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T, BDESNNOMD T L OME®IT.
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CORBREX2EO L HEEIL.
EE31.95mX 81500 m=479.25 m?
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CNIHOBENEI1IEMODEDOT, TNEMA - LHIEEIL.
K &31.95mX 181550 m=495.225 m?
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SEVDORINTESLLDICLE,

BEITLIHRBREXHAMEOYEBHZNH <., RBERMOBEICEO Y - MR (R L —
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AU BRRF (19947 AI6A)ICIIBEKBE A>TV EED, ThEEEDTEHD
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B L. &/KKE. EC (1:5). pH (1:2.5). EHE., LY. BB KEK. KOG,
EREMNGCEEREZAEL 2.

ARRBOERBRIT. 5PIOMDI L., WO, 253, HAeERK., BHARICED ST
BEFHUEDIZDDOH TV FIZAN, WRIOF3TNIIEED T2 b, 725 I EHE
EROBAEMHAEBLVOKALABODOT Y TY 2 /ITAVWE I EIT L,

RRABFIOEBEAERXICDWTIE, Iy REOHNZBT. U (WHokE) | &
M., ROWMMET. K2HAMBKBT. BE 0~5cm. 5~10 cm. 10~20 cm. 20~30 cm
MmO EESTIINEED, EAKk, EC (1:5). pH (1:25) 2RET B &ELE, 27
D27 B13. 199448A 158, 108138, 12A1H. 199542820, 4820H. 681AT
HoT, '

WO2INTB VT, EMNICHARZFN, BEE 0~5cm. 5~10 cm. 10~15 cm.
15~20 cm. 20~25 cm. 25~30 cm M5 LEH TN E LD, &K, EC (1:5). pH
(1:2.5) ZRELE. Y>7U 7 B1E. 19944118108, 199528180, 8A7H. 11
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HA248. 19964E3A 108 TH > /=,

WMO2FNTBWTIE, T DEN, 1996FE3AITHENA T TEES > T I E LD, Sk
KEaU—F o 7RBETo=.

3. 5 ANRBLUMBTKIZETIAE

FTHEADAKDBLUVESOBHBLIUVERICHERTIBEBEEREL T, SE8LH. T
KA, WTRKOBBRBEZRELZ., T0EFN, RV —FEOF v FIKDOKE LU
BENSBEGTIEEZ. RELE. -

MEBPIVCERBICELTIE. METLIHEILY—No 1R, MEHBLEY 5 AKX
ARG ELRZBEL, HWNEBIUVBEERRERBZAE L=,

AKEmMRAHSE, WRICEAL TIE, EELBEMAEICHN K. BELE/REICLD,
19 EDORFEMMN S0 FEELERD., BHRLUE.

THARDPRAICHL TIE, EENHEMBEICH N B, BRTRICED., 3057 &
2. m&L i,

3. 6 KABLUVESOFER. BHE., SWBOSH

Y. AKE, EC(1:5). BRUTHOLBHENAEREEN S tEPOADYBLUVES
DEEBZRDD, THED L2, HRE2BHOFEEEOLTILLNSBHEEZRD 3,
KNT, BOEGIEXRBHEDELL TEKOBREZ KD 5.

T, tBFOKFICEL., XROXSEEBEL >,

TEPDOKSE, BRCAVWERETAVRIFOEED RS IZHRHEE L TEET S,
L2l BEIEICEAL T, LT LBEBICEI 2B TEREAT. & (KEK) O
BEOBEELZTHE SR, TROI TR, BRANSKEIZNDGIL. 20T
KESMSHERANDERE OEBTLILEND S,

IDED2AEZADHE, BHE., £HE. KOKL. BHEZRKDBITHED. KAD4
REZBEWE,

RE 1) E¥ERISICE BKRDPEDOER S M D EWN,

(RE2) BRBERKICERLEETOARABEHL. BROHEOBHCKEIOBHITLES
BOBBTIEN,

URE 3) LHEBRABHIIBNWTIL, HEHEKDOBHEDHRIT. BERT TOMEDOE
TEEIZE L W,

(RE4) tHPIIBT2KEIOEERIZERRKOGEERICERERLES.,

UEDEREDTIZ, TNEFNOEDORD HFEBEEHEMIZUTIORRS,

3. 6. 1 kABLUERFOHFEER

KOSBLUVESOFEERIT. &Kk, EC(1:5 25C). PLUtHOERBUKREER
M5 Hara and Sugi (1993) DFEIEL TROL D ICEEL =,

HBUABRIBIIEENS KD, S, BXU, HAUNOBEMBOEREZ, 0.

W= HBABIBIIEETNIKSDEER (kg m-3]
N = & HOYo&EE (kg m-3]
S = [&] BHOUNOEMBEOEE (kg m-3]
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TN, ERBENGAREERBIUVEKEERRDOLIICKRD,

= LRENEREER (kg m-3]
w= FKk (kg kg']
7= N+S (1)
w = W/(N+S) (2)

ERCEEECEZRUET DRICFEMITnEEOMAKEMATHIRE (LALD) LT
HBOoND EBEOBEBREITIROLIIT/ES., EC 15)QOREICHBWVTIE =5 TH D,

c= LEBEROERBE [kg kg']
n= FEMEIIHL TMAZMAKEDERER kg kg
¢ = N/(N+n-(N+8S)) (3)

BEnsS, BUGEIBIITEND KD, Hr. 8L, ER2UNOEBOEREIL, XK
DEIITKDSND.

W= 7w (4)
N= 7-cn/(l—¢) (5)
S=7r:(1—c—c'n)/(1—c) (6)

NaClIKBHDFREL25CIIB T HEC(EREERE) C0EICE. KROBENRH 5.

o= 25CIZHF BNaCI/KE#KDEC [dS m-!]
¢ =5.16X10"X (0/[dS m-!])!-030 0

RBRHMOTBICT ENIHOIINL LT EE (NaCl) THZDT. LELDLEBEHED?25
CIBIDECEMSAMICLD LEROEBREZRD .

THEBETTOMEDORGLIE. KPBIIHT2HPBEOFEELIIHFL WA, AN
EBADIERTERY,

m= TEREPDFEELKDESL (kg kg!]
m,, =M EADBIRE K (kg kg-']
m = max[N/W, msal] (8)

B (NaCl) LAKDEMESHKOEIRL. BEICEZDDTAOEVNSHLZDOD, 1TIX
—ET. m,DfEIL. ¥1036kgkg! TH5.

3. 6. 2 XKEBLUESOBHR. 5T, TR

WEEHEEMEL., FHRTAH2¥HMEMPRIBREEL. TOiEBZEBET 5, £
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tTRERoOEEEzEImMEITNE. HEXHAEZID, 0SiS]I TH 5.
Bi—IHEBEOBMOLENE IR (1SiSD TH5.
ReRICEE L Tid. MR R 2R RloE L. LARE, JEKR. jBEHOY > T 2 URL 2K
jET 2. BBREOY T VIR AEZRZIE TN, RN EzED. 05jS] TH D,
KOEBREERT D, '

D(i]= SBiBOEZ [m] -
N(ijl = B%j. BiBCBI2¥gkHLtBEIOHEIOER (kg m-3]
Wlijl = B%lj. BiBCBIIHENGBLEPOKIOER (kg m-3]

Elijl = BRAj-125j0MIcB 2B BOMMAERLIES
EODAHANTOKILE

{EPATHNEENMNTOEREEERT) (kg m-3]
mlij] = BA—-12ASjETOMIBEImMEZBEOEEHL - LBE
WPOHEEKRKOFEHERIL (BE/KE) kg kg]
dN[i,j] = (N[ij]—N[ij—1])'Dli] = KZAj—1»M"5jETI
FBIBTHEMUCESOBMBAESZVOER (kg m-2]
dWlijl = (Wlijl—WI[i,j—1])-D[i] = BZj—1»M"5jE TI
FBIEBTHEMLIEKSOBEMMEESZVOEER [kg m-2]
ev(ijl = E[ij]'Dli] = RAj—-1125j0MICBIT2EIBED
BAMEBEIZDDOHNTOKIE
({ENETHNEINTORHBEEERT) (kg m-2]

TEPTOVEBHNERETHICELT2ERIATHIMOBHTH2ET 5. BHE
REVEHEZEABT 282K T. MANTAZBHRTH21ENE. BHEID., LAEH
BEELT D,

ROEBREEHRT .

QN[i,j] =RA - 12 5jETORMICE BEZEDBIHL - L EBEKR

FOENE [kg m-?]
QL[ij] = B X — 1AM 5 jETORMICEIE AWM BH L= L BEK

FOKSGE BELEESKOBIDR) [kg m-?]
QVIiijl =KA -1 ojETOMIIB I ZHEIKEAKLEOBHE

(M ZEEDBRVWKOBHE) (kg m-?]

QWIij] =B Rj— 1S jETOMIZBImEE@0OBHLERKIE  (kgm?

T, [#HSEEDRRWK)] EL TR, BEMIZIBKEAKERKEMNEZSNS, L
ML, TNSIEFAKNIZEXNSITHGFGETHD, MBEL V> 2DHEHMELT. HEH
EEDITVWK] EVWIRBICLE. MAKEVWZAED, WoltAiPIZANTEREZERL -
BHEERDDT, HPFERBEEOHEKNBEH T A2 LITEVWESIZEZXSN, £TLBED
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TRV, TS0, MANEZERLENSBETA2HEE. BROBALEIO L
BABOEBEIED TES., BEXRITEWL, FLT. X, TOKRNBZLICEDEbNN
. BEBERBUCLRET S, Z0LOLBE. MAOBEIL, KELSHBEL THEHEL
EOERBROHRENSD. MERHUNFETS S, o T.ZITR.EMORD OIS
MITOERK] . Kb MBhTogdbr . W3 3ERERELK,

ST WEOBEHEEZRDZICHEL., THKICESEREDOREBE NSNS N
BELHELTEAILEND D, CITRHBRMEFIBEMIIDWVWTDEREFELL

T5Z5,

ROEBREEHT 5.
Fijl= MBRj-12SjETOMICETE,N SHELLZBESOE  [kgm 2
Pjl= HBRj-1»5jETOMICERTE,) SBALLMADOE  [kgm?
Ol = BA—1A5 ETORMICELBERD 5B A LImKE

K%, HHEEDRZVWKOE [kg m-?]

CINSOBIBAEL TWRLAN, BRAZTIE. FHIEPHIROEEISNS, £z,
HAPRERTIE, BEARDAKOBEARS/NE VWO T, KRKEARZNETVWEEZS
h, FEEEE THARKOBHEREHRL T HFI NI LB LAARNL,
RIEEAZVIES. TI T, Fjl =0, O[] =0. ELTEHBEZEDE. ZDRIT.
BLAERVWLMOBEREEN S BYRENEETELOTHNE, TOEEAVLIN
ETHDHDIT. YRTH 5.

(1) BWRFICBIIEBREH
MEEmMSBATARAKDOEEPjIEL., MEE»S EXBEHT 2 ERAKO BRI
ThH, MAREKTHY, THEROHBEIISSNERTZIBRETH . MAITHK
ELTHS.

QL[0j] =0 9
QWI0,j] = QVI[0,j] =Pl (10)

Eiz, MRAMSRELLHIGOBZF[IET 3.
QN[0.j] = F[j] . (1n

(2) fLtBWEBICEITO2HERAZRHE
ELBEANSBAT S, B EfKDRVWKOEZO[IET 5.

QVILjl = Ofj] (12) -

EXTBEE» SBALLZEARKFOKREQLI jIERMICLDRDEN D,
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(3) Bo0BHERE
HAOBBEL. HOIOFEEOELL TkRkDE5N 5.,

QNli,j] = dN[ij]+QN[i—1j] (1=i=]) (13)
Ih%Zi=l"SKETHEL., BRALHFQUNEEETHIIEICEIDALERS,
QN[K,j] = Z(0=<i=K)dN[ij] (1SK=I) (14)

(4) HBHXKkOBEE
ARDOREICID ., HOBHELEBERKOBHEOMIZIIXKOMEFELNH S,

m[ij] = QNI[ij]J/QL[ij] (15)
IhzERL, BRKKOBHEZES.

QL[i.j] = QN[i,jl/m[ij] (1=i=] (16)
B2, BKEIKDWT, RANERATZZEICED. AXZER/FD.

QLIK,j] = QN[Kjl/m[K,j] = = (0=i<K)dN[ijl/m[K j] (1SK=]) (17)
ZORTK=IEBWEHORELBERICB I 2BRABHEZEX D,

QL(Lj] = Z(0=i=I)dN[ij)/m[Lj] (18)

(5) BhksBHRE
BEABHEEKARIEBHEON THI2LAKSBHEL., EEOKFEEEROHE G
WZhHd, FEL, TTTWHIKKRLEEBHER. KRKOARST, WAE. EH5EH#ED
MWKOBHEREDZ L TH 5D,
QWI[i—1,j] = QWi j] —dWl(ij] (Iziz1) (19)
Ih%E,. isIhSK+ I ETHIETHET A ZEICLD, AXEHFS.
QWIK.j] = QW[Ij]— = (K+1=i=D)dWli j] (I>K=0) (20)

ELEEm ($Blm) T,

QWI[Lj] = QL[Ljl+ QV[Lj] (21

-281-



ZOT, RROKXRDODLDITRS.
QWIK,j] = QL[Ij]+QVI[Lj]— Z(K+1=i=D)dW[ij] (I>K=0) (22)
ZIZT. QLILiIERA)TEHEALNZD T, ThaRATHIIROLDIITA S,

QWK j] = Z(0=i=DdN[i,jl/m[Lj]+QVI[Lj]— £ (K+1=i=D)dWl[i j]
(I>K=0) (22"

FIZ, HERHE (K=0) KBI2ABHERAROLDIICTEZSNS.,
QWI[0,j] = QL[Ljl+QVI[Ijl— = (1 =i=DdWIij] (23)
ZOQWI0 jliE. KU IKRTINBLI5K. hEXTARENSCHAOBEEZELFIW
FETHD. HEIFICERE 2T E. RHIMEXERREEZS5 X 5.
Ll BRAHLH G, HREANSOMKOBAENS NS WED, RQ23)M 5
HHEDMAREZTEDODMS52 W, BLHAKOBAEPIMNO» 572 51, R(10) 2Lk
L7RKICXEDHEREREEQVI0,jIMRD SN S,

QVI[0,j] = QW[0,j]+P[j] (10"

(6) kFEZSEBDHR :
KARKEBHRIZKBHRLELHRAKBHEROEL L TROEN S,

QVI[ij] = QWIi,j]—QLIi,j]
QVIK,j] = QL[Ij]+QVI[Ljl+ S (0=i=K)dN[ij}/m[Kj]— = (K<iSDdW[i] (24)
ZZT. QLI X8 TEHEASN S,
(7) MR
SAELEKIZT R TARLETICMODID T, KOMEND 5.
evlijl = QV[i—1,j]—QVI[i,j] (25)
ev[K,j] = QN[Kj]I/m[K,j] —QN[K—1j]}/m[K—1j]—dW[K j] (26)

=T (O=i<K)dN[ij}/m[Kj]— £ (0<iSK—1)dN[ij}/m[K—1j]—dW([K.j] (26)

ZORRENICIFOGIIEANT., [IULEZRD 2. FXBEAICBT 32 KEILEOR
ABOIREBBTH I EMNHN 5,
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(8) BB LUBROBRICODVNTDIES

KREGRF LWL, BB EHEDAVKERET, KEIMNBHTHLSITES OB %
braw, EH4BHEELZVWAKICIE, i, MAKZEOEKNS 3. MAKSH#FIZANITE
SEERTHOT. HPICBALERAAKIE. DIIREIBHZEEDRVKEIIE A2V,
ZEOMKNBEBLUHNVO T EARBROBEBEIIBD TEW., LEN>T. TOHMLO+
BRBOBEBEIYUYVOBELDIZIETL., HEMrLKBINTITERBLEMNDLDIC
RA25THA55. LnL. TOEROBRTTEENMEINEIECLERMEZO L BAKBEH N
EU, WoltARDZAEBREIN RO L BEROHEBEIBVREZTHSI505, *
SO THSRETIE DHMOBEIZEZDTHS S,

ZIZIT, AR THONAIGIULEDERIZDOWVT, AEAZR TR SN,
FY, KL IIEEN S KTEANOHELTH B, WIT. LEM S WK OBELITER
THd, £IT. LXATHESNAIKIEEBEOENAICER - EE, TRIIEHREBEERT &M
RLULTBWOWDEINTHD, BIZHEBAREI>DTWEBELHAIN. 4T LHEFI &T
[Boizn, L5501, MADBEKTHD., EANBALEZEBEGIZOZOXTHLNDE
CBROEIZAIREIZNSTHE. Z0LIIZ. ZORXRTEHBSNERIELENEIZGELLE
BEXRTELERS 2V, EQOKLENSCEKOERBAELZELSIVWERENIRETH
5, BHICWERAKIIHZ2BECEKIZIENTHAINE, JITHESNIEILEIZED
SIEENSEOREBERZZLSIWEEERS., > T, i ERXOK{LENATHNIE
BREIHBLTEINVWTHAD,

(9) BEHHLEOMES

TP TOHESPBLIUVKFOBHE. BLY. SILBEERDIFENLERDOL I IZFE
Niz. £z, KHOBHEICHL TIZ. AKE L TORKKOBHE L, EBEHEEDR
WKERGEOHKOBBHRBIZHO T TRkD AN RE NI,
INSORICEDENSOBHEEZRDZICIE. BRALXUHEZBDNIIEZADLEND S,
BRATZWIENG N> TWAEHBIE. MAKOBAIRTNWL, EOa0XERELRZWVWTH
25, LnL. BREOH2HE1E. chooffdvocdnniEs>, £, fLBE®m
MHAERTHDEITNA, KEMSBALTL S, 50T, K, S FHICHEMND K
REZFOBIHIMNZ N EIT N IZ N,

Linl, TNSOBREHEZUETEIERIES TR, SEIFEAEL Thlkn, 4%
BWTRHFHTE2ONEELNEEZXDZDATH S,

SEOHEFEZEDDICBL., INSHEMOLNVEREHFIZIDODVWTIE. Haoxkm
WMEREL, FXIEETEA2KZLEOBHIRI TV OEL 2.

4. R -RE

1994 F7TA R A DA BIAERR LR, 1995F6A1AFETOROLEY > 7)) T %EfT>T
WBDT, TNIZE-> T, MRMZEeHICH T 5.

Table 1. Fig.1 &, RBWGERLUKE., TBY > 7 D/ HMPORAE. TOEHE.
DSAANCERE., PLXUOWER/ARBEOLERERT, WMHZEL T, N2 EREMN
WIZ, 5.0WLE6Tmmd! o=KL, BEHFERIZ. 020 L32mmd!'Lniz<,
WE/AREOHKIZ0OEWL 048 IT@Ean o/, /2, 19941086 5199542 A 24
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HETODI42AMITEERERF TH - 2.

Fig.2 12, HITF/AKMERT., KA., ZBRAMICBITHH TR, PP3.Gl+40cmiZ& D
MEANTWS, Zhid, RABBOABEB LI UVURROE SEDOH T ARMBR/SA TIZED
BlEIN-ZEBEANSOEL WOLEETHE. ZOMTFARMEBE N T, WS k4N
AHOINEEIIAIZESNZD . ThURMOBREN T W, TIT. BET S LD
HMEARMAEMBEZ RKFIZRL . PP1. PP2I3. ThEN, B#ETSHIY —No.l.
No.2 D F/AKfFL. PP3,GLIZHRINY —No.3DGCL+0cmIZBITHMFKRKMLTH 5,
PP3,Gl+40cmDBEM M S . 19944F 121N 5 1995F6 A 1HETOMRABRMICH TS
HFAKALIL120~160cm DB EEBHL Tz, MAERMIZB T 21994F12A 18 LUFTD i
T, BIEESBS FABETHAIN, BLELICHHPPICLOREE LHETHET
N 1994 FETAPHOR RTGEMR LK. 1994F12A 1B ETORBEMICTHB T DHT KA
1260~120cmDEBETHo mLHREIN B,

4. 1 tEPoOKkSE. E5E. TREBRBRE. BLU. KEEOBHBIIONT

Fig.3 KRABMICB I 2EMNERLIEHZVOKGBLVAEOHFER. R UICEHE
IKBDEDEMICHT A2 EEEOEREIDHFOUETEOERLELERT. Fig.d KL
BULZTEHOKSE. BEE. BLUBRHAMKS OBEELDOERELZRT . Fig.5 3F
+/E (0—30cm) RIZBIBKDOLBEE. AHOKBIHE. KFTOKILEEDFINE
BE2RLTWS, KDOREBEHEIL. FEABHEZEOIBRKKOBIE. KEKEBESD
EHEDIZVWEKOBHEOMEER., TNOORDIIDODVNTHRLTHS. BHEICHT
AZHBRBEGHOmMEEKXL., FE (T5R) WEmMEE., & (FHF747) ETRZOHRN
THBHBZEZRLTWVD, £z, [LULEEOFTENE (X HT47) DbDIL. KOEH
BWL., BEXRKOBAZRTHDTH 5,

Fig.4 Iz mENAL DI, FHESBIZI0AISEETHRA L., BgEMIC&EL L. TN
L., FHKDBIE2A2AETHRAL. TOH%., #HMIZELE, MEDLETH S BEH/
KL, 10A18AETHA L., UHE2A2HETHEML., TNLUBEBHIRD LKL,

KIZIN%E, BEZH T TRRHELBND, £79. ARKEMARITIZ. M EPITE,
+3 1m3 ¥, EEMN 3.80 kg, KA 170.1 kg oz, Ln->T, tELE 30cm &
Wi, R Im?2 Mm0. BEEAN 1.14kg, KW 51 0kg Eo . BHEKDERLIT
2.235: 100 T. TIBAEAWOEIEBEIL 2.186.% ThHok. KL, ZHTIE, BEERT
NT., ECHEME» 5RO =NaCIHHLEETH 5,

(1) SRR ERE®ROINARBIORBEYE (B18. £28)

HBRMEREZOIN ABIIAMBEZETH > .

4 K 5 ZOM. MENMSTRANBALEZIZOMDS THRAKSENED LIZDIF,
ZL LT ENBREOKSZHE> TN, BRICES NS, FHEICAM L, RE
AN ENmodEHEND, TNE. KEANSDHEANERICZNIENS TN D,
EMNTH, BIH (TAI6A—8AI15H) WHAENPR<HAKOBANMERREREZ <
DEMC LR ZETTHoz0icw L. B2 (BAISA-10A18H) ICIIWEDHEA.
FADBAMVMEmMARZ N2 LA, Ef,»5OHKEIZIEHEN., BKIBOHD Z
ODIMNREIZNAZ TN S,

I BEBROBBE IOX DT, BT, EE»SOEAFEKITD o2, MK
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NEDOWKDBANISKDI N THo/-®., TEFRBROEBEIIIEAELLLLEMS
oo TAUTH L. FE2HICIE, BEE S OHHEKEEIZTISEOMANENSBAL,
TEAEROEBEIHEMRFICBIT S 2.19% M5 1.35% &, 62% IKET LR, =,
MERBENARAOEET, Lrdb, EELEEEINEBHET. Fh2aRIlEsmItns,
FLIREEZSORETELEBROBDFANTHMETHDDOIRBHREL T, #F5emic
BT, ERNICZASMITHMECBHL T2 EREINS,

AL & FiK OB B HATOKOGIKRZ BRDE. BIUMICEEL TEELA. £
FHERTIIEKOHEMTEI > T A0 L., E2HiIcidRETHEKDEMMAEZD .,
HWENSOWAKOBREN THBBROFTRIZEML 22 N0 5,

(2) 20 OW|ETEH (53, F41)

Bl B3, F4 (1994F 10A 13BN SBEFE2A2BETOLII2HM) & &FL19944
I0A6EHM S RF2A4BETOI42BRIIZEBER TH o7z, B3, FdlicB I3, 75
AANVEREBEOREHIZ., ZnhETh. 59, 57mmd !, EHT 58 mmd! THol=.

+ Bk 5 TEPOBRKSRIZ, ZOMBLLET. BEAEEIETOTEE KL B,
MO M SHEKRDIdkgm3INE 45 B ICHD LIz, 2L, BEBIH. BUHOKSED
EHROEEIL, TNETN. 096 BLU 049 kgm-3d-! &, HFITATEDSL % ITHEL
o MMBEILBITIKGEOEERIPEEDETORERIZ. RLOEENEEICEALR
ZEitEBrEEZSNS,

KB & COMOKBHZERSZ & HETMRRICIDEKRN DN TERLIOLEZENA
FEIZETL., ThICESIENTHLBERN SHRANBALL. (ELBRICBIT2ABH
WBHEFRZELMEBHTHo 2, £/, BEHMIZ., HEFMOTEHARILBDNED ., ERT
FTHERKBHDNE> T, KERKBHEELBRRKEOHEEENE L DHHEST. B
3D 1lem M5, FBAD 15ecm ~N&E. BHOET EHITELS > TV,

KD &A1 e, ToOM, BEOEIIHN., WITNOBEZIOLETHKSDILHNR
o, tEEAMOALZST, HPIIEBWTHLIBMAROBBNR I > TWiz., Bk
TEHTLODKDTACEEDBESILEIMOEE 5—10 cm HBIWE I - TH O, 3.7 kg
m-3d-! BEHLK,

3 THEPORBES R, ZomMBmLE Y. BEAKELTEROFGESEIT.
D19 SR D34 kg m3 NE180fF WML, EOBOFEEMMEEELHLD &
B3, AHTIE, 15825 119 gm3d !t A&, HEETHMEDTS B ICEELEZ, TEFRT
DEMBHEZR LS. FXIBERN S DEKOBAICES T, @ASINE,

TEHRABROEEE ELTBER (FEX20—30cm) KB T3 LBARGBOHEBEE L. 10
A13H. 12A1H. 2A2BTENTN. 1.62. 2.03. 2.78%&. LI2AMIZL.72{5&. &<
o TWo /DT, BEEANMNSOERKOBAEEDETOEICITES@MAREIRA RN
P

ekt BEKOFEHEBEIL. 10A138. 12A18. 2A2ETENEN. 1.35.
364, 7.04% &, 112HMEIIC386MIZH @< Mo, TNIE. HMEMAREIC LD EKN K
LU FEBEEAMSHEANBALEERETHSD, EROLDIC. HEE20—30cm LT
BULSLEBEROBBEIZ. RYPAMICLII2EE. HBILE<R>TWo72H, Zhid. *
DEMICBT 2[R ENZT R UM EZEEYE->TWVD, SIHERICIIUE. 12
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A1E2 52828 TO63AMICBITBEOMA (FE20—-30cm) TO., HAEKEITHE
HEDOBRTEHEAEE. 0713kgm3dl & &L (0—5em) KB 50603 kgm3d!
EbThRNSbEIIETH L.

LML, &+ (0—5cm) KB ITHLHEAKOHEBEMMIZEFELLS. 10A138. 12A1
B. 228 TENEN. 1.56. 9.77. 20.29%&. 112AMIC13.0f5 &, WO TE<EDT,
FOEHIZ. R+ TE (FEX5cm) M6ld. TIETEABBL TRLIBIZEEATIK
IT0DT TN DBHEENAANERL, HETIE., BRICLXVEKIHET D0ED
HERBTAHEND T, TTETHRTOHEOBENTONLNSTH D,

(3) BUMM (E5H., #6/1)

Table 1 IZREaNBES1C. BMOEsSM (2A28 —4A208) . 6 (4A208 -6
Al1H) BEUCREMICA-SKE. EldVWA. WEE. BN 75mm. FEEMA135mm T, &
200mm. HEZITHIE., TNFEN, 098 mmd!, 3.20 mmd! THO. 119AMFEZT
12 1.68mm d°! 2D, REGHYMOMBICTER Y, ISKEBITRERT, NIERRE
BTHD, Table 1 WRENdLSc. NORRBEIAEMICA-THERLEET. B5M
T 6.4l mmd'. BEHITE70mm d'. FEH651mmd! &, ZPWOFEH 579 mm d! &
072 mm d'! FEI>7/7. TOEHAIE, EHOLEBETEILASENTBD., =z, XB&
ENEBICEVWEBHIIHZ>TWENSTHHA D, :

T EKS EsHOWE QA28) BELAHMOBEV THO, FiZ. TEREIIAR
FLICETEBRLTWAN, MK (4H200) KREBADTLZBICBL TR IFH -0
ML, LECBVWTI2AIADKNEEIZEFELVWEBICETCEELE. LML, 1EAS
BOEENHAEIZAIBEENTE S L, 4HA20HBIZERBIOcmICBIT 2B EMNEFL S, T
B+ (10—30 cm) WIAIAENRRHENT WL, REMSEENETLDDHIIHE L.
ZEMNBEALODHA LHEICHT L, EINLBAkIEOEVNOMREZ, ZIITALZ
ENTED, S5 CHUMOETLEENR (6A1R) 0LBERSEZAD L. KKkGE
ML DL SRED, SEIL. Fi. TELICBT2KEMMNEFL L.

TIEE S HEFICRY N, I TLskE, TRPAOESREIIIEMLGT
TE, EMMALDD. BOFMIC Ao, BeiHik (6A1H) £T. AAo4KET. &
FORELHIEH->-bOD., WNEGHET /. E4WIEK (2A20) OHEIK BIIHERFR
DEIED LD THo-ICBERMo7n, TOROESBLERITEMER T, BSHRIC
HEREOEZIZAMIC LA S BICETHEMLE, THESBEOEIINERD . £
BTRML TN, HICESHICH T2 PRE (5-20cm) IKBI2HMAFELM»oTZ.
EWMEBLC TS EEMMLAYN, FREEELLTERE 10 cm ICHBTDHEMTH D,
ZEZE (10 —30cm) WHAMOR I A2 EEDEEETH> 2. K-> T, THESEOHES
SHIZEL. BEORMOR IV EZRL IR LAZDE. EHEAE. BURMICA-> TH
5EWVWZR B,

TEBERORBE THAROBERMEOMMTE T LRALLE, WITA>TH
5. 2BICBLWTLERLET TEA, ZOBEMIAMICA-> TMEEI N, FHEER.
2H28. 48208, 6ALBAICBNLT. THEN. 515. 4.57. 3.93%&. ETF L.

HBEOEIJNNFEFMICRSE. Bokd 5 I L0, HRD I OELBEKE O M EHF
HASETFLTW-THYD., PEEOHEBERTIIENZ, Tkb5. ARMBIBITSE
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Bt OEBEN0-5cmET20.29. 12.08. 11.75%. ¥/, 5—10cm/@T6.86. 6.07.

502%E{ET L., TEL (20—30cm) TH2.78, 248, 228%&ETFL T =Dz,
FREE (10— 20cm) Tid, 3.34. 3.70. 3.16%&. 420X TCLRAL-BIZUHTET
Lz, THiE. FEBANDOKOBABERBIOARIZBEL,. BEERFTREEXZ2DDTH
3, b, MBICAD TS OELTBADKOBAIIHMEBLVEENS THo /=T
HAHD, TNRERENVZEFERTHDIN., TAATIE., PHIBOHBEZETIE~KIT
EE5MNEREEDTHAIN., TNEEXDE ML, BEZ2ETLROEEICH 3,

Tabb, THAKOBEIZ, HEBMIIAKIELEEL., EHAIEVIEEREVDOTHEIN S,
FRIBOBEZKRTFTEIELKIT. BEIHI LI, EENSEKZLDTHAHIEEFTHL
T3,

BHEAKOBH EHOHLWESR, Kofhs, BEd. KELD. WTNOEXTH
EMETHo%Z. MBAIKA>THS D, KOKNDOIDH@IE. TlLEho7z, Tab
B, MAKNHBEBEENSBALLZEETEA, THBEEBZEL TV T, ARESZTTRBAA
BT, BREOEEZLAF. HEREAISEKRL TBUAKFALEE> TWoTLES =, &
WA, HEEPSOEKROBRKSEBERBLE. 2OZENE. KBHEDOZDIZHE
THRSHIMEARMNER EH L, EHITIIHMBICAVWIZEKBHENE N> =DIzd L.
WP TH S, EREIGEVWIEESZVWEVWSI EAANELE DS, ZOZ ENHBPICA
STHITEOKRGENEMULEEHTH S, DS, MMICZ> THELBOKSENE
MUZDE. MANHENSBARAATIELB ORI TR 2D TRV, BAIEW-S
TEABIRANEE., BRELUTBUCXRGKPIZRTTLEY., &R, EXBOXKICIRAS M
o, LML, ZOMKIIHEAN SELTFOKSNEDLNDZDEHILETZDICHEES =,
TabL, REFOKDBAMA, BENBEL, THANTOKDIOEILE K VITIH L.
KODOHEZEZHE, AR, THAROBHBILEZHWE, MHIKA- TS5, ELBA
DARDEIRIZELBOEE» SiTbiz. EEMASEZKIIEKTHE2DOT., EEHS D
KOBBRIZFEFRFICHOBRZDEKRL., FLBNEZZEOHEMNERRAEZNZ, Z0h. @
BMICiz>o TS bMAOESKENEMUEZEETHS. LML, TOBEKOHEBEIIE
THOTWAERIDBDEBELSLOT, T1BBRRKOLHBELZRTIZDQICREL > =,
4. 2 HFIBMEEBTICERINAAYVHEIER[SZEOLEICIDNT

ST UERERMEEZEELESOWBRTH /=, SEORKRTIE. FEOETHRR
LD, THOH T ZI0cmETIFICEATEML., EEVMAHEE LT, I H
Tk, FEl. MBYELTEZ, WINHI0cmBIZHS MU DHE, 0 FITELE
3I0cmEHELLI-OTH- /=,

HMEHYORS WL, BERVMICIVIELIBETRLEEOEEEHEEZ DML,

1. MACERICEDEEREL. HOREZETIE 2,
2. BMTHEKRTHBH TR, HPKOELBANOBAZINGT S,

ENSHDTHo7. ZITHEH., ZOXIBEHNEZERINLENEDI nE, SHEENS

BETS.
Fig.e IZHZME. BEFEIIC, tBEPOKSBELHESBOFEHLELERLEZ., Tz
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Fig.7 1213, WHRK (ZEX) Z20W T, REQEVICX 3 THAKSBEOFHELDE
ZxRU7. Fig.8 Zid. BMMICELBE®E (BEI30cm) "S5BALLEE (NaCl) &
BE (k) oBxE, FEEEETICHEEYEOEEICED, B (G) . EXHF (R) .
T (S) DRIZATTRT. INoZ2HEIT. UTFIZ. BEEZED S,

4. 2.1 EIEEELSOBHROEAYIZIDNT

FLEEE2ASDBEHEOEADESL D L. BUEMEZORME I, (FELBEmM» S
BEMFHEN, . EHCPVWTEBEEAENRAZIN, ZHoBOBRMAmHAICS N
TH. FXBEE» SBEAMNBRA I NG T /2. Lol FHIKREZ EBRMaTHIcBNT
. BENFHINZENEREATNW S,

KIZINE, BELLTORHFLLAE TV, ZOFNIC, BRSO LTSI
. RIRDE DI, HHImd B0, AEMN 3.80 kg, KM 1701 kg fFEo72T &, Lk
Mo T, fELE 30cm FITIEL, LHEE 1m2 X720, BFHEM 1.14 kg, /K2 51.0 kg IF»
el l, MEOEREMNIT 2.235:100 T, THAKROEBEIL 2.186% THolz &%,
BREALTHL,

IT, MBI AAEORFHRALEREICDOVTIE. MPICBT2HEHEEIRX. 81
~28 (7/16—8/15—10/13) M 50~7.1 gm-2d-', £z, EHITHBIBHAEEIL. B3
~481 (10/13—12/1—=2/2) 7" 48~36gm2d! Tho/. BWHPMOAILICOMERMN S
ODEEORAFILEEST, FTAMIIBEHMEFTEIELVWEETREERALSETZ. BW
ki TR EBRAREL. B5~6/41 (2/2—4/20—6/1) M 4.7~40g m2d! TH
27,

(1) BMERBEEOTBEMICDONT

AHEHFEEEZHBESFICR2 &, BIMICIIHBREICB T 2 HEENERBEICAE
< 98 gm?d! T, FAHOEX (28) . EIAIK (24) D35~4.1FbHo7, &2
BT, AEHEHEEIZE6~79gm2d! OB T, SREDBREEN 7=,

BENEORLUMIIDONT, HRABEOEVWICII2AAEEEEOMAREA DL, Bl
MBI OBEEEINSRKEBITL2ERANOREN. ThETh. 235 579 g m? d-!
ELHBRDO 081 gm2d! ICHERKEWIENMNZERHEIND, B TIE. E2Hicsir
DEEHHEEN, MEOEWVWEEAREL > TWT., BEETEIEMBICE> Tz,
(2) RICDONT

DEIWC. ZMTIE., BIWMICHMNBRICBUZEERAEENKELS 7.1 gm-2d-! T,
RMOEX (33) . EIHNIK (38) D2.2~19ETH oz, HBAICIE, BEHELEHERE
[d2.6~45gm2d!' O@WHT. IREHREEN /2,

(3) |ERMaIHITONT

FWHMOFFICOMREANS ODBEHEROBRAIFIEEST. ZHERETEFELVWEETHER.
RALGETIz, UEBERFICEEBRAREOHREER S L. EIAIRIBEMEFIERMUE
ETHolnt, BETIHEMICHEEEL. 3EXTERLICHEEL Tz, ERAT
ODEBERAREOHREEZR S &, WTFNORIZBLWTBHRERENKEN, KT, BeHIs
TJHEE+10cmEROBEHBRARENEFEDO2ME. W-10cmEX T FHEO¥SZT THD, K
RNICBT2RENKEN., EIASKTR., BESWD-10emRX THEERAEEN T D 3E
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HEL<KEWN, HBE THRENKELS, HFIZ, BSHDO10cmX ., E6HDOcmXIZH VT
BREOHEMN R shs2onEEET NS,
4. 2. 2 HFIBEALCBIZ2BEOHEAUNSEASHEYEEIROEH

FLIEEmMICBIT2EROHBADICHE T AIHMERZH L. FEAYHEERRNED X
SBBEERLTVINERTH S,

(1) AHRFICEISBERLEEDPSH-EMHAEZXRORES

BREHFHEENSCHEYHEZEBR LU TEREEINIRZMNBRELEELTHD E, R
RICHNTEREEIASRICBUS2EEAHFFHEEN NS, 2D, ERNTORENAKE
Molz., TNE., HREXTHENRLEEOEEEEIK SN, TEABIHOHEHGENR N
DI, HMEO EICHELINESEROBR, EIHSR TR, EEERN NS
OTHAKOBIHNREERIC R LI ENEASNS, TN, FBRE Tld Mm@
FEELTEEEFENHY, FLEEEN SERLEALLIEBARMNIABICRTLEDT
HAD,

BAOHIC S THSITIEER., TIHSKIZBWIHLERESFEEEORMARENNE <
oz, I, FXEEAENEEIZEL. BRI ENKOIEENEELL D TIZE
TEMA DM,

ZDEDIE. MMIEBVNTREKGDVDHEENDBEWELBFTOKNEDTOHEYEF
EBBLTWEIZICWEWSHMIZ. Bk (4. 3. 2 (2) ] OFFyEFTU—NYT &
LTHSNARLEHRIILDBDEHEFEI NS,

Mo 2MEMM (BL1H, 28 24OV T, ffFTEEEZEBL TELHK
KAKOHEHEIL, Fig 8l RTLIICKER., EIHNIRK. #BRT. £hETh. 247. 327.
483 g m2d! ThHbsd, HWBREHELT IR, EIHSKOBHEDOILIT. ThEh,
51.2%. 67.7%ZRLTVNA, TOI&Id, BOEIHSNEERGEHEHTEE. M X
O THRKDIEHEN /2720 L2331 THILEERL TN,

(2) EHMICBIT2BRBRARENSLZHYHERIXRDHH

AR DL DI, WHICBITIRARAREN. R, TEIASKOANHBE LD B/
Mol &, EBRLULZAYME (BMPIUTIHI) WEEEHEBELED. %21
EEEGTENLEDU THENIEEZRTHOTHA S,

EHOSREMME (B3, B4 2HEICOWT. ELEETZEB L TE KK
OHABRBERDDE . Fig.8IZRT LIICHK., TIHSK., #BET. ThFN. 166,
169, 239 gm2d! THd, MERIIHNTIER. TEINSROBHROLEIL., ThE
N, 692%. 704X THD. WTFNBTOBAIEERL TS, ZORENELIZEEER
OEREEZRTHIOERFEARVESIN, §<ia<td. EE 10cm OAYHEIZLDEE
BENELICER I N O TIERLS, ZOREQEETOKO EAB#HEZHFITITEITIE
EEEGHHRENTWVWEZEERTHOOTHA D,

(3) BERMAIHEICBTI2BRRHRENSH-HYHEIROFH

EICHEEMPAME A THSOMERE,L S DEARAL., FTHRERIZMEITIEE
Lyt RHREBLICRARENFEICKEN S LONKEBTH S, E0hIF. FEALE
DREIBVWTHEHITIBAINTVZORMNL, AEOHEHINZENMHBR O FICHNL
o WA
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ZOEDIE., MMM EOBREOHEORENAKZVWHEREL TIE, ERIEAORKD
BEODAELEEIN, TO—HELTEAOND, EHRTHIEI LB FORAIIEES F%
MEF L., BRAEICRZ> TS, Lbd, SEOREIVFALLIELEEZLIEN L LALBDOTH
570, HELEIWEINERLTED., FELEBRNICBITO2MARKOBBFITIIAKERREN
HolEBZEZOSND, EENEBRLEBRIBT2ELE@mEBEIWRKOBENIZ. £F
MSDMANEVKELTHERATSEEZSND, TORVKOEFEOFRELE S NELE
HIZBT2HERKBEHORELEEIZFIZREBILEEEZ NS,

4. 3 BENIRUBRCNTIS®RDOEHR

IROB/FHEBLIVTNICHTEERZD LI, HEITBERBICETAIIBLTOS
HOBBEE., RT3,

4. 3.1 SHORFT

ET. OMERVELODOTRVWIE2HMAL TEMRTRERSI WV,

BHTBIIBITAKEBEOBHEZDMTHEN-TH, TNSOBHEEZMET A
EHzZAWEDY TR, TEKIRES LD, TEREREFEPOREZAET S
HAREAVWVTYEBHEZREL 2O TRV, BlEZ. H<ETH, TOELEZDOEY
BOFEEZUETHHOLDOTH> . WEHOBLHER. BMEZE TCL2RHOFEEER
DRFEENS, LHEZEACNHIEREDTIIERLIVBESNEDOTH S,

THAEOHMBEICEIIDZEELEOMBELT. BIROBRENKENENDI I END
Fohd, RELWVIEDD, REEVIREMBLNRL., WTHEORENKZND
FTRELS, Y2 7INVEBEDERNKZNWDOTH S, (o T, TOLIBREEDKENA
EEDOEZDHEICLTRDODSNIBEFEEIZIL, SHICEODRENMADADDEZRIT S
ZEMTERY, TOIEZRAT, LROSINERITLEDOTHD., O LIi3siEd
HULEMNRH B, .

EHHN. REDKEVWKEHOGFHFERBRAEEEZD &I1C. WEREZHVIC., KEHOB
HEEZRD., TNEBERLE, o T, BoNEHEENMMORKBFEEBETEIDHBDIZR> T
Wah, Fo. tBYBFOEMIIBS L THZERBOER S TVRENEI M EISITH
HLTWIHSENHA S,

Flo, TBASGBIUVHEDIOMEIZ DNV TR, 27U TLUND. ERITB T 5EE
MELUTRETEZSHBHEABEEAATLIZENEE LW, LML, BREMSET. =5
IHEKEZEESRET T, B2 PERVWLEBLSALLIETOKRIEBLIVESIES
METZS, BROBITZEMBIHAUBLEISKH DI THEL., SBEORRICERLZR
EhxsrniEss,

4. 3. 2 EEBEVHEPROUVENER

TERGEMEAYEOEZOMRESTHMOBKOL I ITR RS EN o7,

(1) FHRERD»SOFM

HRABHOSHERICEINE, (ELLHEZMEOERTHABTI2HRKORIT. HEB
K FLEREOLEAEZULK) TN, MERBEZORBZRICIE VW TIZHEL &N,
BXTIE512%IC. TEIHIRTIR6T.7%IZ. £/x. ZHITBWTIIRAERN. R TIX
69.2% IZ. EXIHIETIE 704% 2. WINHBETFTLTWE, 2O &, AimEEHE
BLEZEIZED, EBEEGELAZOBEEICETE TSI EEEEZSH., AVWHODRIETH
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okEEZLENS,

(2) BYREBRRICETAFF+ESYU—-NUTICDNT

LML, ZOFRTENAZ -0, AMICB T2 ELBLrSBME~OBRKKIEELEERE
THMETFTLTLESZIETH2. EHVERERTILOLIRDBDOENS, Fhs5EAD
EBLRIBLICIKVWESI D, ENSTARBEACIOKIBEIZEERESD ) &EX
TWEMSTH D, TTICIDOLIIC. MPEOTICHMEN AL T DHEITIE, M
EMSHYENLAMMND TAHRY., MHEOERTA My JLTLEIHRIE. MIiZd
FEREINTHD (Miyazaki, 1995; Miyazaki et al, 1993; Ross, 1990) . ERAN—FD /N
FELTESZIEMNEHIN TS, ZHNE, FrESU—NYTEREZFINTNHS,

FrETU—NYTREARLERRRKRT. NUTIKEL0 EBOMB EERICKIVERL.
TOEBNELSBHALEENOERICLOTEBANEBATS, LML, TOBRBADEM TY—
WWERZZ2DTHERLS., FIATREL., 74 2 H—K (HKowo—@) Lixb,

- T, MEREHOAMPICIIEREEIHNSETIE., ELOEFOBERIMBRIZE
WIIEET. DA-o T, BREEPOENEL, tHEBROBELNBRIDEBEWVWERE SR
27,

(3) EHICBIFATEDIPSDOBRDOB N LIF

LinL, BHICAS &L, SEIMMFED. dRRICBIT2EELANE. 12A1HOD
TS ERDLE, IRDKSKRE. EOHLE. B AKSGHOTRTHIZEAEEL <
D2TW2, TS5 2A2HETO2HAMOBREEETIE. 3REDH . KOBZEW EIFEIZK
Elamo iz,

BRMEOSIICELZ2ENT, BRETIANSIETIRAETL, BX CTIIHERIZENR
Shiz, FLBDEXZ 30cm &, EOMTH—TFICLTWAEDT, HEMBEOEZIIMD
BEDEICDE->TWVD, Tabb, HBXTIE, MEOSHWITEHARICIELEDRKS
BN R, BRIZEKSENE Ao Tz, ZhE, MBEXTEITELEOEEES
MEBFTHDIENS, BT 20—30cm OKGENERICADIFIELL, ERITEBIEE
EELAMNE<RZD, BRI Z2AKGEKEHVENT. WENEAZDBDEEXI SN S,
MEVNS T, THAEROEBENMRKM TEN b IT TR, BROAFNESBENS
WHEHHD, KMENSEE > T—HITEVWEZE AR,

(4) BEFM

SHRICAUBEOEMMNKRELS, TR EXR, EKHZEI/NIL, BFEOERFILAER
DoNBMhoN, TORTROSNEZHEHRAEETEDTHD,

THAKSEIT., KBICBVWTIEIREDBRERN>EEVZA DN, HRBEXDOKS BENB
BURBSMIZEELEZDOIZHML., R, EIHSROKSBOZE(ICIIFTRUREHD
RoN2I &Moo, KOBOMEILI2ENFIZHAKICZD SN0, RO, 3t
REDOKZEIZDOWTTHD, Fig.7 IRT LI, MBERTHE, & OEVWEIEZ LK
ENHARICE Mo .

THAROHBENBEOLEN N> LD, MHMTIEIMER, EHTRERTH> . iz,
TEARERORBENEODENZOIX. M THER, S TREIHNIRTH>. &
LU, THEBROBEIZ. 1994F12ALICIEIREB N EAZELLZ> TS,

BAEBIDWTRHZDRDSNZ0E, UIHOWMEMIBWTHBE Thuaho
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& YN TR NEN >R ETHo =,

AYMEEZELB THICEEZETLE, FrESU=NUTHEL, £FT L OHPITERMN
BESNDHIENSEDNDLEDNZILNT ENGMNok, LEMNoT, ZORIIHTBRE
Kzt BA g, AEERODR 2 LY PWOMBEROICEITFSNZNVWTH S S,
4. 3. 3 1TEBABTOKOTIEKBRIBHBOIRBERICONT

MEBHEROSMETELU THSMIR2EZZIENSIZ, HICEHIIB TS, LERTD
KADEABDE S EABRIBHOREZNI ENHIToNB, k. R HHEATASM
EITENEFERLL TSN, Fh, KEKBHINEITENEFERI > TWEONE
SHLEFINAELSNT, SEOHFRECLHETANEREOT IR0, o T, 2K
BROEHMIRET YO FEHEVLAILOI DD TNEDOITTHHN, —IF. IREL
EERFBEAOERTHLOT, T ETOEHEEEBA TWIEEZSND., LHWITLE
NTKRGDGALL ENAMEREICMNA > TEHL TWETH A ZEIFBRQICE M-
L. £, TOBHED. ERITEBIBVWTRERAKOBEHEZ LEASTHADI D
THTFEEIN, LEXN->T, ZOEIBEROBERENFLNLIERBEROIEELT.
WD OEHKARSMFETHIEKK., EC (1:5) \ REEEWVWIEBD TEEY
RAFRBOBAEROBERELTIDIIIIMEOVWI BHEENEONZIEEES
EnwlleEEIONB., FIC, SEZEETENHNRTHEDOT. LTEFOHESENEL.
TNENA > TR, BRY, KESKBHEOHNOBELED TWVWAI LICEERLE
RSN THASS., BIZEAE., CNEELEPOESBEDEZETVWEROLET
B, ARSEBEHEEZ CNFZEERICEOT TERVWAREENS <. BEOBHE, SBR
KOBEHEEZRD., 2KRKIBHEBELOEEL L TARIBHEERDIHHFEIZ. LB,
BHLTBICELESNAEREVWIDTHS .

4. 3. 4 THYEENEROVEH

CITROSNESMBERIZHL, TOXIBKEHOBHZSIERILELBYESEYN
BEfUNLEENDIEIATHEM., THIREFFTHS. 9%, SSICRFTINARTHET
TERWI EEEZI TS,

TEBENESINGFSANE, 5112, FFEHKEAVWTORERTICED 32 L
—Tal AEHERL, BANCHBEOKMREZ T ITAIENTELLDIIRDTHAD., £
NITED, FEHOBRE. BEZERZEH L. BOORWEBHENMTONALDIZRBEZ
EnfiEahag,

. BEAREAIAZAREORRE

BEARLMCOBSNAMBYKEEBERAEL. R L, B TIIEAKILIZO0MEET
FONTVNAHDT, HRHEOIE,, BEALEGNAIIHZDES,

M. ERIBETRAWAZELEDTEBKFEHORAE
E— hVAEICEDEEREEAE RDOE T 0 —TEKDETORE HEEZEE - REL. 1ERE
RRUIZ, 2OT7O0—-TICXD, BEMSEMETOKRIREOLEIZIDNT, HKEEAKTENI0%
BELATORETAETE 2, TWKFFHELTAHNWREZOIOE > H—0F®IL. 8RR
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DTTHEHOEEEZ TN L, BLUBHEARBEOUETCH DD THEHREDOBRNWI ETH
5, MESE. REEOLCOFEEZIEIE. BIY., tEFTOE I —OEBOE E%
RFHIETHD, FAICBLTEELZTNT RS0,

®E

SAEEETEHTFICRTS, RV —FRICL2EETEOSR RS LR {EIZET
ZREYHOMRICE., RNV —THRNOMEBHRLS FICERMOEEERAT 2 Z &A%
HLEEX. TOHMET->, bBbAA, HSNOMRELIVEZEBELSNDN, H
ZHIIBWTIH., B—ICKk, EZIZETHAS5, £0In». AlY. tBEEFOBEHD K
YTHWHDIT TRV, I TIEEEL -,

RNV —NOFRITBITHKEEOBEHEEROEEN, Lo L S>ITaaniz, ©
DEEYBEONY 7 v TIREREZETHHN, SNBEREFILIZOEBDTHHEZERS
N3, -T. SBOEBLHRBIIBTIEIIRAI =TS > OERMITBWT. SEOSH
HERAEBGIITTVWERETREENWTH B,

BEIC., SEORBICSMEINEIXRTOHI T OMREICEAOEEZERT 5. i,
FEHMROEEEN YA EICBIT5MGEHNRMBETH 22D, YA EREEDH I
HIERAENROMLZT, AEOERICHASNZINTOFITERT 5.

2x - s @Exm
[1] Hara, M., Sugi, J.: Salt accumulation process near the soil surface induced by soil
water evaporation — Measurements and analyses. In Seventh Symposium on Salt,
Vol.Il, Elsevier Science Publishers B. V., Amsterdam (1993) pp.569-575.
[2]  Miyazaki, T.: The diversion capacity of an inclined capillary barrier. Trans. of

JSIDRE No.179 (1995) pp.49-56.(In Japanese with English summary)

[3] Miyazaki, T., Hasegawa, S., Kasubuchi, T.: Water Flow in Soils. Marcel Dekker Inc.,
New York (1993) pp.104-119.

[4] Ross, B.: The diversion capaéity barriers. Water Resour. Res., Vol.26 (1990) No.10
pp.2625-2629.

[5] Takai, Y., Nagano, T., Kimura, M., Sugi, J., Vacharotayan, S. ed.. Coastal and Inland
Salt-affected Soils in Thailand, Nodai Research Institute, Tokyo Univ. Agric., Tokyo
(1987) 280 pages.

[6] Topark-Ngarm, B., Sugi, J.: Rock salt and salt affected soil and northeast Thailand.

In Seventh Symposium on Salt, Vol.Il, Elsevier Science Publishers B. V., Amsterdam
(1993) pp.577-581.
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Fig.1 Rain fall and pan evaporation.
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Fig.2 Under ground water levels for polders.
PP1 and PP2: Piezometers in Polder No.1 and No.2, respectively.
PP3,GL+0cm: Piezometer in the GL+0cm part of Polder No.3.
P3R,GL+40cm: Piezometers at the test ridges in the GL+40cm part of
Polder No.3.
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Fig.3 Moisture contents, solute contents and solute to water ratios in the
ridge soil.
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ratios in the ridge soil.
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Fig.5 Flux densities of water in total, solute, water as medium, and water
not accompanied with salt at each depth of the ridge soil, and
vaporization rate of water in the ridge soil.
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(b) Moisture contents according to buried positions.

Fig.6 Moisture and solute contents in the ridge soil where materials were
buried underneath the ridge soil.(continued)
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Solute Content ( 0-30 cm Depth, According to buried materials)
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Fig.6 Moisture and solute contents in the ridge soil where materials were

buried underneath the ridge soil.
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Fig.7 Moisture contents in the ridge soil of control plots.
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(a) Solute Flux Density at 30 cm Depth
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Fig.8 Flux densities of solute and water as medium at 30 cm depth of the
ridge soil where materials were buried underneath the ridge soil.
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Table 1  Rain fall and pan evaporation during the measured periods of
the soil samplings.
Sampling Date  Time Periad Duration Rain Fall Evaporation R/E
erio
year / month / day d mm  mm/d mm/ d %

1994/ 7/16 0

1 30 9.5 0.32 5.34 5.9
1994/ 8/15 30

2 59 68.6 1.16 507 229
1994/10/13 89 '

3 49 0.0 0.00 5.91 0.0
1994/12/ 1 138

4 63 0.0 0.00 5.70 0.0
1995/ 2/ 2 201

5 77 75.3 0.98 6.41 15.3
1995/ 4/20 278

6 42 134.6 3.20 6.70 478
1995/ 6/ 1 320
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Environmental Study to Improve Salt Affected Land
for Use as Agricultural Land with Polder Systems

Michihiro Hara(Iwate University), Tomoyasu Ishida(Utsunomiya University),
Hiroshi Shono(Iwate University), Shuichi Sugi(Tokyo University of Agriculture and Technology)

Summary

The polder system has been introduced as a method to improve salt affected lands to change them
to agricultural lands. A polder is surrounded with a canal and a bank which protect flooding. The inside
land is to be used for cultivation after-removing the salt from the soil. Farmers may culture fish in the
canal and produce distilled water with simple solar distillation systems. Through the investigation for the
titled project, we obtained the following results and conclusion.

1. Observations of water and salt in the polder soil and their analysis

In a strongly NaCl-salt affected area in Khon Kaen, northeast Thailand, a high-ridge test plot
including layers for cutting off the capillarity has been constructed in July 1994. Water and salt contents in
the soil were measured periodically to analyze the fate of water and salt for a year, that is the first rainy
season from July to October, the dry season to March, and to June, the early stage of the next rainy
period. The amount of soil moisture decreased continuously up to February and increased from April.
Contrary, the amount of salt decreased during the rainy period and then continuously increased through the
dry and the next rainy season up to June. The salt concentration of the solution in the top 5 cm decreased
to 1.7% in the rainy season and increased to 20% in the dry season, then deceased again to maintain 12%
since April. The orientation of the liquid water movement through the bottom of the 30 cm crop zone was
downward by 0.2-0.4 mm/d up to October then changed to upward by 0.2 mm/d up to June. The latter
lead the salt increase in the crop soil. The main driving force of the upward water movement was the
severe loss of water from the soil surface which maximum was observed as 0.5 mm/d in the early stage of
the dry season, between October and December. Soon after the beginning of the dry period, the top soil
became so dry that liquid water could not move easily and the vapor movement prevailed in the top 10-15
cm of the soil. Evaporation of water from the soil body was strongest at the depth of 5-20 cm zone with
the maximum of 3.7 kg/(m3-d), which promoted loss of water from ridge soil and concentrated the soil
solution.

2. Development of a simple distillation device to utilize solar energy

A simple distillation device to utilize solar energy like a plastic house produced distilled water with
the daily maximum of 2 L/m? when the daily solar radiation was 16 MJ/m?. One liter of distilled water is
sold with 60 yen, which thus may become a good way to earn cash other than domestic uses.

3. Development of soil moisture sensor to be used for saline soil

A new probe-type heat-pulse sensor was developed to measure volumetric heat capacity. The
sensor measured volumetric heat capacity within 10% error for soils from air dry to saturated water
condition. Merits of this sensor are freedom from salt content because of heat method and the linear
relationships between soil moisture content and the volumetric heat capacity. In using the sensor, we
should be careful that the measurement will be affected with bulk density and distortions of the probe.
Conclusion

Increase of salt in the ridge soil during the dry and the successive early stage of the next wet
seasons was derived from the rise of brackish water from the bottom of the crop soil. The mnain driving
force of water rise was the strong loss of soil water from the soil surface. The strongest evaporation of
water from the soil body occurred in the deeper soil. The rain fall entered into air dried ridge-soil in the
early stage of the wet season was not enough to wash out salt from soil but utilized to maintain more
capillary rise of underlaying brackish water. Improvement of saline soil is not so easy because of
tremendous amount of saline under ground water. A master plan should be designed to include harvesting
of good quality water, precise irrigation, drainage of leached water and the protection of water loss by
surface mulches in order to improve the agricultural production in the salt affected land. Here obtained
knowledge should be utilized in making the master plan better.
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