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Toxicity of Bacillus thuringiensis to Larvae of the Gypsy Moth
—Fitting a Mathematical Model Proposed by Patwary and Haley—
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Table 1. Concentration-mortality data of the
fourth instar larvae of the gypsy moth,
Lymantria disper, to Thuricide HPSC,

Dose No. of No. of .
(t:glggg_ X larvae larvae Proportion
bpm P tes}:ed resp(;ﬂndmg responding
15.6 1 29 1 0.03
31.3 2 25 4 0.16
62.5 4 25 6 0.24
125 8 32 17 0.53
250 16 31 22 0.71
T
oU;
6&1 = ( Ui)a
s (x) 0P(X)
= ?’:]IL(X) o
‘El T(X)Z(X),
[RIRRIC
oU.
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Fig. 1. Concentration-mortality relation of the
fourth instar larvae of the gypsy moth,
Lymantria disper, to Thuricide HPSC,

ag, by ZFNWTEHEL, atbh log X, I7bb 2‘)’0"‘
byX(2) DETH 3. #H(6)#iE Fisher and YatesdDF
ME2ZHNTHELUZ 6) MOBITHIET 5, ERESR
BA¥CH 5. HE (DM Fisher and Yates DFEME%
FWTEELZ, £ (6) fMicdicd 3 EHEEENTH

Z
Q.

DEICEIED Ui 1713, F2EDE 3): fHEE6G)
WOBEDEE, (Uda 1TIXE8 3 L5 (1) M BOE
5t (U)o 17135 4): BEE D MOBEOEET, Th
CiIdThThELEDE @), (B), 6) Michrs>o%
N3, B4ERDO D), 2), G MIBLIELLE»ESD
SN2 DTHA., a RO B OBREHEEHE a R b
i3, ORI ZREFHEICL->TRDONS, F4FE
M»HANETIE, ChicBW3 BlEZ2EET 3129
DHERIERRUIZEDTH S, ThHR2HNTOED
L ICEQRRDOBEKZEHET 5.

L Tz—nLUl.
Le= E Ua=0y s (Ui)a

=23(5)(9)

—2.0207,

_& r—mUs
Lb—zz::l U(1-Uy)
=23(6)(9)
~1.7640,

(U)o

k
Loa=— 2 —U,(l U)(Ut)

= 3(10)(11)
=5.7960,



EB&iF « & © Bacillus thuringiensis D~ 4 < 4 #OdUTd 3 ik —117 —

Table 2. Dosage variation with converted U and U;’s from P’s and Z’s

M

X log X m(X) mX) m(X) 7(X) 7(X) T

2

(B

(32

(s

(CIN

Poisson probability of X

s

a,=—1.8000  5,=2.000

(4),

) TA(X) ms(X) 7(X) 75(X) ao+blog X
X log X log X log X log X ap+bo(2)

4):  (4)s 4), (@) (%) (6) (7)
P(X) Z(X)

@i=(2) )

Dose log(l) di=1 d,=2 d3=4 d,=8 ds;=16
1 0.0000 0.3679 0.2707 0.0733 0.0027 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 —1.8000 0.0359  0.0790
2 0.3010 0.1839 0.2707 0.1465 0.0107 0.0000 0.0554 0.0815 0.0441 0.0032 0.0000 —1.1980 0.1155  0.1947
3 0.4771 0.0613 0.1804 0.1954 0.0286 0.0001 0.0293 0.0861 0.0932 0.0137 0.0000 —0.8458 0.1988  0.2790
4 0.6021 0.0153 0.0902 0.1954 0.0573 0.0003 0.0092 0.0543 0.1176 0.0345 0.0002 —0.5958 0.2757  0.3340
5 0.6990 0.0031 0.0361 0.1563 0.0916 0.0010 0.0021 0.0252 0.1092 0.0640 0.0007 —0.4020 0.3438  0.3680
6 0.7782 0.0005 0.0120 0.1042 0.1221 0.0026 0.0004 0.0094 0.0811 0.0950 0.0020 —0.2436 0.4038  0.3873
7 0.8451 0.0001 0.0034 0.0595 0.1396 0.0060 0.0001 0.0029 0.0503 0.1180 0.0051 —0.1098 0.4563  0.3965
8 0.9031 0.0000 0.0009 0.0298 0.1396 0.0120 0.0000 0.0008 0.0269 0.1261 0.0108 0.0062 0.5025  0.3989
9 0.9542 0.0002 0.0132 0.1241 0.0213 0.0002 0.0126 0.1184 0.0203 0.1084 0.5432  0.3966
10 1.0000 0.0000 0.0053 0.0993 0.0341 0.0000 0.0053 0.0993 0.0341 0.2000 0.5793  0.3910
11 1.0414 0.0019 0.0722 0.0496 0.0020 0.0752 0.0516 0.2828 0.6113  0.3833
12 1.0792 0.0006 0.0481 0.0661 0.0007 0.0519 0.0714 0.3584 0.6400 0.3741
13 1.1139 0.0002 0.0296 0.0814 0.0002  0.0330 0.0907 0.4278 0.6656  0.3641
14 1.1461 0.0001 0.0169 0.0930 0.0001 0.0194 0.1066 0.4922 0.6887 0.3534
15 1.1761 0.0000 0.0090 0.0992 0.0000 0.0106 0.1167 0.5522 0.7096 0.3425
16 1.2041 0.0045 0.0992 0.0054 0.1195 0.6082 0.7285 0.3316
17 1.2304 0.0021  0.0934 0.0026 0.1149 0.6608 0.7456  0.3207
18 1.2553 0.0009 0.0830 0.0012 0.1042 0.7106 0.7613  0.3100
19 1.2788 0.0004 0.0699 0.0005 0.0894 0.7576 0.7757  0.2994
20 1.3010 0.0002 0.0559 0.0002 0.0728 0.8020 0.7887  0.2892
21 1.3222 0.0001 0.0426 0.0001  0.0563 0.8444 0.8008 0.2793
22 1.3424 0.0000 0.0310 0.0000 0.0416 0.8848 0.8119  0.2698
23 1.3617 0.0216 0.0294 0.9234 0.8221  0.2605
24 1.3802 0.0144 0.0198 0.9604 0.8316  0.2515
25 1.3979 0.0092 0.0129 0.9958 0.8403  0.2430
26 1.4150 0.0057 0.0080 1.0300 0.8485  0.2347
27 1.4314 0.0034 0.0048 1.0628 0.8561  0.2268
28 1.4472 0.0019 0.0028 1.0944 0.8631  0.2192
29 1.4624 0.0011 0.0015 1.1248 0.8697  0.2120
30 1.4771 0.0006 0.0008 1.1542 0.8758  0.2049
31 1.4914 0.0003 0.0004 1.1828 0.8816  0.1982
32 1.5051 0.0001 0.0002 1.2102 0.8869  0.1919
33 1.5185 0.0001 0.0001 1.2370 0.8920 0.1856
34 1.5315 0.0000 0.0001 1.2630 0.8967 0.1797
35 1.5441 0.0000 0.0000 1.2882 0.9012  0.1740
k Table 3. Values of U,’s
Lab= 2 Uz a Uz b )
i=1 U; (1 U )( )a(Us)
= 3(10)(12) U,=3r(X)P(X)=23(3),(6)=0.0522
—4 6917 U,=Im(X)P(X)=3(3):(6)=0.1211
i . . Us=2r3(X)P(X)=3(3)3(6)=0.2622
L= —21 mLm(Ui)b =Ir(X)P(X)=2(3),(6)=0.4812
i= i\1—Uq
Us=Ins(X)P(X)=3(3)5(6)=0,7142
_ 510(13) i=Iry( X)P(X) = X(3)s(6)
=4.3202, (Un)a=Im:(X)Z(X)=3(3),(7)=0.0885

k5T a, b ORERIL,
Lq+Lop—Lp+Las

da= Laa Lbb - Lab

0b=

=0,0150

=0.0246

Lb ¢ La.a —La 'Lab
Laa Loy —Las®

i, 251 EEDRHEM[IE

ay=ay+
=-1,

da
7850

by=by+0b
=2.0246

Lish, RR{ER

m=—a

1/by

=0.,8817

(Up)a=Z12(X)Z(X) = 3(3)(7)=0.1743
(Us)a=Zma(X)Z(X)=2(3)s(7)=0.2958
(Uda=Zr(X)Z(X)=3(3)(7)=0.3777
(Us)a=Sr(X)Z(X)=2(3)s(7)=0.3310
(U= 3m:(X)Z(X) log X = Z(4),(7)=0.0230
(Un)s=Z1o(X)Z(X) log X = 3(4)(7)=0.0725
(Us)p=23ms(X)Z(X) log X =3(4)5(7)=0.1844
(Us=27(X)Z(X) log X = 3(4),(7)=0.3331
(Us)p=35(X)Z(X) log X=Z(4)s(7)=0.3895

¢z,

TTTALNIZ a, by 2AVT, E2EEG)HICE
Eh, AFEDOHERZL AT, L EDEHEIZ Canola
SX300 BEOE LEBHEE BH L, Teo v T sl
TENTEZPD, BRITITRD CENTRETH S,
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Table 4, Calculations of derivatives for the required changes in a and b

m» @ 6 @ 6  ® (7) ® O, W ay az a3
d n» r U (U U» UL-U) 2U UI-0) UI=-0) (UR (UWUp (U
1 29 1 0.0522 0.0885 0.0230 0.0495 1.5138 —10.3850 58.6153 0.0078 0.0020 0.0005
2 25 4 0.1211 0.1743 0.0725 0.1064 3.0275 9.1371 23.4886 0.0304 0.0126 0.0053
4 25 6 0.2622 0.2958 0.1844 0.1935 6.5550 — 2.8689 12.9232 0.0875 0.0545 0.0340
8 32 17 0.4812 0.3777 0.3331 0.2496 15.3984 6.4155 12.8181 0.1427 0.1258 0.1110
16 31 22 0.7142 0.3310 0.3895 0.2041 22.1402 — 0.6869 15.1873 0.1096 0.1289 0.1517
FHEORRIZ>EDTELTH 3, - =
a,=—1.8000, ,=2.0000, my=0.9000
a,=—1.7850, b,=2.0246, m;=0.8817 Bacillus thuringiensis BFIOFHS, BHIK LT
a:=—1.7838, b,=2.0244, m,=0.8820 EhTENBITIT, KETANDH T, HiC dosage
a;=—1.,7851, b;=2.0248, m;=0.8816 error ORYESOEF LV, EFHEROMTBENTH
a;=—1,7855, 5,=2.0252, m,=0.8817 3. l@FOD & 5 /sEERE D dosage error 3, K7V
as=—1.7853, b;=2.0250, m;=0.8817 DECUIZNB I HED, KE-FFER MeP IR T2

BS5SEIBDMEET, ZF—FOM@EMZ SN, T
D m OEIHOH X ONBETH 255, LOB
fLd ppm THET 3 &DLCao=118.80 ppm t/33,
LiIzAIC T oy MEEEICK - TRz LCso 1 124.46
ppm Th -1z, RAEDHER Y HLANET XY By
ot b OHRITONTAL SNIZRBICT T A AIZFER
&, BE5ERDT LT, ThThd LCy i 89.79,
95.05 ppm Thotz. FheFevy MEHEIREBEHE
R, Zhah 98.25 91.26 ppm G, EWEDZ
STV 3,

» @D Patwary-Haley O EFViIck->T, BT
WEDY AV AH, TIHVNARETAYHveE bY
DHRITHH TS, RHARERZBITL, BYiz/eT 2
22— a R b DEL, RHRBFEKBZHEET ST &
T&I.

3l A x &

1. FINNEY, D, J. : Probit Analysis (3rd ed). Cam-
bridge Univ. Press. London 1971,

2. FISHER, R, A. and YATES, F.: Statistical
Tables for Biological, Agricultural and Medical

Table 5. Median lethal concentrations of Thuricide HPSC for the pine caterpillar

and the fall webworm

Pine caterpillar
Dendrolimus spectabilis
Third instar
Mortality at the 5th day after application

ppm n r
31.25 30 4
62.5 29 10
125 26 16
250 29 23
500 30 28
a,=—1,0000, 5,=2.0930, 72,=0,4801
ay=-1,0037, b5,=2,1875, m,;=0.4588
a;=—1.0063, b,=2,1954, m,=0.4584
as=—1,0061, b;=2,1948, m3=0.4584

LCs=89.79ppm

Fall webworm
Hyphantria cunea
Third instar
Mortality at the 4th day after application

pPpm n r

31.25 40 2

62.5 39 9

125 40 29

250 40 35
ay=—1,6910, b5,=3.1910, 7,=0.5209
a;=—2.0660, b,=4.2309, 7m,=0.4883
ap=—2.2667, by=4.6937, m,=0.4829
ay=—2.2924, by=4.7455, my=0.4831
a,=—2.2880, b,=4.7387, m,=0.4828
ay=—2.2003, by=4.7412, 1m3=0.4831
ag=—2.2048, b,=4.7502, ms=0.4831

LCs=95.05ppm
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Research (6th ed). Oliver and Boyd, Edinburgh 3. PATWARY, K. M. and HALEY, K. D. C. : Bio-
1964. metrics 23 : 747—-760, 1967.

Summary

Patwary and Haley (1967) proposed a mathematical model for estimating the parameters
of a tolerance distribution when the dose is subject to error of administration. Using an
artificial data, they discussed a particular case when observation is quantal response and
the errors in dose follow the Poisson law, and presented a computational routine. Fitting
trial of the model to the quantal toxicity test data of Bacillus thuringiensis for larvae of the
gypsy moth, Lymantria disper, was made, since the active ingredients of BT formulation
are discrete values and error in dose may follow a Poisson distribution, with mean equal
to the nominal dose. Iterative calculations gave the good estimates of parameters and the
median lethal concentration. Similar good results were also obtained in the data tested
toxicities of BT formulation on the pine caterpillar, Dendrolimus spectabilis, and the fall
webworm, Hyphantria cunea.



