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Baseline Susceptibility of American bollworm, Helicoverpa arrhigera {Hubner)
(Lepidoptera : Noctuidae) to the Cry2Ab2 Protein from Bacillus thuringiensis

Abstract o

_ The SUSCEpllblhly of lndtan populauons of H armtgera (Hubner} to the msectlmdat proteln_:
Cry2Ab2 trom Bac.'tfus thunng:ens;s Bertmer was determmed through insect teedlng b:oassays {Diet
mcorporahon method) Populations of H. armigera were collected trom cotton fields dunng the" _: _
cropping season of 2003 from major cotton farming areas of Central india (Jalna ‘Khandwa and'_ '_
Vadedora} and Souwth India (Haveri, Coimbatlore and Rangareddy). All the populatlons fested were
suscepttble to Cry2Ab2. The lethal concentratsons (retated s} mortallty) LCs ranged from 1.399 to
2.152 in Central India and 2.201 to 2.501 ug Cry2Ab2 per ml of diet in South India. The mout _
inhibitory concentrattons (related to developmentat stage not atlowmg tarvae to go beyond bk mstar), :.
MICs; sensitivity ranges for Central and South indian cotton area were 0 345 to 0.854 and 0.518 to.'
0.933 pg of Cry2Ab2 per ml of assay diet, respectwely The tnhubltory concentratton (not allowing the._:
tarvae to reach 3¢ instar), [Cso ranged form 0.068 to 0 322 in Central India and 0. 0?7 to 0.181 Tls; of
Cry2Ab2 per ml of ~assay diet m South tndla The effectwe concentratlons (welght re!ated) EC Jo._:
sensitivity ranges for Central and South !ndlan cotton area were 0. 018 to 0 055 and 0,032 1o 0. 038' '_
ug of. . Cry2Ab2 per mi of assay dlet respectwely The vanab:llty !n toxtcny dur:ng the mlt:a!-_.
compartson (baselme) was to an extent ot 2 and 3- fold at the LCM and ECSG to Cry2Ab2 proteln "

The data mcluded m th:s report have prowded smportant mformat:on on the susceptlbshty ‘of H. '_ _' - _

armrgera t:etd stra;ns to Cry2Ab2 protem betore the commercnahzahon ot Bollgerd tl*’ m !ndla Thns'-_' '
wilk altow development ot dlagnostlc doses whlch would be more effsc:ent m detectlon of H armrgera;-

pOpulatlons resrstant to. Cry2Ab2 toxrns These bzoassay parameter values wrll represent the'-i" '

appropnate doses for future routing monltormg ot resrstance to Cry2Ab2 toxln through d|scnmmat|ng"'-'

- dose assays However itis mportarzt to ensure that appropriate Bt cotten cultwatlon strateg;es must_-_: .

R becommg obsolete due to evolutlon of msect remstance W

: be des:gnect to ensure the sunrwat of suscepttble msects which woutd protect the technology from"'__-_
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1. INTRODUCTION _
Advances in genetic engineering including inserlion and expression of two Bi loxin genes

with a broader spectrum activity have resuited in gerie pyramiding which allowed he develepment of
Bollgard 1I® with increased potency against target pests and broaden the spectrum of total boflworm
pests controlied. A potential advantage of having two B! toxins expressed in cofton is that the risk of
insect pests developing resistance to Bt cotlon may be reduced, especially if resistance to one toxin
does not confer resistance to 1he other. Although not yet commercially available in India, transgenic
cotton lines expressmg two Bt toxins are under development. Once Boligard {1 cotton which have
been genetlcally modified to express two types of delta -endotoxins from Bacillus thuringiensis (both
Crymc and Cry2Ab2} are commerc:al[y available, could play an important role in Integrated Pest
Management (IPM) ' ' ' a

The ek'teﬁt'"'o'flﬁot'h inter- and intra-population natural variation in susceptibility to a given 8t~
based product should be investigated before biologically imporant changes can be identified with any
centainty. Ideally, this should be done belore the product is used commercially rather than after
resistance is already widespread. Knowledge of the natural vasiation in response to Cry2Ab2 among.
H. anmgera popufahons before widespread commercial use of Bollgard i® is necessary to avoid'-:'
unwarranted concerns about resistance {o Cry2Ab2’ in field surveys of H. armigera populations. The _3
deve!epment and lmplemenlatlon ‘of effeclive resistance momtormg pragrams capable of early
de:echon of ressstance will aflow :mp!ementatlon of appropriate management decisions in a hmety
manner (Dennehey. 1987). The initial steps in implementing such programs include establishment of -
baseline suscepzlbmty data among populahons across the geographical range of the larget species. f_
W:th thls mformahon potentsal populahon susceplsb:hty changés in response to selection with' 8t toxm:

an be ;denhf[ed The objechve of the current sludy was to’ establish a basefing suscept:bumy to"
CryzAbz toxin from’ geograph:cally distinct popu!anons of "H. armigera collected from cotton,
emphasmng areas where Bollgard lI @ cot{en would polen!uaily be’ commermahzed |

’ 21 SAMPLING nee;ons AND FIELD smnms |
: Labora:ory strams o! H arm.'gera were estabhshed from iarvae collected in cotton fse!ds_-_-_ -_

e .".-':I'_-.:'."durmg ihe croppsng season of 2003 04 from malor cotton growing regions of Central arid South ladia.
" Field strams of cotton boliworm were collected durmg September-October 2003, in cotton fields from.
S ;_:!hree dlsincts of Cemra! Endia vz, Jalna (Maharashlra), Khandwa (Madhya Pradesh) and Vadodora-: _
o . {Gu;arat} and three chs!rlcts of South fndia viz.; Haveri (Karataka), Coimbattore (Tamil Nadu)' and.:.'
o ':__:'_-'Rar:gareddy (Andhra Pradesh} = SR '

hl'rd to szxth :nslar H armrgera 2arvae were collected from cetton plants At Ie1st 300 larvae
vere coi!ec:ed {rom each szte and were: reared 1o the pupal stage in the laboratory on adificial diet |
-"'based on_chtckpea Elour Emergmg adutts were transferred to mating chambers with male:female ratio |

i o ' ' Pachof?E




of 1:1 and were fed with 10% honey solution. The inner surface of mating chamber was covered with
a musliin cloth for oviposition. Eggs were collected every 24 hours during the oviposition period. The
cloth strips with eggs were incubated individually in 500 mi clear glass jars and were allowed to hatch.
The fesumng neonate larvae were used in bioassays 10 determine the Cry2Ab2 susceptibilty and the

rest were used :o carry-over the rearrng process into” next generahon on artificial diet 1o maintain -

cul:ures

. 22 Bt msectlcldai protem : . _ _
Susceptibility of H. armrgera to Cry?Abz was delermmed wnh either Fi or F2 generatlon i
the laboratory by Diet-incomoration method. Plant-derived tissue’ ;Jowder expressmg 6.014 g of -
Cry2Ab2 per gm was used as standard source of Cry’zAbz n lhe broassays o '

2 3 B:oassay procedures' " o o
E The concentration .response assays were performed usmg dlet mcorporatlon method in a":_-'
rﬁértr:ér simitar 1o that described by Sims’ et al: (1 996). Semi- synthetrc diet for H. armrgera was'
prepared ‘and poured into sterile gtass beakers and kept warm in a hot water bath maintainéd at -
554C. The pnmary stock so[utlon for Cry2Ab2 was prepared by thorough!y mrxmg 207.8° mg toxinin 5. __
mi of 0.2% | agar solution by usmg 'Thermo[yne maxi mix. Seven serial dilltion's’ were prepared

sequentially in 0.2% agar solulion in sterite oak ridge centrifuge tubes {50 mi} by diluting o 1/3 of.'_. _

the previous concentration. The concentrations bivassayed were 50.00, 16. 667, 5.556, 1.852, 0.617,

0.206 and 0.069 119 of Cry2Ab2 / mi of diet. Different concentrations of the toxin solutions were mixedfl:-'}. B _

thorough[y into warm semi: synthehc diet: pre “cooled’ to 55°C ata rate of 2.8'm! of the toxrn soluhon A -
: per 112 mi dist and 0 75 mi of each concentranon dlspensed mto 128 well rnsect assay lrays Newly_:_:- '

o hatched, acttve Iarvae were refeased at the fate of one larvae’ pPr wellat a total of: 16 !arvae per:; - )
'-"concentratlon m 5 replrca!es of ‘éach geograph:ca! popu!atlon on ‘the- diet. mcorporatmg drfferent_f-__';j_'-
- concentratlons of the toxms After larval transfer the assay trays were’ covered. with- self: adhessve;'i R

tabs and vemrfated wlth a smgle insect’ pln hole Alf the assays were: pen‘ormed i the faboratory-.'_;'_'-__- R

i usmg seven concen:ratrons plus one untreated conzrol and mcubased at condmons of 27 x 1°C and_"-.'i_ S

and M|cgg,}

mh:bstory concentratlons .

4 cf'le,,l pﬁnu[ahcn m S

ar'o!

i : mo!tmg o{ nccnate-'i mto 2nd ing
A dosi o! Crﬂ}\bz matwt!hnmb:t mo?lmg of 94% of tos! % [arval popu Latiort, | . o
hibitory concontratisng, iCi and'ic-g Dosésof Cry2Ab2 in ug lm: w:Ii lnh:b:t moﬂmq of 2Ad instar lawae mlo :zm anstar .50 afid 90% 0,‘; L

: test popitation, respcx:hvely in ma a'say pcnod oi? da;., R . : : e co




4.Effective concentration, ECyg and ECay . Uose of Cry2AbZ in 4y thal would stunt the farvas go as ta waigh 53% and 90% of the weight of
untreated conlrgd larvan, tespactively.
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. Problt analys:s of the data (F:nney, _1 971) for each geographlca! populallon was carried out
using lhe POLO-PC statistical package (LeOra Software, 1987} to compute L.Csq, LCyy (mortality
related), MiCsq, MICy, (Moulting reIaled} iCJO, o, ECSO and ECm(reIa!ed to We|ght reducnon) One-
way analysis of variance (ANOVA) was carried out to compare estimates for different popufations and
means were separated by LSD / CD values whenever the ANOVA was signilicant.

3. RESULTS:. - -
3.1 Moz‘lailty response evaluatmn .

The results of mortality response evaluahdn among H armrgera populahons are ;I!ustrated in

Table 1. The median lethal concentration (LCE,O) values ranged from 1.399 to 2.501 Hg of Cry2Ab2 /.

mi for the six populations screened by diet incorporation assay. The sensnwny ranges for Centrat_
Indian_cotton area (Khandwa Jalna and Vadodara) and South Ind|an co!ton area (Haven ..
Rangareddy anrd Cmmbattdre) were 1 399 lo 2.152 Mg of Cry2Ab2 r' m! and 2 201 10 2. 501 ug of'_ _
Cry2Ab2 f mi, respecllvely The LCN values were between 18. 77? to 47, 809 ug of Cry2Ab2 / ml _:- o
Srgmheant drﬁerences m suscepnbrh!y were not de!ecled among lhe populatrons tested end overali
the range of sensrtwmes of lhese six strams was Jus: under 2- and 2 5- fold for Lng and LCQO'_'.- :.:;.:.' .

respec!wely

3.2 Growth mhlbrtlon response eva{uatlon SRR S R S R T
. The tarval gromh mh;bmon data for dufferent strazns of H armrgera to the Cry2Ab2 prote:n lS
presen!ed in Table 2. and 3. The dlspanty of MICw values at the concentrat:on causmg 50% of: L .'
mhrbshon of grow:h te the. 2nd mstar ranged from 0. 34% (Khandwa) to 0. 933 ug of CryQAbz l mt
B {Haven} and lhe variation of sensnw:ty to Cry2Ab2 pretem was nearly 3-fold, The MlCm vaiues were__-.'_-_' _5
. between 2.715 10 6. ?79 g of Cry2Ab2 / m! wnh a srm|¥ar vanabllzty between lowest (Khandwa) and'_;. e
| o hrghest (Haven} berngz 5 !old . ' L S

DR The Cry2Ab2 :ns!ar stunt;ng responses !ng s. at the concemrahon causmg 50% of |nh|b|hon'_:.:-__ C
of growth to the 3rd mstar ranged from 0 068 {Khandwa) to 0 322 pg of Cry2Ab2 ! m! (Vadodara) :he___ PR

(Cmmbatore) and hlghest (Vadodara} bemg 6 5 fo!d

3.3 Weight stuntmg response evaluahon :

he: Cry2Ab2 'ergh "stunhng concentratlan respenses EC ss the concentrahon wh:ch wou!di_::' -

th we:ght of-treated pOpulahon from reachmg haif the average we[gh! of contro[ popu¥auon ) Thej: v '.

'ECm values anged from 0'018 id U 055 ug of 'Cry2Ab2 ! m[ for the srx popuiahons screened where s'_'_':_ L



the ECy, values ranged from 0.122 to 0.412 pg of Cry2ab2 / mi (Table 4) tor H. armigera in this
study. According to ECsy values, the Jalna popuiation was !hree times more susceplible than the rest
of the populations of H. armigera screened.
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4. DISCUSSION

One of the important factors that can influence the efficacy of Bt transgenic crops for H.
armigera management is the variability in susceptibility to the Cry toxins in different pdp‘man'aﬁs*.'
across: the country A[lhough vana:ron |n suscephb:llty to CrﬁAbz was observed, the magnitude of
the dlfferenoes was small (1 e. 2- and 3- fold at the LC&(} and ECq) and ‘similar :o other estimates of
baseline variability among geographlcally distinct populaltons of ozher insect species. However, It
cannot be assumed tha: these data represent the complete range of suscepl:buht:es found among H.
armigera popu!at:ons m [ndla but they do ‘show a relative complete and realistic range of normal.
responses. Likewise, geographlcal variation in susceptibility to Cry1Ac through baseline suscephblhly -
studies was earlier reported for H. armigera in China (Wu'et. al., 1999) and the related species, H.- k
virescens (4-fold) and H. zea {16-fold) in USA (Stone and Si'ms;.-__iggs)'and found considerable inter- -
population variation in- Cry1Ac susceptibility. However Sims et al. (1996) suggested that this inter-
population variation in CrylAc susceplibility may reflect non-genetic variation or sampling error, . |
because’ the populations - tested -"represeﬁt'ed"a smali’ sani,':te;f- taken at ong ' point: of time, of -
considerably larger multivoltine populations. .~

The data mcluded in thns report have prowded tmportant snformatlon on the susoeptlblllty of
o H anmgera field strains to Cry2Ab2 protein befare the commercialization of Bollgard 11® in: india.

Contintsed collection and aoa[ysus of these kinds of data are critical to the deve!opmen! and continual. -

assessmen: of ressstance management strateg:es

"5couoz.u31oN L
_ Development of base%me suscepnb:h!y da!a |s a prereqmsne to the development of a :
ke :monlzonng program demgned :o detect changes in- suscept;blhty that may resuit from repeated and -

B pro!onged exposure 1o 8{ !oxms These data also may prowde information that will aliow development
.'of dtagnostio bloassays that wou!d be more efflc;ent in de:ectlon of populallons resrstant ‘to- B.-
fhurmg:ens:s tOxms Momtormg for potentlal res:stance iny H armrgera populations would be fao;htated
by the estabhshmeot of such dlagnosl:c doses and {uture efforte should focus on the determznatzon of
dlagnosho doses for 'effectwe!y detecung aoy 5|gn|f|cant shms in suscephbxl:ty profu!es of M. arnngera
:.'f[eld populatsons to Cry2Ab2 post Bol!gard tl commercsal:zation Lo e '
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~ Table1 : Concentration - responses of H. armigera larval mortality (L.C) to Cry2Ab2 protein
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LCso 85% Fiducial limits: LCoo 95% F:dumal hrmts

} Location - - State =, s -——-—-  Slope+SE. -
- (bg/ml) fower - upper  (FIMD  Lower Upper
Centralzone S
Khandwa MP - - 1.399° - 1016 1.846 21554 13.054 32647 1.115%0089 - .
iJalna; - Maharashtra * 1.627° = 1.093 - 2.162 19.777° " 10.978 35.403 " 1.199+0.084 -
Vadodara™ -~ Gujarat S 21452° 0 1.381 - 3.108 21.308" 11808  40.996 : 1.320x0.103 .~
/ South zone R
Haveri-  Karnataka - 2.201° 1.508 - 2.816 35434 19377 51,105 1.114x0086 |
.. yRangareddy -~ AP _ 2501 - 1655 - 3.057 47.809° 22684 62.272 :1.076x0.088: -
~ Coimbattore . -. TamilNadu = 2413% = 1.743 -~ 3.005 . 28.603" '17.917 43.085:1.210x0.005 - "
L SEM 0.41 10.42
CV % . 44.28 o 8010
0 LSD {P=0.05) .. 1.18 e 30.40 —_

@LCs & LTy values designated by different letters are significantly different from each other through non- over:ap of

95% liducial fimits
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Table 2 : Moult inhibitory concentration {(MIC) responses of H. armigera to Cry2Ab2 protein

L MIC 5% FIdUCIal hrmts MiC 95% Flduc:al Itmlts
Location State 51 et e ; 91 Slope + SE
o (ug/ml) Lower upper  (BIMD 4 ower Upper '

Central zone

Khandwa - MP . 0.345°  0.225  0.488  2715® | 1.687 5076 1.440£0.122
Jalna.. : - .. Maharashtra : 0.802°  0.616 0.928 4601° - 3.314 6.294 1675+0.122
Vadodara - Gujarat . . 0.854* 0566 . t.121 4.404° 2.760 7.540  1.801x0.145 .
South zone
Haveri . == Karnataka 0.933* 0595  1.238 6.779" 3.938 10.438 1.555x0.136
Rangareddy : AP ) 0.796° 0.441 - 0882 - 5.330° 3.554 10.655 0.441 +0.982 .
Coimbattore. - Tamil Nadu 0.518" - 0.281 0.616 2.835% 2,114 4359 1.423+0.116
SEM 0.16 1.25

CV% 49.68 - £2.84

LSD (P= 0.05) 0.46 3.65

OMICso & MICgvalues designated by different letters are significantly different from each other lhrough non- overlap of
95% fiducial limits




Table 3 : Inhibitory concentration (IC) related to instar stunting responses of H. armigera to Cry2Ab2
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L T ic 95% Flduc:al l|rn|ts 1C: 85% Fiducial limits
.. Location -~ State . L1 90 Slope +SE .
; S (ug/ml) | gwer Upper (Ho/ml} - {ower  Upper
o Central zone o
' Khandwa CMP 0.068°  0.036 0.092  0.524®  0.365 0.807 1.412x0.189 - .
... Jalmal “’Maharashtra -~ 0.146° = 0.068 - 0.194 :0.529° "-0513 . 1.877 % 1571 £0171 ..
; Vadodar CUR Gujaratt . ©0.322° L 0193 ¢ 0328 1.422° L 1.082 2.143 1 1.700 £ 0164 - .
Somh zone_ o _ : _ _ _ o T
‘" Haveri. - Karnataka 0.181" 0129 0210  0.894> - 0.665 1.300. - 177201770 - °
Rangareddy =~ AP 0.08° ~ 0.041  0.098 - 0.558" . 0387 0.849 -+ 1.431 £0:187 .02 0
", Coimbattore = Tamil Nadu __ 0.077° 0030 0074 - 0.221° 0.176 0.358. . 19780332 .- -
.. SEM. 0.05 0.21
FCV% 67.87 _ 67.82
LSD(P=0.05) . . = 013 - 0.61

& ®1Cs & ICq values designated by different letters are significantly ditferent from each other through non-overlap of

95% fiducial limits
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Table 4 : Dose response in growth inhibition {EC) of the Cry2Ab2 surviving H. armigera Iarvae _

. L EC 95% Fiducial imits =~ go 95% Fiducial l|m|ts
Location . . - - State 5"! ’,9"‘ ------------ Slope = SE
L (ng/ml) . ower  Upper  (kg/ml) Lower Upper '

Central zone

Khandwa MP ... 0.033° - 0012 . 0.051 0.234"  0.169 0.367  1.45310.257 .
Jalna'. - - . Maharashtra 0.018™ 0.003 - 0.035 0.288" - 0.077 0.181 . 1.547 £0.386.
Vadodara.. '@ Gujarat . 0055 0015 - 0.074 0412 - 0195  0.424 145210245
South zone D
Haveri - Karnataka 0.038% 0.013 0.054 0.269° 0.204 0.452 1.358x0.224
Rangareddy © AP .. - 0.032° . 0010 .. 0.048 0.207° . 0.152 0.329 . 1.479x0.276
Coimbattore Tamil Nadu 0.033" 0.005  0.041 0.122" 0.087 0.185 = 1.775+0.433.
SEM 0.009 0.082

CV % 59.49 . | 78.42

LSD (P=0.05} 0,027 - 0.261

@EC, & ECq values designated by different letters are significantly different from each other through non- overlap of
95% fiducial limits
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Table 5. Summary of bicassays with Indian cotton ecosystem field populations of H. armigera to Cry2Ab2

S. no. "Bioassay parameter o Six field populations®
1 LCeg 1,399 - 2.501 (2.049)
2 LCo 19.777 — 47.809 {29.081)
3 MICs0 0.345 — 0.933 (0.708)
4 MICqo 2.715 - 6.779 (4.444)
5 ICso 0.068 — 0.322 (0.147)
6 ICao 0.221 — 1.422 (0.691)
7 ECso 0.018 — 0.055 (0.035)
8 ECoo 0.122 - 0.412 (0.255)

* The above values represent the ranges (ug Cry2Ab2 /ml) with mean in parentheses.




Fig . 1. Log concentration-response lines for mortality of Central and South Indian page 12 of 12
H. armigera populations to Cry2Ab2 protein
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e Baseline suscépt'ibility- of the colmn 'f)ollw.o_lr.fﬁ;_'.'Heﬁ"cbvé'rﬁﬁ':'drmfgefd"(Hubn't:r) P
) l (Lepidoptera: Noetuidac) to Cry2Ab2 toxin from_BdC:‘Hus thuringiensis -~~~ o

[ Theé geographical variability in H. armigera susceptibility levelsto Cry2Ab2. - -
toxin from' Bacillus. thuringiensis, was. determined: through ‘log. dose probit assays.: -
S conducted on populations collected from 25 cotton-growing districts across' India: The -

{ LCsp values ranged from 6.0 to 28.6 ug Cry2Ab2/ml of diet with'4.8-fold variability in. -~ ¢
LA susceptibility across. the strains. The ICso: range . indicated 7-fold variability with the -
s values ranging from 0.3 t0.2.3 pg/ml.. The cumulative LCso- and ICsp. values for the

% cntire data sets were’ 1521 and 0.71 pg/mk re'sp:';Ctiv'c'lj!;_ﬁ__'Ifi_ic__datdf.'ﬁyére used to-derive the. -
o LCe and. ICos values of 7577. and 37.72 pg/ml respectively,. which can be used'as . -

" diagnostic concentrations: to monifor the: increase: in resistant  individuals in field - "
" popuiations. The probit analysis ‘data can. be: uged as baseline indices to’ monitor for
. changes in'the H. armigera susceptibility to Cry2Ab2, subscquient ta the introduction of

oil bacterium Bacillus thuringiensis.
toxic: fo- lepidop _ Juding the cotton bollworm  Helicoverpa
‘which is:oric of the most important economic insect pests i many. parts of the
¢ Asia, Australia and Africa. Recently

, the combination of cry2db2 and.

d: for '.:'t;'lo'rh'n_ie'rcial_}_ use: in USA.

armigera'; w
world including ' As

- However, _
al toxin. proteins i crop plants is ‘expected to'slect for resistance in the targel
period of continuous exposuré.: The capacity: of H.-armigera: 1o develop: -

colton: pest managetnen

insectici




rns:stance to Cryl Ac has been demonstrated by laboratory sclection in Australia’, China®
and India’. Ecological modeling® shows that the use of two gencs specifying two dlffcrcnl
insecticidal proteins in the same plant, as opposed to the use of a single gene, as in
Bollgard-1, is likely to delay the selection of insects resistant to the insecticidal proteins
by a factor of 10. Thus, simultancous deployment of two or more toxins that are not
cross-resisted by the target pest, is considered to be one of the most useful strategies of
resistance management. Competition studies® indicated that CrylA and Cry2A loxms
bind to different receptors in targel insects and are not cross-resisted by H. armigera.
Due to the difference in structure and insecticidal: mcchan:sm the cry24d genes are
promising candidates for managemen of resistance in insects®,

Bollgard-I, is being tested in large scale field trials in India and is likely to be
released for commercial cultivation within a couple of years. It was found to have
superior levels of insecticidal actmty compared to Bollgard-l and in particular to
augment the late scason insect control™ & The dual gene technology is being considered
as an improvised pest management method not just for its enhanced efficacy, but also as
an cfficient resistance management slrategy. For resistance management programmes 10
be effective, monitoring, surveillance and early detection of resistance are important
prerequisites. Regular monitoring for resistance development helps to detcct the

cmergence of resistant phenotypes in order to initiate timely remedial measures’. Thus, it

15 important that resistance development to the new toxin in the target pest is monitored.
carefully so that it is not allowed to increase to levels that impair its efficacy. Baseline
susceptibility of H. armigera to CrylAc in India is known'®"?, but there are no data on
the extent of variability in H. armigera response to Cry2Ab2. The cument study aims to
understand the geographical variability of baseline susceptibility in the cotton betlworm,

H. armigera. to.the, Cry2Ab2 toxin in Indla espemaliy beforc the introduction of
Bollgard-I1 for commcrc:ai culuvatmn L SRR :

M':termls and Mcthods

Labaraior}f strams of H anmgera were estabhshed f'rom larvac colIected in colton_ _ "

. Felds during the cropping season of 2004-2005 from major colton growing regions India.. |

Field- strains: of the Cotton boliworm “H.armigera were: collected dhiring, October- -

December 2004 on cotton fields from 11 districts of central. India (Nagpur, Hingoli;
- Aurangabad, Parbhani; Wardha;’ Chindwara; Bharuch, Vadodara, Surat,, - Surendranagar

; and Amreli), 8 districts of North India (Hanumangarh, Sirsa; Fatehabad, Sriganganagar,. .
- Abohar, Mansa,  Hisar: and Bhatmda) and 6 districts - of ' South’ India. (Warangal, =~ -

Khammam," Kanmnagar, Guntur,’ Dharwad. “and*’ Coimbatore).. The : strains were

| ;.___3"cstabilshed on semlsynthetm_dxet Larvae were reared on a chlckpca based semisynthetic
: "'_dzct mdmdualiy m'f_-_'? 5 mi':-" ccl!s of- ZcII ‘ICN Lmbro tlssuc culture p!ates unu!-.-_




|_ Mortality was recorded daily until the sixth day. Weight of the surviving larvac was
: recorded on the final day of obscrvation. The assays were performed in the laboratory at. .
| conditions of 27 +1°C and 70% relative humidity. Median Lethal Concentrations (LCsp) -
o presented in table 1, and median inhibitory concentrations (ICso) presented in table 2, - .
I were derived from log dose probit calcutationst’. 1Csp values represent the median .
inhibitory concentrations that prevent 50% of individuals in the treated population from - .
reaching half the average weight of control farvaci. = = o o ST

" Resuits and Discussion  ©

o The bioassay results showed that, compared to CrylAc; the Cry2Ab2 toxin was., o .
' | found to be at feast 10-fold less toxic to H. armigera. The geographical variability in .
arm:‘gera"susécptibiiit}f_,_ levels to Cry2Ab2 was minimum: The LCsq values ranged from. . .
I 6.0 to 28.6 pg Cry2Ab2/ml of diet. The range of LCso was 9.71 to 17.84 in north India,. . .

' 10.19 fo 28.60 in central India and 6.0 to 17.96 ‘1ig/ml of ‘diet: in south India. The -

~ variability in susceptibility across the strains was 4.8 fold: The most susceplible LCsp 0 -
I value of 6.0 pg/ml was observed in ‘populations collected: from- Khammam: district in: - -
Andhsa Pradesh and the highest value of 28.60 pg/ml from Aurangabad in Central Indiz.- ..
| The ICso range indicated 7-fold variability in A armigera response 1o Cry2ab2. The = =
POPUIaliOﬁS.COH‘_"-'f?lt_éd_._f_flom_' Bharuch in central India exhibited the Jowest value of 0.31
| ug/ml, whereas the highest ICso value of 2.30 pg/ml was observed in samples collected: .-
from Bhatinda in north India, The fiducial limits (FL) at 95% probability, and the'y® -
: ] values of the probit assay data indicated that the vatiability in response of the different Ho
armigera populations to _Cry2Ab2__\vas;'miﬁifhlim._'_'lfhis” is in' contrast to the response of AL .-+

- armigera populations to CrylAc, in which heterogencity was high in most of the field

l : strains tested'”. The bioassay data obtained from all the strains were subjected to probit.

- analysis (o obtain the cumulative LCsp (95% FL) and ICso (95% FL) values of 1521 -
(12.51 = 18.95) and .0.74.(0.65 - 0.83) pg/ml respectively. The data were also used to°
derive the £.Cop (95% FL) and ICss (95% FL) values of 7577 (3934 — 16543) and 37.72. -
. (28.08= 53.05) pg/ml respectively, Theoreticaily, the vatues cari be used as diagnostic'.
" concentralions. to. monitor. the increase in resistant individuals in field populations: But;a
. Cry2Ab2 concentration: of 7577 g/l diet is. impossible to achieve using Bt-corn’leaf
' powder (039% Cry2Ab2) and would be extremely cxpensive if the toxing were (0 be

L pmdu'c_'éd_-'from._C@Z&b;'expi‘c's’éirﬁg_ﬁ' oli Howeve

from. Cry2Ab expi E: coli clones. How vcr,ttht-comleafpowdcrcan
Y be incorporated: at-9.58 g into 1 1 semi-synthetic dict to obtain a oxin based dict: with

" concentration’of 0.037:g/ ['to, monitor the evolution of resistance based on'the 1Csy as
. prowth inhibitory diagnostic concentration. . - e o

“Cry2Ab2 is niot surprising. The crp2452 gene occurs naturally in Bacillus: thuringiensis, . - -
“var: Kurstaki but is.cither. not_expressed or. has low ex pression due to. an’ inefficient
promoter'®. It is therefore likely that the toxin vould not have been present in adequate
. quantities: in: the: Bt: formulations- that were. used: for pest control in” India,~ to - ‘cause
yariability: i the: baseline. susceptibility: of H.-armigera: to Cry2Ab2: However, it o
7 possible that thie refated toxin Cry2Aa; which is 88% identical to Cry2Ab2, and ispresent: -
in the BE formulations; may: have: been' responsible for. whatever littie variation that may .~
“tiav been observed between the popiilations actoss India .~

BTN ke low range of variability in the baseline data of H. armigera susceptibilityto .




The LCsg values indicate that it is unlikely that Cry2Ab2 alone can be used for
the control of H armigera. There dre very few published studies on the toxicity of
Cry2Ab2 to H armigera. Cry2Ab was reported sublethal®, but Cry2Aa was reported to
be 30-fold less toxic than CrylAe, to H arm:gera'“ Boligard-I[ cotten which
expresses both CrylAc and Cry2Ab2 was developed to enhance the bollworm control
efficacy of the single gene cryldc based Bollgard-I. Interestingly the expression levels of -
Cry2Ab2 in Bollgard-I1 are at least 10 fold higher than CrylAc'®. The higher expression
fevels compensate for the lower insecticidal activity of Cry2Ab2 against bollworms,
especially H armigera. Cryl Ac and Cry2Ab2 are two of a diverse family of insecticidal
proteins expressed by Bacillus thuringiensis. The proteins are groupcd in classes that
exhibit dlffcrem specificities to different leptdopteran calcrplllars '-2! Bollgard-1l was
reported® 2 to be superior in its toxicity to cotton bollworms and a range of lepidopteran
insect pests including the armyworm,  Spodoptera spp, which are othenwsc not_'" _
cffectively controlled by Bollgard-1. - '

Apart from conferring enhanced effi icacy aﬂamst bollworms, as an additwe toxm
to CrylAc, the Cry2Ab2 toxin is extremely useful for resistance management. The two
toxins (CrylAc and Cry2Ab2) share [css than 20% homology and thus have resistance’
mechanisms that are strikingly dlfferent Bmdmg of Bt toxins to gut receptors lead to”
pore formation in the cell membrane®. The pores formed by CryzAa, a toxin closely -
refated to Cry2Aab, differ from {hose formed by CrylAc®, thercby suggesting a -

mechanistic difference in insecticidal activity between the two toxins. Moreover, CrylAc - .

resistant A arm:gem strains cxhlbxt suscephbmty to Cry2Ab, thus 'ndxcatmg the absence
of cross—resmtance Thcrcfore even if the target pest develops resistance to oncof the ©
toxins, it is likely that the other toxin wlll continue to be effective, thereby limiting the -
potential: for. the resistant’ mdmdual to pass the trait oni to subsequent’ gcnerauons :
However, since CryIAc cxpresswn declines remarkably towards the end of the season’

and Cry2Ab2 levels are at 10-fold lugher than the CrylAc, there would be a possible o

increased risk of insect pcsts evoivmg resmtance to the Cry2Ab2 toxin alone: It is:
pertinent to- pomt out here that; since Cry2Ab2 is. mhercntly less toxic to- M. armigéra, -

even low. resistance. levels: to the toxin in the' insect, can ‘render: the: Cry2Ab2 less .- —_—

effective, . thus 1mp11;1ng ‘the: seiccuvc advantage of Bol!gard I ovér Bollgard-I: 1t is.- .

' !hcref‘ore necessary to m:t:ate proactwc rcmstance managcmcnt slrategles to- de}ay thc...'__ L

- doab gcnc Bt-cotton. The currcnt basc!me data’enable momtormg changes in H arinigera . -
susccptszhty io;_CryZAbz and aIso- the concomztant changcs m thc pcst managcmcnt;_-... L
- efficacy of the dua}-genc Bt-tr '
B Bollgqrd II '
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Table 1. Median lethal (LCs) bdsélinc-éﬂa‘;ccptibilit)’ of H. armigera to Cry2Ab2in -~ °
ficld populations collected from twenty districts of India during 2004-05.

(¥

District n LCsx 95% FL  SlopctSE 7

o Vadodwma 120 180 Gs4=317S | L19£024

South

Guntur - L1200 1159 600-3529  105%020 089 .
‘Warangal 120 . 1524 . 748-5704 . . 1024022 052
Karimnagar . - 120 826 4.48-2086 1081021 072 . .
Khammam . 120 . 6.00 S 342-1294 1.13+0.20 06t ..
Dharwad . 120 . 1796 . 829-8306 . 096+022 058 . .

Coimbatore 120 8.9 4.62 - 25.40 0.98 1 0.18 1.04
Abohar . 1200 1784 7939026 . 0914021 0.92

Hissar = . 120 1192 6943200 1194022 039 ...
Fatehabad . . 120 . 1604 . 7307383 . 092020 097«

Sriganganagar. . 120 1492 . 6.53-75.07 L4 0.85£0.19 257"

Si,sa oo 12001445 675-6001 . 0933020 061 -
Hanumangarh ."--'._".'120:_:.;__'_:_"?3.59 . 658~5041 . 0974020 100 . -
Mansa .. 120 1198 . 556.4839 . 0.87 +0.19 136 e
Bhatinda 120 971 4533694 0844008 2.0

o Bharueh 1000 1230 % 531-6507. . 0864021

L essmm
L 1T4=01266

0904023

1042022
fd@f&ﬁj_
Josszone
083E019
e I'i(}_rif;fo;zz‘__ -
Cameais 2




f
Table 2. Median inhibitory (1Csp) bascline susceptibility of f. arm‘:’gem to Cry2Ab2
in ficld populations collected from twenty districts of India during 2004-05.
District n ICso 95% FL Slope + S.E 1
South
Guntur 120 1.26 0.66-2.37 1.68+0.36 (.64
Warangal - 120 1.57 - 0.81-3.07 1.58 +0.34 2.03
Karimnagar - 120 0.59 0.34 - 0.98 S L25+0.19 136
Khamman- 120 045  027-072 1.47 £0.20 041 ¢
Dhanwad 120 0.92 0.59 — 1.42 1.63 +0.2] 0.69
Coimbatore * - 120 0.69 042~ L10 1,41 £0.2] 1.32
North _
Abohar 120 0.83 0.17-3.12 1.43 +0.22 5.98
Hissar 1200 0.84 0.34-1.88 © 1.60+0.24 330
Fatehabad 1200 110 0.73-1.66 1.85+0.28 1.28
Sriganganagar - 120 075 0.49-1.12 ' 1.89 +0.29 138
Sirsa - 120 0.88 0.36-1.98 1.59 +0.24 321
Hanumangarh - 1200 1.04 0.66-1.61 T 1.63+0.25 2.98
Mansa : 1280 205 0.75-6.37 1.58+0.24 446
Bhatinda 1200 230 0.83-8.07 S 143022 7.99
Central. g _
Bharuch - 100 031 0.18:050  1.67£031 2.14
Vadodara L1200 045 04905 1G6£026 7.06.
Swat 1000 045 0 006102 i 193034 326
: Surc:1dranagar:-"--' SRR 120 105 0.67:1.63 1624025 280
S Ameli U120t 067 U 0261s0 CL68#026 348
S '.'_'I_-_:Wardha L RS 0?9 P 0431 43-: . . .“.'l..'gﬁ';_t'ﬂi‘f‘l- .0--5..1:.
Aurngabad 12000 05000 049109 - < U165+026. 605
;'.Clundawara Il[ .0-73 i 69.:_'. .II.'.'?G iOE? _ 1"-‘56:'__:"" R .
."ngoh B 097 0.59:1.63 307083 036
Parbhan Cpar oasasy (44 +0:22 st
': i:fNagpur - '124’. --":‘-063242'1": .' "ﬁf-_‘”t 55+ 033:} 164'7. ERR

L Lmu{s X

E IC;D is c*cpresscd n }:c,/:, dict e
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Part-1l -
Efficacy of Bollgard-f on CrylAc resistant H. armigera -
o 'Intrb:du'ci'ibi{- o |

The' cotton boliworm Hehcaverpa arnuge;a has a dcmonsiratcd capab:hty o
dcvclop resistance to CrylAc toxin that was derived from Bacillus thuringiensis, The =~ =
current Bt:cotton crop commercially released in Indla ‘deploys cryMc as the transgene to- -0
protect itself from  cotton bollworms including Helicoverpa armigera. Continuous . =@ S
exposure of H. armigera to Bt-cotton, would allow resistant insects to survive and S
proliferate, thereby leading to resistance under field conditions, The use of two or more R
toxins as mixtures is believed to enhance toxicity and also delay tesistance to both toxins.

However it is important that the toxins are unrelated to each other in terms of their mode- .
S of action and resistance mechanisms in the target insect. Ecolc)ﬂzcat modc;m" clearly .o
h l shows that twoe vnrelated toxins in the same plant have thc potcntral to delay resistanceat. .- o
R least by a factor of 10. Thus mixtures are considered as one of the most promising. . . -~ Ch
resistance management strategies. Recently, the combmauon of ery24b2 and erylde. . o
! genes in Bollgard -1 cotton has been permitted for’ commercnal use in USAL Due to 1}13:-.'-.-. L
. difference . in: structure- and. insecticidal mechanism the nylA and CryZA
_ ‘ . known to bind to different receptors in target inseets, SR [ T
1" . The objectives of this study were 1. Determine the comparatwe._ tommty_ o _Cry”Ab on-_.. N
l - CrylAc resistant: and - susceptible A, “armigera larvae Z: Assess the .. toxicity 1of ... -
. ‘CrylAc+Cry2Ab’ mixture on Cryl A¢ resistant and susccpubl __H_ _arm:gera larvag,and’ . ...
L 3. Examine the relative survival rate of CrylAc resnstancc and suscr:pt:blc H. armtgera_ N
' o larvae on non Bt cotton Boi]gard I and Boilgard S5 - L

toxms are_'{. S

M’ltcnals :md" Mcthods

A T he susccpnbtc stram SUS-G was :sola:ed 'from- 1"2 progeny of smglc pzur mated :
S 'xsofemalc moths from Bt susceptible popuiatlons using methods described by Andow and ™
o :’.’__' Alstad 1998 The strams were mamtamcd m the Iabo_ratory on a whcatgcrm based sem;-

- of lhe_feaf'powdcr One-day old: Iarvac were: tested at’ thc ratc of one per well at a: T
: £t twenty: ' to: twenty . four larvac:per - concentration” on - semi-synthetic. diet -
mcorporatmﬂ at. least four. dlffcrcnt conccntra{:ons of the toxin. For the b;oassays using 2. P
"'ombmalmn_of toxins, C1y7Ab2 was added: @ 20-pg Ciy2Ab2/ml of diet each fo the 5. -

different: conccmratlons of CryIAc used:in the: rangc of 0.0L to 5. O pg C:y?Ab%nI of'-‘.f_'_' -
diet: Mortality, was' recorded’ daily. unll! the smh day ”I hc assays werc. performcd in thc :




laboratory at conditions of 27 +1°C and 70%. rclative humidity. Median Lethal
concentration (LCss) values and their 95% fiducial limits (FL) presented in table 1 were
derived from log dose caleulations computed by probit analysis. When required,

corrections for control mortality were made using Abbott’s formula. The CrylAc
resistant ‘RES-Bta’ and susceptible *SUS-G” larvae were released on terminal leaves of
Bt cotton ‘MECH-162-Bollgard-1°, *MECH-162-Bollgard-1I" and non-Bt MECH-162
(60-70 days after sowing) individually in perforated plastic cups. The leaves were
changed daily and mortality obscrvations were recorded after 6 days. Ten plants each of
the Bt cotton ‘MECH-162-Bollgard-1°, ‘MECH-162~Bol!gard -II’ and non-Bt MECH-162-
were grown in the green house. Five neonatcs were rclcascd pcr plant. Observations were-
recorded after six days. ' .

Resuits and Dascusswn o

Thc rcswtant strain’ RES-Bt-a’ was found 10 be §2- fo]d rcw:t'mt !n Cr\ ! f\c as -
compared 10 the susceptible SUS-G strain. The bxoassays with Cry2Ab showed that the.
resistant strain RES-Bt-a was as’ suscepnble as the susceptible strain SUS-G, as indicated. .
by the overlap of fiducial limits. CryZAb was found to cause a mortality of 40-50% in the . -
: CrylAc susceptible strains, at a ‘concentration of 20 pg toxin incorporated into scm;-'::-._._r_ :

5 synthetic diet. Bioassays were carried out with a toxin mixture combination containing -
variable concentrations of CrylAc added with 20 Hg CryZAb Results showed that the
combination was highly potent with a capablmy to cause: high levels of mortality in~
CryiAc rcs:stant H. armigera. The LCs values with the mixture in the SUS-G strain =
were lower than that of thi¢ values obtained with CrylAc on ‘susceptible’ .- arimigera’ .
strains, mdlcatmg an additive’ Lffect of the CryZAb The Lng values for CrylAc in the“_-" Lo
RES-Bt-a strain, with the mixture were 26-fold lowet than that of the values obtained - -
with CrylAc alone in the RES-Bt-a strain. The data"tléérly'sliowcd that Cry2Ab is toxic .~
to the CrylAc resistant H. armigera, and can thus contribute significantly to resistance -

. management. The CrylAc resistant strain ‘showed a survival of 56.2% on Bollgard-I,as”

~ compared to 91.7%: on Boilgard -II. The. CrylAc. resistant: larvae: that survived on'i .

. Bollgard-IL,: wete found ta’ be severely stunted;. ‘with. 2 60-82% reduction in weightas' - - -

- compared - to" the 'larvae” on non-Bt. cotton. The green house:: tests - were not* very.

- informative. More than 75% larvae were missing o the non-Bt plants. It is not clear,as™ -

. to what would’ havc'happened h’e»laryac The. survwmg larvae: were. found: to’ h'nfc_“;- S

- reached. the third-fourth: instar stage on non-Bt plants: Out of the 25 CrylA¢ resistant.” ~* = "

- larvde: released, cmly two. survived on’ bollgardI and. one; survived-on: the: bollgardidf == __

p}ants Howcver thcse larvae w found to.be. scvcrely s{umed Oniy one !arva from the. R

A riot just as an 1mpr0wsed pest management melhod bm aiso-_:f_ RIRETE T
.:'as tcchnology_wzth a‘strong potenual to. dclay resistance as wci} T AT A L




Table 1. Susceptibility to CrylAc (MVP- II)

Strain n LCsa (95% FL) LCnp (95% FL) Slope +SE  RF . -
RES-Bt-a 288 7.43 (4.3-20. 4) 68 (24-620) 1.3+02 82
SUS-G 288 0. 09 (0 07-0. 12) 0.36 (0.26-0.55) 2.2+4+02 '
= . Table 2. Susccpt:b:hty to CryzAb _ T T
- © Strain n__ LCs(95% FL) LCo (95% FL)  Slope + SE o
.. . RES-Bt- a 120 32812, 6-364)  837(125-24519) .~ 09+0.2 L2540
""-.SUSG 120 23‘7()6 179y 719(115 10524) 09402 124 L

Table 3 Susccptlb:hty to *CrylAc (maxtures contammg varnblc concen!rmons of- N
CrylAc added iwith 20 ug Cry2Ab) _

Strain____ n__ 1.Cy (95% FL) LGy (95 FLj Siope TS 77" D
RES-Bta 240 028(0.12.0.56)  54.17(113 -2] 12) G 06ROL TG
SUSG 288 0.02(0.008-0.028) 0.1 (0.05. 0292) 16 02 4.19!{-: ol

*LCs va!ucs denved from the CryIAc raw da

Table 4. Susccptlb:hty of Cryl Ac susccpt:ble 'md rcsxstant H armloem str'uns to _.
le'wes of Bollg'u-d I and Bollgard-li cotton hybrids. Invitro bioassay. R
' R RES~Bt-a SUS'—G*-.
dln - % morlahty

o MECH—IGZ Bollgard_II

. . MECH-162- Bollg'trd' B
"MECH-162"

d=dead; n= number tcsted

eptibility of CryIAc susceptible and resistant H;.arm:gem-strams to

ks Bol!g'lrd ""If and Bol!gard-ﬂ cotton hybnds. Greenhouse rcleasc

" RESBta... . sUs G
R %Sumva! %Sumva!

 MBCHT&: Bonoa_;{ T
. MECH-162- oligard
MECH-162




' lémlﬁlate for PCR. I addition, cach'reaction tube contamed the following! 2.0 pl 10% Tagq
" buffer; 5 pico. moles of each: of the forward and reverse primers specific’ for- :n(cmal'}._

Part-Il
Analysis of Boligard-I1 Cotton Sced Qil for ery24L Gene
Objective: o
To detect the pr';:s'é;ic'e of cry24b éeric.i.n.tl.ié .(:?.)ii.. extrac{czd.fr;)m. sccds cff Boiigard-ll

‘\fhtermls and mcthods

Seeds of Bollgard H (MECH 162 BG 1) a.nd Non-Bt MECH E62 were acnd_-- R
definted and crushed in hexane. The homogenate was filtered through 3-4 layers of
muslin cloth to extract the raw oil. Hexane was cvaporated in fumehood to abtain raw oil.

The oil was centrifuged at 35,000 x g to remove debris of sced coal and othcr pamcles

'DNA was isolated from tender leaves of Boilgard II (MECH }67 BG- 10, to be'_} A

used as internal checks along with the oil sample. DNA was isolated from the oil using. -
the following method. 500 pt of oil was mixed thoroughly with 500 pl of lysis bufferina
2m/ plastic vial and heated at 60°C for 30 minutes. The mixttire was centrifiiged and the
aqueos phase was transferred into a fresh vial and 500 pl phenol:chloroform:isoamyl. . -
atcohol (25 24:1) was added: The mixture was mixed well and centrifuged at 10,000 x g, B
for 10 min. The aqueous phase was re-extracted with chioroform: 1soamy1 alcohol (24: 1y
and centrifuged at 10,000 x g for 10 min. The supetnatant was taken in a fresh tube-and - B
DNA was precipitated with equal volume of 1sopropanol The tubes were kept at ~20°C T
for 30 minutes and centrifiiged at 12,000 x g for 10 min to obtain the DNA pellet. The ...~
supernant was decanted and the pellet was washed once with 70% ethanol. The resultant. .. . -~
pellet was air dried and dissolved in 25 pl of sterile water. The process was repeatcd.’_._'__'_._'_"" -
separately with oil samples into which 500 ng DNA isolated from leaves of Bollgarci N S
- were added. The DNA thus isolated was subjected to PCR using cryZAb specific primers. © . e
-, The DNA samples were heatcd at 95 C for 5 mmutes to mactwatc any posmble nucleases o

'mlhcsamples B . T

o 'Fhetubes ére subscquently chllleci on ice.’s 'l of thesc samples was' uscd as. -

" sequence of the cry24b gene;: 200 pM of dNTPs, 1.0ul Taq DNA polymerase in & tota{
_vblumc of 20 pl “The PCR condxtxons were 94°C 3 mmutes 94 OC =30 seconds; 57°C ==
30 seconds; 72° C =90 seconids, 39 cycles of steps 2-4;72°C -8 minutes and. 4°C ~until
'samp!c recovery:. 20 ul: of the’ PCR product was' mixed’ with' 2'ul of 10X gel-loading. ~ -
buffer’ (50.:%: glyceroi indd’ H30; 0.t % bromophenol bluc) and 12 - ul was:‘-._ e
‘electrophoresed ona:1.0 %agarbse gcl (TBE) at SOV o L SR

NA: bands were:. stamcd w:th._ ethxdmm bromrdc and photographed on a UV-. _.
'transxllnmmator using KODAK EDAS 290 S . _ . P o
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Insect resistance management plan for Bollgard II™ Cotton In India
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Basehne—susceptlbxhty of the old World bollworm He[zcover pa.
arngem (Hubner) (Lepxdoptera Noctuidae) populations’ from
" _Indla to Baczllus thuri mg:enszs CrylAc 1nsect1c1dal protem
SK. Jalal JKS: Mohanb* S.P: Singh®, T.M. Manjunath®, Y. Lalitha®

: 'Fro;:c: Dxrrc.'omrc of Brofogrca! Comraf Po.tr Bag No 2401, H. A. Farm Post Belfary Road, Bangalore 560 024, fm.fm '
Man.mma Research Centre, Nf.?A Rd!'ary Rood, NI 7, Hebbal Bangalore 560 092, India J

Rcocwcd 8 J:ml.z."u""iI 2003; rr.ocwcd in r:\r:scd form 17 Yuly 2003; scecpted 18 July "003 o o

Ahstm::l

Thc b'lschnc-su.sccpub:my of Ind:an pnpulnuons of Hchcoucrpa amngcra (Hﬂbncr) to lhc :nsccuc:d.;l proacm CrylAc. i‘rom R
Bocitlus’ Hmrmgrcmu {Bertincr) was determined through bioassays conducted in 1999 and 2001, Populations of H. anmigera were, '+
collected from cotton ficlds of nine major cotton growing states in India, which included (field locations in parentheses} Punjab - -
{Bathinda), Haryana (Sirsa); Ra_nslhan (Srigasiganagar), Madhya Pradesh (Barwah and Khandwa), Gujasat {Rajkot, Vadodra and - - -
Anand); Maharashtra (Jalgoan;: Jalna, Akoly and Yavatmai), Andhra Pradesh (Ad:!abad Warangal, Khammam and Guntur), ~ -
Karnataka (Raichur, Davangere and Rancbennue) and Tamil Nadu (Coimbatore and Dmdlgul} All populations were susceptible to. -
CrylAc. The mean lethal conecntrations; LCsp-<rtaged from 0.14 to 0.71 and from 0.1110 0.61; LCyo ranged from 1.7 to 6.94and-

" from 1.02 10 6.70pg of Cryl Ac'f mi of diet in 1999 and 2001 populnnons ‘respettively. Sm-ulmly. mioult inhibitory concentrations, S

MIC;e—ranged. from 0.05 16:0.27 and from 0.05 to 0.14; MIC;e—valués ranged from 0.33 to'1.58 and from 0.25to 0.9V pgrof . -

© CrylAcein 1999 and 2001 poputations, respectively. The cﬂ'cclw: concenirations (weight stunting related) ECy ranged from 000310
- 0.008 and from 0.0003 to 0.004; ECs ranged from’ 0.029 to 0.076 and from 0.003 to 0.054 pg of CrylAc in 1999 and 2001~ °
- populations;. respéstively. Thesé values fomi the bascline. data for susccpub:hly of H.”armigera to. CrylAc and ‘can be used
as bcnl:hrmrks for monitoring resistance 1o CryIAc. Br cotlon. cxprcssmg CrylAc, was npprovcd for commeteial cullw.mon -
India in" 200 : ' : - :
@ “‘003 Elsc\ncr Lid, All nghls reserved.

' Kg; wan(:. Ba:."!!u: rhurmgiﬂmr !l:uc!mc sus:cptnb:hty. CrylAc Hc!:corcrpa amngtra Indmn pcpu!uhort

. bol]worm E. m.m.’mm (Bmsduv'li) 'md pmk bol!worm,

- Pectiriophora -gossypiella... (Saunders);: Among:i ‘ the.
bollworms, . H. armigera_} is-_‘z the most:: important: and
:'dllﬁcu[t to control:and crop. losses: in® India: diie to: this
- pest are cstimated to be US $350 million "mnually (King,
. 1994} Thcmdtscnmmntc use of mscchc:dcs l_ali stagcs
- of . the:catton: ‘crop: has: Tesulted: in: resurgence: of p
‘especially: of e arm:qcra-’i - This :
tesistance: to. tany: grotps: of: insecticides;: parllcularly
“the:! symhct:c ‘pyrethroids: (Castle-ct: a1 1994: Armes:
eral; ¢ 1996): ‘Also the adverse ¢ffect of inscelicides on the:
'mtuml cnemy; comp!cx of cottan’ has: compounded; the
; bcllworm’ management probler
-+ -Indian: régulators: recently; approve _ al
-cultivation . of " bollworm-tolerdnt: - transgenic - colon,
“expressing an’ insecticidal protein (CriTAC), of: Baciflis PR
"h'u.'nm,!mms {B!} (J.:ydmm.m. 2{]0"} i'lu: udoptlon Di'.f'_'

.yu:Id rcduclwn_
988_ -Satpul
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Bt cotton by Indian farmers is likely to grow substan-
tially and as a consequence the possibility of bollworms
gaining resistance to the in-plamta cxpressed CrylAe
protein-is an important concern. In contrast to tradi-
tional  practices for  chemical insccticides, insect
resistance management (IRM) strategies are being pro-
actively implemented in India from the carliest point of
commercial introduction. Foremost among the [IRM

strategies: is pericdic monitoring of bollworm popula-.
tions for thanges in susceptibility to the CrylAc protein.-
~ This study was conducted to establish a benchmark’
for the susceptibility of H. armigera populalions from -
the major cotton growmg rcglons in Indm in 1999 :md

200t,

2, Maleriéis ard methods

2.1. Collection of H. armigera from freld locations

Laboratory cultures were established by collecting 300.
late instar, larvac (111 instar and above) of H. armigera- .
from the cotton ficlds'in the following locations (state in - -

parenthesis) in the cotton belt of South and Ccntra}_-_'__..'-._ hairbrush (1. larvafwell), After larval transfer, bicassay -

- trays were. covered with sel!‘—adheswc puli-n-pecl tabs.
_ .-+ (CD: International pull-n-peel tabs™). The: trays were -
Ganganagar (Rajasthan), Kharidwa’ (Madhya Pradesh), =~ ¢ o e
Anand (Gujarat), Akola (Maharashtra), Khammam and™ - kept in an incubator maintained at 27:£0.5°C. Thirty-

Guntur: (Andhra. Pradesh); Ra:chur (Kamataka) and__:_.- " znd unitreated control: THe entite assay was GCcalcd 5':_.:.'

2001—Banwah: and. Khandwa (Madhya Pradesh), . 'Wics with cach popilation of H. armigera.

" Rajkot; Vadodra (Gujarat), Ialgoan Jalna, and Yavatmal: - ..

(1999 and 2001} and North (1999} India. (Fig. ).

1999-~Bathirda . (Punjab); ~Sirsa (Harayana). Sng-z;._.._

Coimbatore and (Tamil Nadu)

{Maharashtra), Adilabad, Warangal, and Guntur (An-
dhra Pradesh), Davangere and Ranecbennur {Kamata-

© - ¢ ka) and Coimbatore and Dindigul (Tamil Nadu). - -

e 22 H arm:gera c::!rure L

' Thc lawac Were co]lcctcd mdw:dua!ly in’ glass vial
‘conlaining scm:-synthct:c dict of Nagarkatti and Satya'
'prakash_::(1974) and:transporied :to: the: Iaboratory o
Projec '_"'Dxrcctoralc ‘of  Biological:: Control: (ICAR)

: uated: by: ndn-ovcr]appmg ol' 95% ﬁdUcmH rmzs for'i.___-

- 3'.'-'-R%‘ults

2 3 Bmasm y m‘: standard CrylAc

Thc source of CrylAc standard was a frcczc-dnc.I
commercial formulation of MVP¥ {f (cell-cap®
encapsulation system of Mycogen USA). The formula-
tion contains 19.7% {(by weight) of CrylAc protein. The
Bt protein was assayed by the dict-incorporation
method (Sims et al, 1996). Semi-synthetic dict for

M. armigera dict was prepared (without: formalin) in

sterile glass bottles and the diet was kept warm in a hot

" waler-bath at 60°C. The ‘primary stock solution for
- CrybAc. was: prépared: by thoroughly mixing' (Vortex

Cyclomixer) 5.076mg MVP powder in {ml of 0.2%

. -.agar  solution.. Seven serial: dilutions werc prepared

* scquentially in 0. 2% agar solution )n ‘sterile ccnlrlfugc

“tubes (A0ml) by diluting’ it to- 1/47of "the previous
" coticentration. The’ concentrations obtained were 8.0,

© 20,050 125 0.031, 0.008 dnd 6.002pp of CrylAc/mi

ol dist. A 5.2m! diluted CrylAc standard, remaining in_
cach of the serial dilution tubes, 'was thoroughly
vortexed with 20.8mi of warm diet (60°C) and: -
approximately ! ml was poured into cach well of insect -
bioassay trays (CD International trays™, Massachusetts, .

- USA). Newly hatched, active larvac were transferzed -

onto the solidificd dict in the bioassay trays with a finc .

two larvie: were: used for each’ CrylAc ‘concentration

" The' b:oassays were: ‘rated * after.’ seven. d'ays 'and'_:'-'
obscrvanons on mortallty. stadm of survmm, farvae.
and. group weight of “all. :hc surviving: arvae were'_':._

recorded: The larval stadia were determined’ on'the basis o
.- ‘of size of head 'r;:a'p;v.utcs Probit analysis of the data was .
. carried - out- tsing JIMP.- -package- version. - 3.1 (SAS .-

: Institete TInc.,”
.. concentrations, LCsg, LCyg and moult inhibitory con-;
i - cenlrations,  MICS0, MIC90.. Log lincar:. ‘regression -

"analysis of the data was carried out to compuie effective: .
- concentrations (wmght stunting: conccntratlons) From.
 the ‘régression’eurve 50% and: 90% weight” loss foints
wcrc ‘calculated’ and: la‘bulatcd foriECsq - and: ECqq.

Cary, NC;  USA) to éémpute lclhal-i_- ;

dsponse among’ populations were eva

Popula{tom- o!' H anmgam col[cctcd in

- 99: showed
" varied’ mortality response to CrylAc prolcm “The LC,a
“valites: for: niconates: ranged.: from: 0,147 €01 0.71jig: of.
_-fCr)IAc[mi 0[' dml {Tdb](‘.‘ !) Thc popu!al:on !'rom




k ka) and Coimbatore and Dindigal (Tamil Nadu): - -
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Bt cotton by Indian farmers is likely to grow substan-
tially and as a consequence the possibility of bollworms
“paining resistance to the in-planta cxpressed CrylAc
prolcin is an important concern. In contrast to tradi-
lional practices for chemical insecticides, inscct
resistance management (IRM) strategics are being pro-
actively implemented in India from the earliest point of
commercial introductién, Foremost ameong the IRM
*strategics is periodic monitoring of bollworm popula-
= tibns for chanpes in susceptibility to the CrylAc protein.
" This study was conductéd to establish a benchmark
'*':"I'or the susceptibility of H. armigera populations from

th¢ major cotton growing rcgmns m Indm m I999 and |

2001,

2. M';ileri.n.is'and methods
2 I Collectiont of H. amugera from freld !or:aaons _

Laboratory cultures were established by collcclmg 300
late instar larvae (IIT instar and above} of K. armigera
from the cotton fields'in the following locations (state in
parenthesis} in the cotton belt. of South and Central
{1999 and 2001) and North (1999} India. (Fig. 1).

... 1999—Bathinda. (Punjab), Sirsa: (Harayana), Sri
- Ganganagar (Rajasthan}, Khandwa (Madhya Pradesh),
Anand {Gujarat), Akola (Maharashtra), Khammam and
Guntur (Andhra Pradesh), Raichur, (Karnataka) and
Coimbatore and (Tamil Nadu).
2001—-Barwah and: Khand\m (Madhya Pradcsh},

o .Rajkot . Vadodra {Gu;arat) Jalgoan, Jalna, and Yavatmal. -
(Maharashtra) Adilabad, Warangal, and Guntur (An-

- dhra. Pradesh); Davangere and Ranebennur (Karnata-

L 220H ar;,_ssgm;'ad'm.—'g-

prakash (i974) and: transportcd ‘to-the: Iaboratory nf
Project: Dlrcctoratc ‘of: Btolog:cai Ccntro! {ICAR},..__ ;

"-.Z:'thc rcgrcsslon ‘curve: 51}% and 90% wclght Ioss poml
j_:-wcrc calt.uhlcd and g tabulatcd f'or ECm and: ECW

2.3, Bipassay with standard CrylAc

The source of CrytAc standard was a freeze-dried
commercial formulation of MVP® I (celicap®
encapsulation system of Mycogen USA). The formula-
tion contains 19.7% (by weight) of CrylAc protein. The
Bt protein was-"assayed by the dict-incorporation
method  (Sims: et al:; 1996). Semi-synthetic diet [or
H. armigera diet was prepared (without f{ormalin) in

‘sterite glass bottles and the dict was kept warm in 2 hot

water-bath at- 60°C. The primary stock solution for
CrylAc was prepared by thoroughly mixing (Vortex

" Cyclomixer) 5.076mg MVP powder in Imi of 0.2%.

agar so!ution.‘_ﬁ;_che_r_l__scrial_. dilutions were prepared
scquentially in 0.2%: agar solution in sterile centrifuge’
tubes (40ml): by diluting it to 1/4J0f the previous

. concentration. The concentrations obtained were 8.0,
- +-2.0, 0.5, 0.125, 0.031, 0.008 and 0.002 pg of CrylAc/mi- -
.. of diet. A 5.2ml diluted CrylAc standard; remainingin: 7
.. edch of the serial dilution tubes, was thoroughly .

- vortexed with - 20.8m! of warm dict: (60°C} and-

_approximately 1 ml was poured into cach well of insect :

bioassay trays (CD International trays™, Massachuselts,

USA). Newly hatched, active larvae were transferred

onto the solidified diet in the bioassay trays with 4 fine
hairbrush {F:larvafwell).- ARer larval transfer, bioassay.
trays: were: covered with self-adhesive pull-n-pecl 1abs
(CD'lnt'crhatiOhal putl-n-peel tabs™). The trays were.
kept in an iicubator maintained at 27+0.5°C. Thirty--

two larvae were used for cach CrylAc concentration:

and untreated control. The entire assay was rcpca!cd S
Itmcs ‘with each popuiauon of H. arm:gem o
The, bloassays were” rated - after scvcn d‘lys and:__-: :

- obscrvauons on mortal:ty, smdm o!‘ survwmg Yarvae .
- and ‘ group “weight: of - all- the- suwwmg larvae were

~ recorded; The larval stadia were determined on the basis

" of size of head capsulcs Probit analysis'of the data'was - -
~cairied - but” Using. - JMP" package- version’ 3.1 (SAST{? Yoo

' -’._.__.Inst:tute Inc.,’ Cary, NC,: USA) 1o’ ‘compute Jethal - L

S conccnlranons. LC_-,O, LCyss and: moult- inhibitory com-- -~ . "
'_ccnzratrons, MICSO - MIC90. - Log' lincar “regression’:

. Populations of H. armigera collected in 1999 showed . " .. ..

varied mortality response to! CrylAc protcm'-':' TheECsq .

- values for: nconates” ‘rariged: from:; .14 g o
l'.-id:c{ (T'lblc 1) Thc popufatmn from_ S
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'3.;# khgidwa Akol:
v “t

jndd '. .
Jalna © QAdilabRg-
0. G

Warzepal

Tab!c ! .
Dose mort.sh:y response (LC} cf H arnii _;cm lo C‘ryIAo—-—wW populauor-s

]Lucalmr_l___- o Bte. o LGy 93%, Giducint limit, LG, 95% Gducial limit Slope +8E

Lower Upper

Bnlhmda_ L 004t 0090 L 0. ) 0 32 2.41£031.
- o | 049 " ' ZELEO2T
2582035

. significant sy p UDCK}I Tevel of smml'c:mcc I.Csu and LG values dcsssnnlcd by dﬁ:rcn{ !cucrs are s:gmfnm!y different from: cach other: -
: through nomovcrlnp orgs'/, ﬁduml hmns' LC,o—conc:ntr-mon qurylAc {ug]ml) ni:cdcd 10 !u![ 50% oflcs{ I:r\al populahm in the obscrvaho.

: mlucs Populations h:xvc. bccn comp'trcd b'lsed:on nons
- overlap: of: 95%: fiducial. linits; in Table: £7The: Ly
. \'alucs r'mgccl from I, F? to . 94 pgof CrylAc,fml o!'chct
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56
Table 2
Dose morality cesponss (LC) of J. armrigera to CrylAc—"OO! populations - _
Localion Stale LCy, 95% fiducial limit LCon $5% fiducial mil Slope £SE e
Lower Upper Lower Upper
Barwsh Madhya Pradesh 0.9 0.12 028 1.47% 0.83 151 2.5240.328 59.68 -
Khandwa Madhya Pradesh 026" G.17 0.39 20T 115 - . 493 24640322 80.47 .
Rajkat Gujaral o.6)* .04 . 095 5.55:0 2% 1543 1.76 0306 56,84
Vadodra Gujarat 020 0.13 <030 1.43% 083 - - 130 26440346 S84
Jalgoan Maharashtra . 040? 0.26 - 065 6,107 kY] 242 . 1.96+0.258 55.16 -
Jalon - Maharashir ~.o0.31* 028 Y046 L9 (13 c. 426 . L15+0.366 5693
Yavatmal - Maharashira Lo 0227 015 032 LoLEPe 0.50: o 368 CLI7£0.376 0 5696 -
-Adilabad . - Andhra Pradesh - 0.15° 0.0% SRR I £ X ¥ il 080 ... 367 0. 23020290 6331
Waranpal - Andhm Pradesh .- 0207 D.t3 B 1 %1 ] ©o 198k E.O6 o500 25510344 59.38
Guntur - o..- Andhra Pradesk .- - 0.24" 0.14 BT (X1 oL 0.84: s 329 . 22730358 0 5328
Fancbennur: - Karnalaka ALl [N ] o2t 10 0.59. e 229 . 25830334 . 59399 -
PDavanagere . . Kamataka Al 0.07 - 007 o 1.08° 057 coen. 307 . 31340460 | 5427
Coimbalorr:- ~ - Tamil Nadu S OLEEt 0.1] “. 025 LT 0.69. w265 25730330 60.75 -
Dindigul - - Tamil Nadu - o.19" 012 - - 031 - 261"' 133 e U320 19720240

& 43:. o

¥ significant at p=0.0001 fevet of significance, LCy and LCoo vatues dmgnalcd by different fetlers are sng,mﬁcamly dillerent from cach other.. -
theough non.overfap of 95% fiducial imits; L.Csp—coneeniration of Cryl Ac (pg/mi} needed to kill 50% of test farval population in the obscnratlon_-

petiod of seven days. Similarly LCy is the concentration of CrylAc which would be rcquucd to kilt $0% of test popuhlwn )

Table 3

Moault inhibitory concentration respanse of F, armigera 1o Cryl Ac=- 999 populauons

Location - - State o MICy 95% Rducial limit - MICae 5% fdudal limit Slope+ SE

» > AL Lewer - Upper - Lower Upper _
Bathinda. . - Penjab oo 0.05% g0} ... 007 035 01y 075 . . 212+037 5542
Sirsa . Haryana - 048 @1z .- 028 1468 083 346 - . 2472031 | 59.43: .
Sriganganapar Rajasthan: - - .20 ¢4 ... 029 CUREFY L 069 o242 L 25340.39 5575
Khandwa - - Madhya Pradesh  0,15% 0.10 i ¥.ed LT 160" CULIE043 . 533
Amand Gujarat. v - 019 043 .29 - LS 400, J23TH03T | 5955
Akola Maharashifa 0425 0.08 0.18 Yl 3497 .. . 230030 6074
Khammam. - Andhra Pradesh  023%° 016 S . 268 .. 3074042 5406 -
Guntur_ -7 Andhra Pradesh 025 005 099 - R3EY 334 T235£027. 618
Raichar- Kamn[aka_----- . SN | LR % 2 126" 2.6 S 3A3E048
Cmmbatorc S Tamik Nadu 086 DR T USI“” ) I.O?}‘-. 1044041

o significant at p o 0.000F lavel of significance, M1Cyo snd MICi values designdted by differént fetiers are significamly different from cach o\h*rf_ -
through non-overkap of 95% fitueial Hmits; MICy—concentration of CrylAc {efmi) that wilf inkibit moulting of F-instar larvae into 1f instar; of } )
-2

B 50% o[‘tm Inrval populal:on i lhc obscmlmn pcnod of seven days. In other words thc af Fectad lan'm: are 30 severely r:mrd:d ‘that mcy stay as If;

chcm:cw] mscc:u:ldcs The cvolunon 0f rcsusmncc m :h :
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Tablz 4
Moull inhibitory concentiation (MIC) respanse of H, armigera to Cry | Ac—2001 populations
Location State MICsa 5% Rducial limit MIEC, 25% fducial imit Slope £ 5E £
Lower Upper Eaower Upper
Barwah Madhya Pradesh g0 0.06 0.14 Xyl 0.36 1.3 28140376 5635
Khandwa Madhya Pradesh o™ 0.07 ToRls 0.65* 019 1.42 29010392 55.94
Rajkot - Gujarast R % 5 0.0% - 018 ©0.68* 0.43 1.45 290+0.338 3600
Vadodra - Gujarar - pog 0.4 . DOB - past 17 0.59 Lir+0434 5209
Jalgoan - Mahkarashtra R ks 0.0% B AL 09t" 0.53 208 2.69+0.16 58.54
Jolna Makarashira n14* 0.10 - D20 0.55** .37 : 1.5 € - 37240548 46.59-.
Yavalmal Maharshira R Xk 0.05 T 0LE2 X (5 0.28 088 S 28840394 5350
Adilabad " Andhra Pradesh - 067 0.05 A} . A 025 CL088 C. 29240392 . 5592
Waranga! - . Andhra Pradesh - 009" 0.05 BT N} . pagt 0.30 <L LOB ..o 33140488 5LB2.
Gunlur i Andhra Pradesh 017" 0.09 T 07 - 0.5 0.34 o105 . 35440514 4869
Rancbennur ©° Kamataka - DPT 0.05 00 036" 022 RN I 30740440 5247
Davanzgere - Kamataka 0,05 003 B ¢ X1 1 026 0.i6 N 0.54 35830542 49.51
Coimbators - Tamil Nada g5 0.03 o008 0.25° Q.15 I &1 BﬁDiO.d‘JO . Shae
Dindigut ©+ “Tamil Nadu SR 1 Th 0.05 Ot 0.64*% 0.36 I 51 22820090 - 6186

¢ significant at p=0.0001 level of significance, MICsq and MICsq values designated by dilTerent latters are significantly different from each other
] through nor-overlap of 55% fiducial lmits; MICsy—concentration of CrylAc (pg/rml) that will inhibit moulling of I instar karvaz into 1 instar, of -
© 50% of test larval population in the observation pcnud aof seven days. In other words the alfected larvae are so severely retarded that they stay as l:
instar during aseay period of 7 days. Similarly MIC,, is the concentration that wili inhibit moulting of 90% of test population. . -

Table 5

Weight stunting concentralion response of 5. armigera to CrylAe—(999 populations - . B
Location .. . .. Suate. . ECy. . Lowerlimit  Upper limit ECow Lower limit, Upper limit.
Bathinda Punjab .. 0.004 0.003 0.005 a.031 D0i4 0.167

Sirsa, . - Hatyangy - - 0.004 0,062 - 0.005 - 0.068 0.035 0.197 .
Srrsansﬂmsar L5 Rojasthan - 0.003- /0,003 0003 o 0.039 o028 0.072° ¢
Khandwa " Madhya Pradesh 0.005° - 0.004 0008 0.053 0.044- 7 0.078 -
Anand " Gujerat 0.004° 0.003 - ©0.005 T 0.052 0.045 - - 0400 -
Akela ' Mahasashira® 0.004 0003 © 0004 o 0.02% 0019 0052
Khammam " Andhm Pradesh 0,004 0803 © 0005 o 0.05F 0030 e 0.102

Guntur ' © Anghma Pr:ldcsh 0.008° 0.006- Seme - 0.076 0845 0.146 - -
Rn!cﬁl.ir i Karnataka. - 0003_'- ) OO{I.".: : L L. S 0.038 0.027_: SR 0057 "~

EC—Eective concentration (rclaled to stunting—w mghl relmcd) ECyq, Eng--Conocnlr'mon of CrylAc (ug!mlcl'd:"t) lhnt would stun! the l.m':u': k
such lhat lhcy wei hcsl 50 :md 10'/. oflha: o" l1rv1:: in lhc un!micd comrol group . :

Iargct pcsts to thcsc protcms is an 1mporlant issuc. So - popnmtions of H. virescens and. 15 populations of A, zea.
far Feld resistancs has beert observed in diamondback ™ - was:16-fold for CrylAc and: [3-fold for ‘Dipel’ (Stone
moth for a Bt spray formulation (Liw: et al, 1995; and Sims, 1993). In another study, variation among 16
.. Sheclton et al.; .1993), but laboratory sclection’ experi-~ - colonics of H.- virescens with ‘Dipel”. was 71- fold and -
. mcn:s havdshowu (hc potcntlal of many Icp:doptcmn“;" _among {1 cotomcs of H. zea with' CryIAc was 441-fold
- pests’ to dé - (Luttreltet al; 1999) ‘Studies'conducted in China have:
. révealed’ vanal:on in' LCsg to an cxteni of 100-fold with'
CryIAc 23 populatmns of H: arm:gera"(Wu et aby~

' d4-fold with ' the HD- stram r Br var

; Sdmc tocation’ cannot be madc -There were no- oh\nous_:* .
. ‘Tocation’ specific” values: Also there was no s:gmf'cam' :
- differences in' thc susccpllblmy vabues bctwccn 1999 and".

: g “the HD-Vstrain of Bt var, kurstaki and:
"_;-'rcportcd vari 'onSI "s:usccp{tblhty among popuhmon -
T coilcclcd [”rum various loc::t n*:_and from mnous crops.':- -




58 S K. Jalali ct ol } Ceop Protection 23 {2004} 53-39

Table &

Weight stuating concr:ntrmmn respense of . armigera 10 Cryl Ae—-2001 populations -

Location State ECy Lower imit Upper Timit EGw Lower fmit Upper Emit
Harwah Madhya Pradesh 0.002 0.002 0.002 0.016 0.014 0019
Khandwa Madhya Fradesh 0.003- 0.003 0.005 UK T 0.020 4262
Rajkor Gujarat 0.001" - 4.000 0.002 0.028 0.014 0090
Vadodra Gugarat 0.002 04.002 0.002 0.0t4 0.011 0.018
Jalpoan Maharashira 0.004% 2.003 £.005 0.028 0.19 0.044
Jatna Maharashtra 0.002 0.00¢ f.002 0.030 0.020 0.05¢
Yavaimal Maharashtra - .03 0.0002 0004 0.010 0.003 0016
Adilabad Andhra Pradesh 0.001 0.000 f.om 0.019 0.013 0.03t-
Warangal Andhra Pradesh 0.002 .00} §.002 0.032 0.023 0.045
Guntur Andhra Pradesh 0.003 0.002 2.004 0.054 0.026 0.054
Ranebennur Karnataka 0.003 0.002 4.004 0.043 Q.07 0111
Davanagese Karnataka 0.0004 0.0002 4.0005 0.013 0.010 0.021
Coimbatore Tamil Nadu 0.001 0.000 €.00¢ 0.00% 0.009 0.010
Dindigu! Tamit Nadu 0.00 0.00t 0.001 0.014 0.0)2 0.8

I

EC—Effective concentration (relaled to stunting-—weipht reluted). ECy, ECoq—Concenteation of CrylAc (pe/ml) that would stunt the larvae such':
that they weighed 50 and 10% of that of larvae in the untreated control group.

such as pigeonpea, cotten, okra and tomato. In the
reported study, susceptibility values arc reported in
terms of %.mortality in response to two fixed doses of
10 and 100 ppm of Btk HD-1 (% mortality ranged from
8.72% to 80.8% and 38.9% to 93.7%, respectively) and
henee comparisons cannot be made with the current
study. Our study reports detailed bascline-susceptibility
anatyses of A armigera populations from the cotton
growing arcas in India, for two ycars, prior to the
commercial favnch of Br cotton in India.

Br cotton was given rcgulatory approval in March
2002 und the crop was commercially celitvated from the
kharif {growing) season- of 2002. It is now possible to

- monitor- development- of resistance to CrylAc with
reference to the bascline values generated in this study.

. 'Acknowledgements

“for oonduclmg the stady; Sakuntala Sivasupramaniam-
'md John Grccnp!dtc of Monsianto Company, USA, and’

“Research Center, Banigalore for. technical inputs.: - -

- Referénces .

. 'Armcs. 'NJ.','J.ldh.:n'r ‘D, ﬁ'. De. :Sou‘m' K.R

oeontinent. Bull; Enlomci Res) 86, 499 514i

culton productlon rc’-&.wrch Nn S ICAC W'\:hmbww USA

Liv, ¥.B., Tabashnik, B.E., Johnzson, M.\, o
resistance to Baciffus thuringiensis in dizmondback moth (Lepi-

Thc authors are lh'mkful o Maharashtm Hybrsd -

. Seeds Company Ltd., Mumbai for financial assistance’™ - Nagarkam. S.. Satyaprakash..

. Slipuic.US Sarnaik; DN Bhalcr:lo PD

“the” members of CfOP-. pfO!CClIOH_- Division, Monsanto”. ~ . svoidable hield lozses in collon yickd due to sl..ckmg pcsts arsd Lo

Castle: 5.12; Prabhakar: M. Hetiebeery! To 1998, [nscchc:dﬂ rg:nsuncc.._' P
“and s mandgement in Colton: insects:: ICAC revicw ‘arlick an

Dhawan, AK. Sidhu, AS., Simwat, G5, 1988, Asscssment of.
avoidable foss in cotton (Gossypium arboreun) due 10 sucking pests -
and boBwoermse, Indian J. Agric. Sci. 58, 290-292. )

Feere, J.. Van Rie, J., 2002, Biochemistry and genctics of insect
resisiance to Beciflur thiringiensis. Anny. Rev, Entomol. 47, 501~ .
533, '

Gujar, G.T., Kumari, A., Kalia, V., Chandrashekar, K., 2000. Spatial
and temporal variation in susceptibility of the American bollworm,”
Helicorerpa armigera (Hibnor} 1o Becilhe thuringiensis \rar.':
kurgiakiin india, Curr. S¢i 78, $95-1004, )

Jayaraman, 2002, India approves GM colton. Nature Bictech 24 (5), .
415. E

King, A.B.S., 1994, In; Matthews, G.A., Tunsial}, )P, (Eds.), fnsect.
Pests of Cetton. Commonwealth Agricultural Burcau Inter