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1. FC&®IC

TEPIARRE O 12 b I A & N 7 ZEFRIER O —5
3, EYICRIE NS C &L, il N HNDORBEKE
FITIREHE D S RS (NO, ) & LA L, HINKiB
Jean| EE T 7, BERROERICK MK - K
DIEIEIEHE LA SN T WA, HRHTOERA
WO, THhAE SN ITDERHNNO, & LT
EINTOWLDh, Fih, ENKZTORRZ» T THIT
IK - IR EFRET 2DMIco0WT L, 13 & A EfEEH
STV,

TEERER I & 2R K - FRIAVKEGZRG < 72, 1999 4
Wi, AFERIKIE O R 7KIC 38 1 A TR S 3 % OVl
ek E R O /KEEIEEME (10mg N L' DIF) 23%E
aht, UL, BEESOH NGRS GRS
EPR/KBREEES, 2004) Ik, T OBREEMEDEE
HALFHAE 5~6% D) b & D IHB I L~ B IS SV 72 15
TIL, FAaAOITPIC AT EEAICH D, T, By
iHiTld, 1985 4ELIKE, IKERAEFTHENEES TS/
Y, FIZ VRN OHARNPORERRBEITE AL
ERLTOZEW (HA, 2004, —F, EEERE L
rEREMEEE TV (Takeuchi et al., 2005 ; #iifG -
TriN, 2005) 1k RT3, HRIKNTOERFRH AR
R v v B LTl %08 U e ER o F A s
BREIC LD BE—BT 2B E/NSVEENRH 5 C
L, RHEENROE -7 FERFEARRO - 274X D
BE» OBHEBNS C EHEIIRSN TV S, ThHD
HROFMAEZPR ST B cdicid, £9, HHERRY
TRk T D ZEF DL T H A B I & ik rh o ez
{LZEEMNHIET 20805 5,

+HEhO NO; #klitkiZkThd v, KEEHE EHIC

RS 5 T &MY, NO; ik - IANRBISR O BRI (L4 HE
KRaJRTH %, LrL, BIGENET cotEhokd)
B IEE IR E—Cch o, ER(ILDOEEETH S &
MLV, FlZE, HEEESFEL O HE TR,
FERD IR EA ERBHEAZTR NT 51 N RRICK > T
ks n, @BHm» s LE< MY v 2 AR~DOKFRHE
BIEEAEALE WV (Hoogmoed and Bouma, 1980),
ok o tETR, B OKBE)F 7o ldaEmE s
TXED #5408 U CEIRMICi TN 25 HkEE)
DERTH O, EHELEZFUEBEHAZ E L 2o $hiE—kot
@ Darcy Tk BK7 5 v 7 ZOEE(LIZREETH 5,

Tk LT, BA7 Ao FEL T, HE AN
DIRKEEND TR, IKEHRD/NTDEHVNE < $hE—
RIED Darcy INCTERT T EBHEKZ <~ ) v 7 KT
& -7z (Hasegawa and Sakayori, 2000 ; Hasegawa
and Eguchi, 2002), C D& 5 5 LTI, BELERT
DFE FHNDBEEHEIC O VWT SKEHED /N T D X
WS, igE—hmborblnikn, dL&ZEH
rETHE, Ak HELBEZLEBRARIT LT O
TEHHmYEFTNVAEROVC, BEEET O NO;s &
% - IR A AT & 2 A HEE D B B

ARTE, 2R LHESANRE LT, 9, L
IKOPIRAED RIS R Ic S &, B Im 2] 57K
OFENETERLL 2RI >V Tk~ 5, Kic, HiFEE
NIKP TSP OIKRZE—ITEE F AN LH LT &
WEL, EEEKEENEES 1m o OREERBEKE
ZRVT, HEEHICHILES » 5BE Likn Kk (£
FIEDUGHAE) OIEE QMR DBER S 2Rk 5 &
iz, T OREFES OMLE &P NOy ™ BEA LE O
SHEBARICE S &, +3Eho NO, ik - ARG A5
HH L 2o 50 > W CHEN T B,
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2. A Priy
2.1. WEM
AR, RS < XTI o fEE I Fic fniE

I 5 EIEEREE RN (LR 36°017, BURE 140°07) N
OIS RE L e EEIZH25m TH o, HIFKEIZ
SEHHTH B, HEREEBEE R 7 - (Hydric Hapludand)
THY, FE 0~20cm BELE, 20~30cm HHHERE,
30cm 5 FENELETH 5, HiEdEdEt~EHt T
b, To7 = vEFKRETDIEREHIMICET,
THERE G, FHEE TR, PE L TEEROED
Hons (L0 - EWIL 2002) A3, K& OFEERE 3O
FNHIIV, FETITRER 1~2 mm ORI Z
CEiEan (Bl 5, 2000 ; 7AH - Bk, 2002), FEL
DESIRAMIE —8~0cm (HF S, 1998) TH 5, Kl
D%, THERROWGEERE T HEERAEICES K om BE
DBUMEL BIGED3H 50, TNk FO+IEMmA
WWBRRHER S », FEM FKEE, @%, #S 2m
HifRICdH %,

2.2, TEKSIKEL NO, BEDAE

3K IR B o B G 5 O FEHl 1 Hasegawa and
Sakayori (2000) 25 L TR0, T T TIRIMEEAE R~
5. 199546 H& v, TDR (Time Domain Reflecto-
metry) IZX->T, HEE0~30 (0p-3) & 0~100cm
(B-100) DVHEATEE KR A 3 HITHIE L 720 1997 4E 1
A&, & 100cm I8 2EKEEKR 0 2ES
30cm @ TDR 7B — 7AW T 28T, 72, X 90
(Tg) KT 110cm (Tyy) OEHEF vy v VET v v
AA=FFICKY 3HETHE LI, Ty vA X =513,
HES 9KV 110cm DDA —FlE LTHEEL, MED
MDA 20 cm, AL OB O K EEE#EA 100 cm &
Lo EE 90~110cm 1281 ZEIKAIE Joo 11013, %
FfmICEH L 7o THUKMIREEDHEIE L, WIhd 30 4
MibR 1T - 720

ZEE 100, 150 0P 200cm OHHIKAR—F 2 h » 7
WrliEic kb, =hEn, 5, 3 MU 3:ET, HlbmEc
BREL oo tHKDhO NO; (R, 1A v7o= s
I 7K EIEL 7, SREME GhiiNEoNE
275mm) =MV, HIFEHD» SES 100cm P L TO
AL A mH 1], 2~4 TR, #FEX 10cm
DL HEIL 1z, KT EHO NO, S8, Bt
100 T 0.01 M NaOH ZMA TR E 5 L, = ok
DNO; REZERT 5 LIk hRdT,

2.3, [EiEEE

EYZ, 185, A A — b a— (Zeamays L. var. sac-
charata Sturt.) &/~7 94 (Brassica pekinensis Rupr.)

%, ThThn, BERcHRs L, IV, FEAY
T RTHIAAR, &, BFEIEMELTaaF
(Triticum aestivum L.) FR3A4 VT340 52
(Lolium multiflorum Lam.) ZMEfEECEE: L, EE,
FEEEMO BItRIEE LT XTAAL, 272
L, 1995~1996 F TF 1997~1998 DA FMERf iF &4, #
Hi& L7,

1995~2002 fE 12 B 1 % 1 247 » O % L 58
i, AL GREROT vE=o L) Icksb0%
359kgNha™!, AWEEM (& L Thib SHEE, C/N
HoFEIZ 19 1tk 2 bD% 139kgNha ' & L,

BN OIRER FETETEYIC > W TRENAAE) 1213,
TEVIMRDENI B IR SR R & 2EREFENE L, HAT
T 7o O OTEVIAT R ERERE Vi ROERITO0T
DOINEER HIy (=N N 0 EREREE/(EMIRThE
RERR 2kvis,

2.4. T MU T RMEFBRAR

BE—XITD Darcy IT & » THEMTE B & 5 7,
AEHE DN 55 EO/NS VERE SR OKOFNE < b
)y 7 AREEFEL, EX100cm 22Uz~ v 7
R G ZIRKTHEH L 2o

an:_K(eloo)<w—l> (1]

22T, K (Byo) [3ZES 100 cm DIRFEE K 0,100 DBEEL
E L CORBEMEKRREL, L 3ES 90~110 cm D FHEE
(20cm) Th 5o ARIFLEREELS, PEE 100 cm > S
HL7Z2ER 10cm, &5& 4cm OAELLHEHAAWT, F
i (Hasegawa and Sakayori, 2000) 12 & 0 iHIE L 72,
BRI O ABIFE KRR > W T, [E CEBEO &
+ ARV IMOZEH I & B BB KGO FERE G
H 5, 1998 ; Bk 5, 2000 ; HH - B, 2002) H2EIC
LT, TEHRIEGARETEEEL LS,
AEIFLEKERE L, RS KE (0.6~08m’m ) DRI
ELTERLI, MHEOBEKICERT ) v ARSI
ARR) f:o

FERNBALG O FENE % % TOMAR, $RE AR DK
NBERE—IXKILD Darcy R TIREPTER W (HED
KINEDBEDEV) A, Komhid< r ) v 7 25&
RGO TH B EAIB LI, b5, S 100cm
% REY) 28I, BRI SBERER ORI - ¢
FEL23EEZ, oMo EkoEmAIKE, +
HEH A © DT R CIRBK B AR R T & 5 &
ROEL, S 0~100cm OLBPIKINE > O FEEERTR
BD,2HEH L7,
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Dy=P— D+ ASq-100) (2]

22T, PIRIBEEBRKER, D, 3FEE< ) v 2 2R,
ASo 100 1IFEE 0~100cm O+ EANHFEKEZLTH 5,
BEE 100 cm A 15D 208 INF 13, FELRIRGE D, 3% @
HEERR 7 SE [D,] % Eol - 7580 &, A L1 LKl

L7, HEESRZE SE [D,] OEHICE, TDR KT v v
A A=K BHEBBOIEMD N D& LKL v o —
DHRITEFEEEEREL 1,

2.5, K (FERRIRICHRE) OFEZES z,

M SHFT TR Ltk H3gEIc 6 27K 2 83E T
HAN—IT L LT ERGET 5 &, Ml H I hEE
RS 20 OB LR 7ok (F 72 dIERIBIEAE) off:
EOWRIROFEES 2,13, KAUcL RSN B,

J”@&:P—E—QM%+ASmJ (3]
21

22T, 0,13, MiEs SEEOHRIROKEESKE, P
BRERMOKE, E 33, o OREARRE, Uy, 31
IR BRE 0~z, D LN BT 2REREMKE, AS, .,
BEE 0~z, DLBNICE T B IKELE(LTH B, 1
[ 5 OHFER E ERWKE Uy, 1220 TR, (Fk
BHRIPREE=02IKEST B &ickb, 7z, HHIH
fIf3 Up-,,=0 TH B &0 5, ETHT 2RO TN
KT B U f2o HEEIT & BIRRKEDE W,
Molz and Remson (1970) @€ FIVIIHE > THEE L 720
2L, NI H A OROFESIF30cem, 24— FT =V
LaLAFOROESIF 90cm T—EEREL 720

2.6, ERINFZICED LK N0,  BEDHE
BEHIANEASNEHO S B, IWHIT X BN
bHENERBERE, BN > 2ER/MNT T
NO;~ & LTk~ —Icig AL s 618, #idK
EEMRIICHB Y ZERNELD S, RiBEKDO NO; ™ 2
FEAEES 2 2 EhHIK S,

S lusN
C*Nos-N :% (4]

T, Cryosn 1FIR3BKHP NO;-N BEOHEEM, DX
ERRAKkE (FET 2P oERE< Y v 7 A&
& FEEERRRE O, SurplusN (ZHMEREY 72D D4
flEFETHY, KATEHL

SurplusN = Fyehem + Fxore — HIx Vx (5]
ccZ Ty FNchem, FNorg&U VN Ciy %n%ny ﬁ{jﬁﬁﬂzﬁ
72 OILEEEI R N e AR, BEIEEHE N AR
MOTEIAR N EEETH D, HIyBERITO>WLTOIY
MR TH 5,

—fic, b o HEE O A EEMTh O ZE 3 3 bk
BhoERICHRTHEBEC E0 5, BiEkbo
NO; IBEANKIT TR GBI h O EHR L b b/hE
WHEEMED B B, £ 2T, LRI DOEZR O B HMEY)
NOERMIBRTH L LABLILEGEORBERE
(SurplusNepem) KR O% D & = DB /K NOs-N JEEE D
HEEME (C*'nognenem) %, TOEN, [6] KU [7] X%
FWTHH L7

SurplusNchem = Fnchem —HIn VN (6]
SurplusNchem
C*NOEH\'chcmzip D L (7]
3. ERLEEBE

3. 1. TEKSKEOEE

BRI O FERE KR Z, 987~1,531 mm DS TEH)
L7z 1995~1999 £ 5 R (X-1) Tld, HEEKED
50 mm Zi#Z 7203 130, 100 mm B A -0 F 1[5
DAHTH >t THUTH LT, HFEHD SES 100 Lk
30cm F TOHKE (K- &, #hEh, £&LT5H00
~650 K T 100~150 mm OHEFHNICH - 7co TDT &
&, BICFERKO T NTHHIED iR A L T ok %8
BHRIANG—IcLHLTWL Ed2E, FES1ImET
DFHIKEFRES T B ICIIFEERELNE L, &
7z, 100mm OKMIC & » TEB SN 3 HIFEKITES K
+emBEETTH ST EERT, FES 100 KU 30cm
* TOMRKEIL, ZWIEELFHIEIVNS CBIE—EIC
Rizhv Tz,

FESO KT 10ecm icBFBFENEF v v v (M-
2) &, F&ELT—150~—50cm O&EPFANICH D, 74
WIRE EZEB DS NS I 5 Foo RS 100 cm 2B B (KFE
GKE (K-2) &, HFKMSES ImiEr FTEAL
7ok x (199947 A) #BRT1E, BKkEoZ/DIcEb S
FREFE—EH T, F&LT0.65~0.70m’m >
DEPANICH > F2o TDT &G, TOHEFDO< MY
7 2% (1] KTEET 258, KREEKED 065~
0.70 m* m ~® DHEPFAPIC 35 1 5 REFLEKREL DD, K
HAEROERLEBLIEERL TV S,

3.2, KM kBEEHE

X-3 1%, #1 HFO/IZ 959 mm QNS -7 &
XOPES 0~100cm O FENKNTEZRLTVWS, <k
Uy 7 A& D & TEANRKEZLA S 10 DRI,
et & I iR 2 ICRERERRKE P X 0 /h&s <7, [
W& TERNCE, D, DENZ OHEEEZ SE [D,] % 1
o7 TDTEMD, TORENA NV b TILERED
A Ut SHIWr L 7o SRR, &5 22.2mm FAEL,
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E 200
E
S 100 B-1 HEKEE S 100
2 K1 30cm £ TOH
g 0 S 44 17K Bk O 25 )
& 700 (1995~1999 4F). X
wmo7Fa .y b3, [E
—~ 600 BeL-@Bic B3
g BillfE (Hasegawa,
® 500 1997) oo X HERE
g L 7o fi.
2 400 . . - - . Fig.1 Daily precipitation
& 200 and the changes in
§ the daily average
E 100 s storage water to
L 0-30 depths of 100 and
| . | . ) 30cm during the
1995 1996 1997 1998 1999 period of 1995-1999.

EBIRFERTHETOMEBE~< MY v 7 2FEIZ 358 mm
Th-T,

X-3 DR A ~ v b Tld, BEREEIIRATS 1
Yo T~8mm BETH D, M TOBE T, RimE
KIFEL Dot TOTER, bL, TITEHLE
BRGRDS, FEHET v v v V€ o iR TG TH
513513, ToFEFIFHIERR CRE <, HEkEmFoL
[BNTH 72T EERET 5, BIZIE, FHEEOEKE
PETEITH TR OWE S, #HRED & T A ~DHK 7

v 7 ABELED S DHEKT 5 v 7 2% RN,
PR LOFE R T v v v VB ZESEAELL L o5 E
O HFLBRIR O FEEIR & 72 2 ATEEMEA B B 6
X-4 1%, K-3 LR CRERA N McBFRETRT v
Y WRUEIKRABLOZLTH B0 T v v A A —FHD
RGO/~ 5> &N E <, RIETTEROBEEICHHIL L o
BOGKF D213 2~3 BEfEE T h » foo F 72, SR T
YV WORKEDORIEMZER, P& 90cm Tid2~3
mm PINEBRL—HL, S 110cm IZBWTH 7~8cm
-2 #ZEX90 %0110 cm
OESXRF Vv v v
L ZEX 100 cm D Ik
FEEKED 04 HE
(1995~1999 4). &
HEEKEDIKED 7

— Yoo
— WY110

-100 r

-200 -

0.80

0.70

0.60 : :

oy blE, EES 0~
100 &2 ¥ 0~ 30 cm
DIRFEEKE L KB
R KA O 78R
Bl (EEERD
Ho SHEE L oM.
Daily average pres-
sure potentials at
depths of 90 and
110cm and volu-
metric water con-
tent at a depth of
100 cm during the

Fig. 2

Water content (m3 m™) Pressure potential (cm)

1995 1996 1997

period of 1995-

1998 1999 1999.
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-3 AKMFFORER < b ) v 7 Rifii & MAEERR
& (199944 A 23~25 H). P 3 REE K
2, D, 3FEE~< M) v 7 2R, ASe-w0
3R X 0~100 cm HEARKEZA(L, D, &
BERERRE, ¢ IENEE» S ORRETH
D, tiop, lop>s, tap T tapp 1, TNEN, D,
1 mm 2@ A WHE, D, T O ERZE
SE [D,] %A oW, BERAK T LIk
R OBIRGEAE T L 7R 2 &,
Cumulative amounts of the matrix flow
and the preferential flow across a depth
of 1m during and shortly after a heavy
rain event.

Fig. 3

PINIZl E 7570 - 7o ByKARL (K-4) iI22WTh, £D
/MEF —2.3~—2mm ™ OFIFHICH ), 1FIFFL L, (K
BEKE (-5 ic>VTHRER D NS> & 3/h&s <,
MBI L O bEIKRAED D, NI DENID/PEL
BAMEAICH - 120 NS DFERIE, ENENFAET 5
L O BARMEFORBHEREICBVWTS, THE<b) v 72
NOTIAKIREBEACESRNICREY—Th -l L %
IRLTHBO, BHED, < b v 7 ZARDNTHOEDH
WKHRT 2 EFEALIL W EARET S, L, C
NS OVTIE, BE 1 m OAEFLEKRRE K OREISHN O
NSO XAEEE L ETHEICHRETT 2088 H B,

0 T T T T 1
£
) o Woou1
20
© A Yooz : gl
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g M : 8/ S
3 40 b o V11081 [ s
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80 et s
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5 o Jgo110m
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©
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Time from the intiation of rainfall, t (h)

B-4 KWEF (X-3) OFETIRT v ¥+ VRTEK
AREDOEAL. U RV Uiy 1, ThEh, B
TLETI0 ecmDETIRF v ¥ v,
Joo—110 (FFEE 90~110 cm D X [E D Bk A i
2R L, FEXFEHL #H2RUH3F, £
nen, 3HTEHELALSE Y=l
FF IR 5.

Fig. 4 Changes in the pressure potentials and

the hydraulic gradient during the
heavy rain event shown in Fig. 3.

FES 1m 2150 2@ 13, F#S 1m MO EH £ 7
vl (J-4) WESEAME (—8~0cm) L0 KWL
GRMED —20~—15cm) +HIKAEH AL, &
DT L, FS Im HEo @ HILRREE AT 5 &
S IKAREEIC Edh - 2 2 E AR T, THbL, bL,
ER O IEAEDHALBRR TH - 72 & TS, T oFRAERE
i, I Im &b FBICh -1 EEZOND, FES 90
cm DFEHRT v v+ v (K-4) 13, AMEICEER, #
POITE TS AEANCH - 7245, EX 110cm TR, 1F
F—EOMMSEE L DT EIF, FEX 110cm » S
BOE N H~OHEKASE S 90 cm & e TR -
TOWel A RBLTEY, #BREEES FE»r S0k
XISIRIBIRT T 9 7 AN, TOFKD—DEIE - F&E
Z 6N b,

RS 100cm ICB T ARG KE 010 (K-5) (3, R
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. ® Bgqoom ;o

¢ & Og_to02
 ® Og_10083

o O 30m
o Bo_zos

L N 1 N NI 1

tiDp tDp>SE tnP tnDp
< O1001a
| + O100m
0 12 24 36 48 60

Time from the intiation of rainfall, t (h)

K (-3) OZES 0~100 & 0~30cm
TEEES 100cm ITB T 2 RREEKEDOLE
. PR EXFHL, #2RUHEIE, Th
T, 3ETHELLE vy —FFITHIL
L, FaKkU#blx, Thh, 2HTHE
Lick v ¥ —FSICHIBT 5.
Changes in the volumetric water con-
tents from the soil surface to depths of
100 and 30cm, and at a depth of 1m
during the heavy rain event shown in
Fig. 3.

ol

FROFEMRID, 0.66~0.71m*m  OHEPHICH -7, T
DfE, FEEZE L TOFBEHIE0.65~0.70 m* m °
(M-2) LT, BHLTEHOWKSETIRE D, §72
bH, WRRPE LT ET I TRV E ZDRESEK
H O DIEICREIEOVIFE , ERERE, MiFcE»
KOG R THEL DTV EBSh 5, £, T
DT &N, REFEKFE K S ARTREEIKER 0100 DBAfR K
B BEPR A U 7o KR O K MR BB LI B D &3
fEtric & > TR 72 & LTH, Thifthorric 1385
TEHWVWEK (00) THBIEZRLTVDS, BEEDS
&, RTINS X Sic, ARWFETHE U/ ER DKL
KEEEIEEDTHY, KFFLTHOVI K (0100) ZFIA
EEAETERE (BB OBINRK T & TOLIRE/KE
Dy +Dn 3, £ DEA, Dn® 15~45 572572 &<
WET BT LR, FERO= MYy 2 RREERIEEE S
CREb B CEicomny, FRFAEHEEKE /NGE
MBI LD THD, THbLE, FEROKINE
MEZUEEDTH BLLE, 0105 0.65~0.70m*>m > DE]
PHD K (B1) I W\WTIE, ThEKRKEKEZBT L3

ﬂ%f; l4\0
3.3. T MUy RMEBRANEROKINZ ICKIF
TRE

HAR 7 TIHOES 100cm #EU 5125EK7 5 5 7 &
&, #$E—XKuD Darcy X CTHEPUTE 23 M) v 7 R
WMWFEETH D 2000 ;
Hasegawa and Eguchi, 2002), FiEiB/KEDH] 3/4~5/
6D, v bY v 7 AMIBEELCHEFAET
b -7 (J-6) »3, $/iE LR = DN SAFERIC 5~60 mm
BEAELTEY, WBREIREZDMIIBAE L BB MEAIC

(Hasegawa and Sakayori,

H-6 < rUv 7 2AHRKT
: BRI L 5 HiEBE
7K &= (1995 ~ 1999
H)., = k1) v 2R
WOIKEBD 7 Ty k
i, & 0~100 cm
TJg o HEE K E
E1HYKLYD= b
)y 7 AiREORER
(1997~2003 ) »»
S 1ERL L 7 2 IE=IC
L OHEE L 7 Ml
Daily water drai-
nage from a depth
of 1m as matrix
flow and preferen-

| Fig. 6

“I |

1995 1996 1997

tial flow during the

1998 1999 period of 1995-1999.
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Q 500
! O
Q
400 | *
Q oD

300 ® P — (D +ASq100)

O
200 1 1 1 1 1 1 ]
900 1000 1100 1200 1300 1400 1500 1600
P (mm)

K-7 EFOBEEBKEP LES ImboORE
iRiBEKE D O FEMoBEREKED
i, FEEOMEE< MY v 7 AFER O RERE
HRBEOF, ASo 100 FEMFOES 0~100
cm O LEARKEZN TS 5.
Fig. 7 Annual drainage from a depth of 1 m as
a function of annual precipitation.

Hotee w8y 7 AFOHRBKEL, KT 30mm
FREESS 5 7278, HLGEWFEIE 50mm Ll EicE L 72 (X-
6)o T D7, HEHGFITFITHKEIREE LA LIz wvic
bR 57, FRBKEDK 1/6~1/4 % 5 1o IR
13, HEOWHIKS EEDE KRB - 75814 L
PIhote LI - BB/, 2000,

RS 100 cm A 5 DM D IR OKE TN iREKE D (F
MoORE~ b Y v 7 2R EEREERREON) &, £
M ORERM7KE PIc3F A LTl 7o (-7, 4FH
D2 by 7 ZFEEERFEOEIG ZEICLOELL
fens,  HERKE L EIRBKEO MO FIBIRIC 3T EA
B LIS o T, MO FEEE P— D+ ASo-100)
ICEOHEELIZET A (M-T), DR, FERKEICE
H 59 700~800 (1995~1999 4Dl 13 735) mm T
BIEF—ETh-1, TOMEIF, ThETIIEHESHN
TWB 54 A —=%Ic&k bBR 7 HHOKIG B R
LRIEHT B, HIAE, S (1969), LR (1977)
BROEIE (1984) 1L B& T4 ¥ £ — 5 RERO 2L
KiZoWTOERFEHEOFHHEERD 5 L, Th
Zh, 769 (1965~1967 4F), 721 (1966~19754F) X
U783 mm (1967~1976 4F) TH 7o TD T EM D, T
OESGOKINK I, BERSERTELEEZEA SN,
FEROKINENZETH B EF, $HE—RTOD

Darcy RZ#HAT AR IcBVWTE, Disd & b4HE
TDR RUT v v A A — & %2%E LG OES 1m i<
B1F 2B ORBIRE KGRI W T, AL %
AOTENTHE L 7oA afEkigksEHcE 5 C
L, Fi, RO LENKIIG» 6B & 0 5 8RR
DAREIB KGR ORE L b 0EFIc L ->THELEL LD
TRV EERLTWVW S,

3.4 TEHROH—LKBEIEEEL LIZNO, BiR

EEDHEA

AR FNC AR & 2 S FEE) LG fok (F 7o 3IERUG
TR OEROHZOENERS z, ([3] 20D »EFES 1
mIZET AEHE, ZES 100 cm 2B 3 2T NOs~
EE Y — 7 HBEE & 1313 —8 L 72 (K-8), HIZ I,
1995 4EFk ~ 1996 AEFKIC 2> 13 T 1 [l fEAE 25 3 & A% 200
kgha 'ZHA fc & kS (T5em) » OBH LG
WizkIE, 1997 FBR~KITES Im HEICEEL, o
& EPEE 100 cm ITHB T BT NOs B (3R ME %
RLtce TOTER, ATl HEERNNO, & LT
KEBRFEUHS THERhEZ AR LI &, i,
1997 FFIC L S N B NOs  EEED K X 75— 7 23,
MEIEH DR 2 ERICHK T 5 NOs 0o OE—7 D
FhREDLEICL > TERESNTVWAE T EARLTV S,

KL, A A vIEEFEL, NO; o[
FHAN DRI 2 E L T, & 90~100 % 7213 100~
110 cm @ L3I NO;~ &8 M, NOs~ O [E# 43 Bl R 54
Ka, R E 100 cm OIEFEE KR 0100 S OHZIEHFE 04 % FH
WTTHERE L 7ot NOs~ 12 M/ (Ka+0100/00) 13, FE
I C & 13IF—F L7 (K-8b)s T T THWAK NO; [
WATLRE Ko DfE (1.06X10°mPkg™ ") &, FlllL 7«
T3Eh NOs~ SR MO NO; ™ I O BAfR (1997~
2002 4F) 1D ERDIBDTH D, NOy OF4rL
DBRERETH - 722 EE2RT, COEBO NELEE—
ICFEHE L - AR 5 A Tid, NOy~ (3L
AN SN D ORI L TBIET 5 2 EhHIs N
TWw3 (Katouefal, 1996), Lo L, EIGEHETFTII,
NOs™ [ Z DML NEHEERHICRE SN TVWBICh
Bibod, HEhd b, Koo L TBEST S &7 <
THBEL T W, 2O M5, KNMRHCTAd 5E
RED, TELHRO NOs O e il @b Tunie
ZEMWREBEN S,

I & IGE L 72 it f R NO,~ I O HE5E i & L7
EAIZIE—F L2 & (K-8b) &, 1z, EBHOZH
FUCHRHABINCERI L 7o L3Erh NOs~ & & & & mBliihic &
5 A NOs~ J2FE D BIRAE WIEOHBABIRIC & - 72
ZEERT, bL, BENOIETNO, S8 LUK
I NOy BEEAVKEHRNCRE S N T2 6 1E,
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FH ORI IEORFRAE RS I L RTEH L, T/
bbb, EENTO R NO,” & E L i T NO,~
BEOKEHRDNT D&, DI &EGFES 1m Fhi
2oV, HERFNS VWA b, TOT &I,
B 1m 22 KBER~ Y v 2 RFEFAERTH D
CEEEZAE R L, NO;s OFFEICOVWTH, FIY
Iid, KEHENCE—E B TI O T EERT,
Pikok iz, Zot#ETR, NO; Ok - ki
REPE—IKITTLTEZ B ENTRETH O, KREEKE
b L MERE KIS {EH—1okBE ([8] ) %=
HEEL TN, NOy BiRE OHIH - THlATE %,
CDfERIE, NOs DEBEEAT D 2 /KDFEIL D LKA
SR —RITD Darcy XTI TEE< b ) v 7 2T
HBHTEELHMIBRLTVEEZELONS, WE-T, fi
DFEIc o>V T, KEEDEE—KILO Darcy 2T
HEYUTEB< MY o 7 A THBELI1E, ME—KTT
DFEZFICEDE, NOy ik - iaRBIR &3 - Fll
TE5AMeNd 5,

3.5, EBRNZICEIRBEKF NO-N BEDOHE
M1 T DEEFINST (1995 44 H 12 H~2002 4F 12
A 1T H) 2F&-1IZRd fEVRNIc RS &, 24— a3 —
Y NOALBAEE N fli 55 Frchem 13737 34 K0 &/D72
WS, ALERAEEHT 3 5 RFEFE SurplusNepem (F 2
A—=—hra—vOhE»Eh-t, TNIF, A4 —ba—V
&, TEPAD N BfE Vs s 44 K o/bisw kg,
ZRITOVTOINHEEH Hly b/NE o e TH %,
Z OARIH @ SurplusNepem (3 1,706 kg N ha ' 1T L,
AR, P 200 kg N ha ' DI EOALAIERIHRE SRS, R

0.0

M E, RoTWh I EILK b, BB, FEMEThOES
Im % TOLENNO-N EEDENIE, 270kg N ha !
Th-T,

F-1 ofERAR VT, 4~[7] Ricko &, BBk
D NO-N BEZHEE LIz E A (F-2), GHEICEHR
N OEAREZELSEELIEL TY, HETEEE C*Nos-Nenem
(T L 7o IR ER R Crosn (RS 100 cm 1 34 mg
NL D @ 15 fEE0E GOmgNL ™) &78 -7, 5k,
[ CHRICoWT, RBKEICK > TEATZ LIE
X 100 cm T8 2 P NOs-N B I1Z 36 mgNL ! TH
D, WRPFEEEE ZERECTH - 7o, /2, ZoHEF D
+JE M NOs-N & &2 1L 270 kg N ha™! % SurplusNenem
L,706kgNha ' 5Z LW Th, HEEREIL 42mgN
Lt eI E N, FEHRED 1.2 ST L7,

INLDTENS, REEFZO—IHHIE N0, &L LTR
BRI FIAA TAERL L 7208, R0 0%EHE, BEic
& o> TRERANHE NI, HHERES LT HiEmIcE
HFLTOEDDOELELNEZEZ LN, L L, FHEM
Bt O BA 7 HHITRE S e EHE O fE (Nishio
et al., 2002) 1, FRIOERIG» 6FZ 5 LRI
MHTEBEENSVTENS, MEICLBZHELIE

K-8 EAX/EMickIs () fE
EZES (75cm) »oBHE)L
g fook GERUGRPE 7 E)
DREES z, ([3] ) &
(b) ES 1 micB 2
INO; EE o ZEE. (a)
DT DR 2z, ZET. Hi
ORSO#FE (3FEE) 13
JEN SIS L, KR\

05

Depth (m)

1.0
10

NO;~ (mmol, L")
(6]
I T
+
+
%&
Oy

o 0000 +‘.+”’

SlEIC, FEIEN & >200, <
200 Fz UFaB M 30 ~35 kg N
ha'%/md. (b)) @O CIEFE
X100 cm 2> 5 WAL 72
+ ko NOs~ R, M
[37EE 90~100 £ 7213 100~
110 cm @ 14#h NOs~ & &,
Kqld NOs~ DBl BC AR EL
Oro0 1FFE X 100 cm D AFE S
KHE, pq 3RS 100cm DFZ

o A R

Fig.8 Changes in (a) penetra-
tion depth of water, z,,
starting from the ferti-
lized depth of 7.5cm, and

(:) (b) liquid phase concent-

ration of NO;~ at a depth

1995 1996 1997

1998

1999 of 1m.



vy ROy AN B 7 I 3 T B KIS E) & SRR O i 21

x-1 EMiEEIcB Y 32 ERINGT (199544 H 12 H~2002 4F 12 A 17 H)

Table 1 Nitrogen balance on the soil surface during the period of 12 April 1995 to 17 December
2002.
FNchem FNorg VN HI SurpluSN Surpluchhem
(kgNha') (kgNha'!)y (kgNha) N (kg Nha') (kgNhal)
Sweet corn 1341 74 759 0.47 1058 984
Chinese cabbage 1531 1039 1143 0.68 1791 752
Winter crops/Bare soil 0 0 509 0.00 0 0
Total 2873 1113 2411 0.47 2849 1706

A —ba—vENTHAE, BE ThTh, HERaoHEE LK.

O 1997~1998 ZED AL AR &,

0%, BVEA T TR E L7z 1995~1996

TLAFEIRBA SN T V5475 2E2FIEL, BICREE LT _THRAAL.

Fucnem 3ALAIEEE N, Fyorg (A RIEE N, Vi ZEVIATERE N, Hly 13 N I W T OINFEFEEL, SurplusN (&4
FEAE N 125t % % N, SurplusNepem [$LEAEEL N 1069 2 R N 2%,

£-2  THUKT NOs-N B O FEHIE C LHEEM C*
Table 2 Measured (C) and estimated (C*) concentrations of NOs-N in the soil water.

CNOS-N C‘NOSN C$N03»Nchem
100 cm 150 cm 200 cm
(mg NL™Y (mg NL™Y (mg NL™Y (mg NL™Y (mg NL™Y
34 35 83 50

ZEX 100 cm OERIE L,

1995 4E 4 H 15 H~2002 4F 12 A 28 H O M EIAfM. ZEs

150 Sz OF 200 cm D SEHIME 1, 1997 £4E 6 H 16 H~2002 4 12 H 28 H 0 HAR .

C*vosn JRT C*nognerem (F, NOs~ & U TEMNLL 5 2 ER ORI,

zhzh, e

SNFeRERMORIERZERTH 5 L IGE L 7 5HE ofEEl

AL W, 5T, CoTHETIE, DL THE
ELLEoR, REb SoHEhoEHRE, Ao b, <K
Blbandic, H250iE, HRKEREZF ISR SO
EET IR LEE DB VWA HEEROIZEL & >
T, BEHERIERELTWcEEZTHWI &L S, £
7o, ALECHERELD A 2 ERMHEIH EE LG E TS, R
7 LHlH 5D NOy iEliE %= THld 2 fcoicid, L
[ DB - B L DR S LEAR /R T dH
5 EWA B, HIEKRE(LZRG S FRo—> & LT, tif
hADRZEDEK (carbon sequestration) W& Z 51
TOVBM, AWFFEOERI, REEFEEIC, ERIo0
Th, AEYOREN, EOWHE, EEEHEKUKESE
ik - T, BERIC O » T2 e A~ E
TX5ARED S 5 2 EERL TV S,

4. HEhH VYIS

[5EE M T o Eh ORI E) & EEX I, e
BN OEEEZT 512, FFICHEMRERLSmSN
b, LirL, HMichsh 5%, TXBIETEHAND

S HHS IR - FERE RO, R OMEE - 5
Wik b D L SIS, SRlOfTRER L, TiEduc
B2 ER KON OERILP, EIRKEAH NOs~ @
BRI R IF TR O ERIIFHEIC B VT, $HE—RTT
DY IR TFENEHTH 5 T & A2RT, 122L, C
CTREZOEM T Lo LoFAbEE LT TH
D, SHOFEIIZ V. BERFFOKINGE D SR U 7o
WROFERER, BEAEMODL TV, 7, &
S 1m TRECHERRE LA Uiswk 5 @RS
KoFnDs, NOs~ OBifEELC bifiv s EnTE
LZDOMICOVT, T CNEREET 27— 9 D50, 4
%, <My 7 REAEMEWT S L GRIRRRZ U AE
PRI - ERT 2 OBFE P, BT NO,s B
HWELENNIETH b, 12, BEBROTE IR, *
neEh, BRIRROHERESESE SN, h b otk
73 NOs~ OFRIC KT T8 2 E R INTFM 3 2 208
H5bs
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IAEXRKERICET 2 ER

FER R JLEEXZEREHRERD !

G ic X 2 EREEZOMAEERNIC R CENED
HLEFRDOY VI 5 VI Z D0, BT
B ST LD RIC X » THEEI N A T EE0,
Ia:

ol TIRiEY SHEEE AN TV A, BE 7 Lo
T, M7 SHIEEZANBLr-ELTH, EhEEHEIC
WEXACIRHTHNE, EFEHROv v 7 & LTHRET %<
WML ZE W E S, CoigTh, FEYE
LT sREEEtabs0TERVALE S,
R

RK7 5 v 7 ZA X HIBEEERIEE T ETE 57 X
7 1 —IT K B IHIERELE RN E SV O BRI D ] ]
FEEEIZ5 5 Db,
1A
TEROWEER A 4 v iEEOSKIChrb 5 F, B
W5 EFRRIFIFEAEED ST > T, HPNTE > THA
BHELIW->T05 EHEL TV 5, IkbIEESEHV
ExE, BUCEELT L2 70— CHlHTx 3
MHe LN,

EHER (tBEREHREEVF—):

INANZERBETVDSEZITNE 1 m O FI/kEE
B EDRRERL D, S 1m OFESKEEN E OFREL &
INANZFTIERE D EVZ DD,
1A

BEE 1 m T o KA IR 0 FE e ©
XM otee 12U, ERESFELILEOES Im
FHEDFETKEER, FELT—40cm LI ETH -7,
RROEFEIHILBRTH 2 ET5E, FESImLb b
FETHAE U IGEIRES N BT sfE e o &
TR THtIE MY o 7 2ZRANTINES NS 72, TE
T35 BFEER > TV WEES 1 m % TERELE
ELRBN - EEZT VD,

BIL—BR (RERBERMTHTER)

BHAR 7+ THBINASRET 2 DT 7205, [l
EERHIE, & 2 WIS & OBIRIZ s W, FHEHE
P IE IR & B 20
1A
AR ORI, BHEEOES 20~30cm 12dh B T
L, TEhicERESEoROWRENR O NS T &, #HE
[E13, @, £ oMTRON, Hk#EEE, Mo -
LO)a—afghcid i Ron s,



