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FAGE IR SN2 BEM D REE & 74 B IR A
5, 2001 ZHMFNVH KN TV B ALV, THET,
ISR EM T OMIZxT L THERE R o L gEoy
7 R E S 57201203, LR e L ET S T
BURPFEH SN TE, UL, CREREAIEERT
WERTBGBENHBI 06, X HEIRW» DT
HDHTBURAPEIN TV, FrIZ, Wi+ i
B, BT, R TR oD TEKER
WRED % BRERGE LEAI TS, NS LT
1, HREOBREEDSEA TROMERHZOPERICKS
REEEL G2 5720, LI BEYO S EEHA
K<, REAE L2 FRTRIBETH -7,

AR o s N e ot W v g = G O v - e
MRS L2 RIS T AL EN D B, F 2, #
DRNRDFGERIILHDY B FF D, DO AVEIZ B
THThHI ENEENS.

EROTBYRIE, MEOHHURTNEELRIY
TrROTEFHEL, REFRLLEIZL T, fflLoft
FHELETHIEHPFHNTHY, LLEAKRZURET A
CEEREIL RS THETH 5.

FIC, INFTOLBYUATHEVHRIILTWE
Dol A RT 2 TBUROTLESLELEZ, L
T OMEYEE FERKICL R T 2R TR L 728 — 7 HER
(N=rBEREs.) 2FMAL 2L EaRHIDWT
fREr L7,
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-

FE3—1—1 #1571 A0tk

AHITHE, B 20RO LRI 4 LR
MTHALANF S A LT RO L % RS
HELBIT, HIHR, SRR, EHEMNE
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7. 2m| 50m

EmHo

M3—1-3 »LF ¥ A vRLEEAHORR
B D%

BITEBIOR T 7 FICEEL, H3-1-10X 512
TN E DL A L), BREL TR ARMmICEL 2,
FOLRIZEMABMA T LEAKICALVF S A VKD
BLEMERETL2I0THD. KRB TIIHI—1-2
EEBE3I-1-1K AT IiEERERBR AHEOLTYR
FRETAEY AT L. F#O/TEES20.08~0.12
hah1THh -7z,

2) PWFEA RO IHBRHDOBIDER

ARBTEAINF YA RO TEBHOMB LRI
Bz, EBENILBICE TR EGREME LTN— S
BB 4kg m?2E 10kg m?2, 20kg m2 2WH LAV F 7 A
YRS EHX A 1914E ICEE L (K3—-1-3). &
DON—ZHEREARR, +— 7 FREM TS B
F 5, 2001b; BH - dL)il, 2002)12 X 1) 60cmiE BB
RO TICER T2 — 7 #REH AR TH 520~30
kgm? #BZIZLT, FRUTFTICALLIIZHEL T
5.

Lt BHO B O ENEE FHET 5 70,
BLESRICBNT, MLIEKEBI®LIE, 34, 54
FEal L 7o E IR IS DI AR R A TV BB DI &
R L7 F/, HEMEEOYRMR ORI
BT57-0, KREBOFRTIO0cm® HEEEAVTH
AL, SRE, HE=HM, SEKRE S58%
K58 (-6.20~-100kPa), E&HEKS = (-6.20kPa~
1.55MPa), RIARHLEC () & 54T L 7-.

VAR, 19924EFK 2 4 F, 1993%E/NL A & =,
199447 A, 1995 FE T LF, 1996F 41+ 7 TH
. MHKIT 1 X720m2 THEFISBMEITRICHEL 2.
VEDOIE~NDOHBIZDOVTIE, KILFOFEEL Y
s E&eE, NbAaoeATEL EAEE, ToY

A OB L RFHES, BILFOTEE, 14 b7OF
FEEETREAFHILZ. 3772, ALV F7 4 Rt
B I aRMROUBEVEFRINEIZG 2 5EE IO
W, JEEESG O R Y Lk [ USRI % R LT
HARDOHEEV O THELR VY VT L % v Cigst
L7z, 1995F0F I L F 2T ITEBOR LK L RIK
ELTN— 7 HEB10kg m?2[X, 20kg m2XiZ2HBWT, R
HARELCEXCEFTESHEII R VIED L 7 BRI
0.05LOEA LN E P LKEW(RbE L T8000mg L)%
BN DR E30embL T E50emL FIZIEAZIZLY
EALT, 1HEBRIIKL2noEECEW R HILL,
VEfRR DL E D LRINE 2 FHAI L 7. koL ¢
T LTE TR X D AT L.

E0, LTURHBOBRBEDRELE TS 720, R
DEROEE L1925 0K LA FORB» LI EE
L CHREF L 7.

3BRRUEER
1) ZILF oA DL BRHIC & 5 TFYIRERER
Rergxit

HNF 5 A VR BHF O RIRGE 7 R
IR gL, R3I-1-1LIRT )12, K
FEARAR0.403~0.58%g kg, ¥V F0.099~0.368
kg kg' TEMEDSC~CLTH . LHOFHEEALL2~
1.70Mg m>3 CTEHEA%0.603~0.630m* m3: K&, TE
BEGHMAKTE L ERIAGTEP DRV, FDD.0
ti3, TIEREREAT1.37~3.70MPa L & { BE LoD, {E
YWOBROHENSHES NS b0 LTSN, HEYEN
DHBPLETH 7.

ANF I A YRR RPFORB LTI, LEIHELRE
B BEAE S, RS 525embl FiZ30emD 1 /E
DESTN—=FHEIRMENI LB L5 L 25HE
THRAATVA, LEFBOTBETH- 2720, X
RBOESH15~20em Lk o7,

HLEOLEOLIEYEELY 1 FRAEE 3HE/KHE, 5
FAREERICHE LR TR -1-210R L. 1 &
BT, LTORBEFELXTL58Mg m3Tho 72
b DA10kg m2X & 20kg mE2IXDWHA1.2Mg m3EE
FCeREb L, FAAHEDE LXK CT0.627m? m? 45 10kg m™
X &20kg m2XT0.43m® m3i2id L7z, Fhidfkgy,
FMHENE LK T0.029m® m3»H%RBIXT0.11~0.18
m® m3iS, BAMKSENFE LK T0.042m® m2Hh b
BIXT0.086~0.106m’ m2 & #im L, 35612, SMEK
BEA0 ms T FTWML 2. ZO%R NG,
BREES S &, BAEMRLHEAEISE SN, EOR
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WELVEL L, INVF I A OB L AR
fEPKECEBLT, BREMNS O, GHEFS L
572bDEEZL. MAT, BRAEORECHBYH X
ASNIZZLIiZE T, BHAMKGTE EEFMKTED
RRWINLZ LI LB RSN,

SEMEBLCH, BREM4kg m2X T1.45Mg m3,
10kg m2[X C1.31Mg m3, 20kg m2[XT1.13Mg m3& &
TXDLS57TMg m3& /S v, F7o, FMHEEE, 4kg
m2XT0.06m® m3, 10kg m?X T0.08m? m™, 20kg m™
XT0.12m* m3 e WTFNOLEX THE X DL+ 2
BL LD, URBMEIFFRL Tz EBOYWREN
12, 20kg mPXTIHF2REBLAKEELSTIIERER
SHE, BEHKTEIERINTEY, IhEH KA
ENTMK LN 7 HRESYEUDOENEELE TS
LEZLNT.

SEFRAT DL, 4kg m? XL, BERFENFEVDLO
O, FHRFEVO, LERBON—7HED L THE
BLTOVH, WRMRANERS T0D EHETEZ. 10
kg m?[X THRED145Mg m3 & R, KHERS
BErikow, SREDKIBIIE LD -7, 20kg m2[X
TIIBFHESL26Mg m3 FTHINL, ZHE , 58%
KoE, EEMKEFEIEMISSL. LrLl, T
NOYRIKIIBWTY, REXD.LEOWEM L 1 #x

BB OREH LK BB OB Y A A%

45

PR RAEDYFEM R L L TRV Tz, 4518,
IN— 7 HERB10kg m2 LA B CiE, M LEBIZHEAE LIS
5L00, Kk LTRIFZYBHETH 7.

2) HF 214 RULARHOEMICRIZTHE
(1) AFx 4 rROIRBHIEHOBRIRNIC KT

THE

HNF 5 A RSB T RIS, A
HEBOWIMIZE b VIR RIS, ROFESRIL
AUETLILICHAS. FIT, BEILYEL I LY
FNZILFERANC, ELOFEE30ecmAF LR R L
BOREME TCORMMRELHET 572DES50cmblT
WWEALVE Uy LKREREEAL, fEWICRINS izn
COTLADRIEF LB L7z, FO#EE, H3—-1—40
LT A KT HAR10kg m2[X, 20kg m2XONEIZL Y
Uy LEREHERE30cm, 50cmOMm A THML 2. 4F
12, /N— 7 HERE20kg m2 X Tld, HRBOFREIKT
L CRAHZEAKIRICEM L 2283ERICE ), WP YR
BORERTIFTHRELRT 722806, BRLEKIC
H30cmT3.56%, 50cmT2.0F0ESEFRIIXLZH D
CEZOLN, ZOZ DS, ANVFIAYRLLISR
P, BELLLEABRTESEORVIEBIZHEL T,
TEPIR ORI 2 CE LI Ll E 5.

F3—1—1  SUERF O L e

Bx M GRE  tmommt) B S4B WA REENGeke) g UPR
B : Kol kR OREH 'jif +

(cm) (kgkg) (Mgm®) B WA S (mmd) mmd (msh B YA b (Mpa)
Apl 0-—14 0.020 1340 0500 0409 0091 0156 0.178 34X10% 053 0297 0.167 CL 0.22
Ap2 14—-29 0019 1450 0543 0398 0.059 0.09 0.157 4.1X10% 0535 029 0.169 CL 0.84
BC 49-—41 0.0056 1570 0603 0378 0.019 0.068 0.125 59X10°% 0403 0368 0.229 CL 1.37
BCg 41— 0.002 1.700 0.630 0359 0.012 0.030 0.109 1.1X10°° 0.589 0.099 0.312 SC 3.70

H)BHAERKTEIE—6.20~—100kPa. &A%IKTEIE—6.20kPa~ —1.55MPa

F3—1-2 AT 5 A R LU AHOYBY LR

@ AL X TS HERE TE=AE(m’ m™) SRR G SR SafERRER
FH HEERAR) (cm) (Mgm~™%) I+ #A8 £ Bmm?) E(mm™?) (ms™1)
REiX 31—41 1.580 0.627 0.344 0.029 0.042 0.170 59X1078
14 4kg m2X - - - ~ - - - -
10kg m2[X 29—45 1.181 0.438 0.378 0.113 0.086 0.210 1.2X107¢
20kg m2[X 28—48 1.151 0.423 0.397 0.180 0.106 0.245 5.8X1076
HEX 30—40 1.566 0.58 0.389 0.031 0.044 0.175 1.4 X108
34 4kg m 2K 29—42 1.450 0.543 0.398 0.060 0.096 0.186 4.1X1077
10kg m™2[X 30—45 1.314 0.497 0.421 0.082 0.082 0.200 3.7X1078
20kg m 2 [X 29—45 1.132 0.417 0.463 0.120 0.120 0.240 9.6X107¢
HEEX 30—40 1.608 0.606 0.374 0.020 0.050 0.181 1.1X10°3
S2E 4kgm 22X 29—39 1.222 0.470 0475 0.055 0.125 0.220 1.7X107®
10kg m %X 30—44 1.447 0.535 0.384 0.081 0.081 0.195 8.3X10°6
20kg m2X 30—44 1.259 0.473 0.424 0.103 0.115 0.212 8.6X107°

E)HEMASEIL—6.20~—100kPa, £HAHRKTBiL—6.20kPa~ —1.55MPa
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E3—1—4 HnF5 4 8T HBEFaLFD
ROBSBRIIIG 2 5 E

(2) IFa4 R0 THBHHFERRRICRITTHE

ANFE A RO TR BB EINE IS R TR
DWCE3—1-3ITRT.

YHEBEO 1 ERICERBREOK T A FE2EFIT L, R
WARIZEAURFRLHER L. KO LAFTRIR
LW TFhoR THIREAKE CHEmL, /~— 73R4
~10kg m? X TOWIEPPEETH o7z, T2, Ft
XTRADAMVRIZI D FED Y 37 §&H%0.082
kgkg! LIRIETH o 7275, WRR TIEIBIRAILA L TE
BEEO KGRI A BIFIZ R o 722 LS FEE R, & 08
7 &wm0.1kg ke FIEOBEME 2o/, 2O Lp
5, Bk AFIE, HIEOSHEERGEH KT ENE
TROWKFRSAKE o7 L L, N— 7 HFE20
kg m2X T, WEAEO ERIZEVWEZEZ LR, T2
FTORLROLEMITLVEHRTE S,

WU A Y a3 OBRCHEDIAD DAL E
HFRCZEVAHEFNE . S A Y a IRBEROEA £
HY S~ 6 %ML, AEHOBEAMO L1 EEIT,
LEOBRBEORT LAty 2EIIL), ¥R
XT3 ~10%Emml 7z, NLAYaicid, Ot 2
L CHEH 2B LR TR E L, N— e
BRARIL L AZEIIHETE o 7.

RERBRSHE B35

FREICEREO T A TH N - 7 HIEOR AR
b o, &EETB~W%%®EE#ﬁmLt._n
2, SR CEATEORVEBAIML SR L Bbhr:,
o, EMEEENSCHIERDS VT YA TIE, T
BIZHA SN N = 7 SRBIME SN 2 2FH
DRI E 2 BEENL LV, O s, 74
41243, T EEE L THEyESE L E L TR I
KT BERIKE o7

FaLF3, BEALFLLETEFTIIERIZLY,
WEAEmT s, 2070, REXOLEREETIE,
WEAEMEL 25, BEHLBIELS, WEEOLES
SAE 2N — 7 HE20kg mP X DOFT AFONEE, BR
E@ﬁ?k%ﬁwmﬁ DN & 5 FARSBIX O AN

LD REATGE SR, B FLOBENE4.0Mg hatll
Fl#ELA Zhud, BREBILRE L DI, HEC L AR
KEDE EAFRD L FOERKEORKIZES L, Wb’
WL/ L EEI N,

A S TE N7 HROTAE I U TREI L
7o ZaE, A N YYEEOARIZE Y FELEK O
EPBRICELS ol d, N—- 7 HEAB10~20kg m2[X
O+ EWEMIUE S NERX THBOFEYNE L &
o7l ElEB. ZOLD LHEYEBROUEICL ST,
WIELWNEKEI IR 72 8T, BVEERY 2572,

HANFZ A L RE LY RBOERINE~OR R A
SRIREERIZIOVWT, 19RFEDILFONELI LEE
LARET L7k R RI—1—4IIRT. AVFI A4 RE
MUY EBORTE ITHERED S %510 LzhN 1
¥ A, LaL, fENERCHIGEOEMFEL, ~N—
IR 4 ~10kg m2 X470 TR, L D, BE L
SR 75 7B, S — 7 HEAE1Okg m2 X LA E T,
MG ORI L b B MR OMMA LD S 720348
KF9 5.

DEoHNVF S 4 R EERHC L A2 NE~D
REY, BREUPORLHREBETLE, AVFIA
YHREM LRSI 23— ZHIEOR A B 211,
4 ~10kg m? X OFEFHNLEY & E 2 &N/

F3—1-3 ANFEA RO TURFOENNE LS 2 HEE

WER kL ¥ (19924F) 7L A3 a (19934F) FoHA(19944F)  FIALF(19954) H 1 (19964F)
Gemmag) TEE SryaE S EE LAEE mE  ReEy  TEE FHRE  FHE

(Mg ha) (kg kg™) (Mgha) (Mgha!) (Mgha!) (kgkg") (Mg ha™) (Mg ha™) (g)

X 5.65(100)=1  0.082 40.45(100)  34.67 62.68(100) 0.178 3.09(100)  1.55(100) 304

4kg m?X  6.62(117) 0.090 43.01(106)  37.93  79.36(127)  0.193 - 1.84(119) 289

10kg m?X  7.27(129) 0.105 42.64(105) 3552  70.19(112)  0.180 3.35(108)  2.70(174) 319

20kg m?X  7.23(128) 0.096 42.80(106)  37.96  70.51(112)  0.181 4.74(153)  3.23(208) 357

*] BYEMOILEOREIZELE L 72 (

YROEMER, BERZ100& L CHR LA ERAXOMIETH L.
x2 N4 vanbfEEE, 1 HEH60g~ 360gD 1 ETH 5,



e B BSOREN RHEKE BEM O BT A% 47
F3—1—4 HNF ¥ A VAL THUBFHOEWINED & B - By EEm
) ’ ko & ¥ (19924F)
AL X B R L BLIE*
I - i - L3R +2 REE3  FEHEHE g i
CEREAE) (FMhah)  (FRh) (PR G5 e (Fhah) (Fhah) K
J& X - - - 857,858 857,858 - 472,758 100
dkg m? X 95 577 672 1,005,137 1,005,137 44,800 575,237 122
10kg m2[X 238 720 958 1,103,828 1,103,828 63,867 654,862 139
20kg m2 X 477 958 1,435 1,097,755 1,097,755 95,667 616,988 131
1 TR ITEME & B TERE &
*2 T A FFEAOKES (1992b) OHATE A (TE 1 %)
*3 FEERITEMOKES (19922) 0 BAIKEES (1992) D10a M7z W KA EE,
4 FSEBEIBIR*FEER Lo TEBR B OMAFELEISE (BHKES, 1993) Tk L 7218,
F3—1—5 HIrFy A R TU BB OB LIOEE
+EYyEY L ER LR BB CTRET, B TRKOZEF LR
B & 7 BT (BEfHikt. BFXr 1)
Lot ol s st SRR (MPa) 0.72MPall £ 1.37MPakif 1.37MPall b
mdpin g . I3— 7 HERE IN— 7 R
B H AR (kg m?) 4 kg m? 5~ 6kgm?

3) ANFEA KD LHABRBOBIOBR

HNFZ A RO EFHI R T AR, LA
BREL BRI LTT) TETH S, IR 2L L
BIIBERALERER 7L 2T, BB L L TRICK
FBRBOHLEEE» MO LIETH B,

VT A RGBS S = S HRORI,
VEILE & AR FMED & 4 ~10kg m A Y 2 P & £ %
5. BIHREORBEDLI LI, BHOBRARELE NI LN
Zih, 2OROMRLRIIBMETELLEZL.
IR, FHMEHEL CORMBEKEOBY) 2k A®
G AT, 2005) % BIFE L TN~ 7R AR D LR
A6kg mie L7 THOEBEL, #LFFA LR
THRMHOBTOHEEZRI-1-5IIRLL. VTS

AT HBEHE, CLTOBREHIIEHLY, BERE
BN =R AEEET L HICLT, Y= HEER
ABE 2ESC L. LR OBREME, INPRERER
ETEET 4. N— 7 HBKRARE, THERICL S0
THHOLESEN (GLiBERBET, 1996a) TH 50.72
MPall b7 6 BEBEHELELEO LI OBTRETH 51.37
MPaZ% T#% 4kg m?2& L, |UHhWEEEEHERED1.37 MPa
UED L) BELLTIZ5~6kg m2E LT, LDEW
HEBEERS o7,

LI ENTALVF Y £ AL BERNT,
5% HE L T HEYHEEOLER EMIE~DR)
e NS A PR GAVAR
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1. IUBIC

I E THEBFOHAME, BRERPEARE, LB
WCEhHRINTEL, 20HThH, BRI TEPOL
FIRKEZHRT 2OENLFRTHS. Lo L, BREE
RHUKM &V ARERPEKIE, FICIEBERFERICLY
Esh, BEROBRR R EATOEBIRETSH 5.
Ld, BELICHBRPLERGES, BEHO—EH% BT
TAHGEIIREFEL AN erHETH -2 i
LT, BEEHI RMeERICEAMENLEIKGRE L
LT, BMARERLOCEHBIERL TEaZ (T,
1974'%'&5 1988 B4 5, 1990), T T, BEE
WEWRE E BRI R RS RO EM AT, AE
EVEREHL L TEHLZAHETEL AT, WA
BHY, LERFRIIE CIFIETE A HK R
HHNL TV,

COELIIMT B0, ThEITHBESTHVE
v, KA MT, EZBIECIIBLTESI LEIE
KLUZHIAKYEBEN TH 5 FIREFREI N TV,
N F TOEILRFE (Maguire and Miller, 1954: £,
1989) 1%, 1B10cm, EE100cmOFELX PL Y Fr 2 & T
HEIL T, BOBMOLAIFI0cmXiZ20cm, HFEDSH
®E50emIT T, KELRYM T THRERORLTE LI
WY, WElEmcEFeET oL cEEL LCEL, 1810
cm, WE50~100emiZiEZ=M AR T 5 THETH - 72,
F07:0, EHETAO L LESER TR CWER
RTHHHEE, RROEVFHFNTERAVET L Z L0
v LaL, HEELHO A TETIBORAR,
BOEVHREIWLT CEFEMEST ) RTV. I, B4
LELRBAEVHE TR EES RN TEELS i_Eii VRSN
v, %@f 0, BELROERNRRTLEDOERTMREK L
LABEICHRESNELETH 7.

%gf,gﬂ%ﬁ®ﬁm@%ﬁk¢6tbtﬁé%ﬁ
L7z Ly F v ISR (DT, gLRR LR
12X BHEARKIR L BB ~OZE, WAL & E G
THEELEDIZ, ATHEIIBVTH B ITAWE TRHAMIZ
FHLHIEZERLUCERAEHEEHOMILE

2. FRRURES*
1) FHBROEARES

SEILRFIRIE, WARR LA, BRESORMER
WRWHEKYRBR TH A, LB BT BIEkOKT
A MRS R TH BRI, ®ETHEEES L

RERBRSHRE  H1135

LIMTIL AV O, 40~60cmfEEDORS IZM#RO
HHEEA LBALLERLULT TRET 2 ch o 7.
CORIToNBALLE, TRICKYAEC ko720,
BAIANTHROVBET 2L H o7, ZOBARKRED
wEFE LT, = bXA THAOKE (I - #H,
190D &, FFROERETHON TS, LaL,
T IR LR T AT ) T, T OFEEENE
, V=M1 T2 PRTLBEPLER L Tk,
FILREROBIER, b REIKEEHE5 (Jhil
AL, 1998;2002a) B Ut #beg B EETHEIERET 2t
BEEHEK (RMKES, 2000)DHBIRTE [ YIRTREE K
CZEILRER (EAM)] & L THARELICHBEEINNT
wh, FIUEROPAKRN R, WARREF UL, HIE
ORI E L ATPER L 7222 & ) B HER T
HIETHEBRTA. WAKRLRELZLHIE, HETHL
LTI L TERE R T AL TH 5.
ZIBEOKTICWE, M3—2-1IRT F7 7 v EE
OFLYFriEEET VS, RIBEMEEL, ©
60~120cmF TOLEBOFER S IR S, L THICERE20
cmD 2R & £ D EFITHE 7 em BEOKEEDZEWH &
MLy FrZ X DHERIL, OHEHI &[RRI HEEZE I O 1%
B LEETMYFY CERLLEEICLVELR L CHE

E1 &
PR SR
figﬁiﬁgmg
LTy

B3—2—1 FL v REILERETH

7..5

?

frt . W I
o0 % CE L rEomEs
¢ PR (ke D)
ROBE | R
J l o 1 MRz R

R A

‘%J o i o B AT (em)
E3—2—2 FL v F v AEILEEOWE
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HEAED, QZoLFTHO/MNEL ) FORAL T
H%EM%, BHLTHEORET LT, BEEYRET 5.
L7250 T, B3—2-20 L) IlHtEOTEHE Ao ZE
X DIRPNREIC 2 5. LR, BARE:
B VLR ZRABREA~O T EAVNS , BEEO L
BEZ LMY, BABEICRS RABHNIC L 25T
BETHRED L, HBEEVHFIARTV. T,
EZERITHARR L K& (S, EEEHORER
13120cm? H60cmDENLE T TRESHETH L. &
i, INFTORAMBELRL), LEXHL 2HIC
FEDEIIRET AR VEVIFIEEET S,

2. RRUOAESE

FIEROYEAYE, AT ICRIZTRE, WAKE
HBEMEZEE S 5700, #3-2— LR RAREYR &
JUTORBREBIZOWTHECT- 7. ABESBOZE
RO LRHBIL, BEESFTHWIEEOHBEL S
Z1Z10mE L7z, 72720, FEBRIZIZPEARRRIC & ) 240
BEOK THEZ SmBELI THROLZEFH L. Fil

BEE A O AKEB KB O BRI Y R THh .

ZILRROHAM L, BAEIINT 2BEIKEDE
& (ML) T L 2. WEEFEKOI YN, T2 A
L CEHm e (BRI EAM RSB 28R L C,
EEUIARBS CHRELER & 2 FEFAIT - 72,

TEMEB ORI EOMRE RH 720, M LEY -
BB T 2 R LESICB VTR 4 F G A R,
F oy N (EIRMDEY), A —F % — N7 AFREHRF
HE) # BREAT OB LT L7,

ZEILBFEDOR A DOWTIE, W TEE O -EMmH
X BRI, BEROBRPEZRAELOBRE L &
OFHIRELZHELE L2, ZORICEZRER O
BEx LR EEERcllE Lz, £/, RERESTHE
Bt & 2R LI IR o s T B35 35 P ¢ 221 &R o0 1- 78 2~ & $REX
LB & B, R, 2V VAT vy —%5
L, ILBENEATE 2 HEOWBEL LRI L.
MLV X BRI A B35 & FR B 3 G 3% C O i LIk O B
EATHEE % 5HI LB TAR 0 S AW L. LB ki
ETORBEHBAEICL 2 THEMEAVRE L.

®3—2—1 ARER-E
WEAY  BE ESS (ELHEAER - 51 B35
PREEN BRI A (0~ 4%), B(5~10%4), C(74) Rt 3 BB 120.5ha
FEOME T EZIRM D (4 48) RRL 0.5ha
EBE M E (0~ 54) it (754 1) 3.5ha
=k B REHF(34) Rt 2.0ha
I H O IR G(0~24) Gt (RfaGsit)  0.5ha
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3

) IS EOKTISHET 2 1IESMHRAEO 2D, FlA o miEds - EReT - RiIERT 0357 it DILEIE

L ES C BRI A T AT IV 7z,

13 0

7K '

A 5
(mmh™) 10 __A415

e 10] BB 273

& ¢ 36

& D 65.5

7 1

ol \m
(mm h-l) 0.1 1 L (

5/5 5/7 5/9
(H/R)
ML E %

0

10 l |

20
10

NI

915 919 9/23 927
(A/B)

2ERZIB

[\
N—= 3

T >
=2 X%

[T R
TR

WD L
—

oW

S
Swo o

oaw>
w

vie!
o

| Semii

H3—2—3 ZFILBEROBEHKE

A 245 BIFEK & (mm)

CB: 24K M#EAKE (mm, « C:¥—27#k&E(mmh-1, . D:mHEE(%)



50

3. BRRUZEES
1) FHEBROHEKYE

MLEEZEOFELREEREL, BRNEO Y- 7HKENEK
3.6mm hl'T, FORO24EEEEKED27.2mm &% 0,
RN OBAREITTT 2BENOFRMEAN65.5% &, B
BEESTHVORELFERIC B - 3K, 1990b; Rk
KEE, 2000), BEMIZEAAFKEHERT AMELH
LTw7z, HKEORERIL BT 5720, 2 FEEH
RIS — B3 TRIEBKEZMEL 2. £0#R, Fil
BrEx, ¥—2HEKEI R AS9mm h!C, BEFED
24K EA 7.8 ~36.5mm & & b BEKEI T HHEERE
~NOFHEDL3I2.0~61.3% LEKKE L CHERNEILEK
BAZHRL Tz (B3-2-3). Z0XHiL, 2F
HTOHEIBEEL, BEROBELR LI 0 EHECHE
KERE TR T DI LD o7z,

2) FHEROEMICRIZTZE
R3I—2 2123 ILEREME I RIT TR B R R L.
KaLFTHE, A OELELFERICVET SR

#3—2—2 FIBEEIMEWER -  NEICSZ AR

LB L R SRR ER S

#1135

PR EIBRIC L ) Rl S, R TEEOH
mASERD Sz,

Fr YT, FEREICL D EEPRBEIND 2 E
ORBEREHIUZE SN 2OE DML 72, 2ILEFE
AR LOREHIT, AR RIZ X BWAIEEL AT #E
TIoRERERNTTHNLT, EHOMENEL (EA
LEEABTOBRICE, 72, LarL, BEOKT
X T, WRER S BRI TS & L b8
BEAHEIL 72, £ 72, BRI IR S HEATEST
TEBHLNTED, EBEXEHTOPRO KRS o7,

Pl Xz, SkEOUERRITVTROEY OE
B LT RED o7

3) FIEROMAY & @AM

(1) WAM
REIKRZEKRT BRI SND T EIE, SRR
DKM MR T2 L CRVEELEMFE RS, 22T
B3 —2—41R L 72 LR R R T O LN IR A AR

RICEDE, WEABREORT % ZHOBIRZE LA S HE

FRa % (RRifui A BS)

* v~y (ERADES)

F—Fr¥—FI 7R (REHFER)

EWIRD

LT oMol L5 5'e TEE B  HRANE E2FRNE R = YR
(%) (Am? (Mghal) (Mgha!) (Mgha) (gm?) (Mg ha!) (Mg ha™®)
L ERX 70(%) 364 4,88(111) 76.1 42.2(106) 15.2 4.10 0.897(191)
xEX 78 (¥) 314 4.41(100) 71.1  39.7(100) 14.8 1.75 0.469 (100)

1) A—=F %= F7 7 ABBITEEH TEREEETH 5

. MER—FET) - FAF) = FIARVHEL R,
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v NN P B B 18 .
T SERNSLE FIP BER WLl R Shiot "“Zﬁﬂévl”f’, - _ i 103
SERA A£G SELEE TERB A 10§88
2 B 0 A B 45 xif I B LS SRNHCES X HR ABEI
E K T
20 95k 25 “ 1 ..___ [ ] \L .
46l - : 35- 13T 35 TH 35—
] | Sees W75 (( | i
6.5 S A ‘ o Y
s ARSIl ssdes BRESE : S
3% A S K2R BRIB® 64 AFER 144258
& YURE 15 BRGNS
75 4 £ Kest
> < FEOR(CD <> FBEROE (o) = 04 B AR
" % (e L] s S Bl ¥ i (o)
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L7, BELETEHEEROERIFHEEB YRS,
BAERIEOZFIRKICHAO AEE L BIETHET 5 2 L4512
EAE o7, 3~ 4FFBTIE, BETOTEOH
OUHHBE T2 2, ERIGEKBORIAESD -
72b OOBEBZEFOBKICKE LENER O N h o7,
5~ TENEBTLHE, BEROLHEA 5em FTHL
%Y, MEOZERO FIIZ 3 cmfEEORT HERE I HE
ENBEELbH o7 61, I~10EVREBT L &
TEBICHRTERMEIAE CERBL TV, 10480
B2 TR AT L E I H40% A L7275, i
ZeII IR E LT ST v, LS T, kL
TR OEZRFA ORI 10FERE £ CHRFINE
TR OBABEREA TR I N TEB Y, KIERRRLEOHEK
HRICEL TS EERTE S,

Bt OFTHPALAEEXET L 75 1 i, HEAS
AHIH Y, BEHESICRINTWDT, KR
DR CERICHD BT L ) Sh v RF S
Nz, 794 LB LAREROBRIILELTEY,
SERBL THEERIFIRLLHALTIEETH 7. 5
ERATH L, BEAREOTIEITELTCWED,
WML R BRSO R S 2B ORENB YD LD
20, ShERREEVEroA. LictioT, 77
1t %2 E0HE 2T TIE, SEDERRT S Lz
FOWIRS—RBEF - Ma/hL, BARBESET T2 L H
Bans.

—7%, BEZIKEEGHE TR, EEBOET 8
H B0 TEHOMLERE BREVCRABOREERR /2T
WKFHIET, ¥ LTERERERETE. LrL,
IRt OEILRER L, MLf%k6» H CRZIED,
LREVBREVPELEL, 1FEPEATH ETHPFREL
THEZREDGHEL, @EARMEEIHE L.

(2) PR ~DEH

FIMRIE, Z<CORRETHEITE S, #HElCX
BEE 2 HEENPScmE R D RDFEDOEARDE VES
THRIAFWETHL. 12720, ERSEVIEET, 1
HItE CUIBTA T RECH 5. 72, HADPL WG,
HAZREET S L) IR ETRTHZ & TRIATRE
Ehxh. ok, BROFED, BROBELEMOPKL
R, UCEBREEORRZ AEE P, HH ST, RBILAN
BT HIEVLETH 5.

AHEBEE GO TRKRIOBERDS X, HER LIZX
LHANENE SN TEY, RROEKIEH6.0kg ke
K FETEELTWA. Z0L) ZEBRTIE, Fil
BEOHAMED K& v, TS LT, IhE Tkt

EVERS TV A VEEKILORRRESE T, gL
B L) 2 n AR ), BERORY & 5L
BRI OLT I & ) FILREOR A ERIE 25 2
LPTFBEND,

(3) Kb E~05EH

LR IR, HIARAIL CREL, BZEEAED &
FIAEBAIEL, 2010, TEOREH#ERTLHY
i3, FAREOFEAMEMARICKELEETS. 22
T, BT IC BT A EIREDOEL Z, TIEOKTIC
LAEROMEATRT I VAT vy — ERERED S
MY A 720K3—2—5% {ERk L 7-.

9, WERRESRCERL T, FHMTERAD
BRI CZERE D & TIRO FEDFAE L 72720840
REEAE S 2o/, ZOHIEIR, BHERRHU5% K
T, BHEEL0.2REENE L, PRV TEKRGTOE
ftThFhedhort., FOTEORBRELHIISLA
SCLA L TWETH -7, —F, HBERR45% 22
AHIEHT T, BHREAVNSVIGETHEHRTER
WEELZW, T, IhooIEORBFEIMEE,
HCYLiC, CLAETH Y, FIBEISTELTEED
X5 BHETH - 7.

® JE T uTRE A DRt AYE A & 2 (i {2

X B LINHE S U < IXMAMEA 2V MITHE

A Wi T EE DOl AMEA AoV B I 1
C] 9 £LU 3R o0 T W HE 22 46

ORI 0 EMER & X BRIIEBRILIZ R D,

E3—2—5 oY AF i —EREER»S R
ZE LIS IR o0 P &t B
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IO ENDL, FILBREOWMAMSHE S LT (,
B TTEE & HIWT S o b i, WEERRFD45% LA T,
Hit&&20%0E, Y0 PERS0%AF, WEESSY
KN B IC@ 729, ERE L THC L LIC, CLi¥&
DIETHD, 4B, aV VATV -3 LOBIKEH#
BIoMEERTIOIELTWA, —kiyhHEDH
HH Lo T, ERBTMTOELEEOBAMEE
Wi, WHRFX S L RS Om ;T & b IZZEFLEE
EOBEVPHBETH L Ehs, TIERET ) MEL
BRI L DHE TR .,

(4) ALtk 3RNER

A tid, THAHCE, MEBAMBRSEAREICHL
TwhERFENLY (K3—2-5), TEORENRE
LRd CAENME I _TE L, ZTRIEFHICL
5TERYOEEHKE VDT, HENTEOREESS
TEOBREODRELRDEIHIZEZ . AT THE, E
FIIHEOTBIREIC 2 D 29 <, MiilictE2F L
MESRORE TR L DARRIRET S, RIC,
UL ICREKBASEA B &, BRI T 2RRUIAR
KGN, TEPBEELRLT (b, —F, #HTKOf
WAL E SR T, TR CigT 2L
<, RIBAGPEEICERFINBROBEN S TIC
AT CHESRE LIT O,

25, AT TIETFRARE . Z &L PELEROR
THECLZEL:. ZoMELRRT AREEHTT
WS 5L, BRkETOKTEFEIZ366+E10mh!TH > 72,
TR LT, BELRKEABT T, BLEOBRMA
DFEG [P L WHIB N ~OEBIKE L, BEETHI L
SREETH o/, FOLDH, BLahFEE, 237£66m
h-12RREOEHE LD H40%EETL, BB AE
CARETH o7, T/, HLEEOTIEEE 2.96MPa

QU LIEBEESHERME2ImmBY) L A& L, e
WL 2T )ORREBLZ TVD LHM &SNz (ER3—
2—3).

#1135

(5) #ILEEOEHAZRME L RN
ZIMEOBMALM BT LOBESIIFEI—2—4D
EICEHETEL, B, 2L CHT A KEBN YR
A, UFoL) e biFons, EBZEmBictEy
TAHRICBDERIH DIHEE, DBBOREIERSS
NBEDTRECTHS. T/, BRICES SN DHAKE
Mo AHARDOHOTSH 5 HEASRIE, EILBETEDH
EDPREELRTVENTH D, Z070, ERKEVHE
LTHMBAKTES L1, FEAREIZ2mll Eo& e
ExHmALRETAILYEBHTHS. 61, HZER
DI ER; <7280, AEERPEFRKOOREIZZEEISLE
TH5,

4) FUBROBIEY > R Bl

LB RO T 121,800~2,200 T ha' T, Bk
O L D EL D, EEHERINTOLEMEERT
% EEffi7iss, FEFE O AEKRTSH H30E TR
OFFEPFTE S, BWARERII/IEH70~110TH
hat& ZMiiTH 205, MAEKE A, T LT, &
BFEDOB T H13200~420TF Mha! Th 5. WHAME,
ik L TL04E, HE 2 EH#1 T 5 £ F TR EFHIHERS
NTwb, 2O Lid, BREH~OREVHEE 2 H
RLKBUE M L CEILERPE L T B 2 L 2R L
Twh,

DL RFENREEFEOEIEREOEMNME S L
TIROZ DM TES. Thbh, ZEILRFEIREL
R L D TR REVAY, JASIRICER, WAM
BRFEINTDS, T/, FIKER, FEREREIZHS
B EMWMAMICE DA, BLEIFL/ALTEmO THRa A
FTHD.

%3—2-3 FIURROBIHE

S o 1 42 R e TBS 0> T 3REE
HEEE THRRXY @ Y (MPa)
ERMEMA PRk 36610 0.19
REHH KEE#T 237166 2 96

D ﬁﬁiiiEﬁMA%, IR 5 VSR E I HE S, A LA
a.
)M TR P R

F3—2—4 FIREOBEBRFHLETL LOFEES
TR B % s
et #K PEN KL 2 5 F S emE B LHEARN V.,
W% i EEBR TR 45% DL L.

I 52 iV HEEE20% M E, VL FEE50% R, BEEL5% KT Wi L.
5 R e SRR T 2.96 MPa (F8/RE29mmAH M) 2 B 2 5 b B2 L EA 2 .,
R dE] ZEER D RIE IZ R A\,

o R ENB L O AR O A @M T 5.
- i - S BB L TaamI % ba v D /500K TR T 5.

HEAK RS PEKBEOREH» ImEH Y, PRFERMAICER L 2V &,

RE

FEAREBICIE 2 mBEE D SR E X B A L TIRET 2.
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BI3w R B

EMEHCLEIBERTHEINFZ A4 LTI E
Bd, BERkEoOMED 2 wIECH L TRERLLICE
MAEBMGT L EERIL, AY—ANVFy LU TREL,
LA BERICT 2 TETH L. ZOTLEOHIL,
BRE L LR OBBRMR L, FRYOBHICIY
UETRBAPBUREI LI LHIETA20THS.

HNFIA VRO TUBRBER LTS5 L ICTRER
LDEAREEKICR D, FEREOKRTRAMELHEKS
BoOWMMbEO LN, FHIILD, BoESRIUIHK
EINIz, AINT I A LT R B O HIEYEEOY
BRhRiE, MIM%S E8H L CHURTEIOSMED
0.1m? m 32 C HIEAFE © 0.30MPaf2fE & RiT 2 KEE%
fro T, F72, S5 HEEBRONEIZ S ROFRY
oo, EICH LT, TEN- 2 HIBRAR4
~10kg m? T, LT OBFAREIEICE DERMEE RAED
YEICL AHINE BEM EREPS o7 72, BHEM
o bEIRN— 7 HRFEAE 4 ~10kg m2PBEHTH o

2. LI L ToB%E, SRS Lol hs s
BEEHERET0.72~1.37TMPa TR N — 7 HEEHR A = %
4 kg m2iZ, WHAFEEEHEREL37MPall | THN
— 7 HEBR A E R 5 ~ 6kgmAUIX G L 72,
—HOBEME R VKT A b RPERKSBEBNTH 5
FLrF Y BEIRNEILREEIL, o yEEOHEEIBET
EE60~120emi B E20cm D 22 L 18 7 e D 2
WEEEIL, ReTZEHEHEAZELT, i LS
RHH L CHR LBFICEREESL TETHE. ZOK
&R WA RO BRI, BEELHW/RE L [
WCEEARLPHBRTE S, ZOBEROKELEE, R
T T T ERIEERESESRLANS D, 108K
3R P0%BA T 5 b OOEEROBIKSHERF S 1
b, WEEM LTI ERTHERHOERSBEI 2
. B T TREZEAFBELLT CHEAPRNETS
72, ZoZehs, FIBRIIRRT EHERER O
BCARME, M, BEHCEATEL LHETLA. 4B, i
RERIIHER O LR HEARE L D LIRS LE
A5, WA REF SN,



54 LB R REBRG H
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Far B ER LIRS R B

B1E M- KHACHITILEEERL -HK
R R B

1. FUBHIC
HEEEGHORFHIIPKEICE 2 HEPE (, KW
RPETBIZL D HFRBKRPRE L TRIBE Z DR TV,
KR BOEEHM L L CREEEHAY S 5. HHPEO
REEHKORRE A, KE~NOKFIHEZER L TORE
ST (HiK, 1984) 4%, MEERIZOWTORE (%
M, 1980134 < v, 72, BREHEKZZ) Cofike
RAZVWERICE, BFBEICLBUREEZASE THRK
WA LT 2 WMEIEH 5705, EBICHY Mo 08
KERRG % EOHRDV VR wize, MATRIRIZLS
Pk REMT AT e B & B HEA BICHiER s
TWiRWI ENRZ WV, 20720, SHOL VRN
PR RAZINT T, BRRFPK & LB R OME b
WZowT, TEFERBL/-REOHRZHHEICT ALE
b,

RETTIE, BHoOTHAERET)EBET 5720 0PKI
BOHEDS, BFEOBIEMERA WV -LEEERE L
BN NIRAR Y NG @ K TN I

2. HBRURESE

1) HKARDIEMEEMEANDT

WRER BT A REHEKOREHESNMT 5720,
FRELGREREFICREREFHMIEH ONEILS 2
LR BERAL 7. BROMEM~DORRIZOVTIE

TR OAZURT, FEE, WA, SEEZBVTHE
B2 5 FELUMICHET L 221 BT O R THEY; &, BRiE

FHE T B IIREE I T4 304E DL _EA%R6E L CHEAK G
B o RGBT, BIREEDIREL R
RIKIBTH B A EHEDINTEIIT XFLF 244, N
LAY a%x, FEEDIRE L 1999F (IR T L F & Fks
L, BEPELYRE L. 4B, BEREREE L KE
BEBEBEL TBY, WTFhoRE T E—1Ew % H
—BEEIHEIRIC L ) RSB T TR L7

2) BREIEh/-LTEROER

BEBLSIThN - HEOERELILET 720, 52
BEEIHO2RBRRTRASE, DRBREOKTERERE
DH L, BEFELINMIBE SRICHTLINALE
BL7. BREBLCHEEEBIELE 2 LIRS TY
b LK, KEDEENRE L2EESELREXO
TETHY, KetELBELEROMRME &AM E
LDTHA.

P, EEHENT-RHER LOWNEI, KHEIZ19854 4
519974 K D 15,976ha, MIZ197I4E A 5 19974EE R D
41,652ha, FEHhIZ19854F > 6 19974 E i D5,503har T
»H5b.

3) BEKARRIBEOMIBM & BERIEK OBRAKE
(1) KRR TIEOYRME
PARARLEOWIE A SRS RERN 2 BHT 572
o, KHEEMOMAFEN LKA R HIEIZOWT HIEREA
®iTo 7. HEFRAE TR, IEWEHRAR LSRR
BWEZHEE L. B T100em3IREEIC L0 HERH
FIREL, FRE, HEH, AKkoEL LTHAR
K5 OkET—3.1~—49.1kPa, fiT—6.2~ —49.1kPa),

FRERAEY | BENROMIGEESE | BREETESOLR | RERTAROYILSEEE
(k1) : (774 1) (RS - aii 1) : (774 1) : (774 +) (KEEi+ -8 i)
: 552 1 OmfEIR X L IERETRRRIK ) BRI
| R | :
| 5P | |
‘ <> : i :
| o | |
: : |
I 1 ]
¥ : :
TREAT Ttk ar : T RaT it
IR HE K B ISR HEK B | WEEHEA B REHEK B

O ToiaryA—F  EE10en(2KHE)
7K H W A R BR v 5 0 R B AR 2R BB

®4—1-—1

Hi T ARG
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IR OB '. AN )
(F@EBEXRIL) (U741 \ (IR Eit)
L 2RI | B OnEIRX R LOnRISI | RSN
i : | mHE :
@ | E |
2mcA< - l6m ! . !
' o | ! :
. % , !
1] ] N L I"QA'JM%
i R % T R
R R | o5 B A REEHEK & A

© FrialA—F FEE10cn, 20cm, 40cm(2fRME)

HF AALET

X4—1—2 HMERFRABREY OBl E

FA—1—-1 HBESE—E
; ‘ 19974 . _ 10m(JCLLE) 0.8m 0.55m by
R AH pgm 77T L (015m)  (0.25m) 7a—rmgk 050
10m(F v 7) 0.8m 0.55m REVEY
Refit SmiF v 7)  (L0.45~K0.2m)  (0.25m) 7s—rugk 050
MUBE KE S
i A 08m 0.55m AN 0.50
= 5mAEiRF v 7)) (1£045~K0.2m)  (0.25m) ERSVE L V3 )
- o ~ 0.9 0.65 REPEY,
R K d%gg)ﬁmi 0m(ERL) (1045~ K0.2m)  (0.25m) s~ B 0.25
o 1999 gy o 12m (RS 0.8m 0.50m AR A
LR (g BERKIE ) (L0~ E02m)  (040m)  (mmp kL <t
, 19994 10m(BF) 09m 0.50m N 7
FAE R gema ReRRE SmUpH)  (EO45~IK02m)  (040m) (wpen ik L cati)
- , 19994 . _ 12m(F v 7) 0.9m 0.50m Ky ok
BEW B e 771 bm(F 7 (FOA5~E0.2m)  (0.40m) T - rmgk O3

BRAK (—49.1~—100kPa), #EEAH#K (—100kPa~—
1.55MPa), faflEAGREE oML, £/, BELL
TEEBC L b REERE, WERMEBREST L (HIER
BOMERERES, 1997). %, LERATIERL-
1-LIR L ZREBERES B VT, AKBHEESDLEO
et Lk a it BB 0SS 41, HEEs
ORETT, WEES, RNTOKREED T, FHLHO
ZRBAR7 L, BENOSS A L Tiior.

(2) PARR IS 35RO Pk R

BHALBOYENR LR T 2 720FL-1- 11T
TRER 2 M T L 7o R % B L7, RO RERMEY
BRI H oo T, SRR KICHRKESLT 3 R
¢, RS REEIRETE S L 12025~05had
RERE L7,

BRIKE IS RELUEX OPK % 1B ICEKL T
SABRER BV TTF -y ar—ic L h EEEHIL 2.

WTNOHKEE D I mBlED D, BEEIRTEKL TV,
72720, HEKBEOKMA E T Y BEOCHEKODKET S
Bl H 2 BENEY (/74 1L) O—RTIIERLE
g (EMEFEtEERASTHR) v A,

KBS R O Fr i EEAT S5 O BFE10mMRE, #0151 %
DORFE10mE 5 miilE, RENABRBEISOREIOm, 7
m, SmEROUEX CHEFKkELHEL . #TK
fiid, BWELAHXOPRET, BEMOPETHS10m
METOSmi, 7"mRT3.5mH#iyE, 5mMRT2.5m
WETENRE =2 BT 1#IT, HEKSHRs
TEOHRIE, HTAERMEE I TREROhRTE
NRTFrvarA—FERWT2RIEIZLD, #hEhn
F—yui—wHCREEHL 2. FiEESES (R
1) TRINSIIMR T, #TARZEREBS A6
o THEZEEY Im, 2.5m, 5m, 10m#Eh/-#AT
ALz (F4—-1-1).

JHEE RO AFIAT B 5 OB R10m, 5mMw, L E
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W& SERTESOREL2m, 6 mEROLER CTRIEHE
AEZflE L, ABRES T, BTAE, BEX
FER12mEFE OB A IR D S 2 mii el & it 6 mH s T,
BEXPREREIOmBROSEICRERY? S 2 mith el & it
Sm#t M THEAR L > — 2 HC1Ep T, TiEks
W5 | HE DHERS % S ST v e o T Az 3l 5 3B LS Bk C
#FE10cm, 20cm, 40emTHENRT > a3 vy A -5 %
WC2RIEI LY, #hFR T O h -2 HVvABE
L7 (R4—-1-2).

3. BRRUEE
1) HEKROEMEEMEADE
MAEDEBETE K EIFIRI—1-31RT & 51219934
DAEEL L HIZ1096E NG BENENTH L. BE
IX19784E %2 19864, 19894 2 &, 541 ENOH
BETHEEREEICL 2 BERENREL T, FiZ,
HMEMOBETCEEBOREVTRER L L TIOHFMEE
BOSEK, QFEFOHORN, OO EFERA
H5B(H4—1-4). 30~1004F1C 1 EOR L WKIRTK
F4E D19934E £ 1996451213, JbimE g O Mt T
ERBEWEL o7, 19965 TIIMTEY OB 5 O
THENX, FED S H LB - 72 (H4—1-3). AT
BEWORERT*ZEBTLLEEOWEILLIIKRE
WEENTFRTEL., TDOZ LS, METIZEEBEN
DIFEDBEEEIZE > TCEETH A,
WIRENORPRITIE, BEIPKIC L 5 BHOHEA M
EAEETHS., CNOHIAKRSRBIIBEEEIIT L TE
WEER L BEYMELEETANRGIFINS. Z

I TREERIAYE T 2 G BEFOEWEERE L ZE
FTARIIOVTHA—1-512Y. EELZMEMTH Y,
BEICTEVTF YA LT X%, WEROLEHCER L&
BAETT B0 4 2 ai22o0nTid, SEBEFED19964E
EFHAEDINVEDNE S SREEIEKOZRMBR L R
5.

EEEDIQVEIL, WThOEYW TOIRER X &
BEXRB TLXONEEI/NE L, @ TORE THEEED
WEOAREIZE - Tz,

HIREEDIOEII BT 5 BIERE TEE O TFHINE
X, 7% 1 T39.8Mg hal, /L £ 3 T31.9Mg ha’,
7 X% T154Mg ha'l & [FEDOAKBIROFHILE (H4—
1-3) TH27 % 144.8Mg ha'l, /SL 1 I 335.0Mg
ha!, 7 X%2.16Mgha'% K& { FTh»7.
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2) BEKARRMO BB & BRI R DL EM

(1) BERE L S 7z HEOFERE

B4 — 1 — 6 db g8 o B I 56 L TH A5 A4 R 10,000 ~
20,000ha & %570 - 721971482 5 19974 (1. L 7= BF R T,
FEHEASEH & 2 2 256 K AZ DO W THIB AN LR & %
S HEOEE L ERE LR ERT.

KERFRIY, BB HERRORHER LI EERT,
AR, b L CRRIAHE TEKEIE N
RERTIALTEIBLENT, ZThid, KERFEREM
Z=EmE LN, ARTEL, ZO®BIIEHHT HHK
ARELEFRK IR I IA T THo 72 EE—HT 5.
S CIARBEIR 2 B L kD 72, FROKR BRI 1R
DEFIKE BZICHBRT A I LVEREL L. F0720,
PRSI, HTFARMAMKC, BEE, BEDH 2 Vi3l
BB A2 CHEREOLE L HETHLETH S, Zh
LD kb HEERIE, IKEGht RIREEE T OER
t, BARGEKLELLEBRER7 L TEHO. S5,
EHTETHLIBEFAICHBEREETICENTY, &
WAEE TOAEKE O & 5 EKREDET (FFFs,
1999) RSN, THEFEMIT S L) RIS
NTwab. B TIIEENICRKE CIREEHTPIKE
i+ THERE L HEA S (4—1-6).

Z DO f3%

R aR 1%

Bk L
4.8%

Rt

41,652ha \43.0%
(1971~974F)

QA=)
WEAAAR
60.6%

(2) ARHIEOHIEN 4 ERE L 7-BEIEK OB fHARE
KHABFREOZENL, REHEAKL PR L TELOEERSE
HAMRET A2 I EIlH D, REFAKCHTKEREIZE
DEEKT BHREEICIE, TIBOBKEOEENEZ LN,
BERBORE* KEITEOYHEME, HRE T 5.

REM L KALBEOYWHEME L RI—1-2IIRT. BK
T3, BROFLIZLEVELRH0ecmEEL, 1B
DOXEFLIC~CLEMETH S, HFLEDFMHIZ0.03~
0.06m? m3&/h&wv. TOETEOHTACIEDHHEE
i, TEBENECET, EAREA0m sTE &b
B2V, Z0X) ELIBRNICTEYEEOEVTRAH
iaid, BEREASBRI IS, BTK
DHHIRKEIL, BIBEA0.874m3 m3& % {, BKERE
A0 ETm sTE RRPKRE V., ZOI DL, REBOHTA
RER T THRE L 3.

7954113, tUNFHC~CLEFE 2 LB SV, T
Bk, ERENNE L, THHPZ VL ODFHEMKD
BEAVNS WV, F72, I TREMIVNE Y, EK
BEATL0T~10%m s S, BEMEHEKESEL,
BEANAECRBILLALETHS. 72720, HKITk
HLE AL T HIBI IS L 2 BB OBESHFET S H5E
bH5,

E4—1—6 dbiEICBT AR L SN2 e JIROBBHIEE
E)EEEEIBCHERAEI L 5 ISR S TS S /RN,
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N P — N F e
TR (em) (gkgh B YV L :]L‘r$<Mgm-3>Eﬂ’fE B A %ﬁ ﬁ% %§<§E>ﬁﬁ§
Ap 0-17 342 0511 0253 023 CL 1031 0402 0500 0.098 0.061 0010 0050 040 2.8x10°¢
ekt ACd 17—40 354 0553 0242 0205 LiC 1142 0450 0507 0043 0033 0011 0057 072 15x10°7
H 40— - - - - — 0252 0127 0746 0127 0.181 0054 0213 030 14x107°%
Ap 0-12 168 0502 0249 0249 CL 088 0308 0561 0.31 0052 0028 0108 010 21X1075
774+ Cd 12-25 162 0572 0209 0219 CL 0961 0358 0581 0061 0022 0013 0094 030 83x1077
Gl 25—-60 186 0.046 0372 0582 HC 0725 0267 0688 0045 0021 0014 0087 014 46x1077
G2 60— 81 0587 0279 0134 L 1170 0426 0533 0041 0021 0010 008 062 6.8x1078
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. C2g 40— 70 0504 0323 0173 L 1225 0515 0463 0.022 0008 0.009 0059 116 53X10°°
Apl 0—15 180 028 0470 0247 L 1106 0421 0417 0162 0074 0015 0.168 025 18X10°8
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] EFHMKTREIOEDEBY THL, HEMK . —31~—49.1kPa, FLK : —49.1~ —100kPa, EHHK

—7, I b3, FEEESKE CTERAMASKC
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ML, BREFTORFMAKOEENIL, £Lbs0HLE
LlzbneEzON 5,

sy, W tid, TELE THHEACL~SLEH
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(3) MIBOWBIN: & B8 L 2-HEEHEK D AU

MBS R ORENT, #TKEHER L TRROER M %
BTrILitdd. BEROEHKRLBTAREEEICLY
HEKT B888E101E, HBOBKERLRAMOEENE 2
L, BRERORE ML BEOWEME» SBT3,

RENZHHBEOYEME Y RLI—1-31TRT. 754
+id, EHALIC~CLEREZ HENS V. 7T 1+,
BRESRLR/PE CHEHEPE V. AMIZ60cmlFE T
BT, FRLETHESC, EAREIZI076~10msiL
HETHD. 72, MO 4 T3, HTAOETIZE
STRMAHEML, BERMEHETEIL2S, KBE
D HIEBTTOREAFGV,

ZBER 7 HIF, KKERMET 22 00 M
SC~SLHHMAE T, RESEDP100g kg1 % M8 2 AHY
2B A, BAREOBEWTEA60cmiET TECHE LT
Wh, 0, SRER7 LRBHMEKEEIE VD
DD, FE50cmE TOLBERDOFHEMASILBED
LW(AEES, 1993). ZiRER7 113, EMPOELM
EABBNOEFEASR SRS, T2, SRHICE L
B E BT 5720 TRE30~70emD RAED &
W HERE CHMEAT0.6 ~0.7m® m3Ek %< 20, FAHAUE
Y3 H. FORZD, HEBOBIEPET TSI L THEY
ROMEAFHESBEL 2 ) 23w ([R5, 2000).
SO END, FEER L TRHIEOSEAMICRRAT
EXMOETHREL 25,

IKEEHtid, EMACLEME T, 30emlEOBK
EA1.2Mg m3P B TR A1.2MPabl) | & BE T,

FA—1-3 MOPRARLEOW M

JtHRE L R B S H

#1135

FBAAREDN0 M s T OO EAME LTRSS 5.
Fro, HEBESEELTELT, BAMLAEL, B
Wl AR TREAER. TIBRERRIVNE , LR
WA ET LER LR T, —), PEOKRR
ZE D REKRD LB OBREBRIER L TR LT
V. INRHDZ ERL, BREAHEROHKIZEST S
BENINESVEEZLND,

JH-EIRITTE U 7R RIPK OB KBEIZ DWW TRET T
b. 774 LTI TROMIEE Wz, TR
1 mAA D HIR I . T KA, BB
IBBICEAL, RMICK WREREP R TR L, B
REOB2mitbiTHET 5. BIROPAITEALEL T
EThH, HTAMIZMERNERIC60~80cmE T LA L%
BBIETT 5. ERBROTIEASHREEZ, TREIE
EHEIVIERTET T 440, #iFEeL TR THEK
SR IEDZENILAY, TRIZEBIETH A (KM4—1-13).
D0, KEHIIOHETE7 T4 LTIE, BREREZ
OB ETHROE — 7 HKEPHL 0 ITKRE L RD,
FEMZ O TKELO LR 2 HIHI L, (EoRs 2 RT
HETRREELL. FORD, BELBTAKEDI2m
BE»ZNU LOBBTORRT L2 LIZAARREL
BhRWw,

LWER T TICBIT B RERAR, HTKICERT S
bOTHL, BHEICHEKDYTE T ) HEORMHS D
AT ETERENHEENLZILIZL D, FO7120,
P CEBERTI, BE»SoHKIEZR L, SHERCOR
BE,LOLIEKREINDG, EHBOBEDY — ka3

wmE RE NEMBE(kgkeD AREE BEEAE o FPATE@ o)t sgiE

™ AnEL ; — iy
TRRE o Gkgy Bt T me e e e ok %ﬁ(ﬁi)ﬁﬁ%
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IClg 32-50 7.8 044 0341 0219 CL 1222 0460 0472 0068 0035 0017 0093 116 12~1077

IC2g 50— 47 0454 0328 0218 CL 148 0564 0432 0004 0013 004 0049 370 17~107°
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BOBAEIBVI L0057, BEOHKBERILIBIK
THaeEZL(HI-1-14). ThHDI s, £
2R LOHKKRIE, REAKEHBRTIEALING, A
BEAT T LEFOMMBE LR L CERE LR
HLEVLELEZ, ETEHTIIEKELBREOTV
BOKM A A LA OGRS GEHE-J01, 2002)
ALY EMMEERICLE > TET L,

IR G ORFEGEAIL, REKE LOBRBEBIZE
T o 2RFURPEKRENPEKRT 525, HEBROL 2w
EEBKBREAVNE VI L L HBETORBAKELZD
BEBEIINSV, 2070, BEOHKIZEHME &L
LTLEILhoRZEMBICET > -REAZIRT 2
EREEV TS Thv, F07:20, WO FTHEZ40cmD
TRPBEE 2L (H4—1-15). ZDOI EHhs, KLk
WL TIIRRIFKOMBAK S LTHHRI TR, B
BHERNOEKELZEMI Y 5121, HIBOHKZHERE
RS CREKELHEST.OLERSAEMCTIER
Bt B35S, 2001b) R EOMEDEBRYLEELL. *
Do, KRGt ORIERRBIL, Z6ERSEETPK

KRIZTHEREI NS VAL ERT S EHIT10mD
%é% WL 72 4mBEOKE TR {, O RERLHER
BER EOMADEREIC L 2 HEYHHOS RS LY
BELEZD.

3) 1EEEZEE L AHKI R
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REMOX D %47 720, HAE TR S L HICCRETET
ARTIERTE 2 BB HIB DS 2 REUGTIM (R
FARRZERT, 1983)1C & A HIRORMEME 12, dd
DL BN ZRE L PR RERICED (K
Eﬁm%§%+%mi$ﬁﬂ R B,

TR L RSB O R LIRS 2 KKK
ﬂ%ﬂﬂﬁﬁiﬁ$%§_iDil%ﬁﬁttﬁﬂﬂi
BHOK—TIEX S TH L. ZOTEMO HESHIL,
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BY, ZoOTESED,L LR BRFEOM R IEL I
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B ZHERERIZDOWTIE, TEOYHEMED) LREE
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HFEFIH, BEHRE7 ~10mP LEELE2 5. Bkt
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Establishment of comprehensive drainage technologies for improving field drainage
Iwao Kitagawa

Summary

In Hokkaido, 48.6% of agricultural land requires drainage improvement. The actual area in Hokkaido where underdrains
have been installed is equal to the area with poor drainage. However, the area where underdrains have been installed within
the past 30 years is half of the necessary area. Redevelopment of underdrains is being done mainly in paddy fields and the
field zone. Despite this, the total area where underdrain durability has been exceeded is on the increase. This makes it
necessary to establish countermeasures to restore drainage function. To solve this problem we constructed an underdrain that
significantly improves field drainage.

Conventional drainage improvement has focused on the individual underdrain Conventional underdrain design attaches high
value to drainage discharge. Increases in drainage discharge have been accomplished by narrowing the underdrain interval.
However, there are drainage problems that cannot be solved by increasing discharge. Even from the underdrain subsoil
improvements that enhance soil physics are necessary. To solve this problem it is necessary to develop comprehensive
drainage technologies that combine subsoil improvement with a consideration of soil physics.

This study makes clear the following. First, I determine the factors decreasing underdrain function. Then, I lay out plans to
improve underdrain function and develop new subsoil improvement technologies. I also identify soil classifications that can
benefit from the combination of drainage improvement technologies with subsoil improvement. This is determined by

examining the relationship between soil physics and drainage status for the various soil classifications.

1. I figure out the frequency for each of the factors decreasing underdrain function.

The factors decreasing underdrain function are as follows: (DSoil physics is a factor in decreasing the function of the
underground trench laid for the underdrain pipe, and the construction of the plow sole above the underdrain. ) Most
structural defects are caused by a shortage of backfill material. The use rate of backfill material was 43.4% before 1998.
 Incidences of drain pipes being clogged by deposits is 13.5%. @Over the passing years drain pipes shallow in peat soil.
(®Inadequate maintenance of the underdrain and poor drainage management by farmers. The use of filter materials affects
underdrain function by decreasing the function of the underdrain trench. I think that wood chips, logged rooted wood chips,
volcanic gravel and ash, gravel, and scallop shells are effective filter materials. The influence of the characteristic, the
functionality of the material, crop growth, and the drain water qualities, are experimentally clarified. The applicability of
each material as a filter is shown.

I explained the drainpipe construction process, and developed a new installation method that reduces clogging. Drainpipes in
upland fields converted from paddy use at the foot of an active volcano become clogged within a few years after
construction. Deposits in the pipes have been identified as un-crystalloid iron by a metabolic product of the iron oxidizing
bacteria, Gallionella ferruginea. The soil of this area contains an acid sulfate layer that originated by mudflow from an active
volcano (Mt. Tokachi-dake); there is a peat layer at the bottom. The formation process of the clogging phenomenon is
explained as follows. Sulfur in the subsoil is oxidized to hydrosulfate and moved into the peat layer with ferrous iron. The
iron sulfide forms in the strongly reduced peat layer. After construction of the underdrain pipe iron sulfide re-oxidizes into
hydrosulfate and ferrous iron. Ferrous iron carried into the pipe is then oxidized by bacteria at low pH condition and clogs
the pipe. We developed a new installation method to avoid iron accumulation. Wooden tips and rockwool (an ingredient of
calcium silicate) are excellent envelope materials because they prevent clogging and ensure proper function of subsurface

drainage.
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2 . Subsoil improvement is needed for improving the elements of soil physics that affect field drainage. We developed two
new subsoil improvement methods.

One method is spring-Tine cultivator type subsoil improvement with amendment matter. Subsoil improvement by spring-
Tine cultivator loosens tight soil at 50cm deep, and mixes manure and bark compost into the subsoil layer. The manure
swells and leads to an improvement in subsoil physics.

The input weight of manure at the subsoil improvement layer is 4 kg m? in cases of soil hardness between 0.72~1.37 MPa.
The input weight of manure at subsoil improvement layer is 5 ~ 6 kg m? in cases of soil hardness above 1.37 MPa. This
improvement method functions efficiently over an extended period of time. As a result of improving subsoil physics the
nutrient absorption of the root is improved; this increases crop yields.

Construction effects and soil conditions suitable to low-cost underdrain digging by a trencher type excavator without
envelope are studied. The digging type underdrainage requires construction of a drain hole that is 7 cm wide, 40 cm high, ata
soil depth of 60 to 120 cm, and a hole with a diameter of 20 cm. The upper side of the drain hole is closed by a soil lid and
backfilled. This drain hole without envelope can be constructed by a farm tractor with a trencher implement. This digging
type underdrain has a big hole and is able to drain excess water as pipe drainage. As for durability of the digging underdrain,
in peat soil the drain hole becomes a little smaller after 7 years; 10 years later the drain hole is decreased by 40%. In alluvial
soil the transformation of the drain hole is significant after 5 years. The digging type underdrain was difficult to construct in
diluvial soils because the drain hole collapsed easily. Therefore, the digging underdrain should be applied in peat and alluvial
soils, on upland fields converted from paddy, and grasslands. The cost of constructing the digging underdrain is 25% lower

than a conventional pipe drain.

3. Concrete benefits to agriculture productivity from drainage improvement are shown by increased agriculture output.
Crop yields of sugar beet, Irish potato, and small red bean were maintained in 1996 when cold weather damage and wet
injury occurred. In order to design comprehensive drainage technology corresponding to the soil physics of poor drainage
soils, I fixed a quantitative approach to the soil physics of the representative soils. The various types of paddy field were gray
soils, gray lowland soils, peat soils. And the various types of upland field were wet ando soils, gray soils, gray upland soils. 1
measured the change of soil moisture and underdrain discharge and examined the requirements of the underdrain in each
field of the representative soils. This was determined by comparing the underdrain of general interval 10 ~ 12 m with the
underdrain of experimentally high density interval 5 ~ 6 m. These ranges were chosen because none of the culverts
corresponded to the soil division of the revised nationwide soil classifications, united soil classifications, or appropriate
culvert intervals. I established classifications of drainage improvement methods by judging drainage requirements. A
determination of proper underdrain intervals was made by using classifications of cultivated soils in Japan.

Formation of artificial waterways by subsoil improvements is required to facilitate the function of main drains. Therefore, 1
established classifications applicable to various conditions of required drainage improvements. This includes new methods

such as supplementary drain with filled filter, spring-Tine cultivator type subsoil improvement, and digging underdrain.

In these studies T figure out the frequencies that occur for each factor decreasing underdrain function, and the underdrain
improvement plans necessary for each. In the suggestions for improvements, usage of new filter materials and development
of a new installation method for clogged drainpipes is effective for correcting the main causes that lead to decreased
underdrain function. Subsoil improvement is needed for the enhancement of soil physics, which controls filed drainage
status. Two new subsoil improvement methods were developed. 1 establish comprehensive drainage technologies for
improving field drainage that judgment of necessity to drainage and determination of proper underdrain. Classifiably

applicable condition of drainage improvements.





