FHEALHPE (Bull.Chiba Agric.Res.Cent.) 5 :95—103 (2006)
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WFAKICBALZMEERIE. EVKFEZEL TAKRAD
HEMESINDEN0 TR, ’AIRHNE. &REIC
BHAREL, BRBUEOFEERS, ZOXI7HR
NS, BENTIX. 1999F I AIKIEE DK R U TFAKIC
BENDIHEEER L HENEBREEROSIHAIL. 10m/L
Kiti & DR HRENRE S N,

RIS/ E SN TVRBEKTIE. ek %
HTKICEKET SHE&ME< GREFKAREZF. 1996;
HEIR, 1999), T <M SHITF/KOMEERBIEICER O A
T, EUTIRIIEICHEEIE S 2 EITL T, K&k

M OBAHREOMBEEML TS (RELKEER.

2002), KE TIXIG0ERICT) /A4 MDD by Ena
BIEEMHICB T2 LRIC L DMEBERSRESN B O
EF—. 1972), Z0R%. BIMOHOEREHICET S0
KMHEATWVS (Randall and Goss, 2001), —FK. 7
THISIC B LTI, TEOEMEEROYKIZHES TE
FEREROEARMNEML T (Burkart and Stoner.
2001). HUFKDHEEEIERBMESIERL TWS @S,
200), ZOOEDIC, BEAERN S OWEEERBEIZ
HROEND ZHE TN S,
EHNDREERERN S OWMEEET S T TIZ &St THRE
ELTWS QLS. 2003 : BEAES. 1999 ; BISEFF/KE
R, 1996 SUEEREEHER. 2004 M85, 1994;
FEIR. 1999). BHEEVSRIT. EIEHIKR T EIZ BT BB
BHoRE it mENREF L SN TS REA/KEE
8. 2002), 2000 DEAMKERKFHC LD &, FERTIX

RESEREH AR RS 1 4L, WOR 261, A4 3L

BEBAMTH D, FROEPHPREHYAHH S
LBEORBEANDAFMBREZEND., AKS (2003) @

20054F10A 4 A&H
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BENZOBIERIIBOTH, BNEITIE. {L#E
FHZ & 2 EMK15, 0001 ITET 2 EROFEHEIZAL, T
h# EE2FEH N S 0B#EJHEMNH D, Zh s
DREBHDO—FIIBHHO TRBAK LT T 2 ERENSH
W EMNBHENTNS,

FTREBOFREEMOKEEZ HO S THREHIT, ES
3~4AmfHRICH DBARRROERKLBOGEERL
& BREKEDORVERO—- LR E FTAEOKRBYE
HTHRINTNS, 2HEMTIIERKIL 500mno Bk
BRMNHD. TOHKELSBHPITRBEL THAKFEBERL.
WTFkZ2EEL TV, ZOXDICTTREMIZ. FEKR
HTHRKBRAZVWERRETICHDZEMS, HITFAKD
MERIEHSFE L T LW HEH (Burkar( and Stoner,
2001 : MEITKEFE 2/, 1996) THoHrEEZIS5NS,

INFET, FERTI. REEAER (2000 2&T
(1994) 12k > T, [RIEAYR I T KR O RIERE AT
DNTE, LAL. TREMDSDHITKIZDWTH
R IR D FERN 72 RERF I 2 L S IS RAE R OHEEIZH T 3
DRI <, BtA S OEEE R I MR O—BRE L
T, INODRRERATEHZLIZEETH 5.

AP TR, HTFRO—EEAE M S BHAICEK S
o THINT 5 Z &ICHB L. BAMHTABRAETD
ROVIZBZHBDOEEAT, TOKAMNEERTOILE
Uk BABNICIE. TRSMIZBWT, $£/KE50 1 HFA
MR HRRNRFEKEZBEL. WHEEEE ORERLL
ERHSNITDLEEBIT, HE. HTKROBRFEOHTE
IZHASNTNS 6 "NOMEHT (FEIR. 2000 ; P55,
1995) Z@ER LT, WESREOHEERB;-. Fi-
K P OMBELUA DA T DN T H M ~
Uy s Z%&RD, BN S OMBEERZRITT2B0%
BEL. TDOME, TREMIBKOMBIEROEER
URHRE &1 o AR OB E R BRAB S N> DT
wET 5,

AHAOEMICHEL Tid, FTERBELEHEES S
—HFHBBAREZI LY, £YTHERTIE—BE. £
PERMEBEE T¥HREHA—-BEEOEKICIZ. Wi
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PEEICBIL TERRBBTHhE W0, ZZiciEl
TRHOEFEZET,

I #HERUAX

1. BkOFokiths & $okigon L ihFI

BAKORER L, B 1 RKRTE 1 KITRLE D
&Ll BHFITBWT, KIS, 5KBICHALS
R OPIEIRD D VIZEENSHEHL TNB, 2D
5. @ ©. ORUVQ@ERL 7 hFfid. —ARII7ZZIEK T,
FRPEANITONTVBHETH S, 8. OKRUD®
HAIZDWTIE, 2003FE 4 ALUB» SPABEMREL .
R OFTTEH, K TF1:50, 0000 B R A & 415
TR & HETE L 7= Ht X 0 4RI Y D HERE %55 1 KT
rU7.

BIE BKOWEMK
) RRONIN TR

2. BB ERKAE

FAHAENE. 19994E 3 H~2004E 1 HD S EME L,
ki, 20014E12A £ Ti3EH 1 RIOFI26E, 2002418
LUMsIZ4E4E (1B, 48, 7A108) ffof. —HBKHE
SR OKREHE, SHEKHRT250mLORY TFL >
BARBITHKIRETHRKL 2% 6°C TREL =

6 SNFE A DK EHT. 2003ED 7 A IZ B H KA
L DAL, KRN, BAKPOHREEHRS SR
BT5~10mgtSBICR5LDICHELE,

3. —BOKkHIEB DA

pHIZ N 5 R Bk, ECRBERETRHIREL L. &1
FLIDNT, U CEEY (LT, POPET D) T
Eo7BEEHRCAT, NHANET3), WRREZFCT.
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@®/Ef L B AR E 15 X
@TF /g ARIIBT I 13t - R LE N
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1) #isiid. @ @, ®. QA ERE. SHMEAMERT. £k
PERKVTHON TS —BEHABITKTH 5,
2) YoKEO PRI, FEBICK D, Wkt LRI T &4
st SWINTIL ZIREN. 9BLALELMEL .
3) WKKOBEOREI. FEOHFERTROENSERIZEDY
EL Tz,
4) @I 7HEL THAEhTWS,

NOs/NETD)RUPEFEULUT. ClETRINIA—FTF 5
1Y — (77 2 —~#HBUTRAACS2000) % T, BEERIE
Fi(EAT. SO SETHNIHEET, F b UTLCLTF.
Na&d3), AUTLETF. KET D) VT AL,
Cat 9 BRRUITF U ALLLT, Mge ¥ 3)XEFEK
HEIZE > THIEL 7=

4. BERERMGAAFEL (6°N) OREFHE
Kikkl 22 CREAM, N.6) LAk B
NO,-N#BEEAL, 000~2, 000mg/LIZ72 5 K D12, 150C

OFRy b7 L— b ETMBABKL, RREET DEANIC

BEZ DT, Sk T5mLARIZARD K S ICHRFE

Uiz, Bmid. feRMELERERSE (D12

H >4 8Delta-ERY) 12k D, "NEUNOREZREL

7o 0N (RAELN/NOEE, THRREY) XK

X (BHKESBERERMAZER. 1999) > TH

i R0y~
0N (%) = {@ABHH"N/*N+ZZFN/MN)
-1} X1000

m # =

1. FBKPOMBREDRRZEL
5 SEMORBERE 21T - 721K 9 HIRITBIT HNOsN

DHEBEBE2RITRL . FEAEDHIETIX. NOsN

DERZTENIHEM/NE <, Bh—EL T, LAL.

EFHFE (@) RU/NE (@) Tid. 2000EDIAMNS12

A OEHBIC10mg/LHSOBE ERMSED S M.
NOs/NiZHHIC X D KE B0, #EHEF (@) D
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S e E S sEEE S E A S B E S EES SR EEn
P2M FREGH/KONO,—NEEOHER (199943 H ~20044E18)
i¥) O~@iimK ORI S % 289,
KA8mg/L Stk (©) O/ 0 mg/LE TO AN
Ho . BABIILUEGEOme/L% 8 A 7= M AU & 31T 6 b W  30me/L
EHEMeN, FONO 4 HE T, REMETIZBNT, 40 |
Wmg/LE B A B M ONO NI X N 7z, S8 | |
< 30 =
="] |
; S E 25 | _
2. BIKOEKELCH TS T FI R & R — |
s . o U oy 20
47k 5 00 - I R B HE RN 1K 53 L 72 3K ONO,-N % T 1Ome/L
15
3 IR L 72 NOSNIE. 1L 4k 3 Hb 5 T 130, 1~ = '
10 ¢ |
1. 6mg/L (14 1 mg/L) . HiHE - LR (£ 4 Hi i TIS. 0 . me/L |
~12.3mg/L. (F¥10mg/L) TH o7z, Fiz. M4 i 0 .LD;D:;H- LEL R

RCIE20. 2~40. 9mg/L. CEE30me/L) & BRETIE i %
KIGIZHBA Tz,

ZOEDIT, HEDFE/KDONO,-NIZ. HEARED i
FIMEREICE > TR O, > - (LRRE> 1Lk
DBz 7=,

3. BKOWELAD—HKE
TREHIZBIT D HEKDOKEZE 2 #IRL .
pHIFHI S Iz KB #EAVNE <, T I~T. 8O TH - 7=,
ECIZ158~581 1 S/emTHIMIZ L 2N KE M7, &
A A A2 DWT, ClE13. 8~37. 8mg/L. SO,-SI30. 4~
55. 8mg/L. Nald7. 2~23. bmg/L. Mgldd. 1~23. 8mg/L.
KiZ0. 8~6. 9mg/L. Caldd. 1~27. 2mg/LLTa D, Higilh
ICEDWEENKEM 272, —H. PO-PRUNH/NIZ
DWTHE, 2TOHKTED TRRBETH - /-,
MR B T RE AL T 30me/ LA % @ &1 i 1% ONO-N
M I N TR BT N L RO NE O 4 1
MTHL. 2MIZClL SO-S. Ca. Mg UNantiim-

D@®m ®EOOMm® @0 ®
Wk AR MR TE MR pithii

3
1)

SR D MR 1) 00155 7K i B

ORI EHRIMIGERIC & 0, R R | BB F 24,
5N B ERL, 9 WIBA k% bk & Lz,
#9711, LR O 2T — ¥ OFHi e,

Y57 LOR. 7V —T OFYiERT.
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o TDS B, NEIZDWTIZATE 3 i & bR THN
HIZCL Ca. NadME<, KMEWEWD Rizo 14>
WMkERL =

4. KE5SRIEB R OBEIEIE

20034F 4 A ~20044F 1 A OKIBAMSIZDONT, K
AEGEEG LB A > OBERET I v 7 2%
WIRIT, BT ENO-NOHMREZE4RITRL

ECENOsNEDREICIE, BAKBO - FIFMNRL >
TWBIZHEDLST, BWHEEMED Sz HERE
B). WM& DBRIZ. NO»N(mg/L) = EC( ££S/em )X
0.0823—11.6. r=0.968D 1 R TRE N/,

Mg&NOs-NIZ D W T b 0B 67 $ £%0. 973 T, EC&
NO,NODOHBICIEE Y 248D THWAMENED s -,
ZOWHEDMERIZ. NOyN(mg/L)=Mg(mg/L) X 1. 56—
5.8 1 KA TRE N/,

FIRIZ. AP DCL. SO-S. Ca. KUNaiiDWWT

HNO-NEDHBIASE N> 7= (HIBHREA0. 8Fi1%). L
MU, KiZNO;-N& DHHBEAME <. HHBIREIZ0. 5T
D75 BB, THLSDEEIZDONTH, TR
BRI SN/,

5. BKD 6 "N &ENO,NE DBAE

BIWKD O "NENO,NE DR ELE 5 FITRL 7=
NOy;"NODEH{HASBIHE H e 1 0mg/LE B X 5 6 S IC
DWTE, B4 %A% (©,0,0) &9 %hHiE (9,0,
®) D2 N—TiTKPE N W IN—T DL HFIH
BEIWTh M S U < 134 - WWHIEE TdH 228,
HEDI%REOTIN—T13. £ TEEDOFIAIBEHE
HDONDIMETHo /e iz, MTIN—THIZBWTHE
KONOsNZLET D &, 9 %AiEDS I —TDNO;N
1. AT, 5mg/LT. 4 %fiftED Y I — T DEH
£ D 9Img/LEM > 7z,

NO;-NASERBEHMELL T DK 5 HIC DN TS,
N4 %A% (0,@) &9 %HiE OO D25)N—F

H2ER TREHMIIBIDHEKKE

HUKED pH EC PO~P NH,-N NO;-N Cl SO,-S Na Mg K Ca
Bk HHRA (p S/cm) (mg/L)
©;:1::E S TIPS 7.2 158 0.01 0.02 0.1 15.9 3.4 14.2 4.1 0.9 4.1
Q@MEs M (HE) 7.3 581 0.01 0.03 40.9 37.8 46.5 23.5 23.5 1.9 27.2
Q@ETHF MM (EE) 7.2 575 0.01 0.03 35.4 29.9 55.8 23.4 23.8 2.9 24.0
OF% sk 7.2 185 0.02 0.03 1.6 17.5 19.4 1.9 46 1.2 7.8
(GLY=] it/ bk 74 213 0.02 0.04 8.0 19.8 18.4 7.2 9.0 1.0 10.2
@&HA M/ LAk 7.8 326 0.02 0.02 11.3 24.0 3.5 8.5 6.9 0.8 25.8
@8 pilich 7.1 344 0.02 0.03 20.2 14.9 50.2 9.3 16.8 6.9 9.9
@/NEFLE M (HE) 7.5 508 0.01 0.06 24.4 36.4 38.3 18.1 22.0 1.9 24.2
O@TF/NEF s/ ILubk 7.5 248 0.01 0.04 8.6 21.5 3.5 10.2 8.1 1.4 12.7
@Fm| At/ dk 7.8 228 0.03 0.02 12.3 18.3 0.4 8.4 10.7 1.3 13.5
4% Witk 7.3 166 0.02 0.02 1.3 13.8 20.6 10.4 5.5 1.0 9.1
TE 1) S HrffiiZ19994E 3 A~20044E 1 RO TH 3. @RUDIZ20034FE 4 A ~20044F 1| A DKW TH 5.
2) LHFIARO GRE) . KRIIBWTHEOGE ROURULROKENMEREH S ZHIEL=FTH S,
3) i/ btkiz, @EHEMSTFRETREL TVLB I L ERT,
4) @OMHITN IH/ELTRHAUIRTHS,
FI3EX BEKRDEHA A OBEMRBAT M) v X (20034E 4 A~20044 1 B, 11#1R)
pH EC PO-P NHyN NO;-N Cl SO,-S Na Mg K Ca 3 °N
H 1
pEc -0.29 1
PO,-P 0.26 -0.57 1
NH,-N 0.27 -0.37 0.22 1
NO;-N | -0.23 0.97 -0.58 -0.43 1
Cl -0.27 0.88 -0.46 -0.08 0.78 1
SO,-S -0.61 0.81 -0.52 -0.50 0.82 0.56 1
Na -0.64 0.82 -0.47 -0.32 0.7 0.83 0.68 1
Mg -0.35 0.96 -0.63 -0.43 0.97 0.77 0.89 0.75 1
K -0.37 0.46 -0.50 -0.55 0.51 0.14 0.70 0.22 0.61 1
Ca 0.09 0.85 -0.35 -0.09 0.75 0.85 0.45 0.60 0.68 0.10 1
8 °N -0.21 0.35 -0.67 0.35 0.36 0.45 0.27 0.38 0.35 -0.09 0.29 1

1) SRKEBEIRE 4 EOEYM. 6"Nid 7 AR ORMEMOTHBE~Y R v 7 Z2ERL 7.

2) 0. T3LL LTI, 1 %D RAKETHMMH S,
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B4 HAKDNO,— NIl D1 A & DR (20034E 4 A~20044E 1 A, 113150

%) S Hrifi3E 4 B E R b,

50 L SRR O SRR
. Otk
~ /I @
§40 :‘<>® © \' A
E 30 ' ! At - LETE
z /o ‘\Q 0.
1 . [ ]
IO_M An -
(wmza] as B9
0 Q% a—O0p
0 2 4 6 8 10 12 14
SN (%)

X5 KD 6 "NENOs-N & DB

(20034F 4 A ~20044E 1 A, 11150
) V57 LOBRFRIAERT,

RRPENM A (®) BTN —T DI HHIC
frfigL 7=,
N & ®
HWTFKREANS RSN B M. LHMBEKOB
WHEZE 1 ERISH ImERET D & WK &Rk
DEHE & DFEZEN20mFITZEOBHEIL. FR204EHTIC
KO BB IZRAD U IBHALZHENFHELE
bOLHEFEEIND, Lo T, BIKOHTARHAD
MEEERISAE O TP RO HMERO KR TH 5,
WHE, BICHIT 5 EEERICIIRMABEIIEAICL
W Ei. B S O X RS PRI LR E sk B
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BVIEERR MRS NS BRAS, 2003 ; BREEE/KER
8L 2002), Z D78, HTKOMEEFERNTEEDNY
NAEFITEZTENZHFHITENL, THEHERTSH
B [t S OO H T 7K OO RHER 5 Bel) 1 X 3% & U BAfL T3
THLTHHATH %,

1. THEMICE T 5BKOEEBTRICRF T LhFIA
DER
WELBKIBEDS S, 9 HIFICBITF 2NO,-Nid.
FEREHBLER/ NS <BR—EL T, #>T. &
WFED S EMDOREMEITHA S &, BRIIHBITZho#k
KD AP RIBIBITII R EaE <, Mt TidE
FIHTEROEEFRLTON, (WHKOMAERRBES



TRIRBRR AWML 5 —HRHE

BholbDEHEINS, UL, S84
THE2EFHFRUNADHEK 2 A TiE, FISIZH
FEQEHMICIOmg/ LY 0BRE ERNED s I,
ZDIZ &id. YEEKRTIT A ABERV ISR
FORBIEEMH > T, WA OMERELE G
WU 7= REME N H B Z L EREL T3,
NO,NiZH/K O RIZ L D, BHF O K48 mg/Lh
SEHMHLEOBR/NOmgLETOXEMND > /-, BEELHE
#10mg/LEBA S I3 1 6 H THERD SR,
ZDOND 4 R TIZ20mg/LEB A 3 BB EZRE L.
IS OEFAHSOWEE L ~NIiL, Gk D & S 1CkERE
ZenshE <, BEOEABRD—E L 7= L HF| ik A
LS LELDEHERTE S, BED TR BELE
BTZRWOT, BEOLHFIABEEZSEICLT, &
KD NS HBEBEOEERBOERF L. ZO/K
R KO LRI RBE S L TRIO S 2B &8558
WEE, BAKRPDONOSNME 78D, HlIHEAEOHEKIR
TR FEH30mg/LONONAHE AP IZBREENE, Zh
W At & LR IEHE DB E DK 3 5. ILHDBE DR
OFEBOBMBETH D, WETERICKT T MO EM
HRKTHDBIEERL TV,
CORITDWT, WH#E (1996) &, WHkix 3kghad
EHRPEH AT, ZIEMIIEHHER300kg/haT100kgha?
FEHRPEHAH BT LIk — e F I RICBLT,
NO,-NO i H # B I HKIRIT ok 3D 2 M AYEI & 12K TE
LTHEDIEEHSHAIZLTVS, ZOHMEFNT

(3, MERAH0% 2B X 5 &, NOSNA 8 mg/LITEL.

100% T Mmg/LASifiil T2 &£ 3 h 3, APRICZOE
FNEYUTIROS E, 20mg/LLL EONONARH S /-
4HETIE, WThHMEHER100% =B A D FE L4
RElsB, HE- T, YK TIE. ANRORHET I &L
LT, KD LIERECEEHRDOEHRAHDE
EnbodbDLEX SN,

2. BKPOMEERRE &4 7+ DBk

THREMEDOHKDONONEECH. @D TE VB
ErRU. AEEERT R HMFARBERVEE
DLEBEICHET 2 FRKRDBARNSFHFONLBDT
HBTEMS. TREMOMHLEDEKIZBNTS, EC
DHEICE > THERREEZMBICHETE D LHEREL 1.
ZORIIDONTIR, 4% BESKERCU TR 54
BhH B,

RiT, BAKRPOEA A > OREMHBET b v & X 2KD
&, NOsNEEA A2 (Cl 80sS. Na, Ca. Mg) &
DAL KZBRLTHIhb#E<, B THMge OHIBER
B30, 973 & B¥/Z o TRt o fee TOWIE DG WAHBII,

100

#5% (2006)

AEERICHEBRSLEL TED ML (F—y AR,

ZDLIIT, BkHEA RS FBAREHZ HEH ST,
BOM TEHELMBAE L BT, Tsitboikdhic
1dMg (B F42) MEBAIZNON (F=42) &%/
BISKREA 4 > DI THGEET S I LE2RTHBOTH
%, TNET, HTFAKFONONECHBEDHBEME T
EEMEINTNSH, Mg DRWHBIICI DLW TERL
HEIESN. B &F (1999) 2. RNOLKEO#HT
IKIREIZB VT, MgldCalZ ENTNOSNIZH U THE T/
WHBENH D Z LEREL TS,

Mg Cald. MHIZ BN TEM SR BIZ—BRIICEDN
SELRBEAIN D LBBIORITH Y, BHEIERE G
RAENBHEMNL VW=D, NOSNEHHFA > OB
BB I EMFSN TS GREFKEIELE. 1996),
Ui L. AIFEE RO X 5 IcMght$s RIIINO-N & #
WHBZ RIBRRRE I ETHEEINTOWEL, 0K
RERUIDWTEDORREEZEZL, UTOL D IaRHA
EZ o, BaEKMEHTED S /K X TO20malk
DLEEBWHT HHIZ, BEKIZE EFNBNO-NA. Mg
ZHEEOLIEIMNS, MgENONDOBEIZIRLU T
BAHEE5. 20RHEEL T, BELATESHTIE.
HREHRORELZZTAERBELENS D, TREMe
MEMKIREBIHNT 3~ 5FELRIZEENRTY
3 (M. RFEH). £/-. Mgz aUBEROARZRR
AL, SXEAREELZASRBRICBNT. ZIER
Tid, BEHERX DK 2 FHDMgDERMBEL TS (NI,
2000). ZOEIBEMEMNS, AIEORIENEEZTND
AR E NS, —H, SO SIZDNTDH, Mo
—RA T B HBE THDHEDRIRRAFTHD I LMD,
INETOWME GREFKERLZRE. 1996) EFRERIC,
FREIZBNTH, NOsNEDOEHWHBEMREN.

Na®ClHZDWTH, NO:»-N& LY U A8 B B R At
RHoshiz. mROMg. Ca®S0SERIZD, ZhH D
14 L RBIEBDERFRBRS TERNEZZI S5 BHDT,
RESA T OHEBEHHIZE £ D NaKkUCl Bk
KPEH EPE R M EERFER, 20034E) ASNO.-N & 3Lk
FIZARMEINTEEDOLHERI N,

BT 2L ST, 6 "NORF LD, FHEHROMEETS
el gk 3 s (ER\FE EFHP. NEFL)
T3 ClIERUNabJEEFICH <, 13 HE» S bHEEH
KICKX HWMEBBERNEMT SN, —H, 6"Nh 5L
2R sk OWEEEIE I S HEE X =/ T, RiZ T
NS ORLRA A b lamoi, LD EMS. K
PHTARPOFA F > DEFEL. FED 6NIZK DM
BEGREOHIEICRL T, HERLEHOIEHEED
bOELEZOND,



HiT% - KiF - &@F - 00 KD 6 *NERUA F BRI X 2 TREMO MBI ROKE

BHELABATEEREYHTH 5POPITDONTI
BEHEEHIHOTERBETH D, TRAMTIILIER
BAMY CERIURROE WKWK L FEZEEET 520,
HTFKPBEAKIC) EEEROMBENELD Z L3N E
EF Y gh A

3. ;BKD 6 "NEFA L= B S DIEEESRFOHE

FEES (1995 13, MERETFHOEKROEKBICE
WT, HTFKOWEBEEREZLEIER, EE - EHEHK
BRTHWHEHKICK S U TEO/HMRILERD, HITFAKD
O NN SHERE U - 5 IR DML & tEdk L 7=, &
DR, 0 NITK DHEETE RIFOHEE K IXER O it
FIAMRLEZRBLTBD, EHESEWI 2R,
fEIR (2000) 1. 6 "NIZDWTHMAMEHEE 7 %, 1t
SRR ZE 0 %, HEBARARZ 5% SIKEL T, M
MO D LHERFEKD 6 NI 4 %o il % DO H L FIEE
Mk, 9% EIZEEHROMBEHERET DHiLkERR
U7z,

AR TIE. R0 6 "NOBTFEEZMNT, TRE
HTRAEL TOWDMBEREO(LFIER R RSEE D
SRDHFZRML Iz, TOKE. NONASREILHER %
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Determining the Source of Nitrate Contamination Through Monitoring of

Geochemistry and the 6 N value in Springs of the Shimousa Upland Area

Takashi Suingyodi, Eiichi Oorsuka*, Fuminori Kaneko and Tsuneo MATSUMARU
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Summary

The Shimousa upland area of Chiba prefecture, where both crops and livestock are raised, is one of

the most intensively managed agricultural areas in Japan. The uplands are located near Tokyo, where

large amounts of agricultural products are consumed. Recently, nitrate contamination in groundwater,

caused by over application of chemical fertilizers and inappropriate disposal of manure, has become a

matter of great concern to many residents as well as farmers in this area. In order to accurately charac-

terize nitrate contamination in groundwater and determinate its sources, we carried out geochemical

monitoring and analysis of 6*N for 5 years (1999-2003) at 11 springs that are discharged under the

uplands. Our results are summarized below.

1.

NO:-N concentrations varied among the monitoring points and ranged from 0 to 48 mg/L. NO;-N
concentrations at six springs exceeded the environmental standard for water (10 mg/L). All the
springs except Ohoji and Koseki showed small seasonal fluctuations in NO;-N concentrations
during the 5 year period.
NO;:-N concentrations in springs are affected by the land uses in their catchment areas: they are
. generally highest in agricultural fields, less in mixed fields and forests, and still less in forests.
This trend suggests that agricultural fields comprise the primary source of nitrate contamination
in groundwater in the Shimousa uplands.
There is a high correlation at all springs between NO;-N concentrations, electrical conductivity,
and concentrations of Cl~, SOi -S, Ca*, Mg®, and Na'. The relationship between NO;-N and Mg*
concentrations seems to be particularly characteristic of the Shimousa uplands, where the Jyousou
marine clay layer, which includes clay with high Mg ion exchange capacity, is present. C1~ and Na*
ions are generally found in manures, and SOi-S and Ca® are generally present in chemical
fertilizer. Therefore, agricultural activities are likely the source of nitrate contamination in the
springs.
0 N values in six springs with NO3-N concentrations over 10 mg/L are classified into two groups:
group 1 with 6 N values about 4% and group 2 with 0 "N values about 9%. Nitrate in group 1
and group 2 waters may be derived from chemical fertilizers and from manure, respectively, on the
basis of the categorizing of 0 N values by Kumazawa (2000). Average NO;:-N concentrations in

three springs of group 2 were higher (34.5 mg/L) than those of group 1.

*Present address : Chiba Prefectural Plant protection station
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