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IRFERRBE IS BT A EBEH D 7 v BIRE LA XA DLET
BIU7vFeEELEDBER

IWAIER Y « FHHBA—? « 2 LEKARY - MR Y - REH—
(VZERE « REKE)

BE KEBEBILRC X 2 ARAAKBCHE N2 7 vy BOFFEEIZ 15mg L TH2H, 5~10ppm D7 v &
ZEUEERIC L KPS CA A DEBREL MBS N, 7 TS CHABRENTH 2 BEBEBD 7 v
P XADEBRRIZTHELREL, 1 FAOBBHNRIIC L 27 vy ROEBREHSMIZL LD L LTz, 7 v BlEE
W0, 2, 48XV 6ppm D 4AKEDKBETIL EA ) 2HIEL, A ADEBRRIZT 7 v EOFELKRN L2,
ZTORER, 7vREAXDOELBL ST OEEMEI Lz, L D287 v BOBEIC & 2 ZEOEE I
KROS5, 7YyREBENSEVEESTOEMET T2 L2z, I1HRYVERB LU IHY )KL 7
YRBRESEVIZERI L, &7, W, EE, BB BE2E0) BIURCRZTZERHBMDESEET, 7
YREEVEVIE CEYERRS L., BEHRO T vREE (ppm, w/w) BEBEETO Y v REENEL K5I
E, $ABHEBEL RBIEEHEAL, BRCBRIN: 7 v B3k, £y, W B240) BIURKE

BaInsZeddbhol,

F-T-F AR, KR, &8, 7y, 7vESE.

TORFAIBOTHETH> THIEMICEETH S Z
EBRISNT WD, A AT 2HFERE TR 7%
v, [T (1962) 3 EEAD 7 v BH ARBUEIC L -
T7VRBAXDEBRELWHELRIZT Z L2l »
Uiz, migs (1970) BX UMM S (1972) X7 v &N
ADRKRIIBERICE DA 2 DBEEREL, BRS (1980)
FERED 7 vy R A 2 RPHEBEI ST 2 DEBICK
BIHEB LA 7 vy BREREERET L, LaL,
MFEFIREETH 5 ICPRAEEOEE R > Ve &BOR
EALE 2 SWCIAL RIS Tw 3 7 vz ik 7
YRELT3I~UppM BEFINTVRAE I ERREINT
BY (B - MR 1988), TN TIED ADSWKDFER
e E N5, KEFHEH LRI X 2 ARAAKR I HEH S
N5 7y EOTFREER S T TABEI X 2 FACHEH
ENZ7VvROFFEEZ TN H 15mg L' ThH 3
BEETREESHIES 1991). A0 ARVKFIZE
END7vERRBICE>TEVRERLZH, #E 0.1 ppm
B2 Th 5 (F:=FEE 1993, Fm5EEALEKEB
S UHITKDOABEHERER). 1 2 DEBRRIZTLAD
W7 vy ROFEWCET 2R L AR, UE (1962)
7 vHBEFAE LU THLEHAOBRBUHIC L > T 704
BFREFLOWHERPRITIEZHALHIZTS EE DI, K
MEBRE LT 7 vE20ppm « 20 HEALEC X > TA 2D
EFRCRIZT 7 v ROFERHS P2 L, ZFHE 5 I3HH
(A S 2000) WBWT 7 v REESH 0~50 ppm 7 K¥ED
AKHBETav s ) 2FEL, 1 2DEBCRBZT 7 vE
DEERRET LI, ZORKR, 58X U 10ppm D7 vE
A ADHIE, EXLBLOGT>H2IET2 2 L 2RL
2. 58X U 10ppm O 7 v R IEEY D BB L N1
LML RESWMP &R, £, W, B, EH R

2ET) BIUBROEZMECKIET 7 vy EOREIEET
HY, 5BIUC10ppm D7 vRIEFA A DEBIREL W
EBRRIZTZERHELMII LT, RRTIEAFRE B
TAREHEGIEEOFREENTH 2 EERERD 7 v F=H
AXDEBCRZTHZEDRE EBIRY, bbE¥T7y
ROBBRTIC L 230K, B, B Brad) ke
ANDERICOWTHS I LT,

M¥ e HE

1. KL 7 v RNEF %

AfEmEI Y e ) 2HALTADE Ry b (BEEL
16mm, T13mm, B & 25mm) %2 Awv, 1992F5H1
HiZ 1R1KTOBEL, I RENTREL. FES
AWHWREBDZ 3 - 75.5%H %, 25X25X20cm
(i, $5, B8 ORBIE=VEEY OB, EX3cm
DFEWAF 0 —ND5T: 2SR APHEC, 1KHHEY
DSARMEZ CRIEL, 1K 4K 4 KIE A%
Totz, ABRRIZEDH (1939) OFEHHKARE—LK
LIz b DRERERFE U TR, AHRIZEBTA T
—VIhbeT, HE5 (1982) OFAEICLIzH > THLE
BEEE 1~8 FIFR LU TRV, KBHEOEH I 4~5
Hiz 1 Uz, AUEIGOKBERE R L D XU, KK
o7 vRBEIZ 7 vEAEBRERML, 7vyHRELT
0, 2, 4BV 6ppm (w/w) KFEEUL. 7 vibKkERE
Y LT kEK I 1N NaOH ¢ pH5.0~5.5 2B L
7z, 35, KFRRFO7 v REBERIMIEDRETHS Z
ERPEL THER L, ARRRFO 7 vy ROERSTHEIZA
T A—% (FEBIRIZES, IM—40SHE) 2Hwv, A
I B (JIS K 0102 1986) 1ok > CEEL .

20005 6 B 15 AR, *#EEREE (T 514-8507 B ZEAERFREMEFRFIZER, FAX 059-231-9637).,
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2. AFEEHECHE

S, BRI IHRYD AT OREIBERIIBED
6 10 A >FELHKBL, ZORT~I0HMRETE Z
Bt BAE%28HHD6H2TH, BEZOHHEHDT
B 28 B L UBHEEZIIHED 8 A 30 H DI~
YT ETEY, FBREOEMERHEL ., BHEE
28 HE B L U1 60 H H TR &LEM 1 &, SFOHEK
ARREEECL, A% 93 HEOUGERIC I3&IE 34k, 14
HX 12 BRI LTz, A 23, Y, EE BE2E0)
BLUBRORBEE ST, K80°CT3045MH, ZDEy
65°C T 48 BFILA BBAEER L, T ¥ 7 —F TSR
BEREELR. KL, BEEBLUER Br2al) O
FLIbDRBRALLE, BLEXOT —F D20 T
Sheffé D% BT & A\ TRl 29T - 7o, XK, B,
EE, B (B2ah) BIURO7 v RO TERA
BREMEFO AL (F: TERKERESIZER, KEPT
&R No. 15 1979) ek -7z, TRbLEEBREE 130°C60
SR L, TV S TRRBEUOER e Lz, B3
WHOWERKHLIZ 7 v RE2EEROVEERRBA VY Y A%
7w 7 VIFET 1000°C £ TEL, Biehvy v sl
Db, HEBEREARRNZ THELL, AR
4g #EEL, BXKA20mL 2L <EEL, Tz 110°C
O EE R TR 2 BE[EEZ R, 550°C D~ v 7 VIR TIK
L&, KbsgapE, 05 MOASTHIES
Ui, RAESE &G 75 A aice D, FEKLmL,
D yBImL B L OEEREBROmL 2Nz, IICHE
FEMZCKEGEKB R B kole, REBEBORLH %
WL bL, HE7 523 2R 140°C k-
e HoREREBUHRD, ZERE L 4525C 2RO LD
WRERFM LI, BN 200mL 12k - 7 5FEE R IED,
pH % 5.0~5.5 \ZFEIL, 5 IHEAKEZMZ T 250 mL
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2 Ik
B1H A4 XOHERBBICKZT 7 v RORE.
B DfERE I3 EHERRZE 2 R T

FLTHBEBKE L, ZORBBEROmL 2 -2 1K
Y0, lppm 7 v EEEF 10mLIIZ, SHKA4 VM
S TISABSOmL Iz EALIcDB A F ¥ A =7
(IM-40 S AU, HEBEH THR) WHERLILZ7vRAL >
BHREELCEMETALD, O UDIERLRER
WHTvERALVEEERD T, BBXMRE L TEAK
OmLEE—4i1ck Y, 1lppm 7 v RIEHEYK 10 mL,
TISAB50mL %1z, FEKOEEEBZL->TT7 vERA
FVBELRD, FOEPLREFOT vEAL VBREL
Uiz, SR ENER b 28 L, ZOFEYELZAV
7z,

& S

1. 1ROEBICRIZT 7 vROF

HFE 3Rl 5T~ HED 7T B 25~2T HTHh -7z, 7
v B K 3 RN OFERRD sk ol H
W, B X 1IHRY ) ST ORORRNELEE
I~3RE L, 7y % 6ppm OERMIINEK, 7 v &
2ppm BEUT7 vE 4dppm itbNELHERL, 7vFE6
ppm OEEIIHEK, 7 vE2ppm 8L U7 v 4 ppm
WA 1A b oTz, L, MEXE 7 vE 2 ppm
BLU7vyEippm OFCERZRD Shkrolz (Bl
&), BEgch 2BEE6LHE R, 7 vF4ippm
DEL IFIHBRICHE~10cm U EbIFE S, 7V 6
ppm TRE20ecm FHE & he B2, 1HELEI /T D
Bz RIZT 7 v ROPEIEET, FEVECICONT,
F 707 v RIEE OIS THTOROBO D o
7o, BMEBZ I3 HBEWIZ 7 vyFE2ppm O 1YY O45FD
BT BR D 85%i2, 7 v 6 ppm Tl 63% £ THIH] &
hiz (3.
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B O IMRERE 2R T,

NII-Electronic Library Service



532 BEEMFERKLE H69%F (2000

20 2. 1RXDEBRBIZRIZTT 7 vRDOE

4 A DARFREOZEBRBC BT 2BEFOENES

BIRIRLE, BiEEZ 28 BEOS T > BElIICE LT,
& 15T EEBLIUROEMECEEIA>NT, BEHOEWEIZ
I\ 7yvF6ppm THTLIET T 2EAEZRL 2. Bk
& 60 EEOHBHIc VT, BEHLER B28D) 0%
5 w0} MEINBER E 7 vF 28X M 4ppm L OEICE X0
K 7B, 7yvFE6ppm TRETT2EAZRLE., BO
! EMEAHIER £ 7 v RNER OB EI S b T, B
1: %I HEDOWEHIZBWT 7 yREBELBE L > T
NOBEDBELWEERZ, 79FE2ppm KBV TH,
g, ¥ B2ab) BIUBOEYWEREAETR
ok, . . ) . . 68%, 67%, 64%B L V0% % THEICHI L, &5

0 20 40 60 80 100 K7 v REBENELRIEFERBEOEMEIZET L.,
' B A CDEIRXHEEBRPD7 yEDA A DEBRRITTHER
EIE A A0 1YY TR RIRT 7 v BOBE, Btk 28 HE O OBEHB L UBE% 60 B E o HFEH
Brh Dtk I3 REREE 2 IR T, TIHER/NE o2, Biftk 93 HE OB TIx K

FBIER AF2ORXEBRHBCB T 2BENEHECRIZTT 7 vROFE,
BE
i53:8] 7 RBE ¥ x5y xXH B2ED) i
(ppm) (g /) (g /%) (g /%k) (g /%)

0 1.0 £0.1a 1.3 £0.1a 0.8 +£0.1a
el 2 1.1 +0.1a 14 %0.1a 0.6 £0.0a
(BHE%28H H) 4 1.1 £0.1a 1.3 £0.1a 0.6 £0.1a

6 0.9 %£0.0a 0.9 +0.1a 0.6 +0.0a

0 1.3 £0.1a 4.2 £0.4a 7.3 +0.52 1.8 £0.2a
HAE ] 2 0.7 £0.1ab 4.1 *0.4a 7.4 £0.6a 1.9 +0.2a
(BHEf%60H H) 4 0.3 £0.0b 40 +0.4a 6.7 £0.6a 2.1 £0.2a

6 0.3 +0.1b 3.3 £0.9a 45 +0.7a 1.8 £0.3a

0 15,7 £0.3a 4.2 +0.2a 12.1 +0.2a 37 +0.2a
Vg 3:4] 2 10.7 £0.9b 2.8 £0.2b 7.7 £0.5b 2.6 £0.2ab
(BHEf%93H H) 4 8.0 *0.8¢ 2.5 £0.2b 6.4 +0.5b 2.5 £0.2bc

6 5.6 *£0.8d 1.2 £0.3¢ 3.5 £0.5¢ 2.1 £0.3¢

HFFFELRERE (n=4) 277,
F—3CF 2 LI EOMIC I 5% KETHERED R\ I & %2R (Sheffé DLEMREIC L 3),

B2k AAOIEEMICHT S 1Y VRS, 15D S &0 1 RS RIZT

7 v RDEE,
7 v #iRE (ppm) 14 D% 1#R4 0 ¥ %K 1T
0 15.1 £0.8a 866.4 +24.0a 579 £3.2a
2 12.3 £0.9b 626.7 £59.0b 55.6 +8.8a
4 10.4 £0.4be 508.3 £46.5b¢ 50.8 *£4.5a
6 8.6 +0.5¢ 4254 £404c 51.3 +6.8a

B FE + EHEEE (n=4) 257,
Bl—XE2FLUIEIEICIE 5% RETEEEZEDRWI L 27”3 (Sheffé DHEREIC
£ 5).
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B3R AFOREBRHCBI2ESTOT7 v EEE.

7 v RRE VOB R e 2
(bpm) (BiithesHH) (Britk60OHH) (BREMKISHHE)

0 2.3 2.4 2.4

2 5.2 6.5 10.8

6 20.7 21.2 80.2

BFRES (W) ho7yRER (bpm, w/w) 2RT,
7 v ROSHEIZERIE b 2EDOERTT,

AR A FONEHCBTLIHREND7 vEESE,

7y RBE HE
(ppm) B Mg X (Biab) B
0 2.3 2.0 2.3 4.7
2 7.5 4.3 2.5 16.7
6 104 9.5 5.9 467.1

BFERIBEHNORNED 7 vy RER (ppm, w/w) 2R,
7y ROSGIERERE &b 2HOVFIELRT.

Ehol, A XADEBRKZT 7 v ROFEIBHEEZOH
BPRWIEY, 250 7 vy RUEHEDRWIEE, 7vE&
BENEWEEE LI LI EBbhroT,

IR B8 2 1Y DB, 1S DB LU L
B eE 2 RKCR LTz, TS DR 7 v & 2 ppm T
BRIZHEREEZEETL, SEXD 81% % THA L7,
RO 7 vREENEL RAIEEEA U, 1HY DMK
1Y DR AR 7 v R 2 ppm TRHRBEX I HAE
BIETLR, 867 vHRBENELLIEERIL
Tz, 1FEREEXECERRD shiho Tz,

3. 1RXDEEHRNT vHREE

A ADOEZEBRPICB T 2EHF O 7 v FEE (ppm,
w/w) 2EIRICREL:. 7yvE2ppmDESF T v E
SRIBEEZ 2 HEOS T OB CIRNBXD 2.3 50
5.2 ppm, TAEE 60 HOHFEE CIINRRD 2.7 5D 6.5
ppm, IEHHORBMEE 93 HE CIIABX D 4.5 0 10.8
ppm Thotz, 7vE6ppm DEFD 7 v EERIIST
DB TR D 9.0 {50 20.7 ppm, HFEH TR
XD 8.815D 21.2 ppm, NETIXWNEX D 33.4F0D
80.2ppm T H o7z, WX DODEHEF 7 v FEE KX
2.3~2.4ppm EVTNORHATLIZ LA L EDL S Do
Jo. TOZEhoEBHR 7 v RZORNI X 2ESFO Y
vEOEBIZEBENTTORONT, $17 v BREENS
WIEEBINT % 2 L sbipol,

4. 1XDB/EHNT7 vHREE
4 2 DONEIC BT 2BERND 7 vEEE (ppm, w/
w) BEARICRLE, TXPFO7 v REERZ 7 vER2

ppm TIXHBR D 3.2 %12, 7 v 6ppm TIRNBEXD
45D 10.4ppm ThHoTz, WRO7 v EREBI 7 v R
2ppm TIEBXOD 2.2, 7vR6ppm TIIFEX
D4.8fED9.5ppm ThH o7z, By BrEL) 07 v
FEBEE 7 vR2ppm TEIHBREFZ LA EED 5B »
Std, 7vE6ppm TRENEXD 2.6 %D 5.9ppm T
Hotl:. BO7vFEERIZ7 vFE 2ppm TIIXEXD 3.6
f&iz, 7 v 6 ppm TIXXEX D 99.0 £% 467.1 ppm & F
UER LT, LD Z &b o B8R & BRI RN &
e 7 vEBEFCERS N2 TR, TK, W,
T (BE2E0) BLUR, 22V ITRTOBEREHS
N ZEBSHS»IED, L RIROBESZFL VLI X
bholz,

] =

REBRIKFHEE CHERT O 7 v REE 0~6 ppm O
4KEELT, 1 ADEBRRIZT 7 v ROFEEREIL
7o, ZORER, ST OBOMENL 7 v FE2ppm THED S
Nl 7y REENEIC L 20T OB, EBEB X
UIROEZYE DR I IENEMTH > 7z, HFEHADOE
g, B B2E0) BIUROEYEOEA I HENE
WMThHotzds, N7 v REENEIC L > TH, ¥
g, B (B2E0) BLIUROEMEZHS»EDL
7o, AADEBRRIZT 7 v ROBEL L THT DB
BEw SO BAIG S h, BBUIEA Lz, WE (1962)
FEEEWR O 7 v 5% 20 ppm, 20 BRILETA 3 DES,
BB L VCROGYBICRE TS Z 2B L, &
Eo (WA 2000) EEEEEHO 7 v RBEO, 5 10,
15, 20, 30 3 & U850 ppm D 7 k¥, 99 H 0 4LHE T,
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TyvESBLUC10ppm TH ADEBREERZRIZL, &
L, ST OREOKBEEREOWEI 2Dz, £ 1 IR
B2 1Y RS, 1HRS0WEE L O 1R L,
By, B (B280) BIUBOEMEZ Y vyHRIck-
TEYTHZERPEEPITLT, SHICEEBRLSA 20D
REET7vE2ppm THEELZZT A2 L R2HIITL
72, =, BRI 3~U4ppm D7 vy EREFTENT
W5 ZEDHREIN TS (5« FAIR 1988) 28, ik
WHABBAKE UTHIES NSRS D HY, 1 3 OF
TEESBLETHLEEZOND,

BER S (1980) 13 1~2 ppb DIKIEE 7 v FRAH A D 68 H
ML & 2 HFEH S L IVE OERRI O 7 v RE &%
HEL, 7vRUEX MRS L I EHE b7 v R
SRR EMEL Y THNEOABEL, FhuThOEMLT
L VINEHIC 7 vy REERIE B 2 LA HEL
TWw3, LiehoT, FAMED L2 7 v ROZIEN LK
Ty, BRED S ORBHRIN TS, LBHEIRWIZ
E, IERENSVWELEEFTO7 yRERIHEART S H
DEEZ BN,

IR (1962) EARET D7 vbkFRIZEE S NI A 2l
YED 7 v ROERIIES > EH>ROETES VPR LK
&<, RENOBEIIDLL, BANOHHELEFED S
NEWERE LT, REBRD L, BERTIC7 vk
HIR 2RI URRA I IR X ¥ 72854, o SIS 7
7y RFERBIUELECCESGPHBET 5 LE 2L
SN, 7y REERIR>ES>LA>TER Brs
) EWIETHY, LVDIRRIBLTELWI vE
DEER Do Tz, A AERO 7 WIREER - M+
DAYV T LEFEEL, BT vbh )Y A0 &S iy
BHOBEEE U THERRCEET S (U5 1962) 7 v
EORBICERB L D EE L SN,

TKFO7 v BREVSHENRVWEVL) ZEREETDH
3, I BUA5F 7 v FOFEEFRIZLALRONL b
DIZEVFEET D, 7vHRE (fluorosis) X EEEIRHE
THERHE (mottled teeth) B & N BRREILAE (osteoscler-

osis) wRFEE 2 (LUEAS 1975). HEADERTH 2
K2 DWW T Sakurai & (1986) REDOTHEIKC L > TK
S[FEDOT7 v RP1ppb ZEZ 5 EXAKFDT7 v RIiZ 40
ppm L iz 2 2 L 2R LA, #HH - ILAE (1975)
BIARFO7 v REBREIEIML T, TRETHZEX
FO7vRERER 12ppm 2z T, B NOEEDL
WRTSHZeaRLE, AEBRICBWTTZ v 6ppm 4l
HEXDOZKIIHBEED 4.5ED 10.4ppm O 7 v FHEH
TEZEEHSLIZLIEY, NOBEADHEIZOVWTD
BRI T 52 EBBETHA D,

BEE AR ET T AR b o TERICIH AV
RIITHEERI WL, EROH#FEEHL T E T,

50 A X #

EFREIE - MIFEZ 1988, SRR ERHFE. TERKR
WrEEH 55—60.

et - RUFIZE - RANFIEE - (UIRRI « AEER 1970. 7 v1b
PN & BAKREB L UAEOEEIZ OWT. KIRFER v >~ ¥ —iEk
7:25—31.
e LM - FRRAD - BEIRYE 1982 KTRC B HIRMOFES L U7
E =7 REEROWIGERL & RN OB, BEAD 51 : 492—498.
BERITREESESR 1991, Bk (FR 3 £ERR) . HRER T
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SR « &3 FR 1975, YRz T[T 7 vibo2E. Bl
49 : 341—346.

AR « HHEBLE - = BR— - EHEET 1975 EYREic L 25
7 v REROREFE. B 49: 347352

INAIER « SH5A— « BLSKER - HEEER - REH— 2000. KFEEES
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Effect of Fluorine Added to the Culture Solution at Lower Concentrations on the Growth of Rice Plants : Masami
YAaMAUCHI*Y, Hirokazu YOSHIDAZ, Tetsuro TANTYAMAD, Teruhisa UMEZAKIY and Yuichi NAGAYAY (VMie Univ. Tsu  5714-
8507, Japan ; ¥ Matsusaka Univ.)

Abstract : The concentration of fluorine to the public water bodies permitted by water pollution law is 15 mg L~'. The growth
of rice plants was severely depressed by fluorine added to the culture solution at 5—10 ppm. The purpose of this investigation
was to make clear the limit value of fluorine on the growth of rice plants and to clarify the absorbing mechanism by the roots
of rice plants. The effect of the fluorine (HF) added to the culture solution at 0, 2, 4 and 6 ppm on the growth of Oryza sativa
L. cv. Koshihikari was investigated. The increase in the leaf length and the number of stems per hill was depressed by the
fluorine added. Especially, the number of stems per hill was obviously decreased by increasing the concentrations of HF. The
number of ears and unhulled rice per hill were decreased by the lower concentrations of HF. It was clarified that the dry weights
of unhulled rice, leaves, and roots were markedly decreased by fluorine at the lower concentrations. The fluorine content in
leaves increased by increasing the concentration of HF and prolonging the growth period. It was shown that the fluorine
absorbed through the roots was accumulated in brown rice, leaves, stems and roots.

Key words : Fluorine, Fluorine content, Growth, Rice plant, Solution culture.
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