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F10R FRFEHF/BRORERSE LUV ABERENRMICRIZTH

= CREiEgE it i o iR e
- 3 e R 2 IR%E 2 W
2 Wi A% 3 1 BFE 13488 188 2 8 8§H 31.9% 6. 9=
e 43 199 1 8 2 70.9 6. 3
50 224 5 28 89.1 5. 8
% 55 227 5 28 89.2 6. 0
67 200 11 25 89.4 6. 0
2 Bhe A tE 31 188 9 328 37.5 6. 6
7] 43 215 6 126 63.7 6. 2
z 50 248 6 33 88.5 6. 2
7S 55 238 14 31 89.0 6. 2
67 215 25 31 88.6 5. 9
2 Whf Ak 31 159 0 482 24.8 4, 5
43 221 1 35 86.4 4, 0
-] 50 257 2 2 99.2 4. 9
55 254 4 5 98.1 5. 2
67 257 0 1 99.6 5. 3
2 WA AR 31 235 0 370 38.8 <4, 4
e 43 267 2 33 89.0 =4, 6
50 297 1 6 98.0 <4, 0
® 55 291 7 5 98.3 4. 7
67 262 4 5 98.2 5. 8
2 AR TA 31 71 5 424 15.2 6. Owsxx
43 152 19 81 67.9 =27, 4
# 50 238 4 7 97.2 27,0
55 238 7 2 99.2 6. 9
67 225 23 3 98.8 =7, 1
2 EhEm R 31 93 0 413 18.0 6. 1
4] 43 170 0 77 68.8 6. 4
50 227 2 23 90.9 6, 4
® 55 240 0 10 96.0 27, 2
67 246 2 0 100 =6, 9
* —log LCs, (IFVI5hABUEED)
% % log LCs, (HAM'E £ 4 K% ml)
* %%  log LCs, (BXZAMRE, ml)
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—log LCs, log LCs, log LCs,
(IFV#H B4 FIEL) (GRReE 2 AEEml) (B % A RE ml)
B 1 RER 2 E AB&2 HAER1 Bx 2
MBS 25°C 30C 30C 25C 30°C 25°C 30°C 25C 30C 25C 30°C
0 5.4 5.4 5.7 5.6 56 =6.5 =65 =270 =27.0 =27.1 =27.1
6 — — 6.0 — — — - — — — -
12 — — 5.8 — — — — — — — —
15 5.7 6.2 — =4 5.8 54 =268 =267 =274 =7.6
24 6.4 6.7 5.8 =4 =4. 5.5 .5 26.6 6.4 =7. 27.3
36 — - 7.5 — - — — — — —
40 6.5 6.9 5.7 £3.5 =3.0 =50 =4.0 5.9 5.0 =27.1 6.6
48 6.7 7.2 7.3 — — — — — — —
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AT taklE REE N LEELE 2EE ANILfEE 2EH
#* 3.7 3.6 6.1 7.3 27.1 =7.8
#1I 3.8 <3.4 — — 27.1 =7.9
= 5.5 5.4 — — 6.9 =7.3
IRk 5.8 5.6 5.3 5.6 6.6 7.1
HIFKIT — — — — 6.7 27.2
Bk 6.0 5.4 5.8 6.1 6.8 7.2
Bedk 11 — — — — 6.7 =7.6
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e LT, HiBMEFEIR30-33Clz, hEEEH 33°C X A925°C X5 & 1X17~25C X & 1) BH & o ki
Bi325C ic, KIBMBIIFLITC, 4« BEB21C EHMEELRTH - 72, MIREHTIE, 33CHHIEEH
EE LR, AREMGLLTE, EEMHOBS, HRADRX & O & CPVEEREIEH & b - 72,
HEHROLEFOBER S 6 F~#)20cm % 8 MR KELRICBENTL, 17~-33CEHF MK & D &En

B3R RETBITROFTRENSVANABRRERMICRIZTEE

AN HHEIRE FEM EE3:) KR Rk 23 Bk = B0

33°C — 6.8% 6.7 - 6.8

17-33C 5.0 — — — —

IFV B SRR (24-29°C) — 6.1 6.7 — 6.7
25°C 4.9 6.9 6.8 — 6.8

22°C — 6.4 — — —

17-257C 5.1 — — — —

33°C — — 28.5%# — —

17-33¢C 27.2 — - 27.4 -

CPV B SRR (23-27°C) — — 6.4 — —
25°C 6.0 — 6.3 6.1 -

22°C - — 6.5 — _

17-257C 5.8 — — 6.3 —

30-33°C — 6.8%xx  — —

17-30°C 7.0 — 6.6 —

NPV EI AR (23-27°C) — 6.9 — —
25°C 6.0 7.1 6.5 —

20°C — 6.9 — _

17-25°C 5.8 — 6.4 —

* —log LG5, (IFViRRAERMGEE)  * * log LCs, (HURZ'E £ fA 1A%, ml)

% %k % log LCso (52 A% ml)



ATHRERDORRE B & 7 4V RBRPAEDEICBIT 2 W5

BYEHIE 2R L, 2CLEOSEMAT CliEEIC

S 2CPVo MMM ILIER R 6z, —F, 23~
2TCRRAE D HKIBER, 25°C DHEREH 5 (317
~2CRENEKEBEG VT L CPVIEREN TR
ITREEI NS o7, NPVISKHLTE, & 4
KEVBRKOZEMICBWT, FHTGREMT
NPVEYSEIIC X ZAD bk h -7,

KT, 1~2BATHEEEL LULREED IHE
ERFCBITBKIR (5°C) BMPRRDOTA NV
BRI IC RIZTHER W TR L2 (B4
#), IFVOBEAIZIEIZ L - TIFVREPiEic
BB D LNtz CPVIZOWT L, ER
HOBANLHEBERTIE, HRE—HEERUHHE
—FRERX L L RA—EBLEXIC R TCPVELE
Vo EZrAD LN LT, REBETRERE—
WEXRUGE—HRER & R ELRX I~
TCPV BRI & hic ik <, B i —F
AXDOCPVELEMEOIB THRTH -7, #IHK
HMOBPANTHHEETIE, BEHEXRUHS
B—HEX L DIRE—BLmRX L D IEuEAET L
72, REBERTCHFREA—WHLBAE—ELEX LD
il CCPV BB M IC Z B D b N 72,
BHE—RAERERE—ELEX L) CPV BRI
HHET L T,

NPViZ2WTid, FRMOEASATHEERR
UHBEHERE LHRPA—ELEX L) RE—REX
ONPVELRIEPMHEIIRESEK T LA o7, L

L, A—GAXONPVERLEEI AT CET
L7z, MIEBTE, SR—SLBRXICHELTA
IR EENHRE—VWEERUVEEETRNFRE—H
WX, GE—FRXONPVEREMMEIIRECE
kLo, —H, ATHARBROBB—HER
DONPVIERSEHHE I3 & 2 KT L, BKEY
T}, REELERKCEBRLTATHENESRS &
UCEEFRL D ICAB—REXONPVEREEL T
PELIBETL,
SEBBITROBRE - BAIIIEEH 74 N RH
BRI Rz T
ZEEBITHRICARN - BN OBREE2IT-TY
AN ZIRBRETEERAE L 2 (B15FK), IFVo
BAE, BBIUCUMEMTIIHAEZOMEE (MES
A%, HEEAZ) &5 3RIEAN (L%,
s, TALE) B5C & » TIFVEEERtE~ D
BEBRIEHLNLr -, BKEHTIEESAR
DRIEALIC & ZIFVEEIESE~OKBII L -
fed, MEFHETII EAERCRENTHEIC
HARIFVEES Y (FELZL 3% 6% D
D) S ksEArRLN, 2, FEMBMTHR
B3 LEREMIfMKE L CBRBREICH~ERC
IFVEGIRIT & <, B L MREH TIRW
BKEMICIFVEREREIETL T, CPVB
SUNPVOEAR, HEBME MR- Eoin
I2E-T, TN 25 L70ENCPVE L UFNPV
BB Ic ZRED SN o7z,

FUR IBETTOREBREMATRRD VM NVABEMERAMICRIZTE

log LCs, (HHKZE 2 A% ml)

M B & M # E M Mo ' OM

4 REH ANLfAKHE REE ANLEEE LER AT EE
HR—%E 5.9 5.4 5.3 5.7 5.5 5.5
WE—ITN R 5.8 5.6 4.8 6.0 3.6 5.5
WR—Enn 6.0 5.8 6.1 5.9 5.7 6.3

log LGCso (&gﬁﬁ;&/ml)

# & M MoKk 'MW B K T M

X RIEH AT fmEE R¥EH ANLfFEHE LEYH ANTLfARE
WE—IDE =7.7 =6.9 =6.9 =6.4 =7.3 =6.3
=R =6.8 =6.2 =6.8 5.7 5.9 5.7
HR—ELE =7.9 =7.1 =6.9 =6.9 27.6 =6.7




REARRBIEMEL v 7 —-FIRH|E F1%5 (1989)

Bk REBBITRORRR - EUMMEESHEBROV MV AFRRREHRMEICRIT TR

—log LCs, (FVRHAREE)

log LGy, (HURRE % M58/ ml)

log LCsy (B2 AHE/ml)

X

" FEEM OKERM MREN AR WRKEN Be B HFEN wHES B EY
MERFHE

frEE 5.0 7.1 6.2 6.3 6.2 6.2 =7.1 =7.0 6.4

B 4.7 7.3 6.1 6.1 6.1 6.0 =6.7 6.8 6.7

T 4.9 6.9 6.9 6.4 6.0 6.4 =7.0 6.6 6.4
HEEH S

FfrE 4.6 7.2 6.4 6.6 6.1 5.8 27.1 7.0 6.7

FALE 4.5 6.9 6.6 6.3 6.3 6.2 =7.1 6.9 6.3

THEE 4.9 7.3 6.7 6.3 6.4 6.1 7.0 =71 6.8

Floxk RRFBTROATEES SURREHHIFBROV A NV RABBMMEMEICRIZTRE

—log LCs, (IFVRAAREEE)

log LCso (HIRRE % AMHE/ m)

log LCse (BiZAMHE/ml)

X

~ FRY KR BMEN BEP wREN WKEY HEY KED BKED
SHiE—KE 5.7 6.5 6.3 =6.4 5.3 =6.9 6.7 6.0 6.5
EE—EE 5.1 6.1 5.6 26.0 5.7 =6.4 6.7 5.9 6.5
Hk—EE 4.9 5.2 4.6 26.5 5.2 =6.3 6.8 6.2 6.7
iR —EE 4.7 4.9 4.7 =6.4 5.5 =5.9 6.6 5.9 6.6
Rig—okE - 5.0 4.7 — 5.0 =6.4 7.1 6.3 6.7
R0 —mFsE — 5.8 4.6 — 5.2 =6.4 6.9 6.3 6.7

SZEFRITHOMABIRES L CBEMNT 4L 25
BRI BT T e

ALERERDZEFTRITHROFFRES L UH
REHOMAEDOEFERD T 4 NV RIESEIC RITT
MBI OWTHELL (Bl6R), [FVERRNH
12, HBEES L CHERFOE VI L - TERME
BT, EEMTIIESE -KEX, WBREY
TIIME—KEX, HE—FERE L oKiE— s
X, BRKETIIEE—KER S & UHIER—FEX
DIFV BIB9S - 72, CPV R e Hi1: 13,
FEEMB I W EN TR, SRBICEERZ1IR
Hogrolz, BKEH T, SEX TCPVE
PAEC L 2HEIEC, EELHEIRETH -
7zo NPVERIEIMEIZ, & WRB LI UBKoOS
B VARBRBEBLEBR N - 12,

% =

ZEFBITROEFIRESERD 7 4 L X9 B EIK
P BT 8L, ARBRICB T 2 WMFIRERA
Tid, IFVE L CPVEEIENME2ET L 2 b -

72o 72, NPVIEIMENDFELIZLAYED S
NP, BEEREMTERD 7 AV RBERETST
MEFT B 3w e ING,

ERERY S WEERRICEIELHETRET 274
VR, KRR O F ) 4IRE TSI/ L %
BREARTLLYA L ZDOEEBRLCERT 2 (B
1965, 1967a,1973 ; Himeno et.al.,1973), %7z,
IR E % 2 53685 LINIC, BHRRK L L wiE
EOMBEDTANAE BT LIHEREET S (BIF,
1967b,1968,1973 ; & H, 1967), A B o # £,
1~ 2MATHENBERI-BLAET L IHES 2
fGigim 322 X, NPVE L UOCPVIEHIMET
THIEPFMLPL o0, FIT, BAFIOEERE
fIRENE L -7, AE (1967) (JERHEAFH L
25 WREBETIE, V4N REERO®BBILE
PFREWELTE), BEREEROKIBEMCIITS
LTERPLETH L, —H, APRTHE, IFVELR
EPMEIC O W TIRIZ A SRR MmIIBEL Y
DEHEIN, TORBICOWTIRML T3S
WS, A NVZBEREFEEMOEREHIT S LT
¥R REL TWREELBLIENTED,



ALESERBRORRE B L U7 4 0 2G4 ICBIT 2 A

ANTHREROREFBITROBRIN - ARG
BHERDT A N ZIRBERIED I RIZTTHEICOW
Ti, IFVERMERHEOSA I —HEMIcB W TR
%@%ﬁﬁ:ﬁm & o TIFVIEIEGME Ic BT 59

HMEIEETELZv, L2L, WTFhoRHICBY
THIHER - FERR G HIFVEREIEDHEZ K& <
BT3¢ FmicfElT s L3722, —F,
CPVE L UNPVESIENIENEA L, RN - ¥

REBEEF N DPOFEBERMEST
*f‘%ﬂbﬁﬂ‘é’ﬂ*“lﬁ%“ﬂ 5l

W,

AN ZIRDFE
B A ::'cciéﬁ;

4&?% NS Téﬁn]ﬁxf#b’NPV!T&skafﬁ

RIFT BBz OWTHRE L,

mEE LU

fIFREEIC & » TR EE2R TS, &% 1) ALfRoFHS, fREREE L UCHETRIEE
SR AN B ROBANTIE, HAREEMTY 4 [ZLARTH D, &b, SBMICIZ2BER
N RIRBLAESME # T 2 ¥ 2 ERITIE % ) 2 %0 LE#BLT X A ATHEZRANT, 1~3BAT
CEZ LN, THICEEL T, REBBITHREE fEARIE 21772,
EPGURRENEGE G LIT-2BAICL, B& 2) R EREBIZOWTIE, [1—1 &FEEDORES
e b FEROCPV B £ NPV BT 1 5 a7,
WA b, RRDBREFETIE, & 3) ik AL RE LTI, NPVEAL, NPVZ
Eii?hﬁik%@ﬁh%’*kb‘ﬁ LOCPVIEIEPIE % AEOFEABIINT— 1 L REFEICIT > 72,
EKTFEE3r3NTWw3 BEHE, 1966, 1970, H 4) BpMOEE  ZAKERBEERL, #FR%E
e gk, 1968), LA L, AMRTIRALGRE 1S D 0u TOMERDEYRIC-A 70
FICHT ZERIED FF 48 5 13CPV B & NPV &L Fp ARy — (FFEY FAR) 2HW, &
EHIC KRELPEREZ Wk H 2 Ll FRAEMETHRITEEL, UBREEHEL,
Hronkiz, 1 ~2ATRBEROREER FrEfes L/, MEREESEEE LR, 5
THROMBIEESRFE RIIHZEEFIVWTRO B THIIER L TEAKROFELHERL, 50%K
TIRERD T AN ZRBELIEDIE IR B EE 52 i (L Ds,) %Reed and Muench (1938) i
BERIC L bhh ot £, REOWMERE LH THE L,
BREMERHADEREACLIAKIICPVE LU 5) VAN REWHOME M L NPV ERIET 1
NPVRELEG I RIZTH BN TH -T2, —H, REE . 1 ~3WMALEEED 4 ERICHREL
IFVEBHSERMEIC W TR EZE» D L, BEY L, UROEERNE L CERAE, 28
TIIEIRFAE L ER SR - E, 272, B REBY, eEBEHEERL,
MEMTIIEEHE S RKELS H 5V I3HER S 6) TANREBAORE MG L NPVBRBEN
Eh PO ENE L >, JhIE, FRE e 1~ 3MATERED 4BBOEY I
BIEOEASREPIFVIEREEEIC 2R 2525 E MLT, ¥EAME, ZEBRUTRE, 25X
DBl EE2RTIDTH D, 245, SiRB, EEHESEITV, SBERT
NPV %5/ L 72,
i it 1 S AR L e
M3 1~3 THEED 4 [
1~~3ﬁ%AIﬁﬁ*4’§§0>'7'r)l«x i35 Wy AR T ~ o> NPV 2 8 i % 1 1% {5 o 78
RRAGIEIE (5°C, 24B%F) ®7i-72,
M—1.1~3ﬁAIﬁH BOREEH i P
TRIZBITI2WEERGF LS AR
RREE & DRItk NPVIERE % O IE &1 £ NPV Rt
BUFEB0T, 1~ 2 WA THEHEORER A (K) 7000 MERES | #2om

X #20cmX % & 10cm) FCTHE L 24 DONPY
ELEIE~ DB >V TR L2 (BL7TH).

BITHRB LU IRBBLBRORERESEROTA L
ARIERIRTUE IS BT TR BIc > W TRETL, KB




REARBRENRL L 7 —IRBE

BRER (WHB) OREYT ZEBE0.05-0.15% 5

L, BFHEABRATIZZL.75% LD TEL 7208,
DI LRBEMLETTH - THNPVERPIEIMH
ZIREMNR LT,

ZEERBHFOBBICOVTIE, 1/2,000a Xy
MESTOZEE W, EFRH10a Y ) 50kgd £
FIX, 30kgOIBHRX & EALHHX % % E LNPVIERE
%O 4 MIMICEROZELARES L2 BE6D
NPVESEE 2 e L7 (B18%), REROE
FRIIZERRK, EEX, WERXOBTHS bk
EZHALN, ZEEROZRERGETIINPVEYL
EPHEIET L7,

F17R NPVEEZOBRAABTHANPVRERIEBHM
IR TRE

E 3 X CO. R log LD;,
# (B Z A8/ $H)
F owm M# 21.75% 6.8

B K 0.05-0.095 6.9
M E M =22.6% 4.4
® OB % 0.08-0.15 4.0
R — 4.0
B OB K — 3.8

$F18KR NPVERBHROZERJBHSHNPVRERLIE
- RIZTRE

X SEEE log LDs,
(B Z A ghd)
2 & % 3.8% 3.4
;- # 3.2 4.3
® |ox 2.3 4.1

19 NPVEEROXRMHHNPVRRER Y

IZRIZTRE
X log LDy,
G ESIu~ PSIL:Y)
D 4.0
8L - 16D 4.0
L 4.1

F£1%5 (1989)

AT P DX ERIGT £ % 2 TNPVELIEHY £
FL72 (B19%) »5, £ (D), 8ErMIP - 165
FIREIX (8 L 16D : M2 L B4 B L UEHX

(L) MicZREdLNLr -7,

AR BERER] D S ff & NPVRLE TR |

FRERAOHHIRE 2 2BEX (REFH %/
WARTHA, WEKTHE), LRBERX, LBF
X (EEE) &L, ARGBTTLHMEZRTL,
SRR EEFICNPVEREOEE L2, &b, B%2
REHBRORE LOBRELZRE L2 E 25, REAN
25°C, 63%RHDOKIE T 2IEXI396%RHLL oA
FIRAE, LB HIXI393%RH, HHHEXII83%
RHT® 72, BBR TIINPVELIESUIEIET
TEEMFR NN, FEELR L0

(§20%%),

#20% NPVIETERT (4 #HI) ORFEEHANPY
BB - RIZTREE

log LD;, (B:ZFMkE/Shih)

X EIEA Bk
LA I 1 5.2 5.6
FEHARE 5.6 5.9
2 & A 5.6 5.8

EERBBGOVELFETIANT, HEBIUV
M ARG, 2HEMoSEEBARL10a K ) 50kg
L LBEBoRELRW, LL, BEhosHeg
IEATHRIX3.80%, ZBXRXI. 5% TEEIED LAY
Mol £22T, MBREMTIIEEICRE 2 %iEHE
ZHSBE20HATS L 10H AT 2 G L T2
FEX L, B, 2OHRANEREBIIFMEK
3.19% K L 2EFEX3IN%TH 72, INHD
ZEMATABYMEEZEBTL, 5HEETNPVE
PETIMERAE L ER B21R), EdhoEXE
KEDL -2 L CMENTIE, NPVERS
EHENERVR o h 7, —F, RERHL
2E2BRERGX TEMKELICNPVEBREN
PhTPET T 2 EmD A LN d, BELER
Bhbhhrolz, AWMHE2ERARETHEL, 5B
EBIINPVEZROMREL 2 L 25, NPVIEERIC
FEHRWREBLIBALRELY, BEHEMEICL-T
NPVE RS MR T L7z (822%),



ATHEREROARRES & 7 L ARBRIEDIEICEET 5 HR

#21XR NPVERER] (4 8H) NSERJ|HREH
5 BMEONPVEMEMM ICRIZTRE

23R NPVEEIER] (4 IBHE) ORBHEHHA 5B
BEONPVEENEICRIZTRE

log LD, (B # f3/ 4 )

log LDs, (8% % A28/ 45 )

X FaERM OKEN  WH&R X B&ERY M&EN BREM
EERE 6.4 =6.6 5.4 D 26.6 6.6 =6.4
o M 6.6 =6.6 =5.8 L 27.1 6.4 =6.5

$22k NPVEER] (4 BR) OBAMEBEH NPV
RBMERMICRIZTRE

§ [X COz(%fE log LD50
# (B Z A,/ 9R)
# ¥ H 2.6-5.8% <3.6

B K 0.05-0.1 4.9
W% B 1.8-4.8% 4.1
® OB K 0.05-0.1 5.7
R 4.0-5.2% 5.3
;OB K 0.15 6.0

4EHE THL2E (D) kU2l (L) &MHETH
BL, SHMERONPVELIKGINZ LB L 2R
(323%) , B E&MHIC & 5 NPVERESE~D¥
BRSO LA -12,
4HICBWTHRAE (33C) L2TCHEZIT
Sk, BEMBEICL--TLRMORBEAY IR E
Toted, SEEE TONPVEYHENHIIVEZ
FlF e o7z (H2UR),

#24% NPVIERERT (4 HA) ICH T2 BENATE
A5 METONPVELERMICRIZTE

&
log LDs, (Z AR/ 4hH)
X PIREY MRk
27°C 5.5 26.2
33C 5.3 26.3

NPVIERERI % OB 4 & NPV BSHEDIME AR

4 BEEB L UL BER L NPVEER%ICEKER
LA (5°C, 24BFfELHE) L 72854 O NPVRIEE
PitEEEHBECTT, BRLEEZTIIEIEY
NPVRBLIE M F L (BT L7z, $ic, NPV
A OKIEBABOEEEKEL -2, 2, 4@
ZBIVSBHERTOBBLIEIC & 5 NPVERIK
EDETIE, —3 TiT-7: IMERETHORE
HBUTHLIICHEN L) KEL, HEETD
RIRAATE A 3 ~ 5 MR % @ L TNPVERHEIH
KELIFLWEEBELLL L,

F25ER ABEERS LU S BERTOEBVENNPVREREREICRIZTRE

4R 5 miEdR
log LDs, (£ £ 8 (5 £8/ £ i) log LDs, (£ % fa {435/ 4 B)
X Y ek 2 el B2
W 0.9 £1.0 =1.0 £1.5
HHE— IR =1.9 =2.0 =0.7 =1.0
- ELs 3.5 4.3 5.9 6.0




REAR BB EME L v 5 TRy

Z e

JSHE - FW (1979) B X UEHE - FE (1980) |
ANLERBEDOIREET X BEFEN @NPVW;ME
PHECHEDH LI LERELTWwd, EkroE
MZBRES 5 WIEZENREINPVORA 2 B)
ET 33N Twidy, SNoXBHEREL» LNPV
BHEBOFEHME (3R RONPVEYERITE I 38
Lawdbo i s, L L, NPVERERO
HEAME I3 E R ONPVEYHEGIM I E2 D - 7,
FUEBESETH->THNPVERBRIR TFOBE
WELLFERELDIHROI DL EPREINT,

ANTLHRE F OB INPVBRE I I 8
kbt oy MBS, 1976, BH - &5,
1979 ; HEH - BE, 1976) L, FEAYLZVETD
G CAdF - ik, 1978 Wk - IR, 1984) HH

o SR LT, REFRITHROHEEM I
NPVEBRIENMICIZ E A Y HEB L 2w, 5T
LHTHhEVENWZE B,

F7, NPVEMEEI#OZERZB S EH L2
NPViEgEhitk ic B % 5-2 7o, NPVFHxED
=2k LT, Z2ERZOKESB LS I3HIT 5
EThb,

Uto k5 tAESRNETIE, NPVESRMERH %
BETFIRLHAL, SEEBEBLLWEAMH -,
—%, RN EICRONPV BRI ICHE L
WA 5.2 7, 8512, NPVIERR|ORKIBEMD
BMEIIRE - (A&, 1951 AH, 1967), AR
Tid, 1~2ATHRE IMERES L] ~ 3k
ALFIEE 4 MERSB L U5 BT~ D(KIR LI
NPVEBRIEM M 2K T I 2 2 X R I L2,
ANTLERE CEIREEBTRICBIT 20EICRICE
BIRETHBEEZLND,

IM—2, 1~3BAIFRETEICNTS
NPVO#HERFEA S & UM
ERIE & DRAFR

ATERT & 7 AN RIRHRE L OBMEE 2 5128
LY 729, 1~ 3MALENEREHWT
D FEBFRHARI O D A L BRI & FWBE B L
PP & DBAMR, 2) M) SR RD M o g,
DA N AR TR & ORI & Bl & B
%, 4 3BT 274 L ZEREIEOMA b

F1%5 (1989)
YR OBRIC DV TR R L7,
HEE LUTE

1) ATfkioRs, MEES LUMEEEIIE
I EBLOM—1 FARETH 5,

2) HRABREICOWTIE, I—1 LEEORHES
7z,

3) a7 A LR ELTid, NPVERW,

MRDFABUTII— 1 & FRRICIT - 72
BB HE  BEAFTEEEEBRARL,
ZRMkE AN T EI20.2md (180D ~
0.4m¢ (3@ T L, +5BEPLAZAL
BAEEMAET S ¥ CLTHREER . 7,
II— 1 &Rk FiE (BHEO8EE) THY
iR L, MBERERERL Lz, ECH
IR L TEABORERER L, 50% &Yl
(LCsB UL Ds) #Reed and Muench
(1938) ILTHIEL T,

RE B ONPVIEIEE O RE B & UFE
CHRIRER | 1 ~ 3MMTRIFEE TRRERE
L, 2O%EX L b 4 HEETE TATHES,
dERE,LIIREFL L. 4 - SR
[EEES S AMEE S CysN ;Oﬁgﬁw%ﬁﬁttot
B, JWUIEH T3 EHEAS HH 2 ToBRE
BEELI,

F72, HZAREERE CFECKE & DRYMR
RZOWTHFEL 72,

B 512, 1~ 5B ORES I
SEEWLPIIT L0, A—BER»LE
P LUTHGEL, 3EINICIRREB L UEE
BOWEEZ T L TCRB2T -7,

72, RN OB ER LIECHAE A
5 HIT 1~ 3 ATFBE %R 5 Rt & HEs i
BE4T, SEEEEL S SR 4 HR T TOHIRM
;,g®%@#%EEk§uémmbfﬁﬁb
72, MEAROERIY, BEROEEEICL
ﬁotoMW%@&u%E@ﬁ%ﬁ.%éw
[3EEllem, & X6cmD X F L BIABRT 1
JEE 21TV, L3R 8 HikF TRy L 55T
FTOMBIZHO>WTIH 1 EBEL L,
NPVA T L Yl 1 ~ 3R REH
Vv, BEE S TIBEX20589 2, 24RER BT
T1H~3 HRGREC LI EEZAKEREY

NPVZ

4)

5)

6)



ANTEHEROFRES L 7 4 L ARBRIEEICE T 555

72, 85613, 3MMICBIT2HRAERBOM
B b A I BRI T TR 0 TR,
NPVH R E & Bl 0 1~ 3 @A TERE
T/OAER, SHERBIUSEH4IHBOR
WIC R AR & 0 24FEHITEBR T 1 ~ 4
ER ke EEL 7, 1IHL ) 1 EoEER
310k & X L7z, NPVIERER, 4BERBXT
I8 H%F T, SHEMR T LK HZET
R CE ey Gl L DA

7)

& R
RERHNONPVERENEOEE S & UFET
PR
HEERFBINNPVEEEEOEENI 1 B T3,
HEEY (B4XA), MKED (F4MB) L i
LA (1 A) 2k~ 2 BTHFL { NPV LRI
A<, 3HIZRRMETT S 0w ) InBIZ L%
Eolz, 2T, F (B4NC) BLUBRMKEY
(HAXE) BEEEL 2B 2HNADFETH 575,
WEROFBRL D 2 BRICNPVERIENEF &0 -
2o WIRKER (E4XD) T3 1 kb & R 1LXY
BARLZZ, 1EBIICHE~N 2 BUONPVB RN
DERBRLPTHL, IHBMTL (B4XF, G,
H) 1 - 2l 8 3Tk, 2 BARICNPVIEY
EHIMD FH L, 3SHBICRRET LA, 480
WK (E5HB) - BKEM (B5MC) niEFIL,
1~ 3BBOEA L B —HL Twiz, NPV
EIRE R BEIEL, 20BREEANDETICH-
TINPVERIES Y LR L, BOBEIIRRPRT
FTBHLWI T =0 ThbH, 22720, EEM (B5
KA) TIBH TONPVBIMENMNETIZED
LN olz, SEHOBAIE 1 ~ 4wz~
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X 3k 1H 32 B 33 B H&M HIRK R Bk F I

a O 7.8 7.9 7.4

b O 8.5 8.8 8.6

c O 8.2 7.9 9.0

d O O 6.1 7.5 6.9

e O O 7.3 7.3 7.3

f O O 7.9 7.9 8.3

g O O O 6.9 7.2 6.9
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A (BSK), BHEEKOHBMICHE L TNPVE
EHEOETH R 6N, ZOBRRIE, WKS L
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4R 4 R 3.5 =3.5 3.2 1.9
1 [X305H
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& g x
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K E M H B M B Bk & M
RN E JHRALE 4 R 3 HRfbZE& 4 IRE 3 MR & 4 HRZE
F TR 4R 4 B R 4 Bl & 4R 4Rk 4R
Ohr 3.3% 3.3% 8% 20% 25% 17%
6 10 0 23 50 21 60
12 — — — — 21 50
15 13 3.3 — — — —
18 20 3.3 35 72 39 63
21 38 3.3 — — — —
24 41 0 39 63 59 80
30 87 17 36 63 45 97
39 100 20 — — — —
40 — — — — 71 93
42 — — 47 71 — —
48 — — 41 92 63 97
B 97 83 48 90 89 100
ft24 . Beauveria bassiana No32 ZFHF&M---- Aspergillus flavus k-3 &K FEZW--- 1 X 5088

HEEE : 1 X308F

AKX Z - - Aspergillus flavus k-1

ek & 1 X 3058
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STUDIES ON THE RESISTANCE AGAINST FUNGAL AND VIRAL INFECTION

IN THE SILKWORM LARVAE REARED ON ARTIFICIAL DIET

BY

MASATOSHI ICHIDA

SUMMARY

Resistance against fungus infection

When the newly exuviated 3rd instar larvae
were inoculated with conidia of Aspergillus
flavus, invasion seemed to be completed until 18
hr. This held true either in the larvae reared on
artificial diet or mulberry leaves during their 1st
and 2nd instars. On the other hand, the time of
invasion of Beauveria bassiana was shorter in the

larvae reared on artificial diet than those reared
on mulberry leaves.

The germination from the conidia of both fungi
was inhibited in the haemolymph taken from the
newly molted 5th instar larvae. The inhibition
rate in the haemolymph from day- 3 larvae was
smaller if they were fed with mulberry leaves but
remained unchanged if they were fed with artifi-
cial diet.

In the system of rearing with artificial diet at
the 1st- 3rd instars, inoculation with A. flavus
at the early periods caused the production of a
large number of colonies in the rearing beds and
feces. This occurred during drying of the beds at
the 2nd molting stage. From these colonies
contamination would take place, since fungus
infection prevailed in the 4 th instar larvae. Asto
the system in which artificial diet was given
during the 1st- 2 nd instars, early inoculation did
not give colonies; in this case the inhibition by
antifungal agents added in the diet seemed to be

effective.
Starvation of larvae and resistance to viruses

Shorter feeding with artificial diet at the 2nd
instar was found to reduce the resistance of lar-
vae against the viral disease infection. When
fasting was started at 50 hr after the onset of the
2nd instar, larvae became significantly less
resistant against IFV infection. The cessation of
feeding within 55 hr decreased the resistance to
CPV. The susceptibility to this virus received
more marked effect than to NPV and IFV.

In the larvae fed on artificial diet until the 2 nd
instar, the elongated fasting, i.e. the retarded
supply of mulberry leaves, purposely done to
synchronize the following development, was
found to cause a decrease in resistance toward the
viruses. The results depended upon the tempera-
ture during the nonfeeding period. The influence
to CPV and NPV infection was larger compared
to IFV.

Changes in resistance to viruses at the 3 rd instar

The 3rd instar larvae reared on artificial diet
until the 2 nd instar was less resistant to the virus
infection compared to the larvae fed totally with
mulberry leaves.

The larval resistance changed during devel-
opment at the 3rd instar, although the pattern
differed according to the virus. The NPV resis-
tance increased and at 24 hr of the instar it




AIERERORKRE S & 7 4 0V RRBRESIE BT 2 5%

became close to that of the larvae which had been
raised thoroughly on mulberry leaves. For CPV,
the value gave a maximum at 6 hr. Again at 24
hr it was nearly the same as that of the larvae
raised on mulberry leaves. The IFV resistance
augmented as the time elapsed but there was no
difference between the silkworms reared on arti-
ficial diet and mulberry leaves.

Resistance to viruses under different tempera-
tures

At the 3rd instar following raising with artifi-
cial diet until the 2nd instar, rearing tempera-
ture was changed and the resistance to the viruses
was investigated. When the temperature was
beyond 32°C, the CPV resistance rose, probably
due to the suppression of the viral replication.
The NPV and CPV resistance was impaired when
the larvae were exposed at 5°C in particular
before feeding. On the other hand, the low tem-
perature did not affect the IFV infection.

After rearing with artificial diet until the 3 rd
instar, the larvae were subjected to the test for
NPV infection. Chilling of the newly molted 4 th
or 5th instar larvae at 5°C extensively lowered
the resistance.

Changes in resistance to NPV during larval
period

The resistance to NPV was investigated using
the silkworms grown on the artificial diet until
the 3rd instar and thereafter with mulberry
leaves. The larval resistance increased as the
instar proceeded. During each of the 1st to 4th
instars the larval resistance showed a peak
around the middle period. The pattern of the 5th
instar was rather complicated and exhibiting a M
-shaped pattern.

Fungal and viral infection to AJH-induced
trimolter

Treatment with anti-juvenile hormone (AJH)
induces an artificial tree-molter, which under-
goes 3 ecdyses instead of 4 of the normal silk-
worm. At the 4th (final) instar the induced
trimolter was more resistant to A. flavus but less
resistant to Beauveria than the normal four-

molter silkworm. The invasion time of the

conidia was longer in A. flavus but shorter in B.
bassiana as compared to the normal larvae.

The viral-resistance was found to be higher in
the AJH-induced trimolter than the normal with
either of NPV, CPV or IFV. The changes in
resistance during the 4 th instar of the AJH-in-
duced trimolter resembled the results of the 5th
instar of the normal. This fact, together with
other evidence, suggests that the physiological
changes invoked by AJH affected the larval
resistance against pathogens.






