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Abstract Cypamcthim quimadphos endosult i id mathomyt ware broassived
wunst steuns ol Holicotarpa arnugera colleated from iddd crops i Andhin
Pradesh ind Toml Noadu South Indie dunme the 195990 id 1990 91 croppimg
sesons In 1989 hieh lovads of resistincee to avparmethim were recorded sty uns
from cotton m the cotton vrowing revtons of Guntur - Andhr Prdesh ind
Combutore Tl N duaind from piceen por nen Hvdanibad Thae wis no
cvdanee tor rasistinee to quinadphos or mcthomvl 1t that tme In 1990 9
sumphine was more oxtensne ind although toloriee to avpamcthnm was Jowa
than the pravious scson the surves indicated thist pyrcthrond resistant populy
tons were prosent throughout much of Andhiy Pradesh Tolaninae to guimilphos
had marcsad shichthy an 1990 91 while resistinee to mathomyl hod incre ised
substintidly - partncubuly i the cotton growme et of Guntur - Fndosull in
tolar e had imacsed shehtly compurad to struns tested m 1986 SSann cnhe
study The zeogniphic md tempor by nntions i savanty of pyvicthrond resist inee
m Hownugaa o Andhie Pradash ire baheved torse bacwse of dynanig
inter ictions batween loail sclection pressure ind immierition of 1esaistaint ind

susceptible moths at cartun umes of the ven

1 INIRODUCTION

Large scale fatlure  to conuol Hclicotapa  arnngara
(Hubner) (I cpidoptaa Noctindac) m India was fiest
recorded i the major cotton growimg regron of Andhia
Pradesh in 1987 ' To combat the unprecedented  #
arnugara pest pressure many farmers i the region were
applying synthetic pyrcthroid endosultan or orgino
phosphatc insecticdes sometines as mixtures at 23
day intarvals duning cntical pertods resulting i over 30
sprays (agamst the 8 10 recommendcd) during the scason
(R M Sawickt unpublished report)  Synthctic pyvre
throwds constituted SO 70 of these applications but
growers were unable to achicve effective control with any
ol the available msectuiaides As a result average cotton
vields tor the major cotton growing distiicts of Andhra
Pradesh Kiishna Guntur and Prakasam dechined from

* Based on a postar presented it the Interniional Symposium

Resstinee 91 orgamised by the SCI Pesnades Group ind
held at Rothamsted Expenmental Station Hiarpenden UK on
IS 17 Julv 1991
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36 ke ht ' m 1950 87 1o T6S ke hie ' o [9S7 88!
It the scwson I arnugcra populitions mosed to
pubses where wrun mscctiardes falad o gnve dflcctive
conttol nd ivaree vicddds of prgeon por tor the thied
districts dechned from 392 kg ha ' e 1980 N7 Lo
204 ke ha ' 1987 S8 In the same scison poot
control ot /1 arnugcra on prgcon perwas recorded at the
Intcrnational Crops Roscarch Institute tor the Same And
Fropies (ICRISAT) Hydarabad  some 250 km NW of
Guntur Resistance to synthetic pyrethronds was subse
quently confirmed to b a major cause of crop falures
Andhra Pradesh ' !

In the following scason pyvrcthrowd resistance fovels
dechmed markedhy - " which was attributcd to a dechne in
the use of synthetic pyvrethroids duc i part to thar late
tcdease to farmers durning the 1988 %9 cotton scason
and to distllusionment with pyrcthroid products Tt was
also beheved that the source of resistant populations was
restiicted to the cotton belt approxmately 75 km widc
and 200 km long comprising Guntur Prakasam and
Krishna districts on the castern scaboard of Andhra
Pradesh ?
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This paper reports the results of msectiaide brodssay
tests conducted on 30 strains of /1 wrmngera collected
from ficld crops in Andhia Pradesh and Tanil Nadu
durmg the J9X9 90 and 1990 91 croppimg seasons

2 MAILERIALS AND MIETHODS
2.1

Field strains

I anmvara larvac were
collected from post ramy (October | ebruary) or sum

Samples of 2nd 6th insta

Negel J Apmes et gl

mer (March June) season field crops between 1989 and
1991 at 18 locations m Andhra Pradesh and two in Tamil
Nadu (g 1 Table 1) Fields with larval infestations of
I wnugcra were adenuhed and larvae collected by
samphng throughout the field Samples from different
fields within o region were hept separate in order to
detect local resistance diversity - Wherever  possible,
farmers were mterviewed to determime whether insecti-
ades had been spraved on the crop and. W so. the
frequeney  and types of msectiade used  (Table 1)
Samples  comprised 130 600 larvac Fxeept at the
ICRISAT farm sttes were sampled only once during
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TABIE |
Insectiade Usage at Samphing Sites where Howrnugara Tarvae were Collected in Andhra Pradesh and Tamil Nado dunnye the
1989 90 and 1990 91 Cropping Seasons

Collcction Vap Collccnion Crap Insccnonden!
Mt X% duate (Noof \pravs)

Medak distriet

ICRISAT 2N Sept S Ot 89 Prgeon ped Mon¢«2) Quic 1) Mg D
ICRISAT I 16 20 Nov 89 € hick pea tn
IC RISAT 17 23Ny W Prgeon pea Fenc- ) Mong2) Macs
ICRISAT I 14 16 Mar 90 Pigeon pea Fenc=2 Inde )
ICRISAT 120 21 Nov 99 Precon pea Un
ICRISAT L2223 Nov 9o € hick pea tn
ICRISAT 110 1y Dec 90 Cotton tnd¢<2) Dumg-
ICRISAT LIy Mar 9l Prgeon pea tn
Narsaput 319 Apr 9l Tomato Mon¢ - )
sunflowa
Rangareddr distnet
Shankarpalh 2020 Mar 9l Chick pea tn
Watangal district
Ghanput S 27 Dee 9o Cotton Indt-4 "¢ D
Shivareddypalh 6 27 Pec 90 Chick pea Un
Raghunadapalh 428 Dec 90 Chick pea Un
Nalgonda district
Surapet 7 221dh 9i Tomato Qui( - 2)
Krshna district
Nandigama & 25 Nov &Y Pigeon pea Un
Guntur distiiet
Guntut 10 24 Nov Ny Cotton Spreo )
Guntul 10 28 Nov 90 Przcon pua Ind(- 1) Que-1) ice-1)
ladikonda 9 23 lan 91 Chick pea Fnd Qui(Towl - 3
Fadikonda v 23 Jan 9l Cotton End (- 1) Mont-1) Can¢- 1) Dim(-1)
Pasamure 12 24 Jan Y9I Chick pea Sprl(-2)
Kumarnpalem 1 24 han 91 Pigcon pa Feng« Dy Inde- b
Mahbubnagar district
Puthandurddy 1316 Nov 90 Prgeon pea End (- 1) Mont- 1) Dimc-h
Prakasam distiict
Ongole 14 24 Jan 91 Chick pea Spr'e- )
Kurnool distit
Nandval 16 13 Nov 90 Prgcon pea Ind (1)
Nandyal 16 14 Nov 90 Cotton Cyp(-3) ben(-2) DAd-1) Mon(-2) Qui(-2)
Neem (- 2)
Govindapally 17 14 Nov 90 Prgeon peu Fnd -2y Mon(-1) Qui(s1)
Kalava 1S 1S Nov 90 Pigeon ped tn’
Cuddapah district
Duvvuiu I8 1S Nov 90 Pigeon ped tn’
Tamil Nadu
Commbatore 200 29 Nov K9 Cotton Spr’(« )
Viddhachalam 19 26 1ch 9l Groundnut Mon(/ 1)y Quitrs1ly Endcs1y tents1) Cyperly

" Insectiades Fen fenvalerate, Cyp, cvpermethnn Del deltamethrin Fad endosulfan Car carbarvl, Qui quimalphos Mon
monocrotophos  Dim - dimethoate Dic dichlorvos Met, methomyl Neem  neem product Spr’ sprayed but insecticides not
denuthed Un unsprayed. Un ', probably unsprayed
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cach season  In the 1989 90 scason
transported to the Natural Resources Institute (NRY)
UK for subsequent testing ol fust gencration farvae
whereas i 1990 91 bioassays were conducted chiddly at
ICRISAT Whan sufhaent 2nd 3ed mstar Jarvac were
collected 1 the hield - 240 larvad)  bioassavs were
conducted on the field gencraton otherwise farnvac ware

pupdae wer

reared to adultm the laborators and broassays conductud
on the resulting frnst generation Ficld collected and fist
generation larvae ware reared i the Jaboratory on an
artifictal diet based on chick pea flowr (N T Armes
unpubhshed) at 26 (+ 1) € andar natural photopenod
(¢ 13 01h hght darky at TCRISAT and  constant
14 10 h light dark at NRI

2.2 | aboratory strains

Iwo baschne strams wore mamtamed in the laboratony
One the Sim Sim stram was ongmally collectad m the
Sudan from ramfcd sorghum and sunflowcr at Sum Sim
near Gedaret Kasalla Provimee where few mscctiaades
are used  The stam was replaced by fiddd collected
mmsects cach vear and was at the third and itth Liboraton
generations at NRE when bioassayvs were conducted m
1990 and 1991 respectively  The second Dethn stram was
obtamed from the Indian Agncultural Research Institute
(IARD)  New Delln Flus stram was 1e establhished
annually from fanvac collected on precon paaat the TARI
farm e Delhn where pyicthrond resistance has not been
imphicated o date Tt was at the towrth and thiud
laboratory gencrations at the time ol testimg i 1990 and
1991 yespectinely  Neithar stram had been subject to

selection for susceptible genoty pes
2.3 Insccticides

Ihe following techmical erade insectnades were used for
the  opreal  broassavs  cov mars (¢ S0 S0 1atio)
avpermethum (720 ¢ ke b 1CE Agrochemicals UK)
" Sandoz AG Swatzerland) endo
Hoechst Indiy methonid
France) v avpermethin B

1002 hue " TC 1CT Agro

chenmaals, UK was used tor the toliar residue assavs

quinalphos (700 g ko
sultan (960 o hp !

OS0e keg ' DuPont
formulation ¢ Cymbush

2.4 Bioassay procedures

240 Topical hroaswan

Serwal dilutions of techmeal erade msecuades moana
Ivuceal grade acctone were prepared and an \inold
pattern microappheator (Burhard Saenufic T'd) used to
deliver a 10-gb drop 1o the thoraace dorsum ot cach
fd 4th mstar fva e the weieht range 3050 mg
Moulung larvae were not dgosed Control larvae were
treated with acetone alone Wath few exceptions at least
40 larvae (divided amongst 4 ¢ rephicates) were teted
at cach of five o1 mote concentrations plus control The

Niged o timies et al

numbua of individuals treated from different strains
rdflected the relative avattabihiy of H o arpugera i the
field and subsequent success at breeding inthe lab-
otatory Larvae were held individually i 30-mi clear
plastic cups with fresh arufical diet Mortality was
dssessed 72 hoatter treatment a larva was considered
dead 1l it was unable to move i a co-ordinated mannet
when prodded Tarvae considered to be alive had grown
siemificantlhy sice the tme of dosig and caten at least

some ol the artithaal diet

242 Toha rosaduc bioassan
Ihe procedure deseribed by McCaflery or al ' was
followed Cotton plantleaves were immersed 1in aqueous
dilutions ot the cypermethnm 1O to which was added
Fiton X 100 surfactant (025 g litre ')y to improve leat
wettimg Control leaves were dipped in disulled water
plus surtactant Thice o siv-hour-old neondte larvae
ware transterred with a brush to 30-ml plastic pots 1n
groups of five A diy treated leat was placed over the top
of cach pot and the hid snapped on thereby securely
holdme the leat disk under the hd Fight replicates (total
ol 40 Tarvac) were prepared for each treatment and for
the conttol Mortadity was determined 48 h post-tieat-
ment

Broassavs were carried aut at 26 ( £ 1) € under natural
photoperiod (¢ 13 1T1h hight dark)y at TCRISAT and
constant 14 10 h ieht dark at NRI

2.5 Data Analysis

Dosc mortality regressions were computed by probit
analvsis " usie MITP 308 software "' Resistance factors
at LD (RE)y were calculated as 1D hield sttam /LD,
Dethe or Sim S sttam The Sim Sim stram was more
susceptible o avpermethnn than the Delhr sttam
(comparative RE- 21-told m 1990 and 13-fold in 1991).
however the Dethr stam was considered to he more
sepresentative of . baseline pyrethrord stram for Indian
Hoarnngara and norder not to overestimate the degree
ol resistance was used as the standard refetence 1ot
aspermethrm both resistance tactors are quoted, as the
1D value tor the Sim Sim stiam s doser to that of the
suseeptible stram used at Reading Unneraity' " and
ther by provides a companison with carher data

3 RESULIIS
3.1 Cypermethrin

YT Topical hioussay

In both vears the log dose probit (Idp) line slopes
tecorded for the Sim Sim stran (2.0 and 2 S) were higher
than those tor the Dethr sttain (17 and 19) (Table 2)
The Delhe sttamn may theretore not have been truly
homogeneous with respect to pyrethrord resistance and
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T\BIE 2
Tonaty of Topically Apphed Cyvpermethim o 30 S0 me Larvac of Indian Faddd Strans and Uaboratony St uns of 11 armigara

Collccton Collccnion Parcntal n 'n
Stle date hos
1989 90 season
Sim Sim Sept Oct ™Y Artihicral 2\0
Delhi Nov KY Artiticial ™ 021
ICRISAT 23 5ept SOt N9 Prgeon pua 2300 079
IC RISAT 17 23 Nov 89 Pigeon pea dod 93
IC RISAT 16 20 Nov 89 Chick pea 200 21
ICRISAL Y1416 Mar 90 Pigcon pea 3200 21
Nandigama 23 Nov &Y Pizcon pea 289 020
Guntu 24 Nov Y Cotton 28N 2
Commbatore 29 Nov XY Cotton U2 4
1990 91 season
Sim Sim strain Sept V0 Artificial 240 0ol
Dethr strain Nov 90 Artificial 137 0
ICRISAT 20 21 Nov 90 Precon pea N0 041
ICRISAT 22 23 N0y 90 Chick pea 234 0N
ICRISA 1015 Dec 90 Cotton M4 0Ny
1C RISAT LIS Mar 91 Pigcon pea 394 332
Natsapur 19 Ap1 91 Suntlowt Isl 020
Tomato

Shankaipall Y0 Mar 91 C hick pea 27808
Ghanput 27 Dec 90 Cotton 238 09
Shivareddypalh 27 Pec 90 Chick pea 465 052
Raghunadapalls 28 Dec 90 Chick pea 461 050
Sunapet 22 1ch 91 Tomato los 33
Guntur 2o Nov 909 Pigcon pua 255 0N
Tadikonda 23 Jan 9l Chich por 3200 1N
Iadikonda 23 Jan 9l Cotton 2200 2N
Pasamure 24 Jan 9l Chick pua 3800 3
Kumanpalem 24 lan 9i Pigcon pea 214 83
Puthandurddy 16 Nov 90 Pigcon pay o 310 007
Ongolc 24 fan 91 Chick pea 200 3N
Nandyal 13 Nov 90 Pigcon pea 249 03]
Nandval 14 Nov 90 Cotton 13220
Govindapally 14 Nov 90 Piocon pea 125 011
Kalava 1S Nov 90 Pigcon paa 399020
Duvvutu 15 Nov 90 Preccon pea 172 014
Viddhachalam 26 kb 91 Groundnut 187 145

(e larta )

001 (000S 0012

(R AV A b A

e larea )

(I Sope ¢« S By RERE

GOI2 (0030 006N)Y 200 (02

017 027 1Y s0 2y 17002

(oY 1t h 44 261 173 ¢ 077 [
66 13%) 247 (124 670 090 (+009) 49
(1629 13 (N3 ) tod¢+0°1 10 18
(NY 3 Y) 125 (60 4149 070 (-0 1o 214
(12 031) 67 (3123 ONd (011 120
(33 I8N (240 190N GUYS 017y 100 2100
(33 62) 3 ("3 94 P36 (4017 1 3N
(0009 0013) 00 (0024 005 25103

(009 0 1Y) 059 (036 1Y RN

(029 050) 49 (32 Ny IRCEREIREN 34
(03 08y SO (28 1h 132041 01N) 45
0359 114 10 (63 19) IS0 6 N3
(248 430 N (1IN S0 137101 Y6 W3
(1Y 02y 1S (09 Y0 14302 Y20
(042 D83 1Y (0N 0y 119+ 019) PN
(048 16) N (19 379) 07401y 7 98
(03 082 D (12 O8y) 070 ¢y 011 4 82
(060 13) N (h 17y ON7T (01 7 NG
(2283 A (12 145 P03 0N 330
(OS4 14 93 (411 1204019 6 N0
(1127 40 (22 101) (VAR IS T ¥ B AN
(19 34 17 (AR ERE 160+ 070) 19 N0
2149 77 (3N 233 091 c+01h 24 310
T 63 (35 191) 146 (1 070) 64 830
(H0S 010) 074 (0do 22 1N 019 0857
24 61) 67 (2% 420) FOO (10205 29 X0
(019 047) s 2179 12300 01Y) 23
(1013 Al (13 100 FIS 022y 18 200
(006 020) 12 (050 T7N) 12320 027) 0N/
(013 030) Vo221 1) 09 cvoldy 220
(006 026) ST (18 345 08¢ 01l 1714
[IARIRERY} 60) (19 527 0791013 11,145

Rosistance tactors relauve to Dedhir/Sm Simsuuns
Hetaogeneity 4 sigmificant at 2 0001
Bioassav on feld gencration

could have comprised mixed resistant and susceptible
genotypes dt the ume of testing However examination
of the Idp hines did not show any systematic curvihimeanty
and heterogeneity was not significant (Heterogenety
P =005

There were marked geographic variations n the levels
of pyrcthrord resistance in the 30 held straims  Apart
from two, all those tested showed similar or higher
tolerance at 1D, to cypermethim than did the Delhi
strain (Table 2) Slopes of the Idp hnes for most of the
field strains were shallow (range 07 17) compared to

those of the laboratory strams sugeesting vanable levels
of heterogeneity

Overall pyrethrond resistance levels were higher in the
1989 90 For ovample  strams collected  at
ICRISAT from prgeon pea m November recorded RIS
of 44 and 3 1959 and 1990 respectinvely The 1989
sample exhibited marked heterogeneity (Heterogeneity
/7 P < 0001) and the Idp hne showed obvious segre-
gation of phenotypes  In Guntur distnet, the stran
collected from cotton in November 1989 recorded 100-
fold 1esistance to cypermethrin, but in January 1991

SCdson
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resistance had fallen 1o 19 fold in larvac collected from
cotton i the same distiiet Neither stram showed any
mdication of segregation of phenotypes

In the 1990 91 season pyrethroids had not heen used
10 any great extent in the majonity of ficlds from which
larval collections were made and only 1374 of samples
were collected from fields defimitely known to have been
sprayed at Jeast once with pyiethroids (Table 1) The
reason tor the paucity of use of pyiethroids at the time of
sampling s that 80 °q of total pyrethroid consumption in
India 15 on cotton' and the hirst samples ware not
collected until nud-November mamly from pigcon pea
which compared with cotton s only hghtly spraved by
this time most cotton was at the int stage and bovond
attack by 71 arpugcra Howaver where pyicthronds had
been used substantial levels of resistance were mdicated
by high 1 D, and 1 D, values and correspondingly Ingh
11>, RES The hizhest RE recorded was 64 from msects
collected at Kumanipalem Guntur distnict from a prgeon
pea field spraved 23 davs previously with fenvalerate
Further  1S-fold resistance was recorded ina stram
collected dunng Novamber from angated  cotton at

Mgl 1o drmies et al

Nandyal in Kurnool Distiict which had been sprayed siy
times with pyrethroids at a time when resistance factors
recorded from other locations were low (05 4-fold
Fable 2y In general the highest levels of pyrethroid
resistance were recorded an samples from Guntur and
Prakasam districts  High resistance factors were also
recorded Trom chick pea at Pasamure (24-told) and
Ongole (29 fold) both of these crops had been sprayed.
but 1t was not possible to ascertamn the types of
iscetiades used

At TCRISAT 1n both scasons there was temporal
vattation 1n tolerance to cypermethrin In 1989 90
resistance peaked in mid November on sprayed pigeon
pea while in 1990 91 tolerance levels increased from
November 1o March Overall itis evident that pyrethrod
resistance levels in Andhia Pradesh increased with the
progiession of the 1990 91 post-rainy season

312 Tolwr rosiduc broassay

All hield strams recorded higher tolerance of first instar
larvae to cvpermethnn residues than the Sim Sim
laboratory sttam (Table 3)  First instar larvae of the

PABIL 3

Toviaty of Folin Roestdues of o Cypamethim B¢

to Pust Instr Larvae of Indian Tickd Stains and a Laboratory Strtamn ol

1 armvgcra

Collccnion Collcction Parcntal " TC Nl Ty TC (N ) Slopc (£S5 F)  RI™
Ml dute host ne hine ) (e e ")
Sim Sim Sept Oct N9 Arnficnal AR{1) 037(19 61) 30 (19 61) 140 (+014)
1€ RISAL 17 23 Nov N9 Prgcon paa 200 1y (w2 17) 1Y (77 22y 132(+019% 35
Guntut 24 Nov N\ Cotton N0 94 (63 1Y) IST O (F1d 352 099 (+011) 25
Combatorg 20 Nov \Y C otton 3200 I8N (1424 136 (89 249) 47 (+016) S0
Rosist e factor rchitive to St S st un
TABIT 4

Fovan of Topicall Apphcd Quinalphos to 30 50 me Farvac of Indian Fiddd Strams and Laboratory Strains of H wrpugara

Parental n
host

Collection Collcction
S dute

1989 90 scason

Sim Sim Sept Oct N9 \ruhicnl 240
1C RISAT YSept Y Ot N9 Precon pot YO0N
1CRISAT 17 23 Nov W Precon pai N0
1C RIS 16 20 Nov N9 Chick paa 142
ICRISAT 14 16 M 90 Precon pot 205
Combatore 29 Nov N9 Cotton 12
1990 91 sCison
Sun Sim Sept 90 \rtihicnal 208
Delin Nov 90 Artihaial 1\0
1CRISATL 1T 1S Mar 91 Piecon paa 280
Shankarpalh 20 NMar 91 C hick pea 240
CGruntun 23 Nov Yo Pigeon pea 249
T wikonda 23 hin 91 Chick pea 201

LD Nl L)y 1D, 95 L) Slopc (+SF) RF
(s larva ") (g larra ')

O13 (012 01y 025 (021 033) 454(1099)
032024 041 19 (11 606) 168 (+035) 2
OSSN (03N 082) 64 (4013 123 (+016) 4
041 (0021 073 73 (29 57 103 (+022) 3
032022 043) 28 (15 58) 145 (1023) 2
012027 03Y) 3S (22 73) 139 (+020) 3
019 (016 023) 046 (037 0064) 340 (+040)
021 (017 n27) 079 (0S8 13) 226 (+031)
17 (1322 TR (54 13) 191 (+£019) 9
13 (10 1%) 69 (47 12) 180 (+020) 7
L (08 1Y) S (33 1) 190 (£030) 6
1T (06 17) 13 (724D 123 (+025) [§

Rosistance factor rddative to Sim Sim strain
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TABIEF S
Touaty of Topically Applied Fndosultan 1o 30 S0-myp Larvae of Induan bield Steams and a1 aboratony St ot I arnngara

Collcction Collection Parental n
18" date hosi
Delhi Nov 90 Artificral 242
ICRISAT 1S Mar 91 Pigeon pea 20
Tadihonda 23 Jan 9l Chick pea 250
Viiddhachalam 26 Feb 91 Groundnut 306

ID, O E Ty TD, Ny Slopcts STy REP
(g larra G larta
IS 23Y 47 23¢16 41 I (02D
23 Iy Y 494 (243 1504) 096 (01} ”
T6(SY 00 "9 46 194 126 01y 2
15 (98 3 697 (207 N200) 07N (01 4

Resistance factor relatine 1o Delhy sttam

Coimmbatore stramn recorded the highest tolerance (50-
fold) The slope of the Idp hne obtaimed trom the Guntur
stramn was considerably Tower than that recorded tor the
other strams, mdicating heterogeneity with respect to
cypermethrin toletance

3.2 Quinalphos

The Sim Sim strain was shghtly more tolerant to
quinalphosin 1990 than i 1989 (compatatne RE — 1°5)
and the Idp hine slope was lower in 1990 (Table 4) The
Delhi stram was tested only m 1990, however tolerance
at LD, was simdar to the Sim Simstram, so the latter
was used as the reference i both seasons

All the field strains were more tolerant of quinalphos
than was the Sim Sim strain and there was an indication
that tolerance had mncreased shghtly i 1990 91, with
resistance factors ranging from 2 to 4.1 19%9 90 and S
to 9 m 1990 91 Heterogenetty  was not signtficant
(Heterogeneity =, £ - 005) 1or any of the strans tested

3.3 Fndosulfan

Bioassays with endosultan were conducted only in
1990 91 (Tablc S) The Detht stramm was used as the

reference as imsuthaent Sim Sim msects were avalable at
the ume of testing The slope ot the Idp line obtained
trom the Delhr stram was low for a suscepuble and may
therefore not have been truly homogencous with respect
all field strams were
more tolerant of endosulfan and recorded even lower
slopes. but there was no indication trom any of the kdp
limes of systematic curvihneanty and heterogenerty was
not signifrcant (Heterogeneiy 77 009)

to endosultan resistance Howevet

34 Methomyl

Insuthaent imsedts were avatlable to broassay the Delln
stram with methonivl, so resistance factors have been
computed with respect to the Sim S straim (Lable 6)
All the hield strams showed tolerance to methomyl with
resistance tactors tanging from 6 to 30 Tdp hine slopes
were particulathy shallow i 1990 91 (09 1 0) suggesting
that the strams comprised mived resistant and susceptible
genotypes  Heterogenerty stgniftcant tor the
ICRISAT  (Heterogeneity P 0001y and
Shankerpalh (Heterogenaity 27 < 005) strams and the

Wds

Idp hnes mdicated segregation of phenoty pes

TABIL 6
Toxiaty of Topreally Apphied Mcthomyvl to 30 S0-mg Larnvac of Indian Ficddd Strams and 1+ Taboratorns Steam ot Hoarniecra

Collccnion Collcction Parcntal n
vite dutc host
1989 90 scason
Sim Sim Sept Oct X9 Arutfical 280

ICRISAT 17 23 Nov XY Pigeon pea 240
1990 91 season

Sim Sim Sept 90 Artificial 291

1C RISAT’ 1115 Mar 9l Prgeon pea 6.

Shankarpallt 20 Mar 91 Chick pea 2K0

Guntur 28 Nov 90 Pigeon pea 250

012009 016)

1D, 95 I 1)
(g larta )

LD, oSl 1)
(e larea )

Slopc (e ST RI

0SS(03S 12 194 (4 029)

10 (06Y 14) 10 (S3Y 137) 12701022 8
030 (024 03K) 12 (XS 22 200 (4 02%)

21 (15136 71 (3 175) OKT ( +010) X
I8 (1227 32 (16 91) 102 (+013) 6
89 (53 29) 243 (61 6972) 0X9 (+020) )

Resistance factor refative to Sim Sim stram
Heterogeneity - sigmficant at £ < 0001
Heterogenenty 42 sigmticant at P« 005



362

4 DISCUSSION
4.1  Measurement of resistance

Although 1dp assavs do not give an estimate of the
frequency of resistant genotypes - a population and arc
considered to give g less prease measure of - held
resistance than disciimimating dose tests they can be
adequate for assessing high Tovdds of resistanee ' as s
now the case tor pyrethrond resistance m Hoarnugera in
South India One major problem has been to find a
suttable local suscepuble stram ossental to the cah
bration of a disctiimimating dose The presence of somic
tolerance to pyrethrords mthe Delhr stram the most
suseeptible Indian stram available to date would suegest
that cither gene flow through the subcontnent has been
uthaently  widespread  to have  contamimated  most
populations with resistant zenotypes o resistance has
developed independentiy over Taree arcas In the absence
of selection expenmments to rear o homozysous sus
ceptible stram the use of the Delhi stram as i baseline
would seem o be qustified on the basis that pyrethronds
were not used focally to any great extent and where usad
they ware considered to give effective hield control of 1
armgera larvac (KN Mchrotta 1990 pers comm )
Further 1dp hines for the Delhr stram gave consistenthy
higher slopes than all but one of the South Indian hicld
strains tested

The folar residue test was less efhiaent at detecting
"the RIEs
recorded mthe residuc broassavs were fowar than those
from the toprcal tests There was no evident correlation
between the computed resistance factors of the two test
methods however the number of strams tested by the
restidue method was fow

resistance As found mmoan carher study

4.2 Spread of pyrethroid resistance

Fhe survey results idicate that pyrethrond resistant /4
wmgcra populations are probably present throushont
Andhra Pradesh as onlv two ot the straims broassaved
were mote suseeptible o avpamethiom than the Delh
stram Fyen those which recorded tow 1D values and
cotresponding R s generally had low slopes indicating
vartable levels of heterogenerts  The presence of high
tolerance to cvpermethim i the two strams collected m
Lanul Nadu. from cotton (in [989) and groundnut (in
1991) suggests that resistance 1o pyvrethrords s wide
spread and could feature throughont South India As
this 15 the fist study where extensive sampling of hield
populations has been carned out m India there s no
measure ol the extent to which the situation mav have
changed from that i previous vears

As the development ot pyiethrond resistance e the
cotton belt ot Andhra Pradesh was rapid' and #
armigcra has igh nugraton potential' (and T R Riley

Mg J ey et al

<t «l unpubhshed) the spread of resistant genotypes
outstde the coastal cotton-growing region was probably
inevitable The tarmung landscape i Andhra Pradesh s
characterised by mosthy small farms and mived cropping
[here is a heavy dependence oninsectiades > which are
apphed on most hield crops with the exeeption of
sorghum  Because of often poor coverage. bad uming
and sub-lethal doses farmers are madvertenty applying
very high selection pressure for resistant genoty pes
Arcas of unspraved crops may often be too small o1 too
close to spraved crops to provide significant retugia tor
suseepuible populations In Austraha, the management
of pyrethrond resistant /4 armigara m cotton has tehied
on dilutton and subsequent mter-breeding with im-
migrant suseepuible populations from large areas of
unsprased crops ' but unsprayed  retugla were soon
contaminated by resistant H arnngara' and the de-
imime source of susceptibles tor dilution has resulted i
steadily mcrcasime resistance levels i populatons on

cotton !
4.3 Seasonal variation in pyrethroid resistance

Pyicthrond resistance m I arnngcra at ICRISAT and in
the cotton belt vaned substantially between years In the
ramy scason (Tune Scptember) of 1986 there was no
cvidence of tolerance to pyviethroids but by the post-
Tamy season of T987 325 fold resistance to cypermethrin
was recorded trom a population collected from cotton in
Krishna district and 750 fold resistance from prgeon pea
at TCRISAT ' By 1988 larvae collected from ramy-
season crops were suseeptible and resistanee in the
cotton belt durmg the post ramy season had tallen to
between 30 and 60-fold ™ With reference to the Sim Sim
stram data presented i this paper show that REs were
very high durimg the 1989 90 season and mtermediate
dutme 1990 91 (Table 2) At ICRISAT. tor example.
mscets collected from prgeon pea in nud-November
showed tolerances of 929-told 1 1989, compaied to 41-
fold m 1990 Simvlarly i Guntur distiict a strain
collected  trom cotton - 1989 recorded  2100-lold
1esistance the highest vet accorded  whereas  the
highest resistance recorded there in 1990 91 was 830-fold
from pigeon pea At held level, the highly resistant
195990 populations went largely unnoticed as pest
pressure was low and despite poor control. damage was
tolerable

Seasonal varation - pyrethroid-resistance  levels
(hased on pereentage of larvae surviving a discriminating
dose) has also been shown to occur i Austraha ™
There  the proportion of resistant genotypes 1
population s beheved to depend largely upon the extent
obimmigration o suseeptible moths at the beginning of
the season. which dilute the local 1esistant populations
detved trom overwintening pupae ™
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4.4 Dynamics of pyrethroid resistance

The lower tesistance levels recorded during the ramy
season edch vear can probablhv be attributed to the fact
that the major crop at this tme. sorghum 15 unspraved
so that insectiade selection pressure is not operating tor
at least the first one or two M arnugara generations of
the season Tt has been demonstrated that nigration of
H wpugara can occut duning August September when
winds are consistenthy from between NW oand SW o This
could result m an influx ot predommanthy susceptible
moths emergimg  from large areas of sorghum
Mahargshtra and Karnataka  thereby diluting residual
resistant populations downwind in Andhra Pradesh

In Andhra Pradesh itis hkely that the major source of
moculum ot pyvicthrowd-resistant i arpungcrans derived
trom populations on cotton  where pyrethrod con-
sumption "= and theretore selection pressure s highest
There s evidence that tong distance downwind dispersal
of resistant moths from the coastal cotton-growing
region to the Hyderabad area some 250 km distant nmuay
tahe place on the prevathng winds between October and
December - Thisas supported by the fact that i the two
seasons of this survey and between 1987 and 1988
pyiethroid  resistance levels recorded  at TCRISATT
elfectivels mirrared those m the cotton beh

Dunng this and an cather study 't has been
demonstrated that at ICRISAT tolerance to pyrethrowds
mereases as the season progresses These mareases may
be attnbuted i part to local selection for resistant
genotypes tesulung from apphcations ot pyrethronds
[or example i 1989 strains collected from prgeon pea
sprayed at least once with fenvalerate and from un
spraved chich per separated by only about Fkm and
collected at the same time, showed a 4-fold difference in
tolerance  This 1s comparable to the 5-told mcrcase in
tolerance tecorded in north India in a field population
tollowmg two sprays of pyrethrords durning a smgle larval
generation P And m Austtaha 1t has been shown that
selective survival of tesistant larvae and moths accounts
tor the merease m resistance frequency when pyrethroids
are applied to hield crops ' ##

From the evidence we have to date, it seems likely that
the geographic and temporal varations in levels ol
pytethrod resistance recorded in /1 arpugera m Andhra
Pradesh anse because of dvnamic interactions between
local selection pressure and imnugration of resistant and
susceptible moths at certam times of the year

4.5 Summer season carry-over

In the Namor Gwydir rcgion of Austraha, diapause
pupac constitute the major source for carry-over of
resistant Mo arniigera across seasons.' as over 70%, of
pupae enter diapause at the onset of winter ** In South
India less than 2% of pupac  cnter  diapause
(D R Jadhav and A B S King, unpublshed) and in
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this study < 05" of M wrnnecra collected trom hield
crops i March had extended pupal penods ot 37 64
davs when hept i the laboratory Toas Iikely theretore
that the major source of carry ovar s trom the manm
small populations surviving on crops and weed hosts
growimny under ngaton or on residual mosture i
tecedmg ponds and other wet wicas (DR Jadhay
unpublished)  The small percentage ot diapatise pupae
mav however be morc mportant soutrees of carey over
i drought vaars when tew arops e grown under
nigation

4.6 Resistance to quinalphos, endosultan and methomyl

Resistance to the organophosphate quinalphos was low
although tolerance had mareased m 1990 91 (6 9-1old)
over that o 1989 90 (2 dtold)  These tesults are
consistent with data tor 1986 88 whare there was no
evidence for sirmficant resistance to monocrotophos '™
Percened problems m contiolling H wrongcra with
otganophosphate inscetiades were more ihely to be due
to targetnge the wrong hie stage (¢ large larvac rather
than eges and st imstars) and - poor application
technique

Resistance to endosultan was not particadary high
but showed some mcrease over the 1986 87 data ' In
Austiaha contol problems with endosultan occurred in
H wnngera populations recording 21 fold resistanee -
However contiol dithcutties with endosultan spraved on
prigcon pea were evpenieneed  at TCRISAT  dunimg
1990 91 when onhy 7 told resistance was recorded
Silarhy i 1987 control talures were reported in India
when endosultan tolerance ranged between 2 and 13-
fold '

Fhe 1990 91 season was the st time that evidence for
carbamate resistance has been recorded tor 1 arnugecra
i India The 30 fold tolerance to methomyl recorded in
the stram from Guntur was surprsing in view of the fact
that this insectiade has only 1ecently become available to
farmers i India However n the past up to 809, of
carhanvl consumption was on cotton ' so that residual
cross- or multple resistance o carbamates could be
tesponsible

4.7  Future implications

Clearly the 1 wmngora msecticde resistancee issue i
Indid 18 becomimg ever more acute Pyrethroid resistance
1s widespread im populations i Andhra Pradesh and 1t s
likely that few retugia of susceptible populations remain
to dilute the build up of 1esistant populations Tolerance
to endosulfan has increased and this is the first season in
which carbamate resistance has been recorded from the
cotton belt - Sclection pressure for resistance - H
arnngera s most probably driven by spraying cotton, as
this crop accounts for 41 %0 of pestiades used in India,
whereas pulses daccount for only ¢ 4°0 ¢ Resistance
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