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Studies on the Use of Japanese Weeds
for the Protection Work of Bare Slope (1I).
Examination on the Cutting Slope

of the Forest Road

Tsugio EZAKI and Tomomichi FUSHIMI

Summary : This report dealt with the suitability of several Japanese weeds (SUSUKI: Miscanthus
sinensis ANDERSS, KUZU : Pueraria thunbergiana BENTH, ITADORI: Polygonum cuspidatum SIEB. et
Zucc., YOMOGI : Artemisia princeps PAMP, and FUJL: Wisteria brachybotrys SIEB. et ZUCC.) for the pro-
tection of the cutting slope of the forest road. On the cutting slope of a forest road at Ehime university
forest, 12 experimental plots were set by the seeding, the cuttings, and the root planting. Each plot has a
length of 6m and a width of 2m. The observations have been conducted since July, 1975. The experimental
plots locates. 680m above the sea level, and the soil class belongs to the sandy loam. The average meteor-
ological conditions (1970~1975) were as follows: average temperature 13.7°C, rainfall in a year 2000 mm,
temperature —10°C~33°C. The result from July, 1975 to February, 1976 may be summarized as follows:

1) The germination rates of weed seeds on the bare ground were from 25.0% to 93.3%. The germination
rates of the species with large sized seeds were higher than that of the other species.

2) In YOMOGI plot, both their rates of root production and root planting showed the highest values.

3) The growth period of all vegatation employed was reduced to a half of the normal period, nevertheless
YOMOGI cuttings, SUSUKI seedlings, and FU]JI seedlings showed the normal growth. But the growth
of seedlings of KUZU, ITADORI and YOMOGI became below the normal growth with shortening of the
growth period.

4) The vegetation showed fairly the efficacy for controlling the sediment discharge and the run-off depth in
the vegetation plots.
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5) The sediment discharge and the run-off depth showed higher interrelation with the intensity of rainfall
than to the rainfall depth, and showed higher interrelation with the accelerated precipitation index than
to the intensity of rainfall.

6) On all experimental plots, a high correlation was found between the sediment discharge and the run-
off depth.

7) The Japanese weeds and some species of exotic plants were equally matched in the degrees of the
initial growth and the erosion control on the cutting slope by the weeds.

Those results indicates to be applicable Japanese weeds for use in bare slope protection works.
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BERLTV B,

6) +TWHHE BRSO, TRTORRKX T, &\VHBBEGRERD LIS,

7 BAEMEEOTHIRE, B\ BRIIBEECK TS LR R ER S X MR EIEIER I, BBaLE
EEDS KRB IEE L T D,

LA, BAREMEEOFAMEREL, OVERETCHIBEHTEDL Z L1bhb,

I & L & (£
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Table 1 General conditions of the soil in each experimental plot
PlotNo.| 1 | 2 | 3 | 4 | 5| 6 | 7 |8 ] 9 |10]| 1|12

moisture content | max. 17.7 |18.9 (19.5 (17.8 |20.9 |22.1 |21.8 |21.9 (22.0 |23.0 |23.0 |24.0
(%) |min. 14.2 (16.1 (14.8 |15.0 |17.5 |17.4 |18.2 |17.9 |17.8 |19.0 |{19.0 |19.9
mean 16.5 (17.9 (17.6 [16.7 |19.0 |19.7 |19.8 [19.8 [20.5 [20.9 |21.1 |21.4

PH(H.0) the 1st 6.00| 5.80| 5.92| 6.10| 6.20| 5.40| 5.18| 5.50| 5.50| 5.72| 5.25| 5.50
the 2nd | 5.92| 5.80| 6.00| 5.40| 6.00| 5.51| 5.19| 5.67| 5.51| 5.54| 5.62| 5.49
the 3rd | 5.98| 5.94| 6.02| 5.80| 6.13| 5.58| 5.21| 5.54| 5.50| 5.54| 5.45| 5.55

hardness the 1st |18 15 19 |18 |16 19 18 18 120 |20 19 |22
the 2nd |20 17 |20 19 18 {20 |20 |20 19 (20 |21 20
the 3rd |20 |18 |21 22 19 |21 22 (20 (20 |22 |22 22

the 1st: July 17, 1975 the 2nd: Dec. 8, 1975 the 3rd: Feb. 2, 1976

m # = # =

GRS, B, O)HAREDRELOBELD, BRORKEVRC K > T2EBHCHI, Tiobb, KK
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1) ==F (2LE) Artemisia princeps PAMP
&M, SN, MEOLIFCERCRbI D SFEREAT, HiE, INEREC S BET B, B2 50~100 cm T, ¥
ST DT, WERENIKE, BTWIMIT, BRCOPHELH LY, REREHTHY, RERIIE, BRiT
HHRFEE < TEOBD X 5 CRET D, TOMREMIELZHLIC, KFEFEHEE 40~45cm, FEI X 25cm &
BEECThD, BRICL itz LabaEmArE s, Riil0cm Ry, & LPTLLTHIE, BHHF
PSR RE R IAD B, HAS L ORI, EFEHRAL S, RTHs <, LobECRIBR YRS,
2) AAF (Bl Miscanthus sinensis ANDERSS
A& LEOLEFE it Th %L DAMOLELEATH S, iy, TEi, W, T,
X BT A, BT, —BOBEARLD BEALT LB, BEIX100~150 cm fLIC#EL, BEELKE L,
B, 2~3ETHRER IO, BEL, SEEL, £LT, BL TREVERIMTZ B, BROMRERL,
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Heathiai, KEFHRED 30~50 cm BE, EX 3 40cm BEFITTH S, BT IIRFERNME-2, FEIBETDH
5, ¥, SRIBHTLD,
3) ¥V &RyF—2317 =22 (Bl Festuca elatior var. arundinacea. (Kentucky 31 Fescue)

7 AV A EET, BEICIL 1950 FICA - fo, —BDOEDOEOR 2 BRI X S HHEY b, K bRE
FCHVT L HOT (KB, L ERBUTH A L LT, B d 60~120cm & T 5 & Vbh TW 505, Fx OBERS
B, FEASCHEINLEANAD LIS E LB, Lt ERALENCHRSD, W b REERT L
DORERRDSH Z LIXTER, BAORBIBOLHKIRZ, KEOEFL Y ETFEL, £EFCHTIHE
BRRICE 2 OTRI HERSVELORD, TK, ZOEIKFOSVHELET, LdERFLHOH
BRGSO TH B,

) w4 —vvrs57r52 (RE) Eragrostis curvula. (Weeping love grass)

W7 79 »EET, BREIL1949FICA -1, VRBIOLSEEREAT, LHEYRIT, WHTIEDL, Lird,
BENREL, 5020, BENHEL, B2 90~120cm iET 5 L vbhTuwb, Lal, Kx 0BEFBRTII,
FHEESHRZ L TL B EHEFOKILREL, BIEORLEEAHY Tl &, BRERLILD, BROFH
LAEEICEL b, i, BITHLTHE,

(B) (LT, BRETHH, MBHREPETZLLD,

1) 4% FY (#=T#) Polygonum cuspidatum SIEB. et. ZUCC
AALEOUFE R THE XL DAMOLEARRTH D, FiC, Tk, Otk IUOBEOTICD X
K2 TED. Z2XHZEARHTH Y, LCIAREOHNICENDZ 5, HHERKTHD, RAETII=TCHL
ST, 50~60%DEE &t BHITERME T, BEYEOREL 0 cm M Lic/s s, 248 UBTIEXKE
NELVISTHD, SERETHERIIL60~70cm, BORART10mm BECKS, RFEAEY LT, BE
THERGFVEL, L ELOERRZDLIL0, KrbBLCHRLCHE L, BERIHDERLEEY
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AP LT BAET S, LECRBEHE L TAROERCHE2Z N5 05MOBEBRTHS, £
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HI1EENLLTE, BRI ZHESEETH 5,
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Fig.1 Arrangement of experimental plots

Table 2 Conditions of seeds for the seedings
rate of rate of purity | number of seed | number of expecta- |seed quantity

germination (%) grains per one tion of grass g/m?
species (%) gram per m?
Itadori 86 95 398 1,000 3.1
Yomogi 74 85 11,065 5,000 0.7
Kuzu 80 100 105 100 2
Susuki 10 93 1,268 1,000 9
Kentucky 31 fescue 86 95 398 10,000 31
Fuji 100 100 0.4 100 250
Weeping love grass 73 95 3,768 10,000 4

Table 3 Characters of the scion and the divided root in each species
species fresh weight(g) | length(cm) | diameter(mm) [number per one row| total number
Kuzu(scion) 4.4 14.5 6 5 65
Yomogi(scion) 6.4 15.0 8 11 143
Yomogi(divided root) 5.7 13.5 8 5 65
Susuki(divided root) 4.4 14.5 6 5 65

Ot EIBOEFRRT 2 EBEC L TRE L7,
FRBEOKE 2T, 182m, FEE6m OKFERT5Sm, 1 XEOKEEE 10m?) T, KR HH TR D,
EXOTHCIM OZHR (F 5 V) AT, ToRCE1IZH CAMZEY V) 1EXEE, KELDES X OERTK
HEOKBHEZ T 5, F1ZRIMKCIL>BEOLDIL, SHLRE2ZM (FFarv) #BE, H1%H
LT ABETHBELL, FRE LOZHL, YEABRKUANLOWALED ZERL 5 C=— L BOREVTH
e, foks, RBRX EHOMME LOHMUOD ) EEE T oMK B2 TRRENICHEA LV L5, &
BRX EF R XLOMACAK « €= — A BFBOHKFREEK T 2R T,
Rz, M504 7 H 16~18 HICREL, 7TA 28 HCE 1 ERELXEKBL, Lk 1 BREL, TRHRHEES
IOBRKHEOHEYR, i, EXICHOWT, EPWCHEEDORS « EFRR, BROBERR, LFKHF (B
Bt s), PH(372BEPH » — 2 —icX5) BRI OLHEE (UPRBEFCLD) OFELXT-T\ 5,
¥, PERIS04E10 A 27 A, &K D 1> CTH VIR FEYERK L 72
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Table 4 The germination rate of the seeds and the rooting in the experi-

mental area

number of expected value germination
species germination | of materialization rate (%)
Itadori 110 200 54.0
Yomogi 250~ 300 1,000 25.0~30.0
Kuzu 25 30 83.3
Susuki 100~ 150 200 50.0~75.0
Fuji 28 30 93.3
Kentuckey 31 fescue 1,300~1,500 2,000 65.0~75.0
Weeping love grass 1,000~1,200 2,000 50.0~60.0

number of expected value rate of
species rooting of materialization | rooting (%)
Kuzu (cuttings) 0 65 0
Yomogi (cuttings) 125 143 87.4
Yomogi (root planting) 60 65 92.3
Susuki (root planting) 7 65 10.8

BEX T, 7o0NBELEL, 93.3%THD, LT, 7X, ¥rvEuv*-317=A2, AAF, V44—V
STIVSA, AXFVRIVa=FDIEFTH S, 2 EFETFIL, 25~30%B THROLEVRFRTH-70h, a3 EF
i3, BEAELRD, BELENDLILEHF MY EL CTEHET S Y0T, COREORFRTHRIUBEDOKL
COWTIREALLRET S 2 b DEEZ LR, ok, BHRFERE, HELYRITHL, B9
5, 4%, BEAELEIIE0~60%DRERLIUETH LN TEDLTHS I, KIZ, AAFFEFIR—2H
LWL L 51T, REREDL DM 10% L iic b EV-DT, KEKOD ) HRETCHERTLIHE, »ichKE
DEFHNELTD, FIT, SURFREOLOXED LD, (REABLET OFMEHOBRNALETHA
5, 48 FVEFIL50~60%DHWES 4 a0 T, MOMELERL T, EFEXH T L0, FEFRE
MEBIDETHA5, LnL, 12 FIVEFHESBER, BEFEN 7Y, a2 FBILIOAAFLERT, 1 BHEE
BRAHIETeDT, BigE V5 ETIE, ETHEEXERTY, WEDLIH, 7 XD L5 RFRENE wFr
CE 2 BLEILNTHAH S,

BAX T, ¥ U3 ARF 125 KNHFBL, 87T A%DEVWRBRAR LIS, 7 Z3E s EBR LA -1,
COBEELTE, BRCIAMIENEXLOND, Thbb, 7 AP LOBTAYEL TEEBAETLST L, i
ORAL IR Y, BBEEBETLER DD, BETRHELLV D0 Lhil, I, FELOERTITY, 48
L, XL2o07BEE, T6~80%DE\VRIBRE B, 7 XOMRMICOL2HHLIBE L, Blo
TeDRBEINELLETTS bR T0T, SEERHCIFERC ALV EE XA, TH 16 HIZERHEL,
WK1 BRBLICEBCI Licicdnd Ly, ZOBE, HFFODI51C, BWEILXAVIKELIE, 27h
DRERBLFED RIS LT,

SRETORBERIL, 2EF2N2.3% L@ MEXYTR LI, LiL, AAF210.8%DERBRTH -1, Zhid
BT A BECIT S fedic, i/ Licicd, BRBHTEROEROFELKE (X, fihlcicdiExbhb,

LT, BRBTOEROD R, MNIETFOAAE, 14 FY)RI0aeFo@ERicboicsy
BOAEBCH VRS « BERRAYRLIZ LR, 2RIV 7 od« KRETE LD, 4%, hbxohmE
FETICHEAYZE 2T 5 2T, HENLTIS,

2) EBRR

FXIHER L A AFTRRE YR —2 1R T,

12 F) AK) X, 8 A5 HECHEFRHDIL, HRHEETRLELS, T, BFPRIEREEFRD KRS,
SHTHETHRIo, ZhIIEERX S e L, BTARKH/IKITH 5 10, EENETET, M LicFET 2K
DO X Ukt LS h 5, 8 A 11 HRE T, RBREKLH, FHCRFLTHY, Bk 1.5cm B
B, 98 1 HFEDELIL5~30cm Th -7 AFHRIAER L Iicd hdvb bY, BEMEDORE & LTI,
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Fig.2 The growth curve of each grass

FFETOEFTREN 72, ERIVOE X1 A LA»BRHARLD, EXRCHIED, 12 A LAy, Ebibh
bl

KOETHND X 5124 % F Vi3 EIOEFCHNT, BTFHMOEE IV BERTDZ LN 0025,
R, FiBE, EEMTHMOREINTEALEFT TE LV EBMEO LM TIEFTTEZ LV AvEXIHED L, 41,
FEAED ) HRETOBEGMEEL LTk NS TL 5,

72 QRK) %, TRUBKL, o HF-BRLIL-T,

axFFHEA GX) 12, 7TA3 BRE,LD 1EF 2 HFELIILD, FHLT, 1 RKOEREL D 3~4 HO HZEL
b bhtc, EMENCIE, REICHIFELIL DR, TOHOEFT LIEFATH -7, 8 A 11 HFAER;, FiX3cm BE
MU TH Y, 981 HFED 12 4~84 cm, FH 60 cm BE 51z, 2 € FOMEATIE, BECH~NTY, HELo
ELOENKEVL S THDH, ChCIFHOKTREFEVBERL V230 LEXLIRD, T, AT, &
Bcrsivd, FHELA10cm BESVEAIRDONS, RO, $EIEDCHBD OLFLV-ER
THEE S hrbbT, ThEGFOEBFNREDLICE L3, BIRHOFK DI EE2REL, BT
BCFRMAD D BT D 2 L LHFRTEBENKE

2= FEE WK 13, TASLH,»S8 A7 HEE CREF LK 21, 8 A 11 HHFEER, £FIFEHELIL, 1cm
BETH-17, 9A 1 HRAEDELIZ5~55cm THH, SEGFHE L FEk, HEHEFOBFOMBILL-T, £D
RERIVEBICAZRENAD DRI, FHELIL, 2 =FETORFE, B 1em PENELTH S LRE
LT3, SEIDHEEIEX Scm K oo, TR/ KETORFEEIS IO EEXDNRD, 2 EFL
HEEOBEEHL Y L, BEHIEL, TOLEBFHHLEL b L, BECBEIh, £FLLL0WLb L, BHF
BAAMEW X 5 TH D, Lich->T, tTHdAEoEBFEAYRT L Bhbhicss, 98 30 B0 D R HEKR
T, BEAEEDh 5T,

72 5K) %, 4H, 7TA28 858 A L@ CORKMEMMCREFLK LI, COBBRELTL, ¥TE
YR RENE, #H21c, BETHOCTSE, £33k, BEEK3 ARERKL T, EFESmm BEOBRE
BotcZ EhELORD, 8 A1l BFED, 25K 6~10cm THYH, 8 A 15 HFAED, 25KL26~42cm,
SE#35cm ThHot, 7 X 2 € XA, ABHENE KL LO50MEM ML LS THS, oz &it, AL
I 5 IsHUE « HIOBITC, BiEEECEELIEEY, 2BENFEHI0cm TH-Z &b 5T L5,
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y R, BRBOBREOS FEHOREIE LI, SENIMEREHCEE Lok, LOMREEDS
CREM b DEEX SRS, 11 A TACEI BIIUD, LEWKESZEETRY, 12 AFail, b0
L% b I,

AAXEF (TK) 3, 7H 3L BRREFELIZLS, 8 A 11 AFED, Esid#3cm, £FIPHL T 250~300 &
BB LTI, 8 A 27 BFEE®D, Bk 4~66cm, P50 cm TH -1, RHEDO FH L b EHOH B HENET
MEVE5THD, 1285 HOBETIE, EBBEIHIT2500, B FFEEIEF « L LTI, Zhil,
SENTPEL LB LT, 10 5, 11 BOFHSERIM FCEh - feted b E L bhb, 5k, AAFEFHH?F
BLTh, FOABRIIDEHHELYZITRVL5TH%,

ax 4 (8K) 13, 7HS3 A, WEXIUD, 8H 25 AFED, HEdiz4~46cm THYH, 12 A5 HRE
BTdh, FREFL2LTHER T ote, 2 ¥, S0 HEABATRDE i,

AZF SR Q0 K) 3, FETHERLL S, HF RBERLELOEb T THRICT Er oo, HFLE
L DL, 26~62cm DEBREY R LI, FROBEL, EFRE AELBOH»EFIER TS

72 Q1K) 3, TH28 AnH 8 A1 B CoEkc, RFEXK LI, 8 A 18 HRER, Lixi~2lcm, F=3
BRI OEKOEXII5~18cm TH o1, 11 A EAGHLLAESERLD, 12 A EHCRELRS T TEDL, 7
COBE, EEPESAERLTL, ABELTOLORIEDH T I HEYZIR VL5 ThHD, 7 VIHFTHELY
BAUW LTk &, BrbUEOREI, HE,ALIEFCI CHFTIHENRDLISLVDOT, 4813, <
DEEFXFIFA L TEEE L THDILELD S,

bRy 3172227 OK) BXOvs—Evvsr57752 (12K) i3, 98 1 BF%ER, ¥ 8~45cm,
F#325cm, ¥ X 40~T70cm, FH50cm THot, V4 — V77775 A%, 8 ATALLMARLDT, M
BT -EEDORETH -7,

3) RRORERR

BRORERRLAET S0, BRMS0410 B 27 Hie, $BROKRICHEXRIFInVRBANT, RBXO—
PEWORY FEL. FTORKEXR—3 L OE-HITRT,

2= FIMRAEAPLELT, HEERLIC, MORDISKEEL TV 5, 7 AR LV7 YIXERA 40cm
Bitg L, HichhEL FTHUTER D, BORKRED 5~Tmm TH 5, LaL, MIBROREEIHED Rohicl,
£k, LLCHBEENRDLND, 4 £ F) SEBEI M A0cm &, 2 hREL TV 52, BoORAET 4.5mm
ThHY, 7ABIVOT7CX 485D, AAFEHTONBRATD -7, BEHRELY T, E& L THHCRE
LTEY, BRIZ10~18cm BEX st AREDOr v & vy F -3l 7=zA7BIVV 1+ -V /75777 ADRR
DIENRY BIOROMBEERL, AAFLXERD T,

ARF, FVRyF 3172 RIBIVV 4 —EVIFTTITAL oA FRIOMER, i EEMEMTHOL
BREL-EZIRDORIE, EEREDO 7Y, 7 XXM 2 F Y3, flofick~, #ERE L, HRE
DEESHERT, LHFECBATHZ L, BRI DMROTBRIDEDHRLIMHFTED L L DI, BRCH
LTh, HEABEC L XERL, ARBCEENOOERITERLMPHETELIDOTHS S,

5tk BEYRINTHICHIC-T, BEEORROE ML+ HEL LFAREXRAT S Z LB TH %,
Tibb, MR CHREL S A @RCES b0, HRE X RCE LT H (20~40cm) T, MR THERCE
5% 0, ¥LOEEETHRESBATS LOYEAZESENE, BRI 5 HERE RS L OMBHRIEAZ
Hn, R\Coh EOREHIECEIL>THA 5,

(B) fttdefsE

FERMEEDORREICHE, THRBEBEIAECHA L, BIE 1 FREXEALHEEAVNEE T LRREE
LAERDLREL B &k, BRBELATH S, L l, BEREHEIEEORECH, LEVECEAIT
BHEELHS L, PEAHADEECL > Tid, Lok ABA L, BOHMNMERAL RS LI IBELH B0, £
T, FRABEECEBTRRCIGUT, £ EETY IS LT, tHHKHE, BREKHES XL OZOflicow
T, Bt eRAR I, Ticbb, #E, HBAKIUOSRILLEMCELAN, ERTRENE T I, 887
BRI OREARIEE TR E IR X ORERIET, HBCEEFRARRALRZRHSAX SN E L1,
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(1) 30mm 35mm 3.0mm
(2) 45mm 52mm 7.0mm

(@) YOMOGI (seeding), (b) YOMOGI (cuttings), (c) YOMOGI (root planting), (d) ITA-
DORI (seeding), (¢) KUZU (seeding), (f) FUJI (seeding), (8 SUSUKI (seeding), (h)
SUSUKI (root planting), (i) Weeping love grass, (i) Kentuckey 31 Fescue
(1): basal diameter
(2): maximum diameter of root
Fig.3 Growth form of root

Table 5 The observation of the plants dug out
top height | root length basal top weight | root weight max.
(cm) (cm) diameter (g) (g) diameter of

species (mm) root(mm)
Itadori 23.0 37.5 2 2.44( 0.61) | 2.55( 0.85) 3
Yomogi 13.0 21.0 1 1.60C 0.32) | 2.25C 0.73) ==
Kuzu 45.5 35.5 3.5 2.21C 0.44) | 3.82( 1.53) 5.2
Susuki 39.0 18.0 2 11.25( 2.25) | 38.79(12.93) —
Kentucky 31 fescue 45.0 25.0 == 61.30(15.32) | 16.05( 5.35) —
Fuji 10.0 43.0 3 0.82(C 0.41) | 5.78( 1.93) 7
Weeping love grass 60.0 25.0 = 27.76( 6.94) | 28.63(11.45) =
Yomogi (cuttings) 31.5 25.0 — 13.61( 4.54) | 7.80( 2.54) =
Yomogi (root planting) 18.0 15.0 3 24.10( 4.82) | 24.39( 8.13) —
Susuki (root planting) 53.0 17.5 3 11.10C 2.22) | 38.94(12.98) =

( ) air-dried material

1) RHHE
FE 1 m* Y ) OHRMEDRHELYERE—6 1, TEAINEREYE—T1TRT,
SR OB O LRI KR, 13.29kg/m*Th %, AT O LW HE R, HBXD 28.0~75.8%, FHT
51.0% TH 5, & T HRIOVTHS &, MBX O HEIXS8.24kg/m*TH H, ZhiZLt+WIRHED 62.0%
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Table 6 The sediment discharge in each term (gram/m?)

plot 1 2 3 4 5 6
term
1 3,332.49 | 4,433.00 |2,966.77 | 4,028.88 | 5,464.82 | 8,237.85
%) 40.45 53.81 36.01 48.91 66.34 100.00
I 1,300.28 | 3,624.18 | 1,925.64 729.93 | 3,622.29 | 4,711.36
%) 27.60 76.92 40.87 15.49 76.88 100.00
m 64.95 81.80 105.55 48.16 56.33 337.77
(%) 19.23 24.22 31.25 14.26 16.68 100.00
total 4,697.72 | 8,138.98 | 4,997.96 | 4,806.97 | 9,143.44 [13,286.98
(%) 35.36 61.26 37.62 36.18 68.82 100.00
Mty 7 8 9 10 1 12
I 5,969.64 | 7,247.18 | 2,872.57 | 7,326.33 | 6,138.98 | 3,388.11
(%) 72.49 87.97 34.87 88.93 74.52 41.13
I 1,406.97 | 2,778.83 | 1,225.38 | 3,082.67 788.53 327.06
%) 29.86 58.98 26.01 65.43 16.74 6.94
I 31.80 48.55 24.26 41.49 37.54 10.43
(%) 9.41 14.37 7.18 12.28 11.11 3.09
total 7,408.41 [10,074.56 | 4,122.21 [10,450.49 | 6,965.05 | 3,725.60
(%) 55.76 75.82 31.02 78.65 52.42 28.04
Table 7 Analysis of variance of the sediment discharge Chicd, HETROLWIRHEL, WRX
S.V. S.S. D.F. M.S. F. D 36.0~88.9% ThH %, LT, BIPATE,

plot | 32,950,320.48 | 11 | 2,995,483.68 | 2.45* RAETXOLBH R,  XRED 6.9~

term | 154,358,632.87 | 2 | 77,179,316.44 | 63.09** 76.8%% L OB TIL, 3.1~31.2%T
error | 26,914,996.47 | 22 | 1,223,408.93 H%,
total | 214,223,949.82 | 35 K, FRICOCTHD L, MEKOH]

AW B ERIROEY, 8.24 kg/m?>T,
COMEARO LB H & E LTI, B 42 F
DERBBLURBRKRTH 5720 VW EEFTORKIZ1IEMTS 3.5kg/m*THBEMD, ELL H\, 2T, BEHA
Fud e FOFERYE X THT, ZORMBADOBKEREX462.5mm THH, BEORPE OBFRE L KELL,
L, ZORBYRSE, ZOHHAD 8BICKTS 10 4 HIFRAMRE 5. 0mm LLEDOEL 5BLHH (REL
6.5mm T2 [@E), FEHTDH 4.3mm &\ 5 IEFECROCERTH -7, bR, BE 3 FEMD Fii10 SRR ARE
TED, 474 2.7mm, 484 2.8mm L0494 3.1mm TH 5, 10 FEBRAEREDOL VB, +HHHEEL
%\ LBV LB OATH D, NRPL, BHRECE T, 10 SHF R 2 mm ICET D Lifes
E0ITU S, 4mm TREECHTEL, 2 HBENAKC S LIREEHERBERNCHNT 5 & BxTv%, Lk
DENSZRT, 4E, LHHEEIERCS? > FERABRETCHSD - & RREGAVTH 55, BIHIC/e
e, BEOLWHEHEILIMI b 4BEL Koftiid bbby, 4.7kg/m*TH b, # 1D 57.3% &,
BEPTET Ui, = ORI 10 SRIRABEREOFESIL 1.7mm THhHich /M, FIICA 5 &, HBXO+
W HEEZ0.3kg/m?>ThH, +BCHEEERAALZLN B/ E LT, filElE TOERBRBRLEK ZEity,

Ko, HETEAZED &, FIPATRARBELYRLEOE, 10K (AAFHR) THDHA, ZORFFRER
PMEL, 1m24 ) OHRE D Vi T, UROBEE V2 L 5, ZOHIA T 3 X (2 EXHK) A 2.9kg/m? T,
BL LIS ESER TV 5, T, 9K, 1K, 2K, 4K, 2K, 5K, 7K, 11K, 8EXKKIT10RKD
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JHTH B, 2 EFEARXI B TVHEHBEL T, BEIARL, LadaeFEEoNE T, BIAMERTLIC
WOBD XS KREETHILDTIRRVNEELILND, 2EFEFX @K) 2, BFEL CEBNERCELDIC LT
2, EWRHIEIEREL ), B, FIIMATIE 1R K owT2HBOMESHELRLIC Enbd, &
DZENEBTELY, ZOFETHALBHEHER, 1K, 3K, IRSIVP1LR2EAI%L <L T, 2KELI04K
MB5%VSAT, 5EAL%V LT, ThZhBROLWHEHECH L CTEEEYRLI,

BRI s &, BEATR E I, TRRBEEZER L, B1HCHERT, ZLL{BVLEDOR12KTH
h, F1THALWHHED 9.6%, 2V T11 XD 12.8%, 4 XD 18.1%DIETH 5,

MR Ie D &, HAETKCHEFIEHEI 2 hFRIZ LD, THREEIHBRD 3.1% 5\ L 31.2% T
5,

SRR OVWTA D &, B EHETK LM, 10%~1% L <L OEEENRED bhi,

Dbk, BHER TR ERCHERTIE 260 IRK (Fr v 2 9+ —317222) BIO LK (Y4 —Ev /s 35
777 A) ONKEOTWREBIMHEDEL, bTFHBEBRTVBL5CB2%, Zhid, ARBREMAD, 1m?YD
DEILIAEAR R % S R D 10,000 Aicxt LT, 7ERE I IBEX T 100~5,000 &, HFAXT14.3 8L V06.54K, It
LURGBRETO0.7 K EBBA I - lcdTH - C, RUBELREL, LT 2 RETILET, EREEX
O +WE HMEIZ R, BRIfEERRTTHS S ENTFRITES, bishic, =2 FETFXIL, 5,000 KOFILH
FABICK LT, REORIABIINRED 16.7%~17.7% 1 : &% o1z, LA L, TRRHETSRIAEL T,
SNBXD 36.1%TH D, ZhIZHL, RIEREDEAEDr v 2 9 -3l 7=RA/RKBLIOY 4 -V 57/
7 ARH KX D 31.0%~28.0%TH »1cZ L b b, HAEREI A RBEHT A2 THAHS 2 Lx 50
B5ZEMTELE S,

2) TRRHEEREF

METX ORI HE & ERERT L& ORI, —EOBGRLYRDSLZ LIXTERI 1, £2T, NBXOLH
W & ERNEET L OBFRCOVCTERH R T 1o, BEYE—8 IR, IWHKHEOL K, BRET & DM
2, BIEE D b ECAEBIBIR A R LIc S S BBRIE G, T, RERERE, TRIRHBHL, BRE XD IIERR
DS, RENTGHEE X 0 (XREMINEIRE Y, XV EVBIEERL TV 5,

Table 8 The relation between the sediment discharge and the rainfall factor

correlation

coefficient the 1st term | the 2nd term | the 3rd term total
rainfall depth 0.8220** 0.5137 0.6152 0.5956**
intensity of rainfall 0.8435** 0.4114 0.4233 0.7532**
accelerated precipitation index 0.8419** 0.7107 0.5686 0.8324**

bl significance at the 1 % level

3) BWRRHE

RERK I 1o LBERED S D, ODVEEXR T LZHECA-LRELXAEL, KFRECHTBHKMLTRL, O
HERTHE GRHE) LU, 2BMEBECHTAOVER TRECOEFREIR FRLE L, HWHAIRESS LOWT
RuEEF-IK, SEONHEREE L0 =T,

FHETE I A, 6 KOoWBXA39.2mm TRATHH, 8K (22F4HiR) #16.2mm THR/PMTH 5, XA
RoHECs L, 2KUADTRTOMETRA, 10~1% v A TEEEXRLI, ik, EXREATIK CK
DAY EASREATR & oRicit, Z2RBEDLREI -1,

HIPTE, SKBLVAK (2= FER, 51 OMHENEL DR, COBBELT, a2FOELLS
BRL - MSENELbhD, —iIC, HENEBFTLTLBE, i) O THHBRELBDONS Z LXHLS
THBHID, B A —CETCERERD A5 X5 REZH - TV 254, MEEAKE (b EAAE
BdHRD, BIC, AREOY 4 — VI FT 7T ARIIDEAMIELNC EEXEEDLIERIVL TS, 1, ¥

— 171 —



Table 9 The run-off depth in each term (mm)

Wb L 2 3 4 5 6 7 8 9 10 | 11 | 12
I 20.31(32.16 | 26,10 [21.02 | 16.71 | 39.32 | 26.72 | 16.18 | 23.24 | 24.15 | 17.95 | 24.85
(%) | 4.39| 6.95) 5.64 | 4.54| 3.61| 8.50 | 5.78| 3.50 | 5.02 | 5.22| 3.88| 5.37
1 22.54 | 33.18 [ 10.22 [10.13 | 18.57 | 32.59 | 25.60 | 18.60 | 20.20 | 32.17 | 24.74 | 22.06
(%) | 4.83| 7.11| 2.19| 2.17| 3.98| 6.98 | 5.49| 3.99 | 4.33| 6.89 | 5.30 | 4.73
m 1.83| 2.15| 1.74| 1.34| 2.23| 3.48| 1.89| 2.17 | 1.18| 2.17| 1.20 | 0.72
(%) | 1.89| 2.22| 1.79| 1.38| 2.30| 3.59 | 1.95| 2.24 | 1.22| 2.24 | 1.24| 0.74
total 44.68 | 67.49 | 38.06 | 32.49 | 37.51 | 75.39 | 54.21 | 36.95 | 44.62 | 58.49 | 43.89 | 47.63
(%) | 4.35| 6.58| 3.71| 3.17| 3.66| 7.35| 5.29| 3.60 | 4.35| 5.70 | 4.28 | 4.64

(%) (run-off depth/rainfall depth) x 100

Table 10 Analysis of variance of the v &y ¥ =317 =2 OBE, BREOK 20% 3

run-off-depth BAGHEE TS LV 58EPLHD, 2 EFOHE,

S.V. S.S. D.F. M.S. F. BHHIAREF—THH, LHLEOEILEOTHS
plot 620.0732 | 11 | 57.1885| 2.38* 2, AFITRELLETOITORMAD I\ 1D,

term 3,698.9198 2 |1,849.4599 | 77.04** BROGREER L CLHERADOBEXAHITLT,

error | 528.1459 | 22 24.0068 KT meld o RC o b E 2 bRD, X

total |4,856.1425 | 35 LEEL, FIbRE5 X5 s EMBERTE T

ETFBTHAS, SEN, RIAEI = =F N
Tl -1on, 7 XOBELEED T EHE 25,
7 R OEINA, =¥ (B8, FBAKSIOHR) o, MTHEHHREYRLA, 7 XIZEDORAEL B
5%, DBWTHBH LD, KHEEACHL), BRORFFESRLSbHL, MEAHBRIE O TRV E
EZzbh5, COHMA, FI1HRK 2EKUAOTXTOMEETRA, 10~1% v~ THEBEOH KB LT
BEEYRLE, ¥, SEKEI V4R, ARBEETRDO IR B IO 12RIEH LT, 0%V A THEBELXRL
foo ERMAETRMTIE, SERRITARS, 1K, 2K, TR, 10 KL T, 10~1% Vv <A THEEZRLT,
a = F LS CiY, ERBEETK EARBEATK E OIC, Z2RRDLAICH T,

HIMACA D LERI DI h, THKOBEEMCIAD, BRI EDT, TXTOROFHBEE I B L1,
LWREIEE L T, RADOWHEERLICOIZAR, BAKERLEOIZ6KOMBXTHY, 3K, 4KEL 8K
N1%Lr AT, 1K, 5K, 11 KELOP12EKMN5%L ~AT, TRHAL0% LV~ T, FhERBX O HE K
LTEBERRLE, HATRKETIE, 4KA2K, TREI 10 KIc LT, 10~5% v <A THEBEXRLIS,
Zofth, FERMAETXER X OERMEATX &5 kA TR, ZXEDLIIh -1,

WHRTEMMT, 4%, 8K, 5K, 3K, 11K, 1K, 9K, 12X, 7K, 10X, 2 K& L6 KDJECKE L,
X, AREA TR X b MEREAE TR OK K, BT TMEHRIEN I SD -1,

4) HE4E04EBR (BX) rBRKHE

HRAMEEDORT « FRL CHLHERSEEYM B I1H) FTo4EFE (FEL) &, ZoOMORERRHE L OMHE
BAfREE—11 TR,

SERNCHBIBIRIIE - i 2TV, BT IK, 1RSI R2KTHEEOHBE N ELhICKT Eleh >
e

SENL, #ETELT AFRCEE FASIOMRET-c0T, ZOBRECHBLAELRLV-O, &
HVCIEREOBEMCHLLIBAE TS, HELHLATRVOY, HECEER LEMHE L O, —EDH
ROBEXHRTHZ L1, BEECTIBERRRDOLDTE L,

5) BEiHE e RN i
£ZXOERTRHE & LB HE & OEBEFREE—1L IR T,
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Table 11 The correlation coefficient between the run-off depth and other factor

other factor plot 1 2 3 4 5 6
height growth of grass 0.7149 — 10.6799 0.5810 0.6968 =
sediment discharge 0.6937** | 0.8062** | 0.6872** | 0.8828** | 0.8054** | 0.7880**
rainfall factor

rainfall depth 0.9080** | 0.7743** | 0.7588** | 0.7446** | 0.5567** | 0.8416**

intensity of rainfall 0.9284** | 0.7613** | 0.8275** [ 0.8737** | 0.7713** | 0.7372**

accelerated precipitation index 0.7417** | 0.8172** | 0.9283** | 0.9403** | 0.8368** | 0.7923**
other factor plot 7 8 9 10 11 12
height growth of grass 0.6340 0.6051 0.7732* |0.5421 0.7209* |0.8327**
sediment discharge 0.8588** | 0.7212** | 0.7102** | 0.7668** | 0.7469** | 0.7832**
rainfall factor

rainfall depth 0.7414** | 0.8404** | 0.6104** | 0.6996** | 0.6739** | 0.6591**

intensity of rainfall 0.8549** | 0.9046** | 0.6952** | 0.9627** | 0.6622** | 0.7501**

accelerated precipitation index 0.8795** | 0.9163** | 0.9002** | 0.8409** | 0.8058** | 0.8859**

e significance at the 1% level, % significance at the 10% level

WRX ORI S & EWHHE L ORI T, BETXTLEHVEBLRED bR, Lid, 1%DEKEK
THEBETHD, HETXT, HANBEELTL S E, BRICHES EWHHEIE, @EA LR LB DTHDAN, HE
NLFEEEE I CELT, Hith DLW HIAED bR BEHICKTIE, b, WHRXFER, BEREOHEINC
SIELT, tWHELTWAZ EHRL TV 5,

BETTDLIA, IWRHRBCHL, BRKHEIRENERTE &b, BELBERISHL LT XL,

6) MERTEH®E:BERETF

REmIUR S & EREER T L OBfREER—11 1R T,

BATR ST TNTORBRK T, BWART LBRKEE OB, 278 B\ HEBBIGR RD OIS, HR
Ror e VWREBR (1K, 2K X 08K) T, BUVHEBBEE AES RS Z &1, FRILLEY THD, =&
Th, +WHRHEEBRRTOBEFRAKE BERE L IEREES, BEGHE L) XEREERS, BERALR
&, EVBEVRBIEERL T2,

Vi 8 b 0h (&

HEYER D 0 W ETO, AXEXEEOEE, BAKIVOSBRCEILEFTRR, IOZThbAEBDREEER
LORERREESCRETHEYRE L, TOKE, BREMHFR, THRE, HtcHT28RE, ik
I L O TMOETRE, LR HIMHZ RS X OBRITHNHS R SHE LT, =0/ EERERICITE
LT ERELCFATES Z Lhbhsts,

S0, REEOBESRIEBES, OYVHEAORABIHREL VO IH LA EORMES L CREBEO K4
Sz onTh, FEAEOHEYHEBECTAI L), HRL TV LD, FHEDODHEHTORKNZLR
FFTRECOVGTHRIF L TULE L,

i 51 B X ®

D REEE « R « LR K | KB A EERKED H HORET (1D, FBRAFEKS : 57~65, 1971
2) RRANE « EHEE - KK - AL (D, RLk10:61~70, 1973
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3) REHNE « IR « LKk : AL (V), FLk11:43~50, 1974
4) RESME « EMEE « LBk . AE (V), FLE11:51~60, 1974
5) RE4LE « Bk « LRk : AL (D, AL 12:149~154, 1975
6) fRRAE « WEIDEE « TLIBKRK | FERMEAE I X 2REYED © h mORET, 86 [E Bk | 465~466, 1975
T KRIER : BILEIRD O HEBBICOVT, BHPHEH23:1~7, 1974
8) FETELHE . fHAED v EPF#ET, 30pp, ILHEE, H, 1964
9 FHM= - /IMEEBR  £ATEOD Y EFHET, 108pp, 150 pp, FEEHKS, i, 1968
100 KHER « \ILEX | BER LS & RILTHMW, 247pp, A, #Hm, 1975
1D LRk « RR&E « FER | BREMEROO ) ERET T 5 FAFECET 2% (1), FBRAHER
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12) Lk k @ REFREHR
13) BWEHEKE : K5 B AEWRE, 124pp, 653pp, 750 pp, JLRE#HE, i, 1969
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15) AHIETES © &L THER, 268pp, 273pp, 283pp, EEE, H, 1959
16) FHRTHEEP | S LAKRDOEH & T DBFIE SR X O'E8E. #hER3R 165 : 230~233, 1964
17) Lk, @ RREEER
18) fREEMK « H2 LU « g 0 2 = FOABERR L OF 0PSB T 2 H%. #EHE5 : 85~90, 1966
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