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Table 1. Changes in susceptibility to malathion
and NAC of smaller brown planthopper
during selection with malathion and
NAC on alternate generations.

Generation selected

Malathion NAC
(With malathion/
With NAC) 1/b LDgx* 1/b LD

LE strain 0.26 0.242 0.20 . 0.264
2 (1/1) 0.12 0.240 0.16 0.225
4 (2/2) 1.00 0.206 0.30 0.390
7 (4/3) 0.93 0.656 0.32 0.164
8 (4/4) 0.49 0.757
9 (5/4) 0.75 0.993 0.62 0.123

11 (6/5) 0.73 1,38

12 (6/6) 0.53 2.72 0.29 0.283

* LDy, in pg per tube (1,1x10.4 cm)
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Table 2. Changes in percentage frequency of
‘individuals with low, middle and high
activity of E; band during selection
with malathion and NAC on alternate
generations.

Generation selected

Esterase activity
(With malathion/ -

With NAC) Low Middle High
LE strain 100

1 (1/0) 100

3 (2/1) 90 5 5
4 (2/2) 95 0 5
5 (3/2) 80 10 .10
7 (4/3) © 40 20 10
8 (4/4) 30 30 40
9 (5/4) 10 60 30
10 (5/5) 20 40 40
12 (6/6) 20 50 30
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Table 3, Changes of susceptibility to malathion
and NAC of smaller brown planthopper
during synchronous selection* with
malathion and NAC,
Generation Malathion NAC
selected 1 [b LDy** 1/b LDy
LE strain 0.26 0.242 0.20 0,264
2 0.61 0.210
3 ‘ 0.46 0.449 0.26 0.153
4 0.41 0.401
6 0.88 0.454
8 0.74 0.953 0.28 0.176
9 0.80 0.678
10 0.69 1.19 0.47 0,238
1 . 0.59 1.27
12 0.69 3.55 . 0.39 0.247

* The planthopper larvae were selected at 70~
75% mortality with malathion and NAC
respectively. Each ten larvae survived in the
respective selection was placed in a glass
vessel containing rice seedlings, and allowed
to copulate freely.

- ** LDy in pg per tube (1.1x10.4cm)
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Table 4. Changes in percentage frequency of
individuals with low, middle and high
activity of E; band during synchronous
selection with malathion and NAC,

Generation Esterase activity
selected Low Middle High
LE strain 100
2 85 10 5
3 90 5 5
4 100
5 . 85 10 5
6 70 20 10
9 40 40 20
12 13 50 37
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Fig. 1. Log dosage-probit mortality lines of MN,

malathion and NAC to susceptible (LE)
strain of smaller brown planthopper.
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Fig. 2. Log dosage-probit mortality lines of MT,
malathion and MTMC to susceptible (LE)
strain of smaller brown planthopper.
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Table 5. Toxicity of various insecticides to
susceptible (LE) strain of smaller
brown planthopper.

Insecticide 1/b (#gl;gfgé)
Malathion 0.27 0. 322
NAC 0.21 0.379
MTMC 0.13 0. 029
Fenitrothion 0.24 0. 064
Methomyl 0.27 0. 136
MN (malathion : NAC) 0.37 0. 467
MT (malathion : MTMC) 0.30 0.124
FNMe (fenitrothion : NAC;: 0.24 0. 081

methomyl)

- Thb, JRED =27 J — EIKkI DL % Mok

FRMIKDEBHTH 3,

WeLicksE, MN flick 2k Tz, MN #
T A2 Fo $TRIbL e ot Fie 1243,
RPN KA x5 L L bit, LDy &%
DRIKRUICH, Thsofflid, BHRko Fu izl
FREL b UAEL -7, F1z NAC 233 5 LDy
i Fis KHPRIALICH, Fy RXBREOZNER
HBThote. RBIREMIK © Fy it 5 MN HOD
LDy i3 NACOZNEBRIZAETH 512,

—Jj7 5V itk B LDg i3 Fis RBWTDAF

Table 6. Changes in susceptibility to MN,
malathion and NAC of smaller brown
planthopper during selection with MN
(malathion : NAC mixture).

Generation MN Malathion NAC
selected 1/b LDg* 1/b LDy 1/b LDg
9 0.30  0.346
12 0.51 0.740
15 0.48 0.726 0,39 0.610 0.46 0.419
21 0.26 0.382 0.64 4.11 0,36 0.333

* LDg in pg per tube (1.1X10.4cm)

Table 7. Changes in susceptibility to MT, mala-
thion and MTMC of smaller brown
planthopper during selection with MT
(malathion : MTMC mixture).

Generation MT Malathion  MTMC
selected 1/b LDy* 1/b LD 1/b LDy
8- 0.47 0.387
18 0.24 0.133 0.30 0,067
23 0.27 0,117 0,38 1596 0.29 0.132

* LDg in pg per tube (1.1X10.4cm)
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Table 8. Chenges in susceptibility to FNMe, fenitrothion, NAC and
methomyl of smaller brown planthopper during selection
with FNMe (fenitrothion : NAC : methomyl mixture).
Generation FNMe Fenitrothion NAC Methomyl
“selected 1/b LDg* 1/b  LDg /b LDy 1/b LDy
8 022 0. 055
11 0.35 0,182
20 0.44 0.203 ‘
21 0.42 0.210 0.4 0.112 0.34 0.244 0. 46 0.228
23 0,31 0. 162 0.26 0.241 -0, 32 0. 212 0,37

0. 537

* LDy in pg per tube (1.1x10,4cm)

Table 9. Changes in percentage frequency of individuals with low, middle
and high activity of the esterase bands during selection with

MN, MT and FNMe.

Generation MN MT FNMe
selected L/L*L/M L/H M/L H/L L/L L/M L/H L/L L/M L/H M/L H/L M/M H/H
LE strain 100
1 100 100
2 98 2 100
3 100
4 100 73 20 7
5 100 100
6 : 65 22 13
7 : 21 10 69 100
8 98 2 22 53 25 100
9 . 100 70 30 100
10 87 10 3 7% 5 20
1 5 65 30
13 % 8 2
14 , 60 5 5 20 10
18 40 60 33 2 19 9 5 5
20 60 40 :
21 35 3 15 15 5 60 10 5 10 15
23 50 13 ‘3 8 23 3

*Es band/E; band, L: Low activity, M: Middle activity, H: High activity.
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Summary

Susceptible (LE) strain of the smaller brown
planthopper, Laodelphax striatellus Fallén, was
selected alternately with malathion and NAC on
every one generations and continuously with one
of mixtures of malathion and NAC (MN) or
MTMC (MT) and fenitrothion, NAC and metho-
myl (FNMe) in the mixed ratio of 1:1 or 1:1:1,
Fourth and fifth instar larvae were selected at
70-75% mortality. Levels of resistance to various
insecticides of the strains selected alternately
with malathion and NAC and continuously with
the mixtures of two or three insecticides were
compared on the basis of LDy, values obtained
by contact method. Esterases hydrolyzing 8-
naphthyl acetate in adults of the strains selected
were separated by thin layer electrophoresis, and
measured by using a densitometer. The results
obtained were as follows:

1) The LDy, values to NAC did not change
significantly during selection for 12 generations
with malathion and NAC on the alternate genera-
tions, The development of resistance to malathion
was not found during the first four generations.
Thereafter the resistance to malathion was develo-
ped by the successive selection, attained about
11-folds resistance in the F,; generation.

Some individuals having high activity of E,
band appeared early during selection with mala-
thion and NAC on the alternate generations.
Progress thereafter caused the increase in the
ratio of individuals having high activity of E;
band. Percentages of individuals with low, middle
and high activities of E; band in the F,; genera-
tion were 20, 50 and 30%, respectively. The
alternate selection with malathion and NAC
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increased the resistance to malathion and the
individuals having high activity of E; band
appeared more slowly than the successive selec-
tion with malathion.

2) Toxicity of MN (malathion: NAC mixture)
was rather lower than that of both chemicals of
malathion and NAC. The LDy values to MN
and NAC did not change significantly during
selection for 21 generations with MN. The Fy,
generation selected with MN showed about 13-
folds resistance to malathion., Few idividuals
having middle activity of E; band appeared early
during selection. Individuals having middle and
high activities of E; band were also found little
in the Fy generation. Percentages of individuals
with low, middle and high activities of the
esterase bands in the F; generation were 35, 45
and 207, respectively. The successive selection
with ‘MN increased the resistance to malathion
and the individuals having high activity of the
esterase bands appeared more slowly than the
alternate selection with malathion and NAC,

3) Toxicity of MT (malathion : MTMC mix-
ture) was intermediate between both of malathion
and MTMC. The LDg values to MT did not
change significantly during selection for 23
generations with MT. While the resistance to
malathion and MTMC caused about 50-and 4, 5-
folds increase, respectively. Degree of the develop-
ment of resistance to malathion and MTMC
was lower in the selection with MT than that
in each case of selection with malathion or
MTMC. Most individuals showed a middle and
high activity of E; band in the Fy generation.

4) FNMe (fenitrothion: NAC: methomyl mix-
ture) showed joint toxic action to the LE strain.
Selection for 23 generations with FNMe showed
any decreasing of susceptibility to NAC., While
smaller increase in tolerance to FNMe, fenitro-
thion and methomyl was found. Degree of the
increase of LDy to fenitrothion and mecthomyl
was lower in the selection with FNMe than that
in each case of selection with fenitrothion or
methomyl,

Individuals having high activity of E, and E,
bands, respectively, were found little in the Fy,
and F,, generations selected with FNMe. Progress
thereafter caused the increase in the ratio of
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individuals having high activity of the esterase
bands, Percentage of individuals with middle
and high activities of the csterase bands was
only 50% by the selection until 23 generations,
5) From results obtained, the authors consider

that the alternate application of malathion and -

NAC seems to be possible to prevent the
development of resistance of the planthopper, and
that an application of the mixtures in equivalent
of two or three insecticides, such as malathion
and NAC, MTMC and fenitrothion, NAC and
methpmyl also seems to have the same effect.

Biological Effects of Chemosterilants on the Adults of Musca domestica nebulo Fabr,
Musharraf A. Ansart* (Zoology Department, Aligarh Muslim University, Aligarh, U. P., India.)
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Introduction

Very little is known regarding the deleterious
effects of chemosterilants on insect behaviour.
Murvosh ef al. (1964) conducted experiments to
determine the effects of aziridine compounds on
the longevity of houseflies and found that metepa
and apholate substantially shortened the life span
of the fly.- The longevity of Popillio japonica
was also reduced when treated with apholate
(Ladd, 1966). Workers ét Aligarh, observed a
considerable reduction in the life span of both
sexes of M. d. nebulo when sterilized with apholate
or hempa (Raghuwanshi, et al., 1968, Ansari and
Khan, 1971). Similar observations have also been
recorded by Hafez et al. (1969) in ‘the case of
M. d. vicina. Keeping the view, an attempt has
made to observe the effects of apholate, tepa,
metepa, hempa and hemel on oviposition and

longevity of the housefly, Musca domestica nebulo.

Materials and Methods

The flies used during the present studies were
obtained from the normal laboratory stock main-
tained at a temperature of 28+1°C and 60 to 70

* Present Address: WHO/ICMR, Research Project, 213
Ring Road, Kilokri, New Delhi-14, India
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percent relative humidity. They were reared on
cotton pads soaked in diluted milk, The flies
readily oviposited on such pads and observations
were taken at interval of twenty four hours.

The samples of chemosterilants were obtained
through the courtesy of Dr. A.B. Borkovec, in
Charge, Pesticide Chemicals Research Branch,
USDA, Beltsville, Maryland.

Individual flies were obtained by isolating the
pupae in.vials over a plug of moist cotton wool,
They were sexed on emergence and those
belonging to the same sex were kept in cages
3x3 inches constructed of wire frames covered
by mosquito netting, Two groups of each sex
were formed., One of these was fed on sugar
treated with desired concentrations of a chemo-
sterilant for four days after emergence while the
other was given untreated sugar. After treat-
ments single pair reciprocal crosses were esta-
blished between treated and normal males and
females and also between treated males and
females by placing the adults in small cloth
cages. Fifteen pairs of each type were studied
for fecundity and fertility. The observations were
carried until the adults died. Eggs obtained from
each female were counted under black back-
ground of moist black cloth piece and percentage
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