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AZETRACT

In Seoul metropolitan area, rockily denuded forest lands are widely distributed.
QOut of the rock-exposed hillslopes, Xwanak-Samsung mountains and Bookhan-
Dobong mountains areas are the most severely eroded land at present. To de-
velope the rehabilitation measures for the rock-exposed hillslopes, it is essentially
required that mechanisms of rock debris production and movement from the rock-
exposed hillslopes should be studied. And also, suitable experiments for planting
techniques should be practised at the field level. In this context, some experi-
ments for the on-site fixation of the unstable stone-debris including plantation
establishments on the rock-exposed hillslopes, have been carried out for 4 years
from 1983 to 1986 at Kwanak mountain hillslopes.

The results may be summarized as follows:

1) The soil environment-tolerable tree species for plantation extablishment on
rock-exposed hillslopes include Buxus microphylla var. koreana, Forsythia
koreana, Juniperus chinensis var. sargentii, Alnus hirsuta and Pinus rigida. These
trees have, however, been showed fairly good growth performence at the places
having more than about 30cm of soil layer depth above rock-bed.

2) In raising of seedlings to plant on the rock-exposed hillslopes, containerized
seedling practices have been appeared as the most adoptable measures.

3) In fixation of the unstable stone debris-and-sands on the on-site of rock-
exposed hillslopes, the stone-lined barrier measures are more effective at compara-
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tively large-sized places of rock-exposed hillslopes while the stone-bowed barrier
measures are more effective at small-sized isolated soil-debris places. The stone-
buttressed terraces measures are more effective at the soil-composed hillslopes

rather than rock-exposed hillslopes.
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Table 1. Properties of the soil at the experiment plots

Soil Hydro. Organ.

Site depth H,0 matter  Texture (HZI())HI:S)

{cm) (%) (%)

¢2-mm Fraction

Total Avail. Exchangeable  Base
N.(%) P,05 K¥ Na¥ — Catt Mg™F
(ppm) (m.e./100g)

A 0-15 162 1.190 SL. 490
B 0-15 139 0931 SL 478
C 0I5 1.88 0931 SL 496

0.041 7.76 0.08 0.03 0.78 0.54
0.075 7.64 0.07 0.03 0.70 0.39
0044 851 0.10 0.04 0.84 0.27

‘Note:A. B and C are the sites investigated.

Table 2. Sizes of containerized seedlings by trez species

Species ling before  seedling for
planting to  forest plan-
pot ting

Alngs hirssta 10 1
Forsythia koreana /1 2/2
Buxus microphylla 1-1 1-1-1
var.koreana

Pinus rigida 1-0 1-1
Pinus rigida 1-1 1-1-1
Parthenocissus tricuspidata 1-0 -1
Parthenocissus tricuspidata juvenile 1-0
Juniperus chinensis 3/3 4/4

var. sargentu

Fig. 1 Tree seedlings raised for the rockslops
planting(vinyl containerized).
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Hit IR 28 (-3 BEAKRLEM) = 1983%F
B KR EEBANA oF4ste] 1984F Fffol
LA R EE s dek. 2R Y

Age of seed Age of potled SIZO ovf vm)l STz-e;fsole Weightof  No.of potted

pot filled potted potted seedlings

D xH seedling seedling planted

(cm) (D X H)em) {kg)

© 25%x28 16x1%8 61 200

25 X 28 16 x 19 5.1 200
20 x 24 13 x 17 2.6 150
20 X 24 13 x 15 2.6 400
25 x 28 16 x 18 49 100
20 x 24 13 X 19 2.6 200
15 x 20 10 x 15 1.1 2000
30 X 33 19 x 21 7.0 40
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(B) stone barrier measures

Fig. 2 The basic model section of the stone-
buttressed terraces and the stone barrier
measures
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Fig. 3 Field construction of the stone-lined bar-
rier measures with containerized seedling
planted.
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Fig. 4 Field construction of the stone-bowed
barrier measures with containerized
seedling planted
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Fig. 5 Field construction of the stone-buttressed
terraces with containerized seedling
planted

“BERURE 5o THEH" S B Ee kel B
2elvF2g + Bl e 2~38 + el 2
& HEE HARMESHY o

mR A ER
LOERLNERA REENY EEREE

EiELAE = W AYEd KRB A
ot ®fsle] FT7dolE st BHAE HEYT ¢
o Zéq_i 3;]._4]5101 olr,} T‘ o] °§-——- Djo]‘?
st ZEE ERete 45 EEA F& 7ol

T8l 4] B s o} ghel,

ZHd o3 BEREES BREAY BE

& Bieele MBKLUERE 544 + 9
I, 53 23O kA mAE A + de
Bt GEERA At whdeleh. Tl A
2ol RERetR A Jebhd BRe AEA ER
+o ZA|ZFe] whi MLEEI] Wol 8T &
EERel Lol RT ol 72l Fube st whol 48
o} R S A Ao] glomr gfow
olo] it AT} vl & = olof & AHolrh

el -Fubsl 28E Ale €4 A& THol
5 sl FrjeolLel] LEE YR XEAA d
Ze S SledlA HP“‘”PZ] Al GIBAE o

o £5x] GLE Fdle] FHolA W
AW gita ok &b, EE%!&%*— A dEg =2 Rol
A zelsf o gheh

£ BiER HELAMBELY chdst 2o (Tablel

Iy

R,

I
2
S
- &
5y

Dl AU B2EA vd a2 37 (FE7
o] Ho Ael)E A E 20cem, Ao] 247t HF
ahed, ol Algwlo] WAL 1-0WE ERS 1
Zoll 148 Alo] oF4gtel, 1M BRST oHEsl

ol (Lol fER ool = S 40~60cm BEE
zlele], | wigTFios wol 2 el E H
Rel=d MR 128 TA o 2.6kl Hch
o] BATEE A A& Fiol7ta] &% 4t
2 melaglabatel] 6~102% ol AFERKS
et ZRAEAL 1-18Ecl 1-087 Axbao]
9rt.

@ Eee vt i ud 2 i?f— A5 25cm, A
o] 28 cm 7} A5l 1-08 S HBER e 124

4 #RAe 1EFd = #HEo] 1.5~2.0m A
T A£EIER HEL 60m Y EER ERIL, 4K
off Wi vbe Wl E Aellw [BRERRE 128
FAE oF 6.1kgolvh ®eb, (Ut NERLS 1[EHd



14

0 3

(BESEZEGHE Vol. 15, No. 1

4~62HE ANERT 5+ A BEFY Lol 2=
= %ﬁ_l: FL-Fgo] s} 25 cm o] A= o] o} s T

Yol F9lol4 $E2F F& stebrh AHgahok Weh
@AHvel sl Zolk AF 25em, Aol 28

o 7} Arkale, 1/IEAEE BBBRs 1580

S Ale) oFAstgdch, 1FEHE IUBEE =) 1.5
~z.o moll ZEEE 60cmH T2 Bty ZEY
Bl = EiEsle 1289 Tl 2 5.1ko| ok
Ag Frio)7kx NNEER-E 1A 1A 4~6{@ H 7t
oubel

@ 3] w2 Ar7le AF 20cm, Ao} 24
em 7F A s, Rl Al Ewle| BEL I-1HE B
Rl 120 3FE Ale] FAgtel. 1FHILHES
HEe 4 30mAetER 25m BAEER v} F

RESE ABc) MEEAK 2B TAL ok 2.6

kgol ek AL FHojzkA Y JERS Tl
A z}ol] 6~10ﬁ’>“ ubatet
@ F3 Tt u i) F5)E AE 30em, |

33 em 7} A %ékml ol AS e BAL 3/3~4/4
FAEE BREHIA 124 15E Ao F4T
oh IE& WITEY Arlv @830~ 40m AR o
Foml 12 FAE o Tk o= sbE Rk

Tl 7bAl 8 NER-E LA 288 kgl

e

Al
ua

ErtAolth. o Z¥Eo 222 REF] T
2 ol ARz Zaksiet

® 2ol F ok wdol Ay Fabsid A AR
e AL o] &3hal $lsked AMHEl R
9] 371& AE 15em, Aol 20cn 7b H B3k,

Lul o] WAL ALEd BEAA XA 4
E(EE ob5~10cm )= 1200 244 Ale] okl gho]
BRIl ek 1FK TR = BR 50~80m AT
2 YEALE 15~20mAER 2T RES &

< & 1889 FAe & Llkgo] ek A%
Frol 7k o] NERS Zebi e Axlel] 10~1624

obd fuliich 1-0HE ZWE AHEY Azl
At BEold A3l JFo] 42 71T Ao}
W & nbdo] olo} whERel A Rabodch

2. HBIWRTF barrier TES ¥R

1) BHA barrierTp:(stone-lined barrier

measures)

ERpE KEH de FHE £H5 stone
barrier & T&3hedl Eol & =lolw 1ER472
© BEAT RE AL 28 AN FEooF
%l c}, stone barrier®] 1]u]7} 25~30cm ¥l ohu
He] m] ¢ FL Aol 2 stressesel] o]l resist-

L=

ances7} 202 2 barriere] A7 of] Fo& 4 A3
of gteb. = HBMME Lol 9= fﬂ:@% A 3
Fol g2l ggubeslol B4AE s Hew
stone barrier z}a] 7} sliding< -?f]?ﬂ"éo] gtom g
4] A FA o5 adtcl B ol E45)
B2 Byl E ¥ do=E HAsd 53 &
CER S

E —fi AEIHAAL o] susl FTol ¥
83 RA hasl 47 AWl dE w24T
BE7E Al FaoF ek, AFEBA AT 1EA
stone barrierell 4 slidingHil g o2 Y35 o] ¢
s A e AAE £Ase 4 Holme
L] fEAE A 4ESE A LENAE FE &
ghoh, RREER EAima A4 AhEB barrierd
#ELBREEZRT deks 5390 & HhE
barriere HEEHS TrBE 9 fHed Bk
iﬁt%ﬂ@*’]ﬁ_"-‘%, E O Ee ERI B £F

& BiRste 9ok

EH&’I‘«—_ barrier Fokol] o} 3 $HEH HAEREEL
FER Lol 3 E3E, Adelzy, FIT 1~2
24 HEE0R sl Analgleh JdHo 2 EH
2 EHAE FEARe AAF IR £
&0l s s Adke] vielybedl o] AL 2R
Bt £3 530 KBl = ERel 7.Kﬁ°] H-Z3l
7] i go]et,

BER EREA A= 35 THEE 40
~50 cm, EME 25~45m FEE fBslgi o o
T 52 EhA wstd A AAEA £FEHA
oh webd F Rl AW EBHES HEM]
ek AvelE 12% 10~1309 Foprt zhehA
G4 2Pt Ha o o] odslEE= A
o] JENWIER %+E 25cm AE ol4to g FHus)
Folof & Zojth, E§°ﬂ BiegE R wlct3l
wobd 12% ol of A5 Sgleh BT 4
A Bt F20em AE 2Fgrov}, Az} 34} 4
A4 AR glonR FK+@o] 30 cm o] A= Foll

Aajsol @ Aolch. HEHAL AL RLBo] 30
ol 45t FoAAE ERUTA spFuctE o

4~6vf S} B Foieh, F2E VYT £ 2.0~2.5
mAEEZ 2O Aol 4ie] s A2
et #rldsauTe 1 4 50~T0m A ER
ERskch

2) "b=+d barrier T.gk(stone-bowed-barrier mea-
sures)

wlebd barrier TS FE L MEfizod] A4 2
it ok o g stone barrier§ F&3 2 Falo

285 ERIA. EIRA Hi7] ¥ 471



19875 7H)

HEE tusA SRS LEMKETE Bkl At R 15

42 HE barrierel] 49} zeh. uIebw ERBE
Tel Aol sl Tkt vlsdkxnt £8 AH2
2 o gr)she A4 & Aolsh vebviel, = o
ZA) [ ERHE A £ ARRIEFAL fHE L MERALO A
Zsi o FRMS Tikoleh

ubehdd barrier E-qkol] A A ¥ WA £FNRET
owpx o2 HiA barrier Fokoll 4 Ak
ok dla s Heks wgron® ol ¢ Bl stk
HIEMme] Az|steng kgl felst
a2, & REEE 3 T AFRE] &R
%7 oot

3) BB REE o] Tl A BEHERTIE
(planting measures with the stepped stone-buttres-
sed terraces)

WERELE 02 TAR REnE EERLs
7] 98 Lo olv| o}d (Lprkis EEILES
2 43 Y “UEES I TE S Adides
wj 2] sk EA k7 KFEo] BEA #iEeE 22
A2 24, ricsTaE 3k, Adelg
# 2% mEstdew AA" BmRY EE Y A&
Hikgest 74 ok syl ol AL IELBAE L
o ZEE L KFEHL 245 LBEE FEINL
Rtk Eok4Ee FAEIN AL BRYelZ
Folr},

&

2

HEmE BEY BleRipe £FEVEY EEL
WE Gt k1B B#S phiksld MERE
#wibshs] 918 WEBLES AUsts] S5k, A%
KB EHABHARY THUEBRTREAA, 3
220 EAEEWS ol £3 BEHERTIHRY B
Bl ol 8t RERBFIEIL 198345 1986%E71R] 4
£M Y= e, = &R obdak 2k

1. BEUEBHES SBLBE A3 &L
£ A3 pesiEe s soFg, AMuelst B B
Repolglon FHT, elrlvkeuy, FoEvT
v HBE RLEZol7t ok 30emolAS ojoF MR
fgolgleh. =oly F-L 3FEA e apaidre] Al
stgeel 2 dle] FHSA Xdgsk BrEA
o]7} 20em A E olFloll A= WAL ERANA= oF
Y 2 el

2. BENMEHEMRA REE A WYLHE
& op4slol 9 slole, BEALEHERLM 3l
o} 4

rr

)

1) A4 F = 1-08 15S 2S5 20cn, 2
| 24 em el el Ale] 1/ #FSZ, e d
B 108 14E A2 25em, Re| 28cn 34 E
o Ale 1R #F I,

2) AUEle 1/18EAE 284S 2§ 25, Aol
28 cm vl el Alo] 1M BFSIL, 3]SFL 1-
1% 342 A& 20cm, Aol 24cem v B 4ol 1
E£H &FL, ¥ 3/3 HBAHEE AE 30
cm, Ro] 33cm ®ldBel] Aol 1ERM BFIA,

3) 2ol g E-L 7ol AFste AgFed 24
Well 4 B3 FES HHEE S 15, Ho]l W0en
v dBol] Ao 1R FRTE LIRS BE
ol ek,

3. EBEAEEe W E(20 nf FEo] )l AE
B barrier T#ko], F-& XAy Mo} g
Fo A& dbdd barrier Tke] ERELMY BEY
HREAY £FmEAA BHEHY Tikolddch 18
B (AR DEE A = BRI g EFo]
Tiko] #EHeI st

23

51 B 3 &

1) Bezton, J.D.1973. Fertilizer methods and ap-
plications to forestry practices. In the Forest
Fertilization Symposium Proceeding. USDA,
Forest Service GTR NE-3, 45-55.

2) Belt, G.H.and B.M.Woo. 1984. Rehabilitation
of untable slopes using structural and vegeta-
tive measures. In Proc. of IUFRO sympo-
sium on effects of forest management on ero-
sion and slope stability. East-West Center.
Hawaii:211-216.

3) Bloom, A.L. 1969. The surface of the earth.
Foundation of Earth Scicnce Series. Pre-
ntice-Hall. Inc. New Jersey. 152 P.

4) Brown, J.W. 1974. Landslide instrumentation,
Trans. Res. Board, Nat. Res. Council, Pub.
482, 50 P.

5) Carson, M.A.and M.].Kirkby. 1972. Hillslope
form and process. Cambridge University
Press. London,

6) Coats, R.N. 1981. Watershed rehabilitation in
Redwood National Park and other Pacific

coastal areas. Proce, of the Symposium.
128-152.



16

750

(Bs RE@EE Vol. 15, No. 1 19874 7H)

7) Fukuda, M. 1972. Freezing-thawing process
of water in pore space of rocks [I. Low
Temperature Science Series A, 30:183-189.

8) Goldich, S.S. 1938. A study in rock-weather-
ing. Jour. Geology, Vol. 46:17-58.

9) Kinghon, J.M. 1974. Principles and concepts
in container planting. In the proc. of the
North American containerized forest tree
seedling symposium. 8-18.

10) Mcgreevy, J.P. 1982. Hydrothermal alteration
and earth surface rock weathering:A basalt
example. Earth Surface Processes and Land-
forms Vol. 7:189-195.

11) Ollier, C.D.1969. Weathering. Oliver and

Bayd. Edinburgh(Georgaphy texts 3). 304P.

Osterstrom, L.O. 1981. Seedling containers

and planting methods. In the proc, of the

12)

American Society of Agr. Eng. Symposium
on Engineering Systems for forest regenera-
tion. 144-151.

Patric, J.H.and W.E.Kidd. 1982. Erosion on
very stony forest soil during phenomenal rain

13)

in Webster County, West Virginia. USDA-

FS, NE-501, 13P.

Riedl, O.and D.Zacher. 1984. Forest ame-
lioration. Elsevier, 624 P.

Schumm, S.A.1967.Rates of surficial rock
creep on hillslopes in western Colorado. Sci-
ence 155:560-561.

Schuster, R.L.and R.J.Krizek. 1978. Land-
slides:Analysis and Control. Trans.Res.Board,
Nat.Acad.Scie.Special Report 176.234 P.
Taber, S. 1930. The mechanism of frost
heaving. Jour.Geology 38:303-317

Thomas C.P.1980.Erosion and deposition by
debris flows at Mt. Thomas. Earth Surface
Process and Landforms Vol.5(3):227-247.

14)

15)

16)

17)

18)

19) Trudgill, S.T.1983. Weathering and erosion
(Sources and methods in geography). Butter-
worth & Co.Pub.Lid. 192 P.

20) BERIE. 1956. HRBHITE,
P.

21) HrFEE. 1961, gAY KE: REO MR
2 BT 2 HAIHEY W, BRKKAFR
13.1~116.

22) +EE—. 1981, WHRILEREEY. MRZH
1} — % No.9. [L#g3. 415 P.

23) WBILAREIRE. 1964, BILRE O F51. HEFE
. BAHAR. 432 P.

24) BTH . 1984. #HHMEB(ERMEE FE 1).

KAE. 404 P.

M3 %, 1984, WHRILE LT, Bk, 250.

P.

HEFESR. 1959. wAUEHEI & FEf7. BARKBILE

ki€, 863. P.

(U E. 1955. EMImBMERC M35 B

BRI, KEFEE. 270 P.

XEHS. 1962, WAL H LU HEL

477 —(2). L#gE. 145 P.

ERe. 1978, FHWLS Lbiket £HEFA 2

T PR AEAEEREE 14 1 71~96.

HaHEE. 371

25)

26)

27)

28) A7

29)

30) S&fF-4r. 1983. 4l RUBHTEB. 1984. #RACit.
310 P.
31) EfFfe % 1984, TEHEBIRERIERA FiEg

0] BKILE 53 BIL{RiEel T R

(1). AEKBBHE 92—1) 1 7-13.

32) &R4. 1985. BEUBUEEORERS] BT
B:BARAl BAGE BHFE, AT AEBHE 10(2°1)
11732,

33) EE4. 1987. HRBEMR LSBT KiE

Hrikoll R3F EEEAY HFE. WEIKEREI 76(1).
11-26.

%, 1985. Rockfragmentf@hol] 23+ B
7. ATKBRABRELRY. 75 P.

34)



