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Table 3. Joint toxic action of malathion, dimethoate and Dibrom to female adults of
the common house fly apphed topxcally in acetone
S o o T Measure of 'I{esl o} N
12?{?: Empx:vlict:}x]l gg%ﬁfég"sfg;:tw" Predicted regression equation | synergism | significance
2 4,/ V(4e)
A y=-4,.69960+4.30484 X .
B y=-1,37113+4,30484 X y'=-2.07421+4.30484 X 0.703 1.23
C y= 0.15298+4, 30484 X y'=-0.1442214,30484 X 0,297 0.79
D y= 1.43718+4.30484 X y'= 1,48848+4,30484 X -0.051 1.93
E y= 3.02681+4.30484 X
A y=-7.26010+5, 88960 X ]
F y=-5,70603+5. 88960 X y'=-5,92191+5, 88960 X 0.216 0.34
G y=-3,74454 15, 88960 X y'=-4,17759+5. 88960 X 0.433 1.09
H y=-1,68224+-5,88960 X =-2,31518+-5. 88960 X 0.633- 2,05
1 y=-0,37662+-5.88960 X
fwE Ly, Ll 4/vVV(d,y iKEoTHREL LN, BEIFRMNCATTYER A & Hivie,

folftid, W 197X HpT. (TR LB D
KV, EOTHHDO4 =i 5 AUV
similar Ch 2 LEifshs,

—7 malathion & Dibrom o I fI[j ® £} 513,
malathion =4+ % Dibrom AT 5icL 7
HOT synergistic OFIXHIL, 57:43 ORGK
KHEWTI 4, OICTIREESL LB SR, DRI
malathion 2§+ % Dibrom Dft23X Sz {IML 72
BOTIE, foisAk XV synergism AL X oY
Lhisv,

i =
1) Malathion i %+4% dimethoate 35 X ¢f Di-
brom DIAVENEER, TIRA =X B IIVTi§
TILEIRGC X D SRR L /2. 2) malathion & di-
methoate DoMWL ]mi similar ¢Hof:. 3)
malathion {z%{-4 % Dibrom DIzl 72a5>
T synergism QG HAL, REH 57:43 001

T [
1) LA : W9, 6, 393 (1952)
2) Finney, D.].: Probit Analysis. Cambridge
University Press. 318pp. (1952)

Résumé

Similar joint toxic action was obtained in the
95:5, 83:17 and 57:43 mixtures between mala-
thion and dimethoate when they were applied
topically to adults of the common house fly,
Musce domestica vicina. Joint toxic action be-
tween malathion and Dibrom was increased ac-
cording to the decrease of relative quantity of
malathion to Dibrom. Synergism obtained in the
57 : 43 mixture between malathion and Dibrom

was statistically significant.

Resistance to Parathion in the Rice Stem Borer, Chilo suppressalis Walker. Kozaburo Ozaxi
(Division of Entomology, Nat, Inst. Agric. Sci, Nisigahara, Tokyo) Received Aug. 1, 1962
Botyu-Kegeku, 27, 81, 1962 (with English résumé, 94)
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795 9k Lk 19524 F)b T At EIC BIA Shie
B T, ALY RZOPRMHAID =0 A 4 Fa
Vit SR AR, 4 FOERICRALT
WHHMUCERD T 2 xS L. X03H
8, 85 5% A B OB WERIC MU S
2% ST L, BRI EL L BhTtws e e
dodeots, LSO LY, Tof byE T
13, =2 X4 F2 VORISR ELLTRTF A ot
PSS X o, SHTRTOREKRIZE
DT ERVER Lot

L Z AMI0ERLIC, FBINRTHRIF A ILXE=
B AL Fa o OYFRBEIKL, EWmhic 1{tife 2
P D LS 22 7o, BT, CoX ok
Fitko BT, 2K B COKEEN, 55
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IR TS N I G & Ve SRS L 72
=g A4 Fa U 3N SRATL 22 4 3 TdERL,
Wtz 4 3 OEPUSLIAS P, T F kTS
FEHC NSO FEA 5 NPicBuiEL e, ¢ F4 ik
46%9LK1C, Tivi/KilKicT0.01, 0.01, 0.001 35
X000, 0018 FRIL, 2vT Uy =R T L~
VRIICT, HHHCDYMERASIETEVICA &
oAUz, RAIRLERES 72D 15ml & L/, Zxds
HOREBARIL 72 4 & % 153 2.5 Mg+ 2 miRi
W E, RS EkRTE—Trrb iRl
2« PERBINAE 3 Hie et DIEL Tl <

) 19604EFE DML IIC X % HRE

=9 A 4 Fa v OWAY TR FC AN 2908
2 HIRIAL o, 1R 25°C ofiTiaic D, ¢ T
& T HIEBL A O LI TITC BE L 72,
YL zre s F4 LR (98%) C, Thk 7 b
 UTTHEOBSICB L ThbO 7 b ol
1A=y Y oV, YRDTEND 2 il
i, 0.00lml %, 2} 0.002ml Z JRiTFHEMIL 7o, ALFl
L 2= iBic it Ahvtefg 9cm, 79 2em O
e —VIZAR, R 25°C ofiflsicfiore, 4,
FEHUBVHIATT 24N E NI e, T s A AR
T LN S0k R & UL 72,

1) 19614E0 1ALz X D HGE (A)
=91 24 Fa TR FNUEA 5 I 5 IRYSL
#o. I HOEALMIE 25°C ol ciib ¢,
TOHH SIMEL 7R 275X 18cm, 7% 12cm O
5 ARBUCE L AR AR5 7 4 VR B X
7z, IR SAETINIC AT S8 HERR L , fitdur
fAFFL 72, ATEFIEOHURIEN 1 EOM Y Th 5,
7o B4l fTiE 25°C ofTiETiTof,

Table 1. Composition of the synthetic diet

used for rearing the rice stem borer., Ma-
terials were put in 200 cc Elenmeyer flask.

Water 50.0 cc
Agar 0.7 g
Cellulose 0.5 » .
Sucrose 1.0 »
Cassein 1.0 »
Cholesterol 0.02n .
Yeast (Ebios) 1.0 »
Raw barley plant - 25.0 »

125 F & A IR 43 20~21 H H oghdy
AT, SIURL, A E 2L 2 BHRICIT
THREL f2. AR IER-1 % 0T SOMK AR 2
WEL 72,

WL 72r D 9o vds LOHEHEIO ML IRV I
DM ETRECH D,

IV) 196130 1 LU X H 80 (B)

FIND3L, Wl IRES, SH Ao B
oAM= N 24 92 O BIE S4BT ATH 286
$ZRL, (eIl 22, ATRFRIEOHDRIL leaf
factor L LT 2 &I B 81 48Rkl e
HUTHS, Fiord et Ll I oMt e
FLChs. :

RTFF AT HESIOMEIII 200 Elo
SIMEPRAL 7, PHuIARE XX D 2 BTN,
HHED WK (55 & 65) opmftidli. s,
HHARREIOLER T D0 SofR DR E 2 M L 72,
MU 7z %5 7% > LEHHOBGEHBVIRE I 0l
BLANRTDHD, :

V) 19615 0 2 (LWLt X B HGE

FNIAGYI, Ml & E@ids k OV SRR RS
BAMIE AT ISR, AR Z T L .
ATIEIEIEORUR & PO R ER IV oG
LU THS.

125 FF AT IR ORI S 24B HO
P i, Uik E Xk b 2B, B
oLV (55% 65) OLEHRALIL. ik
AL R T SN SOMA DRI # JFE L 7. MifH
Lt 9 o v L AEHINIOD B H IR BOE 1T O
LT H S, '

- S

I 19604FEdD 2 {LiEhdIC X 2 H80E

FINBEIE & G RIEH SIREL o = X A Fa
Y%A FOEFIZAASE, HHOAAS BRI T
F& L, 1A 3 BRI FERE T~ o
ARG B BRI 331) 5 TR L Kb, TR
shEciitic,  Femhi®%y probit iZSalL, log FM—
probit [URITHR%EZIIL, WM W55 <5 F
F O AIUNTL E, M2k EEYTHD
1.

Table 2. Log C-probit regression equation
and LC-50 of parathion emulsion sprayed on
A. S. and Yog. K. colonies of the second
brood rice stem borer in 1960,

Locality and Regression LC-50
colony equation %) -
Anto, Sizuoka | Y—5.008=1,336
(A.S.) (X—1.661) 0.00452
Yogita, Kagawa| Y—4.654=1.556
(Yog. K.) (X—2.133) 0.02267
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M2 kD&, Yog. K fiiknie LC-50 iX A.S
PRt & b #HD L LE L, Wik o LC-50
DML 115 ThHote, ZOED LI /¢35 74
D CHRDAGERT B0t FNIEALHIE D = 5 A 4
Fa ORI F 4 T EPUINFE S L Lo
7o, Zeds log R —probit MHHEUERDLRE b VX filk

& 27 #—II

MNTA SRS B S D,

I) 1960iEFEDIEAEHUC X DK

BINEUE D210 BRI L -2 e Rl o 4%
DTG F A o RFEAIL, JABI240% N FEL Y
M, TOPERUD ST Eho BT 53E
B AR, WUEE AT, FER®E probit Ky

Table 3.

Log C-probit regression equation, standard deviation of susceptibility and

lethal dose of parathion applied topically on rice stem borer of various colonies which
are in hibernation collected from different localities. -

" Lethal dose

Average Standard |in pg per g of

Locality and colony \gvelght Regression equation deviati_or} pf body weight

in mg susceptibility LD-50 | LD-84

Isikawa 57.3 Y —4.933=3.451 (X-0.967) 0.290 3.38 6.59
Toyama 76.2 Y—-5.152=4,984 (X-1.040) 0.201 2,68 4,26
Hukui 71.0 Y —5.336=5.834 (X—1.019) 0.171 2.57 3.82
Niigata 76.4 Y —5.204=3.083 (X-0.830) 10.324 1.52 3.21
Nagano 89.4 Y—4.891=5,592 (X—1.134) 0.179 3.91 5.90
Yamanasi 91.4 Y—5.197=6.469 (X—1.016) 0. 155 2.12 3.03
Saitama 103.7 Y —4.851=5,168 (X—0.956) 0.193 1.86 2.91
Tiba 95.0 Y—5.114=4. 849 (X—0.952) 0. 206 1,78 2.87
Sizuoka 99.6 Y—5.031=6.310 (X-1.178) 0.158 - 2,99 4,30
Aiti 97.7 Y—5.072=3.925 (X—1.219) 0. 255 3; 25 5. 85
Siga 87.9 Y -5.110=5,215 (X—1.012) 0.192 2,23 3.47
Nara . 98.6 Y—5.116=5,751 (X—1.233) 0.174 3.31 4,95

Wakayama 89.2 Y —5.139=5, 146 (X-1.083) 0.194 2,55 3.99
Tottori 55.2 Y —4.931=4,177 (X-0.859) 0.239 3.07 5,32
Simane 74.9 Y —5.037=4.632 (X-0.979) 0.216 - 2.50 4.11
Hyogo 83.7 Y—5.036=4,396 (X—0.905) 0.227 | 1.89 3.18
Hukuda, Okayama (H.0.) 79.5 Y —5.079=5. 545 (X—1.175) 0.180 - 3.65 5,38
" Ukai, Hirosima (U. Ht ) 77.2 Y—4.770=4.042 (X-1.214) 0, 247 4,83 8.54
Hisayamada, » (H.H.) 89.0 Y —4.756=5.050 (X—1.282) 0.198 4,80 7.59
Yamaguti i 100.9 Y —5.116=>5.250 (X—1.105) 0.191 . 2.40 3.72
Koti 82.6 Y-—5.176=4.479 (X-1.011) 0.223 2.27 3.79
Tokusima 93.6 Y—5.119=4,111 (X-1.078) 0.243 2.39 4,19
Ehime 102.3 Y—5.171=3.794 (X-1.310) 0. 264 3.60 6.61
Takuma, Kagawa 100.2 Y—5.116=3.637 (X—1.154) 0.274 2.64 4.97
Hudeoka, » (H.K.) 63.9 Y—5.208=4,769 (X—1.069) 0.210 3.31 5.38
Yogita, v (Yog.K.) 67.5 Y—5.134=4,153 (X—1,189) 0.241 4.16 7.24
Tatukawa, » (Tat.K.) 87.7 Y—5.188=5,598 (X—1.187) 0.179 3.24 4.90
Bussyozan, » (Bu.K.) 100.1 | Y—5.033=7.193 (X~—1.155) 0.139 2.82 3.89
Oita 9L.5 Y—5.193=4.889 (X—0.997) 0. 205 1.98 3.78
Miyazaki 86.2 | Y-—5.138=4.622 (X—1.238) 0.216 3.74 6.16
Saga 107.3 Y-—4.830=5.688 (X—1.270) 0.176 3.72 5.57
Nagasaki : 97.2 Y—5.110=4.746 (X—1.097) 0.211 2.4 3.97
Hukuoka = - 74.8 Y~—5.083=5.532 (X-1.114) 0.181 3.36 5.10
Kumamoto 84.0 .Y~—5.084=4.639 (X-—-1.109) 0.216 2.94 4,84
Kagosima 85.8 Y—5.307=4.424 (X-1.129) 0.226 2.68 4.50
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B, HOERD IRRL 22 MIKEET, ZhHoM
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Chots, T hHOMKIRD T 7 vk
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LLEMpEL & ST, W boiiiic k5 &,
=t A4 Fa 9ORRICIET F 4 L i3dE DL
TWiaV, E72M 3 AR U 7o FFESR IR D AR 22
TN RO IsiT 5 285 7% v OMiRBO
it & R o 7,

0y 27

7535 log FUE—probit Pl (EROIRE b iX LT
hofikmtc iz o2y, (RIb EFEKILE Dlic -
(F S VIIEAS Soa/ Rt il :

1) 1961400 1 {Blshluc X L8091 (A)

FUBMED S DA HERUSL 7o AR A TLRT 95T
ML, Hho e itix OTUED /¢ 74 22 1)
WML, AAPU24NE NS TEMBOE 72, oMt
HidW 52N FhOTUIC s DIEIeRE RS, N
O log P —probit MIRITHEVEZITIL, ik

B

- DB DIFEEEIINT S &, AKDOLE DT

Hote. . .
WAL X B L, 799 5% L OFFEMIT 25 IHATE
TEHYIcRL D, KEvwidiogg, BukK, K.Y,
Syo.Y, Si. Y, A. A, 0.0, D. H, A. K 0%k
TR LD-50 % 7-i% LD-84 i Spug/g F7-v% 10pg/
g UTFThots., KL T, Yog.K, K.I 0%
MARECIE LD-50 %7:13 LD-84 % 6ug/g 7213
104g/g PLI=ThH, Zoiltikino iz Bu. K
At 8 MUAIEX b Bl ofe, —THhE VW PIHDEET
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Table 4. Log C-probit regression equation, standard deviation of susceptibility and
lethal dose of parathion applied topically on the growing rice stem borer of ‘various
colonies collected from different localities, first brood, 1961,

- | . Lethal dose
Average Standard |in pg per g of
Locality and colony weight Regression equation deviation of weight
in mg susceptibility LD-50 | LD-84
Kogane, Yamagata . 73.9 Y —5.038=4,508 (X—1,114) 0.222 3.45 | 5.76
(K.Y.) 53.9 Y —4,985=5,932 (X~—0.798) 0.168 2,35 | 3.45
Kanazawa, Isikawa 74.0. | Y—4.710=4,958 (X—1.312) 0.202 6.35 | 10.11
(K.1) 48.7 Y —5.201=4.697 (X—0.905) 0.213 2,99 .| 4.89
Syowa, Yamanasi 74.3 Y—5.125=4,875 (X—1.123) 0. 205 3.36 | 5.39
(Syo.Y.) 51.3 Y —5.080=3,789 (X—0.798) .0.264 2.33 | 4.28
Simokawara, Yamanasi ) i
(SLY.) - 66.2 Y 5.113=2,978 (X—1.104) 0.336 3.52 | 7.62
Anzyo, Aiti 73.8 | Y-4.655=4.955 (X—1.188) 0.202 | 4.91 | 7.82
(A.AD) ' . .
Bussyozan, Kagawa 74.0 Y —5.388=3,313 (X-1.130) 0. 302 2,78 5.58
(Bu.K.) 50.1 Y —5.291=2,106 (X—0.843) 0,475 2,02 | 6.04
Yogita, Kagawa 73.6 Y--5.166=1,401 (X—0.532) 0.714 7.03 | 36.41
"(Yog.K.) 48.3 Y —-4.860=2,895 (X—1.262) 0.345 8,46 |18.71
Oita, Qita’ 88.8 Y —4.900=5,688 (X—1.224) 0.176 3,93 | 5.90
(0.0.) 439 | Y—4.897=3.510 (X—0.671) 0.285 2.28 | 4.40
Dazaihu, Hukuoka " 86.6 Y —5.008=3,507 (X—1.241) 0.285 4,00 | 7.72
(D.H.) 57.7 Y—5.137=5.850 (X—1.110) 0.171 4,24 | 6.28
Aso, Kumamoto 75.3 Y—5.023=3.835 (X—1.186) 0.261 3.48 | 7.33
(A.K.) 52,8 Y—5.063=5,688 (X—0.811) 0.176 2,39 | 3.61
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Table 5. Relative resistance of the growing
rice stem borer of Bq. K. and Yog. K.
colonies 'to parathion.

" Ratio of lethal
Colony Group dose
. ’ LD-50 | LD-81
Bu. K. Large larvae 1 1
Yog. K. 2.5 6.5
Bu. K. 1 1
Yog. K. Small larvae 4.2 3.1

K< log LY—probit DI K b L4 D
&, Yog K ikt ifsk b il fikitt X h/hE s
. '
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Table 6. Log C-probit regression equation, standard deviation of sﬁsceptibility ‘and
lethal dose of parathion applied topically on the growing rice stem -borer of vanous
colomes collected from dlfferent locahtles {lrst brood 1951,

) ‘I';éi'}i?(f"ciii'”s‘é in
Average . . . Standard g per g of
Locality and colony weight Regression equation deviation of ... weight
in mg . susceptibility |’ LD 50 I.D 81
Kagawa' .
Tomita (Tom.K.)| 66.8 . Y-5.173=3,609 (X—1.097) | 0.277 3.35 1" 6.34
Tanaka (Tan.K.) 66.5 Y-5.227=3.313 (X-1.127) 0. 302 3.45 6.91
Bussyozan - (Bu.K.) 75.8 Y—4,729=2.932 (X-1.182) 0.311 4,97 | 10,90
_Hasioka (Has.K.)| 75.1 Y—5.134=2.314 (X—1.657) |  0.432 10.57 | 28.60
Sue . (Su.K.) 60.5 .| Y—b5.250=2.429 (X—1.213) 0.412 © 4,26 11.00
Hayuka (Hka.K.) 68.5 Y -—-5.339=2,783 (X—1.330) 0. 359 4,72, 10.77
Hokunzi . (H3.K.) 73.4 | Y—4.,914=3.163 (X—1.747) 0.316 16.20 | 33.51
Okada (0.X.) 63.3 Y —5.135=2, 883 (X—1.497) 0.347 '8.91 | 19.85
Hayasida (Hda.K.) 64.8 Y-5.056=2,941 (X~-1.331) 0.340 6.33{ 13.85
Kawatu (Ktu.K.) 61.1 | Y—5.010=2.914 (X-1,649) 0.343 14.49 | 31,91
Iino (I1i.K.) 68.7 Y —4.938=3.051 (X—1.660) 0.328 13.93 | 29,67
Kawanisi (Ksi.K.) 76.4 . Y—4.935=2.681 (X—1.683) 0.373 13.33 | 31.47
Gunge (G.K.) 69.9 Y—5.043=2,142 (X~1.611) 0.467 11,16 | 32.70
Tarumi (Tar.K.) 79.2 Y —5.028=2,748 (X—1.648) 0.364 10.97 | 25.38
Kotohira (Ko.K.)| 68.7 Y—-5.051=2,045 (X—1.533) 0.489 9.37 | 28.91
Enai (E.X.) 66.9 Y—5.247=2.319 (X—1.408) 0.431 5.98 1 16.13
Takasino (Tak.K.) 74.2 Y —5.030=2.317 (X—1.555) 0,432 9.39 | 25.39
Tatukawa (Tat.K.) 75.7 Y-4.951=3.101 (X—1.585) 0. 322 10.54 | 22,13
Inagi . . (In.K.) 67.0 Y -—4.866=2.441 (X-1.783) 0.410 20.55 | 52.84
Yogita (Yog.K.) 77.5 Y—4.818=2.785 (X—1.759) |°  0.359 17.21 | 39.33
Hudeoka (H.K.)| 7L9 Y —4.897=2.375 (X—1.747) '0.421 17.15 | 45.23
Yosiwara (Yos.K.) 838.1 Y —4.836=2.440 (X-1.785) 0.410 16.14 | 41,50
Senyu (Se.K.) 69.9 Y—5.078=3.520 (X—1.389) 0,284 6.66 | 12,80
Omi (Om.K.) 72.5 Y—4.802=2.631 (X—1.744) 0.380 18.18 | 43,61
Kamitakase (Kam.K.) 79.8 Y —4.614=2,292 (X—1.815) 0.436 23.17 | 63.26
Hizihuta (Hi.K.)| .64.8 Y—4.822=2,288 (X—1.80%) 0.437 23.51 | 64.31
Simoasa (Si.K.) 83.8 Y —4.907=3.235 (X~—1.606) 0.309 10.30 | 20.98
Kasada (Kas.K.) | 74.7 .Y —4,870=2,050 (X-1.652) 0.488 13,92 | 42.84
Saitadno (Sa.K.) 61.5 Y —4.766=2,276 (X—1.707) 0.439 20.99 | 57.69
Onohara : (Oh. K.) 72.2 Y—4.843=2,651 (X-1.717) 0,377 16.54 | 39.39
Tokiwa (Tok.K.)| " 61.7 " Y—4.805=2,729 (X—1.766) 0.366 22,27 | 51.73
Ehime : ) .
Yamadai (Y.E.) 83.9 Y—4.946=3.347 (X-1.705) 0.299 12,54 | 24,96
Misima ] (M.E.) 73.5 Y—4.778=2,343 (X-1.389) ©0.427 8.30 | 22,16
Saizyo . (S.E.) 61.9 Y —4.940=3,742 (X—1.243) 0.267 " 5.87| 10.85
D3go (D.E.) 70.8 Y —-4.897=2,934 (X—1.318) 0.341 6.37 | 13.96
Nakagawahara (NLE.)| 60.4 Y—4.760=1.932 (X~-1.818) | -+  0.518 28.97 | 95.50
Okayaxﬁa ]
Kitakata (K.O.) 76.8 Y —5.017=2.996 - (X —1.290) 0.334 -5.01 | 10.81
Hukuda (H.0.) 73.2 Y -—5.186=2,707 (X—1.216) - 0.369 3.83 8 96
Hirosima . ’ ' A
Hisayamada (H.H.) 72.3 Y —5.048=3.621 (X—-1.117) 0.276 - | +3.51 6.64
Saizyo (S.H.) 75.7 Y—5.213=3.544 (X-1.139) - 0.282 2.93| 6.07
Ukai (U.H.)| -82.4 Y —5.005=2.099 (X—1.153) " 0.476 3.44 | 10.28
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Fig 1. Variation in the resistance to parathion of the growing rice stem borer
of various colonies collected from different localities, first brood, 1961. Double
bars cover the confidence interval of LD-50 at P=0, 05, single bars that of LD-84,

Table 7.

Log C-probit regression equation, standard deviation of susceptibility and

lethal dose of parathion applied topically on the growing rice stem borer of various

colonies collected from different localities, second brood, 1961.

: Average .- Standard pg per g of
Locality and colony - weight Regression equation deviation of weight
in mg susceptibility LD-50 | LD-84

Kagawa

Tomita (Tom.K.) 54.7 Y-5.096=5.028 (X—1.957) 0.199 3.17( b5.01

Bussyozan (Bu.K.) 57.7 Y-5.211=4,804 (X—1.032) 0.208 3.37 5,44

Kamitakase (Kam.K.) 54.8 ‘Y—4.863=2.477 (X—-1.822) 0.404 27.50 | 69.71
Ehime : ‘

Nakagawahara (N.E.) 47.2 Y—5.013=1,932 (X—1.766) 0.518 24,32 | 80.17
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Fig 2. Variation in the resistance to parathion of the growing rice stem
borer of various colonies collected from different localities, second brood,
1961, Double bars cover the confidence interval of LD-50 at P 0.05, single

bars that of LD-84,
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Fig. 3. Geographical variation of lethal doses of parathion-aceton solution
applied topically on the growing rice stem borer. The solid circle indicates
the variation of LD-50 and hollow circle that of LD-84. A shows the variation
of lethal doses of colonies collected from the coast.line part, B that of-
colonies collected from the inland part, C gives the stations of these colonies.
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Fig 4. Relation between LD-84 and standard
deviation of susceptibility of parathion
on the growing rice stem borer of various
colonies collected from different localities,
first brood, 1961.
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Table 8. Active ingredient of parathion in grams per hectare used in controlling rice
stem borer in various localities where the testing insects were collected.

Year
Locality .
1953 1954 1955 1956 1957 1958 1959 1960 Total
~ Tomita 91 127 169 127 118 193 282 395 1505
Tanaka 183 587 413 367 380 372 207 0 2509
Bussyozan 202 740 427 436 428 499 | 235 207 3174
"Hasioka 38 206 300 347 . 338 418 | -428 - 305 2380
Sue 33 143 195 146 187 1221 9 | 0 | 934
Hayuka 146 224 356 273 376 390 127 127 2019
Hokunzi 150 1 531 540 633 653 273 61 2842
Okada 226 476 404 432 | 428 442 437 446 3291
Hayasida 371 1071 1177 893 1163 414 706 489 6284
. Kawatu 517 395 372 813 1081 945 820 | 743 5686
Iino 306 417 909 644 686 710 136 . 221 4029
Kawanisi 174 808 1404 1169 503 521 . 202 . 404 5185
Gunge 51 462 689 639 609 639 681 541 | 4311
Tarumi 240 444 530 511 489 602 700 ,728 4244
Kotohira 306 686 794 565 619 710 792 446 4918
Enai 479 714 792 525 761 964 790 71 5096
Takasino 324 929 1014 807 897 865 888 588 6312
Tatukawa - 263 837 770 498 508 503 484 428 4291
Inagi 1410 1645 1645 1645 1645 1645 | 1645 1645 | 12925
Yogita 827 837 902 987 978 1095 1142 888 7656
Hudeoka 183 512 719 677 743 353 559 752 4498
Yosiwara 230 667 395 761 578 719 202 400 3952
Omi 174 809 726 549 574 232 244 465 3773
Kamitakase 893 1382 968 1095 1152 1048 1119 - 428 8085
Hizihuta 259 731 728 705 893 902 926 541 5685
Simoasa 42 " 874 817 859 830 973 921 512 5828
Kasada 432 620 855 870 851 1025 935 362 5950
Saitadno 197 785 1123 917 1166 1419 1086 696 7389
Onohara 653 1039 456 653 813 982 1114 517 6227
Tokiwa 879 1104 1246 1321 1152 1203 263 14 7182
L )
® .
® [ .
£ w Fig. 5. Relation between LD-50
a“ . ® of parathion on the growing rice
S L] L stem borers and amount of
85 ° ... active ingredient of parathion
%‘fi ' used in the localities where the
£ 1 8 ° o testing insects were collected.
3% -
a° °
o
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BN 3XRITIR LI s D THhon. i 3RITRL M
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THE, 6O ThHot,

e xse, UH & HHUCR, 8By

. Fig. 6. Difference of LD-50 of parathion
between the larvae which are in hibernation
and the growing larvae, =
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Résumé

It was in 1952 that parathion was first imported
to Japan. Ishikura and his coworkers confirmed
that this material is highly toxic to the larvae
of rice stem borer, Chilo suppressclis Walker,
which had bored into the rice plant stem. Other
field tests also showed that parathion is excel-
lent to control the rice stem borer. Conse-
quently, parathion has been used in controlling
this insect practically throughout Japan.

During the early summer in-1960, the rice
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stem borer has become difficult to control with
parathion in some parts of Kagawa and Ehime
prefectures, Growers regarded as these failures
may be due to either adverse weather conditions
or to faulty application with poor formulation.
However, in this season, paratlion was found
to give very satisfactory control as usual with
same application techniques and formulation in
other regions, The rice stem borers were con--
trolled by application of parathion since 1953 in

the most parts of Kagawa and Ehime, Parathion

was applied heavily in these parts as compared

with others. Therefore, it was probable that

rice stem borers in these parts may become .
resistant to parathion..

In 1960 and 1961, pot and laboratory tests were
undertaken to verify the resistance to parathion
in the rice stem borer,
and the results are summarized as follows.

1) In 1960, eggs of the second brood of the
rice stem borer were collected from Yogita,
Kagawa where parathion was not giving satis-
factory control in the first brood of the same

Experimental methods

year and Anto, Sizuoka where it was giving
very satisfactory control. The obtained eggs
were placed on the rice plant. Parathion emul-
sions were sprayed on rice plants 5 days after
the newly hatched larvae bored into the rice
plant tissue. Mortality count were made 3 days
after the application. Log C-probit regression
equation and the LC-50 are given in Table 2,
The LC-50 of the bored larvae of Yog. K. colony
was 0, 0227 per cent, while that of A, S, colony
was 0. 0045 per cent parathion. Comparing LC-50
it was found that Yog. K.
colony was about 5 times resistant to parathion
than A. S. colony.

2) In 1961 the first brood rice stem borers
were collected from various localities in Japan.

of two colonies,

The insects collected were reared on synthetic
diet as shown in Table 1 in a constant temper-
ature room at 25°C, Dosage-mcrtality data were
obtained by topical application of parathion to
fifth- and sixth-instar larvae. Prior to treatment
the larvae were weighed individually., Aceton
solutions of parathion in various concentrations
were applied to the larvae in 0,002 ml employ-
ing a microapplicator. The treated larvae were

mo27 %—II

kept in 25°C. Mortality counts were made 24
hours after treatment.

In Tables 4 and 6, log C-probit: regression
equation, standard deviation of susceptibility
and the lethal doses are given. These series of
laboratory tests showed that the growing larvae
of various colonies collected from different lo-
calities responded differently to parathion, The
lethal doses of parathion for the growing larvae
of Yog. K. colony were approximately from 2.5
to 6.5 times higher than that required. for Bu..
K. colony (Table 5). This colony was also more
resistant than other various colonies collected
from Yamagata, Aiti, Oita, Hukuoka and Ku-
mamoto (Table 4). In other test, the LD-50 of
parathion for the growing larvae of Tom. K. and
Tan, K. colonies from Kagawa, H. O. colony
from Okayama and H.H. and S, H. colonies from
Hirosima varied from 2.9 pg to 3.8 ug per
gram of body weight, while that for H5. K,
In. K, Yog. K, H.K, Yos. K., Om.K, Kam.
K. Hi. K, Sa. K, On. K. and Tok. K. colo-
nies from Kagawa and N.E. colony from Ehime
varied from 16.0 g to 29.0 ;g per gram of body
weight (Table 6). The results indicate that the
level of resistance to parathion in the latter
colonies was considerably higher than in the
other colonies tested.

3) In 1961 the second brood rice stem borers
were collected from Kagawa (Tom. K., Bu. K,
and Kam. K, colonies) and Ehime (N.E, .colony).
Rearing and testing methods were followed as
in the case of the first brood larvae, Mortality
counts were made 24 hours after treatment. Log
C-probit regression equation, standard deviation
of susceptibility and the lethal doses are given
in Table 7. The LD-50 of parathion for the
growing larvae of Tom. K. and Bu,K. colonies
were 3.2 g and 3.4 pg per gram of body weight,
while that for Kam.K. and N.E. colonies were
27.5 pg and 24.3 ;g per gram of body weight.
The LD-50 of parathion for the growing larvae
of Kam.K. and N. E. colonies were approximately
9 and 8 times of the growing larvae of Tom. K,
colony. Essentially these values of parathion
were almost equal to that of the first brood
larvae collected from the same parts,

4) For the growing larvae of K.Y. colony
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from Yamagata, Syo.Y. and Si. Y. colonies from
Yamanasi, Tom.K. and Tan.K. colonies from
Kagawa, H.H, and S, H. colonies from Hirosi-

ma, O. O. colony from Oita and A. K. colony

from Kumamoto the lethal doses of parathion
and standard deviation of susceptibility are:

rather less than the other colonies tested, and
variations of the lethal doses and standard
deviation of susceptibility among above colonies
are relatively small. The above mentioned re-
sults justify that these colonies are the strain
susceptible to parathion.

5) As to the resistance to parathion of the
growing larvae, the colonies collected - from the
western part of Kagawa were. higher than those
from the eastern part. But it is found that the
resistance to parathion had varied markedly
among the colonies collected from the western
part, and that these variations in the resistance
to parathion had no relation with the distance
between the locations of collection (Fig. 3).
The resistance to parathion of the rice stem
borers varied according to the localities where
they were collected.

6) Relation between the LD-84 and the stan-
dard deviation of susceptibility i§ shown in
Fig. 4. As regard to the increase of resistance
to parathion in each colony, there are a group
of colonies which standard deviation of suscep-
tibility increased largely and a group of colonies
which standard deviation of susceptibility did
not increase so much, and a higher correlation
was observed between them. - The increase of
resistance, therefore, in rice stem borer tends
to induce ununiformity in its reaction to para-
thion. The colony being highly resistant and
uniform in reaction was not found in the colo-
nies tested.

7) Relation between the resistance to para-
thion of the rice stem borers and the amount
of parathion used in the last eight years in the
locations of the insects collected is shown in
Fig. 5.
parathion of the rice stem borer colonies de-
pended on the amount of parathion used in
practical control hitherto,

8) Ratios of LD-50 of the growing larvae of
Kam.K. and N.E. colonies to that of Tom,K,

Generally the degree of resistance to
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colony were 6.9 and 8.6 in the first brood and
8.7and 7.7 in the second brood. Therefore, the
resistance was thought to be inherited to the
following brood.

9) In this study, it.is found that parathion-
resistant’ rice’stem borers distribute in wide
region in Kagawa and Ehime. However, these
parathion-resistant strains are now in course of
development, and the degree of resistance is
depended on. theé amount of parathion used in
practical control hitherto. The higher parathion-
resistant strains were found where applications
were heavier, )

10) In winter season of 1960, the larvae which
were hibernating were collected from different
localities in Japan. These larvae were keptina
constant temperature room at 25°C until they
were treated with parathion. Dosage mortality
data were obtained following the same methods
used on the growing larvae of the first brood
in 1961.

Mortality counts were made 24 hours after
treatment. Log C-probit regression equation,
standard deviation of susceptibility and the
lethal doses are given in Table 3. The LD-50 of
parathion ranged from 1.52 pg per gram of body
weight in the larvae which were hibernating
of Niigata colony to 4,83 pug per gram of body
weight in that of U, H.
which were hibernating collected from Nagano,

colony. The larvae

Okayama, Hirosima, Kagawa, Ehime and Miya-
zaki were more tolerant than the other colonies
tested. There are no correlation between the
LD-50 of the tested colonies and the amount of
parathion used in practical control hitherto. As
shown in Fig. 6, the LD-50 of parathion for
the larvae which were hibernating varied from
2.8 ug per gram of body weight in Bu. K. colony
to 4.8 pg in U. H. colony, while that for the
growing larvae varied from 3.4 ug per gram of
body weight in U.H. colony 'to 17.2 ;g in Yog.
K. colony.
larger variation in the ‘growing larvae probably
arises from the change in the larval resistance
to parathion, but the smaller variation in that
of the larvae which are hibernating may be due
to varlatlon in the tolerance, -

Considering the above results, the



