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S AD A L)

C : BRENa k%, B LBATE L e BB o k.

4, B B

FHITRISFOA S ROBBRERICLZNLBERKD
E A I, SR ELTINETRREDH - 10K
FHBLUERICHL, FRICRTFZEER S ORERE
BROMWLERH 1,

FTIMERE LTRTEE, KRB LUERZHH
L, #EHICHRING 5 NAA, BAPBE £ LR, K
FEEAIMERE LT, NAAXBMICS mg/ 2iFmL
1B, AR BHR0 %L L, EEFHMELIAL
ZOEEMNB0%L EESY, RFEESKRFRBLUE
F&bh behBEMIcEER/MELL (FE2-1, 2, 3)

CNETILI I VA5 R TEEFHMENEE X
h7:4t¥E (Kamo 5, 1990), K¥+H (Kamo 5, 1990 ;




Kim+Kang, 1992 ; Remotti, 1995 ; Stefaniak, 1994 ;
Tomotsune &, 1994) % kORI DO #ER (Stefaniak,
1994) 2 EAHMERE U TRL R TE, SMERE K
BICHRT S ENHEETH -0, T, XEFSLI
E5E TOMREENE L, BROFHEHE LI, Zh
XL, BHEORFEHENMEKICH N HE, B
FEICBRTE LIoRF AR REANICME(L T 5 2 &Ik » T,
REDOIMEERZ1ZIF TFBIC D > THERT 5 2 &M
THb, =67, HaXEEIE, KX 1~2 mmTH
Bz, HEPRIRTHEETH O, 25 COREFrc#tfls
192 &7, 2~3 » AMRBT R, R E
MERE NS, T OMFRIKZ AR LR, B
GREEHMPOKRKTH D, XELROMmBENRS D, H
BRNANZPHOHMMEE D7ED - T -7 (K 2-
1-D)o &7z, MEARARZ HHM) R R B E SR I © MS B
HIZERE, XESLUCROBENRS SN (F2-1-E),
doT, T THESW KRG EANERL LA LI, U
AT, RBFETH S M Le R TEEEAOIRE
R RR I, CThE TOWME I TEHEN SRS
Fih&éEZ oMb,

AFEH» 6 OERIERRE P 3I-X, " hIRF
BIU N7y THET LR, AERERA IV ZE
i mEEEENED SN, RS-, R IRT TN
ml, N7 Y= BMEM - (FE24),

hIRT = ORTEEN S OAERE RO & %
JEAEBAT B LR, HaiE "k S X5 =" Li3iEdH—
DT H -7 (H2-3),

NS DFERD S, MOBNHMHEET, RIFEOEHN
RFEENC, € OEALIMEKRE L, BMIZNAAZS
mg,/ LA L MS B TR 5 2 & T, MifE TRhR
WS ANEREE R R AL T & o,

BIH EEFELHOOAREFERS L CHEYEELE
1. #&

INET, 73945 XK~ D HFHEBEIC & 0 4
BERNEWAICFASRICELE 2 EBBREIN T
5 (50, 1965), LA L, GERDSGERSKFEN LK
FBREFE T, ERE7 ¥ —PHEMED I —Eiz L
HobhB B MROMEYEN S, TLEERLRKE
Br0REETH - S, 1965), ZoOMELLT,

i

WFERYOF 7 6 LUORT =7 T, WHHREHIC &L
h BEAROMWRICECLERY s ¥ —2UIOWY, 5
BTHIEINL-T, BRERERKEEB LTS (T
BEar < NEFIR, 1989 AL - MAK, 1972), AWIFE T,
COFHEEBFEMYO S S DA S RICHERT S 0T,
EENMEBEINDZAEA B L 2N ERENITEOMLE
KhHDFREEREL, WMYEREHESYE 2RO ER
BT,

2. MEBLUHE
1) AW RERS L UVEEBSMEICRIFTIERBLLOR

2
E BRI HILRER

B EHE M TREL TS “F AT =" (fE
o Bk 2 T ZTERIEL, B, R K
BAAEIA (BATE2~3 Bl OIEEsihr & e o B TE
(LU, e BEERRT B, fE A, THEIC
o, AR E Ui (B2-4-A), BB IE /MR %E Tween —
20 (0.1%) ZiEhn UicRHMBERB S Y 7 LER B
IEFE0.5%) T 200 MRIEL, X SICHEKTS S
O 3EIGE - 72, b EEAE 5 mm AREEO/NTIZ5
U, {EERERSLCTFEES mmiGREICEKRY0 I
UT2~3fHosHlkic A& L, B £h £h 100, 100
BLUB4EEERLL (K2-4-B),

FEefhiI MSEHhARARE LT, 5 mg/ ¢ NAA, 5 mg
/4 BAP, 3% v aE 10 g/ £¥ERKEFML, pH
5.8ICHBIL ¢ 24 X 90 mm OREEEICS ml §FOBE
Lize TVIETRE LItk 20504 —bsL—TL
PHEREML & U7, B 4MI325°C, BEE & Lo, BIE60
H#, #AURERE (B BLUOHIVARERE LI,

£ B2 EEBME

AEEE 1 TR S W TER T 258, FIEHRKD 7L 2
%3~5 mmAOKEIILHEL, i 100 >E
PR U7eo BEIZAHISER LIcHE U TR L, AR R A
MEELT2 mg/ L BAPEIFIMU 7o, B|wEM4G 25
°C, PRt (2454 A FLAOS - W, HE 51
F o 78D T3000 4x, 16EHBEEE LA, EERG0
HBICEEHMEA N ZH (B BLXUANAKIDE
BEHEFEL I,




2) FENo D NI AERS LK CEERSLICRET/N
ERER7F—-S0OTE

E BRI HILREM

ML MR TRIFL TS b IR T = £
WTHRE L, Hui, MRk, MLORERAT—-VER
BAAEH (BAfE2~3 BT, BAEHH (FHiE2~3 H%), &
TEI (BAfE6~THR) D3DICHT T, BAT—V O
FRAMA L. MERTEE2T0% =¥/ =izl
MREL, LUFAEHD LB T -7, ZOTHE
%5 mmiBREIC®HYI0I1c LT 2~3Eaosthdic oL
K27 =020, 39B X U29MMAEER Lrc, HithidAH
1) SEB 1ICHE U TR L7ce BRI AEI 1) 51
ERERIC Uiz, BIR60 HEICHEME 4R, 770 ZJB L
() BLUOA N ZEEFE L1,

E B2 EEEME

AEi2) B 1 TEMEINLE T — P OFHICHEKT
57 AE 3~ mmAOKE SICHEL, EHiczh
ENS0METOBEIR L, IR D EBR21ITHEL T
TER U7, B4t b LUREEERA L EB2 SRk
Lo

3) EEFENO NN RERS LUEEFSLICRIZ
THYRRREYEOTE
E OB1. hILIER

BEEMEHE MR CTREFEL TS b S RT =" &Y
AT ZATHEEL, B, HEE®RORBIEY (GBI
2~3HAD oTFE LUT, {WETHEEHTE) 2H#HL
7o WEEIAAE ) EBRLICEL TT- 72, ZOEETHE
%5 mmiERE IR 0z LT 2~3fEoikicaE L
20~58 {8 A MR AN BT IR U7, BEHLIEAHET 1) %
B 1CHE U TUERR L, MRS E 1 > o TR,
1 mg/ ¢ 2,4D, 1 mg/ ¢ 2,4D+1 mg ¢ BAP,
1 mg/ ¢ NAA+1 mg/ ¢ BAP, 5 mg/ ¢ NAA,
5 mg/ ¢ NAA+5 mg ¢ BAPK LU 10 mg/ ¢
NAA +5 mg/ f BAPDTRAZRE L7, K#HEEED
S UGAEIEARE 1) EB 1 &REEIC LT,

£ B2 EEHM
AH3) EE1 DS mg ¢ NAA+5 mg/ ¢ BAP

BME TR SN AN A% 3~5 mmAOKRE XITH
H L, Bz zh 2N 50T DER Uic, TR 1)
SKEER21CHE UTIERL L, M EHREIYE & L TBAP %
R, 0.1, 0.5, 26 £ N10 mg/ ¢ OBETHRIML
foo WEEFUB LOHFBEIAT ) EB2 LRMKICLL,

4) FEFENODONINVRERE L UEEFHMLIIE T
3 miERER

EF BR1. AILRER

PR EHI ZRMB O /B THRTIC B O TR
LT3 ‘b3R5 ‘Avy—" (i@ k),
N=X ([ ) LT NAF by y (F R ©
EBEORLZAFEEM O, ThoDREE/ A Ty
ZTHEHREL, HBEBNMED OAEETFEE2T IR,
Utco BN, SRR IR, KR K51 T~y
FEICHEL T, B4 BEOZ N EhIc 00T, 42, 49,
27, 29MRDONRER A B R Lo HEHIZARE 1) B 1
U TER LI, 8RS LOMBIEARES D £l &
FEEIZ L7,

£ B2 EEFSML

Afid) EE1TERINLAINZAEI~5 mmBITH
EIL, B 24~40 % BK U7, KEHIIAR 1) FEB
21CHE U TR L 7o 35S LOHARARRE 1) KB
2 ERBEIC U,

5) WEMEBEES &L VIR

AKRE L) FEEE2 THEFHIRRA VAN ORI NIE
EAMSEHA 20 me $o4F L2100 me a3 =A)b
E—h —~ MR L, ZECROMEEN 72, 25
G ot/ MEIEE 6 % > s BRI L 7o MSH5iho A
57100 mé I HIE—H =~ LT120~180 H
ML, REOPRER - 7o, BHEEKHEI25C, AR
HWRATT 3000 £x, 16MEEHEE L7z, BkENS mm
BECER LS AT, BlashicRkELZROBL, M
WL, RIBFTHE AR o0, HEE2~5CT3 » AL
FARBAVERTE, BREEA AR v MICER, KL, BB
TEBRRE, (EEFsiv 7oy Foal X BERTHE
L7,




3. # R otre Flz, HIVAEMI0 mmbl EiZ - EEIRAE
1) AVAERS L UVEEBMEIIRIZTIERELOR W REA23.0%, FEMNTS.0%THY, FHEEEEL

g AR I AN RIZET B RERANZADEE

AWV AT BI BT IO E A F 251IR LT, BEE -7 (F24-C)e X510, BEEELI SHBRE
H L AR B EH EEE 0%, TE# A EEEA56.0 %, EHOPTHINZARKENS) > LD EFFHRIENES T
FEN4.0% &m0, FEMEER SEXTHERICHD Hoto

F2 -5, AR BT TSRO E

AR
BT AR —
< 10mm 10mm = 51
Al 100 0 0 0 at
Tes B85 100 33(33.0) 23(23. 0D 56(56.0)b
F B 84 16C19. 0 63(75. 0D 79(94.0)c

ME P IRT =, BETERLEEOHIE2~IHETOTE.

Bedh  MSEEHICS mg/ £ NAA, 5 mg/ £ BAPZ7RAN.

Regdef 1 25°C, BE&ME. B BIRH%60BA.

PRI BTINT 7 RNy M x PREOSWKETHEEND LI LERT.

K2—-4. ‘FIRT—" FEIMDOANZABLEREFER /S—= 5 mm.
A BEHCEG e TE R LB (UP), fE#A 3 (LO) B LUFE (OV).
B:&EhiZLTERKLILFE.

C:5 mg/ £ NAA, 5 mg/ 2 BAPZHEML I MSEHUC W TFEN STERS WAL,
D:2 mg/ ¢ BAPZFEM U1z MSHEHIC K13 2 4L 2 & DARFEIFIC & 5 ELEHML.



AN RIS DEEFEMLICRIZ TSI OREEE
2-61Z7R Uize VR & D EHEHMERIZIEH &2
64.0%, FEN63.0% L HAFLEELSZEIED SN
hhoteo ERANAYL Y OEEK S 3~10FKT, &

FERFAB ORI -7 (F2-4-D),

HE, ANAISDXERMLEEFHEMETHREL
k&I A, TEFOERNED SNz (K2-5-A), Fie,
B {EL Y -2 AT (A

A . .
2—5. ‘FSR5— FEMNSOREFE, FEREKS & CBLEMEEORIE
A FEARAN RS NIEAEF B) ¥IUCAERE E). /S—= 0.2 mm.
B: #AZD5DORNEFRATER SN EWEE L CKE X—= 2 cm.
C : BkEIE(LH:, niR UBATE U - A& DA

#£2-6. HNALSOEXEBRSCITRIZTIERTORE

fit &R EEEME AV Yi b
BT Y - 70 28 EEH
VX Ak 3 100 64(64.0)a* 3~10
F E 100 63(63.0)a 3~ 10

M F-STIBRL LAz VR, M MSEEHIC2 mg/ £ BAPAZRIN.
ek 1 25°C, 3000 £x, 16B¥MIRE. 3/ : BER%60B B.
A—OTNT 7Ry M x PREOSWKETHEESZN LWL L 2RT.




2) FENGDNIWRAERS L UCEEFMELCRITT I
ERERF—JSOEE
FENSDANABRICRETMERERA T -V 0%
BAF2-TIR Uic, MBHERRIERFMIEEAL5.0%, B
AEFRIAAY10.3 %, BRAERIAA62.1 % &0 b, BHAERIAI

DEEBAR2-9ITR Lo 71V A SR ERGWE HIR
fm, 1 mg/ € 2,4D, 1 mg/ ¢ 2,4D+1 mg ¢
BAPH L U5 mg/ £ NAAGMKX TR EEINL
Motehs, NAA, BAPZ & bIZGATOH A58 ICIHEN
W S o, #RiZ, 5 mg/ ¢ NAA+5 mg/ ¢ BAP

FEDIFEE A AEAITH - 7o HIVATEREIT KRB WX THIVATEELRIZ100% &80, oKX &L
FEHE, BAAEREAAY & 12100.0 %, BATERIAA90.9% T THEIIES ) - 720
Hotio BBMNI0 mmP I ANV ZADOEESIZAB " p— .
#£2-9. fEETHEN S OHIV I KIZ %
TEHAAN78.99%, BAAEHIANSS. 7% TH O, WHFICETFE EHEE o
D HNMIN - T, I (mg/ 2) it = 71V ZAFEREE (%)
NAA 2,4-D BAP  THEE  <10mm  10mm< it
£2-T7. FEISOANABBIRIZT/IMERE R T — ¥ OFE 0 0 0 20 0 0 0 a*
L Bt ERMEM 71V 2R 010 200 0 0
AF— NS w0 1o l0m= e 0 1 | 20 0 0 0 a
- - 10 1 20 6(30.0)  3(15.00  9(45.0)b
BfE2~3EE 20 1C5.0a* 4L 1) 15(78.9) 19C100) a 5 0 0 20 0 0 0 a
BETE%2~30 39 4(10.3a 5(14.3) 30(85.7) 35(100) a 5 0 5 57 6C10.5) 51(89.5) 57¢100) c
BETEZ6~TH 29 18(62. Db 6(54.5)  4(36.4) 10(80. Db 100 0 5 58 2( 3.4) 50(86.2) 52(89.7)d
MEL D BIRERD TR T NT T TR BHEH R SR 5 ) BB 25°C, BEAME. B BHR60BH.

Belh : MSHEHIZS mg/ ¢ NAAS mg/ ¢ BAPA AN

B 25°C AR AR - R0 B.

TRISBTIVT 7 Ry MEx PRTEOMKETHEENH S &%
RY.

72N S DEEESAIC T TINERER T -V D
HEBAR2-BITR Ui, BEHMELIA N ZDOEIEITE
FATEIAAY 66.0 %, BRAEFIA, BN S $1260.0% &
B, INEDZF—VICLP2EBRLEZIRD SN -
2o HIVAEI D OEEHI/NMED R 7= DIl L BN
<, 3~10KTH » 72,

F2-8. HIAL»SOEEHMUCKIBET/NERERAT —

Y D
NER T — fitzt IR 7V R 272D
1 AIWAE ARG EX 2
B E2~3 w7 50 33(66. 0)a” 3~10
BAAL#%2~3H 50 30¢60. O)a 3~10
BAAE6~TH 50 30¢60. 0)a 3~10

M F2-T TR U2 /70 %, Bedh MSEEHhIZ2 mg/ ¢ BAPZA#5HD.
Reg etk 125°C, 3000 £x, 16BFRIHE. 34 : BK®%60HE.
RO T 7Ry My PHEDSYKETHEEN LN &%
R

3) EEFEINOCDDIZERS LUVEEBESLICREF
THEYRERGME O ZE

WLETFHE O DAV AT KA 3 il B SR Ei e

ERATINT 7Ry MRy TREOSWKETHEENS S AT
7.

EFERER A V2 S OEERMLIC KT T BAPE
EOREBAR2-101TR LIc, XERMLLIZANZDE]
413, BAPEERIMK, 0.1 meg/ ¢ MKk~ T, 0.5
2B L0 mg/ LARMULIRNERICHE L, i<
2 mg/ L FEMER R ESOERICSH - Tce HIVRED
DEIEKIE BAPIEM, 016 LT0.5 mg/ L iHMX
MI~2KTH »toDizxt L, 25 £10 mg/ £iRMEK
M3I~10KEHRD, Bhot, UL, ZEOHMERE
122 mg/ LERMXA, 10 mg/ LRMKEDEEX-T

Wi,
F2-10. AEEFHEBEANZNS OEEHSLIIK
129 BAP O
BAPIERE it RS HIIAH12D
(mg/ £) H L 2B 77 2% ZEY
0 50 10€20. 0)a* 1~2
0.1 50 14(28. 0a 1~2
0.5 50 29(58. 1Ob 3~10
2 50 33(66. 0Ob 3~10
10 50 32(64. Ob 3~10
ME R IRT = OIEEFEN SHEL AV

HERESME 125°C, 3000 £x, 16BFRIHE. 354 - BR%60AE.
TREATINT 7Ny My PREDSKETHEENH B
EETRT




4) TEFELSO AW AERS LUEEBS{LICE T
b RiEHESR

LEFHENS D7 IVARRKE BEOBFEE2-111TR
Lo VAT 4 ETESE b N TOMERICERE N7,
ANZADRESE, A= 1210 mm KO A IV X
M25%BTH - 1LAHE, $TI0 mmPlETH -7,

£2-11. REFEISOANAERIC BT S LEBHER

o1& e 77V ZTEREL (%)

Qi) ben < 10mm 10mn = &t
Fox7- (B ) 24 0 24(100>  24(100)a*
- (IR 36 0 36C100)  36(100a
M-Z(E D 40 1(2.5)  39(97.5) 40(100)a

IMAvyy (5D 35 0 35(100>  35(100a

ML B O 7R

Hedth  MSEGHIIZS mg/ ¢ NAA, 5 mg/ ¢ BAP# USRI

FeAg 1 25°C, BESME. A BER60H H.

E—DT T >Ny My PBREOSWKETHEEN S
EEIRT

CETEREA V2D o OXEFHMLE GROMFE
F2-121R L1ce ANANS DEEH SRR PSR
TR bEL, N R bENEERL, S
MTHELENED SN, £/, ANVARYhOEE
iz b IRS =, ht= 2 RI~10K, N7y,
RAF Vw8 WI~2KTH -7,

&2-12. JEEFHREA NV A S OEERSICE T

% imiBfE e

o FE R FEEME A AMID

e FIVZE hL ) EIEH
SAVEIC: 3] 42 20(47. 6)a* 3~10
VING D) 49 1C 2.00b 1~2
M-X(H ) 27 7(25. 9ac 3~10
KAV § () 29 3710. hbe 1~2
ME -1 CIBRR Lo AL 2. BEH  MSEEHIIZ2 mg/ ¢

BAP % ZR 4.

B34 125°C, 3000 £x, 1ORFRIHE. 354  BIR%60H H.
TREDTINT 7Ry M3y SREOSKETHEEENH B
ERRT.

5) EMEBLES L VIR

k& i BT MR BT, R L, EKEERBRL
72 (H2-5-B)s T OEKEAER, HEELLEI AWK
BIRERICAER L, WA, L. FEL Mk, 1k
BTHBELST oy FORNERED N5 LFE-—

T, {EREERLFIIEMELERETH » 2 (K2-5-C),

4, E B

ZREE - NFIR (1989) ERFIERH O F 7 Z -, #
VIBBHIC L s THF A SRICEURIEBREREGLE
RIEERFEL T, BBV TRLEREEKEZB L&
BEL TV, BYERYO /S 945 2B THIE
BARGIHRICE L, I REic 3 BcE A
BIENEBINTWS (BUETHR, 22T, KBF
e TBITE2~3 HATOE OfEH A L4 & L/MED &ER
BN S DAV ZFERLE & VB FEHSLERET L,
FORER, TR LoV R, EELE HICERS
ND -t s, (B EEE L CFEN S AV ZER
DEFEFMENED SN e, [EMA I H L O TR HIE
DAV A S EEBRMERIZITIZRA T, SUVEER
L, ANZEBEPEN TN ZORFETH > DT,
BEAWALE U TP AR0E & U7,

IhETIE, EBERER LR ER—E0T5F
PROEERLTERY /2R LIcEVIHMERR
WAL, BTEREYO S S O 5 X TRFED LRI
LT, fERPREL TS (K2-4-A)s -T, T
EARM R B RAERIECAIBICS b, BRIk U
REBNTHEAHBRT 2B LRBICE LT 208
HRH 5 (EVETHL, K4-1-BE2EE) 0T, FEE
BICK > TETERTONMEDERBE A RTHEERF SN
ZIENEZ SN D, |

AREORBKOBMWIE, 75945 AOBRBIEG
BOB®AZZ T, ERLTEELLHEEERT S
CEEH B, EDLDICBHSRBA LAREEREI
AOTHEEL, 2o%d St o &dF foig—icit
ERLRIMEGKER V-2 7L, 205 DRED
SCERY 7 —AETIFHROMANEL OGNS, T
OBE, ERICIBEMEEOMEE L R S5
DEODT, MEHERO DI CEAL, S I Z RIS
LO0EE L,

B TRERE R T — V%2 SBREICHT T, FHE
BT, FHIERBOFERMORE R T — Vit~
T, MWEBEENE L, RS U T ORI A#E Y &
Wi L7z BB O FRIEHFLRRMEL, 7V AEKE,
EEFMEBE BRFIEYOFHREEABETH 72 L




U, BB @S2 - IRAETLTW A, B
TEFICER U lED S OEEARAET S[REELE X S
h, RARZERDNOBIZHI GBI & 55 RENSFAEMEE
FICEENDIERESEDSR D B, ChoD Il &Eds, THER
BICHOBINEDFE 27—V, MEIC L5 HREN
THIEL, ANZAH S OEEFBMLENELED - 125
AE2~3 HAT D REATEI A Rl & FIMr U7,

O &R AT A, FERX T —VIic &
DEBERSLRIZED H S Z &N, Nakano and Mii
(1993) itk bEINTWB, 2F Y, Dianthus
caryophyllus ‘Scania’ OREITEH, 58212BAE L 7o A
OISR AAT - 1oRER, WIHBHE L 0 ZEHMLE
MEM - e ENIERPBONT S, 2OLIHIT, &
DRBIE AT — ViF CEEHMEENFG OO, WK
DAL, XS ZDUMLDOEPICLIOENHLDER L
&z, MBESHENOECY, ThICBET 3EEE
KEEINAIRERIVE VOB OHEOBELERIC
£BEEZ NS,

Wik, 77U 5 X022~ HRETOAEH A T, FE
BT TIHEICNE > TWT, ERtE 75— 0
KNI EELONS BIVETEHB,

AIFZETiE, NAA & BAP % & bicssc i L 7235
BT, LD THIZEANED Sh, HIZNAA, BAP
EHIEBEDS mg/ £ NAA+5 mg/ £ BAPT
HNVAEEBNREDD TEN - £, HIVADLD
FERHMMCII YR EREME BRSBTS 20 %2
Bdoticht, 2 mg/ ¢ BAPOFEMT6E6 % & &b BIT
TH -1,

Hussey (1975) 375 94 5 ZDFEEMHMMAKIZ L
T, MSEHIZIAA, NAA, 2, 4-DABIh TN L o5
TR Lcd, AIVARK, FEEMLE Aok
LT3, Zhid, KFFEOHREE—H LT3, —4,
Zivo (1970) @375 U4 5 AOIEEEMEEKE LT, 7
WA, ZEEFMEEREL TS, ZOoEEsDAIL
AT DM AR E MR 5 meg £ NAA +
0.5 mg/ ¢ KINTHBEOA -+ v SKBEDOY A
RAA =V DHAEDETH -1, —HEEFHMLIEH
DRI E R EYEHAIZ 05 mg/ £ NAA+0.5 mg
/4 KINTH -7 mfEPHERFEORUNENLLZDT
BEEEBIE TSN, COREIIATEEREPDPR

BABEENRESND,

INET, YIVATADOANATEE L LUCEEFS
{LIcRBEMEREDH L 2 E08HE SN TS (Kamo 5,
1990 ; Remotti and Loffler, 1995 ; Stefaniak, 1994),
KIFE THAETFEM O D7)V R HBICE STERZER N
INE D o DS, AV RN S OEFEE S RIS RAERZE
BEid o1, REFE2HTANIL I CKRTEHISDA
VAL L ORERERIC b REHZRIRD o, —
i, 7594520 NVREREE LUALADSD
EEHSMLEEICE, BETHNEET I ENEES D
%,

PLDHERLD, /'S5 ATENTTENLDE
EEGMMLANEILTE ., 2F 0, BIE2~3HHOFFE
24580, 5 mg/ ¢ NAAES mg/ £ BAPAEML
fo MSHEEHL T, 60 HR¥S®T 5, RS hicAIN R %2
mg/ ¢ BAP A7 L MSE#hT 60 HR®ET 2, B
HE Nt A MS M~ L, EELROMEE
M5, oo ni/MEMIERE 6% abizilEmL
MS EEfth A~k LT 120~180 HRIRE®E L, XD K%
K2, BkEDSS mmBEICIERLAEIAT, Blah
TEREAMOE L, BET 5, KIEFTHART 20, Bk
¥4 2~5°CT3 » AL LKBERT, BREAERM, bk
b S €%,

CORERERMA LT, BEHEESIC L RBHLERO
FRIC A U BBy s -2 OMD, BT 5L
Lk - T, STRAERERKDOIEH AT > R AEBVE
THET 5,

BAR KRTEBEHIOORERHERMEECECIEER
£
1. # &
5V AORBEERE, ThETTIVE /A%
8 L7 &9 % Remotti (1995) 0L T, +474
Bl Eh T, L LhofEE SRBICEEEIC L
S THUZILBERKOEE~ORAM TSNS,
72T, REE 2T LUACKRTFEED S ORERRE
BREMOT, RERBERMEERIZE U 3 TERERORRM
BLUBBREROWMBE L TEE ORBEEHAEKTH
BINHEOEEROBEMEEHSMCTT 5,




2. MEBLUAEE
£ B1. KFEEHIOOREEHEFEFICE CILITERE
£
AEH2MTHONL FPIRS =, ANy~ B&
U b= D3 REORERBKROKEE, 19924
WSTRFERR O TS T AR L T, BRI L, B
A, 135N IEER64~489 Bk A ZEHIFE S 10 cm R
DIFHMATERMUI, HBXELT, FEREAFHOHE
U7 BER 120 Bk A R X & AR IC Rt L ic, £ DD
BRI URIRIETE S HHREE R IR U TAT - o GRIRIBEEAK
IKEEER, 1988), fEaZs B o AN 3 & OB I8t
LT HARESMYEELE (MEEA HEBEWEHR
B, 1984) TI1EMEL BRI - EBABKICLD 2D
124, ESICERE sy —OREXICLD, 48, ¢
b BIEM A AL AR LRCRE e TR =),
M 1 Ll E/NE L ERES (B 1#="), /IMEL
ALl Bk ER (UNMETHE=S"), )&k Rl
KB U, AREBEMF 2~3 8 Z & 10fT- 2,

£ B2 BEOREWEREARCEIZEERER
MR THE ORBEHERATREL TS "FIAX

=", AN = BLU M- OFERE, 19924

B L9984 1C, Bk LU Ty 2BHIENE

ho ST LI 2EMEAF LT, 264, 94, 120f@%5E
i, BAfEX Wiz, BATEMIIT/NE10MELL LA A L@k
IKONWT, ERERAAR LU, (LMBEROPMERLER
EREOEAICH L THAREMYEERE MBIEA
HABEIFETE, 1984) TIEREL EEY - jths
BRI LTkl Bl ks Lotk &
BmED, SBEICSHEL, Z5IERE/ S —DRES
ICk D, AR R C<TEMR¥ST) B & OTEH
Bl b CEERES =) A L TEAS A
Uto PABEEBAEHGF 2~3 8 Z L1297 72,

3. g
£ B AFEENO OREEBRMEEKICE CIEER
L]

AFEHED & OB KA D ERAEFIEL, £U
RAABEROFENEE RSB S ICHBEL, £2-131TR
U7co TERERKO HBBEE P X5—"515%, "t
=X TIRO0%, N7 =" TIH0.6% &0 mERT
MESED ohic, EBEERIFEGBEICGLT, "FIAX
5 - TR/l EBELOmE (K2-6-A, B), ‘"7
7= TEEELEINED Sh, [ERERER LA
BT, HE LT XTONMENREROEBER LR
Lo

i

%2 -13. KFEED S ORERBRMEKICAE U EOZERICE T 5 sk zER

it &R k()

i i 4 B & %
o = I & 7

TR T - E N R R 545 3€0. 6D 50. 9 8(1.5)

poliict 120 0 0 0
N7 = TEE R E & 170 1€0.6) 0 1€0. 6>

Xt B 120 0 0 0
bt = X N RE H R A AR 553 0 0 0

PO 120 0 0 0

w5 mg/f NAAEBRMULNSEMTARFEELIOFELLARERHE O HAEMMK.
WE  ABEREL IV -ORESIDEHAESULOBARKLAE.
THBERAKILE, KaFAS53ADALDI - L




(E)

A

eyl ol @ilvel

S|

F | .@

2—6. NEMHRMKICE U {ERERKEARBRERICL DN BIERKR.

N—= 5 mm.

D RIRS - ORERERERICE U R RO

R BRiE I gk 4 B OEE

cAD/ME BEEDAERL.

IR = ICHE U BRBRERICL BB/ S IEEER (RED.

 C LRBROBHREO/NS mTEBER (RED.

R IR T =T U IR R I & B A S h kBB K CBBESHTI Ul hE

HAEELR CRED.

CINT Z =T i U BRRESRERIC L Ao/ S BIERER  (RED.
(F LRI CcBREO/NIBERER (RFD.



==

£ B2 BEORXEYEREXCEIZEEEERE

W ORBEHRAEG CHE I ERERLE2-14
ISR Lo ABLE PSR 2640k, ‘~v 5’
MERD 5 B, FerkFEAL o K& SICHERLZRE L
ERIE &L h et U, B ESLTOKRE &
2N Zh 95 EE (36.0%), 26 M@K (27.7%) »AY
SN, BRY7 5 —-DRIRE R NS4 TRELLRT
Hoto, Fio, EBEEREHENL, BEALIOHETIL

el S Belo, 3o s (2-6-C~G).
bTART - TIRHEBLA 83K (31.4%), BEALNT
ik (2.7%), WFI U otk &R A A b EK (1.9 %)
THoteDIZHL, N7 y—TiRENFN 23K (24.
5%), 3fEtk (3.2%), 0 L4 vafEE bicHaib~
DEBRNE D - fce —F, "b3=X" O 120EKIZIE 4
CHEREERNED o N h - 12,

2 - 14 HEORBEIRMAIC 61T 2 LML R
3 , ZRE7 5 -0OREIHEELEREEG
W PR <ABHEFTF 5 (AR
e, -3 B BT 5 &t
PRS- 264 83(31.4) 7(2.T)  5(1.9)  95(36.0) 0
NG 94 23(24.5) 3(3.2) 0 26(27.7) 0
ho8—x 120 0 0 0 0 0

WIRBEOA. NEIVELU LEFEL @G LHA.

4. E B
AFFRORER, KTEHED S ONERBERMEAE I B
LB REOMBEME, R—REo—H50/NMED S
TEHLL, TXTONMETED SN, TOERIEMLE
AR TEBROTADLT, ULhvd £ ORERHICSERN
ERNEDONS, JOL S ICHEERHREKCIERER
DH U B ENES, EARMERICLTHShIcF 7 0
FEFHRMAE THE SN TS GEBES, 1990 ; Hifs -
FEYF, 1976 ; KA - tcdE, 1988 ; %W S, 1984), F1:,
Wakasa (1979) [3RBEMBEEH DN F v TIVEH
WTHERATY, BRERNICRZ I ZHOEREREBRTL
5, LT, THOOERNPEHEUKERE LT, ¥
FHBRETEENELL &, o0 EEEMENRLE D
EFATTHo7l &, BHENEZONDEE LTS,
WEORBERTRESIN T P IRF = & A
75— D2REOHIC, [EHFO—EI/NE L ERE L
HA NS PRICIEBER U BRI EHEECBE SN
1o ELANERHROMEFICENTS, N6 24
i, FERICOVWTOTRLERRERGKSHB U, BEO
KR, ZLOAERBEEOMEE IS BT OKRBEHSR &
RIREICTEM T O —ER I /NS ERF 2 E X b5 4 IR
TEEZR U AR ESSE IR IN L, Jxtl, ‘b

N= XTSI SIRICTEBER Uik d o Bl S
Bhot, TOHEER, FPIRFT— & ANy — D2
SR R LIS BT 2B T ORI B REREENS
WHHETHEL, ThRFASRICBRBENTVWE I L%
FEL T3, JHICKL, —ficEy T, BEni
TER (Yxro—FNVER) OELIZENFD O
T3 (Bajaj, 1990), kDO I L3754 5 Rk
WTHEAONSLDT, KFRTH SRR REKN
BB TE UL H B, MIEICLD, TERER
KBE U ETRIE, BBICLI2EZROBNILKICES
M, BEICLDELLETHIE, BBICLIERDER,
BRILRICN S, S5 ICRE—DRERATE, MHICE
ZERETE LB ETE ML, F/o, FiE (1983) 13, M
mEshic L sfttoafidy, Rt ~Rto 75
R A FROFICE > THEALEL TV AHEWETS S
negun, He~BoosoF )4 FEREFEEFEL
TNBHDTRIFEAERI >THHENELTNS, C
hoD Il &hs, REROPBUICKEHERNSH 5O
g, fERICHEDOLZEBEFOHRRREROHEN, &5
WIERARZER LB FORBEO I M miERZE
ENRHBEIEERELTL S,

AW TE, BEaEofLmicxl,

fEBEEOTTE A




HEefLE o FBao—ARiZdoboofiz, I<{—
o, #EEBEaenE LN AN sh (K2
6-E)e ZHUE ‘P IRT =" OIERTH Bk EIZHIC
BAREBHEOANTOTH - T, FHBESHICE TS
PARMORZTX NI D, ZOE, FlRMARZ &4
D, BHREEAM AR EEAROER 7 5 -0
BEELTHEL e EHiRan s, CoLHHBHEE, 5
NI, vaA X FRF, bbb, DN ETHOATH
5 (WIF, 1991a),

UEbLDHRI S, KFEEDI S ORERREEICL - T,
HRERERF LY /o~ FVERCL-TELE
RRERIIDVTOTEEREKEEETE S 2 &0
VAR A N

B5H B B

KETIE, BEBLOHT < BREBHFLEMS 5003, X
FIFNMEAEGDETHY, S35 R TEER
AREGHEETHER L, TRERE BMKENRNIIEN
TEHEAMETBLHIC, RO &AL,

BT, BREBLHRMICFERT I 0010, T
NIERRVWMEENLDL, £ I THAHEELT, KFE
T, KFRBLUCERF LG, BEMICERNT 2K E
FEWE & UTNAA, BAPOHA Y B L UBEES HBL,
fE TRIR SRR RO AT Ue (E26),

B21T, VI U047 RTH, BEAOREHRBAIZLY
TEBRERNMEWTICF A SRICAEL S, Lo L, kD
KBEFEHTHERY 7 7 DN I0BE, RGF£450
W, BEEREBKLBLIORIKNETH -7, 0N
KELT, B FRENEREMTENIEICD 5
TR EDIEHRIMMAREE L, TRRRERKEBLH
HBaRTILENS L, 22T, MMEKICH ISR
AL, NERE AT — U, BEHICERNT 2R E R
WHEOMEY EBES LU EFTEo B ER LR
Lo (B 38D,

B3I, SIVATATE, ThETEREERIIONT
FEEAERFENTOREOLR, BofEx & RIS
KR L BIOERBOBEEA~OFALMFEND, <
IT, KEE2EHTHRE I WA ATFEED 5 DR EWES
FRERCT, B#ICL > THRONIILOERZOMMEE, &
WORBEEAMAEKIE U EBER & BB L,

9, UIVATRAOERERIL HIECERKDOIE
HAEHZ, HHEEELTINETICHREDH » KT
BB LOERICHL, HLRKFEED, S ORELIEHE
ROMWENL ARSI, SR E UTKRFEH, KFh, %
Fr & EEHICRINS 5 NAA, BAPEE 283 Lok R, K
FEHEAMEKE LT, NAAZHEMIZS mg/ 2L
18, WV ZIBEENI0 %L L, EEESLLI AN
ZDEENE0%LLEE Y, RbBIICEERMLL
oo ZOEXEEBHMEAERICLEDOTH -7,

I, TEERENLD © OREROMT A 4EE U, = D
B, SR RO B FERERALIE, AV AR L UL R
NODEERMMBRORLEN > K FENRKRBETH - 7,
FHEETIHEO/NMEREAT— Vi, HEIC L5754
B BIEL, HIVAD S OEERSRN R b EN - 1
BATE 2~3 HETORBHIEIAN T T dH - 7o BEHIZANT 5
T EREE O A LBER, AV ZJERA, 5 mg
/4 NAA+5 mg/ ¢ BAP, #JVZ S DEEESLN
2 mg/ ¢ BAPTRbLBRIFTH » o {EETHENSDAIN
AR BB ZERIVNE I o 7o, AR S OFEE
H LRI RERER NS - 720 T OEHEFSTLIZS b
EAREFICLE O TH -1,

Tk, KRFEEN S ORNERBKMERK L L CIEETFH
Mo OFAEMEKE, & bICTERT CTRBRE R mE &
BFIERLTH - 7,

51T, KTEED S OREMBRMERIC 513 580
EROPBHHEER L, TOEE, LRERNE—
Rk O—a3 DA DA TR, TXTOIEHA T
BHoh, zoERIFERBIENTERBRETHNIT, L
b Z DTSRI REEZERENED Shtc,

75 U4 5 AT, IhnFETicft¥E (Kamo 5, 1990),
AK+F (Kamo &, 1990 ; Kim and Kang, 1992 ;
Remotti, 1995 ; Stefaniak, 1994 ; Tomotsune &, 1994)
B LOERIOER (Stefaniak, 1994) %5Hifk& L
THWIERZRRBEINA TS, LHL, Ihoildst
R A RBICHERT I E0RETH b, T, ¥
BEHMULICES F TICHREENREZ L, ZROFNTEE
Ufco —0, RRFE TR, KRFEHEAEIREKICHO R
B, BERBEICREUARFEARBERINCERLT S &
L& - T, REOHERZ 31T VEMIZh I > THRY 5
EDNARETH D, X5, ALAETEE, KExx1~2




mm TdHh 570, WEPABETAETH D, #LETH
&L, 2~3 y ARETE, SIRMICAERDNTE
REN B, LichisT, RWFFETH S M LARFEE
EROERERERERE, IhE TOREICHATHE
DONBENBEFEEZEL ON D,

HARTEE T, ShETVH (S, 1978), 47
oy (RIS, 1984), XU 7T - 74A4 U R (RES,
1993), 7<= U Yy & (=4, 1975), £¥ ¥ A (Hussey,
1975), A —=# 5 & (Hussey, 1975, 1976), A A
+ > (Seabrook &, 1976), &£ 271 Y (Hussey, 1975),
v 5 — (Hussey, 1975), /~n+ =5 (Hussey, 1975)
TTENS OB, 37 ARHOEEFSENER
Laxn T3,

—H 75 VA T RACB T, (LR E A LR EE
SHPMEE XN TNED, VTR EEHRMUCEES T
Motze ARFEIEZ 5 U4 5 2OHBEME LTTHE, 16
WA HEED S OEEFHMELZBI LD THELALBDTS
b, fEMRICAEUIERER Y7 ¥ — &b, BEICL-
TRRERRERKAER TEXa[feEEH o MIT 5 2
EMTE I,

ATFETEA R L TRNERBSRO BAMREKC I, K
SETIRS 5M, (LRICHT 35T ERERKNHE L7,
hohEEPoy s u—-FVERILZEONES I
A TS - 7chy, RHIRO—EICE R o RF3%
THA 3 U e R RBRE KA IR TS S alREtkdvR & 1
foo INEN VTHRBHESMEEAIEICLD, T
TSR TR A A1G 5 Z I T E 5,

BNE KF REELIEKBEROEYEAD
AU vRELIEBEER

E185H # B

CRET, FIUA5AOEBITIEE A ERKRIC &
30T (IR, 1997), WEHREATIC L 2 BRERER
25 ic3 X4 (Banerji &, 1994 ; 4145, 1964 ;
G155, 1965 55, 1963 1 I1AS, 1958), Qs
DL, BHEOBHETE - WER1H LA
(Raghava &, 1988), ZEREAFEOF| LI, DR
EREICREEEL 5291, BohtBETORR
FRIZIL->TIFLBBHOREEHBRTELHICH Do

ChETEAbNEY S V47 2ORSHEERTIE, b
b I BB G 4E I BAAERESE 72 Bk & L D ER L, BE
R2~100 Gy, hT100~200 Gy D&M EIT-> T
7z (Banerji &, 1994 ; 85, 1964 ; f5 5, 1965
3% 5, 1963 ; Raghava &, 1988 ; (h& o, 1958),
— i AmEs, BRI THRERERELRDF
REERESEOY, BEEOREEE TS (iE, 1983a),
F5UF S ZA0RBEERICELTL, BRUTEKE
BadIcBEEORENDLL, BETRERERLS
T B H 2 BBHOFAPEL SN D, TNET
BRHHE A v — 7 4 =V KN TEE T OEDEICITD
NTNT, KEOKRIRIKAEIZ H 5 KB~ OF I3 EY
R EZ ONS, £ 2T, BERKD/ME L, KRR
BH Z EDERERART, REFTOMMAEL LOINET
CHRED S » o ERE 0T, 2B ES LOBREIC X
BHURBBHMNT S VA T ZORE, EREROTH
EERY 7y —DREXCRIZTEEL LU REMZE
Bl oW THRE L,

B2 MEBIUAE
E OBl KFAOHYIRBBHICLIEERROFHHE
MR E LT, MBS RS GRBRHE R
EARTFIRED KA LK N7y =" (b fkE) O
BEEH5~8 mmOKRFER N (K3-1-A)s v <H
HBGHE 198944 H 7~10 B, BMKESREEMEIR
WIS BB O B NBSHi 7~ < - )b — 4 (¥Co,
38.2 TBqQ) 1ICHWT, HEHLI0 Gy hT0, 50, 100
B L0200 Gy 284 L7 (K3-1-B) HHREXICIZH
8000~9200 HO KT %ML 7o (£3-1)o

19894E4 A 14 HiZ, 9 ME30 cm & Ui BB IC
KFEE O STHEL, B¥EL LERBERL. 1990
EESHIHIK, PHELAREKOAEZI M0 cm, BREH
10 cn @ S4HEA TEMLU 720 £ OHOEE T RIRBAE
PR (FRIRIBBHMOKEEES, 1988) IC#EL TIT - 7o,
KFB L ORRFRORIFRIZ, BEFLEMBKS0HHE
121X 300 fEfKIC D0 THA L, B, BMAI
HERE 100 HEIC, F/BHH%1IERICEEMRT0E
Hiz, #HEX60EAKICONTHAE L, EBEZOH
I, FREOERICT B, ELRELS 5 —
OREXITLY, TRBR RS AR T RRE e




sy =7, Al DRl /B ek CTEM R 14
<), NMELEU LK ET (UMELE=") © 3B,
G 6 XA (E3-2), (b3 0 AR SRRt
2 (WA BABEREE 2RO THE L.
A BAEIARI I 2~3 H & ifT o7, b, HIE
AT EB D, Ky BB ATD I OEE DS
BEWRO T 7 V45 XA THIEMER Q5 1TZ LN
UEREILI R T A SROICBERNGHE THRE
TE5DT, #rvEBHICL2E0ERRER L ¥ —
DA DESEME B REZIDOHDIT L » THMHE L 72,

£ B2 BEANOAYRRBHCLITEEEROTER

HEMBIE LT P IRT = (et k) OBBHY
FACBTERESE S EEN 20 mm OKEKAEH o, U=
HREB S (S E R O PRI IS R E R 7 < b — A
BNTHEERIO Gy hT100 GyBH LI, HEEL
TBHX %o, BRI X A 820 18, MHMA
K399 TdH -7 (£3-3),

Fer I BB ST 199443 H 28 H 5 42ff1 10 cm,
R 10 cm @ 34 TREM LT, Z O BB Sk
AR BB A RICHE U THT - 1o, (EBRZEROFAREIERE
EE 1 LEREERIC L,

£ B3 HEPOHEMEAOH Y TIRERENTEEER
CRITTEER
MR s LT SRS =" FEf k), ANy v
(R - Rf) CHSHRSFICEAEREE T B 20 mm DL
Az, 19904E4H 250, RELDOA - 768 cm
XK1Y em XEE 14 cmD 75 4 — i, #R10 em
TL1 7505 =% 6~TEREERM L c, & v <Gt
F5H10HMS 630 BT, mEmRE7 v~
7 4 =K (®Co, 744 TBq) BT, HMEHIS 10
mOMLEIZT T vy —%ES, BEE]L Gy /HTL0 Gy
HAST U oo SHBE U TSI A B 7o, 80T N7
F =" FIRS = IIDNTENENBAX A 26, 2414,
HERHGHRNTETOTH -7 (£E3-4), TOMOEHRS
JOTEEEROMAER, AEER] MK L, BBE
RIFEREOMAEBICHT 2BK, BLUOVEREI I -0
KEXICKO, fRREORM C<{EBFES7), TEH
FHall b CfelRas") 0 2BE, 4R

MUK (FE34),

E B4 HURErRRBSEHULLKAFLEIIEEERD
miEMER

MR IR B o @@ TH S5~y v - GER
FE), hIRS " (@), NV AT 4 ([
A, ho-X (R #B) L0 BL0F (F:
) O5MEE RO, KREOARTEREE =M S
R TERIBERAEHT R ) L A L7, BBEHIC
Hofe KA FIRERKS mmOKE ST, ERETO 1990
FI3H5HIC, MAHMERESS v <l — Ll THEBR
10 Gy/hT100 Gyo#H v <#HERBIF L, ML L
TR X 2B 7o, FamfER OMEARFHIE, &P 76
S HmA 1009 TdH - 72 (& 3-5)0

BEA L2 ARTFIF 19905 B9 HIZ, HSAME30 cm i
LTEMBESIcE s s L, |FERBRELBRL 2,
19914E4 H 22 Hiz, 9 4f10 cm, #ME10 cm® 3%
A THREROA % EM Ui, ZOMOERE L OIERE
ROPEZ, AEERILICHEL TT- 7

EI3E # B

£ Bl KF\0H U BRIBFHCLIEEEROFR
KFADH < AR NEINYELS L0 LERD 7 5
AT AOEE B LCBTEICRIZTRELEI - 1IIRL
foo BEFMEITE Y 2 ARTORFEE, WRHXDT2.3
%/ 5200 Gy XD 62.3%% T, BHHENMEMNT S
e, IRTTAMEMICH » 70D, BUIZHEROBICHE
RN - oo BXIE, WBHXD56.6 cm 2 S 200
GyRX?24.1 cm T, BEREVBNT 2 1ICHOERE
R F Lo BATEMERRIZERFX2N4.0% TH > 72 DI
UL, 100 GyXA2.1%, 200 Gy XA0.03% & L
CIEF U7, &0, BfERRIE, MBHXoOT7TH 30 H
M5 200 GyXo8 H 18 H & BEHRENHINT 2 1C4E0,
BIET AEEMICH - 72 (K3-1-C)o BE 1AEB T BN
S Ui T, REFE, RO, BEREARIZO L
T, 50B L V100 Gy K TlE, EBHX EENASNT,
200 Gy Ko ANHEIKT LT/, FRIEREIIE, &
BHEXDO8H1IHMS 200 GyRO8HTHETER Y,
B ENBINT 21200, BET ZHEAICH -2 (K
3-1-D)s




#3—1. RFE~NOH U HARKIRE, KECRKIZTHE

A% MsER R e 3 B B B 75 1 1k % B & M

IR (Gy) fH 14 # (%) (cm) (%) T -5 | B

ELea 0 9286 72.3a” 56. 6a 371(4.0) a 7/30  8/23 9/19
50 7964 75. 3a 46.5b 353(4.4) a 8/ 1 §/21 9/19
100 8577 68. 0a 38. 3¢ 179¢2.1) b 8/ 3 8/21 9/19
200 7964 62.3a 24.1d 2(0.03)¢ 8/18 - 9/29

| 0 720 98.5a 61, 9a 525(72.9)a  7/21 8/ 1 8/ 1
50 680 98. 4a 57. 3a 551(81.0)b 7/23 8/ 3 8/ 9
100 4320 97. 9a 55. 8a 3496(80.9)Db 7/23 8/ 5 8/11
200 4050 38.1b 29.7b 581(14.3)¢c 7/26 8/ 7T 8/13

MAE Ny 5 - HEE, ERE  44F S 1989F4H 148, 14 5 19904E5H 9H .

AT BRSO KT AREERI0 Gy/he PRIFE  EM%S08 B 3008 K 2.

YRS AR R I00H B, 14

; BRI 60H B C60MEAk % H A

CERBATNT Ny PEASYKETHEEENH L I EERT.
FEFHE, B dDuncand L EHGE, BIMEBGERRE x *BREICL - TERATNAREL 2.

K3 -1

KFF 12 IER~ D v < iR A B 4.
CHEHT RO RT (CE) B X URER (CM).

AR == LB ARFADN AR
CH UEBAESBES L AN = KT OB L A O B EEIC K 1 B KE O
CEE ANY - OBEEREIIE T 5 NE SO

OO w>




RKF~DH v HARBHIC L ATEOLRLHEI - 21IR ORI, TTOERR (A ARREZSMEWEERS 0706)
Lo BT 1 HEBORERD S & Uickifc By 2 EBEER HOMRER (F 0706) & b Ui (BVIEASR), &
KOEEIE, BRIFXD0.8%2 5200 GyKD5.7% &, to, BERE /4 —OREETIE INMELES" OBIENS
HR A B SN 3 B eI BRI B - F. F AT, Mot BB, EBUSAOERTIE, 100 Gy K TEMN
b b Uik o1&, Bl UcmikL b 2~ wRicpBcE s cboN TEFERED shis,

SfEEM - o (32, [M32-A, B, #taft LicERAE

£3 -2 KFIAOH L oBBHENMEOEREY, ZRL/ V-OREIFICEOEROHMICRIETE
TR w77 —-—DRESIJNIEBEEBEREKE®

B it
,2%g {ﬂ& %EWﬁ%;é &gmﬂ&;é %;%um%@ L
0 925 0 0 0 0 200. O 200.4) 4(0. 8
50 551 1€0.2) 0 0 0 1C0.2) 0 2€0. 4
100 3496 200. 1) 0 6¢0. 2) 0 45(1. 3 28(0. 8) 81(2.3)
200 581 0 0 0 0 25(4.3) 8CL. & 33¢5. D
4 X Et 4628 3C0. D 0 6C0. 1 0 71(1.5) 36€0. 8) 116(2.5)

ML AT s = KTFICBETRL0 Gy/h TR, VRIS U 7o ke Al 7.
ERE KT 19894E4 8 14, AkEK ;199045 H9 8.
HEE A BHREE Lo A BETERR, 2~3H T &I - el

fEeERFELECHL, Bifboshk Ui, (EBRE
BEROKEHICBNT, ERE 7 5/ -DORES/NELE
LT -1,

£ B2 REANOAHU/BBEBHCLITEEROSER

WER~D A v gaBs L A ERAERER3-3IIRL
720 MEHBHIX, BHHK & LIEREEEANED o Niobt,
2 O WESAE 3BT B O RS X ofg6fEHm Lo

#£3 -3 BEA~OH Lo RARNIERERGE, ERv/ 5 -ORESEILOLERD I RT TR

ERv/7 s —0k&sHEBREEGH

TR E BRAE

it Hirs . 1H = el s
) - . e R H—}f ‘ % 45 ’l?il‘ . ANFE LM : o
7 = % =) 7 2B
0 399 200.5 0 0 0 0 0 2(0.5)
100 820 9(1. D 1€(0. D 13(1.6) 0 300. 4 0 26(3.2)

ME NSRS = A o R RERABECRI0 Gy/h. B - 19944E3H28H.
A BIER, 2~3H T &fT o1

£ B3 BEhOWEBEANDOH Y TRRBIENTCERR ZRNMERFX, RFXOMGIZE@D o, ZRERK

CRIZTHE

ER ORI~ D L TR & B ERE R A
£3-41F LI, AN F = hIRT— LI T
s < OfERERERD ONT, “<IEHA¥ST O

DEEE, BHEE BGHFRPREmNEICH - oo &
foNTy =, ChIRS = LI ERSX TOERE
Bk, EAOHTH - 2Dk L, BHETHE, Wb
& BIRREN S BEANDERNED SN,




£3-4. BENORYGEAON VI BERANTECEREY, KRt/ - ORI BICRBEROFACRITTHE

ERv 75 —-DREIHIEBREREHG

a " f“;j‘fﬁ B 7E 18 5 24 T < T Lics .
& B e # e )
NY y - 0 7 2(28.6) 0 0 0 2(28.6)
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2\ HDERIZH LT 200, 400, 600, 800 % LT¥1000
GyD#H v<fEzhFnBg L (K5A), BAtk, #
VAR UM O EHIC L, B L7, BBEHR
25°C, BESZAEE Lo #T Y <HBIBH#%30H Hic k& X5
ARV ZDEE, NERWERA V2 (B 8L
ANABI ) NEREATEL 7,

E B3 KFANOH U TRBENEEN O ORERBE

BlEDOTEEICRIZTHE
AREER ] THONAAERE MSEHICH L, Z3E
EERRERYD, BEEKEEKL, ZhosofEk
N OEREZTERL S &, WE#5°CT 3 7 HEMEEEE U7z,
LHFFERr O BT 9 30 em TEREAE SO F &L,
VEMBR L. BE, Ko A% BHEEIZ S 2k 10
cm, BRI 10 cm @ 3FAA TEM U 7o 7 Do FkEs
BRI RIRIEAE & ke (RIUIRBRMOKEERS, 1992) 12
#UTIT » 1o, [EBERIEIFELRED LB L TREAL,
BELD 20T, XSIER Ly —DREXIZLD,
TEW 2o L e LRCR CTE R =7), e
B 1B B/NAE 1 RRGG (CAE#E R Lie="), /ME1ELL
ERketkRm COMELEST), ek Chaer) o4
DT THES RIS L THRE L, fERIIHAR
RN (REREA B ARGEMRE, 1994) %
AWTHRE L2, FEBEMIZ2~38 JT&ICHEETT -
126

£ B4 HILIANOH Y IRRBRENTERRREEFEDOIE
BICRETE

REREE2 TR ONIAER 2 ATEIER 3 & R LER

L, IEBERLRE L, AESEAEERI ERMKICIT-

72o

E3E M R
1) KFERIFANIADH Y TEBHNKFEENDS

DANRTER, WV AOBES L UVLRERERICKRIEF

FE (ER1, 2)

KEANDH v < HMBHNZEED & O A7V AR RIZ
THEE, £5-1ITRLI, " FIXRF =" TOAINVAEK
Rz, EHERHFXH99.0~100.0%TH - /2DITHL, &
KBHBEED 600 GyRICHNTH90.0% &30, B4t
BBICLBREAUERIEDONT, b= TR
NTOBHFXTL00% D H IV AERENE SN, —7,
10 mmEl Lo AL 208E&1E, HEEE L BIHREOH
KicE b ->TRTFT2HENRA SN, FFiZ P INF -
T 2HEEOBHERT200 Gyl Lol Kicki 3
BFMELI -7 (K 5B,




£5- 1. KF~DH < BBHHATERMAS VA OKES & ORERLARI BT B8

anfE KB BH ERH o RO R (%) ML AV AHT Y
I 71V ZE%) ~E R’ K

Gy) < 10mm 10mn = &t

pri=X I 0 50 4C 8.0 46(92. 0O 50(100.0) 36(72.0 -
50 50 4C 8.0 46(92. 0O 50(100. OO 30C60. 0 -
100 50 7(14. 0) 43(86.0) 50€100. 0) 25(50. 00 -
150 50 9(18. 0O 41(82.0) 50C100. 0 12(24.0) -
200 50 15¢30. 0O 35(70. 0O 50C100. 0O 10€20. O -

PRI — 1 0 49 9(18.5) 40(81.5) 49C100. 00 35(71. 4 -
50 49 6(12.2) 43(817.8) 49(100. 0 39(79.6) -
100 48 20041. 7 28(58.3) 48C100. 00 26(54.2) -
150 50 11¢22. 0 39(78. 1 50(100. 0O 22(44.0) -
200 50 25(50. 0O 25(50. 00 50(100. 00 20(40.0) -

FoXRF— 1 0 100 12(12. 07 87(87. 0 96(99. 0 80(80. 00 19.2
50 100 14(14.0) 84(84.0) 98(98.0) 72(72.0) 22.2
100 100 30030.0) 65(65. 0O 95(95. 0) 42(42. 0 20. 8
200 100 71(71. 0D 20020. 0 91(91.0) 30€30.0) 34.2
300 100 79(79. 00 15C15.0) 94(94. 0O 23(23.0) 23. 9
400 100 81(81.0) 4C 4.0 85(85.0) 9C 9.0 12.0
500 100 76(76.0) TCT.00 83(83. 00 9C 9.0 12.2
600 100 83(83.0) TC 7.0 90(90.0) 1110 6.7

MR A B ERERIO Gy/hTHEHELALKRFEE.

B cNSHEEHR TS mg/ 4 NAAZGM. A : KTFEHEK

<

1

60H H.

HIVAND A v = BBV A DFGE RIT T B
A, #5-21ICR Ui, BERKICET 310 mmLl Eosv
ZOEEE, MmEE S, BRI TR EER I
Hotie BT, FPIRT = IIBNTIE, 2EOMEEER
b, MEOHKIZELLY, 10 mmE DA IV ZDE
HEMEL BB EBARA SN (K5-Co

KF~NOH v <BBHN, KFEHRBEA VAN SO
RERTRC BIE B A RS-LITR U, MimiEs bR

EREER LAV ZDEIEE, RAHEENEMT 510
- T, T Ui, #iC, 150 Gy L EOBHEHRTRA
ERAETER LV ZADEEGIE, S0%LITF&EB -1, “k
20 H OMWMEEBRIZE T 2 IV AMc ) OE
B IE, 300 Gy & TORHKICH W\ TEBHX &
DL UARESWEER LA, 400 Gy U EOBREHK T
FELLED L (K5-B),

FRF =




#£5— 2. RFZED SRS NIANZAANDH < BRIBH DAV ZOEE ERERRBIC RIETHE

il *8 el BHRE kox x gL 2B RH (%) FEEER oAb
EE WE ALRE® R E E M
Gy) < 10mm 10nm =
R 1 0 50 4C 8.0 46(92. 0) 40(80. 0 -
50 50 5(10.0) 45(90. 0) 29(58. 0) -
100 50 8(16.0) 12(84.0) 35(70. 0) -
150 50 12(24. 0) 38(76. 0) 37(74. 0) -
200 50 15(30. 0) 35(70. 0) 22(44. 0) -
250 50 14(28. 0) 36(72.0) 24(48. 0) -
300 50 10€20. 0) £0¢80. 0) 28(56. 0) -
LRI 0 81 31(38. 3) 50(61. ) 10(49. ) -
100 85 32(37. 6) 53(62. 4) 12049 ) -
200 86 34(42. 0) 50(58. 0) 38(44. 2) ~
300 85 42(49. ) 43(50. 6) 52(61. 4) -
400 85 48(56. 5) 37(43.5) 26(30. 6) -
500 85 51(60. 0) 34(40. 0) 36(42. 4) -
2T | 0 50 11022 0) 39(78. 0) 22(44. 0) 16. 8
200 50 12(24. ) 38(76. 0) 21(42.0) 18.3
400 50 20(40. 0 30(60. 0) 20(40. 0) 19.7
600 50 16(32. 0) 34(68. 0) 13(26.0) 17.2
800 50 31(62. 0) 19(38.0) 22(44. ) 20. 2
1000 50 34(68. 0) 16(32. 0) 13(26.0) 20.0

MR AL R 35 mg/ L NAAEBRMUZNSEE M K FEXHEHABR LESE.
Ao B EEHEKRZIOBEBKEERI0 Gy/hTIT - .
WE: KTEHEKRZCOLR.

NIV ANDH < pBE N, RNERERIC RIE I 78
RFES2ITR LI, MIMEESAERERBLIANZD
HERH Ve BBIICL > TR B AERICH - 728, #

DEFPEER, KTFEENOBFICH~NTNE N -T2, b

AT~ TEH2RHOBHERICKIEANINVAYIHOD
REMIEREE, BiBRRICL > TREBI LM -7/2 (K
5'C>o




5. HEEWMOKRTEL@ANANDY v < HRBHIEERME LOFERROMEBLERCRIZTHE /= 2 cn.

A

=

CRFEEMENINR RAD ~NOH = — LB B4 V<RIBS
B:

Hu< B LI AFASWM O B U EHBRO AV ROBR EANER (RED . BHHEEEZ, £»50, 50, 100,
200, 300, 400, 500, 600 Gy, ##&% 10 Gy/h.

CARTFEREERANZAANDH < HEBHBZO AN ZOEEEANER CGRED . HEEHER, 250, 200, 400, 600,

800, 1000 Gy, #&=% 10 Gy/h.

CHVTRBHELL IR ORFEEAERN NV ACHERINLRELED S OREOILBLERE
:D LR ICHE Uik B0 TERER. - oA T L/MEFEIZ 2@O/MENTERI W EE LA LN
CHUTEBA L PIRT = OHNRICTEREINIIRERN S OB D EEERE.




2) KFFLEAINZIADH v 7 8BS H RE R EEE

DEBICREITEE (E&3, 4)

KF~H v BBE AT, FED S ONEREERMA
WICB 1) AIEBERORBRRAES IR L, " h i~
X TH, WThoBHBRICEOTH, EREENED
SNHEM-7eDT, £531EF FIRNT—=" L2 TOD
RO ER U1, EBEERKOEIEGE, EREXA L.
2% ThH -1z, 150 GyRFTRBIHEEES & b
KH#mU 7z, Linl, 200 Gy XClid, BATERAEDS 3 4@
WED L, BREFHD ONE D -1, EROERY

M, ERECEL, BEAMKELI D o020 HE
IS & - e F10, BEELLUEREREDO RIS, {6
R Y vy (HAREZSREMEERZ No. 1004) %
ol Y o s (Al No. 9704) Th -7kt L, 11#
i, o el T, [EENHER (F No.
9706) TH -7 (F5D), ERED D b VIR T HYE
BERIZODNTRESF AT EN - 12h, £ OBIEEes
REBLTH - 1o MRS =" [ZFIEBERLMIZ, |
DOPNERIZ 20D INEE DG BESE U, BREERD
Hoohi (B5-E),

s

F5-3. H U BIBE UK T-OETHR A VA D 5 AR AR T S M BRI 513 5 Ed R
e o ERE7 5 —DKE SHIIEHERBHG
B S B z
MO T EWRERE WA IB= INARE 7 2 1k it
Y o s e % & i & i % i 12
0 252 0 0 0 0 0 0 1€0. 4> 200.8)  3C 1.2
50 172 0 0 0 0 0 0 0 Y84.)  8C 4D
100 51 1C2.0) 0 0 0 0 0 3(5.9) 0 4C 7.8
150 45 0 0 0 0 0 0 “4(8.9) 4(8.9)  8UT7.8)
200 3 0 0 0 0 0 0 0 0 0
B X EF 271 1€0. 4) 0 0 0 0 0 7(2.6) 12¢4.4) 20C 7.4

LMD 5 B2 L INERE I 2B O/NMEDTER R N
¥ BEGR D 5 B 2{EKIE LINERE I 20 D/ NMESTE R X N7z

BB D IR T = RFICH v B &R0 Gy/hCHUF U722 38THAS ng/ £ NAAERI U 7:

MSEEH THERE LIS & N 7o AR fsk @i
WA BEFEEARITIC2~3H T EidT - 2.

TV A ANTT 2 BRIRG AT O A E R SRR IC B T
EOEERICSDVTOFRERRELSAITR LI, " h3—
X T, WThOBSRRIIENTS, [MBRERENAD
SN2 DT, £L4AITE " PIXRT =" 1ID20TD
WROHER U, (EBERKOEIE T, ERHXKANL.

1%ThH->7DIZH L, 300 GyXE Tlalgpass b
U2 Ay, 400 Gy EPLETE¥EmLEl -1, F

7o, BREO S b LRI PERER IOV TK S F A
FEW S, ZOMIBREEREEERTH > 72 (B5-
F)o

H5— A LIRS I AT KA 0 & TR AR T S MBI 5 1) B TR
- EHRY 75— 0K =S BIAE0AE REE %
fired _(y# 5 A2,
“ﬁ%ﬁ @&: TEH sy < w1k = INTE 1A < ¥ 4 1k it
v 7%, o s, e % o % s
0 88 0 0 0 0 0 0 LD 0 1C LD
100 72 0 0 0 0 0 0 114 g 1CL 4
wo s 0 v 0o o0 R EE e g
100 i 0 0 0 1G5.6) 0 0 . 0 Ch )
500 91 0 0 0 0 0 0 148 0 10 4.8
BATXE 221 0 0 0 1€0.5) 0 0 7 3.2)  3(1.4) 11C 5.0)

ML R SRS =" VR v BAERERL) Gy/h TR L, 8 S ANERHSE.

A BAICHAR R I2~3H T & CT - 1o,




B B B

ARETIIEDIES 2H TR UAARLEEN & OREREE
BREACT, BEEIORTFELERBICIOERSO
TNV ANH BB L, AIVAER, 7V Z2DEE,
HADSDEEFMLS L CHEMKOIEOER IR

THREAKE Ui,

OIS, RKRF~OH U BBHIKFEERI SO ANV
26 FOCRERERICRIZTHEET I, HIVATERK
RiE, hS=2 H200 Gy, ‘FFRF =" 600 Gy
OB TH MEE BEBHFRIICHL, BiBREICLZK
EUBERIFED NN T, —F, 10 mmBl oA
ZADEEL IUOREREERK LI H IV ZOEEE, W
BELHBEEREBENMINT 21IC#-T, KT L. IR
L1 ONEREEE, 300 Gy & TIREBAHXNER
SHREDBUAKRXVEER LAY, 400 Gyl EoH
HRTERELCHD L (FE5-D. ZhoDfERM S, K
FAOFEHEBHHEIT, 7L 2BITREREERKD RDs
A U4 (UF, 1991b), #EHEI10 Gy /hT
100~200 Gy &HMFxhiz,

WRIT, HNANDA v RIBE A IV A DRFEICK
FTREAER A, BHKICE 310 mmPl Eoan
ADE A, WREE S, BN A TR RN
Hoteo —H, FREREZER LA NV ZOEEE, W&
bW BB TELEZERIIH -2 bD
D, ZOWIBRER, KFEHEH~ORFICE~T/HED
otie ‘PIRF = TRANZYI D OAEE LIS
BHERICE > TREBI -7 (E5-2),

CHSDERNS, WVANOREERIERIE, AL
2 DHEEB L CREREHO RDy 228812 Lciga (b
T, 1991b), T—=F AN KRE PO HETHEH S
B, HER10 Gy, hT600~1000 Gy &HiFahi,

Nakamura and Hattori (1997) 4 * O FREIC
BOTESEEERNY, 7V AREM, EEHEMEBO3 oD
BEHRANIC AT v < BBE ATV, AV AR, EEFRSML
WCRIFTRELRI U, 20ER, 7V AERIZSL
T, VAR & b bR REIARS Tz oME
BRDBREMN T FREEFMLIIDOWT, BEFEET
ol ERO B EAR S, ROTEEFSU
THY, WVARBHTEIEREZENOBIEAEI > &
LThd, £/, BB - BRI (1992) $XF2=7D

TEFEICH T 5 Bdlhs & 7V Z2~D T < RS
ZHENT, ANVANORHFOHTNAEFHHLOKT D
NS EEHREL T3,

EFFEOREEMOKRT B LI N ANDA < HBS
1%, Nakamura and Hattori (1997) @A X O#Fkss#
2B ARERERTR B L OV AR~ EEHT S
Lo mfoB RN T EEL oD, AFEICE
WTh, HIVAOHRELE LCNEREROEENRE A
WAND v B LD bRFANDAH < RBHOT
MK & <7D, Nakamura and Hattori (1997) % &
CEAN - REE (1992) OEEHMT 2R &4 - 7,

INET, BEWOMBEIUCANZINDH < HER
S, HEREKOERIIREITEEERFLLbOED
ML, A ROFRERIIBIIHBIOANZ~DHT <
BEESEEEROBRRAROBE I RIZTRELHE
U7z Kinoshita & (1989), fH# 5 (1993) of&ED A
THy, VThbHEERBIML O b4 v <RES &0
LEANERIWLKRTIELTV B, —F, HEANR
~OBHDFE NI L BEIZ20T, Kinoshita & (1989)
FEBAHICENTHANOBHEN, FIBERFICBLTA
WANDODBHEHNEZNEFNERORKE NI EERLIDIC
L, AHFS (1993) BABOBNICLEZELHL,T
Bhh-tc&ELTW 5,

Iho o LR, ARRICENT LR L
DbH BB EMRT S & TREERKD BT
ERERY, aorBebUcEEs JUREERL
rEESED SN, ERIVEICH, BIIZHILRT S
SENHSMIE o, —H T IRT = OAERER
AR EERICHT ZHEAMORFE L AN ZIAND
B BB AT 5 &, RBEEARELAHEE, K
FAOBEE AN ZA~OBET LD SEZNEMICH, &
R b K& WIS - oo

KETT - R ORLELEANANDH Vi
Bz k0o ERERKIE, FATROLON
FEAEE -T2, ThiF, BUESIHOARFEHBEK
DAERD S 17 SN 7 LB RK E RRORR &5 - 72,
—fFiT, RERGHE-MRBRE SN, oMy ol
MRKICEBETICEENE LR TNE, FAIELR
NI EIIH D, ABETHONIEBERREE I EE 24
ERBBICAERHETH S Z EMBESND, T,




BHORFERLEANZIANDHT VBB ETT->Th, K
ERHROLHIEBEREICR, BEEAEF A TINEE
LiEhotcbEzoNb, COFEIEOLERNRF AT
KT d, TEERERKRTEL 2720, EBERKE
EEEAT ALERTNDOT, BEEEHTSH 5,
FRBHMEE L TAHRLEE, KTFRRENES T
DIFRGHEETH 5.0 REICH v <RIBS B L OREE
TEH0IEL, AVAFRHEANCHEREELEEL,
AU OB EIR S NS e, FksEgT, b
BUNMRABOVEORENS 5, HEWHORTEiEn
VA~ DS & 2B RKO HBRIC KRS 2 2EE
ADONUD-12DT, Hr<RBHEEELALED
ERGAOBHEMEIE LT, KENER &R hr,
CHoDEENS, 5945 AOHEROKRLE L
BANZIANOH V< BBEIC LY, H o< BBHTE I
B BURICAT ) £ 0 bR EAEEKRICERERD
HUBIEMPOMTN -7, FFICBHEMEE L TOW
DA TINS, KRFOFHENRD Sh, HREO
KF~NEEEL0 Gy /hT100~200 Gy DH v <
BIDRIETH D S E h,

BVIE EEXERFTOEME & ERMOREE

EE %

75 VK5 ATH, EEFEZHEEEOEHICL LA
ORILDZBHOBTEAIE LT B, Th o IR
PENEL L 1D ERIHMETH 5, b LIEBLS DR

i

ME—THBOAHNRL L GENZHERTENE, H
BHEOBEHIZ b, UL bEEFEREEENE—
BOTENMZL Y, EEHEom ENERTE 5,

ET AN, —RIIC ARERERIFELHILH L b
DHBL, BEFERROHZERIC, I LLKHEXR
PE LCHWERLEELB - TSI ENBL (AKH,
1983 ; fAR, 1984),

TIT, BHRT ANry =, ThIRT = LDFS
1 6 D OFEMARFHA R A & L T2 ORI

BT AREEHOMIL, ThoDRRICH I BIER
PNOBEOERARET b1, TROOFEMR
BELTOMBAEBS L, £/, (EEERRHENES
LR UEBILESBE (LT, CoRREIEOERE
B B) KOV THHAEL, EELLBEORER %
a7,

B2 MBS IUFE

1) R

WEMEE, SO ~VEICR~ERTE S W IER
ZREEOHH» STEBLUNORENRGEICK BEMLL, »
ST ANV ZIERO DL ERERE L, 2~4#ticb
BB THEORE LI ENHRINIL6RHKTH 5,
INS6RHEDEW, RKEL LCIERIC DV TIEERELIC
mltce &, (EMB L NMEOBHEERERDE S
H# U T6-1 1R Lice IERERICO>0LTIE, 6 R/HED
5% TEPP % & O TEDP ® 2 %% L THREN L 72,

F6-1. MBICHAWATEEERRKO B ERE

4

D K

HGPR : ‘N2 & = KEAH U <HI00 Gy2BHEgLTHWLRERRELDALABOEK R
HGDR : ‘AN 27 & = KFAH L <HI00 Gy2BHALTHONWALERELVECORORR

#

TEPP : “F 5 R F5 " KTEHEHILSOALAEMRBKOFEMBEL D IEE O KRR

TEDP : "+ SRS =" KTFZEEISCOARERMKOFERE L 0 LD BN RHK

TOPP : b IR 5 =" RFAH <100 GyxBH L TEULNESURRBER Y ¥ - %
FEEBCIOHESE FEAEACLLESBLIOIEROKRNRE

TNPP : “F SRS~ CHERISWEHREREZR THEAELODELOK O RKE




K6 —1. JEBERREORME.

A

KF~OH v BBEICLVEBESN ‘N5~ OILBERRK. PR FEalE.
£ sRBoOTAERLHK HGPR. £ ; BREOOIEEERRHK HGDR.

C RERHEEEN SEBONE FIRT - OEBERRK.

R IRT = KRRINCAREREROILBERZRMK.

5 BAE £ BhRoERERRHE TNPP.

CRKFADH BB LV BER UL EBETE S FRA AR LEGNL T

SRS OBERERE. G FRE £ KB oTEBERRK TOPP.




2) HEBEHE
EERRFE, thzhoRREERdBELT, /¢

AT ZICHAMEI0 cm, BB10 cm® 342 T
EHE L 7o %, B> T, HERI0~35 mmo
WER IO A H /e ‘N7 45— HEROIEBERRK

HGPR, HGDR i3, 199344 A6HIZ, ‘F5X5—"H
kit BRZH TEPP, TEDP, TNPP i, 19944F3
A2 HIZENENTER LI, ‘b5 RF—" hkoTEBE
RZ% TOPPZ, 19984E3 H 25 HIcBHMICRAB O Kk
THCEK % TERE U foo B E MR S P (K
WRIBLEAOKBELR, 1992) IZHEU 72,

FEBERIT OV TIE, 199443 4 25 HICTEPP b &
UTEDPOHE®ES mmp EoBKEEZL TN B LV
T34, 5410 cm, ¥EEI10 cm @ 3&AA TEML,
A SO HF AR AR UE 1 e U TS L7,

3) REHE

REREE LT, FERTERORL, EHE, $11E
DOER, /NMEH, FEHE, TER, Yoy FoBiH#EA
Uico Bk, fEBBLUT 0y FOBOME T HARRER
R ZE A e, (ERERORAET I, FafEoft
fLlfl—E - ERE sy -DRESICLY, fBHH
For U B A TRCRE CTER A0 =7), TER 1K

PLE/NE LA CAEM R Lie="), /MELED Ebke
Rk CUNELEST), Hafk CREer”) D4R
ST, BATEIRP 2~3 0 Z & iKfT - T,

B3E & B

1) EEEERFEOHMH

NT Sy = SR T = DIERERZHEO R4 3K 6-
21k U, fEfIc > T, TEDPIZIEMHEE R 5 04
THo-eh, hoftEERRKIE, FRaEEFUERMAT
ZOEGIARESMEYERAINIE T, 1 F 3 2R
THh-ti, 78y FOBEIZHONT, HGPR, HGDR ZEH
GHEERILUTH - oY, MoOBERRAKE, FRES
Bz H00, FURHETEOZETHARREEMYEER

BILBOLT, 1FRE2BETH -, BEXIID>0T, 16
BEEREE, Rafld 0K HmIcd - o {ERE

B2 T, HGPRIEFERBEIZIIR U TH » /2%, {8
DI ERZHKR, BRI 0EN -7, BIEOERI
2T, TEDP EGREL 0, - roh, fhofbfiss
R, BRESIFIERIUTH - oo IMEFIZDW T,
HGPRUEBESE L FIERIUTH - 72, hOEBRERSR
ik, EREL Va1, BfEREC 0T, TEPP

BESELDPRE - oM, HoTEaLEEREE, R
SHEBEIFIERLUTH - 1,

#6—-2. (tBELERFEOKREHMT
Fk fE - REHA i I=4'Y R FE1ED INJESL FITEA S it oy FOR
fEAREL (cm) (cm) E&(em)

1993 HGPR 10 146.0+3.8" 63.3%=2.1 9.6:0.4 17.5%£0.4 10017  BARBHRAOT05) £ ¥ 7EQT0D
HGDR 10 125.2+1.3 50.8%0.9 9.3%£0.3 14.8+0.3 102£1.6  BEBROT0D € v 7B0O70D
N7 7 —(uiR) 10 156.8+4.7 63.1%=2.0 9.7+0.2 17.5%0.4 99+1.6  EEREIRAOT06) £ ¥ 7EQT0D

1994 TEPP 10 112.0£4.6 39.6%2.0 9.2+0.2 11.0+0.6 108+1.7 EZ/EQ70D) EREY1(9702)
TEDP 10 114.7£3.8 40.5%2.1 8.0+0.4 12.1+0.7 104+1.3  EEERE/)(1004) EE5REV)(9705)
TNPP 10 127.9+£1.7 49.3%1.1 9.6+0.3 15.4%0.3 1061.7  EXEQ70D) HEEEY)(9702)
IR —-Coti) 10 143.8£3.7 53.1%£2.0 9.7%+0.3 17.8%0.5 101£1.2  SBEV9(9703)  fE4REV)(9704)

1998 TOPP 10 101.4%5.3 39.8%2.2 9.9 12.3=0.4 10512  EV7EQQ70D)  BEEYI(9702)
FIRZ -G 10 125.9%£3.0 52.3%2.9 9.6+0 15.7=0.9 103+1 REV(9703)  EEEREVI(9T04)

*:S.E.

1993 : BRR10-38 nn, o XH K, FHHE 48 68, e IAEREHYEEREZE ICL 3.

1994 : BRZ10-38 mm, 7 XK, ETHA 3820, £6 . AR EHEYEECE L LS.

1998 : BRK%32-38 nn, FEMA, EHA :3H2H, ftf AR ZHYEEBREIL LS.




2) ERERRKDIEERER LBBroR & S EHKIC L D BRI, “TERE$S <",

TEPP XU TEDP it T 5 LREROFAEEREELE TEHR IS 5L “%ek” obod, zhenl
6-3i;R L1, TEPPIZHAZE L 34 A&, 3{E{F (8.8 f@AFxTH@FD SN, TEDP TRIEBERZEDShK
%) LB THBERIERS L (K6-2), TLBER B 1o

6—2. 'FIXRF = NERBERMEGED) 518 5N IERERRL TEPP 14 U1 fERER.
A B REOR S S OTEEER (RED.
B : TE# A LOKEEEOKRE 2 OEEMF (RED. A A O HRIORED Tikd LRICTE
BYR.
C: AFLFIRAKIEEHER. £ ; RRBICERER L EE. £ o teXRRMR
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Studies on Induction of Flower Color Mutants in Gladiolus
(Gladiolus x grandifiora hort.) by Gamma Irradiation and Tissue Culture

Masakazu Kasumi

Plant Biotechnology Institute, Ibaraki Agricultural Center
Ago, ITwama, Nishi-ibaraki, Ibaraki, 309-0292, Japan.

Summary

Most of the commercial varieties of gladiolus have been raised by cross breeding during the last
10 decades. Although the mutation breeding is known to be an effective means for obtaining novel varieties
in vegetatively propagated ornamental plants in these days, mutant isolation has been restricted by the
phenomenon of diplontic selection and subsequent chimera formation that was due to the multicellular origin
of the plants. The purpose of this study was to establish the method for obtaining solid mutants of gladiolus
having novel flower color by using gamma irradiation and  or tissue culture.

1) Comparative studies on the capability of various explant sources for regenerating plants revealed
that the cormel shoot apex was superior to the cormel pieces and leaf blades for its ability of embryogenesis,
cost of preparing materials and easiness to be handled. Histological observation confirmed that the induced
regenerants were derived from adventitious embryos. There was varietal difference in the ability of somatic
embryogenesis. The plants derived from cormel apices were almost identical with the original variety "Traveler’
in the flower characteristics compared. Thus, a simple and efficient culture system in gladiolus was established
for obtaining regenerants by using cormel shoot apices as explants.

2) To isolate solid mutants in flower color from mutation sectors in the perianth by tissue culture,
the cultural responses of various parts of flowers were compared at different ages. Ovaries obtained from 2
to 3 days before flowering were superior to other flower parts in regenerating adventitious shoots through
callusing. The highest efficiency in callus formation was obtained using MS medium supplemented with 5
mg, £ NAA + 5 mg,/ ¢ BAP, while that containing 2 mg,/ ¢ BAP was most effective in inducing shoots.
Varietal differences were observed in the ability of shoot differentiation from ovary-derived calli but not in
the ability of callus differentiation.

3) In many of the regenerated plants from cormel shoot apices, flower color mutation was found
in smaller parts than half of the tepal. In some of the regenerants, however, whole tepals exhibited mutant

color. The flower color mutation was observed in 'Traveler’ and ’'Hector’, but not in "Topaz . The mutation
with both lighter and deeper color as compared with the original plant was obtained. Flower color mutation
was also found in conventional vegetatively propagated plants as smaller sectors than half of the tepals.
Here again, flower color mutation was not found in "Topaz’.

4) Flower color mutation was investigated in the M, plants grown from gamma-irradiated cormels

and corms as well as in the plants chronically irradiated in the gamma-field. The chronically irradiated plants




exhibited smaller mutation sectors only than half of the tepal. The frequency of mutation and the growth
retardation increased in the M, plants with the exposed dosages of gamma-ray. The optimum dosage for
inducing flower color mutation was estimated to range from 100 to 200 Gy at the rate of 10 Gy, h.
Although no conspicuous differences were found in the frequency and the spectrum of flower color mutation
between the M, plants grown from cormels and corms, cormels were considered to be more suitable than
corms as the materials for gamma-irradiation considering the size of mutation sectors observed, the cost of
growing and irradiation and the easiness to handle.

5) Ovaries taken from the flower buds in which tepals mutation sectors were observed were divided
into pieces of various size and cultured to obtain regenerants through callusing. It was proved that the ovary
pieces divided up to 1,8 of the whole had the capability to form calli and to regenerate plants. Solid
mutants of flower color were successfully obtained by culturing ovary pieces adjacent to the tepals in which
mutation sectors were observed.

6) Gamma-irradiation was applied either to cormels prior to culture or to cormel-derived callus.
Although severer depression of growth and embryogenesis was brought about by the irradiation to the
cormels than to the callus, the irradiation to the cormels was recommended as the flower color mutants were
obtained at higher rate.

7) Six flower color mutant lines were obtained by the methods mentioned above. These lines
showed variations in other traits than flower color such as reduced plant height and decreased floret numbers
as compared with the original varieties 'Hector’ and 'Traveler’. It was indicated that we should consider not
only flower color but also other agronomic traits in order to select elite lines in mutation breeding for flower
color of gladiolus. It is also noticeable that the reversion of the flower color to that of the original variety
was observed although at very low frequency in some lines.

8) In conclusion, through the experiments stated here, the method of mutation breeding was
established for obtaining novel flower color mutants in gladiolus. This method would be applicable to wide

range of monocotyledonous ornamental plants which are vegetatively propagated.

Key words : flower color , gamma irradiation , gladiolus , mutant , tissue culture
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Table 1 Long-term storage of pollen of gladiolus species at — 20 °C or — 80 °C. Viability

of pollen was measured with the methods described by Heslop-Harrison and
Heslop-Harrison (1970)

at 0, 1, 3, 6 and 12 months after storage

Viability of pollen (%)

species cr Month after storage
0 month 1 month 3 months 6 months 12 months

G. carinatus - 20 85.5 82.3 62.3 72.8 89.5
- 80 85.5 nt? 62.3 58.9 70.5

G. carneus - 20 80.3 nt 68.3 nt 78.4
- 80 80.3 79.7 69.3 nt 66.4

G. cunonius - 20 92.0 nt 89.3 nt 87.2
- 80 92.0 nt 64.0 nt 82.9

G. gracilis - 20 96.6 954 nt 79.3 67.3
- 80 96.6 nt 84.7 84.8 71.9

G. monticola - 20 89.0 nt 68.0 nt 78.8
- 80 89.0 nt 71.5 nt 70.6

G. orchidiflorus - 20 95.5 nt nt 93.6 84.1
- 80 95.5 nt nt 56.7 65.2

G. permeabilis - 20 96.8 92.5 774 nt 67.0
- 80 93.3 88.6 60.6 nt 68.5

G. tenellus - 20 85.3 nt 74.5 69.3 55.9
- 80 85.3 nt 87.5 82.3 56.9

G. tristis - 20 85.4 nt 82.9 nt 61.7
- 80 85.4 nt 98.8 80.8 80.7

G. undulatus - 20 91.5 90.5 nt nt 81.1
- 80 91.5 87.2 84.8 nt 75.3

G. venustus - 20 95.4 nt 94.9 91.5 76.8
- 80 95.4 nt 91.5 84.2 67.9

G. virescens - 20 86.6 nt 80.0 nt 82.8
- 80 86.6 nt nt 79.6 72.7

G. x grandiflora - 20 80.6 nt nt nt 78.5
“Traveller’ - 80 80.6 84.6 nt nt 76.0

Storage temperature.

Not tested.




Long-term Storage of Pollen of Wild Gladiolus Species
Yasumasa Takatsu, Masakazu Kasumi, Toru Manabe and Mikio Hayashi
Plant Biotechnology Institute, Ibaraki Agricultural Center
Ago, Iwama, Nishi-ibaraki, Ibarakt , 309-0292, Japan.
Summary

The effect of storage temperature on pollen viability was tested, as long-term storage of pollen is necessary
to facilitate crossing between spring-flowering species and summer-flowering species. Our study showed that
pollen storage of wild gladiolus species (G carinatus, G.carneus, G.cunonius, G.gracilis, G.monticola,G.
orchidiflorus, G. permeabilis, G.tenellus, G.iristis, G.undulatus, G.venustus and G.virescens) and G. x grandiflora
hort. 'Traveller’ was possible at — 20 °C for one vear. Marked difference was not observed in the viability

of stored pollen at — 20 °C and at — 80 °C in all species.

Key words : gladiolus, pollen, storage
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