BEMEEEE 82(4) | 354-365. 1993
Jour. Korean For. Soc. 82(4) : 354-365. 1993

HERE LRhRHT BERA st HR(ID
— BERES AAHEBRAL FLoR —
BHE - REN

Sediment Discharge and Invasion of Plants on the
Slope of the Forest Roads(II)!*

— Invasion of Trees on the Banking Slope —
Kun Woo Chun? and Jae Man Oh?

-2

b o2 WLtk A E T e MaEe] BhREel oM $HEey EES AKEe BAKEAN o

@ B gl R 712 AT THoE MBES UAstden, mLRES HE Ll
HEE W BTH SBERC B Ak BREARA st ik, Sedth 2R <% 7z
2 BIERBEHC 9% AKBARS Fagov, ol % REdel, FEEN u HEMIE HBTH

s #fiested makeh.

1. msEst LRGE 2ol MLl 70 B CsU8uE InRERel Brikig, BAWEE, E MRS
B, BURES, ®EHBEE W OEHEE TRE RN SRR S Ao RERE Lihmd

HORERAS] HES Akl

2. BERES Kmizeh o FEEIY BuEe] o Rimel #WEE) dEe) ol FelAlA gretevh

Fafed Foole AkmAcl das el

3. BEtaiEe HEdelw 4.0~61.0m% E4=FHNow, Ao MEREME 0melde EARME

of v 2 AUt MEA S} RARAZ Alolols iyl Geg ZAsiA L
of, REG 2 BE el ok RARARLE RF skl

4. BEEoHet AABRAES: AAH o e HBMET AAS A kot L8 oiE =
FE-S AohA R RAERAE A4 velyt

5. MGEMIT# MBFH} AFRRAFE F2L AddelA+= dl
AAHL2E Bk KBFHN slalsted KAZAEE Friske &S debdch 2eid K
£o| BHREFEAL e dels A sl

ek MRk 2lsA @de

6. welM MBIl WER ZES A IR BRI MAELS WPl Mt HEHNS
gigslok stul, ol & Slaldv AAY MEEE HHS T MERTIHYS ANA Fol Ay

ofoF 3 Zolct.

U HEE 19934 6FH 28H Received on June 28, 1993
2 TR REHZ hEPRE College of Forestry, Kangwon National University, Chuncheon, Korea.
* o] WL 19914 HERNE BESMRAKEY AhoERE EWHENER R 9std Hesds.

354 —



WEMHEIE 82(4) 9

. 19924 12H 355

ABSTRACT

The purpose of this investigation is to point out the physical fixation and stability of banking slopes of forest

roads by invasion of trees. We investigated the situations of sediment discharge and coverage of invaded trees

at banking slopes of forest roads. The coverage of invaded trees were calculated from crown injection based

on the stable slope and was compared with length of slope, slope gradient, and passage years after construc-

tion of forest road.

1. We investigated on the sediment discharge and the invasion of trees at banking slopes, which were

actually observed 8 forest roads of Kyonggi-Do and Kangwon-Do.

2. There was no physical stability of the banking slope due to the surface erosion and slope failure, but the

tree invasions were active at the stable plots.

3. The length of slope was constructed to 4.0m to 61.0m and recent forest road was mainly constructed to

the slopes longer than 30m. There was strong regional effect between the length of slope and the

coverage of invaded trees and the above two factors were inversely proportional to each other.

4. There was no significant relationship between the slope gradient and the coverage of invaded trees and

the slope constructed within the angle of repose showed the relatively high coverage of invaded trees.

5. There was no significant relationship between the passage years and the coverage of invaded trees in the

same investigative region after the construction of forest road. But there was a gradually increasing

relationship of tree invasion between above two factors. However, there was some limitation to expect

the invasion of the tree species.

6. In the light of the above results, we suggest that the construction of forest road may need foundation

work and vegetation work simultaneously for the physical stability to make the environment of tree

plantation and that the reasonable increase of construction cost of forest road may be prior to the other

factors.

Key words .

W W

tistaed] A 2}

Z|
}jﬁlnl —-‘—_LZ]— A

= HBTE, & BER, A

713 ) B, THER, TR
BOTK, HREE KEHEEKAY #£E
IR, ILEEE Y SRR GRE, &R 5
< R el mE Aol RS Ml
8o s el BEREgIA d5sE AR
izl HAElw, ool M AE - M= FEL
e i ZFEae mKRERS e, o
7 MGEE MIUHRMT wfe]l FEE sl
o2 BEEast g5k 24EE A 22

mAe 7 AoAx FELBY BEEFL AT
o] WHe| Foisvt MLE 5o Hliel & &

ael RHEMA Y} o Fo0x 7 Rshiz Algoich
debd Ao T HERHES ML MUk

banking slope, coverage of invaded itrees,

length of slope, slope gradient, passage years

2 A5 D gler, ol sl HEel ¥R
Aeleld ebgemol wE el Ads LBKE
oA, me filde] BRRAC oY RYE
of gElbE e ool Heh, olshie @
Ao stozel A% M Bdel o9 o
£ A" Aejmz "Hi WA E L rpe £
AERor oFEE MEe] BhRme RN

Ry Fod sl 4 alet,

EsIES LR ik AC DR T
tOMTH RS B BHEE TEo] A4
Hof gort F2 YrRES U4eE d3ich
ey EERES UEHE vE Aoz
el vt ae, FEEd deelnz 2ol
b RAY AG ALH e @iio] Bsn
2 kel BE 49604 Fedidels @ 4
Ak AR BLBEES Ades @ ATE
22 BEEEE AT AT £ATY 9%



356 HHBHETS) LRI AR AS] B9 B% (1)

A E = Aol on]

Geony, BA w fEXAEdY £E
FxLevel BEoR Felo hppder20g
ERY s AP ok o]F MEFEY
FEAEREE BRBARoZ A REAEBERSTAM0
9} ABol o3 KB 2R FHsle] AT
o] gt ZF, MiEE Mo AR A A3
o LB BRE TALR oIy, BE
BHE TRl o3 MARLE HmEEZN Y]
A aAste AeE AL #BiE dadod AR
off old HEM HANEARTOE FIaX
i Aolch. g MRBES FAZ 3 WAL
of that fEe) +A o BERel ulole] v]ghizey
I pEkRpgRe HiREEAE vl dte] HARAE
o] kLS Adste =AML FEted A
QX ul, TERBESY BEHRE A % FEMAE
o W AT HE AYsA Z AAol)
ol il YtHEEY Evl ZoEt, fE
5 zAEte] BEY LEEE el
H R EEIEHES SRS
T Agsn oy opF FEdaw
o}
2 fElvtel thiEe REREY EBE
3 AZH AKRFEA 93 BEEIEL
f{ Nzd+FR o|n] BHiEkslel AUv HES B
THES 4o s BEmY WA LES MEA
of, #maol % FBEF o} KRAREARH
L BIARERER el o8 EEMez M3t
o AFERQ ELRES EEE SIS EEEEH
Aeg HAez APt

jﬂ:

A
T
by

}i

A) o

oY of
2 e (&% Fﬂ ~4m1 B
r—{n o, r_B_

2
A
L=
o

£ra%
ok,

HERE X Fik

1. HRHR BRe mE
FHHRE FHE TR Jtime AR

/7

Pocheon

T
Tongducheon

"~ (Km)
0 10 20
I

O . National road ‘ . Investigated area

Fig. 1. Locations of the investigated forest road.
(A, B : Sobeobro, C: Kaekokro, D : Jeob-
dongro, E . Mamyeongro, F @ Jikdongro,
G ! Yukrimro, H : Bangharo)
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Table 1. General description of investigated forest roads.

) e Fiscal year Watershed Forest road
Forest road Length (m) Width(m of worlydng area (ha) density {im/ha)
A, B Sobeobro 2,000 4.0 1986 300.0 6.67
C . Kaekokro 4, 700 4.0 1974 136.9 34.33
D : Jeobdongro 4, 200 4.0 1985, 1986 327.9 12.81
E . Mamyeongro 1, 800 4.0 1990 274.6 6.55
F : Jikdongro 4, 500 4.0 1987~1989 183.1 24.58
G Yukrimro 6, 700 4.0 1965~ 1966 407.5 16.44
H : Bangharo 10, 000 4.0 1991 632.5 15.79
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Fig. 2. Cross-sectional profile and crown pro-
jection in banking slope (Plot C-24) .

Ag . Acer ginnala, Apa . Acer palmatum,

Bd © Betula davurica, Ccr . Castanea crenata,

Ch - Corvlus heterophyila, Cj ' Callicarpa japonica,

Cp . Crataegus pinnatifida, Qm = Quercus mongolica,

Rch © Rhus chinesis, Rcy - Rubus crataegifolius,

Rpa . Robinia pseudo- acacia,

Sf . Salix floderusis var. globra,

Si © Stephanandra incisa, So . Stvrax ebassia,

Ws . Weigela subsessilis. Zo . Zingiber officinale,

Zsc . Zonthoxylum schinifalium .
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Table 2. Slope surface and invaded trees on the banking slopes of forest road in Sobeobri, Kapyeong-gun.

. Soil Slope
ilot D1_r ®C7 hardness Length IE}radien‘c Invasion Tree(N) C!‘
No. tion  iim) (m) ) %
A-2 NW 7.5 15.3 45 Aj, Ch, Fr, Ma, Sb(5) 38
A- 4 4 8.6 22.0 34 Aj, Ma, Rey (3) 8
A-6 " 6.5 12.5 36 Aj, Rer, QOm, Qs (4) 15
A- 8 w 10.5 5.0 42 Fa, Qu, Sg, Si, Ws(5) 24
A-10 S 9.8 6.0 34 Ae, Ag, Aj, Bp, Fa, Lb, Rch, Sg, Si, Sk, 59
Ws, Zsc (12)
A-12 " \% 4.0 35 Ae, Lb, Rph, Si, Sp, Zsc (6) 72
A-14 w 6.2 5.0 37 Fa, Lm, Qm, Sk, Ss (5) 57
B- 2 NW A% 9.1 35 Sf. Sk, Ws(3) 18
B- 4 1 \Y4 7.0 36 Ag, Lb, Si, Sk, Sp, Ws(6) 47
B- 6 ” 9.0 4.7 34 Ae, Ag, Lb, Rer, Ws (5) 55
B-10 S A% 5.3 34 Lb, Qm, Si, Sp, W5 (5) 46
B-12 E 11.3 7.3 40 Fa, Rch, Si, Ws(4) 90

Notes ; N : No. of species, CI . Coverage of invaded trees, V : Gravel

Ae . Avalia elata, Ag . Acer ginnala, Aj . Alnus japonica,

Bp . Betula platyphylla var. japonica, Ch ' Cprylus heterophylla var . thunbergii,
Fa . Fragaria ananassa, Fr . Fraxinus vhynchophylla. Lb " Lespedeza bicolor,
Lm . Lespedeza maximowiczii, Ma . Morus alba, Qm @ Quercus mongolica,

Qs . Quercus serrata, Qu . Quercus variabilis, Rch '@ Rhus chinesis,

Rcr - Rubus crataegifolius, Rph . Rubus phoeniclasius, Sb . Staphylia bumalda,

Sg | Salix glandulosa, Sf . Salix flodevusis var. globra, Si

Stephanandra incisa,

Sk . Salix koveensis, Sp . Spiraea prunifolia var. simpliciflora,

Ss . Securinega suffruticosa, Ws . Weigela subsessilts,
Zsc . Zonthoxylum schinifalium .
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Table 3. Slope surface and invaded trees on the banking slopes of forest road in Gaekokri, Kapyeong-gun.

. Soil Slope
glgj[ Dg:g_ hardness Length  Gradient Invasion Tree(N) ’E’;I)
(mm) (m) ) 170
c-1 S 8.2 32.0 40 Lm, Pk, Rch, Rcr, S5 (5) 7
C-3 4 6.5 12.0 28 Bd, L{, Qd, Rcr, Ss, Zo (6) 65
C-5 4 8.2 16.0 30 Rch, Rer, Si, Ss, Zsc (5) 45
C-6 W 3.8 13.0 36 Aa, Qd, Rech, Rer, Ss, Ws, Zsc (7) 52
C- 8 SE 12.6 15.3 38 Cp, Qac, Qal, Rch, Rcr, Ss, Zsc (7) 65
C-10 " A% 12.0 42 Cp (1) 13
C-11 S 7.6 6.8 34 Lb, Rer, Zsc (3) 60
C-13 E 9.5 7.0 38 Ae, Cp, Lb, Pk, Rch, Sf, So (7) 85
C-15 SwW 11.0 8.0 39 Bd, Cp, S, Ss, Zo (5) 40
C-16 17 5.3 25.0 37 Fr, Lb, Qal, Qd, Qm, Qu, Rch, Rcr, So, 5l
Ss, Zo (11)
C-20 E \Y% 11.0 42 Apa, Lb, Qal, Rer, Si, Ws(6) 80
Cc-21 /7 12.3 11.0 38 Cp, Lb, Lc, Rch, Rer, Sb, Ws, Zsc (8) 24
C-24 4 9.6 29.0 31 Ag, Apa, Bd, Cer, Ch, Cj, Cp, @m, Rch, 47
Rcer, Rpa, Sf. Si, So, Ws, Zo, Zsc (17)
C-26 4 8.3 16.0 35 Aa, Ag, Cp, Fr, Qal, Si, Ws, Zsc (8) 100
C-28 " \% 15.0 35 Aa, Ag, Cp, Qu, Sf, Si, Ws(7) 32
C-30 1 9.0 7.0 28 Cer, Rer, S, Si, Ws, Zsc (6) 53
C-32 4 7.5 20.0 42 Aa, Ag, Cp, Py, Qal, Qm, Rch, Si, Ws, 51
Zo, Zsc(11)
C-34 ES \Y% 19.0 36 Ae, Ea, Ma, Qal, Rch, Rcr, Rph, Sb (8) 44

Notes ; N . No. of species, CI : Coverage of invaded trees, V . Gravel

Aa : Actinidia arguta, Ae . Aralia elato, Ag . Acer ginnala, Apa . Acer palmatum,
Bd : Betula davurica, Ccr . Castanea crvenata, Ch . Corylus heterophylla,

Cj © Callicarpa japonica, Cp . Crataegus pinnalifida, FEa . Euonymus alatus,

Fr | Fraxinus rhynchophylla, Lb . Lespedeza bicolor, Lc . Lespedeza cyrtobotrya.
Li . Larix leptolepis, Lm . Lespedeza maximowiczii, Ma . Morus alba,

Pk Pinus korvaiensis, Py . Prunus yedoensis, Qac . Quervcus acutussima,

Qal . Quercus aliena, Qd . Quercus dentata, Qm . Quercus mongolica,

Qv . Quercus variabilis, Rch @ Rhus chinesis, Rcr . Rubus crataegifolius,

Rpa . Robinia pseudo-acasia, Rph . Rubus phoeniclasius, Sb . Staphylia bumalda,
Sf ¢ Salix floderusis var. globra, Si . Stephanandra incisa,

Se : Styrax obassia, Ss . Securvinega suffruticosa, Ws . Weigela subsessilis,

Zo . Zingiber officinale, Zsc . Zonthoxylum schinijfalium .

Table 4. Slope surface and invaded trees on the banking slopes of forest road in Jeobdongro, Kwangreung.

. Soil Slope
Plot D{r ec hardness Length  Gradient Invasion Tree(N) E,:I
No. tion . (%)
(mm) (m) )
D-1 S 7.0 7.8 30 Ccr, Lc, Re(3) 6
D- 8 E 4.4 18.9 40 Ae, Pd (2) 19

Notes ; N : No. of species, CI: Coverage of invaded trees, V . Gravel

Ae . Aralia elata, Ccr . Castanea crenata, Lc . Lespedeza cyrtobotrya,
Pd . Pinus densiflora, Rc . Rubus crataegifolius.
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Table 5. Slope surface and invaded trees on the banking slopes of forest road in Mamyeongro, Kwangreung.

o Soil Slope
}\)IIOt D1.r ec hardness Length  Gradient Invasion Tree(N) ’CI
No. tion ( ) (m) ) (9%)
(mm) (m) ("}
E-1 E 9.6 21.3 35 Ae, Apl, Aps, Kp, Rer, Si, So, Ws (8) 7
E-2 1 5.0 17.2 33 Aps, Bp, Cd, Ma, Py, Sj(6) 1
E- 3 1 5.0 8.7 38 Ael(l) 5
E- 4 " 12.8 16.4 26 Cs, Rer, 57, Zo (4 1
E-5 W 8.0 18.7 38 Csil) 1
E- 7 S \% 18.0 33 Aps, At, Cd, Co, Lb, Ma, Py, Sj, Zo (9; 10
E- 8 N 9.4 17.8 36 Aps, Ch, Co, Sa, So (5} 3
E-9 1" 8.2 18.1 39 Cd, Ch, Sb, Sw {4} 3
E-10 % v 13.7 27 Rer, Swi2) 1
E-11 SE 9.4 18.2 36 Aps. Cd, Lb, Ma, Sa. Sj, Zo, Zsc (8) 4
E-12 " \Y 34.0 40 Aps, Lb, Su, Zo (4) 2

Notes ; N No. of species, CI . Coverage of invaded trees, V . Gravel

Ae : Aralia elata, Apl . Alangium platanifolium vaer. macvophylum,
Aps | Acer pseudo-sieboldianum, At . Acer triflorum,

Bp © Betula platyphylla var. japonica, Cd . Callicarpa dichotoma,

Ch = Corylus hetevophylla, Co . Cornus officinalis, Cs . Celtis sinensts,
Kp | Kalopanax pictus, Lb . Lespedeza bicolor, Ma = Movus alba,

Py . Prunus yedoensis, Rcr ° Rubus crataegifolius, Sa @ Sorbus alnifolia,
Sb : Staphylla bumalda, Si . Stephanandra incisa, Si . Stvrax japonica,
So : Styrax obassia, Sw . Sambucus williamsii, Ws | Weigela subsessilis,
Zo . Zingiber officinale, Zsc . Zonthoxylum schinifalium .

Table 6. Slope surface and invaded trees on the banking slopes of forest road in Jikdongro, Kwangreung.

Plot  Direc- , S0l Slope _

ST . o Cl
No. tion h:i(;irr:sss Legré;g)th (;ra(c(i)xent Invasion Tree(N) (%)
F-1 N 6.3 17.0 32 Apa, Bp, Lb, Rv, So (5) 9
F-2 " 6.3 30.0 44 Aj, Apl, Lb, Rcr, Rph, Sa, Ws(7) 3
F-3 E 8.3 10.0 34 Sh, So (2) 3
F-4 NE 8.3 15.0 40 Ae, Rer(2) 5

Notes . N : No. of species, ClI : Coverage of invaded trees, V . Gravel

Ae . Aralia elata, Aj . Alnus japonica, Apa . Acer palmatum,

Api . Alangium platanifoliuvm vay. macrophylum,

Bp . Betula platyphylla var. japownica, Lb . Lespedeza bicolor,

Rer © Rubus crataegifolius, Rph . Rubus phoeniclasius, Rv . Rhus vernicifula,
Sa © Sorbus alnifolia, Sh . Salix hulteni, So . Styrax obassia,

Ws | Weigela subsessilis.
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Table 7. Slope surface and invaded trees on the banking slopes of forest road in Yukrimro, Kwangreung.

Plot Direc- Soil ___ Slope CI
N . hardness Length  Gradient Invasion Tree(N) (o0

0. tion . . . . (%,

{mm) im) )

G- 2 E 8.5 8.0 38 Ae, Rer, Zsc (3) 44
G- 3 4 5.2 16.1 43 Apa, Cco, Cd, Ch, Cl, Rch, Rer, Si, So (9) 63
G- 7 NE 6.5 23.0 39 Aa, Ae, Aps, Cl, Kp, Pd, Qs, Si, 57,50 (10} 59
G-1 " 5.3 9.6 33 Ae, Apl, Aps, Cd, Cht, Rch, Rer, Si, Ss, 51

Ws, Zo, Zsc (13)

Notes . N : No. of species, CI: Coverage of invaded trees, V : Gravel

Aa - Actinidia arguta, Ae . Aralia elata, Apa . Acer palmatum,

Ap! . Alangium platanifolium var . macrophylum, Aps . Acer pseudo-sieboldianum,
Ceo . Cornus controversa, Cd . Callicarpa dichotoma, Ch . Cowylus heterophylla,
Cht . Corvius heterophylla var . thunbergii, Cl . Carpinus laxiflora,

Kp © Kalopanax pictus, LI . Larix leptolepis, Pd : Pinus densiflora,

Qs © Quercus serrata, Rch ' Rhus chinesis, Rer . Rubus crataegifolius,

Si : Stephanandra incisa, Sj . Styrax japonica, So . Styrax obassia,

Ss  Securinega suffruticosa, Ws . Weigela subsessilis, Zo . Zingiber officinale,

Zsc | Zonthoxylum schinifalium .
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Table 8. Slope surface and invaded trees on the banking slopes of forest road in Bangharo, Chuncheon-gun.

Soil Slope

ilot Dl.r €C" hardness Length  Gradient Invasion Tree(N) cl
No. tion (mm) (m) ) (%)
H- 2 NW 9.7 56.0 38 Lb, Rch, Rpa(3) 1
H- 3 1 12.7 61.0 37 Ma, Lb, Qal, Rch, Rev, Sf, Ud (7) 6
H- 4 N 10.0 57.0 38 Lb, Qal, Rch, Rer, Rpa, Sp, Ud, Zse (8) 15
H-5 NwW 9.8 25.6 33 Lb(1) 2
H- 6 w 13.3 42.0 38 0
H-7 " 7.2 30.0 39 LoD 1
H- 8 1" A% 28.1 37 Ch, Lb, Lc, Rch, Spr, Zo (6) 5
H- 9 " 5.0 25.0 33 Lb, Rch, Rer (3) 1
H-10 " 7.5 26.6 35 Lc(1) 7
H-11 SW 3.3 24.0 34 Lc(1) 1

Notes . N No. of species, Cl: Coverage of invaded trees, V : Gravel

Ch . Corylus heterophylla, Ma . Morus alba, Lb . Lespedeza bicolor,
Lc¢ . Lespedeza cyrtobotrva, Qal . Quercus aliena, Rch . Rhus chinesis,
Rpa . Robinia pseudo-acasia, Rcr . Rubus crataegifolius,
St . Salix floderusis var. globra, Sp . Spiraca prunifolia var. simpliciflora,

Ud . Ulmus davidiana var . japonica, Zo . Zingiber officinale, Zse . Zelkova serrata.
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Fig. 3. Length of slope and coverage of invaded

trees(CI) . (A, B : Sobeobro, C: Kaeko-
kro, D Jeobdongro, E : Mamyeongro,
F ! Jikdongro, G : Yukrimro, H : Bangh-
aro)
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