IR LT —mE AR A U7 s R i L OBIBRIEDBR%E
Development of control method of stored-product insects using

low-energy electron beams

2017 41 H

SENIPNA



¢

(THFERFFA T Lm0

i

IR —FE R A R U7 i i Lo BABRIEDBRZE
Development of control method of stored-product insects using

low-energy electron beams

2017 41 H

AR KRR



HX

F1E S 1
HoE K- —ER (V7 hL7 hay) ORFEENERIZR D% hahE
F1HT SOOI ERIZHT AT R —EARORNE 9

WoE FERALY T h= L b u L NEREE O R AL E R RA~OISA 19
F3E T ARNEB LI OZKNHROERICHT 2 Y7 b L7 b o R ORNER

181 TAXY TLNIKTT DY 7 b7 ha RO 25

i

F2H BAAEEoa s I LATKTAHY T b Ly b a LAAEEONE 37

AT (RN —EAROKBRA =X L

F1ET Ay M7 A 27z DNABREGOHIE 43

o B L2 DNATRE L W O 51
WHE NMREEZEELEZY 7 h=LY haroisH 60
FEeE MEEE 65
7 SR 69
FECh 80
A 84
FINGRSCOHREL 70D | INFe SIS AITR L 85

FDMDINTE ST R 87



FIE HE

BUE, BTN, L, JmEfR A COHEE ORI bhd s, Zh
HATOWRCTRAOFELZZIT HAREMNH 5, —JF (1984) [JUTHERZ DOISFE TR
(ZEAR 52 5 BB EZONMEOHFRNIZL - T, EEFER, KEiER, RAFERO 3
(2T T, EEFERITAEMZEE U TRMPTHARZERY KT R, FifEfd =8
RIXT VD X 2 NOGFH R EINE LIZOC- T 2R AR, IRAFRITATO 2
OPSNOETORR TN EMITRATL2EBRTH D, 205 LEFFRITEST
CTHARZEED BT 7o OITEENFERICR 28013 d 0 | EEH S CE T, EEERD
TANNERBU IR O RV BB L TH Y | b 2 BHT 25 fdrk
FREFFINTE, BWERENEZRET2EFRLEZO TUTRELER & BIFHIND
E 0ol (53, 1968) o AP ERITTH/NVUD AT F 2 VIR TH Y

G5H D, 1989) | Ay EdR =7 7 43 (Sitophilus zeamais Motschulsky)
INERROFER TR T LA bILH a7 XA M€ R% (Tribolium castaneum
(Herbst)) . BPET AFDERT XF% 7 L (Callosobruchus chinensis (L.)) . %%
MRS OERTHD ) U A~ZT A A7 (Plodia interpunctella (Hibner)) 72 &3
L<muhTtng (Fig. 1) .

HR RS OIBRIZIZ = OEERMAE S DD, — DIFEIHEREDON I Tdh %,
IR AL B 72 EOP TR ARV IR LA b RE L, EEEAE HT-6T (F
M5, 1989) . HOEICEWTH AMEEEORM IR E R TH 7203, BUETH R
JER E[E T 10-30% DRI D D EHEE SHL, RFRMEROBLRL) O HIERIIE CHE7R
RIZ72 oD (RE - i, 1994)
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Fig. 1. Photos of stored-product insects. (a) Sitophilus zeamais Motschulsky, (b)
Tribolium castaneum (Herbst), (c) Callosobruchus chinensis (L.), (d) Plodia

interpunctella (Hubner).



WITIREAFR T D, AP I I A OBERCHE S 418 U CHESRAA M /A 2k
KU, BHZZLS B aReRY X REIZ2-> TS (PdE - i, 1995) . LaL, %
MNEIZRFTHI T 5 BRI E R BB . 2 9 W o T FHROAA~DRAPILE,
PSRRI 1L D7D, FRPEY). RO A DB R BB T 72 D,

Z LT, UHE, KERRETH 2 ONVEREROM I TH D, FTEEICBOTIIE
BRAERORE D NS, IMTEAA~FRNREAT S Z LI L DERHEFEOZZENRE <2
STWD (5, 1984) . BMICERNBA LGS, WHEEICH L UIRLNHD
HAFE L& ) RS2 E 2 52, Bin 2= I 2 & > T, paanfiiE
DIXT, SHITIEHEA A=V DIKTIZORN Y | KEEL G DR H D (i
o, 2003; Murata et al., 2007) .

U RS B R OPIBRI X2 TRIE LIRS DN DT, FRIE LA T
£ B S AZRITKE 27 L C& 72 (Ahmed, 2001; Gao et al., 2004) , L2>L723 5
K ORI T ORTE TN T 22 <220 . FIRAUA F/UTITAY Va2
B 5N 0H 5 Z LR S, EREGEREEHE (UNEP) £ b U A —/LiRE &
(Z& 0 JefEETIE 2005 AEE IS, BilFSE BETIE 2015 4EE ClohERE, BaH
W, AR RS ZRE FREAEE L & 7= (Anonymous, 2000) . & BICHEYIRLEE
DRTT 4 TV AMUZEY, BIEOBHCAZ T ERIEAIN TS, ENDFERERT
GEERTHIUIRA T UL D ARDOEDNIR TeoTe, ZDT2, IERERIESE
BTG S AU, BAZEE DB LA T < AZRLISN D J51E T B IR bR
EATOMENELTTZ, ZOX SR D, BAEA T /UMD SRR BEIROBRFEA PR
(L SNTWD, R IIEL LT, RABA TR AZRRIORIM, Kidsz
DAL, ARIRALERCmiBALEL, R OFI 72 E OB IRIED B 25
ho (b, 2003) . BAEATFAREES AZHIE LTUIHRAT 12 (U AKSER) B3
JEHFBRER ST D08, I OR SO B A~DF AL WS TeBRRR AN D HT2



T, ETEE R OHBLBEIHE ST Y (Badmin, 1990; Benhalima et al.,
2004) | fLFEHRAHER L WFENEE LV, KR ROF RO —oTH 5
D, ZHUSE S TEHEREFERIRRT D Z L3 LV, Fo, IBAICL > TRFIRE
INFEET D &N D BT ORI DIFEFFAKE T n LB b TRY (HH D,
1989) . KEUFEEHG R ORENSHEETH 5, IRESMEOFMIZL, FlzIEBm ThHi
IE 15 CUL T ORI S A LTRY, F2REbT 2 LIZERL TWS2s (AL,
1996) . Z DA TOMIRATEI L H IR L7BRIC RO NEEh 2 465D 2 mTHetEDs
B%, Fiz 60 CU LOEIRSIFTRIUIFRETH L05, BHOMESbE o &k 2T
(i, 1996)

BEROFIIIA N 72MEFE TH D, I E BOPBRIZIZ=/VV |k 60 BX
Oty UL 137 OF o~ GBRTa 90 b 60 O EHWD) | MEEEEAY 1,000
TV NELF OB 7R, NEEEAY 500 TRV REL ROy 7 ARAFIHFRETH 5,
ZAVODFIHI AR BRI L, FEHCH MO A 5 Z LiIc K g Sz
WEDERREE T O Z D3 D03, _Hid STEDO MU CIIMERRE FHEIND Z &
T2 TH D (bR, 1995) |

Ho=fpe Ty 7 Z8UE, EREBERCH Y . TRIBKE, EDTH, Al
HFHAMFETE L LV ORI H DM (Fig. 2) . TOKH, MR B
WD Ch D, T~ FITREMISHT 2 TBIE L - &£ < VBTN
HETHD (Anonymous, 2006) 73, H L ~HMIEERIERIIRHR L 725 0 b 60 b
el L, ZOREDHDLT-OROMERTRIREECH D, Fiz, BT 2 EE 2
T2, WBERRI IS EASBROED I b Z AITEER SN AREMER S D, iU
Fhge EAEETIULD E 0 IFE L I3V, FIUTK LTy 7 AR, B R IEER
(T % W3 & B IR Z > TR S AE S 5720, S EIZ XL 5
JERAA~OIEGDELD 2 <, FHHSND L 9T TETCWD, 7272 L, =7 AT



EAHRD D DAHARFIZBE AR E < BHRMENE WO RERH D (O,

1995) .



Low-energy electron beams

High-energy electron beams

Gamma ray, X ray

Fig. 2. Image of gamma ray, X ray, high-energy electron beams and low-energy

electron beams.



BEAARTE T INEEEIC LV RESE O mEHOE T THY, R Thbd, %
DI-OBEEBNIINEL . ZOBBNEE Pk S Fig. 2, 3) . Fig. 3 13%
TRV —EAROFEREOFER %R LTZHTH Y | WIS TERT L7 1L
2 (RCF &R ZFHE L, MRELED R DE e i L, 1S & ORI#E %
vy hL7EbOTHS (Hayashi et al., 1998a) , & F-HROFEE T HIES XS L7-
HODOFREMAF L, (RBEO S DIZ LR i 20T, Ml IdE T 53R S LFE
OFECHHHIBEE TERIN TN D, 170 KV OFETHHNEL, T2 2B ETHEEBL T
WHDT, BN 1 glem® OB L OEET A1ESIE 60 um FRETH S 005

(%x 7], 2004) . BEADVNSWZ EIE AUy FELTUIRES Rla LB L L
IRNEWD TTET TR, ZRAF—D/NEN S OEBIRA IS LT 56, Bhio
W E Tt T (Fig. 2, 3) . WHIOMEAZEZ 20 EWHFLENRSH S (Hayashi,
1998) ., MEHEETE 300 KV LA FORT R VX —DFE#a Y 7 by ha v LEFRL,
ZAUIEI OFRERE & BRI ED S CE 7203 (Hayashi et al., 1997, 1998ab;
Hayashi, 1998; Todoriki and Hayashi, 2000) . #tHZhFIFHA ST T0, AL
T, 2OV 7 b7 harOFERIERE L L CORIFTFEEMEZB DN L,
SHIT, ZHAE AW 72 i s E BREOIRE AT 2 &, BIOE, it
Mz Bl S BB ORI VA BIE L. B2+ 2 Z L 2 AL 775,
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Fig. 3. Depth-dose curve for electron beams (Hayashi et al., 1998a).

€170 kV, 4 yA; m180 kV, 8 uA; A190kV, 10 pA; @200 kV, 14 pA.



F2E B X—BTHR (Y7 b7 trY) OEELEERIC
X4 DR HR

E1H SEOMEALE BRI AR R LF—ETHROZE

1—1. LI

B BTN E SN BIE, BAEA TS AR L > TR ENTE, &
LA T UL, BTN 0D, AFOREE~DORBOBLE ) DIFE L2, &5
12, BV MU A LEREEIC L AL A T IUTAY VB ERET RN DB 5 Z L hME
A, JetEE T 2005 4 E ClLRRAIRNCAE S IRIC 72 o 70, Z 2 CREFTFREDBIE
HRDHIVTISY . BN IE IR TFED—>Th D, B BUTHIH ATREZS il
BRI o ~H, = 7 Ak, BHRRHY | ZOHRTHEFRUIN o~ HRO K 5 ITHR
WIS E 2 WL &7 RO Ty 7 AR IV AR THD (K,
1995)

KR X—OFE R, FRC DIBEEESY 300 KV LA OB 7R EERSITH
5V 7 b7 hrdd, TIVE CHEICBIIOERERKED B CHIEAED Bt TE -
(Hayashi et al., 1997, 1998ab; Hayashi, 1998; Todoriki and Hayashi, 2000) , Y7 k
T L7 b ATEESIAVNS W, SRV LE L ST, THO T A o ~DfEA
IABINHRETCH D, £T-. Y7 b7 b qfiFe A EWEEHLEED 2 L7 < By
R E R AR CE DR DD, £ 2T, RENRITEREMER THL a7 XA
NERF, JUASRHETAAT, TAXY ULLDIFEIY 7 b7 ha 2L,
FORRNRE I LTz, ABIZEEY 7 bt L7 b o ARG S RO RIS L
TeBAMDWETH D, £72. DNA 2 Ay 87 vEA % DNA OEEOBIECHEH FT6E

3 PAHIN IR LT,

1—2. ke HE



1—2—1. fiEh

FERCVER IR, ESCHEBRRIEA R - SRR ST U B AT
O CRAEIE SN TV AR TH D, a7 XA M RXINESK, /v A~
BT AL TNILZAHKEAKEEZEREILS ¢ 1 TRALIZLDEEEE LT, 30C, 70%RH
OEIRIEZENTEHE SN TNDA B D, TAXFY T LUNIT AX%EE L LT 25C,

70%RH DOIEIRIEIR =N CTHE STV D D% vz,

1—2—2. AZXARNERFEL ) IASETAATNTHY 7 b= s b AR
A XARNERFE ) UASETALAOIN, Sl Wk, Rz v—L (B
58 cm, £ 1.8 cm) ITANT, ARV Ay aTHN, V7 b7 hrr il
BE U7, BHEEITI 170 KV, BT 4 pA ThHH, ZORMETFT 15 om 1372
KIZBIT D=L F—360 keV TH Y (ICRU, 1984) . #rEFIT RCF HlEaHT
ZHIET 0.48 Gy/min Toh-7= (Far West Co. Ltd.) (McLaughlin et al., 1977) .

A7 XA NE RXOLE, VEXOMEEET, JITiE 20, $hiTid 20, #HTIE
15, FRITIE 20 & L7z, MRSTHEIIIORCIZ 0 () | 2, 5, 10, 154y, %th, i,
RRECIE 0 (BAER) | 1, 2, 5, 10, 15 4r& L7o, W%, 30°C. 70%RH OfEIRIE
IR LT, shi bl duZiIfE e U USRI A 52 7, I 7 AR bsh R,
S LIEEEN T 17 Atk e 7 ARRICECRIZ 2o 7ol pohid 7 ARRICAETHERA
G C A

S VAL T AT OGS, VX ORI, JITIE 20, $hHiTid 20, T
10, AR 10 & L7z, RUREEEIGON, Shh, dfTi30 () | 2, 5, 10, 15747,
RAECIE O (BLEE) | 1, 2, 5, 10, 15 Zy&i%iE L, A%, 30°C. 70%RH O1E

IRIEEICR L, SHHUTIIEEE LTk E -2 72, INE 6 BRI bt shihe
WEZAEh 20 Bk & 8 BRRICHRIC /2o 7oAk, kb 3 BT A
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Z T

BEHfExIEEH AT — O BEIFRIOMAG O EN N 3pE & LT,

1—2—3. TARYULUKTHY 7 b7 ha AL

KN LEOIIRERFT 5N TND T AF 15 [HEIIDEZ Bl LTy vy—1 (H
5.8 cm, YRS 1.8 cm) ([THET—7 CEEL, Y7 b7 b alE L7, M
FOFHL, FFRRERUTHD, BEHRHNIEL, 0 () | 1, 2, 5, 10 53¢ L7z,
WER%, 25°C, T0%RH OfERIEREICR L, 7 BRI hEa 252 7=,

T AR Y LLOGRITT AFROPCHET H7c, EHEETHARN T L
IXTERY, 207D, LEOT A% 7 LVHHRNT AR OHIIAS>TND T X
# 20 HHE LT, Ea s v — LA, TARV Ay 2TV, 7 AFROK R
BIRIZY 7 L7 Fa NS5 KO ITERIREREE 7 AR A RS ER 13 6
Y7 hZLs hu o h RS U, BRI, 0 (BEd) | 1, 2, 5, 10, 15 3& L
Tro T AXRIZ AR S W% RAT-02, V7 b=y hu o AREETICT X%
FizBERSE L7200 OB HIT o7, A%, 25°C, 70%RH DOMEREREICREL. 4
BERHZIZ HEL U 7o a5z 72,

20 BHDT A%V U AVl E Vv — LA, FA By A v a TR, V7 bx
L7 ha o a WG Uz, WSR2, 0 () | 1, 2, 5, 10, 1577 L, 5 H&IC
AL TNDT A% T DU E A T2,

TNENDOLINT IR L LT,

1—2—4. FZhoBED RIS
V7 hx L7 hu ARER LT B HROfE 2 ORIl TEIr <47z DNA $§% DNA =

Ay N7 vlA MRS VEKIKENE THNZ, /A E T AL TOHHRITINHE
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FBIE 170 KV OFE 74 10 IS L, BEEI ICHRIRER TR Lic, Thve T
BT ORL, MRICLT, WAL PDS Sy 77— AL, 125 pm OF A
BUAyaTRLE, ZOX DI LTI ARk % Singh et al. (1988) @

FECED, TABUaAy T oeAI12HNT. DNA OEH L ABIZE LT,

1—3. kR
1—3—1. 27 XA NME RFIHT D

Table 1 (Y7 b7 b ur OFBNROFRZRT, JITIE, RLERXTIE 20
B 14.3 EAWHE L7-Disxt L, BEX TIE 2 Z5LL EOMBRCibsh iz R o i
Tphnode, Sl MTHRERT, ARBEX TI3sh i 20 BAH) 19.0 BA, i 15 SAHF
#) 13.5 B E THE TEI2DITH L, WX TIIELHDAT—UThH 15300k
DUFECRic i F TRE LRI G2 o7z, SR Tl 20 8RR, RUUEX CIEF
¥%) 19.3 BEBHEAFE L, 5 HIONBRE TIIAELERD E - T205, 10 53PL EORPRTAT

DR LT,

1—3—2. JIARETAALINTHT DR

AALPR T, PRTIZ 20 {344 16.0 fEAME b, ShHiCld 20 BAFAAE 4.7 BHASAK
METHRE, WHTE 10 88+ 9.3 SN L L7=DIox L, JERX Tl 2 3L EOREE T
FTRTOMRNIEE LTz, R TIET X TORCHRISELT 5 DIZ 15 53] DOAERA EE

Thol,
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Table 1. Survival responses of eggs, larvae, pupae and adults of three stored-product insect pests after exposure to soft electrons.

Number of survivors (mean + SE)

Exposure O (control) 1 2 5 10 15
. No. of  Day after .. .
Species Stage individuals exposure time (min)
Dosage 0 (control) 0.48 0.96 2.4 4.8 7.2
(kGy)
Tribolium Egg 20 5 147+ 17a - 00+00b 00+00b 0.0+0.0b 0.0x£0.0b
castaneum Larva 20 17 190+06a 00+00b 00+00b 0.0+00b 0.0+00b 0.0+0.0b
Pupa 15 7 13.3+03a 00+00b 00+00b 0.0+00b 00+£00b 0.0+0.0b
Adult 20 7 193+03a 19.3+03a 19.0+00a 160+12b 0.0+0.0c 0.0%£0.0c
Plodia Egg 20 6 16.0 £ 0.6a - 00+00b 00+x00b 0.0+0.0b 0.0x0.0b
interpunctella Larva 20 20 4.7+0.9a - 00+00b 00+00b 00£00b 0.0+0.0b
Pupa 10 8 9.3+0.3a - 00+00b 00+00b 0.0+0.0b 0.0x£0.0b
Adult 10 3 93+03a 87+13ab 7.0+2lac 33+0.7cd 3.7+0.3bcd 0.0+0.0d
Callsobruchus Egg 15 7 11.7+15a 00+£00b 00+00b 0.0+00b 0.0+0.0b -
chinensis Larva 20 35 19.0+06a 30+06b 43+07b 33%+03b 47+£09 33x0.3b
20" 35 19.0+06a 18.0+06a 187+0.7a 19.0+0.6a 18.7+0.9a 18.0+0.0a
Adult 10 5 100+0.0a 10.0+0.0a 100+00a 87+13a 23+19 3.0x0.6b

10.0+0.0a 9.7+0.3a 6.7+09b 0.0+0.0c 00+00c 00+00c

Means followed by different letters are significantly different by Tukey-Kramer HSD test (P < 0.05).
* These individuals had rotation treatment without electron exposure.

** Number of active adults.
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1—3—3. TAXY U LUIHT D%

PRCIE, AKX TIE 15 P 10,7 fE2M b L7=Dioe L, XTI 14584
ORI RITR DR 0T, ST VT F=L Y be BT
AXPi A FHAS B2 TIVBECRO FFIIR O T, V7 b= 7 ha AL
X CIIHSIRHRIC 00 B9 3.0-4.7 BESEK I E THRE L, Bl Tid, 2L Th
Wz Z LN TEIUTEFEL TS EHIE LT, 15 DRORERTHAFL T
WA HDORR BTN, BATREIIDH 5 HDDIH%E TEROSH DR EHIE LT-%EA,
553N FOWERT NEMOH Dpkh ] 13R.6NR<RoTz,

1—3—4. FHROBEHBO T

Fig. 4 (ZhB#EEE 170 kV., 103D Y 7 b7 b L AEHE 17 Bfk->7-a 7 XA
NE RS ZRT, BEERIIANLICZTZR NS DD, BT ZAT > 725 o)
XFEE Th o, £, BHURAI T 72 A2 R YT, Mo 17 B, #%
H OGS LT, BB AA TS T2 I Z O L O ITEEET, BB HET %
b OB BT,
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Fig. 4. Larva of T. castaneum 17 days after treatment with electrons at acceleration

voltage of 170 kV electrons for 10 min.
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YA E T AL TTHRO DNA IZxF 5 Y7 b7 b OR% DNA =X
v N7 A TR, SIRORE D) DTl 2 BEXIKENC DN T o, 207 v A
TIE, % ORI DNA $HOUIWTNERDRED X 9 R Tl SN 5, Fig. 5a 13k
JBRDE R BAFTKENX T, 13 & A ERTOMBEN HAFT-vKEIXS W EEZ L TED |
HEORIIE O, ZIUX DNA OBEENMFIEA SR > TN RNZ EERL TN D,
Fig. 5¢ 1% 100 Gy DOH o ~#ild 2 LIcsh b Bk <, HEDRIIRE <,
MR DT NSV, ZAUTRE THEIC DNA OBRESEE -2 L 2R LTV 5,
Fig. 5b XY 7 h=L 7 Fa AR U725 DS 0KENX T, BEORPIREIWVHO
IRZND, WL ODRDOENS D, FHEO DRGNS, ZiuTes THEIZ DNA
PEEG LI oTZ AR LTS, Lonl, BEREORMENHOIXDe< . Ziud,
IHRDONEE CTEFRPEEL TNDHZ L ZR LTS,

B OREFIX, IBEELE 170 KV OV 7 h=L7 ha r OFITSh RO

IZBRS2NZ & 2R LT D,
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Fig. 5. DNA comet assay for the cells of P. interpunctella larvae:
a. Comet images of individual cells from untreated larvae;
b. Comet images of individual cells from the larvae treated with electrons at
acceleration voltage of 170 kV for 10 sec;
c. Comet images of individual cells from the larvae treated with gamma rays

at 100 Gy.

17



1—4. #%

VL EORESIE, MEEE 170 kV OV 7 b7 ha U R a7 XA M RE L
JVARE T AL TOYN, Gl AR CERE TR TE A Z L AR LTS, =
JRXARNE RF L ) U ASE T AL T ORERITFRRUITORRWR A ZE L2, 2Tt
1043 & 15 5y CRITE /o, 7z, IEEFEL70 kV OV 7 b= L7 hu 350
SMANO BERDFERA 1557 (7.2 kGy) VA OB TR TE 5 2 LAV S,

JNEEEE 170 KV OV 7 L7 br AL, 7AFY T LT O Ed TR T
FRBTE, plih L ShHuT 15 fHIORRE R & A DA, Bl b o
FES CHM TREN % o 2D T, 5 DRIDMBECANEM LT 5 Z LN TE D, TAF Y'Y
IO BROAEFERITRH AR L2 oTe, 7 AFY 7 AV O RITEOH T
BETHOT, Y7 hL s bryBEOHLE TEREELRNWZ EAVRRSILD, 7 A%
V0 B DGR RIS D OB NIRE L AHEE T D IO E e HIGEDMLEE CTh
Do

o~ RO IR EF [ X232 EAME SN T\ 5 (Cogburn et al., 1966;
Brower, 1974; Hussain and Imura, 1989) , Y7 h=L 7 hu A% L7565
A TH DNA OEENROLN=DT, Y7 b=l 7 ba bR bE5 [ EE 230
BEMEN DD, V7 hmLs b VRSB RICRUT B BGREE I ORZE I TTH D,
F72. AEHVWEDNA 2 Ay T oBAIZEY Y7 b7 huABEIZRERo
DNA (Zx 2 50282 Sl C & 2 rJREMD B 5 Z L S BN e o 72,

JEATHISE (Hayashi et al., 1997, 1998a) (2L V. #E HHIOMEEL 170 kV O
7 b7 bu UL, B0 CFEO ORI L O AR B2 70T &
WESNTND, BRI E R IR IO E R L 0/ han e b s, Bz,
ARG LT RIS R (7.2 kGy; 170 KV, 4 pA, 1543) 13, KORREICLE

78 (1.6 kGy; 170 kV, 4 pA, 454)) D350 1 ThbH, Lizh-T, V7 bzl
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7 ~a L OBOEDA~OEIL, BIOWE~DFEDHE T, T~ HomT /¥
—EFBEVARITH D L Ebis,

V7 by ha AEEEED T T N2 A T ARDOEFEIZ L S THBEINLTEY
T OMEETIL, BE 28 kGy, EI 4 pA T, 500 kg/REOBE CRMIOKENATRETH
% (Kaneko et al., 2001) , #¢th HAJCREZREI IR BRI 330D 1 ThH DT80,
B ERTIE3ED 1.5 ROHE TUINAEETH H LEZX b, EEORNE SIL,
BATE 1.6 mxF 2.7 mxmE 21 m THY | EFHEEDOIL 45 cm THD, V7 b=
L7 b EREERE ONPIRE N IZER ORE S, FHZ, B R L BROKRE SITK
175 %, REDBMOWILL AT DAAEEET D I2DITITH R DWIFENLETH 5705, A
HiORERIE, V7 b= b ABERBIDNE EIE L A B E TR AN E

HAafRT 2 5EE LCORREEZ RS2 L 2R LT,

FoHi ERREY T b o ABRERE O E R PER~DIL A
2—1. LI

RV —F R (V7 b= hry) [ TE@ o ha <, LEEITH R ik
BELE LW, R, Bih L0 T A ATHIRAT e & A 7 ORNBHEEE DR
MARETH D, FBR. BN OFERO 7 1 s Z A THPELEDBHFE SN TN D

(Y7 b=V 7 hur7akyth— NHV a2—3RL— =) (Hayashi et al. 2002;

Kaneko et al., 2001)

HIEIC, Y7 b2 bu AT > T, IPEEMERD I L) VAV Z T AL
HRLAT XA M FFRO I ITERIDINBTAERT 5 b DIFTEEITK RN FFETH Y |
T AXY T LD LD ONERCTHE T 2 bOIT—EIVEFT 2 Z LG

N7,
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Z T, AHICIIATEERSMEL T8 - GAEMMY 7 hx L s hr AL

PREEEIC > TR L725B1S,. EORBRE ORI A TR E i~

2-2. MBIEE
2-2-1. a7V T LIHNIEL TS ZKOFREL

P BE B E CORBERED a7 7 AV DINE L TWDZKOT 7V a HES
B2, DX D eifiiladT-o72, 600 g DZAKNA-ST-es (B 149 cm, &S
9.1 cm) (Z 100 EORLHZ AdL, 25°C, 70% D5 FT 2 BEAHE L, BRE R BR
Too ZHVZE 2.4 kg ORIMEOLZAK LR, BIZ 25°C, 70% D54 T2 HMEV -,

ZAUTHEBE 1 ERLAOR AR, V7 b7 e A T T,

2-2-2. JUARET AL IHNIE L TD LK

G/ DS R E COFEEIED ) 2 A= H T A A TTHIE L TND LKW 7
N ET D720, ROL D iz ATo0, V7 b7 hu A 24, 17,
10, 3HANI, 3mg D/ v A~HT XA FOYN (FBL% 160 5F) %#ENEi300gDX
KIZIRAE, 25°C. 70% DM T CHHE L7z, JNE 25°C, 70% THfERiRIC 3 HRHEIN S
WIZZKka W, PREIBE T L ORI /2% 4 FEEHO LK (300 g) % 1.8

kg DRMEZAKERE, V7 b=y ha QA T-o77,

2-2-3. TAXVTLIINELTNDT ZFOiHL

G BIfE COREBEBEMEDT XXV U7 AT BIIE L TWDT AX & HET 572012,
WD XD eififla 17, V7 by ha A 17, 12, 7 HEIZZEHZEH200 g
DINGBPAST-E (EAE14.9 cm, B 9.1 cm) (210 /DT RV 7 ALz A

. 30C. 70%RH O TE LTz, F7-. Y7 b= L7 ba U AED 3 HEGZ
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200 g DT AFIT 10 XfOT X%V 7 LA Ad, 25°C, 70%RH DA T ClIE
L7e, Bz 7 b7 b e UABRORNZEY R, fEHIRNR 25 4T T

A 200 g % 2.2 kg DANMNET Ax LiBE, V7 b7 ha  ABE{T-7-,

2—2—4. V7 L7 hu A

FREOFIETH B0 UORFEE RITINE S TRV V2 3 kg DZKBIOT A%
7 b7 harratyt— (NHV a—KRL—y a3, 5, BA) CUEE LT,
NBHEIEIE 150 KV, FEIUIZKOGEIL 4.4 mA, 7 AF DAL 64 mA & LTz,
#REElT RCF #RiEF (Far West Co. Ltd.) 1T X AHIET 3.0 kGy sHEE SNz
(McLaughlin et al., 1977) . JERRO YA > KU n 5 om B2k LU A%
FKITOZILF—(T 80 keV EHERIS Lz, ZHENORTEE RICOUWCRAEIE 3[E]
&L, RAFHX HERIT T,

2-2-5. V7 rxTL7 harOEHE
FES., 25°C. 70%RH O FICE S, BT AR amEI v N Lz, hv
> b UTEBRIT, RCHUTEY BRU N,

3. FEREEL

JIARETAALINEY 7 h2 Ly ha R Ko TR TR B S, BRI
HZ 7S T BRI S ho Tz (Table 2) . ZAUTEZIMA D EARDE RO
Yy, FAY 7 b Ly ha CRUEEEEIC K> TRAITERTE D 2 2R LT D,

AT GEET AR T LVORAMNEY 7 b2V T ha BN K o TRIRT
TTM, —ERIAEE R T, EH0H YT LT hr BG4 18[% £ TICHE
L7 B OFEIE T IARIRX & el LT 10%LL N CTho7z, ZDZ L1383 - GOPER
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VW TERD ]G S73Y 7 b L7 b AP Lo TR TE -2 L 2R LTS,
a7V L CIIBEDEFNCAE X TR AR T2, 2B I3 24 FHEZIZIX

BTHL LT, Wold O REX Tl TEF L T,
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Table 2. Number of adults emerged from brown rice or adzuki bean during storage after soft-electron treatment

Storage period (weeks)

2 3 4 5 6 7 8 9 10
S. zeamais
Untreated 0+0 359 + 31 1643 + 81 1353+ 84 253 + 37 22+2 11+4 1023 + 126 530 + 48
0+0)°  (359+31) (2002+111) (3355+194) (3608+180) (3630+179) (3641+179) (4664 +157) (5193 186)
Treated 0+0 2+1 9% +7 344 + 15 17+3 1+£0 1+x1 3+3 35+3
(0+0) (2+1) (98 £ 7) (441 + 29) (458 + 31) (459 + 31) (460 + 32) (463 + 33) (498 + 30)
P. interpunctella
Untreated 0+0 27+6 92+4 37+2 45+ 7 1+1 _* — —
(0+0) (27 £ 6) (120 + 2) (157 + 4) (202 + 8) (203 + 9)
Treated 0+0 0+0 0+0 0+0 0+0 00 — — —
(0£0) (0£0) (0£0) (0£0) (0x0) (0x0)
C. chinensis
Untreated 242 +13 468 + 25 343+7 53+6 21+6 240 + 103 587 + 117 301+ 25 46 £ 12
(242 + 13) (710 +37)  (1053+38) (1106 +35) (1127 +41) (1367 +133) (1954 +250) (2255 +236) (2300 + 224)
Treated 22+11 172 42 +8 3+1 1+x1 53+7 129 + 36 65+ 25 3+x1
(22 + 11) (39 + 10) (81 + 3) (85 + 3) (86 + 3) (139 + 10) (267 + 27) (333 +52) (336 + 52)
Mean * SE.
% No datum.
b Cumulative.
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ARFFRZINT, AFHREN D D D86, HIBL LI BT B 5 £ TOHE
(R, FEBRL., SR IROpR & LTHETT 5, HBLT 2Ekchofii= s Vo A
DO 7-8 R, T AF Y U LT TIL 5-6 WIS R L. £ 2B O
LTCW5, ZOZEIEY 7 b7 b Ak > THERS S L IR OHEZ &Y |
ZOTOF 2 HRBHIL LA T=Z L 2R LT D, 5 2 RS2 Z &,
7 b7 ha AR Lo TRIHES R T2 2 EVoyind, Y7 R fhay
DFW) « GOWEIO R E TEREEL TV 7o EHEHI S, ZAUTT X% 7 AT
K DIATIEORER L H—E L\ % (Imamura et al., 2004a) .

fme LC, ERARY 7 b= L7 b o U AUEEERE 3R - GOEROFRRMATHE
R - SOIMINAERT D EIIERITEINTRETH D L E2 D, Bl - SOk
OREBAEET 2 FRIERTERTE P, DA ERITFK T 572D
BRfr & DA HOEDNELTH 5,
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FIE TAXRNEBLOLKRFOFRIZXNTEH Y7 b7 hry»
R ORE
BLH TR UL DY T by hu AEORE
1—1. [ZE®IZ

W7 VTRELEZLNDT AFIE, ARTROANRDHLTIHO—D>ThH D, =
DI TR SIS T D, BPEOEIZ, LIZUET X%V 0 A oliE
w2 T Do ZOT XX LALT AFLGNIY YT OXZH, UVa s burEzn
FIDLILETRON TV D, RHITEORMIINEEADT, T Lg T EOHIC
RAL, SONEEZRETHKET D, TONSTCIMEL, BHRIEL 30°CTIIEINDE X
%21 H#AIZHEIT % (Arora and Singh, 1970; Ahmed et al., 2003) , E& VIIENH -
7e%ra. BT B DB BT T2 D BN L D172, B S 7e< 720 |
Flo, HOEFRENLRONTLE S, Aslam (2004) 1I7 XF Y 7 AL > THI
SEISNDOL ZUDICRIBRZRIEL V. 7T AF Y U LT ZRTR GO FE/LERT
oHZEZPABLNTLTND,

fim CIbT2 L D12, T ARV U A G ielmainE RobRE L LT AZKIZ
L DR RDRIETEOBIRNEE L laoCnD, (EAERE DT, BRIV T
B BB CTH Y | BRI E OB D— 2o Th 5, Hid# A VR OBEEE
ERCEE S TIY  (AEA, 1989) | AETIZ, 37 WETHEZE AT TR
k9™ 2 R AR ASER AT 40 CVvD  (Anonymous, 2006) , e - EEEICE
T DK EA FAO [ IAEA A S (Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture) (% WTO 2MIRE ORI K - THEHR-EE O ff
FZAE R REE L 95 L 9IRS LD (Anonymous, 2004) , 7~ MRS
BT DR AL & L TRAESFRF ST % (Cornwell, 1966; Hussain and

Imura, 1989) , LU0, o~ Iias L= OB ER RS> 5.2 5
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Z s STV %  (Hayashi, 1991; Hayashi et al., 1997; Amjad and Anjum,
2003) . ED—F, BRI L DV ZETERARIENE L BREA~DOFEL D
VN (Furuta, 1987) . BRI~ &0 iERN0 NS < EICEHRRREATEE D)
SOETHROFE EKT 80%) (4 <Oz (1-25%) L CTIEFICE
VY (Best, 1989) , FREALER L L CORE FHIRI OF ML) I ~& = Tetranychus
urticae Koch., =¥ A ~E 27 U = Liriomyza trifolii (Burgess), ~AE> 3 k¥
Spodoptera litura (Fab.). EE€7 47 7 L3 Myzus persicae (Sulzer)7z E D80 fb3E
HCHE ST % (Dohino and Tanabe, 1994; Kumagai and Dohino, 1995; Dohino
et al., 1996, 1998) ., Tanabe and Dohino (1995) % 17 FkEOY] Y fEIZxHd 2 7E 1#k
RS DS ZRFE L, 12 ISR LTI S MeV DT RALF—THEENRNZ L %
OGN L., BRI OO TEREIZ & > TIRAVBIEEE Ch 5 2 & 7R
L7,

gy NS gl )& FFo Y 7 b7 ha s (EEE 300 kV LU FOE 1)
I3, BV o~ RS CRVE R IR E A LIRS B2 2 &<, B, 5. &
FEE FEHEE (RT7T U R 2RRARRETE L 2 EPHE STV S (Hayashi,
1998) ., Y7 b= L7 huALEZBAN NSO T, SRV A GBS ST 20
7, BLEL TGO T A o ~OR I AF DI S T % (Todoriki and Hayashi,
2000) . Imamura et al. (2004b) (THEUY 7 h L2 | v L RUBRE 2 Rk i s
HORBITHIIT 28R 21TV, AR OH L Z & AR L, £o, IEEE 170
KV Y7 b= 7 baA3al XA NE RX L ) U ASHT AL TOIN, Sl iz
IHRHNFRERTE D (Imamura et al., 2004a) , “HNHOfEREHEX, V7 b1 Y
DT A% LIRS OFME TS S 720, VT hmL s a7 X
FADORFNZ L DHINDT XXV T L ~DIWREASINTT D, ETHEAT—VO

BN L DR MEOZEZTIET A=D1, T AXRNDOT AX V7 LS OFEX 1238EF A
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T—UIZ170 KV DY 7 b= 7 ha G L, 7 AF T LA~ E AT,
FD%., bo & bIERIEE ROTA7-0I, FERORBRTH - & HIETRAMED
STFBEAT—IFMMEAT—U L L, ZHUZ LY EEREOE A R LT,

1—2. MEHEHIE
1—2—1. ER1. 7TAXV T LLORRDIEE AT — P OEE
T A% DY

TR (FE TS ) IRV, 7 AF Y T AT 3081°C, 7T0%RH O
TERMERE TSN T D bDOE Ve, HBHRR G720 T A% 0 ATRH 25
T %100 g DT AFDO AT awP IS L, BRI ROz, 7 AT TEIC L TRE,
25 g 70D 45DV T )ITH3T T, ZIUBITELE 8.3 cm DT ATy 7 RERIZ AL,
30+1°C. 70%RH OERIENEECTHE TSk THE L7z, FRERIC LT~ Zalino
TRAX ST LVESGT ., TAXY ULAVRBEIRVRN-H % 0 H & LA, FEBRiC
V2 0, 2, 4, 6, 8, 10, 12, 14, 16, 18 HTH Y. 30CTHOFEFIZ LY
(Hussain and Imura, 1989) 0 75 18 HEpIEIN S TH SRV GE ORI %
STVWARIRETE G EHEETE D,

A7 = P/ N = D b

ATRED HIETHE LIk A 2O T A% 7 AV PERTHT A% (25 9) 1T 7
VT 7T 7ELINER (NHV a—RL— 3, 5l BA) TRASEIEEL
170kV Y7 b7 hur (B2 pAd) 2L, 7 AR TR S 15 cm @
PR 8 D BRIMIEEEE D b L—IZ AN, [BEEEE 1 RIS 1 BIOEEEE S 10
[EDOIRENZAT 5 K OITRRE LTz, b L—HMAIZBIT DERIE, RCF #rEiHI XD,

170 KV OFA4C 0.5 kGy/min SHEE Si7- (Hayashi et al., 1998a) , L~ T, 10
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kGy DALEREATHT201C, 20 HTHOIIEAT o7z, MU TOR SR bt

E LT,

1—2—2. 2. MEAT7T—Th5 18 HElTxd D4

1 =2 =2 TR LIZT XX YU LT DRI DHIEE AT — Y OIUEHBRES MEORER

. bo & BIEERMED S TR T — 13 18 Hilin TH D Z & V-7 (Fig. 6) &
Z DIEA T =6 DA e TR L — LR A RET D721, BiRLOTIET
Yl L7z 18 HilsDT A%V U LAV HIVER L TWAT A%%, 10 kGy (170 kV) . 20
kGy (170 kV) . 10 kGy (200 kV) . 20 kGy (200 kV) @ 4 Sf-CHUR 7=, 200
KV D856, EilL7pA THY N L—KE CTOMERIT 1.78 kGy/min LHEE Iz,
FoT, MEFRIEZIZN OB T 20, 40, 6, 12 5 Tholz, BIHRIREAIT

DTROKHIRIX HERE LT,

1—2—3. HBGROHE

FIEIVDRPRX, KRS B U 7ol A 7ok LT, bR CIRRIE L
HBAZ 3.3 mm D52\ THDH T LTk a7 XX 608 LT, £, M
(3t DOTLIR TR L7 (Halstead, 1986) . BIZA3ENIOD 21 HELBRAAAL, 2 HiE
ot CHT LR ASHHEL L 72 < 725 F T 7, RO HHBIER O3 23 HRIX & D briis
TEHMA U7z, MEERIHBUEAE ed2 HBL L 72D BRI L > TRked 7z, B L7
R OFEA, FEYEL, IROTARE TR L7 7O E TR D 72012, JERX K OSHRX.
INDAFTZ R A MERE 1 %972 25 g DT AX D ASTFEITR L, fH, BELE,

F— B ORI T —TTBCE S T M O Tukey-Kramer HSD test Z VM=, sEIX

ERBRIX DL 21T t-test &2 U 7= (SAS Institute, 2002)
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1—3. kR

1—=3—1. TAXYULLDIEFEAT— & EHRESANEORR

REOHBUIRT DY 7 =L 7 b AR (10 kGy, 170 kV) OZRZ%RIXIC
KD NBEX OB B O R LT (Fig. 6) . & TOMBX CHE A RIS
XX LD BEEIRLS . Z2080E 0, 2 XM 4 Hilisd 0886 18 HiiinD %) 32.21 55
DT o7z, HEREEOBA R T Z L2 < 0 L Liz, Zofi o,
2 e M4 HinC 100%. 16 HinC 80.76%, 18 HifinC 50.68% Tiho7z, 4 TORERX
TY 7 b7 ba MBROA BN DTN, e bREEEDENAT—I X 02

54 HECTHHoT,
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O Number of adults

70 - . - 100
B Reduction over T
control (%) - 90
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Fig. 6. Effect of soft electron treatment (170 kVV-10 kGy) on C. chinensis of different
ages in terms of reduction in adult emergence. Mean (x SE) values followed by

different letters are significantly different at P < 0.05 (Tukey—Kramer HSD test).
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1—3—2. OB, FHan, PEIMI T 558
B bR B A RO B0, 18 BEDT X%V 7 AL HPVER LTS T XF(Z

4 T ONFLZAT > 7, 2 TOMBRX TR O HBLERIGRIX L ARICE)» 72

(Table 3) . HBIARHEONL, *HEX D 107.0 fEAIZx L, LXK Cl3f T 20
kGy (200 kV) HWEX D 24.7 B, £%CT10 kGy (170 kV) WUEEX D 50.6 fE{ATH
o772, 10 kGy (170 kV) WFEXZFRX | o4 CTORBRX CHB AR B ZHE X
77Tz, XRS5 B DR 3R13. 10 kGy (170 kV) ALBRXD 52.6%IZ
*L. 20 kGy (170 kV) ZWBEX, 10 kGy (200 kV) KX, 20 kGy (200 kV) ALH
X CTEIEI 76.3%. 74.6%. 76.9% Ch o7z, AUBHEIHZOBIEICLY . HEL LIk
hoFfm, FEIME, BRIRETRE Lo roBIck LT, Y7 b=L s hrrpgds b
DTN oTe, T7ebh, TR TOMBEX TRl FFmI i L0 <, &L
HIXT21 75 2.6 HTHLDITH L, ARXTIL 7.6 HTdHolz, [FERIC, PEIMIN
KHRX D 59.3 EIZxF L, 20 kGy (200 kV) AKX, 10 kGy (200 kV) AKX, 20
kGy (170 kGy) #WERX, 10 kGy (170 kV) WFEX CTENEIL2.3, 2.7, 4.9, 12.81#
Tholo, Fio, MBLLIEBURDEATINL, *HIX T 42.6 BB E TRE L71-D
I3, 2 TOBEX TRl E THRE T BRI STz,

1—3—3. HE LI OMEITk 2 52
V7 R L b a AR TR U R R O A B e A B2 7o T (Table
4) . HMEPEERIT 0.31 205 0.42 T, HERMOE, M U%HRIX & Ol CAEZEI T2

77,
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Table 3. Effect of different soft electron treatments on 18-day-old C. chinensis in terms of adult emergence, longevity and fecundity.

Number of adults Perc_entage Adult longevity Number of eggs Mean number of
Treatment ermeraed reduction over davs)? formale? adults emerged
g control (days) per female (second generation)
10 kGy (170 kV) 50.6 + 1.3b 52.6 2.6 £0.2b 12.8 + 0.6b 0.0
20 kGy (170 kV) 25.3 £ 3.5¢C 76.3 2.2 £0.2bc 4.9+ 0.3c 0.0
10 kGy (200 kV) 27.3+£3.4c 74.6 2.1+0.2c 2.7£0.3d 0.0
20 kGy (200 kV) 24.7 £ 0.9c 76.9 22 +0.1c 2.3+0.2d 0.0
Control 107 + 2.6a — 7.6 +0.2a 59.3+2.1a 42.6

Mean = SE followed by different letters are significantly different (P < 0.05) by Tukey-Kramer HSD test using SQRT(x = 0.5)
transformed data.

'nh=60:2n=230.
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Table 4. Effect of soft electron treatment on the sex ratio of treatment surviving adults of C. chinensis.

Female sex ratio”

Treatment age of insect (days)

Treatment 0 2 4 6 8 10 12 14 16 18

10 kGy (170 kV) X X X 0.31 0.34 0.42 0.39 0.32 0.37 0.31
Control 0.35 0.38 0.39 0.35 0.38 0.39 0.35 0.38 0.39 0.35
t-test NS NS NS NS NS NS NS

! Ratio of number of female insects to total population.

X, no adult emergence; NS, non-significant.
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—4. B
1—4—1. TAXTLLDEIRH AT — DGR

V7 hxELr brAt, BRRERCHOW O L EREEROP T, Tt =y
7 ARk TR —EALHRE Y b2 TH D (Hayashi et al., 1998b) , AlRIDFER:
K0, V7L hrAL, TR U LTOYRROEH D Z LW rioTe, &
TORRBLRFTO AT — N80T 5 BT B SR A~DFE & 1517 7228 (80—
100%) . O’Brien and Wolfe (1964) & [RIARICHRZ Lo TRENEDOENR SN, T
b, TAX T AVOEHYEEEL, e & BICHEEIIK L (Fig. 6) . i
EREMEDOBIR L D | FELCEDS 90-100% Th DI HEDE 7 /v—7" (0-10 Hilip)
FELZD 80-90% ThH DRGS0 &5 7N —7" (12-16 HER) . LD 50%FEE T
b OIMEDD D7 N—7" (18 BN T35 ENTE D, ZNHD 37—,
30°CTOREIA 7MLV (Hussain and Imura, 1989) . ZLEHIINHEHOA]
W, SR OEENBIE, GO THBUIMRZ TODRHEITHIG LTV D, ABFZETI0
Th, TNENDO RO 50 HOGESHFESTHZ LICL>THIDOZ La2MER LIz, 4
EIDFERTT A%V T LAIFHEEPEDIESTY 7 F= L7 ba VR K DT ER
IMET L722S, o~ BN Ko Thlm & i 22 i 27201300, shihafehd
D% XD bEVBELA ST D Z EAERE SN TS (Yoshida et al., 1972) , FEHD
WATZ AT — D TR N RN 5 Z &%, /~"AF 3 b (Seth and Sehgal,
1987) . FI"Z= (Dohino and Tanabe, 1994) 72 EftifECHHENH 5,

B I3 2 BN SZB TIRE L 72 B b 28Rk L D IR D SRR 1 & 2
D> TV D, AR & HRRRO M ITIROIRIEAERAT 2 5, B RS2 %
TSR ARD THIR CTH D728, IR b IBUHRRES D Em Yy — 75, B3 2l
O ZETH Y, KBRS S (Ahmed, 2001) , AEIOFERE D B, II2K D
RS DO L A MR CE T, Fio, B O X — 3T 5 A
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DOFEEMNHEIATIIEWA % (Hayashi et al., 1998) . INITORMEIZ[EE SND
ToDICEARNEREL =508, D AT —TlE, T O TRET D 12O RO
RN B HWNFFHE SNV TND EE X Bid, [RRRIC, WIS R T% L) Bl
F O HEEMEDRE L, ZAUTEPRRO ROALE LT BIGITEZEE L C 2D ATREMEDS
5, Ahmed et al. (2003) 17 XF' 0 AT OPHIOH HITTORAEE FICEE->T
WD, ARSNHITEORIEIIND ZERH Y | ZOEWDREIOT X% L
DR BNFITEE L TCND ZEEALNC LT, Zhud, BN TEOREIL IV
HE D IS EEINZ D > T H 2 E A ER L TV D, GNEFCONE DAL
(2, CHOANER R DB S A3 B SR~ RS2 S~ 2 D& 15T 5 AlaetEnid 5, =

IFRBRORBIEEDOMHEATEAT — U The b FERFRICTEDN &5 & 5 8122 (Hallman,
2000) &—HT 5, AT XA RNERFL ) U ARE T AL TIZHBNTH, BLIFTD
FHRBEPER L TY 7 b b bu R T 2 &0 5 FIEROFE RS HRE ShvTuy

% (Imamura et al., 2004a) .

1—4— 2. MHERAT =Tk DA

AR L Ch o & BiliERH D 18 Bl AT — A%t L, 3FEDOEHRES:
HEH LTz, TR —L~ULOE R (200 kV) Tl 10 kGy (170 kV) AL X
D HEE RO HISRIIAEISHD L. (Table 3) , 207 LILEBENCEEEET HE
THROTRLF— (Hayashi et al. 1991) 23 L 0 & RRITRF L CRIEN2 5% E %2
FFOZ L ARL TS, STFHEOEMESMETIE, 10 kGy (200 kV) LR TULPRERET
NN, e bR T D,

1—4—3. pihdgan, PEINEL, MRS DR
FELCROMUT, SRR IR ORI, PEIROMD, BHEROIKT, FEHEDILE
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IE, FEROE L OREE KIFT (Ahmed et al., 1981) . AFFFICEBNTH, il
Frtn, PEUHE, FHAROFEFITH L, EFRIRADPAERCEZ 522 Z LA BN
1ol AR HEL U7 plth o L EIEI T, R I S AEICIETF L., 2
AUTE IR T b BHRAVASERES ) & 2RI IRDIRN Z L 2R L TN D H DD,
R OREAE & AEARE O (Ahmed et al., 2001) 12Xk~ T, AERFEIMROM
DN T2 B2 DND, T AKX T LY OEFERESNI R D RO T,
Yang and Yang (1993) (ZL - T, H o~ L= 7 X% 7 L pk b CRESEmN
97.4% ) L7= &35 ST 5, Seth and Sehgal (1986) #H/~NAE = b OREEIR
B L AFHREI NG U CH o~ NGB 2 5.2 5 2 L 2 s LT D,

NI Lo TR DFERZTRIPIRT 5 Z LA TE 5 (Ahmed et al., 1976)
AWIEUZ L > Tl b D—2lF, Y7 b=l el AE L7 A HHELL
Te RS PEATEIND BIROEAROE R E THRET 2 DN -T2 L ThDH, T,
FERANS Y 7 by b AP L > TEROFERRMEER TE 5 Z L 2Bk L
TW%, DNA DX 5 RE R FAFFHTEBEERICIS < /ISy~ LiigE S,
Z® DNA OGNSR E T, MR b0 R 2 5 & 24 (Kunstadt,
1999) . 7 AXY ULV EGTHE < OIREAER T, T v tit bz s &k
CITNREEOZ ENME STV DA (Begum et al., 1980; Kamel and Ahmed,
1980; Hussain and Imura, 1989) . &I X 2 NHLOMIZE TS £ V1T T 2727
-7z, Dohino et al. (1997) X2 U =2F 1A 777 23 Pseudococcus comstocki
(Kuwana) |Zxf L CEB s i b2 5| S 232 L 235 L, Imamura et al. (2004a)
XY 7 b7 br RENC & > T U A~ Z T AL O T DNA OEEDEZ D |
TP 2 G &R 2T ATREMED B D 2 & A HE LT D,

BEEME B B AR E D HETEN Z R0 2 B 2 D DT, SERRRMNER T E VWA

FHBRATHI Y 2 ECHEEARERN TH D, MK > THEHBRESEMED 2 5 L9 biF
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TR OB Y | NF=D XS il alrE, I, TR EDL L OYE TN T;
WEEMED EV Y (Dohino and Tanabe, 1994; Hallman, 2000) . Z &N, HEDFN
Yt fRDBREDMEL D $ 2 < THAEFTEHZ 212K % (Tothova and Marec, 2001)
LUy, AWFEORER TIEREROBERITROT, V7 L7 hr X e
KX O O EEIT R O »7- (Table 4) , Y7 b= L7 fa AT
T AR L OIEFBIHS LT, ML HIZRBEOR IR ZFF > Z LA BN
7otz LnL, MRIBOE AN D 222D D 2 T2 DI IR BN T B [H]
HROGERZAT 5 MED D D,

AL L0 N 200 KV DY 7 b= L7 b a X 6 FRE ORI T X
FHEBTHRE L QDT XX T AV DOEAT VRN CTE 5 2 L L)
(27 ol BRI o~ RUTHATHRIAMED & U ZnB 10 NS N2 DIT T o~ R D
MR 2FIVDIR< | B INEEEIHMEBDTZOIZEIRZ Y% Z LI3ATRE T, k&
M, TOMDIKEFDEIT S HGHEE D RS2 Z L1372y (Urbain, 1989) .
INOLDOZLEFBETIEL V7 by b u AT IS DR IR E 22 F]RE
PEAFF> & b,

Bofi RaDEHIN=a s LNTHTDY T by hu AAEDOZR
2—1. LI
V7 hELY AL > TaZ XA RE RS, BIOR VASET AL HD
IO E T, 7 AF Y U LD E HIIFERICNEETE 5 DD, ThIOH
THET L7 AXY ULVOHRITFERITITRATERNZ EARESN TS
(Imamura et al., 2004a) ., F7/=, EARY 7 b= L7 b AEREEIZ X D08 C,

BOOIMUNEINET D ) VA Z T A IR RTE 505, B - WORINTIH
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BT 527 0Ly TAXYULAYO—HITAEGFT LI EBREINTND
(Imamura et al., 2004b)

AHEITIE VT b2y hn BT D37 Y T AV OMMEA T — U2 5
(T D720, ZAROTTHEE T DRR LMD =27 > LiAZ 170 KV OFE R
B, BEMER S L=, F7=. microMRI 12X > CEHRICIHIEZ FFORE AT —Y

DRINTONIEZBIEL LT,

2—2. MEETGIE
2—2—1. Bslioars a0y 7 b2y ha AT DIt
B YES

kA HHEIES 30 HUUINOD 27 ' A3 Rk 100 HH% 300 g DZKIC AU CRERN &4,
2 HIAIZID BRU Ve, ZoKIT 8 g T0MTmT . 7T AF v 7 BEC A VTILBRZAT 5 i
HITET 5 F T 25°C, 70%RH OFMETFICE -, WA 7-idliE= s Vo Ly
R OPEIIBIA LA & LT 2-17 BEOENERE, 19, 21, 23, 25, 27, 29, 31
A% CTH Y, FEINEZDIINDIFE THEEN TN D,

V7 b ha AL

HENCD AL T AHEHD 7 7 A BRERCND KO IR L 72 8 g DK
V7 L7 ha o m R U, IBREEN 170 KV, BT 4 pA ThoT-, #Rio
RIS TE D K 91T, FRIAEELE TR A RAS Y2036, Y7 LY
BN LT, DR ORN 6 OREEL 15 em & L7z, FRLORIED T
E SN TS Z EIEATFNA o —TY i SN Z k% WV CHER L7-  (Hayashi
and Todoriki, 2001) . MRERIIEHIEIEEALE 2 (FH) SHR2VIREET, RCF #rER

(Far West Co. Ltd.) (2L 2HIET 1.0 KGy/min EHEE S47= (McLaughlin et al.,
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1977) ., FAIRIEELE o> ORI TOWIGHREIL Z OREMEOH53TH L LHEES
% (Hayashi et al., 1998) , FRSHFRENL 30 43 & Uiz, AWR%, 25°C. 70%RH D%
EFICEE, HET D aHx -, 3> ba—Ld LT, B E-S 9kl @ E
IZE DU DHZAT b DEHE L, RiEHIE3 & L,

2—2—2. MRI

B D=7 T L RIS E T 2K Z microMRIHZ K- TBIEE L7Z, NMR A
7 b A—%— (DRX300WB, Bruker, Karlsruhe, Germany) Z{#H L, 7o kv
micoMRI 217572, =R (523°C) T7'2 h¥ NMR ¥ 7 F/L%45, ParaVision (ver.
2, Brucker) THEIG{L L. SIHMPPHRIIND KD AT V) —=2 7 %4757, 100 HOX
KA Lz,

PNEBIZHER NN D 2K i 220 fifRE. MRI CRIER L7z, RRIET 13 L ORI

D DR ZETT LT,

2—3. fEREELR
2—3—1. Bdmioars a0y 7 vy ha AR DS
SEAVERX| S5k~ 2 UK 2331 2 B IR Ol 2 th e & L, Fig. 7 1R L
=, ATOWINCITz 5T 60%LL LSRG S, FEINBAD D 3, 4, 17, 19,
21, 23, 25, 27 H#&DOHOITSERITFRRTE T, FEIIBRLGD 5-16 A%OREHIIE
T LIERTOIRN G StshiavE £ 5 (Howe, 1952) , 29 A4, 31 Ok SAE
TR HRDHBL L7223, Z ORI OREHTITBEPHYE L TrddUZ > T D b DD, &
KON E > TR G E NS (Howe, 1952) 720 Th 5 &b s,
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Fig. 7. Effect of soft-electron treatment (170 kV-15 kGy) on S. zeamais of different

ages in terms of reduction in adult emergence (averages of three replications).
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2—3—2. microMRI

PEDNBAAGE H 72D 13 HEROSHAERICAHET D LK% microMRI TBIE LT L 24,
42 fEr 38 D LK TIXZKRDORIFN T N TH RN, 42 fEH 4 fHDZKT
IEZKDOFEFTS N (Fig. 8) &

a7 Y LY OHERCRIT AW TR B, TR ZpETs, Wb L7osh g
KOWEZ B, —HOMNRIIZKOFE~EBET D, V7 b7 b il
FDVNEL, ZROFNEE TIRFEEL 20O T, BRI Tl E TRIE L T
WS HITALF LTZ 6B 2 Bib,
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La

Fig. 8. The longitudinal and transverse images of grains containing larvae of S. zeamais.

A larva resided at the center of a grain (A) and a larva resided at the periphery of a grain

(B).
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FAE KT RV F—EFRROBHA T =K L
B1HT =AY b7 vA Az DNA BIEOFHEE
1—1. [ZE®IZ

7 1) 2 7 L3 Curculio sikkimensis (Hellen) 1337 27 CIZEE/ 7 U OERT
&% (Tanaka et al., 1981; Kwon et al., 2001, 2004) , ZOFRHITIT AZ (CHiMbER
F, HRRAT v BbATL) | IKEEE. CA (Controlled Atmosphere ; H7jEERERD
2SR AT 5 2 &) Ry, ORI, /KRS & W e FIEN RS TV D
(Kwon et al., 2004) . ARED L S, BALAF/UISEHERETIL 2005 4, BIFEE L
Ti 2015 4FF TIZEPERICBEIE & 472 (Anonymous, 2000) ., [EFSEABRELAT
(UNEP) 1%, BfbATFadiiseiliZzas (MBTOC) Zaxsil. B HAITOR
~OSFRRH DEREL D —D>Th 5 Z L 2R L7= (Ahmed, 2001; Fields and
White, 2002) , MR ROBESIIERRANBHGRD 5T %  (IAEA 1989; Hasan
and Khan, 1998; Molins, 2001) , ZOHfNE, BinOEAERISE 2L, BindH
FEARD L, ATEFFMZ R T D720l &S (WHO, 1988) o Wi, [EFFR:
HikkZE2 (Codex Alimentary Commission) (X2 COEM. EFEHOFBIH L, 1
kGy OffEAHETEL T 5 (CAC, 1984) , F7-., #E 10 kGy F CTIIHGHHRIRAHIZ X
S TRAMPCTHEMEDVERSNIZY . SR, BERRREN S E LT 52 &
13720y (WHO, 1988; CAC, 1984) .

ARSI C 31T DR D —FB L LT, BRI L DN EZ LD, 60 keV D
Y7 b brAd, aZ XA MERR BRI VASZ T AL TTOHN, S, i
FRILE T XX T AT OF, il AT 5 2 L3 TE S (Imamura et al., 2004ab)
Kwon et al. (2004) X7V Of Mg, FEEEEEO R LA FL < AZEFED
—2L LT, 0.5 kGy DOHGHHRIRHZHELEL T 5, Cleghorn et al. (2002) 1% 225-

700 kV Tz ' 7 A3 Sitophilus oryzae (L) DINES 5/ NI DB RO
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TOFEREATV, 400 KV T 200 Gy DU CHIRINERTE S Z L 2R LTS,

R K> THIEEZ 4D DNA OZAKIE, HEHRERORANRIE S 415 7T
BEMED ® D (Delincee, 1996; Imamura et al., 2004a) , DNA OW b &Rt 2 Hif
IZDNA 2 A v "7 wtA EMHINS (Rojas et al., 1999; Imamura et al., 2004a) , =
AUTAIE HEZD DNA 2B L, TN ENOE T LIZEXIKEIT 5 2 LIk D,
DNA OWif{bz8553 2 FiEThbH, DNA OWH bz mEEITRH T 5720, R
FEMOMERA Y V—=2 7YEE LTS ESERBMIGHEIN TS EEx ) - K
2002) .

HIFEPN O DNA (3 HE#RIZ59 < (Hutchinson, 1966) . DNA 23Rz k- T
BEEPICHEGEEZ 720 EEERRNOKITHSBEIER L TEERREST
TNHERR L, b &I L CHEERIZ DNA BNEEGZ=IT720 35 2 &L
R L DB L B2 T\ d (bR, 1995 ; H1F, 2008) .

LLZeh 5, FAZ DNA DR AUk 2B HROMRICET 2 1FHE 7 <
F7-. RHRIZEIT5H DNA OWii{bE DNA 22 2 v b7 v A2 X > Tl 2 A
ML SHIVTUVRYY, 20728, REICIEY U oFY 0 AV EFWCE THRIBFHIT

% DNAEEZ, DNA a2 Xy b7 veAIZ X VEHEL 7=,

1—2. MEtEI5E

1—2—1. fakh

FEIAN=7 U o0 AT, KR TIESZ2 ) (Wil 135
Bl ) BB L TE b 0a v, $hHiE30°C, 75%RH THERF L7-,

1—2—2. 7 VX0 LB~ DEFRRNFE
7 ) XY T AT OEM I E A BRI L=, Uy T T 7 RILE
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FREH, ST, 0 GRFFRIX) | 300, 750, 1000, 1500 kV T, it 4 pA &
Uiz, BRRIIAMEDSHER SN TN D E ZAZ AL L, 0 HEX) | 1, 4 kGy &
L 72(CAC, 1984; Hayashi et al., 1997; Halverson and Nablo, 2000; Ahmed, 2001;
Imamura et al., 2004ab) , NLEZROIRFZEDS 15 ecm ORFHEZ 7T AT v 7 Rk iE
T X2 VTR TLVHRAE AN, BERICT Z 2t PICE TR RS L,

RCF #EFHT L 0 HRE=RIT 1.22 kGy/min LHEE S 7= (McLaughlin et al., 1977)

1—2— 3. DNA {E{EDHf

B T INREE THE 1 72V L 4 KGy DUERATT o727 U 2 0 LS f#ER)
ORfEIZF1T 5 DNA $HOEEDREEZ, DNA 2 Ay N7 v EAICEVFHE L7z, &
ARG LTS AR AR CHRESHRE L, #ThRIZL, WAL PBS Ny 7
7T AL, 125 yum OF A B A v aTRLE, 20X 912 LTS aiRE
k% Singh et al. (1988) DOIHEIZL Y, HE=m Ay M v EAIINT T, ZATA4 N7
Z A% TBE /Ny 77— (2 mM EDTA, 90 mM Tris-boric acid, pH8.0) #1Z4C<T
30 HEENTAD, 26 V TL1045H, BRIKEZIT-T-,

ARy N7 vEAT LD, BROMIRATEMEEAR T A R EOT i — A5 E
L. Milas o7 EaBe O LTz, DNA &7 V1 U SO S+, SBRUkE) Lz,
BEXWKENZ L > T, 1 Z ST 0EESNZ Y L7z DNA WiHI3EE L T 7o Dl
HEAMEETZ 720 L7z DNA L0 biE £ CBEIT 5, Y« 95E, DNA IZL-5T
HEOL O WENTE D, EEOBIMIHEOCTHL SR siL, HEORHMOR S Lif
FEITHITRN D DNA SHOBIGORE A Rk L CuD, ZikdD7T—/LE—A L % DNA
GO E U TH =, EROIHROFLL & EEROsAfIL Olive et al. (1993) dJ

TEIZE S TIRE LT, Fig. 9 I3#RIR 22 B2 ORI 2R 2 7R LU D,
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.

Fig. 9. Basic properties of a typical comet which could be used in determining DNA
damage as % DNA damage = (I+/(I+ +ry)) x 100; where, |7 is the tail area of comet

Image, ry is the head area of comet image.
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DNA #5i% CASP Y7 hv =7 (V222) Z#HWTRE L, BEICEEND
DNA OFIE, BiiE. 7—/VE— A b (BiR EEHIZE 415 DNA OFED
) . AV =TT =T —RA U (BEEBEOEOMOMRE S B E 45 DNA
OEGORE) . DNA R W7 fix e HNOEE A R, Y7 hy=T7 07 m
kI —/UZHEV Y, DNA BEORFAI N (Nm & o— B R ST BT 21T > 72,
AT A Rzfhkdl R 460 nm, 20 5 CHRINZEOCEAREE (Leica, R1>) 1Tk > THIEL
7oo P & EfEINEENE Leica IM50 Image Manager v1.20 % AV CTiTo72, BEDARN
T U H AT ATE 50 HOMINE & AR OUKE & NS 41D DNA OFIGIZHSU
TEIV YT, ZNTNUDATA FTOB|EGA 2T OEFHE. ThZhon s L— RIZE
D YT OISO L ZNEND 7 L— ROEOFEOFINZ Lo TRz,

3. fiik& BER

750 KV 725 1000 kV ONEREEDOEFHHIZ L > T, 1 kGy & 4 kGy TEILZIUL
% 28 AL, 14 BLRNIZZ U oY T AT ghilE 100%4EE Lz, & TOSHIE

1500 kV. 4 kGy DA 1 HUIPIZFEL L7228, 1KkGy TiE21 HEZE L=,
DNA 55 (%) (TN LI X THERZEN -7 (F = 30.36; P < 0.001;
Fig. 10) . HE#I%1 kGy & 4 kGy DT THEEENRE S RDHIFERE L o7
3, ERREL IR DI E EHIINOEIG I 72, ZAUTS OIS A SRR A T
HY., FROHDLZEERLTNDS (Fig. 10) , FEERBBRIKAENH Y, ZOH
R IFFLCND, WFORET 750 KV 225 1500 KV ONIHRFETIZRIT 5 DNA 185
DAEFNIELE> Tz, LAALZRDN S, 300 KV TIE 1 kGy & 4 kGy TRERENH -

7= (Fig. 10) .
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Fig. 10. Electron beam-induced percent DNA damage in the larvae of chestnut weevil

irradiated at 1 and 4 kGy.
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ZIHORERIE, 170 KV OV 7 b7 hrYiRa g XA MERF, ) UATHT
AATT, TAXY T LT ZFRNTGERTE 5 Z &4~ L7z Imamura et al. (2004a)
DfEFE HRE L TVD, Imamura et al. (2004b) 1%, =7 VU AL TAXY 7 A
TOBHONERE BARD AT — DA EERDL DD, 150 kY OV 7 hL 7k
AT EINE Lo s ST LY JUARET AT, T AR T AU ENFIIN
HTELHZEHRLTWD, ZORER, EHLNLOY 7 b7 b a A 358
DI Z BB FRERG L LUTHNWD Z L 2HEEL Q0D BHEROR/ 272 DNA
VKB SZ— DN ) 23T D OGRS & FERR I CRER Sz, BTl
HEIIEOESTHL, W BPRVEEZ LW, i, X G322 5o
MfRIEA s -o7z (Fig 11) , BEHE. 7—VE—A U b AV —T7—LEF—
AU b, BEICEEND DNA OFEE Lo 7o/ 3T A —2—, DNA BIER L [Akk
DA 2R~ LT,

BRI IA T > 7 OBV EERT D, T BITEE OFRNECAER ST
LbDELFEICTHD, BRI EMOBEA b LA L DHINE RS FOREZ L
(X I OEEES TN ERIHERET DREN A LS E 508 Lively, MIlaNER
D OREORMEE SN D FTREMED S 5 (Harman, 1991) | RS X DNA
R OEMZ s | SR 2 rReEME b &5 (McBride etal., 1991)
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control 300kV; 1kGy 1500kV; 1kGy

300kV; 4kGy 1500kV; 4kGy

Fig. 11. Typical DNA comets from the larvae of chestnut weevil treated with different

acceleration voltages of electron beam at doses of 1 and 4 kGy.
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ARG T DAy 8T A OFEFRIT, KV IEREEOTE 1H0EECld DNA 18
GO YV AR L TG, Fio, A A, B, ORI TR, HF
\ZBIZNAD D BEARDFROR BRI —E FARUEEZ R TE L Z L 2R L
TV, Fio, R F—E BN IBI O 2 B0 ER BRI TR R T
RS, OB LB IR D Z LI Lo TEM E EANET L EROFRIIAH &
ROLABEMED DD, HIZ, Ay T oAl 7T E OB OVEED D72
W& ARL~ULD DNA HEZ R TE 5 2 & IBERZRUREN LN & N
KHTHHZ &, BlpoT-SEMRETH L Z & (KA M THLZ L LW o7F]

S5, BHROMIED DNA HBIGORRIICA 72—/ T 5 TREMD 8 2,

o RO DNA HBE L WEOF

2—1. LI

FSFRIBEN IR A F N LD < ARDOREFEDEAMIDO—2>ThH D, T ~Hod
FRENIZ DR HER ST %28 (Cornwell, 1966; Hussain and Imura, 1989) | A
LTRSS EICHE A 5.2 5 2 L HiE ST % (Hayashi, 1991; Hayashi et
al., 1997; Amjad and Anjum, 2003) , —J7, B ERFRENE. L0 e TE RN
m< ., BEAOREL D2 (Furuta, 1987) , GRS WG 2 R>Y 7 b L
7w (IEEE 300 KV LUFOE ) 13, VLB o~ BRI e~ CinE &
FEALIRTSEL Z L, B, &, FFERL R (A7 77 b)) 22088
BETEX D LNHESN TS (Hayashi, 1998) , Y7 b= L7 ko ORFEEM
FEHRADFFNRIZONTN D) DEEDH Y (Imamura et al., 2004ab) . BAD
B AL B DI L TUIFERITERTE D ZLAVRSNTN D, T AFRFDT X
XU LARL L, EEE LT 2 LI Ko TRIEROB o B R Hie < 72
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0, SRR ATRETH D Z EAVRENTWD (HE)

7 VXY T AVOHRTIE, BEHRRIC Lo T EiEZZ Shvh DNA OGS
TAy N7 oBAZL > THRET 2 HENBIE ST\ % (Todoriki et al., 2006) .
KETIL, ZOHEZLHBNWT, Y7 bl ha A LT X% 07 AT EHROIE
WEhFDS DNA /I L OGN EH LN T D7, Y7 b=y ha AU L7=T
X T LVERD DNA 2 A v b7 v A 2170 DNA OEEAFI~T-, Rk, 7
AR T BVDRA R L7 DT AF O DNA OIRIET A ORIERNL, V7 b

TL7 ha U BBEOT R~ LT,

2—2. MBIEIE
2—2—1. 7AXDY

TAX (R OGS ) ZIBRICHWE, 7T AFY U AUIE 3021°C, 7T0%RH D
TERIEEE CRARESN TN D b OE W, BRI S 220 T X% 7 AR 25 ~
7 % 100 g DT AT NS awP ISR L, BRI BROz, 7 AT TEEC L TR
25 g T oD 4 DDV LTI T T, ZIUBITER 8.3 cm DT T AF v 7 FRERI AL,

30+1°C, 70%RH DOIEIRMETE T CHE L1,

2—2—2. TAXSTLALVETAFZDY 7 b Ly b A

ARCOE T L2 T A Y U LT Z LT A% 259) Uy 777 7%
IEgE NHV 20— Rb—33 &, 5B, BA) TRASEINEEL 170 kv 0V 7 k
Tl huy (GBiE2 pA) ZRE L7, 7 ARIREZEND 15 cm O D8k
[EEEE O b L—IC ANz, ISR 1R 1 [BoAfEES) & 10 BIORENA1T 5
EICEHE LT, b L—RECOMEFRIL, RCF MREFHIL Y, 170 kV OFLET 0.5

KGy/min EHEE S7= (Hayashi et al., 1998a) , L~ C, 10 kGy DULERZET 9 728D
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20 O ZIT>72, 10 kGy (170 kV) OELE[FRRZ LT, 10 kGy (200 kV)
DFMF T L 7=, 200 KV DA, BT 7pA THY, b L—FKiE CORERIT
1.78 kGy/min LHEE STz, BRI A THOR IR § 81T 72,

50 g OAINET Ax%[FKZ 10 kGy (200 kKV) OFIFTUEELT-, & iRk %

TR B BUT 72,

2—2—3. TAXYS YLV ETZAFOAA Y T vEA

BRI, RAFRX DT X% 7 A gz ey TR L, RIRERIZR L
TS LT, WS L2 i3T5 L THRIZL, 3 ml @ PBS Ny 77 —% iz T
5 3R L, 125 ym OF A B Ay a2 TRELTFa—7IC ANz, Fa2a—713 20
PR THRO LTz, Tt 50 W ORI AWK Z /A T /UL, T HHR—RT
NEINZTS500 w27z, 2095100 pl ZE>TATA K7 A BIZ@EW=, B
— T T AW TINOATA RTT A% 10 PR TEHC LTz, IN—TF Z%4 L,
ATA REHLPUDHL LIZ TBE /3 77— (2 mM EDTA, 90 mM Tris-boric
acid, pH8.0) HiZ 4CT 30 HfHlEV Vo, Z£Di%, TBE /Ny 7 7—T 5 offieif L C
Mo, AT7A K& 26 V T 10 7l EXIKEIZ To72, Pk, 70%=% / —/L Tl
B, ZeKuR U=, BH, A4 R% Pl stain TYA L, SOCBEEE CRIZR LI,
TR A FINET A% B AEROIFETa X v N7 v A 247572, DNA HIEE, Bk,
T—E—RA b (BRI 5 DNA OFIGORE) AR & R L TR
Wiz, Fi-. BOELLHEE L,

2—2—4. TAXORIFNTHY 7 L7 hu o
50 g D7 AXARRLE FED 7T 10 kGy (170 kV) . 20 kGy (170 kV) . 10

kGy (200 kV) . 20 kGy (200 kV) D 45 TUER L 7=, ZIENDOUERX T, T
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H IR ATE 30 DT A% A3 BRIV V=, Yano et al. (2000) (285 u—/LiikikEE
—HR R L, FHFRBRE T o7, BOETF v F =% "oz, 10 HD
T AR EEMT T, 20—V EE=—LOMICES, TEIESAHTE——DHIC
D5 LT, B—A—3 25 CORBEIHTE -, I 6 AR LHFORS 9 )
Eigk LT-, SRR b ED, ZNEHONEECRAEEIT 3 K8 (L KEIE 10 EoT X
X) & L7,

2—3. fiR&EBR
2—3—1. TAXY UL ETAXDAAY T viEA

A R T vEBEAIZEY, VYT FZL ha B LT AR T AV AL T
WRNT % 7 WL HRIICE 7 (Fig. 12) . DNA OfEIL. BORS LT —L%
— AL MZESTRENTND, 170KV & 200 KV THIBHEOREIZAEN AL,

TAXIZBWCHFEERIZ, Y7 b7 b AP LT X LB L Toin T
AXZary b7 oA VHERITE (Fig. 13) .

10 kGy (200 kV) AFRL 727 AFY T AL ETAXTDNA 2 A > 8T vt A DE
NEND/RT A= —% g Uz (Fig. 14) , RICAEETHET XX U AV LT X%
TlX DNA HIEENKRE D, 7AF Y T AL DNA OEENRRKE L, ZiuxY
T hLT Fa R T AR ULV ETHERELTND I EZRL TS, Y7 b=y
R AT AR OT X% T AU HEREL, DNA ITEEE 5252 ik
STHRIIREFFSLDLEEZBND, V7 =Ly Na ATEEIIV NSz, T
AXORIOBGELS ETIHEETT, 207207 XX 2RI 285551727 %0

OB NEL . D= DNABERIT/NE W,
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Fig. 12. Effect of soft-electron treatment on the DNA of larval cells of C. chinensis.
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Fig. 13 Effect of soft-electron treatment on the DNA of azuki bean seed cells.
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Fig. 14 Comparative effect of soft-electron treatment on seed and larval DNA.
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2—3—2. TAXOFFKTLY 7 b=y hr oo

Table 5 |37 AFDIHIFIZY 7 b= b MBENEE A CREL B2 0N L
RLTWD, FEHRIT, ATEDIL DT 90.0%7°5 93.2% ThHh v AL
X EHEREIRD T2, 9 AROFEOR S HAHX & R THERZE IR0 o7,

ZOZEZED | A TR R BIREOE 20 kGy (200 KV) AWRIZINT
b T XX DRI E L G Z I EP LN, TRV 7 b ha AL
HQFRIER (A7 T 7 N OB BRI TE S rfea "L D, Y7 bl
R ATERS DV NS W, FEOMRE TR, FEREL 52 ehoTe bB X
515, Kikuchi et al. (2003) 1378 TR K G T-ORELARESS, Zhud 20
kGy THIIFDAENKZ 20 v~ & X TEFROFEBIIDO/NSNZ & DFRT
HDHZ EEHELTND,

AIFIC LW 7 AF 7 AT 20 kGy (200 kV) OV 7 b hu AERZ L -
TR FIEE T D Z LAVRIILTNDDY, ZOMEICIHBNT S 7 AFOFHFNITIT L

A EER B2 TN LSBT 72 0T,
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Table 5. Effect of soft-electron treatment on germination of azuki bean seed.

Germination (%) on Shoot length (cm) on

Treatment the fifth day the ninth day
10 kGy (170 kV) 93.2 5.52
20 kGy (170 kV) 90.0 5.25
10 kGy (200 kV) 90.0 5.24
20 kGy (200 kV) 90.0 5.41
Control 93.2 5.28
ANOVA (P =0.05) NS NS

NS, non-significant.
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HHE MEUREEZERELEZY 7 by brrORA
1. ZCHIT

W2EOFMREID, Y7 b7 o BRI ZIMA DR D X A T ORI
EihE IO L TIEFIIRAITH 203, WEE R D X2 A T ORI A E R
HFEST DT EDPRAONNTR T, ZOfRRSKRE LT, IEEELY HF 5 Z &35 2 b,
ZHUCE A TT AR T L% T AXROFREF A2 0 Z L KPBRTE 52 L
Moz (B3, H4F) , &IAT, BYREICKITLEE60 keV DY 7 h—
L7 b CRER LK E FERE 90% TR K95 & IR Ofgfb, RERDEE
FrtE N AL D & D LR DD BAIRIENT IS 2 &L 75 keV LA LTI
BAHO L LD THEICIEEORNEZ D | BYWERIZB T LEE 90
keV DL L TITRE OB ELRFEIC B ENTND Z EDBHL NI R> T D
(Hayashi et al., 1998a) ., L7=23->C, ZKDOEA, FEKONWEOBLE TR 2
V7 b7 ha ONBREEEIRNZ EREE LV, I TRETIE, ZKREMNET
237 LATK L TNOT 7 a—TF T7ebbObikRE L ORAGHEIZ L D
B A B BN 5,

V7 b7 ba AR DR TTRET 237 Y U AV OFERIMEAT —
VIR, ERRTHDL Z EPHLNIRoTe BE3®F) . —FH. I har RUTEMR
EREHETDHZ LI VERMMERZFESEEZE X BN TSR AT > (Chaudhry,
1997) MEALAF AR AZF L LTI STV D, LinL, —fIS < AZRAIRK
PUEIFIRHD & 5 73R D D IpN AT — 2 CA B AL (Chaudhry, 1997) | RA 7
(A ATBNTE, 27 Y U LAV OROTERR IR TH DS G - I 1966 ;5 &5
1969) . £Z T, Y7 b=l 7 bR RBRE KRR T ¢ o AREMAEDED Z LI
Lo THEDKEEA N, FEAT — VBRI DT= o RN 35 FIREEZ RS
R, VT Ly ha PR SRR, ARIREEDR R 7 ¢ o AL DRBG I
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L ORRHCIRE T

2. MEHE A

a7y AVOIR, Sl R ZFERICHVE, 150 g OZKIZ 3,000 BEO =S VY
LUt A AR, 25°C, T0%RH DOZ(F T 2 HIFPEINS BTz, R ABRERICHO
25°C. 70%RH ORMTIZR LIz, Joalkrs U CENIBAE G 6 Hi%, shiioalkte
LT 11 HE&, fhosEte LT 29 HEDOZKZMW, HE0COMEIRAT—T0
YT EYRNDL LG L= ZKE 16 g T30, Y7 h=Ly hrr e
L7,

V7 R L7 hu U EONEEELX 170 KV, EitE 4 pA Tholz, BhiOFEH
(T —IZHENT&E D L D12, BRIEEEEE TR A RSS2 b, Y7 b7 he
VG LTz, INERROIRSAZED O OBEET 15 cm ThH Y | #hERmizkiT =1L
F—I% 60 keV Th-o7= (ICRU, 1984) , BRIORKMA I —ITHH S TND Z &1
ATFNA Ta—TCYREINTZAKE W THEZE L= (Hayashi and Todoriki, 2001) .
FR R T n B S - B S 8720 MRAEC, RCF #t&EzRt (Far West Co. Ltd.) 12X
HHIET 1.0 kGy/min EHEE SN7= (McLaughlin et al., 1977) . ghia@iEE Fo %
KR COWRNHREL, ZOREMON-53Th D EHEE IS (Hayashi et al., 1998)
PREHRAIIZ 30 20 & L7z,

SAZRITIINEFERN 5.3 | O 7 AR AZRE V2R LTz, VY7 b= kil
HOBR, B2 AT VAR Y 2 BORE (EA3.0 cmxE S 6.75 cm) [ZAN,
SAZREVZERERICH Y TP TR LT-, HRAT ¢ ORI 0.5 mg/l & 1.0 mg/l,
< AZKIFfENIL 48 FFf#] & L7z,

V7 b7 ha DR, RAT 4 L AEDRH, VT Ly ha A L

RAT 4 RO, B (2 hue—L) O 4AFREONIRSMA27% T 7=, AR
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&, 25°C, 70%RH O FIZES, BB Dl 2%x7e, B 3EE L,

3. REBE

Table 6 12, = br—)b, YT b7 hu A RRT ¢ o< AZRB IO
DIFRAEA T T= TN O LT a7 VT AV RO Z T, IO RERIIL Y 7
FrL 7 ho URURTRITE 2, STy 7 b b b a SALPRCIE 32% 03417
L7z, ZAUTE SES 2HITH LN RST80T, a7 Y T AT O iTZROHL
FHECWDIGERHY . V7 hmL s brrRINGOPRE TEFELRNZ LICX D,
—J7. RAT 4 K AR TITINE IR AT TR TE 20N, Ml 50% L EAVERFL
77 RgOazay oLy, 757U 7 a2y Sitophilus granarius (L.) .,
a7y AVHEOEITITEREMEROF T AT B Y 47 2 AL Trogoderma
granarium Everts OIRIRGH & & HITRATHR A7 ¢ > < AZRITHT T B RS MEDMEN &
WEIILTND (Hole et al., 1976 ; f8f5, 1995) . WA OUEZHAGDED L, IP
EHRTTERITFRRTE, T T <DEDEAF LT,

V7 b s ba AT s Y LY DY S IRENRANC R TE RAT 4
SAZETa 7 VT LT OIR L PR EHRINTFRRTE T, Lo T, ZhbaiAabt

5 & oT, PN DlfiE TOEREFT AT — I Tl MBI TE 7,
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Table 6. Number of adults (mean +SE) emerged from brown rice after treatments.

Stage Control Soft-electron Phosphine treatment Soft-e Iectr_on treat_me_nt and
treatment phosphine fumigation
0.5 mg/l* 1.0 mg/l 0.5 mg/l 1.0 mg/l
Egg 87.7+£8.0 3.7+0.7 (96)b 0.0+0.0(100) 0.0+0.0(100) 0.0+0.0(100) 0.0£0.0(100)

Larva 3183+543 100.7+150(68) 0.0+0.0(100) 0.0 0.0 (100) 0.0+0.0(100) 0.0+ 0.0 (100)

Pupa 119.7 +33.1 4.7 + 1.2 (96) 82.0+24.7 (31) 50.3+11.6 (58) 13+0.9(99)  0.7+0.7(99)

% Concentration of phosphine.

® Reduction over control (%).
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AT, BIABIESRE LY . A BICBIT DR AT ¢ U AZKTI, 15—
20°CClE, iE%. ¥REE 2.0 mg/l T 4-6 HEOWBELM TS, £To, 27V 7LV
DOFFERME R ARG L U TEREER SN TV D U AT VI =0 AF01E, 15-20CT
IZRAT 4 28 05-3.0 mg/l DIRFEIZ/2HEHET 3-6 HREIOS AZEITI LI
ERIHAENED HILTN D, ISCOWESRMFTTD T V7 DRI DR 2.0
mg/l DARAT ¢ D LT951%19.0 H L HEIILTRY (D, 1996) . ZitbD5
ECDar T LIAROR BRI TENE B X HND, SRIOFFRTIE, Y7 b7 b
o AR CAREE, RS (0.5, 1.0 mg/l) DOFRAT ¢ U AZKEERL TITY Z &I
L EVRRRAGD Z LN TE T, RAT 4 U ARDZHIC L > TIEERICR
AT 4 ARHENIGET D Z ENRE S TVD  (Benhalima et al., 2004) OT, V7
hTL 7 hu AL AADED T LIS TRAT ¢ U ~DIRAFEBINCE 2 AlHE
MWD 5,

—PEAFETE DT, RAT 4 U AKTIIRERST A 2 ORE SITEKFET 572
D, BENSET t & BT 52 LNTED, LR, Y7 bl b
APRE ZDOBAMNSDRAT ¢ 2 AZEOPIHTIE, AFHELY 7 b= by
WU DOBFEAHIREIR & 72D, FEAMY 7 b L2 b a LALERERE O H 1) TR
WL 15 U ChY GE2FE 1A . Zha 1 H SEBES TS LU, 1A
TV 12 t OB AIRE T D, ZNEFANG 2 HARA T 4 AT HZ LI
HOT, 3ATI2 t DAFAEATZ D, V7 "=~ U HREHEEOUBIRES ) 33EE D
REE, B, BRER L BROKRE SICRFEL, LV EBEHGEENRKRE L, BN
REWVIEEDFE SND Z LI2 XKD | RPRHEITIUET D LB bhD,
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HOE MoBE

I R in OB ZEAL A F/L < AZRITHAE L TE 1o, RO AZKAITH 578
AT 4 AHRIIEERORMED Y (Benhalimaet al., 2004) | F£7-, I V{LAT /L
72 ERTT 72 < AFEFIBIFFES VT D28 (Faruki et al., 2005) | BREESCAMRITKTT %
FERPIRPUER M ORTEN AT D AMEMED o D Z & D BT U TR R
RAATO DITREETH S (Hallman, 2013) . BYEATF AL AZDMERTE R 2oz
BUE, AN RFERAR > CUORWIRIUCH D, HARIZHIT 28is 2B CIHE
IRATIROE K\ J > TEOPEDBT L L TR, RIS 188D 7= SO K
ORI HIEEA TS (Hallman, 2013)

AAIZ T DR~ DOBEHHIRINE, BEFE ORI HRID T o~ BRI DT
DHHIVTND, LinL, FFANTEELZRD -T2 600 2000 FHAIEHA A A Al
ANA ZFANTRT D% B R CORGRIRA ORMFIRT Al 2 B4R 1IC85E L. 2006 412
R TFHZEBROHIRIENE ORI ZRD L& 2L THREFL E LT, 414,
HEHBRORIADERT D ARetEnd 5, F7z, EFHUIIHEED 1 MV UL EDO LD
DB ORIEGE T DT, NEEILEN 300 KV LT THH Y 7 b7 brARERIC
Lo THIfI 72\, FE7o, RFEOHDUIRETEH ) HLD RTEEIZI L DR L e
WEWSFIENRHHDT, T, BOKE, HBARTOENZINDEXETHD &
ER D,

MM IRNT | AR F— DB 2 AT R T OR BRI WD HFFEN 72 S
NTWb, 7 AU @ Nablo &0 27 /v—71Z electron beam fluidized bed process
(EBFB) &9 HiEakntLC& 7= (Nablo et al., 1998; Cleghorn et al., 2002) , =

AUTEFBA BT D EROME S AT A TIREEEEE 2 I, (C R TR ZAEE
NTHENE L, EFREBOREERIIH TE 5L ICLEbOTHD, ZOHE
ZRAWTaa s 'y APIIE L TWD/INERLZ R L7256, 700 kV ONILEFEFT
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800 Gy WS 5 Z LI K W 5ERRFBMFIEETHSH Z L Z/RL T % (Cleghorn et al.,
2002) . ZONNEFEEDOSEIIEMRIORKEND 1 mm < BWVOTRS £ THEFHDEE
9%7-% (Cleghornetal., 2002) . SHWEIZZ/ DO RITT AIREMED B D,
AWFRIZED, V7 b s ha AT AN DR D EFRITR L TIIIE
FIIROEBNZ ERH BN ol Fio, WEITHRETHHFRICELTUL BEA
—VICEoTIY 7 b=y bu AR Z T > THAEZFK>TLE I ZEBHLMNT
Tpofoms, MMEEEE HF720 ., RAT 4 AR EMAEDEDL Z LIZL - T, il
REWFETEDZEDWLN ol Fe, a7 T LUTBWTUIEEK DL AT —
TN TH Y . L DFIKDR ZADHWIBEIES ETRAT D HDOBRNDTEHTHD
ZEPHBMNI IR oT, VT b NR AL DR AR ST D00 E LT
3 KRR TR T 2 AOREO I VIEEE, e, oFE L OAE
DEOHIFEREETH D & &b, FEMY 7 L7 b a CRBEEEE O S OUE
PLETI2 % DN D, £, BHEO ARKIIHRO TLAHTHY (P, 1996) |
WEELADYIELALE DT =07 AT T ADEMPER Y 7 h L7 |k
7 B MERS O T ZAUTHHTT D Z L IFIREECTH D LIS Z &G, AHEEE
DAt DEE L & HIZY 7 b= L7 b a ABROREAEPHOILR 72 E4& 2 D0 ED B
D EBDND, TDOTZDITIE, MOBMZ OO fin & F ROMAE IO 1R
LTS5, EENEINEE A ERWRZ T < AZRISH L (Kwon et al., 2000)
Y7 by hu AR IBIOREREIRDE DD Z EBRHLNISNTND Z L
725 (Hayashi et al., 1997, 1998ab; Hayashi, 1998; Todoriki and Hayashi, 2000) . %)
ROH MBI NIFIR D S OD, FKHEFKAE &[RRI AT D RILZ DI7HED A
Uy FCThDEZEZDND, Flz, AKITEIIREOBHZIFETELH0D, A
Jii7 EERPARREIC U TR RO K ELTH D, THUSKTL, Y7 b= bry
IR EOBI AL 2 DITR R 2 23528, BRI ERFITHR T L. B
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JfE72 B BPRIEI T DN IRNE WD KD D D, ZORMEZRAED KO R T
IR ENDENEZZ R TENUTE ROATREVMHIIED S & b s,
AHFFET, V7 b br AR E R AT ¢ U AZEEGIAT 2 Z LIk @

R R AT DIEEARRE LT, RAT 4 L OERZIEEE L% 2 hav kR
U T EREREEFEEHRE 2 5T 52y (Chaudhry, 1997) | MR HIETH
HY 7 b7 haARBREAEIE D T EIZK O RAT ¢ 2 < AZRADIR T2
TE LMD DD, — . RAT 4 ARGUE= T 27 4 53 (Rhyzopertha
dominica (F.)) TITHEAT 4 VEZMED D & L TENV VBT TIE2 5> 2 & A3
HEEN TS (Hasan et al., 2006) . ML, ELEZRIICHT#R2S DNA Z 15
TOEBEEME . EERNOKITHIRPER L THEERRREST OB L,
IHbAaI LT DNA Z#ET 2 MEEMRIC L > TRBENZFF> (4,
1995 ; i, 2008) . WA g ATHF T—E R EOHIBEFR OB E ZAE T
Z eI TEY  (Chaudhry, 1997; Lall et al. 2000; Quistad et al. 2000; Hsu et al.
2002) . FEEEERICK L, PiBLEEE OB I X > THR A 7 ¢ UARPIHERFIE
EHiE2 > B2 5% (Hasan et al., 2006) , RHBIETIER LAY 22U D

(Polypedium vanderplanki Hinton) OWARSNHRIX, 48 KHELINOERAZRTRIZEA
I =HECOD LD50 73 4400 Gy &9 @\ VEERBRI 2 R5 003, R E THRETE S
WCRTZYE, LD50 13X 160 Gy THY | oRHREHEVEDL L7207 (PR,
2008) . MUHBRIPEIZMO R b AR E U THE LI EMETH 5720,
E AR TR WIS T D2 AT 2 Z L3 L v e B bind (R
&, 2008) . ARAT 4 AARFUERIR EHEBRUITIREIMEZ > b DD FEELE
BioL, Y7 bbb s bu 2GR I oI LY mORE S K
SNDEEBEZLNDN, FRPEDIERIRIZ E OGS BRIREUME 2 815 U 72638
FR < HRPUEDBLR D DI R HUTFRICE > THEA TZ 2 & b
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Do

BRI RIS FORE B T 8 (TPP) 72 E & Giefii= /2 A B S DILKR, HBkiE
A L-oFEm D & 5 T HIBRBUR O SUEDOAEE), b — F7 A 7 > MED K 5 2Rl
ROZA/R LIS &~ T, Bpsidn. FIRZI Y B BREOIAHR, LT 5 TREMEDS
%o FALA TN L AZRDEDHIR S IVARIL T TED L 9 2B IET D 728012
(. R TR RO FEOMNLLETH Y | A% bIEHRUNT K DR E STl
TR T BIREO BB L UM LB TH D,
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Summary

Fumigation with methyl bromide has been the most widely applied management
practice for controlling stored-product insects. However, the ozone depleting effect of
methyl bromide has led to restrictions on its use, and the Montreal Protocol of the
United Nations Environment Programme (UNEP) recommends the phasing out of
methyl bromide by 2005 in developed countries and by 2015 in developing countries.
There is therefore an urgent need to find an alternative strategy for controlling these
pests. Low-energy electrons (soft electrons) with a low penetration capacity have been
reported to effectively disinfect grains, pulses, spices, dehydrated vegetables, tea leaves
and some sprout seeds with much smaller quality deterioration than other disinfection
techniques such as heating and irradiation with gamma-rays. However, their effects to
insects have not been reported. The aim of this research is to develop a control method
of stored-product insects using soft-electron beams as alternative to methyl bromide

fumigation.

1. Effects of soft-electron treatment on stored-products insect

Developmental stages of three stored-product insects viz. Tribolium castaneum
(Herbst), Plodia interpunctella (Hubner) and Callosobruchus chinensis (L.) were
exposed to soft electrons. Soft electrons at an acceleration voltage of 170 kV effectively
inactivated eggs, larvae and pupae of T. castaneum and P. interpunctella. Soft electrons
at 170 kV also inactivated the eggs of C. chinensis effectively. The adults of C.
chinensis survived a 15 min exposure, but were inactivated having lost the ability to
walk after a 5 min exposure. Soft electrons at 170 kV could not completely inactivate

the larvae of C. chinensis inside beans. Efficacy of soft-electron treatment for
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disinfestations of grains was also investigated by treating pre-infested brown rice and
adzuki bean with a commercial-scale soft-electron machine (soft-electron processor).
Soft-electrons at 150 kV efficiently disinfested brown rice grains pre-infested with
Sitophilus zeamais Motschulsky and P. interpunctella and adzuki beans with C.
chinensis, although small numbers of the internal feeders such as C. chinensis in adzuki
bean and S. zeamais in brown rice survived. The results indicate that the commercial-
scale soft-electron machine can disinfest grains and beans, especially those

contaminated with external feeders.

2. Effects of soft-electron treatments on insects developing inside beans and grains

Laboratory experiments were conducted to study the effect of soft-electron treatment
on C. chinensis. Azuki bean seeds containing weevils of different ages were exposed to
electrons at an acceleration voltage of 170 kV for 20 min (10 kGy). The radiation
sensitivity of the insect decreased with increasing age. The egg stage was highly
susceptible to electron radiation whereas the 18-day-old stage (fully developed adults
ready for emergence) was the most tolerant, and treatment at a higher energy (200 kV
equal to 10 kGy) was necessary to achieve an 80% mortality of this stage. However, the
longevity, fecundity and fertility of the surviving adult insects were adversely affected
by the electron treatment and they failed to complete their life cycle. Brown rice grains
infested with different ages S. zeamais were also exposed to soft electrons. Soft
electrons at an acceleration voltage of 170 kV effectively inactivated eggs, old larvae
and pupae of S. zeamais, but could not completely inactivate young larvae. The
locations of young larvae in rice grains were specified by magnetic resonance

microimaging. Most of the larvae resided at the periphery of the grains while only a few

81



at the center, which were assumed to get out of inactivation. This indicated that soft

electrons with low penetration capacity could reach the most of weevil larvae in grains.

3. Observation of DNA damages in insects and bean seeds using DNA comet assay

To develop method of evaluation of DNA damage in insects, effect of electron beam
treatment on DNA damage in mature larvae of Curculio sikkimensis (Heller) was
assessed using DNA comet assay. Electron beam treated chestnut larvae showed typical
DNA fragmentation, compared with cells from non-treated ones which showed a more
intact DNA. Investigations using the comet assay showed that the parameters including
tail length, tail moment, olive tail moment as well as the quota of DNA damage at both
the doses were significantly larger than the control batch larvae. DNA damages in soft
electron treated C. chinensis larvae and azuki bean seeds were observed using this
technique. DNA comet assay was successful to identify the electron treated larvae from
that of untreated ones, and the electron treated seeds from that of untreated ones,
respectively. The higher damage of DNA was observed in electron treated larvae
compared to electron treated seeds. Germination capacity of azuki bean seeds was also

tested and electron treatment did not affect it.

4. Combination of soft-electron treatment and phosphine fumigation

It is difficult to completely kill larvae of S. zeamais by soft electrons, combination of
soft-electron treatment and short time—-low-dose phosphine fumigation was tested. Most
of the eggs and pupae were killed by soft-electron treatment alone, but 32% of larvae
were survived. On the other hand, phosphine treatment was quite effective to eggs and

larvae of S. zeamais, but over 50% of pupae survived the phosphine fumigation alone.
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When both treatments were used, eggs and larvae were perfectly killed and very few
pupae survived the treatment. It was concluded that combination of soft-electron
treatment and short time-low—dose phosphine fumigation was quite effective to S.

zeamais.
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