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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) l/b LDoo* l/b LD.o

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 O. 757
9 (5/4) O. 75 0.993 0.62 0.123

11 (6/5) O. 73 1.38
12 (6/6) 0.53 2. 72 0.29 0.283

* LDoo in pg per tube (1. 1 X 10.4 cm)
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Table 2. Changes in percentage frequency of
individuals with low, middle and high
activity of E7 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 40
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 smal1er brown planthopper
during synchronous selection* with·
malathion and NAC.

Generation Malathion NAC

selected l(b LO. o** lib LO.o

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
11 0.59 1. 27
12 0.69 3.55 0.39 0.247

* The planthopper larvae were selected at 70­
75;:'6 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.

. ** LO.o 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 E7 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 smal1er brown planthopper,
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Dosage in fig per tube

Log dosage-probit mortality lines of MT,
malathion and MTMC to susceptible (LE)
strain of smaller brown planthopper,

Table 5. Toxicity of various insecticides to
susceptible (LE) strain of smaller
brown planthopper.

0.467
O. 124
0.081

0.322
0.379
0.029
0.064
0.136

LDoo '
(pg/tube)lib

0.37
0.30
0.24

0.27
0.21
0.13
0.24
0.27

Malathion
NAC
MTMC
Fenitrothion
Methomyl

Insecticide

MN (malathion: NAC)
MT (malathion: MTMC)
FNMe (fenitrothion : NAC:

methornyl)

Table 6. Changes in susceptibility to MN,
malathion and NAC of smaller brown
planthopper during selection with MN
(malathion: NAC mixture).
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!l11;1ID 91<0) c :to ~ -r:J):O.

ID61<ltJ::Oc, MN i'iIH~J::OTm!;-C:I;1. MN j11]
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Generation MN Malathion NAC

selected lib LD••* lib LD.o lib LD.o

9 0.39 0.346
12 0.51 O. 740
15 0.48 O. 726 0.39 0.610 0.46 0.419
21 0.26 0.382 0.64 4.11 0.36 0.333
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Fig. 2.

Dosage in fig per tube

Fig. 3. Log dosage-probit mortality lines of
FNMe, fenitrothion, NAC and methornyl
to susceptible (LE) strain of smaller
brown planthopper,

O).i1!ftfffflOYl'j:~tt~ Finney 0) similar action 0)

mt:.-r:f!Ji.Jt.lA~IJ;, ~~t1*~KI;1:t!HI~~J!l1O)iY.>:OL.

cMJ!] i; IJ)I~ it tLt~.
fJ.J::O) J: ? tJ. 3Ni~O)~1l"I'i1J-r:, l::)I" l::''/ :-- 'JJ 0)

!~~tE;f:~~.i1!~UL~ltU, tfgO)tltf':I~i'b1JltKffl

~ 't~N{tIiI] c "'tL"CtLO)m1l"*IjI~lmffl ut~~~*Ul~;t-.t

l' :O~~l1:~f!Ji.Jt.IA~Mi!f!:I;1t:ff 6, 7 C 8'1{ 0) c:to ~

* LD.o in pg per tube (1. 1 X10. 4 ern)

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 lib LDso* lib LDoo lib LD oo

8 0.47 0.387
18 0.24 O. 133 0.30 0.067
23 0.27 0.117 0.38 15.96 0.29 0.132

* LD.o in pg per tube (1. 1 X10.4 ern)
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lib LD oolib LD oolib LD oolib LD oo*

Table 8.

Generation
-selected

Chenges in susceptibility to FNMe, fenitrothion, NAC and
methornyl of smaller brown planthopper during selection
with FNMe (fenitrothion: NAC : methomyl mixture).

----------.F"'N..M,.-e--~Fenitrothion NAC·------.M·e"--;-;thL:o:"::m:-.:y:i""I----

8
11
20
21
23

0.22 0.055
0.35 0.182
0.44 0.203
0.42 0.210
0.31 0.162

0.44 0.112
0.26 0.241

0.34 0.244
-0.32 0.212

0.46 0.228
0.37 0.537

* LD oo in pg per tube (1. 1 X 10.4 ern)

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* LIM L/H MIL H/L L/L LIM L/H L/L LIM L/H MIL 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 75 5 20
11 5 65 30
13 90 8 2
14 60 5 5 20 10
18 40 60 33 29 19 9 5 5
20 60 40
21 35 30 15 15 5 60 10 5 10 15
23 50 13 3 8 23 3

*Ea band/E, band, L: Low activity, M: Middle activity, H: High activity.

<. ts !> , F'I Il:litll;Y~~0.:>*313ml1:;tL'n! lA.:. "7 '7
'J ;;o.:>fHiE~rilli F 15 C F'I 11:'?~ '"'(0.:>11- LdJ>~JE:lt

tJ:1J>? t.:(J)L', ~Ul\o.:>tlHtc"7 '7 'J ;;m;tittto.:>~i!! C

(J)OOf,{;li <. :b It <. ~1I]1jL' tt t...1J>? t.:M. fJ{7E~r.lo.:>~

JE~.ti*c :t&idSi" 1.> tOi2iUo.:>;I:.A 'T '7 - -t!j,J<lllb1,IH' t -o
1l/i!t$:o.:>tl'lhnt*IJl1J> I; 11-"'(, "7 '7 'J ;; m; tit i1o.:>~i!!li

F 15 ;tL'li lUxt'J':JmtML'<$1.>1J;, ko.:>1&II:*~ <.~

iii" ¢ B-.'1M1J;<$? t: c MHt I; t"1.. 1.>.

m9~1l:J:¢c, MN1iUI1:J:1.>~ltL'li, F, C Fa

l1:rFf~ilSt'to.:> E7 j,J<GJb1,fH' t ,?1l/i!t$:1J;11- I; nt.:1J;, Fa.

F•• F. C Fe o.:>~illftl1:WNJl;tt':lif.:ljilStto.:>;I:.A'T

'7 - ·tlj,J<mMii~ s-> M t$: 1:t11- I; n t...1J>? tz; lt1J> It

FlO 11:1:t, If1fJJ c nmi1o.:> E7 b:l<lllbm ~ t '?Mt$:Mk

n"C'n107'6c 37'611-l;n, F.all:knl;o.:>l~t$:lig:;p

MPltt.:1J;, liUtiotlito.:> F2• I1:W~lt <. t{ij1Jllltt.:.

tJ::t-3 F21 Kl:t E 7 /;}<lllbHio.:>j-!.K, E. b]<!llIJmo.:>I/1fJJ;t

t: Iini2ii1 0.:>Mt$:1J;k n"C'fL157'6 c 57'611- I; tlt.:. It

1J> It F 13 1J> I; 1:. o.:>illft;t L'o.:>~r:p't', ;I:. A 'T '7 --t!bJ<
!IUJm~lW@m~j,J<lllbltL'5t~ lttJ:1J>? t.: o.:>'t', rJlrIll;t

t':li~ilStto.:>E6j,.l<ib*~ t '?~t$:IJ;co.:>illftlJ>1; U.\~A

ltt':1J>1]I] I; 1J>'t'tJ:~ '.

MN 1iJJI1: J: 1.> iotlit't' t . 1m mIt t:» '7 'J ;; II:1:t:J1E

mi1~~i)!lt. il'IiilStto.:>;I:. A 'T '7 - -t!b:l<!IUJ1,ll~ t '?1\.'4

t$:W~lttltft1J;if§trl1: '?n"'(t(11Jn ltt.:. ltlJ> It"7 '7 'J
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;, c!: NAC c!: (J) I1ttft3i:li~it-C:I:t. Fu l~ 7:7 'J ;,

;jlUtt'b'J~f-Jlllt'il~ tM:k v. iflil2it1(J) E711<IDJJ'.I}~ t "?
Itr~U:I:t. F7~t1&l~ VC!QtMV. Fu IQ;1rltr.O c!: tliiritl:
(J) E7l*1IVJm~ t ,,?~U:(J)tl";Htnllt/):80?61~ t ~ vt.:
(J)1~1t~L. 7:7 'J ;,i{£Vtt1(J)5B~rt11~I:t/!\; <. ?'sm
t1(J);J:.,A 7":7 -~i"j(1IVJm~ t ,,?WH..f.:(J)tMJJIlT 1.>n!jJVII.t
~V <:tok/» -:,1.:.

MT1iJJK J: 1.> ~it-C:I:t. m 7 'J<I~;" ~ ~1.1.> J: ? l~,

MT1iJJK:tfT 1.> LOGO I;l: Fa I~ Y v n <tJ: -:,1.:. v/»
vk(J){&ll::l:t:@K/E;rv, IiU~iMit(J) F231~1;l::m~tIC

c!:~<~~-C:~~. Rmv~~~M(J)knJ:~ftb~

tt:
-15 MTMC 1~)r~T 1.> LOGO l:t F18 KvYtQl:kv.

F231~1:tJI!I~tli <tJ: ~ -r. ::m~~(J)k':J 4.51'.:1' l~fa vt.:.
'7:7 'J ;'1~)r~T 1.>fJ{~~1I11:t~~~nit(J) F23(J);"l~"?

~'LV/»tt~VtJ:/»~t::./):. 1:. (J)1ltft(J) LOGO l:t::m~

~(J)*:J50/trK t fa vt.:.
MTMKJ:1.>~~(J)m~ ~~~~~nmt1(J);J:.,A

7":7 -~bj(IDIJm~ t "?MU:(J)Hml.n1JllJl:t~v <1f1. <.
F. 1~I;l:T-C:Kr:f:tr.U c!: iflii2it1(J) E7itM"ilJm~ t "?ItT4U:/)~

",n",n2096c!: 796;,.~nt.:. kVLkn~(J)WAU:I;l:

~ittttft/)~jfH.l'I~"?nLf<i.\~I~ tl'llJrtv. Fe ll::l:t {I~~
.fli'lU:(J)T~L/)~~r.M>ifli7i!it1(J) E7 /Jl<IDIJffi~ t "?J: ?
rOJ:~t.:. tJ::to MT 1iJH~J: 1.>~n~-C:I:t. MN filJKJ:
1.>~~(J)J:? l~. 'EGitMj}jffi/):rf1r.ll tv <l:t iflirl!it1(J)
MU:I:t lllm.V tJ:/» ~ tz,

1:. (J)ilLfr1iUI~J: 1.> i'tlil~(J)tJ,}'fr t, i'tlnitillftc!: 7:7 'J

:,-i{£Vtt1(J)~~ c!: (J)[yJt.~I:tlJJ]l1liH~ -c: ~ tJ:/» ~ t::./)~. ifli
72itt(J)E7i1<[ilJm~ t "?lIl4U:(J)t\'llln:jj\iJj1./» ~ :rJHlET 1.> C,

'7:7 'J :,-ID;Vtt1I:t!J>tJ: ~ ~i!!lK~fa vt.: J: ? I~Jl1.:bn

o.
FNMe 1iU-c:~~t1~~~iI!~;~VL ~ ~vt::.tJ,}tl".

ro 8 ;l<l~;" ~ ~1.1.> J: ? I~, 1:. (J)m-fri'iUI~)r~T 1.> LOGO
l:t Fa ~-c:tM*vtJ:/»~t::.. v/»v FJI (J) LOGO l:t::m
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~(J)f[i,£ -c: lE;rv t.:. im mvt.: -; :L .::::. I- 0 'f'::t:,-.

NAC c.>l 'J ~ )vl~)r~T 1.> ¥J(JE~ml:t{&JtlIillftl~ "?~,

L v/»t!1tJE:v tJ:/» ~ t.:/)~. -;:L:=' I- 0 T::t;, c!: .>I 'J ~
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v/» v NAC l~x~T 1.>f~~tl:l± Fu ~ -C:1~1!\;rvtJ:/»

~t.:.

tJ::toIiU~i'tlil~(J) F23(J) FNMc filJl~)r~T 1.> LOGO l:t,
~~~I~:toIj'1.>J: ~m:kvt.:/):, i11!mvt.:~v;jn(J)~

rtJ.1iJJI~:tfT 1.> LOGO J: ~ ft/» ~ t::.. 1:. (J) 1:. c l:t, 1:. (J)
m-fr1iJ~(J)~~tt~tlCK)r1vL;" ~ nt.:ffm~"ftt. TtJ:
:b;imm vt::.~l:j11iJJ(J)i!!-e-mfH:til!mVL t ~~T1.>

c: 1:. ~/», ~l~~~ 1.> 1:. c!: ~IJJ] ~ /»I~T 1.> t o.>"t'~ 1.>.
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l~, Fe ~ -C:1~;J:. A 7" :7 - ~ llj(1IVJ'.1}/)~ rjl[IO t L <1;1tli
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T1.>i{£Vtt1(J)tl'l*I~1t/JIJVL. 7o'li72it1(J) E7itMilJm~

t "?WJ1f*b~tM1mT 1.>. v/» v 1:. n ~ (J)~il~~tlCl:t:h­
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~.>I I- 1::' oj;, :h/)~ID;Vttt~~*v~T~'7:7 'J;' c!:.
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c!: mJf~tJ:~tm/)q\l ~ nt::.. vb>L 7:7 'J ;, K J: 1.> i1ilJ1:t
-C:1:t. F3 I~T-C:I~~ 3 m, F12 Kf-J40m(J)ID;Vtt1:~~

T/)~, 1:.(J)tJJ;-e-I~I;l: F71~~ 3 m. FI2I~~l1m(J)ID;Vt

t1~~TKJ1:'£ ~ tz, 1:. (J) 1:. c!: l;l: 2 fill~m1iJJ(J)~]i{<1!

ml:tID;Vtt!:(J)~ij!~Ilt~;/5 < ~ T~:JJm(J)~ 1.> 1:. c!: ~IJJ]
~b>I~T1.> t(J)1.'JJ1.>.
vb>vtJ:b:~ '7:7 'J :'-I~J: 7.> i1!~millJ.,"t'I;l:. Fe-C:

tm;mttv~~~~8m-C:~~~1:.cb~;"1.>c~

111t1tx:rr.~u~(J)JA1r'7 7 'J ;'1~mVrll U::' \It{UX(J);';1J
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~, 7:7'J:'-Km1MlVtJ:b>~t':k(J){fu(J)t!tftKt, k
n ~ (J)MU:I:tllJi~K~Yv tJ:b> ~ t.: 1:. cb> ~ ;,.-r. 1:.
nl:t NAC I~J: 1.>mrt-c: t 7:7 'J ;'K:tfT 1.>m;Vtt'.£v
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o. IiUMDltillf~o.:>NAC ICX"fi" o~5'l:t1I.t~tlt~c
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m.a.~K<'bo~~~'7-~o.:>.mt1~.*-i't~

Mt*I.trnJltill~tJ'jfHJ'IC ~tL-r~1mi" Qc ~'? t::~R.i.
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-r 6l• MT :tiUII:J: oi'iIJJlt1: MTMC 11::X'.fi" '5!®)'l:U'b;
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;to.
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B~i'iIJJlt) ICI.t, "? '7 'J :..-o.:>f'FfflJJ-i' MN 1iUc IlIIIHJ
tJjll:lg';"f ~ -tton 't::11: t tJ)tJ'b;"9'. "? '7 'J :"-f!£tfLtt
0.:>~llil.iltl~~((1fil <. Fu 11:1.tr.ns fffo.:>i!£tfLt1-i'~ v
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"? '7 'J:"- c NAC o.:>mJ~i'iIJJlt1.'I.i. Fa II:rftnu c ti
muo.:> E7 M<!IlJ.Jl,li-i' t ~Mt*tJ'!fHQV. F6 £J.{!tll:l.i.
rnJlttlt~tJ'jfHJ'IC ~tL-r. ktL; o.:>f~t*o.:>Mt~JtlI.t

~~K~1JQvt::'b;. MN:tiJHcJ: Q~dlt1:I.i. Fall:rFnU
mt1o.:> E7 M<!llIJ*f-i' t ~Mf*tJ;b"9'tJ'Kl!lIQvt:: c 1.1
~';'l. Fg £1.'I.trf:lrdlc .mt1OJ ~~T '7-~/;j<.m

-i' t ~fI&f*I.i:i: <iffi1JQ Vt,J.tJ,? t::. I:. 0.:> J: ? t,J.~m'b'

;~;'lo c. MN:tiJJKJ: ornJtl\1:"? '7 'J :..-i!£tfLtttJ;~

228

.i!BvK<~?fto.:>~. 1:.0000.it:tiJJK~/'tJDlto.:>WMo.:>~
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Q!®)'l:U1.1Il!:"f vt,J.tJ'? tz: I:. tLl.i, OOJfl Vt:: ~tj1:tiIJ

rJl1.'. "? '7 'J :..-:11£111Uo.:> I:: ,)I r J: "; :..-13II::X'.fi" Qi'Eit
f'Fffl'b;mbtLt::t:: W(,I.tt,J.~ ''b,c,ID? ktL'ftLo.:>.
itlilJo.:>"?'7 'J:..-f!£tfLUI::,)I l-1::·,,;:..-:tJICX"~i"'5i!l!itf'F

fflo.:>fl~ttl.i. • v ;'{JltK~it v t:::ff£tfLU*MC-i'{l!<:t\
t., <'b;t::bb-rt.*mo~t 91.'<'b'5tJ;. 1:.0.:>J: ;t,J.
I:. c tJ', MN J'iU c MT 1iU IC J: 0 i'iIJJlt1:~J'iU:J£EtfLt1'b;

~.i!BvK <tJ'?t::1:. cll:*~ <m~v-rpo c,filJ.btL
Q.

MT J'iUICJ: oi'iIJJlto.:>:W;it. "? '7 'J :..-ro;:btUO)~ii!fi1

Jtll.iMN tiUICJ: 0 ktLJ: 9 ~v <ifb'b'?t::. £t::lt l

~c"mt1o.:>~~~'7-~~!IlJ.Jm-i't~.fIi'ilf*'b~.~

f)JltJ]o.:>tltf~ICi£lj~Jtl"l'mmv, k tL; o.:>.fIi'ilt*O)fQlJJQill
Jtlt lfl'b'? t: I:.tLl.i MTMC ICJ: orMtt:1:. r.~l21tJ.:

o.:>~~ ~ '7-~t-j<!IlIJ*.lJ? t ~f~f*tJq:!HQv. F12 11:1.1
"? '7 'J :..-IC 7.6 flto.:>ro;tJt:t1-i'~i" I:. c MY];tJ'lC *tL
"'n'Q I:. CtJ,;8 l ; MT 1iUlcJ: 0 rM It 0.:> :I:Jb'frICl.i.
MTMC 'b;"? '7 'J :..-ro;t;tU~=f-i' :m1JQ(t:llc~lti" '5*<l
:!:I!lu,J. 9. "?::; 'J :..-i!£tfLtto.:>~ili'b'*~ <ts-. t: to.:>
c ~;'l Q'b;, I:. 0.:> I:. c 1.1. ~5l:mJ'iUtmlrJlII: tl!:!:tl.fFJfl c
tJ,ktL'ftLo.:>i'EJf]1:i'itillti" oi!£tfLU[lHII:;I~iIl1t,J. b 0.:>
'b'<'b 0 C. 2 fill~mlilJo.:>lm'frIll!Jfl1: t. ~:tiJJ!Lt:btUo.:>

:mit-i'~$Ui"o5UJmtJ'Mffli" 0 1;1 C:~ < t,J.~ 'l~ftO)Q)

QI:. c -i'Bff~v"(~' O. Vt::'b;? -r I:. o.:>;Jf~O)f.'j*tJ,
;. 2••O)mmmo.:>n~m.:tiJJcv"(o.:>Dft:tiJJ<'bo

~ 'I.t 1flI!.O)~mO)Ilfj~ki1iU c v-rO)m'fr1iuo.:>ou~ll:~

v"( l.t. lmffl-t 0 ~liIH.t'triffilcmtr~ vt,J.l:ttLlit,J.; t,J.
pc~,;to.

FNMe :tiJH.t, Dmvt::~tl11iljo.:>rlll1.'. !~~~J.:*~

11::X'.fi" 7.>i'E'ftf'FJf]tJ;:mbb; tLt::tJ', I:. O)~ft:tiIjIC J: 0
23tltr~rJlO)lkVlt1:I.i, FNMe. t,J.; I1IC' NAC £J. J;f-o.:>
~l\1:tiUIC:X'.fi" ~~~UI.tIJ:\;"fvt::. v'b,vktL'ftLo.:>
~1iUI~)t~i"o!®~t1o.:>{J:\;"fI.i. LDeo 'b'2-'4 ftff\'}*v
t::mltllc.L!:£ ? -r;lo9. 7;L;::' r 07;f :..-IC J: 0 rMl1\
"l'. Fu II:~sOfl1. Fa4IC~ 60fffo.:> 7 ;L ;::. l- 07;f:"­

i!£tfLU-i'~ilivi:: 0.:> c .lt~-r'itv <I~ <al. ;I 'J ~ JIt

ICJ: o~tt:lclt~-r. ;I 'J ~ JIt~~t1O)Ig;"f;f1JJtl.tfE;

tJ)? t::6l • k v-r£ t:: MN :tiJJ <'b 0 ~ 'I.t MT :tiUICJ: 0
~dtt:1::mii! vt:: "? '7 'J :"-jlH1LUo.:>;f1JJtll:lt~"(. 7;L

;::. r 07;f :..-ICX"{i" o~)'l:UO)IE;"fl.t~:v <{U;~' to.:>
1:<'b?t::. I:. tL1.1 , 2fillo.:>~m:tiUH:emvt:::W;-frJ: 9
iijllHt1JQ;'l; tLt::~W1iljo.:>f'Fm'b'(J&tJ'? t:: I:. c Ic1£-:5
< to.:>c~;'l'5tJ;. ktLIC1JQit.-r. I:. 0)NitlilJo.:>tj-fr,
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zrnm tA':~lllfi1JO)nU"t'. $~tt;y:t1tIe.~~T 7.>f[U:r~~w:

tJlJ1.17 n, ~ 17 le.I:. 0)J: ; t'!tWHt I:. O)m1'l'1fIjO).i!l!m
1e.J:.., "t" t il~~L,t,!~ 'litJ> ~ "t't,! <. ~1e.3rtl;t.., "t <
7.>0)"t'. llemu!llj'jIJO).i!l!{tfFmtJl• fijllt1~. ~llt1flJO)

11;JnIe.flt%1.A.:1:. c t;k~ <W'ZIl,;"t"P7.>J: ;le.!.!.l;.
l,;t.:tJl..,"t";WW,lJrtlle.~J l,;"t". 111!1IJ l,;t.:~1}t1flj£U:0)
r»JjJ~ t "?J: ; t,!tt~1'l'1fIJl1. '~~fiIjJ1tlit~I:O).mmO)J1lJ$'j

r»J*tJlil'F~"t'it) 7.> c ~,it7.> O)"t'. I:. O)J: ; tJ:t-Jtt~ t
"?mft~JI.t<"j'{tZM~((~Ie.~~NT 7.> ~,J.l!tJlib 7.> c;;!5 it 7.> .
U~FNMemKJ:7.>~~"t'~. Rml,;~~n~n

O)lj:1:ti!JIe.:XtT 7.>~~ttO)(!£rle.SjZftl,;"t". I:. 0):lilir1iI]
O)~m1JO){E;rtJ;l1-17 ttt.:. l,;7'J> l,;~O)fEl.Jtl.t:Nii~"t"

{E;tJ>..,/.:O)1:. 1:.0)1:. ctJ;~.>I )-1::'9:"'- ;/JK~tt7.>~
1fIJJ1ttttt.miIO)J!lJ:JiUm c l,;"t"0) I:. O):lilft~jO)IiJIi(I([~*
~ <~ I:. tJ:; t O)"t'I.tt,!~ -.

MN 1fIj. MT )'il] c FNMe 1fIJI.t. 2 rn O)~jh!lfil]O)

3(ILV1!m c lIiJ~tJ>~nfU:Ie.. ~;i)- I::'9:,..-;/J le.~tt
7.>lIi~j'jIJJ1tttttO).miI~J1lJ:JiljT 7.> 3'iJJmO) it)7.> I:. c tJlJVj 17
tJ'le. ~ ttt.:. I:. O)J: ; tJ::5H!~tJl1l!!.0) 9:"'- Mtlib 7.> ~ 'I.t
'/'77'03 ::II'C{ 1e.~P"t t IliJH'll1-17n7.>tJ>1§tJ>I.t4­
1&~Ml,;"tfjJ] 17 tJ>Ie.1.A':~' c,m.., "t~, 7.> tJl. tuftj'jljO)
t>l:!mtJlmmO)~lfIj11Et1i.ttr.UMIe.~~T 7.> E:1:O)m"t' tJ:~'
I:. c u, I:. O)!J!~O)*limtJ> 171]1J 17 i»1:it)7.>. IIiJ t~{t
)'iijO).i1!ml.tp-?n11Et1i.ttO)~iI~H3 < c ~ 'O~' 7.> ~m
t,!p. l,;/:tJl..,"ttufij'jljKJ: 7.>~!h~Jj~~O)tJ.}fi"t' tt~

J,t0) t 0)11: {W .., 1.:V1!ml.tk~l1:mtr~ ~ "t'it)7.> c;;!5 it 7.> .

~;i)-t::'9:"'-;/JO)d~tt(L~;y:t1t~2mg~O)R

rtu'ilJ1:~B:ib 7.> ~ 'I.tRft~~l,;. ~~oj~{Lj:c11Et1i.tt

O)~iItJ: 17lf11: ,a-naphthyl acetate ~1Jn*5t~1-T 7.>
::r. A7-7 - -t'O)~riTittZ,j<1Ilbt,IH? t ,,?w.U;O)Ulmc 0)1)9
(,f;~tJi~1l,;, ~O)J: ; tJ:*limtJlfO17 n/.:.

1) '77 'J:"'-c NAC cO)l ill1\:~li~Jltl.t. ~n

rcnO)~QrIJ.~j1:6lill~, nt12Utftl1:}[.., "t!J!trol tA:.
fi}~t~~O)ill1~;t"t'11:, NAC K:X~T 7.> LD~o IUti$;
1c.~H:; VtJ:tJ>.., l:tJ l, '77 'J :"'-11:IU31lUrO)i!tt1i.tt~

~ilil,;. ~~c~mttO)::r.A7-7-~~1Ilbm~t"?M

U:0)1'l'J~JYJiI.JtI.t80?611:iIl,;/':. UtJ> v tJ:tJ; ~ '7 7 'J :,..­

ICJ: 7.>.i!l!t>,'mJltl1:!t«:"t". '77 'J :"'-11Et1i.ttO)~~fi1JJl

~fi<. nmnO)::r.A7-7-~~1Ilbm~t"?U:O)W

mn!j)g]I.t~" tJ>.., t.:.
2) IIIIIIiJ'!jO)f~rIJ.~:"t''7 7 'J:"'- c NAC 11:J: ~ ~

n~tt.\JI]fj.THe.rnJlt v. ~:fOJJL!l~[Itl~WfIU ttr.nff~lll}

11:,A,n, s.r:J1~JJXmHfn~m ~ -It7.> 1Jr.t"t'1ijm1~mU\
vl.:tJhir t, fiUtiMl!;O) Fu ;t "t'11:. NAC IC;NT 7.>
LD~oIUIV~I1:~1~VtJ:tJ>..,t.:. l,;tJ>v'77 'J :"'-11:1.t~(-J

15mO)gt1i.tt~~iIv. rl'[lUcnmtI:O)::r.A7- 7-~

z,}:jfibm~ t ,,?W«t.j.:O)ftiitJYJiI.5tI.t90?6ili: < ;t "t'1e.ii'!vI':.
3) MNj'jlj ('7 7 'J:"'- : NAC, 1: 1) 0)~~i19~~

1e.~~T 7.> ~~rttjJI1neJTll,;t.:~lt1~JO)~ttJ: ~ {!£tJ>.., I.:.
1:.0)l:t!il"1f!J"t'2111t1~t»~v"t"~lJrtT7.> c. MN~J~1*

c NAC 0) LD~o IUl'i~lc~1~l,;tJ:tJ>..,/':. -15'77
'J :"'-11:I;U(~13(t'i0)J1tj/Cr!: ~.mlli i., ~ flU c ~mtto):r.

A 7-7 - ~tHlhm~ t "?~'H,f;0){'ta~ml.Jtl.t65?611:i! L
tt: vtJ,l,;t,!tJ l17'77'J:"'-C NAC co)I1Itf\:~B:~

ltle.!t~"t". '77 'J :,..-l1u/cr!:O).mmf'i1l!tI:t!A; <. niiTi
ttO):r. A 7- 7 - -t!M(!IVJm~ t "?fj.'H,f;O)l!lmn!j)g]I.t~l,;

<~~tJ>..,/':.

4) MTj'jlj ('77 'J:"'- : MTMC. 1: 1) O)$~n;y:

t1t1e.~~T 7.>~rtt1Jl.tlmm vt.: 2 rnt~rlJ.J'ilJO)JI'rlU"t'ib"?

I.:. 1:.00tu'ftfiljl1:J: 7.>~rt"t'I.t, liUtiMltO) F23:t."t'

11:. MT lfIJ1e.I.td~t1~{E;rVtJ:tJ>..,/:. vipv
MTMC 11:~~T 7.>~~ttl.t!!£rv, '77 'J :"'-11:lU350
{t'iO):I1£j/ctt~~il! vI':.

;t/.: r, Ic.i.t. Jfl.< tT~"t"O)MU:tJlrpflUtJ>ij,'liri!itt

O):r. A 7- 7 - -t·t,MIIJI,II~ t '?J: ; IUJ:"? I.:. MT lfIjl1:
J: 7.>~Jltl.t. MN j'jIJl1:J: 7.>"ttl1:1t~"t", '77 'J:,..-i!t
ttttO).mil!f'!11trtJlntJ>..,f.:tJl. '77 'J :..-11:J: 7.>~~0)
tJ.}{tJ: ~ !IH>.., I.:. ;t t: MTMC 11::X~T 7.> $~ttO)!A;
rFJHtrl.t MTMC 11:.1: 7.> i;lJl!;O)tJ,\1'l' J: ~ !IH>"? I.:.

5) FNMe fil] (7:s. =-)- 0 :T0;t:,..- : NAC: .>I 'J ~

)11 ; 1 : 1 : 1) 11. zrnm L t: 3 fil1U!.llJ'il]O) Il',)"t'r~~~t
*t1tI1::X~T 7.> mJf~XJJmtJl.t2bb 17 t'tt.:. I:. O)tt!{'tj'jl]le. J:
7.>~~1:I.t. ftU'ti;lJl!;O) F23 ;t "t'11:. NAC 11:~JT 7.>
LD~o IUn~iIC~~~l,;t,!tJ>..,t.:tJl. FNMe 1f!JHJ:117
:t.=-)-o:r;t:,..-c.>l'J ~)IIICI1$~~H.>II~l;l,;f':. v
tJ>l,; FNMe j'jljlC11 LD~o tJ l2{l''i!('l;kvl.:I1:.tl:;t..,''t"

~ ~, 7:s. =- l- o:r;t:,..- c .>I 'J ~ )1I11:~~T 7.> LD~o 0)

tMjd'i11tr t -cfL"C'HO)lllfi1J11:J: 7.>~~O)tP;f;J: ~{n;tJ>

-sr: tJ:~c1 FlO ICI;illl[lUctlimttO):r.A7- 7-~t;J<1Ilb

m~ t "?~'tU:tJlI!IJJlvl.:tJl, m:~~vrto) F23 11:~tt 7.>
-ctt17 0)fj.'H,f;0){ta~~1i1.Jt1.t50?6K.tl:;t ..,I.:. tJ:~ F23

0) FNMe fiI]11:~~T;o LD~o 1.tlE6ffl v/:~ ,-?nO)Rm
j'jl!O)'cttJ: ~ !J1tJ>.., I.:.
g~O) J: ; tJ:im~*tJ> 17, '77 'J :,..- c. NAC c.0) 1

illf~3i:B:.f!1!fIH.t ~ .>I )- t::' 9:,..-;/J 11:~tt 7.>ro;t1i.tt~il!~

1qjjliaT;o~J!f!:blib~, :t./':'77'J:"'-C NAC, '77'J
:",-c.MTMCib7.>~'1.t7:t.=-t-o:r::t:,..-.NACc.>l

. 'J UIl~ ~:In ll% a vt.:t!.lil-J'iljO) &! JlH.t, '77 'J:"'­
c. NAC c 0) l1ltf~~li&!ffl c lRJ!'fjtJ>~ttKtK, ro;
t1i.t1~ii'!O)~:JiU~bmtJ;JllH;'j1: ~ 7.> c~;t 7.>.
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Summary

Susceptible (LE) strain of the smaller brown

planthopper, Laodelphax striatellus Fallen, was

selected alternately with malathion and NAC on

everyone generations and continuously with one

of mixtures of malathion and NAC (MN) or

MTMC (MT) and fenitrothion, NAC and metho­

myI (FNMe) in the mixed ratio of 1:1 or 1:1:1.

Fourth and fifth instar larvae were selected at

70-7596 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 LD~o values obtained

by contact method. Esterases hydrolyzing fi­
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 LD~o 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

ll-folds resistance in the F12 generation.

Some individuals having high activity of E7

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 E7

band. Percentages of individuals with low, middle

and high activities of E7 band in the F12 genera­

tion were 20, 50 and 3096, respectively. The

alternate selection with malathion and NAC

230

increased the resistance to malathion and the

individuals having high activity of E7 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 LDM values to MN

and NAC did not change significantly during

selection for 21 generations with MN. The F21

generation selected with MN showed about 13­

folds resistance to malathion. Few idividuals

having middle activity of E7 band appeared early

during selection. Individuals having middle and

high activities of Ea band were also found little

in the F21 generation. Percentages of individuals

with low, middle and high activities of the

esterase bands in the F21 generation were 35, 45

and 20;6, 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 LD~o 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 E7 band in the Fe generation.

4) FNMe (fenitrothion: NAC: methornyl 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, fcnitro­

thion and methomyl was found. Degree of the

increase of LD~o to fenitrothion and methornyl

was lower in the selection with FNMe than that

in each case of selection with fenitrothion or

methornyl.

Individuals having high activity of E7 and Ea
bands, respectively, were found little in the FlO

and Fu 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 esterase bands was

only 50?o 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

methomyl also seems to have the same effect.

Biological Effects of Chemosterilants on the Adults of Musca domestica nebula Fabr,
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Apholate, tepa, metepa, hempa :!O J: U hemel 0) 5 rn0)1t~::r-!lf1'ilJO)~~~tt-J3?tJ*M. Mil!lUa

c *~lilltll, *~J1IH.j£c MiI.1l!Il1£, ~I.1I!m cMililltll:cn.:fnO)3Caill£rrf.r"?"(~« i; nt=. ~!lf~*
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Introduction

Very little is known regarding the deleterious

effects of chemosterilants on insect behaviour.

Murvosh et 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 at Aligarh, observed a

considerable reduction in the life span of both

sexes of M. d. nebula 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 nebula.

Materials and Methods

The flies used during the present studies were

obtained from the normal laboratory stock main­

tained at a temperature of 28±I'C and 60 to 70

• Present Address: WIIO/ICMR, Research Project, U3
Ring Road, Kilokri, New Dclhi-l4, India

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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