EAL-R-ETFo] f-ofgt A7} UrERgTh BhH ARH Zo] 54 Bhe],

T AT & AT A, AT AR o H= fofet AtAl S YR A] 2513t Woo 5(1993), Jeong (2001), Lee 5
(2003), Jeon (2004)2] AP AT Aol A= 325t AFTTA7} LERT QIAFE0] B L Aol A = AR TAIS
Ho|z] k2 o]-f= 3l IS0l st B 7o) BIA| HA| o] 2| R AL, 7 E A4TIAIE Eol= QIR
EYF A&l 9sl 3A 9T w2 Zof| 7]RIshta A H ) wheba], T4 Aol ot 22 o] 73-5 15}
o 242 A1 f3]o] o] Fojz{of gt Zo|m, Th2 Q12te] PIFS 2| 4T 2 3t 4= QU & S AR Yol A A7)
Zre] muE|gjo] a8 =|ojoF & 7o

N oo 4

msL' rl

.
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A 100 o
o
o
5, 80
L)
@
g
L)
F-S
L5
[=
=
E 40
o
L)
>
20
0
Bottom Middle Top

Slope position

100 =]
o

B0

40

20

Mone Sheathing  Gabion  Vegetation
belt

Vegetation coverage (%)
a

(=]

Structure

C 100 T *

a0
o

o
&0
‘ 40
0

Low

None Middle Severe

Vegetation coverage (%)

Soil erosion

Fig. 5. Box plot showing average and variance differences between irradiation factors and vegetation
coverage. (A) Shows the average and variance of vegetation coverage by slope position, (B) shows the
average and variance of vegetation coverage by structure, (C) shows the average and variance of vegetation
coverage by soil erosion.
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S, Folgt A E UER IS T o & AAISH deuix] AR 9 32 AZ- A 7 Aa
AP 2129 749 AP SHE7E AP AT 9l Sokof vl Fosh AN o] 5ES BHYlom 12E 7Y 4
9 o] 12 EI SYH| FREo] AX|H o] FRE0| AR E A 32 Jof vlal FEgt A T EES B
I, EAFRETFY A 2T A XolA T, A, EAFREO] i 3ol vlsl B3t AAY n]EEo] UEHGS
H 525 5 ¢ ZollA BEAL-RZo] gl 3toll v]s] E5F5h A4 o] 550 UERTh

2 A At AN o) EEol| P p|Rl= AARR] AR AP 9], L 2E AR o], EAF{EY TR &=
S IS w A AR 94 Z/d 9 Thejof Tt R E A2 oA FAt Qe AR ESE o
T HEAPHY] 7127 1:05-1251:08- 1.57HA] 7&}"% dartglon, Futo] 9 EUEIE v RS 12 ES 4
22 0 2 Az|afjof shr} TSk AH /;}“:_]'—‘T'—Oﬂ EALRZo] o] A5t w2oll AN o] &-Eo| E5F5tAl LER
D2 EAF IS 9ol 225 w5 525 AAE 28ote] w3 Al siokd Bt Qi

SHA|TE A& Zel= Y QRlof ofaljA] WA= = Zio] oh g}l of 2] 8152 B3l 28 vhSof ofaf Y]
11 917] wiiZoll(Bang et al.,, 2014) TS ti/d Aol A] ThZ4Q1 -2 B3 $& A7 HIEA] fehk=|ojof 3 A
o Atz E
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